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Article history: The two-spotted spider mite (TSSM) Tetranychus urticae, is regarded as one of the most dangerous pests
Received 28 May 2023 responsible for great losses in most of agricultural crops. It is a persistent pest in Saudi Arabia, especially
“:e‘”“d jlsgpstemberbzozzz - in greenhouses where T. urticae is primarily controlled by chemical pesticides. The main problem for the
ceepte september two-spotted spider mites is its high resistance to pesticides and high fertility rate. In the long term, chem-
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ical pesticides cause health problems and economic losses, so it was necessary to search for a safe alter-
native method for human health and the environment. One of these alternative methods was the
selection of plant varieties resistant to the TSSM, in addition to biological control that includes mites
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or predatory insects and entomopathogenic fungi. The growth, reproduction, and life-table parameters
of T. urticae were examined in a laboratory setting with a 16L:8D photoperiod at 28 + 1 °C and
65 + 5% RH, in the presence of three major members of Family: Solanaceae tomato, eggplant, and pepper.
Pepper was shown to be less conducive to T. urticae growth and reproduction compared to eggplant and

tomato. Tetranychus urticae proceeded through all five stages of its life cycle (egg, larva, protonymph, deu-
tonymph, and adult) on tested solanaceous plants, and these plants significantly influenced its growth,
reproduction, and Life-table parameters. Additionally, entomopathogenic fungi have been used against
insects that have proven highly effective in controlling and reducing the density of two-spotted spider
mites. Eight fungi were isolated from 80 insect and mite samples collected from several Saudi Arabia
regions. Analysis of the 18S rRNA sequences revealed that the fungal strains identified as Beauveria bassi-
ana, Fusarium sp. F. equiseti, F. oxysporium, Scopulariopsis brevicaulis1, S. brevicaulis2, Aspergillus sclerotio-
rum, and Penicillium citrinum. The ability of isolated fungi to secrete enzymes degrading the two-spotted
spider mite cuticle, namely lipase, protease, and chitinase, were studied.
© 2023 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The Two-Spotted Spider Mite (TSSM), or Tetranychus urticae
(Koch) (Acari: Prostigmata: Tetranychidae) is a pest in both open
and closed crop environments worldwide (Daniels et al., 2023).
TSSM feeds on more than 3,877 different types of host plants and
is known to cause economic damage to at least 150 plants
(Elhakim et al., 2020). Globally, T. urticae is responsible for a loss
of 10 % to 50 % of the production of tomatoes. On the other hand,
its effect is not limited to the productivity of fruits, but it extends
to the quality and size of fruits and consequently to the marketing
value of the fruit (Meck et al., 2012). In the Kingdom of Saudi Ara-
bia, only 18 species of spider mites were identified from the ten
genera of Tetranychidae (Acari: Prostigmata) from different locali-
ties (e.g., Al-Riyadh, Al-Baha, Al-Qassim, Al-Medina, Makkah,
Tabuk, Wadi Al-Dawasir, and Al-Ahsa (Mushtaq et al., 2023).
Chemical control of this spider mite was the main method and,
until now, largely dependent on acaricides and insecticides (Wu
et al., 2019). Increased use of chemical insecticides, which lowered
the number of natural predators and reduced predation pressure,
may be to blame for the rise in spider mite numbers. As a result,
its control has become a concern in many regions of the world,
and it has been labeled the “most resistant species” in terms of
the number of pesticides to which its population has developed
resistance (Van Leeuwen et al., 2008). The most important factors
contributing to such evolution in T. urticae are abundant offspring
due to arrhenotoky parthenogenesis, concise life cycle, and detox-
ification genes. Therefore, mites (Gong et al., 2018); predatory
insects (Calderwood et al., 2015); and entomopathogenic fungi
(EPF) (Gamez-Guzman et al., 2019) should be considered as poten-
tial alternatives to chemical pesticides for controlling T. urticae on a
global scale.

Mite populations have been drastically reduced by ento-
mopathogenic fungi in recent years, suggesting their potential util-
ity in a biological control initiative. The most widely recognized
pathogenic to many kinds of mites is Beauveria bassiana (Hypocre-
ales: Cordycipitaceae), which is very successful at lowering mite
populations. The use of fungus, B. bassiana, in bio-preparations is
becoming popular worldwide (Yucel, 2021). Entomopathogenic
fungi are commonly harmless to humans and without damage to
the environment or non-target species.

Since the spread of infection is tied to the release of extracellu-
lar enzymes, during reproduction inside the host’s body, conidia
produce various virulence factors known as extracellular enzymes,
especially chitinases, along with proteolytic enzymes, which help
to penetrate the host’s epidermis and facilitate infection. The ento-
mopathogenic fungi grow and feed on nutrients from the haemo-
lymph process (Elawati et al, 2018). Pathogenic fungi were
proven to be dangerous because they secreted enzymes that ate
away at the cuticle. The choice of fungal strains is crucial to the
efficacy of EPF as a biological control agent against mites or insects
(Elhakim et al., 2020).

The current work aims to (i) identify entomopathogenic fungi
from two-spotted spider mite and insect samples in Saudi Arabia
and screen these fungal isolates for their ability to release lipase,
protease, and enzymes (chitinase) that break down the cuticle of
the two-spotted spider mite (ii) run a molecular identification of
the isolated fungi, (iii) determine the biological factors in T. urticae
at constant temperature on different host plants (tomato, eggplant,
and pepper), (iv) verify pathogenicity of local B. bassiana isolates at
different concentrations against motile stages of T. urticae under
laboratory conditions.

Journal of King Saud University — Science 35 (2023) 102910

2. Materials and methods

2.1. Local isolation of entomopathogenic fungi from TSSM and red
palm weevil

A total of 80 isolates, comprising 50 adult insect samples of
Rhynchophorus ferrugineus (red palm weevil, RPW) and 30 adult
mite samples of T. urticae (Koch), were obtained. The R. ferrugineus
samples were collected from Riyadh and Qatif regions; and the T.
urticae samples were collected from Dammam region. The infected
samples were recognized according to the mycelial growth outside
the sample’s body (Fig. S1). At each location, cadavers of naturally
infected R. ferrugineus were collected and preserved in sterile Petri
dishes. Once the samples arrived at the laboratory, fungi were iso-
lated using the (Lo Verde et al., 2015) method with certain modifi-
cations. In brief, each sample was socked in 70% alcohol for half a
minute.

to sterilize its surface, then washed with sterile distilled water.
After one minute, the sample is rinsed in sterile distilled water and
treated with 1% sodium hypochlorite. After that, we took pieces of
each sample and put them on Sabouraud Dextrose Agar (SDA) with
yeast extract (Oxoid). The samples were kept in a 27 £ 2 °C incuba-
tor for seven days. After a time of incubation, a small inoculum of
the growing mycelium from each sample was transferred into a
new SDA plate using a sterilized needle. Cultures were checked
daily for the presence of fungal colonies growth (Fig. 1). Once a col-
ony grow it get transferred to SDA or Czapek Dox Agar medium
(CZA, Oxoid) for purification (Yousef and Fouly, 2021).

2.2. Collecting of T. urticae phytophagous mite

At the Agriculture Research and Biological Control Center of
King Faisal University located in the Eastern province of Saudi Ara-
bia Tetranychus urticae mite individuals were found in the leaves of
bean, eggplant, and cucumber plants grown in greenhouses. At
Dammam city, in Imam Abdulrahman bin Faisal University’s Basic
and Applied Scientific Research Center mite samples were received
after they were collected and transferred in plastic bags.

2.3. Preparation of fungal inoculum

The entomopathogenic fungi were cultivated on autoclaved
potato dextrose agar, which was supplemented with yeast extract,
using the following procedure: A solution was prepared by dissolv-
ing potato infusion (200 g/L), dextrose (20 g/L), yeast extract
(20 g/L), and agar (20 g/L) in 1L of distilled water. The media were
thereafter incubated under controlled conditions of darkness at a
temperature of 25 + 1 °C and relative humidity of 65 + 5% for a
period of 10-14 days to facilitate the development of conidia
(Ortiicii and Iskender, 2017).

The Neubauer-improved hemocytometer, manufactured in Ger-
many, was used to ascertain the spore concentrations of 1 x 104,
1 x 10% and 1 x 10® (conidia/ml). The conidia were collected by
scraping them from the surface cultures and afterwards suspended
in 10 ml of sterile distilled water, with a ratio of 0.2 ml of Tween 80
per ml of water. This suspension was prepared in universal flasks
containing glass pellets to prevent clumping of the conidia. Subse-
quently, the produced suspensions underwent filtration using
three layers of muslin fabric in order to remove hyphae and conidia
that were not well suspended. Subsequently, the spore suspen-
sions were promptly used following their production (Sewify
et al.,, 2015).Fig. 2.
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Fig. 1. Morphological identification of entomopathogenic fungi.
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Fifteen immature, adult female and
adult male for T. urticae were placed
on leaf disc of pepper and kept on
moist cotton wool in a Petri dish.

The direct spraying
technique was applied
directly to the surface
of the mite's body.

Fig. 2. Treatment of male and female Tetranychus urticae by Beaveria bassiana.

2.4. Tetranychus urticae developmental stages

Tomato, eggplant, and pepper as host plants were used to deter-
mine how the host plant affected the biology and Life-table param-
eters of T. urticae. From each leaf sample, four discs were placed on
a wet cotton on a petri dish. Then, four T. urticae individuals were
placed in the petri dish on each leaf disc (three females and one
male). The petri dishes were stored at 28 + 1 °C and 65 + 5% RH
with a photoperiod of 16L:8D. Cotton was saturated with water
every day, and dying leaves were replaced with new ones at regu-
lar intervals, so that the leaves would always look and smell fresh.
The decaying leaves’ replacement was done until the most signifi-

cant number of eggs (No. 90) were obtained. Eggs were monitored
and TSSM stages were observed until they reached adulthood. The
entire lifespan of T. urticae was tracked with twice-daily
observations.

2.5. Reproduction, lifespan, and life tables of T. urticae

In this study, we used the same cultivars to assess T. urticae
longevity and reproductive success. When the mites reached adult-
hood, two pairs (male and female) for mating occurrence were
transferred to a new disc and kept together for the experiment
using a 16L:8D photoperiod, 28 *+ 1 °C, and 65 + 5% relative humid-
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ity. Eggs were counted daily until all pairs in the experiment had
died with maintaining the leaves’ disc freshness condition. Using
the developmental period of immature stages, the survival rate of
immature females to adulthood, and the sex ratio of the progeny,
the Birch (Birch, 1948) approach determined the life-table charac-
teristics for each treatment group.

2.6. Molecular identification of fungi

Total genomic DNA was extracted from the isolated fungus
using the Yeast/Bact Kit (Qiagen, Hilden, Germany) according to
the manufacturer’s protocol. The fungal isolate’s 18S rRNA gene
was then amplified using an absolute master mix (MoleQule-On,
Auckland, New Zealand) with 10 uM of both 18S rRNA Forward
(5-GCTTAATTTGACTCAACACGGGA-3’) and Reverse primers (5'-A
GCTATCAATCTGTCAATCCTGTC-3’) (Applied Biosystems, Foster
City, California, USA). The Polymerase Chain Reaction (PCR) was
performed on the master mixes as follows: (a) a 10-minute initial
denaturation at 95 °C; (b) 35 cycles of denaturation at 95 °C for
1 min, annealing at 56 °C for 1.15 min, and extension at 72 °C for
2 min; and (c) a 5-minute final extension at 72 °C. The PCR ampli-
cons were then electrophoretically separated on a 2% agarose gel
(Alshammary et al., 2023). Following visual inspection of the PCR
results, the amplicons were purified with the QI quick PCR Purifi-
cation Kit (Qiagen, Hilden, Germany). Prior to 18S rRNA sequencing
of isolated fungi, the purified PCR amplicons’ quantity and purity
were measured using the Nanodrop 8000 V2.3.2 spectrophotome-
ter. Using 3500 genetic analyzer, Sanger sequencing analysis was
performed using the recent study (Alshammary et al., 2023)
between 18S rRNA gene sequences of the fungal isolates. All of
the fungus isolates’ unprocessed 18S rRNA gene sequences were
aligned in Bio Edit. The BLASTN program from the National Center
for Biotechnology Information (https://www.ncbi.nlm.nih.gov/
blast) was used to compare the obtained sequences to those in
the GenBank database. When identity and query cover were
between 98% and 100%, sequences were deemed to be significantly
aligned.

2.7. Screening fungi for extracellular enzymes production

Lipase assay. The fungi were examined for their lipolytic activ-
ity using two agar mediums: phenol red (Triyaswati and I[lmi,
2020) and Tributyrin (TBA, Himedia) (Wadia and Jain, 2017). The
phenol red agar medium was prepared by dissolving 0.4 g/L phenol
red, 20 ml/L olive oil, 10 ml/L Tween 80, 1 g/L CaCl, and 20 g/L Agar
in 970 ml distilled water; pH was adjusted to 7. The TBA medium
was prepared by dissolving 5.0 g/L Peptone, 3.0 g/L yeast extract,
15.0 g/L Agar, and 10.0 ml/L tributyrin glycerol tributyrate in
990 ml distilled water; pH was adjusted to 7.5. Both agar mediums
were inoculated with fungi isolates and incubated for 7 days at
27 °C. After incubation, the diameter of formed halo zone around
the fungal colony was measured (in mm) as an indicator of the
lipolytic activity of the fungi.

Protease assay. Using Czapek Dox Agar medium, the fungi were
screened for their proteolytic activity on skimmed milk according
to (Ben Mefteh et al., 2019) procedure with some modifications.
procedure with some modifications. In brief, the agar medium
was prepared by stirring 2.5 g/L NaNOs, 1 g/L KH,PO,4, 0.5 g/L
MgS04-7H,0, 0.5 g/L KCI, 0.01 g/L FeSO4-7H,0, 30 g/L Sucrose,
and 20 g/L Agar in 800 ml of distilled water. The pH was adjusted
to 7.0 then sterilized at 121 °C in an autoclave. After sterilization,
200 ml/L skimmed milk was added to the slightly cooled medium
before solidification in a fume hood cabinet. The Czapek Dox Agar
medium was poured into sterile petri dishes. After cooling, fungi
were inoculated and incubated for 7 days at 27 °C. After incubation,
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the halo zone diameter formed around the fungal colony was mea-
sured (in mm) as an indicator of the proteolytic activity.

Chitinase assay. Following (Homthong et al., 2016) with some
modifications, we synthesized a wet colloidal chitin from the chitin
of shrimp shells (Hi-Media). Moist colloidal chitin was prepared
from the chitin of shrimp shells (Hi-Media) Following (Homthong
et al, 2016) method with some modifications. Briefly in a
1000 ml beaker, 10 g of chitin powder was added softly to
200 ml concentrated hydrochloric acid (HCl) with continuous vig-
orous magnetic stirring for 3 h, where the solution became very
viscous. With constant stirring, the solution was transferred into
1 L of cooled distilled water. The suspension was kept overnight
under static conditions at 4 °C to facilitate better precipitation of
colloidal chitin. The following day, chitin suspension was washed
10 times through cycles of centrifugation and precipitation at
4 °C. In the first washing cycle, the suspension was centrifuged
at 10,000 rpm for 20 min. Precipitate was then collected and
washed initially with 1 N NaOH. The second cycle of washing
was at 8000 rpm for 15 min and the precipitate was washed with
tap water. The rest of the washing cycles were also with tap water
but at 5000 rpm for 10 min instead; until the chitin suspension
reached a pH of 5.5 to 7. The obtained moist colloidal chitin sus-
pension was placed in a 100 ml glass beaker covered with two lay-
ers of aluminum foil and sterilized by chitin agar medium was
prepared and used to screen the fungi chitinolytic activity. The agar
was prepared according to (Chi, 2015) procedure, where 2.0 % of
the prepared moist colloidal chitin was dissolved with 0.7 g/L
K;HPOy4, 0.3 g/L KH,PO4, 0.5 g/L MgS0,4-5H,0, 0.01 g/L FeSO4.7H,0,
0.001 g/L ZnS04, 0.001 g/L MnCl,, and 20 g/L Agar in 1000 ml of dis-
tilled water. The medium pH was adjusted to 7.0  0.2. Fungi were
inoculated and incubated for 7 days at 30 °C. After incubation, the
clear zone diameter formed around the fungal colony was mea-
sured (in mm) to indicate the fungi chitinolytic activity.

2.8. Treatment of Tetranychus urticae with Beaveria bassiana

Fifteen adult females and males of T. urticae, were individually
treated on a pepper leaf disc (3 cm in diameter) and maintained
on a moist cotton-wool pad in a 15 cm Petri dish. Each plate has
6 duplicate tablets. Direct spray was delivered to the body surface
of mites from each dosage concentration using a hand sprayer at
25-30 cm, and control duplicates were sprayed with water. After
application, using a microscope counted live and dead mites every
day for 7 days. Cadavers were designated “mycotic” if fungal
growths occurred in damp Petri dishes after three days in the same
conditions (Sewify et al., 2015) Fig. 2.

2.9. Statistical analysis

The ANOVA test analyzed the obtained data, and Tukey HSD
compared the means (IBM Crop. Released, 2014 SPSS 22.0). The
values are expressed as means * standard error (SE). Moreover, T.
urticae Life-table parameters were calculated using TWO SEX-
MSChart (Murthy and Bleakley, 2012).

3. Results and discussion
3.1. Isolation of host-associated fungal isolates

The collected 80 samples of insects and mites were showing
disease symptoms (e.g., slow movement, the appearance of myce-
lium on the surface body, change in color and swelling of the indi-
vidual). As a result, 8 fungal isolates were recovered from these
samples collected from Dammam, Qatif, and Riyadh. Interestingly,
a single isolate of Beauveria sp., Aspergillus sp., and Penicillium sp.
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Table 1
Fungi isolated from three sites in Saudi Arabia.
Mites species Location Beauveria sp. Scopulariopsis Fusarium Aspergillus Penicillium
sp. sp. sp. sp. Total of isolates
Rhynchophorus Riyadh 0 2 0 0 0 2
ferrugineus Qatif 1 0 2 1 1 5
T. urticae Dammam 0 0 1 0 0 1
Total 1 2 3 1 1 8

were found on the RPW from Qatif. Whereas two Scopulariopsis
species were found from the Riyadh RPW samples. On the other
hand, three isolates of Fusarium spp. were obtained: two found
on the RPW in Qatif and one on the TSSMs in Dammam (Table 1).
Similarly, Qayyum et al (Qayyum et al., 2021) isolated 94 ento-
mopathogenic and opportunistic from 225 cadavers of insects in
Multan, Pakistan. Almost half of these were harbored by Coleoptera,
an order of insects includes RPW.

3.2. Identification of fungi

3.2.1. Morphological identification of fungi

Based on the culture morphology microscopic examination, the
fungal isolated were identified as the following: Beauveria sp.,
Scopulariopsis spp., Fusarium spp., Aspergillus sp., and Penicillium
sp. (Fig. S2). All fungal isolates were grown on the PDA media.
Fungi colonies in covered Petri dishes grew rapidly during a 10-
day period, changing from velvety white to creamy white. The
mycelium of the isolates was dense and woollike, growing high
into the air. In Petri dishes, the fungus developed an abundance
of conidia in just 3 days (Fig. S2 and S3).

3.2.2. Fungi molecular detection

The genetic identification backed up the morphological one.
Fungal isolates were identified by amplifying and sequencing the
18S rRNA gene, which gave a band length ranging from approxi-
mately 1226 base pairs (Fig. S4). Analysis of the 18S rRNA
sequences revealed that our fungal strains belong to Beauveria
bassiana, Fusarium equiseti, F. oxysporium, F. sp., Scopulariopsis bre-
vicaulis 1, Scopulariopsis brevicaulis 2, Aspergillus sclerotiorum and
Penicillium citrinum (Table 2). In Saudi Arabia, B. bassiana fungus
was identified (Sayed et al., 2018) based on 18S rRNA, and their
genetic diversity was studied in the Taif region. They also claimed
that more study is required to see how effectively these isolates
can combat major insect pests in Saudi Arabia. Also, in Saudi Ara-
bia, fungi isolated from RPW at the Hail region were identified
based on 18S rRNA as F. solani and F. proliferatum sharing 100 %
sequence identity. They stated that the majority of species are
saprophytic fungi that typically inhabit the soil. Nevertheless,
some may be pathogenic fungi, such as certain Aspergillus spp,
which could be beneficial for biological control.

Table 2
List of fungal isolates obtained from Saudi Arabia and their accession numbers
provided on the NCBI GenBank database.

Isolate identification Isolates source Accession number

Beauveria bassiana R. ferrugineus OR500626
Fusarium equiseti R. ferrugineus OR500521
Fusarium oxysporum R. ferrugineus -

Fusarium sp. T. urticae OR500625
Scopulariopsis brevicaulis 1 R. ferrugineus OR500549
Scopulariopsis brevicaulis 2 R. ferrugineus OR500608
Aspergillus sclerotiorum R. ferrugineus -

Penicillium citrinum R. ferrugineus OR500696

3.3. T. urticae Koch and the biology of TSSM

Tetranychus urticae was shown to have a five-stage life cycle
(egg, larva, protonymph, deutonymph, and adult) on all the solana-
ceous plants examined under a 16L:8D photoperiod at tempera-
tures of 28 + 1 °C and relative humidity of 65 + 5% RH (Fig. 2 and
S5). These plants significantly altered the Life-table aspects of the
species, including its growth, reproduction, and overall health. Pre-
vious findings by support these results on different host plants,
tomato, eggplant, pepper, bean, and squash at 25 + 1 °C, in addition
to Awad (Awad et al., 2018) on tomato, eggplant, and pepper at
27 £ 4 °C, Mohamed (Mohamed et al., 2020) also, on tomato, egg-
plant, and pepper at 27 °C; moreover, a study (Praslicka and
Huszar, 2004) on Phaseolus vulgaris, Cucumis sativus and Capsicum
annuum at different temperature 15, 30 and 35 °C.

3.3.1. Developmental period of T. urticae female

Tetranychus urticae females were grown at 28 + 1 °C, 65 + 5% RH,
and 16L:8D photoperiod, and the findings are shown in Table 3 and
Fig. S6. The average incubation period for T. urticae females ranged
from 3.41 to 3.84 days on different solanaceous plants, tomato,
eggplant and pepper (F2,67 = 5.756, P = 0.005). These findings
are consistent with those of Awad (Awad et al., 2018), who found
that the incubation period for T. urticae female eggs on solanaceous
plants was (3.86-3.93 days) when kept at 27 + 4 °C. Egg incubation
periods ranged from 3.09 to 4.39 days, which was also consider-
ably impacted by eggplant varieties. Also, the average stage of
the female larval was 1.80, 2.33, and 2.96 days (F2,66 = 19.604,
P = 0.000). These times are also extremely close to the results
reported by Khodayari and Shalilvand (Khodayari and Shalilvand,
2021) for five types of pepper and by Razmjou (Razmjou et al,,
2009) for five types of beans grown at 25 °C.

3.3.2. Developmental period for T. urticae male

Results in Table 4 and Figure S7 reveal that males followed the
same pattern as females, under shorter time periods. In addition,
male duration and longevity varied according to the host plants.
The average incubation time for males was 2.89 to 3.69 days
(F2,42 = 14.552, P = 0.000). These findings are consistent with
those observed by Mohamed (Mohamed et al., 2020) for male T.
urticae on the leaves of three solanaceous plants (eggplant, tomato,
and pepper) at 27 °C (3.36 to 3.86 days). Whereas the average stage
of the male larval stages was 1.50, 1.94, and 2.92 days
(F2,42 = 32.006, P = 0.000), and the male protonymph lasted
1.86, 1.88, and 2.69 days (F2,41 = 7.802, P = 0.001) and the male
deutonymph duration was 1.64, 1.93, and 2.00 days
(F2,39 = 2.382, P = 0.106) on tomato, eggplant, and pepper, respec-
tively. These results are relatively like Abou-Elella et al (Abou-
Elella and Abdel-Khalek, 2020); where the male larval stages were
(1.17-3.67 days), and the male protonymph lasted (1.00-
2.33 days), and the male deutonymph duration was (1.33-
2.25 days) on four pea and bean cultivars. The male total immature
period averaged 5.00, 5.53, and 7.62 days (F2,39 = 34.647,
P = 0.000) on tomato, eggplant, and pepper, respectively. These
findings corroborate those of Mohamed (Mohamed et al., 2020)
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Mean (+SE) developmental time of T. urticae female reared on leaves of three solanaceous plants, tomato, eggplant, and pepper, at 28 + 1 °C, 65 + 5% RH, and 16L:8D.

T. urticae female (Stages)

Egg Larvae Protonymph Deutonymph Immatures Life cycle
Host plant (N =21-25) (N =20-25) (N =20-24) (N=18-22) (N =18-22) (N =18-22)
Tomato 3.42 £ 0.13b 1.80 £ 013b 225 +0.16a 2.16 £ 0.12a 5.94 + 0.15¢ 9.44 + 0.14c
Eggplant 3.41 £ 0.10b 233 +0.14c 233 +£0.10a 2.25 +0.09a 6.80 + 0.17b 10.20 £ 0.18b
Pepper 3.84+0.07a 2.96 + 0.10a 2.66 +0.13a 222+0.11a 7.59 £0.17a 11.54 £ 0.18a

The Tukey LSD test indicates that there is no significant difference between the columns that have the same letter.

Table 4
Mean (+SE) developmental time of male T. urticae reared on leaves of three solanaceous plants, tomato, eggplant, and pepper, at 28 °C, 65 + 5% RH, and 16L:8D photoperiod.
Stage
Egg Larvae Protony Deutony Total Life Longevity Lifespan
(N =21- (N=20- mph mph Immature cycle (N=13- (N =13-
15)
Host plant 25) 25) (N = 20--24) (N=18 (N =18-22) (N =18-22) 15)
-22)
Tomato 3.64 £ 0.1 1.50 £ 0. 1.86 £ 0. 1.64 0. 5.00 = 0.27 7.64 0. 10.14+ 0.4 1992 £ 0
3b 13c 14b 13a B 28b 1b 0a
Eggplant 2.89 £ 0.1 1.94 £ 0. 1.88 £ 0. 193 0. 5.53 +0.16 8.33+0. 11.25+0.3 20.20£ 0
3b 09b 18b 11a B 18b 3a 6a
Pepper 3.69 £ 0.1 292 +0. 2.69 £ 0. 2.00 + 0. 7.62 +0.24 1131+0 8.54 + 0.68 1779+ 0
3a 13a 13a 11a A .30a b 2b

The Tukey LSD test indicates that there is no significant difference between the columns that have the same letter.

Table 5
Mean (£SE), longevity, and life span (days) of T. urticae female reared on leaves of three solanaceous plants, tomato, eggplant, and pepper, at 28 + 1 °C, 65 + 5% RH and 16L:8D
photoperiod.
Stage
Preoviposition Oviposition Postoviposition Longevity Life span Female
period (N = 18-22) period (N = 18-22) period (N = 18-22) (N =18-22) (N =18-22) sex
Host plant ratio (%)
Tomato 2.22 £0.10a 9.50 + 0.25ab 2.00 £ 0.14a 13.72 £ 0.23a 23.16 £ 0.29a 60.00 %
Eggplant 2.55+0.11a 9.55 + 0.33a 2.15+0.10a 14.25 + 0.44a 2345 +047a 57.14%
Pepper 1.72 + 0.20b 7.90 + 0.65b 0.81 £ 0.33b 10.40 + 0.54b 21.86 £ 0.61a 68.29%

The Tukey LSD test indicates that there is no significant difference between the columns that have the same letter.

who found that T. urticae males spent a total of 5.16 days in the
immature stage when fed eggplant, 5.20 days when fed tomato,
and 7.20 days when fed pepper.

3.4. Female T. urticae longevity and life duration

The effects of temperature (28 + 1 °C), relative humidity
(65 * 5%), and photoperiod (16L:8D) on the reproductive phases,
longevity, and life span of T. urticae females are shown in Table 5
and Fig.S8. The pre-oviposition period on pepper was 1.72 days,
on tomato it was 2.22 days, and on eggplant it was 2.55 days
(F2,57 = 9.922, P = 0.000). Comparable results were found when
using tomato (1.07-1.15 days), eggplant (1.18-1.9 days), pepper
(1.08-2.50 days), cucumber (0.79-1.13 days), and beans (1.26-
1.44) as the host plants. The oviposition period averaged 7.90 days,
9.50 days, and 9.55 days on pepper, tomato, and eggplant, respec-
tively (F2,57 = 4.008, P = 0.024).

The obtained results were less or more than the values obtained
in previous studies on different solanaceous plants. Mohamed
(Mohamed et al., 2020) were (7.43 days) on eggplant, (5.63 days)
on tomato and (3.00 days) on pepper (Awad et al, 2018)
(11.13 days) on eggplant, (9.93 days) on tomato and (8.61 days)
on pepper (Nasr et al,, 2019), was (10.33 days) on tomato due to
the quality of the host plant can affect the fecundity rate of their

herbivores, maybe due to its chemical composition such as nitro-
gen, phosphorus, and potassium (Helle and Sabelis, 1985).

3.4.1. Fecundity and daily egg of T. urticae female

Even among the host plants, there was a wide range in TSSM
fertility. Tomatoes had the highest fertility at 46.16 eggs per female
per day (a rate of 4.91 eggs), followed by eggplant at 38.05 eggs per
female per day (a rate of 3.98 eggs), and finally pepper at 16.40
eggs per female per day (a rate of 1.99 eggs) (Table 6 and
Fig. S9). Tetranychus urticae has been shown to have varying fecun-
dity rates depending on the host plant, where it was (61.56, 61.13,
75.72 eggs/female) on eggplant and (59.77, 51.86, 52.36, and 85-

Table 6
Mean (+SE) fecundity of T. urticae female reared on leaves of three solanaceous plants,
tomato, eggplant, and pepper at 28 °C, 65 + 5% RH, and 16L:8D photoperiod.

Stage
Host plant Fecundity (N = 18 - 22) Daily fecundity
(eggs/female/day) (N = 18 - 22)
Tomato 46.16 + 1.57a 491 £0.19a
Eggplant 38.05 £ 1.67b 3.98 £ 0.12b
Pepper 16.40 + 2.03c 1.99 £ 0.17c

The Tukey LSD test indicates that there is no significant difference between the
columns that have the same letter.
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Table 7
Life-table parameters of T. urticae reared on leaves of three solanaceous plants, tomato, eggplant, and pepper, at 28 + 1 °C, 65 + 5% RH, and 16L:8D photoperiod.
Stage
Host The mean generation time The doubling time Finite rate of The intrinsic rate of natural Net reproductive  The gross reproductive
plant (T) in days (DT) days increase (1) increase (rp,) rate (R,) rate (GRR)
Tomato 16.22 + 0.20c 3.59¢ 1.215 £ 0.013b 0.192 £ 0.011a 23.74 £ 3.97a 29.75 £3.79a
Eggplant 17.09 + 0.26b 4.08b 1.184 £ 0.012a 0.169 + 0.010b 18.02 + 3.01b 2437 £ 3.29b
Pepper 18.16 + 0.34a 5.60a 1.131 £ 0.011b 0.123 £ 0.010b 9.5 + 1.75c 13.75 £ 0.01c

The Tukey LSD test indicates that there is no significant difference between the columns that have the same letter.

276 eggs/female) on tomato, at daily rates of (5.03,5.49, and 10.19
eggs/female/day) (Awad et al., 2018; Mohamed et al., 2020).

3.5. Life-table parameters of T. urticae

Laboratory testing of T. urticae on solanaceous plants was con-
ducted at 28 £ 1 °C, 65 + 5% RH, and 16L:8D photoperiod (Table 7).
Infestations of TSSM varied in their GRR between solanaceous
plants, where the highest values were recorded with spider mites
reared on tomato as (29.75 * 3.79 eggs), followed by eggplant
(24.37 £ 3.29 eggs), while the lowest values were obtained on pep-
per (13.75 + 0.0114 eggs).

3.6. Screening of fungal isolates for enzymes

3.6.1. Lipolytic activity

On phenol red agar media, lipase activity was only detected in
Beauveria bassiana. The yellow halo created surrounding the colony
measured (39.83 mm) in diameter (Table. 8 and Fig. S10). Con-
versely, the highest lipase activity was found on tributyrate med-
ium in Fusarium sp. 3 (67.33 mm) and Penicillium citrinum
(64.16 mm), followed by F. oxysporum (59.75 mm), B. bassiana
(56.58 mm), Scopulariopsis brevicaulis 1 (55.75 mm), F. equiseti
(54.58 mm), and (Table. 8 and Figs. S11). Since fungi are well
known for being favored sources of lipase, other research’ findings
have been inconsistent. Wadia (Wadia and Jain, 2017) showed that
Alternaria sp. and Aspergillus flavus were better at producing extra-
cellular lipase than Penicillium sp., Trichoderma sp., and A. niger.
Mezzomo (Mezzomo et al., 2019) studied the ability of a group
of Fusarium spp.

3.6.2. Proteolytic activity

The highest protease activity was recorded on skimmed milk
agar medium in Fusarium oxysporum (80.00 mm), Aspergillus sclero-
tiorum (79.41 mm), and F. equiseti (76.83 mm), followed by Scopu-
lariopsis brevicaulis 1 (70.41 mm), and S. brevicaulis 2 (68.41 mm).
In contrast, the lowest protease activity was observed in Penicillium
citrinum (40.41 mm) and Beauveria bassiana (35.16 mm) (Table. 8
and Fig S12). Pathogenesis of entomopathogenic fungi often relies

Table 8

heavily on proteases. Elhakim et al (Elhakim et al., 2020) found a
positive correlation between protease activity and the virulence
of fungal isolates; they found that an isolate from Beauveria spp.
with the highest proteolytic activity was more infectious to the
red spider mite T. urticae. EPF secretes enormous amounts of pro-
teases, which can breakdown protein and peptide compounds after
lipolysis of the epicuticle by lipases and esters; the protease then
helps cleave the peptide bonds of cuticle proteins, increasing
pathogenicity against target insects. Then, peptides (arylamides)
and amino acid exopeptidases breakdown the soluble proteins,
providing resources for the fungi and possibly hastening their
growth in the insects (Sanchez-Pérez et al., 2014).

3.6.3. Chitinolytic activity

No chitinolytic activity was observed in all tested isolates
except for isolate Beauveria bassiana (53.41 mm) (Table 8 and
Fig. S13). The obtained results agree with a study conducted
(Chui-Chai et al., 2012) on 14 isolates of Beauveria spp. examined
to produce chitinase on colloidal chitin agar and found 8 positive
isolates. It was also discovered that chitinase activity tends to
increase following the maximum protease activity, and that all
eight positive isolates that produced chitin enzyme also produced
protease from day one of cultivation. They were then chosen for
their ability to manage the diamond back moth, Plutella xylostella
second-instar larvae. One of the previous studies (Ortiicii and
Iskender, 2017) found that the ability of B. bassiana isolates to pro-
duce chitin enzyme on colloidal chitin agar plates where the isolate
was reported that give the highest degrading activity to chitin was
more virulent against T. urticae. After protease activity, chitinase
plays a larger role in the hydrolysis of chitin, the primary compo-
nent of insect cuticles, and completes the process of integument
penetration and disintegration (Pusztahelyi and Pécsi, 2014).

3.7. The efficacy of infection with the entomopathogenic fungus
Beauveria bassiana

on males and females of the two-spotted spider mite Tetrany-
chus urticae was evaluated under laboratory conditions at a tem-
perature of 25 = 1 °C with a relative humidity of 65 * 5% and a

Measurement of enzymatic activity of fungal isolates in terms of clear zone evaluations on agar plate.

Enzyme activity diameter (mm) + S. E

Isolate Phenol red Lipase Protease Chitinase
Tributyrin

Beauveria bassiana 39.83 £ 0.49 56.58 + 0.52d 35.16 + 0.38f 53.41 £ 0.49
Fusarium equiseti ND 54.58 + 0.35e 80.00 + 0.00a ND
Fusarium oxysporum ND 59.75 + 0.44c 76.83 £ 0.60b ND
Fusarium sp. ND 67.33 £ 0.57a ND ND
Scopulariopsis brevicaulis 1 ND 55.75 + 0.38e 70.41 £ 2.10c ND
Scopulariopsis brevicaulis 2 ND 51.16 * 0.60f 68.41 + 0.15d ND
Aspergillus sclerotiorum ND 42.08+0.89 g 79.41 £ 0.37a ND
Penicillium citrinum ND 64.16 + 0.61b 40.41 + 0.20e ND

The Tukey LSD test indicates that there is no significant difference between the columns that have the same letter.

ND: Not determinate.
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Table 9

Mean mortality + (S.E.) and percentage reduction of female and male Teranychus urticae treated with Beauveria bassiana.(3 days).
Conc. (conidia/ml) female male

Means * SE Reduction Means + SE Reduction

Control 7.83 + 1.68b 433 + 1.64b
1 x 104 15.00 + 0.00a 100.00 % 15.00 + 0.00a 100.00 %
1 x 106 15.00 = 0.00a 100.00 % 15.00 * 2.50a 100.00 %
1 x 108 15.00 = 0.00a 100.00 % 15.00 = 0.00a 100.00 %

The Tukey LSD test indicates that there is no significant difference between the columns that have the same letter.

photoperiod of 16:8 h (L:D). Three concentrations (1 x 104,
1 x 106,and 1 x 108 conidia/ml) of B. bassiana were used (Table 9).
The ability of the fungus to kill the mites was very high. At all con-
centrations, the fungus completely killed all individuals. Many
researchers have obtained results similar findings have been
reported by Al Alawi (Al-Alawi, 2019) and Irigarai et al., (Irigaray
et al.,, 2003) in T. urticae, as well as in other arthropods, such as
the spider mite Tetranychus evansi (Wekesa et al., 2006), and tick
species (Samish et al., 2001; Gindin et al., 2002).

4. Conclusion

T. urticae is a major agricultural pest. Saudi greenhouses lose
crops. This pesticide-resistant bug causes health issues and finan-
cial losses; thus, a safe and ecologically friendly alternative is
needed. Predatory and entomopathogenic fungi control TSSM-
infected plants. On tomato, eggplant, and pepper plants, T. urticae
growth, reproduction, and Life-table were examined. Pepper repro-
duced less T. urticae than eggplant and tomato. Insect and mite
samples from around Saudi Arabia yielded eight fungi. They were
genetically identified and tested for lipase, protease, and chitinase,
which destroy the two-spotted spider mites’ cuticle. The present
investigation identified Beauveria bassiana as the most promising
and primary choice for implementing biological control against
the red two-spotted mite. This selection was based on its superior
ability to generate lipase, protease, and chitinase enzymes, sur-
passing the capacities of other isolates obtained in the study.
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