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Abstract: In order to clarify the influence of acaricides on the growth, development and fecundity of

the offspring of the predatory mite Neoseiulus bicaudus, the survival rate, developmental duration, lon-
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gevity, female ratio and fecundity of the offspring from the maternal generation of Tetranychus turkes-
tani treated with bifenazate, azocyclotin and pyridaben at LC,, were determined. The age-stage specific
two sex life table and population growth model of the offspring of N. bicaudus were constructed to ana-
lyze the sublethal effects of different acaricides. The results showed that the treatment with bifenazate
significantly shortened the developmental duration of the immature stage of predatory mite offspring
(4.81 d), but significantly lengthened the longevity of female (45.53 d), while there were no significant
effects on the survival rate, preoviposition period, the ratio of female adult mites and the net reproduc-
tive rate. Azocyclotin significantly reduced the ratio of female adult mites (0.37) and the net reproduc-
tive rate (15.91), while there were no significant effects on the developmental duration of immature
stage, total preoviposition period and longevity of adult. Pyridaben only significantly prolonged the lon-
gevity of female and male adult mites (51.22 d and 44.23 d) without other effects. Timing population
simulation modeling showed that the offspring of N. bicaudus could maintain population growth when
treated with the three acaricides. The population size of predatory mite offspring was promoted and pro-
duced up to 4 976 individuals (1.62 times the control group) at 60 d after treated with bifenazate. Com-
pared with the control, the population sizes under azocyclotin treatment (2 101 individuals) and pyrida-
ben treatment (983 individuals) decreased by 31.43% and 67.92%, respectively. The results indicated
that bifenazate was a relatively safe acaricide with little effect on the offspring of N. bicaudus.

Key words: Neoseiulus bicaudus; acaricides; age-stage two-sex life table; offspring; population parameter

2B A B TR R AT HARERCR
gk )iz N TR R B iR (Guedes et al., 20165
% BA ,2016; Hill et al., 2017) , {H A2 2450 )55 208
& 80E APz (Geiger et al., 2010) , T AL
R 3 PRI DL SR E R B EEE
(Cordeiro et al.,2013) , [A] Bt 25 AR B A9 45 35 /e
7 b N 2 A R S BRI A (L
2011; Abraham et al., 2013 ; #p\/NBEE,2016) . W)
Bi7 i e —Fh B A HL AT KR E2 (Y 5 76 777 (Cock et
al.,2010;Franco et al.,2017) , SR 1t F IS A = iy
AR AR ZR m 55 R e A S R Ge
(4 I RIS A A — 7 Jmy BRAE , 3R A0l 3 s Rt s
HOARA RS MR HBHE) (B S5, 2017) . 4%
HEVIBIG S E BB ARSS G 0 AT 6 TR E BLAE i
TTRH AR T 8 G FH ,2016) , ISR RER2- A BEHLER &
AT AL BETH BR 5 — D A R T AR e , L BB
T A5, 2 H RSB B TR S0

KU /NG Neoseiulus bicaudus 2 H HT T
B SR B X (R ) oA v 7 A H R e
frih 2 — (Wang et al., 2015; #2224 45, 20153 85 FL
#,2017) , HA B Al e o SR L L
o PSR AN A, RE RS R R A8 S R g E B - H
HAH 086 Tetranychus turkestani FIE 86 T, trun-
cates , ]y B\ Bemisia tabaci RN & 5 Thrips tabaci
%% (Zhang et al.,2017; Han et al.,2020) , J& H X} 5 8

R4k 13 A OL A 1 B i A A A i
ROR, H e R A ] 34 25.75 3k (Shen et al., 2017;
Zhang et al.,2017; £FHE 9245 ,2021) . H WU/ N
WK BRI T AR 01 a7 i - H T 1A g
(HEFF45,2019) , (HA R 09 B 0E (A E dL &
A 00 30 S P B A (TR A A e P ol s 3R (ke
P4 20158 FLAE,2017) 72K & AR, anfa)s
WIBR ML E B IR A LS Aok, RERERE (IR fb2F
A 25 i VR BIORT 2t SCRE A 31 B T T i 1 28R
45 A BUA AL 2457 1A B, i 18 A4 X XU /)N
Sl A ) A R R R F A B AR (B, ASTR]
R R WG TR LR BT/ INE G ) AR SR AN ],
DA A 28 - T el 1 3500 ik B A BE AU
RTINS G 5 PE T R 3k 62% , LAMK AR Bk A
R ot A B e ) S0P P e R A B U B
NG BE TR S BEE B 25 24 5 5 1 EL7E S BUBE
WREETT Wkl 52 2 K et AV XU A /N 32 06 1) A L i
3, TR G 0 = s 55 %t HCA £ RE 7 S e A X A
/N(Shen et al.,2017) . i EWA/E N AW B IR TR,
HCHH [R]E SRR B R B (i AR 5 ,2015) . PRI,
TR A RTINS AR R VT IZ AL
2RI R EUE Y& A v R E AR
TR A AV B ) B T
4 4 A i % (Wittmeyer & Coudron, 2001 ; 55045
2019; Hefm i ,2021) . AEmREACHE ZHT



54 S AN SRR U T/ N R AR N S R 1177

SIS IAEE 25 F T (1 R SR F 241 (Huang &
Chi,2012) , Hor A= i 2 AL RE A B s i R e
FERFIE A0 3% 1 AN RIS 22 1] Y 22 S RBP4
(Zheng et al.,2017) , #%) 2 HT#f & — LB B 7
QnEF A R AR X B A AR AR R R A B
JI )52 (Yang et al., 2015; Zhang et al.,2015) , &
PP 5 b 24 50) %) 008 B3I B8 R0 1) A R80T
(Kim et al., 2004; Park et al., 2011; Mohammadi et
al.,2016) . S HAHH ARSI AU HT /N 5 A AR
KT MEFHFE M, AR R G =)
AR RS - EHCH A gl ) Boe rh ik P AL XU
BT /INEZ I S 00 P XA R T B B A
KB D T MEVE Ho ) K B ) M B A
PF T XU B/ INE i 5 A AR 8 -8 S P M A= i R T
BEALL PGSR, 53 B A [7) 3% 195 550 I B R R0
XAt B e AR 52, LU Ry LR /)N 222 i ) ]
WA =R B BT IR S AR T
1 B 5FE
1.1 ##

P A AN IR« T] 55 Semen canavaliae 71
FUBTE & A A FRA R, 7Rl (28+1) °C AHXE
JZ(70+10)% DGR 16 L:8 D4 T il 2~4
FC IR, b BT il Sk A YAl R R 2 B
B S s R ] T S ) 3 ST 160 AR i fURK
FRE , ) 7 2k A v AN B AT AT 245 300, ) 3% 25
J (28+1) °C FARHESE (70£10)% JEAL 16 L:8 D,
XURHT/ NG T 2013 45R FUBTs AL, IR ARS8 50
2 N TR A5 9 28 Y - G S0 3 v 322 ] 7 S
BRI AR (26+1) °C AHXREE 60% 6 A 19
16 L:8 D A T3¢

PR 2RSS : 43% PR HFE (bifenazate ) &
T, 56 ERHRB A 7] 5 20% — M4 (azocyclotin ) &
PR AR A A AT RN F] 5 15% ki R (pyrid-
aben) FLill, REHRUR 4T R A A . FLI-2000H %!
FeHREE T4 , H A Eyela /A A .
1.2 FHik
1.2.1  REIFEAFI AT ki £ K F W3 aiml 2

SPEA 3 AR R X AU BTN e AR A K
H Y0, AR Alinejad et al. (2014) J7 ¥k HE 4710 2
Frmg AT kgl o R —HEU R i (200 Sk A7) SO
ZINEZ W 4] 3P A O O X R 3R 2 d e 43
3 A0 b FH I H M O BOE R LC,, ARG
AL BEXUR BT/ N5 10 s, HIH A 450 mL/m?,

DAt 45 e Vi /KPR AT B BT 4E 3 he AR FITIY
T2, L, 3 Tl 2% il ) 36 2R JHF I . — el 425 0 ik Al 2R
X B 3 0 Y L, 4 90N 20.96.,22.90 FI
6.33 mg/L (Shen et al.,2017) . 43 5IHL 8~10 3k Fik
45 Ak B XU T /0N 2 05 L 2 A E B Bk A 1K
3 emx i 2 emx 5 0.3 em ., NAE 1 em I 58 1/ haE N
(Suetal.,2019), FA/INE WAL 20 3k + B H
T I 5 06 4 A A D, TR (26£1) °C A XHE
J& 60% G 16 L: 8 DAY G IR K F246 M 1 5% 24 h
S o A7 T %) SHE S 96 3 3] 4k 3] T 9 I v ) /N A
W o TAFE 24 h BB 5 770N ES PN e o i 5 75
AR URLOE, 25 Ab BEOR B 1 B A Sk 120 6 42
Ao BE12 WA 1R, IE LR B DT R ARSI,
FER B RIS AT, AT/ NE kB B
Ja B VIRBTEAT — R BB B, T 4 1 IR
W58 F1/INEE TR T S5 T 5 Pk A il J , 68 531
TS5 3 ol 50 ) DA R ) 35 194 il D52 Bk
NHE P 205 S HE B TE X o AR 4 RSk BUR /N
230 IR AR AL 15 Sk b T L P ol okl £k
Y, B2 d B v )/ N E AR FR IR R
RE o B 12 hich s 1 YR A A P A7 105 155 0 6 M i
(A 7= DA, B2 T A S T, B S s 1 &

D30]I R s A i 7 B TS L B
R A CERE L]

1.2.2  SUBHT sk T A R AR T

B TR AT P P AE i R 98 (Chi & Liu,
1985; Chi, 1988 ) 41 #: WU H7 /N 1 1 A= A 3, il
JH#K A4 TWOSEX-MSChart(Chi, 2017a) {145 4= fir
B SR ALFE R AR - AT s, OO 2
ARG x M 7 T MRS ) R AR B T m, (FE0
SIS x I 7 I P-4 PR B ) R AR IR AT R
L(FREERANARTETS B4R x AOBER) 5 8 AT il - I
WA T f,AUHE R T 7= B0, 1% 46 b5 5 [R) TR e 4R
8 O s B 7 ) VBB L, (730 R < R A
B 1) B AR IS W A W e, (AR x IR 11/
B AN AR BB A 20k 2 A7 05 110 SR 00 IR i AT 1 — i 109 ¢
B AR v, (AR x R0 A AR RE S 4k 2 A 4 1T

B

S,

. i nx/. B “~ x/‘f)‘f/

E‘J%Sﬁﬁﬂ_\‘@()o ij:ni’ lxzzs)gj’ m, = ’
01 =1

Sy

J

Horp, n ARFZA AL BIAERE x B 5 ny, RN
A i F M TE 4G 5 B AR 06 1 8 1) 8, A e
B=55 f, 0 RE AR I — I 1 BB T, RISk o

p
=1



1178 LI 7/ A= 11 484

o B
PR e, = 3 Vst Horlt s B T

i=xy=j

H &Y
W x W A BRI L Ry RO v, =
v+ 1) o«

B
Y e Yt f B s,
X i=x y=7j

AEIE Ty B DR AL

(7] g -5 XU BT /N 2 W A 24 (Chi, 1988)
AL AE G FE A R, (RRE th AN A E 1 2 18] 9 5 B £
) N EHEOR r CYMIERA TS AR IR S I
HAETEE R EE T W R0 A de Bk I 44 4 A, AR I
O TFAR ) | Jl BRI A8 A (PR B IR 32 BRI 5%
8N A R K A A5 E0 AP B AR A 72—
PR B EE e G KGRI B R TS N 8] ) o R, =

In(R,)

00 o0

-r(x+1 — — g —
ZZXmX,ZC’“ Nm,=1,A=¢,T= o
x=0 x=0 r

i

er(,\

1.2.3 B ks A BRI TR 7 %

S Timing F5E RUARALIIGE IR IR | — 0 555 1 ik
AT WUt /N il RGO , R A
Timing-MSChart (Chi,2017b) %EF 1.2.2 i 15 W ¢4
AT FEAEHEA TR S T .l T R Ry
TP LEI ) KMESE 2, PRI RO /N 2 il o
FERLADUT E] 22 2 60 d, I DMERAL 27— TR B i
J At B A FH ) ) e B O o DA A B W) 10 KL
B A SR PR R A B R T LA I 3 Rl 245 60 d 11
FRHESA IR REZE AL, LA K AL BRARRE A X R

1.3 #HESH

7 PR RE AR — I I P A i 2R 1 TWOSEX-
MSChart(Chi, 2017a) #E47HAR EER | = 188 il ik i
T AU /N A fiw R S B G oA, R A
Paired bootstrap test 5 X} £ & & Ui 1 L B 58 7 AP HE
125250 (Efron & Tibshirani, 1993) #4725 5 i &1
R, A £5 285 A URE R EA A 100 000 1K

2 BER55H

2.1 REHFITNEF/NEFE KL TR

Xof FE 2L LR T /N 222 0 v B B il A0 5 1
BRI 41 70 91 4 1.25.0.81.1.64 F11.70 d. 5
Yo} BEZH AR L, B R A L S 4 0 T B Al A ER T
FrlE Y % B P, 4308 0.97 .0.71 Al 1.42 d; = k%)
WG T O R E DN (1.07 d) (B[R] i i 25 4E
KT Y600 & & P (0.96 d) ; 17 ik i 52 U2 i 35 4iE
KTOI(1.41 d) A% (0.91 AT HBI(F 1),
S A A0 DT 30+ 0 ol 0+ 55 L g B+ S5 17
SREIUT ) T 5, TR i A B 2 XSS 5 /NS g 1) A i
1 (4.81 d) f 5 T X IR (5.43 ), = e ) Frmk i 22
Ab P SR BT/ N i oA A T Jp . X iR
XU 8 70 22l e A O o 96 0 e i 96 1) 5 43 00 A
38.88 d F1135.03 d, HEAR IR AL 3 f M pC it 5 o 0 25
FEK: (45.43 d) 5 = MRS b B IV A ol s 14 7 i 55 )
HE 28 S R 08 35 5 Ik gl 22 A R fE g il 1) 7 A 480
FHEAN, Ak 51.22 d F144.23 d.

F1 TRRBHLEENER NEHRROELERPSFw

Table 1 Developmental durations and adult longevity of the offspring of Neoseiulus bicaudus after exposed to acaricides

¥ X A IR B s
Parameter Control Bifenazate Azocyclotin Pyridaben
YU HH Bgg stage/d 1.25£0.05 b 0.97+0.01 ¢ 1.07+0.06 ¢ 1.41+0.05 a
A Larval stage/d 0.81+0.03 b 0.71£0.03 ¢ 0.96+0.03 a 0.91+0.02 a
SR Protonymph stage/d 1.64+0.08 a 1.42+0.06 b 1.58+0.09 ab 1.76+0.08 a
B4 3) Deutonymph stage/d 1.70+0.09 a 1.72+0.08 a 1.67£0.13 a 1.58+0.07 a
A A Immature stage/d 5.43+0.11 a 4.81+£0.10 b 5.33+0.20 a 5.67+0.12 a
HE 15 75 iy Female longevity/d 38.88+1.36 b 45.43+£2.22a 44.60+2.99 ab 51.2242.40 a
i 1% 5 Ay Male longevity/d 35.03£2.61 b 38.14+3.41 ab 41.55+3.99 ab 44234371 a
7= B HT4Y Adult preoviposition period/d 2.77+0.42 a 2.57+0.21 a 3.93+0.93 a 3.01+0.31 a
S BUETHA Total preoviposition period/d 8.10+0.45 ab 7.23+0.23 b 9.12+0.86 a 8.77+0.31 a
HEVE L5 Female ratio 0.53+0.05 ab 0.55+0.06 a 0.37+0.06 b 0.51+0.05 ab

R P B YR R . AT AN NG T IR 4 Paired bootstrap test 6 56 25 57 i 3 (P<0.05) . Data are mean=

SE. Different lowercase letters in the same row indicate significant difference by paired bootstrap test (P<0.05).
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Fig. 1 Age-stage survival rates of the offspring of Neoseiulus bicaudus after exposed to acaricides
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Fig. 2 Age-specific survival rates and fecundities of the offspring of Neoseiulus bicaudus after exposed to acaricides
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Table 2 Life table parameters of the offspring of Neoseiulus bicaudus after exposed to acaricides

e X R IR R A ik g 72
Parameter Control Bifenazate Azocyclotin Pyridaben
Hri T 2 Net reproductive rate 25.2542.84 a 24.7142.74 a 15.91£3.02 b 23.704+2.75 ab
PN LA 3R Intrinsic rate of increase/(d™) 0.23+0.01 ab 0.24£0.01 a 0.18+0.02 ¢ 0.21£0.01 be
JEIBR 43R Finite rate of increase/(d™") 1.25+0.01 ab 1.274£0.01 a 1.20+£0.02 ¢ 1.23+0.01 be
SEX AR ] Mean generation time/d 14.33+0.37 a 13.44+0.25 b 15.2840.93 a 15.094+0.34 a

R EE B ER . [RATASRIING SR 3R 7R 48 Paired bootstrap test 25K 55 22 57 12 3 (P<0.05) . Data are mean+
SE. Different lowercase letters in the same row indicate significant difference by paired bootstrap test (P<0.05).
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Fig. 3 Age-stage specific life expectancies of the offspring of Neoseiulus bicaudus after exposed to acaricides
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