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Extended Abstract

Background and Objective: Tortrix viridana L., the European oak leaf roller, is one of the most
destructive pests of oak forests, causing reduced photosynthesis, suppressed growth, premature
defoliation, and ultimately tree decline by feeding on buds and young leaves. Owing to the
limitations associated with chemical insecticides, biological control agents and botanical
insecticides have gained increasing attention as sustainable components of integrated pest
management (IPM). The entomopathogenic fungus Lecanicillium lecanii infects insects through
direct penetration of the cuticle, proliferates within the hemocoel, and causes host mortality while
also suppressing feeding and reproduction. Likewise, Beno2, a botanical insecticide derived from
the root extract of Sophora flavescens, contains alkaloids such as matrine that exhibit insecticidal
and antifeedant activities with lower environmental risks than conventional insecticides. Therefore,
combining these two control agents may enhance pest suppression through synergistic interactions
while reducing reliance on chemical pesticides.

Material and Methods: This laboratory study was conducted to evaluate the compatibility of L.
lecanii isolate 229 with the botanical insecticide Beno2 and to investigate their lethal and sublethal
effects against larvae of the oak leaf roller (7. viridana). Egg masses were collected from the
Pirdanan forests of Piranshahr, and third- and fourth-instar larvae were reared under controlled
laboratory conditions. Fungal bioassays were performed using conidial suspensions ranging from
10* to 10® conidia mL"', and larval mortality was recorded nine days after treatment. Similarly,
Beno?2 bioassays were conducted using a range of concentrations based on the recommended field
dose, with mortality assessed 24 and 48 h after application. Fungal compatibility with Beno2 was
evaluated by measuring conidial germination on media containing half, the recommended, and
twice the recommended dose of the insecticide. Sublethal effects were assessed using LCas of each
agent individually and a combined treatment of LCiz.s + LCiz.s. Life-table parameters, including
survival, developmental duration, adult longevity, fecundity, intrinsic rate of increase (r), net
reproductive rate (Ro), mean generation time (7), and finite rate of increase (1), were estimated using
the age-stage, two-sex life table approach.
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Results: Bioassay results demonstrated that larval mortality was concentration-dependent for both
control agents. The LCso values of L. lecanii isolate 229 were estimated at 2.01 x 10° and 7.78 x
10° conidia mL™" for third- and fourth-instar larvae, respectively. The 48-h LCso values of Beno2
were 275.50 and 308.09 puL L for the respective larval instars. Compatibility assays showed that
half of the recommended Beno2 dose had no significant inhibitory effect on conidial germination,
with germination exceeding 92%, whereas the recommended dose reduced germination and twice
the recommended dose completely inhibited it. Sublethal treatments, including fungal LCzs, Beno2
LCss, and the combined LCi2.5 + LCi2.5 treatment, significantly affected the biological performance
of the pest. All treatments prolonged the immature developmental period and shortened adult
longevity. Reproductive performance and population growth parameters were also significantly
reduced. The greatest reductions in the intrinsic rate of increase () and net reproductive rate (Ro)
were observed in the combined treatment, indicating a synergistic interaction between L. lecanii
and Beno?2 in suppressing pest survival and population growth. Moreover, the significant increase
in mean generation time (7) suggests a slower rate of population development in subsequent
generations.

Conclusion: Overall, the results demonstrated that both L. lecanii and the botanical insecticide
Beno2 are effective against the oak leaf roller (7. viridana), and their combined application at
appropriate concentrations can enhance efficacy while reducing the need for higher application
rates. Because the sublethal combination treatment substantially suppressed population growth and
reproductive potential, this strategy represents a promising environmentally friendly option for the
integrated management of oak leaf roller populations. Further field studies are recommended to
evaluate the long-term effectiveness and stability of this approach under natural forest conditions.

Keywords: forest pests; botanical insecticide; Lepidoptera; entomopathogenic fungi; integrated pest
management.
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Table 1- Probit analysis of Bino2® insecticide and Lecanicillium lecanii 229 fungus on third instar
larvae of Tortix viridana after 24 and 48 hours under laboratory conditions
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Table 2- Probit analysis of Bino2® insecticide and Lecanicillium lecanii 229 fungus on fourth instar
larvae of Tortix viridana after 24 and 48 hours under laboratory conditions
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Ol 85 5es ** (1) s s AsS :Lecanicillium lecanii ol m 2 V) Sl

* Concentration (Bino2: ppm and Lecanicillium lecanii: conidia/mL), ** Confidence limits
;.,\.:‘)‘J)Lv )‘v\iﬂ omWﬁ )"53 &J—@ CA.EL.G‘)J ‘ﬁjuu‘gﬁ‘\e\"’;ﬁf\:ﬁrﬂ‘_;)g}b
~ U'l‘ &)K)Lw skasolis &5 el 035 g_J'.}‘..L.’. )L:w.’ o~ 6\.&&_‘&& J..:JL ‘)‘ Jaﬁlk J"”L.'.Jb ZJ.J?J c{b BE)
(F dsd) cal ol slacdale 53 45 GJLE L sl L. lecanii G)lS sl s Vs 6&3
FE M) =AMVE P =1/r0)) 0 odalin g lsbae

Lecanicillium lecanii 229 T8 Sl 5 6o Vs SSe it 0 T s

Table 3. Effects of Bino2 insecticide on the germination rate of Lecanicillium lecanii 229

s Sl o Sils slesd
Mean+SE Treatment
20.95+1.20° 1.5 L/1000 L/water
0.00£00.00° 3 1/1000 L/water O i Sl QB 0l s
92.29+1.102 0.75 L/1000 L/water Germination rate of EPF*
100+00.00* Control

i Soloy B i Lslagd G s e LA sias Ol ot asiie Sslite S S Gy LS e Sibe
Means followed by different lowercase letters indicate significant differences among treatments. * Entomopathogenic fungus
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Figure 1. Mortality of third instar larvae of Tortix viridana infected with LCso Bino2, LCso

Lecanicillium lecanii 229, LC»s Bino2+LC»s LL 229 and Control. The mean followed by different
lower-case letters indicate significant differences between treatments (Tukey test).
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02k bsassal b pl St talS o 2B L Blyp e L Slaasesl 3 falS Cow =6
(1) Joi SG 0L e il 3l o so Wajlas ilie Lo dals 4 cand (T2 viridana) bl ) gl o

(0 Jod>) ol ok LYl 5 romans 5 olglay 3Se i sslaad s

Lecanicillium lecanii 229 G)G b Co bl Sl ails &l MeantSE) S5 Jsds slaasanl -8 s

el Lol 5 ¥y (i3S i
Table 4. Life table parameters (Mean+SE) of T. viridana treated with Lecanicillium lecanii 229, Bino2
and their mix

Dl
Treatments
Lecanicillium Lecanicillium ¥ s Aals F SN gl glaas b
lecanii 229+Bino2 lecanii 229 Bino 2 Control Life history parameters
7.75+0.16% 7.95+0.122 7.60+0.09° 6.58+0.11°¢ L3
11.00+0.322 11.50+0.192 11.38+0.372 10.1540.13b L4
11.4140.54¢% 11.2240.32° 12.38+0.362 10.75+0.13° L5
11.65+0.21% 11.55+0.192 11.62+0.172 9.15+0.16° Pupa
12.62+0.342 12.54+0.212 13.26+0.352 7.52+0.17° Preadult duration
19.04+0.534 31.16+0.872 21.76+0.39¢ 25.98+0.17° Adult
47.62+3.37° 63.15+£3.352 53.98+3.23b 62.60+0.342 Total longevity
2.33+0.13" 2.83+0.122 2.46+0.14° 1.91+0.06°¢ APOP
45.60+0.67% 46.72+0.65° 47.00+0.912 38.74+0.58P TPOP
14.20+0.58¢ 22.67+1.152 16.00+0.42° 21.65+0.282 Oviposition period
40.73£1.564 58.89+2.82b 48.77+1.34¢ 73.17+1.012 Fecundity

ien Ll o Sl e Slac sl stiasolis & slize S S g~

iy SV e 53 edS(6 e Ol e IS el (Y e )3 edi(g e Loy Do LA e s (595 (e 3 0 di(S e Oloj e L3
Jsb :Adult éb iy 5B U (V_‘>u & L) W 3l s, Obey ode :Preadult duration éb s iy 5B U STl S i 5555 Jsb Pupa
sosle Wit 5eh o Slos Aol :APOP .S o b W 5l o2 IS see b Total longevity .S s b 55l Olo 31 @ 6,2 jas
Fecundity .osls § i (108 w55 e 5,55 Ole3 ke :Oviposition period s (1805 b Wy 5l Jlos Alols TPOP .o (5,108 o5
3oslp DS e 5 ol i 3l eslinad b Slas slallas -6)‘-.5('55’ 555 sk s3 el s i a b el 5 slagss IS sl
s Ssline S S Sy Ll oS e Sile A plonil (P < 0.05) sddiiar o iul Oyasl 5l eslimal b s SKls Al i
e L jles Sl gme ol sas oL

Different lowercase letters indicate significant differences among treatments.

*L3: Duration of the third larval instar. L4: Duration of the fourth larval instar. L5: Duration of the fifth larval instar. Pupa:
Duration of the pupal stage from its onset until adult emergence. Preadult duration: Developmental time from birth (or egg
hatching) to adult emergence. Adult: Longevity of the adult insect from emergence until death. Total longevity: Total lifespan
of the insect from birth to death. APOP: Adult pre-oviposition period, defined as the time interval between female adult
emergence and the oviposition of the first egg. TPOP: Total pre-oviposition period, defined as the time interval from birth to
the oviposition of the first egg. Oviposition period: Duration of the active egg-laying period of the female insect. Fecundity:
Total number of eggs produced by each female during the oviposition period. Standard errors were estimated using the bootstrap
method with 100,000 resamplings. Mean comparisons were performed using the paired bootstrap test (P < 0.05). Means
followed by different lowercase letters indicate significant differences among treatments.

YAV



Y O)Lo..i: AY J.J.>‘J\ia..> AMQJSMS)JSQJ.C;ALM

Lecanicillium lecanii 229 g Ll s Lol lgailse &l (Mean£SE) e i, laasnl 5 -0 Jgi

el Lol 5 ¥y 25 i
Table 5. Population dynamics parameters (Mean+SE) of T. viridana treated with Lecanicillium lecanii
229, Bino2 and their mix

Dles
Treatments
Loy glaaal 3
Lecanicillium lecanii Lecanicillium Y 5 dals # imes
229+Bino2 lecanii 229 - a
Bino 2 Control Population growth
parameters

0.0521+0.004° 0.0573+0.003" 0.0508+0.005" 0.0778+0.0032 r
1.053540.004° 1.0590+0.004° 1.0521+0.005° 1.0809+0.0032 A

15.2843.17° 26.50+4.79b 15.8543.63P 42.08+5.74* Ro

52.30+0.65° 57.20+0.672 54.40+0.89b 48.08+0.51¢ T

24.50+4.18> 35.85+5.71% 22 .42+4 74P 42.78+5.812 GRR

Llea LAJLA.MJQ:.:J':L;'M éLAQ)Ldf olasylis vju;ﬂ &;ij

Sl 5 Al &5 GRR . e 0lo3 0SSk 1T Jradd 5 Sl 55 Ro wamasr SRl331 alie & 5 A o Comer (l 331 15 5 5
Different lowercase letters indicate significant differences among treatments.
r: Intrinsic rate of increase. A: Finite rate of increase. Ro: Net reproductive rate. T: Mean generation time. GRR: Gross

reproductive rate.
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Figure 2. Age-stage-specific survival rate (sxj) of Tortrix viridana exposed to different treatments
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Figure 3. Age-stage specific life expectancy (exj) of Tortrix viridana exposed to different treatments

YAQ



o Sl

Age specific survival rate (/)

ok Sl

Age specific survival rate (/)

X

X

0.8

0.6

0.4

0.2

Control

— K
—— mx

o Ixmx [

20

40 60

80

Lecanicillium lecanii

Gso) o
Age (day)

Y O)Lo..i: AY J.J.>‘J\ia..> wyja&jf‘solc;.ohl.aﬁ

3.0
Bino2
r25
r20 ?
g
3 G
1.5 e.. t:
g%
1.0
3
N
r05
T 0.0
80 100
3.0
Bino2+Lecanicillium lecanii
r25
[ 20 E
g
5 G
1.5 o C
G
< =
1.0
3
N
r05
T 0.0
80 100
Gss) o
Age (day)

53 Tortrix viridana b 5l 5l s&l g &l g,y (bamy) G2 55500 5 mx) 555L (b)) s 030 & Frit e
il sl s L 458,55 5 o

Figure 4. Age specific survival rate (/), fecundity (m,), net maternity (/umny) of Tortrix viridana
exposed to different treatments

Sl o e e A5 )

Age-stage specific reproductive value (V)

40

30

Control

SR
Age (day)
L s S,13 5 ,me o Tortrix viridana b4l 5l s5&l s &l 5 (0y) ) dl= o= s oiny el 5 55,0 -0 S

—e— L3

o

v

v
— ey —

L4

LS
Pupa
Female

40 +

30

20

Bino2

[

\
a4 l T T d
20 40 60 80 100

(Gas) oy
Age (day)

Figure 5. Age-stage specific reproductive value (v) of Tortrix viridana exposed to different
treatments

Y.



oo Voim (2LS 356 us b LYW o Lecanicillium lecanii )3 oy 7,8 ;506

L2 Lecanicillium lecanii Bino2+Lecanicillium lecanii
2 2 o~
: O 30 1 g7
3 2 y
5~ l.- .l: o
:}3 o f g v @ 20 4 ’ 1.
Q v
A= 20 1 r " [
BN S 5] | 8 | B
DR % [y T T B
13 % > .i 10 A | v *‘.
| v
| do)l) 10 | T “
N 8 | : g
_é 3 | b 0 ‘ & T : ‘
QDJD 0 20 40 60 80 100
— o
9 < 0 20 40 60 80 100
()..5)) o (J 9 )) O
Age (day) Age (day)
0 S alsl

Continued Figure 5.

Rashki et al,2015;) «Llals,, s 2Se lx
sl il Gagsn ol s (Dearlove et al., 2024
L Lol s ¥ gy ol 386 i siS 5 clale
Blyp S5 Jsdr slaasal 3 o L lecanii 45|
b s sl (T0 viridana) b oy ) ol g
LoDl bzl S5 s Lol
ke SFl Sy S e LS sl S0
Sahayaraj et al., ) LS slml <y 3808 5 Il St
(2011
S oben 2B s ede ey ) 02
Oluasls &y 5 5 5las 5l ol Y gy alS [iSe i
S350 03 ade SIS cpl 3l i B aS Al esla
S o el ixa T. viridana s, Ol Comons
Sass bl Seis oplo«S sl ol
@B LS s s ails ool ade g LG
ool el 4l lsl g K jsba d xS LTS
LY sty Sl 5 085l s iasOLES § 50 50
sbs giale (\ K3) ool Lo lecanii gl
gl GBSl ol s b e s e 3 S
Oliveira et al.,, ) 335 0 gemes Wb 2Ss 0 L
39 e bl s sl ol @L:.l .(2003

AR

&

==
Sl Bl s i slisslen g6 U
o5 ol s Db ¢l (T viridana) b
L8 L. lecanii 44351 sl oL El S
bole S Ol ssas Ll e g anils 3l cplade VL
‘)LSJL"';” &LQEJLE L;-:DUJ:‘ .bj:s )\j; oalaial S0
5% 5 Lepidoptera slbaa S s J 28 &l
Asi et al., 2013; Cruz-Avalos ) &l e 5,158
et al., 2019; Idrees et al., 2021; Idrees et al.,
BE Lfé}fJ"L; o9 KJA gui.ﬁj}: U'l| BE (2023
e S el cs LS ol lachle
slaaclis Cols el caanl S 55 gslal
OMQ}A‘)T C)\J&;— 6[.&44)§ W E) ﬁju
6@4&3@' O eldodalive LgLAC)‘)LL: JALC« J.;b:da
RETRNEP N

SHES s b ey e xS

) Lles S gy 5 e Dy soas | 35 sken sl B
Seyed-Talebi et al., 2012; Barati et al., 2013;
Rashki and Shirvani, 2013; Zhang et al., 2015;
Ll «(Jarrahi and Safavi, 2016; Ahmed et al., 2022

b oolen 2,6 oS5 b 4 SWl Gla s



Y o)l.o..i: AY b‘ﬁo ngd&jfsois&ohl@ﬁ

dle ALS LS 5 a8 Wlosls QLS b pusy 5 Cpwieas
ey 5 ol S s 1 el sl
o> (Martins et al,, 2023) X2 o JolS O 2
sla I Akbari et al. (2025) alie  lasi
Sl fiSe i (pmy laamal 5 (SAiS 5
Sl Bl Gas b ples 5 oSl aS
Sl S s els I3 w5, 4e (T viridana) b 4k
Lilg o boleg cpl oS 55 glacble a5 s S
3 s Corex A A s dsb ol Lo
L QLS (gl pae fals ] ) S el
s son ol @l bl (S sbe
ALS iSe i 5 L. lecanii g s b S A
oo 3l oS 5 53 4 5 4Bl O o o Y 5
I loaminl b oSaiar oa gla il 5 ol
A Jlay gt Toviridana Coxez Ay 5 SA
O 0B o Vo (i SECERNES
Ls ey Gilie Jule 3l ply ealinad s
Oge oo Zhle Jlals 5 206 chle Ll
bl sls sl e okile 3L ey sl
ol S35 ol Al Sl S Sl
S BT S Il Gla ) i g5 55 Ll5 e
il 4l ege
M S e
Sl Sl s s 5555 L
OlS 5l el (K Bls s plerd
Gy Ko Sl US55 oS 5 K5alse
>0 J 28 55 a8 Sl 0L ey ol @L:S el
5 (T viridana) by Jale &l )Y
L sl ) 318505 505 6 5 aRbesT Lyl
i) S 593 ol edliS 5 slac ke 5leslana
—a UlSe peomer 5 ol L Jedly
O3 eslanal 3y50 U6 ulssl ol B o) 50

Y4y

S ey el Gkl SKHlil eddas s
s G)G L VM g_)'l‘ 6)@)@ 9 L;.a.:‘ eM.}QL.:..r
L. 8L Gurulingappa et al. (2011) ¢ pioeen
Aphis gossypii s5, |y fSe,o>= & L lecanii
o pde o Ejté &;,.i\ds.ll.ﬁjsui)bfja:; I
Gowda «pl 5 0553 .ol eslizal LB LT il
L glaglas =5 Lsls ol and Rani (2022)
e b LSk b S i s L saksenae
b SolssL 5o Nawazetal. (2022) 6,8 5L00
@3l sl 5 |y M. anisopliae i 5, A
35 S st St
O.iaw LAJ:;SOJ,«:;P- 9 LAG)G ;mﬁ) L;LAJS‘
)‘J'; J:SE Co ‘) Q‘JJ\}- 6)))&} .,\,:4) 692 Sl
Yu et al., 2010; Shi et al., 2011; Najafi-) s
L. lecanii G)G By Ui‘ BL (Slsakht et al., 2020
e dsb 5 JLG e dsb Rl oo e olesa
Jsb a8 5 S Jole b Sl w0
sleyss ajled D3 rzmen S AL e
S0 ot ey ($555k 5 S e (S e i
Fm R Jold Comam Ay Sladamanl 3 s S 513
als el s pme J2alS bajles sl 3 58d s
;)Ls &'.’. DL me- u\.&) u:.als AJL«:._: T&‘f‘ j}’m
L=l o (Liu et al.,, 2020) ol yme Sl
aS 5,5 calks Rashki et al. (2015) (slaasl
M. G)B QLAJAAJf)S&)leAJM»CJVm JALS
oS 1 A STl oS 5 553 5 anisopliae
J'.:.; lxmx 9 My ¢ij clx LSLA)‘.}}.Q.’ ‘U‘.’-‘ Bs GJW J\JJJS
S sl Ol bjles sled s g 85 LB als
w\ &Luﬂ‘ 4.:3‘))54.: QL.;.SJ; °h/\M:tS}-iJ 6@;}“ ).iL::
Yuan et al. Mousavi et al. (2022) slsasl L CL’
3,05 Slsseea Jarrahi and Safavi (2016) 5(2018)



o Yo 2LS 1S b LM o Lecanicillium lecanii |5 o 7,8 550

0 ISES s -,S";j:’:“lfs e_ﬁj§ u.wl.l..ia o cK.J.iLaJT
fW‘ U':‘A)J“'-’- U'i‘ LS‘}""\ L 44.:.4_5)‘ c@‘) 6)')_5[.;5

.ﬁ)‘,ﬁ‘_;c

References

Abbott, W. S. A method of computing the
effectiveness of an insecticide. Journal of
Economic Entomology 1925, 18, 265-267.

Ahmed, R.; Freed, S.; Naecem, A.; Akmal, M.
Lethal and trans-generational effects of
Metarhizium anisopliae on red palm weevil,
Rhynchophorus ferrugineus, using age-stage,
two-sex life table. Journal of Asia-Pacific
Entomology 2022, 25 (3), 101946.

Akbari, S.; Safavi, S. A.; Ghosta, Y. Efficacy of
Beauveria bassiana (Bals.) Vuill. against
cabbage aphid Brevicoryne brassicae L.
(Hem.:  Aphididae) under laboratory
conditions. Archives of Phytopathology and
Plant Protection 2014, 47 (12), 1454—-1458.

Akbari, S.; Aramideh, Sh. Effects of the
entomopathogenic fungus,  Beauveria
bassiana (Bals. Criv.) Vuill. on survival and
population growth parameters of Myzocallis

coryli  Goetze. Forest Research and
Development 2022, 9 (1), 129-144. (In
Persian).

Akbari, S.; Aramideh, Sh. Effect of salicylic acid
isolated from three native willow species in
combination with Bacillus thuringiensis B.
on the oak leaf roller, Tortrix viridana L.
Forest Research and Development 2024,
10(3), 395-409. (In Persian).

Akbari, S.; Aramideh, Sh.; Mousavi, M.
Sublethal effects and biological parameters
of the botanical insecticides Matrine and
Neemarin on the green oak tortrix (Zortrix

viridana L.). Forest Research and
Development 2025, 11 (3), 335-352. (In
Persian).

Akhanaev, Y. B.; Tomilova, O. G

Yaroslavtseva, O. N.; Duisembekov, B. A.;
Kryukov, V. Y.; Glupov, V. V. Combined
action of the entomopathogenic fungus
Metarhizium robertsii and avermectins on the
larvae of the Colorado potato beetle
Leptinotarsa decemlineata (Say)
(Coleoptera, Chrysomelidae). Entomological
Review 2017, 97 (2), 158-165.

Y4y

slacsl 5 3l ol slas,¥ J xS s gy0nl 5l el

‘;HéJJq.; 3 Sm-’:'*

SoSan Sl s Slayu8 5 ulew (3l e by p s

L s e S GBI Ol dadl

Ali, S. A.; Saleh, A. A. A.; Saleh, F. M.
Bioefficacy of plant extracts and
entomopathogenic  fungi  (Trichoderma
album) in controlling Myzus persicae and
Bemisia tabaci. Plant Archives 2020, 20 (1),
1450-1459.

Asi, M. R.; Bashir, M. H.; Afzal, M.; Ashfaq,
M.; Sahi, S. T. Compatibility of
entomopathogenic ~ fungi, = Metarhizium
anisopliae and Paecilomyces fumosoroseus,
with selective insecticides. Pakistan Journal
of Botany 2010, 42 (6), 4207-4214.

Asi, M. R.; Bashir, M. H.; Afzal, M.; Zia, K ;
Akram, M. Potential of entomopathogenic
fungi for biocontrol of Spodoptera litura
Fabricius (Lepidoptera: Noctuidae). Pakistan
Journal of Zoology 2013, 23 (3), 913-918.

Barati, R.; Golmohammadi, G.; Ghajarie, H.;
Zarabi, M.; Mansouri, R. The effects of some
botanical insecticides and pymetrozine on
life table parameters of silver leaf whitefly
Bemisia tabaci Gennadius (Hemiptera:
Aleyrodidae). Pesticides and Phytomedicine
2013, 28 (1), 47-55.

Bekker, T. F.; Kaiser, C.; van der Merwe, R.;
Labuschagne, N. In vitro inhibition of
mycelial growth of several phytopathogenic
fungi by soluble potassium silicate. South
African Journal of Plant and Soil 2006, 23

(3), 169-172.
Botelho, A. A. A.; Monteiro, A. C. Sensibilidade
de fungos entomopatogénicos a

agroquimicos usados no manejo da cana-de-
acucar. Bragantia 2011, 70 (2), 361-369.

Chi, H.; Liu, H. Two new methods for the study
of insect population ecology. Bulletin of the
Institute of Zoology, Academia Sinica 1985,
24 (2), 225-240.

Chi, H. Life table analysis incorporating both
sexes and variable development rates among

individuals.  Environmental — Entomology
1988, 17 (1), 26-34.
Chi, H. TWOSEX-MSChart: A Computer

Program for the Age-Stage, Two-Sex Life
Table Analysis; Version by Chi, H., 2013.



Y o)l.o..i: AY J.l>‘J.§A> d.xmsjjd.mj)_\solcg.ohl@ﬁ

Available from
http://140.120.197.173/Ecology/Download/
TwosexMSChart.zip (accessed March 21,
2013).

Cruz-Avalos, A. M.; Bivian-Hernandez, M. D.
L. A.; Ibarra, J. E.; Del Rincén-Castro, M. C.
High virulence of Mexican
entomopathogenic  fungi  against fall
armyworm (Lepidoptera: Noctuidae).
Journal of Economic Entomology 2019, 112
(1), 99-107.

Dader, B.; Aguirre, E.; Caballero, P.; Medina, P.
Synergy of lepidopteran
nucleopolyhedroviruses AcMNPV  and
SpliNPV with insecticides. Insects 2020, 11
(5), 316.

Dearlove, E. L.; Chandler, D.; Edgington, S.;
Berry, S. D.; Martin, G.; Svendsen, C.;
Hesketh, H. Improved control of
Trialeurodes vaporariorum using mixture
combinations of entomopathogenic fungi and
the chemical insecticide spiromesifen.
Scientific Reports 2024, 14 (1), 15259.

Duarte, R. T.; Gongalves, K. C.; Espinosa, D. J.
L.; Moreira, L. F.; De Bortoli, S. A.; Humber,
R. A.; Polanczyk, R. A. Potential of
entomopathogenic fungi as biological control
agents of diamondback moth (Lepidoptera:
Plutellidae) and compatibility with chemical
insecticides.  Journal  of  Economic
Entomology 2016, 109 (6), 2675-2682.

Ghobari, H.; Goldansaz, S. H.; Askari, H.;
Kharazi-Pakdel, A.; Bihamta, M. R.
Investigation of presence, distribution and
flight period of oak leaf roller, Tortrix
viridana (Lep.: Tortricidae) using pheromone
traps in Kurdistan Province. Journal of
Entomological Society of Iran 2007, 27 (1),
47-59. (In Persian).

Gooshbor, L.; Bavaghar, M. P.; Amanollahi, J.;
Ghobari, H. Monitoring infestations of oak
forests by Tortrix viridana (Lepidoptera:
Tortricidae) using remote sensing. Plant
Protection Science 2016, 52 (4), 167-176.

Gowda, T. G.; Rani, R. O. P. Compatibility of
entomopathogenic  fungus, Lecanicillium
saksenae (Kushwaha) Kurihara and Sukarno,
with insecticides. Journal of Experimental
Zoology India 2022, 25 (2), 1427-1433.

Gurulingappa, P.; McGee, P.; Sword, G. A. In

vitro and in planta compatibility of
insecticides and the endophytic
entomopathogen, Lecanicillium  lecanii.

Mycopathologia 2011, 172 (2), 161-168.

Ya¢

Hokkanen, H. M. T.; Kotiluoto, R. Bioassay of
the side effects of pesticides on Beauveria
bassiana and Metarhizium anisopliae:
Standardized sequential testing procedure.
IOBC-WPRS Bulletin 1992, 60 (3), 148—151.

Idrees, A.; Qadir, Z. A.; Akutse, K. S.; Afzal, A.;
Hussain, M.; Islam, W.; Li, J. Effectiveness
of entomopathogenic fungi on immature
stages and feeding performance of fall
armyworm, Spodoptera frugiperda
(Lepidoptera: Noctuidae) larvae. Insects
2021, 72 (11), 1044.

Idrees, A.; Afzal, A.; Qadir, Z. A.; Li, J.
Virulence of entomopathogenic fungi against
fall armyworm, Spodoptera frugiperda
(Lepidoptera: Noctuidae) under laboratory
conditions. Frontiers in Physiology 2023, 14,
1107434,

Ivashov, A. V.; Boyko, G. E.; Simchuk, A. P.
The role of host plant phenology in the
development of the oak leaf roller moth,
Tortrix viridana L. (Lepidoptera:
Tortricidae). Forest  Ecology and
Management 2002, 157 (1-3), 7-14.

Jarrahi, A.; Safavi, S. A. Fitness costs to
Helicoverpa armigera after exposure to sub-

lethal concentrations of  Metarhizium
anisopliae sensu lato: Study on Fl
generation.  Journal  of  Invertebrate

Pathology 2016, 138, 50-56.

Konecka, E.; Kaznowski, A.; Grzesiek, W.;
Nowicki, P.; Czarniewska, E.; Baranek, J.
Synergistic interaction between carvacrol and
Bacillus thuringiensis crystalline proteins
against Cydia pomonella and Spodoptera
exigua. BioControl 2020, 65 (4), 447-460.

Kryukov, V. Y., Khodyrev, V. P,
Yaroslavtseva, O. N.; Kamenova, A. S.;
Duisembekov, B. A.; Glupov, V. V.
Synergistic action of entomopathogenic
hyphomycetes and the bacteria Bacillus
thuringiensis ssp. morrisoni in the infection
of Colorado potato beetle Leptinotarsa
decemlineata. Applied Biochemistry and
Microbiology 2009, 45 (5), 511-516.

Kryukov, V. Y.; Tomilova, O. G.; Luzina, O. A.;
Yaroslavtseva, O. N.; Akhanaev, Y. B.;
Tyurin, M. V.; Duisembekov, B. A,
Salakhutdinov, N. F.; Glupov, V. V. Effects
of fluorine-containing usnic acid and fungus
Beauveria bassiana on the survival and
immune—physiological reactions of Colorado
potato beetle larvae. Pest Management
Science 2018, 74 (3), 598-606.



o Yo 2LS 1S b LM o Lecanicillium lecanii |5 o 7,8 550

Lacey, L. A.; Grzywacz, D.; Shapiro-Ilan, D. I.;
Frutos, R.; Brownbridge, M.; Goettel, M. S.
Insect pathogens as biological control agents:
Back to the future. Journal of Invertebrate
Pathology 2015, 132, 1-41.

Lentini, A.; Mannu, R.; Cocco, A.; Ruio, P. A.;
Carboneschi, A.; Luciano, P. Long-term
monitoring and microbiological control
programs against lepidopteran defoliators in
Sardinian cork oak forests (Italy). Annals of
Silvicultural Research 2020, 45 (1), 21-30.

Liu, J. F.; Zhang, Z. Q.; Beggs, J. R.; Paderes,
E.; Zou, X.; Wei, X. Y. Lethal and sublethal
effects of entomopathogenic fungi on
tomato/potato psyllid, Bactericera cockerelli
(Sulc) (Hemiptera: Triozidae) in Capsicum.
Crop Protection 2020, 129, 105023.

Liu, Z. L.; Goh, S. H.; Ho, S. H. Screening of
Chinese medicinal herbs for bioactivity
against Sitophilus zeamais Motschulsky and
Tribolium castaneum (Herbst). Journal of
Stored Products Research 2007, 43 (3), 290—
296.

Lokma, N.; Saleh, A. A. A.; Amer, S. A. M;
Zawrah, M. F. Efficacy of some predators
and Lecanicillium lecanii fungus in
controlling Aphis gossypii (Glover) and
Myzus persicae (Sulzer) in potato crop. Arab
Journal of Plant Protection 2023, 41 (2), 55—
66.

Mao, L.; Henderson, G. Antifeedant activity and
acute and residual toxicity of alkaloids from
Sophora flavescens (Leguminosae) against
Formosan subterranean termites (Isoptera:
Rhinotermitidae). Journal of Economic
Entomology 2007, 100 (3), 866—870.

Marcic, D.; Prijovic, M.; Drobnjakovic, T.;
Medo, 1., Peric, P.; Milenkovic, S.
Greenhouse and field evaluation of two
biopesticides against Tetranychus urticae and
Panonychus ulmi (Acari: Tetranychidae).
Pesticides and Phytomedicine 2012, 27 (2),
313-320.

Martins, L. N.; Geisler, F. C. S.; Rakes, M.;
Aratijo, M. B.; Amandio, D. T. T.; da Rosa,
A. P. S.; Ribeiro, L. P.; Bernardi, D.
Sublethal effects of growth-regulating
insecticides of synthetic and botanical origins
on the biological parameters of Spodoptera
frugiperda (Lepidoptera: Noctuidae).
Bulletin of Entomological Research 2023,
113 (3),306-314.

Mousavi, M.; Mehrkhou, F.; Guz, N.; Ghosta,
Y., Atlihan, R. Effects of plant-based

Y40

insecticide, Bino2, and entomopathogenic
fungi on the digestion, detoxification, and
chitinase activity of Brevicoryne brassicae
(Hemiptera: Aphididae). Biological Control
of Pests and Plant Diseases 2023, 12 (1), 73—
94.

Mousavi, M.; Mehrkhou, F.; Giiz, N.; Ghosta,
Y.; Atlihan, R. Sublethal effects of two
entomopathogenic fungi species,
Metarhizium anisopliae and Beauveria
bassiana, on the cabbage aphid (Brevicoryne
brassicae). Turkish Journal of Agriculture
and Forestry 2022, 46 (4), 441-452.

Najafi-Sisakht, Z.; Sedaratian-Jahromi, A.;
Ghane-Jahromi, M. Population responses of

Aphis  gossypii  (Hem.: Aphididae) to
sublethal concentrations of Beauveria
bassiana  (Ascomycota:  Hypocreales).

Journal of Crop Protection 2020, 9 (1), 45—
53.

Nawaz, A.; Razzaq, F.; Razzaq, A.; Gogi, M. D.;
Fernandez-Grandon, G. M.; Tayib, M,
Ayub, M. A.; Sufyan, M.; Shahid, M. R.;
Qayyum, M. A.; Naveed, M.; ljaz, A.; Arif,
M. J. Compatibility and synergistic
interactions  of  fungi,  Metarhizium
anisopliae, and insecticide combinations
against the cotton aphid, Aphis gossypii
Glover (Hemiptera: Aphididae). Scientific
Reports 2022, 12 (1), 4843.

Neves, P. M. O. J.; Hirose, E.; Tchujo, P. T.;
Alcides Monio, A. Jr. Compatibility of
entomopathogenic fungi with neonicotinoid
insecticides. Neotropical Entomology 2001,
30 (2),263-268.

Oliveira, C. N.; Neves, M. O.; Kawazoe, L. S.
Compatibility between the
entomopathogenic fungus Beauveria
bassiana and insecticides used in coffee
plantations. Scientia Agricola 2003, 60 (4),
663-667.

Pachamuthu, P.; Kamble, S. T.; Yuen, G. Y.

Virulence of Metarhizium  anisopliae
(Deuteromycotina: Hyphomycetes) strain
ESC-1 to the German cockroach
(Dictyoptera: Blattellidae) and  its

compatibility with insecticides. Journal of
Economic Entomology 1999, 92 (2), 340-346.
Pelizza, S. A.; Mariottini, Y.; Russo, M. L.;
Cabello, M. N.; Lange, C. E. Survival and
fecundity of Dichroplus maculipennis and
Ronderosia bergi (Orthoptera: Acrididae:
Melanoplinae) following infection by
Beauveria bassiana (Ascomycota:



Y o)l.o..i: AY J.l>‘J.§A> d.xmsjjd.mj)_\solcg.ohl@ﬁ

Hypocreales) under laboratory conditions.
Biocontrol Science and Technology 2013, 23
(6), 701-710.

Pelizza, S. A.; Schalamuk, S.; Simén, M. R.;
Stenglein, S. A.; Pacheco-Marino, S. G.;
Scorsetti, A. C. Compatibility of chemical
insecticides and entomopathogenic fungi for
control of soybean defoliating pest,
Rachiplusia nu. Revista Argentina de
Microbiologia 2018, 50 (2), 189-201.

Pisa, L. W.; Amaral-Rogers, V.; Belzunces, L.
P.; Bonmatin, J. M.; Downs, C. A.; Goulson,
D.; Kreutzweiser, D. P.; Krupke, C.; Liess,
M.; McField, M.; Morrissey, C. A.; Noome,
D. A.; Settele, J.; Simon-Delso, N.; Stark, J.
D.; van der Sluijs, J. P.; van Dyck, H.;
Wiemers, M. Effects of neonicotinoids and
fipronil on non-target invertebrates.
Environmental Science and  Pollution
Research 2015, 22 (1), 68—102.

Pisa, L.; Goulson, D.; Yang, E. C.; Gibbons, D.;
Sanchez-Bayo, F.; Mitchell, E.; Aebi, A.; van
der Sluijs, J.; MacQuarrie, C. J. K.; Giorio,
C.; Long, E. Y.; McField, M.; van Lexmond,
M. B.; Bonmatin, J. M. An update of the
worldwide integrated assessment (WIA) on
systemic insecticides. Part 2: Impacts on
organisms and ecosystems. FEnvironmental
Science and Pollution Research 2017, 28
(10), 11749-11797.

Quintela, E. D.; Mascarin, G. M.; Da Silva, R.
A.; Barrigossi, J. A. F.; Martins, J. F.
Enhanced  susceptibility of  Tibraca
limbativentris (Heteroptera: Pentatomidae) to
Metarhizium anisopliae with sublethal doses
of chemical insecticides. Biological Control
2013, 66 (1), 56-64.

Rashki, M.; Shirvani, A. The effect of
entomopathogenic fungus Beauveria
bassiana on life table parameters and
behavioural response of Aphis gossypii
(Hem.: Aphididae). Bulletin of Insectology
2013, 66 (1), 85-91.

Rashki, M.; Talepour, F.; Shirvani, A. Sub-lethal
effect of combination of Metarhizium
anisopliae and imidacloprid on life table of
Mpyzus persicae (Hem.: Aphididae). Journal
of Crop Protection 2015, 4 (4), 577-587.

Rice, S. J.; Furlong, M. J. Synergistic
interactions between three insecticides and
Beauveria bassiana (Bals.-Criv.) Vuill.
(Ascomycota:  Hypocreales) in lesser
mealworm, Alphitobius diaperinus Panzer
(Coleoptera: Tenebrionidae) larvae. Journal
of Invertebrate Pathology 2023, 200, 107974.

ya1

Rios-Moreno, A.; Garrido-Jurado, I.; Resquin-
Romero, G.; Arroyo-Manzanares, N.; Arce,
L.; et al. Destruxin A production by
Metarhizium  brunneum  strains  during
transient endophytic colonisation of Solanum
tuberosum.  Biocontrol — Science  and
Technology 2016, 26 (11), 1574—1585.

Robertson, J. L.; Savin, N. E.; Preisler, H. K.;
Russell, R. M. Bioassays with Arthropods,
2nd ed.; CRC Press: Florida, 2007.

Sagheb-Talebi, K.; Sajedi, T.; Yazdian, F.
Forests of Iran; Research Institute of Forests
and Rangelands, Technical Publication No.
339-2003, 2004.

Sahayaraj, K.; Namasivayam, S. K. R.; Rathi, J.
M. Compeatibility of entomopathogenic fungi
with extracts of plants and commercial
botanicals. African Journal of Biotechnology
2011, 10 (6), 933-938.

Salvanagh, N. R.; Mehrkhou, F.; Fourozan, M.
Lethal and sublethal effects of Flonicamid
and Bio2 on life span and population growth
parameters of  greenhouse  whitefly,
Trialeurodes  vaporariorum (Hemiptera:
Aleyrodidae). Phytoparasitica 2024, 52 (5),
90.

Schroeder, H.; Degen, B. Genetic structure of the
green oak leaf roller (Tortrix viridana L.) and
one of its hosts, Quercus robur L. Forest
Ecology and Management 2008, 256 (6),
1270-1279.

Seyed-Talebi, F.-S.; Kheradmand, K.; Talaei-
Hassanloui, R.; Talebi-Jahromi, K. Sublethal
effects of Beauveria bassiana on life table
parameters of two-spotted spider mite,
Tetranychus urticae (Acari: Tetranychidae).
Biocontrol Science and Technology 2012, 22
(3), 293-303.

Shi, W. B.; Zhang, L.; Feng, M. G. Field trials of
four formulations of Beauveria bassiana and
Metarhizium anisopliae for control of cotton
spider mites (Acari: Tetranychidae) in the
Tarim Basin of China. Biological Control
2008, 45 (1), 48-55.

Shi, X.; Jiang, L.; Wang, H.; Qiao, K.; Wang, D.;
Wang, K. Toxicities and sublethal effects of
seven neonicotinoid insecticides on survival,
growth, and reproduction of imidacloprid-
resistant cotton aphid, Aphis gossypii. Pest
Management Science 2011, 67 (12), 1528—
1533.

SigmaPlot. SigmaPlot 12 for Windows Version
11.0. Statistics for User’s Guide; Systat
Software Inc.: Chicago, 2012, 578 p.



o Yo 2LS 1S b LM o Lecanicillium lecanii |5 o 7,8 550

SPSS Inc. IBM SPSS Statistics for Windows,
Version 20.0; IBM Corp.: Armonk, NY,
2011.

Tian, Y.; Zhang, Z. Insecticidal activities of
Sophora flavescens Alt. towards red imported
fire ants (Solenopsis invicta Buren). Toxins
2023, 15 (2), 105.

Vinodhini, M.; Parameswari, P.; Dhayananth,
N.; Ramesh Babu, N. G.; Parvathy, S.
Isolation and mass multiplication of
Verticillium lecanii, a potential biopesticide.
Imperial  Journal of Interdisciplinary
Research 2017, 3 (4), 516-520.

Yaroslavtseva, O. N.; Dubovskiy, . M.;
Khodyrev, V. P.; Duisembekov, B. A.;
Kryukov, V. Y., Glupov, V. V.
Immunological mechanisms of synergy

between fungus Metarhizium robertsii and
bacteria Bacillus thuringiensis ssp. morrisoni
on Colorado potato beetle larvae. Journal of
Insect Physiology 2017, 96, 14-20.
Yazdanfar, H.; Ghodskhah, D. M.; Jalali Sendi,
J.; Ghobari, H. Effects of three Quercus
species on feeding performance of the green
oak leaf roller, Tortrix viridana L.

Yav

(Lepidoptera: Tortricidae). Journal of Crop
Protection 2015, 4 (5), 711-718.

Yu, Y.; Shen, G.; Zhu, H.; Lu, Y. Imidacloprid-
induced hormesis on the fecundity and
juvenile hormone levels of the green peach
aphid Myzus persicae (Sulzer). Pesticide
Biochemistry and Physiology 2010, 98 (2),
238-242.

Yuan, H. G.; Wu, S. Y.; Lei, Z. R.; Rondon, S.
I.; Gao, Y.-L. Sublethal effects of Beauveria
bassiana (Balsamo) on field populations of
the potato  tuberworm  Phthorimaea
operculella Zeller in China. Journal of
Integrative Agriculture 2018, 17 (4), 911—
918.

Zhang, Q. F.; Chen, W. J. Fire cycle of Canada’s
boreal region and its potential response to
global change. Journal of Forestry Research
2007, 18 (1), 55-61.

Zhang, T.; Reitz, S. R.; Wang, H.; Lei, Z.
Sublethal effects of Beauveria bassiana
(Ascomycota: Hypocreales) on life table
parameters of Frankliniella occidentalis
(Thysanoptera:  Thripidae). Journal of
Economic Entomology 2015, 108 (3), 975—
98s5.



	7-1795-EN page.pdf (p.1-2)
	7- 1795.pdf (p.3-21)


  I ( % ) =   C − P  C × 100


  ±


  ±


  ±


  ±

