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Introduction
The alder leaf beetle, Agelastica alni L. (Coleoptera: 
Chrysomelidae) is widely distributed in Europe, the 
Caucasus, Siberia, North-Eastern Kazakhstan and 
USA (Belles et al. 1984, Kolk & Starzyk 1996). 
This insect feeds on a variety of broadleaf species 
including hazelnut (Corylus spp.) and alder leaves 
(Alnus spp.) during spring and summer. The insect also 
occasionally damages other species and genera such as 
Betula pendula, Salix caprea, Populus spp. and Tilia 
spp. (Medvedev 1983, Kolk & Starzyk 1996). The 
pest has high reproductive rate and inoculum potential, 
thus causing severe defoliation to host plants in their 
native habitats (Evans & Oszako 2007).

Insect pests are generally controlled by chemi-
cal pesticides but their excessive use induces insecti-
cide resistance. In addition, the use of chemical pes-
ticides also results in environmental pollution and 
imparts adverse effects on human health (Ffrench-
Constant et al. 2004). Therefore, researchers have 

been looking for an alternative method to control pest 
populations (Wilson & Tisdall 2001). Microbial 
biocontrol agents (MBCAs) are eco-friendly and 
represent a potential substitute for the chemical pes-
ticides. The MBCAs are natural enemies of the pest 
populations with no harmful effects on human health 
and the environment (Nicholson 2007). It is well 
established that MBCAs have complex mode of ac-
tion and, therefore, it is very difficult for a pest to 
develop resistance against MBCAs. The common 
MBCAs are viruses, bacteria, nematodes and fungi 
(Weeden et al. 2007, Uygun et al. 2010, Lacey & 
Kaya 2007, Danismazoglu et al. 2013, Vega & 
Kaya 2012). However, fungal microbial biocontrol 
agents are the most important among all the MBCAs 
due to easy delivery, improved formulation, vast 
number of pathogenic strains, easy engineering 
techniques and over-expression of endogenous pro-
teins or exogenous toxins (Butt et al. 2001, Wang 
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& St. Leger 2007, Federici et al. 2007, St. Leger 
& Wang 2010).

Several reports have shown that different fungal 
species such as Beauveria bassiana and Metarhizium 
anisopliae are entomopathogenic agents for many 
different insect species of various orders (Goettel 
et al. 2005, Zimmermann 2007, Sevim et al. 2010a, 
b, c). Fungal strains were isolated from a differ-
ent location and host insect varied in performance; 
Beauveria bassiana and Metarhizium anisopliae 
were the most common entomopathogenic fungi in 
agricultural fields (Meyling & Eilenberg 2006, 
Tanyeli et al. 2010).

Over the years, several chemical (Carbaryl 5 
%, Methiocarb 50 % and Malathion 200 g/L) ap-
proaches have been used to control A. alni in Turkey 
(The Ministry of Agriculture of Turkey 2010). 
However, recent interest in developing eco-friendly 
pest control approaches has motivated us to study 
the potential of different fungal biological agents 
against A. alni. 

Materials and Methods
Collection of insects
Adults and larvae of Agelastica alni were collected 
from infested A. glutinosa (alder) trees in the vicinity 
of Trabzon, Turkey, between March and June 2013. 
Insect samples were either collected from undersides 
of leaves by a soft fine-tipped paintbrush or collected 
by a sweep net (flying adults). The collected samples 
were then placed into plastic boxes (20× 20cm) with 
ventilated lids and freshly collected plane leaves 
were used as a source of food. Healthy adults and 
larvae were acclimated for two days in laboratory 
conditions and then, healthy adults and first and third 
instars larvae were separated and used for bioassay.

Fungal isolates
Fungal isolates were obtained from the Department 
of Biology at Karadeniz Technical University, 
Trabzon, Turkey. Thirteen entomopathogenic fungi, 
including Beauveria bassiana (Bals.) Vuill.(four 
isolates), Metarhizium anisopliae Sensulato (7 iso-
lates), Myriodontium keratinophilum Samson and 
Polon (one isolate) and Isaria fumosorosea (Wize) 
(one isolate), were used for the bioassays (Table 1). 
Some of these isolates are known to be highly viru-
lent against different pests in laboratory conditions 
(Sevim et al. 2010a, c, 2013, Kocacevik et al. 2015). 
Fungal isolates were cultured on potato dextrose 
agar + 1 % yeast extract (PDAY; Merck, Darmstadt, 
Germany) for 4–5 weeks at 28 °C and were stored at 
4 °C until required for the bioassay.

Preparation of spore suspensions
Fungal isolates were obtained from a single colony 
of pure cultures. One hundred μL of spore suspen-
sion (1 × 106 conidia ml–1) from stock fungal cultures 
was plated on PDAY and incubated at 25°C for 4–5 
days under a 12-h L / 12-h D photoperiod. After fun-
gal growth, a single colony was transferred to anoth-
er fresh PDAY plate and incubated at 25°C for 4–5 
weeks until plates were fully overgrown. Conidial 
suspensions of fungal isolates were prepared by 
adding 15 ml of sterile Tween-80 (0.01 %) into 
the 4-week-old culture dishes and gently scraping 
the surface of the cultures with a sterile bent glass 
rod to dislodge the conidia from the surface of the 
agar plates. The conidial suspensions were filtered 
through two layers of sterile muslin cloth into 50ml 
sterile plastic tubes to remove mycelium and agar 
pieces. The obtained conidial suspensions were vor-
texed for 5 min for homogenisation. The spore con-
centration was determined with a Neubauer hemocy-
tometer and adjusted to the desired concentrations.

The germination rate of freshly produced co-
nidia obtained from the pure cultures on PDAY was 
assessed by inoculating 50 µl (1 ×106 conidia ml-1) 
of the suspension on PDAY plates and then incubat-
ed for 8 h in the dark at 25 ± 1 °C. For each culture, 
germination was observed in three separate fields of 
view at magnification of × 40.

Screening tests
All selected cultures were assayed against 1st, 3rd in-
stars larvae and adults of the A. alni. Thirty insects 
of each stage were immersed for 15 s in 10-15 ml 
of conidial spore suspension (1 × 107 conidia ml-

1). Control groups were treated with sterile 0.01 % 
Tween-80. Infected insects were carefully placed on 
the underside of the small alder leaves in a plastic 
box (20 × 20 cm) with a ventilated lid. All treated 
and untreated adults and larvae were kept in rearing 
boxes at 25 ± 1°C for two weeks under a 12-h L / 
12-h D photoperiod. Freshly collected plane leaves 
of alder trees were provided every day during the ex-
periment. The mortality of A. alni was recorded five 
days after inoculation and then continued every five 
days during the experimental period. Dead insects 
were transferred to the petri dishes lined with filter 
paper to encourage fungal emergence and sporula-
tion on cadavers.

Concentration–mortality response test
The fungal strain KTU–24 was selected for concen-
tration–mortality response tests against adults and 
larvae of A. alni for further experimentation due to 
its highest pathogenic effect on pest populations at 
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the end of the screening tests.Thirty1st,3rd instars lar-
vae and adults were treated with four different conid-
ial concentrations (1 ×105, 1 ×106, 1 × 107 and 1×108 
conidia ml-1). After that, larvae and adults were 
separately put into plastic boxes (20 × 20 cm) with 
ventilated lids including a small alder leaf. Mortality 
of adults and larvae were checked every day for the 
next 15 days after the inoculation of conidial con-
centrations. Finally, mortality data were corrected 
using Abbott’s formula (Abbott 1925) and lethal 
concentration (LC50) value was calculated using pro-
bit analysis. All concentrations were assayed in trip-
licate on different days.

Statistical analysis
Data analyses were performed using SPSS 16.0 sta-
tistical software (SPSS Inc., Chicago, IL, USA) for 
analysis of variance (ANOVA). Dunnett’s one-tailed 
t-test was used to compare test isolates against the 
control group with respect to mortality and mycosis 
(Abbott 1925). Lethal concentration at 50 % (LC50) 
value was calculated by probit analysis using SPSS 
16.0 statistical software.

Results
Screening test
Beauveria bassiana (Bals.) Vuill. (four isolates), 
Metarhizium anisopliae (Metschn.) (seven isolates), 
Myriodontium keratinophilumSamson and Polon 
(one isolate) and Isaria fumosorosea (Wize) (one 
isolate) caused different mortality rates. The mortal-
ity rate varied from 35 % to 100 % based on fun-

gal strains against both 1st and 3rd instars larvae and 
adults of A. alni within 15 days with 1 × 107 conidial 
ml-1 concentration (Figs. 1–3).

All isolates showed more than 75 % mortal-
ity rate on1st instar larvae. However, these rates 
were different based on fungal isolates (F=1.632, 
d.f.=12, p<0,05; Fig. 1). Significant differences 
were observed between control and treatment groups 
(F=26.146, d.f.=13, p<0,05). The highest mortality 
and mycosis values were observed for B. bassiana 
KTU–24 and M. anisopliae Gg–12 (Fig. 1).

The fungal isolates showed different mortal-
ity rates (from 50 to 100 %) in comparison to each 
other on mortality of the 3rd instar larvae (F=2.983, 
d.f.=12, p<0,05; Fig. 2). The effects of isolates were 
also significantly different from the control group 
(F=8.996, d.f.=13, p<0,05). Metarhizium anisopli-
ae (KTU–60) and B. bassiana (KTU–24) provided 
the highest mortality and mycosis value with abso-
lute 100 % within 15 days after treatment with 1 × 
107 conidial ml-1 concentration. The second highest 
mortality (93.3 %) was obtained from M. anisopli-
ae (KTU–2), M. anisopliae (KTU–51) and M. an-
isopliae (Gg–12) within the same period. All fungal 
isolates produced different mycosis in comparison 
to each other (F=5.227, d.f.=12, p<0,05) and there 
was a significant difference between the control 
and fungal isolates except for B. bassiana (Mm–1) 
(F=9.272, d.f.=13, p<0,05). Beauveria bassiana 
(KTU–24) and M. anisopliae (KTU–60) also pro-
duced the highest mycosis value with 100 % (Fig. 2). 

All isolates produced significantly different 
adult mortality values when compared with each 

Table 1. Fungal isolates used in this study and their sources.

No Species Isolates Locality Source Reference     
1 Metarhizium anisopliae KTU–60 Gümüşhane Soil Sevim et al. 2010a
2 Metarhizium anisopliae KTU–2 Ardeşen, Rize Soil Sevim et al. 2010a

3 Metarhizium anisopliae Gg–12 Akçaabat, Trabzon Gryllotlpa gryllotalpa L.  
(Orthoptera: Gryllotalpidae) Sonmez et al. 2016

4 Metarhizium anisopliae KTU–51 Gümüşhane Soil Sevim et al. 2010a

5 Beauveria bassiana KTU–24 Samsun
Thaumetopoea pityocampa  
(Den. & Schiff.) (Lepidop-

tera: Thaumetopoeidae)
Sevim et al. 2010c

6 Beauveria bassiana KTU–7 Yomra, Trabzon Soil Sevim et al. 2010a
7 Beauveria bassiana Gg–1 Akçaabat, Trabzon Gryllotlpa gryllotalpa Sonmez et al. 2016
8 Isaria fumosorosea KTU–42 İkizdere, Rize Soil Sevim et al. 2010a
9 Metarhizium anisopliae KTU–27 İkizdere, Rize Soil Sevim et al. 2010a
10 Myriodontium keratinophilum Gg–11 Akçaabat, Trabzon Gryllotlpa gryllotalpa Sonmez et al. 2016
11 Beauveria bassiana Mm–1 Akçaabat, Trabzon Melolontha melolontha Unpublished
12 Metarhizium anisopliae KTU–40 Akçaabat, Trabzon Soil Sevim et al. 2010a
 13 Metarhizium anisopliae KTU–21 Borçka, Artvin Soil
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other (F=9.877, d.f.=12, p<0,05; Fig. 3) and with the 
control group in screening test after 15 days of appli-
cation (F=17.311, d.f.=13, p<0,05). Fungal isolates 
M. anisopliae (KTU–40), B. bassiana (KTU–24), 
M. anisopliae (KTU–21) and M. anisopliae (KTU–
2) produced 100 % mortality on adults of A. alni. All 
fungal isolates showed different degree of mycosis 
when compared to each other (F=17.702, d.f.=12, 
p<0,05). The highest mycosis values (100 %) were 
provided from M. anisopliae (KTU–40), B. bassiana 
(KTU–24) and M. anisopliae (KTU–2); all other 
treatments and the control groups showed differ-
ences from each other (F=31.049, d.f.=13, p<0,05; 
Fig. 3).

Concentration-mortality response tests
Fungal isolate of B. bassiana (KTU–24) was select-
ed for concentration-mortality response tests ow-
ing to its high pathogenic effect on all stages of A. 
alni. In concentration-mortality response test, 100 % 
mortality values were reached with 1 × 107conidia 
ml-1concentration on all stages of the pest (Figs. 
4–6). One hundred percent mortality on 1st and 3rd 

instar larvae and adults were induced by B. bassiana 
KTU–24 within 10, 11 and 11 days, respectively. 
The LC50 of B. bassiana (KTU–24) against the1st in-
star larvae within ten days after treatment was found 
to be 5.94 × 105 conidia ml–1 (Table 2). The 3rd instar 
larvae and adult mortality also reached 100 % within 
11 days after application of 1.83 × 106 and 2.21 × 
106conidia ml-1concentration, respectively (Table 2).

Discussion
Agelastica alni L. is an important pest of hazelnut 
and alder trees in the Black Sea Region of Turkey. 
There are only a few reports regarding microbial 
control agents against this pest. Sezen et al. (2004) 
studied the effect of Pseudomona sfluorescens (Aa4) 
on various growth stages of A. alni populations. The 
highest insecticidal effects of P. fluorescens (Aa4) 
was observed on larvae and adults of A. alni within 
seven days after treatment. In another study, Sezen 

& Demirbag (2006) showed that two Bacillus spe-
cies had 90 % insecticidal effect on the larvae of A. 
alni. In the present paper, we showed the insecticidal 
effects of 13 entomopathogenic fungi on different 
stages of A. alni. Fungal isolates had different lev-
els of insecticidal effects: from 35 to 100 %, on A. 
alni larvae and adults. Fungal isolates of Beauveria 
bassiana and Metarhizium anisopliae were the most 
virulent against 1st and 3rd instars larvae and adults 
of A. alni. Beauveria bassiana (KTU–24) and M. 
anisopliae (G–12) were found as the most effec-
tive isolates with 100 % insecticidal effect on 1stin-
star larva (Fig. 1). On the other hand, B. bassiana 
KTU–24 and M. anisopliae KTU–60 were the most 
effective isolates with 100 % insecticidal effect on 
3rd instar larva (Fig. 2). Beauveria bassiana KTU–24 
and M. anisopliae KTU–40 and KTU–2 yielded 100 
% mortality on adults of A. alni in screening tests 
(Fig. 3). At the end of all the screening tests we de-
cided to continue our study with Beauveria bassiana 
KTU–24 for concentration response tests because it 
was the most effective fungus against all stages of 
the target pest.

Previously, some researchers have showed that 
Beauveria sp. is a natural fungal pathogen of many 
different pest species in both agriculture and forestry 
(Goettel et al. 1990, Kreutz et al. 2004, Sevim et 
al. 2010a, 2013). Different species and strains of the 
genus Beauveria, which were isolated from different 
geographical locations and host insects, vary in per-
formance and it is the most common enthomopath-
ogenic fungus in agricultural fields (Meyling & 
Eilenberg 2006). Scientific researchers showed 
that B. bassiana could infect many bark beetles and 
displayed significant potential for control of forest 
pests (Kreutz et al. 2004, Draganova et al. 2007, 
Kocacevik et al. 2015, Tanyeli et al. 2010, Sevim et 
al. 2010a). Quesada-Moraga et al. (2006) reported 
that medfly pupae was susceptible against B. bassi-
ana isolates and mortality rates produced by that 
isolates ranged from 14 to 95.5 %. In another study, 
Cossentine et al. 2010 showed that B. bassiana 
had significant mortality and mycosis on adults and 

Table 2. Probit regression estimates for the multiple-concentration bioassays performed with the B. bassiana isolate 
KTU–24 against 1st and 3rd instars larvae and adult of A. alni

Bioassay Intercept Slope ± SEa LC50 (95 % confidence interval) χ2b df
1stinstar larvae -5.217 ± 0.948 0.904 ± 0.154 5.94 × 105(2.47 × 105to 1,19 × 106) 2.158 2
3rd instar larvae -4.327 ± 0.805 0.691 ± 0.124 1.83 × 106 (7.12 × 106 to 4.29 × 106) 1.355 2

Adult -5.759 ± 0.911 0.908 ± 0.141 2.21 × 106 (1.08 × 106 to 4.46 × 106) 1.188 2
aSlope of the concentration ± standard error response of larvae and adult of A. alni to B. bassiana isolate KTU–24.
bPearson chi-square goodness-of-fit test on the probit model (α = 0.05).
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Fig. 1. Pathogenicity of fungal isolates to 1st instar larvae of A.alni within 14 days after 2 

application of 1 × 107 conidia ml-1. Mortality data were corrected according to Abbott’s 3 

formula (Abbott 1925). Different uppercase and lowercase letters represent statistically 4 

significant differences among mortality and mycosis, respectively, between treatments 5 

according to LSD multiple comparison test (p < 0.05). Bars show standard deviation. 6 
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Fig. 2. Pathogenicity of fungal isolates to 3rd instar larvae of A.alni within 15 days after 1 

application of 1 × 107 conidia ml-1. Mortality data were corrected according to Abbott’s 2 

formula (ABBOTT 1925). Different uppercase and lowercase letters represent statistically 3 

significant differences among mortality and mycosis, respectively, between treatments 4 

according to LSD multiple comparison test (p < 0.05). Bars show standard deviation. 5 
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Fig. 3.  Pathogenicity of fungal isolates to adults of A.alni within 14 days after application of 3 

1 × 107 conidia ml-1. Mortality data were corrected according to Abbott’s formula (Abbott 4 

1925). Different uppercase and lowercase letters represent statistically significant differences 5 

among mortality and mycosis, respectively, between treatments according to LSD multiple 6 

comparison test (p < 0.05). Bars show standard deviation.  7 
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Fig. 4.  Cumulative mortality of 1st instar larvae of A.alni after application of different 9 

concentrations of B.bassiana KTU - 24. Concentration unit is conidia ml-1. 10 
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Fig. 5.  Cumulative mortality of 3rd instar larvae of A.alni after application of different 9 

concentrations of B.bassiana KTU - 24. Concentration unit is conidia ml-1. 10 
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Fig. 6.  Cumulative mortality of adults of A.alni after application of different concentrations 9 

of B.bassiana KTU - 24. Concentration unit is conidia ml-1. 10 
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ml-1. Mortality data were corrected according to Abbott’s 
formula (Abbott 1925). Different uppercase and lower-
case letters represent statistically significant differences 
among mortality and mycosis, respectively, between 
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Fig. 4. Cumulative mortality of 1st instar larvae of A. alni 
after application of different concentrations of B. bassi-
ana KTU–24. Concentration unit is conidia ml-1.

Fig. 5.  Cumulative mortality of 3rd instar larvae of A. alni 
after application of different concentrations of B. bassi-
ana KTU–24. Concentration unit is conidia ml-1.

Fig. 6.  Cumulative mortality of adults of A. alni after 
application of different concentrations of B. bassiana 
KTU–24. Concentration unit is conidia ml-1.
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