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ABSTRACT

The aim of this study is to evaluate the toxic effect of
entomopathogenic fungi Beawveria bassiana on adult females of the two-
spotted spider mite Tetramychus wrticae under laboratory conditions,
Mortality by the commercial formulation of B. bassiana (Biofly)
decreased with decreasing concentrations of spore inoculum, the LCsp
was 4.12x10° spores/ml.

The effect of spraying with the biocide Biofly on the mite
population, and mortality on green bean plants was increased with
increasing spore concentrations. The most effective treatment was the
plot sprayed 4 times at the concentration of 2 ml/l (78.55% reduction in
the mite population).

When biocide Naturalis L and WP (Beauveria bassiana) were
sprayed on the moving stages of the mite infesting strawberry, Naturalis
L sprayed 3 times at the concentration of 3 ml/1 showed reduction
percentage of 95.39 in the moving stages of the mite population and the
other formulation, Naturalis WP showed 95.98% reduction in the mite
population after 15 days from the first application.
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INTRGDUCTION

Tetranychid mites are common pests in agricuitural systems,
causing, in many cases, greater economic losses than any other arthropod
pests. Two-spotted spider mite, Jeraiychus urticae, 1s coustdered one of
the major pests attacking different agricultural crops such as field crops,
vegetables, fruits and ornamental plants. The infestation by mite caused a
great damage o these infested plants foliwerd by mfestation by various
pathogens such as virus, bacteria and fungi (Hoy €7 &/, 1920 and Peaman
and Chapman, 1980). The latter organism caused serious problems i the
fieid of agricutture. Greai attention is offered io survey and control of
both pests to protect the crops and then minimize the ioss o agricultural
economy. The severity of plant injury caused by spider mites depends

~ n numerous factors influencing feeding and reproduction of the mrtes
Of particular importance are the nature and conditions of the host planis
and the influence of physica! factors on both host and mite {(Abou-Awad
and El-Banhawy, 1985).

A wide range of chemicals have been marketed for controlling the
two-spotted spider mite. The wide use of the chemical compounds
resulted in many problems such as population outbreaks and chemical
resistance endangering humanp health and wealth Thereiore, world iy
going to reduce chemicals wse and irying to introduce the
entomopathogens such as virus, bacteria and fung: in L.P M programmes
- (Huffaker ef al, 1970, McMurtry e7 a/., 1970 and Van De Vrie et al,,
1972).

The pesticides referred to as merobial pest control agent or
microbial pesticides are preparations based on disease inducing
organisms (entomopathogens) which normally infect or poison an insect
or mite and ultimately cause its death. The integrated control of these
pests includes parasitic fungi which are capabie of penetrating the insect
cuticle directly after piercing the cuticle then the fungus multiplies inside
the insect producing iethal metabolites (Kumor, 1984). Many microbial
pesticides have been formulated with the use of the following fungi (for
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instance) B. bassiana, Verticilium lacarii. Entemophaga asiatic and E,
grvlli. Formulatiens of Verticilium lecamii are used to control aphids,
scales, thrips and red spider mites in green house crops (Penaetal,
1996). Furthermore, Hirsuttello thompsonii, s parasitic fungus from
which a spore-formulation is produced that kills citrus-rust mites and also
infects spider mite. Parasitic fungi, generally are host-specific and are not
hazardous to non-target organisms. They are cheep to produce and may
be formulated and applied similar to chernical pesticides.

Klubertanz et al(1991) showed that a pathogenic fungus
(Neozygites sp.) caused dramatic reduction in population of T. urticae in
attificially infested soybean plots. Yousr (1994) recorded that the
mortality of the adult female mite, Tetramychus urticae, exposed to a
series of spore dilutions of Beauveria bassiana, from 1.26x10° io
126x10°, decreased with decreasing amounts of inoculum. At
concentration of 1.26x10°% the mortality of the tested mites was
significantly greater than that of uninoculated control, the LCs after 8
days of exposure was 2.22x107 spores/ml. Abdel-Samad (1998) studied
the efficiency of Biofly (Beauveria bassiana) with 3x10” conidia, at 100
/100 1 of water on different egg stages and adult females of 7' urticae.
The results showed that the effect of this compound against egg stages
was higher than the adult females of 7. urticae. Moreover, three days old
eggs were most effectual of the others. The biological aspects of T.
wticae, when treated one day old eggs with Biofly, indicated that the
average number of deposited eggs per female decreased to 95.9%.
Moreover, it caused 90% mortality during immature stages. Under field
conditions, the average reduction in population density of 7. urticae was
71.06% after the fourth application with B. dassiana. Biofly can be used
in the integrated control programmes to control 7. wrficae. Derballa
(1999) showed that the microibial pesticide Biofly was highly toxic to the
adult females at zero hour afier treatment of the discs, LCso = §3948.73
conidia’ml, followed by the treatment at 6 hours afler dipping (LC50 =
. 133647 conidia/ml). Also, results showed that Biofly was highly toxic to

eggs of 24 hours age with LCso valus of 31514.95 conidia/ml, followed
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by eggs of 12 hours with LCso value of 42773.94 conidia/ml but there
was no significant differences between them.

Clearly, if chemical, microbial pesticides arid biological methods
are successfully integrated, then the impact of pesticides used to control
key pests and diseases must be minimized while the beneficial arthropods
must be introduced. So, the present study was carried out to:

1. Evaluate the efficiency of the commercial products of the
entomopathogenic fungus, B. bassiana, namely Biofly against the
two-spotted spider mite, 1. urficae. '

2. Biochemical control of the two-spotted spider mite moving stages
infesting green beans by using the commercial® product of
entomopathogenic fungus, Beauveria bassiana, namely Biofly.

3. Biochemical control of the two-spotted spider mite moving stages
infesting strawberry by using two formulations of the
entomopathogenic fungus, Beauveria bassiana, namely Naturalis-L

PN |

and Naturalis WP, which were sprayed 3 times with three
concentrations (1, 2 and 3 ml/1 for Naturalis L) and (1, 2 and 3 g/l for
Naturalis WP).

MATERIALS AND METHODS

Commercial biocides used:

The fungus B. bassiana, as a commercial products were:
Naturalis-L (entomopathogenic fungus B. bassiana 2.3x107 conidia /ml),
Naturalis WP (entompathogenic fungus B. bassiara |1 94x10"
conidia’kg). ,

Biofly (entomopathogenic fungus B. bassiana 3x%107 conidia/mi).
They were supplied by El-Nasser for Fertilizers and Pesticides, Egypt.

Techniques used:

The techniques used for laboratory assays on the effect of the
entomopathogenic fungus B. bassiana on the adult female mites were
used by Vanninen and Hokkanen (1988) and Yousri (1994).
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Biological conirol of the two-spotted spider mite T. urticae infesting
strwherey:

The fungus 8. ureicae as a commercial product namely Naiurelis-
L in two forms, liquid with a concentration of 2.3x107 conidia/milliliter
and WP with a concentration of 1.94x10" spores’kg were used as
biocide to contrel the two-spotied spider mite Tetranychus uriicae, by
psing 3 concentrations: 1, 7 and 3 mi/titve for BC formulaand 1,2 and 3
gflitre for WP formula The experiment was designed as rapdom
complete block dospn, the repiicate srea was 7x12 50 {ie 84 m°) ang -
repicates for each treatment 1O evaluatc the efficiency of the certain
concentrations applied ifee times at different rates 2 geinst sypider mites
The samples were taken pretreatment, after 1,3 and © days Tom eanh
anpheaticn, the sampic of the 5% dav was considered as pretrezimet for
the second spray and she forthe 3™ gpray. A sample of 10 Jeaves v
picked up from eack replicate, thes the sampie of eact treatmen
comipined 40 leaves. The leaves weie examined using 3 Limbcies?
microscope, the alive mowing siages weit counted on each leal The
average number m rreated aud untreated Teaves was caiculated and the
percentages veduction in infestation were calculated by the Hendersen
and Tilton (1955) equation.

Biological contro! of the two-spotied spider mite 7. urticae infesting
green bean:

This trial wa carried out in the experiment which was spraved 4
imes with the commercial biocide “Biofly” (Beawveria bassiana), its
conceniration was 3x107 spores/mi. The tested area was divided into 4
plots every piot was divided into 3 sub-plots, the rates of appiication
were 0.5, 1 and 2 ml/litre. The 1 plot was sprayed once, the 2™ plot was
sprayed twice, the 3™ plot was sprayed 3 times and the 4™ plot was
sprayed 4 times. The interval between every spray and the other was .5
days. The samples had been taken regularly after 1, 3 and 5 days from
cach application and the 5 day was considered as pretreatment for the
next application. A sample of 10 leaves was picked up from each
replicate, thus the sample of each treatment contained 40 leaves. The
leaves were examined using a binuclear microscope, the alive moving
stages were counted on each leaf The average number in treated and
untreated leaves was caleulated and the percentages reduction in
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. infestation were calculated by the previous Henderson and Tilton (1955)
equation. - %

Statistical analysis:

Data obtained in the field experiment were subjected to
computerized statistical analysis. Duncan’s multiple range test was used
to determine the significance of the differences between the mean values
of the treatments (Duncan, 1995).

RESULTS AND DISCUSSION

A. Laboratory evaluation of Beauveria bassiana (Balsamo) VUHL
pathogenecity against the adult female stage of the two-spotted
spider mite Tefranychus urticae Koch.:

The mortality rate of the adult female of the mite 7. urticae by
commercial formulation of B. bassiana decreased with decreasing
concentration of spore inoculum (Tables 1, 2 and 3). Levels of statistical
significance between mortalities at each spore dilution after 8 days of
exposure are given in Tabie (2). The LCso after 8 days of exposure was
calculated tobe 4. 12)(106 spores/ml (Table 3). After 10 days of exposure
at 3x10” and 3x10° spores/m!, all the tested mites had died; these
mortalities were significantly greater than control mortahty (P<0.001).
All treated mites at the rest apore concentration, ie., 3x10° spores/ml,
were killed after 12 days. Control mortality at this mm was significantly
lower thar-treatment mortality (P<0 001). The mortality rates of T.
urticae infected by B. bassmna are, in part, & function of spore inoculum
concentration. More than 10° spore/m] of B. bassiana gave a rapid kill of
1. urticae in 8 days, whereas at lower spore concentration:. all treated
mites were kiiled after 12 days (Table I). Levels of mortality between
treatments and control in the pathogenicity tests wure compared using x?
contingency tables (Table 2). The probit hine exp . - .es the mortality of
. ~the mite T. wurticae related to log of the concentration of B. bassiana
spores. The slope of this line from the computerized probit analysis
program (Table 3) is b= 1.025.
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Tuble (i3 Mortality (%) of the adult fewnales of Tetranychus urficas
exposed to a series of spore concentrations of Beauveria
bassiana (comimercial formulation).

Spore Days after incubation

concentration |1 2 4 5 6 8 |10 12

3 x 10f 69.76 |75.60 8480 [97.22 19722 (9722 (100 -

3 x 107 1836 12448 (4278 17800 {82.90 (8290 {100 100
3 x 14° 714 714l 714 (V750 12222 |4R15 14722 i0h
}_g’fmm! 000] 060 0.000 200 2,000 504! 750 {11735

'Table (2} Seatistical significance between the mite mortalities al each
spore concentration afier 8 days of exposure to the biocide

Biofly (Bequveria baysiana).
Spore P wvalues
concentration |3 x 10° |3 x 10’ 3 x 10° Control
3 x 168 -
3 x 10 NS -
3 x 10° P < 0.001 [NS -
Control P < 0001{P <0001 P <0001 |-
Table {3): Probit analysis data Beawveria bassiana.
(commercial nroduct  Biofly)
Slope (b) 1.025581
Intercept  (a) 1.7846110
Variance of slope 0.0180717
Chi-square 0.0348358
DF 1
Log EDS0 6.6153820
Variance of log EDS50 1.261E-02
ED50 4 124EH06
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is. Biological control of the two-spotted spider mite Tefranychus
articae on green bean, using the commercial product of Beauveria
bassiana (Biofly): :

The effect of spray with the biocide Biofly, containing the
entomopatrhogenic fungus Beauveria bassiana (3x1 07 spores/ml) on the
mite population infesting green bean was presented in Tables (4 and 5).
In this trial, the Biofly was sprayed at three concentrations (0.5, 1 and 2
ml/litre water). Four plots were sprayed by the tested concentrations, the
1% plot was sprayed once, the 2™ plot was sprayed twice, the 3™ plet was
sprayed 3 timnes and the 4% plot was sprayed 4 times, the interval between
sprays was 5 days. The data showed that the percentage of mortality
increased with increasing the concentraiion used and number of sprays.
In the 1™ plot, which was sprayed once with the rates 1 and 2 mi/}, there
was no significant difference between the effects of the two rates aiter 20
days from application on mite population. On the other hand, the
concentration of 2 ml/l was the most effective rate.

At the end of the 1* application (5 days afier spraying), data
showed that there was no significant difference between all
concentrations and control. This result indicated that the fungus did not
start its activity on the mite population. Table (5) showed that the
treatment with 0.5 ml/1 had the lowest reduction percentage in all plots,
being 13.59, 7.74, 12.4 and 14.9% in the 1%, 2, 3™ and 4" plots,
respectively. The treatment with 1 ml/l showed medium reduction
percentage, being 22.33, 16.73, 15.4 and 14.4% in the 1%, 2", 3™ and 4"
plots, respectively. Whereas, at the treatment with 2 ml/l the reduction in
infestation was 21.98, 27.18, 27.9 and 23.29% for the plots from 1 to 4,
respectively.

After 10 days (5 days from the second application), data showed
that the mite population decreased with increasing the spore
concentration. Table (5) showed that the percentages reduction in the
treatment with 0.5 ml/l were 22.58, 14.24, 28 9 and 19.52% for the 1%,
2™ 3™ and 4™ plots, respectively. While the treatment with 1 ml/
showed 24.17, 36.49, 32.44 and 28.35% reduction in mite infestation in
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the same plots. The treatment with 2 ml/t showed 29.86, 32.49, 34.4 and
31.97% reduction in the mite population in the 4 pl‘éts These data
indicated that there were no significant d1fferences between the
treatments with 1 and 2 miA,

After 15 days from the 1® application (i.e., 5* day after the 3™
application), there was no significant difference between the plot treated
once and the contrel, but the other treatrments (ie., plots which were
sprayed twice and three times) showed significant differences as
compared with the check conirol. Data also showed that using ¢.5 miA
reduced the population density by 28.86, 186, 26.15 znd 24.17%,
compared with the treatment with 1 ml/l which caused 25, 39.77, 28.36
and 36.33% reduction in the mite population in the 1%, 2" 3% and 4%
plots, respectively. The corresponding values in treatment with 2 m!A
were 37.23, 36.6, 3236 and 48.49% reduction in the mite population in
the four plots. _

After 20 days from the 1% application (5 days from the 4%
application); data showed that the plot which was sprayed 4 times with
the rate of 2 ml/l showed the highest reduction percentage in infestation
(78.55%) compared with all rates of application. The treatmen: of 0.5
mlfi reduced mite populatlon by 38.9, 36.34, 40.2 and 57.02°. inthe
plots sprayed once, twice, three and four times, respectively. While the
treatment. with 1 mi/l showed 56.14; 49.09, 54.56 and 66.14% reduction
and the treatment with 2 ml/] showed 57.8, 58.34, 59.21 and 78.55%
reduction.in the mite popuiatlon in the plots which were sprayed 1, 2, 3
and 4 times, respecnvely

~Many investigators showed that fungous. pathogen (Biofly) was
effe:ctwe for control mites. Kanagaratnam ef a/.(1981) found that V.
lecanii  was effective fungous pathogen of a gall causing mite
Cec:dop}gf{opszs ribis. Also, there were low levels of infectivity with
Hiswtella thomposnii and Metarhizium anisopliae but no invectivity with
B. bassiana (Barkowski ef al, 1988). The present results are in
agreemient with. Karadzhov (1973), Humber er al(1981) and
Brandenburg and Kennedy (1982).
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Jegina and Cinowskis (1970) indicated that they obtained 97%
mortality in 7. wrticae 24 hours after treatment with the suspension of
Conidiobolus obscurs. Spadafora and Lindquis (1972) found that spray
application of 0.03% benomyl as a sysiemic fungicide to leaf discs of
lima bean in laboratory tests, reduced the percentage hatch of eggs of T.
urticae. Garcia-Mari ef al. (1983) evaluated the toxicity of dicofol to
eggs of 7. urticae. The toxicity to eggs and larvae was similar causing
100% mortality at 200 ppm. Nakayama ef al(1986) and Mizukoshi
(1988) examined the effect of acaricide sprays for control of eggs,
nymphs and adults of 7. urticae. The resuits showed that bromopropylate
plus tetradifon were effective up to 7 days after spraying to eggs.

C. Biological control of the two-—spotted splder mite Tetranychus
urticae on strawberry:

The effect of spray with the blocidc Naturalis (Beauveria
bassiana) in two formulations Naturalis-L and'Naturalis WP, on the mite
population infesting strawberry was presented in Tables (6 and 7). The
fungus B. bassiana, asa commercial product Naturalis-L in liquid form
at a concentration of 2.3x107 spores : per milliliter and WP at a
concentration of 1.94x10% spores’kg, was used as biocide to control the
two-spotted spider mite Tetranychus wrticae. Data obtained revealed that
all treatments significantly reduced the mean numbers of the mite
population compared with the ‘untreated. check control. Both
formulations; Naturalis-L. and Naturalis WP, - were sprayed three times
with 3 concentrations (1, 2 and 3 mlor g/l). The data at the end of the
trial (after 3 sprays) showed that the mean percentage of reduction in
infestation  increased with” ‘inc‘feaﬁiﬂg the concentration. The
concentrations 2 mi/l, 3 miA and 3 g/l were: the most effective treatments
and there wereno s:gmﬁcant differences between each other and they
followed in descending order by treatments of 1 mi/l, 1 g/l and 2 g/l. This
means that the rate of 2 ml/l was economically enough to be used as
efficient rate.

After 5 days from the ﬁrst appﬁcatmn (end of the 1™ spray), the-
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Naturalis-I. formulation, at concentrations of 1, 2 and 3 ml/l, caused
7569, 896 and 91.69% reduction in the population of the mite,
respectively, while using of WP formulation at the same concentrations
caused 75.28, 764 and 90.66% reduction in the mite population,
respectively. : o

After 10 days from the 1* application (end of the 2" spray), data
showed that treated with Naturalis-L formulation reduced the population
of the mite by 88.2, 80.29 and 93.73% by using 1, 2 and 3 ml/,
respectively. Whereas, WP formulation caused 75.27, 81.34 and 95.2%
reduction at the same copcentrations in gram, respectively.

After 15 days from the 1% application (5 days afier the 3™ spray),
the data obtained showed that the treatment by Naturalis-L reduced the
infestation by 90.67, 94.2 and 99 37% at the concentrations of 1, 2 and 3
ml/l, respectively. While using WP formulation reduced the population
by 84.06, 85.16 and 98.09% at the concentrations of 1, 2 and 3 g/,
respectively.

Finally, after 3 sprays, the treatment with the liquid formulation
of Naturalis showed 86.2, 88.57 and 95.39% reduction in mite population
- by using the concentrations of 1, 2 and 3 ml/l, respectively. Whereas, WP
formulation showed 76.19, 84.38 and 95.98% reduction with using the
- concentrations of 1, 2 and 3 g/l, respectively.

D. Comparative susceptibility between the biocide Naturalis and
some conventional acaricides agninst T. urficae on strawberry:
The effect of spraying with Naturalis (Beauveria bassiana) in two
. formulations, Naturalis-L (at 1, 2 and 3 ml/I) and Naturalis WP (at 1, 2
and 3 g/1), and some conventional acaricides {one spray) dicofol, dicofol-
I M and propargite, against 7. urticae is shown in Table (8). The data
i obtained showed that, after 1 day from application, the conventional
acaricides were more effective than Naturalis L and WP.
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After 3 days from application, the conventional acaricides were
still the most effective and the treatment with Naturalis (liquid &t the
concentration of 3 mi/l and WP at the concemration of 3 g/l) were more
effective than the other biocide concentrations.

After 5 days, propargite and dicofol were the most effective
treatments, followed by Naturalis-L (3 ml/l), whereas the other
treatments were less effective. There were 51gmﬁcant d!fferences
between all treatments and the untreated check control.

At the 6" day (1 day after the 2™ spray), there were no significant
differences between propargite, dicofol, Naturalis-L (3 mll) and
Naturalis WP (3 g/l). |

After 8 davs, propargite was still the most potent treatment
followed by Naturalis-L 3 mi/l, dicofol, dicofol M, Naturalis WP 3 g/ml,
Naturalis-L 2 ml/l, descendingly. _

After 10 days (5 days from the 2™ application with the two
formulations of the biocide Naturalis, data showed that propargite was
the most effeciive treatment followed by dicofol, dicofol M and Naturalis
WP 3 g/1 or Naturalis-L 3 ml/1.

After 11 days (1 day from the 3™ application with the two
formulations of the biocide Naturalis), data showed that propargite,
Naturalis WP 3 g/l and Naturalis-L 3 mll were the most potent
treatments followed by Naturalis-L 2 ml/l, Naturalis-L 1 m/l, dicofol M,
dicofol.

After 13 days (3 days from the 3™ application with the two

- formulations of the biocide Naturalis), data showed that propargite and
Naturalis WP 3 'L were the most potent treatments followed by
Naturalis-L. 3 ml/l, Naturalis-L. 1 ml/l, Naturalis-1. 2 g/, or dicofol M,
- Naturalis-L 2 mi/l, dicofol and Naturalis WP 1 g/l.
After 15 days (5 days from application with the two formulations
- of the biocide Naturalis), data showed that propargite and Naturalis-L 3
mil or Naturalis WP 3 g/l were the most potent treatments followed by
| Naturalls-L 2 mi/l, Naturalis-L. 1 ml/l, dicofol M; Naturalis-L 2 g/l,
dicofol and Naturalis WP 1 gA.
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Finally, by the end of this tnal, data showed that propargite,
Naturalis-I. 3 ml/l and Naturalis WP 3 g/l were the most potent
treatments followed by dicofol, dicofol M, Naturalis-1, 2 ml/f, Naturalids-
L 1 ml/l, Naturalis-L 1 g/ml, descendingly.

The above results are similar to those obtained by Dresner (1949)

and El-Adawy et al (1995).
The toxic effect of Beauveria bassiana on the adult stage of Tetranychus
urticac is referred to the spores present on mite cuticie germinate to
produce a young hypha termed as a germ tube. Such thin hypha can
either pevetrate both the epicuticle and procuticle of mite or orly
epicuticle, then it expands into normal size hyphae, these hyphae
produce numerous dispersal spores and cover the surface of the cadaver.
The conidial fungi of Beauwveria bassianas synthesize and secrete a
variety of hydraulic enzymes against chitin and lipids of mite cuticle
(Smith et al., 1981; Leger ef al., 1986) which could aid the penetration of
the inner epicuticle (Plymerized lipoprotein). An insecticidal metabolite
one of the bassianolid (cyclodepsipeptide) was isolated from Beauveria
bassiana (Suzuki et al, 1977). Also, Beauvericin is another toxin
isolated and indentified as having insecticidal activity (Hamill eral,
1969), such toxicant could be responsible for mite mortality.

REFERENCES

Abd El-Samad, M.A. (1998). Effect of biocide compound, Biofly
(Beauveria bassiana vuillemin) on Tetranychus wricae Koch.
Egypt. J. Appl. Sci., 13 (3): 277-287.

Abou-Awad, B.A. and EM. El-Banhawy (1985). Comparison between
the toxicity of synthetic pyrethroids and other compounds to the
predacious mite Amblyseius gossipi  {Mesostigmata
Phytoseiidae). Experimental & Applied Acarology, 1: 185-191.

Bartkowski, J.; M.O. Odindo and W.A. Ctieno (1988). Some fungal
pathogens of the cassava green spider mites Mononychelfus spp.
(Tetranychidae) in Kenya. Insect Science and its Application, 9
(4): 457-459.

-883-



J Pest Cont. & Environ. Sci. 9(2 ) ( 2061).

Brandenburg, RI. and G.G Kennedy (1982). Relationship of
Neozytgites floridana {Entomophthorales : Entomophthoraceae)
to two-spotted .spider imite (Acari : Tetranychidae) posuletions
in field com. }. Econ. Eniomol., 75; 691-694.

Derballa, ASH. (1999). Integrated pest management of spider mites.
M.Sc. Thesis, Fac. of Agric., Kafr El-Sheikh, Tanta Univ.,
Egypt.

Dresner, E. (1949). Use of fungi for microbial control of mites and tieks.
in “Microbial control of insects and mites” (HL.D. Burges and
N.W._ Hssey, eds.). Academic Press, London and New York

Dunzan, D.B. (1955) Multiple range and multiple F-tests. Biometrics,
11; 1-42.

El-Adawy, AM.; M. Yousri, Y.M. Ahmed and T. El-Sharkawy (1995).
LCffect of some acancides and the biocide Naturalis-L
(Beauveria  bassiana) on the two spotted spider miic
Tetranychus urticae Koch. infesting cucumber under plastic
house conditions. 6" Nat. Conf. of Pest. & Dis. of Vegetables &
Fruits in Egypt 1995, pp. 136-141.

Garcia-Mari, ¥, E. Santhaballa; F. Ferragut; C. Marzal; P. Colomer; J.
Osta and F. Garcia-Mari (1983). The red spider mite
Panonychus citri (Mcgregor), its bearing on phytosanitary
problems in sour citrus groves. Boletin - del - Servicio -d -
Defensa - Contra - Plagas - e - Inspeccion Fito Patologica, 9(2):
191-218.

Hamil, RL; CE. Higgins; HE. Boaz and H. Gorman (1969).
Tetrabedron Leiters. 4255.

Henderson, CF.and E'W. Tilton (1955). Test with acaricides against the
brown wheat mite. J. Econ. Entomol., 48; 157-161.

Hoy, M.A; N.F.Knop and J. Joos (1980). Pyrethroid resistance persists

_ in spider mite predator, Calif Agric., 34; 11-12.

~ Huffaker, CB.; M. Van De Vre and JA. McMurtry (1970,

Tetranychidae populations and their possible control by

predators: an evaluation. Higlardia, 40: 391-395.

Humber, RA; G.J. Moraes and JM. Dos Santos (1981). Natural

' infection of Tetranychus evansi (Acarina : Tetranychidae) by a
Triplosporium  sp. (Zygomycetes : Entomophthorales) in

| northeastern Brazil. Emtomophaga, 26: 421-425.
legina, K. and J. Cinowskis (1970). Entomoftorusenu lietosanacina
prettikiercem. Latv. PSR Zinat. Akad. Vestis, §: 44-47

-RQ.



Anber et ui.

Kanayaratnam, ., R A Hall and HD. Burges {1981 Effect of fangi on
the black current  zail  aite, F euuf,ph} opsis  ribis. Plant-
Pathology, 30 (2): 117-118.

Karadzhov, 8. (1973). The problem of harmful Acarina on apple.
Rastitelna - Zashchita, 21 {11): 21-26.

Kwbertonz, T.H.; L.P. Pedigo and R.E. Corlson {1291). Impact of funga!
¢pizootics on the biology and management of two-spotted spider
mite  {Acari : Tetranychidae) n soybean. Environmental
Entomoiogy, 20 (2): 731-735.

Kemor, R (1984). Insect pest control with special reference to African
agricvlture English Eanguaﬁe hook society (ELBS), Ed. Word
Arnold, Printed in Great Brvtain, pp. 298,

leger, RJ; AK. Charly and RM. Cooper {1986} ). Euzymatic
charactertzation of entomopathogen with tl‘e APLZYM system,
J. Invert. Path., 48; 375-376.

McMurtry, J.A.; CB. Huffaker and M. Van De Vrie (1970). Ecology of
tetranychid mites and their naturali enemies: a review, 1.
Tetranychidae enemies: their biological characters and the
impact of spray practices. Hilgardia, 40: 331-390,

Mizukoshi, T. (1988). Acaricide resistance of the two-spotted spider mite
(Tetranychus wurticae) on apple crops in Hokkaidol -
Susceptibilities to dicofol and cyhexatin. Bulletin - of - the
Hokkaido - Prefectural - Agricultural Experiment - Stations, No.
58: 101-109.

Nakayama, K.; JM. de Abrey; EC. de A. Ferraz and J M. De Abreu
(1986). Chemical control of the two-spotted mite, a pest of
papaya in Southern Bahia, Brazil. Revista - Theobroma, 16 (3):
161-171.

Pena, J.E.; L.S. Osborne and R.E. Duncan (1996). Potential of fungi as
biocontrol agents of Polyphagotarsonemus latus (Acar,
Tarsonemidae). Entomophaga, 41 (1): 27-36.

Penman, D.R. and R.B. Chapman (1980). Effect of temperature and
humidity on the locomotory activity of Tetranychus urticae
(Acarina : Tetranychidae), Iypholodromus occidentalis and
Amblyseius fallacis (Acarina : Phytoseiidae). Acta Oecological,
Serie 2 Pedologia Applicata, 1: 259-264.

Smith, R.J.; S. Pecrul and E.A. Gruia (1981). Requirement of sequential
enzymatic activities for penetration of the integument ofthe
comn earworm. J. Invert. Path., 38: 344-355,

-90-



J.Pest Cont. & Environ. Sci 9 (2} (2001}

Spadafora, RR. and RK. Lindquist (1972). Ovicidal action of benomyl
on eggs of the two-spotted spider mite. J. Econ: Entomol., 65
(6): 1718-1720. |

Suzuki, A.; M. Knoaka; ‘A. Isogni; S. Murakoshi, M. Ichineo and S.
Tamura {1977).  Bassianoids, a mnew insecticidal
cyclodepsipeptide from Beawveria bassiana and Verticollisim
lecanii. Tetrahedron Letters, 25: 2167-2170.

Van De Vrie, M.; J.A. McMurtry and CB. Huffaker (1972). Ecology of
tetranychid mites and their natural enemies. A review. HL
Biology, ecology and pest status and host-plant relations of
tetranychids. Hilgardia, 41: 343-432.

Vanninen, 1. and H. Hokkanen (1988). Effect of pesticides on four
species of entomopathogenic fungi in »ifro. Annals Agr.
Fenniae, 27: 345-353.

Yousri MM. (1994). Laboratory evaluation of Beawveria bassiana
(Balsamo) Vuiil. as a pathogen of adult female stage of the two -
spotted spider mite Tetramychus urticae Koch. Egypt. J. Appl.
Sci., 9 (2): 380-387.

__mmsawaukmgqu,g,ﬁmﬁaﬂ@,m,mmﬁ < s
. 15391 (e 35 gisial

¢ *%3aal daaa Jpaltae Slajh o pee mal IS pala
*AS Jalae duall ¢ 00 AEN il dolew)
Al Lualy  Unileg 461138 28 — gl Ak pod ®
ks ey — s} Sy 251,50 Ay — Sl g °

TSI Y- B E W SR J VDY I PR
Lg]ln&LJSMiuiJ\,WﬁldJ)_miwl_gﬁJJ‘ OS5 (yiadal

91-




Anber et al

fL_u1)J]lG$L__SSQ__..;.-.'a_,1A..S_,.CJL_uJ_)\S‘ﬁ_,L‘:gu"ﬂuh.a.;Lai\SAw_i
| 2 bl

ity N g (5 gl S e A 5 S lasE ol o ()
Ayl oty il g3 g il A LIS ) Gy (o Aol 5
5 So GLSy el yall pe pEadl 30 M Al 3 2335 gt R
—ci "1 X ¥ g Ay S i laipdagin Yo X £V JLE o dal
A lbedi e Lt Y 2 e %AY,YY Ca iy 3 ga Al

ol L galill Sl e (5D 5 ) S 5 5 (Y
éou&MﬁIﬁUdbﬁaﬁ.ﬁﬂiL:L__Sgi.,d_jaj\‘r_éun_,)@h
el pAfd Y 35S i S pall e iy bl Giga clS b
YoYA,00 W Jsay daadll o baid

iy g g A DSBS O i (5 gl SO By S (Y
i laddt a1y 6l auua_bm&ug,hmsg_}_wum_ﬂumj
w}a;s_umm_so_.uns‘atpjmgmgﬁ_bjwymu
caL_ﬁjabl_Sc;_Lnia_ﬂ;;Ju_?a_mﬂol_,s)&cg;ia_jj.d_.;;ll@'
el p 3 da ¥ S5 d- ol A 5 paall o S et e Al
ORI T PRIV RLI Y Lsmd g o )T alasd (e %10,¥8 Coling g s
Sl s e S SN (el Alla 4 %00,24

o 5 S gty 5 A5 A € o et il ARl ey
Ay DL (gl el ,.;L:a_,_,s.lib_lad_;z.i]!u_.sg_“)ﬂi&u!
L aedianat wddh Aol S pall 4 Saglie oy 3 o amy Ldbialan agar
ml_.aS)Aid_ui_i,Pllax_esJAh;_adﬁ_udﬁ_uAlu_Juiﬂ
oYy Al o Ll SV 3y glesh



