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Transgenerational inhibitory effects of sublethal imidacloprid concentrations on the
growth, development, and reproduction of the pea aphid Acyrthosiphon pisum
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Abstract: To elucidate the transgenerational effects of sublethal imidacloprid concentrations on the pea
aphid Acyrthosiphon pisum, toxicity bioassays were conducted to determine sublethal concentrations. A
population life table approach was employed to systematically analyze the transgenerational impacts on
growth, development, and reproduction in the F, generation following exposure of the parental (F,) and
first filial (F,) generations to sublethal imidacloprid. The results showed that imidacloprid concentra-
tions of 0.1, 0.5, and 1.0 mg/L had no significant effects on adult survival, daily nymph production, or
developmental duration of various instars in the F, generation. However, concentrations >2.0 mg/L
caused significant inhibitory or lethal effects on these parameters. After exposure of the F, and F, gen-
erations to 1.0 mg/L imidacloprid, the adult longevity, and reproductive period of the F, generation were
significantly reduced to 12.41 d, 11.86 d, respectively, and total fecundity per female decreased to 30.60
offspring, all of which were significantly lower than those of the control. In addition, the peak survival
rates of the 4th-instar nymphs and adults in the F, generation decreased to 39.4% and 58.2%, respec-
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tively. Furthermore, the median survival time of the population advanced to 24-25 d, and key popula-

tion parameters, including the net reproductive rate, intrinsic rate of increase, and finite rate of increase,

were all significantly lower than those of the control. These findings indicate that exposure of pea

aphids to sublethal concentrations of imidacloprid, particularly at 1.0 mg/L, can exert significant trans-

generational inhibitory effects on growth, development, fecundity, and population growth potential in

the F, generation.

Key words: Acyrthosiphon pisum; imidacloprid; sublethal concentration; life table; population param-

eter; reproduction; development
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Table 1 Survival rates of F,, generation adult of pea aphids after treatment with imidacloprid at different concentrations

R He ke 35 AR A PR E] R AY 715 2R Survival rate at different treatment times/%

Imidacloprid concentration/(g/mL ) 0 1d 2d 3d 4d 5d

0(CK) 100.0+£0.0 a 100.0+£0.0 a 99.3+0.7 a 98.4+1.6 a 96.3+2.2 a 942428 a

0.1 100.0+£0.0 a 100.0+£0.0 a 99.4+0.6 a 954433 a 92.3+2.8ab  90.1+4.3 a

0.5 100.0+£0.0 a 98.7+1.1a 97.24+2.4 a 94.5+3.3 a 90.4+3.2ab  88.2£3.0a

1.0 100.0+0.0 a 98.6+£1.3a 97.2+1.1a 929+2.1a 89.6+£3.4 ab 86.3+2.7 a

2.0 100.0+£0.0 a 954+2.0b 91.6£3.2 b 87.5£3.2 b 83.244.4 b 77.7£5.1 b

4.0 100.0+0.0 a 93.2+3.8 bc  90.0+4.2 b 842434 Db 80.1244.0 bc  70.3+4.6 bc

6.0 100.0+£0.0 a 82.0£10.0c 73.8£7.6¢ 66.8+6.3 ¢ 56.6£7.2 ¢ 512453 cd

8.0 100.0+£0.0 a 42.0+£10.0d 34.2+6.4d 32.3+5.2d 279+52d 26.1+6.0d

E b J3 AR PR AR AYAF0G 2R Survival rate at different treatment times/%

Imidacloprid concentration/(g/mL ) 6d 7d 8d 9d 10d

0(CK) 92.5+2.8 a 91.1£2.7 a 90.2+3.7 a 85.6£3.3 a 83.2+54a

0.1 87.2+4.5a 82.5t4.2ab 82.3+4.1a 79.4+4.8 a 75.3£3.8 ab

0.5 86.0+2.3 a 84.1+1.3 a 80.4+3.1 a 76.1+4.4 ab 75.2+4.4 ab

1.0 84.6+£2.7 a 82.7£2.6 ab 81.7+3.2 a 78.9+3.4 a 75.1+£5.4 ab

2.0 73.8+5.6 b 72.2+5.6 b 68.2+1.8b 65.2+£1.7b 60.8+3.8 b

4.0 65.1+4.4 be 57.1+4.0 ¢ 49.2+6.4 ¢ 452+6.8 ¢ 37.4+73 ¢

6.0 43.0+£5.8 ¢ 35.4+6.7d 25.6+£104d 16.1+7.3d 12.1+6.4 d

8.0 20.3+4.2d 13.8453 ¢ 11.3+4.8 ¢ 6.4+3.8 ¢ 32+2.1e

R PR PR 22 o [AFIARDING FRER AR BE 22 [H] 28 Tukey ’s HSD A 36k A6 46 22 57 8. %% (P<0.05) . Data

are mean+SD. Different lowercase letters within the same column indicate significant differences among concentrations according to

Tukey’s HSD test (P<0.05).
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Fig. 1 Effects of different concentrations of imidacloprid on the daily nymph production of Acyrthosiphon pisum
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mean+SD. Different lowercase letters indicate significant differences among concentrations according to Tukey’s HSD test (P<0.05).
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Table 2 Effects of different concentrations of imidacloprid on the developmental durations of different life stages

in F generation Acyrthosiphon pisum

H H e 2 & B P Developmental duration/d
Imidacloprid concentration/ 1% 2 3% 415 JRH
(mg/L) 1st instar 2nd instar 3rd instar 4th instar Adult
XJ R CK 1.70£0.68 a 2.45+0.79 a 2324093 a 2.90+1.15a 15.33£3.07 a
0.1 1.72+0.64 a 2.51+0.83 a 2.41+0.84 a 2.87+1.11a 15.64+3.04 a
0.5 1.77+0.59 a 2.49+0.76 a 2.43+0.75 a 2.95+1.07 a 15.3943.15a
1.0 1.79+0.68 a 2.58+0.44 a 2.51+0.68 a 3.04+1.21 ab 14.94£3.91 a
2.0 1.84+0.57 a 2.61+0.57 a 2.69+0.71 ab 3.15+1.28 ab 13.85+3.47 ab
4.0 1.86+0.51 a 2.73+0.59 ab 2.77+0.61 ab 3.34£1.23 b 12.94+3.15 ab
6.0 1.94+0.75 a 2.76+0.58 ab 2.78+0.66 ab 3.44+1.34Db 12.56+£3.94 b
8.0 1.92+0.68 a 2.97+0.49 b 2.84+0.79 b 3.56+1.28b 11.65£5.16 b

FP B R ER . FPUREING TR R 2 Tukey s HSD K30 746 5624 57 . % (P<0.05) . Data are mean+SE.

Different lowercase letters within the same column indicate significant differences according to Tukey’s HSD test (P<0.05).

x3 THAEREWHWMLEFRZY FRFMFRGEF,REEHHR LA NN
Table 3 Transgenerational effects of sublethal imidacloprid exposure in the F, and F, generations on developmental durations and

reproduction of the F, generation in Acyrthosiphon pisum

b o by Jag % B 1] Developmental duration/d
Imidacloprid 1 27 I 3 4T IR ESL N B
concentration/(mg/L) st instar nymph 2nd instar nymph  3rd instar nymph 4th instar nymph ~ Pre-adult/d Adult
XJHE CK 1.70+0.69 a 2.45+0.80 a 2.33£0.94 a 2.90£1.15a 8.35+3.08a 15.33+6.07a
0.1 1.61£0.63 a 2.26+0.81 a 2.38+0.98 a 2.92+1.14 a 8.19+3.01a 15.45+522a
1.0 1.70+0.67 a 2.51+0.86 a 2.85+1.15a 3.01+l.16 a 8.24+327a 124143920
Mtk HL ke S5 S IHT i HL B Fhei HAFER MR P
Imidacloprid Adult pre-oviposition Total pre-oviposition Reproductive Pre-adult survival Total fecundity Mean total
concentration/(mg/L) period/d period/d period/d rate/% per female  longevity/d
X7 CK 0.34+0.08 a 8.71+2.18 a 14.86+3.61 a 80.02+9.84a  51.70+24.85a 20.61+7.58 a
0.1 0.39£0.15a 8.58+2.11 a 12.6842.97 a 76.86+£8.66 a  48.58+17.94a 20.58+9.15 a
1.0 0.41£0.11 a 8.94+2.34 a 11.86+2.79 b 58.34+5.67b  30.60+19.81 b 18.46+9.46 a

FEE YRR R . [P EING PR IR 4 Tukey s HSD A6 56 246 56 7% 5 8 3% (P<0.05) . Data are mean+SE.

Different lowercase letters within the same column indicate significant differences according to Tukey’s HSD test (P<0.05).

23 THERENBEYGF,REGRSEHOZMN
2.3.1  THIRE AT S FARFPBES & R0
0.1 mg/L 1 1.0 mg/L NHk HLpb &b B 55 & 15F F AN
F UG, L F AR 1~3 W8  dL A A7 3 R i 2 55 0 IR
B, It H 5 X IR 22 S ANEH 5 SR FLAQ 4 9845 )
B B A7 05 R0 9k 46.6% F1 39.4% , Y% T %F &
(51.2%) , HF, AR 1Y) foe i A2 23253501 R 77.5%
58.2% , JMIL T X R (78.6%, 1K12) o
232 ATHEIF,RABLA N
1.0 mg/L VB i H %MLIMEEM F,AUAN
F ARG H P B0 G R A7 15 2R % 25 50% 1 B[]
46 50 Z 24~25 d, T % BRI 27~28 d; 0.1 mg/L 1§

1.0 mg/L MV 35 HE i ik Hhe mhfedzh 2L 55 5 5F B AR R P AR
J , FF, AR A AR A0 B ) 5 X B TS
25 (K 3).
233 X3S M FARAPRE A B2 AL 0 ¥R

0.1 mg/L F1 1.0 mg/L 3V AL i 5 nit He b ik £ 5
S FACHIF AR)E , HLF, ﬁ%ﬁ% 1~4 #5747 DA K&
BB A Rk S XTI E S, T B2
F(E4),
234 e aHF AL HEA T8

0.1 mg/L F1 1.0 mg/L WV EUAE 1 FE ik B bk ib FE
FANF AR5, FLF Q3 07 1~4 % DL O
AR EFE A Lk 5 X RS, T 2R (I S).
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A X ;B~C:0.1 mg/L F11.0 mg/L ¥ FEMEH ML, A: CK; B and C: imidacloprid treatments at concentrations of 0.1 mg/L
and 1.0 mg/L, respectively.
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Fig. 2 Age-stage-specific survival rate curves of the F, generation of Acyrthosiphon pisum following different

imidacloprid concentration treatments of the F, and F, generations
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Lm TR RE S B3 5Tk . A: CK; B-C: imidacloprid treatments at concentrations of 0.1 mg/L and 1.0 mg/L, respectively. /:

age-speaﬁc survival rate; f,: age-stage-specific fecundity; m,: age-specific fecundity; /m,: age-specific net reproductive contribution.
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Fig. 3 Age-specific survival rate and fecundity curves of the F, generation of Acyrthosiphon pisum following

different imidacloprid concentration treatments of the F; and F, generations
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A XFHE;B~C:0.1 mg/L F1 1.0 mg/L ¥ FEME UMK, A: CK; B and C: imidacloprid treatments at concentrations of 0.1 mg/L
and 1.0 mg/L, respectively.
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Fig. 4 Age-stage-specific life expectancy curves of the F, generation of Acyrthosiphon pisum following different

imidacloprid concentration treatments of the F, and F, generations
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A XFHE;B~C:0.1 mg/L Fl 1.0 mg/L ¥ EEME UMK, A: CK; B and C: imidacloprid treatments at concentrations of 0.1 mg/L

and 1.0 mg/L, respectively.
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Fig. 5 Age-stage-specific reproductive value curves of the F, generation of Acyrthosiphon pisum following

different imidacloprid concentration treatments of the F and F, generations
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1.0 mg/L 7 BHE A 55 it H oAk R 855 52 05 F RN F,
G, L ACFP RSG5 28 31,15, R X
WA 0.1 mg/L ¥ FE AL 3 (P<0.05) ; [AlRE , HF, ACRRRE
) PN S5 3 K 5 0 ] PR G K Rl i 3 IR T X BRI
0.1 mg/L ¥ 5 40 35 (P<0.05, 35 4) , 2 B B o2 15F F, I
FARFFLL A FE T 1.0 mg/L M dLmbkn] i il = FL AL
Tl BOE e i R S B MG R SRR P B K R

0.1 mg/L F11.0 mg/L MV B ik B nik Hpb ik 355 7 167
F, MF G5, I F ACRRE (%) 1 35 1488 4 2 31 oy
14.70 d F115.21 d, Bl & SXBER AR E (Hi5H
i K T X R (P<0.05, 3% 4) , F WA W B30 ik i it
Whf Ak 381 5 1 A o BT R B R 5 SR T I B Ik
N B A B LR AR 9 - 34 B ) 5 ) R
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Table 4 Life table parameters of the F, generation of Acyrthosiphon pisum following different imidaclopri

dconcentration treatments of the F, and F, generations

b e e 2 by 8 VRS JEI BRI B R SR HEACA
: : SRCE ViVl . i - .
Imidacloprid Mean fecundi Net reproductive Finite rate of Intrinsic rate of Mean generation
concentration/(mg/L) ty rate increase/d™! increase/d™! time/d
R CK 51.52+1.25a 42.20+0.51 a 1.31+0.01 a 0.27+£0.01 a 14.02+0.15 a
0.1 51.13+1.12 a 42.70+0.39 a 1.30+0.01 a 0.27+£0.01 a 14.70+0.20 ab
1.0 50.06+1.34 a 31.15+0.62 b 1.25+0.02 b 0.23+0.01 b 15.21+£0.18 b

FrP B N R B R . RIS NG R 48 Tukey s HSD K 36 4656 2% 57 i 2 (P<0.05) . Data are mean+SE.

Different lowercase letters within the same column indicate significant differences according to Tukey’s HSD test (P<0.05).

3 it

AHIFGE 45 % 0.1,0.5 F1 1.0 mg/L ¥ g iy
W &b 5 55 52 0F F o AR H )£ 3 SR R B A
UL S A BS993 55 0 BE TG I 3 25 5, 0Ky
HAE MW EFCHE |, 5 Desneux et al. (2007) $2 H 1
AN B 2 BNV AR AT RS I R AR 2 ST
R B E AW A o AR 45 5% il 7 e L oo} i 2
iof Fo A BB AR FH 2 B Sl ke B | L R 24
4 2.0 mg/L; Sk BEAR T b BRI, X G 8 FoAC 1Y
ARG BHE T KO B DI T b 2 5 e 5 TR R

B E R, 5] A 2 2B S B A
IR {E IO B X 5 2 Ao K bt s Bk 74 o 7 R AR A
el AE LA S R D AR S R 2 5. il
AV e BE ik B mbk (LC,,) &b 34 BIVAT i 2 2 I Bk F
Myzus persicae [¥) %58 71 (Ullah et al.,2019) , 544
53 UL 3 14 B 1 TR R (2.0 mg/L) M HR Bk A Kot 5
LI B A A AR A BT AN ] 3 ] RE S e 1 5
o 55 Mk oF 7 A 2 AR B AR BURAE A 22 R
Kerns & Stewart(2000) T 5% 25 2R B i 7m L ESE
5 L Bk T B MR Aphis gossypii FIRERT R
MR 2PESE T3 (HAF IR 45 R 7R KT 2.0 mg/L
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W ) I P BHOR 55 A P DR SO AL N TSR 3K
RE BN E 1 nbk H b 24 i fioh 2% 5 WA FH (Elbert et
al.,2008) , s F W HX T ) 3 5 35 HAS [ ol ] ) 25
TS5

BRI U S SRR HAT B A AE I 1)
W11, 10, Lashkari et al. (2007 ) i 5% 5% BH WV 256
e & LC,, M Ak b B H W5 F Brevicoryne brassicae
FAC 48 hJE , H AR F, PR 9 44 15 B 3 DX Y
320 FREZR 195 /4y, N BLHG K 3808 35 BRI
Wang et al. (2017 )58 i — 20 IE SEAR I 22 65 T30 3
HUR 5 475 WE HUE 24 h 2B B AC SR 2 7= A7 2 A
XiF IR Y 49.6 Sk [ %8 32.8 Sk 2 A 18 M 58 F AL F AR
PAE R A B R R 24.7 Sk A5 AT [RGB R
R, R AR A A N AR . AR A R R B
G F AR F ARFRSE R EE T 1.0 mg/L it AUk HL F,
25 S & E D AR BETE B 35 A8k, LR, AUk
I R i P A A 2 e PR R A KR
R 3K AT RE SIS IV BN H b i 35 A3 B
[i1] T 5 M) [ B0 A A A BRI R SR R B AR, o
Jirt R AT BB 2, 2470 sl A Gl ™ 3 o SR A QA% 38 2 01
SRR , T4 T 5 e R R B AR S A
e 1 Rk R ek ml i & R4 (Rix et al., 2016 ; Amezian
et al.,2021) , 33X N J5 22 3 1A 27 J2 T 45 7 HoAL
AL T B 7 1]

ANHIFFE L5 T2 1.0 mg/L e B2 ntk i pbk A 3 5 ©7
gk Fo AR F ARG, L FoAR v 8 B R 50 B I 25
B o VRO R AR RFHEACE B R I RS
B, HT B R A PR 1 P TS 0k S B PR
55, Liu et al.(2022) A5 % 20 500E H G Ak BBk
BF Myzus persicae B ARABAT R0, 8 FE KA T %
SRR R G A AR R 1.0 mg/L
e I b PR g G0 F AR F AR HEE AR R
B PN B 4K R I IR T X AR 0.1 mg/L e i Ab B
TGS GRS 5 2 A ] v JE2 nik oAz 2
(Y59 2 W, AR ) A7 375 58 04 {1 R AR > B 58 T B ]
PEATAY LG, F W 0 22 68 7 B o0 v B i H o]
i A A B 5 AR AR T R RS F AR
IR PR A 5 3G T A A R R, TR 7 B
T4 KA, 53X L3245 1 Stark & Banks (2003) 3¢ T F
FHE AP DRUBSE TPAT B W8

JUE AT WA 1 bk SO Btk BE i s G i
RN B AR R BR P o 8 56 AN e AT 45 50 50
FRAE T AT, AR R 3 H ) R Bl R ECE A
TP A5 2 4= -, X 26 DR~ 1] B8 52 M 52 PR A8

(A5, 2025) . Hk, G583 F R A | Bz Xt
TEAE 3 F AL (2 O35t AL AB W L G 5 Ik PR 3R 3k 1A
PO WA Bom , AR ARG A Ot 75
SR B R AT R (AR A3k A S e ) el
Xof HoAth A= 9 (UK S AR A=Wt (CinHefb A 25) Y
BURNE . ARBE G PRI 2 A2 4R, R 50 i W i
FRAKNE 1) 35 A% 5 2 WL ast A Ak , A B 4230 T ) 7
TR A FH JE) 22 48 HP U0 I 5 4 A5 0 DA L R
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TR YT ) R 2 1T i e ek
A Ut 2% ) 7 A 3 by P i) 7, 336 k== 93000 e i)
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