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cabbage crops. The use of plant-based insecticides, as well as biological control agents
such as insect pathogenic fungi, has been considered as complementary methods in
integrated pest management. In this research, the effect of Bino2 and two types of
entomopathogenic fungi, Metarhizium anisopliae AB and Lecanicillium lecanii 229,
as biological insecticides on the protein content, digestive protease activity, chitinase
enzyme, acetylcholinesterase and glutathione-S-transferase enzymes of the cabbage
aphid adults were examined at a temperature of 25+2 °C, relative humidity of 60+5%
and a photoperiod of 16:8 h (L: D). The results indicated that the use of lethal
concentration (LCso) of the fungal isolates caused the digestion of protein and chitin
in the aphid cuticle, which in turn increased the sensitivity of aphids to these agents by
increasing the secretion of protease and chitinase enzymes. Also, the Bino2 insecticide
had an anti-nutritional effect by reducing the amount of protein and inhibiting the
activity of digestive enzymes. In parallel to the decrease in the activity of digestive
enzymes, the activity of detoxifying enzymes also decreased under the influence of the
Bino2. The results of this research showed that the tested entomopathogenic fungi and
Bino2 insecticide led to an increase in the mortality of cabbage aphids, thus the
obtained information can be used in the management of this pest.
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Extended Abstract

Introduction
The cabbage aphid, Brevicoryne brassicae L. (Hemiptera: Aphididae), is known one of the most destructive
pests, causing damage either directly by sucking or indirectly by secreting honeydew. It is also known as a
vectors of various plant viruses. Chemical insecticides are the primary strategy used to control aphids.
However, extensive usage of insecticides results in resistance and other toxicity problems for humans, natural
enemies and environment. Consequently, the aforementioned side effects of insecticides have stimulated
studies exploring the complementary methods to control of aphids. Entomopathogenic fungi (EPFs) which are
effective a wide range of insect pests are known as a valuable biological control agents against insect pests.
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Some EPFs, including Metarhizium anisopliae (Metschn.) Sorok. and Lecanicillium lecanii Zimm known as
fungal endophytes, have negative effects on insects. Because of some exclusive characteristics of EPFs
including specificity against target pests, environmentally friendly formulations, and compatibility with
insecticides, they are considered as biological agents in integrated pest management programs. The commercial
products of the most important EPFs such M. anisopliae and L. lecanii have received increasing intrest in pest
control. In the present research, we used two native isolates, M. anisopliae and L. lecanii. The usage of native
isolates has advantages including compatibility with the environment, insecticides, and native pests and not
causing adverse effects on indigenous species. Sophora flavescens Ait. (Fabaceae), Bino2®, is a plant- derived
insecticide which has different insecticidal, and antifeedant activity against plant- sucking pests such as aphids,
grasshoppers, mites, etc. The insecticidal activity of herbal and biorational insecticide, refers to the existence
of alkaloids, i. e. Sophocarpine, oxymatrine, matrine, isomatrine.

Materials and Methods

In the present study, the effect of two aforementioned EPFs and Bino2 were examined on the digestion,
detoxification enzymes, and chitinase activity of cabbage aphid adults at a temperature of 25+2 °C, relative
humidity of 60+5% and a photoperiod of 16:8 h (L: D). The dipping method was used in bioassay tests. Briefly,
the cabbage leaf discs were dipped in five different concentrations of Bino2 (150, 185.39, 229.13, 283.90, and
350 pl/L) for 10 s. In terms of EPFs, the used concentrations were in the ranges of 10'-10° (conidia/mL)
containing 0.05% Tween 80. The treated leaves were air-dried for 30 min at room temperature, and then 15
adults of cabbage aphid were released into the ventilated Petri dishes containing the treated leaflet. Distilled
water and the distilled water containing 0.05% Tween 80 were used as controls for Bino2 and EPFs,
respectively. The bioassay tests were replicated four times for each concentration of Bino2, EPFs, and controls.
The percentage of adult mortality was counted 48 h and 6 days after treatment for Bino2 and EPFs, respectively.
The lethal concentrations (LCso, LCqo), and 95% confidence limits in each treatment were obtained using the
Probit analysis, which was conducted by SPSS software (Ver. 20, 2011). Analysis of variance between
treatments was done and the means were evaluated by Tukey’s multiple-range test and T-test for EPFs and
Bino2, respectively using SPSS software Ver. 20, 2011).

Results and Discussion

The results indicated that lethal concentration (LCso) of the fungal isolates increased the protease and
chitinase enzyme activity in the aphid cuticle, which in turn increased the sensitivity of aphids to the
aforementioned agents. There were significant differences between EPFs isolates regarding trypsin (F=4.58;
df= 2, 6; P=0.038) and chitinase (F=3.21; df=2, 6; P=0.021) activity. The highest and lowest trypsin activity
was obtained on M. anisoplia (0.1595+0.0236 pumol/min/mg protein) and L. lecanii isolates (0.066+0.0027
pmol/min/mg protein), respectively. Also, the highest and lowest chitinase activity was obtained M. anisoplia
(0.1722+0.0025) and control treatments (0.0080+0.0021) pumol/min/mg protein, respectively. However, there
was no significant difference (F=0.48; df = 2, 6; P=0.704) between EPFs isolates regarding chymotrypsin
activity. Bino2 insecticide had an anti-nutritional effect by reducing the amount of protein and inhibiting the
digestive enzymes activity. The results indicated that the adults of aphids which exposed to the LCsp
concentration of Bino2 (247.60 pl/L) had the lowest protein content (0.08+0.027 mg protein/ mg adult
weights), and protease (0.0076+0.0002 pmol/min) activity. Along with digestive enzyme activity, the of
detoxification enzymes of the cabbage aphid adults were affected by LCsy concentration of Bino2. The lowest
and highest acetylcholinesterase (0.0011+0.0003 pmol/min/mg protein) and glutathion-s transferase
(0.0014+0.0006 pumol/min/mg protein) activity were found on Bino2 adults compared to control group.

Conclusion

The overall results of this research showed that either the tested entomopathogenic fungi or Bino2
insecticide, led to an increase in the mortality of cabbage aphids and the obtained information can be used in
the management of this pest.
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@l 5l Pan et al. (2013) Cliiss gls 45y jsbdy Coul 0dd 515 Slyis 5L 5 polie (sbacuses 1 1jem
b St 53 155 slam il culled Lial5bl g dy 5ol cladly 4 Caoms aty Slssin )3 bjpm sl 3]
Gl (LS (lje e b G35l C 3 (LS o JaS ol c b (ials Caz 3 0pd (185 puilSo (o5 58
(Bandani 2013; Gunderson et al. 2018)

a3 3l S claml e 5 €95 oo St (28 belss lioslon i b3 slopasls 5l (S
JsS5sS 4 b8 Cap s 5 sWam b QI L it liglon lag )l Able ol JsSosS
19 BB by Sl lics)low (slog, By jlgp ol i (Jeong et al. 2023) s o salitul b &l pis
S gy JsS56S ol il jl s gy B ol 4S5 y5bas (Chui-Chai et al. 2012) )y id JoSsS w55 5
S it L5 ke 5 (P12) st 5 (PTL) (o e 535 o 34355 (PTL) (et gaeS (5305 eolie o
(Liu et al. 2007; coul osd asie JoSuisS 3l dea )3 bagy] Sl i85 g odd JoSiioS (slaimiign 4550 4 e
8,5 b olisslen edls S lgie 4 Sludes gl slag B 0 Prlosesg oploly Dias et al. 2008)
Gisslew lag)B cilisee sladlgp! a5 cul ool lis wls)lis (Castellanos-Moguel et al. 2007) »4 .o
(Pinto et al. 2002; Revathi et al. suS" sJg JsSieS 0liiS o5 slajligp 5l Sglate polie cuwl Sae <l i
2011)

ale M. anisopliae AB dgl a5 sl lis )8 (sljisslon Jolos jl oolitnl b pils adllas  Sauis” ol gl ol
oeb abale 1) aog BB jesSye &S ouls g L. lecanii 229 dgpl 5l 5550 B. brassicae b o s
Seiglon J S sl )5 isusel Jole plgicd algi o g Mita dr gidle (oolaiBl jlas | ains oo (Ui (LS
Oy e g isucols) g odg uS jlaw L. lecanii 229 dgp! o Slas adllas cpl p3 5,5 1,8 edlasl 550
GilknS 5 ey culled (ioli8l & e e 1) L. lecanii 229 « cuws M. anisopliae AB dgpl oYU ol5lew
Ol ltlse & G 55 VL 2lics)lon 45 39)00 Ll 5,15 VL (65 Culled S pladlgpl ol Cos ]
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(Akbari et al. 2014; ol o 5,35 S B. brassicae S cas Ol (i)l slag B iso 5l o
B ks w3l el )8 Wu et al. (2010) (clasllas ,> Akbari et al. 2020; Mousavi et al. 2022)
G idgs »> s Plutellaxylostella L. S s duopd yialS g 9, pesS po ivlj8l 4 i M. anisopliae
& G 65V 5l g 59 S sl 31 M. anisopliae g,8 45 sauw, 4 opl 4 Revathi et al. (2011)
L M. anisopliae sjlgy 5 ilisns Vb colled eyl oS @l b oS WS oo M58 ()8 00 cladiss
el )0 1y oYU go5 (Zare et al. (2014) b auiss (o cpisred )b cdllas L. lecanii & cuws YU S51ya;
blod 4y jols 3,0 5l odol Cusdds gl b adly ) iy Sl 4y (2,8 oyl licsslon 9 Setdsio
a" Wby ol Elhakim et al. (2020) .ulawsly calles (o,6 sladgpl oy > jWey saculd 1> g5 3959
Cullsd it Shls &5 oyl a5 5yobds 215 929 gl 2lics)lon 5 SiWop b (o (ke (Snsen
aush cilhs ol adllas gl L oS wsls Tetranychus urticae (gg) jo (o Yb (Sauis ool oy (5 Wg 0
YO o 1y oYL olislews L. lecanii dgpl s S 05,5 5,155 Derakhshan et al. (2007) s 31 .cul
FWAL dgpl L. lecanii Koo gladllae )5 picres .3l L5 B. brassicae (¢q, calisee (slag B jl o cad dg !
(VU ol plis aops Voo o5 JyiS olie b AL gossypii g M. persicae <l g3 plp o 1) 2licsbon oYl
opis Olje €95 3 Il ysben 5 ()8 Sadlgnl (S5 g9 Jda Slgi e 2l > ©olis et al. 2007)
(Suwannakut et al. 2005) 35,5 sk oldl e Sl g
sWg,Y ade o] 53g B4 4 M. rObEISIT dgjl bawgs asud e (slajl5g yl5ee oyess L Ferreiraetal. (2021)
M. dgpl dw slajlsgy 5,Slee Keppanam et al. (2017) !y ogMe .05, o Aedes aegypti L. (s pao iy
Cullad ol 381 b &S Sy aei opl 4 9 3l )13 b5l 5,50 Galleria mellonella F. 4,Y 41y 53 1, anisopliae

Wb e il 55 g Y clal ds s U«,g)'s'l

Lolgin g (g 5 a0

L. b awlio 3 oYU jluw Sanis M. anisopliae (AB) dgjpl wdllas oyl )3 odel Cunmsds golis 4 4595 b
Ol a5 ddy )y oylac g aLS Lide b 50 Yo (iSopis cpicred 0 lis B. brassicae il > lecanii (229)
ool aglite glapudlSo b 30 cpl 2 uyp 250 Jelge ol atil gag LB iSepds
)5S Slam 3l cdled (il g gy (e SRR ASs jsboas i (s ST IS sage did (So3elseb 5 loerdsn
Cllb il izman 3l L) Vot (iSepts (o3))5 slomil jlee 5 slinns Sl 4 plgie ) ol ege 4
B gl Ko (B 3l gy SiSepie I edlitul ais ) dbogpe sk S Cllid lee 9o s Ijem slam il
Sy By ol ajlizs g jlgy dlen ) JoSuisS 018 g ,0m (slae 5l i 5 b M. anisopliae AB
Sl s Slyets o Caled 0 S o ol Jolgs ol D985 dy S | i 5 00 JoS35S S 9 g
o Aoy il optn )3 (Sfdnsd Ol i dz o Gl Cae Glejl 3,50 sl et 5 Cow i 500 0t
g Sas Sll g gl onl 3 0l adlae (208 alpslen Jelos b Votn 35 oyt )l adllae b .38
2Bl s ol S e oz 3 mole Sledbl 4y lgioe ol oge A b Gl (59 2 Lo (S8 5

&b

Brevicoryne oIS" oo did (81,5500 (sladscinl 3 1 0olSisld o Voo puw 90 (SaiiS 5 5 (gdumlio L(WWAR) lgud o5 il
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oSl gyl L 93 oo Loy losalyas b/ wled, 5" 4ol 5 bL . aKislejl Laslys ,> brassicae (Hem.:Aphididae)
-8 5y9LiS” BuSL]> cduog)]

Pl s ol 5 il ied o sondns )0 (AL lof] £l sbg) penlio 5 (o (WYAY) Sarms (5)leotd g 4 09 Shgm
Ol oy ol il dwwge 1yl y45 - Jol

Ao YV . gl Ol o lhen i e oKy @l )bl . o/ el i lalS b (\WAY ) sommo ¢ Slouls

b lypis glilon slog)B 5l glate 455 4w b &bl 5 ls; oS Jglie slrojlas 2l 2L (MTAY) 4053 ¢ o 5
BASLEIS cdogl olRutils tamg)l g5 a0 Ly (ool o0 ) oo S J S S g 50,850 o)l
(839l

Trialeurodes cuszer iy sladswld (65 Yow g MolSosls  Suiis pj all wyp (V) o5 (@lslo ol
cgog )l ol dpog)l o3 po Loyd pledalydy s/ wlis) IS 40l 5L L vaporariorum (Hemiptera: Aleyrodidae).
(8598 Bl

ol o9 W (NJdeidsS] o SRy (B op Ve e g Clhds Silen B &5 aw 13U (IF0)) e souse
pog)l oSl taeg)l o5 sae Luyd oleialy & . gD 4, Brevicoryne brassicae (Hemiptera: Aphididae)
(S35l BasCzsl
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