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ABSTRACT

The efficacy of the enlomopathogenic fungus
Beavena bassiana Saudi Arabian isclate {B-SA3)
was evaluated against the red palm weevil, Ryno-
chophorus ferrungineus (Oliv)). The mentioned
isolate was assessed on the different developmen-
tal stages of the red palm weevil through toxicity
tests, i.e. determination of lethal concentration and
lethal imes to kill 50% of treated Insects. The re-
sults showed that 8" instar larvae were the most
folerant followed by pupa to B.bassiana as their
LCso values were 3.75x 10° and 3.78x 10" conidia/
ml, respectively. Meanwhile, 4" instar larvae were
the most susceptible to infaction by 8.bassigna (B-
SA 3), as LCr value was 3.25x 10° conidial mi,
which proved Insignificanlly dilferent 1o (hal deter-
mined In adult weevils, i.e. 4.18x 10° conidia /ml.
Furthermora, LTsq wvalues were wvery similar in
these lalter menlioned developmental stages in
any considered concentration; meanwhile, LTsg
was much longer in 8" instar larvae than the other
ronsidered instar and/or developmental stages.
“he fungus B. bassiana was most virulent to eggs
af the red palm weevil as none of the eggs halched
following their treatment with any of the cansidered
concentrations (ranging between 5x 107 ta 5x10°
canidia fmi). Moreover, germinaticn viability of har-
vested conidia of B.bassiana stored at -4 C was
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Insignificantly allocted up to the 10" manth slarage
period and was well above 90%. However, germi-
nation percentage of conidia then decressed 1o
70.27% after 18 months of slorage. Also, the viru-
lence of lhe slored conidia was lested afier 1, 6, 12
and 1% months on adult red palm weevils, the LCsa
values were 3.75x10° 4.66x10% 4.17x107 and
3.37x10° conidia/ ml, respectively, These results
show that there was a significant decrease in the
virulence of the tested fungus when the duration of
slorage period was more than 10 months.

INTRODUCTION

The red palm weevil, Rhynchophorus ferrugi-
neus (Oliv.) is @ major insecl pest and widely ac-
cepled as being the most devasiating insect pest
of date, coconut and oil palm trees throughout Asia
(Kalshoven, 1966 and Wattanaapongsiri, 1966).
In the mid 1980's R.ferrugineus was introduced 1o
date palm Irees in the Arabian Gulf Region, It

qulekly spread to Saudl Arabla, Iran and Egypt and
many olher countries in North Africa (Abraham et
al 1998: Murphy and Briscoe, 1993}, Dueg o the
Insecl feeding habits inside the palm tree trunks,
its conirol has been guite difficult: furthermore,
infestation can not be discovered until damage has
already been inflicted.

Efforls for the control of the red palm weevil
werg focused on the use of traditional chemical
insecticides or by eliminating infested trees. Can-
tral of this pest is now maore concemned with the
use of biological contral agents, such as the use of
entomopathogenic bacteria, wviruses, fungi or
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nematodes. Beauvera bassiana is well known as
an entomopathogenic fungus with worldwide distn-
bution. It is the anamorph stage of Cordyceps bas-
siana, a ieleomorph in the ascomycetous family,
Clavicipitaceae (Sung et al 2007). This fungus has
praven to be effective for the control of many Co-
leopteran species, {(Miranpuri, et al 1892a and
1992b, Miranpuri and Khachatourians, 1394
Athanassiou and Steenberg, 2007).

The present investigation was therefore under-
taken to assess the efficiency of the fungus &.
bassiana Saudi Arabian Isclata 3, (B-SA 3) for tha
control of the four developmental stages of the red
palm weevil. Also, the infectivity of B. bassiana
conidia stored for 16 months was assessed at
manthly [ntervals by a bioassay trials conducted on
adult weevils. Furthermare, the viahility of slored
conidia was determined by the germination test.

MATERIALS AND METHODS

Insect culture

The culture of the red palm weevil Rhyn-
chophorus ferrugineus was conducted under labo-
ratory conditions of 25¢ 2° C and 70+ 5% RH. Adult
red palm weevils were collected from infested date
palm trees at a plantation located at El-Kassasine,
lsmailia Gaovernorate, Egypt, by means of insecti-
cide free food baited aggregation pheromone/ kai-
ronome lraps (Hanounik et af 2000). The traps
were partially buried around the trunk of the dale
palm trees at a distance of 100 m apart. The lraps
wera inspecled every week and the live trapped
weevils were collected and transferred to the labo-
ratory. In the laboratory the weevils were sexed;
every 2 pairs were placed in plastic cups, 8 ¢m in
diameter. In each cup succulent tissues of dale
palm wood was placed as a source of food and
which also served as an oviposilion site. Adults
were monitored and any laid eggs were collected
daily by means of a soft brush and placed on maoist
filter paper in small Petri dishes. The eggs were
monitored and upon hatching the newly halched
larvae were transfarred to holes drilled in shorl
pieces of soft date palm wood. After 10 to 14 days
larvae were removed and placed in larger contain-
ers and allowed to feed on similar succulent date
palm wood. Larvae were constantly observed and
prior to their pupation, the full grown larvae were
placed in clean moist plastic trays and provided
with mat of dry palm fibres and left undisturbed 10
pupate. Subsequently, constructed cocoons were
observed and upon adull emergence the weevils
were placed in pairs as previously mentioned.

2 ]
Entomopathogenic Fungus Beauveria bassiana

The entamopathogenic fungus Saudi Arabian
isolate No 3 of Beauvara bassiana (B-5A3) was
evaluated for its efficiency in the control of the red
palm weevil R. farrugineus. The local strain of this
fungus was isalated from dead red palm weevils R.
ferrugineus collected from date palm plantations at
Al-Qatif province, at the Kingdom of Saudi Arabia
by Hegazy et af (2007} this isolate was identified
and confirmed by CAB| Bioscience UK.

Maintenance of B, bassiana

Fresh siant cullures {B-3A3) were obtained
from the Arab Organization for Agricultural Devel-
opment Collection. The fungus was sub-culiured
on Sabouraud dextrose agar plus yeast exiracl
(SDYA) medium (mycologica! peplone 10gm, dex-
trose 40 gm, yeast extract 2.5 gm and agar 13 gm
per litre of distilled water) and incubated =t 25 °C
for 14 days. Subsequently, the conidia were har-
vested in sterile vials with screw caps by scraping
the surface of agar plates, silica gel was then
added at a rate of 20% w:w before the vials were
sealed. Vials were held at 4 ° C until needed for

the experimental work.
Bioassay of B. bassiana (B-SA 3)

The infectivity of B.bassiana (B-SA 3) was
evaluated on the different developmental stages of
R. farrugineus according to the method described
by Finney (1952) and Marannino et af (2006). A
slock solution of the fungal formulation was pre-
pared from 1gm B. bassiana spores suspended in
100 ml sunflower oil and sterilized distilied waler
with 0.05% Tween B0 was added to make one litre.
The suspension was well mixed using magnetic
stirrer for 1 min to break spore chains into individ-
ual spores and assure uniform mixing. The spore
concentration in the resulling suspension was de-
termined by the use of a haemocytometer slide
and adjusted to the desired concentration. A seres
of considered concentrations e 5x10°, 5x10°%
5x107, 5x10° and 5x10° conidia / ml were prepared
in distilled waler. The suspensions were used for
inoculation within 1 hour (Goettel and Inglis,
1987).

Treatment was carried out on the different de-
velopmental stages of the red palm weevil which
were selected from the maintained insect stock

cullure:-,
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(i) Newly laid eggs (0-24 hours old).

(i) 4™ and 8" instar larvae; the larval instars were
determined by the width of their head capsule
(El-Muhanna et al 2000)

(iii) Pupae, 7days post pupalion.

(iv) Full grown adults, approximately one week paost
emergence.

The dipping technique was used, where 20
eggs and insects in each of the mentioned devel-
opmental stages were dipped for 20 seconds in
one of the prepared concentrations. Treated
specimens were then maintained separately in
Petri dishes measuring 15cm in diameter and pro-
vided with small soft pleces of date palm wood as
a source of food. Twenty specimens were used for
the treatment of each mentioned developmental
stage and each replicated three times; a control
presented by untreated insects was included for
each experiment where specimens were trealed in
a mixiure of sunflower ail, water and 0.05% Tween
80.

Insect mortality was recorded daily and cor-
rected by Abbott's formula (1925). Toxicity re-
gression lines were plotted in form of Log concen-
tration / probit relationship as described by Finney
(1952) to determine LCsq, as well as the slope and
regression values. In addition, the time required to
kil 50% of the target insect (l.e. LTs) was also
calculated for each treated developmental slage
using log time/ probit relationship.

Following the death of the treated insacts their
cadavers were incubaled individually at 25£2 C in
sealed moist Petri dishes, The specimens were
examined microscopically, daily and for one week,
to determine if the death of the insect was a result
of it's infeclion by B. bassiana as confirmed by the
appearance of the fungus aerial mycelium and/or
‘mummification’.

Effect of storage periods on the viability and
virulence of B.bassfana (B-SA 3) dry conidia

From the stock culture of B. bassiana, (B-SA 3)
dry conidia were harvested and packed in several
slerile glass vials with screw caps as previously
mentioned, they were then slored in a freezer set
at -4° C. At a monthly interval and for 16 consecu-
tive months the viability of the stored conidia was
determined by their germination after defrosting
them at room temperature,

For this experiment, at every monthly investiga-
tion, 0.1 gm of the stored conidia was weighed and
added to 250 ml of sterilized SDYA medium in

1000 ml Erlenmeyer flask, the flask was then incu-
bated on a rotary shaker (120 rpm) for 18 hours at
25+2°C. After incubation 4 droplets of B. bassiana
spore suspensions were placed on 4 slides and
percentage of spore germination was calculated by
counting 25 spores in 4 different fields of view for
each slide ( e.g. 400 spores) using a phase con-
frast microscope at 400X magnification. A spore
with a germ tube longer than its width was consid-
ered germinated.

Moreover, the virulence of the slored conidia
was further evaluated on their efficiency to infect
adult date palm weevils. For this experiment five
concentrations were prepared, S5x10% 5x10°
5x10’, 5x10° and 5x10° conidia/ ml of 8. bassiana.
Ten adult weevils in five replicates were treated in
one of the prepared concentrations using the dip-
ping technique (20 sec); a confrol was included in
each case. The morality percentage of weevils
was recorded and corrected according to Abbott's
formula, (1925) and LCss and LTso values deter-
mined according to Finney (1952). Subsequently,
any dead weevll was incubaled as previously men-
lioned, to determine if its death was as a result of
fungus infection by the appearance of fungus ze-
rial mycelium on ils cadaver.

RESULTS

|- Susceptibility of the red palm weevil to Beau-
varfa.bassiana (B-SA 3)

Under condilions of the present work, the incu-
bation period of untrealed R.fermungineus eggs
was approximately 4 days and percentage of egg
hatchability was 100%. When newly laid eggs were
treated with any of the prepared concentrations of
B.bassiana none of them hatched, giving 100%
unhatchability to all of the treated eggs. All un-
hatched eggs treated by any of B.bassiana con-
centrations exhibited growth of aerial mycelium on
their chorion which was first apparent on the §"
day post treatment.

The conducted bioassay of B.bassiana on
R.ferrugineus post embryonic developmental
stages revealed that 4" instar larvae were more
susceptible than 8" instar larvae as determined
from the plotled toxicity regression lines of the
tested fungus against the targeled larval instars.
The LCsg values were 3.25x 10° and 3.75x10° co-
nidia/ ml fo the respective mentioned instars, Ta-
ble(1) and Fig (1). As seen in Table 2, the calcu-
lated LTso value was always lower when 4" instar
larvae were treated, i.e. 93.97, 118.58, 140.28 and
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168 hours when the concentrations 5x10%, 5x10%,
5x10" and 5x10° conidia/ ml were used. Mean-
while, the LTss values were 128.52, 153.46, 200
and 303 hours in 8" instar larvae treated with the
respective mentioned concentrations.

The LCs value for pupae and adults of the red
palm weevil was 3.78x10" and 4.18x 10° conidia/
mi, respeclively. These resulls shows that pupae
were more tolerant to B bassiana than either adult
weevils or 4" instar larvae, however, pupae were
more susceptible than 8" instar larvae Table (1).

It is of interest to note, that as depicted in Table
1, the susceptibility of adult red palm weevils to
B.bassiana was relatively comparable to that of 4"
instar larvae. This fact is seen by the insignificant
difference in the determined LCs; which was
4.1Bx10° conidia/ ml and 3.25x 10° conidia/ ml in
adult and 4" instar larvae, respectively. Further-
maore, the LT values In these two mentioned de-
velopmental stages were nearly identical, Table
{2).

Observing the growilh of the fungus aerial my-
celium on the cadavers of treated insecls 7 day
following their death, it was found that percentage
of its appearance was higher when adult weevils
were treated , followed by 4" instar larvae then
pupa. As seen in Table (3), the percentage of ae-
rial mycelium ranged between 100- 84.62, 85-70
and 82.35-54.55% on the cadavers of adull wee-
vils, 4" instar larvae and pupa, respectively,
treated with B.bass/ana at the concentration be-
tween 5x10° ta 5x10° conidia/ ml. Meanwhile, this
perceniage was much lower, l.e. 57.14- 28.57%
when 8" instar larvae were treated with the re-
speclive mentioned concentrations.

Time-Mortality Relationship

From the fore mentioned results regarding the
calculated mortality parameters, an addilional pa-
rameter was considered. A mathematical estima-
tion was used to determine the time required 1o kill
the target insect if 4" and 8" instar larvae as well
as adults of the red palm weevil were each treated
by their corresponding determined LCsg value, Ac-
cordingly, the logarithmic values of the considerad
concentration (conidia/ ml) of B.bassiana were
plotted versus the absolute values of exposure
time. The oblained regression lines, exhibited in
Table (2), show the response of the treated devel-
opmental stage to the applied concentration.
Hence, in spite of the differences in the calculated
LCsy values of the red palm weevil treated as an
adult weevil and 4™ or 8" instar larvae, it could be

*!
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mathematically estimated that no significant differ-
ences will be detecled in the calculated lethal time
values. This assumption is depicled in Fig.(2) as
the absolute lethal time values were found to be
171, 172 and 166 hours in 4™, 8" instar larvae and
adult weevils, respectively, i.e. 7.13, 7.16 and 6.9
days, respectively, with an average of 7.06 days.

ll- Effect of storage periods on the viability and
virulence of B.bassiana conidia.

It was imporiant to establish the viability of
E.bassiana conidia cullured on the SDAY media
and stored for a period up to 16 months at -4° C,
As exhibited in Table {(3) and Fig. (3), the viability
of the conidia depicted by its percentage germina-
tion was over 95% when slored for the first 6
manths from their initial storage, giving the highest
germination percentage of 98.9% after one month
of storage. This was followed by a slow gradual
decrease in conidia germination in the following
manth to reach 95.63% at the end of 87 month
storage period. Furthermore, in the subsequent 7
to the 10" month from storage, conidia germination
was slill above 80% (i.e. ranging between S4.8 to
90.16%), However, by the 11" month from initial
storage, the viability of the conidia was observed to
decline from 86.48% to a relative low of 70.27% at
the termination of the experiment i.e.16 month.
Statistically, no significant difference was found in
the germination of conidia stored up to 10 months,
but significant differences were detecled for those
slored for an exlended period.

Bioassay of stored B.bassiana conidia

For the further evaluation of the viability of
stored B.bassiana conidia a bicassay was con-
ducted to determine their virulence in infecting R.
ferrugenius adult weevils. As seen in Table (4) and
Fig. (4), the LCsn values were 3.75x10°, 4.66x10°,
4.17x107 and 3.37x10° conidia/ ml when the
B.bassiana concentrations were prepared from
conidia stored for 1, 6, 12 or 16 months, respec-
tively. This shows that the virulence of fungus
spores slowly decreased with increase in duralion
of storage period, this was further confirmed by the
determined LTsyvalues Table (5).

As seen in Table (6), following treatment with
B.bassiana conidia that had been stored for 1 or 6
months at the concentrations of either 5x10° or
5x10% conidia/ml 100% of dead weevils exhibited
visible fungus aerial mycelium of their cadavers.
A slightly lower percentage of 88.89 and 85.72%
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Table 1. LCs values of Beauveria bassiana (B-SA 3) against larvae,
pupae and adults of the red palm weevil

Developmental stage LC sp
treated (conidial ml) Sinpe d
4% instar larva 3.25x 10° 0.517 0.967
8" instar larva 3.75x% 10° 0.519 0.994
pupa 3.78x 10" 0.523 0.892
adult 4.18x 10° 0.616 0.982
- ®  Adulls
] B 4thinstar Larvae
7 4  B"instar Larvae -
i ¥ Pupae -
5
i
T
B8 :
o &
37
L] L IIFIIIJ L] L] I'Illll| L] T lllll'|| Ld 1 llll'|'|‘ i LB L
1e+5 Te+h Te+7 1e+8 Te+9 Te+10

Log. Conc.(conidia/mi)

Fig. 1. LCgs values of the red palm weevil to Beauveria bassiana (B-SA3)

Table 2. LT values in adults, 4™ and 8" instar larvae of the red palm waavil
treated with different concentrations of Beauveria bassiana (B-SA 3)

Concentrations LTso (hours) |
(conidia/ mi) 4" instar larva 8" instar larva adull
5 x 10° 93.97 128.52 87.3
5x 10° 118.58 153.46 106.66
5x 10 140.28 200 129.72
5 x 10° 168.27 303 168.27
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Table 3, Percentage of dead red palm weevil's treated with B. bassiana (B-SA 3)
with visible aerial mycelium on their cadavers by the 7 days following

their death
Concentration % red palm weevil cadavers bearing aerial mycelium

{conidis! mi) eqgg 4™ instarlarva | 8" instar larva pupa adult
5x 10" 100 94.74 57.14 82.35 100
5x10° 100 88.89 4545 66.67 88.89
5x10’ 100 71.43 28.57 5455 | 84.62
5x10° 100 60 0 50 60
5x 10° 100 42.86 0 0 28.57

Ta+10
j Y - Adult
H 4% instar larvas

4 4 B™ [nstar larvae
Te+d <

Ta+T =

o

Te+d T B T | T . T

o 50 100 150 _200 250 300 350 400
Time (hr)

Fig 2. Regression lines of concentrations of B. bassiana

(B-SA-3) conidia versus exposure time in considered

larval instars and adult weevils of R. ferrugineus

100

80 4

40 1

Spare germinatian (%)

20 A

ﬂ T —— Y. F % % § 1 & oEe ¥
1t 2 3 4 5 6 7 8 8 1011 12 13 14 15 16

Storage period {(month)

Fig. 3. Percentage of germinated conidia of Beauveria bassi-
ana (B-SA 3) stored at -4°C for up to 16 months
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Table 4. LCg values of Beauverfa bassfana (B-SA 3) conidia storad at
-4°C for up to 16 months to adults of the red palm weaovil

Storage period ()
S Slope r
fmonths) { conidia’ ml)
i 3.75x 10° 0.594 0.98
6 4 G6x 10° 0.644 0.99
12 4.17x 10° 0.617 0.98
16 3.37x 10° 0.592 0.86
] . i
] i i
e 4 12
1 ¥ 15 /
E-.
= &
n _'\.
&
o 4
3+
1.
] L HLE . L | LR AL | LS R i | ¥ """"'I
ie+5 1e+G 1g+7 1e+8 1e+9 1e+10

Log.conc. {conidia/ml)

Fig. 4. Regression lines of the red palm weevil treated with
Beauveria bassiana (B-SA 3} conidia sfored from
1- 16 months at -4°C

Table 5. LT values of the red palm weevil treated with Beauveria bassiana (B-5A
3) conidia stored for 1 to 18 months at 4°C

Cancenlration Storage period
(conidial mi) Emintﬂ ) LTep (hours) Slape r
1 73.74 9.14 0.984
B & 78.89 10.2 0.966
10 12 82.6 5.15 0.996
1G 102.8 5.02 0.970
1 75.51 9.02 0.937
8 89.95 6.21 0.985
210 12 123.58 3.82 0.883
16 131.2 3.48 0.973
1 85.6 5.33 0.965
k10’ & 104.6 3.61 0.985
12 151 3.68 0.964
16 220 | 422 0.889
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Table 6. Percentage of dead red palm weevil treated with B.bassiana (B-SA 3)
conidia stored for up to 16 months at -4 C with visible aerial mycelium

on their cadavers by the 7' day following treatment

] Percent of mortality at different storage period (months)
Cancentration of B. bassiana conidia
conidial ml
1 G 12 16
5x 10° 100 100 77.78 42 .86
5x 10° 100 100 71.43 33.33
5x10° 88.69 85.71 50 25
Ex10°® §3.33 60 33.33
5x10° 50 33.33 0 0

of dead weevils exhibited a similar feature follow-
ing their treatment with 5x10" conidia/ ml that was
stored for 1 and 6 month, respectively. These per-
centages were much lower when the lesser con-
centrations were used and were most evident
when the concentrations were prepared from co-
nidia stored for 16 months as il ranged between
42 86- 25 % when 5x10°, 5210° and 5x107 conidia
Iml were tested. Meanwhile, no aerial mycelium
was evidenl on the weevils cadavers treated with

the other lower concentrations.
DISCUSSION

Enlomopathogenic fungl as biclogical conirol
agents have been successfully used in reducing
insect pest populations in different ecosysiems
{Inglis et af 2001), Beauveria bassiana has been
and still is evaluated and targeled against a wide
range of pesis, e.g. the Andean potato weevil,
white flies, the cabbage looper pine caterpillar and
comn borer, (Evans, 2003).

In the present Invesligalion the loxicily of a
Saudi Arabia isolate of Beauvona bassiana (B-SA
3) was evaluated on the eggs, 4" and 8" larval
instars, pupa and adull of red palm weevils, R,
ferrungineus (Oliv.). The abhility of entomopatho-
genic fungi to infect the egg stage is a promising
polenlial and a high susceptibility to 8.bassiana (B-
SA 3) was detected in the eggs of the red palm
weevil which might suggest the virulence of fungus
conidia in penelraling the egg chorion. The addi-
tion of sunflower oil in the farmulation of B. bassi-
ana might have influenced the virulence of fungus
and enhanced adhesive properties. Samucls ot al
{(2002) showed that a high percentage of egg infec-

tion was only obtained following application of gil
formulated conidia. It could also be suggested that
the growth of the fungus mycelium on the egg
chorion might have hindered respiration of the em-
bryo and subsequently caused its death; further
sludies are needed to venfy these assumplions. In
a similar study, Gindin et al (2006) recorded 80%
mortalily to eggs of the red palm weevil treated
with the fungus Mefarhizium anisopliaes.

Fourth instar larvae and adult weevils were
mare susceptible to B.hassiana than older 8™ in-
star larvae as well as pupae. Furthermora, the LTza
values at each tested concentration of B.bassiana
waore insignificantly different in 4" inslar larvae and
adull weevils, signifying the high virulence of this
fungus In penelraling the cullcle of these two men-
tioned developmental stages.

In the present work, 8" instar larvae of the red
palm weevil were observed fo be markedly less
active than younger 4" instars, this observation
might have been a reasan for their lesser exposure
fo the entomopathogenic fungus and therefare
leading to a decrease in their infection. The toler-
ance of 8" instar larvae could also be due to the
accumulation of fat body in their body cavity which
could have protected or obslrucled the penetration
of the fungus. The fat body was oflen the sile for
the accumulation of toxins (Casarett and Doulls,
1996). A group of cyclolelra-depsipeptides (toxic
metabolites) were isolated from Seauvena species.
Beauverolides (Elsworth and Grove, 1380},
beauveriide (lsogai et al 1878), and beauverio-
lides (Mochizuki et al 1993), However, B. bassi-
ana is @ source of various cyclodepsipeptide anti-
biolics. Geauvericin, the most commonly produced
cyclodepsipeptide by sltrains of B. bassiana
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(Hamill et af 1869). The low percentage of visible
aearial mycelium on the cadavers of Insects {reated
as 8" instar larvae with any of the considered con-
centrations following their death exhibits their tol-
erance {o Infection by the fungus. It is most signifi-
cant for the appearance of aerial mycelium on in-
sect's cadavers following their treatment with any
entomopathogenic fungl so as o creale an oppor-
tunity of spreading the conidia for infecting other
insect pesis. Therefore, this calculation is most
important when conducting a control program for
the red palm weevil especially that adults of this
Insect secrete an aggregation pheromone (Al-
Jabr and Al-Rajeh, 2000) therefore allowing close
contact and spreading of fungi infection between
weevils.

The viability the Saudia Arabian strain of
B.bassiana (B~ SA 3} caonidia when stored for up
to10 months at -4°C was insignificantly affected
and was well above 80% and, furthermore, it was
still in the range of 80's% when stored for 13
months. This suggests the feasibility of having a
constant stored stock of this entomophathogenic
fungus so as to be available for use in a biclogical
control program towards R.ferrugineus ar any other
insect pest. El-Sufty et al (2007) stored a local
strain UAE-B2 of B.bassiana in the United Arab
Emirates at -10° C for 13 manths without decrease

in its virulence.
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