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Abstract [ Objective ] The study aims to investigate the differential efficacy of anti-leaf spot in barley
(Hordeum wulgare 1.) of various concentrations of exogenous methyl jasmonate (MeJA) and understand
the underlying mechanisms, thereby providing a foundation for the application of MeJA in controlling bar-
ley leaf spot. [ Methods] We used ‘Mengpimai 37 (MP3) seedlings as materials and conducted three differ-
ent treatments: Inoculating the barley leaves with sterile water without any Bipolaris sorokiniana (the

causal agent of the disease), inoculating the barley leaves with sterile water after treatment, and treating
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the barley leaves with different concentrations (0.5, 1.0, 1.5, 2. 0, 2. 5 mmol/L) of methyl jasmonate
(MeJA) before inoculation with the pathogen. The disease incidence was investigated at the three-leaf
stage based on disease index to determine the optimal MeJA concentration. We measured antioxidant en-
zyme activities, anti-disease-related enzyme activities, malondialdehyde. proline, soluble sugar, and solu-
ble protein contents, and the expression levels of related genes under no inoculating treatment, inoculation
treatment, and inoculating + optimal MeJA concentration treatment. [ Results] (1) Exogenous application
of MeJ A enhanced MP3 resistance against spot blotch, particularly at 1. 5 mmol/L where there was a sig-
nificant reduction of 19.03% (P <C0.05) in disease index compared with control plants, indicating the
most effective induction of resistance. (2) In comparison with inoculating treatment, barley leaves treated
with 1. 5 mmol/L. MeJA exhibited significantly increased activities of superoxide, peroxidase, catalase,
chitinase, and 8-1,3-glucanas. Additionally, there was a significant decrease in malondialdehyde content as
well as proline, soluble sugar, and soluble protein levels. Furthermore, the expression of MeJ A-regulated
transcription factors and genes encoding disease resistance-related enzymes were significantly upregulated.
[ Conclusion ] Exogenous application of 1. 5 mmol/L. MeJA enhanced resistance against spot blotch in barley
by regulating the activity of disease-related enzymes and the content of osmotic regulatory substances, as
well as modulating the expression of genes encoding the disease-resistant enzymes and key transcription

factors involved in jasmonic acid signaling pathway.
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Table 1 Genes and real-time PCR primers

I ZFR Gene name

FEH B Gene description

5% Primer sequence (5'—>3")

Actin WLEh & 1 Actin

HORVUSHr1G060730

HORVU5Hr1G065420

HORVU4Hr1G017430

HORVU5Hr1G045650

FATM ZIM 45 Mk 3 A

Jasmonate ZIM domain-containing protein

SR HF WRKY33

T NAC

sk HF NAC

F: TCGAGCACGGTATCGTAAGC
R:CTCAGTGAGCAACACAGGGT
F: TGGCGCTGAGAACCATGG
R: GGTTGAACGGCGAGGACA
F: TGGTATGGTCGAGGCCGA
R:GAGGCTCGTGTCCGATGG
F:ACCGCAAGTACCCCAACG
R:GCTTGCCGGCGTAGAAGA
F:AGGAGCACGAGCAGGAGA
R:GGAACTGCTGCAGCTGGA

HORVUOHr1G016050 JLT il Chitinase R.GTTGAGGTCCACGAGCCG
HORVU5Hr1G074980 ALY Peroxidase gtg%%ﬁ%i&fg%&gf&?{%
1.2.5 #HIESWT 50 mmol/L MeJA A AH H, & W E MeJA

KH Excel 2021 #4780 4E %8 KN 2 K, Rk A
SPSS 23. 0 /8 %cdE . i FH ANOV A 347 Duncan’s
S BEWZE LK (P<C0.05),

2SR50

2.1 MeJA 3t X Z & HBEE NS SER

Bl MeJ A ¥ B B R, K22 Al bk 1) 95 18 48 B ke
RS b T 75 P RO W S T R AR OFAE 1.5
mmol/L MeJA Zb3E T 1578 410Gk B e I (15. 19)
VBT RO 5 B B s (8 (55. 63 %) , H 5 H A v i b 34t
ERBEGKRD,

£ 2 AEKESMNE MeJA 12 T K Z M B %
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Table 2 Disease index and resistance induction efficiency
of spot blotch in barely under different concentrations

of exogenous MeJ A

Me] A W JE RECE S FEHRCR
MeJ A concentration Disease Induced resistance
/(mmol/L) index efficiency/ %

0 34.224+1.02a 0
0.5 29.6341.36b 13.42
1.0 21.6741.67c 36. 69
1.5 15.19+1. 70d 55.63
2.0 20.284+1. 27¢ 40,75
2.5 33.33740.67a 2. 60

e RIBAS R NG B R A B 2[RI 7E 0. 05 7K SEA7 78 1 35 1 22
F(P<0.05),
Note: Different lowercase letters in the same column indicate

significant differences among treatments at 0. 05 level (P<C0.05) .
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AHEE 1.5 mmol/L A F E 8 8 B & KT 1. 0,2. 0
mmol/L Zb ¥, 5 W& X B F KT 0.5 mmol/L Me-
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Different lowercase letters indicate significant differences among treatments or between

treatment times at 0. 05 level (P<C0.05). The same as below.
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38.28%.37.53%.36.65% ., HORVUOHr1G016050
(CHT)MI HORVUS5Hr1G074980 (POD ) 3 [H 3¢ ik
HAE BRI C b 3T ¥ Bl Ak 35 B R] S K S e S
R AR f R 5 T o3 BIAESS 3 KA 5 RikFIR K
1B, LA BRI ) 25 Ak b 2 5 76 AH [ 4b B ] T, BE A
FTIREH RN C>B>A Lb L, H AL B ) 22 5 #4535
F R KV, C A CHT A0 Y Rk = 7656 3

O #£ % No inoculation (A)

—_
)
1

HORVU5Hr1G060730

a
&

Hi =
\H =

b
PZic

AN RILE
Relative expression level
o <o
= %

$% 1 Inoculation (B)

— NN W W (=
W [l wn < (%] , £
T T T

AR RIS &
Relative expression level
5

0.5}

HORVUOHriG016050

Hie
e

L4 bg’’ ;3_

127

.,f,.‘ﬁ.e.

1.0r

0.8

AR Rk
Relative expression level
1o
e

0.6

1 3 5 7 10
B F) J5 I8 7] Time after inoculation/d

KB} B AbH R 15. 25% . H POD #f v 38 A
TR 5 KM E B AL W E R 12, 17X,
CHT A1 POD {1748 fk. 5 40 ¢ 3 [H A8 4kt 3 — 3¢,
X FHAMNE Me] A B DLVE$E M BERE B ARG N KZFE4)
H 45 NAC \WRKY .CHT Il POD kP 33k
L G JAZ B K R 8 CHT #l POD
T 38 50 DK S g e B A B

[ MeJA+{% B MeJA+ inoculation (C)

357
3.0F
257+
201
1.5}
1.0}
0.5}

HORVU5HriG065420

FHX Rk &
Relative expression level

HORVU5HriG045650

A R IE &=
Relative expression level
[\o]

0
7 HORVUSHr1G074980
= b a a
L A =
3 ;1 S e
wE [ Bt & =i
KaE 4t B o
K E
=5 3
2,0 G & - =
3 1(} o iz g i
0 =l ’—r =N ’—K = ’—K R

1 3 5 7 10
B S5 I8 7] Time after inoculation/d

B4 MR MeJ A AR BRI )1 JA ARG LR Rk B

Fig. 4

3 1 ik

MeJ A 1E i W IEAR 5 0+ B 4 5 A8 4 SR 40 s
JEUTA 42 N IR B0 300 B8 W30 00 A T R EE RS
BAMitE 2. 0 mmol/L MeJ A Xf /N2 W) 258590 175 S 9T
Ph SR o, TS B T W S [ MeJ A XK
F S AR b0 38 S B X8 45 & B 10 mmol/L
HNIE KA R T K TR 2 2% SO R0 38 5 17 48 H R 3

Expression levels of genes related to jasmonic acid in barley leaves with different MeJA treatments

B . A S I X 5 i ORI PURCR D E L
BAMIE MeJ A Xof R 22 I BE S 1) e AR B IR W Bl 1.5
mmol/ L, I 7 i 1 ) i 7 v A B MeJ A 7237 5 K&
PO ARG L IR AT 5 45 28 &AL A% o B2 A0 o
s IR MeJ A e BE 2 AN 42 w8 R A2 P dh
MeJ A SAEY BT 30k 5 VI AR 5, R 9 &2 21 40 5
A RN R G B ROR A KRB 2R
HMIR MeJ A Ab BERT LA o A ) 1R DA AH O BT S8 AL T



536 ode Moy % iR 44 4

MLFESBE YRR B MDA & &, 2
EHLIR S R KERBE R fiE 0 e A
W98 K B 75 i B 1 4= L J5 . K22 it i+ SOD, POD,
CAT TG P8 AS b Ak BEF- 34 38 8 43 51l 3k 31. 94 %0 .
32.36%0.21. 200, BIVR 2 3 5 X B 1 19 1= G4 A7 1E
—EPUE s 5 R AL BEAE E L SRR MeJ A 5 5 1K
M F SOD.POD.,CAT %59 A Ak B i H - 47 34 i
A3 5lik 94, 31% .70, 42%.,99. 94 % , Hnt |/ CHT,
B-1.3-GA W& PETEAL BEE 1 — 3 K 1y 19 i@ 43 91l 3k
79.52%.53. 76 % . iX 5 AMJE MeJ A $a /N A E
RS A R R R M RO RCR AL, AN IR Me] A
REE AW G 3 A B B R 50 B AR AR s PR &
RO K 3 A0 A Ak 8 A5 s [ R e O A
CHT #l p-1,3-GA 35 ¥, {1 2 7K fife 201 40 B 1, 41
il L A A DA R 5 D T 42 e S i, R, AR
T AMIE MeJA Ab 3N K22 M bk i+ MDA, A]
VA T W 0 R R AR P AL B R] A G 8 T
B a4, 7 B 4 R AL BRI TR i A
Tl R & A 2 BRI R B B TR R
A MeJ A Ab 35 ik i 250K T 422 DA A B 50 ] - B
I 175 T 1095 37 R T A D 0 o I TR 1 AR Bk B
B, ax 5 # R A T I 45 ROR AL T g R T A IR
W -7F T R B 2 ) EAE O R E Y X BB
W FERAR TR, 5 Ah AR i R
MDA % F 3B AMNE Me] A fEiE S K& 1B E K
BRI 05 . D8R A AR B . M I R M A A Y
B AR 5 RS R AR AL U0 B 2 35 08 0 R B RIS
AR A J5 0138 52 A A2 O A BE R 1K L IR ] MeJ A g
AR T RE HBHURTE.

H AT Me] A WY BRI E A —
BEARE Y EXE T MeJ A i S0 5L K %358 05 1A i
WA WAWBIGE . ASHIEFE s T 4 65470 06 A0 OC il
K JA e SEIN T JAZLWRKY Fl NAC 4 56
FENFBM AL, CHT g% /K i 1 22 A K 4o 3 4n
JiLBE v ) LT BT % L B TS M 32 3 5 e
fRE AP RN R BORRIB LT
PG AR Y A B AR R R B SR R A
JE (BRO b B K R i o rf JLTJ5 05 1k 2 v L i 3R
KRR R YU RE 1 G0, BB BR B S LT IR
155 2R G0, 03 L TR 4 A BE 1) K i, B2 5 K AR B g
J1. POD S4B B8 A7 %500 B ik it 82 8L I
S BB B A A 4 . AR D g
& WA v P R B nT AR o e I T A A T

P35 R R G B G IR PR R . T 5l R Wi 5-
ALA J& s K POD 7 1 S H 35 PR X 3k s 48 n
FAT 4 555 T oK & % R 8 A BT AR5
AN MeJA 4b B K& it 7 CHT Al POD ¥ 1
i A B B ) IE K A A 5B 35 T R AN A RS AL D
CHT F1 POD #H 3¢ 4 [H 3R 3k & 428 fk i 945 5 g 1% 1k
ARAR LA —F, X R ABEES ARAT L R MeJ A
AE I8 b V8 B AH G TG R Ok 48 = X i BE O Y
itk

Duan %5 75 /N 25 L I8 R 0F 52 b R B JAZ
JE B DRI IR % 3 ik o X R B TR 1 5 I 1 AT oL B
B PP RN A Rk K. Jiang SV BF S R A
WRKY57 5 WRKY33 3% 4 1 b o 45 5C 5 1) il
JAZ1 F1 JAZ5 B3Rk, HI585 T WRKY33 XK % &
(Botrytis cinerea) WKL HE J1 . A< 2 55 0F 5% 3% WA
JAZ FIHEP IR FTE MeJA 555 8 B ph 35 7 ik
P E R WRKY RIELHAE MeJA iR )5 &bt
B AL B B T X — S5 RS Jiang &
A Duan 25 BB 52 45 AW & . NAC §5 0 F
Z 3| MeJA WY IRHEIF 2 5 32 2195 5 AR 3L J5 51
RWIBUG R . BRBLSEST B 5 & BT A SR S b
Wf i %38 CsNAC2 RE W8 A Rk 4 L 52 40 55 0 1 &
TG » 22 9 ORI BE A D W R . Shan 5% &
IR A A SR AL TR S R MaNACT \MaNAC2
FIMaNAC5 SER Y R HB 02 1,3 A5 R+
I RE W U R R DG R 1 R 3k, DA 4 i A AE X ik
JER BT PE . AR KB NAC ZRIEHNAE MeJA 5
T A A R A B T A T W T S BRI AR
il Shan 5% BBF 25 R — 50, DL R 25 R R A AN R
MeJA %S NAC .WRKY 253E [N #£3ik EH.WRKY
FEH ] JAZ LR Rk B2 5 T BT 2k 1 &
TR o DA B 185 R 22 I B0 19 0 1k

47 8B

Wi MeJ A BEAE— € R BE b 2% fiff K22 A8 Bk - B
I 2 s AR R, 0 AR R 2 N I B i Bk, o 1.5
mmol/L MeJA B E 5 HEF ;1.5 mmol/L Me-
JARE B F 7 S8 & K&Z M R/ SOD,POD, CAT,
CHT H1 5-1,3-GA ZFF 15 Ve L R v il 2 e & &t
A MDA AT MR A ] i 8 & & 54, 1.5
mmol/L MeJA b EET5 S 4w CHT 1 POD Ay 1
W L. JAZ P FEIXTFIH, NAC WRKY N #
ik bR T REAR 1 RS2 I B 5 1) 6 A 32



4 1

WG 0 A < SRR R R S O i B LM AT Y

537

S E 3k

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

Lol

[10] WL, H X4

MR, R, A, & KRB ST SO M
(1. s ELRHE S, 2022, 24(11): 43-54

SUN Y F, HUANG Z L, LI BC, et al. Evaluation on resist-
ance of barley germplasm resources to leaf spot disease[ ] ].
Journal of Agricultural Science and Technology, 2022, 24
(11): 43-54

M, TR, B IR . . K BT B 4 R4 AR R 21
KRAHLT]. AL EAR A, 2022, 30(12) : 2267-2278.
QU J Q, ZHANG Y. YANG Q L, et al. Identification of bar-
ley germplasm resistance to leaf spot and genome-wide associa-
tion study[J]. Journal of Agricultural Biotechnology » 2022,
30(12) . 2267-2278.

SRMTR . RS I BE B A AR AR 2 A R
dent: PERLR B, 2016.

SRHSR, ESCE, R, S REE R P R 2k R BORN B
FREIPTES BT, A AL B IR -E 4L, 2016, 17(4) ¢ 586-598.
GUO HQ, WANG W F, YAO QJ., et al. Analysis on coeffi-

S Hr (D],

cient of parentage of major barley varieties and their spot
blotch resistance [ J 1. Journal of Plant Genetic Resources
2016, 17(4): 586-598.

A L INE AL AR RS2 BT A0 I B s A B TR E K 32
BYORFBMILT ] EPPRBLAA, 2024, 54(1) . 137-146.
GOU J Y. SUN D, SHANG JW. et al. Identification of re-
sistant barley genetic resources to Bipolaris sorokiniana and
analyses on main resistance types[ J|. Acta Phytopathologica
Sinica, 2024, 54(1): 137-146.

Ve i, BRIk, SRS, A 61 D oK 2 Bl i U U X 0% £ oA ol B
M BTE S 1], A B4, 2020, 50(5): 602-609.
PANG Y X, CHEN L, GUO H Q, et al. Evaluation of resist-
ance in 61 barley germplasm accessions to spot blotch caused
by Bipolaris sorokiniana[]]. Acta Phytopathologica Sinica .
2020, 50(5): 602-609.

TRER, BRE, ToRE. AN ABA XHR 4 NaCl e (4 2 fit
B0 B G A A A R AR AE L) ], P ABAR 2 i, 2023, 43(6)
996-1005.

ZHANG Y, CHEN H, WANG G P. Alleviating effects of exoge-
nous ABA on Catalpa bungei seedlings under NaCl stress and
growth physiological response characteristics[ J]. Acta Botanica
Boreali-Occidentalia Sinica , 2023, 43(6): 996-1005.

. e, FilE. 45 SEASRHETEE EBR 5 MeJ A Xf
KJE BRI, B2, 2022, 49(10): 2236-2248.
SUNJ M, CUI Q S, WANG Y Q, et al. Effects of EBR and
MeJ A spraying on postharvest quality of apple[J]. Acta Hor-

ticulturae Sinica, 2022, 49(10) . 2236-2248.
T SCH, AL, PNETHT . AE. SRFTER HER AT /N 2 4 AR K TR

MR RALIFE R 2022, 41(5)

FENG W J, GAO W, SUN M M, et al.

933-942.
Effects of methyl
jasmonate on the growth and cadmium accumulation of wheat
seedlings[J 1. Journal of Agro-Environment Science, 2022,
41(5); 933-942.

R EH . S AP FT I T I A B AL ST

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(191

T N3 i R
(6): 1250-1258.
WU F, XIAO L H, ZHAO X Y, et al. Effects of exogenous

M sZm )], YLVGAR L K24, 2021, 43

methyl jasmonate treatment on blue mold and storage quality
of pear fruit[J]. Acta Agriculturae Universitatis Jiangxien-
sis, 2021, 43(6): 1250-1258.

LIECHTI R, FARMER E E. The jasmonate pathway[]].
Science, 2002, 296(5573): 1649-1650.

WRRE, BB, A, . KR 3EKBBERYYRELE
AR AR OGP B G A A ) R 22 ST A D00, B ROl B A
2016, 49(19) . 3807-3817.

BO X P, WANG M X, CUI L, et al. Evaluation on correla-
tions of three kinds of osmoregulation substances in tea fresh
leaves with low temperature during winter and spring respec-
tively and their difference among cultivars[J]. Scientia Agri-
cultura Sinica , 2016, 49(19): 3807-3817.

WK, k3. AR, & KEMBERER{ETELILT
JBT L -1, 374 SR i M AR AL B BT LT, HOR ARk K
4, 2023, 58(1): 122-129.

YANG Q L., ZHANG Y, QI T T, et al. Study on infection
process of Bipolaris sorokiniana on barley leaf and the resulting
changes of chitinase and 8-1,3-glucanase activities J]. Journal of
Gansu Agricultural University , 2023, 58(1) . 122-129.

EGE, KT, INEE, S SRHER W ER N 4G AL BT 1k 1 5
WALT]. A2, 2020, 31 (12) . 4197-4205.

FAN J, ZHANG X Y, SUN X Z, et al. Effect of methyl jas-
monate on aphid resistance of chrysanthemum[]J]. Chinese
Journal of Applied Ecology 2020, 31 (12); 4197-4205.
FEER, R XURE, L SMECEFTRR TR S Ak
FRMBTFEL]]. PR, 2016, 46(2): 190-197.

YU H X, GAO L, LIU T G, et al. Preliminary study on re-
sistance of wheat to stripe rust induced by methyl jasmonate
[J]. Acta Phytopathologica Sinica, 2016, 46(2); 190-197.
FRMK, EHER, HEOBAL, A ST R TR o A G A AR 2
RS P EREER, 2010, 26(17): 277-280.
WANG J B, WANG H F, CUI X Y, et al. Inducement of
methyl jasmonate on resistance of tobacco to cotton boll-
worms[J]. Chinese Agricultural Science Bulletin, 2010, 26
(17): 277-280.

JARHE, REAS. AMECRFIR T BRI S AT AR 227 X 75 Al 94t
PELJD. PEILAEA 4R . 2015, 35(7): 1415-1420.

ZHOU D X, XIONG S. Resistance of ‘Zhugenjiang’ ginger
to Ralstonia solanacearum induced by exogenous MeJA[]].
Acta Botanica Boreali-Occidentalia Sinica, 2015, 35(7):
1415-1420.

T, R, wOE, S SME MeJ A SFERINA T BRI H A K %
UL E R R IR R[], FoRFE, 2022, 30(2): 75-81.
WANG F, ZHOU J, HUANG X H. Effects of exogenous
MeJ A on growth and antioxidant enzyme gene expression of
maize seedlings under salt stress[J]. Journal of Maize Sci-
ences ,» 2022, 30(2) . 75-81.

JIANG Y, YU D. The WRKY57 transcription factor affects



538 Wodt oMoy o iR 14 %
the expression of jasmonate ZIM-domain genes transcription- capacity of strawberries during cold period[J]. Farm Prod-
ally to compromise Botrytis cinerea resistance[ ]]. Plant ucts Processing , 2015(7); 1-4
Physiology » 2016, 171(4); 2771-2782. [31] WP, SRR, RIOB. 5. b IR AR IR A 52 5% 24 1R
[20] PING D, MEILING Z, AIGUO W, e al. Exogenous methyl XoF K AR e 5 26 A SR B R T A A SE e [T, £ e Rk A
jasmonate enhanced the antioxidant capacity of Malus baccata FAR2EM, 2021, 39(4) . 123-130.
by stimulating jasmonate signalling under suboptimal low LUOJ Q. ZHANG Y J, WU A P, et al. Effects of exogenous
root-zone temperature [J . Scientia Horticulturae , 2023, 321. methyl jasmonate and isoleucine on resistance related enzyme ac-
[21] DELESSERT C, KAZAN K, WILSON 1 W, ez al. The tivity of cherry tomatoes after Botrytis cinerea infection[ ] ].
transcription factor ATAF2 represses the expression of path- Journal of Food Science and Technology , 2021, 39(4): 123-130.
ogenesis-related genes in Arabidopsis[[J]. The Plant Jour- (327 PBEAMH, W, SR, 2, % /02 LT 53 KA o
nal s 2005, 43(5); 745-757. HRIEMHI]. Z KA. 2016, 36(5): 539-548.
[22] #bd, 220G EEWR. B NP S RO 9 A4 CHEN D Y, YANG M M, GAO X, et al. Cloning and ex-
FE N M TR AT ). EREYISFIR, 2019, 39(5): 605-612. pression analysis of chitinase genes in common wheat (Triti-
HUANG Z L, LIBC, WANG J C, et al. Physiological re- cum aestivum 1L.)[J]. Journal of Triticeae Crops. 2016, 36
sponse and its principal component analysis of two barley va- (5): 539-548.
rieties with different resistances to Bipolaris sorokiniana[]]. [33] w&kh, BkEan, AE. 2. mEZNEEREEE OsCHRLK
Journal of Triticeae Crops, 2019, 39(5); 605-612. FEKFEL L E A P A S RELT . TRk 22 4R . 2016,
[23] FETCH T G. STEFFENSON B ]J. Identification of Coch- 39(2): 53-69.
liobolus sativus isolates expressing differential virulence on GAO M Z, GENG TR, GAOJ, et al. The role of BR regu-
two-row barley genotypes from North Dakotal[ J]. Canadian lated protein OsCHRLK to the fungus resistance in rice
Journal of Plant Pathology . 1994, 16(3); 202-206. (Oryza sativa)[J]. Journal of Agricultural University of
[24] FE=MR. M4 sAEAIM] JEat. dhE M . 2013, Hebei , 2016, 39(2): 53-69.
[25] Wathe. REEREAMEATEIS (M) dbat. PERT [34] Pz, KAy, vofd, &5, o i me i g 2R R XK W ia T
bt A, 2007, RGN AR R A B R R m ()], PE bR A R, 2023,
[26] LM, MR, HE, 5. SME Mel A XK 3 AR M )75 S 43(5): 805-813.
PEH B MU R ]. dEF 2, 2022(3): 1-8. BAI R Y, SONG X M, SHEN J, et al. Effect of foliar spra-
WANG Y, XIAO C, DONG J, et al. Preliminary study on ying melatonin on growth and physiological characteristics of
the mechanism and induction effects of exogenous MeJA on pumpkin seedlings under cold stress [J]. Acta Botanica Bo-
Chinese cabbage under the stress of clubroot[]J]. Northern reali-Occidentalia Sinica, 2023, 43(5); 805-813.
Horticulture , 2022(3); 1-8. [35] EMG. W%, Wk, % SME S-ALA X T B T £k
[27] e, = Z#F. 38, % SMERBIRIE S K E M 4806 4y B A K 0 2 A O B BT R R R R SR s g (], TR
WPLPERTFE (0], MWD B2 4. 2022, 52(4) : 658-668. My XA BF ST . 2022, 40(4) ; 1-9
LIUHY, STEJ, GUO M, et al. Resistance of barley to WANG P, YANG A J, FENG Z J, et al. Effects of exoge-
Pyrenophora graminea induced by exogenous salicylic scid nous 5-ALA on growth of maize seedlings and expression of
[J]. Acta Phytopathologica Sinica » 2022, 52(4): 658-668. antioxidant enzyme genes under drought stress [J]. Agricul-
(28] Z=rguk, VEwIw], B/NEE, 5. MR MeJA XTS5 AEH T £ K I tural Research in the Arid Areas, 2022, 40(4); 1-9
HAEBEA ] TR, 2021, 38(6) . 1078-1086. [36] DUAN S, JIN J, GAO Y. ez al. Integrated transcriptome
LI Q X, PAN C C, HUANG X X, et al. Effects of exoge- and metabolite profiling highlights the role of benzoxazinoids
nous MeJ A on growth, physiology and biochemistry of Viola in wheat resistance against Fusarium crown rot[ ]J]. The
ypd,nen.\'is[ﬂ. Pratacultural Science, 2021, 38(6): 1078-1086. Crop Jowrnal , 2022, 10(2) . 407-417.
[29] WRig %, 48FT2%. B We, . MK FT MR T mE X &L e ™ (371 WRBL.ZEEE WRAEIR. 5. M CoNAC2 78 R I2 4% 25 i HUw 1 H
/I *ﬂ?zf]ﬂa(’%ﬁﬂ*ﬂ*ﬂﬂﬁa‘c\ﬁ&ﬁlﬁfﬂ A IR M e MALEIRF ST, B 2024, 2023, 50(12): 2701-2712.
1%, 2023, 43(5): 794-804. CHEN Q, LI T, CHEN J L, et al. Studies on function and
CHEN Y L, ZOU Z R, YANG S L, et al. Effect of exogenous mechanism of CsNAC2 transcription factor in resistance to
methyl jasmonate on osmotic adjustment capacity and proline me- green mold in citrus[ J J|Acta Horticulturae Sinica, 2023, 50
tabolism of Jatropha curcas seedlings under salt stress [J]. Acta (12): 2701-2712.
Botanica Boreali-Occidentalia Sinica s 2023, 43(5): 794-804. [38] SHAN W, CHEN ] Y, KUANG J F, et al. Banana fruit NAC
(307 kA, FTRD7 . RIS, &5, SMITSRFTIR H B REAER 5 12 i transcription factor MaNAC5 cooperates with MaWRKYs to en-

HAIE] & A RE D psg (], AeF= ST, 2015(7) : 14
ZHANG F S, HE C F, ZHU H ], et al. Effects of exoge-

nous methyl jasmonate on postharvest decay and antioxidant

hance the expression of pathogenesis-related genes against Colle-
totrichum musael]]. Molecular Plant Pathology . 2016, 17(3):
330-338.



