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Introduction

Potato tuber moth, Phthorimaea operculella is an important pest of potatoes which annually impose economic loss
in potato production especially in stored places. Chemical control with spray in farms and fumigation in storages is a
conventional method for depressing the population of this pest. In addition, with harmful effects of synthetic pesticides
on environment and human health, developing resistant population of insects, compel researchers and plant protection
institutions to utilizing new safe control methods. Delaying the resistance by keeping effectiveness of pesticides by
using synergists and sublethal concentrations is a resistance management method. Bacillus thuringiensis is an effective
microbial control agent against some insects. Its effectiveness decreased because of developing resistance in some
population of insects. Combination of Bt with some botanical biopesticides increases its efficiency that reported in
many studies. In this study combination of B. thuringiensis with hexane, ethyl acetate and methanol extracts of Celery,
Apium graveolens were investigated on mortality and some biological parameters of PTM. Celery is a biennial plant in
the apiaceae family, which is rich in some compounds such as phenolic and flavonoids. These compounds could affect
biology and physiology of insects. Combination of sublethal concentrations of Bt with extracts of celery subjected for
study of their effects on mortality, synergistic effects and some biological parameters on PTM larvae in this paper.

Materials and Methods

Potato tuber moth colony established by preparing larvae from a health colony in department of plant protection,
Azarbaijan Shahid Madani university. Larva reared on potato tubers in plastic containers. Rearing carried out in
controlled condition of 26+£2°C, 60% RH and a photoperiod of 16:8 (L: D) hrs.

Foliage of celery after well washing with distilled water, dried in shadow in laboratory condition. Coarsely
powdered dry plants used for extraction. Extraction carried out using the maceration method with three solvents,
hexane, ethyl acetate and methanol respectively. Sub-lethal concentrations of both agents, including LCio, LC3 and
LCso, individually and in combination, were assayed by the oral bioassay method. The same age and size of potato
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leaves were impregnated with sub-lethal concentrations of both experimental materials using the dipping method. The
first larval instars of PTM were transferred on treated leaves, and mortality was recorded in 48, 96 and 144 hours’
intervals. Larval developmental period and adult’s emergence as an important biological parameter recorded in all
treatments. In addition, the inhibitory activity of extracts on a-amylase and protease enzyme of PTM larva was
considered.

Inhibitory activity of celery extracts in two concentrations 1 and 10%, on PTM larvae alpha-amylase activity was
assayed by the dinitrosalicylic acid procedure, using 1% soluble starch as a substrate described by Bernfeld, (1955).
And protease inhibitory activity assayed using azocasein as substrate, with comparing enzyme activity in controls and
present of extracts in reactions.

All experiments were replicated three times. On-way ANOVA analysis of variance in random design was used for
statistical analysis. Duncan’s multiple range tests used for comparing means. For determining the synergistic, additive
or antagonistic effects of combinations, chi-square test conducted between observed and expected results (df=1).

Results and Discussion

The results revealed that ethyl acetate extract of celery in combination with Bt synergistically increased the mortality
of larvae. Compared to the control, the combination of methanolic extract with Bt didn’t affect larval mortality.
However, the combination of sub-lethal concentrations significantly increased larval life span compared with the
control and adult emergence decreased especially in LCso combinations. Increasing the mortality with exposure time
progressing, observed in all combinations and the most larval mortality recorded in 144 hours’ exposure time.
Ethylacetate extract of celery alone and in combination with Bt more than other solvents affected biological parameters
of PTM. Extracts in the concentration of 10 percent in reactions inhibited o-amylase and protease activity of PTM
larvae by 27.97-37.77 and 11.48-25.51 percent, respectively.

Numerous researchers have reported increased efficiency of Bt in combination with other plant extracts for
controlling various insects. The observed synergistic effects can be attributed to factors such as disrupting midgut
properties, inhibiting digestive enzyme activity, and disrupting the insect's immune system by plant extracts.Inhibitory
activity of celery extracts on digestive enzymes activity of PTM larva, well documented in this research which is in
alignment with other reports. Effects on larval life span that with prolonging it affects population dynamics of insect
pests, reported in same studies. This biological effect has adverse effect on development and physiology of insects and
asynchronies developmental stage with environmental variations which finally decrease the population of next
generations or overwintering insect’s density. Adults and pupa emergence percentage decreased in combination of Bt
with celery extracts that same results were reported in other researches.

Conclusion

This study aims to determine the effects of different extracts (prepared by different solvents) of celery in
combination with Bt on potato tuber moth larvae. Effects of different solvents in separating effective compounds on
PTM, was not same. In certain instances, the methanol extract of celery showed a minor effect in enhancing the potency
of Bt. However, strong synergistic effects were observed with ethyl acetate and hexane extracts at various integrated
concentrations. Time also played a crucial role in achieving the desired mortality results, with mortality and synergistic
effects increasing over time in all extract combinations with Bt. Particularly, towards the end of the exposure period, a
synergistic effect was notably observed in all integrations involving ethyl acetate extract of celery.In addition, with
mortality, larval developmental period also affected by combinations. Increasing in life span observed in all treatments
with different ratios. Adult emergence decreased strongly in different treatments and this is so important in decreasing
the population of PTM. Because of importance of Bt as an effective and safe insecticide and increasing the resistance by
different pests such as PTM, management of insects in integrated programs using plant extracts will improve the
efficiency of Bt. Decreasing the sprayed concentrations in combination with other control methods are two important
resistance management toll in IPM programs. Celery is a potent plant for this goal and additional studies are needed.

Keywords: Biological effects, Enzyme inhibition, Larval life span, Sublethal concentrations, Synergistic effects



olx! pblS cblis> by iagh 4 s

https://jpp.um.ac.ir P,
N

FIF-EVA o V60T Ol of o jlad TV dl

L Apium graveolens L. (Apiaceae) s S oL o las oS 5 5l andllas
(s youw s ade (Bacillus thuringiensis ¢ xS

Phthorimaea operculella (Lep.: Gelechiidae)

bl Sld b Lo, - ()8 Bl e ol =1 asl o ST gtamms 55l
VEANYYA 5L 55 6

\f"‘/'b/“' :U;J':'L- @)U

2SS

as30 9Ll ) 1y o3k (oolamsl @l ylus 4Vl 48 sl e jwm pae s bl I S Phthorimaea operculella « o jeuw 1
= ApIUM graveolens « s, ol Jglia 5 il Jl ¢ 513%a (sloolas b BU oS (S0 i 34l 18T gy 2 0] )3 455 0 39
2350 Jelge it 5 (slac bl (8.8 plosl (il by b (s pSoslas Cusl 00 adlllas Bl ) slo el (S g 0 5 Spo
olaled 5 et SoSyy BS 8 gy 390 (D)5 Cygods SRSy L il 3 9 931yl @90 LC10 9 LCo0 LCo0 Julis (o)
chale pa (SaiS Gl S 3 csejca du Jgl o sbag)Y L] ) (il St Sl e g 008 Heabge balew Sl ST 10 ) (e
o slogyY gy 9 Mool (slan 3l o bnojlas (SuiiSlae ST izmed 0035 Cud sl WY 545 FA Sloj Jols )5 Jele 93 (343l o
Logy¥ e 9 S e 2 (i SI3I B8l b 30l 5 ()3 (Sl il o las a5 0ls (i ol .85 )18 adllae 3)90 33 (isejicuns
39 Jolse 04 5 glaclile 5l o5 235 pasede izen b (LS (6 yiaS (SatS Sl Jgilio o)lae L BU 68k il .cusly
Co Gy JolS Sl oals doyd i s G131 ] (6)loisine yobod g 41l (59)Y (5455 0093 Jgbo 2 5y im0 5B (g2
oylias o8 b olis el Oldllae gls il jialS wus a4 Bt JiSe s g baojlac LCso slaclale 34l )3 (ogase g 48,5 )3 45
Slge |y oy S (slog)Y M-l (o 5l cudlad 1o y> YOO 5 g wo il Cullsd doyd YVIVY dop3) e clale )3 b S Sl ]
0,8

w3 e 0038 5 SCAle «g9,Y (605 0553 gy S et ) Ol 1 1 glS” s0]lg

Al a5 byl Sae b oKl ¢ 65y9LiS oSl ¢ S 0LS 09,5 ¢ylutils =
(Email: mohamadi@azaruniv.ac.ir : Jstuws sdiw g —%)
Ol G238 oy oS ¢(55)gliS 0aSIS ((SB0LS 09,5 «(g5ygliS (polidbopi (5553 09 (sgemiy =¥
&S 5 oppejl YOV (EQE UNIVErSity) «51 olKisly o sjy5lis 0a8eiily K530l 09,8 bl -
https://doi.org/10.22067/jpp.2023.81209.1137


https://jpp.um.ac.ir/
https://orcid.org/0000-0002-8622-2776
mailto:mohamadi@azaruniv.ac.ir
https://doi.org/10.22067/jpp.2023.81209.1137

44

9 Cangliie So I (6 xS 9k cegu Sl IRl ((Bpan 5 ialS
Reddy ) cusl 8,5 )18 ()0 3y90 2l I3l 3525 Jlos]
s leicas (Yang et al, 2018 & Chowdary, 2021
(Ao s py oy 9, (59 S0l 5 BE pls oozl
JJ>«s Plodia Interpunctella Hiibner (Lep.: Pyralidae)
035 oalS (blsS slamil el talS cely gljilon
e e A 9 (595l nSgn Oliee (LS g LagyY
(Nouri-Ganbalani et al., 2016) s_s LuS 5 (sl32xe o3litu!
Curcuma longa L. g3, 139 b Bt 5.8l 1 eslawl fpoomen
Tribolium )] jo,8 ais olie w3, ) (Zingiberaceae)
50 £astaneum Herbst 1797 (Col.: Tenebrionidae)
ol SO L anlie o JolS i yio g Spe o dre ]38
elie aalllas 45 (Malik & Riasat, 2014) 45,5 Jolse
Sl g S g oy A e ojlas g Bt jl plg solasuwl
Job Lials” o0 (Verbenaceae) Vitex negundo L. >

J—b i y9)lm g y—os Job (S pid 9 59)Y 0)92
Cnaphalocrocis medinalis (Guenée) (Lep.: Pyralidae)
LCso clals plgs odluwl (Senthil-Nathan et al., 2006) .
il 38l g 05si <)Y (59 il o Bt g STyl (iSe yis
Helicoverpa iy oj9 p)S ps o (sLogy¥ j09S 5o
Abedi et al., ) . armigera Hibner (Lep.: Noctuidae)
0iblS Cow (lblea Jusas ST ol ¢ Bt I oslazul (2014
Tuta absoluta Meyrick « 55,3455 jgie 035 (slag,¥ slax
3 S3g I il S g8l 3 S, > (Lep.: Noctuidae)
.(Nazarpour et al., 2016) cuol ouss (55,8455

Sy 0,0 5l dlwgy alS Apium graveolens L. . 8,8
LSy sols ol lsn slaplsil 5 Wl a5 ol (Apiaceae)
P 0j9> > pogmaty (e () Gl & At olend
sdoc (Khalil et al., 2015) coul osid 03> s bl &0 (S5
S g ale GLS 5 85 (gn slaplil (plend S
Koot et al., 2014) wb e il ¢ " koo & Jgtin i o cyamsya
5 ) Ol 3l o st ldllas y> 45 (ROZEK et al., 2016
Karr & Coats, ) ol osd (5,135 caliste @l sy gl (6,13,
(Yildirim et al., 2013; Sun et al., 2020,1988

2 opsmaban (S Sl 05 5 G ale S oslizal
S Gl b laid jl el g Cuwglis Copie oy

1- Limonene
2- Myrcene
3-Terpineol
4- Selinene
5- Pinen

o

LV RY-T

039 grhae 6yl g slae 30 I G lgisds unjiu A
(Jung et al., 2019) a8’ o d)ly uojumw 4 (o3b; Slylus o
9= ¢y Jole ‘5910!.4 dl.h)y.uf )0 Loy Voo LS” e UJLuO
; Rodon, 2010) cewl aads (5,35 s g LS S5 ¢ iy
s Lol 039 (swmjam )] g o ybsee (Alvarez et al., 2005
9 SL oy loual ( Jals (  S5,8a 568 uile o]y ol ple
Capinera, ) ouS o 3,y <ylud 55 0,55 plas o slacale
e Sapll s, (s Jead Jgo 15 JulS &t (2020
Joie Copgods )Y g 038 (62)055 odd g9y (BB 9 GlalS
slaplisl s deso el wd)S 44s5 dBly g Syed « Sy
3ySdee 3 6305 WL yld 55 nl W p Nsdie 2lsn
9 JQ_a.a.‘xp u_,&.».{ u.&sl_{ o (ose s b.)gﬂ Lol s.))lJJ LS’LQ)
Alvarez et) 1al8 o bosé (g5l 5l 5 oad a5l cla Sdgll
.(; Rondon, 2010al., 2005

Jd 5 Jgmame (aberd pyoss ) (o)l 1 (ojicam Sz
whlS 5 el oais pylie Sy sl o bl daclawdsls)|
h»_’>bo9‘_;i|A_C u_mo]m O’; bl;dbdw J)Mfubs)
; EI-Dogramaci & Tingey, 2008) ¢l oud 5K 508 Coumn
al S pglie LS «Sufls )5S ( ged slaal
Bacillus thuringiensis (Bt) (¢S puS g9 8- 5 g9
dtmos)f )‘ L;:L.m.w £ gow )l usto ool cu.{bl..f lemu.fb)w
g o0 cdl (oolaml b Lials cel sl o JyS Jole S )
G jlais g B ye Gldgage cyludl (69, (65508 oy il il
(Alvarez et al., 2005;Capinera, 2001) il awsls

QIAQ_?’o GOL».U.;‘ d‘)_g d)_':.of Coouws ‘u.a:l,s d[md;fo)b
503, S5 3)ls oS & (sldodis el cdiily Conjlags 9 Bunyue
Ngegba et al. ) .S o slog! olie slg o cunsS )3 (6
jodn) LS CluSy 4 cus Olyds Cwglis e85 .(2022
(Isman, 2020) cowl oais ()55 (60w alie wloS' 5
2 Al e 39 e 3 9 e oy (LS LS
S5 g ol higliS 4 Jo slp Sl (Al o pde sl
Opender & Walia, 2009; ) 45,5 1,3 solatwl 3y50 oyl (glic
.(Kuppusamy et al., 2016

slaoylas 5l Jus Jod BB ol 3l i Gldllas L o
90 ylojen odlaiwl (6,50 Glalllas o Lol w0 Hlis 1y &LS
L bl 5 iSopds b lpis cloSilen aile )y Jals
‘t_s—“)bﬁ—“’ dL&vd..u)lb 9 Pyow d).aa.n u.u.tblf S b 0 L&ab)La.C



A\ e S 0L ojlac CuS 5 i arllle (] Kod g (g0

IS plessdan (unjmmw do Vbl Coonl 4 a2y L
po33 9 L 038 LS b 5 pojicams ST ( 5isn
e o gl Gl Joel 5 lesd e S slaby) Jlo!
Liie Ly Jolgs poguasey (JpuS Jelgs jl ol )90 9 ccanmsj
Jor 3l xS ol sslaie 4 ((BLS Sl ilul 5 laojlas) (b
clale dls b oy cnl > Bt oSk ade Jlossl cuoglie
ro 9 Sy 2 )5 hlize glaojlac 5 Bt oaiiS 5 sl
28,5 )8 adlllae 590 (e S glag,Y

gy 9 3190
(e jiomian oLS Cudils

JIBE S 5 (BLS (sboojlas ()55 Sl yp sl
o0J< )9_|a.».4 O"‘ EURN W odlasiwl L)f] rbﬁ) (R ) o)l.: LSLQ&)J
9 VO dlad y1hd 4y 05 sla S 5D oejcamw edjailes sla
) ol 555 5 ely; S dwlo (g9l S e Sl ¥ gl
A oVek 0 oy sled Bad ar S de ((golue o
LV L(bu‘.\lf W k_)btul Lo yd HeEN- e w9]o) 9 U"?""“J‘“’
Cger LaS 5l ol canlio 3 51 e g 00 ()bl 5l &
[(Hatami et al., 2022) s oslazul Slivlejl plosl

e jes o 0B 9

Slead a slap s diwd ( dusjiumw o IS ad (glp
&9y ool Sae aas oKl (SipelS 09,5 pos,lisius]
u.{v.»_w)'ts d9)_lo IR ) JJLM.A l_s).ﬂ H) (R ) s dLlao.\.'c
awlo b gl LS a8 ya b YO XVOX Y+ syl 4y IS5 Ldatine
sbod )3 hygym b LSl (9 sl g2 00 kil
CAless 5l liseb] s S Cygo do)d 0D s Cugb,
S9y por)tSdl 3 Jos i JBlas 0t (1ol i (92
Hatami et al. ) <ol )9, L )ST vd) (—uejuw slaoss
(2022

SALS slas jluas 4
5 e 5k 5l AL graveolens  Lué,S oS slsn (sbaplsl

BU1 led 50 w0 5y 3 (6, S0l it 5| Ly b AgS oga0
St I 59530 o & alw byl pd 0 wgoude do)d YOIV

e e85 eslo Bt Var Kurstaki® o950 (9)See (iS0 pier =
MAB CO ¢ ¢545:S590 Lol

Conquistador 43, -y

Sl Ly Ll wile 131 L oaiS 5 elacdale oy oY
i liseo (Lo JS by (i Gl )3 i (g 0)50 J5b
s )8y ) i o 5)3l05 5 (6y9)k cmer Ay St pus Sl
sl ol b (i ST pogase § obcds 5 2bobiee
@YU sl Sl (Gl pgos Bpae ol con o (JyuS
Lee, 2000, Stark et al., 2003; de Franca et al., ) s wa
-G 2 38 QLS e (slaojlas (SaiiS ;5 ol (2017
Cuwl 0355 Calidro piises dogi 3y50 calisee il s HlBy 5 (wlid
Alves et al., 2013; Candido et al., 2013; Silva et al., )
(2016
UialS g Jgliie clajiSecs] 4y ol pis cuoglie gasge
o158l Ly g 5ol slagpliiul 65 K4 pg3l desl Ll
Zhu et) xS o ol Gl ) Gl |y Sl 53 Caoglie jop Cas
395 (it £330 ) 55 BE (gm0 (al, 2016
El-) ol oas 555 calisee Bl )3 caaglio I (oami0 3,lg0
S ilisl s YU glacalé jl ool Linlo (Kady, 2011
Ablg @y |y Cunglie jop L9) (plrerd pgos I odlitul lad>
9 OligbsS a5l ae o oS pj slaclale jloslinal .5)8
iy i ogud Sy plgisds (5)ygliS OV gase (BASAg5
9 o Josde Gz Jo:8 BB s Jpa> loj Gl S
5 Ol Cygody Jole lin b 9> jl oolaiwl &S cuwl 0dds yasuiie
O Sl il leglej > pasuie JyuS Slual 4l b
o oaiitS glaclale cow SISl o (9B JB aom Jpa>
5l g2t 5yl (Reddy & Chowdary, 2021) 48" (5,55
slagiSedlon sy clacale 3l i )
laiSedlly o Sou S b 9,80 (2 5 (b 5 (Shas
; Nouri-Rajguru & Sharma, 2012) ccwl oais ()55 LS
wl,s! . (Ganbalani et al., 2016; Nazarpour et al., 2016
OS5 (3590 gl i oS ) () OISl olpen 4 (SaiiS
5 Gb50 s SISl g3 B (29)S0 A5l iium 00
odlaiul 3,90 calisee G ade 4l calisie sladslis a5 ol oyl
Sanchez— Plata-Rueda et al., 2020) ¢l 43,5 )3 5,0
5 o) ehLS s pe5) (Sdnchez-Yafiez et al., 2022;
g 25 & dog b cilises Sl )3 Canglio i | 5ol
Bt ;I oslitwl 590 (slaclale yinlS gs o wlus! iScdl ol
g Oglite Jlogu b (JyuS Jolge plo b (Al eolitul (pimen
S50l sioas I3 b 81 Jemily  o3lizl dan 31 5ot
Khan et al., ) cowl s , S3Bt 4y Ceoglio o pis 43 yige
«Sidom  Foo bcdalio e plgisa 5 w85 olS (2020
2 odlaiwl ly (255 Jewily jl ilisee lpis 5550528 9 LS,
(Qietal, 2021) cusl 5,55 5 BT y o slaasl



VFeY by oF ojlouds (Y'Y ol (55,9l aulus g pale) ol pl (LS Cblas by pdg}s 4 yid YEA

ol (objyl alizee (slegloj ) ST T )3 clale ja 0l o (g
sals plytedy ylaie OF Slas S5 )L aw o olilel JS
A YO EY lod UL jeline,s do Lasled o oolaiwl 4o
Sl VA (595 0)93 9 o) B+ B gond Cagho) g (pogpudes
FA loj a3 LogyY o 5 S po bd Jithe ((2lidy) 1 S5)0)

(Konecka et al., 2020) 1> 5 .l celw VFF 445

Mo U o angd slaojlas 5 ookl 5 90 sl - Joun
w152 812 BU (29,500 (S8l 9 (ud S 0lS Ao gl

s e (g, Y 5y Ll G5 ol 51
Table 1- Different concentrations of Bt and Apium
graveolens, used for evaluating their combined effects on
Phthorimaea operculella larva

o, las

;S?Lclo LC30 LCSO
Extracts
oli%e 0.078 0.26 0.613
Hexane
el 6014 0.07 0.21
Ethylacetate
Jsie 3.99 9.07 16.03
Methanol
Bt 0.78 13 1.84

e S ke tlackale asly?
*Concentration units: mg/I

bl il g Las jluas Bt Fuwy Ol Jl (A g oy
oy ai sLag,Y 3 LT s sla

5 0¥ sdy 0y93 Jobo ol i Sl gy sl
oo Sl odliul 3590 bl (oS Clpis 50l Loy
A8 ial iz Ghlefl ©ygo (V i) (St ol gl
g eble o oud ogll (Gl s Boyk )3 yolaie nl sy
e 038 Yo (355 s9abod (bo) b jlai )50 slaclale 5.l
P2 Sy 5 Jite ;153,90 slacs 4 Ol s 5 (A St
90y .ab e | dwsjium dn Jol w9y i Ve olaw Sy
= il anae 0ld jled S p b 0008 LS p LSS o)
L Lag i o Lag)¥ o515 ctin Gl g bog)¥ ) L s
Ojgmodn Laodls Cd o Joasd e slag iy (9,5 L2
Hatami et) cély dolsl aylos plod j3 JolS" ol piis jaals b &l
(al., 2020

(e s aas (sl g Y ) 3T gl sl
o255l (2LS sloo)las (SAS oo Sl )y psliton,
o255l gl 5L b g 5 Meel-Lall )15 sl
S )Y 00 b il 4 jelate (ulay g aeja Ao slag,Y
03008 3 3> -8 3l ool L o (hsaen) (i 2 039)

oslewl (Maceration) yluws gy 5l (pSo,bas (ly 0
2 Ceplad g gay 5 0ad 0y Sail e SLis oS Ll
08) 0 1) s dy Jpilio 5 il sl )5S0 ) sl Mo
3970 33 51 g Bolas Shis gl (sl 5 ol (O
dw yd Joo oyl b oo edlatwl Mo 5l sdore 4 0 Bl byl
alsyo a3 Jlagul o)las bl 3085 plxil 059, 0 Al je
s 390 JH a bgye ojluas e o g oad pledl el
A e ()5 S MalS Lyl 53 5l Sypeo g3 5 (5SS
LS Ll jl g 00 Blo colys > b M 13 0dd > o)las
S50 ol b oMl gam 5 a8 M5l (5 S0 las (gl
AL g o glatio Canlad d D b glrolas i i Cge
4o olS (B P ol e ) Glsebl cu dn Mo (a9
Allahverdizade & ) s i o 2dlsn alw ;0 aad Ve G
(Mohammadi, 2016

e ygbatedsy (3,8 Blao g (il 0)93 pladl Iy
Fooslod ' i 0aiiS s ol ¢ sl (slaolas
3oy -0 ooliiw! oo jlas plod (gl YOTPM 5 wgmudi s
«Syglam> (2LS ojlac lyicd 4Bl o) dlge (M Bl 5L
Sob balpd g ugrade 423 ¥ (Jbo oles lilyd ) 5 (njg8
(Handa et al., 2008) wai (5,145 (gins Slalllas plodil gl

B L oaLS (sLas jlas Bil5 B shaen 30 (gun 2
st ilte (slaoylac 9 BE (09)See (AS0ple (SariS

e LS 1 (bt gy 4 (PR j b (85l 0l
5 e b o5 55 (5 e slocale b (o
op 2 B ples @l I Jols 0aiiS 5 glachile polis
oSy clale aw ;I (Hatami et al. 2022) ui ookl jol>
LCs0, LCa0, :Jols iclis Y¥ LY abai L Bt (5L, 5 baojlas
9 (e sy (Seon Ciliseo SBI o) polateds LC10
5Bt ;S alies elacdale () Jgio) ab ool _iusSL
2 Ll o s)led SLS 5 nizmen 5 alS Gl (sloojlac
dacclale a g 5w AS A As 55 doyd +/+0 g e
350 sl koo 10 dil Vo Gdeds uojamw ojlulen Sy
P Seodhy slacs iy d (b Sid g 00y 958 s
S9y seiem dp wislo VY gl G 9,V 0 9 Jitie (g yt0 Sl
ad)S jls > oy 0 cble ol Jite oy s Sy
ol ALbASS Cgb po aiy jl eoliil b e joum (oS ppd L0
abg e glaccbale b osd Jlog > slocS b celo VY 1o g

Heidolph 5,3 csl. Rotary evaporator -



YPA L dyS olS ojlac cuS 5 il anlllae oyl Kon g Gooxo

Do diwlis A8 wald .0 )T cud jegil O+ o jelidg) Jsloe

(Bernfeld et al., 1955) s 5 ploul )| S5 aw j3 b yiomiaw plos

Ve g )) Loojlias , Laisyse glackle  SuiS)lpe (o ¢l

Ady g 0l dsSSl ey 4By Ve Gdedy o w3l b (Mo)d

Sl dmopd i8S plomil oad o)Ll gy Jro oIy
() ojlesd Jgo,8) 4 sl o Jge b

()

Sl Glomaald il

T (S8 o = AR

aals > ol

T oS lee cale p (S )len S eplinell Jguax (6l
A58k

S ol sl Mt 5 olyisa; (Azocasein) oslSs3l S|
o)+ pze) Glalel A S 50 b eolitl pb g, cllad
AL Yol dlyan it a5 Joloe 5ol e (2
omM  ssl> (0.2 M glycine-NaOH, pH 10) ;oS
G ogmdas a3 0 TV (glod 10 a4l Vv Cdody uanndSy IS
Fo Sdody oad 4] (WIV) 72V 558951 Vool jlade w5
L opd Ojgo STy U o (o)hdSS joS 3 baylys jo ,500 adds
(TCA)Trichloroacetic acid )+ Jgloo Yo el (55 a8l
Ol gl Byl 4 aids Yo e inlojl dlg) i aBgre STy
ovgambio 4> 0 F (glod )0 aldy Vo Cdody Ly 0l Jdie o
o b 5oy g 005 S35l V221D 1 |
12 55 i lime cles a5 a8lsl (IM)NaOH (gslus
o9 LI L aals Jsbxe 5 (£,:50)ll y2ogil Y0+ zge Jsbo
Sl (e Sl 2 s St sbm b (Gglue w2
b aido Ve pls g mpl cullab y laojlae (SaiiS loe
44dy g odd 458l Gy o)l b el e |yggus (9,5 LS
oo 3 0zl b (S oo o> 285 plosl YL Jio oo
p2 (S35 o 5 eiligabol Jsaan (sl 4 dolons | )l
(Aghaali et al., 2013) 13 S5 )b g oS Jlgo clalé

kel Jalad g @ jal
L;leo)l_.a.c l_’ Bt d)..fl_; d_,.o.b o s ul).:‘ ) Lg‘).s
L 5 pon (ngS by odliiul 3)90 (g, jl (LS cilie
odalin yo 5 S yo duwl>e b 5 (Koppenhofer & Kaya, 1997)
3,8 ploul ;o5 ygmdn V (olil A L (X?) 908 dnmolee

(Y oyl oo 9)

Me= Mgt + Mex (1- M) , x°=(Matex)? /Me v
D= Matsex - Me

1525550 3 o3l b e 5 00d L] 035900 oyl e S
Sl Cdedny b e Bleis MelS” (T18 digital ultra turrax)
9 SRS gade 423 )l lod > Jlu b 5 csl
oy L ogadis 4250 Jlez slod )3 4dB Ve oty (g
o ol jolidy) Jodoce b Souds pilo 48B3 53 593 WWr e
2 w3l gte plasan o Jitie (5o VO (slacgi S
9 el slag 3l BLS (slaoylae (S48 le (slo)
SO wlalllas (2315585 (gly )5 )8 exlitul 3yg0 pb 55,
el 4y Lgyye Slullas plos 5 00 s Vb o b (o5 o
A s o) Ly Lo jluas (SaiSlae il 5 o8)ls5 ool

.(Mehrabadi et al., 2012)

Ol ) oty 33 (S =t ALS (sL20 jlas (5 jluoulal
S g

—ecble (alS slaolae  SuiSlhe Sl oy jeliieas
Loyd /40 g gl jd BLS glao)liac LoV 5 Ve s
Sloslarwl b (Jleas] Glee <lyd Bl jolatody . dugd Ae 38
Slae 5l oliiS oo e plgiods g ond yibd b g3 Sy yild
8,8 1y 8 oalarwl 3y50 (Suejuw A (slag,Y  ileS
(Mehrabadi et al., 2012)

Cllad y AlS sla jluas (Sawis jlge ol jae Gl
(e oo s S 53 9 53eT - T slags i
lapiily (LS slaolas Jlisl 150 o)y jolaion,
B slamis] b cov Bt (58 oS gign b Jib 4
lsS s3] b > M) Jlais] g o dno o lsS
Ll ol ot )5 3 adlllan 350 sarp] inses 93 (3l
So awlis .8 )S pbul sl Sl 9555 (3 by Ml
2 3 e Sen 03.08)5 118 oalitl 3)50 Cudind ;e dopd
Slady 515 3 450l Jsbea il S V- olyandy ol g
Ve L ogpmidio 4 )3 YO (clod jd aids Yo Siody iolo]
A 40 gyl S5 (7PH 0.2 M) lid il jidy See
Sylys e O 3 aids V0 Gaedy Liolejl sladly) g o
L0 ool )8 g O 31 aids gy cseds Alolddl g o o3l
Odody g 5 4350 Sk VB logsig See S35 g

Gl Wad Soaty ySlw ABY )0 jgd Vere e Cas g pd AR iy

1- Substrate



VFeY by oF ojlouds (Y'Y ol (55,9l aulus g pale) ol pl (LS Cblas by pdg}s 4 yid YV

AY/¥Y L Meea(LCs0&LCsp) jlas & Jodo au asgs b

i F i (2l Blen 30)d YOIFY 5 51055 50 0oy
Oniomed 3 L 1y ooV e pdaw (3 g celo A loj 5o
o 8155 L sl 88 by 3 Mauga(LCs0&LCx0) o
1 oyt Y Jlis] daw 3 ol58lea o> YEIVY 5 clals
e el WY ey oo i o
8led 1o )0 YYD 5 lal susyd AA L Meiea(LC30&L Cao)
dly gloj ol 2 1y a3yt Bl o /) Jloio] o
o caslllas 3)90 (loj dw )3 5 Lol plod (2 )3 (pizmen Cau
2 Sl a1y sy 31 op i Mesea(LC30&LCao)
waiS 5 slacdale plad oSy el VFF loj o iulojl ol
(i D153 loj o 555 Kol 5 aLbld S i 1
ol 3o celw 88 p o Olie ojlac b dwlis ;o 0ib 0
45 35 sdalie dilize glacbale 54l5 )0 (g e (i
Bt (g5 iSopio b il Jil o)lae 3l Cgs 3L Sl

il e
SAPLe 0 jluas sl 3] GBI GAL GSuuis

Ole) go e jaew aus slag ¥ 9 Bt LA, graveolens
Alide sl

ojlas oaiiS pj glac ble oS5 0 F Jodo 4 a2 b
gy ads floj cde iulisl b Bt g A graveolens Jglio
3 g )Y wlali ds > caddllas D90 slaclale & anicl oSy
055 yo Juoyd o ik el VFF loj 50 5wl asdly il
ol 00 osalie by jlows 51 S5y

#5155 s Mame(LCs0&LCs0) jlows celw A loj 1
l Grafiwe S s 2l Plen 20)d YFAR 5 (SaiiS 0oy
Lol aily

=5 MB+me(LC50&LCs0) jlows o dd celw 85 Loj 4o
Jless 0 el FY loj 5o Lol cawl atly |t yumw
Mpame(LC20&LCa0) sl &l j3> Me+me(LCs0&L Csp)
5 Mg-+me(LCs0&L C10) Mpame(LCz0&L Csp)
Hlas g ad odnliie iy 51 55 MBame(LCs0&LCao)
o) YYIYY 5 olal aw) AV/EY L Ma+me(LCs0&LCso)
2 Gl il 1 bjloss s )3 (g i S (i el Bl
5 MBime(LCs0&LCs0) jlows ¢yloj dw 13 5 Lajlass plos oy
o @gSlan oy Ui (i ST a0y 2 3590 S lej ples
90 L aunlie ;o Joilio oylac 398 0 odalie by Jods duslis |l
L o S (i St Sl sl 5 G135 ojlas
Gl 03l L oy cusdS

seo)> 5:55lse Mat oLl 350 50095 0 M ] )3 48
o 85y Lo )d (e Mex Bt > 00l odaliie yuog3ye
odal i 41095 10 o yd (1Sle Mptaex 0)las ;3 o0 odnlie
oL D g oS 515 22 Bt go)lae LU 3] )3 00
5l a3 5 930S Jgdon b oel Cawndty y2 il po gia§ e
PSSy s e 51085 8 dulie )50 (df= 1) S
5 mial Bl gm0t SABL (V olil 423 908 Jgan) Y/AY
o ol T ST L T ljdlen 51 05l YIAY 5l iS5, 3]
Al (e pST g sy 3l A3l Cite ;. STD (gae
.(Koppenhofer & Kaya, 1997) coul g3

SPSS lj-8lp s 5 555 ceil 3 ool b (Sis ©lulis
b odlazel EXCel Hl5ale 5 5l JIS] paws 5 (6l .88 &y

=W
A, SI55a o luas ouiiS 4 ) Laclile §adli Suids )il
slagle yo (e josw aas slag,Y s Bt L graveolens

Ly

O)La.a.cht d/ﬁ.{l_gc . §),,) D L . )...sl.» @L;

slagle; > (i Ao Jol oo slog)Y ade (W3S SIS
La«-lalf—u;.u])slb)mﬁgf)nW‘OMM%YJsb).)‘MA
J olej CldS Ly yo 9 Sye Glul8l g g sl adly (Gl 38)
LBt yiSopin LCa0 38l jlos <ol celio YA j3 sl oo oo

ui'._go)_b LCso dm.l.: 9 u.sl)ib: o)La.c- LCsg 9 LCzg clale 93
st s )3l 315 o )las LCso g LCap cdalé 4 L B

o0 S 6 ysbds 00,8 sdalie (gyles LS 5 el o dm el
>)|9_n ady yd Bt 3 u_ﬂ)f& o)La.c LCsg 3 LCyg cdale 99 d.&l)

(¥ Jg2) 48 odaliie (65 ]y I

oyliac ous S g slac KIS § W15 Suv s
e s slag Y Bt Lo Al graveolens Slical Jasl
AliAs slagle ya e

ojluas odiiSpj glacbile S5 Y Jpior il
Wby oo il &S ol lea o2 Bt g Al graveolens  sluol L]
=290 ol 28 Iy Gl Glej CdIS b g S ye dop>
(7" Jgi) ol dg00ia yidir ol slacdilé > pogase

1- Additive
2- Synergistic
3- Antagonistic



vy

it g loj 40 (e jowmw dut Jol cow (S, Y dde LT Galli 9 Bt b udyS 1558 0 las auiiS 5 LCdalE il duglie -Y Joua
Table 2- Comparing effects of sub-lethal concentration of Bt with A. graveolens hexane extract and their integrations on PTM
first larval instar, during different time intervals

Loy Celuw €A Celw A Celw V€€

Treatments 48 Hours 96 Hours 144 Hours

Bt HA" 09 tj,a oyl Xz** D™ 09 gf’o M)b Xz D 09 5,41 o2 2 D

Mortality% Mortality% Mortality%
LC1o - 13.10+0.51 - - 19.65+0.77 - - 32.75+1.28 - -
LCso - 32.75+1.28 - - 45.85+1.80 - - 55.68+2.18 - -
LCso - 45.85+1.80 - - 55.68+2.18 - - 62.23+2.44 - -

- LCio 9.83+0.38 - - 19.65+0.77 - - 26.20+1.03 - -

- LCso 26.20+1.03 - - 32.75+1.28 - - 39.31+1.54 - -

- LCso 42.58+1.67 - - 49.13+1.92 - - 55.68+2.18 - -
LC1o LCio 29.48+1.15 291 8 39.31+1.54 0.44 4 62.23+2.44 2.92 12.21
LC1o LCso 45.85+1.80 2.86 10.22 58.96+2.31 3.81 13.32 78.61+3.08 6.65 20
LC1o LCso 58.96+2.31 1.63 9.11 78.61+3.08 6.65 20 94.84+3.62 9.18 25.54
LCso LC1o 45.85+1.80 1.10 6.66 68.79+2.69 2.80 12.67 88.44+3.46 6.95 21.78
LCso LCso 65.51+2.56 4.73 15.55 85.16+3.33 7.65 22.21 96.97+3.03 9.13 26
LCso LCso 78.61+3.08 5.08 17.78 96.97+3.03 9.69 26.67 96.97+3.03 4.34 18.78
LCso LCio 62.23+2.44 2.47 11.33 78.61+3.08 2.29 14.67 94.84+3.62 7.58 23.56
LCso LCso 75.33+2.95 4.08 15.77 94.84+3.62 9.18 25.56 96.97+3.02 6.20 22
LCso LCso 94.84+3.62 10.36 26.88 96.97+3.03 5.95 21.67 96.97+3.01 3 15.89

VIAY 5| 908 Jlado )31 ccal (il 3l 51 Sy odin (Lis Al Y/AF 1 a8 oS jlade 51,5005 )3 il g odiiS s S limine S (o0l31 doyd b gAuSsm (b )S I35 o )laci
ol olBlen 5l osimd L wasus g0 0ad kg D pdlie sl (tuwssST Bl osimd olis wsl iie 515 oliBlen 5l oaimy Lis Lib cute D (e3ae jlude g 15l 555
*Hexane extract of A. graveolens, ** Chi square in df=1, *** Index for determining the type of combination effect. If ¥><3.84
comprise an additive effect, if ¥>>3.84 the positive and negative amounts of D, indicates synergistic and antagonistic effect
respectively. Amounts of D marked as bold shows a synergistic effect.
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Table 3- Comparing effects of sub-lethal concentration of Bt with A. graveolens ethyl acetate extract and their integrations on
PTM first larval instar, during different time intervals

B Lo celw €A celw AT celw V€€

Treatments 48 Hours 96 Hours 144 Hours

Bt EA* 09 AS,A o, pre D 09 ‘f,o K] Xz D 09 Af,o oy xz D
Mortality% Mortality% Mortality%

LCio - 16.90£0.77 - - 27.04+1.22 - - 33.81+1.53 - -

LCso - 27.04£1.22 - - 37.18+1.68 - - 47.33+2.14 - -

LCso - 43.95+1.99 - - 54,09+2.45 - - 64.23+2.91 - -

- LCio 10.14+0.46 - - 20.29+0.92 - - 27.04£1.22 - -

- LCso 30.43+1.38 - - 37.18+1.68 - - 47.33+2.14 - -

- LCso 43.95+1.99 - - 57.47+2.60 - - 67.61+3.06 - -
LCio LCio 33.81+1.53 2.78 8.33 50.71+2.30 181 8.67 67.61+3.06 4.73 15.54
LCio LCso 40.57+1.84 0.06 -1.66 71.00+3.21 5.05 16.45 87.90+3.98 7.66 22.21
LCio LCso 67.61+3.06 3.65 13.88 87.90+3.98 4.98 18.44 98.43+4.59 6.35 22.23
LCso LCio 47.33+2.14 471 12.65 60.86+2.76 2.30 10.67 81.14+3.67 6 19.11
LCso LCao 64.23+2.91 4.42 14.65 81.14+3.67 6.76 20.11 95.24+4.76 11.31 28.45
LCso LCso 77.76%£3.52 5.68 18.22 94.12+4.31 8.01 24.11 95.24+4.76 3.85 17.78
LCso LCio 60.86+2.76 2.47 11 81.14+3.67 4.79 17.32 98.04+4.44 7.58 235
LCso LCao 81.14+3.67 6.41 19.65 94.12+4.31 9.76 26.22 95.24+4.76 4.75 19.55
LCso LCso 93.01+4.13 9.53 25.43 90.67+4.70 5.12 20.21 97.78+2.22 1.7 1.22

39S e [ el (atl8l 31 S5 o Lis L3L YIAF I i g8 oS e 31 3uils 53 S g5 0liiS s (sl Sy o3lj] A0 b gaSma ud)S Sl sl oyl
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*Ethyl acetate extract of A. graveolens,** Chi square in df=1,*** Index for determining the type of combination effect. If x?<3.84
comprise an additive effect, if ¥?>3.84 the positive and negative amounts of D, indicates synergistic antagonistic effect respectively.
Amounts of D marked as bold shows a synergistic effect.
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Table 4- Comparing effects of sub-lethal concentration of Bt with A. graveolens methanol extract and their integrations on
PTM first larval instar, during different time intervals

Lo celw €A celw A celw Y€€

Treatments 48 Hours 96 Hours 144 Hours

Bt MAT SR e 2o D A9 SR ey 2 D 09 S0 d0yd 2 D
Mortality% Mortality% Mortality%

LC1o - 1.88+0.94 - - 6.80+0.27 - - 17.01+068 - -

LCazo - 17.01+0.68 - - 23.82+0.96 - - 34.02+1.37 - -

LCso - 30.63+1.23 - - 37.42+1.50 - - 51.04+2.05 - -

- LC1o 3.40+0.14 - - 10.21+0.41 - - 20.42+0.82 - -

- LCazo 6.80+0.27 - - 17.01+0.68 - - 27.22+1.09 - -

- LCso 17.01+0.68 - - 27.22+1.09 - - 40.83+1.64 - -
LCuo LC1o 10.21+0.41 13.36 6.67 23.82+0.96 3.36 7.33 44.23+1.78 3 10
LC1o LCso 13.61+0.55 6.68 6.67 27.22+1.09 0.89 444 47.63+1.91 155 7.78
LCuo LCso 27.22+1.09 6 10 40.83+1.64 2.26 8.45 64.65+2.60 3.55 13.32
LCazo LC1o 23.82+0.96 0.78 3.89 37.42+1.50 1.03 5.65 61.25+2.46 381 13.34
LCao LCao 30.63+1.23 2.73 7.78 44.23+1.78 1.44 7.22 68.05+2.74 473 15.54
LCso LCso 37.42+1.50 1.22 6.11 57.84+2.33 3.79 12.85 81.67+3.28 6.65 20
LCso LC1o 40.83+1.64 1.81 7.66 54.44+2.19 2.48 10.32 78.26x3.15 4.62 16.66
LCso LCao 44.23+1.78 2.16 8.65 61.25+2.46 3.46 12.78 81.67+3.27 4.38 16.67
LCso LCso 68.05+2.74 14.95 24.96 78.26+3.15 9.97 23.11 93.61+3.61 7.78 23.32
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*Methanol extract of A. graveolens, ** Chi square in df=1, *** Index for determining the type of combination effect. If ?<3.84 comprise an additive
effect, if x>>3.84 the positive and negative amounts of D, indicates synergistic antagonistic effect respectively. Amounts of D marked as bold shows a
synergistic effect.
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Figure 1- Effects of sub-lethal concentrations of Bt, A. graveolens and their combinations on Larval developmental time
(days) of PTM
(The same letters in each bars considers as non-significant statistically (p=0.05)).
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Figure 2- Percent adult emergence of PTM which feed with sub-lethal concentrations of Bt, A. graveolens extracts and their

combinations
(The same letters on each bar considers as non-significant statistically (p=0.05)).
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*The same letters in each enzyme system considers as non-significant statistically (p=0.05)
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