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ABSTRACT

Entomopathogenic fungi and predatory mites can
independently contribute to control the two-spotted spider mite
Tetranychus urticae Koch. It is important to assess the risk of
possible fungal infections in predators when a combination of them
are being considered as a tandem control strategy for T. urticae in
IPM program. The first part of this study tested 4 Beauveria
bassiana isolates and 2 Metarhizium anisopliae for virulence
against T. urticae, egg and adult stages. Strains B4 was found to be
the most potent toward egg and adult stages, causing 88.5%
mortality for the adult stage at a concentration of 10® spores/ml. and
the LCs, was 6.61x 10°. When applied on the egg stage the
hatchability was 25.2% compared with the control which reached
99% and the LCs, was 1.14 x10’. The second part evaluated the
pathogenicity of the most effective isolates B4, three concentrations
were applied LC,s, LCsy and LCyy against the adult of the two
predator mites Phytoseiulus persimilis and Neoseiulus californicus.
The bioassay results indicated that the isolate B4 was harmless
against P. persimilis and slightly harmful against N. californicus.

No viable fungal hyphae were found on predator cadavers.
Observations with scanning electron microscopy revealed that
conidia were attached to the cuticle of predatory mites within 24 h
after spraying with strain B4, and had germinated within 24-48 h.
After 48 h, conidia had gradually been shed from the mites, after
none of the conidia had penetrated the cuticular surfaces. In
contrast, the germinated conidia successfully penetrated the cuticle
of T. urticae, and within 72 h the fungus colonized the mite’s body.
Our study demonstrated that although several B. bassiana strains
displayed a high virulence in T. urticae there was no evident
pathogenicity to phytoseiid mites. These findings support the
potential use of entomopathogenic fungus in combination with
predatory mites in T. urticae control programs.
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INTRODUCTION

The two-spotted spider mites (TSSM), Tetranychus urticae Koch (Acari:
Tetranychidae), are major agricultural pests, which often cause severe damage to a
variety of crops (Gotoh et al., 2004). Spider mites become serious pests in a wide
range of protected crops across the world. It is one of the pests responsible for yield
losses of many horticultural, ornamental and agronomic crops, causing considerable
crop damage and economic loss (Puinean et al., 2010). A major problem in the
control of T. urticae is its ability to develop rapid resistance to many acaricides.
Among arthropods, it has the highest incidence of pesticide resistance (van Leeuwen
et al., 2010). Another explanation for this increase in mites populations that
widespread insecticide usage has eliminated many of the mites’ natural enemies,
resulting in a reduction in predation pressure on the mite (Choi et al., 2004;
Prischmann et al., 2005).

Consequently, using biological control agents such as entomopathogenic
fungi and predatory mites has been recommended to control insect pests in
integrated pest management programs (IPM), because their use is considered to be
more environmentally friendly (Jacobson et al., 2001; Zhang, 2003; Maniania et al.,
2008).

Microbial control of pests is an important approach to reduce the dependence
on chemical pesticides for increased agricultural sustainability. Beauveria bassiana
has been tested in the laboratory and applied in the field to control numerous insect
pest species (Legaspi et al., 2000) and has shown potential as an effective agent in
controlling pest mite species (Maniania et al., 2008; Geroh et al., 2015).

Predatory mites are often used as an alternative to conventional pest
management on a variety of plants (Gerson and Weintraub, 2007). The predatory
mite, Phytoseiulus persimilis Athias-Henriot (Acari: Phytoseiidae) and Neoseiulus
californicus were used in integrated pest management programs for T. urticae
suppression (Cote, 2001; Skirvin and Fenlon, 2001; Fitzgerala and Easter, 2003).

In order to increase efficiency in controlling T. urticae, it has been suggested
that using predatory mites accompanied by applications of B. bassiana may be an
alternative to traditional T. urticae management (Chandler et al., 2005). Considering
that there are a lot of insect and mite species that are susceptible to B. bassiana, there
is a risk that the fungus may be harmful to predatory mites (Jacobson et al., 2001).
Therefore, there is a must to evaluating the compatibility of B. bassiana and
predatory mites to the success of potential IPM programs designed to control T.
urticae. Several studies have evaluated the effects of pathogens on predators by
investigating the predator mortality after exposure to spray residues (Flexner et al.,
1986). Previous studies on the interaction between fungal pathogens and predatory
mites have focused on the fungal infectivity to predators (Donka et al., 2008; Vergel
et al., 2011), or on the sub lethal effects of ingesting pathogen treated prey on
predators (Seiedy et al., 2012a; Wu et al., 2015).

The aim of this study is to evaluate the virulence of four B. bassiana and two
Metarhizium anisopliae (Metschnikoff) isolates against egg and adult stages of T.
urticae. The highly virulent isolate of entomopathogenic fungi on T. urticae was then
tested against the adult stage of two predators mites Phytoseiulus persimilis Athias-
Henriot (Acari: Phytoseiidae) and Neoselulus californicus; mortality and fecundity of
the predatory mites were tested. Also by using scanning electron microscopy (SEM),
a comparison study take place between the infection of T. urticae and the predator
mites by entomopathogenic fungi.
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MATERIALS AND METHODS

Rearing of Tetranychus urticae (Koch):

The original colony of the red spider mites T. urticae in this study was
supplied from Acarology Laboratory in Plant Protection Research Institute, A.R.C at
Dokki. It was reared as a test mite for several generations at 25 = 1°C and 70+ 5
R.H. away from any pesticide contamination. T. urticae was maintained on detached
mulberry leaves with the lower surface upwards placed on moist cotton wool pads in
fiber-dishes (20cm in diameter). The cotton pads were moistened daily to avoid disc
dryness, and to prevent mite escape. Mulberry leaves were changed by fresh one
from time to time when necessary (Hassan, 2008; Sewify et al., 2015).

To obtain adult T. urticae of uniform age, 25 adult females were taken from
the mite culture and put on leaf discs placed on wet cotton in Petri dishes (20cm in
diameter), and allowed to lay eggs for 24h. After which the females were removed
and the eggs remained till adult (Seiedy et al., 2012).

Rearing of the predaceous mites:

The predaceous mites, Phytoselies persimilis and Neselious californicus were
obtained from rearing lab, Kaha Research Station, Agriculture Research Center. The
predatory mites were maintained at 25+ 1°C and 70 + 5% R.H with a photoperiod of
16:8h (L:D) and away from any pesticide contamination. The predatory mites were
maintained on detached mulberry leaves with the lower surface upwards placed on
moist cotton wool pads in fiber-dishes (20cm in diameter). The cotton pads were
moistened daily to avoid disc dryness, and to prevent mite escape. The colony of the
predator was fed on a mixture of various stages of T. urticae day-to-day. Also
Mulberry leaves were changed by fresh one from time to time when necessary
(Nadimi et al., 2008; Sciedy et al., 2012).

To obtain females of the same age, about five gravid females from the stock
colony were transferred to T. urticae infested mulberry leaf in each of a series of
Petri dishes. The females were allowed to lay eggs for 24h and then removed. Newly
emerged predators were of the same age (Seiedy et al., 2012).

Fungal culture and preparation of conidial suspension:

Six isolates of entomopathogenic fungi were used in this study, four isolates
of Beauveria bassiana (Balsamo) (B1- B2- B3- B4) and two isolates of Metarhizium
anisopliae (Metschnikoff) (M1-M2). They were obtained from the soil. Virulence of
all isolates against T. urticae was studied. All the six tested entomopathogenic fungi
were cultured on autoclaved sabouraud dextrose agar with yeast extract (SDAY)
media (4 % Dextrose , 0.1 % peptone + 1.5 % Agar + 0.2 % yeast extract dissolved
in 1L of Distilled Water). The media were then incubated at 25 + 1°C, 60 —70 % RH
and in darkness for 10—14 days to obtain conidia (Uma Devi €t al., 2005; Sewify et
al., 2015).

The susceptibility of egg and adult female T. urticae to the entomopathogenic
fungi B. bassiana and M. anisopliae

Spores of the six incubated entomopathogenic fungi isolates were harvested
from the culture medium by rinsing with sterile distilled water containing 0.01%
Tween 80, then scrubbing the surface with a glass bar, and filtered the conidia
suspension through sterile layer of cheesecloth to remove conidial clumps and
mycelial debris. The spores were counted in the suspension using a heamocytometer
(Neubauer improved HBG, Germany 0.100 mm® x 0.0025 mm?) under a phase-
contrast microscope. Five concentrations of each isolate were prepared: 10°, 5x10°,
107, 5 x 107, and 108 spore/ml, as well as the control (Distilled Water of 0.01%
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Tween 80) and were used on the same day after preparation and shaken before use
(Hassan, 2008; Sewify et al., 2015).
Treatment of eggs:

Ten vigorous adult females taken from the population were transferred to a
mulberry leaf disks (2.5cm in diameter) and kept on moist cotton wool in fiber dishes
with cotton around each disk in circle way to prevent mite escaping. Each dish
contained 5 disks as replicates. Adult female were allowed to lay eggs freely for 24
hours to deposit egg then adults were removed from the disks and deposited egg
were counted. The eggs were sprayed using direct spray technique (Abo-Shabana,
1980; Hassan, 2008; Sewify et al., 2015) by a glass atomizer at 30cm high with 2ml
spore suspension for each treatment and 2ml sterilized distilled water of 0.01%
Tween 80 as control.

Eggs were incubated at 25 * 1°C to favor conidial germination, and the
number of hatched and non-hatched eggs were daily examined for 7 days of
oviposition. The unhatched eggs were transferred to moist Petri dishes for observing
fungal out growths. Final egg mortalities in all treatments were computed based on
the last-day counts of the hatched and non-hatched eggs. The percentage of mortality
was determined and corrected by Abbott’s formula (1925) as follows:

Percentage of mortality - o, tested mortality- % control mortality x 100
100 - % control mortality

LCso, LCop and slope values were calculated according to Finney (1971),
using "Ldp line" software by (Bakr, 2000).

Treatment of adult females:

Ten fertilized adult female of T. urticae were placed on a single leaf-disk of
mulberry (2.5cm in diameter) and were kept on moist cotton wool in fiber dishes;
each dish contained 5 disks as replicates. The direct spray technique was applied
directly to the body surface of the mites according to Abo-Shabana (1980) and
Sewify et al. (2015).

The treated adult females were incubated at 25 + 1°C. Mortality was assessed
daily for 7 days (Ayoub, 1984). Cadavers were transferred into moist Petri dishes and
considered as "mycotised" if fungal out growths were visible after three days of
incubation at same laboratory conditions. The percentage of mortality was
determined and corrected by Abbott’s formula (1925). LCsy, LCq and slope values
were calculated according to Finney (1971), using "Ldp line" software by (Bakr,
2000).

The susceptibility of predaceous mites, Phytoseiulus persimilis and Neoseiulus
californicus to the selective strain of entomopathogenic fungi B. bassiana

This part of the investigation was undertaken to evaluate the side effect of
using the selected entomopathogenic fungus B. bassiana (B4) on mortality and
fecundity of the predatory mites, P. persimilis and N. californicus. The prey used in
the present study was adults of T. urticae.

Two factors were our reason to choose adults' stage, because of their
relatively big size, disease diagnosis in adults of T. urticae is easier in contrast with
the other stages. Also, the adults of two predators aggressively attack to adults of T.
urticae. (Cote, 2001; Seiedy et al., 2014).



Virulent entomopathogenic fungi against the two-spotted spider mite 41

Experimental Procedures:

The most effective isolate of the previous tested entomopathogenic fungi was
B. bassiana (B4). Three concentrations of the fungus were tested (LC,s, LCso and
LCy) against the adult stage of both predaceous mites P. persimilis and N.
californicus. By using direct spray technique (Abo-Shabana, 1980; Hassan, 2008;
Sewify et al., 2015). A glass atomizer at 30cm high with 2ml spore suspension for
each treatment and 2ml sterilized distilled water of 0.01% Tween 80 as control. The
sprayed predators were transferred by the aid of fine brush to small circular leaf disc
(2 inch in diameter) punched from mulberry leaves were placed in Petri dishes (12
cm diameter) lined with water saturated cotton wool. Ten dishes for each
concentration, each dish contains two adult females of the tested predator as a
replicate.

After spraying the treatments were kept under constant conditions of 25 + 1°C
and 70 £ 5 % relative humidity with a photoperiod of 16:8 (L:D). The predators were
fed on a mixture of various stages of uninfected T. urticae each day. Mortality of
predators recorded daily for 7 days until no more mortality could be observed and
reproduction per female during the first 7 days of the adult stage were assessed. All
dead and living mites were counted, and dead mites were removed daily. Mites were
considered dead when they failed to move after repeated gentle prodding with a
brush. Cadavers were transferred into moist Petri dishes and incubated at same
laboratory conditions to observe any fungal out growths. Predator eggs were counted
and removed daily for 7 days after spraying (Nadimi et al., 2008; Gaber, 2016).
Statistical analysis:

Based on total effects, rating of toxicity of the entomopathogenic fungi was
evaluated according to International Organization for Biological Control (IOBC)
guideline (Blumel and Hausdorf, 2002).

Er=Rt/Rc

Where: Er = Effect on reproduction

Rt = Reproduction in treatment

Rc = Reproduction in control

Subsequently effect on survival and effect on reproduction were
combined using the following formula (Overmeer and van Zon, 1982):

E =100% - (100% - Ma) x Er

Where: Ma = Mortality corrected according to Abbott

E = Total effect

Class 1: E <30% (harmless)

Class 2: 30 < E< 80 (slightly harmful)

Class 3: 80 < E <99 (moderately harmful)

Class 4: E >99% (harmful)

Decreasing of total eggs/females =
(total eggs in treatment — total eggs in control) / total eggs in control x 100

Selectivity ratio = LCsy of the compound against the predator/ LCsy of the
compound against the spider mite (El- Adawy et al., 2000; Gaber, 2016).

Scanning electron microscope:

This work carried out in the electronic microscope unite, central
laboratory, National Research Centre. The adults of T. urticae and P. persimilis were
killed by chloroform solvent, cleaning manually and freezing. Freezing of the sample
very quickly was instead of fixing it. This technique providing the sample stays cold
enough, this ‘locks up’ the water and prevents it from evaporating inside the
microscope. After that the adults were coated by gold. Coating of samples with gold
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is required in the field of electron microscopy to enable or improve the imaging of
samples. Creating a conductive layer of metal on the sample inhibits charging,
reduces thermal damage and improves the secondary electron signal required for
topographic examination in the SEM. All images were taken under low vacuum
scanning electron microscope. (Jeol-JSM-5600LV in SEM). Ragaei and Sabry
(2017)

RESULTS AND DISCUSSION

The present results show the efficiency of six entomopathogenic fungi four
isolates of Beauveria bassiana (Balsamo) (B1-B2-B3-B4) and two isolates of
Metar hizium anisopliae (Metschnikoff) (M1-M2), against egg and adult stages of T.
urticae in laboratory experiments.

Also the effect of using the selected isolates of entomopathogenic fungus B.
bassiana (B4) on mortality and fecundity of the predatory mites, P. persimilisand N.
californicus were tested. A SEM was used to observe and document the micro
morphological processes that occurred due to fungal conidial inoculation in each of
the T. urticae and the predatory mite species.

Susceptibility of T. urticae egg and adult stages to entomopathogenic fungi
B. bassiana and M. anisopliae

Egg stage:

The obtained results in Table (1) showed susceptibility of T. urticae eggs to the
six isolates of entomopathogenic fungus B.bassiana and M. anisopliae after
exposing to series of concentrations of 10°, 5x10°, 107, 5x107 and 10® spores/ml. The
hatchability gradually decreased along with increasing spore concentration. The
lowest concentration (10° spores/ml) revealed (93.29%, 81.67%, 85.93%, 80.20 %,
92.2 % and 82.5 %) for (B1, B2, B3, B4, M1 and M2) respectively, 7 days after
treatment. While hatching at highest concentration (10® spores/ml), decreased to
reach (68.07%, 33.9 %, 56.66%, 25.20%, 63.3% and 46.2%) for (B1, B2, B3, B4,
M1 and M2) respectively, 7 days after treatment. Compared with the control which
reached to 97.34, 96.58, 97.78, 99.08, 96.2 and 96.4 respectively.

Table (1): Effect of entomopathogenic fungus B. bassiana and M. anisopliae
treatment on egg hatchability of T. urticae at different concentrations.

Hatchability percentage of all tested isolates at 7th day

B1 B2 B3 B4 M1 M2
7™ day 7™ day 7™ day 7™ day 7™ day 7™ day

con H% H% H% H% H% H%
0 97.34 96.58 97.78 99.08 96.2 96.4
10° 93.29 81.67 85.93 80.2 922 82.5
5% 10° 92.36 72.31 83.79 68.18 90.1 75.8
10’ 87.26 58.75 71.94 36.38 85.2 62.2
5x 10’ 80.99 46.3 68.85 33.5 74.1 57.2
10° 68.07 33.9 56.66 25.2 63.3 46.2
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Results in Table (2), Fig (1) proved that B. bassiana (B4) was more effective
against T. urticae eggs compared with all other isolates. The LCsy value of B4 was
1.14 x 107 spores/ml while (B2, M2, B3, M1 and B1) revealed greater LCsy value
(3.33x 107,9.33 x 10, 3.82 x 10°, 4.57 x 10® and 9.82 x 10® spores/ml) respectively.

Table (2): Comparison of the pathogenicity among six isolates of
entomopathogenic fungi B. bassiana and M. anisopliae against T.
urticae egg stage.

No. Line LCs, Slope LCy,
(Limits)

1 B4 1.14x 10’ 0.77 524 x 10°
(4.33x 10°-5.67 x 10%)

2 B2 3.33x 10’ 0.69 236 x 10’
(2.23x107-5.53 x107)

3 M2 9.33x 10’ 0.54 2.24x 10"
(4.98 x 107- 2.62 x10%

4 B3 3.82x 10° 0.48 1.86x 10"
(1.40 x10®* —2.93 x10°)

5 Ml 457x 108 0.71 2.85x 10"
(2.02 x10°— 1.98 x 10°)

6 Bl 9.82x 10° 0.64 9.86 x 10"
(3.30 x10° — 8.86 x 10%)
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Fig. (1) Percentage Mortality regression lines of six isolates of
entomopathogenic fungi B. bassiana and M. anisopliae against
T. urticae egg stage.
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Adult stage:

The susceptibility of adult females of T. urticae to entomopathogenic fungi
B. bassiana and M. anisopliae were conducted. The percentage of mortality values after
exposing to series of concentrations of 10°%, 5x10°%, 107, 5x10” and 10® spores/ml. were
tabulated for 7 days after treatment in Table (3).

The percentage of mortality gradually increased along with spores concentrations. The
Lowest concentration of 10° spores/ml revealed (29.89, 40.23, 36.67, 45.45, 40.04 and 46 %)
for (B1, B2, B3, B4, M1 and M2) respectively 7 days after treatment. While the highest
concentration of 10* spores/ml revealed (65.63, 56.00, 62.79, 88.52, 54.00 and 80.85%) for
(B1, B2, B3, B4, M1 and M2) when mortality was assessed after the same consecutive days,
respectively.

Table (3): Percentage mortality of T. urticae adult female treated with series
concentrations of B. bassiana and M. anisopliae after seven days.

Mortality percentage of all tested isolates against adult female of T. urticae seven days after treatment

Isolates B1 B2 B3 B4 M1 M2
7™ day 7™ day 7™ day 7™ day 7™ day 7™ day
Con. Mortality % | Mortality % | Mortality % | Mortality % | Mortality % | Mortality %
0 27.38 26.12 22.89 24.64 27.2 24.00
10° 29.89 40.95 36.67 45.45 40.04 46.00
5% 10° 54.05 46.30 47.73 60.00 45.01 50.00
10’ 55.95 49.15 51.95 64.00 48.03 55.77
5% 10’ 64.38 50.00 53.33 80.36 50.02 72.00
10° 65.63 56.00 62.79 88.52 54.00 80.85

Results in Table (4), Fig (2) proved that B. bassiana (B4) was more effective

against T. urticae adult females compared with all other isolates. The LCsy value of
B4 was 6.57 x 10° spores/ml while (M2, B1, B3, B2 and M1) revealed greater LCs
value (1.39 x 107, 443 x 10", 1. 01 x 10®%, 1.20 x 10° and ~ 1.92 x 10’ spores/ml)
respectively.

Table (4): Comparison of pathogenicity among six isolates of enomopathogenic

fungi B. bassiana and M. anisopliae against T. urticae adult stage.

LCso
No. Line name (Limits) Slope LCy

1 B4 6.57 x 10° 0.78 2.88x 10°
(4.42x10°— 9.30 x 107)

2 M2 1.39x 10’ 0.62 1.54x 10°
(9.04 x 10° —2.16 x 10")

3 Bl 443 x 10’ 0.69 3.17x 10°
(6.39 x 10°—2.25 x 10%

4 B3 1.01x 10° 0.41 1.34x 10"
(4.56 x 10" —4.77 x 10°)

5 B2 1.20 x10° 0.26 931 x 10"
(1.78 x 10° —2.85 x 10'%)

6 Ml 1.92 x10° 0.27 9.72 x 10"
(2.50 x 10° —6.13 x 10'%)
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Fig. (2) Percentage Mortality regression lines of six isolates of
entomopathogenic fungi B. bassiana and M. anisopliae against T. urticae
adult stage.

The LTsy and LTy, values of the six isolates entomopathogenic fungi
B. bassiana and M. anisopliae were tabulated with their corresponding slopes for 7
days after treatment in Table (5).

The obtained results in Table (5) and Fig. (3) showed the mortality time
regression line at concentration of 10® spores/ml. The data showed that isolate B4
caused high mortality in shortest time, LTsy value was 3.26 days. While for the other
isolates (M2, B1, B3, B2 and M1) the LTsy values were (3.55, 3.90, 5.16, 5.93 and

6.00) respectively.

Table (5): Comparison of the mortality time among six isolates of
entomopathogenic fungi B. bassiana and M. anisopliae against T. urticae

adult stage.
No. Line name LTs Slope LTy
(Limits)

1 B4 3.26 2.67 9.86
(2.57-3.94)

2 M2 3.55 3.31 8.66
(3.28—-3.85)

3 Bl 3.90 2.65 11.90
(3.55-4.33)

4 B3 5.16 2.37 17.91
(4.57-6.04)

5 B2 5.93 2.62 18.27
(5.22-7.06)

6 Ml 6.00 2.45 20.02
(5.25-17.25)
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Fig. (3) Mortality-time regression line of six isolates of entomopathogenic fungi
at concentration of 10° spores/ml against T. urticae adult female stage.

Results revealed that application of entomopathogenic fungi was effective in
controlling both egg and adult stages of T. urticae. This is in line with the previous
study of Nada et al. (2012) who recorded that B. bassiana and M. anisopliae had
rapid mortality against mites and correspondent LCsy for B.bassiana and M.
anisopliae was 2.98 x 10° and 1.82 x 10° spores/ ml, respectively. The LTs, of
B. bassiana and M. anisopliae was 4.08 and 2.2 days, respectively.

Furthermore, Waked et al. (2015) reported that isolates of entomopathogenic
fungi (EPF) B. bassiana and Paecilomycis fumosoroseus were highly effective and
virulent against females of the T. urticae at four different conidial concentrations.
The P. fumosoroseus isolate had lower LCs (1.8 x 107 conidia/ml) than B. bassiana
(2.6 x107 conidia/ml).

According to Shi and Feng (2004, 2009), some of the tested isolates of  B.
bassiana, Paecilomyces fumosoroseus and M. anisopliae have high lethal effect on
eggs and females of T. urticae. The mite mortality observed was 73.1, 75.4 and 69.9
% for B. bassiana, P. fumosoroseus and M. anisopliae, respectively, after 10 days of
spraying whereas the control mortality was 15.5%. Most of the infected females died
on days 4-8. The infection by the fungus not only killed T. urticae females but
greatly reduced their fecundity.

Bugeme et al. (2009) assesses the virulence of twenty three isolates of M.
anisopliae and three isolates of B. bassiana against the two spotted spider mites, T.
urticae. Mean mortality in the control was 11.5% 10 days after treatment. At 26°C,
all the fungal isolates were pathogenic to adult female of T. urticae causing mortality
between 36.5 and 100% and the LTS5, values ranged from 2.2 to 8.2 days.

According to Draganova and Simova (2010), bioassays of five isolates of the
entomopathogenic fungus Beauveria bassiana (Bals.- Criv.), Vuillemin were
conducted under laboratory conditions against the two-spotted spider mite
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Tetranychus urticae Koch. (Acari: Tetranychidae) that was found susceptible to the
examined isolates of B. bassiana. On the fifth day, lethal effect reached 100% in the
variant with 447 Bb, and 84.87 + 19.17% in the variant with 426 Bb. Mycosis caused
by the isolate 417 Bb of B. bassiana had a less lethal effect 68.89 = 7.40%
calculated for the fifth post-treatment day. In their study they found that the fast
lethal effect of the mycoses to T. urticae was due to toxic secondary metabolites and
the pigment oosporein produced by fungal isolates. Growing the examined isolates
417 Bb, 426 Bb, 444 Bb, 445 Bb and 447 Bb of B. bassiana a red pigmentation of
the media was also noticed.

The main characteristic that has an important role in the virulence of
entomopathogenic fungi strains from the genera Beauveria and Metarhizium is the
production of enzymes necessary for penetration through arthropod cuticle. The
extracellular proteases are considered an important virulence factor in insect disease
processes (St. Leger et al., 1986a, 1986b, 1988; Draganova, 1988; Bidochka and
Khachatourians, 1990, 1994a, 1994b; Gupta et al., 1992; St. Leger, 1995).

Chandler et al. (2005) found in a glasshouse experiment that B. bassiana
cultured from Naturalis-L (Troy Biosciences, USA) reduced the numbers of T.
urticae adults, nymphs and eggs (98% reduction in all three cases) on glasshouse
tomato crop.

Gatarayiha, et al. (2012) screened 62 South African strains of B. bassiana for
pathogenicity against T. urticaein laboratory bioassays on bean leaves, Phaseolus
vulgarisL., under greenhouse conditions. In the first bioassay, strains of B.
bassiana were applied at a single concentration of 10’ conidia/ml. A mortality mite
percentage between 4-92.5% was observed, with 40 % of strains causing mortality
levels higher than 50%. The LTs, ranged between 5.5 - 8.6 days. The six most
virulent strains were compared in a second screening, together with the commercial
strain PPRI 5339. Five concentrations (2 x 10* to 2 x 10® conidia ml™") on female
mites and three concentrations (2 x 10° 2 x 10" and 2 x 10° conidia mI™) on eggs
were used. Mortality of mites assessed indicated that Strain PPRI 7315 and Strain
PPRI 7861 performed similarly and were the most efficient, causing mite mortality
of > 80%, 9 days after inoculation, at the highest concentration, with
LCso concentration of 1.13x10° and 1.22 x 10° conidia ml, respectively. Both strains
performed better than the commercial strain (PPRI 5339) in vitro and showed good
control of T. urticae during greenhouse trials.

Effect of the fungal spores of B. bassiana (B4) on mortality and fecundity of the
predatory mites Phytoseiulus persimilis and Neoseiulus californicus:

This part of the investigation was undertaken to evaluate the side effect of
using the entomopathogenic fungus B. bassiana isolate (B4) in spore suspension
formula against predatory mites, P. persimilis and N. californicus the results are
tabulated in Tables (6 and 7).

The results showed that the three tested concentrations of the fungal spore
suspensions were safe against the predaceous mites, P. persimilisand N. californicus.
The value of the total effect % for P. persimilis were 10.2, 17.9 and 29. 7 for the
tested concentrations LCys, LCso and LCy, respectively with IOBC class 1 for the
three tested concentrations. While the value of the Total effect % for N. californicus
were 18.33, 28.6 and 39.4 for the tested concentrations LC,s, LCso and LCgy,
respectively with IOBC class 1 for the LCys, LCsy concentration and IOBC class 2
for the LCoyo.

The most interesting observation is the fact that the highest concentration LCy
caused the highest mortality of the adult females of spider mite, T. urticae after 7 day
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of exposure, was harmless on P. persimilis and slightly harmful on N. californicus.
This means that the entomopathogenic fungus B. bassiana in spore suspension
formula could be used without any consideration in IPM programs for controlling
spider mite, T. urticae. These results are in agreement with those of Ludwig and
Oetting (2001), who demonstrated that the predatory mite Ipheseius degenerans
(Acari: Phytoseiidac) was least susceptible to M. anisopliae followed by V. lecanii
and B. bassiana.

Table (6) Direct effect of the selective strain Beauveria bassiana (B4) on
Phytoseiulus persimilis

Concentrations Females Fecundity Decreasing (E) Total IOBC
Spores/ ml mortality Total eggs Eggs of total effect % class*
no./female |no./female/day eggs no.
%
Control 28.57 10.19 1.46 -
LCys 30 9.8 1.4 8.4 10.2 1
LCso 35 8.65 1.38 9.8 17.9 1
LCyqp 42.86 8.95 1.28 12.1 29.7 1

Table (7) Direct effect of the selective strain Beauveria bassiana (B4) on
Neoseiulus californicus

Concentrations Females Fecundity Decreasing | (E)Total I0BC
Spores/ ml mortality | Total eggs Eggs of total effect % class*
no./female | no./female/day eggs no.
%
Control 25 8.8 1.26 -
LCys 30 7.7 1.1 12.5 18.33 1
LCso 35 7.25 1.04 17.6 28.6 1
LCyo 42.86 6.67 0.95 20.5 39.4 2

Scanning electron microscope:

The entomopathogenic fungus B. bassiana has been reported as being capable
of infecting over 100 species of insects from a wide range of insect orders, although
many fungal isolates vary in host range and some isolates have displayed high host
specificity (Maurer et al., 1997, McCoy et al., 1988).

For developing entomopathogenic fungi as biocontrol agents, it is crucial to
understand their mode of action on their insect pest target. Scanning electron
microscopy has been widely used for this purpose (Lopez-Llorca et al.,1999, 2002).

The possible effects of pathogens on natural enemies are particularly relevant
to biological control of agricultural pests.

If natural enemies are susceptible to infection by pathogens, applying
combinations of these two controls for suppression of pests would not be compatible.
In contrast, applying multiple species may act synergistically in reducing a pest
population if interference between species is minimal or nonexistent (Roy and Pell, 2000).

Scanning electron microscopy are convenient tools to observe the mode of
action of entomopathogenic fungi and to study how B. bassiana is able to colonize
and infect the predator mites and T. uricae. It allowed us to observe adhesion and
penetration structures on females of T. uricae infected with B. bassiana. While it
was clearly shown that no such structures were found on P. persmiles infected with
B. bassiana.
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Fig. (4) Inoculation and attachment of Beauveria bassiana isolate B4 conidia on
the cuticle of Phytoseiulus persimilis, (A) 24h. (X6000); (B) 48 h (X12000);
(C) 72(X 6000); (D)72 h(X 10000); (E) 72h (X 20000) after inoculation.
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Fig. (5) Germination and infection of Beauveria bassiana isolate B4 conidia on the
cuticle of Tetranychus urticae, (A) and (B) 24h. (X12000); (C) 48 h. (X 12000);
(D)72 h (X 1000); (E) 72h (X 6000); (F) 72h (X 12000); (G)72h (X 24000) after
inoculation.
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Conidia adhered to the cuticle of predatory mites P. persimilis within 24-72 h
(Figs. 4 A, B, C, D, E). Although conidia germinated within 24-36 h, few conidia
were detected on the cuticular surface after 48 h. they apparently did not penetrate
the cuticle even after 72h. Figs. (C, D and E) proved that conidia did not penetrate at
different magnification scales (X 6000; X 10000 and X 20000).

Similarly, conidia adhered to the cuticle of T. urticae within 2472 h (Fig. a)
and germinated within 48 h (Fig. 4 B). However, Germ tubes of conidia successfully
penetrated the mite cuticle within 48 h (Fig. 4 C).

In contrast, B. bassiana strain B4 conidia penetrated T. urticae cuticle soon
after germination. These results do raise questions why B. bassiana is so virulent to
T. urticae but shows no apparent infectivity in predatory mite P. persimilis.

In this study, although conidia were able to germinate, they apparently were
not able to penetrate the cuticle of the predatory mite species (Fig. 5), but were able
to penetrate the cuticle of T. urticae.

Evaluating the compatibility of entomopathogenic fungi and predatory mites is
a critical issue for the successful uses of [PM programs to control pest mite species
(Vergel et al., 2011).

This study tested the B. bassiana strains (B4) that were virulent to T. urticae,
but were found to be non infective to the predatory mites P. persimilis under
laboratory bioassay and SEM observation. The findings here support the potential
use of B. bassiana in combination with predatory mites to control T. urticae. The
defence mechanism present in the cuticle of predatory mites that is responsible for
this apparent immunity to fungal penetration deserves further study.

The ability of fungal conidia to attach to the insect cuticle is strongly correlated
with virulence (Altre et al., 1999). Insect infection occurs following germination of
conidia on the cuticle, with subsequent penetration of the cuticle by specialized
infection structures (Butt, 1990). Insect cuticle constitutes a defensive barrier to
fungal penetration (Samuels and Paterson, 1995).

This result comes in parallel with (Wu et al., 2016) who evaluated the
pathogenicity of five strains of B. bassiana in five species of predatory phytoseiid
mites. The bioassay results indicated that no viable fungal hyphae were found on
predatory cadavers. Observations with scanning electron microscopy revealed that
conidia were attached to the cuticle of predatory mites within 2—12 h after spraying,
and had germinated within 24-36 h. After 48 h, conidia had gradually been shed
from the mites, after none of the conidia had penetrated the cuticular surfaces. In
contrast, the germinated conidia successfully penetrated the cuticle of T. urticae, and
within 60 h the fungus colonized the mite’s body. The study added that although
several B. bassiana strains displayed a high virulence in T. urticae. There was no
evident pathogenicity to phytoseiid mites. These findings support the potential use of
entomopathogenic fungus in combination with predatory mites in T. urticae control.

REFERENCES

Abbott, W.S. 1925. A method of computing the effectiveness of an insecticide. J.
Econ. Entomol., 18: 265-267.

Abo-Shabana, M.A. 1980. Acaricidal action of some new pesticides with special
reference to insect growth regulator. Ph.D. Thesis, Fac. Agric. Zagazig Univ.
213 pp.

Altre, J.A., Van Denberg, J.D., Cantone, F.A. 1999. Pathogenicity of Paecilomyces
fumosoroseus isolates todiamondback moth, Plutella xylostella: correlation



52 Dalia M. A. Hassan et al.

with spore size, germination speed, and attachment to cuticle. J. Invertebr.
Pathol., 73: 332-338.

Ayoub, S.M. 1984. Field and laboratory studies on the susceptibility of the whitefly
Bemisia tabaci (Genn.) to insecticides. M. Sc. Thesis, Fac. Agric. Cairo Univ.
150 pp.

Bakr, E.M. 2000. Ldp line 3. (Site of internet), http// WWW.ehab soft.com.

Bidochka, M.J. and Khachatourians, G.G. 1990. Identification of Beauveria bassiana
extracellular protease as virulence factor in pathogenicity toward the
migratory grasshopper, Melanoplus sanguinipes. Journal of Invertebrate
Pathology, 56: 362-370.

Bidochka, M.J. and Khachatourians, G.G. 1994a. Protein hydrolysis in grasshopper
cuticles by entomopathogenic fungal extracellular proteases. Journal of
Invertebrate Pathology, 63: 7-13.

Bidochka, M.J. and Khachatourians, G.G. 1994b. Basic proteases of
entomopathogenic fungi differ in their adsorption properties to insect cuticle.
Journal of Invertebrate Pathology, 64: 26-32.

Blumel, S. and Hausdorf, H. 2002. Results of the 8Th and 9Th IOBC Joint Pesticides
Testing Programme: Persistence test with Phytoseiulus persimilis Athias
Henriot (Acari: Phytoseiidae). IOBC wprs Bulletin, 25(11): 43-52.

Brey, P.T., Ohayon, H., Lesourd, M., Castex, H. Roucache, J., and Latge, J.P. 1985.
Ultra srtructure and chemical composition of the outer layers of the cuticle of
the pea aphid Acyrthosiphon pisum  (Harris). Comp. Biochem. Physiol.,
82(2): 401-411.

Bugeme, D.M., Knapp, M., Boga, H. 1., Wanjoya, A. K. and Maniania, N. K. 2009.
Influence of temperature on virulence of fungal isolates of Metarhiziium
anisopliae and Beauveria bassiana to the two spotted spider mite
Tetranychus urticae. Mycopathologia, 167: 221- 227.

Butt, T.M. 1990. Fungal infection process—a mini-review. In: Proceedings and
abstracts, Vth international colloquium on invertebrate pathology and
microbial control. Adelaide, Australia, pp. 121-124.

Chandler, D., Davidson, G. and Jacobson, R.S. 2005. Laboratory and glasshouse
evaluation of entomopathogenic fungi against the two-spotted spider mite,
Tetranychus urticae (Acari: Tetranychidae), on tomato, Lycopersicon
esculentum. Biocontrol Science and Technology, 15(1): 37-54.

Choi, W.I, Lee, S.G., Park, H.M., Ahn, Y.J. 2004. Toxicity of plant essential oils to
Tetranychus urticae (Acari:Tetranychidae) and Phytoseiulus persimilis
(Acari: Phytoseiidae). J. Econ. Entomol., 97: 553-558.

Cote, K.W. 2001. Using selected acaricides to manipulate Tetranychus urticae Koch.
Populations in order to enhance biological control provided by phytoseiid
mites. M.Sc. Thesis, Virginia Polytechnical Institute and State University,
107pp.

Donka , A., Sermann, H. and Buttner, C. 2008. Effect of the entomopathogenic
fungus Lecanicillinm muscariumon the predatory mite Phytoseiulus persimilis
as a non- target organism. Commun Agric. Appl. Biol. Sci., 73: 395-404.

Draganova, S. 1988. Extracellular hydrolytic enzyme activities of strains of
entomopathogenic fungi from genus Beauveria Vuill. in connection with their
virulence. Ph.D. Thesis, Sofia, Bulgaria, 1-153.

Draganova, S.A. and Simova, S.A. 2010. Susceptibility of Tetranychus urticae Koch.
(Acari: Tetranychidae) to Isolates of Entomopathogenic fungus Beauveria
bassiana. Pestic. Phytomed. (Belgrade), 25(1): 51-57.



Virulent entomopathogenic fungi against the two-spotted spider mite 53

El-Adewy, A.M., Yousri, H., Ahmed, Y.M.; Tiilikkala, K. and El- Sharkawy, T.A.
2000. Estimation of general selective toxicity ratios of certain acaricides to
Sethorus gilvifrons (Mulsant) and its prey Tetranychus urticae Koch.
Egyptian Journal of AgriculturalResearch, 78(3): 1081-1089.

Finney, D.J. 1971. Probit Analysis. Cambridge Univ. Press. 333pp.

Fitzgerala, J. and Easter, B.M. 2003. Phytoseiids for control of spider mite
Tetranychus urticae and Tarsonemid mite Phytonemus pallidus, on
strawberry in UK. Bulletin. OILB/SROP., 26(2): 107-111.

Flexner, J.L., Lighthart, B., Croft, B.A. 1986. The effects of microbial pesticides on
non-target, beneficial arthropods. Agric. Ecosyst. Environ., 16: 203-254.

Gaber, M.M. 2016. New trends of chemical control for some pests on some

crops in Ismailia Governorate. Ph.D. Thesis, Fac. Agri. Suez Canal
Univ., 268pp.

Gatarayiha, M.C., Laing, M.D. and Miller, R.M. 2012. Selection of Beauveria
bassiana strains against the two spotted spider mite, Tetranychus urticae
Koch in laboratory and greenhouse trials. African Journal of Microbiology
Research, 6(11): 2694-2703.

Geroh, M., Gulati, R., Tehri, K. 2015. Determination of lethal concentration and
lethal time of entomopathogen Beauveria bassiana (Balsamo) Vuillemin
against Tetranychus urticae Koch. Int. J. Agric. Sci., 7: 523-528.

Gerson, U. and Weintraub, P.G. 2007. Mites for the control of pests in protected
cultivation. Pest Management Science, 63: 658—676.

Gotoh, T., Nozawa, M. and Yamaguchi, K. 2004. Prey consumption and functional
response of three acarophagous species to eggs of the two-spotted spider mite
in the laboratory. Appl. Entomol. Zool., 39: 97-105.

Gupta, S.C., Leathers, T.D., El-Sayed, G.N. and Ignoffo, C.M. 1992. Insect cuticle-
degrading enzymes from the entomopathogenous fungus Beauveria bassiana.
Experimental Mycology, 16: 132-137.

Hassan, Dalia M.A. 2008. Using a Biological Control method for controlling red
spider mite in Egypt and Namibia. M. Sc Thesis, Institute of African
Research and Studies Department of Natural Resources, Cairo Univ. 95 PP.

Jacobson, R.J., Chandler, D., Fenlon, J. and Russell, K.M. 2001. Compatibility of
Beauveria bassiana (Balsamo) Vuillemin with Amblyseius cucumeris
Oudemans (Acarina: Phytoseiidae) to control Frankliniella occidentalis
Pergande (Thysanoptera: Thripidae) on cucumber plants. Biocontrol Sci.
Technol., 11: 391-400.

Legaspi, J.C., Poprawski, T.J., Legaspi, B.C. 2000. Laboratory and field evaluation
of Beauveria bassiana against sugarcane stalkborers (Lepidoptera: Pyralidae)
in the Lower Rio Grande Valley of Texas. J. Econ. Entomol., 93: 54-59.

Lopez-Llorca, L.V., Carbonell, T. and Salinas, J. 1999. Colonization of plant waste
substrates by entomopathogenic and mycoparasitic fungi- a SEM study.
Micron, 30: 325- 330.

Lopez-Llorca, L.V., Bordullo, J.J., Salinas, J., Monfort, E. and Lopez- Serna, M.L.
2002. Use of light and scanning electron microscope to examine colonization
of barley rhizosphere by the nematophagous fungus Verticillium
chramydosporium, Micron, 33: 61-70.

Ludwig, S.W. and Oetting, R.D. 2001. Susceptibility of natural enemies to infection
by Beauveria bassiana and impact of insecticides on Ipheseius degenerans
(Acari: Phytoseiidae). Journal of Agricultural and Urban Entomology, 18(3):
169-178.



54 Dalia M. A. Hassan et al.

Maniania, N.K., Bugeme, D.M., Wekesa, V.W., Delalibera, 1. Jr., Knapp, M. 2008.
Role of entomopathogenic fungi in the control of Tetranychus evans and
Tetranychus urticae (Acari: Tetranychidae), pests of horticultural crops. Exp.
Appl. Acarol., 46: 259-274.

Maurer, P., Couteaudier, Y., Girard, P.A., Bridge, P.D., Riba, G. 1997. Genetic
diversity of Beauveria bassiana and relatedness to host insect range. Mycol.
Res., 101: 159-164.

McCoy, C.W., Samson, R.A., Boucias, D.G. 1988. Entomogenous fungi, in CRC
handbook of natural pesticides. In: Ignoffo CM (ed) Microbial insecticides,
part A; entomogenous protozoa and fungi, V. CRC Press, Florida, pp. 151—
236.

Nada, Maha, S., Mahgoub, M.H.A. and Reham, I.A. Abo-Shnaf. 2012. Susceptibility
of Bryobia cristata (Acari: tetranychidae) adults to infection by Metarhizium
anisopliae and Beauveria bassiana. Acarines, 6: 31-33.

Nadimi, A., Kamali, K., Arbabi, M. and Abdoli, F. 2008. Side effects of three
acaricides on the predatory mite, Phytoseiulus persimilis Athias-Henriot
(Acari: Phytoseiidae) under laboratory conditions. Munis Entomology &
Zoology, 3(2): 556-567.

Overmeer, W.P.J. and van Zon, A.Q. 1982. A standardized method for testing the
side effects of pesticides on the predacious mite, Amblyseius potentillae
(Acari: Phytoseiidae). Entomophaga, 27: 357-364.

Prischmann, D.A., James, D.G., Wright, L.C., Teneyck, R.D., Snyder, W.E. 2005.

Effects of chlorpyrifos and sulfur on spider mites (Acari: Tetranychidae) and their
natural enemies. Biol. Control., 33: 324-334.

Puinean, A.M., Denholm, 1., Millar, N.S., Nauen, R. and Williamson, M. S. 2010.
Characterisation of imidacloprid resistance mechanisms in the brown plant
hopper, Nilaparvata lugens (Hemiptera: Delphacidae). Pestic. Biochem.
Physiol., 97(2): 129-132.

Ragaei, M. and Sabry, K.H. 2017. Role of photonic crystals in Red Palm Weevil,
Rhynchophorus ferrugineus Olivier coloration. Research Journal of
Pharmaceutical, Biological and Chemical Sciences, 8(1):292-298.

Roy, H.E. and Pell, J.K. 2000. Interactions between entomopathogenic fungi and
other natural enemies: implications for biological control. Biocontrol Sci.
Technol., 10: 737-752.

Samuels, R.I. and Paterson, I.C. 1995. Cuticle degrading proteases from insect
moulting fluid and culture filtrates of entomopathogenic fungi. Comp
Biochem. Physiol. B. Biochem. Mol. Biol., 110: 661-669.

Seiedy, M., Saboori, A. and Allahyari, H. 2012. Interactions of two natural enemies
of Tetranychus urticae, the fungal entomopathogen Beauveria bassiana and
the predatory mite, Phytoseiulus persimilis. Biocontrol Science and
Technology, 22: 873-882.

Seiedy, M. 2014. Feeding preference of Phytoseiulus persimilis Athias-Henriot
(Acari: Phytosei-idae) towards untreated and Beauveria bassiana treated
Tetranychus urticae (Acari: Tetranychidae) on cucumber leaves. Persian
Journal of Acarology, 3: 91-97.

Sewify, G.H. 1989. Evaluation of Verticillium lecanii entomopathogenic fungi, and

its prospects in controlling aphid pests. Ph.D., Thesis, Fac. Agric.,
Cairo Univ., 139 pp.

Sewify, G.H., Mikhail, W.Z.A., Marguerite A. Rizk and Dalia M.A. Hassan 2015.

Using a Biological control method for controlling red spider mite. Egypt.



Virulent entomopathogenic fungi against the two-spotted spider mite 55

Acad. J. Biolog. sci.,7(1): 115-126.

Shi, W.B. and Feng, M.G. 2004. Lethal effect of Beauveria bassiana, Metarhizium
anisopliae, and Paecilomyces fumosoroseus on the eggs of Tetranychus
cinnabarinus (Acari: Tetranychidae) with a description of a mite egg bioassay
system. Biological Control, 30: 165-173.

Shi, W.B. and Feng, M.G. 2009. Effects of fungal infection on reproductive potential
and survival time of Tetranychus urticae (Acari: Tetranychidae).
Experimental and Applied Acarology, 48: 229-237.

Skirvin, D.J. and Fenlon, J.S. 2001. Plant species modifies the functional response of
Phytoseiulus persimilis (Acari: Phytoseiidae) to Tetranychus urticae (Acari:
Tetranychidae): implications for biological control. Bulletin of Entomological
Research, 91: 61-67.

St. Leger, R.J., Charnley, A.K. and Cooper, R.M. 1986a. Cuticle degrading enzymes
of entomopathogenic fungi: Mechanisms of interaction between pathogen
enzymes and insect cuticle. Journal of Invertebrate Pathology, 47: 295-302.

St. Leger, R.J., Charnley, A.K. and Cooper, R.M. 1986b. Cuticle degrading enzymes
of entomopathogenic fungi: Synthesis in culture on cuticle. Journal of
Invertebrate Pathology, 48: 85-95.

St. Leger, R.J., Durrands, P.K., Charnley, A.K. and Cooper, R.M. 1988, Role of
extracellular chymoelastase in the virulence of Metarhizium anisopliae for
Manduca sexta. Journal of Invertebrate Pathology, 52: 285-293.

St. Leger, R.J. 1995. The role of cuticle-degrading proteases in fungal pathogenesis
of insects. Canadian Journal of Botany, 73 (Suppl.): S1119-S1125.

Uma Devi, K., Sridevi, V., Murali Mohan, Ch. and Padmavathi, J. 2005. Effect of
high temperature and water stress on in vitro germination and growth in
isolates of the entomopathogenic fungus Beauveria bassiana (Bals.)
Vuillemin. J. Inverteb. pathol., 88(3): 181-189.

Van Leeuwen, T., Vontas, J., Tsagkarakou, A., Dermauw, W. and Tirry, L. 2010.
Acaricide resistance mechanisms in the two spotted spider mite Tetranychus
urticae and other important Acari; a review. Mol. Biol., 40: 563—-572.

Vergel, S.J.N., Bustos, R.A., Rodri'guez, C.D. and Cantor, R.F. 2011. Laboratory
and greenhouse evaluation of the entomopathogenic fungi and garlic—pepper
extract on the predatory mites, Phytoseiulus persimilis and Neoseiulus
californicus and their effect on the spider mite Tetranychus urticae. Biol.
Control, 57: 143-149.

Waked, Dalia, A., Eleawa, M. and Ali, M.A. 2015. Compatibility between certain
entomopathogenic fungi and acaricides against spider mites, Tetranychus
urticae Koch.(Acari:Tetranychidae). Egyptain Journal of Biological Pest
Control, 25(2): 339-343.

Wu, S.Y., Gao, Y.L., Xu, X.N., Goettel, M.S., Lei, Z.R. 2015. Compatibility of
Beauveria bassiana with Neoseiulus barkeri for control of Frankliniella
occidentalis. J. Integr. Agric., 14: 98—105.

Wu, S.Y., Gao, Y.L., Smagghe, G., Xu, X.N. and Lei, Z.R. 2016. Interactions
between the entomopathogenic fungus Beauveria bassiana and the predatory
mite Neoselulus barkeri and biological control of their shared prey/host
Frankliniella occidentalis. Biol. Control, 98: 43-51.

Zhang , Z.Q. 2003. Phytoseiid mites. Mites of greenhouses: identification, biology
and control. CABI Publishing, Oxon, pp. 171-202.



56 Dalia M. A. Hassan et al.

ARABIC SUMMARY

Laliaal) dpu g Y cila i) Gary s Tetranychus urticae i 4 yeal) ey shil) Gany dan
Adagie b ciliilsg

BT S LTI F - VEOW IR IF SR RGNy DR RPN RVESR I K
SV 1Al 3ka g — ¥ Jaildna
a8l — (Aol —de ) )3l Gl S e Sl A 5 & g dgaa, )
3_alal daala — Lprdall 3 ) sall and — 48 1Y) il Jall 5 G gandl 2gra Y

) piSiall gl gl A lSl] Al a0 B SY) s i) g iyl il
Sla il e dia jaall iy phadll 586 a0 sy 1A Tetranychus urticae Kochgsiaddl o3
adlsall Alu £ lee Lagaladiind 40lSa) Al jal daa ol gul) dadlSall 8 Lealadiial CSLJJ\ A g HISYI
B AadlSa s )y mali y 3 ea) i gaSiadl dia D o 5l

Beauveria pasgana e &Y e @Ji Jaa je A 50 Cpacaly Al Al 338 o Y1 e 3all
O gy e QpSiall Ul skl Aanll sk aa Metarhizium anisopliae o< ol e s
S5 die (Ul hall & ge dau 88.5%  iaal Cum ¢y shlINS] dia ya Y il B4 A )
Aalra il 3 EVL 35 aAL 25.2% () cacaids) danll gl 8 Guil) di s, 10° spores/ml ads ll
99 % ) adl) A Ly Jaa 5

¢aaal A 5 ¥ e all (e diiall ladll A pe Gl )3 Cpenal Al all 33a (pe  SUN 6 3al)
Phytoseiulus persimilis, o s SY) G idal (B4) sl CipSiall o dpia e e
Gl skl s LCys, LCsp and LCop iS55 &6 axaiuly Neoseiulus californicus.
ity P, persimilisess SY) g jitall e 3 la e (B4) Al o gl ekl G sisall
. Neoseiulus californicuss s JSY! (s yitall e las (aisie

Slo Dhill cilim jelai o g Y g s Saall Adad 50 Alaall il Jilaty Al g
24 st A ISl Gaaili pladll Lan o ) (G5 SV QS g jSaall miay o s ISV yidall
GIA) Gany Y ey sy (Kl Aol 48-24 (pme b liY) Gasyy B4 Aall (i) Aol
3phall (K

delu 72 A L35 T, urticae JSuisS zlady (5ias Al s KU @lly (0 il e
L peSiall anial jlaniad) sy

Lle dun je ekl B, bassiana ¥ (e a2l O e ae I e asl dul ol 338 a8
@il o2 Phytoseiid mites ¢sle Aasals G yo alsel 51 sekii ol 815 saal) il o
e el (b A lSY) i) e el A jedd) il Jeindl Qs e
T. urticae ,eaY) & 5iSiall



