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Abstract: In order to explore the optimized storage temperature and time of the predatory mite Neosei-
ulus bicaudus (Wainstein), the adult mites were stored at 9°C and 12°C for 7, 14, 21, 28 and 35 d, re-
spectively. The predation and fecundity of the female adults of N. bicaudus were detected after cold stor-
age. The results showed that, except for the 9°C storage for 21 d, the predation number, attack rate, han-
dling time, predation ability, and maximum predation number of N. bicaudus were not significantly dif-
ferent between the treatment and the control group. The highest attack rate of predatory mites was ob-
served at 12°C stored for 21 d, which was 3.18. The longest handling time of predatory mites was ob-
served at 12°C stored for 28 d, which was 0.14 d. When the storage time was the same, there was no sig-

nificant difference in the attack rate between the treatments at 12°C and 9°C, but the handling time of
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N. bicaudus stored at 9 °C was significantly shorter than those stored at 12°C for 21 d and 28 d. When N.
bicaudus was stored at low temperature for a period of time and then returned to normal temperature
(26°C+1°C), the pre-oviposition period of N. bicaudus adult females was significantly prolonged, with
a longest period of 3.06 d. In addition, the average longevity and total oviposition of adult females were
significantly reduced, which was different from the control. The highest longevity and total oviposition
were 14.10 d and 18.98 eggs, respectively. At the same storage temperature, there was no significant dif-
ference in the longevity and fecundity of N. bicaudus adults between different cold storage durations. At
the same storage duration, the average longevity and fecundity of female adult mites stored at 12°C
were significantly higher than those under treatments at 9°C. Therefore, it had no effect on the predation
of N. bicaudus adult females when N. bicaudus was stored at 9°C and 12°C for 7 to 35 d. Furthermore,
it imposed a lower effect on the longevity and fecundity of N. bicaudus stored at 12°C than those stored
at 9°C. It suggested that N. bicaudus should be stored at 12°C for 0-35 d.

Key words: Neoseiulus bicaudus Wainstein; low-temperature storage; predation; longevity; oviposition

number

EWHE R )Tz R YRR, AT B IR
Wl B R EUAE N R AR ) (B2 AR AF L2013
AR SE 2016) . RUR B /NG Neoseiulus bicau-
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45,2019 #hEMRAE,2020) , FUAT, FI I £ & 13-
rophagus putrescentiae(Schrank ) ] 1] 75 XU #r
/INeg il R FAZ 7 Al AR R R R H AT
A Ay ] 88 5 e At 7 R 1 5 U (Su et al., 2019a) .
T R B 0 FH 2k 2 v 5B AR SR L AR A
Ko h FH Y B —FR (U AH SR 4, 2017) o PRLIE, R
5% G 38 11 T A A X T U B /0N 22 W 1) iz [
et H

H AR K B ¥4 98T B [ 38 R TE 0~15°C
(Ghazy et al.,2014) . ] IR RBUER KT,
FIEA ™ it R T SR DTSl SRR o ) Rt AR
77 R R BAT R PRIEAE F HR R i R
B (0 R Bk 1T B iR (Leopold, 20005 Colinet &
Boivin, 2011 i /b - Bl 5 3L 5245, 2013 ) o HIR 7
FRE™ fity it SRAG I H 8 L4 5 ] sk 2 B P AL 17
FEIARA 7 AR (CBp B BAE,2020) o SR TR B )
[i) 2 R AR A5 1 Je 2377 A — RGNS RIS ), 452 i)
K G FHERES)  EFH ) AR LB IR
K 22 it 47 4 %5 (Colinet & Boivin, 2011; Rathee &
Ram, 2018) . {0, i & f 2% f2 A 968 10F & 8 Lysi-

phlebus testaceipes (Cresson ) & 1f T 4°C ¥ 5% 120 d
Ji , Ho e A i B A AR AR REAR GRS, 2020) 5 M
/NS N. californicus McGregor HERUET 5 °C V27K
30d T, 5 AR R ) ME RO S T , St ™ B T A0 ik
FHER PPN S REIG (Ghazy et al.,2013) .

PEAN VA JEO LI 52, — Ty T A2 V8 e 45 AR AT
TR, 55— 7 RS I8 A BE el A5
5 25 P 0 RURE BT /N bl v e I B A TR R, Kk
XL BT/ N LG T 12°C A9 C i £ 35 d
J& , HAF TG R T 55%, W& m T 3CMmeT., &
TMAE 12°C AN 9 °C T ¥ fe VK A2 1 i I B 2 75 52 M 47l
B ERE ) LRV EEAIE A R M AR . o TR
STV SN KU T /NG it JoE AR 52 M), A i 5 AU
BT /NG O s A G X 42 DL 9T 12°CAE MR
SRR, WF T AS ] ) ¥4 BT AT 1R Ab B XU /)N 22 s
A RE T RV TE T, LU R AU B /N il 5 B
i — PR RS

1 #R57E

1.1 ##l

A R S AW - B T A v G P R R A R
Prefle B AU S E A B S S R U
ZZUT 20 1 3 AF A HT R BRI SR AR E L0 == rh A S
e i e NS RIS L Y SR T B B N S
KAE P S AR SR OAE N A SR, 3 AR
Ui i) SRR EE R (261) °C AR R BE R (60+£10)%
JEH 16 L:8 Do ATk A B8 K A PR A
A, TALER = AR A

3R - Q-65 UKAR , TRYI T Hig M4 AL R B A BRA
F) 3 A10000 UG HR B 3240 , e R 0 A PR



1090 i/

¥ iR 48%:

N )3 SZ2-ILST IR i i, AR B A Fl . A il
BRI T 9 /N2 (3 em*2 emx0.3 em) , /NZE T 1 H
BEBE S 1A (3 emx2 emx0.3 cm) .1 FE A 1 cm
A FLIR 225 B S v B B8 (2 emx 1 em) (8
A 55 (2 emx4 cm) FUFFEESE 2 0 (2 emx1 em) 2H
Bty A LR A 5 SRS Sl b i Rk
FEUEARSS b AU 2 1 7 Wse Jibie, /N i B
B R B, P R IE [ 32 (Su et al.,2019a) .
1.2 Ak
121 REF DL AR oy &
ARGV PR B R 9C N 12°C , V3 ik 5] (1]
B 7.14.21 28 F135 L 5 RIBHRE . SRAENISE
B H XU 35 /N 22 g O S i R e R 3 Sk AL B
1.5 mL B0, B0 A TR A R Y e AR R R
AR X (90%+10% ) , AT 30 Sk J65 £ i i
YEREY . BB TR 1Sk RBUR BN
B0 2 B E] 9C T 12°CVKF A K 7 .14
21.28 F135 d, Ve ekt ROl B i 4l £ e 0 Fn 26
B IR TN AE o
122 AT SURAT I 555 M i 5 1 R A A 4 v
1 ARV A FEAE 1S T R A M G , Pk A E] B
il /NG B B SR AR R U 24 bk B L fE
BN E P A [R]85 B A b BT 2 e
Ik, BEEEAY R 4.8.12.16.20 k//NE R IGTE R
AN R A1 SR IUR IS B4 LR BT /0N 2 5 o S
ANE AR E (26x1) C AHXTEEE (60+10) % )8
W16 L:8 DLIAKE AT . 24 hi , MESSUZ BT
/N il M L IO P P R e SR . DR
VA AL FHL A WL T Nl S R o R, %
1S EE
1.2.3 AT R IS S KA H 49 o
A AL BT T R B9 KU 3 /NS s 0 g
T S , 5 R A B N Hp A O G 12 1 XA
I A NE A 15 KIS S IE N Y. NE
R EE (26£1) C AHXHEE (60£10)% SGEW 16 L
8 DIYGIAREFRAA P, AERT 12 hoWLEE 1 UK, T 2 0 o s
FEER ICSR PR ETI . TF UG B S B R 24 bR
IR BLIF 4/ NES  Te SR H P R o, LA e R At
T-o DARGREAN BRI RUR T/ INEEVE X B, i
Erh R N30
1.2.4  SURHT L5402 ) e oA
XU HT /N 22 Wl Al £ ) e S 7 32 FH Rstudio 4
Y fraic B80S AL HEA T 20T AR Lt R 850 P, H B WL
BB/ INE I B D REAR Y, 5 =0, 4 Holling 1% ;
P,<0, >} Holling 11 %! ; P>0, U] *}y Holling 111 % , #7

TR DI RERLRILT 4 Holling 114U, iz FHBEHLIA 45
RIGEAT IS : N=N,[1-exp (aN,T,—aT)]. Hd N AL
TR RO, NSRRI IR B, o AU
BHUGE R TRFERE LR (1 ), TS
A RS (Y 1R] (Li & Zhang, 2020 5 Be S %2
85 ,2021) o BURE BT /N 22 W96 1) 4 e 1 a/T, VF
Hr, B K8 UT IR0 . i Th RE R
A KA B TR S 80 B 4 B 24942 H Rstudio
HEATAR B
1.3 iR

RGBSR ] SPSS 19.0 #3647 5113 #r , [7)
— V& PR AN [ Bsf ] A 3 8] ) B4 2% A Duncan (%
WG 2R T 25 S W A 5 (] — V2 JR A (R AS
[F) ¥4 I 5 Ak 342 ] %) 540 SR R0 ST REAS o 4 0 1
11255 MR .

2 HER55H

2.1 RIRATET /N R W R A 1R

MU HT /N AE 9°CHI 12°C YA 7.14.21 .28
35 dJa, Hou A B 6 (%) 4 £ D) BB R R AT A
4 Holling &Y, kM R P YN T 0 1) . U
BN I REBL RN 1 R, B AL R XU
B/ NI AR ) S ) S Bt A A 0 % i o
RN, A TR R, SR HT /NG 25 9°C N
12CV P AN R RS, e H 354 2 s AR X B
AT (LS A T B 25 . 2 g
B AR TR] S, OURE BT /NG T 9 CCYe e , FLAfi B
BT 12°CR AL R i . L XU BT /N2 i
21 d 5 22 S I CE A % B R 20 Sk /INE
B, 9 CY4 Ak L ARG IH6 3 B 4 =i, 10,403/ H
12°CARm BN 8.27 3/ H X T B8R 7.003k/H .

T 9CHN 12°C ARG , WU B 71N 0 ot 45 4 #
Yoy RECS XA L C B E 22 5 B T 9°CiRi 21 d
ARFRAN , F A A B SR BT /NS % A8 4 ) Ak PR S
B 5 X BT 35 25 57 . VL — B, R RIA R
[ N AP R EOTC B 2R R T — 2, 9°C
12°CRMBE I RBOTC B 22 5. R21 dF128 d
J& . 9°C Ay A BRIR B] 55 3540 F 12 °CARHR, HL H S5 K Hl
Bt T 12°C ; 7EHA A T ) A R, 2 /NI Ak
TR EER, WEH/NEET 12°CH A 28 d
T R RO R, 3.8, T 12°C A 21 d bR
Al , S 0.14 d; T OCH I 21 d T By Ab H )
() £ 2, 24 0.08 d, Fli B i 1 A H S K & i e i
43930.35.13.25(%2) .,



51 JE RABRAT « VR TBORT WU B/ N il R T R B T A5 1091
*® 1 WEH/MNRHH AN T HEHEINEM MM a st S8 bt
Table 1 Parameter estimates of the functional response of Neoseiulus bicaudus (Wainstein) to Tetranychus turkestani
Ugarov & Nikolski after cold storage
VLI 2 TR 8] R R ftifl PR z{H P
Storage temperature/ °C Storage duration/d Linear coefficient Estimate Standard error zvalue
12 7 P, -0.085 0.014 -6.092 <0.001
14 P, -0.087 0.014 -6.200 <0.001
21 P, -0.107 0.014 -7.358 <0.001
28 P, -0.103 0.014 =7.247 <0.001
35 P, -0.087 0.014 -6.217 <0.001
9 7 P, -0.108 0.015 ~7.469 <0.001
14 P, -0.087 0.014 -6.200 <0.001
21 P, -0.077 0.014 -5.365 <0.001
28 P, -0.082 0.014 -5.878 <0.001
35 P, -0.099 0.014 -6.972 <0.001
R CK P, -0.089 0.014 -6.378 <0.001
=38 CK o 120 49T
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FEMI I (SK/E) Prey density/(head/chamber)
A~E: ¥ 7. 14, 21, 28 f135 d., A-E: Stored for 7, 14, 21, 28, 35 d.
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Fig. 1 Functional response curves of Neoseiulus bicaudus (Wainstein) adult females to

Tetranychus turkestani Ugarov & Nikolskiafter after cold storage
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Table 2 Effects of cold storage on the functional response parameters of Neoseiulus bicaudus (Wainstein) adult females

T UL i b i)
Storage temperature/ °C. Storage duration/d  Attack rate

12 7
14
21
28
35
9 7
14
21
28
35
X CK

2.31+0.55a
2.02+0.39 a
3.18+0.68 a
3.15¢0.84 a
2.26+0.51 a
2.77+0.55 a
2.84+0.57 a
2.29+0.43 a
1.94+0.39 a
2.62+0.57 a
2.42+0.61 a

AbFR ] HEREN H B R £ Sk
Handling time/d  Predation ability Maximum predation number/head
0.1140.01 ab 20.43 8.85
0.10+0.01 ab 21.10 10.43
0.11£0.01 ab” 29.59 9.32
0.14+0.01 a" 22.14 7.03
0.12+0.01 ab 19.68 8.70
0.11+0.00 a 26.30 9.49
0.11+0.01 a 26.92 9.46
0.08+£0.01 b 30.35 13.25
0.10+0.01 ab 20.52 10.58
0.11£0.01 a 23.72 9.06
0.13£0.01 a 18.90 7.81

R PR B bR o R[]/ S RER I ] — B AR [ v SR (7] A2k 2R ] 22 Duncan [T 32 1 22 1A 3678 P<0.05
HKVZES R o * 3R Al — VR TR ) AN ] V4 JR i B2 Ak B 18] 22k S AR AR ¢ AT T A 30 7 P<0.05 K-V 225+ 2 3% . Data in the ta-

ble are mean+SE. Different lowercase letters indicate significant difference among different storage durations at the same tempera-

ture at P<0.05 level by Duncan’ s new multiple range test. * indicates significant different between the treatments at 9°C and 12°C

for the same storage duration at P<0.05 level by ¢ test.
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Fig. 2 Survival rates of female adults of Neoseiulus bicaudus (Wainstein) after cold storage
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Fig. 3 Eggs laid per female adult of Neoseiulus bicaudus (Wainstein) per day under different cold storage treatments
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AOFR . MERCIH T 12°CYR U BURHT /N2 ™ B
KT 16.36 K71, LAV LT [R]Ab # (8] JC . 3% 22 5%
77 G R  pe f A RE 28 d Ab B, Ry 18.98 ki, M K,
W5 F 9°C VR LT, E i i 7 X5 B B i R 10.47~

11.80 A7, 45 ¥4 kit [A] Ab BRIE]) G i 22 57 (R 3) .

RTINS ¥4 TN W) ) [ )5 P34 75
A ZE R 12°C 45 A0 B A% E B fr) -2 75 i o 2
F T OCAREE 78 12°CY BT, 14 d B 95 1) 5
Yy tacia , oA 14.10 d; 45 7 R[] T e R it i) -
KR 25 (B BT X IR A 21 d i
AU -4 F i e, M 11.02 o T 9 CE AT
BF ] S5, OHE 1 s - 21 %5 i /N T 9.52 d, S AR T X0
MR, B bR )P B O 25 55 (R 3)

R3 TR EALIE T W E /N A B ) EESE

Table 3 Fecundities of female adults of Neoseiulus bicaudus (Wainstein) under different cold storage treatments

VR I 3 VA R ] LR SO E WHE 506 75 i
Storage temperature /°C. Storage duration/d Pre-oviposition /d Total oviposition Longevity of adult females/d
12 7 1.754+0.09 ab 17.00£1.18 b™ 11.53+0.86 b™
14 2.04+0.09 be 16.68+1.64 b™ 14.10+£1.54 b™
21 2.20+0.10 ¢’ 16.36+0.99 b™ 11.02+0.95b™
28 2.30+0.09 ¢ 18.98+1.01 b™ 11.05£0.59 b
35 2.59+0.12d 18.79+1.42 b™ 11.85+£0.79 b
9 7 2.09+0.16 ab 11.80+0.86 b 7.60+£0.57 b
14 2.30+0.17 be 11.43£0.92 b 7.08+0.38 b
21 2.63+0.17 dc 10.47+1.54 b 8.13£1.03 b
28 3.06+0.21 d 11.45£1.23 b 9.52+0.84 b
35 2.41+0.11 be 11.74+£1.47 b 8.82+0.81 b
X CK 1.6620.11 a 33.09+1.19 a 18.06£1.16 a

R R R DR o ARG g [R] BT AR [ v AR 7] Ak 2R ] 22 Duncan PGB A2 B 22 1A 3075 P<0.05
TP ZET W o ¥, R [A)— VTR 8] AN R V& el JEE Ak B[] 28t ST AR AR ¢ A3 I KR 36 P<0.05 5 P<0.001 7K-F- 2257 3%

Data in the table are mean+SE. Different lowercase letters indicate significant difference among different storage durations at the

same temperature at P<0.05 level by Duncan’s new multiple range test. *, *** indicate significant difference between the treatments
at 9°C and 12°C for the same storage duration at P<0.05 or P<0.0001 level by ¢ test.

3 Wit
IR V2 78 T R K A B AR R B AR, A4
REF A FIOT SR X T ™ i 4 R 3% 1 43
HEL AT VTN VR TR V2 JE S [R]X XU/
SRR B RE T VBT 7 05, DT — 2D i AT
JR2 /NGB ) U0 RIS ]
A R RE S BUR L R EAH &R )1 &
M 3 F R S M E B SE, AR5 T, s SR
B/ NI AR B R RS P 1 B 2R BORT Ak L 1A
EXTRA IO W 25 5 o AT UL, Vo 0 B S
S ST [1) X5 XU 7 /N 222 s R A X BB 0 AT 52 ), iX 5
TN B 25 RIS (BEF 45, 2016) . H IA5F
(2019) X} £ & B H Coccinella septempunctata Lin-
naeus FYMTFE AR A B, JLBRZE 11 °CIV2jet 10 dJ5 I3
SEMA ) HORI S R R RE T . AR A R TR,

5 12°CHH L, 9°C A s Ab 3 5 WU /)N 22 15 X 48 )
(R BRI ] B, H i i RE ) & H R al
1 T, AT RE A R A I R R T 9 C R TH AR
Z (M RE S HCHTIR I R Ave 13, i — 20 3% 1AL
R/ ING g ) U

PR T R, BTN T2 5 AT RE O R 4o
I LEAR TR BERCRA & o RS, AR
Hh YA U P IR AU T /NGB A 71 3 N g
FREA . AT RURHT /NG, —AGEE Chilo sup-
pressalis (Walker ) 5 ¥ 8 J5 X B HL 75 iy 0 1 25 572 i)
R BESE,2018) , FEAEI, B AAEAIRIR T 32 /02 4
& 22 B A i R A AR AR R (Collinet & Boivin,
2011; Seyahooei et al.,2018) . ASHF5¢ &8, #HXS T
12°C, BUR BT /NG T 9 CHA N A7 1 R K F5fi
()07 TET SR T d 3 X AR SO A (2015) A FE 25 2R
AL, BV UE R B 9 Trichogramma japonicum Ash-
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T 1) U2/ N i i 38 F ), O AR g
TEH B[RRI B IR RO o B R I KL
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T2 SR R M) R o Y R PSR R ] — SR
A R 7 O s A 4 I 8 ) AR A T AT,
S0, 5 B Harmonia axyridis (Pallas) (XI5 ,2009) .
EA BB 55 A, & IR A 8 1A s i L7 B
a0 39 Bz % 4 Dermanyssus gallinae (De Geer)
5CHRH 40 d 180 d 7/ B it Je I i 284k, , VT g
2% Wk Amblyseius eharai Amitai & Swirski 1% i 5 7=
B &5t S 1t 4 /i (Wang et al., 2020 5K BT 45, 2021) .
¥4 RS [) () A6 2 552 i O TR0 v4 7 Jo o 1 — > L L
2R REAH , B B 23 B A5 VA st ) SE 4 1T
A (Rathee & Ram,2018) . 540, 22 i 845 % Brac-
on hebetor (Say.) . 5t I8 fli /N ¥ Tamarixia radiata
(Waterston) | 1 4¢ H 1L i 6 Pyemotes zhonghuajia
Yu, Zhang & He %5 (Anwar et al., 2016; £ %%, 2018;
He et al., 2019) . 11 75 55 € B0 o A0 F] /)Nl 22 i
Phytoseiulus persimilis Athias-Henriot " £77£ 7= Bl i
Wi 5 ¥4 SR B 2B 1 B0 5 T R B s B AR A B4 (Xl
EHAAE, 20125 #ESCHESE,2016) . AFFE T, 9°CIRHK
S W 096 7 7 B S RN 7 B A eI T 12°C . FH AT
L, A ARG 1 4 K itk JEE 22 400 1) L 3 /) 22 il 1Y) B
1o ABTE[A]— V2 S0 BE S5 T, AN [R]¥8 s 1] 42b 2
i) SHE o 86 %) 955 23 i R 7 D i 1 TC W W 25 S o
AL, RUEE 3T /INE i T 12 9C ¥4 Tk A [i] sk i) ok 6
SEMAARXTA /N o (BAEIZIRBE R Vg0 SR /N2 il
FRAER KT A Asgm Ay i — e .

ZE TR, VA ST R A SR E I e A 52 M XL
A /NEEEERE ) . 5 9CHEL, 12°C IR K
T 2 X XU T /N 232 il 4 A 0 R ST S e S /N
I, SR UERUR B /NG VA JU %) b I, R SONUEE BT
PN ) B AV TR E S 12°C, T80 0~35 do
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