(829LS s dlows) S350l S
\\|//
q.r{:j-l_“-:f Ve Y JL@Q A AJL«J ¢£-\JJ>

10.22055/ppr.2023.42995.1681
(S99 N g Plw! + D9 3y piSolol o (50 gi> TS 93 9 S ouis Ol il
Aphis gossypii (Hem: Aphididae) jl> 4l S Joua saxiwl B

"5 s Sske ek s s

(honeyrajabi20@gmail.ComD) & ! caues 5t caun s 1 oetils o6 555128 Sl o K 0l8 05 5 ekl i S 2 J9Guu Ot 3 =)
Ol ! cso g 5l e g 51 o881 (55 5LaS™ 0atils ¢ (S ol 05 S skeul =Y
Ol can sl 063558 g9 5 5 35 50T Sl Olajls ¢ g2 o Ol 3T Ol nbs wlio 5 (555 US™ 25 50T 5 Slidons 5870 sloslinl =T

VEXY @)u ALERVARVA | SHGS VTS 'c.._)l:

oS>

) Ole gl yw 33 Objwe QWL 31 rwg s b &7 Cul 3B L 8T O Aphis gossypii Glover s 4«
2oty GBS0 pi 3 00kl (310 0 Sl g & sgw DI ST 0959 b il J w5 S9y xSty A 0 09T
097 b i G0 i S T4 9 (owsp £l (2losd Dl 5 4 Cunglis 50 ST (l GV rilly !
EIN T D19 39 oiSolol i § (o S0 pi> (TS 93 9 (S O sdg R cnl 58 (ol ply .owl Dgliie ST
Lo lyh 50 Wl &b axesr Ay 9 (St ) SBATRWI B (59 comil (SH)195 § (wled & o (S1H18 &7 VLT g ol +
oLS™ (59 4 Cuxer LS5 515 (qwyp D390 4ib Sl ST (S95 A0y bl (95 Sl oSl b (STl
9 by el 1T L (5099 0990 9 Ao B 00 ) e (i Cagh ) (pgaudes 453 T1EY (Glod )3 (wes> 4 )l9 (A g
Glowd 3 am Cel e 3l 4l &b 1A (S g oy ¢ ol + D19 39 cpuiolol LCs0 sluado .odl 95 (Ss6 celu A
Sl e Job puSlo 45 318 QUi ool Cwddy g ls .ol Cwndd (0 F g0 00l gl » sl a0 Y/TY) Pl 2 YYIAL
Sedald 33 2130991 0595 Job 9 5395k .oubld (S8 w0 L9l walh sl LLC30 9 LC20 slrslowd yo A
b oo slod Il il (w3 J3ur (Svaomiul P dond .l palT (519 S0 sgbdy MBLY 4 Sl (5570 p> OIS )
SalBl S5 F 5 g0 i 5 518 a0 e Wl Cod 610 xe Jgbdy (LY b dwlio 53 oWiS ) b dale
Al 33 i B y3 03k B (8131 @ 039 YYITAN(Ro) fovdgi (AL & 45.999 395 » /T L 9l g cdlds 33 (1) Curox
Al 9 (395 11/YA) LC30 5o cuiy 4 (T) L e Oloj oo j1o 0y 508”9 oy st .8l il LC30 y0 144
Sboud S A0 i 3 o3liiwl 39 50 4 495 b A Sl (9l BLgT pol> axfline SBABL AL 3397 » (595 4/VY)
g 0 Ny 3 oliasl + D19 iy (ool 570 sl ¢l 4 (595 AT ol S BB 5B 9 Laaid o pe ST
O (TS 25 9 (TN OGN drgs (Jl (pl b0 1B ooliul 590 Wl 4ib Cuxex AL 9 SRS 50

il (639 90 (S 0l CBT (b Oladid 9 OT U7 DI F1 b3yl 38 570 pi

2 o) icuxa> by (Sl 8 ¢ ol [ JiT cdeld jaw il K00 59 AL

'Cﬁl)ui).l-jfsiga«.éidﬁ;

Citation: Rajabi, H., Safavi, S. A. & Forouzan, M. (2023). The lethal and sub lethal effects of the combined insecticide
Emamectin benzoate + Acetamiprid on the life table parameters of Aphis gossypii (Hem.: Aphididae). Plant Protection (Scientific
Journal of Agriculture), 46(1), 105-118. https://doi.org/ 10.22055/ppr.2023.42995.1681




..... a3 (55 Ay linl + Sy Salel oS 5 257 ke SaiS 5 SaiS Sl 5oL Kes 5 o) Vg

33 Cble L #/F s oliwl + F/AL Sl paSalel 28
e Sl ms o S50 00 e Ve G Ol o
SOl 1y o8 Ol by3T s sl6ldE L gy,
055 3l (Sl S0 ke Sy Sl
G T S p 5 G et 15 el TS T
A3 SE S 1) Sl pae gt S AT e Conse
—o phom & i 303 g3 S S lamn b S5l S5l tas 0
RS Jolge 5 Ok (635 (50 Coow (a8 Lo 2
Burg et al., 1979; Jansson et al.,) &,ls "¢ 5 5
03 8 3 (IS 5 oules S K 55 bl (1997,
oA S35 e Gria 5 S5 51T ol Tl 515 S0 5
3503 65318 53 63k 3,58 g e gl 5 (S5
Sl pro 55051l IS el glres .8 5 Slas S 5 o)
Millar and ) s o LOT Sl Ceb 5 055 Jisea |,
oliiS 5 slackle (Denholm, 2007; Wallace, 2014
@ba 2 DS s b 4 e Ll da ST
I L AT D) o Sl (Ses DI gl 3 5h Comer
S5 53 i 5 Soask A iy Calidee Jol e 0593 Jsb
358 Al Dl Ahy Cese 5 adi 5B, (i
Ullah et) Lu g 43 § &) o i g3 53 (Haynes, 1988)
5 Sok eedsb & sbul ACE-R 4. @l (2021
ACE- 4 g b auslio 53 1) 3l 8 S5 g glaaeial
Gerami ) Sladlas sl (2al (6l san sbas iy slil S
3 pedsb Ll Sl 28T ke &S sls olis et al. (2007
— s psba ali b anslis jo ) e il oS Ol i 6550k
SR 3D Camez Rl 15 RN Sls ralsls
DS g 23,5 My S8 o )3 AY O m oy S sy
53 BT g la s s 4k, iS5 ST osS 5
—Ble |5 e yls (60l Cael BT adl Ly e (glaaal

Sl sl b Js 055 o Ot 68 e CeloditS 5 sla

4- Neonicotinoids
5- Acetylcholinesterase

Ao

5 e GOl bad alex o LS BT

S Ol i (65,58 DY g 411 (631 pettns 8
LS o ) ko 5 S DY e plo 5 (S per S
= «s  .(Blackman & Eastop, 2000)
Aphis gossypi Glover (Hemiptera: Aphididae)
Gl 4als by 14 SN puames e BT 51 (S
Ghla 3 0328 Huba Sl Olgz sl 53 o
Sl o oS Jdime 5 (6 e S he (S a5
5V 4ds L - as (Ebert & Cartwright, 1997)
O ol > Shas 5 i) 2ol cind o (2S00
Conslie 53 (8T ol Comar (VL il iz ot 355 o0
OLLE 51 s s Golew V& 350> JUisl cla 2570 b 4
Sy e s (Shas w35 5 (o OLLS @ 03T
Kim, 2007;) ol sl Jubs 1305l 5 oge 23T
oo LS 5 5505 4 23T oyl (Pinto et al., 2008
sl Ol oo LS (55 1) Comaz 51 2V @S5 5 o3
& ol Wool et al. (1995) Clalas bl 5 a8
Loy TV/F aulls o3l il olS (5, o w2b a5
;\uum‘g.ﬂ&u,xfétﬁwm)ﬁ.‘,d‘:,,aiﬂ.3,{
8 K e Sl pled sl 25 ke
o) a ST Caslie s, Eel s iSe he Jsol i
5 Oldl oM 5 ol b Oliadis & T 5 LS 5
Cooper & Niglli, ) 5311 oo s a5 1) S jloses
Sz 93 6oL W Ll gladle s oy ol 51.(2002
BT gy b iSTe b o diiS 5 glaclale Ol S w)y
3,8 plowil Ot (558 5 8, (53, LOT SIS0
Sl ok 5 (S5 S e gl Sl al 53
sl i g, OT Il gy Gl b ooliwl + Slg 5
-0 2> Shafaghi et al. (2022) las 55 . o3liza

1- Avermectins
2- Actinomiset
3- Biological control



\oy VEY le ) opled OFF d ((5,5LST ke alows) (i 50l 8

(ST ) )
o diiS 5 g odiiS sl lle polas ead sblea
S3o S e b il s Gl axd gy, ASTe ke
Lol o, Al glad b S,
23 Sldie LT ol el L .(Chen, 1990)
Sl YF O jo &8 Chle o 5wl s o SYL Colg
sbad Comaxr o DLl dLo)s Ve 54 Lol S S
55 oty do G hle h (o s Ol 05 AL
VOV /D AN /A ke iy 51 Lds 4l
oy sy 5 ake OT) als ol jan s cpl g 00
Sy e eslaal ol U:A_LLAJ'T 03 (Ol 5 v/
ol 55 5 B, 6 50T 5 6, S s
353 5 S e i ad s 55 olS (55, A5 ST
(Taheri sarhozaki & Safavi, . eslizul &gy
Slamico o) (mpn ab ath sde Vo sl .2014)
SLlble b5 edd ilulay s 035 o L) &S 2
RH-) s il 5l oslital b 2570 st Calzies
—4) & 2o Bl Yo 10 350> ol I RONIX® (6002
L (6 el (o o (Sl 2 53 (g (o /0 Lo g2 5 b
Sl e ies g m Sk ST s st mlaw Sl
S5 b a s Gl bl ols H3 (e Sl A ks @)
85 65 L s o sl die LOT 59053 S35 05,3
wieT asy 3b 5l eS L cub, 5 ohble i elilay
)}.E.;uu..Mwhcsﬁaﬁax%éfﬂa)};gg'r@
ks Lol @ wisl gloasy daas Sl 1 5,8 ol
YVEY glos 55 6,0 Db s elili g s gt JT
Sos 095 340 BNy ol Cosb )y s 4 o
Lyl s SS,U cele Ay slis, Sl V8L
SERK PRI E ISP RV S P PHEN Ly
ebhas s S s Sl e le VP CidS 1 e
23 03 I LS STy Ly b s sepdd el L S

s as § L

G55 BT g (5o s Sl S (a0 T (55 ke SV b
(st (Franca et al, 2017) was 2ol 1) Y suames
—o i 0iiS 3 Ol 1 edztST Sl 1y e gdle (K31 S s
begnlplis ST or (g 5 15 DBT Comar iy 55 5 25
35BS s i S 51 (6 7 mdls i« hss ol S eslisd
Stark &) 4T o sty LOT b Olaiis 5 SGT
—cble 3B ragn ol s el k (Wennergren, 1995
+ Slar Sl L 250 ke 0diiS 5 g 0diiS (gla
S5 st slaamial 5 s o S s 605 ol
Ll 5 ax b o o b lpasr ST Conen
o @S sy et BB E S5 sy 30 SIS
B b)) Gl ad Came DU s 25T s
Slao ozt plo g Jradd 5 5 Sleoij 55, 0T ol slacble
365G 5 e 28 Ol b 5,8 e OT s

Sl gl Gl ad 2al Sy e glaael s ST ke

lbg’bj) 9 019.0

Al &b 595
Phaseolus vulgaris var. zs Ly o8 sla,d

s NVEY les) l6lS Ll s s Khomein
VL o8 ers3 5 de)d 0N d Cusb) (sl
GLOIUE =l 55 (b sl A 5 ki, Cele
o adlS o gl &Sl 5 5 (e Blo Ve XV ) (Sl
5VAL gOSSYPIl sl azi adsl Comaz b 0313 iys s
o 9 68T e e sl g GBI s s 5uS 05
Skl 55 @lely iy b OLLE o) ol |
L TR R B TC SR I I PR T e
A o3lizal jlle axs (S5 g 5 il
olawl 3 g0 S 0 yu>

L ol + BN Oy peSalel S5 ST i

23 /0 e 4 oty Ol T &S5 J e EC #/7F
L oslazal e



..... a3 (55 Ay linl + Sy Salel oS 5 257 ke SaiS 5 SaiS Sl 5oL Kes 5 o) VoA

bosls fudxi g 4 x5

ROV S R I Jogs-v1 Py | B W PP PP
40 Oliebl 350> b codidS 55 5 odisS glaclale slie
4elos SPSS 15alp 5 5l aslizl by Cas iy pas 4 o)
5 e s S5 4wl ol (SPSS, 2019) .s
st o5 5 il b (S5 Jpde slaantal b
ST Slle 5 5 by alo om0 5 (i 93 (S
Slas sl (Chi, 2019) wis oslixl TWosex-MsChart
Slhamial b 5 (am S S 5y $lpSle amlie
s S oyl S ST enlizal U S5 Js
B sl skt 4 . us 4l. (Paired bootstrap)
ol 3 SSS Ve GO o aeS b el S
DVles 31 ealimel b ajls ged s 5 ki o3linel anlllas
Comax Ghdy Lgy Loyl s ver. 12.3) ol
TIMing- LT 15l 5 b cojsy 0 o)ss &5 s 3T
.(Chi, 2016) s § plos! MsChart

Pl

SRl 3570 St b i laST 1 ol ol
o phm Al o jled G e el YF b eliel + Ol 5u
Chle Hldie .ol ol 03,51 V Jd 53 sl aid LlS”
@b JolS Ol 4 o 257 2 ol (LCs0) siiS
sdiiS 5 ke I Ad awls e YY/AY Gl
awlie 5 gy Gy Lyt v Slgn Sl

s oslimal o and Cumen ki sla S5

ST 29 B9 B0y (TS 3 ) Ol 51
Wl 4l (Fu) Jguzr 9 ()

S0 e 0 diiS 5 bl Hles aw biels isb3T ol
LCso ‘(("gsi.gsi. £/¥V) LCaxo ‘((a‘u.;& VW) LCio Juls
Loalie Lol 5o 5 5dle ad (g5, dali ((‘|g51.g51. NYY)
Foo0r slaw aats L;)'Lﬂyv.a Sy rbu\ B Lol i
shoos slp b a5 5l goliai 5, dbe @l b sue
3585 51 68 sl 6l s IS Al s 5 (silula,
A 85 o5 ol Jos Lol das 51k
Lguo)ﬁjvumgbudﬁj\ggolk‘;&u\‘m\m
3 Ben s Gl (e T Consty DLy o b 035,565
oslial Wi lejT 53 cojopeS b slad 4 OAd s
2d (G gmn 5 o Sl PN b § ) glaaoins il s
&Cb;l,xuéﬂ\ﬁkomﬁjdug&bg
53 L esls 513 (e Sl A ks 4) (g m oy b S s
Sodess A oslizal Hla 55 /0 S s 5 ode T 1 dals
ST pljey s 45 A esls Cup b db clas o celu YF
SA L 2 lern S ey aen 5 Wb (e
3 L) 4 odd hlaw <5 5 e y3 0y e Ndd (ol
@ 8 b s )l S5 dals g basles 1SS a (gl uols aals
b S il ) S ot Lt sl g Ul 5 O i Ly, A
530 A o3 ekd Mg laey g sl (Al slaad sl S ey
a2 68 0loj b gy ol ik Cod 6 g b 5l 5 e
ot i S LSS 55,0 JF a il anlsl o

Ao o Kol o ilew 503 oS L n b

Aphis gossypii sl 4 Jol5™ Ol yis (695 W g ool + 19 3y puiKolol (5576 pi> Cuows =1 J90
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LCuo (ppm) LCz2o (ppm) LCao (ppm) LCso (ppm) Slope+SE x2(df) No.
1.76 431 8.22

(0.220-4.791)  (0.888-9.439)  (2.398-15.599)

(11.584-38.252)

*:2.67 pl aillL
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Table 2. Biological characteristics (means £ SE) of Aphis gossypii treated with LC1o, LC20and LCso of Emamectin

benzoate + Acetamiprid in comparison with control

Treatments

Biological characteristics Control LC1o LCzo LCso
Nymph 1 (days) 1.28+0.05°¢ 1.34+0.05°¢ 1.81+0.08° 2.19+0.092
Nymph 2 (days) 1.31+0.05°¢ 1.34+0.05°¢ 1.83+0.08° 2.31+0.082
Nymph 3 (days) 1.19+0.04° 1.23+0.05° 1.82+0.09° 2.47+0.10?
Nymph 4 (days) 1.28+0.05°¢ 1.33+0.05°¢ 1.74+0.07° 2.18+0.082
Preadult (days) 5.06+0.06¢ 5.24+0.07° 6.94+0.12° 8.88+0.202
Female adult (days) 11.76+ 0.182 11.31+0.172 8.66+0.18" 5.90+0.23°
Nymphal period (days) 9.00+0.122 8.44+0.14° 5.34+0.22° 2.96+0.14¢
Total longevity (days) 16.11+0.36? 15.30+0.43? 13.81+0.42° 12.40+0.45¢
Fecundity (Nymphs/female) 39.48+0.532 36.74+0.63° 21.69+1.05°¢ 10.43+0.57¢
TPOP (days) 5.49+0.09° 5.74+0.10° 7.52+0.15° 9.51+0.232
APOP (day) 0.44+0.062 0.50+0.072 0.58+0.082 0.63+0.09?

*Different letters in each row indicate a significant difference between treatments (Paired bootstrap test, P<0.05)
1) TPOP: Total pre-ovipositional period (from eclosion to first reproduction)
2) APOP: Adult pre-ovipositional period (from eclosion to first reproduction)
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Figure 1. Age-specific survival rate (Sx) of Aphis gossypii treated with sublethal concentrations of Emamectin

benzoate + Acetamiprid in comparison with control
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Figure 2. Age-stage life expectancy (ex) of Aphis gossypii treated with sublethal concentrations of Emamectin
benzoate + Acetamiprid in comparison with control
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Figure 3. Age-stage reproduction value (vx) of Aphis gossypii treated with sublethal concentrations of
Emamectin benzoate + Acetamiprid in comparison with control
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Figure 4. Age-specific survivorship (lx), age-stage fertility (mx) and net maternity (Ixmx) of Aphis gossypii treated
with sublethal concentrations of Emamectin benzoate + Acetamiprid in comparison with control
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Figure 5. Projection of population growth potential and stage structure of Aphis gossypii treated with sublethal
concentrations of Emamectin benzoate + Acetamiprid in comparison with control during 60 days

12

—&— Time vs Control
10 A —#— Time s LC10
—&— Time vs LC20
—&— Time s LC30

Total population size

0 10 20 30 40 50 60
Time (days)
b duglBo yd Wy g sobiwl + 319 39 cpiSolol oUiS” g1 3 (S LALE b oud slowd APhis gOSSYPIi sl did 157 Camo iy -1 O
395N Job s aly

Figure 6. Population projection of Aphis gossypii treated with sublethal concentrations of Emamectin benzoate
+ Acetamiprid in comparison with control during 60 days
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Table 3. Life table parameters (means + SE) of Aphis gossypii treated with LCio, LC20 and LCszo of Emamectin

benzoate + Acetamiprid in comparison with control

Population parameters Treatments

Control LCuo LC2o LCso
Intrinsic rate of increase (r) (day™?) 0.39+0.00? 0.37+0.00° 0.27+0.00° 0.17+0.00¢
Finite rate of population increase (7) (day™) 1.48+0.00? 1.45+0.00P 1.31+0.01° 1.18+0.01¢
Net reproductive rate (Ro) 37.28+ 1.07° 32.94+1.32° 16.98+1.27¢ 6.90+0.67¢
(females/female/generation)
Gross reproductive rate (GRR) 43.61+1.14° 38.70+0.70° 22.85+1.14¢ 11.67+0.83¢
(females/female/generation)
Mean generation time (T) (days) 9.11+0.10° 9.33+0.10° 10.32+0.15° 11.28+0.21°

*Different letters in each row indicate a significant difference between treatments (Paired bootstrap test, P<0.05)
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Abstract

Background and Objectives

Aphis gossypii Glover is a polyphagous pest that infects a wide range of host plants in temperate,
tropical and subtropical regions. Therefore, it has a great ability to maintain its population in
different environmental conditions. Quantitative and qualitative damages of this pest are through
feeding on plant sap, transmission of viral diseases, reduction of photosynthesis and secretion of
honeydew. Various factors such as excessive use of chemical insecticides, the destruction of natural
enemies and the emergence of resistant pest populations have increased the population of aphids
and turned it into a damaging pest. However, the most common method of controlling aphids,
despite its negative effects, is usage of chemical insecticides. The high potential of this pest in
resistance to chemical compounds requires investigating and using of newer insecticides with
different modes of action. Insect reproductive parameters as an ecological and indicator tools, can
indicate the behavior and physiology of different types of pests after pesticides using. Studies have
also been conducted on the effect of sub lethal concentrations of insecticides on behavior,
biological characteristics and growth of insect population, which provides a more realistic estimate
of the effect of insecticides on pests and natural enemies. Therefore, in this study, the lethal and
sub lethal effects of the new combined insecticide Emamectin benzoate 4.8% + Acetamiprid 6.4%
which has contact and oral function, was evaluated on the aphids biological and population growth
parameters in greenhouse conditions.

Materials and Methods

The colony of cotton aphid used in the experiment was obtained from pinto beans fields in Urmia,
West Azerbaijan (Iran), during September 2021. The aphid population was reared on pinto beans
var. Khomein in plastic pots (12 x 6 cm) under controlled greenhouse conditions (21 + 1°C, 50%
+ 10% RH, and a photoperiod of 16: 8 [L: D] h). The LCsp concentration of Emamectin benzoate
+ Acetamiprid for cotton aphid adults was 23.84 ppm 24 hours after treatment. The values of LCio,
LC20 and LCszo were estimated at 1.76, 4.31 and 8.22 ppm, respectively. The insecticide spraying



method on leaves containing aphids was used in bioassay and life table studies against adults of
aphid insects. The age stage, two-sex life table method was used to analyze the collected data. We
used the bootstrap technique with 100,000 iterations to estimate the variance and standard errors
of the biological and population parameters and used Sigma Plot software to draw graphs. The
growth of the pest population in a period of 60 days was done with Timing-MsChart software.
Results

According to the results, the adult lifespan/longevity was significantly different from the control
by LC2 and LCso concentrations. The shortest lifespan of adult aphid in LCso treatment was
recorded as 5.90 days. Fertility and the duration of Nymphal period were significantly reduced in
sub lethal concentrations of the insecticide compared to the control. The highest value of pre adult
period in LCso concentration was recorded 8.88 days and the lowest value in control treatment was
5.06 days. All biological table parameters of cotton aphid treated with sub-lethal concentrations
were significantly affected by the insecticide compared to the control. The highest value of intrinsic
rate of increase (r) was 0.39 per day in control. The net reproductive rate (Ro) decreased from 28.37
nymphs per female/generation in control to 6.90 in LCso concentration. The lowest value of finite
rate of increase (L) was observed in LCzp concentration, which was 1.18 per day. The gross
reproductive rate (GRR) in sub lethal concentrations was significantly lower than the control. The
highest and lowest values of mean generation time (T) were estimated in LCz (11.28 days) and
control (9.11 days), respectively.

Discussion

Based on the findings of the present study, considering the necessity of using chemical insecticides
for aphid management, and the significant effect of this pesticide on the aphid Emamectin benzoate
+ Acetamiprid insecticide can be used to control and reduce population of cotton aphids and it can
be a suitable alternative to old insecticides. In order to confirm the greenhouse results, it is
necessary to conduct similar experiments in field conditions, and conduct laboratory and field
studies on the effects of this compound on the natural enemies of A. gossypii especially bees and
coccinellids.
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