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Abstract: In this study, the effects of sublethal concentrations of sulfoxaflor on the growth,
development and reproduction of Fo ( contemporary ) and Fi ( first generation ) Panonychus citri
were determined, which provided a scientific basis for the effective control of P. citri and the
rational application of sulfoxaflor. In this study, the survival and reproduction of Fo generation of
P citri and the individual development period, life span, survival and reproduction of Fi
generation of P. citri were observed by leaf-dipping method, and the age-stage, two-sex life table
was conducted. The results indicated that after the female adults of P. citri were fed with the citrus
leaves exposed to different concentrations of sulfoxaflor, the oviposition duration were
significantly decreased from 4.52 d to 3.67 d, and the number of eggs laid per female were
decreased from 17.98 to 14.00. The effect of sublethal concentration of sulfoxaflor on P. citri had
a transgenerational effect, which affects the growth and development, reproduction and population
life table parameters of the Fi generation. In terms of growth and development, the pre-adult
period was significantly reduced. The male mites were reduced from 10.09 d to 9.50 d, and the
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female mites were reduced from 10.21 d to 9.56 d, while the development rates were accelerated
significantly. In terms of fecundity of adult females, compared with the control, the total
pre-oviposition period (TPOP) of F; generation of P. citri treated with the sublethal concentration
(LCs and LCjo) of sulfoxaflor were shortened; The oviposition of F; generation were prolonged
from 6.62 d to 7.79 d, and the fecundity of F; generation were increased from 28.48 to 35.31.
From the population life table parameters, the net reproductive rate of the Fi generation of P. citri
after treatments with sublethal concentrations of sulfoxaflor was increased from 18.51 to 26.06,
the intrinsic rate of increase was increased from 0.2128 to 0.2430, the finite rate of increase was
increased from 1.237 to 1.275, the gross reproduction rate was increased from 34.37 to 44.25, and
the population doubling time was shorted by 0.405. In summary, exposure of P. citri to sublethal
concentrations of sulfoxaflor resulted in negative effects on Fy generation. However, the sublethal
concentrations of sulfoxaflor had positive effects on Fi generation, including stimulating the
growth, development and reproduction, and affecting the life table parameters of populations.
These results could lead to a later increase of population, as a pesticide-induced ‘secondary pest
outbreak’.

Key words: Sulfoxaflor; Panonychus citri; age-stage two-sex life table; fecundity; growth and
development
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Tablel Effect of sublethal concentrations of sulfoxaflor on biological traits of Fo Panonychus citri adult

females
2RI W Ry (D) PRI (D HFME™ UN 2 (eggs/female)
Concentration Adult longevity Reproductive period Number of egg laid per female
LCio 7.83+234a 3.67+£2.30b 14.00+9.27b
LCs 8.16+242a 3.90+2.07 ab 15.75+9.69 ab
Control 845+2.16a 452+1.83a 1798+ 11.08 a

¥ FAIBEE R AR E RN EREE (P<0.05). Note: Different letters in the same column indicated
significant difference (P<<0.05).
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Fig. 1 Survival rate of Fo populations after the feeding of Panonychus citri adult females on citrus leaves
treated with sulfoxaflor at sublethal concentrations by leaf-dipping method
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Table 2 Developmental duration of Fy populations after the feeding of Panonychus citri adult females on
citrus leaves treated with sulfoxaflor at sublethal concentrations by leaf-dipping method

o Control LCs LCio
2 JL
o KEW B
Se Developmental
X
stage KETH (D KETH (D KETH (D
Developmental duration Developmental duration Developmental duration
S 555+0.12a 570+0.11a 56+0.13a
Egg
i 1)
Bhigsi 1.68+0.12a 1.33+0.09b 1.40 £0.12 ab
Larva
EVRE—
iR 136+0.10a 1.33+0.10a 1.13+£0.07 a
Protonymph
. g
Mt Glakalt 1.50+0.11a 1.48£0.10 ab 1.10£0.07b
Male Deutonymph
AR
kil 10.09+0.14a 9.85+0.13 ab 9.50+0.14 b
Pre-adult
-
&%@ﬁ_ 432+054a 5.67+054a 410+0.70 a
Adult longevity
S FFAT
) 14.41 £0.51 ab 15.52+0.50a 13.6+£0.76 b
Total life span
oI
5.50+0.11a 5.48+0.09a 526+0.07 a
Egg
i H)
Sl 1.63+0.08 a 1.62+0.07 a 1.35+0.05b
Larva
A %H
I A 137+0.07a 127+0.06a 1.26+0.08 a
) Protonymph
e ey
J& A A
Femal 1.71+0.07 a 1.69 +£0.07 a 1.68 +0.06 a
. Deutonymph
AR
PRI 1021+£0.12a 10.05+0.14a 9.56+0.07b
Pre-adult
N
AR _ 781+045a 8.38+047a 9.03+0.53a
Adult longevity
S FFAT
. 18.02+045a 1843 +0.51a 18.60+0.51 a
Total life span
W BT HEEARTFREREREZE (P<0.05). Note: Different letters in the same row indicated

significant difference (P<<0.05).
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21017 d 9.76 Ao LCsAbERZH 1) 5 B AN SE58 & 73 il 42 7.40 d 332160 LCioib3ZH 1
LIEIHMEIAE I A)527.79 dv 353100, AHECTXHRZH6.62 d. 28.48Ki3438 N (K3). X
Begh BRI, VBRI FE JRE B A R T4 50 F ARG 45 TU IR 2 ™= B AT (TPOP), I
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Table 3 Reproductive parameters of F; populations after the feeding of Panonychus citri adult females on
citrus leaves treated with sulfoxaflor at sublethal concentrations by leaf-dipping method

Z¥Parameters Control LCs LCio
ORI (d) APOP 0.12+0.05a 0.12£0.05a  0.19+0.05a
RPZBEETH (d) TPOP 1033+0.11a  10.17+0.15a 9.76 £0.09b
FhE (d) Oviposition 6.62+037b  7.40+0.40ab 7.79+0.44a
BhhHE (eggs/female) Fecundity 2848 +1.68b 3321+1.74a 3531%1.77a

T A iTHEEAR TR EREREE (P<0.05). Note: Difference letters in the same row indicated
significant difference(P<<0.05).

24 THIEKRERERZBNF KRGS THEEEEMERENNEN
EWS-B BASIEAFIE R (Sy) BHZR (BE2-A) IR M 4 TUE M O B 46 14 x A B B AT B

P, %lexzﬂiwyzﬁm&ﬁfﬁiﬁ’wﬂmi o 3IMMCIAMAFIH R T E 25 7. MW
TR BCEIA S (fes) RN TEERE, $RH0E S AL BEALF AR 4 T CE R x I
BGRER = . 24 R R B F AR s s Lo KAE I BT XTI . RF 0 AE RS- B B
TR (o) MIZR (EI3-A) RORFRXH B AR T REAA TG S ], BEE F R
WK, AR E S K. XTI LCsAERH FILC oAb 3 4H 75 d B B2 i rm (ELAR IR T v
S alE16.30d, 17.15d, 17.29d. FRE-FrBEEE (V) #hZe (K3-B) RIRFEXPEL;
(AN AR SR D BEI DTk, Bl ARG A TOE 0 R B N BRI, M T 46 7201, Vg fE 5
FTwE, A TR L M R ) VB R R IS T R PR S . X RS L RIE BI AR TR )
UG, JN17.0680, LCsTE S8 10K 1A B AL 5 =y, JA18.68%, LC1ofE 5 11 KB Ik ) i 5y 18.50
Kr o XX 26 5 B BRI P2 JRUNE H I AR A 4 O F AR P AR BB B A — 5 B o



A Control B

Control
—o AR D EEHY ), 5) ontre
- —o— MEHHEEREIAmy o
—v— PR R B g 1.0 9 —— UPEgg
6l —a— FRERE ISR ) —o— 4ifiLarva
108 _ & ~— i # Protonymph
st SE g 087 —— Ja# fDeutonymph
Jﬁ\;g !‘,EEE =— Jiff sl dfiFemale
_R._%‘ 4l 106 wg J{Eg dil | —o— MEuEiMale
@ 2 .
e 104 3 o
kﬂ— [F] [N
) RHg- %:._ g 047
I £ &9
102 < ©0
LT #< g2}
0 . : - $ 0.0
0 5 10 15 20 25 30 0.0
—_— 0 5 10 15 20 25 30
b(d) A
e (d) Age () Age
LC5 LCS
1 1.0 108
108 @“«é 5o 08
.- 106 sz g EEQ«
=] a2 = A
&3 g £ !
=~ 104 ﬁ é géo 04 | i
@ L% 7 og
g H§ 5 /
102 T < #< g, ’ h
[/ N
0 . — : : : 0.0 i JLAAA g
0 5 10 15 20 25 30 :
R (d) Age 4 (d) Age
LC
L 10
1 1.0
108 8 me
.2 s
=E 106 vae &
=5 wa £3
& 2 e Ky
s 104 kﬁ-'g %E g
T
oo T2 &<
0 o : : 0.0
0 s 10 15 20 25 30 35 0 5 10 15 20 25 30 35
F#R(d) Age R (d) Age

P2 A 4 TCH M Fl i R SV BRI i 0 e i I35 Ak BT ARG 1 5 L AR R SR IR AE IS 2 (A
AMERREE LS ) (B
Fig. 2 Age-specific survival rate (/;), female age-specific fecundity (f;), age-specific fecundity of the total
population (my), age-specific maternity (/) (A) and age-stage-specific survival rate (Sy) (B) of Fi populations
after the feeding of Panonychus citri adult females on citrus leaves treated with sulfoxaflor at sublethal
concentrations by leaf-dipping method
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Fig. 3 Age-stage life expectancy (ey) (A) and age-stage specific reproductive value (Vyj) (B) of Fy
populations after the feeding of Panonychus citri adult females on citrus leaves treated with sulfoxaflor at
sublethal concentrations by leaf-dipping method
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XA LG, LCSAILCiok AL BRZH () ) SESEE 22ry PRI KA. 1 IGTE Ry B
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PR ZE R B (OrRIE0.2430. 1.275. 26.06. 44.25); LCsbFRAFILC, ok 34 FhEEIN A%
WA S5 R EL Y 4658, HELCsZ AR E (3.149), LCioZR R (2.853); FHHACH
WIZERARE (R4, XL gh HL3R I T A0 FE 560 HUR G 38 0 F AR A7 4 JTCH 1 14 144 g 6
Ro» WEIEER,, AR K R, BEHEGRR, 4550 A,
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Table 4 Life table parameters of F; populations after the feeding of Panonychus citri adult females on citrus
leaves treated with sulfoxaflor at sublethal concentrations by leaf-dipping method

Z ¥ Parameters Control LCs LCio
K dhH
W_ _Ekir . 0.2128 £0.0075 b 0.2201 £ 0.0084 b 0.2430 +0.0056 a
Intrinsic rate of increase
EIBRIE K (d)
}—_] IS_E i . 1.237+0.009 b 1.246£0.011b 1.275+0.007 a
Finite rate of increase
1A R
SECLSS 0 18.51+1.90b 20.22+2.21 ab 26.06 +£2.08 a
Net reproduction
MET %R GRR
HIEE . 3437+2.68b 36.75+3.61 ab 4425+2.67a
Gross reproduction rate
T3 AT (4
TR ﬂ . 13.72+0.17 a 13.66 £0.20 a 1342+0.12a
Mean generation time
FhfEE Rl (d)
R 3.258+0.116 a 3.149+0.123 a 2.853 +£0.066 b

Population doubling time

Fe: A—fTHEEEAREERREZREE (P<0.05). Note: Different letters in the same row indicated
significant difference(P<<0.05).

3 HFig5rie

RS TS AS G ROT 1 G dn R A B R 7 MEE, 28 1 e
BRI DTER . BB AR TR R B IR AR (Huang er al., 2012) o WIPEAarRorkh 7%
GEMmRIAL, R HE BN PR DIER (Chieral.,, 20060 . HHEIMMEAERR
O 2 N R S gEE (EERSE, 2023) « RITEISAmblyseius brientalis (Pan et al.,
2022) . HHW T Mk Spodoptera frugiperda (Fi A%, 2022) EMAEK K B M EHEAE I
BT AHI T P A 8 -8 S Ve AL A SRR, 18 A [F) 3R 52 1) RUE Hh e Jis Ak R A7 4 T
FoRAEK KR E — B B, 5 HF M ah A& e 3 A an RS H0HAT b

2= Bri6 B R AT (R B7 vA 35 H i B 0 T, TR MR B R R e M AR BV, Aw]
TG ) 2 X HEREAR AR = AR SO o AR SO T SO FE FUNE H T A B AR 4 IOl 5 FofCtE
FSCUH PR ST ST PRAIG, X — 25 RS HA 255 A 3 5 M Fof Qo U AR FE I 25 R AHTR] (Zhang et
al., 2014; Majidpour et al., 2020 . T H [A] W57 P 3% H 7] 2 il 2 B [ 18) 0 G 171 38 7 s i 22
TEEBCH S, TS d = AR BB AR, (James et al., 2002; Cordeiro et al., 2013; Guedes
etal., 2014; Cutler et al., 2022) o NEEUFCI FEHUE K g 0T A 4 JTCIE PR 52 M6 77 72 15 AR 3K
N, XTF ARG 2 T AR KR B B ar R SHO . K KE T, A
W FLEE SRR, WELIR e B S e it T R 2 T A KR, RIUNTG G 2
PEAAIE A MM, EXTRRA LG, LCsHILC 0% HUA AL ERZH 2R A 45 2, Wi 4 i L
RE PN, X — g5 5 HAb B 70 W SO0 FE 2R BRI e 35 4 0 5 SR )k A IR 45
FAHRE], FEMHE A S Ephestia elutella CREIEE, 20200 S5 AR IH KM . B RKILLCofl



LCso I RUNE H I X0 M ARG 4 T (1 52l 285 SR I, LCaoltb B A AL Csokh 3 2H e H e i 15
RERR T PR T R & i, S HAKEEAREER (F22, 2023) , 54
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Fifis A BRI (Ullah et al., 2020) o ASHT 7028 W MV SOPEIH E 1) e o i i ot At
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A 4 JTOH 75 60 HURZ G Y B80S ) B R BN BRI A5 80N, FARPRIILTE B3 7
RERM. MEAGRSECE . CAAB ORI, i MBS 2 7 T B A R R A
Mo Alimirzaee%s (2023) &I, MEFEAFE [t Sumbkxt 2 = AR W Rhizoglyphus robini() 4254
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