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Fig. 1. Leucoma wiltshirei larvae treated with entomopathogenic fungi inside the containers in the incubator

Bols glalace (59, 2B il -V JSus

Fig. 2. Fungal inoculation on the solid culture media
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dead larvae per tree truck/total number ) Cé 3 ;& Cusgy yj 53 gy ¥ S dlisd &) Cord CE )0 12 Cawgy w5 )3 0350 9)Y i Cjguo 4y Al 4l e
Abbott, ) . gusuas (Abbott’s formula) gl Jge 8 il eolaiwl b anbe (slacS e )l (sl yr05S 1o (slrodly .0 duwls (of larvae per tree truck
il 0 ool Jasl oStlesl 4 (St Byl 15 15 5 (65l 005 Jlosi 0 Cusgy o5 (ol yobo 4 0350 (slog)Y ylos 3l g (1925
45 plol )8 & ;Y Cisie 1oL (sl 2 031> s )8 (il igafl 3 & g, 3l 0dlitel L 030 (slag)Y I S e )8 Sa0ne

550 (SAS Institute Inc., 2002) SAS ,l33le 5 )3 (Three-way ANOVA) Jole dus (yuil)ly Juloos 5 4555 31 ealiwl b laodly 2o31d Julod g 49 300
S5 Ogpilge CBLE (()085905 59)) poyme 3> 55518 Oloj g Gl ke Clgisds gy yagSye Lo i Jlod cul )3 i8S 1S oy
9] 3 0l b o Sl gl 505 45,5 65,3 o o ey oo i 25 5 (o 9 ot V2 5 127 05 149) 5 ol
LCoo (Lethal 4 LCso (Median Lethal Concentration) yslis .ui plowl a=+/+) gllad daw )3 (Duncan’s Multiple Range Test) oSSl (glacoly s
2 Cgy Jolod g 4355 5l eolatwl b (Lethal Time Median) LTso odiiS™ loj aile g )5)lews (slag,8 Concentration for 90% mortality)
A5 3yl (SPSS Inc., 2008) SPSS ;éle 3
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Fig 3. Overwintering larvae of the oak defoliator, Leucoma wiltshirei beneath a piece of tree bark
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&5lwib GTR+GHI LSS e o (Bayesian 50% majority rule consensus tree) (s Jlois! [igy il oalatwl LITS glaodls jl Jols Siijolid coys
Ssalbge Voo 30 Ve, e b ply (MCMC generations) )l S5 oluss g 8,8 plool PAUP ver. 4.0b10 415815 55 51 oalawl b e Julos .0
A00,8 Gdo (burn-in) e yos; 54d p,5 (gl bdiges 5l ko> YO 9 0b ()l paiges ¢ yd

Xk

o JSis Glice 3blie jI Syl bob ()5 )3 Cangy s 5 L wiltshirei glog,Y 51 (alls (216 alas 035L ggemma ) de] Cowy (2,8 gaslas
BG5 BG4 BG3 BG2 BG1 lass' L laaslis opl as ololis B. bassiana 455 olsie 4 (SSielsd)y50 5l 5l 5 (silolin Luylb bl 5 031
bl i Slaisw) (yld Gl I ord g yglaes L. wiltshirei 03¢)] 9)Y (cladiges j| Sod g 305 (,l3556 BG11 9 BG10 BGY BG8 BG7 BG6
sbals plubadls S pl) bale pl 5 Jes0 ololid ol Lkl Cawdds (B Jobo 428 OY 5 d> > Y g Jloud 5,0 aLB VY g 2 Ve
Bl aw 5l Liegh cpl ) cpmen (¥ JS03) o olis GenBank > osdedd sl JIg b1y byl (oY calis o ol 1,8 Beauveria bassiana

() Jgiz) b oolital glauglio (slastolejl plosl e 35 503 5o

MZ956768 Beauveria bassiana
0.58 | MT994882 Beauveria bassiana
.85 KP216528 Beauveria bassiana

IX110368 Beauveria bassiana
0.57 ON796013 Beauveria bassiana
1.00 - MT994879 Beauveria bassiana
- MG833297 Beauveria bassiana
PX376329 Beauveria bassiana
0.58 GU233705 Beauveria bassiana

GU233705 Beauveria bassiana

KC339698 Beauveria hoplocheli
0.58 — 0Q127343 Beauveria medogensis

————KT368174 Beauveria pseudobassiana
076 — EU573310 Beauveria brongniartii
1.00 HQB880822 Beauveria vermiconia
—|_— MT180427 Beauveria caledonica
ABO070375 Cordyceps militaris
0.01

&9, dlael .GenBank > ssicdd sl g b La:‘_'j duolio o ITS IDNA anl wlwl p Beauveria bassiana (claalis Sisjehd o € JKG

s Bootstrap yolde oaiad lis basls

Fig. 4. Phylogenetic tree of Beauveria bassiana isolates based on ITS rDNA region and their comparison with sequences deposited in the
GenBank. Numbers on branches indicate bootstrap values.

Gl e 53 00d ool [ jlogs sl B caaslis lo =Y Jgo

Table 1. Additional isolates of entomopathogenic fungi which used in the current project

Isolate number/code Locality/site Host pest Latitude—longitude
Beauveria bassianalB2 Mazandaran Cydalima perspectalis 36°34'N, 51°47'E
Metarhizium anisopliac/ M1 Green Muscle™ (¢l 63,4 2 sledd st - -
lecanicillium lecaniil Vertalec Koppert BV (g x5 o3, j 3 sledd bk - -
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Fig. 5. Mortality rate caused by Beauveria bassiana isolates on second-instar larvae of Leucoma wiltshirei at concentrations of 0, 107, and

10® conidia per mL, 24 and 48 hours after treatment (mean+SE).

S ) imgh opl bt wlel p ooy b 4193 S 0y AT g9,y B. bassiana shalas 2Bkl o Sxiuwon ;
ale (BG11 4 BG10 BGY BG8 BG7 BGG BGS BG4 BG3 BG2 BG1) B. bassiana g8 alis s3jl o ¢ alKislef] Lulyd 5 o 4l

b boaslia (o 53 jegSye 20> 11339, sl il oo )3 pgaeiS Vo% 9 VoY lacale 1 bl s Jl55 S5 0 i oy (o slag)Y
el YA jud o )3 posdiS VoA clale )3 B, bassiana BG4 alis lawgs bgly dutuw 00 9)Y 1095 yo ylime ()5 i g Ciglite ,S0S5
72095 yo 3o o 5V B. bassiana BG4 4lus yless 5l s celio A ¢ i) oo 55 (g8 VA cdale )30 JSK5) 390 2o pd VYUYl 51 me
J935) (Fioaa= 12.67; p<ef+++3) 291 Linlojl 3)90 ()8 slodlin plo bawgs 00 3] yuegSpe 5l yid (sl dize jobo 4 a8 ol |,

¥

porduS Ve g VoY slacdale > 48,5 4118 5l e el YA o VY Leucoma wiltshirei pg> cyo (slgy¥ 13 yr09S o (nSle (s3009)5 =Y Jod
Beauveria bassiana (BG11BG10 BG9 BG8 BG7 BG6 BGS5 BG4 BG3 BG2 BG1) sleaslis jl ji) Jeo yo

Table 2. Mean mortality of second-instar larvae of Leucoma wiltshirei after exposure to different isolates of Beauveria bassiana,
concentrations, and times (mean+SE). Means followed by the same letter in a column are not significantly different according to

Duncan’s multiple range test.

Factors Means N Duncan grouping
Isolate

BG4 13.44 30 A
BG7 11 30 B
BG10 10.22 30 BC
BG8 10.11 30 BC
BG3 10 30 BC
BG2 9.44 30 C
BG1 9.11 30 CD
BG5 7.88 30 DE
BGI11 7.44 30 E
BG6 6.44 30 EF
BGY 5.66 30 F
Time

48 h 10.66 165 A
24 h 7.65 165 B
Concentration

10® conidia ml™ 16.15 110 A
107 conidia ml™ 11.33 110 B

0 0 110 C

N: Total values based on the data set; means with the same letter are not significantly different from each other.
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o gy (¢9, Lecanicillium lecanii (Vertalec) g Metarhizium anisoplize (M1) «Beauveria bassiana (B2, BG) (sladslis yu09e5 0 —1 IS
)LQJJ )I u celw VFY 9 \We &% VY FA Y dlbul.aj Bel c).uJLgLuo PRl Py..\uf \'A 9 \'V A Ng c\'b A dbbu]él.c » Leucoma Wj/[SI]j[C‘j P?J

Fig. 6. Mortality of Beauveria bassiana isolates (B2 and BG), Metarhizium anisopliae (M1), and Lecanicillium lecanii (Vertalec) against

second-instar larvae of Leucoma wiltshirei at concentrations of 0, 10°, 10°, 107, and 10® conidia per mL, 24, 48, 72, 96, 120, and 144

hours after treatment (mean*SE).

pardaS Ve g VoY laclale 3 i8)S )8 5l e celw YA o VY Leucoma wiltshirei pg> s gy )3 1u0s S jo (1Sko (saiing,S =T Joo

Lecanicillium lecanii (Vertalec) s Metarhizium anisopliae (M1) «Beauveria bassiana (B2, BG) sl | i Lo 5

Table 3. Mean mortality grouping of second-instar larvae of Leucoma wiltshirei after exposure to Beauveria bassiana isolates (B2 and

BG), Metarhizium anisopliae (M1), and Lecanicillium lecanii (Vertalec), concentrations, and times (mean + SE). Means followed by

the same letter in a column are not significantly different according to Duncan’s multiple range test.

Factors Means N Duncan grouping
Isolate

B2 37.04 150 A
BG 31.4 150 B
M1 17.11 150 C
Vertalec 12.66 150 D
Time

144 h 4443 100 A
120 h 36.13 100 B
96 h 29.93 100 C
72 h 22.33 100 D
Concentration

108 conidia ml™! 40.63 120 A
107 conidia ml™! 33.91 120 B
10° conidia ml! 27 120 C
10° conidia ml™! 21 120 D
0 0.0 120 E

N: Total values based on the data set; means with the same letter are not significantly different from each other.
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o) s Wbgly dndiw 4led S 0 i CdT (59, (2,8 LWl wlw g B. bassiana cokin alas 2Kuivl ;] b SvwCun
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o JS5) 9 oglize sl e )3 0095 s £55 103391 icgslon il e 1o poasetS V-7 9 Ve VT A lacle )3 bl a5 S 000l pod
Jsi2) (Fisso= 19.63; p<ele V) 39 Coglite (550 sine yobo & jlogd 3l g 5109y 3105 5yl Clald ¢ 2 )8 iliso sladyix & dtn o9 Sye e
Siee YL B bassiana B2 alas ey | ey <ol VWY g ) e )3 pasdiS Vet Bl (5 5 o3 B 51 5168 gy Y g pe b jlos p3 oV
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Losly dids g5 1 oy 1 pg 0 c6lig)Y g5y sid o 5 oS VY- e b1y LCs0 o35Vl L. Jecanii Vertalec oS Jlo )3 g1 il Lo
clale ) celw V8 g MVAD VYA 35 & M. anisopliae M1 g B. bassiana BG B. bassiana B2 (¢ y o apwlxe LT50 polae (¥ Jgio) ol )lis

{0 Jso2) o5t ydiee 52 ponaes V-

3 g ai® 93 U 2l pouo bl pud 53 gl dbaw 51935 51 0 s B (59 ()8 SIS e S gamY 90,8 (a1lji6 sl
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Jls 95 (b oylb bl )3 sy adlate )3 boly duius Hlg3 5 cl slag,Y (¢4, (M1+Formulation 2 9 M1+Formulation 1 BG+Formulation 2
M) Jlsze Jlo 95 > (2,8 slaggmYge 3,8 5l (56 yragS e pSile & 3l (i Sle slagtalefl @l 85 18 b)) 3,50 Jlgie
Sl boly st 0y (glag,Y o5 Sy p (o)l xe )»L 2B sl g 90,8 ¢ bilie 3 (Fisso= 19.63; p=+/\WVY) cubls )S0uS5 b (gl simo
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59y Vo bl Sl Sy il (clog)Y (5103 VY jagiSye ol g il (g BB (55 oless sl & Cud B2 iz 93 £55 (gm0, gl Lo
813518 dm 48y )3 203 OF 9 Y jegS pe (e b w4 M1 9 BG (sladyliz 93 95 (igmwVge 3 (Y Joi2) 8 boly (55 a5 o I
o 51 e 39) ¥ 1) sageSye 10pd VOIY B2 ailin 53 £55 ygmm¥ g8 ls Jgl Jlo b alliio (ig) (ialol pgo Sl )3 Wog)¥ S po diops (v JS02)
iy 439 M1 BG laalia 53 g5 (geaVge )b jl Jols j09S po (line Jols &5 391 bajloss plo Sl it (g8 BB 5k 4 (lise nl 28 3]

(A JSE) (Pl e e oY) 293 o 2 OF/A 5 a0 3 £V L

SR § Cny

3B a6S ol 1 i 0358 bl M Hl63 S 0 cl cloolSiuws )3 aub yobo B. bassiana 465 5 45 sy L5 imgd ol bl
59U Wilgr oo odelcuwddy sladlin oS g &S sl Sg ) odddosalie Cgldi ud b daio Oledd 4wy y cov gl Kl odd g glmes slrg,Y
il deduse (Dyczko et all, 2024) 15,58 o 56 b (olSing; ;5 Olpin )5 low slag,)B Jlgld g (cI5eS oS 5 o Wil (e3mi0 ulge |
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Gl o0

&9y Lecanicillium lecanii (Vertalec) g Metarhizium anisopliae (M1) <Beauveria bassiana (B2, BG) slaalis LToo 9 LTs50 palae —0 Jg.\:g
Sl dee 53 yomel VoV clale s (Leucoma wiltshirei pgd Cyw (slogyY

Table 5. LT50 and LTqq values of Beauveria bassiana isolates (B2 and BG), Metarhizium anisopliac (M1), and Lecanicillium lecanii
(Vertalec) against second-instar larvae of Leucoma wiltshirei at a concentration of 107 conidia/mL

Fungi X2 P-value Intercept+SE Slope+SE LTso LT

B2 48.75 <0.000 -5.02+0.73 0.01+0.00 72.8 217.04
(57.3-91.6) (152.6-464.2)

BG 68.95 <0.000 -5.04+0.13 0.02+0.00 88.5 275.2
(73.5-108.8) (194.3-535)

M1 41.97 <0.000 -5.29+0.12 0.00+0.00 160 543
(98.8-263) (308-824)

Vertalec 59.21 <0.000 -4.6420.49 0.01+0.00 - 1142

(674-2743)
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Leucoma wiltshirei =31 ¢ oy Metarhizium anisopliae (M1) ¢ Beauveria bassiana (B2, BG) (slb youw¥ 0,8  cie 3| (uils g )JU -J PRES

lgie Jlo 933 9 b Sl )3 (i) atlaio) (ol ro 9ol 5> Bl 1w o, ¥e g WV Y Y
Table 6. Analysis of variance for the efficacy of Beauveria bassiana (B2 and BG) and Metarhizium anisopliae (M1) formulations against
Leucoma wiltshire, at 3, 7, 11, and 30 days after spraying in field trials (Rostam region, Fars Province) over two consecutive years.

Source df Sum of squares Mean square F value Pr>F
Model 71 204450.73 2879.58 1562.4 <0.0001
Error 288 530.8 1.84 - -
Corrected Total 359 204981.53 - - -
Year 1 4.22 4.22 2.29 0.1311
Fungi formulations 8 173951.3 21743.9 11797 <.0001
Time 3 19781.2 6593.73 3577.6 <.0001
YearxFungi formulations 8 172.25 21.53 11.68 <.0001
YearxTime 3 11.8750 3.9583 2.15 0.0944
Fungi formulationsx Time 24 10437.11 434.87 235.96 <.0001
YearxFungi formulationsxTime 24 92.7500 3.8646 2.10 0.0024

Ml G 5 Gt ) os (208 SladisS 0l Lo Sl (5508 g 8] amelnj sla 5855 plo g sadll gy Sl ol 2 egMle
dmog (sl 9 <l Canor by ! b ity sy om Sl 5 laptmoss] )3 Lai (Ll b lag )8 cpl Jols (SigSe )3 il
b cdl Comnr S8 lp @B 2 e ) oSl | g ©yganl 3 kS Syl 900 8l Camar aly Cy e slacsl il
(Sullivan et al, 2022) 3 0y <l Canosr sl e (s5ltl (Ko B 15 (1l 4b g g e (oLl 155§ g 5o Cams) asmo b & ol
P ldg odd (gilwlis bol dutw oSy 0 el SV Jore Kin solKuw; | &S B. bassiana o9 il VY (655 oy adllas pl )
bylys )5 39 L. lecanii Vertalecy M. anisopliae M1 B. bassiana B2 Jolis ,505 (2B a)lis duws ¢yl pogMe il Jbj)l (oxwCan ) duoyﬂ
ale ) o clld el o5 clatlis plos 48 oy i ot b A, L3 b 290 <8l il a3y celogY aile alKitylo]
il logY (g e 55 9 Rialeil @bt polol p cudly a2 g B gl ol (26 o9 Sy e Jo cul L cidg: pod o slg)Y
P9 Foml 2zl Gilel 050 ()8 (sladisS plo & Consd (PVb Cumlus B. bassiana )3 )low )8 slaahie 4 Cuus bl i I35y 0
(Braga er al, 2001) Cusl bayyo o Suid Lyl jo ol el gals g ranld andl 4 byeasS YL cawles Ylss! L. lecanii wlis)lew
Zamani eval, 43, b aom o) 8l Sl3l ol sl dagylE cpl semel 5L Cale 5 )5 oyme 3 Wag,Y 558 S clog il b cpmmen
GlogsY (sheoy> Vor suogiSyo el B. bassiana B2 alis ssl> gmailwses § sl > pereS VoA clale i) gl s 2yl cbllas (2023)
p3lie b g cudld (65 Zamani et al. (2023) adlllas 3,90 (sladslis plo p B. bassiana B2 (e i 2Bkl byl b )3 Cydalima perspectalis

A5 0ol Ui (5 ol (sl dee 50 paeeS VoY clale () el YYAY) LTs0 5 (jlowd 1 oo el 88 i oo )3 pgadsS V'YXV +Y) LCs0 oyl

33 (i dilaie) olyo 905l 5> bl 5 dm jg, Yo 9 VN Y ¥ Leucoma wiltshirei el GlogyY )3 y0g S re (iSike (sdiog,S =Y Jgua

gte Jlo 9355 9 9)l8 !
Table 7. Mean mortality grouping of Leucoma wiltshirei larvae at 3, 7, 11, and 30 days after spraying in field trials (Rostam region,
Fars Province) over two consecutive years

Factors Means N Duncan grouping
Isolate

Year

Year 1 29.39 180 A
Year 2 29.17 180 A
Fungi formulations

B2+Formulation 2 58.15 40 A
B2+Formulation 1 49.87 40 B
BG+Formulation 2 48.15 40 C
BG+Formulation 1 39.27 40 D
M1 +Formulation 2 37.87 40 E
M1+Formulation 1 30.55 40 F
Formulation 1- fungi free 0.00 40 G
Formulation 2- fungi free 0.00 40 G
Control 0.00 40 G
Time

30 days 39.16 90 A
11 days 32.4 90 B
7 days 26.53 90 C
3 days 19.04 90 D

N: Total values based on the data set, means with the same letter are not significantly different from each other.
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Fig. 7. Corrected mortality percentage (Abbott’s formula) of Leucoma wiltshireilarvae at 3, 7, 11, and 30 days after spraying in field trials

(Rostam region, Fars Province) in the first year
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Fig. 8. Corrected mortality percentage (Abbott’s formula) of Leucoma wiltshireilarvae at 3, 7, 11, and 30 days after spraying in field trials

(Rostam region, Fars Province) in the second year

poduiS VYN Y 9 YNN8 55 & B. bassianaBG4 g B. bassiana B2 B2 glaalis (LCso) sarsS cdale 5:55ke pdlie pils 5uivs gulis Lolul 5
B. bassiana glbali> LCso polae Hu eral (2021) culiie jobo 4y .03 )5 duwlos L. wiltshirei pgd yw slogyY 59y slowd | Gy sl 85 i) oo jo
9 YIVYX\+" 55 & (Hyphantria cunea (Drury) (Lepidoptera: Arctiidae)) 15 ol b )93 3 0y 9)¥ ply )3 1) Bb7725 9 Bb10331
obis P melania bgly 03535 0 e (595 oido} ;0 Alinejad er al (2025) piomad 33,5 o jloss 5l oo el VYo yid Lo 40 pgpiS YIYAXY 7
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Field performance of trunk-applied entomopathogenic fungi for
management of the oak moth, Leucoma wiltshirei Coll. (Lep., Erebidae)
during a two-year study
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Abstract. The oak defoliator moth, Leucoma wiltshirei Collenette, 1938 (Lepidoptera:
Erebidac), is one of the most important pests of the Persian oak (Quercus brantii Lindl.) in the Zagros
forests, causing significant damage to these trees. Developing integrated pest management (IPM)
programs using biological control agents, especially entomopathogenic fungi (EPF), can be an effective
and environmentally sustainable strategy to reduce the use of chemical insecticides in forest pest
management. In the present study, eleven indigenous isolates of Beauveria bassiana were obtained from
larvae of L. wiltshirei collected from the Zagros forests in southwestern Iran. Under laboratory
conditions, isolate BG4 at a concentration of 10® conidia mL™ caused the highest larval mortality
(33.3%) after 48 hours of exposure. The pathogenicity of this isolate, along with three other fungal
isolates, B. bassiana B2, Metarhizium anisopliae M1, and Lecanicillium lecanii (Vertalec), was
evaluated against second-instar larvae of L. wiltshirei. The median lethal concentrations (LCsg) of
isolates B2, BG4, M1, and Vertalec® were calculated as 2.1x10%, 1.2x107, 5x10°, and 1.9x10" Article Info

conidia mL™, respectively, 96 hours after treatment. In two consecutive field trials, trunk spraying of Received: 10 August 2025
oak trees with formulations of isolates B2 and BG4 containing nonionic surfactant and paraffin resulted Accepted: 10 October 2025
in 73-75% and 61-62% larval mortality, respectively, 30 days post-treatment in Rostam, Fars Published: 28 October 2025
Province. The high mortality rates observed following treatments with native B. bassiana isolates

indicate the strong potential of this fungus and the effectiveness of trunk spraying for biological control ~ Subject Editor: Javad Karimi

of L. wiltshirei. Future studies should focus on the stability of fungal formulations under variable
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