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ABSTRACT

The rice weevil, Sitophilus oryzae (L.) (Cole-
optera: Curculionidae), is one of the most destructive
pests on the stored rice throughout the world. In pre-
sent study, the mortality effects of six entomopatho-
genic isolates of Beauveria bassiana (BB-4984),
Paecilomyces farinosus (PAF-2538), Isaria fumoso-
rosea (ISFUM-4501), Isaria farinosa (IFA-3580),
Lecanicillium muscarium (LECMUS-972) and
Lecanicillium muscarium (LECMUS-5128), were
tested against the adults of S. oryzae under 85+5%
R.H. and with 1x10° and 1x107 conidial concentra-
tions (mlt). Treatments were carried out in a climate
chamber with 27+1°C and 16 h. light and 8 h. dark
photoperiods. Each concentration was replicated
three times, and the mortality percentages were mon-
itored on the 2nd, 4th, 6th, 8th and 10th days of in-
cubation. Lecanicillium muscarium isolate extracted
from Mycotal (Koppert, NL) was used as the com-
mercial (positive) control, while Tween20+sterile
water was used as control in this study. Results re-
vealed that |. farinosa (IFA-3580) yielded the great-
est mortality rates (between 62.60 - 90.60%) for S.
oryzae adults under 85+5% R.H. and 1x107 conidial
concentrations (mlt) during incubation, but L. nus-
carium (LECMUS-5128) yielded the least mortality
rates (between 26.60 - 73.30%, except B. bassiana
(BB-4984) and L. muscarium (LECMUS-972) on
the 8" day) the same conditions and with 1x10° dose
on 10" days. As compared to control treatments, six
entomopathogenic fungi isolates led to a significant
amount of mortality on S. oryzae adults at all doses
and periods. Therefore, they might have a potential
effect in biological control of S. oryzae adults due to
their strong entomopathogenic activity.
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INTRODUCTION

Recent studies mostly focus on increasing pro-
duction levels to meet the food demand of ever-in-
creasing world population. However, significant
crop losses still exist due to pests, diseases, patho-
gens, fungi, bacteria and viruses [1]. The rice weevil,
Sitophilus oryzae (L.) (Coleoptera: Curculionidae),
is one of the most important pests with serious im-
pacts on stored raw cereals throughout the world [2].
The pest is usually found in grain storage facilities
or processing plants, infesting wheat, rice, oats, rye,
barley and corn; and also feeds on these foods, espe-
cially on rice grains. Females oviposit directly into
the seeds and the larvae complete development by
feeding inside the seeds and emerge as adults [3].
This pest can cause both quantitative and qualitative
damages on rice grains. Quantitative damages are
commonly observed as seed weight loss caused by
feeding of larvae and adults. Qualitative damages are
usually experienced as loss of nutritional and aes-
thetic values, increased levels of rejects in the grain
mass and loss of industrial characteristics (for prep-
aration of breads and other products) [4]. In order to
control this pest, different synthetic chemicals (in-
secticides) have been used in grain storages [5].
However, some synthetic chemicals may leave toxic
residues over the treated product surfaces [6, 7].
Such residues then have negative impacts on envi-
ronment and human health [8, 9]. Therefore, health
authorities are reluctant to allow chemical insecti-
cides and their residues on grains [10]. Furthermore,
S. oryzae has been reported to develop resistance to
synthetic chemicals [4]. The growing need for re-
search on biological protectants has revealed the
positive role played by microbial [2]. For this pur-
pose, the use of entomopathogenic fungi in biologi-
cal control could be a viable alternative method to
control this pest.

Entomopathogenic bacteria, fungi, protozoans
or viruses can cause disease by infecting insects or
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other arthropods and subsequently are capable of
causing rapid declines in large populations of their
arthropod hosts. Among these entomopathogens,
fungi have garnered the most interest for research
and used as biological insecticides. There are more
than 100 genera containing insect pathogens, which
are environmentally safe with low mammalian tox-
icity [11, 12]. It has known that at least 10 ento-
mopathogenic species of fungi have been widely
used as bio-control agents [13]. The use of ento-
mopathogenic fungi in biological control against
pests is an attractive alternative to conventional pes-
ticides, because these fungi are quite friendly control
agents for plants, animals, other living organisms
and the environment [14, 15].

There are many studies with the use of ento-
mopathogenic fungi for control of stored product
pests and related product pests [16, 17, 18, 19, 4, 2,
20, 21, 22, 23, 24, 25, 26, 15, 27, 28].

The aim of this study was to investigate the po-
tential use of six entomopathogenic fungi isolates [P.
farinosus (PAF-2538), I. farinosa (IFA-3580), 1. fu-
mosorosea (ISFUM-4501), B. bassiana (BB-4984),
L. muscarium (LECMUS-972) and L. muscarium
(LECMUS -5128)] in controlling S. oryzae adults
under laboratory conditions.

MATERIALS AND METHODS

Stored pest. Sitophilus oryzae adults were ob-
tained as infested stored wheat grains from the La-
boratory of Diyarbakir Plant Protection Research In-
stitute, Turkey. They were reared on healthy wheat
grains in glass jars under laboratory conditions
(27+1°C temperature and 70+5% relative humidity)
with 16 h. light and 8 h. dark photoperiods. The pest
adults were kept in wheat seeds under laboratory
conditions in cloth mesh covered plastic pots (15 cm
in diameter and 20 cm high) until the initiation of
experiments. Newly emerged adults (mixed males
and females) were used for subsequent experiments.
The experiments were carried out in three replicates
with 25 adults of the pest in each Petri dishes. The
adult insects were fed with sufficient amount of
wheat seeds during the entomopathogenic tests.

Entomopathogenic isolates and preparation.
Six entomopathogenic fungi strains were obtained
from an entomopathogenic fungi collection
(ARSEF, USA). These are B. bassiana (BB-4984),
P. farinosus (PAF-2538), I fumosorosea (ISFUM-
4501), I. farinosa (IFA-3580), L. muscarium (LEC-
MUS-972) and L. muscarium (LECMUS-5128). An-
other L. muscarium isolate, used as positive control,
was obtained from a commercial product (Mycotal,
Koppert, NL). Fungal isolates were cultivated in Po-
tato Dextrose Agar (PDA, Oxoid, CM0139) medium
at 25+2°C in dark for two weeks and they were used
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as spray source on the storage pests. Conidia har-
vested from 14-day old cultures grown on PDA
plates were thoroughly mixed with the carrier in
screw capped bottles containing 3 ml distilled sterile
water. Spore solutions of entomopathogenic fungi
isolates were prepared at 1x10° spore ml* and 1x107
spore ml! concentrations and mixed with Tween 20
(0.04%). The suspension was sieved through and 1
ml suspension was sprayed onto each replicate of 25
beetles as storage pests in each Petri dishes. The
sprayed Petri dishes were then incubated at 25+2°C
and the dead beetles were counted in every 48 h. For
evaluating the conidial viability, the spores of differ-
ent isolates were saved in the suspension of distilled
sterile water and Tween 20, checked by light micros-
copy (Olympus BH2) on the 29, 4", 6™, 8" and 10™
days of the treatment.

Bioassays. The application of fungal ento-
mopathogen treatments was carried by adding 1x10°
and 1x107 conidia to 15 g wheat seeds in 9 cm diam-
eter plastic Petri dishes with sterile paper. Twenty-
five newly emerged S. oryzae adults were fed with
wheat seeds in each Petri dishes and were sprayed
with 1 ml of the entomopathogenic fungal suspen-
sion, and incubated at 25+2°C. After these treat-
ments, the mortality of S. oryzae adults was evalu-
ated for 10 days in every 48 h (Table 1).

Statistical analyses. Resultant findings were
subjected to one-way ANOVA with SPSS 17.0 soft-
ware package. Means were separated with Duncan’s
multiple range test at p < 0.01.

RESULTS

Percent mortality rates of S. oryzae adults
treated with six entomopathogenic fungi isolates of
B. bassiana (BB-4984), P. farinosus (PAF-2538), I
fumosorosea (ISFUM-4501), I farinosa (IFA-
3580), L. muscarium (LECMUS-972) and L. musca-
rium (LECMUS-5128) are given in Table 1. The re-
sults show that these entomopathogenic fungi iso-
lates had insecticidal effects on S. oryzae adults as
compared to control treatments. In all experiments,
the mortality rates generally increased with increas-
ing exposure times. The greatest mortality was ob-
served at 10-day exposure. The mortality of S. ory-
zae adults varied between 77.3% - 90.6% 10 days af-
ter treatments. In general, treatments with 1x107
doses of all entomopathogenic fungi isolates caused
significantly higher mortalities than the treatments
with 1x10° doses (Table 1). The mortalities of S. ory-
zae adults for commercial (positive) control (Myco-
tal extract of L. muscarium) and negative control
(distilled sterile water with Tween 20) was respec-
tively recorded as 70.6% and 2.66% 10 days after
treatments. There were not significant differences in
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mortality of S. oryzae adults 8 and 10 days after
treatments.

According these results, /. farinosa (IFA-3580)
yielded the greatest mortality rates (min. 62.60% and
max. 90.60%) for S. oryzae adults under 85+x5%
R.H. and 1x107 conidia mI* on the 2", 4™, 6™, g
and 10" days, but L. muscarium (LECMUS-5128)
yielded the least mortality rates (between 46.6% and
81.3%). Accordingly, the greatest mortality rates at
1x10° conidial concentrations (ml™*) 10 days after
treatments ranged from 50.6% to 90.6% for I fu-
mosorosea (ISFUM-4501) fungi isolate. However,
L. muscarium (LECMUS-5128) vyielded the least
mortality (between 26.6% and 77.3%, except B. bas-
siana (BB-4984) and L. muscarium (LECMUS-972)
on the 8™ day) under the same laboratory conditions
and with 1x10° conidial concentrations (ml*) 10
days after the treatments.

Two days after the treatments, although the
lowest mortality rate at 1x10° dose was recorded as
26.6% for L. muscarium (LECMUS-5128) isolate,
the greatest mortality rate was found as 50.6% for 1.
fumosorosea (ISFUM-4501) and P. farinosus (PAF-
2538) isolates. Similarly, the lowest mortality rate
two days after the treatments and at 1x107 dose was
recorded as 46.6% for L. muscarium (LECMUS-
5128) isolate, but the greatest mortality rate was rec-
orded as 62.6% for I farinosa (IFA-3580) isolate
(Table 1).

On the 4™ day of the treatments, it was observed
that among six entomopathogenic fungi isolates, I
Jarinosa (IFA-3580) caused significant mortalities at
1x107 dose with the greatest mortality rate of 64.0%.
However, the lowest mortality rate at 1x10° dose
was recorded as 33.3% for L. muscarium (LEC-
MUS-5128) isolate. The highest mortality at the
same dose was recorded as 62.6% for I. fumosorosea
(ISFUM-4501).

On the 6" day of the treatments, the highest
mortality of S. oryzae adults was observed for 7. far-
inosa (IFA-3580) isolate with 80.0% mortality at
1x107 dose. But, the minimum mortality rate was
recorded as 61.3% for L. muscarium (LECMUS-
5128) isolate at the same dose. Similarly, although
the highest mortality rate of S. oryzae adults at 1x10°
dose of the treatment was recorded as 74.6% for I
fumosorosea (ISFUM-4501) isolate, the lowest mor-
tality was noted for L. muscarium (LECMUS-5128)
isolate as 58.6% (Table 1).

Furthermore, on the 8" day of the treatments,
the highest mortality rates of S. oryzae adults were
found for L. muscarium (LECMUS-972) and 1. fari-
nosa (IFA-3580) isolates with 86.6% and 84.0%
mortalities at 1x107 dose, respectively. But, the min-
imum mortality rate was recorded as 68.0% for L.
muscarium (LECMUS-5128) isolate at the same
dose of the treatment. Similarly, although the highest
mortality rate of S. oryzae adults at 1x10° dose of the

TABLE 1
Percent mortalities of Sitophilus oryzae adults inoculated with two different conidial concentrations
(1x10° and 1x107) of six entomopathogenic fungi isolates, B. bassiana (BB-4984), P. farinosus (PAF-2538),
I fumosorosea (ISFUM-4501), L. farinosa (IFA-3580), L. muscarium (LECMUS-972) and L. muscarium
(LECMUS-5128). Positive control; Mycotal-Lecanicillium muscarium

Sitophilus oryzae (L.)
Treatments Mortality (%)*
. . Dose
Entomopathogenic fungi Days After Treatment”
2" day® 4™ day® 6" day® 8" day® 10" day®

Paecilomyces farinosus 1x107 52,0 +2.30de 58.6 + 2.66 de 64.0 £ 4.0 bedef 73.3+7.05bcde 88.0+6.11c
(PAF-2538) 1x10° 50.6 +1.33d 57.3+1.33de 69.3 +5.81 cdefg 76.0 £4.61bcde  86.6+8.11c
Isaria fumosorosea 1x107 52.0+230de  53.3+2.66cde 65.3 + 7.05 bcdef 70.6+10.4bcd  82.6 +6.66 bc
(ISFUM-4501) 1x10° 50.6 +4.80d 62.6+4.80e 74.6 + 2.66 efg 78.6 £1.33 cde 90.6 £2.66 ¢
Beauveria bassiana 1x107  53.3+3.52de 60.0 + 2.30 de 69.3 £ 8.11 cdefg 78.6 +8.11cde 88.0+8.32¢c
(BB-4984) 1x10° 48.0+230cd 52.0+230cde  62.6 +4.80 bedef 70.6 £5.81 bed 85.3+4.80c
Lecanicillium muscarium 1x107 50.6 +5.81d 53.3£4.80 cde 76.0 +2.30 fg 86.6 £2.66 ¢ 90.6+4.80c
(LECMUS-972) 1x10° 386+266¢C 44.0+2.30bc 60.0 £6.11 bed 70.6 £4.80 bcd  77.3+5.33bc
Isaria farinosa 1x107 62.6+7.42¢e 64.0+£8.32¢e 80.0+6.11¢g 84.0+4.0de 906+1.33¢c
(IFA-3580) 1x10° 453 +352cd 49.3+4.80 cd 72.0 £2.30 cdefg 77.3+352bcde 90.6+4.80c
Lecanicillium muscarium 1x107  46.6 +10.9 cd 52.0 + 10.0 cde 61.3 +5.81 bede 68.0+4.0 bc 81.3+3.52hc
(LECMUS-5128) 1x10° 26.6+1.33Db 333+1.33b 58.6 + 7.05 bc 73.3+£7.05bcde 77.3+8.74bc
Commercial Control 1x10”  54.6 +6.66 de 62.6 £8.11e 73.3 £8.11 defg 70.6 £9.33 bed 88.0+6.92¢c
(Lecanicillium
muscarium- 1x10° 48.0+2.30cd 49.3 +2.66 cd 546 £3.52Db 62.6+£4.80b 70.6 £3.52 Db
Mycotal)
Negative Control

- 00+0.0a 266+1.11a 266+1.1la 266+1.11la 266+1.1la

(Tween20+steril water)

aMean + SE of three replicates, each set-up with 25 adults;

b Exposure day

Values followed by different letters in the same column differ significantly at p < 0.05
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treatment was found as 78.6% for I fumosorosea
(ISFUM-4501) isolate, the lowest mortality was rec-
orded as 70.6% for B. bassiana (BB-4984) and L.
muscarium (LECMUS-972) isolates (Table 1).
However, on the10" day of the treatment, the
lowest mortality rate at 1x107 dose was recorded as
81.3% for L. muscarium (LECMUS-5128) isolate.
But, the highest mortality rate (90.6%) was recorded
for L. muscarium (LECMUS-972) and I farinosa
(IFA-3580) isolates. Similarly, the highest mortality
rate 10 days after treatments and at 1x10° dose was
found as 90.6% for I fumosorosea (ISFUM-4501)
and I farinosa (IFA-3580) isolates. The lowest mor-
tality rate was determined for L. muscarium (LEC-
MUS-972 and 5128) isolates as 77.3% within the
same period and the same dose of the treatments.

Fresenius Environmental Bulletin

More than 85% mortality of S. oryzae adults was ob-
served with 1x10° dose of B. bassiana (BB-4984),
P. farinosus (PAF-2538), I fumosorosea (ISFUM-
4501) and I. farinosa (IFA-3580), while I farinosa
(IFA-3580) and L. muscarium (LECMUS-972) at
1x107 dose caused more than 90% mortality of S.
oryzae adults (Table 1).

All fungi isolates displayed different mortality
values (P < 0.05) and there was no significant differ-
ence between then and the control (Tween20+steril
water). But, there were significant differences for
Mycotal (Lecanicillium muscarium), used as posi-
tive control. According to present values, it was
found that 7. farinosa (IFA-3580) isolate had the
most toxic effect on S. oryzae adults with 90.6%
mortality rate at 1x10%and 1x107 doses and 10 days
after the treatments (Table 1).

TABLE 2
The LC values of two different conidial concentrations (1x10° and 1x107) of six entomopathogenic fungi
isolates, B. bassiana (BB-4984), P. farinosus (PAF-2538), I. fumosorosea ISFUM-4501), I. farinosa (IFA-
3580), L. muscarium (LECMUS-972) and L. muscarium (LECMUS-5128) against Sitophilus oryzae adults.

Entomopathogenic fungi Day LCso? LCoy” (RS Slope + S.E.¢

2nd 8.282 0.000 0.427 0.229 + 1.401

. . 4t 43.354 0.000 0.549 0.233+1.411

Paecilomyces farinosus 6 2.199 41.438 3.425 1.005 + 1.451

(PAF-2538) gh 0.405 71.333 5.573 0.571 + 1.520

10t 2359.204 2.861 13.841 0.439 +1.790

2nd 8.282 0.000 1.707 0.229 £ 1.401

o um o mmoom e
+

(ISFUM-4501) gh 2.414 13.432 8.006 1.719 + 1527

10t 2.170 6.762 5.913 2.597 + 1.806

2nd 5.530 72.689 3.011 1.146 + 1.403

Beauveria bassiana 4t 5.083 18.087 4.644 2.325+1.414

(BB-4984) 6th 4.625 10.850 5.799 3.461 +1.455

gth 3.055 21.567 7.785 1.510 + 1.453

10t 3.742 7.409 7.719 4,320 £ 1.656

2nd 6.171 0.246 1.071 0.916 + 1.402

Lecanicillium muscarium gt: 172'6%68 gig% g?gg 122% * 1223
+

(LECMUS-972) gt 14.498 2.606 8.323 1719 + 1.527

10t 120.772 3.746 12.618 0.850 +1.769

2nd 5.093 1.237 2.477 2.085+1.411

Isaria furinosa 4t 5.637 0.897 1.718 1.606 + 1.404

(IFA-3580) 6t 8.449 3.261 2.772 3.100 + 1.477

gth 9.665 4518 2.595 3.881 +1.628

10t 10.892 5.116 6.531 3.905+1.762

2nd 5.469 14.562 4,287 3.013 +1.416

Lecanicillium muscarium gt: 2272 12'032 2281 2.567 £1.417

.34 12.4 .897 1.771 +£1.545

(LECMUS-5128) gt 1782 10390 2851 1674+ 1.620

10t * * 4.412 0.000 +£1.949

2nd 4.746 2.133 7.315 3.690 + 1.454

(Commercial Control) 4t 5.179 2.112 6.210 3.291 +1.425

P . g 20.351 0.039 5.216 0.472 +1.417

Mycotal-Lecanicillium muscarium gth 1814 29 182 4921 1.062 + 1.481

10t 42.236 1.957 7.771 0.961 +1.588

#The lethal concentration causing 50% mortality
® The lethal concentration causing 90% mortality
¢ Chi square value

dSlope of the concentration-mortality regression line + standard error.

*LC values were not calculated due to very high levels
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On the other hand, according to LC values
(LCso and LCoo), the lowest toxic effects on the
adults of S. oryzae were found for P. farinosus (PAF-
2538) and L. muscarium (LECMUS-972) isolates.
The highest LCso figures were noted as 2359.204 and
120.772 for this pest 10 days after the treatments, re-
spectively, but the lowest LCso figure was recorded
as 0.405 for P. farinosus (PAF-2538) isolate 8 days
after the treatments. In addition, the highest L Coo fig-
ures were noted for B. bassiana (BB-4984) and P.
Jarinosus (PAF-2538) isolates as 72.689 and 71.333
for this pest 2 and 8 days after the treatments, respec-
tively. But, the lowest LCao figures were recorded for
P. farinosus (PAF-2538) and [ fumosorosea
(ISFUM-4501) isolates as 0.000 two days after the
treatments. According to these values, it was found
that P. farinosus (PAF-2538) and I. fumosorosea
(ISFUM-4501) isolates had the most toxic effects on
S. oryzae adults two days after the treatments (Table
2).

DISCUSSION

In this study, six entomopathogenic fungi iso-
lates of B. bassiana (BB-4984), P. farinosus (PAF-
2538), I fumosorosea (ISFUM-4501), I farinosa
(IFA-3580), L. muscarium (LECMUS-972) and L.
muscarium (LECMUS-5128) were found to be path-
ogenic on S. oryzae adults. The mortality rates of all
entomopathogens for S. oryzae adults at both doses
(1x10°and 1x107) increased gradually with time. In
other words, when the effects of the exposure times
on the mortality were compared, six entomopatho-
genic fungi isolates displayed higher efficiency in
longer exposures (Table 1).

There are many studies focused on the mortal-
ity effects of entomopathogenic fungi against S. ory-
zae. Recently B. bassiana was declared as a common
entomopathogenic fungus. Use of B. bassiana to
control S. oryzae has been studied by various re-
searchers worldwide [29, 5, 2]. [5] reported 17.0%,
59.0% and 94.1% mortality rates at 1x10°, 1x10°and
5x10° doses of a conidial powder of B. bassiana 7
days after the treatments, respectively. The authors
also noted 32.0%, 93.0% and 100.0% mortality rates
at the same doses 14 days after the treatments. It was
found that B. bassiana isolate KTU — 24 had 100%
mortality rate for Corythucha ciliata (Say) adults
(Hemiptera: Tingidae) within 14 days of treatments
with conidial concentration of 1 x 10® conidia mL*
[15]. On the other hand, B. bassiana was investi-
gated to be an effective controlling agent for rice
weevil in storage houses and research records
showed an increase in mortality rates for stored
wheat pests at higher doses [19, 5, 2] stated 75.8. %
mortality rate for S. oryzae adults at 28+2 °C and RH
70+5% under the laboratory conditions by using B.
bassiana 25 days after the treatments. In present
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study, B. bassiana (4984) yielded the greatest mor-
tality rates for S. oryzae adults at 1x10° and 1x10’
doses 10 days after the treatments respectively as
85.3% and 88.0%. But, the lowest mortality rates
were recorded as 48.0% and 53.3% at the same dose
2 days after the treatments (Table 1).

I fumosorosea is known as a common ento-
mopathogenic fungus all over the world especially in
tropical and subtropical countries [20]. Many studies
were recorded by different authors about this fungus
to control many pests [31, 32, 33]. [15] reported that
I fumosorosea KTU-42 yielded 63% and 50% mor-
tality rates for C. ciliata adults and nymphs, respec-
tively. The authors also advised that this isolate
might be a good biological control agent against C.
ciliata. In another study, it was revealed that virulent
strain of P. fumosorosea had considerable potential
effects to control the whitefly [35]. [34] used /. fir-
mosorosea as entomopathogenic isolate against an
important pest of pear, the pear psylla and reported
mortality rates up to 40%. Also, [36] established that
1. fumosorosea isolate had mortality effect on Di-
aphorina citri nymphs and adults; 35% in nymphs;
and 22% in adults, respectively. In this study, 1. fi-
mosorosea (ISFUM-4501) isolate yielded different
mortality rates for S. oryzae adults at two doses
(1x10"and 1x10%) and 2, 4, 6, 8 and 10 days after the
treatments (respectively as 52.0%, 53.3%, 65.3%,
70.6%, 82.6%; and as 50.6%, 62.6%, 74.6%, 78.6%,
90.6%) (Table 1).

There are about 700 species of entomopatho-
genic fungi in approximately 90 genera. Among
these, I farinosa is one of the most commercially
produced entomopathogenic fungi. This ento-
mopathogenic fungus can infect a quite wide range
of insects including lepidopterous larvae, aphids and
thrips species, which are of great concern in agricul-
ture worldwide [37]. In a previous study, it was
found that 1. farinosa yielded 22.5% and 45% mor-
tality rates for 4. rostrata at 1x10° and 1x10® conid-
ial concentrations (ml?) after 9 days of incubation,
respectively [38]. The same authors also established
that this fungus had 52.5% and 70% mortality rates
for this pest adults at 1x106 and 1x108 conidial con-
centrations (ml™) after 12 days of incubation, respec-
tively. In another study, the lowest mortality rate for
larvae of pine defoliator Bupalus piniaria (L.) was
reported as 56.67% for I farinosa isolate after the
second spray (at the 7! day) [39]. On the other hand,
[40] recorded that I farinosa fungus triggered at
1x108, 1x107, 1x10° and 1x10° doses and 95% RH
with different mortality rates for the eggs (89.39%,
52.53%, 26.87%, 24.77%); 1% instar larvae (78.71%,
60.69%, 49.75%, 20.45%) and adults of Planococ-
cus citri (Risso) (84.53%, 32.29%, 19.24%,
20.54%), respectively. [27] recorded that /. farinosa
isolate had significant mortality effect on the sunn
pest adults (Eurygaster austriaca (Schrk.)). The au-
thors found that I farinosa yielded 0.00%, 5.00%,
10.00%; and 33.75%, 63.75%, 86.25% mortality
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rates for E. Austriaca adults at 1x10°and 1x10°® co-
nidia concentration doses ml* 6, 9 and 12 days after
the treatments, respectively. In present study, 1. fari-
nosa (IFA-3580) fungus isolate yielded different
mortality rates for S. oryzae adults at 1x10° and
1x107 doses 2, 4, 6 and 10 days after the treatments
(respectively as 45.3%, 49.3%, 72.0%, 77.3%,
90.6%; and as 62.6%, 64.0%, 80.0%, 84.0%,
90.6%). These percentages were significantly higher
than the control (P <0.05) (Table 1).

[41] recorded that 29 isolates of P. farinosus
had highly significant mortality on the Bemisia ar-
gentifolii (Homoptera: Aleyrodidae), from 68 to
94% with no significant difference between these
isolates. [42] recorded that P. farinosus had a mor-
tality effect on two spotted spider, Tetranychus urti-
cae K. (Tetranychidae, Acarina). In another study, P.
Jarinosus isolates (290 and 290re) showed lethal ef-
fect at 1x108 conidia mI! on Ips sexdentatus and I
acuminatus adults (Coleoptera: Scolytidae), 45%
and 66.67%, respectively [43]. In present study, P.
farinosus isolate (PAF-2538) yielded different mor-
tality rates for S. oryzae adults at 1x10” and 1x10°
doses 2, 4, 6 and 10 days after the treatment (respec-
tively as 52.0%, 58.6%, 64.0%, 73.3%, 88.0%; and
as 50.6%, 57.3%, 69.3%, 76.0%, 86.6%) (Table 1).

L. muscarium is known as an important natural
enemy of Scolypopa australis (Walker) (Hemiptera:
Ricaniidae) in kiwi orchards [44]. This fungus is an
important commercially produced entomopatho-
genic fungi and has been commercialized worldwide
under different brand names like Mycotal (Koppert,
NL) against whiteflies and thrips and Verticillin
against whiteflies, aphids and mites [45]. In a recent
study, it was stated that L. muscarium isolates had
mortality effects on the adults and nymphs of Bacte-
ricera cockerelli (Sulc) (Hemiptera: Triozidae) (up
to 100% for adults and 70% for nymphs) at 1x107
dose 7 days after the treatments [46]. In present
study, L. muscarium isolate (LECMUS-972) yielded
different mortality rates ranging from 38.6% to
77.3% at 1x10° dose (38.6%, 44.0%, 60.0%, 70.6%,
77.3%); and ranging from 50.6 to 90.6% at 1x10’
dose (50.6%, 53.3%, 76.6%, 86.6%, 90.6%) respec-
tively 2, 4, 6 and 10 days after the treatments (Table
1).

Furthermore, L. muscarium (LECMUS-5128)
isolate had mortality effect on S. oryzae adults
(46.6%, 52.0%, 61.3%, 68.0% and 81.3%) at 1x10’
dose 2, 4, 6, 8 and 10 days after the treatments, re-
spectively. But, the same fungus isolate had mortal-
ity rates of 26.6%, 33.3%, 58.6%, 73.3% and 77.3%
at 1x10° dose. These percentages were significantly
higher than the control (P <0.01) (Table 1).

In brief, six entomopathogenic fungi isolates of
B. bassiana (BB-4984), P. farinosus (PAF-2538), I
fumosorosea (ISFUM-4501), I farinosa (IFA-
3580), L. muscarium (LECMUS-972) and L. musca-
rium (LECMUS-5128) were tested against S. oryzae
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adults under laboratory conditions in this study. Pre-
sent findings demonstrated that the fungal isolates
could be used as potential bio-control agents against
this pest. Among the tested fungi isolates, /. farinosa
(IFA-3580) isolate with the greatest mortality rates
was identified as the most promising one. Further
studies should be carried out to evaluate the effec-
tiveness of this isolate in the field. Additionally, use
of I farinosa (IFA-3580) isolate as a biological con-
trol agent in an integrated pest management (IPM)
program may help to reduce the dependence on
chemical control in the future.
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