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ABSTRACT  

In this  study,  the entomopathogenic fungi; Beauveria bassiana, 

Isaria fumosorosea and Metarhizium anisopliae were evaluated 

against fourth nymphs and adults of the green shield bug, P. 
prasina. The experiment was conducted both under field and 

laboratory conditions. Isolates included six Beauveria bassiana, one 

Metarhizium anisopliae and one Isaria fumosorosea. Isolates were 

bioassayed against nymphs and adults in both under field and 

laboratory conditions. Four replications of the bioassays were 

analyzed and evaluated daily for 14 days. LT50 and LT95 values for 

the experimented isolates ranged from 4.19 to 7.11 days and from 

6.68 to 11.30 days, respectively in laboratory for nymphs, ranged 

from 4.98 to 7.18 days and from 8.03 to 12.22 days, respectively in 

laboratory for adults. LT50 and LT95 values for the experimented 

isolates ranged from 6.69 to 10.70 days and from 10.29 to 17.91 days, 

respectively in field for nymphs, ranged from 7.29 to 10.70 days and 

from 11.23 to 17.91 days, respectively in field for adults. It was 

obvious that BB1/21b (Beauveria bassiana) was the most virulent on 

adults of P. prasina. As a result, while the effect of the isolates used 

in the study was high due to controlled conditions in the laboratory, 

it was low in field conditions. 
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Entomopatojenik funguslar; Beauveria bassiana, Isaria fumosorosea ve Metarhizium anisopliae’nın 

Palomena prasina L. (Heteroptera: Pentatomidae)’ya karĢı  etkileri  
 

ÖZET  

Bu çalıĢmada Beauveria bassiana‘’nın altı farklı ırkı), Isaria 
(Paecilomyces) fumosorosea  ve Metarhizium anisopliae  izolatlarının 

birer ırkı Palomena prasina L. (Heteroptera: Pentatomidae)’nın nimf 

ve erginlerine karĢı laboratuvar (25±1 0C, % 70 nem ve 16:8 h (ıĢıklı: 

karanlık) ve arazi koĢullarında biyolojik etkinlik denemeleri 

yapılmıĢtır. Ayrıca bazı izolatların laboratuvar Ģartlarında P. 

prasina’nın yumurtaları üzerine etkinliği belirlenmiĢtir. 

Laboratuvar çalıĢmalarında izolatların 1x108 konidi/mL spor 

yoğunluğu, 5’er adet ergin ve nimf kullanılmıĢ ve çalıĢma 4 

tekerrürlü olarak yürütülmüĢtür. ÇalıĢma 14 gün boyunca takip 

edilerek yüzde ölüm oranları, LT50 ve LT95 değerleri belirlenmiĢtir. 

ÇalıĢma sonucunda P. prasina’nın nimflerine karĢı laboratuvar 

Ģartlarında kullanılan izolatların LT50 ve LT95 değerlerine 

bakıldığında sırasıyla; 4.19 - 7.11 gün ile 6.68 - 11.30 gün arasında  

bulunmuĢtur. Erginlerde ise LT50 ve LT95 değerlerine bakıldığında 

sırasıyla; 4.98 - 7.18 gün ve 8.03- 12.22 gün arasında  belirlenmiĢtir. 

Arazi Ģartlarında ise nimflere karĢı yapılan çalıĢmada izolatların 

LT50 ve LT95 değerlerine bakıldığında sırasıyla; 6.69 - 10.70 gün ve 

10.29 -17.91 gün olarak belirlenmiĢtir. Erginlerde ise LT50 ve LT95 

değerleri 7.29 - 10.70 gün  ve 11.23 - 17.91 gün arasında 

değiĢmektedir. Yapılan çalıĢmada kullanılan tüm izolatların P. 
prasina ergin ve nimflerine karĢı arazi Ģartlarındaki etkinliği 
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labaoratuvar Ģartlarına nazaran daha düĢük olmuĢtur. Sonuç olarak 

çalıĢmada kullanılan tüm izolatların P. prasina’ın ergin ve 

nimflerine karĢı biyolojik mücadele de kullanılma potansiyeli sahip 

olduğu ortaya konulmuĢtur. 
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INTRODUCTION 

Hazelnut is one of the most important Turkish export 

products with 2, 3 billion US dollars 

yearlyApproximately 70% of the world's hazelnuts are 

grown in Turkey especially in the Black Sea region 

and some areas of Marmara which are equal to nearly 

700.000 ha. Almost 400.000 families earn their living 

from hazelnut cultivation (Erper et al., 2016; 

Anonymous, 2019a, Anonymous, 2019b). There are 

many insect pests attacking hazelnut orchards that 

affect hazelnut production as well as quality in 

Turkey. The one of the most crucial is the 

Pentatomidae family, which was not well understood 

to reduce the quality of hazelnut seed by the farmers 

(Tavella et al., 2001, Tuncer et al., 2004). The most 

vital member of the Pentatomidae family  is 

Palomena prasina (Hemiptera: Heteroptera: 

Pentatomidae) which is widely spread in Turkey’s 

hazelnut orchards (Tuncer et al., 2005). On average, 

spotted kernel damage caused by P. prasina in Italy 

was 1.3-4.0 % and in Turkey 9.58% (Tavella et al., 
2001; Saruhan and Tuncer, 2010).  

This pest insect stays for almost five months in the 

hazelnut  orchard causing a high economic loss 

nowadays, some chemicals have been used to control 

P. prasina. However, there is a need to develop 

alternative methods to cope with P. prasina due to the 

known side effects of pesticides used in hazelnut 

orchards. Biological control using entomopathogenic 

fungi is an alternative method instead of using 

chemicals pesticides. Entomopathogenic  fungi (EPF) 

are common natural enemies of arthropods. Hence, 

they are attracting attention worldwide as potential 

biological control agents. There are more than 700 

species of entomopathogens in the fungal kingdom 

(Roy et al., 2006; Sandhu et al., 2012). Fungal 

entomopathogens such as Beauveria bassiana 
(Balsamo) Vuillemin, Metarhizium anisopliae 

(Metschnikof) Sorokin, Isaria farinosa (Holm: Fries),  

Lecanicillium spp. and Simplicillium spp. play an 

important role in regulating insect populations (Shah 

and Pell 2003, Zimmermann 2008, Gurulingappa et 
al., 2011).  

Beauveria bassiana has wide host range of hosts 

including hemipteran species (Gouli et al., 2011). Due 

to its environmentally friendly nature, bio-persistence 

and ability to kill pests at various developmental 

stages in their life cycle, the use of B. bassiana  is a 

great importance in Integrated Pest Management 

(IPM) programs is of great importance (Kumar and 

Sultana, 2017). The spores of B. bassiana attach to 

the insect’s cuticle, they germinate, the hyphae 

penetrate the insect’s body, and proliferate. The 

insects die after about 3–5 days and infected cadavers 

may serve as a source of spores for secondary spread 

of the fungus. Entomopathogenic fungi especially 

insects with stinging sucking mouth structure used in 

the fight against cuticle and beetles by infecting 

agents. Entomopathogenic most of the fungi are 

Metarhizium, Beauveria, Trichoderma, Verticillium, 

Nomuraea, It belongs to the genus Entomophtora and 

Neozygite and is effective on many insect species 

(Deshpande, 1999). Beauveria bassiana and 

Metarhizium many harmful effects of Anisopalia 

entomopathogens used in biological control against 

insect species reported and their commercial 

preparations developed and released to the market 

(Wraight et al., 2001; Copping, 2004). 

The aim of this study was to determine the 

pathogenicity of six  isolates of B. bassiana (BB 1/23, 

BB1/216, B kür 1/3a, B kür 1/b, BÇE9 and BB 1/a), 

one isolate of I. fumosorosea (TR78-3), and one isolate 

M. anisopliae (TR-106) against fourth instar nymphs,  

adults and eggs of P. prasina L. under laboratory and 

field conditions. 
 

MATERIALS and METHODS 

Insect culture (adults) 

The adults of P. prasina were collected from different 

hazelnuts orchards by beating-sheet method during 

april and may in Samsun province.  Then, they have 

transferred to the insects were conserved in climate 

chamber for egg-laying. The eggs were surface 

disinfected by immersion in ethyl alcohol (70%) for 45 

seconds. So fourth instar nymphs and adults were 

used. The insects were maintained in a climate 

chamber at 25±1ºC, 70±5% Relative Humidity, and 

16:8 hours light: dark photoperiods. After the pest 

was adapted to the laboratory condition, the insect 

culture was fed with fresh bean pods (Sırık 97) 

(Phaseolus vulgaris L.) and food was renewed daily. 

They developed into nymphs and adults.  
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Fungal Cultures 

(The EPFs) Metarhizium anisopliae (TR-106) and  

Isaria (Paecilomyces) fumosorosea (TR-78-3), and 

Beauveria bassiana (BB1/23, BB1/216, B kür 1/3a, B 

kür 1/b, BB 1/a, BÇE9) used in the study  were 

obtained from the stock cultures of Mycology 

Laboratories of, Ondokuz Mayıs University and  

Ankara University. The eight isolates of EPF (Table 

1) were incubated on potato dextrose agar (PDA; 

Merck Ltd., Darmstadt, Germany) at 25 ± 1 °C for 10–

14 days. Conidia were harvested by sterile distilled 

water, containing 0.02% Tween 20. Then, conidia 

suspensions were filtered through four layers of 

sterile cheesecloth to remove mycelium, and conidia 

were counted under an Olympus CX-31 compound 

microscope (Olympus America Inc., Lake Success, 

NY), using a Neubauer hemocytometer to calibrate a 

suspension of 1 × 108 conidia mL−1 of each isolate 

(Erper et al. 2016). 

 
Table 1. Isolates of entomopathogenic fungi used in this study. 

Tablo1. ÇalıĢmada kullanılan entomopatojen fungusların detayları 

Isolates 
Isolate 

denomination 
Host Location of collection 

Metarhizium anisopliae TR-106 Xylosandrus germanus Samsun province, Turkey 

Isaria fumosorosea TR-78-3 Hyphantria cunea Samsun province, Turkey 

Beauveria bassiana BB 1/23 Eurygaster integriceps Ankara province, Turkey 

Beauveria bassiana BB 1/216 Eurygaster integriceps Ankara province, Turkey 

Beauveria bassiana B Kür 1/3a Eurygaster integriceps Ankara province, Turkey 

Beauveria bassiana B Kür 1/b Eurygaster integriceps Ankara province, Turkey 

Beauveria bassiana BÇE -9 Eurygaster integriceps Ankara province, Turkey 

Beauveria bassiana BB 1/a Eurygaster integriceps Ankara province, Turkey 

 

Conidial germination assessment 

The viability of conidia of the eight isolates belonging 

to B. bassiana, I. fumosorosea, M. anisopliae was 

determined. A conidial suspension (200 μl) of each 

isolate at (1 × 104 conidia ml−1) obtained by dilution 

was sprayed onto Petri plates (9-cm dia.), containing 

PDA (Merck Ltd., Darmstadt, Germany). These plates 

were incubated at 25 ± 1 °C. After 24 h of incubation, 

the percentage of germinated conidia was counted, 

using an Olympus CX-31 compound microscope at × 

400 magnification. Conidia were regarded as 

germinated, when they produced a germ tube, at least 

half of the conidial length. The germination ratios for 

each isolate were calculated after examining a 

minimum of 200 conidia from each of the three 

replicate plates (Saruhan et al. 2015). 
 

Experimental design 

This study used the nymphs and adults of P. prasina 
that were cultured in the laboratory in advance. 

During the experiments, 1 L plastic embedded cups 

were used. Bottoms of the cups were embedded with 

filter papers moisturized by sterile-distilled water. 

Holes were pierced into the cover of cups to allow 

aeration. Five nymphs and 5 adults of P. prasina were 

placed on plastic cups. onidial suspensions (1×108 

conidia mL-1) of the entomopathogenic fungi were 

applied to the nymphs and adults of P. prasina (5 mL 

per cup) using a Potter spray tower (Burkard, 

Rickmansworth, Hertz UK). Only sterile-distilled 

water was sprayed to control the plastic cups. The 

nymphs and adults were fed with fresh   (Sırık 97) 

been and renewed daily. After supplying the feed to 

the nymphs and the adults, the plastic cups were 

closed and incubated at 25 ± 1°C, 75 ± 5% RH, and 

16:8 hours light: dark photoperiod for 14 days in a 

Binder incubator (Model KBWF  240; Germany). The 

above culture was observed daily. The trials were 

observed for 14 days and during this period after the 

dead individual numbers were recorded and the 

cadavers were removed. The laboratory bioassay for 

eggs was conducted to examine effects of isolates on 

egg mortality. The conidial suspensions (1x108 conidia 

mL-1) (2 mL per Petri dish) were applied to P. 
prasina’s eggs. For each isolates two egg mass were 

treated.  

The eggs of P. prasina taking from the field culture 

were washed with sterile distilled water and two eggs 

of 28 pieces (28x2=56) eggs masses were placed on 

bottoms of Petri dishes cup cover with filter paper.  
 

Field experiments 

The hazelnut orchards were selected and cheesecloth 

cages (30 x 75 cm) were attached to each branch 

(Cages are attached to branches with fruit for feeding 

insects). Ten nymphs and the ten adults/replicate 

were put into separate cages. Then conidial 

suspensions (1x108 conidia mL-1) were sprayed into 

those bags. Then conidial suspensions (1x108 conidia 

mL-1) were sprayed into those cages. However, only 

sterile distilled water was sprayed to the control 

cages. It was carried out in four repetitions according 

to the coincidence blocks trial design. 

The above cultures were observed for 14 days, and 
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during this period we recorded the dead ones on days 

of 1, 3, 5, 7 and 14.  

Dead individuals on which the fungal sporulation was 

observed, were counted under a Leica EZ4 

educational stereomicroscope at 40-70X 

magnification. Evidence of B. bassiana, I. 
fumosorosea and M. anisopliae on nymph and adult 

cadavers was verified by microscopic inspection ( 

Meng,2017). 

The biological efficiency values were obtained by 

using Abbott’s formula. 
 

Statistical analysis 

The death rate was calculated by dividing the dead 

insects by the initial number of insects. The mortality 

data were corrected with Abbott’s formula (Abbott, 

1925). Serial-time mortality data from bioassays were 

examined by probit analysis, also, SPSS software 

(SPSS Inc., Chicago, Illinois, USA, Version 21) was 

used to calculate 50% lethal time (LT50) and 95% 

lethal time (LT95).  
 

RESULT and DISSCUSSION  

All fungi evaluated in this study were effective 

against the nymphs and the adults of P. prasina in 

the laboratory. More than 85% of the P. prasina 
nymph died at the end of 14th days. Beauveria 
bassiana B kür 1/b, BB1/a, BB1/21b and Bkür1/3a 

isolates caused complete (100%) mortality on the 

nymphs at the end of the 14th days. On the other 

hand,  M. anisopliae TR-106, B. bassiana BB1/23, and 

I. fumosorosea TR-78-3 showed 95, 90 and 85% 

mortality at the same application period, respectively 

(Figure 1). Statistical analysis of the efficacy rate was 

found to be significant. Under laboratory conditions, 

over 60% mortality rate for all the adults of P. 

prasina was achieved at the end of the 14th day 

(Table 2). 

 

 
Figure 1. Effect of entomopathogenic fungi on 4th instar nymphs of Palomena prasina (% mortality rate) on 

laboratory conditions 

ġekil 1. Laboratuvar koĢullarında Palomena prasina 4. dönem nimflerine entomopatojen fungusların etkisi 

 

Table 2. LT
50

 and LT
95

 values of Entomopathogenic fungi against 4th instar nymphs of Palomena prasina for 

laboratory condition 

Tablo 2.  Laboratuar koĢullarında Palomena prasina 4. dönem nimfleri için  entomopatojen fungusların LT
50

 and 

LT
95 değerleri 

      Isolates LT
50 

(95% fiducial limits for days) LT
95 

(95% fiducial limits for days) 

      BÇE -9 5.26 (3.72-6.89)    11.30 (8.91-18.30)     

      BB 1/23 5.14 (4.04-6.24)    9.47 (7.94-12.82)     

      BB1/a 4.59 (3.82-5.33)    8.25 (7.17-10.19)     

      BB1/216 4.19 (2.83-5.54)    6.68 (5.38-11.03)     

      Bkür 1/3a 4.93 (3.63-6.30)    8.75 (7.12-13.06)     

      TR – 106 4.50 (2.44-6.30)    8.63 (6.68-15.72)    

      TR-78-3 7.11 (6.85-7.37)    9.61 (9.16-10.21)     

      Bkür 1/b 3.58 (2.76-4.31)    7.15 (6.11-9.05)        
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Figure 2 show that the isolates of B kür 1/b was 100% 

efficient, while the isolates of Bkür1/3a, TR-106, BÇE-

9,  TR-78-3, BB 1/a, BB1/216, and BB 1/23; 80%,75%, 

70%, 70% 65%, 65%, and 60% mortality, respectively 

at the end of the 14th day. 

It was obvious that BB1/216 was the fastest killer of 

P. prasina. Under laboratory conditions, over 60% 

death rate for all the adults of P. prasina was 

achieved at the end of the 14th day (Table 3). 

 

 
Figure 2. Effect of entomopathogenic fungi on adults of Palomena prasina (% mortality rate) on laboratory 

conditions (P≥0.05) 

ġekil 2. Laboratuvar koĢullarında Palomena prasina erginlerine  entomopatojen fungusların etkisi 
 

Table 3. Entomopathogenic fungal isolates against adults of Palomena prasina LT
50

 and LT
95

 values 14 days 

post- treatment on laboratory conditions. 

Tablo 3. Laboratuvar koĢullarında Palomena prasina erginlerine entomopatojen fungusların uygulanmasıyla 14 
gün sonundaki LT

50
 and LT

95 değerleri 

Isolates LT
50 

(95% fiducial limits for days) LT
95 

(95% fiducial limits for days) 

BÇE -9 6.02(3.52-10.33)     12.22(8.88-36.99)     

BB 1/23 6.39(5.26-7.82)       11.44(9.44-16.38)     

BB1/a 6.15(4.79-7.94)       11.37(9.11-18.04)     

BB1/216 4.98(2.32-7.30)       9.48(7.21-20.82)     

Bkür 1/3a 5.35(4.41-6.29)       9.26(7.93-11.92)     

TR – 106 5.07(3.65-6.41)       8.03(7.39-13.44)     

TR-78-3 7.18(6.53-7.95)       10.58(9.44-12.78)     

Bkür 1/b 5.30(3.66-7.03)       8.91(7.14-15.33)     

 

In a similar study with P. prasina, Erper et al. (2016) 

found that Lecanicilium musacarium and B. bassiana 

gave 98% and 95% mortality, respectively. Many 

studies claimed that M. anisopliae and B. bassiana 
were effective against Coleoptera species at different 

life stages (Prazak, 1991; Gindin et al., 2006; Castrillo 

et al., 2011; Ansari and Butt, 2012; Hirsch and 

Reineke, 2014; Carrillo et al., 2015; Tuncer et al., 
2016; Kushiyev et al., 2017; Liu et al., 2017).  Gindin 

et al.  (2006) studied under laboratory conditions and 

discovered 85% death rate for adults of the 

Rhynchophorus ferrugineus Olivier that were sprayed 

with 1×108 spore mL-1 of M. anisopliae Ru isolates.  

Another study found that M. anisopliae and B. 
bassiana were effective on adults of Hylobius abietis 
L. which is known as the most dangerous pests in the 

forest, especially M. anisopliae ARSEF4556 isolate 

was entirely efficient (%100 mortality) on the death 

rate of pest at the 12th day (Ansari and Butt, 2012). 

Concentrations of 1x106 and 1x108 from Isaria 
farinosa (Holm.) and B. bassiana (Balsamo) Vuillemin 

(Sordariomycetes: Hypocreales) were tested against 

Aelia rostrata Boh. (Hemiptera: Pentatomidae) and 

1x108 of I. farinosa was observed as efficient giving 

mortality rate of 70% on the 12th  day whereas 1x108 

of B. bassiana (Balsamo) Vuillemin (Sordariomycetes: 
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Hypocreales) was found to be 100% efficient on the 

9th day (MuĢtu et al. 2011). 

Gouli et al. (2012) declared that three isolates of B. 
bassiana and two isolates of M. anispoliae were tested 

against Halyomorpha halys and were found to be 85% 

and 100% effective on the 9th and 12th day 

respectively. Moreover, Gouli et al., (2012) claimed 

that B. bassiana had more efficacy than M. 
anisopliae. Goettel et al. (2005) postulated that 

entomopathogenic fungi could survive in different 

environmental conditions. Even though the isolates of 

B kür 1/6b, BÇE-9, BB1/216, Bkür1/3a, and TR-78-3 

were efficient in the laboratory, under the field 

conditions they had a lower efficiency (Figure 3). 

 

 
Figure 3. Effect of entomopathogenic fungi on 4th instar nymphs of Palomena prasina (% mortality rate) on field 

conditions. (P≥0.05) 

ġekil 3. Tarla koĢullarında Palomena prasinanın 4. dönem nimflerine   entomopatojen fungusların etkisi 
 

Under field conditions, at the lethal time values, for 

the isolates of the fungi sprayed against the nymphs 

of P. prasina were as follows: LT95 values were 10.29 

days for BB1/a, 10.57 days for Bkür1/3a, 11.14 days 

for BB 1/23, 11.92 days for BÇE-9, 12.39 days BB 

1/216, 13.06 days for B kür 1/b, 17.91 days for BB 

1/216, and for TR-78-3 (Table 4). 

According to Figure 4, at the end of the 14th day in the 

field conditions, the efficiency of the  fungi Bkür1/3a, 

BB 1/a, B kür 1/b, BB1/216, BB 1/23, BÇE-9, TR-78-3 

and TR-106 against the adults of P. prasina was 75, 

70, 60, 60, 60, 50, 45, and 30%, respectively. Even 

though the isolates B kür 1/b was (100%) more 

efficient in the laboratory, than under the field 

conditions which decreased to reach only 50%. 

 

Table 4. Entomopathogenic fungal isolates against 4th instar nymphs of Palomena prasina LT
50

 and LT
95

 values 

14 days post- treatment on field conditions. 

Tablo 4. Tarla koĢullarında Palomena prasinanın 4. Dönem nimflerine entomopatojen fungusların 
uygulanmasıyla 14 gün sonundaki LT

50
 and LT

95 değerleri 

Isolates LT
50 

(95% fiducial limits for days) LT
95 

(95% fiducial limits for days) 

BÇE -9 7.77(6.51-10.29) 11.92(9.71-20.76) 

BB 1/23 7.74(7.41-8.11) 11.14(10.44-12.11) 

BB1/a 6.69(5.58-8.04) 10.29(9.34-16.53) 

BB1/216 7.95(6.85-10.01) 12.39(10.24-19.06) 

Bkür 1/3a 7.02(5.94-8.38) 10.57(8.97-15.11) 

TR – 106 10.70(Unable) 17.91(Unable) 

TR-78-3 10.70(Unable) 17.91(Unable) 

Bkür 1/b 8.09(6.19-18.54) 13.06(9.77-53.85) 
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Figure 4. Effect of entomopathogenic fungi on adults Palomena prasina (% mortality rate) on field conditions 

ġekil 4. Arazi koĢullarında Palomena prasina’nın erginlerine  entomopatojen fungusların etkisi 
 

Under field conditions, at the lethal time values, in 

table 5, for isolates of fungi sprayed against the adult 

of P. prasina were as mentioned below LT95 values 

were 11.23 days for Bkür1/3a, 11.94 days for BB1/a, 

11.95 days for BB1/23, 14.23 days for B kür 1/b, 14.89 

days for BÇE-9, 17.91 days for BB1/216, TR-78-3 and 

TR-106. 

When the entomopathogenic fungi were sprayed on 

the eggs of P. prasina the egg hatchability was 6, 40 

and 75% for  Beaveria bassiana  Bkür 1/b, BB1/216 

and BB 1/a, respectively (Table 6). Samuels et al. 
(2002) reported that egg hatching fluctuated 

between7.8%-43.3% when six different B. bassiana 
isolates applied against Blissus antillus (Hemiptera: 

Lygaeidae) at 5x106 conidia/mL. As a result of the 

application of different entomopathogenic fungi 

isolates against Nezara viridula eggs, the egg 

hatching ranged from 0 to 63.33% (Permadi et al, 

2020). 

 

Table 5. Entomopathogenic fungal isolates against adults of Palomena prasina LT
50

 and LT
95

 values 14 days 

post- treatment on field conditions. 

 Tablo 5. Tarla koĢullarında Palomena prasinanın erginlerine  entomopatojen fungusların uygulanmasıyla 14  
gün sonundaki LT

50
 and LT

95 değerleri 

Isolates LT
50 

(95% fiducial limits for days) LT
95 

(95% fiducial limits for days) 

BÇE -9 9.21(7.22-31.42)    14.89(10.78-85.77)    

BB 1/23 8.07(7.27-9.33)      11.95(10.34-15.78)    

BB1/a 7.29(4.94-16.19)    11.94(8.95-55.81)      

BB1/21 10.70(Unable)          17.91(Unable)            

Bkür 1/3a 7.37(6.43-8.67)      11.23(9.59-15.39)      

TR - 106 10.70(Unable)          17.91(Unable)            

TR-78-3 10.70(Unable)          17.91(Unable)            

Bkür 1/b 9.01(7.23-20.71)    14.23(10.62-51.34)    
 

Table 6. Effects of entomopatogenic fungi isolates on Palomena prasina eggs hatchability. 

Tablo 6.  Entomopatojen fungusların Palomena prasina yumurta açılımına etkisi 

Isolates   
Days ( % hatchability rate)  

1 3 7 14 

        BB 1/a  0 0 60     75  b* 

        B kür 1/b  0 0   6     6  d 

        BB1/21 0 0 35   40  c  

        Control 0 0 75 100  a 

*Within columns, means followed by the same small letter do not differ significantly 
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In a study, B. bassiana, M. anisopliae isolates against 

Orosanga japonica (Melichar, 1898) (Hemiptera: 

Ricaniidae) were used both in the laboratory and in 

field conditions. As a result of the study, B. bassiana 

isolate was effective against the nymphs and adults of 

the pest at a rate of 74% and 18.5% in the laboratory, 

respectively, while it was 50.5% and 11% in field 

conditions. In the same study, M. anisopliae isolate 

was effective against the nymphs and adults of the 

pest 80% and 59.5% in laboratory. But this ratios 

were, 36% and 20% in field conditions, respectively 

(Göktürk, 2020).  The effects of the isolates used in 

the study on adults were found to be lower than 

nymphs both in laboratory and field conditions. M. 
brunneum ısolate was used against Dichelops 
furcatus (Hemiptera: Pentatomidae) and it was stated 

that nymphs are more sensitive than adults (Romero 

et al.2020). In another study, it was determined that 

nymphs of Halyomorpha halys were more susceptible 

than their adults to some entomopathogenic fungi 

(Pike, 2014). 
 

CONCLUSIONS 

When considering  the strategies with in which 

entomopathogenic fungi can be used in biological 

control, it is sometimes difficult to apply. But 

biological control (entomopatogenic fungi  used to 

insects) is very important. It is possible to use the 

tested entomopathogenic fungi as potential biocontrol 

agents against P. prasina in quite large hazelnut 

plantations of Turkey, rather than using detrimental 

chemical pesticides. It is virulence that biocontrol 

fungi (especially BB1/a, BCE-9 and TR-106 for 

nymphs, BB1/23 and BB1/a for adults) to field 

conditions for P. prasina. These results show that this 

isolates could constitute a viable biological control 

agent for P. prasina. 
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