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Table 1-Toxicity of two entomopathogenic fungi isolates of Metarhizium anisopliae (AM111 and AH112) and Metarhizium
anisopliae@Fes04 to the 3™ instar larva of Plutella xylostella under laboratory conditions

Fungal LC2s (conidia/ml) LCso LCqo (conidia/ml) Slope + 2 (df)
treatment (conidia/ml) S.E.
M. 1.4 x 10* 1.9 x 10° 2.00 x 10% 3.84 £ 0.05 1.58 (3)
anisopliaeAM1  (1.1x10%-6.1x10%)  (6.5x10%-6.5x10%)  (1.4x10°-3.3x10%?)
11
M. 1.6 x 10° 1.7 x 107 1.2 x 10% 3.67£0.04 1.00 (3)
anisopliaeAH11  (1.6x10%6.5x10%)  (6.2x108-5.5x107)  (1.0x10%-1.2x10%)
2
Metarhiziumaniso 2.6 x 10? 2.5x10% 1.4 x 108 4.67 +0.08 1.53 (3)
pliae (3.2x101-9.5x10%)  (9.3x103-8.3x10%)  (1.2x107-1.4x10%)
(AM111)@Fe304

95% fiducial limit (FL) is shown in parenthesis LC: lethal concentration
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Table 2-Comparison of the repellencies caused by the treatments with Metarhizium anisopliae (AM111) and Metarhizium
anisopliae@Fes0; against the 3" instar larva of Plutella xylostella after 72 h after treatment under laboratory conditions.

Treatment Concentration (conidia/ml) % Repellency + S.E
Metarhizium anisopliae isolate AM111 1.0 x 10° 69.00 £ 0.57
Metarhizium anisopliae AM111@Fe;04 1.0 x 108 74.66 + 0.88"

*: statistically significant difference (P < 0.05).
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Figure 2- Prl activity (columns with the different letters are highly significantly different (p< 0.01))

OLEs Lol s mls 5 dastls y P.oxylostella J =5 s
L;jfp Geos )3 s e 0L 3l Coras ol
M. 5 B. bassiana Sz b il slad sl
P. xylostella £330 s N 6o, |, anisopliae
ol Sl el 4 dasad GBS 5 LS Sl
Ve Vb Sais m) /s Vo cble s gob s
M. b ik sladypnl S e osbul 1) Ao
ilw,sabse 55, 4 Nomuraea rileyi s anisopliae
3,4 P. xylostella £ oo oY ade (Yor)dun L g
oS clble L M. anisopliae go® sl F11248
4 ol e G383l e 1) /g AS Y/ E
P. «Je M. anisopliae ol 025 S 03 ol G

4l cales xylostella

i sl G)G Olge 4 M. anisopliae G)l}
Ul DU s 5lee DIl Sladde (ol 3 agn
0> 4l Olllae odas (Foster et al. 2000) coul o5 S
WamVgn 2 pliand g Sl (sl wn)
56l B G o s LS L s 508
2B ol sa SSUS Sldles 55 058Ul et 8
cole g el LaysiS 5l S s s ks el
(Defaria and <l odus S 0T (olows 0¥ 50 5
sy o> (Yo0Y) Thumbi ;a5 Wraight, 2007)
oLz P.oxylostella L. ¢, M. anisopliae gl bl
33% 03 S e 5 pn e oY ade 20l S0l
R SPSCWEEA IS WP WS vA PARIEPINL DI RS
G G L3 3l Gay 0 CdS Sl aa VL
sbad sl Ul )4 (Y044) 0, Kas 5 Godonou

M. anisopliae , Beauveria bassiana Szl

- WAV i 5 520l 1Y 0o 0330 0590 /i o] § S5 sk


https://dor.isc.ac/dor/20.1001.1.25885073.1397.7.2.6.7
http://gebsj.ir/article-1-272-fa.html

[ Downloaded from gebs.ir on 2025-12-18 ]

[ DOR: 20.1001.1.25885073.1397.7.2.6.7 ]

Qb&«.&)uﬁf

E-JG j‘ 4.g|4? 9 J:J'U

S Wby olas (YY) OLKea 5 Mburu s s
S SAS 55 Cesl= M. anisopliae gob syl
35 s 3 i ) s s (Lol pe) O 2
A G i LSk 2B S s ool

S)ls Gl gen

OSsn b Sl JSSS Ao Ve Sl b s L
Aol b s Glots i LWy, o bl 5l a0y Ol
mﬂ Prl 5l (Charnley, 2003) 1> a6 55
dsb 5o i Soley gl by os W5 Lol
A sy Sodll anip Jsb s 1) 708 shsobe
2 des T b Bl sl asiie el LIS
ol g B St Solen bag B abolen 4
sdas 0L Prl sy, wsl ol o S o
(St Leger et al. ol golew sl o gl =Uls
G)L; O L (\J"Q) ub@ jAIl M}J 1988)
gl el iy ey b ade Iseria fumosoroseus
531y A i PIL LS5y (slagy 5T 45 Ky 45
Bye and 5 (s 03 Gaiw L3 landls 2506 ol5sken
Lecanicillium @Ls e gladl 51 Charnley (2008)
358 3 Sledes SR PIL 555 w51 Lo st Lajl s
e el G sl Al Ol i ) O G)G
»Prl s, VJ}JT Colad ck..ﬂ 03 (Sl pme D]
EE LS atalie dals b amlis 53 B s

Sls calles B sd Olaases

Sboilr bawslie o U oslal b ebliae Glacils
SIS s 53L5 sblpe Sl s Sem slad b gy e
Glaldr 55 oylal syl cpl @ OIS e LOT e
5 gl S Ol w5l s Ol e eblas
BEIRELI ES T ST URP RGP Pl C\J,&;w:\ YL bl
o s opsle wey 3 e cnl las 8 Kbl
o) ol 93 ebliae D3 5L VL B b s
»> (Faraji and Fadavi 2013) Wledd vy 5 s3,e
FesO4 3l (Y+V0) 0, a 5 Mohseni Bandpei (slaa)Uas
o s s S el ebliae oS sladd ol s
350 1l Gladglo 1 Ogusls ol Ol Gk
AU A ol Ol Lol G s sl 13 )
Olge 4 Llg5 0 FE30s L osdd blise oS5 slady)
Al ol gladass 31 055l Gl gl e L3
oS 5 (Yere) ol Kaa 5 Rostamnia (g s i o
Llos S s Feg04 5l oslizal b 1y OLSLIS 3 5elS 5L
Rl o se 31 OWE Ol G 3 aby e sla U]
Gl b &S cal il bliae il ol JBlS

2ol Glssen Sl
LS 5 s e 50 LSS sy addlas
-5l ol 5 YU s Sles 4 o lal (Y2)0) Sabbour
4 4l M. flavoviridae , Isaria fumosorosea (slaz ;16
> .ol axils Phtorimaea operculella ;oo —ou
S5 o3 038 olil oo Giome cnl e
L p_é YL 30 Ol e Lol el slliS (sloslal S
POl Gl b g |y Sl Slen sl e

Cnils

\yay ul.«.m.o)g).ul.; 1Y O)Ln.& /p.d.b 090 /w) ‘sﬁwlij (WIS -



https://dor.isc.ac/dor/20.1001.1.25885073.1397.7.2.6.7
http://gebsj.ir/article-1-272-fa.html

[ Downloaded from gebgj.ir on 2025-12-18 ]

[ DOR: 20.1001.1.25885073.1397.7.2.6.7 ]

Q‘)&M)&J}

ol 3 Al s 3

&lw

Ahmad T, Ali H, Ansari S. 2008. Biology of
diamondback moth, Plutella xylostella (Linn.) on
Brassica juncea cv. PUSA BOLD. Asian journal of
Bio science 2: 260-262.

Ali SH, Huang Z, Ren SH. 2009. Production and
regulation of extracellular proteases from the
entomopathogenic  fungus Isaria  fumosoroseus
(Cordycipitaceae; Hypocreales) in the presence of
diamondback moth, Plutella xylostella cuticle.
Biocontrol Science and Technology 19(5): 523-535.

Berry CC, Curtis ASG. 2003. Functionalisation of
magnetic  nanoparticles  for  applications in
biomedicine. Journal of Physics D: Applied Physics
36: 198-206.

Bidochka MJ, Kamp AM, Lavender TM, Dekoning J,
Croos NJA. 2001. Habitat association in two genetic
groups of insect-pathogenic fungus Metarhizium
anisopliae: uncovering cryptic species? Applied and
Environmental Microbiology 67: 1335-1342.

Bradford MM. 1976. A rapid and sensitive method for
the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding.
Analytical Biochemistry 72: 248-254.

Bye NJ, Charnley AK. 2008. Regulation of Cuticle
Degrading Subtilisin Proteasesfrom the
Entomopathogenic ~ Fungi,  Lecanicillium  spp.:
Implications for Host Specificity. Archives of
Microbiology 189: 81-92.

Cao M, Wang J, Li Z, Ge W, Yue T, Li R, Colvin VL,
Yu WW. 2012. Food related applications of magnetic
iron oxide nanoparticles: Enzyme immobilization,
protein purification, and food analysis. Trends in Food
Science and Technology 27:47-56

Charnley AK. 2003. Fungal pathogens of insects: cuticle
degrading enzymes and toxins. Advances in Botanical
Research 40: 241- 321.

De Groot M, Winkler K, Potting R. 2005. Testing the
potential of White mustard (Sinapisalba) and Sweet
alyssum (Lobularia maritima) as trap crops for the
Diamondback moth Plutella xylostella. Proceedings of
the Netherlands Entomological. Society, Meeting, 16.

Defaria MR, Wraight SP. 2007. Mycoinsecticides and
mycoacaricides: a comprehensive list with worldwide
coverage and international classification  of
formulation types. Biological Control 43(3): 237-256.

Dezianian A, Sajap AS, Lau WH, Omar D, Kadir HA,
Mohzmed R, Yusoh MRM. 2010. Morphological
characteristics of P. xylostella Granulovirus and
effects on its larval host diamondback moth, Plutella
xylostella L. (Lepidoptera: plutellidae). American
Journal of Agricultural and Biological Sciences 5(1):
43-49.

Duarte RT, Gongalves KC, Espinosa DJ, Moreira LF,
De Bortoli SA, Humber RA, Polanczyk RA. 2016.
Potential of entomopathogenic fungi as biological
control agents of diamondback moth (Lepidoptera:
Plutellidae) and compatibility with  chemical
insecticides. Journal of Economic Entomology
109(2):594-601.

Faraji M, Fadavi Gh. 2013. Application of nanoparticles
in food science and technology. Iranian Journal of
Nutrition Sciences and Food Technology 8(2): 239-
252 (In Farsi with English abstract).

Faraji M, Yamini Y, Rezaee M. 2010. Magnetic
nanoparticles: synthesis, stabilization,
functionalization, characterization, and applications.
Journal of the Iranian Chemistry Society 7:1-37.

Foster S, Denholm I, Devonshire A. 2000. The ups and
downs of insecticide resistance in peach-potato aphids
(Myzus persicae) in the UK. Crop Protection 19(8):
873-879.

Godonou I, James B, Atcha-Ahowé C, Vodouhe S,
Kooyman C, Ahanchédé A, Korie S. 2009. Potential
of Beauveria bassiana and Metarhizium anisopliae
isolates from Benin to control Plutella xylostella L.
(Lepidoptera: Plutellidae). Crop Protection 28(3): 220-
224,

Gupta SC, Leaters TD, El-Sayed GN, Ignoffo CM.
1992. Insect cuticle degrading enzymes from the
entomogenous fungus Baeuveria bassiana.
Experimental Mycology 16: 132-137.

Jun MA. 2000. Laboratory susceptibility of Plutella
xylostella to Metarhizium anisopliae and Nomuraea
rileyi. Insect Science 7(1):53-7.

Khorrami F, Valizadegan O, Forouzan M,
Soleymanzade A. 2018. The antagonistic/synergistic
effects of some medicinal plant essential oils, extracts
and powders combined with Diatomaceous earth on
red flour beetle, Tribolium castaneum Herbst
(Coleoptera: Tenebrionidae). Archives of
Phytopathology and Plant Protection
d0i:10.1080/03235408.2018.1458412.

Mburu DM, Ndung u MW, Maniania NK, Hassanali A.
2011. Comparison of volatile blends and gene
sequences of two isolates of M. anisopliae of different
virulence and repellency towards the termite;
Macrolermes michealsoni. Journal of Experimental
Biology 214: 956-962.

Mohseni Bandpei A, Fattahzadeh M, Kalantary RR,
Eslami A. 2015. Evaluation of Diazinon adsorption
from water solutions using magnetic carbon nano-
tubes with FesOs. Journal of Environmental Health
Enginering 4:283-293 (In Farsi with English abstract).

Osaka T, Matsunaga T, Nakanishi T, Arakaki A, Niwa
D, lida H. 2006. Synthesis of magnetic nanoparticles

\WAY by 9 5wl 1Y o louit [ pild 0590 [ o § (Soos| g S §  cawrdigeo -


https://dor.isc.ac/dor/20.1001.1.25885073.1397.7.2.6.7
http://gebsj.ir/article-1-272-fa.html

[ Downloaded from gebgj.ir on 2025-12-18 ]

[ DOR: 20.1001.1.25885073.1397.7.2.6.7 ]

O‘)&ﬂ)s‘f‘

B 3l g5 U

and their application to bioassays. Analytical and
Bioanalytical Chemistry 384: 593-600.

Rostamnia S, Zeynizadeh B, Doustkhah E, Baghban A,
Aghbash KO. 2015. The use of k-carrageenan/Fe304
nanocomposite as a nanomagnetic catalyst for clean
synthesis of rhodanines. Catalysis Communications
5(68): 77-83.

Sabbour MM. 2015. The toxicity effect of nano fungi
Isaria fumosorosea and Metarhizium flavoviride
against the potato tuber moth, Phthorimaea
operculella (Zeller). American Journal of Biology and
Life Science 3(5): 155-160.

Saeed R, Sayyed AH, Shad SA, Zaka SM. 2010. Effect
of different host plants on the fitness of diamond-back
moth, Plutella xylostella (Lepidoptera: Plutellidae).
Crop Protection 29, 178-182.

Schuler TH, Emden HF. 2000. Resistant cabbage
cultivars change the susceptibility of plutella
xylostella to Bacillus thuringiensis. Agricultural and
Forest Entomology 2: 33-38.

St. Leger RJ, Charnley AK, Cooper RM. 1987.
Characterization of cuticle degrading proteases
produced by the entomopathogen Metarhizium
anisopliae. ~ Archives  of  Biochemical and
Biophysiology 253: 221-232.

St. Leger RJ, Durrands PK, CharnleyAK,Cooper RM.
1988. Role of Extracellular Chymoelastase in the
Virulence of Metarhizium anisopliae for Manduca
sexta. Journal of Invertebrate Pathology 52: 285-293.

St. Leger RJ, Goettel MS, Roberts DW, Staples RC.
1991. Prepenetration events during infection of host
cuticle by Metarhizium anisopliae. Journal of
Invertebrate Pathology 58: 168-179.

Tajick Ghanbalani MA, Asgharzadeh A, Hadizadeh
AR, Mohammadi Sharif M. 2009. A quick method
for Metarhizium anisopliae isolation from cultural
soils. American Journal of Agricultural and Biological
Science 4(2): 152-155.

Thumbi DK. 2002. Evaluation of native isolates of
Basillus thuringiensis and Metarhizium anisopliae for
the control of plutella xylostella (L.) (Lepidoptera:
Plutellidae). Doctoral  dissertation. Kenyatta
University. 83p.

Valda, CAS, Reginaldo B, Edmilson JM, Jorge BT.
2003. Susceptibility of Plutella xylostella (L.)
(Lepidoptera: Plutellidae) to the Fungi Beauveria
bassiana (Bals.) Vuill. and Metarhizium anisopliae
(Metsch.) Sorok. Neotropical Entomologist 32(4):
653-658.

Vilicinskas A, Matha V, Gotz P. 1997. Effects of the
entomopathogenic fungus Metarhizium anisopliae and
its secondary metabolites on morphology and
cytoskeleton of plasmatocytes isolated from wax
moth, Galleria mellonella. Insect Physiology 43(12):
1149-1159.

Zhou L, Huang J, Xu H. 2011. Monitoring resistance of
field populations of diamondback moth Plutella
xylostella L. (Lepidoptera: Plutellidae) to five
insecticides in South China: A ten-year case study.
Journal of Crop Protection 30: 272-278.

IYAY liwo) 9 506 /T o Lo [ pidd 0590 [ mny ) (Foos g SSUGs (owdideo -



https://dor.isc.ac/dor/20.1001.1.25885073.1397.7.2.6.7
http://gebsj.ir/article-1-272-fa.html

[ Downloaded from gebs.ir on 2025-12-18 ]

[ DOR: 20.1001.1.25885073.1397.7.2.6.7 ]

G)B )" 4.3“.).;: 93 J;U

Genetic Engineering and Biosafety Journal
Volume 7, Number 2

Efficacy of two Metarhizium anisopliae isolates and nano-fungus
Metarhizium anisopliae@Fe3O4 against Diamondback moth

Fereshteh Khorrami™, Youbert Ghosta?, Khadijeh Ojaghi Aghbash?®, Asmar
Soleymanzade!, Maryam Forouzan®

1. Ph.D, Yong Researchers and Elite Club, Urmia Branch, Islamic Azad University, Urmia, Iran.

2. Ph.D, Department of Plant Protection, Faculty of Agriculture, Urmia University, Urmia, Iran.

3. Ph.D, Yong Researchers and Elite Club, Ajab Shir Branch, Islamic Azad University, Ajab Shir, Iran.

4. PhD, Plant Protection Research Department, West Azarbaijan Agricultural and Natural Resources Research
Center, AREEO, Urmia, Iran

Abstract

Diamondback moth (DBM), Plutella xylostella (L.) is one of the most destructive insect
pests of brassicaceous crops in Iran and throughout the world. Chemical pesticides play a
key role in managing DBM, however, the adverse effects of chemical insecticides and the
significant resistance of the pest to the broad range of synthetic insecticides has led to
increased attention to the use of safe and eco-friendly components. Therefore, in this
research we examined pathogenicity of two Metarhizium anisopliae isolates (AM111 &
AH112) and synthesized Metarhizium anisopliae AM111@Fe3O4 against the 3 instar
larva of diamondback moth under laboratory conditions. Toxicity comparisons of nano-
formulated fungus and non-formulated one demonstrated a significant decrease in the LCsg
value of Metarhizium anisopliae AM111@Fes;04 estimated as 2.5 x 10* conidia/ ml that
exhibited nano-formulated fungus was more efficient against the pest. Mean comparisons
of pure and formulated fungus repellencies showed that nano-fungus significantly was
more repellent against the third instar larvae of DBM, so mean repellency values of non-
formulated fungus and nano-fungus on 3™ instar larvae of DBM were equivalent to 69 and
74.66%, respectively. Also, in enzymatic study, protease Prl activity comparisons in
optimal pH (=11) exhibited significant difference between control and fungal treatment and
the most level of Prl activity was observed in fungal treatment. Prl activity levels in nano-
fungus and non-formulated fungus treatments were equivalent to 2.994 and 0.051 mg/ml,
respectively. Our results showed that nano-fungus was more effective on P. xylostella
relative to pure-fungus and Metarhizium anisopliae AM111@FesO4 can be used as an
efficient new component in integrated P. xylostella management.

Key words: Plutella xylostella, protease, bioassay, entomopathogenic fungus,
nanotechnology
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