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Impacts of seed coating with imidacloprid on laboratory populations of
Metopolophium dirhodum (Walker) (Hemiptera: Aphididae)

LI Yaping. LI Xiangrui, ZHANG Yunhui, ZHU Xun, CHENG Dengfa

(State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant
Protection , Chinese Academy of Agricultural Sciences , Beijing 100193, China)

Abstract Imidacloprid seed coating treatment has been suggested as an important management for wheat aphids in
the major grain-producing areas in China. The effect of imidacloprid on the control of aphids was mainly evalua-
ted in mixed natural populations, but few studies were conducted in the laboratory population, especially Metopol-
ophium dirhodum . To determine the effect of imidacloprid seed coating on grain aphids, four aphid species were
inoculated on wheat plants seed-treated with imidacloprid, and the aphids mortality was calculated after 3, 6 and
9 d, respectively. The development. reproduction and population parameters of M. dirhodum were evaluated by
using life table test. The mortalities of four aphid species after 3 d were categorized in the order from high to low
as follows: Rhopalosiphum padi. Sitobion miscanthi. Schizaphis graminum. M. dirhodum. R. padi and S.
miscanthi died out within 6 d, and §. graminum died out within 9 d, while the mortality of M. dirhodum was
only 10.3% at 9 d. Most individuals of M. dirhodum completed the entire generation cycle, but delayed develop-
mental time, and significantly declined survival rate, lifespan and fecundity. The intrinsic rate of increase (r), fi-
nite rate of increase (1) and net reproductive rate (R,) were also found significantly decreased, while mean gen-
eration time (T) was significantly prolonged. The results further confirmed that wheat seeds treated with imida-
cloprid were effective against R. padi, S. avenae, and S. graminum , but poor to M. dirhodum .
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Table 1 The mortalities of four wheat aphid species fed on wheat plants treated by imidacloprid seed dressing

Fh CK %ET-% /% Mortality of aphid in CK REPEBET- 2/ % Mortality of aphid in treatment
Species 3d 6 d 9d 3d 6d 9d
ROKEYF R, padi (1.3%1.2)a (2.140. 8)a (2.740.Da (87.4+1.6)a (100.0+0)a —
FRAEWF S. miscanthi (0. 940. 3)a (1.440. Da (1.840.5)a (61.14+1. Db (100. 0+0)a —
A& X S. graminum (2.440.9)a (2.6£1.4)a (2.940.9a (38.1%1. 3)c (96.7£0.9a (100.0£0. Da
FEICM AW M. dirhodum (2.5%0.4)a (2.7%1.3)a (3.1%0.9a (6. 7%+1. 2)d (9.6£1.6)b  (10.3%2. b

1) F AP P B AR iR » RS0 B R AN R 73R 22 57 2. 3% (P<<0. 05, Duncan %) .

Data in the table are represented as mean®SE. Different letters in the same column indicate significant difference (P<C0. 05,Duncan test).
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Table 2 The developmental durations of Metopolophium dirhodum fed on wheat plants treated by imidacloprid seed dressing

845 Index CK Al R ik f 4K Imidacloprid seed dressing
1#8/d 1st instar nymph (1.32+£0.05)b (2.91£0.08)a
2 #%/d 2nd instar nymph (2.0240.05)a (2.1340.07a
3 #/d 3rd instar nymph (1. 90=£0. 08)b (2.11£0.05)a
4 #%/d 4th instar nymph (2.8740.09)a (2.64+0.09)a
W58 /d Pre-adult (8.12£0.09)b (9.82%£0.13)a
B /d Adult (30. 3440. 77a (30.3240. 78)a
FEIEI I /d Pre-nymph (14. 890. 50)a (12. 30=£0. 48)b
Bt 41/3k Fecundity (34.447+1.40)a (20. 08+1. 03)b

D) F PR - F I E AR ELR AR MELR T bootstrapping (100,000 3. [AAT AR PHE#R 22 5 B3 (P<C0. 05, MsTHEA 4850 . FIE.

Data in the table are represented as mean=®SE estimated with bootstrapping (100,000). Different letters in the same row indicate signifi-

cantly difference (P<C0. 05, Student’s ¢ test). The same below.
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Table 3 Life table parameters of Metopolophium dirhodum fed on wheat plants treated by imidacloprid seed dressing

ZH Parameter

i Ht kI AC Imidacloprid seed dressing

P ELE KR () Intrinsic rate of increase
JE PR K3 (1) Finite rate of increase
i 3R (Ry) Net reproductive rate

SES AL BB (T) /d Mean generation time

(0. 248 640. 003 6)a
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(17.52740. 21)a

3 itig

AR ELAT J7 R ik LG 3 L 250 T
129 RO PR S Y/ B R R (IR ke

IRBREEE) BIRE ] A E A IS R T AE ]
MOMSE I Bl A s R AR A T E SO
YNSRI S HRTEFR /N 327 X At
WA B IR/ N BF L EL AN S B BT o WL T PR



45 55 11

ARG+ M R R T A TR 22 0 I R A S 8 b A 1 32 )

0290

AR P B] 942 SR X T P [ 2 85 ] SRR
(B KA BE ARG WAL — S rp 2 K
BT A A H BT 3624 9096) L ZR FIAT g
HIX A (2 SR AT MRS 4B D) B 5
BRI B RO o it Bl AR /N o
ARG B R BOEE R . AR SGE %
FUFEFUREIIE 1 b bk AR 3 =l dof e £y B 42 R
15 ET AT SCHRAE Bl 2 0 A [RIRDSR 0F B BT80N 4G
ARSI A P R I R A AR A0 A Ak BRASADU A R
AR ARy i B IR S T FH [a] it A A0 2 e
WA P RCRANBAR R EAR .

Lu S5 RN o Iy ST 77 e 25 22 A A B KA
WFRIARA 4 Wi A R AR A 4 A F A Ak 2 B
2R 4 ) Rl S5 P 32 3 156 P A bt ELL ARSI 08 57 k14
RIIERE R AT RERIHCE WF S0E . HOA BF TSR W ek
AR A E R 18 B 58 T () RIS L SR A K Ty 384
s bl 35 ik 7 R R ) R0k L g s 2 WA i W 0 SR 2
ARHGRI I o ASBIEZE AT Xk AR A 1 5
Wi AE AL PR L SR R AR AL B A 175 20 T - &2 T8
PR AE G A LA 58 RS A 400 X LS 24 P AL B 7 T i
i AP . F R A it 872 R AR
XA WHE AR G IR R4 I Fi e — 3
WELE A SRR « B SR A AR TR )
W ZE AU AT (Y b R 2 A R e = A
WESLRLE T ZER AT

PEAER ABIFSE AT BATEAL SO S T I JRR Y5 2Rk
MBS AT T 8] 98 A5 0 8 7S 22 JC I A F Y ol
AR BT RS AR TUBIE ST 2 SR A 2 A Mtk H o i A¢
FAEH/NZZ 1 10 d. 3 MR AR A IR 45 2R R
LB IRBE S 0 A 22 TG PR A, I ol R ) A g o (BRI
B A=A (66 70) BEAE A A7 T ORI 58 AR 1 pi g
ARSI R A B BEA W R 2E 5 A St R E
FEAL PRI I ETHAE 1000 2247, UEHT R L2 1 A
SR AR 2 1 22 B T A ¢ X R AR KRR
EEWSTELVERS i Rud 7N N AV = T LI P Bod <155
FTONMEAFE . DRI S XAt R A 4™ A B BT 25 P ] et
N BRI A — RS MR A 2. SN
FEMFRWIZ IO KA A st i B RA iz 1A
PRATIBPEFIGE AR S | A M R A AR PR3
22 To A W oy B AR R 7 2 BRI
RAEZZ BRI L] A HE R A O 5 DX AR I3
Tl 3 A W O P FR AR KU . PR W
WAL ACE AT 22 O KA 0 1) Bl 4 AR ABLAR SR
BT AR KA DX H e AR 422

S 3k
(1] BT B, AT SRR B A e [T, S

AR 2EBiE AR, 1997,16(3) : 16 - 21,

[2] DEWAR A, TATCHELL G, TURL LL A D. A comparison of
cereal aphid migrations over Britain in the summers of 1979 and
1982 [J]. Crop Protection,1984, 3; 379 — 389.

[3] PONS X, ALBAJES R, AVILA SARASUA M J, et al. Spring
population development of cereal aphids on durum wheat in Lleida,
NE of Spain [J]. Journal of Applied Entomology,1989,107:203 - 210.

[4] HOWARD M T, DIXON A F G. Forecasting of peak popula-
tion density of the rose grain aphid Metopolophium dirhodum
on wheat [J]. Annals of Applied Biology,1990, 117:9 - 19.

[5] HONEK A. Factors determining the peak abundance of Meto-
polophium dirhodum (Homoptera; Aphididae) on cereals []].
Bulletin of Entomological Research,1991, 81: 57 — 64,

[6] MA Chunsen, HAU B, POEHLING H M. Effects of pattern
and timing of high temperature exposure on reproduction of the
rose grain aphid, Metopolophium dirhodum [J]. Entomologia
Experimentalis et Applicata, 2004, 110(1). 65~ 71.

[7] CAROLINA S C, LILIAN R D. Composition and biological ac-
tivity of essential oils against Metopolophium dirhodum (He-
miptera: Aphididae) cereal crop pest[J]. Pest Management
Science, 2012, 68:1492 - 1500.

(8] sk 2& Bk gk, th E &yt Bk, 55 = 1 20U [R) 3 B a3k
(=) [MI Jbxt Rl it 1983,

[9] AMEE, DU, TREEXT 2 J0 M KA W SE a0 A A K A s [ .
B 4% . 1985, 28(1) : 36 — 44.

[10] BREE, 58T 70 ARD0HE . 55, 2 JCMK G I H IR) Rl 3 245 1 ot
FELV] RS 4. 1994, 21(1) . 7 - 13,

(1] F%, whA %, FBHR. B0 0288 TR 25 2 25 B 58 3 e
(], H# BRI, 2001, 28(2); 178 -182.

(12 225 ZE 20 A, R R A A 0T /INAZ 007 Eh ) 4 T 800 K 48
FEAERBRR AR ], W AR Bl ,2005,34(11) ; 63 - 64.

[13] XUE2, PRUeH, ShAs, 45, nikdobofm A9 il 42 A 7 H1 /N 22 1
SATERFTT]. PR 2009, 35(2): 152 154,

CL4T BSrA st 20/ 0 e ) B R S/ 1 1
fBNASID]. fRE el K%, 2014,

[15] FEMLFR. Wik oo 4 4 A= 7 30 By 42 22 155 B AR AE AN IRl DX 19 45
R B FEH A H . PRI el K%, 2014,

[16] MIAO Jin, DU Zhenbao, WU Yuqing. et al. Sub-lethal effects
of four neonicotinoid seed treatments on the demography and
feeding behaviour of the wheat aphid Sitobion avenae [J]. Pest
Management Science, 2014, 70(1).:55—59.

(17] BSwms, Whom. w43 45, 22 148 W 0F ik o mbi 1) Bt e DL 5T
[T, MRl K2g2441, 2008, 31(2): 67— 170.

(18] BRI, RS0, I HEe. 22 — gt bk e & Je L 3 Al
TR FE L) ] DU TR %240, 2014, 33(3) : 13 - 15,

[19] ZHANG M, QIAO X F, LIY T, et al. Cloning of eight Rho-
palosiphum padi ( Hemiptera: Aphididae) nAChR subunit
genes and mutation detection of the 81 subunit in field samples
from China [J]. Pesticide Biochemistry and Physiology, 2016,
132. 89-095.

[20] Bk, Wb, ZRMEn, 5. REAhk donbkak B 0 22 K A i 5
BeAbEER ML ], RARAAR. 2013, 56(1): 54-59.

R 36 170



0360

5 4Ly

2019

technology. 2018,102(8):3687 — 3699.

[5] DU Lixin, QIU Lili, PENG Qi, et al. Identification of the pro-
moter in the intergenic region between orf1 and c¢ry8FEal con-
trolled by sigma H factor [J]. Applied and Environmental Mi-
crobiology, 2012, 78(12): 4164 — 4168.

[6] ZHOU Changmei, ZHENG Qinyun, PENG Qi., et al. Screen-
ing of cry-type promoters with strong activity and application in
Cry protein encapsulation in a sigK mutant [ J]. Applied Mi-
crobiology and Biotechnology, 2014, 98(18): 7901 — 7909.

[7] SCHAEFFER P, MILLET J, AUBERT J P. Catabolic repres-
sion of bacterial sporulation [ J]. Proceedings of the National
Academy of Sciences, 1965, 54(3): 704 —711.

[8] SHU Changlong, YU Hong, WANG Rongyan, et al. Charac-
terization of two novel cry8 genes from Bacillus thuringiensis
strain BT185 [J]. Current Microbiology,2009,58(4) :389 — 392.

[9] AGAISSE H, LERECLUS D. Structural and functional analy-
sis of the promoter region involved in full expression of the
crylIIA toxin gene of Bacillus thuringiensis [ ]]. Molecular
Microbiology, 1994, 13(1): 97 —107.

[10] LIU Guiming, SONG Lai, SHU Changlong, et al. Complete ge-
nome sequence of Bacillus thuringiensis subsp. kurstaki strain
HD73 [J]. Genome Announcements,2013,1(2):e00080 - 13.

[11] PERCHAT S, DUBOIS T, ZOUHIR S, et al. A cell-cell com-
munication system regulates protease production during sporu-
lation in bacteria of the Bacillus cereus group [J]. Molecular

Microbiology, 2011, 82(3): 619 - 633.

L12] FHiMg B8 28 55, WA ory JEH S 3 71 spollID JEH
AR BRI TSP LR L), AR . 2012,52(9) : 1075 - 1084,

[13] BARBOZA-CORONA J E, PARK HW, BIDESHID K, et al.
The 60-kilodalton protein encoded by orf2 in the cryl9A operon
of Bacillus thuringiensis subsp. jegathesan functions like a
C-terminal crystallization domain[J]. Applied and Environ-
mental Microbiology, 2012, 78(6): 2005 - 2012.

[14] DERVYN E, PONCET S, KLIER A, et al. Transcriptional
regulation of the cryIVD gene operon from Bacillus thuring-
iensis subsp. israelensis[ J]. Journal of Bacteriology, 1995,
177(9) . 2283 - 2291.

[15] WIDNER W R, WHITELEY H R. Two highly related insecti-
cidal crystal proteins of Bacillus thuringiensis subsp. kurstaki
possess different host range specificities [ J]. Journal of Bacte-
riology, 1989, 171(2): 965-974.

[16] DENG Chao, PENG Qi, SONG Fuping, et al. Regulation of
cry gene expression in Bacillus thuringiensis [J]. Toxins,
2014, 6(7): 2194 - 2209.

[17] STAPLES N, ELLAR D, CRICKMORE N. Cellular localization
and characterization of the Bacillus thuringiensis Orf2 crystalliza-
tion factor [ J]. Current Microbiology, 2001, 42(6): 388 — 392.

[18] YU Ziquan, BAI Peisheng, YE Weixing, et al. A novel nega-
tive regulatory factor for nematicidal Cry protein gene expres-
sion in Bacillus thuringiensis [J]. Journal of Microbiology and

Biotechnology,2008,18(6):1033 - 1039.
(GriEméE. @ 8)

(b3 29 5O

[21] CHI H, SU H Y. Age-stage, two-sex life tables of Aphidius
gifuensis (Ashmead) (Hymenoptera: Braconidae) and its host
Myzus persicae (Sulzer) (Homoptera: Aphididae) with mathe-
matical proofl of the relationship between female fecundity and
the net reproductive rate [ J ]. Environmental Entomology,
2006, 35(1): 10-21.

[227 CHI H. TWOSEX-MSChart: a computer program for the age-
stage, two-sex life table analysis. National Chung Hsing Uni-
versity [ DB/OL]. http: // 140. 120. 197. 173/Ecology/Down-
load/ TWosex-M Chart. rat/. 2016.

[23] MOt¥%, FREE. RGN RN R )] o Ek 2w
42, 2002, 18(1): 52 -57.

[24] SERRLL, ZMR A, WRSCoE, 45, ML HUMRELAC B Tf /N2 B sl e R
Lot EEIELT ], R HUl . 2011, 48(6): 1676 - 1681.

[25] mndipk, SERELr, 2k %, ik Humbif A X /N 22 1 B Bl i
ROR B HAR /N RPRI B B OFFE L) 1. Wbl B2, 2011,
15(10): 57 -59.

[26] 2R 3 ARL0 6 3050, 45 B MBS A HUR W B P B 7R 22
SO F) FR ) 2428 B 2 A PERPA [T ). 4624, 2013,52(9) : 689 - 691.

[27] #R¥, Wik, P05, 55, BB AR HUR RS 22 10 H (8] B
BTN A AT T W H B de 3k, 2011, 48(6):
1682 - 1687.

(28] X2, whi, JEILHE. FrAuns e A% JURIREFh By 16 22 B RCR K
ARV ]. ROl B, 2012, 41(12): 94 - 97.

[29] wasilr, skA=u , X , S5 B AR B R AR TR 22

R AT AT L. A R AP 41 . 2016, 43(5) : 864 — 872.

[30] ZHANG Peng, ZHANG Xuefeng, ZHAO Yunhe, et al. Effects of
imidacloprid and clothianidin seed treatments on wheat aphids and
their natural enemies on winter wheat [ J]. Pest Management
Science, 2016, 72(6): 1141 -1149.

[31] JE3CH, PR, SEARLT. 45, M O AR X 22 KA P R B A
wE B L] Wbl R 224, 2013, 36(1): 90— 94

[32] LU Y H, ZHENG X S, GAO X W. Sublethal effects of imida-
cloprid on the fecundity, longevity, and enzyme activity of Sito-
bion avenae (Fabricius) and Rhopalosiphum padi (Linnaeus)
[J7. Bulletin of Entomological Research,2016,106(4) ;551 = 559.

[33] RIXR R, AYYANATH M R, CUTLER G C. Sublethal con-
centrations of imidacloprid increase reproduction, alter expres-
sion of detoxification genes, and prime Myzus persicae, for
subsequent stress [ J]. Journal of Pest Science, 2016, 89 (2):
581 - 589.

[34] RIX R R, CUTLER G C. Does multigenerational exposure to
hormetic concentrations of imidacloprid precondition aphids for
increased insecticide tolerance? [J]. Pest Management Science,
2018, 74(2). 314 - 322.

[35] WEBER G. On the ecological genetics of Metopolophiurn
dirhodurn (Walker) (Hemiptera, Aphididae)[J]. Journal of
Applied Entomology, 1985, 100:451 - 458.

GtiE%4E: | &)





