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spray methods and were evaluated.

thus, more comprehensive studies are necessary.

Background: The elm leaf beetle (ELB), Xanthogaleruca luteola Muller (Coleoptera: Chrysomelidae), is one of the
most important insect pests that cause damage and physiological stress for the trees. In the present research,
pathogenicity of both entomopathogenic fungi (EPF), Beauveria bassiana and Metarhizium anisopliae on the 1st,
2nd, and 3rd instar larval of ELB at the concentrations of 10° 10°% 107, and 10° conidia per ml, using immersion and

Results: The results showed that LCs, of B. bassiana in immersion and spray methods were 3.88 x 10° and 7.52 x
102 conidia/ml, while LCso of M. anisopliae in mentioned methods were 7.05 x 10° and 11.85 x 10% conidia/m|,
respectively. The highest mortality rate in both EPF was observed in the Tst instar larvae that were significantly
different than the control treatment. Moreover, the highest and lowest mortality in both EPF, using immersion and
spray methods, were observed at the concentrations of 10% and 10° conidia/m|, respectively. Therefore,
susceptibility of 1st and 2nd larval instars was more than 1st instar larvae. Based on the findings of the present
study, there was no mortality during the first 24 h, while after 2 days, the mortality was recorded and increased
over time in case of both pathogens. Accordingly, B. bassiana and M. anisopliae were pathogenic on larvae of ELB.

Conclusions: The outputs of the study demonstrated that applications of these eco-friendly fungal pathogens with
other non-chemical methods are recommended. Of course, under natural conditions, their efficiency may change;
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Background

The elm leaf beetle (ELB), Xanthogaleruca Iluteola
Muller (Coleoptera: Chrysomelidae), is a native insect
pest to Europe that only attacks elm trees, Ulmus sp.,
that was introduced into the other parts of the world.
Damaged leaves cause physiological stress to the trees
and are an aesthetic problem (Arbab et al. 2001; Alford
2012). It has been progressively introduced into North
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America, Argentina, Chile, Central Asia, the Middle
East, North Africa (Algeria), Siberia, and South Africa
(Aslan et al. 2000). Also, this pest is one of the most im-
portant monophagous and leaf-chewing pest elm orna-
mental trees in urban areas (Alford 2012). In addition to
direct damage, it reduces the resistance of elm trees to
the Dutch elm disease caused by elm bark beetles. In
most parts of the world, the damage due to ELB has
been reported (Gregory 2001). Both adult and larval
stages are phyllophagous and feed on leaves’ parenchyma
that leads to weakness in the tree (Alford 2012). Tree
flaccidity causes problems such as attack of xylophagous
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and bark beetles, tree contamination to pathogens, the
deformation of plant canopy, the reduction of photosyn-
thesis, and physiological disorders (Gillespie et al. 2000).
The use of synthetic insecticides is a tool to control this
pest, but its serious consequences include poisoning
humans and animals; pollution of water, air, and soil; a
residue of toxin in food; resistance to pests; and effects
on beneficial insects (Huerta et al. 2010). The EPF are a
group of insect pathogens commonly found in forest soil
more than farms’ soil. Insect pathogenic fungi which
cause diseases in nature are often an important regulator
of insect populations (Ezz 2012). Insecticides based on
EPF are remarkable as a biological control agent and
suitable alternates of chemical insecticides. Both EPF,
Metarhizium anisopliae Sorokin and Beauveria bassiana
Vuill are useful biocontrol agents that are commonly uti-
lized against insect pests. These microbial agents are
used in biological control of various agricultural pests
including whiteflies, beetles, grasshopper, and aphids
(De La Rosa et al. 2000; Brownbridge et al. 2001). Des-
pite other pathogens of insects, the EPF infect insects
with complex mechanisms using direct penetration
through their cuticle (Charnley 1989).

Due to the presence of elm trees in green spaces and
urban areas, non-biological control with ELB pest leads
to many unpleasant effects. Therefore, eco-friendly com-
pounds can be utilized to control the pest. In the present
study, efficacy of the EPF, M. anisopliae and B. bassiana,
on 1st, 2nd, and 3rd larval instar of ELB were evaluated
under laboratory conditions.

Methods

Rearing of X. luteola

The initial population of adult X. luteola was collected
from elm trees around Pakdasht county, Tehran prov-
ince, Iran. The ELB was reared on elm leaves in con-
tainer cages (5 x 10 x 5 cm) covered with cloth mesh.
New plants were provided to the culture when neces-
sary. The cages were maintained under laboratory condi-
tions of 25 + 1 °C, 75 + 5% RH and a photoperiod of 14:
10 h (L: D). After getting larval instars, main experi-
ments were carried out on the 1st, 2nd, and 3rd larval
instars.

Preparation of spore suspension

The entomopathogenic fungi, M. anisopliae and B.
bassiana, were collected from agricultural soil. To pre-
pare the spore suspension, the surface of fungi colonies
were shaved by a sterile scalpel into sterilized distilled
water plus two drops of Tween 80 (0.5%) was added into
Falcon tubes. To separate spores from the spore’s chain,
they were stirred by a shaker for 1 min, and then a uni-
form suspension of each pathogen was prepared. Count-
ing of spores and preparation of spore density per unit
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volume were carried out by an improved Neubauer
(Hemocytometer) and optical microscope (x 40). To
perform the experiments, concentrations of 10°, 10°,
107, and 10® conidia/ml from M. anisopliae and B. bassi-
ana pathogens were prepared separately. In order to in-
crease the confidence level of concentrations, the count
of spores was repeated 3 times.

Viability test of isolates

To evaluate the viability of fungi, spores’ germination
test was done. About 24 h before the bioassay test, dilute
suspensions of isolates were prepared in Tween 80
(0.5%) solutions. Then 100 pl of suspension was poured
into the PDA medium in Petri dishes and maintained at
25 °C. After 18 h, 3 parts of the Petri dishes were speci-
fied, and randomly, 100 spores were selected from each
part, and it was counted by optical microscope (x 40).
When the germ tube length reached more than one half
the diameter of spore, it was considered as a germinated
spore (Greenfield et al. 2016). The germination rate,
more than 85%, was selected for bioassay. The percent-
age of spore germination was calculated using the for-
mula of Benslim et al. (2016):

¢ .
Number of germinated spore % 100

Spore germination percentage =
pore g b g Number of total spores

Pathogenicity of fungal isolates

Each larval instars of ELB were exposed separately to the
different fungal conidial concentrations (10°, 10°, 107,
and 10® conidia/ml) of M. anisopliae and B. bassiana at
4 replicates with control treatment. Sterilized distilled
water plus two drops of Tween 80 (0.5%) was used as
control treatment. For each replicate from the concen-
trations, 20 larvae from each of the 1st, 2nd, and 3rd in-
stars of ELB were utilized. To eliminate saprophytes
from the body surface of ELB, larvae were immersed in a
sodium hypochlorite 1% for 20 s and washed in sterilized
distilled water for 20 s. Eventually, to remove excess
water, they were placed on a Whatman'’s filter paper for
1 min.

Inoculation of ELB larvae with fungal pathogen was
made by spraying and immersion methods. To ensure
that each insect of each treatment receives the same
concentration, all same instar larvae were immersed
and/or sprayed simultaneously. A volume of 5 ml sus-
pensions of each concentration was poured into Petri
dishes. Then, suspension was got out, and additional
suspension was removed using a Whatman’s filter paper.
Within each Petri dish, a moist sterile cotton ball was
added to provide moisture. In both spray and immersion
methods, 5 ml of each concentration of the 2 fungi were
utilized separately on the 1st, 2nd, and 3rd larval instars
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Table 1 Estimated lethal concentrations for Beauveria bassiana and Metarhizium anisopliae on 1st instar larvae of Xanthogaleruca
luteola using immersion and spraying methods

Fungal isolates Methods df LCs0 (spore/ml) LCo0 (spore/mi) Slope + SE X P
95% CL 95% CL
B. bassiana Immersion 3 388 x 10 14.04 x 10° 229 +0.08 4.81 0.89
(3.47-4.46) (10.49-21.84)
Spraying 3 752 % 10 5091 x 10° 154 + 0.07 320 0.92
(6.01-10.75) (28.15-131.14)
M. anisopliae Immersion 3 7.05 x 10 35.23 x 102 274 £ 007 153 091
(5.79-9.54) (20.26-93.21)
Spraying 3 11.85 x 107 99.28 x 102 138 £ 081 3.12 0.88
(8.37-22.27) (43.35-465.61)

LC lethal concentrations, CL confidence limit, SE standard error
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Fig. 1 The mortality trend of different larval instars of Xanthogaleruca luteola treated by Beauveria bassiana during different times using
immersion (a, b, €) and spraying (d, e, f) methods
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Fig. 2 The mortality trend of different larval instars of Xanthogaleruca luteola treated by Metarhizium anisopliae during different times using
immersion (a, b, ¢) and spraying (d, e, f) methods

of ELB. The Petri dishes were covered by parafilm and
then placed in an incubator at 25 + 1 °C and 75 + 5%
for 24 h. After 24 h, dead insects and wet cotton were
removed. In the following, sterilized new elm leaves were
placed at disposal of the larvae, and Petri dishes were
covered with a net lid. Sterilized elm leaves were

provided daily to the larvae. Petri dishes were main-
tained in an incubator at controllable conditions of 25 +
1°C, 75 + 5 RH and a photoperiod of 14:10 h (L: D).
Eventually, mortality means of both EPF were counted
and recorded in both spraying and immersion methods
for 10 days at 48-h intervals.
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Statistical analysis

The percentage of mortality was corrected using
Abbott’s formula (1925). Probit analysis was used to de-
termine the values of lethal concentrations (LCso and
LCyo). Arcsine transformation was applied to mortality
data and then subjected to one-way analysis of variance
(ANOVA). Means were compared using Tukey’s HSD
test at P < 0.05 significance level (Institute SPSS 2018).
Student’s t test was performed for comparison of both
fungi and two methods.

Results

The results showed that color of B. bassiana colony on
media was white, while it was green-brownish in M. ani-
sopliae. The estimated lethal concentrations (LCs, and
LCy) for B. bassiana and M. anisopliae treated on the
ELB larvae are presented in Table 1. Based on the find-
ings, LCs¢ value of B. bassiana on 1st instar larvae of
ELB by immersion and spraying methods were 3.88 x
10* and 7.52 x 10> conidia/ml, respectively. As well as,
estimated LCsy of M. anisopliae on 1st instar larvae of
ELB was 7.05 x 10% and 11.85 x 10* conidia/ml, respect-
ively (Table 1). Likewise, the LCqyy due to the 2 patho-
gens in immersion method was more than the spraying
one.

The mortality means of 1st, 2nd, and 3rd larval instars
of ELB treated with B. bassiana and M. anisopliae using
immersion and spraying methods are presented in Ta-
bles 2 and 3. Moreover, the findings revealed that the
mortality rates of both pathogens were significantly dif-
ferent (¢t = 13.12, P < 0.001). Moreover, there was a stat-
istical significant difference between both methods in
case of each pathogen (t = 9.93, P <0.001 for B. bassiana
and ¢t = 813, P “0.001 for M. anisopliae). In addition,
the mortality rates due to B. bassiana at the immersion
method on 1st, 2nd, and 3rd larval instars of ELB were
significantly different (df = 3, F = 12.61, P “0.001).

Mortality due to B. bassiana, the mortality of M. ani-
sopliae on each of the 3 larval instars in immersion
method was higher than in the spraying one (Table 3).
In the immersion method of M. anisopliae, there were

Table 2 Mortality percent of Xanthogaleruca luteola larvae by
Beauveria bassiana using immersion and spraying methods

Concentration Immersion Spraying

conidia/ml 4 L2 3 U L2 L3

10° 6400° 5467° 4400° 4800° 3767° 2734°
10 5333 % 4266 % 4000° 4133 3033° 2533°
10° 4266 3866°° 31667 31987 2726° 2504°
10° 3607 ° 2686°° 2706° 2666 2134 2018°
Control 534¢  667° 167° 668° 833° 534°

L1 the 1st instar larvae, L2 the 2nd instar larvae, L3 the 3rd instar larvae. The
same letters in each column had no statistically significant differences.
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Table 3 Mortality percent of Xanthogaleruca luteola larvae by
Metarhizium anisopliae using immersion and spraying methods

Concentration Immersion Spraying

conidia/ml L1 2 13 L 2 L3
10° 42670 3485%  3067° 3487° 2783 2134°
107 36007 3201°  3107° 26677 2327° 1970°
10° 33337 2840° 2153 2593° 2600° 1493
10° 2647°  2497°  2153° 2134 2270° 1613°
Control 533 267°  267°  267°  400°  400°

L7 the 1st instar larvae, L2 the 2nd instar larvae, L3 the 3rd instar larvae. The
same letters in each column had no statistically significant differences.

differences among different concentrations than the con-
trol (df = 4, F = 7.55, P = 0.001). Also, in the spraying
method, significant differences (df = 4, F = 897, P ©
0.001) were recorded among different concentrations.

Discussion

Because in the spray method, the probability of the spore
collision level with the insect’s body is higher, more
mortality rates were observed in the immersion method.
Therefore, both B. bassiana and M. anisopliae on 1st in-
star larvae of ELB were pathogenic. Both of the LCsq
and LCyy values on ELB adults in immersion method
were calculated more than the spraying method (Ebrahi-
mifar et al. 2017).

Overall, the highest mortality rate in both methods
was observed at 1st instar larvae that was statistically sig-
nificantly different than the control. The findings re-
vealed significant difference than the control in
immersion method among different concentrations. In
the spraying method, 3rd instar larvae showed no differ-
ences between different concentrations and the control.
Accordingly, at the biggest larval instars, the mortality
was decreased, which means the susceptibility of 1st in-
star larvae were more than 2nd and 3rd larval instars.

Thus, in both methods in the case of M. anisopliae, in-
creasing of concentration and decreasing larval instars
increased the mortality rates. Generally, the highest and
lowest mortality in immersion (42.67 and 21.53%) and in
spraying (34.87 and 16.13%) methods were observed at
the concentrations of 10° and 10° conidia/ml,
respectively.

The mortality recorded and increased over time in the
case of both the pathogens. The mortality rates at differ-
ent times on different instar larvae were varied (Figs. 1
and 2). These findings indicated that EPF required 48 to
72 h until they penetrate the insect cuticle and germin-
ate. Eight days were reported as the lethal duration of
50% of M. anisopliae on elm bark beetle at the concen-
tration of 10” spores/ml, while the duration were 11.63
and 8.38 days for B. bassiana isolate IRAN 441C and M.
anisopliae isolate DEMI 01 at 10° spores/ml on Oryctes
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elegans (Col., Curculionidae), respectively (Latifian and
Rad 2012). The median lethal concentration, median le-
thal time, speed of replication in the host, production of
toxins, and secondary metabolites are important factors
to measure pathogenicity or virulence of a pathogen
(Tanada and Harry 2012).

Conclusion

The findings of the present study showed that B. bassi-
ana on different instar larvae of ELB were more virulent
than M. anisopliae. Also, the mortality rate due to the
immersion method was greater than spraying one in
both pathogens. Both fungi were pathogenic on the lar-
vae of ELB; therefore, usage of this eco-friendly micro-
bial agent with other non-chemical methods can be
recommended. Of course, under natural conditions,
their efficiency can presumably change; thus, more com-
prehensive studies are necessary.

Abbreviations
ELB: Elm leaf beetle; LC: Lethal concentration; RH: Relative humidity;
CL: Confidence limit; SE: Standard error
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