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Russian wheat aphid, Diuraphis noxia is one of the economic and polyphagous pests
of cereals that are exposed to various chemicals such as phenols. In this research, to
investigate the possible effect of host phenolic content on the effectiveness of chemical
control, Imidacloprid susceptibility was detected for aphids reared on wheat (Shiroodi
and Gascogne) and triticale (Sanabad and Juanillo 92) cultivars, under greenhouse
bioassay. The LC50 values of Imidacloprid against the mentioned populations were
2.41,3.56,4.89, and 5.73 mg a.i. L%, respectively. Therefore, the highest Imidacloprid
susceptibility belonged to the Shiroodi population. Based on biochemical studies, the
activity of alpha and beta esterases, glutathione S transferases, and cytochrome P450
for the Gascogne population was 1.32, 1.16, 1.16, and 1.5 times that of the Shiroodi
population, respectively. These ratios were 1.82, 1.96, 1.4, and 2 for the Sanabad
population and 2.09, 2.48, 1.51, and 2.25 for the Juanillo 92 population, respectively.
Moreover, the phenol content of the mentioned cultivars was 2.19, 2.71, 3.48, and 3.87
mg per gram of leaf, respectively. The data analysis showed a positive and significant
correlation between the cereals’ phenolic content with the research subjects.
Considering the biochemical relationships between D. noxia and its host plants, the
value of plant phenolics can be suggested as a suitable index for the prediction of aphid
response to Imidacloprid.
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Extended Abstract
Introduction

Russian wheat aphid (RWA), Diuraphis noxia (Hemiptera, Aphididae), is one of the economic pests of small
grain cereals with wide distribution. Currently, the use of chemical compounds is one of the most common and
effective methods of RWA management in many countries, including Iran. However, characteristics of insects,
plants, and their environment can alter the effectiveness of chemical control. For example, the quantity and
quality of plant chemical compounds can change their sensitivity to pesticides through the induction or
inhibition of pest detoxification enzymes. This study was conducted to compare the susceptibility of host-
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associated populations of RWA to Imidacloprid insecticide and to determine the effect of pre-adaptation of
host phenolic content on the activity of carboxylesterase (CarEs) enzymes, glutathione S-transferases (GSH)
and cytochrome P450 (CYPs) of RWA.

Materials and Methods

RWA was obtained from an infected barely field in Torbat-e Jam, Khorasan Razavi province, Iran, and was
identified based on the identification key of Blackman and Eastop (2000). The aphids reared on wheat (Triticum
aestivum. varieties Shiroodi and Gascogne) and ftriticale (Triticosecale wittmack, varieties Sanabad and
Juanillo92) seedlings in a greenhouse, based on the method of Veisi et al. (2012) with slight modifications.
The insecticide susceptibility was measured using a greenhouse bioassay according to the procedures described
by Bayoun et al. (1995) with slight modifications. Then, the activity level of RWA detoxification enzymes was
determined. The activity of CarEs was measured according to the method of Van Asperen (1962), using two
substrates of a- and B-naphthyl acetate. GST activity was determined using reduced GSH and 1-chloro-2,4-
dinitrobenzene (CDNB) as substrates based on the method described by Habig et al. (1974) with slight
modifications used by Ghadamyari & Jalali Sendi (2009). For the detection of CYPs activity, the iron-
containing protein concentration of aphids was measured according to the method of Brogdon et al. (1997) and
the data of absorption changes were compared with the standard curve of pure cytochrome C (Hosseini naveh
& Ghadamyari, 2013). In addition, the phenolic content of host plants was assayed according to the method of
Seevers & Daly (1970).
Bioassay data were evaluated by Polo-Plus software (LeOra Software, 2003). A comparison of the relative
toxicity of Imidacloprid against the investigated populations was done according to the method of Robertson
& Preisler (1992). One-way analysis of variance followed by Tuckey’s test with a 95% confidence interval to
detect differences between the mean enzyme activities of experimental populations. The average phenolic
content of cereal leaves was also compared in the same way. Finally, the correlations between the total phenolic
content of host plants and calculated variables of RWA were determined. All analyses were carried out using
SPSS 16.0 software (SPSS, 2007).

Results and Discussion

According to bioassay results, the susceptibility of Shiroodi population to Imidacloprid was 1.48, 2.03, and
2.38 fold higher that than of Gascogne, Sanabad, and Juanillo 92 populations, respectively. Such differences
may be due to the induction of detoxification enzymes for the adaptation of RWA with cereal phytochemicals.
Metabolic assays confirmed that the activity of a- and B-esterases, GST, and CYPs for the Gascogne population
was 1.32, 1.16, 1.16, and 1.5 times higher that than of the Shiroodi population, respectively. These ratios were
1.82,1.96, 1.4, and 2 for the Sanabad population and 2.09, 2.48, 1.51 and 2.25 for the Juanillo 92 population,
respectively. On the other hand, the phenolic content of the mentioned varieties was 2.19, 2.71, 3.48, and 3.87
mg per gram of leaf, respectively. The data analysis showed a positive and significant correlation between the
cereal's phenolic content with the research subjects (the r-value about susceptibility to Imidacloprid was 0.999
and about the mentioned enzymes were 0.798, 0.807, 0.817, and 0.687, respectively). According to these
findings, the susceptibility of host-associated populations of RWA to Imidacloprid is affected by feeding on
the host plants. The effectiveness of this insecticide against RWA decreases with increasing the activity of
aphid's detoxification enzymes and the induction of these enzymes is directly affected by the phenolic content
of wheat and triticale leaves.

Conclusion

The present study showed that host-associated populations of RWA have different susceptibility to
Imidacloprid. Increasing the activity of RWA detoxification enzymes for adaptation to plant phenolic content,
leads to a decrease in the insect's sensitivity to Imidacloprid. Therefore, the phenolic content of cereal leaves
can be introduced as an index to predict the efficacy of Imidacloprid insecticide against RWA. Determining
the relationship between other cereal phytochemicals and the effectiveness of Imidacloprid is recommended
for the successful management of this aphid.


https://www.magiran.com/p2689744

download date: 3/24/2024

https://www.magiran.com/p2689744

YEYr—VASA qff/'”f/u:
1}

» Y, Lﬂ R
Vo ke ¥ auns A~V
» Qo »

uﬁa& ’;JJJ@I

Homepage: http://ijpps.ut.ac.ir/

o (S 5T Called i 331 1915 okl 4 b b e I 51gicn0 Lo
Diuraphis noxia ¥

LTS WRERVESYLSCIIEINTS | F AP TIPS L PNRTLS Y ol N N SV

htabasian56@gmail.com :acbLl, .yl pl «S1,l STl soly ¢ oMl 3151 oKty 6 5,9LiS 0aSily o i pais 09,5 )

s-goldasteh@iau-arak.ac.ir :acbbly .yl « ST, STyl anlg (oMol 3131 01Kl ¢ 65y9LisS” 0uSuisly « puoliho puis 09,5 ¢ Jgtame oiun g ¥
MOravej@UM.ac.ir :asblLl, .l ! ciguive cpuiio wsd 8 ol ¢ 6559LiS” 0uSuisly ¢ S 3alS 09,5 ¥

em-sanatgar@iau-arak.ac.ir :asbb), .l pl «S1l STy asly ¢ oMl 551 oKl ¢ 59l 0aSuisls ¢ puwlisio pui 09,3 ¥
ghadamyari@quilan.ac.ir :asbll, .yl ! ccudy (M olKiils ¢ 6ysliS” pale 0aSuiilye S 5u0LS 09,5 .0

oS> Ao NI
SluS 5 (oyme &S Canl O B ais g (oolassl @l 5l S Diuraphis noxia S g, 4t o go
Ol o Slgome il 130 )l 325l 12 205 0 )13 o 5t8 aloa Sl e it pliord
5 9yed) puiS P8yl (9) Bl Ghyon slodid )3 pslSlie] 4 Comlus (olherd S8 L gy Ao

2l ) 8 )y 3y50 SIS (priwcans) ) 4 (AT sbilgr 5 dblw) iz 5 g (055wl
R oy odlo F)fu’t"‘ INASE 9\‘/Aﬁ X105 XI¥N SRRy )9§J~A Sacures ale .&nylﬂ.\w‘ LC50
Slllhae (bl 5 .c8)5 (35 (9,08 Cumox 4 b polSlim] & Comlua cpyitin Wbl Caots 1) (e y/ipys el s g,
IS5 Canoz (5152 PASO o) gt 5 Lasliaudls ol gligls iyl by g W clld e aleondions 6o v avs 2 0 5
MAY (i & blus Cumes (gl o () D9y (6395 Cauman ply VB g VN NNE AXY s b & VEXo51N 1 paiks i,
xlycie el Casks YIYO 9 VOV FIYA X8 i 4 A glilss Cumes &y g ¥ 9 VI A5 (e iv/sivy :,mi b
A 3yglp Sy p)S ym clil 4 p)S Lo YIAY g YIFA XIVY YNR S5 & jo5he a5yl Jgib (glgio
o 1y Gigss 550 3yl50 b lalS Joid slaime oy (5)1 ixe 5 Cutio (Simod daodld Julo ¢ 4350
hode Jgtb ol 5 e lgiee o] pbiee LS 5 D.NOXIA (e (liesdse Lalyy 4 425 b ol e jlgands’
D55 (Bre dpglShusl @ aid cpl ol Gt Sl cwlie a3S lsie & e s
sy i PASO oy St
dojlio  fuSa)S S
Aajldadli= ol 97l

LpolSluel 4 Comlas b oM Jgb (lgme blo)l (VF+F) dee g5lotd g ple)) (Sinio {oms pME zoye b iwdlS fodpen bl 2]
DOL: ATV (V) OF ol Sipels aib 4 Diuraphis noxia  psS ey, ad p» bjew eyl cdld gaw
http//doi.org/10.22059/1JPPS.2023.359026.1007030

DOI: http//doi.org/10.22059/1JPPS.2023.359026.1007030



mailto:s-goldasteh@iau-arak.ac.ir
file:///C:/Users/Karimi-Pc/Downloads/10.22059/IJPPS.2023.359026.1007030
file:///E:/drive%20d/1402-1/گیاهپزشکی/10.22059/IJPPS.2023.359026.1007030
https://creativecommons.org/licenses/by-nc/4.0/
https://www.magiran.com/p2689744

download date: 3/24/2024

https://www.magiran.com/p2689744

VP oS3l 65loss s lgz g oloty 690 o5t ) (K o LS il 4y puied -

Aodio

2y b g & Wgte & Cal lotiSly 5 G ) s GMegarme Joli Slptis 5 ol (Sjlss] Ll
JodolS Clyis ply 3 s 4 gl clacyplio W dles 5l caliseo slapuslSs oS 4 LS taloly 09,5
Divekar ) 1S o aldlie 35 Sl pudgrlio g (S5oles b olowdgn slad Slas )3 aSl )l )3 s & 9 ad by
—uS 5 (005 3wl slacdelie op i lsly3 (€1 Al., 2022; Duisembecov et al., 2017; Hafeez et al., 2019
S g5 09)5 g ()30 il W b S Jadie (olonds Slgo jl ggiio (o0g)F 45 oS 5 ol ) )13 Joé glo
A6 Bl i (gl bey 4 g Wgdbie 15 2593 — ASsilan b — ClaSid oliesd slbjps 1 it
wolaid] cbasgoMd emen Joib sbb S5 5l Sy 4> ST .(Harborne, 1999; Pratyusha, 2022) ,lis
OlS 5ei 9 by sl oS 5 oyl ssas Ll (Lattanzio et al., 1996) uuS o SaS jlg30lS lyis obbiee 4
2 obS (Sl 5 (Sjglansed e slacalled 1> oo G 5 00 i dj LA Ll )3 oy g 5l clablre
oS gl> 4 018 )90 b 9 435 055k plgis 4 byl asle (J5id slacaS 5 (S0 3929 iged (lgis 4515 oaes
(Constabel et al., 2000; Jones & Klocke, 1987; Lattanzio et al., 1uS o oS jlgdolS wlpis blas )
ST Jg8 s cslaes 31 W1 L 55 Ol 3i5 5 5 (slacaml dgg 503 29w j1.2000; Wojcicka, 2010)
(ohie dlge paws alS 5 )b 5l aanlyd S e ol 1y e b 4 Jeb slacuS 5 gmolinnS] diej olalS
Constabel et al., 2000; Haruta ) sl s bl 0 cons ol cuoglio il 8l 4 138 (6 madd g cowdd a0
[etal., 2001

ot 55l 0k I oS hlio 3 05 (gla Stold g Sl bis ly SSUS slagdy, I o Sl
Nyman & Julkunen-Tiitto, ) Hls g5, » W sl JB sbol &b 5l Jeb slacuS 5 juwsn b ojyle 1555 oo
-5l 0 o5 (Bernays & Chapman, 2000) o3, (g <l bais gly musus (olde j93 03, jl oalizwl (2000
> » Mo (Bernays & Chapman, 2000) gy b b Jeid uSlieS” LSl | Cailas (gly odne )3 015 slo
9 g0 pl Cuow LialS yisen o (Barbehenn et al., 2003) aeuS 5 opl aie wb Gls (gl blawsT ol
3lge alax 3l (Urbanska et al., 1998) 4,3i5 jloj ,3 (315 sy g 5lans] Jgid b slow 3l buwg bl clizie
sl S5 L6

0959lS 5 PAB0 py,S g il oS 918 slamr T ol 33l Jalis U185 (Sdiplio 2135 s ) 2 gDl
Syt oaeily Canl (Koo o 039 (BLS w5l clacaS 5 b ojyle (sla iy el )l8 5l el il ol
Chen et al., 2015; Dermauw et al., 2013; Schuler, 2011; ) wiso om0 by iScsl Slbsemw sy 1y HlgdolS
(Wittstock et al., 2004

don 3 Lo jis bl 9 g 09 (ogite sodle iy sl oges i slope il lyie & il JouS )8
5 JSU 9 05,8 g Iy () b 31y (ol il ol 5l odlainl b lags 31 ol .ol 48,5 )3 405 3,90 0055 lagago
3 Baa odle iy (S (wlel g bl JuS'e S wluis by > (Hatfield et al., 2016) 1S’ o sJg5 s
i ljimas by (Glgr (150y9m o wlaS Jten g 53 5 485 )15 il sl 1 g il ol W] alex 51 o lmog,S
Oakeshott et al., 2005; Ranson et al., ) 1, ié o jiScdl 4 cuoglio drwgs wizpd g ()5 dgo j (o)l
(2002; Yu et al., 2009

Gilises dlge adjew 3 ($pge LB &S Aun b lonl ) gsite 5 S)i sl lajliuily el GslislS
Cuoglio )3 a3l ol 330 J1 aliseo (sl a5 2505 ouge 2 S dl dan I (2B ©LiS 5 lgil 5 (Sajelsnsed
(Ranson & Hemingway, 2005; Sheehan et al., 2001) 3,15 3939 o iS50 yis Lol (slaog,S aar ply ;5 il


https://www.magiran.com/p2689744

download date: 3/24/2024

https://www.magiran.com/p2689744

\wy IR0 9 Hleweds/.... lp gl Tbeos | 0 Cowlus b O (S5l slapimo bLS )/ (g iy — ole)

sl Jyams 155 5 o9bslS b ol S5 b ()l Slse 355 alauly |y (413 o Jos Bl (ol 0pgiglS
(Enayati et al., 2005; Xu et al., 2015) x> o bl g8 b g O 15 Joloe ¢ coms e (Solio

Guo ) JJ)‘.) )94‘2} DJJ} u‘)9>9.4 dodd 4 FUERWIS Lbu;fug).:w )I o)lf dod g g))} Gm”f P450 P9)§w 03'93l;.>
wabass g i ales Ll claanld ) lgselS s > lagy sl ol (et al., 2012; Nelson et al., 2013
(Nelson et al., 2013; Zhou et al., 2010) )b i S0 Sy pudglio j 5 505 9 Wby dyg0y90
0y s Cms Ol gt Canglin Lol 381 4 ey 31 oyl (1850w )90 5] ()l > 4> ,51.(Zhao et al., 2022) uiS o
ol odd (555 w3l ol bwg JI e,aus (Guo et al., 2012; Nelson et al., 2013) solssl o o iS
(Jokanovi¢, 2001; Zhang et al., 2023)

Uy b oo 3 Diuraphis noxia (Kurdjumov, 1913) (Hemiptera: Aphididae) uS g, 4ii
Sl W5 ly sie sl g sl Glgld (6yghl5 g oo seite balpih b YU sl (JlSS (65l eyl o2 leg
9 IS 5 ygzmen juy Al M 500 5l gyl jl PS5y 0gMe il ol (Jankielsohn, 2021) 5q, o jled 4 piS
9y ol 5l (Nicholas et al., 2015; Pucherelli et al., 2012; Webster, 1990) 15" o 435 diel)S 50 slacale
S B Iy S 5 sile (LS o dlga | 5lo3y2uS i (550 53

Jle w LngbquuS] )‘ ool l) 0)39; fAj *9) AL u.:w J)Mf Dg>go L;Lmu»)l)f u»l.w‘ »
(Joshi & Sharma, 2009; 39) 00 jled & €l () Copto slogihy) F38se 5 il J (S 2pslS 1ol
Hgid .l oniis )l la Bl & Caus o i oyl Canglin p e (o)) @ua 9SG 5 Kefelegn et al., 2020)
3 OleMbl Codgie carge cdl pl ade o iSCé]  uwcun ofgr g dtuw Lol (D pAS wgy 4L By (092
JeuS 925 Clid (s 9 D pglShiesl (AS0pie 4 Colun (poyp 4 31 3805 )3 9y (pl ) el 003 Al 0
g b by dSn 5 g puS 5l (b)) g9y 4Bl hygn pAS (owgy 4 PASO 5 ajlidusl s ol (y95bgls sl
Sy (Bpme & Cunl (Sae 3385 (nl @S 03,5 e (ljee LS b lgizee o b byl (pl (Ko
Paluily pAS (wg) 4B (3390 (alewd JUS 2D ue Sl (ele plgis 4 (LS J9 laceS 5

93 wliiy )
O g 592

@bl clate 4 5 el oyl ol lvg) ) Gerr 08) 1 4oy I pAS (g, and IS
S polly g yglaes byd maw 1 e QYA gl L Sys YAOIWYNS/FEA" o Jlas YOSV 0"
Olyss SulL Veisietal. (Y-VY) Ghgy @llae IS LS5 .0b ool Blackman & Eastop (2000) o Lulus
YWE O o) IS bulyd )3 g g jitee > Gl sloazalS g9y » Jbio Jb s S Gglate (pay L plox]
o o 0313 4595 ((S)U el A/ plidgy el V& Jlygi 0590 5 doyd £ £ Ve s Cugby ol Sl as
o8, riticosecale wittmack s 5 5 5 555wl 5 (639, o8, (T TItiCUM AEStIVUM puiS (59, o ladis

b 5 sy b o oedboy (e s BexBoxD*) sy (slopudd 3 oo yobay o azbly JUis] AY glolys 5 Shlias


https://www.magiran.com/p2689744

download date: 3/24/2024

https://www.magiran.com/p2689744

VP oS3l 65loss s lgz g oloty 690 o5t ) (K o LS il 4y puied -

(P S 39031
odlitwl (Mo lyie 4 ot Ol g ol bl €8 15w (SC35%) b polSlise] (i o pis 5| Gaios ol yd
oA Lo by illas Gl o) (hg) 4 Jbe Bl laaid (s9) (iSepde (ot oige)l A
coge & (iSe i S slacdale odgaze yuni sl .8 )8 pbsl wlyss Sl L Bayoun et al. (1995) Luwys
oobol il ebale s (08,8 all Slodie ygeil e g0 brdtd 5| Cumen b 5 2oy A b Ve Sl
@ (639 Camed (glp odd Ll cdale gy (Liengme, 2015) ol sty Excell 2013 j)58le 5 s clale o,

..)9.3
slaasals Sloa (claplil Lol .as 48,3 a5 )5 1S5 Y+ dlas Lo dads (gl b o3lit] yadie O I L aalis jlog )
Blad (5 sblad (19,3 03l Sing)d e Sy 4 g 5 y5ebsE s Joloee 3 asl e 4y 05 03, ler
aalS ja (59) 4 Jbio g &b o3l odlo arb sa 03 gy o CuBS I am b Jitke (talojl 3y90 SIULHS Lyl

b B)S e 53 dbgype LSS Sl (iRl ol (Sayef g St (4D 05 Geper ol

10320 Jlass! gdaw 13 35 gl el (LCE0) suoyd B+ oS clalé dpwlins g odel cunds (slmodly Julo g 4550
ade W polSTies] s Cuows dunlie Ly .(LeOra Software, 2003) cé 3, sl Polo Plus (ver. 2.0),l58le 5 L
b pbol Robertson & Preisler (VAQY) gy (wlol p (aw)y 9y90 (b Cama

Ol a0 BT 53w odleT

2 gl Db 59y (o HRbSsen S Lo jlatio Ol g Sa Fev 13039y S S g AL 3l 4 due 0
(oo 4350 ¥ (lod b jod Vo v e 3 4dB0 VD Cde & bolee (pl w0008 Jobs SKen 8l 05 osn 4
20,5 4 atd | Camen yb (6l ol Gloime olgie 4 gy Joloxe (Centrifuge 5415 R ) wi 5ga ylo

(0 51 sl oS 905 Cadlad i

» 9 Van Asperen (1962) g, lae clivl Juiss by o Wl clacains 1 KaS b bl ol JunS'90,S culad
o[+ Slawd (8L Joloe 8,5 41,8 b5l 5,50 Ghadamyari & Jalali Sendi (2009) Lawgs s plos] ol puss ol
V3 cuied i o il p S ke ¥l JSiie cutind o slagloe TTION X-100 aoy> <120 gol> Vgl (o b ;Y50
HET (sl 905 g e Oyl Lo ¥ )3 Fast BIUE RR (S o5 oo ¥+ ol Gpme Joloms 5 il p.5 b
09 4 Cudind 5 g ySee Voo s g ol iy Jslme g See N0 clind Bl 1ds S YO 28Ty
Jolre g )So 00 g 5 0303 51,8 ogmaads 42 3 ¥e slad b ol plos j0 4iBa Ve (5 52,5 Sy Seo Saly
Sy Tl olSiws I eolaiwl b el collad i (6)le (So,U0 )0 ddds Ve Gde & g adlsl Sals o 4 Byxe
I anyl b als jlas 3 5 plol LSS Hloa 53 b ilejl il oblss yiegils ¥0+ zge Jsb ,» (Biotek ®, EL,808)
A oolatnl Slawd (8L woes o Jolee


https://www.magiran.com/p2689744

download date: 3/24/2024

https://www.magiran.com/p2689744

wa O3 5 Gl ..yl ol | 4 ool b ME 38 slpizmo bl (iatgfs — ole)

0 31y 5 ot (399915 el i

(2009) lwgs a6 S wluss o Habig et al. (1974) o) (wlol p bjlawily ol sl culled
8,8 1,8 bl 550 Ghadamyari & Jalali Sendi

e VI8 5 GSH o5 <[+-AY J| JSuta aisly 2lS (5506518 Vga oo Vo Jolons 55 e stslesl plovl (o]
odlo jl p,5 </VYA Jolis (CDNB) (5900 (55-¥oV—g,5=V Jglxo ;Yoo o £Y 9 /0 PH L Yoo /) Claud
33,5 bslsko oo b psd Jslomo 51 525,Sn WY 5 Jol Jgoms 5 5l o Y1 s 15 48 S5l di oo Vo 3 ys5ike
Ol b 4 ) Calyg So Saly 2 1193 4 (oor 3l oy 31 g Se Vel jom & led Jslowo Sl g Sen Yoo
oSS dw 5 ool pl b cud addy o oy 1Y olSiws l eolaiwl b gegil Y¥+ zae Job j3 ()98 ol
3,5 izl (gjlSon j3l s ySes Vo 3l qme sl s anls Jlag 53 5 plx

PA50 pg 55 g Cadlad Lyl

Brogdon (1977) g, _wlbel y piiS w, ds iliste (clacumes p3 ol (sols piign IS oljme 5 o)l
Hosseini naveh & ) i auwslio alls C pg,Sgin 3)lkul oxe b sdelcwly Gl @lywis ¢ b pbol et al.
[N 08 J> L (TMBZ) 3, 37, 5, 5 tetramethyl benzidine Jglbxo liol jolaie -y .(Ghadamyari, 2013
Voo e g 03,5 45 0 PH L Voo /Y0 auis lil (3L 2 Lo V0 5 Jgilio yul Lo & 3 TMBZ 5,8
NIY PH b Yo +19V0 ualsy Slind il il Seo A cigan T iy g Sen Vo olan & Jslono cul l jidsSeo
2 Sk e oSy plosl Caa B ) Cubg)See 1 09)0 4 o) ¥l (g I g Se YO
odliiwl b yogili YO+ za0 Job 53 yo ol Gl Lo 03,5 (£)l50 Cel ¥ wio (gl U1 glod Lol ys o (SG,0
SilocSen Bl 5l w3l bu 1ald jles ) g 59 1S5 aw Jold Gialej] ol b s g calB ) 1591 o5
3kl e K L (Liengme, 2015) Excell 2013 ljéle 5 SaS 4 ol cawd 4 Glo Ol s ool
A5 48)S )5 )3 (g p)5 (e )3 PASO g Sgi b luan slassly plgis 4 5 auslie (el C g Sgi

193 o S o2 3T Cudlad Jukoxd g 49 3

S8 b laodls 48 )b Sy uilyyly 3UT i8S pusgy 4 Cilisee (cbcuner ljoms (sl Cullad dulio gl
b 3 Slaslore ol plsl gl 28,5 8 Lo o 43555 3,90 5 ploul 2oy3 A0 Jlazs] s 5> TUkey HSD (50|
(SPSS, 2007) 15 oslizsl SPSS (VER. 16.0) 33!

I Slge i

il exSoslas (gly .cd 5 ploul Seevers & Daly (1970) ig,y sillas ¢ wyy 3y90 M Joid (glogiome yiomiaw
J5lie sl Lo Vo b g digd yia Bl ¥ agis s & (shatin 55 (b8 Wl slncS, J1 )5 ) lax) daS
St xSl o 4@8d 50 jed Ve b Aldd B Gde &y ol Blio ojlas Ly S pUigen dun ol 5l edlatwl b s o A
038 ygleer san laonyn sl iy, Jolxe g (Hettich ®)

10 g Joyl joie O il e Vb osal sty Jslome 1 jtd e /0 Ll dacS 5 s (e
s S8 Jsboe i oo S5 B> A sy A3 Lgloo MalSy sy, inlef] g Sy )3 olsh no 51 2 s
ol ) ool b csles <Ky iS5 Ly o 08l yid oo Vo 4y shaiie T L Lglses s 5 4Ll dly) 4y gl


https://www.magiran.com/p2689744

download date: 3/24/2024

https://www.magiran.com/p2689744

VP oS3l 65loss s lgz g oloty 690 o5t ) (K o LS il 4y puied .

2 pbml LSS Jlea  Libejl ) 5,5l 5 LB el BT zae Jsb > Ky s e oy, 15V
e 0 03l 3,5kl _isxie pusy (gl Sl duusl ) g 035 03lil B yme g aite O I Lais als (gl o
b a5 sl o 03 Lol Jolono 5 bsloke 1oy Ae Js Sbie 2 oo 00+l (KBS sl p S Lo Vo
Ol L g s, 4Bl (olapin 9)0 @ 003D Jolo I jid Juo Fo g Yo Ve D e D X/D o plio )il ul
9 305 CuborSee Sl o (193 4 Jsle po 1 il e /0 aw s je 53 A 0ailw) j e B0 w4 jlade
5 6503l iegils FO« zge Job > yiuy I Y] olKiws 5l oozl b (g5 s

Liengme, ) Excell 2013 ,ljsle 5 5l oslaiwl b 5 ds g o )l6bwl ot 4 S8 sl jlide oy bLS))
X wylas ;3 ons obled s e Y (gays cpl 3 el Conts ¥ = @+ bX (g )T, doles g 43 (s (2015
2SI ke XY sue 13 X (goas e @y fols Sl iilioe Jge08 calpo D 9@ g )5S s S8 )l0de
b A )5 oo 4 e 9 dal sty Sy 05 S5 13 259800 o

s 53 Tukey HSD g0l S8 b lnodls ad o Sy (uilyyly 3T 050 b oM Jgid Slyimo alio (sl
2 Sy 3 390 U35 iee o Ot (Sered Gy waled 3 85 )5 oo 5 555 3,90 40,3 40 Jlas!
e )3 Oluslore 4SS (s 2 pglS el (150t LSO lise i g 00 oo (5ol 528 slajialyb b )
(SPSS, 2007) 45,5 sbxi| SPSS (VER. 16.0) 13l 3

o9 H sbadl
lido Scurod 39 W el & Conlus

s bl Bla5 (69 Capnar 4 lUda (3208 9 AV slilgn Cumen 4 LCSO jlado cpyidin ) Jgio 4 2 L
03950 )3 S dae a5 Ll 51.005,5 3,91 5 YIYA g Y/o¥ V¥ ol 4 (639 Csmon 4y ] Capmon dus (¢l Copouw
S aze BN 5l 0o )0 A0 Jloin] pdaws j3 brduslio dad il )| )8 duwlio 3)50 Cuzon 95 12 LCE0 o Caoms

92 )3)95 »

PSS owgy atd ljre 4 dnly (slaCunes ) 1 polSlie] Cuew Cugp 4jpd ) Jgua

. E e ooy D) e }
(w2 y5 A0 Jloss ! e 45) € oo Coyouw S TY . 2 LC50 (95% Cl) Corodr
3L e §390

YIEY

- /50 ®) SAYEYIRY YN (VY - YIVY) g
YIVY

VIEA (VYS = VIVF) * «/AY (\‘) <NAEY/VY O Y/aF (YIVY - Y/A0) O5sSwlE
YIAE

VYV (V= VOA)® XY (VYD - YIYS) T eAs ©) SINYEYIE /A (F/FY - 0/YY) Sl
YIVE

VAV (VY = AYY)® NN (VYA = VAF)® YIYA (Y0 - YIVE) R /s ) SIVEEYIEY BV (BIVE - SIYE) Y glils

o Jolome yid )3 (iSe e o8 dee s p 20)3 A0 Jloio] grdaw 53 o b g YU 39 g (inlojl Cumes Lo yd B+ oaitS il
(Lgbl)‘j 4?).)) L:Jl&f)n E?‘“""b
203 A0 Jlois! a3 o b 9 YU 3955 ol e 4 (505 Cumesr LC50 p Cames K5 LC50) oo oo C

Loy O paws )

L%
)‘%r*"


https://www.magiran.com/p2689744

download date: 3/24/2024

https://www.magiran.com/p2689744

)\l IR0 5 Hleweds/.... il allbeor] v Cowlues b OME S35 slaimo LU,/ (g fy — ~ole)

Enzyme activity
(nmol/min/mg protein)
3

10 3w Sl T Cudled

Jeiis Wl (slacatis 5l oolizl L tulof] (slaed, 55y atbly )9 (slasid (gl colled &S oy s gl
3 b e (6,lldM3] 5l (F (3,12 = 705.11, P < 0.05) wluwl Juiis by o (F 3,12 = 294.01, P < 0.05) bl
Capmoz &yl (p32eS 9 AV glile Cumor @ (gjlpl JenS 928 Clled (e oy Al J15)95 1 110> A0 s
() JSed) cils 3l (39 0

9 3Ll b (39,08 Cumo (o8 3l (lits CDNB g 5 51 o2litiol b bajliduasl 5 ol (19565l cild (o)
F@12)=17.59,) 3,5 5439 3u0)d A0 o )3 (615 (me (gyle] MBI AY olilgn b o)595wlS Cumes 5 9 A ghilys
5 OV/+D VEINY 639y Cammas slyt iy s lyinsi] = ol (5005b5lS 5 L)l by g T ceolleb guls (P < 0.05
5 VEVAY N0/+Y AY oliles cyized 5 VA/AY 5 WW/EY AYD abliw SFIVA o SEIVY AMFD )eSwls 0521
 JS5) ol s & iy 5 ol 4255 J5a s AQ/A-

pSGke e e g eleerh fennF oo ¥ L 4 S he Glacumen ;3 PABO pg S i (slag 3l colld
Camex 5 5 AV glilsn 5 bl b (039yd Cumox (el (olul 1 (V JSS) 2 Jol (B9 £S5 sl w25
(F316)=9.34, P <0.05) 51> 3939 3uoy> A0 zrhaws ;> (6,5 ze (g )lo] MBI AY glilgn b y59SulS

160
140

120

[uny

o

o
T

m Alpha-carboxylesterase
B Beta-carboxylesterase
OGlutathion S-transferase

D
o
T

o
o
1

N
o
T

Shiroodi Gascogne Sanabad Juanillo 92
Host-associated populations of Diuraphis noxia

o

O 4 dtly slacares j (3 kel gl F 4 Ske) jlhawils wl 595Ul g el JeuS92)S W g W olops 5T culld auglio .Y S
Diuraphis noxia


https://www.magiran.com/p2689744

download date: 3/24/2024

https://www.magiran.com/p2689744

’f’r“j’/;)w:)[e{’dl‘zeé)’n};d/){/ﬂk@‘;ﬁ/éd{)-«w VFY

0/0012

0/001

0/0008
0/0002 I I
0 1 1 1 ]

Shiroodi Gascogne  Sanabad  Juanillo 92

o o
~~ ~~
o o
o o
o o
& (o]
T

Enzyme activity
(mg enzyme/mg protein)

Host-associated populations of Diuraphis noxia

Diuraphis noxia :)bje 4 auly clacuses j (3,l5kul clas F (1 Kiko) PA50 pg S g (slaps 3l culled duglio .Y JSWS

ORIy J e Slgime

3 TIFA SIVY XN i 4 AT slilyn 5 obli o555lS (9,0 cslondy S p5 o 13 5290 S5t e
3555 (F 3,12 = 8.56, P < 0.05) o> A o 3 ()l dme (gylol M3 5l ol ol el cowd & p,5 Juo Y/AY
(¥ Jse3) 292

o (3L o P <0. 05 (g)ls sxe grans g ol (ygupr oy o) ()15 mo g it  Stmsads cmodls 3JUT bl 5
s (r=0.999, P = 0.01) W ysl8lases] jiSopmis LC50 L cMe alisee (slapdy Sy pd 39350 Joid ol5e
r=) bjlewls ol 5esbsls (a-NA: T =0.798, P = 0.00; B-NA: r = 0.807, P = 0.00) sl yis] JuuS'5s)S
D)1 gy alisie slacuzes (r=0.687, P = 0.003) P450 44,5 s 4 (0.817, P = 0.001

3 L

2

1

0 L L L )

Shiroodi Gascogne  Sanabad  Juanillo 92

Phenol
(mg phenol/g leaf)

Host plant varieties

(AY slles 5 dbliw) Wiy 5 g (595wl g (639 ymad) puS I olaedy (S p (O luliwl glad £ 1 Slo) (Jgid (slacas 5 (glgizns dunlio YIS


https://www.magiran.com/p2689744

download date: 3/24/2024

https://www.magiran.com/p2689744

Y IR0 5 Hleweds/.... wlpallbear | 0 Coawlus b O J38 slpimo LT,/ (g fy — ~ole)

oL

Ly a5 (Rakhshani et al., 2008; Zareh et al., 1995) cuul puiS Bl 1 Genlee I (Ko pAS gy 4b
» {(Kirkland et al., 2018; Macharia et al., 2004; Noorbakhsh, 2020) > 0 S olesd slais cd
(Komazaki & s> yuss 1y la iScdl 4 oy gl cul (Son olie wlio d 95 0l pll (gla )y ol
Ohgy 4 b pelSlel 315U ol gl 231 (ime} 4o Toda, 2014; Liang et al., 2007; Tabacian et al., 2011)
8103 yuS jolay &S yiSTe s cpl b )y pAS gy At e 4 dunly (sl Cuzes (59 p GUBS  oiscun
;500 3l (Kollmeyer et al., 1999; Kundoo et al., 2018) 395 oo o3kl 0uiSe il plo g has JyuS (<l
Blo oty S cpl (i b g 03,8 5180 Sgn (e el (g ook nS L i e 4p b 53 Waadsis sSgs
..\.abok;a ul).uo «5).0 L dSob)S .)L’>u] L.,S)b- 9 dJA;u (SMAE s u.a?ﬂa.nl.: u‘f‘ 9 0J omas Pl.u JLQ...,]
.(Boiteau & Osborn, 1997; Matsuda et al., 2001)

Bl by pAS gy aid @l Gluds dde b palSTae] (iSo s LCO0 (e o ot Cansy guls bl 5
Sarbaz et al., 2012; Tabasian et al., ) 3905 AU 1) bl ;55 (g9, p wlie Slidiss guls 4Bl oyl &5 bl )
4 o b ol gy Sglis L5 1) (LS SUS (slagd) (> g i 1 lgelS St 45 g o (2010
D905 Ol s polS el iSo puis

(Brattsten, wsb olacglis s Lice cul (Koo olie wlio b (6,85l (lp bl  Sdgplio @l i (dly 5
) ynsl 5 ol (9559l clanl il by g AT ol opuns 48 8l Ui i3] oou 33T (sl w0 1988; Xie et al., 2011)
Sl s cpl sl (6390 Cuman il YIVD o VOV FIFA /-2 AY sliles Couxes (510 PA50 (la;l5unslsio o
oo Slom il lled g 3y ol hia] 4y Coslan (a3Ld 93 (i (gSas b3 @l & a2 b 00)F 555l (6390
3 egor il clled o o YL LAY gliilsn Como W 3o 3529 pAS g 4L (o 4 sl (SlaCiman 1> (2
8l 4y Sl (3 5V 1 a3l Colled o (35505 L (639 b Cpmar 9 2y slS sl (2570 s &y Coplss (35S

Aphis @b 313l cuwlus s @B S Syoo s i)l55 olal 5 D9 guad aL33S cla )y gl b badl oyl
A Comd 4y 9y 2 ABL B9y Cumen slp Juio y5iesd (ST 5 b polSlanes] (sla (iSTs s 4y gOSSYpii Glover
5 bl by g W cdled (ol VYD 9 Y/8R oyip b ey @ ol ol &5 dol cands Y/¥ 9V i 4 o
o > dagl ,o (Tabacian et al., 2011; Tabasian et al., 2010) >4 ol yon 0533 4 Cornd 4y Cauzon
s sl slis Tetranychus urticae Koch 5™ sl 95 (65, »» Ghadamyari & Jalali Sendi (2009) (sla o)y
Jite giond (ST S0 pin & alyo 85k 59y 4Bl (hyen Cunen plp YoIYV dogd 65, a8l (0)9n sloas
o y3ols Cumen | i plp YOF 5 V/0 iy @ dog) Cumen 50 njlywl by 9 W cled g odld Lis Caoglio
gy > wodedan 9 (nytepmle SIS opla & Cawlus ol pbxl Qlides wlul  Grizes A5 e
9y 2 4Bl By Cumes ply VVY 5 0/0 Cusp 4 S5 8 olS (59, a8l 5,9, Spodoptera litura Fabricius
&5l ol 5B9lS (V/AR) (g3l S 05 Sloma 3T Called (a5 41yl il o 5 00,8 o)l IS S
(Karuppaiah et al., 2016) 1 lsis o )5 Cunas 4 Cous olST 5 Cuzos slag,¥ (Y/Y0) PA50 4 (V/¥Y)

sla 1SS Sl zokaw > Colas T b 4 dtanly slacures 5 i a5l olds LY p ate )] e
08y 99 ;LS ;> Yy c9 (55, » Sitobion avenae Fabricius ¢S juw aus hygp twly opl ;o 0ib o &LS


https://www.magiran.com/p2689744

download date: 3/24/2024

https://www.magiran.com/p2689744

VP oS3l 65loss s lgz g oloty 690 o5t ) (K o LS il 4y puied -

09,5 il e 49l clgplio £9) Torosd 3bj Hlun 9 o5 sl yho zobaw b cuiyy 4 Chagual ¢ Huayun pus
o S1as BYg 4 s paS B 3 S (b slam Tl b ne Gl Cage (Bl SealuSy 1
Y clcbale oS5 ol clauis ws ol il cle @ bl og Chagual i eS jluw Huayun o3, ;5 Towod lise
Chagual jl szt Huayun 5, | L o Cumez 53 53l sl 5 ol (158015 5 (6l tal S 528" slom 3l cllad 5
.(Loayza-Muro et al., 2000) . 5,5

i Sz Called QI3 L ool g (slanS 5 w331 o e Ll o303 L2 81 adllas
5 o5 Sl dg2ge Sl olul ol pAS g 4 aile by olSlaa] (ISl Coan (2RI 5 ) 30
W3 o 58 Sl cod |y puS pwgy aid aex oM shad el Gislan (LS Jed placS S A
oS> g jl [(Leszczynski et al., 1989; Tabasian et al., 2018; Todd et al., 1971; Wojcicka, 2010)
(Hardy et al., 2018) ua> 538! la 580yl a4y o |y byl Caoglio il Wil o ] 0315 (65900

St Olyass (gl Jole sy 5655 S gié | Lymantria dispar Linnaeus 4 3ss ol pbol sla jiags b
QA5 s [(Lindroth & Weisbrod, 1991) wib o oyt ol 50 bjl ol JouS's S culed gl as o 4
odze g b 2y bjlausly ol esllS sl Coge il UL ) Micromelalopha troglodyta Graeser
;| Bemisia tabaci Gennadius &b 31,8l 4,35 ;0 Zhang et al. (2021) .(Cheng et al., 2015) 5,5 s ois
o St 4 8 ol Comlus lS b oS 4l PABO py S gt (slogsj st ol sl W5 1y lasssisdle
sl ol yo (499800 ld g pluS giols

01l Syt i Slam T Cled 56 SloiS 5 (S5 6 1 ee 55 Siktns (1 o5l
Leptinotarsa pglae o5 o (g5lpml oylo5h Jole ot @ 1) aSeiaMe 5l oxlazwl Wang et al. (2016) .cu!
Ui 30 YU & Abo-Elghar (2000) 153905 (yx0 poyim g Jute wodinjl (sla iS o i 4 decemlineata Say
a.b Spodoptera frugiperda o,Y ;> bjlyauwsl s ol eslisls culed (S5l )0 1) sl Sob g baseaMs
&S Sloj e (LS 2lBd dlge b iS5 bjee ol 0 ol > 4wl S 558 zull > glds L3505
(Cai et al., 2009; Dermauw et al., 2013; Loayza- sl \bjwe yuss 9 305 0 )18 euS 5 pl (520 50 0>
D)9 0yl Cadgn 9 g5 0 Goldd ( BLS slacuS 5 0 woles y 0gMe .Muro et al., 2000; Xie et al., 2011)
5 (Castaneda et al., 2010; Leszczynski et al., 1994; Xu et al., 2014) I55om slows 3l £ e (ow)yp
ST alisee (cladiS Cuwlus 1lg5 o 3 (Nicol et al., 1993; Zhang et al., 2017) b iScsl cla Sig > s
A2 sl jiSedl & cand )

Bolgu 9 5 o5 4

A.Lz.»‘y Ca| u&o.a )|9$ol,5 Ql)gb 9 QL“’L:S O J.nl.v SN dl—“w&ﬁ &S ol Lo Q,g] Lgo  yidgls &{l
2 PA50 pg,S gtias o (53l il 5 ol (905IS (g3l il JenS 328" (slam 31 I L 0Me Jsid (glaceS 5 l3e o
CaS g oo gyl 3w ialS 1y s pelSliuesl (iSo pis a4 Cans €l oyl Camlus liue Cosle pAS g, 4t
asie o JSeaS gl o 4 (glofg 5y Canl p3Y €l S e Hlao 3 pbond J 1S 2l GBIl oS
9 (35D 3Dy ] Copde gusuo sl yigy Gl 4 aygy pl il At Sglie szl b Cj bl olie
Dged Jalgd SaS Cunj lazre bats 5 OlS ' cpl 4 Cand (bl Cooglio o 5l (oSN b (iSo pis Sge


https://www.magiran.com/p2689744

download date: 3/24/2024

https://www.magiran.com/p2689744

'Fo O3 5 Gl ... il sl ] @ ool b ME 38 slpizmo bl (iatgfys — ode)

1Oy g S
0IStils i oy 09,8 Culon ) dhmg (pd 3L o Jol odtmgs (518 &b (bL 3 iSe 3 ol

Do (oo (S10)8 Mpuiie wsd 8 oSy 5 ST oMl oIl oSisly (g5l

&b

s lid o 5 S8 o 0 (AT sl i) mealie 5 e (IYAY) dazme (g )hasd g Ay 0 (e
Ol oy ol Ao 1yl yes

bl e ylojle Wbl s Coglas 1y i Lol S cgs

REFERENCES

Barbehenn, R. V., Walker, A. C., & Uddin, F. (2003). Antioxidants in the midgut fluids of a tannin-
tolerant and a tannin-sensitive caterpillar: effects of seasonal changes in tree leaves. Journal of
Chemical Ecology, 29 (5), 1099-1116. https://doi.org/10.1023/a:1023873321494.

Bayoun, I. M., Plapp Jr, F. W., Gilstrap, F. E., & Michels Jr, G.J. (1995). Toxicity of selected
insecticides to Diuraphis noxia (Homoptera: Aphididae) and its natural enemies. Journal of
Economic Entomology, 88 (5), 1177-1185. https://doi.org/10.1093/jee/88.5.1177.

Bernays, E. A., & Chapman, R. F. (2000). Plant secondary compounds and grasshoppers: beyond
plant  defenses. Journal of Chemical Ecology, 26 (8), 1773-1794.
https://doi.org/10.1023/A:1005578804865.

Blackman, R. L., & Eastop, V. F. (Eds.). (2000). Aphids on the world's crops: an identification and
information guide (2" ed.). Chichester: John Wiley and Sons Ltd.

Boiteau, G., & Osborn, W. P. (1997). Behavioural effects of imidacloprid, a new nicotinyl
insecticide, on the potato aphid, Macrosiphum euphorbiae (Thomas)(Homoptera,
Aphididae). The Canadian Entomologist, 129 (2), 241-249.
https://doi.org/10.4039/Ent129241-2.

Brattsten, L. (1988). Enzymic adaptations in leaf-feeding insects to host-plant allelochemicals.
Journal of Chemical Ecology, 14 (10), 1919-1939. https://doi.org/10.1007/BF01013486.

Brogdon, W. G., McAllister, J., & Vulule, J. (1997). Heme peroxidase activity measured in single
mosquitoes identifies individuals expressing an elevated oxidase for insecticide resistance.
Journal of the American Mosquito Control Association, 13 (3), 233-237.

Cai, Q.-N., Han, Y., Cao, Y.-Z., Hu, Y., Zhao, X., & Bi, J.-L. (2009). Detoxification of gramine by
the cereal aphid Sitobion avenae. Journal of Chemical Ecology, 35 (3), 320-325.
https://doi.org/10.1007/s10886-009-9603-y.

Castaneda, L., Figueroa, C., & Nespolo, R. (2010). Do insect pests perform better on highly defended
plants? Costs and benefits of induced detoxification defences in the aphid Sitobion avenae.
Journal of Evolutionary Biology, 23 (11), 2474-2483. https://doi.org/10.1111/j.1420-
9101.2010.02112.x.

Chen, C., Kang, Z., Shi, X., & Gao, X. (2015). Metabolic adaptation mechanisms of insects to plant
secondary metabolites and their implications for insecticide resistance of insects. Acta
Entomologica Sinica, 58 (10), 1126-1139.

Cheng, H., Tang, F., Li, W., & Xu, M. (2015). Tannic Acid Induction of a Glutathione S-transferase
in  Micromelalopha troglodyta (Lepidoptera: Notodontidae) Larvae. Journal of
Entomological Science, 50 (4), 350-362. https://doi.org/10.18474/JES14-36.1.

Constabel, C. P., Yip, L., Patton, J. J., & Christopher, M. E. (2000). Polyphenol oxidase from hybrid
poplar. Cloning and expression in response to wounding and herbivory. Plant Physiology,
124 (1), 285-296. https://doi.org/10.1104/pp.124.1.285.


https://www.magiran.com/p2689744

download date: 3/24/2024

https://www.magiran.com/p2689744

VP oS3l 65loss s lgz g oloty 690 o5t ) (K o LS il 4y puied -

Dermauw, W., Wybouw, N., Rombauts, S., Menten, B., Vontas, J., Grbic, M., Clark, R.M.,
Feyereisen, R & Van Leeuwen, T. (2013). A link between host plant adaptation and pesticide
resistance in the polyphagous spider mite Tetranychus urticae. Proceedings of the National
Academy of Sciences of USA, 110 (2), E113-E122.
https://doi.org/10.1073/pnas.1213214110.

Divekar, P. A., Narayana, S., Divekar, B. A., Kumar, R., Gadratagi, B. G., Ray, A., Singh, A.K,,
Rani, V., Singh, V., Singh, A.K., Kumar, A., Singh, R.P., Meena, R.S & Tusar Kanti Beher,
T.K. (2022). Plant secondary metabolites as defense tools against herbivores for sustainable
crop protection. International Journal of Molecular Sciences, 23 (5), 2690.
https://doi.org/10.3390/ijms23052690.

Duisembecov, B., Dubovskiy, 1., & Glupov, V. (2017). Effect of plant secondary metabolites on
susceptibility of insects to entomopathogenic microorganisms. Contemporary Problems of
Ecology, 10, 286-292. https://doi.org/10.1134/S1995425517030052.

Enayati, A. A., Ranson, H., & Hemingway, J. (2005). Insect glutathione transferases and insecticide
resistance. Insect molecular biology, 14 (1), 3-8. https://doi.org/10.1111/j.1365-
2583.2004.00529.x.

Ghadamyari, M., & Jalali Sendi, J. (2009). Resistance mechanisms to oxydemeton-methyl in
Tetranychus urticae Koch (Acari: Tetranychidae). Munis Entomology and Zoology, 4 (1),
103-113. (In Persian)

Guo, Y., Zhang, J., Yu, R., Zhu, K. Y., Guo, Y., & Ma, E. (2012). Identification of two new
cytochrome P450 genes and RNA interference to evaluate their roles in detoxification of
commonly used insecticides in Locusta migratoria. Chemosphere, 87 (7), 709-717.
https://doi.org/10.1016/j.chemosphere.2011.12.061.

Habig, W. H., Pabst, M. J., & Jakoby, W. B. (1974). Glutathione S-transferases the first enzymatic
step in mercapturic acid formation. Journal of Biological Chemistry, 249 (22), 7130-7139.
https://doi.org/10.1016/S0021-9258(19)42083-8.

Hafeez, M., Liu, S., Jan, S., Ali, B., Shahid, M., Fernandez-Grandon, G. M., Nawaz, M., Ahmad, A
& Wang, M. (2019). Gossypol-induced fitness gain and increased resistance to deltamethrin
in beet armyworm, Spodoptera exigua (Hibner). Pest Management Science, 75 (3), 683-
693. https://doi.org/10.1002/ps.5165.

Harborne, J. B. (1999). The comparative biochemistry of phytoalexin induction in plants.
Biochemical Systematics and Ecology, 27 (4), 335-367. https://doi.org/10.1016/S0305-
1978(98)00095-7.

Hardy, N. B., Peterson, D. A., Ross, L., & Rosenheim, J. A. (2018). Does a plant-eating insect's diet
govern the evolution of insecticide resistance? Comparative tests of the pre-adaptation
hypothesis. Evolutionary applications, 11 (5), 739-747. https://doi.org/10.1111/eva.12579.

Haruta, M., Pedersen, J. A., & Constabel, C. P. (2001). Polyphenol oxidase and herbivore defense in
trembling aspen (Populus tremuloides): cDNA cloning, expression, and potential substrates.
Physiologia  plantarum, 112  (4), 552-558.  https://doi.org/10.1034/j.1399-
3054.2001.1120413.x.

Hatfield, M. J., Umans, R. A., Hyatt, J. L., Edwards, C. C., Wierdl, M., Tsurkan, L., Taylor, M.R &
Potter, P. M. (2016). Carboxylesterases: General detoxifying enzymes. Chemico-biological
interactions, 259, 327-331. https://doi.org/10.1016/j.cbi.2016.02.011.

Hosseini naveh, V., & Ghadamyari, M. (2013). Principle and concepts of experimental methods in
insect biochemistry, physiology and toxicology. Tehran: University of Tehran Press. (In
Persian)

Jankielsohn, A. (2021). Russian Wheat Aphid Distribution in Wheat Production Areas:
Consequences of Management Practices. In Current Trends in Wheat Research. edited by
Ansari, M.R. IntechOpen. 103-114.

Jokanovi¢, M. (2001). Biotransformation of organophosphorus compounds. Toxicology, 166 (3),
139-160. https://doi.org/10.1016/S0300-483X(01)00463-2.


https://doi.org/10.1016/S0300-483X(01)00463-2
https://www.magiran.com/p2689744

download date: 3/24/2024

https://www.magiran.com/p2689744

1YY IR0 5 Hleweds/ ... iy allbeor | 0 Coawls b O J38 slpimo LT,/ (g fy — ~ole)

Jones, K. C., & Klocke, J. A. (1987). Aphid feeding deterrency of ellagitannins, their phenolic
hydrolysis products and related phenolic derivatives. Entomologia Experimentalis et
Applicata, 44 (3), 229-234. https://doi.org/10.1111/j.1570-7458.1987.tb00549.x.

Joshi, N., & Sharma, V. (2009). Efficacy of imidacloprid (Confidor 200 SL) against aphids infesting
wheat crop. Journal of Central European Agriculture, 10 (3), 217-221.
https://hrcak.srce.hr/52321.

Karuppaiah, V., Srivastava, C., & Subramanian, S. (2016). Effect of host plants on insecticide
susceptibility and detoxification enzymes activity in Spodoptera litura Fabricius (Noctuidae:
Lepidoptera). Proceedings of the National Academy of Sciences, India Section B: Biological
Sciences, 86, 715-721. https://doi.org/10.1007/s40011-015-0515-z.

Kefelegn, H., Tsegaye, T., & Damte, T. (2020). Seed rates and insecticides effects on Russian wheat
aphid Diuraphis noxia (Hemiptera: Aphididae) occurrence in irrigated durum wheat
(Triticum durum) in the central highland of Ethiopia. International Journal of Tropical Insect
Science, 40, 141-149. https://doi.org/10.1007/s42690-019-00063-0.

Kirkland, L. S., Pirtle, E. 1., & Umina, P. A. (2018). Responses of the Russian wheat aphid (Diuraphis
noxia) and bird cherry oat aphid (Rhopalosiphum padi) to insecticide seed treatments in
wheat. Crop and Pasture Science, 69 (10), 966-973.
https://doi.org/https://doi.org/10.1071/CP18266.

Kollmeyer, W. D., Flattum, R. F., Foster, J. P., Powell, J. E., Schroeder, M. E., & Soloway, S. B.
(1999). Discovery of the nitromethylene heterocycle insecticides. In Nicotinoid insecticides
and the nicotinic acetylcholine receptor. edited by Yamamoto, I. & Casida, J. E. Heidelberg:
Springer-Verlag, 71-89.

Komazaki, S., & Toda, S. (2014). Differences in host preference, life cycle pattern, and insecticide
susceptibility among Aphis gossypii clones and genetic relationships inferred from internal
transcribed spacer 2 sequences of rDNA. Annals of the Entomological Society of America,
101 (3), 565-572. https://doi.org/10.1603/0013-8746(2008)101[565:DIHPLC]2.0.CO;2.

Kundoo, A. A,, Dar, S. A., Mushtaq, M., Bashir, Z., Dar, M. S., Gul, S., & Gulzar, S. (2018). Role
of neonicotinoids in insect pest management: A review. Journal of Entomology and Zoology
Studies, 6 (1), 333-339.

Lattanzio, V., Arpaia, S., Cardinali, A., Di Venere, D., & Linsalata, V. (2000). Role of endogenous
flavonoids in resistance mechanism of Vigna to aphids. Journal of Agricultural and Food
Chemistry, 48 (11), 5316-5320. https://doi.org/10.1021/jf000229y.

Lattanzio, V., Cardinali, A., Linsalata, V., Perrino, P., & Ng, N. (1996). A chemosystematic study
of the flavonoids of Vigna. Genetic Resources and Crop Evolution, 43 (6), 493-504.

LeOra Software, V. (2003). Polo-plus: a user’s guide to probit or logit analysis, version 2.0. LeOra
Software Company Petaluma.

Leszczynski, B., Matok, M., & Dixon, A. (1994). Detoxification of cereal plant allelochemicals by
aphids: Activity and molecular weights of glutathioneS-transferase in three species of cereal
aphids. Journal of Chemical Ecology, 20 (2), 387-394.

Leszczynski, B., Wright, L. C., & Bakowski, T. (1989). Effect of secondary plant substances on
winter wheat resistance to grain aphid. Entomologia Experimentalis et Applicata, 52 (2),
135-139.

Liang, P., Cui, J. Z, Yang, X. Q., & Gao, X. W. (2007). Effects of host plants on insecticide
susceptibility and carboxylesterase activity in Bemisia tabaci biotype B and greenhouse
whitefly, Trialeurodes vaporariorum. Pest Management Science, 63 (4), 365-371.

Liengme, B. (2015). A Guide to Microsoft Excel 2013 for Scientists and Engineers. Academic Press.

Lindroth, R. L., & Weisbrod, A. V. (1991). Genetic variation in response of the gypsy moth to aspen
phenolic glycosides. Biochemical Systematics and Ecology, 19 (2), 97-103.

Loayza-Muro, R., Figueroa, C. C., & Niemeyer, H. M. (2000). Effect of two wheat cultivars differing
in hydroxamic acid concentration on detoxification metabolism in the aphid Sitobion avenae.
Journal of Chemical Ecology, 26 (12), 2725-2736.


https://doi.org/https:/doi.org/10.1071/CP18266
https://www.magiran.com/p2689744

download date: 3/24/2024

https://www.magiran.com/p2689744

VP oS3l 65loss s lgz g oloty 690 o5t ) (K o LS il 4y puied TEA

Macharia, M., Njuguna, M., & Kaoros, I. (2004, November). Control of the Russian wheat aphid,
Diuraphis noxia (Kurdijumov) in wheat using systemic insecticides in Kenya. Paper
presented at the Proceedings of the 12th Regional Wheat Workshop for Eastern, Central and
Southern Africa, Nakuru, Kenya.

Matsuda, K., Buckingham, S. D., Kleier, D., Rauh, J. J., Grauso, M., & Sattelle, D. B. (2001).
Neonicotinoids: insecticides acting on insect nicotinic acetylcholine receptors. Trends in
Pharmacological  Sciences, 22 (11), 573-580. https://doi.org/10.1016/50165-
6147(00)01820-4.

Nelson, D. R., Goldstone, J. V., & Stegeman, J. J. (2013). The cytochrome P450 genesis locus: the
origin and evolution of animal cytochrome P450s. Philosophical Transactions of the Royal
Society B: Biological Sciences, 368 (1612), 20120474.
https://doi.org/10.1098/rsth.2012.0474.

Nicholas, A. H., Puterka, G., Gopurenko, D., & Reviewer Brumley, C. (2015). National Diagnostic
Protocol Diuraphis noxia Russian wheat aphid. Viewed on 03/15/2022 from
https://iwww.plantbiosecuritydiagnostics.net.au/app/uploads/2018/06/NDP-28-RWA-V1-
2020.pdf

Nicol, J., Wratten, S., Eaton, N., & Copaja, S. (1993). Effects of DIMBOA levels in wheat on the
susceptibility of the grain aphid (Sitobion avenue) to deltamethrin. Annalis of Applied
Biology, 122 (3), 427-433.

Noorbakhsh, S., Sahraian, H., Soroush, M., Rezaei, V., & Fotoohi, A.R. (2012). List of important
plant pests, diseases, weeds and recommended pesticide. Plant Protection organization,
Ministry of Jihad-e Agriculture. (In persian)

Nyman, T., & Julkunen-Tiitto, R. (2000). Manipulation of the phenolic chemistry of willows by gall-
inducing sawflies. Proceedings of the National Academy of Sciences, 97 (24), 13184-13187.

Oakeshott, J., Claudianos, C., Campbell, P., Newcomb, R & Russell, R. (2005). Biochemical genetics
and genomics of insect esterases. In comprehensive Molecular Insect Science. edited by
Gilbert, L.I. et al. Pergamon: Elsevier Ltd, 309-361.

Pratyusha, S. (2022). Phenolic compounds in the plant development and defense: an overview. Plant
Stress Physiology-Perspectives in Agriculture. https://doi.org/10.5772/intechopen.102873.

Pucherelli, S. F., Peairs, F. B., Merrill, S. C., & Randolph, T. L. (2012). Russian wheat aphid
(Hemiptera: Aphididae) reproduction and development on five noncultivated grass hosts.
Arthropod-Plant Interactions, 6 (1), 67-73. https://doi.org/10.1007/s11829-011-9152-5.

Rakhshani, E., Tomanovic, Z., Stary, P., Talebi, A.-A., Kavallieratos, N. G., Zamani, A.-A., &
Stamenkovic, S. (2008). Distribution and diversity of wheat aphid parasitoids
(Hymenoptera: Braconidae: Aphidiinae) in Iran. European Journal of Entomology, 105 (5),
863-870. https://doi.org/10.14411/eje.2008.114.

Ranson, H., Claudianos, C., Ortelli, F., Abgrall, C., Hemingway, J., Sharakhova, M. V., &
Feyereisen, R. (2002). Evolution of supergene families associated with insecticide
resistance. Science, 298 (5591), 179-181. https://doi.org/10.1126/science.1076781.

Ranson, H., & Hemingway, J. (2005). Mosquito glutathione transferases. Methods in Enzymology,
401, 226-241. https://doi.org/10.1016/S0076-6879(05)01014-1.

Robertson, J., & Preisler, H. (1992). Pesticide bioassays with arthropods. Boca Ratn, CRC Press.

Sarbaz, S., Moravej, G. H., Heydarzade, A., & Sirjani, M. (2012, August). The influence of host-
plant resistance on the efficacy of imidaclopraid against development stages of Bemisia
tabaci Gennadius (Homoptera: Aleyrodidae). Paper presented at the 20 th Iranian plant
protection Congress, Shiraz, Iran.

Schuler, M. A. (2011). P450s in plant—insect interactions. Biochimica et Biophysica Acta (BBA)-
Proteins and Proteomics, 1814 (1), 36-45. https://doi.org/10.1016/j.bbapap.2010.09.012.

Seevers, P., & Daly, J. (1970). Studies on Wheat stem rust resistance controlled at the Sr6 locus. I.
The role of phenolic compounds. Phytopathology, 60 (9), 1322-1328.
https://doi.org/10.1094/Phyto-60-1322.


https://www.magiran.com/p2689744

download date: 3/24/2024

https://www.magiran.com/p2689744

1f4 IR0 9 Hleweds/.... lp gl Tbcos | v Cowlus b O J3 slpimo LLT )/ ( ity iy — ~ole)

Sheehan, D., Meade, G., Foley, V. M., & Dowd, C. A. (2001). Structure, function and evolution of
glutathione transferases: implications for classification of non-mammalian members of an
ancient  enzyme  superfamily. Biochemical  journal, 360 (1), 1-16.
https://doi.org/10.1042/bj3600001.

SPSS. (2007). SPSS Base 16.0 User's Guide (16.01 ed.). SPSS Inc.

Tabacian, H., Ravan, S., & Bandani, A. R. (2011). Susceptibilities of two populations of Aphis
gossiper Glover to selected insecticides. African Journal of Biotechnology, 10 (4), 670-674.

Tabasian, H., Goldasteh, S., Moravvej, G. h., Sanatgar, E., & Ghadamyari, M. (2018). Relationship
between the biological parameters of Diuraphis noxia (Hemiptera: Aphididae) and the host
phenolic content Journal of Entomological Research, 10 (3), 163-175

Tabasian, H., Ravan, S., Bandani, A. R., & Siahsar, B. A. (2010). The effect of esterase activity in
resistance of Aphis gossypii to selective insecticides. Journal of Food, Agriculture and
Environment, 8 (3 & 4), 1108-1112.

Todd, G. W., Getahun, A., & Cress, D. C. (1971). Resistance in barley to the greenbug, Schizaphis
graminum. 1. Toxicity of phenolic and flavonoid compounds and related substances. Annals
of the Entomological Society of America, 64 (3), 718-722.
https://doi.org/10.1093/aesa/64.3.718.

Urbanska, A., Tjallingii, W. F., Dixon, A. F., & Leszczynski, B. (1998). Phenol oxidising enzymes
in the grain aphid's saliva. Entomologia Experimentalis et Applicata, 86 (2), 197-203.
https://doi.org/10.1046/j.1570-7458.1998.00281.x.

Van Asperen, K. (1962). A study of housefly esterases by means of a sensitive colorimetric method.
Journal of Insect Physiology, 8 (4), 401-416. https://doi.org/10.1016/0022-1910(62)90074-
4.

Veisi, R., Safavi, S. A., & Karimpour, Y. (2012). Duration of life stages and fecundity of Diuraphis
noxia (Hemiptera: Aphididae) on six wheat cultivars. Journal of Crop Protection, 1 (3), 181-
187.

Wang, Z., Zhao, Z., Cheng, X., Liu, S., Wei, Q., & Scott, I. M. (2016). Conifer flavonoid compounds
inhibit detoxification enzymes and synergize insecticides. Pesticide Biochemistry and
Physiology, 127, 1-7. https://doi.org/10.1016/j.pestbp.2015.09.003.

Webster, J. (1990). Resistance in triticale to the Russian wheat aphid (Homoptera: Aphididae).
Journal of Economic Entomology, 83 (3), 1091-1095. https://doi.org/10.1093/jee/83.3.1091.

Wittstock, U., Agerbirk, N., Stauber, E. J., Olsen, C. E., Hippler, M., Mitchell-Olds, T., Gershenzon,
J & Vogel, H. (2004). Successful herbivore attack due to metabolic diversion of a plant
chemical defense. Proceedings of the National Academy of Sciences, 101 (14), 4859-4864.
https://doi.org/10.1073/pnas.0308007101.

Wojcicka, A. (2010). Cereal phenolic compounds as biopesticides of cereal aphids. Polish Journal
of Environmental Studies, 19 (6), 1337-1343.

Xie, W., Wang, S., Wu, Q., Feng, Y., Pan, H., Jiao, X., & Teng, H. (2011). Induction effects of host
plants on insecticide susceptibility and detoxification enzymes of Bemisia tabaci
(Hemiptera:  Aleyrodidae). Pest Management  Science, 67 (1), 87-93.
https://doi.org/10.1002/ps.2037.

Xu, Q., Chai, F., An, X., & Han, S. (2014). Comparison of detoxification enzymes of Bemisia tabaci
(Hemiptera: Aleyrodidae) biotypes B and Q after various host shifts. Florida Entomologist,
97 (2), 715-723.

Xu, Z. B., Zou, X. P., Zhang, N., Feng, Q. L., & Zheng, S. C. (2015). Detoxification of insecticides,
allechemicals and heavy metals by glutathione S-transferase SIGSTE1 in the gut of
Spodoptera litura. Insect Science, 22 (4), 503-511. https://doi.org/10.1111/1744-
7917.12142.

Yu, Q.-Y., Lu, C,, Li, W.-L., Xiang, Z.-H., & Zhang, Z. (2009). Annotation and expression of
carboxylesterases in the silkworm, Bombyx mori. BMC genomics, 10 (1), 553.
https://doi.org/10.1186/1471-2164-10-553.


https://www.magiran.com/p2689744

download date: 3/24/2024

https://www.magiran.com/p2689744

VP oS3l 65loss s lgz g oloty 690 o5t ) (K o LS il 4y puied s

Yu, S., & Abo-Elghar, G. (2000). Allelochemicals as inhibitors of glutathione S-transferases in the
fall armyworm. Pesticide Biochemistry and Physiology, 68 (3), 173-183.
https://doi.org/10.1006/pest.2000.2514.

Zareh, N., Gonzlesz, D., & Ahmadi, A. (1995, September). A search for the Russian wheat aphid,
Diuraphis noxia (Modvilko)(Homoptera: Aphididae), and its natural enemies in Iran. Paper
presented at the Proceedings of the 12th Iranian Plant Protection Congress, Karadj, Iran
Islamic Republic.

Zhang, L., Lu, H., Guo, K., Yao, S., & Cui, F. (2017). Insecticide resistance status and detoxification
enzymes of wheat aphids Sitobion avenae and Rhopalosiphum padi. Science China Life
Sciences, 60 (8), 927-930. http://engine.scichina.com/doi/10.1007/s11427-017-9105-X.

Zhang, Q., Yang, F., Tong, H., Hu, Y., Zhang, X., Tian, T., Zhang, Y & Su, Q. (2021). Plant
flavonoids enhance the tolerance to thiamethoxam and flupyradifurone in whitefly Bemisia
tabaci (Hemiptera: Aleyrodidae). Pesticide Biochemistry and Physiology, 171, 104744,
https://doi.org/10.1016/j.pestbp.2020.104744.

Zhang, Y., Yang, B., Yang, Z., Kai, L., & Liu, Z. (2023). Alternative splicing and expression
reduction of P450 genes mediating the oxidation of chlorpyrifos revealed a novel resistance
mechanism in Nilaparvata lugens. Journal of Agricultural and Food Chemistry, 71 (9),
4036-4042. https://doi.org/10.1021/acs.jafc.2c08957.

Zhao, P., Xue, H., Zhu, X., Wang, L., Zhang, K., Li, D., Ji, J., Niu, L., Gao, X., Luo, J & Cui, J.
(2022). Silencing of cytochrome P450 gene CYP321AL1 effects tannin detoxification and
metabolism in Spodoptera litura. International Journal of Biological Macromolecules, 194,
895-902. https://doi.org/10.1016/j.ijbiomac.2021.11.144.

Zhou, X., Ma, C., Li, M., Sheng, C., Liu, H., & Qiu, X. (2010). CYP9A12 and CYP9A17 in the
cotton bollworm, Helicoverpa armigera: sequence similarity, expression profile and xenobiotic
response. Pest Management Science: formerly Pesticide Science, 66 (1), 65-73.
https://doi.org/10.1002/ps.1832.


https://www.magiran.com/p2689744

