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Research progress on thrips in Chinese cowpea and integrated control measures
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Abstract Cowpea, Vigna unguiculata L., a leguminous vegetable, is more suitable for cultivation in the south of
China. Diseases and insect pests frequently and severely occurred on cowpea, with thrips being a major persistent
pest. Traditional chemical methods are often ineffective in controlling thrips and may lead to pesticide residue
problems. This review summarized the cowpea industry in China, the challenges posed by diseases and pests on

cowpea, focusing on thrips and its current research status. Integrated control measures for thrips on cowpea were
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also outline, including agronomic methods, physical and chemical inducements, biological control, chemical

control and resistance management. Finally, we put forward suggestions in three areas: constructing an IPM

system for cowpea thrips, strengthening basic research and developing control products against thrips, and

implementing a scientific use and supervision system for pesticides. It aims to serve as a reference for promoting

the green and sustainable development of the cowpea industry in China.

Key words cowpea; thrips;

1 RESZSFIEZRIR

L1 EE#ERER

915 Vigna unguiculata L. ,Jfr=FPEIE, F3HE
G AR TE R R T b X A5 AR v g 36
YLLK i DR 5 [ 0 DX, AN /DT 45 A4~ B 58 B
L HFZY 1 450 J7 hm®, P34 77 & 620 7 ¢,
TEFR L ST EARPR A S S HE A S P AR
WE N EENETAEY), F R X )R
IV AR SFE A A 67 7 hm® A
) 150 7 70 REGIHEL T UL S B
A A . R A SSRGS
Ak, ¥ g I G B AR AR 2. 17 7 hm?, 4F
PR 5501 07 €L OE 2R 1 700 keg/667m?, Mo,
2022 4k 2. 31 77 hm? , 477 H 58. 2 J7 t,

1.2 EIRFXERBEEHA

ST AR A IS B v i 52 B 45 Bl B AR
UOALZE 0 R I RN L T TR | e
W ol L P A TR ] R TR I R ) A
TRBEINIE T B E W R AR EDY AR, A
PR T 72 Ak R 2 1 Ak 2 R 24 ) RO B0 7
SE/INERL R HOB IR G IR A O B R B
A A PRI 7l R ) TR R Ak Y
BB ) B EE N 2 — .

i 522438 H Thysanoptera fi] & F} Thripidae
b, 3 i e i o T aS R B AR AT M e T
DI 2ok 7 GRS O 7 22 40 SRORE ) 2 A D A 0
SRR O AL AN RE SR I T E S R AE Y =
L VRS TR RN NN R AWLE: P S
B )t B2 P, R N T RG22 I
TR I SRR b, T B0tk 22 4R 24 B 16 M B2 3
HABCRARA, — H & A AR MER R . M FLE ]
A UL b A 2 32 B 3 5 KR (4 6
K&l ) Megalurothrips usitatus (BagnalD™ | fE %]
ty Frankliniella intonsa (Trybom)"" | 22 ) #i 1
Megalurothrips sjostedti ( Trybom)MY | /)N £2 % I

control measures; IPM

Thrips parvispinus (Karny)"?) | JIK#] 5 ( X 44 4546
# ) Thrips palmi Karny"™® ¥ g% D Thrips ha-
waiiensis (Morgan)™™ MR #] Ty Thrips tabaci Lin-
deman™ F1 K% 5t 78 #i & Frankliniella schultzei
(Trybom) "%, MEPNIMRIEMBURE , BN E
SRARYID B9 B 22 19 02 22 K By . R F AR R
| GBI 9% i 2 ) Sl R T fE R L UL
ST SR RS Ty N T TSN TS iy ]
] Ty, L e 5 A g AR A e R
1987 e R H 618 K F b4l Ho ok 4 oy &5,
1999 478 @ AL w40 205 16 2 I R AG Fn =
I | R 4R 3 (H PR R v ™ G TR 2
S E A, R0 g UL T E L Y T
M2 A A 7 A G AT T2 D& 7 R0 ey B EE R
TEIE R 5 538 K8 7 4 ZR UL S i A A F AT
R FL2E R 7R 58 i B KO AR S R R
AAEUL A /S5 ST 1 SRR R R
X BL 53 B 6 3 B T R TR A AR DR 1Y 5 R
T BT R R R A B A Ry
FAEYH AR RE L .

2 KEESE SRR

1 Web of Science | 5 2 &£ i ia] “ cowpea
thrips” ., & 2023 4F 1 H , @BRILE F2ARI18 3 354
T Herb R SR SCGIF A U 2D 18 f . A
HR T CONKD 4 38 32 88 i) 01 5 & 1 7, i ==
2022 4F 11 H 2 H R RFARIB I 140 K.
NI 5 AR SCIR A BE A v [ 56 T 5L 2 i) By )
WoE Rk 40%, S5 EFRBCHIEA 20 K
ZK s AFER I BE T« 5 A AR PR AT A Ak ST
Horr, & SCHRAE 10 G LB AR IR SRy v B A 4
AP Bk B T S AR AR T T T U R K AR R AR
My A R A =T R BB BRI B . AR
W R FIR S B B3 H & SRR UL & 5 i 5T
bipERC B ROk i EP I i S & S U NEP IS
(R E SONEP &tV e s UNEP 3D S s IR IS



e 12 - 499 45 17 2024

RINEH EFFEA H AR RS MR 9 B
DA B X R A B AR I H

254 Web of Science F1H [ 501 R A Hp [ 22 5 &
TGS, 95 % LA E L SO s . IR
BN R , FE R A AT D LT 6 5 () 3L
AR AR, 3 R 8 T A S T R
P HEGEABTIRE N 25~30C, L= B
K IRRENRFENHHEBX . LAFECYE 12 A
ZBAE 3 ) IR BE Dy i) B ) K i A R R E
PRAE T AR5, H AR v W I TR UL G AR, B
ERENM . DULGHE] SR PT I . M SCHER
S NESE S SN SR IR RSP O AL e o (e o
TR BE T, BLAS [ DX 38 i) e 1 /K OF A 22
S, AT AT /2 R Ok b, 3) B R A 2
T 255 A0 E () B 3% Pl S R A I (g T 24 ]
A B AN [ DX 35 1 FH 245 25 R 245 > 158 1) 2 5 2
fh2pg 25 5l o — S K ) E A . D
FINGR TN e E G s NI ES L B @ 1=N DK = R s
AT e LAUFH (] B 50 9] 15 1 40 o 25 1 L s /K
HEAE B R A9 A B 34 s b LABE AR, HOA N
FHYIEEBEIG o LARFFE 25 EM L 2EBEIR s d
DARAP VA R 3 RO £ ARG . 25
AT B AR B B A F 9 A R T ) 8 B
F G E KRR Dg RIS AR
] S F (0] Ry H AR, S R P PR LR R R =
LA FR T TR S S

3 HELESEGpERRK

3.1 REHENE

REFMEPON N R AT IZ e HIRE S
WA HAB B 161 5 2 F AW 45516 B (inte-
grated pest management, IPM) {A& & 2% i) )5 32,
WA S AR R . & FLA) CFE) AR LA K 1 7ol
AL 25 TR RN ] 2 A 254 Tt P e D ) 3 HL R P
AR, FEUL G iR B UL T S R A RHE
Py 0 T KR g B TB) A RT3 AN R T R A Y
78 N T o 1R TR o S NS o S
B e B PR B AR T B R A L
EORFE 1+ VA7 [E] AR MR AT A5 d5c ARG 3 Lk AR
WEEDY,

FAE DT HL bt A A R0 BREL 2 %0 2 (Y S . H.

LA R R AT AR AS A A R 2 i G R
AR RIS ™ SR B A B AR %0
JEPH RN IR S E RN . AR AR REL
1) 5 L AR X, FfAE D7 5B AR A, BTk T 90 %6 LA B 1)
TR [l ARt 2 R R R R AR 2 A
Tl 4 5 Xof UL ] A o ARG A I T B
R e 1B d L= LN

3.2 BUBHEEAR

57 R PR 8 2 1A 7 gy o R 0 A i bk B
910G — T 15 5 HL 2 PR 0 PR it . A B 3R S ik
B LA RT 432 2 s 430 R 2 A B R 4 [
3 T 2 B H RV 25 15 b A E R — P i SR
5 Jri 2 B R A AN UL 2 A RN L s 4
BRGSO A B — A 2~3 m, 60~80 H
C“H IR AR N _E A FLIR % H . 60 H A1 80
H % 7 B FLAR A 3249 0. 25 mm F1 0. 18 mm) . Bl
TR SCHEM T E RSN . T 1 BTE
BORE AL TR FE . R X A5
W, FH 80 H B HU M 43 1R B4 il i 4 4 6] XAk
L UL GRBOA A ER 7 d F 14 du 7= 5 23 4
56.5%0F1 50. 1%, 5540 [ By 1 ) b BEAH 4
HIp7 s o h UL G s RIS BB E T Y. A
JEBT AR AT A AEYHR S UL A g
VRS P B A B W T T .

FIFH B HUR R e IS0 A A (RS0 R o
&t B 51757 (attractants) 19K 5] (repel-
lents) ] FH 35 B WE I AR 36 R 98 & B, 3
PN TR O R ER IS R 8] WaiE 1y 1 d S -1 )
FhRE I, P R B M T 1. 2 m. A kR B 13 m B
A2 75 HU B (24 em X 20 em) , B 7 d B4 1
WK P RE SR AR B BT S EE R 1000 433k 43l
JE AR B 2 580 5 A5, WA
FH i) 8 2 %) W SR Bl 3510 549

ERE B R R AEEE B R BB A YR
S AR BT T P L R 2 A R a5 )
ZRFE R KRR TR, H
il AT 300 Fh L HUR AR A B R g e AR A
A5 PETE SRR B R, 4 ) R P AR A 5
Frankliniella occidentalis ( Pergande )™ | f£ #ij
RNV T RN PN T R | SN T
TR PUAEET H FAG ST 5 i R AR B R 0 E 5



50 25 2 1

B RIS UL B BT R LR B it < 13 -

FATR] s FURTE— L4143 (1 LA 72 22 5207, i [+)
SRy R0 S ) 22 K i) K s S EREF R R
R B 43 A 00 e B o e R S . Rl A F
FEAH  FH [B] 1 FH 22 i 2 58 4R 05 5 3% AT S 5 1
Hiffa

BT A EAEAEA EHWE BALE I KB 515
R 08 3RE ) 0 4 9z o e - B A R
LG RY) (E)-2-hexenal X 22 K i o HA i 3 1)
U SREAE FH o A7 B2 T & 8 IR 551 FH T 3% 860 S 1 25 BR
iy R EM I ER S Cymbopogon citratus
FETINALAE R Tagetes minuta RN T2 BK ik 22 K i
O, H b dihydrotagetone, (Z)-3-hexenyl ace-
tate, limonene il (Z)-B-ocimene & F 7 IR &
WIESE T EEAEHSY . WFERBRRG], B
WARGEA CHAEN . R, %08 T E K
2 WL (1 AR S5 82 H MusiOBPL #1 14>
{227 2 1 MusiCPSD) , 3 B8 7 5 Bk (35 &
YD ZS G R
3.3 EYBEREAR

A=Wy B R D B A A AR 24 T i S 2y
PAERARS . A R4 2R B L A RN B s 2 ]
BREER 2 B KECY, BN Neoseiulus
barkeri J&—Fh) 2 T ZFAVEYI BT 16 & 02 3
R A A B, Ol — TR 56 B 22 B L 7R TL
TLH L 400 3k /m?® (%% B2 R0 DT /)N 22 16 0] 3% 3
KA B (RS TE B 59. 7965 3 Al 22 0 Am-
blyseius swirskii %38 3 K #i] B 25 HOdL A AR 47 1) 4l
Bhe Y R /NEME Orius sauteri BRI%T 38 K
] B Al B 38 (45, 3 3k /D PR I 1 BB )
(95. 4 B/ M\ T S8 FH 12 0 25 1) H [RDR B FE
Xof 3 DR R A i v TR B Orrius tan-
tillus FIH SR W/ EEAU 6™, M
Ji /MBS O. strigicollis MUERHERES) B5 Fik 2
Pl NI AR Y, 1 LB 38 1 ST 0G0 5 7 & AR AR (BA
HHLDO R AR FORD o H AT C SE 3R a4k R i 3
AN RS A eI E I A 1 5/ NME
Orius maxidentex Ghauri A [EHic 57, R
X 1o T A AR )35 7 BB o %o — e R ] T o 25
P F RS, — 2 R R, IR
Chrysopa pallens'™ F5BE H ELH Cheilomenes sex-
maculata™™ L) J g W RHR K% Geocoris ochropter-

us FPG VPR IR M5 Geocoris xishaensist™ # R 38
R T B i R R RE ), HLORHR K s R K
EL HUTE 2205 ) 22 6 v D 4 SR 86 E5 070 A ) e
J& Ceranisus W HE 26 28 & & I 1) L 4 25 4= e, 10
Ceranisus femoratus &8T5 i) D R L 425 2R w7
FEATHE Vi 1 S bt ¢ B — T 2 A 5 ] ¢y ]
fi/ N J& Ceranisus sp. TR CRKFEGRD o

HUE B ] 2R U ) — S B AR B Y
U, CRE 1A 12550 0 WA Bk B Beawver-
ia bassiana 0T B W Metarhizium anisopliae .
B @ P H & Isaria fumosorosea F1 U Wy %5 A%
Akanthomyces lecanii CHR 3% 35 Wy T 1) 5 Hr 70 28 &
3t , Lecanicillium V3 8| T ¥ J& Akanthomyces H)
S, WRIT R L 2 A GR R B AR OO T S AT
VR I AT ST P A R X R A A A 24
R A A v 1 B0 Y O Y R
Akanthomyces attenuatus XF 338 K] D A4 B 5 BUR
JyReres AR TR - A B 16 15 P [R5 AT
5 T IO B S B ) B IR AROR | AN AR A v e 2 1
I B AL 5 W e R HY TG A 408 2 i T IRR Y 1)
X 2 R B (AR A AR T T 2R
£ FBZE (R)-lavandulyl 3-methylbutanoate X} 2Z &
B DR A, A S AR IR A
FIA AR e 280 L I S B0 X6 353 K i) 7 A 13 T
BERUE R
3.4 UEMERARMEGE

P2 A 2 PR R R0 TR )T A R R
HOBIa I E 2 R e M — . RESL Y E
BACHIA L S R AR AT B HLBE A LA BR
HUAGTE B R 2 e 22 4% T 3R 28 % ORI B iz i
FULE#] S B iaeY . — s i B2
A% HUOFR) b 252 W 5 A% T BB Tt 9K T 3, T
SEAT L AT LS A R 7R 3K B i ¢ B plcgk
FHak fR A Chttp: / www. zzys. moa. gov. cn/gzdt/
201911/t20191129_6332604. htm) . HF. ZREE
32 HUR) R %) gkl ol e R R R 9 1 B X BT
LA A i 1 B TR AR 2 T MR o 2 i R
e A BT P o) B 2 A G 1 B AR OR e R ¢
BD, HE TR S TR ZRE R
A HGRITE B v UL L8 By b i) (5 25 i o 5 oA
AT R ECRA M Iz — . o0 K



e 14 - 499 45 17 2024

AR (LI L R B SR BIH TR
FH AT S5 35 4 v X U g P B 55 S B it A 245 1
H 0 B 25 800 o i 22 0 L 51 5 A8 e sk I
B (7:00—9:00 am) Jiti 24 AT 3 1 245 1] 55 46 4 i) 5 (1)
T fk, DO SE BRI R

R BR R S R R, BTk
S RT Sy FH )R A7 24 P AR 3R A Al AR 2=
o PULGPE NI ESCHE 2 B, K A S xR B R
RN AT N R EE Bt B R B = R
Lo 951000 St R T LA R B R B
SR TR ™ A R AT X S R A fiE
HET ] 25 500 35 £ R T B 8 ik & .
1 B ] I PR BT T LSRG 6 7 4 Ay o B S IR A
F| IPM SCHtE 2. Hudk W . A B 245 DL & Fos
P AL FPGIA A A R ST A B g

4 iYL

“REEL LSRG R iz W A T AL 2 56
TE - 25 FATR OIS 7 2 6 1Y - s J5 1 S
PHARRFIERDE . H8R IR Z 2R E 7 . H
BRI 2555 Bl b . A SCRRAE M5 A4 25 5%
B W B 7 BE AT T RTEO  ARSONE BIA RO
24 25 AT o Mok e
4.1 HMEISEHDH IPM ERER

(e SR EINGE TR P37y e TN R 2 L OO S
JEP . MBI ASE KT » B — 19 A 2 Bl 16 4 it X LA
S PRAR A BL LA D B A RCR , R, A B S
IPM ORI R AAE AT Fe T BUAT B HLI00 B 16 4
A IEAE M AR P UL S B B 4% R 477 1 TPM £
RI7EE « LIHE) TG B o Bl 4 4= W) %2
FEVEREE BORAEE B A T AVE R S A 2 4
A 5 AR CUn 0K L 3 BEAT I 38 1
AT e A B BRI s RAEMEG B R 5 (FD @
75 MM s o A 3B P A T R A 0 25 0 R
o4 s I FH AL A= W IR A 24 1 A R 8] 55 A P B 3 Gl
RIS e R T R T B /41l £ 096 AT B 36D -
5i8, FH 8] Foft 35 0T 25 1k G I A5 BT 36 45 A5 (7 3K/
AN G I I S PR B AL A 2, T AE
SE P b S BT 1 A% (R 2 A2 TR A
B P LA o 73 AN 24 590 18 FH 7 i
4.2 MRERMRMPIERARRTFEL

LRI » e [ B0 5 8 5 4 A 2 MU L SRR A

WA, ELAS [R) M X (R A7 25 57 — BB TR i 4
ARIFAEA I E M ME LA RO LR A B 1 B AR K
s AEARM  VF 2 R BUET I A LG S RO 45 5
TR ] 3 AT B o 1 4 I s T R T 1Y
RV G B RO I AHRTF & i AL ™ f s
FUE A Wb iR o BT W BT & TR S, 5 3
AR5 I 1 FE T oy A AR SR i s B5CR AT 32 31 T &
HLAT A KBRS0 B AR 5 55 5 it 24 4 R
Tl T T 25 AR KR A I R 55 T S A 2 DU RR
IR 2 ST A e 25 0 MRS . DRI o 7 o i ) £ 24 5T
T I B R R ) AR N7 TS 5] S SR A
FERERE B 17 T — R o T AR ] X3
R R HEST 43 DXTR PR WS R RE I 1) 25 A B 4
AR

4.3 BAUNZERAAMRBLEHE

H I » 515995 5 3 1 B VA SRR T Ak 2= BTG
UL SR IAE T AR X A ) ST A SR AR R
[Fi) 01 11 O ] R R AR A X — B RN E
2 UL IS TE IR (7:00— 9 00) FFH, 3 B it
2l P A A PR B ik 28] B T FE B (o ) L DA 2 4R
BB . R SERR A R B ISR AR T
(AR s 5 i FEE IR it A 245 WsF [0 g B B 5 o AR Yl 1
KAWL G5 24 o PRI B A T i it 24 BsF [ - 380
BN EAR . A, 0 T Rk B R B R
FG) P A B2 R S5 4 A B AL B IR AR A R
B PO FRTN L AR P 58 42 B AR 2 4 4 [R] g 1A
AR FH 791 e SR, R WA I 24 Ak (i A e
TR — K 1 YO A (AR 2 1 8 f) o ok
JE 1 F ) 24 50 e B i — 25 (R 0E T & S hr 2 i &
Ji& JE BRI . T34 i 5 HAT — € R ER A K
FHRE ST . ATAEAR TR FHH Hp RS 3 Ak 2 B R 5 1 6
AT H .

Bt AR IS ) R, W DA RIS SR IR
i, — AR A4 3K i R A (L S
2B IR T AR D G AR AT R TL A 4 i R
R R SR R 2 A e . B BOR S| 5 By
YI'E AL T 3 W S 1 i - 3 ST Bk 2 4 B FH 245 4
JE s TURAREL N SR IX RO SR L E A 2E BTG
NGB eI+ 2 A IR 55 St 115 R BURE 2 HE 4 35
B IR 22 B 25T W 3 370 AV BB Sl o W0 5 = st
VTR AE AT AT A 2445 3 IR DG I A VA



50 £

%24

53¢ B4 FRE U1 5 B oY ik

o K2 B A it < 15 -

B e 0 i Y R i LA T AR 2547 S i A5 AT

ME AT

LI PR = 7S VT E

(1]

(2]

(3]

(4]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

BOUKAR O, FATOKUN C A, ROBERTS P A, et al. Cow-
pea [M]//DE RON A M. Grain legumes. New York: Spring-
er, 2015: 219 - 250.

HUAN Zhibo. XU Zhi, JIANG Wayne, et al. Effect of Chi-
nese traditional cooking on eight pesticides residue during cow-
pea processing [ J]. Food Chemistry, 2015, 170, 118 - 122.
HUAN Zhibo, XU Zhi, LUO Jinhui, et al. Monitoring and
exposure assessment of pesticide residues in cowpea (Vigna
unguiculata 1.. Walp) from five provinces of southern China
[J]. Regulatory Toxicology and Pharmacology, 2016, 81; 260
- 267.

TANG Liangde. GUO Linghang, ALI A, et al. Synergism of
adjuvants mixed with spinetoram for the management of bean
flower thrips. Megalurothrips usitatus (Thysanoptera: Thrip-
idae) in cowpeas [J]. Journal of Economic Entomology, 2022,
115(6): 2013 -2019.

MORSE ] G, HODDLE M S. Invasion biology of thrips [J].
Annual Review of Entomology, 2006, 51: 67 — 89,

REITZ S R. Biology and ecology of the western flower thrips
(Thysanoptera: Thripidae): The making of a pest [J]. Florida
Entomologist, 2009, 92(1): 7-13.

REITZ SR, GAO Yulin, LEI Zhongren. Thrips: pests of con-
cern to China and the United States [J]. Agricultural Sciences
in China, 2011, 10(6): 867 — 892.

NIASSY S, EKESI S, MANIANIA N K, et al. Active aggre-
gation among sexes in bean flower thrips (Megalurothrips
sjostedti) on cowpea (Vigna unguiculata) [J]. Entomologia
Experimentalis et Applicata, 2016, 158(1): 17 - 24.

WEME, HF. S, & FRE SRR K A B R
FeibR[)]. M AR, 2021, 12(4): 508 - 513
R, RN, o, G5 R LS A S A
BB ARBIR T ]. PEREAR SR, 2015, 35(3): 53-57.
DIABATE S E, DELETRE L K, MURUNGI K K M, et al.
Behavioural responses of bean flower thrips (Megalurothrips
sjostedti) to vegetative and floral volatiles from different cow-
pea cultivars [J]. Chemoecology, 2019, 29(2); 73 - 88.
NAGDEV P, BEERENDRA ] G. GANGULI R N. First re-
port of a new invasive thrips, Thrips parvispinus (Karny)
(Thysanoptera: Thripidae) in cowpea (Vigna unguiculata) at
Raipur, Chhattisgarh [J]. The Pharma Innovation Journal,
2022, 11(7): 4560 - 4562.

FREI A, GU Hainan, BUENO J M, et al. Antixenosis and
antibiosis of common beans to Thrips palmi Karny (Thysan-
Thripidae) [J]. Journal of Economic Entomology.
1577 - 1584.

optera:

2003, 96(5):

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[26]

[27]

[28]

REYNAUD P, BALMES V, PIZZOL J.
(Morgan, 1913) (Thysanoptera:
thrips now established in Europe [J]. EPPO Bulletin, 2008,
38(1): 155-160.

MUCHERO W, EHLERS ] D, ROBERTS P A. QTL analysis

Thrips hawaiiensis

Thripidae)., an Asian pest

for resistance to foliar damage caused by Thrips tabaci and
Frankliniella schultzei (‘Thysanoptera: Thripidae) feeding in
cowpea | Vigna unguiculata (L.) Walp. ] [J]. Molecular
Breeding, 2010, 25(1). 47 - 56.

FONTES L S, PINENT SM J, LIMA E F B, et al. First reg-
ister of occurrence of Frankliniella schultzei (Trybom, 1910)
(Thysanoptera; Thripidae) in cowpea (Vigna unguiculata
(L.) Walp. ) in the State of Piaui, Brazil [ J]. Brazilian Journal
of Biology. 2011, 71(4): 1023 -1024.

BARRE. FLRES. I, 45 IR ET ST aY i
[EEF, 2018(2) . 21 -27.

DG, ATEAL, R, . ULTE R A A R BITA 2

I BEAWEFELT]. P EREOEAR, 2017, 33(19): 138 - 142,
CHANG N T. Seasonal abundance and developmental biology

BT

of thrips Megalurothrips usitatus on soybean at southern area
of Taiwan [J]. Plant Protection Bulletin, 1987, 29(2); 165
-173.

dkdERk, BT, P E R, % 288 H Thysanoptera [M]//
HIROL. JCRA, B, . mMEREEGE—8). W 18
R A B AL, 1999 348 - 395.

XIE Yonghui, LI Zhengyue, DONG Kun, et al. Changes in

the species composition of thrips on Trifolium repens
(Fabales) [J]. Acta Phytopathologica et Entomologica Hun-
garica, 2012, 47(1): 61 -67.

R, SKAEG WA, % HHGH DR B R A
U] mRRl KRR (A A/BLE) 2012, 27(2): 170 - 175,
TR, FEHESL, w RS, A LR L EE R UL b
Wl BRBE R AR, 2013, 35(6): 737 - 743.

FU Buli, TAO Min, XUE Hu, et al. Spinetoram resistance
drives interspecific competition between Megalurothrips usita-
tus and Frankliniella intonsa [ J]. Pest Management Science,
2022, 78(6): 2129 - 2140.

PATIL S B, GOYAL A, CHITGUPEKAR S S, et al. Sus-
tainable management of chickpea pod borer: A review [ J/OL].
Agronomy for Sustainable Development, 2017, 37 (3): 20.
DOI: 10.1007/s13593-017-0428-8.

ADIPALA E, NAMPALA P, KARUNGI J, et al. A review
on options for management of cowpea pests: experiences from
Uganda [J]. Integrated Pest Management Reviews, 2000, 5:
185 - 196.

MATTESON P C. The effects of inter cropping with cereals
and minimal permethrin applications on insect pests of cowpea
and their natural enemies in Nigeria [ J]. Tropical Pest Man-

agement, 1982, 28(4). 372 - 380.
KYAMANYWA S, TUKAHIRWA E M. Effect of mixed



16

.90 44 45

2024

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

cropping beans, cowpeas and maize on population densities of
bean flower thrips, Megalurothrips sjostedti ( Trybom )
(Thripidae) [J]. International Journal of Tropical Insect Sci-
ence, 1988, 9(2): 255-259.

KYAMANYWA S, BALIDDAWA C W, AMPOFO K ] O.
Effect of maize plants on colonisation of cowpea plants by bean
{flower thrips. Megalurothrips sjostedti [J]. Entomologia Ex-
perimentalis et Applicata, 1993, 69(1): 61 - 68.
MACHARIA G, MUEKE J M. Incidence of flowerbud thrips.,
Megalurothrips sjostedti Trybom (Thysanoptera: Thripidae)
on resistant and susceptible cowpea cultivars intercropped with
maize [ J]. East African Agricultural and Forestry Journal,
1995, 61(2): 147 - 154.

ADATI T M, TAMO SR, YUSUF M C A, et al. Integrated
pest management for cowpea-cereal cropping systems in the
West African savannah [J]. International Journal of Tropical
Insect Science, 2008, 27(3). 123 -137.

DIALOKE S. The population of leaf beetles (Leptualaca fas-
sicollis Thoms Coleoptera: Chrysomelidae) and flower thrips
(Megalurothri ps usitatus Bagnall Thysanoptera: thripide) on
pigeonpea under the influence of plant density and planting date
in a rain forest zone, Nigeria [J]. Journal of Biology, Agricul-
ture and Healthcare, 2013, 3(8). 81 - 86.

UMARU A B, OLANIYAN G O, NWOSU K 1. Effects of ni-
trogen levels and crop arrangements on the incidence of Mega-
Lurothrips sjostedti Trybom and Maruca vitrata Fab in maize/
cowpea intercrop [J]. Acta Agronomica Hungarica, 2002, 50
(1. 67-74.

TOGOLA A O, BOUKAR S, CHAMARTHI N, et al. Evalu-
ation of cowpea mini core accessions for resistance to flower
bud thrips Megalurothrips sjostedti Trybom (Thysanoptera:
Thripidae) [ J]. Journal of Applied Entomology, 2019, 143
(6): 683 -692.

AGBAHOUNGBA S, KARUNGI J, BADJT A, et al. Inherit-
ance of cowpea resistance to flower thrips in Uganda germ-
plasm [J]. Journal of Plant Breeding & Crop Science, 2018,
10(1): 21-32.

KAMARA A'Y., OMOIGUI L O, KAMAI N, et al. Impro-
ving cultivation of cowpea in west Africa [ M]// Achieving sus-
tainable cultivation of grain legumes volume 2: Improving culti-
vation of particular grain legumes, Burleigh Dodds Series in
Agricultural Science. Burleigh Dodds Science Publishing.
2018, 1-18.

SINGH S R. Cowpea cultivars resistant to insect pests in world
germplasm collection [J]. Tropical Grain Legume Bulletin,
1977, 9(1): 3-17.

ALABI OY, ODEBIYIJ A, JACKAI L E N. Field evaluation
of cowpea cultivars (Vigna unguiculata [ 1. ] Walp.) for re-
sistance to flower bud thrips (Megalurothrips sjostedti Try-

bom) (Thysanoptera; Thripidae) [J]. International Journal of

[39]

[40]

[41]

[42]

[43]

[44]

[46]

[47]

[48]

[49]

[50]

[51]

Pest Management, 2003, 49(4); 287 - 291.

ABUDULAI M. SALIFU A B, HARUNA M. Screening of
cowpeas for resistance to the flower bud thrips, Megalurothri-
ps sjostedti Trybom (Thysanoptera; Thripidae) [J]. Journal
of Applied Science, 2006, 6(7): 1621 —1624.

ALABI O Y. ODEBIYI J A, TAMO M. Effect of host plant
resistance in some cowpea (Vigna unguiculata (L.) Walp.)
cultivars on growth and developmental parameters of the flower
bud thrips, Megalurothrips sjostedti ( Trybom) []J]. Crop
Protection, 2004, 23(2): 83— 88.
AGBAHOUNGBA S, DATINON B, BILLAH M. et al
Flower bud thrips (Megalurothrips sjostedti Trybom) popula-
tion diversity and sources of resistance among Benin cowpea
germplasm [J]. Annals of Applied Biology, 2021, 179 (3);
395 —404.

SIDIBE H, BATIENO B J, OUEDRAOGO T J, et al. Genetic
analysis of flower bud thrips resistance (Megalurothrips sjost-
edti) in cowpea (Vigna unguiculata (L..) Walp. ) in Burkina
Faso [J]. European Scientific Journal, 2019, 15(18): 23 - 37.
TOYINBO J O, FATOKUN C, BOUKAR O, et al. Genetic
variability and trait association under thrips (Megalurothrips
sjostedti Trybom) infestation in cowpea (Vigna unguiculata
(L.) Walp.) [J/OL]. Euphytica, 2021, 217(6). 110. DOI.
10. 1007 /s10681-021-02849-1.

A, ABAL. XZE . S5 ASFIZSEL R R BL A KRR L
JR K= R[], AR AT AR, 2018, 34(33): 43 - 47.
COOK S M, KHAN Z R. PICKETT J A. The use of push-
pull strategies in integrated pest management [ J]. Annual of
Review Entomology, 2007, 52(1): 375 - 400.

CHANG N T. Color preference of thrips ( Thysanoptera:
Thripidae) in the adzuki bean field [J]. Plant Protection Bulle-
tin, 1990, 32(4). 307 - 316.

TANG Liangde, ZHAO Haiyan, FU Buli, et al. Colored
sticky traps to selectively survey thrips in cowpea ecosystem
[J]. Neotropical Entomology, 2016, 45(1); 96 —101.
CIVELEK H S. DEMIRAL O, YILDIRIM E M. Effects of
methyl-isonicotine with blue sticky trap on Frankliniella occi-
dentalis Pergande (Thysanoptera: Thripidae) on pepper green-
house [J]. Agriculture & Food, 2017, 5(1). 571 - 578.
OTIENO J A, STUKENBERG N, WELLER J. et al. Efficacy
of LED-enhanced blue sticky traps combined with the synthetic
lure Lurem-TR for trapping of western flower thrips (Fran-
kliniella occidentalis) [J]. Journal of Pest Science, 2018, 91
(4): 1301 -1314.

SAMPSON C, KIRK W D J. Can mass trapping reduce thrips
damage and is it economically viable? Management of the west-
ern flower thrips in strawberry [J/OL]. PLoS ONE, 2013, 8
(11): e80787. DOI: 10. 1371 /journal. pone. 0080787.

LIU Pingping. QIN Zifang, FENG Mingyue, et al. The male-

produced aggregation pheromone of the bean flower thrips



50 25 2 1

B RIS UL B BT R LR B it < 17 -

[53]

[54]

[55]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

Megalurothrips usitatus in China; identification and attraction
of conspecifics in the laboratory and field [J]. Pest Manage-
ment Science, 2020, 76(9): 2986 — 2993.

WERTHEIM B. VAN BAALEN E J A, DICKE M, et al.
Pheromone-mediated aggregation in nonsocial arthropods: an
evolutionary ecological perspective [J]. Annual of Review En-
tomology. 2005, 50(1): 321 - 346.

HAMILTON J G C, HALL DR, KIRK W D J. Identification
of a male-produced aggregation pheromone in the western flow-
er thrips Frankliniella occidentalis []J]. Journal of Chemical
Ecology, 2005, 31(6): 1369 - 1379.

ZHANG Pengjun, ZHU Xiaoyue, LU Yaobin. Behavioural
and chemical evidence of a male-produced aggregation phero-
mone in the flower thrips Frankliniella intonsa [J]. Physiolog-
ical Entomology, 2011, 36(4): 317 - 320.

AKELLA SV S, KIRK WD ], LU Y B, et al. Identification
of the aggregation pheromone of the melon thrips, Thrips pal-
mi [J/OLJ. PLoS ONE, 2014, 9 (8): e103315. DOI.
10. 1371/journal. pone. 0103315.

NIASSY S. TAMIRU A, HAMILTON ] G C. et al. Charac-
terization of male-produced aggregation pheromone of the bean
flower thrips Megalurothrips sjostedti (Thysanoptera: Thripi-
dae) [J]. Journal of Chemical Ecology, 2019, 45(4); 348
- 355.

LI Xiaowei, GENG Shuangshuang, ZHANG Zhijun. Species-
specific aggregation pheromones contribute to coexistence in
two closely related thrips species [ J]. Bulletin of Entomologi-
cal Research, 2018, 109(1). 119 -126.

MFUTI D K, TAMIRU A, KIRK WD ], et al. Exploiting thrips
aggregation pheromones to develop a lure-and-kill strategy for the
management of the bean flower thrips [J/OL]J. Agronomy. 2021,
11(7): 1269. DOI. 10. 3390/agronomy11071269.

DIABATE S, MARTIN T, MURUNGI L K, et al. Repellent
activity of Cymbopogon citratus and Tagetes minuta and their
specific volatiles against Megalurothrips sjostedti [J]. Journal
of Applied Entomology, 2019, 143(8): 855 — 866.

LI Zhaoyang, CHEN Weiyi, WANG Xiaoshuang, et al. Tran-
scriptome analysis of Megalurothrips usitatus identifies olfac-
tory genes with ligands binding characteristics of MusiOBP1
and MusiCSP1 [J/OL]. Frontiers in Physiology, 2022, 13;
€978534. DOI: 10. 3389/fphys. 2022. 978534.

WU Shengyong, TANG Liangde, ZHANG Xingrui, et al. A
decade of a thrips invasion in China: lessons learned [J]. Eco-
toxicology, 2017, 27(7). 1032 -1038.

trRefge, B, ERAK. MESEE S0 hEEYB
VA2EAR . 2015, 31(5): 647 - 656.

TG, BRBUAN, SRR, 45 O IRBEERE X558 A& o 1 I
RESON M TR B LT 1. P ISR, 2022, 35(3): 92-98.
B, BERL, W, S T IRBESR T UG AL ] R R ]
Tha ol A B S e RN L)) B B AR, 2019, 56(6):

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

L77]

1317 -1323.

LIU Pingping, JIA Wantong, ZHENG Xuan, et al. Predation
functional response and life table parameters of Orius sauteri
(Hemiptera: Anthocoridae) feeding on Megalurothrips usita-
tus (Thysanoptera; Thripidae) [J]. Florida Enntomologist,
2018, 101(2): 254 —259.

EERE, ATAAL, T 22, S RN TR E i
ThRE SN, K AE v D 1. ob [ A= B iR 27 4l . 2022, 38
(6): 1443 —1448.

FRYE, XVENG . ERMYE, . b E W RIS DAL (Orius
maxidentex Ghaurd) & IR AW2E0R T ] #aFEY R .
2022, 43(9): 1899 —1906.

P TN, FAMEE. S R BEXTIE B /NERE 5 I dUR
B D YR ML L) PRl E 24 . 2022, 43
(8): 1671 -1677.

FERAE, EROR, B, % KRR & O CH] 5
TR SRR AT LI P E A 24, 2017, 31(1):
9-55.

Ry, ARG, BN, A FSTE T B X S A
DIReR )] P EAYIBIA%R . 2022, 38(1): 140 - 148.
2R, RUA . RRIE, . BIE IR IS AP v R IR K i
P IRERTFELI . W R B2, 2022, 59(2): 318 - 325.
SMITH O M, CHAPMAN E G, CROSSLEY M S, et al. Alter-

i

native prey and predator interference mediate thrips consumption
by generalists [ J/OLJ. Frontiers in Ecology and Evolution,
2022, 10: €752159. DOI: 10. 3389/fevo. 2022. 752159.
AGBOTON C. ATACHI P, TAMO M. Etude experimentale
de quelques parametres biologiques de Ceranisus femoratus
(Gahan) (Hymenoptera; Eulophidae) un nouvel ennemi na-
turel Pour le controle de Megalurothrips sjostedti (TRYBOM)
(Thysanoptera: Thripidae) ravageur du niebe au benin [ J].
Annales des Sciences Agronomiques, 2005, 7(1); 4-13.

WU Shengyong, TANG Liangde, FANG Feng, et al. Screen-
ing, efficacy and mechanisms of microbial control agents a-
gainst sucking pest insects as thrips [ J]. Advances in Insect
Physiology. 2018, 55: 199 - 217,

EKESI S, MANIANIA N K, AMPONG-NYARKO K, et al.
Potential of the entomopathogenic fungus, Metarhizium aniso-
pliae (Metsch. ) Sorokin for control of the legume flower
thrips, Megalurothrips sjostedti (Ikybom) on cowpea in Ken-
ya [J]. Crop Protection, 1998, 17(8): 661 - 668.

EKESI S, MANIANIA N K. LWANDE W. Susceptibility of
the legume flower thrips to Metarhizium anisopliae on differ-
ent varieties of cowpea [J]. Biological Control, 2000, 45(1).;
79 - 95.

EKESI S, MANIANIA N K. Susceptibility of Megalurothrips
sjostedti developmental stages to Metarhizium anisopliae and
the effects of infection on feeding, adult fecundity, egg fertility
and longevity [J]. Entomologia Experimentalis et Applicata,
2000, 94(3): 229 - 236.



. 18

4.9 44 25 2024

[78] EKESI S, MANIANIA N K, AMPONG-NYARKO K, et al.
Importance of timing of application of the entomopathogenic
fungus, Metarhizium anisopliae for the control of legume
flower thrip Megalurothrips sjostedti and its persistence on
cowpea [ J . Archives of Phytopathology and Plant Protection,
2001, 33(5): 431 —445.

[79] MFUTI D K, SUBRAMANIAN S, VAN TOL R W H M, et
al. Spatial separation of semiochemical Lurem-TR and ento-
mopathogenic fungi to enhance their compatibility and infectivi-
ty in an autoinoculation system for thrips management [ ] ].
Pest Management Science, 2016, 72(1). 131 -139.

[80] EKESI S, MANIANIA N K. ONU I, et al. Pathogenicity of
entomopathogenic fungi (Hyphomycetes) to the legume flower
thrips, Megalurothrips sjostedti (Trybom) (Thysan. , Thripidae)
[J]. Journal of Applied Entomology, 1998, 122; 629 — 634.

[81] YANG Bo, DU Cailian, ALI S, et al. Molecular characteriza-
tion and virulence of fungal isolates against the bean flower
thrips, Megalurothrips usitatus Bagnall ( Thysanoptera:
Thripidae) [J/OL]. Egyptian Journal of Biological Pest Con-
trol, 2020, 30(1): 50. DOI: 10. 1186/s41938-020-00225-0.

[82] DU Cailian, YANG Bo, WU Jianhui, et al. Identification and
virulence characterization of two Akanthomyces attenuatus iso-
lates against Megalurothrips usitatus ( Thysanoptera: Thripi-
dae) [J/OL]. Insects, 2019, 10(6): 168. DOI. 10. 3390/in-
sects10060168.

[83] MFUTI D K, SUBRAMANIAN S, NIASSY S, et al. Screen-
ing for attractants compatible with entomopathogenic fungus
Metarhizium anisopliae for use in thrips management [ J]. Af-
rican Journal of Biotechnology. 2016, 15(17). 714 - 721.

[84] MFUTI D K, NIASSY S, SUBRAMANIAN S, et al. Lure
and infect strategy for application of entomopathogenic fungus
for the control of bean flower thrips in cowpea [J]. Biological
Control, 2017, 107: 70 - 76.

[85] WU Jianhui, YANG Bo, ZHANG Xiaochen, et al, Synergistic
interaction between the entomopathogenic fungus Akanthomy-
ces attenuatus (Zare & Gams) and the botanical insecticide ma-
trine against Megalurothrips usitatus (Bagrall) [J/OL]. Jour-
nal of Fungi, 2021, 7(7): 536. DOI: 10. 3390/JOF7070536.

[86] ZHANG Youdan, ZHANG Xiaochen, TIAN Qingheng, et al.
Toxicological and biochemical description of synergism of
Beauveria bassiana and emamectin benzoate against Megaluro-
thrips usitatus (Bagrall) [J/OL]. Journal of Fungi, 2022, 8
(9): 916. DOI: 10. 3390/JOF8090916.

[87] XUKWI, BBt ftfr. . FETL R B F Biia 25810 6
FABUAR B Sl [T ). R B2 5B, 2017, 38(3): 15
- 22.

[887] ALGHALI A M. On-farm evaluation of control strategies for

insect pests in cowpea with emphasis on flower thrips, Mega-

lurothrips sjostedti Trybom (Thysanoptera; Thripidae) []].
Tropical Pest Management, 1992, 38(4): 420 — 424,

[897 AMATOBI C 1. Field evaluation of some insecticides for the
control of insect pests of cowpea (Vigna unguiculata (L.)
Walp. ) in the Sudan savanna of Nigeria [ ]J]. International
Journal of Pest Management, 1994, 40(1); 13- 17.

[90] YASMIN S, LATIF M A, ALI M, et al. Management of
thrips infesting mung bean using pesticides [ J]. SAARC Jour-
nal of Agriculture, 2019, 17(2): 43 -52.

[91] MEENA R K, MEENA R K, ANOKHE A, et al. Effect of
bio-pesticides against thrips, Megalurothrips usitatus (Bag-
nall) in green gram [J]. Archives of Phytopathology and Plant
Protection, 2020, 8(1): 63 - 66.

[92] H&ES, XNFH. REH. % AFEAH00 =V XL G - EE
KeiSpEE ] HPERY, 2014, 40(6): 164 - 166.

(93] JH RLAE, fB4L. BRMEHE, 45, TRH] DXt 12 Ak g i BUsk
PEELT ] BAREYIZEA . 2015, 36(3): 570 - 574,

[94] BREIL, ZEMG. 2, 45 3 Fh 230 % UL o] 55 4 H ] By 007
M. ERRST. 2015, 35(5): 66— 67.

[95] Poeese. fd. imml. %5 ZRZAWRT 4 R RFRER
Xk KA T B 0 (D] VU R S K 2 4 (A AR B2
W), 2017, 42(12): 53 - 57.

[96] Fifii, FRER. Wim, S5 WIRhmg s Bh o X ds s 34 U1
BT R B I L) ], AR, 2022, 24(2): 368
- 375.

[97] RERAE, ARE, 4L, 55 SLE MG 254 B i6 & H 4L
A )] EAE ST, 2016, 36(3): 66 - 67.

(98] JFRL4E, BXEEAE, ATAAL, A5 iR X S T FH i) A A
PoggbE L)), PR AR, 2016, 38(5): 1032 - 1037.

[99] FBRAE. B, 1040, 55, RS0 RS S HT 2y 1 il K
X6 R BUR A OB [T, P4 B i 4, 2018, 40(5);
1175-1181.

[100] IfvEae, f52040, kAN, 45, 5 rg SR ) H ) Fie Xt 2 Fh

ARGR RO ] B E R RS T . 2022, 42(11): 67
-71.

[101] ERifgaHe, X0z, 2208, 45 K& DRy RrEvis )]
PO EY2AAR . 2014, 35(12): 2437 - 2441.

[102] TANG Liangde, YAN Kaili, FU Buli, et al. The life table
parameters of Megalurothrips usitatus ( Thysanoptera:
Thripidae) on four leguminous crops [J]. Florida Entomolo-
gist, 2015, 98(2): 620 - 625.

[103] ydfeify, SR, Zirte, . T PR A ™ A 25k B
S ST, AK25, 2010, 49(12): 932 - 934,

[104] NABIRYE J, NAMPALA P, KYAMANYWA S, et al. De-
termination of damage-yield loss relationships and economic
injury levels of flower thrips on cowpea in eastern Uganda
[J]. Crop Protection, 2003, 22(7); 911 —915.

(GAE5 s, AT





