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Predatory mitesin China: From resource exploration
to practical application

ZHANG Bo"**" XU Xue-Nong"**""

(1. State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant Protection,
Chinese Academy of Agricultural Sciences, Beijing 100193, China;
2. Key Laboratory of Natural Enemies Insects, Ministry of Agriculture and Rural Affairs, Beijing 100193, China;
3. Agricultural High-tech Industrial Area of the Yellow River Delta, National Center of Technology Innovation for
Comprehensive Utilization of Saline-Alkali Land, Dongying 257300, China)

Abstract Predatory mites play a significant role in controlling small, sap-sucking pests, such as spider mites, thrips, and
whiteflies. At the same time as the damage caused by these pests intensifies, there is increasing pressure to reduce reliance on
chemical control methods due to growing concerns over ecological safety and public health. Consequently, the importance of
biological control methods employing the natural enemies of pest mites, particularly predatory mites, has become more
prominent. Over the past six decades, China has made significant theoretical and practical advances in the use of predatory
mites for biological control purposes. These innovations include research on the biological and ecological characteristics of
over 30 species of phytoseiid mites and more than 10 other groups such as Laelapidae, research on the nutritional and
reproductive mechanisms of mites, interactions among multiple species, large-scale production, innovations in production
technology, and synergistic applications of predatory mites. Alternative prey species for the large-scale production of mites
have been identified, including Carpoglyphus lactis and Tyrophagus putrescentiae. Production methods have transitioned from
classical, plant-based systems to non-plant-based systems. There are now production lines for dozens of predatory mite species,
including Phytoseiulus persimiis, Neoseiulus californicus, Amblyseius orientalis and Sratiolaelaps scimitus. Applications have
expanded beyond just the control of spider mites to the control of thrips and whiteflies. This paper offers preliminary
reflections on the future development and utilization of predatory mites in China. Recommendations include prioritizing the
development of local predatory mite species, intensifying efforts to develop predatory mites that target key pests such as thrips,

accelerating the research and development of artificial diets, establishing quality standards for predatory mite products, and
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integrating the application of predatory mites into crop pest and disease control systems.

Key words phytoseiid mites; natural enemy resources; mass rearing and filed applications, challenges; future prospects
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1) T LA, AR 2 E A & A
2 BIZERE . 1958-2002 4EAY 40 Ax4F rp AL % BlAE
LT 300 B, AT 20 AEMTRMRGE S, A
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AT R4 . W Fg & PRAE 220 65 Fh, 295
PIREZZ I R 21 20% , 171 11 FH A2 1A% Fg ki b 1 AR
2 TR, RIUBIAHZEEE 10 AFh, 205 8
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2009; ARG AT /NG, 2021 ),

11 BFEFLEBNHHEREREEZR

T E HATHREEA 330 FA A kg (R4
AT /NG, 2021), 30 RFPEIFSY . FEXTE
B INBIR VT AT E AR, TR IR R T AS[F R
KW ( EZOR AR, ), X i iy
BRI /NE 255 Phytoseiulus persimilis, %Fh T
1975 A h il OB F2= o S Ak M I i [ 3F, ik
JEHY 20 RAEYG 2 WG, DL AR [HT /NG
Neoseiulus womersleyi ( J& 81 K £ 4ifi 2% Wy
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Gl 27 W% Amblyseius orientalis F1 ¥t 1| 4ifi 2% U
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Tablel Widely distributed phytoseiid speciesin China
J& i ey
Genus Species Distribution
il 2 05 I IR TR W de . IR VIR AL dE . VIEE L WIRE . ML mE. TR
Amblyseius  Amblyseius orientalis Liaoning, Hebei, Shandong, Jiangsu, Anhui, Hubei, Jiangxi, Hunan, Guizhou,
Fujian, Guangdong
) At i SOpYC, FAK. I, A, WvE . AR, on . ER. idb. Wi,
Amblyseius tsugawai VO, Wi, SN MR, ZE. )R V. IBE
Heilongjiang, Jilin, Liaoning, Hebei, Shanxi, Shandong, Jiangsu, Anhui, Hubei,
Zhejiang, Jiangxi, Hunan, Guizhou, Fujian, Yunnan, Guangdong, Guangxi,
Hainan
VL i 22 0 INAR . VT, WL, ARk, vIvE . Wik, IR, AL AR TV Fi.
Amblyseius eharai AE]
Shandong, Jiangsu, Zhejiang, Fujian, Jiangxi, Hubei, Hunan, Taiwan,
Guangdong, Guangxi, Hong Kong, Hainan
L Tl 222 0 B TR T . IBF
Amblyseius largoensis Taiwan, Guangdong, Guangxi, Hong Kong, Hainan
TG i 22 Wl BRI, L7 Hw ., WE . VLR, P IR, VPR, ML R =
Amblyseius herbicolus H.BW. KW, B
Heilongjiang, Liaoning, Gansu, Henan, Jiangsu, Sichuan, Hunan, Jiangxi,
Guizhou, Fujian, Yunnan, Taiwan, Guangdong, Guangxi, Hainan
or LR At 2 0 I de . IR, IR, WL VTP . IR . SN, fEEE. TR
Amblyseius largoensis Liaoning, Hebei, Shandong, Henan, Zhejiang, Jiangxi, Hunan, Guizhou, Fujian,
Guangdong
PR AR At 0 L0 T /T WA A N 1 I /= SN SN |
Amblyseius ezoensis Sichuan, Zhejiang, Jiangxi, Hunan, Fujian, Guangdong, Guangxi
1 [ Ao 2 W BVL. AR NET L dk. WE
Amblyseius firmus Heilongjiang, Jilin, Inner Mongolia, Hebei, Henan
i 7 At A WG YO58 WL, YIPE . WiEE . fRE. R
Amblyseius obtuserellus ~ Jiangsu, Anhui, Zhejiang, Jiangxi, Hunan, Fujian, Guangdong
B/NGYEIR N TN J . . W, = (NAEZ)
Neoseiulus  Neoseiulus californicus Guangdong, Hainan, Sichuan, Yunnan, and more localities

(WAANES AN
Neoseiulus barkeri

TR PR /N b

Neosei ulus womer sleyi

B S0HT /N
Neoseiulus imbricatus

H RN
Neoseiulus makuwa

WAE. AR, PTRG . BRPG . LBL. Wb, P, R MRS, B, m.
JUIRL TP MRS AR

Hebei, Shandong, Henan, Shaanxi, Anhui, Hubei, Jiangxi, Fujian, Hunan,
Taiwan, Yunnan, Guangdong, Guangxi, Hainan, Hong Kong

WA IR VLR, B WL YLPE . SN fRE. TV BB
Hebei, Shandong, Jiangsu, Anhui, Zhejiang, Jiangxi, Guizhou, Fujian, Guangxi,
Taiwan

Ln. VLIS, BIRE. MR, AR, 0. R . REEWLX

Jiangsu, Jiangxi, Hunan, Fujian, Guangdong, Guangxi, Hainan, Wuling
Mountain Area

BV, AR T AR R IO Z I, widk. e,
M. SN, . B, 2. TR T, R

Heilongjiang, Jilin, Liaoning, Shandong, Gansu, Jiangsu, Anhui, Sichuan,

Hubei, Jiangxi, Hunan, Guizhou, Fujian, Taiwan, Yunnan, Guangdong,
Guangxi, Hainan
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43R 1 (Table 1 continued)

I g G X
Genus Species Distribution
BN R TN R, =, B TR . B IBM
Neoseiulus ~ Neoseiulus longispinosus  Fujian, Yunnan, Taiwan, Guangdong, Guangxi, Hong Kong, Hainan
v LU/ N2 gl WA, 7R, R . LR TP . fm
Neosei ulus koyamanus Hebei, Shandong, Henan, Anhui, Jiangxi, Fujian
JF5 L /N2 0 IR, ATRE . WOVL. YTV . IR . SO
Neoseiulus lushanensis Shandong, Henan, Zhejiang, Jiangxi, Hunan, Guizhou
L SR /N 222 0 BRI, BiEE. HARL OLTVE. TR T
Neoseiulus subreticulatus  Heilongjiang, Xinjiang, Jilin, Liaoning, Jiangxi, Guangdong, Guangxi
FLEZU R Je [C EL 2206 e, WL, . ER. LI, Wim . M. fRE. B TR .
Euseius Euseius nicholsi g . ERBEILX
Jiangsu, Sichuan, Hubei, Chongqing, Jiangxi, Hunan, Guizhou, Fujian, Taiwan,
Guangdong, Hong Kong, Hainan, Wuling Mountain Area
o5 2= FLLZ U Hoir. b AR BRYE . VIR, PO
Euseius finlandicus Gansu, Hebei, Shandong, Shaanxi, Jiangsu, Xizang
B 152 L 22 0 LA P, B VIV fRE. M. B R TP wus . M
Euseius ovalis Jiangsu, Sichuan, Guizhou, Jiangxi, Fujian, Yunnan, Taiwan, Guangdong,
Guangxi, Hong Kong, Hainan
T VF ELAIG WWAR . L8 WL, . oM. B, R, B
Euseius aizawai Shandong, Anhui, Zhejiang, Fujian, Yunnan, Taiwan, Guangdong, Hainan
ITE EL2 06 R, =F. B R, M
Euseius circellatus Fujian, Yunnan, Taiwan, Guangdong, Hainan
L 3E EC 2 R, W, /. M
Euseius vulgaris Anhui, Jiangxi, Fujian, Yunnan, Hainan
IR 7 E & W Typhlodromus PUJI . #7YL. St . W, G, )R, Fi. BH
Typhlodromus (Anthoseius) bambusae Sichuan, Zhejiang, Guizhou, Fujian, Taiwan, Guangdong, Hong Kong, Hainan
HefE W Typhlodromus 327, db. AR, ZE8, #iyl. 7078, iR, e, 8% . &, 7
(Anthoseius) serrulatus Liaoning, Hebei, Shandong, Anhui, Zhejiang, Jiangxi, Hunan, Fujian, Taiwan,
Guangdong, Guangxi
FMAEE EW Typhlodromus fEE . 1. 4. T 74, 6
(Anthoseius) Fujian, Taiwan, Guangdong, Guangxi, Hainan
transvaalensis
b7 EEWS Typhlodromus B gL, 107, VL. 8. 6. 7
(Anthoseius) borealis Heilongjiang, Liaoning, Jiangsu, Anhui, Jiangxi, Guangxi
h 22 15 7 A 2 g VLN, WL, YLPE. 33, e, 2. B8, TR, . B
Okiseius Okiseius subtropicus Jiangsu, Zhejiang, Jiangxi, Guizhou, Fujian, Yunnan, Taiwan, Guangdong,
Guangxi, Hainan
JB 2R R e 22 TLIn . Wi, R, Mgk, JLPE. IR, WiEE . SR TP R . S
Scapulaseiu  Scapulaseius okinawanus =Rj. FHHE. 65

IR
Scapul aseius newsami

Jiangsu, Zhejiang, Anhui, Fujian, Jiangxi, Shandong, Hunan, Guangdong,
Guangxi, Hainan, Guizhou, Yunnan, Hong Kong, Taiwan

M AR ML YO0

Fujian, Guangdong, Hainan, Jiangxi, Hong Kong
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4% 1 (Table 1 continued)

J& if G XA
Genus Species Distribution
RIRJR 22 AN NN A Wit I 1 LI 1 <N = R N I N 53 3]
Scapulaseius anuwati Jiangsu, Jiangxi, Hunan, Fujian, Taiwan, Guangdong, Hainan
KIBJR 225 LT AR AR VLR R PN WL VIS MRS . SN AR

Scapul aseius oguroi

YA 2%

Scapulaseius asiaticus
ANEEAR TR A RN
Amblyssiuldla  Amblyseiulella paraheveae
RIS 2T DA 22 0

Paraphytosdus  Paraphytoseius cracentis

AR5 PR 2% H

Paraphytoseius orientalis

RlZzfelim I8 IR 2218
Paraseiulus  Paraamblyseius soleiger

RUEEWE AR
Typhlodromips Typhlodromus ainu

TARE AW
Typhlodromus syzygii

HH 2% U )& B b AE 2205
Phytoseius  Phytoseius hongkongensis

T A 22 05
Phytoseius aleuritius

A R 22 0
Phytoseius coheni

KA
Phytoseius crinitus

V] A 2 Ul
Phytoseius fujianensis

H A A8 222 35

Phytosei us nipponicus

LR V. R
Liaoning, Jilin, Shandong, Jiangsu, Anhui, Sichuan, Zhejiang, Jiangxi, Hunan,
Guizhou, Fujian, Yunnan, Guangdong, Guangxi, Hainan

LPE. Wi, . =M. AR T, B IR

Jiangxi, Hunan, Fujian, Yunnan, Guangdong, Guangxi, Hong Kong, Hainan
WL, YLVE . WM. . mML R

Hubei, Jiangxi, Hunan, Fujian, Yunnan, Guangdong, Guangxi

VLVE . IR . SN RRE. mE. B TR L wE. e
Jiangxi, Hunan, Guizhou, Fujian, Yunnan, Taiwan, Guangdong, Guangxi,
Hong Kong, Hainan

P, WIR. SN, . =M. G TR T, T
Jiangxi, Hunan, Guizhou, Fujian, Yunnan, Taiwan, Guangdong, Guangxi,
Hong Kong

MO, Hrem . L7, wdb. A, L VLR

Heilongjiang, Xinjiang, Liaoning, Hebei, Shandong, Qinghai, Jiangsu

PUNl, YOPE . IR . SR M. T4 TP, R

Sichuan, Jiangxi, Hunan, Guizhou, Fujian, Guangdong, Guangxi, Hainan
PUil, YOEE . ML R mF. TR S

Sichuan, Jiangxi, Guizhou, Fujian, Yunnan, Guangdong, Guangxi

INAR . Ygn. WG, YIVE . S, dEE . =, BB TR T B
1R

Shandong, Jiangsu, Hubei, Jiangxi, Guizhou, Fujian, Yunnan, Taiwan,
Guangdong, Guangxi, Hong Kong, Hainan

b0 AN 7 S 1 R s [ A

Hebei, Shandong, Henan, Hubei, Fujian

TLPE . Bttt mm . B R T B, B

Jiangxi, Guizhou, Fujian, Yunnan, Taiwan, Guangdong, Guangxi, Hong Kong,
Hainan

W, =, B R, . FE. R

Jiangxi, Yunnan, Taiwan, Guangdong, Guangxi, Hong Kong, Hainan

SN R TR TV, R

Guizhou, Fujian, Guangdong, Guangxi, Hainan

SR N N € 7 SN (= AN 00 NN 1 D BN 77 | AR I Wi I I 2N 2N
THL TR T i

Liaoning, Shandong, Gansu, Henan, Jiangsu, Sichuan, Hubei, Zhejiang,
Jiangxi, Hunan, Fujian, Yunnan, Guangdong, Guangxi, Hainan

oA X3 2R AL R R HES

*Distribution zones are arranged from north to south according to the latitude of provincial capitals.



5 4

AR TR IR R B B TR ST ik

+ 1369 -

R2 EVMETSERARSROEEHITH M

Table2 Key predatory mite speciesinvolved in biological and ecological studies

B J& il
Family Genus Species
T 22 4R UN i B/ 4% Phytoseiulus persimilis
Phytoseiidae ~ Phytoseiulus
KB Amblyseius orientalis, HEJI4HZ24% Amblyseius tsugawai, ¥TJFfE%%
RS i Amblyseius eharae, i 7 £l 4% i Amblyseius largoensis, % f# 7 fii % i
Amblyseius Amblyseius andersoni , ¥ F 4l 4% # Amblyseius hainanensis, i [C 4l 4% i
Amblyseius swirskii
TNz s Neoseiulus californicus, M EGHT /N Neoseiulus barkeri, 7KIK
/NG R B/ Neoseiulus womersleyi, SUEHT/NZH Neoseiulus bicaudus, AT/ NZ
Neoseiulus i Neoseiulus fallacis, % %7 #i/Naiili Neoseiulus agresitis, 7 & 55 4 /)2 il
Neoseiulus setarius
E ZFH N Euseius aizawai, JE K E 2 Euseius nicholsi, JEHE.Z2ME Euseius
Euseius castaneae, 7%%EL#ZM# Euseiusfinlandicus, UPIR EL47%% Euseius ovalis
HiEE PrEEY; Typhlodromus bambusae, #EMIE &4 Typhlodromus serrulatus, FgE
Typhlodromus HEW Typhlodromus (Anthoseius) transvaalensis
i I b2z i Okiseius subtropicus
Okiseius
JA I ) i 8 425 Scapulaseius okinawanus, 41 K8 224 Scapulaseius newsami
Scapulaseius
B A 16 )R T ERRIZZ1EHE Paraamblyseius soleiger
Paraseiulus
BT E )R B4l £ i Amblydromalus limonicus
Paraphylloseius
el 196 ) P 5 #5E % Galendromus occidentalis
Galendromus
LU 22 1 & B8 P MR 4% 22 5 Proprioseiopsis mexicanus
Proprioseiopsis (%544 Synonym: />E4liZZ4; Amblyseiulus asetus)
PR Wikl R Lt dd  Blattisocius dentriticus
Ascidae Blattisocius
[ Ty X BIRBEY; Lasioseius sugawarai, HAEZL Lasioseius japonicus, HRIE L L%
Blattisociidae  Lasioseius 1% Lasioseius scapulatus
D ek e D s e BIFE AT SQratiolaelaps scimitus
Laelapidae Sratiolaelaps
KR PR il FUR M Agistemus exsertus
Stigmaeidae Agistemus
250 B ol ) LSS Allothrombium pulvinum, BRI F405  Allothrombium ovatum
Trombidiidae  Allothrombium
KRR NI [R5 AR5 Anystis baccarum
Anystidae Anystis
A £ i R ARy L SH A& Cheyletus malaccensis, ¥ P& Cheyletus carnifex, i &
Cheyletidae  Cheyletus i3 Cheyletus eruditus
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PRI SR 5 R AR A FAR AL
IR A 20, M AE R TR, MR
RIUMEGREENS S, (LRI R/ Ma 2%
WS B, PRGN I AR OCHE K PPIHAMT
Ml PpKr-hl ik i Fb o W R A2 IR A
PpECR 7E % | 7]Vl 222 8 158 Kz B B 7T fig i o G Bt
YEF (JERIIE, 2024 ),

MEAERK LB 2321 Z R K T 52,
T R 2R A2 BRI DG o BRIl B W AL UAN []
R IY) K B B O Rl , Qs 2
FHAR R/ M2 (RS, 1982; FFEARM
#HEDY, 1987; B, 2017). MIHT/INEE
i (FERFRIZEIR, 2015 BE###4E, 2018, 2019a,
2019b ). LR/ EEm (B EAESE, 20125 Xia
etal., 2012), WIJIGH /NGl (245555, 2001;
TR, 2002; BAIESE, 2016 ), BUBHI/NE
I% Neoseiulus bicaudus (Li et al., 2015). fh%ii
2l Amblyseius fallacis ( 5k J5 2 fIFLEE, 1987;
PhH A5, 2010 ), RAEHREISEYE; Amblyseius
andersoni (Lietal., 2019 ), JE [RE 20 Euseius
nicholsi ( EPZE414%, 1992; Wangetal., 2014 ).
O 5] EL27 0 Euseius ovalis ( T-###45, 2018).
4 AF L B 9% 2% % Proprioseiopsis mexicanus
(Huang et al., 2014 ) FI1TH £ Typhlodromus
bambusae ( XIPF4E, 2002) 45, pbobh, tfofEt
R R, a0 R R A B
Cheyletus eruditus ( Zxt%, 2005) 55XH KA
8 Cheyletus malaccensis ( Yin et al., 2019;
Sun et al., 2020). WHERHPGH &S Bdella
tropica (Chen etal., 2011 ), SR L EH b b
Blattisocius dentriticus ( 754, 2014 ) LKW
R H A 2205 Lasioseius japonicus ( Zhang
etal., 2022) %,

2 W 3E E A K R B A R AE 25-
28 °CEAT, Wik AZ RE SI AN . VU R K 2E W5
TR A% A A 2 A T DT /)N T o
2, S E 2 4 1~ MAPK( Mitogen-activated
protein kinase ) PR, K EAIHIIE G &
A v 3 07 AR (1) L BT /) 2% Ml ok v ik 1) i 32
P (Tian etal., 2023a), TENNHHT /NG b &

BMALRPMS (Tianetal., 2023b ),
222 AU BHRIEFRURIIERE WA
2RO/ NG FEY), AHE g i
FyEL. A& (Livetal., 2019; Fuetal., 2024),
dpp i (BRI, 1988 ) Mkl (T EE4E, 2012)
%%, McMurtry fl Croft (1997 ) F1 McMurtry %5
(2013 ) MREHEZW T, B Uk,
FLAE L E (5 128, ik
PR E (BB 125), ZRMEMEH (BI2E)
KMEEAEM A EE LIV ), RAR (2008 )
FIZE T [ A 22X DU B MR — SE E RN
Liu &5 (2017 ) 3# 1 Xof 25 i 2 06 S5 A 45 +4) 1) B
GO R B PR SUA R I H AR SR ARG, O
5 RIS B A .

P 22 TCHR 38 3k 20 B B — %ok A2 A i
i B S OIS R E AR 5 RO IR AEAR
W BAEIIA B . HEMY) L 53 A 5 IS )
FEN (FEEEBESE, 1995; Munawar et al., 2023 ),
Su % (2021, 2023) BF5E T 3 FOARE SRR
WEATB SR 1YY ERIERES, 43T TR 2 Y
JOBCR, JFERHE T MRS bR IE T
Wu 4§ (2023) Fl Zhou % (2023) 45l T
UL ECHT /N0 R )/ 22 W WL AH DG OBP il
NPC2 BEH R IE5IEE, M ETT R 5
R A .

AN, B XA AN R & B B BOAF R R
Pk ATRE T AR/ B ], A 22 K 2 X 3
HCl ) B98P . g (i) RINTE IR BB
fHOA [ Fh i S PRV A 22 51, 0 2% == H 2
Euseius finlandicus X LI 4 it 4 Tetranychus
viennensis B A B I 19 1E S 40PE IR R, 1993 );
M5 B S W5 A0 EL , M /NGl B s AR b i
I Tetranychus cinnabarinus f45 5 ( $E I,
2015 ), RSB 2 v i, AR nT (R
B AN 0 | &5 SO El, FERIZEREh A
[P, HARPEMELA 2200 o BURHT /N >4
¥ @ Bemisia tabaci 5 + H- H 7 30 i B
Tetranychus turkestani 2Lk B, X5 # e £
o (FHEFRSE, 2020 ); VLR ETZZNE Amblyseius
eharai 7EAH% 42 )TV Panonychus citri . A #5 &l
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Dialeurodes citri 5 # }j#i th Thrips hawaiiensis
LAERT, o = IR MG 4 T 2R 647 55, 2021 );
)14t 220 Amblyseius tsugawai £ 5 -l
Tetranychus urticae 4% FIAEK DR, 24P [A]
A PR LA R 2t s, JHEAN R I I 1) BBt
P ( Yang etal., 2019 ),

TIRE S A PEAN 4l 12 4l B i R B AR AR
Z—, ZPHZIE D RE RN A S A —
T £ g 0T — AR A, — i T LA
(2587 LA, 2001 ), JUFP S % —FhEd (6
A, 1995, UL aE, 2015), Dh—ieA:
YR E (5%, 2015; Liand Zhang, 2020 ) 5
AELEY R AR B (2 K285, 20135 MR B4,
2016; ARZEM%E, 2022) XFIHAES N RIS
N ENIOR e /R DR Y e N A S e 3 (11
(JEZARTR 2, 1989; FKBIE, 1993; Song
et al., 2016 ), JIVlk (VLILAESE, 1988; fifsik
A, 19935 HEASE, 2001; %ME5E, 2008 ),
gl (RESTAESE, 2005 ), B (2R,
2003; Lietal., 2018; Zhang et al., 2023), &
W, ] S (EREBRTINRE, 2006; 225,
2009; Yao et al., 2014; AL, 2022; Zhu
etal., 2023), ByE\l (#iHHRSE, 2018 ), AHEL (Fu
etal., 2024) DI RIHFE N (Sunetal., 2023)
2PN A A
223 ZYMEBSHEBERFEE HTAESR
BRI A, — P A5 —Fh B B ARG
ZAEAE P H B RIS A RIBR T, AR 2
RGP kY . FE L KRR SRR R A
VENZ 85 | R T AR R E A, 35 A 2
AR AL R e, PR GBI B ) B R 0 L R
WENE W o WA B KRGS YA NG LT
RO & 4E A (Intraguild predation, IGP ), Xf
16 3 F B HA R IR SE 3 L 28T 5T 3%
By, FETCAEW IS LT, et ) sl i 5 R
Tl B SRR HR A KA IGP, TS B RS A 22 ik ik A
S e B B AT A F AR, HO R A
R LETE R/ NI S (SREERESE, 2016 );
MR AETE R R B BRI LT, 2 55
IGP ( Zhang etal., 2014; J53% ©4, 2021), {H

W Z BB HE XY SR (R gER
S, 2021 ) Y RIEAREEEE S U IRHT N S
KNt Tetranychus truncatus 5377, UG
BT /0N Wl FR T Pl T O D %o e A R e
AR B, L AR A 2 0 E R BUAH s i & AT
R, TR AR AT P 2R D T ISR A H f57 ( Chi
etal., 2023 ), Liu %5 (2023 ) BF5T L EC /N b
EjE4 75 5 8 & Scolothrips takahashii 7EEZ 554
F, BRI, ISR 5 AR B e
ey

e 2y G, B AU s e
WG TR, 5RE EAEREZ
KVE . W/ Nt TRIER S AR, AHER T
ity MELISE AR E AR (Wu et al.,
2018 ); X ZIRE Il 5iR B0 PR 14 AR R AR XS 5
FIAE 26 BURTE (Wuetal., 2016b), K
BN TR AR AT, B 24 h JFTE
HARNLGE (Wuetal., 2016a), {HEH /N
6 BT 28 AR IR A6 T 25 Ab B 12 h PHAE AT D
Frankliniella occidentalis #1554 L J5, Al HESE A
KR RER AT, 200 B a7 T
S (Wu et al., 2015), BR T 25X 6T 94K
FiHh , Niu (2023 )k 3 FC /N 35 9 NbSpz-1
SR ST AR AR YA G, Y3 R Bl R
Jo, UL EROB/ING M o] 1 AR A 42 e P PR 23 AR

WAEAEI RS | I KRB A E SR
Porh A5 A . Yan % (2025) dlid 16
RNA WPk, W98 THEY (235 BIAN
). B FE R IME I B D = 0E
FERGHREYIEhA, RIAFREFRHR A
PIREEAE R 225, S EFRIEYREE D>
BT HAT—EHRE, RAMEKEE Pseudomonas
MIZEHIAT & Bacillus WIS FE R I, #iE
PR ik R AE 0 3 S R N A TR T TR G AR
Mo 3 R R R A R s e 25 7, i
WG HE T 1) T2 DRV U o BE AR, A, Al AE
P B /N 22 0 ) T2 W B I S 25 B
AR 25 . WILAF Methylobacterium
S E AN Senotrophomonas [ FE 275
AN TR 28 ) /I 2 gl 1 3 B 5 R ) A A
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Kt o BT UL AN [R5 IR G ol i v 2 B
SIRMBIA KR

2.3 HEREHFFIREEEFER S FHE

AL 22 i A0 AR 0 A1 ™ e IO A= B = — LA
Zo, P A A R R £ R R A=
BT ACHCIE F= R B B, A DA AS L
JrRer =N, HEsE IR R AZ RS IR R B R, (HEIN
fE ik . HATAL & B 2 B B /N 42 4 Neoseiulus
agresitis JPIUHE = MEA= 58 (Fu et al., 2025), %
Tl ¥ o 2 AT i il

FE 2R B i 5 A LU AR RS OE , BRI
JINKEL B MV HEPT 3R 3 80%41 , Hee A 2 i J5 X
WEPE L2 R 67% A o — e A s AR A IR R Y
AIRERZ M RS AR PE L, WSSl (FRfqR fnit
KoE, 1994; Lvetal., 2019), &Y MRE %
Ji (Luetal., 2022 ), 8 FOCFH (224,
2020 ) %5 ZHh EZXHEMN A R

bl T EW SRR R R, 5 AR E Bt 5]
I3RS AH SR ) EE LI R AR LA SY , 4 A1)/
7201 RpL11, RpS2. transformer 2 L4 (Bietal.,
2019 ). doublesex £:[H ( Wang et al., 2022b ),
sexlethal 2[5 (Lietal., 2023 ) M Z A2z iy
Vg 2 [A ( Jiang et al., 2020; Wang et al., 2022a;
Zhuetal., 2024) 5, LA EW5EidE L oA AR G A
KL TIHE , LAY I AP ) 08 4 A A FH S
PRIAFEHLE] o BLAh, FESZuEME | b R A vE R
Gt SR ARAH AT , I T B R A2
§i &% B 4% ( Jiang et al., 2019; Huang et al., 2024 ),

24 HERHHLEREBHERED

B A B9 1 4t B e T g s g A
TAEYIAESE o 3 TAER, A2 LA T K iE
) %2 3¢ . Wolbachia 7 B B 5 i
KL SR, (AR & AR IR R Al 22
MR R AR . B RTHRGE i — 28] LIS i &
I A B A 25 TR N0 I, B0k A TR 5
Y, WTREAS B A AE T A T IS 5 20 s
75 K

T8 B 05 R N A R E TR A LA N R R B

AR YIRS, SR B i S R R
Kyt e e, BT ERAE i Amblyseius swirskii
MRS B-ZAEPEAZ ) B 252, 1 2R 7 il 2%
W6 55 U DR /N W AR G W B TR 45 40 2
BEL (Yanetal., 2024a), FEWAY, I
/INEE W 5 T ORI /I 23 i BBCEE N T AR 1) 4 7 2
FEME S B AER 5 B i i B35 R R, HEE
R R Rh %), Bosea sp. #5275 P Fli £
0 e AT R ARG L SR A C A ) o X PR R
U6 T (R AR 1) N T A Ak L 0 B 2 A Tt J 3
[d ( Yanetal., 2021 ),

TEAEZZ A, [ B b fe TR I R /) VA 22
1)L M 250k 14 Acaricomes phytoseiuli |12 fE1E T
KR AL S SE B 2= A EE T (Gols et al.,
2007 ), TR TE E NP dA A28 (Xie
etal., 2022 ), YL A EHERIEE 3-5 d RiAT
FET-—2 LA b, RIGHAF I %) e i 20 ) Kt 2t
N TR, ZHAEE TIHE SRS, A
/MEZEZ Y 1 d 5, 4 N (tok, HPB,
DUOX #il Peroxidase ) 3% b i, 1] LL5L
Al RES 5 T8 R /IR 22 35 17 %k 40 T G 1
KAPER Y (Chen etal., 2025),

— B3 T MR AF 3 B S B
PEJ7 A 5 AR o B /IR 06 v ) 4 5 3
140 Senotrophomonas maltophilia, I B B
BRI 0IE G R, AR . KB DI
RN 5ty AT R, (E AT B B R AZ 2L
Y T# Acaricomes phytoseiuli B 3L 1 XU , 5 Xt IR
BT 30> 20% ( Yan etal., 2024b ),

25 HRWHEERAFEHR

i p S QN S AR oy e o Y A Y K TS
KR, BEEMTEARMTE R, AU SR i
HEA B 10 NMFAT T LR RILH AL ) 7
G CHN ozl . 3T ICEizzdl | IR /N |
TP /NG | VTR | R NG | AR
Dy Bl | A TR /NG | e G L R RN
fa22 ), IO /N b ( Zhang et al.,
2019 ), BH/IMEZZE (Zhou et al., 2025) F
/N (Livetal., 2025) X 3 MRS SE
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T NP RN R AL  RERE  HATEEMEZ: AT XJF & 7 8 6 BE Acaridae | 2R W Bl

R SE R T 4 AR RV T E Ak
Typhlodromus occidentalis) (32, Hrp 3 4
#BK AT AT A, 5 BH [ A ) g 2% 1]
A by #E A2 R B SR BT

FEFZAR I RE AL D 5 RO it o v, IR Z
FE R FGEHA BTy S, Qi R A i R (i B
2021), PHAERRZ AT | By miEHER (/)
K, 2024 ) %, HhEZryeie SAZHCH 4
i 38 0 R R A B S TR B AT IR S A Al 2
B o FALTI R e RS, G E % P450 J
K% (Cong etal., 2016; Tian et al., 2020;
Yu et al., 2024), #MHIKEREEZEE ( Tian
etal., 2020) 5. MAMAA — L fHPRAF 1Y
MAPK 3 % JE K ( Tian et al., 2023a), HHE
HSP 5k K 51 S5 AR TEAT 22096 A BT i 55( Chen
etal., 2015; Tian et al., 2020, 2021; Kong et al.,
2025 ).

3 MUY ESE™

20 g 70 A0AKE] 80 4R W, Wi
7S 2P T S S O HEGE A /N2 S E PR
A Il RIS P R R R 2 B
MRS, SRR SRBAZTE 1995 4 [ bRkl
FAEY R b B PR R BRI S5 5 B K
A R BEE G A I E BR AR O i 2 i )
PE7 b, SR E B R R kA
TEAB AR AHE SN T, [ P4 B I RS Ak A 7 128
HEAMRAIE . B, WA &bk & R TE
KECAHIL 30 FER TS,

31 FEBRIAHREREMESIMER

i, FRE AT RIA =2 AV 22 | LI
NG TN NG | AR R . BUR BN
s BB VG AL RTAR 22t . ST . B
/Nl B Pyemotes zhonghuajia (77
AR ) FIE S H R AT 10 RF M. X T
i G (28 128) s, HETRER
FHE¥EARE Y 37 . 58 IL-IVER &, 7 B
FIFH S & &g Tyrophagus putrescentiae 17| 75 4h,

Carpoglyphidac 2 i F51 #l  Winterschmidtiidae
FZAF RIS Y R R
Carpoglyphus lactis 7 5% 7= 6l a0 (SR ALaE
2014; EAAMILE, 2014, 2015 ); 45 K45 (2022),
Zhu 55 (2023 ) 4350 F) F AR R DL LG /)N BEUpR i
Oulenziella bakeri 157 RLA# 4l 2% i Amblyseius
herbicolus 5B /NG, e B0 I A5 355 kg 9 o
MW BB Y, BORIE G KA, I
Hb, TERASE W ek s in 2 B R PR, 38
1L AL 33 7 TR B TT i B v A 1
Bt 554 772 % Huang et al., 2013 ; B BESE, 2015;
Lvetal., 2016 ); ZEAEM IR IR REARL 22 (2 it Je
[ ZZI6 () B A %0% (Jinetal., 2023 ),
SR N T ARDRE AT sl A 72 3R, A

AR B B KT B, I —
B E bR RS At B S, Song 5§
(2019 )AF5E T FI T AR L2435 M 8078
2 5 b AR ML B2 B R Y R I T i A
BAA AR T RS, WF 9T T i A B )
BT M b A A T AERHEC )7 (He et al.,
2019a,2019b; {7k 4B %5, 2019 ; X1k H 55,2019 ),
ALFE IS A TR AR, BWFST T il R difi i i) 1
e 5 =Bk, 2016; X, 2017),
DL N T AR BRI 45 o T P A2 J il A
TR 40U N 45 T 5 Ml 1 3 o

32 HRETREPEEAR

SR SR, AR, 8
FESL VI o (AR HOR Y ™ A I IFARE S L
TEFHTRPRETR , & Rt foe 6 R B 5 3 o V& I
5 )Xo 4 G 1 2 R A 25 S (XA 46
2012 )0 12 °CHAMET , WU/ INGz i ] I8 35 d,
XPHA R | i b SO A B I (R
IAE, 2021); AR RETEA R T A 2R
458 (Heetal., 2019), {HREHUS 75 8] 2 FE
B &SR YR HE e

33 SRR EERRE
Biti 25 7 R AR 4™ R B A P et el ) S 4K, F
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5 0 e BRI 2 37 0 TR R VS U T A A [
T B b A AL 36 25 ()80 ( Xie et al., 2022). It
Ah, TR N, RIERMELIRS, 2500
PR A S G O VR A e R, A 7 A ]
PR A7 A 22 P B R R AR Y TR R, B H AR
T3 2ty LAt ol £ 5 o 205 e L R W AR
ERTNNEIWN SN i N N Tl e Sy 3 N
DR L R s ot o e W) 5 W B I AR 5 A

4 BRHBEEEEMHEDRIINA

20 tHhed 70 KR 80 AEARKD, XA
149 1) = A BT H (] O 4 B S 9 3 /N A ]
FRER (EZOYSE, 19865 KIS, 1987;
RSP AAE, 1992), FRIEEE )iz Aok g A A
BB 4 B W )7 e A A 06 5, U T ARG B R
ROR (R F5E55, 1984; RAGRIMIEESCH, 1988;
SRS, 19945 BWIREE, 2008; 2B FIRR M
L, 2025 )0 BEA FEBRal e A S R Ak
1 & T, A M A AR BR A, (S
FHASE FH () )07 FH R AT RE

TG, A B a6 g R A D E LR
Y R BN SR E g H R N R EREAY .
XSO A A 4E BRE i . ARAbH . HE
LS eI A R AU IR LY AR Gl ]
Eotetranychus sexmaculatus ( 59545, 2019¢ ).
R4 Tl Panonychus umli . R A7 42 Tkl | 452
. MLkl & RKBEMYE Petrobia latus 5 4 A
Wik Penthaleus major . PG E%} 5 /\ 7y ]
Thrips flavidulus . 4% # %] & Dendrothrips
minowai . FyEl (HERYEL ), AREFIL HAE,

HU, AT AR DB LR SRR R 3
ZRERET MR A AL 2R A . RSP
B G I R AR, anfRyp bR | AR
Bk BRSO PUK. AL OB, A BOUIAE,
K HEFE ISR | MG . SRR R TR
MHEL | AT | ST /NS, R AFERIE ( Chen
etal., 2023) FLFFM,

PR, AFEEYBIEREARN “—B—3" P
FIfFEfpE] “ZR2H7, Flan, FIHAEES
s, N8B A bT % (Sunetal., 2018; Zhang

etal., 2021 ) FIE QBN (Wu et al., 2017),
SR A 1 5 A= S v i i B A ] R 2SI R Y ST
PR o v E AL Bl 7 AR P A 58 BT 2 1Y)

PN e S W TR VA N DTE e o NI 1 2| DAV
AR (B AR R ER ) BHACR] “ ol i 4k 58
FARIN "o AE AT H T 2E =, |
() 5 T a4 RS B4l 2l 7 00 O S A, DA
M5 A EAYRIBF#E (Liu and Zhang, 2017 ),
WA L A B (1 Bl B 6 Amblyseius
herbicolus = A JI #r /)y 2% i Amblydromalus
limonicus) 5 FEEEL/EH, FT & 23] H4s
K #E\ Bactericera cockerelli [P #E%F ( Liu
etal., 2019 ), Fang %% (2018 ) A H#f & 54
WA 22505 2 i 3 ) o7 7 b A 2 e 0 (R L S5
(FEIIN DR EE W g SR E

5 HESRE

BIRFEE 70 AEREIR R Z ISR R AR,
{ELH 2 gl 4008 MABIE 5 30 197 119 8 2% AT A7 A
DRSSPk T, RS R A R A
PEADFFRA o I IO Z IR, B K7 Al
HR AP BHIT AR RLAR SN Rl A 4l £l
A FP IO, RIS AS A 23R T (AnER i |
FEEIX TR/ T RIXERRASD ) FReE
BN o T3S RE [ U B A AN
] MRy TP i o DX A o A 0 B RN A
(€ 2L RO B NS PN S P
Tk

AH P L S PrfaoR il i A
AR B F RST8], PR e AR PR £ 4
P = R AT ZE DR T AR A B
K, RmmPAL A S 7K, BT R B E
B TR B SRR AR 245, [R5 2eHE
PEF BT 7 i PR AR HERY T

TEN TR RERH I B AT, Aol
AR 2T %, B IR R KRR HEAL 1L
o DIR AR SRR HEm, IR A T3 BT
F IR BT PEIR B P v s o DU B R Y
REHEDR SR, BN 056 -5 22 By 42 1 it ) B
AN AT A= PR E AR B i SR
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