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Abstract 

Background and objectives: The oak moth, Porthesia melania Stgr. (Lepidoptera: 

Lymantriidae), is a destructive pest of oak trees in Iran. The first and second instar larvae feed 

on the upper surface of leaves, while most damage is caused by the fourth and fifth instar 

larvae, which consume entire leaves. Chemical control methods have several disadvantages, 

including environmental harm. Biological control using entomopathogens offers an 

environmentally friendly alternative to chemical pesticides. Beauveria bassiana (Balsamo) 

Vuillemin and Metarhizium anisopliae (Metchnikoff) Sorokin are two of the most important 

fungi used in pest control. This study investigates the efficacy of indigenous isolates of B. 

bassiana and M. anisopliae against P. melania. 

Material and Methods: In May 2022, leaves of Iranian oak (Quercus brantii Lindl.) infected 

with P. melania eggs were collected from an oak forest in Markazi Province, Iran, and 

transferred to plastic containers (17×25×6 cm³) with net-covered lids for aeration. They were 

kept in an incubator at 25±2°C and 60±5% relative humidity with a 16 h L:8 h D photoperiod. 

Before conducting bioassay tests, conidial viability was determined. The susceptibility of 

second instar P. melania larvae to three isolates of entomopathogenic fungi, B. bassiana (BG 

and B2) and M. anisopliae (M1), was assessed using five concentrations (10⁴, 10⁵, 10⁶, 10⁷, 
and 10⁸ conidia/mL) and a control treatment via immersion and spraying methods under 

laboratory conditions. Three replicates were used for each treatment, and the entire experiment 

was repeated four times. Statistical analysis was performed using Analysis of Variance (SAS 

Institute, Version 9.4). LC₅₀, LC₉₀, LT₅₀, and LT₉₀ values were compared using the LDR 

(Likelihood Difference Ratio) method. 

Results: The mean viability of conidia for all B. bassiana and M. anisopliae isolates ranged 

from 95% to 99%. Mortality in the control group was very low, with no fungal growth 

observed. The three strains (BG and B2 of B. bassiana and M1 of M. anisopliae) differed 

significantly in virulence but caused high mortality (over 78%) at the highest dose in both 

bioassay methods. Applying 10⁸ conidia/mL of BG resulted in the highest mortality (100%), 

while M1 caused the lowest (78%). Notably, BG's mortality was significantly higher than that 

of other isolates in both methods. The mean lethal concentration values (LC₅₀) for BG, B2, 

and M1 were 6.74×10³, 7.37×10³, and 2.62×10⁴ conidia/mL (immersion method) and 

1.33×10⁴, 3.45×10⁴, and 5.59×10⁶ conidia/mL (spraying method) 96 hours post-treatment, 

respectively. The calculated LT₅₀ values using 10⁸ conidia/mL for each isolate (BG, B2, and 

M1) on second instar larvae were 24.94, 32.12, and 36.54 hours (immersion method) and 

30.73, 31.67, and 45.57 hours (spraying method), respectively. 
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Conclusion: This research demonstrates that indigenous isolates of B. bassiana, particularly 

BG, are effective in controlling the oak moth (P. melania). BG exhibited significant virulence, 

causing 100% mortality at the highest concentration in both immersion and spraying methods. 

The larval immersion method was the most effective treatment. The environmentally friendly 

nature of entomopathogenic fungi makes them a promising alternative to chemical pesticides 

for managing P. melania populations. Fungal activities play a crucial role in stabilizing insect 

population dynamics in natural ecosystems. This study provides valuable insights into 

sustainable pest control strategies, highlighting the potential of the BG isolate from B. 

bassiana in biological control programs against oak moth infestations. 
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isolates on the second instar larvae of  anisopliaeMetarhizium and  Beauveria bassianaTable 2. Analysis of variance results for 

using the immersion method (6 days after inoculation) Porthesia melania  

 Source Df  Sum of squares Mean square F value Pr>F 

Model 17 230.95 13.85 1579.53 0.0001< 

Error 54 0.46 0.0086 - - 

Corrected total 71 231.42 - - - 

      

Isolate 2 5.7 2.85 331.89 0.0001< 

Concentration 5 223.96 44.79 5207.78 0.0001< 

Isolate × Concentration 10 1.28 0.12 14.93 0.0001< 
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isolates on the Metarhizium anisopliaeand  Beauveria bassiana. Analysis of variance results for e 3Tabl 
using the direct spraying method (6 days after inoculation) Porthesia melaniasecond instar larvae of   

 Source Df  Sum of squares Mean square F value Pr>F 

Model 17 253.25 14.89 2236.4 0.0001< 

Error 54 0.35 0.0066 - - 

Corrected total 71 253.61 - - - 

      

Isolate 2 2.5 1.25 188.12 0.0001< 

Concentration 5 250.12 50.02 7508.65 0.0001< 

Isolate × Concentration 10 0.619 0.06 9.3 0.0001< 
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 2342- 6�� �E�
���� F�G���)±����� /�H;( ?@�"����C I�,J� /��/�� D��$/�� bassiana Beauveria � 

anisopliae Metarhizium �% ��8 F� #�
 melania Porthesia  �
*�� �K�"/�� ��8  

?@�"�� :�L�,M. 410� 510� 610� 710  �810 #����M. �% ���	>��,R S��� :24 �48 �72 �96 �120 � 144 ?���.  

and  bassianaeauveria BFigure 2. Mortality percentage (Mean ± SE) of different concentrations of 
using the immersion method melania orthesiaPof larvae isolates on the second instar  anisopliae etarhiziumM 

.Time: 24, 48, 72, 96, 120 and 144 hours ;1-conidia ml 8and 10 7, 106, 105, 104ontrol, 10C: sConcentration 
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 2343- 6�� �E�
� ���F�G���)±����� /�H;(  I�,J� /�� ?@�"����C/�� D��$/�� bassiana eauveriaB � 

anisopliae etarhiziumM �% ��8 F� #�
 melania orthesiaP �
 *�� V�),W� X4�7  

?@�"�L�,M. :�� 410 �510� 610 �710  �810 #����M. 	��� �%�,�> :S��� R24 �48 �72 �96 �120  �144 .?���  

SE)(Mean ± . Mortality percentage 3 ureFig and  Beauveria bassianaof different concentrations of of 
using the direct spraying  melania Porthesiaof  larvae isolates on the second instar Metarhizium anisopliae

method 
.2, 96, 120 and 144 hoursTime: 24, 48, 7 ;1-conidia ml 8and 10 7, 106, 105, 104ontrol, 10C: sConcentration 

  
 5��4- =n�p3�M �F���. �j*��(��  3��	 �����3�M _��` 3�Mbassiana eauveriaB  anisopliae etarhiziumM P7 O* �N 3� 

melania orthesiaP �i
p 0� 7 �	 Q��8)( ^ �>  �N 3�  
of larvae isolates on the second instar  anisopliaeetarhizium Mand  bassiana eauveriaBvalues of  90and LC 50. LC4Table 

 sand the direct spraying method immersionusing the  melania orthesiaP 

Fungi 

Isolates 

Method of 

application 

 50LC 

)Upper limit-Lower limit(  
90LC 

)Upper limit-Lower limit( 
±SE Slope 

-Chi

square 
Pr 

B. bassiana 

immersion-BG )410×2.59-210×4.31( 310×6.74 )710×1.39-510×4.53( 610×1.5 0.48±0.11 2.05 0.000 

spraying-BG )410×5.98-210×6.53( 410×1.33 )810×4.56-610×3.2( 710×1.59 0.41±0.09 0.46 0.000 

immersion-B2 )410×4.97-10×6.67( 310×7.37 )910×8.61-610×6.23( 710×4.77 0.33±0.08 0.26 0.000 

spraying-B2 )510×1.9-210×8.36( 410×3.45 )910×1.09-710×3.56( 810×4.76 0.31±0.12 1.08 0.000 

       

M. anisopliae 
immersion-M1 )510×2.25-10×3.7( 410×2.62 )910×8.71-810×1.27( 910×5.81 0.24±0.11 2.04 0.000 

spraying -M1 )610×8.91-410×1.14( 610×5.59 )910×9.31-810×3.5( 910×1.06 0.23±0.07 0.11 0.000 

  
�j*��( ����(3��	 ��  50LC  90LC ������M3 

W��`� �8)( ^ �> 0� 7 �	 �Y<�S( 7�
(�Q  
�i
p�3  �N�7  5��4 ��(1 �8�. .=*��O  ����(

50LC �j*��(�� & 96 � /� d> =��*���� �	 0� 
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 E���	 ����� 1M )410×62/2 P
����. �7 (���<��8 ( '�Y�
= �7 .�q�M�&O �7 0� ^ �> �8)(�Q& �8�.�O  ����(

50LC ��	3 ����� BG )410× 33/1 P
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����� 1M )610× 59/5 P
����. ( �7���<��8 ( ��M��(
� .  

�8��2  �j*��( /� ���]50LT  90LT �� �753�M 

5  6 �����  .=*� �� h�*��	 �8��2 �	=*7��(1& �	 
�E?��^ =n�p P
����. _��`�M3 �(/1 7�
(�&^  ��(/

F���.� ^M�. �=?��i
p 0� �7 .�3 �N& �8�.�O 
 ��(/��u|� )50LT (98/24 =��* )=n�p 810 ����� 

BG( 	 ��8��O  ��(/��u|�& 87  =��*)=n�p 410 

����� 1M( �	 .�(1 =*7�q�M�&O �8�.�O ��(/ ��u|�  �7
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)73/30 =��* (=*�  	��8��O ��(/ �7 =n�p 410 
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 5��5- 50LT  90LT �j*��(��  3��	 �����3�M _��` 3�Mbassiana Beauveria  anisopliae Metarhizium P7 O* �N 3� 
melania orthesiaP  �7�i
p 0� �N 3�  

anisopliae etarhiziumMand  bassiana eauveriaBvalues of  90and LT 50. LT5Table  of larvae isolates on the second instar 

immersion methodusing  melania orthesiaP 

Fungi Isolate 
Concentrations 

)conidia/ml( 
(hours) 50LT  (hours)90 LT ±SE Slope square-Chi Pr 

B. bassiana 

BG 

410 )61.76-40.16( 57.33 )246-130.82( 166.6 0.11±0.01 1.89 0.000 

510 )61.76-40.16( 51.44 )246-130.82( 166.6 0.27±0.01 2.34 0.000 

610 )37.35-19.25( 29.18 )126.63-72.01( 89.87 0.34±0.09 1.63 0.000 

710 )34.07-17.93( 26.94 )101.93-58.27( 72.26 0.21±0.09 2.01 0.000 

810 )31.16-16.7( 24.98 )83.56-47.49( 58.53 0.03±0.07 1.71 0.000 

      

B2 

410 )82.56-57.1( 70.16 )337.31-195.25( 243.51 0.33±0.21 1.47 0.000 

510 )77.13-52.23( 65.03 )329.52-180.49( 228.91 0.41±0.11 1.73 0.000 

610 )54.11-32.92( 44.2 )219.44-117.41( 149.2 0.32±0.07 1.48 0.000 

710 )44.15-25.51( 35.62 )158.46-86.97( 109.3 0.47±0.01 1.67 0.000 

810 )39.89-22.59( 32.12 )135.31-72.44( 91.22 0.38±0.05 1.8 0.000 

      

M. anisopliae M1 

410 )100.02-73.64( 87 )358.6-222.48( 270.91 0.34±0.23 1.25 0.000 

510 )89.12-62.89( 76.24 )360.98-207.54( 259.37 0.24±0.11 1.45 0.000 

610 )62.5-40.99( 52.25 )232.72-134.79( 167.52 0.4±0.08 1.3 0.000 

710 )54.27-34.79( 45.07 )190.53-109.94( 136.53 0.25±0.05 1.62 0.000 

810 )45.36-26.11( 36.54 )171.25-91.37( 115.77 0.36±0.03 1.27 0.000 
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� 5�6- 50LT  90LT �j*��(��  3��	 �����3�M _��` 3�Mbassiana eauveriaB  anisopliae Metarhizium P7 O* �N 3� 
melania orthesiaP �7  Q��8)( ^ �> 0�  

anisopliae Metarhiziumand  bassiana eauveriaB values of two 90and LT 50LT .6Table  of  larvae isolates on the second instar

using direct spraying method melania orthesiaP 

Fungi Isolate 
Concentrations 

)conidia/ml( 
(hours) 50LT  (hours)90 LT ±SE Slope square-Chi Pr 

B. bassiana 

BG 

410 )83.64-59.80( 71.96 )299.11-184.2( 224.88 0.33±0.09 1.3 0.000 
510 )64.78-43.01( 54.35 )243.37-139.68( 174.1 0.21±0.09 1.45 0.000 
610 )54.79-34.71( 45.32 )201.11-113.46( 141.9 0.34±0.1 1.72 0.000 
710 )43.04-24.97( 34.76 )146.91-83.04( 103.55 0.21±0.07 1.75 0.000 
810 )38.37-21.24( 30.73 )128.66-69.28( 87.1 0.43±0.08 1.62 0.000 

      

B2 

410 )98.38-48.81( 74.61 )588.71-183.39( 265.42 0.25±0.12 1.47 0.000 
510 )75-52.27( 64.32 )286.94-167.79( 208.21 0.26±0.07 1.41 0.000 
610 )63.07-40.38( 52.27 )261.56-142.99( 181.03 0.41±0.09 1.3 0.000 
710 )46.37-26.04( 37 )183.07-100.47( 126.74 0.28±0.09 1.27 0.000 
810 )40.21-21.31( 31.67 )148.18-80.58( 101.63 0.38±0.08 1.58 0.000 

      

M. anisopliae M1 

410 )125.38-79.46( 102.3 )415.35-197.23( 257.21 0.34±0.07 1.27 0.000 
510 )92.28-67.87( 80.21 )314.5-195.58( 237.78 0.45±0.01 1.54 0.000 
610 )84.63-41.21( 64.01 )461.73-152.53( 217.6 0.27±0.08 1.47 0.000 
710 )63.67-39.72( 52.31 )297.19-151.7( 196.17 0.21±0.01 1.35 0.000 
810 )56.63-32.87( 45.57 )290.84-134.3( 178.08 0.33±0.09 2.01 0.000 
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