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Methyl jasmonate-induced resistance of adzuki bean to spider mite
Tetranychus pueraricola

Ji Jiayi' Zhao Hang' Yao Mingyi' Qiu Yangyang' Gao Yugang' Jin Yongling"*
(1. National Engineering Research Center for Coarse Cereals, Heilongjiang Provincial Key Laboratory of Crop-Pest
Interaction Biology and Ecological Control, Heilongjiang Bayi Agricultural University, Daqing 163319, Heilongjiang
Province, China; 2. Key Laboratory of Green and Low-Carbon Agriculture in Northeast Plain,

Ministry of Agriculture and Rural Affairs, Daging 163319, Heilongjiang Province, China)

Abstract: To investigate the induction of mite resistance in adzuki bean by methyl jasmonate (MeJA),
two cultivars previously screened in laboratory experiments, a mite-susceptible cultivar (Tianjin Red)
and a mite-resistant (Pearl Red), were used as experimental materials. The induction effect of spider
mite Tetranychus pueraricola feeding on jasmonic acid (JA) content in adzuki bean leaves was deter-
mined, along with the effects of exogenous MeJA application on oviposition, feeding area, and popula-
tion size of T. pueraricola were assessed. Additionally, the field control efficacy of MeJA against 7.
pueraricola was evaluated. The results showed that feeding by 7. pueraricola significantly increased the

JA content in adzuki bean leaves, with a maximum increase of 66.09% compared with the control. After
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MelJA application, oviposition by 7. pueraricola on the mite-resistant adzuki bean variety was lower
than that on the susceptible variety. However, oviposition on the susceptible variety was more strongly
affected by MeJA induction and was significantly reduced as early as 1 day after MeJA treatment com-
pared with the control. Following MeJA spraying, the feeding area of 7. pueraricola on adzuki bean
leaves was significantly decreased relative to the control; adult mite populations on both susceptible and
resistant adzuki bean varieties were suppressed to varying degrees. Field application of MeJA delayed
the occurrence of 7. pueraricola infestation on adzuki bean plants. At 10-20 days after treatment with
MeJA or MeJA combined with an adjuvant, the population size of 7. pueraricola on adzuki beans was
significantly lower than that of the control. At 15 and 20 days after treatment, the control efficacies of
MeJA against T. pueraricola reached 92.91% and 84.50%, respectively. In contrast, MeJA combined
with an adjuvant achieved control efficacy of 98.08% and 97.88%, both significantly higher than those
of MeJA alone. These results indicate that MeJA influences the oviposition, feeding, and reproductive
behaviors of 7. pueraricola and can effectively prevent infestations of this mite under field conditions.

Key words: adzuki bean; Tetranychus pueraricola; methyl jasmonate; induced defense; feeding; ovipo-

sition; population size; control efficacy

21/NK Vigna angularis J&>% S5 M 5 )& Vigna,
R EE R TAEY )2 AT TR LT
T A AR LRI T RRURT 7 R S A A
(Zhao et al.,2024) . HE5eit, 2021 43 L0/ LA
T ARA 31 15.286 77 ho?, 77 35 21.61 77 t(Ashraf
etal.,2020) . JTEBARS HUE I, R0 L R
FEL T, F2 285 A G i A O iR B
AT E TR XL/ NG FEERFZ — (4K
45,2024 ) , HARSAFIEE LMW Tetranychus puer-
aricola, ZLW 15 J& Mk B85 J&8 Tetranychus , 7 —
Pl UL AR B o, A AN AR R I,
TREP, HLA R B A A RERE T, AR T
PR e A e M ) I — o A FE I
M b2y i I AR SR A/ D S O F IR R e
B RAGZE , A A0, D™ S M £ 1/ N G 7 i
FUH T iz F AN, ZRE T R0, S EY)
HARRERANE 2., i 200, 2 th B /N U R
i P4 (Van Leeuwen et al., 2010; #i %52, 2019) .
PRI, o LA 7 B 2 30 7 JE B

H AT, i 0 By AT LAk 27 T Bl 32 SRR
BRI F AR AN e R T A 2 3
i = A= BT 250, DI H BRBIRCAS A il e A= R
JNEE AR A RS2 (47K 3855, 2024) o i, k3 ™
) B8 Tetranychus urticae BP0 24514 3 i &
JEARAL, 3 M X 2L 28 S B L X6 A A il ) 24 =
BT R E P T AR R ) 1 — (Van
Leeuwen et al.,2010;2013; #i§5%,2019) . [Hit, 8
Iia B A IR A R R SR A P BOR o AT

2 H i (methyl jasmonate, MeJA ) 7175 FAH ¥ )5 3
77 0 2 07 B4 5 43 F-, FH 2R AR (jasmonic acid, JA)
firAe ok, HA RGN, o] WD) 0 <Lk AFED)
TR, B3 4 0I5 F A PR T /I A A SR AR, AT 3
H1 40 B 48 S ;. (Jiang & Yan, 20185 £ K45, 2018) .
TEAG )2 T SR T RIS AL 5 W RIS A A ) 25 Fh By
A 1 A 3] 5 o R A5 A S e AE R AR
(Jiang & Yan,2018) . {7l Wi JA 5% MeJ A Ji5 BtF
£k 5. Vigna radiata X 538F Aphis craccivora ;=
PvE (JE i, 2022) 5 WE 7t MeJA 175 5 52 1 Bk
Amygdalus mongolica 7 W i i) 5t Ak (7 ¥
2013) ; WiJii JA J&5 5% 5. Phaseolus vulgaris %§ 31 HE
WM Liriomyza sativae BN GEEEPERIHT A PR i (HH
JB%4E,2013 ) 5 Wit JA 26 B e A R0 153U NG
H Grapholita molesta {7 BUE 7= B 170 (X & &
45,2025) ; Wit MeJ A REMIT AN [F) A5 4 % — B - il
F BB 3 (Zhang et al.,2023) . HASE R AR, 36
FITR PR XT B AU EAZ W B AAICR , i 2ok 15
T ALY A 2R W ok )4 B T R
(ZHIGTH5E,2010) , 2 —ME L ERFE T, K
(B RE l Al 7S e CEANANG RO ARG 7757 )53
INAEOLEPR I TN SRS

ARG R F 8 H TR X 21 /0N 2 T ) S
FH , DASE 56 2 i 30 07 28 1 21 /) il ot Aoy SR YL 21
FTIG it Fh 2 BR L1 A AR (462 K 3245, 2024)
) 5 21 It il B X 21 /N 2 PSRRI 7 12 75
SR S W it 5 A R TP R S L B ) 7 B B
A AR RO, O T T )30 5 24 AT R Y 15 ) 41
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1.1
ASTwE L7 PN R S A WA NISRLLY 3 B 1| T EAWAN
I TR R O T S I S RS R 2L, R TTAE
L BB AN Bede . 2018 4F TR VLN
— A BARF RIS M 2T /NG 1 R AR 21 il G ,
Fh S E J5 B TR 25 C DA 16 L:8 D XTI
J&E 509%~70% (1) %8 N ARAREE 5 , BOHE et (13t
AR RS « 2l 959% My R AR H g , b i &
K ERHEA PR A 5 SRR il &, s
WE IR Y BHEA BR A A s 4L 500, LA A 1EZ A
AL T, SZ2-CLS /AR Wi s , AR 3 (D)
AR T T6 Btk 2l S84 nl LA ST, A
Hridi A AR A PR 52422 F] ; 3BWBD-20L HiL Bl 55 4%
IR Se s Re R AT FRA F]
1.2 Ak
1.2.1  4oetsiphia T 4o 2 A R H B A2 69 2
W4 1IN 35 JEl 5 o T G e R 3 P9 AR A
20.0 cm 5 13.5 em (AL AL T AL S HRA N B T
TR 25 °C DEJEWI 16 L:8 D AHRHE R 50%~70% HY
FNRETR, G K IEE T, RBEATAT 255, fRLr/
G B A, B SRR BE 60 R B R AR Z0 /N
T L BERRAE 50 S HE S , LLZT /N ST AP
2 HUA B A T O T e 25 21N 3 A 6 LA
B b A s, il THER 1 3MS d)E
BRI T2, B b BRI ] £ 3 4%
10 BRAERRAYEE 2 P AIZE 3 =&, B TR A+
Y275 30 min, it A-80 CUKF 2 HI , B4 AL 3 AN
5o R FH MBI B 22 W B 72 (enzyme-linked immu-
nosorbent assay, ELISA ) 15 X} £ /)N 5. i | v A1 iR
TR TIE . BRI 0.1 g, # 7 1:9
RTINS R Eh 22 vh W, W 210K, T4 C L
3000 g £ T 5.0 20 min, B ISR . 0%k
25 PR BRI i B Bl iR ) A it R A
i 3 AL T 4 R SRR IR P e A D7) 6 15 Y A5 i
TR, V2R G LAZS OV BRI F 450 nm i
AN S R [R) 5 e SRR R S OO R | ST b il
25 T 450 nm A AR E R S IO RE K AR
AFRHERT G, RIATA5 B RIS S A SRR % 1 .
1.2.2 KA R YW B 5 -F AT 4ot = 97 2 % vm o) 2
PR LI /NG AR vE R 1.2, B S BR (1A
52) AL/ G R B EON B AR EUE

PR AFHYLL/ NG R I TSt 7744 0.5 mmol/L
JEFT IR T i 24 2 Wit 30 21 /N A bR b, B 28 it
5 mL, 43 53] LA it 25 R K A B AR TN SRR R
STHE S 43T 1.3 R0 S d e, ARk S kB
S T 14 M BSCAG | FHY RS T 2 A 2 A Ao A7 238 L 9 1
IR TEM R sh . B3 ESE, #0148 h
J& TR B T SR BARZL /NG R 2T 1)
i
1.2.3  EF B PEH- S S PR E AR e e )

PR LI/ NG A 7 v TR 1.2.1, B S HR (14
52) LN K 2R A SR ER A —
PR AP/ NG R I IS Y 7122 0.5 mmol/L
JEFT IR T i 24 2 Wit 30 21 /N A Rk b, B 48 it
5 mL, 4351 D i 25 2 3 7K A B RR 21 /N AR R X
W 39 Fmeit 1.3 A5 d e 3 i, BERR e Aok
JINFRE R R R AT L, B R 20 S M Rl R
T G A SREAFL AR AR L 30 LA 7 1k 3 R 7 i B () RS
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WS, Tk o R TR AR B B, BRI R
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S B (A TR
1.2.4 KA T B -5t s A AR 2 ¥ rm ey 2

PRI /NG RE 7 vk TR) 1.2, B S HR (1A
82) LN K 2R, A SR ER A —
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5 mL, 43591 LA W3 it 25 H55 7 7K 04 PR R 21N AR R X
W A5 Mt 1.3 F1S d e dE s, Rk oK
AINAHIEE B R A TR R, R S5 Sk ME R | R OSLTHT
WA AR R AR HE R LA B il et IR 5l
A3 ER 14 dJFVRAE I i 2 ol S
1.2.5 KA 82V 85 *F 4ot b @ 1) By 2L 69 ) 2

2022 4F 6—7 A 7E B Ip T\ —4K B K22 5006 3
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Y5 3 A0 FE B 0.5 mmol/L 2R R H g e
Jits 0.5 mmol/L i 2 F Fig-+ Bl 77 4 L 500 (M 2t (1)
0.3% ) R 7K (6 1R, SREXBEALIX 21 1531, T4~ 4k
HHLA/NX, BEA/IX 10 m?(2 mxS m) , 38 94/
X, Gt — KBS B ANt ARl fb 2 25 70) . RRRERR R
FATR] LT R AR, SR Bl 55 g X A R
FFms i b 3, WS HE My 225 L/hm?. 2 5485 d M
AN [N 2T e i) 2 AR RS O, JE A T 40K
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1.3 #HESH

FIFH SPSS Statistics 27.0 # {4 % K dg b 474811
I3 HEHHTIE M R SRR O R S A A
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J7 25387, 310 Duncan FGE AR 22 15T £ R 0
FHERE
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5 HUB 8] Infestation time/d
Ut RN LT B U S PR S ERZT . A Mite-susceptible variety Tianjinhong; B: mite-resistant variety Zhenzhuhong.
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PRSI B N SRR R & O T (A2 S
ANEE 3 RS d)E, LN BT R R PR
FITR Fo E 0T HEA k214 11 (P<0.001 ), JH: v it
Tl 3 ) 5 o) HR A I 25 4 5 T 44.24% 11 56.08% (P<
0.001) , 515 &t b 3 911 e ok ARG W B4 085 T 52.13%
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Fig. 1 Changes in jasmonic acid content in adzuki bean leaves induced by Tetranychus pueraricola feeding
R Ny T SRR S o e RN TR A b B2 [) 28 ST A ¢ 6 96 046 96 22 S W Wik 3% (P<0.001) o Data are mean+SE.

*** indicates extremely significant difference between two treatments based on an independent samples ¢ test (P<0.001).

2.2 FHIERFPERIS SL/NE XL SRR E1E A
22,1 KA BT B F b aoet i S0 2 6%

X R 200N ol e B g o e £ g
B 7 B9 £ 4 53] R 70 Ri/RR RN 64 Ki/bk o 217N K2 R
A R IS it S AR F R 1.3 FN S d ), 20 mh e
R FEER R T RS LTS (HE T
X (P<0.05) , H P st SR AT R FH B 3 d i , 2106
SOVRSTIR 8 T NS IR VE WLy SEARANSE R e LAY S
FIFR G 1.3 A5 dJ5 , 20 e b A p= R g L %
T B AR A LB E R AR F R 1 d S, £
T 1 7= B X B 2 SO B 5 it R A AR
fiE 3 d A5 dJ5, 20 i e H 10y 7 B 6 3 ) ol
53 /bR FI 50 Ri/BE , 36 IR B 2 T B (P<0.05,
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b JER6 i AR, (H £ /0N 1 ol iy e 21 il ) 7= B

A7 AN RS T M, (S W it = A e
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222 KA T B FA et i B @ AR Ha
AWANEL 8 G EREAR G g PO EER D) TG
g Atz 0N R T N e Ny 1 I BN 7 PO EA A NISA
JEHE 5 A %) BBCEE TR AR R 0.225 em? , Wt 25 5] 2 Y i
1.3 715 dJ , £0 il FL A ICE TR 43 531 0.117
0.075 F10.072 cm’, 4 i I T-XF B (P<0.05) ; A ME
A IEANUN D ORAW NS N A i) G e 2]
0.192 cm’, Mt it S Fi 2 H R 1.3 F15 d e , 210 il %o
H A BCE T FR S 514 0.085,0.065 F10.060 cm?, =2
ZIAZE AN (A TR (P<0.05, 1812-B)
2 U 2 TR F 15 A0/ N KL R B AR 21 - i B
B R T EEEE.
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W25 S AN 2 s Wi AT R 1 d S P4 14 d

J& S L1/ NGO SR 2T AR R 41,67 Sk/kk,
0k IR 25 A AR (P<0.05) , 1T HAth 5 /4 4k B 5 %o R
ZRAREE (K 2-C) . RUEFMRPIRGES, 41
JIN IR A RN G R T g S S 232 )
TS [RFR B B4

OB CK 31d Bm3d mms5d

A 0.259Ba

< 80 = 100qCa
S04, a o0l [F] 0 2.0 o
i 5 60 b [T b B i 5 ab
= 50 B3 i ® e ab
& g &2 015 b g o b X
1 - < o—
1540 & o b g2 ]
'q'ﬁ_g 30 4 '%_g 0.10 b ©5 40
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Fig. 2 Effects of methyl jasmonate on oviposition (A), feeding area (B), population size (C) of Tetranychus pueraricola
P& 5l R S B AR R o TR R AN [R) /NS S RE R R 28 Duncan OB 24K 22 2546 96 22 57 i % (P<0.05) . Data are

mean+SE. Different lowercase letters within the same variety indicate significant differences as determined by Duncan’ s new

multiple range test (£<0.05).

2.3 BEHEINESRHIES FRERRTLI 45 BB a2 A RN

XKL S d ), 20/ b AT 05 5 SRR
FHEALHE 10 dJi5, 20/ b BRET 6 | 130 A 2 1] 5
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2T P R A )t IR TR R (P<0.05) , Herp
A BE 10 d 5 X ZL I Y Bl R4 R 91.55%
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(P<0.05,%1).

3 it

RFR AT PR Z R, Hoh — i W2 5
R AE R E R, 7 — 8o 2 BN 548 A &
A B 18 5 i 6 5 (Chen et al.,2019) . ASHFFE 45 5 ik
NI IR 3 d 5 217N SRR A i SRR
PR T e B S S G, LB R IS (R £ Y
HaFA Rl ZL /N S e s A i R N SRR B i A1 AR
Aoy NG RAWANGR L Ty NS EANG G S
5 T2/ IN 17 1) S ] TR 87 480 52 1, 2 1T ik ST oK A PR ik
B2 5L /NG XA, Xu et al.

(2023) W 5% K& BN Ui Tetranychus cinnabarinus
BB 5 T Solanum melongena A FT R & = I 3
B, SAW AR —BG IR (202D A58 & B
AALFP I BT AR & Nicotiana tabacum $TUEF AP YK
FTR T Bt 0 5 1 T At S ol 42t e 5 12 40
T R PR SR AT R e P e S R, ELAR R
oA PR SR KT 1 o5 I o o5 34 T gkl i
AWM R 2

SR 12 HH T A 38 A R AT ) B HR iy B 3]
N, BRI A (2005) B 53 K& BLEUCE 28 SN
Fi iR F R b ¥ (0 H WE Brassica oleracea var. capitata
JG /IR Plutella xylostella ;= B3 & A i B ; da iR 45
45 (2018) T 57 3 W SR AT 1R HH 1R A 38 A9 S 1 7 A
Larix olgensis B 552 i ¥ M #S B W Dendrolimus
superans WL P2 ONAT Ry 5 T AR A (2018) WF5Y
Fi8 HH AN [R] R BB SRR IR P A5 S 1 K 4 i /5 I
W KW Ostrinia furnacalis B9 7= 5P 2 24458 % B8
K% ; Zhang et al.(2023) /& B2 F17 12 H e Ak 3L fifT R 25
Manihot esculenta 1 — 3 M- %) 7= B & R A1 5 ] A5
B4 (2019) W58 245 5 07 S T e TR A 38 K e b
¥y K E\ Nilaparvata lugens W)= 9P i i 5 FRAK . ASHF
e S TN AN R T e L e T ATl
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Table 1 Defensive effects of exogenous inducer treatment against Tetranychus pueraricola on adzuki bean

#jE5d Zjj510d
hbFp 5 days after treatment 10 days after treatment
Treatment BRI Bk BRI Bk
Population size por plant Control efficacy/% Population size por plant Control efficacy/%
XFHE CK 23.56+1.21a - 44.76+5.32 a -
0.5 mmol/L 1% H i 0.0040.00 b 100.00+0.00 a 3.78+1.02 b 91.55+3.24 a
0.5 mmol/L methyl jasmonate
0.5 mmol/L 1R F B+ B3 0.00+0.00 b 100.00+0.00 a 3.31£0.78 b 92.61+4.28 a
0.5 mmol/L AR ! fif+adjuvant
ZjfF15d ZjJ520d
LbFg 15 days after treatment 20 days after treatment
Treatment BRI Bk BRI Bk
Population size por plant Control efficacy/% Population size por plant Control efficacy/%
R CK 63.15£4.56 a - 106.21+£5.32 a -
0.5 mmol/L ZF 2 H ik 4.48+1.12 b 92.91+3.89 b 16.46+3.45 b 84.50+3.33 b
0.5 mmol/L methyl jasmonate
0.5 mmol/L &5 1% FH P+ By ) 1.21£0.21 b 98.08+4.14 a 2.25+0.52 ¢ 97.88+3.72 a

0.5 mmol/L R FH fif+adjuvant

TR B R ER . AN /NG R R 45 Duncan [GHT &2 M 22 B2 46 56 25 5 i 25 (P<0.05) . Data are meant+

SE. Different lowercase letters within the same column indicate significant differences as determined by Duncan’ s new multiple

range test (P<0.05).

R TR TR A 2SS AR PR B A 1 B A B AT
Ho I, Zas et al.(2014) & # 25 mmol/L SR
FRALHEP )& = 42 Picea abies M5 Pinus radiata
J&i  BIMAN Y B2 G2 B Hylobius abietis X3 3% 1 Fh A
1 R 34 035 R I TV (2013) WF 98 A LIS
ZERANR P BRAL PRI S Bk 1 S B KB e
Malacosoma neustria testacea WU & T IH LR
FIE WA ARG s AR (2010) WFFE 45 54 i
7 R M AN SRR TR R 5 S AR R | e, A 1
Helicoverpa armigera W] B T F ik 7> ; Egger &
Koschier(2014) % B P4 AL %] 5 Frankliniella occiden-
talis TE AR H ER 5 10 35 &2 A BCE TR AR D
A5 2 BN 0.5 mmol/L AR Y Fig b B ) £1 /)N
TP AR 1 3FS A, £LH Y IR TR
FW, SO ARG RS W mEi o F]

P2 P 5 P R o A1 1 2T I R RIS SR 2T/ N Y
/L7 e

SR PP T Ak B 23 52 0 B LA Rl o 49
i, B (2020) AIF5E K 3 5 e JBE 1 SR TR Y g Ak

U5, %1€ Dendranthema morifolium & Wf Bt ({55 &
PJ A0t HEA AN [ 2 B2 () ik /b 5 R E£T.(2021) fF 58 %
FA ] W 2R KT TR P s A B S B BB Capsicum annuum
YU RIS , MRS B\ Bemisia tabaci 1 HL A, 1% B i
FENRE, HAEDUME S A RSO 1
Zhan et al.(2022) ff 5%t 32 W 2 Fi1 18 FH R 75 fig
R BRI Myzus persicae FIFPEERR . ARIF5E
I BRI H PR BEA ] £1 /N G e i Fh 21 i
R, L 21N B2 R T AT 3 d J X6 £ il
FEEICR A ROR B4, 21/ N ST s A et 1 d
J WL AR AR A BRSO R A AN AT
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