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Effects of sublethal concentration of nitenpyram on thelife history
and population dynamics of brown planthopper, Nilaparvata
lugens under elevated CO; levels
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Abstract [Aim] To investigate the effects of sublethal concentrations of nitenpyram on the individual life history and
population parameters of Nilaparvata lugens under elevated CO,, and clarify the biological characteristics of N. lugens to
elevated CO,, and thereby provide information relevant to the prevention and control of this pest in the future global warming.
[Methods] The effects of a sublethal concentration of nitenpyram LC;s on the life history parameters of the brown
planthopper under ambient, and elevated, CO, concentrations were investigated using a two-sex life table, and the population
dynamics of this species was simulated using software. [Results] An LC;s sublethal concentration of nitenpyram
significantly prolonged nymph development under both CO, concentrations (P<0.05), and further extended the average
generation history. No significant difference was found between control treatments under both CO, concentrations (P>0.05).

There was no significant difference in egg production under ambient CO, conditions (P>0.05), but female fecundity increased
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significantly from 366.5 to 473.4 under elevated CO;levels (P<0.05). The intrinsic growth rate also increased from 0.187 0 to
0.198 5, and the net reproductive rate increased from 137.4 to 236.7 under elevated CO, levels. [Conclusion] Brown

planthoppers treated with a sublethal concentration of nitenpyram had increased fecundity under an elevated CO, conditions,

which suggests that global warming may make it harder to control of this pest.

Key words Nilaparvata lugens; elevated CO,; nitenpyram; population dynamic; two-sex life table
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CO, # ¥ CO, concentrations &} & +FR i SloperSE L Cys (95% Cl) (Mg/L) LCsp (95% CI) (mg/L) RI51H 2 (df)
aCo, 1.99+0.22 0.50 (0.34-0.66) 1.66 (1.33-2.08) 9.81 (3)
eCO, 2.44+0.29 1.68 (1.13-2.64) 4.46 (2.78-6.89) 14.23 (3)

Cl: ®{5X[a] Confidenceinterval.
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Table2 Effectsof the sublethal concentrations of nitenpyram on the life history parameters of Nilaparvata lugens
under ambient CO, (aCO,) and elevated CO, (eCO,) concentrations

Z4 Parameters

KAl CO,#JiF Different CO, concentrations

aC0,-CK aC0,-LCys eCO,-CK eCO,-LCys
bl (d) Egg stage (d) 8.00£0.04 a 8.00£0.04 a 8.00£0.04 a 8.00£0.04 a
1# (d) 1stinstar N1 (d) 2.92+0.03 a 2.97+0.02 a 2.94+0.03 a 2.89+0.04 a
2% (d) 2ndinstar N2 (d) 2.00£0.04 ¢ 2.06+0.03 ab 2.00£0.04 ¢ 2.01+0.01 be
31 (d) 3rdinstar N3 (d) 2.15+0.04 a 2.18+0.04 a 2.04+0.02b 2.12+0.04 ab
41y (d) 4thinstar N4 (d) 2.10+0.04 bc 2.20+0.05 ab 2.05+0.03 ¢ 2.22+0.05a
5% (d) 5Sthinstar N5 (d) 3.11+0.05 ¢ 3.87+0.07 a 3.17+0.04 ¢ 3.41+0.06 b
FEURETH] (d) Pre-oviposition, APOP (d) 1.24+0.23 a 1.00£0.07 a 0.90+0.06 a 0.79+0.06 a
M BIETIY (d) Total pre-oviposition, TPOP (d) 21.50+0.27 b 22.40+0.16 a 21.27+0.09 b 21.62+0.16 b
FAERRE (hi/HE ) Fecundity (grains/female) 403.7+#42.3ab  405.6+409ab  366.5+31.0b  473.35+31.32a
Wi i 4y (d) Female adult longevity (d) 18.72+1.0la 19.19%117a 19.47+1.20a 2098+1.27a
TSt FH4r (d) Male adult longevity (d) 2696+ 167ab 27.08+1.06a 23.44+147a 27.90+1.78a
WHRTETE % (%) Preadult survival rate (%) 78.75+5.00ab  71.00+5.00b 88.75+4.00a 87.50+4.00a

CK: ARIEATHNE R 2L B 5 P8l F B £hrER , ARG PR R AL B 22 57 .2 (P<0.05, LX)

1R ). R

CK: The treatment without nitenpyram; Data in the table are meantSE, and followed by the different lowercase letters
indicate significant difference among different treatments at 0.05 level by paired bootstrap test. The same below.

HE W 1 & BMRAK YK A aCO,-LCi5>eC0O,-LCis>
aCO,-CK>eCO,-CK , 24 Hij CO, ¥ i T Hs e HL il
B AL A R EL S B ) e E E R
(P>0.05); fm COp M N I e H i W7 33t ik
Ak R4S R ELE BE T B RS i ( P<0.05),
PN E N 366.5 KL I TLF| 473.4 R0 I e HUE
B AN B, ST R CO M T 4 &
AR TR, (HERAEE (P>0.05); &
CO, W JE T REFIERIEA N, 435K
88.75% 1 87.50% 4% H 3% HH 4 WE HL e I B AL ok
FEANH S, MAT R CO M R Kz 3 —
FERES], HE CO, MR EE TN #5 K E ™ Bl 2 1Y
i, AR REF K

2.3 B CO, i BT 5 UE H B 0 B JE 7% FE 4h 22 5t

BRRFEFR-RHEEFTHE (o) IR
XEAN[R] COp e s W B WY B ALk FE Ak

PR QR R E AR - iR AR B (The

age-stage life expectancy, e, ) 1EE (Kl 1),
Kl 1 (A-D) WTLLEH, AR CO, kET
s WE PRI SOHE VR A B S 4 L AR A -
W HAAE I (e ) s EMIRAKIK R eCO-LCos
(41.18) >eCO,-CK (39.13) >aCO,-CK (36.89) >
aCO,-LCys5 (36.85), #F5EKM], & CO, MET
A5 W LU STV BP0 Ak B TR EL Y A i ) S A
i, NG FE ]

24 & CO, iR BT e B I 25 52 7R BE AL Pt
& AR S KA R

TR 3FTLAF Y, s WE H I SO v Ak 3

J& , HHTRAR COLMREE T 4 CEUFHE PN BLE %
(the intrinsic rate of increase, r) FIJE BRI K %
( (the finite rate of increase, 1) B3 R (P<
0.05), & CO WETAH LTF, ZRARHE
(P>0.05); 4RiKS COp e FE T i i 7 5
HEHR FE AL PR R EWAHEFE#4( the net reproductive



JRIBENNSE: 55 CO ¥ I E H iz M BOE e B X vty "I\ 0 s AP R S - 839 -

40 A 40 B
aC0,-CK  -e- Egg aCO,-LC;s -o- Egg
_ -o- N1 -O- NI
52 30¢ N _230¢ = N2
S N3 e ., -0- N3
55 e SN
Q 2 V
ﬁ § 0 —v— Female = 220 0 —v— Female
4;: o -5~ Male f%\ % -~ Male
b= L o 10t
0 . . X s n: A X . ,
0 10 20 30 40 50 60 70 % 507730 40 50 60 70
AfE (d) ifTEl (d)
Time (d) Time (d)
50; C 50 p
eCO,-CK -o— Egg
< 40 ~ 40
N f\E
Zy >
£ 30t .8 30¢
[0
EE 20t =220
4‘1&) '{g_ [
#HA .H."g
= 10t 310}
0 0 »oA .
. ‘ 40 80
ARl (d) B (d)
Time (d) Time (d)

Bl 1 A1 CO, (aCO,) #F CO, ( eCO, ) iR T i Bl B2 T 2 I8 ¥ B X
BYRABFEER-RHEGHE (o) HFM
Fig. 1 Effects of sublethal concentrations of nitenpyram on the age-stage specific life expectancy (ey;) of
brown planthopper under ambient CO, (aCO,) and elevated CO, (eCO,) concentrations

A. aCO,-CK; B. aCO,-LC;s,; C. eCO,-CK; D. eCO,-LCy5,
CK: AREBEATHMNE L2577 ib 7 ; Egg: BN ; Female: Mfirh; Male: HfEHt,
N1: 15 N2: 2i#%; N3: 3#4; N4: 4#%; N5: 58, FEIFE,
CK: The treatment without nitenpyram; Egg: Egg stage; N1: 1st instar; N2: 2nd instar;
N3: 3rd instar; N4: 4th instar; N5: 5th instar. The same below.

&3 HAEICO, (aCO,) ffF CO, (eCO, ) RE THIERERTHILIRER CENFMBESH
Table3 Population parameters of the generation Nilaparvata lugensin response to nitenpyram's sublethal
concentrations under ambient CO, (aCO,) and elevated CO, (eCO,) concentrations

KA CO,#J¥ Different CO, concentrations

S8 Population parameters
aCO,-CK aCO,-LCys eCO,-CK eCO,-LCys

WEE KR (d7h)
Intrinsic rate of increase (d %)

JHBRIRK R 2 (d)

Finite rate of increase (d %)

0.1950+0.006 3a 0.174 1+0.006 6 b 0.187 0+0.006 4 ab 0.198 5+0.004 7 a

1.2153+0.0076a 1.1902+0.0079b 1.2056+0.007 7 ab 1.219 6+0.005 8 a

YR AT T 2%
HISUIR Ro . . 181.7429.3 ab 129.8+23.0b 137.4+229b 236.7+£30.8 a
Net reproduction rate of increase

$ﬁjﬁﬁ}§]’ﬂ£ r ( d) 26.7£0.2 b 28.0+0.2a 26.3+t0.3 b 27.5£0.3a
Mean generation time (d)
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Fig.2 Simulation of population growth of brown
planthopper under sublethal concentr ations of

nitenpyram treatments under ambient CO, (aCO,)
and elevated CO, (eCO,) concentrations
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Fig. 3 Effectsof sublethal concentrations of nitenpyram on the specific age-stage survival rate (s,) of brown
planthopper under ambient CO, (aCO,) and elevated CO, (eCO,) concentration

A. aC0O,-CK; B. aCO,-LC;5; C. eCO,-CK; D. eCO,-LCy5
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Fig. 4 Effectsof sublethal concentrations of nitenpyram on specific age-stage reproductive value (v,;) of brown
planthopper under ambient CO, (aCO,) and elevated CO, (eCO,) concentrations

A. aCO,-CK; B. aCO,-LC;5; C. eCO,-CK; D. eCO,-LCy5,
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Fig. 5 Effects of sublethal concentrations of nitenpyram on the specific age-specific survival rate (Iy)-

age-specific fecundity (m,) and age-specific mater nity (I,xm,) of brown planthopper under ambient CO,
(aCO0,) and elevated CO, (eCO,) concentrations
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2021).
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T3R5 P23 77 L AN TR #2 2 i 52 k) ( Desneux
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