# 7 R FAR Journal of Southern Agriculture  2024,55(6):1653-1661
ISSN 2095-1191; CODEN NNXAAB

http://nfnyxb.xml-journal.net

DOI:10.3969/}.issn.2095-1191.2024.06.010

DUARBBU S RIm B30 e Be U E LI 52

Fﬂ‘ﬂ: é— r—«12 /ﬁ%}/\l?*, N\ﬁ%'z ﬁ}i‘%—?xl’z, ﬁiﬁﬂ—%l’z, %Xjﬁs

("Hd KRR RRF R A A AT B L YRR EERRE, Bhila 570228; PHEAXFEZRHEHITIE,
BHZT 572025; P BKRFRFR, SEHT  530004)

I

FEE [ B0 1 e HUsOBaE R i 5 A BT AL, S R Ra B A 24 700 (0 I & S L e 14 . [ 7
1 UARERE 22 200 L-B R8s \D-ZLBE D-HE 0% . D-J M . D-21-FUA D% s DR FID-AKE ORI A i g5 44
Bl K E AR B RNE R FE (Ralstonia pseudosolanacearum )RS03 , J3-A i Ak B X 4 [ A6 A i, 21 F 40 i a6 #n
5 PN AR I A X R A B A SR A W . A B TE P oA A DN E AT TR R A AR
FH RV E RS 52 .4 618 d, T2 ZoM A 35 )RR ZE 3 i S (L W 8 (POD ) R T 2 R fiff 22U 1l (PAL ) FH 22 T U AL il
(PPO) 5B A G o [ 255 1 10F i, L-BTRiA T8 | D-ZUME A D-A A 1 5 G B (R Ak, e b 7 R 2l s 4l
RIS EE I, LR A A D-A ) o 25 B (SRS A 1 B 2 (P<0.05, FIR)) 3 = N Ak i B0 45 S 36 L-
B A DR o ST Ao O BT VA R R B L 15906 7% A3 W L-Bal R AR -5 75 il 81 A A P L 45 S 3 I, - BTz AP
TR PA TR A L SO P A 52, 5 A B LB A BTt bk . B A G A 285 SR 2R B, L-BaT i 0%
AL FRBE AR R AR ZE AR POD . PALFIPPOIF T , POD FIPPOTE M 147 it 25 5 A R 42 Mp I 1] Al HE RS S 15 K Ha 3, 7R3
8 dJFiBIEAH, 205 571.111125.33 Ulg; ﬁﬁPAL(% P sh AR A 3 el R 54 daRIE(A, 72413 U/g. [ 4518 JL-B
P AR XS SRR A5 (14 B 8 A5 R i e , DRI 2o B R AP AR R P 7 A 36 P Sk 34 s AR 35 s iy b bk, LA R A
T ARBEE o B IR 257 R T

SRR : L A BE; ORI AR

RE 35S :5436.418 XHERERG: A X ESRS:2095-1191(2024)06-1653-09

Screening of sugar for resistance to pepper bacterial wilt and
its resistance mechanism

GAO Yu-lan'?, GAO Lian-bao'?, FU Hui-zhen"*, WANG Zhi-wei'?,
CHENG Shan-han'?, ZHU Guo-peng'?, YU Wen-jin’

("School of Tropical Agriculture and Forestry, Hainan University/Key Laboratory for Quality Regulation of Tropical Hor-
ticultural Crops of Hainan Province, Haikou, Hainan 570228, China; *Sanya Nanfan Research Institute, Hainan Univer-
sity, Sanya, Hainan 572025, China; *College of Agriculture, Guangxi University, Nanning, Guangxi 530004, China)

Abstract: [ Objective] The aim of this study was to screen sugar for resistance to pepper bacterial wilt and analyze its
resistance mechanism, providing a theoretical basis for the development of control agents against pepper bacterial wilt.
[Method] Ten sugars of sucrose, maltose, L-arabinose, D-lactose, D-raffinose, D-fructose, D-galactose, D-glucose, D-
ribose and D-xylose were used as experimental materials, the tested strain was Ralstonia pseudosolanacearum RS03. Ana-
lyzed the assimilation of R. pseudosolanacearum on sugar, seedling experiments and indoor pot experiments were con-
ducted to screen for the sugar with the best control effect on pepper bacterial wilt. The interaction between the selected
sugar and R. pseudosolanacearum was further studied by the tests of antimicrobial activity, pathogenicity and chemotactic
response. And the activities of denfense enzymes such as peroxidase (POD), phenylalanine ammonia-lyase (PAL) and
polyphenol oxidase (PPO) activities in the stems of sugar-treated pepper plants were determined at 2, 4, 6, and 8 d after
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inoculation with R. pseudosolanacearum. [Result] Among the ten sugars, R. pseudosolanacearum showed negative as-
similation to L-arabinose, D-lactose and D-raffinose, therefore they were selected for the follow-up test. The seedling test
results indicated that both L-arabinose and D-raffinose significantlyreduced the incidence of pepper bacterial wilt (P<
0.05, the same below). The results of pot experiment showed that L-arabinose had the best control effect on pepper bacte-
rial wilt, reaching 90.67%. The interaction analysis between L-arabinose and R. pseudosolanacearum showed that L-
arabinose had no inhibitory effect on R. pseudosolanacearum and no effect on its pathogenicity. Additionally, R. pseudo-
solanacearum did not show chemotactic response towards L-arabinose. Defense enzyme activity tests further indicated
that L-arabinose treatment could significantly increase the activities of POD, PAL, and PPO in pepper stems. The activi-
ties of POD and PPO both showed an increasing trend with the extension of inoculation time, reaching their peaks at
571.11 and 125.33 U/g after 8 d of inoculation, respectively. The PAL activity showed a fluctuating trend, reaching its
peak at 24.13 U/g on the 4" d of inoculation. [ Conclusion]L-arabinose has the best control effect on pepper bacterial wilt.
It may enhance the resistance of pepper to bacterial wilt by increasing the activity of defense enzymes within the plant,

and has the potential to be developed into a new type of control agent for pepper bacterial wilt.
Key words: pepper; bacterial wilt; sugar; screening; defense enzyme activity
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(5% 2 S VB —Fh KSR g o, 7E TR B
Sl b b HE F B LA (FRar IR 4, 2023) o SR, R
FEUTT A998 B0 & A 7™ B 4 240 1/ 22 AR IX B A 77
T A B iR R G &2 & Fh (Ralstonia sola-
nacearum species complex ) 5 | A2 (1) — Ff ™ 5 + 1% Ji
]G E SATHIY 450 ZREY) , FREIE R N
il S R S L 7 iR K A] K 100% (Din et al.,
2016;Sharma et al.,2021) . H 77 3= 28 o it Ak 2
255 AR R R R AP B M AT BORB IR
BRACE Hw (A B IR RORA — 8 SR B, BLAk 2= 2457
Jifhs FH N A 3587 B B 25 FE RS #E 7 (Suchoff et al., 2019;
Wt ,2022) , ik BE A R AR 27 4R 24538 By 2 B0 HE L
AR T R A2 5% BRI V5 Y SN B R SR (X
FE,2021)  BEAE LGB0 WA e, AR
PRI I 245 T & O AR ] 545 K RIS 1) B
o TFREOAG R IR 25 R B ia B
A EEE R | SE5 R 25 L, Y
PUR SR EA T E REAME RFEETE RS
PP Z R 5 (IR AEAE, 2020) o A WIRDUIR I
AR A IR A (E R 55 ,2020) .
3R (2014) TF5T K 0 80% L isi R R BRI A A
I ; Toufiq %5 (2018) fff 7 & B K 22 i 43 B A5 21 1Y
FA LT TTEE, X 7 ih e TR R D TR R B R T
S AE YR I A IR 5 4 R T s Margaritopoulou 55
(2020) ByWFFE 45 R, AR FEAL i 4 By 16 54
AT B FIR 0 3 55 50 5 (2022) BFFT & 30 1 i S 3 B
WXk B AR e L R AR K B e A 7R 4
DM B S AT R AP R BTG VE L B IR AR
39.90%~66.74%. MIAERTEHAARA P S E T E, 2
LA MR AT PURIE S RRE . FudE(2020)

5T S BT 1k LBl A Ak P AT dl 2 i 1o 2 )
M M s MacTntyre 25 (2022) BfF 5% 3% B 1 R 1 5
BERT I e A AR A & A o A IR B B iR 2570038
A 3 A T A 9 R RS B B 4R o Chahed
25(2020) & BUIEAS M AT W0 B B AR K BEVE R
— o IR R R 5 B A 2 R R R N
S EE VR, 38 T a4 A 2 I A s R
R AR H B0 AE 77 (Yang et al., 2021) ; Yang %5 (2023)
TIF 5T 2 UM s = 1 ok 22 o A 400 5 I B 2L O TR O
P, X5t 2K R R B -5 7K R A0 B 4% B T
BTGP, LB RRCR AT ik 70%.,  BLAh, #atkPEAE
2 TR A AR B s B R R LA F R A, AR PR —
JREA HAFE IR0 — (Feng et al.,2021) . Posas 4§
(2007 ) BfF5% 238 7F - 48 v I8 i &0 L 8 Fn s 4G 0%, 1T
T80 A G YRR TR S5 R AR Ak, DTN 5 B BB
T, ) 7 55 5 A5 ; Rudrappa 25 (2008 ) B 5% &
PR R ST 20 R B AR e, AR 2R 0 b ) LS SR R vl
YL 2R T B 2 AT R (Bacillus subtilis )FB17 1E
HRBRE 5 , LAFEHU I B s Neal 55 (2012) 8158 & L&
SKAR 2243590 HH B R s W T T G 25 R RO LA
A B (Pseudomonas putida) B9 AL IE PE AR 2 E
BEAETT , AT 1E 978 5 R A2 4%  Hida 55 (2015) BF58 &
B, Tt AR 2R IR T R T BT AR VR L AR
Hm R Rz o, e E &4 . @b rE
R, T — 2SO A 5 590 D 1 A B AR
L aEURALE . Mg Kb i, B
BT —EA AR E B ELE it Ak (POD) |
I TN 2 IR i 2 (PAL) Al 2 8 S AL 1 (PPO) 25 57 )
FEAEA TR R PR B . PR RELR S (2022)
WFFE KB, (8 7 5% B FETENE R IR T T 53 55 RN AR
PInT R AN AR & 19 POD . PPO M PAL 7 i
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R TR N PAL .POD . PPO K 3ot 81k A i
(CAT) TR E 5 #5185 45 (2023 ) BIF 5% & B K #1152 1Y g
AT KRR X SOk Bt A UL 5
TG 7K v POD 8 S8 Ak W17 AL i (SOD) Fl PAL 45 By
TEVIEG PR AH 6 5 VRFREE A (2023) I 78 AMIR W il 4 1]
75 T H IEDT 1 2500 R VE FAILEE , 45 SR e BH 1 IR mg
Jite 2 F11 R i H RE R R4 N POD 5 SOD {6 14 34t 3
T AR A S0 BB iR VR A —
FiA R S BT VR Tt , 15 B A AE BT Ao By 1R
WFFE ORIV P AR DR o [0 e 1 O e [ A ]
DL BfURRURR 22 20 0 A () B4 10 b CIREARE 22 250
L-Bf R Ar b\ D-ZLB% . D-Aif 74 . D-A440  D-F 765 |
D-H %515 . D-ZHE RN D-ANH ) A5 b4 ), i B8 X 5
PO AR D7 36 38R B A A M , 43 M -5 5 s T 1 A
A RO XSS SRBSURE AR 77 AR B 1 1 5 ), PR 5T
i 1 BOROGH F M ek A AL TR, Ry R A 1 B
TR &SRB
1 MREFE
1.1 R

HE 5 B Bk R B0 BB R IRT (R, pseudosola-
nacearum ) RS03 (NCBI % 5% 5 OR782585) , H1 1 7
AT ) 2R i A 4 T e SR A B R IR
17 BERHARE F - HNUCAO00181, FH i R K275k
PR BT 0 IR PRI o M (22 20 . D-FLAE .D-fR T
Wi D-S bk D-2FUME  D-H 4 % . D-Z B D-A B
BI [ R A R A B2 B 5 LB A
A i oA RHE I A IR A R . CPG [ {4
FRHE:10 g B AR 1 g MK AR .S g %405 18 g
BENE , 25K AN E 2 1000 mL; CPG RS 3R 5510 g
FEANR . gMRKFRREE M S g MANE, 2R KHNE
% 1000 mL; 1/4 M63 57 5L 7 A48 TAEW TR ( |
) e A7 FR 2N ] s M-SMSA 15 5% 55 % French 4%
(1995) (715 L

¥ RSO3 & PR 7E CPG [ 435 77 5 FRIZ, & T
28~30 °CH; FEM KT F7 , 48 h 5 Pk HU LAY (g B p 74 5
% CPG WSS 4,30 °C 200 r/minEi%555 24 he
HUHNUCAO00181 BN+, 1] 75% L BEiF # 1 min,
2% AR TE 7 3 min, KR /K Pk 6 R = TCH M.
B RS B eI pE AR L, BT 28 CCREmG IR
WEZE3~5 d, FFFP T 88 FUS#E T S0 Lo B TR
26 °C JEEWIL:D=14: 10 B HEHE T, BiE
KRS L

1.2 EHIERS R

$4 55 35 1 RSO3 T ¥ 6000x g B> 10 min, 1 1/4
M63 $5 37 He Pk ik, F A B0 S TR R B R T &
1x10° CFU/mL. & EWE A2 280 | L-BIhr{ips . D-7l
Wi D-AEHE D-228 . D-F 30 . D- #4580  D- 1k
FID-ANE 10 FBEE AL B, 7E AR FL A 150 pl 1/4
M63 557 51 96 FLAR HH A RSO3 T 30 wL, 437l
ININAS RIS 20 L, 2R 2R 0.25% (wiv) ,
PATRAN 1/4 M63 55323 %4 B8 . 30 °C 200 r/min §&
P HE SR 48 h, SR FHEEFR AN 22 55 F2 K ODgypo B3 FhBH
TR BRI 3 4L, % 3K E R
1.3 #&Eile

TEHE RSO3 T PR [F] fb A8 B A AR A R 2R 7 7 B IR 2K
e B Agarwal 25 (2020) B 75 1, PEHL T
T BRL 53 5 B T 5 10 mL 0.25% (w/v) L-Bi]
FLAFRE . D-ZUAE A D-A R W 1 55 37 L, {4
AR AR T ok, UK R K AT BRI AR 1 d
JE ¥ Zh B U B RSO3 B (1x10° CFU/mL)
FERP 5 ST PG, T S min JFEUA S 1 mLKE
JKEY 1.5 mLECAE T, B TR EE 30 °C DGR L: D=
14:10 MR 70% PN TSAEAFINER 7 d, iE SR 4 &
W O, FEAL R O RSN T, I 3IRER . THRA
TR IR R THREA R

R Yo )= RIR BT E AT A< 100

BIARIR (% )=kt HE & 95 R — b BB 9 5% ) /) R

RIRHEX100

1.4 ERIHIRE

3 3 Ay v e e B e AR D TR A 1Y)
2 FloHE (L- BT 47 A7 b5 1 D-A 48 2647 = N 2R
5, Z B Fu 55 (2020) 1 15 i, 4 4~5 i ITBURLET , %
10 em> 10 cm B H AR, 8RR E BRI
FH 0.5% (w/v) L-Ba i AP 4 F1 D-Aif 8 7 ¥ (60 mL/
FR), LLR B 7K AT IE 1 d A RSO3 B (2.5% 107
CFU/mL, 100 mL/FR) , B4 5 19 BOBGE BT il B2
30 °C JEJE I L: D=14: 10 J2JEF 70% i A T4
MEL 14 d, 0 RIRIE DL, S RGeS (2013) 1Y 7
AT 73 : 0 G, BRAU R AE K IE 7, R e 5
1 %, BB R Tt I e 186, AXEB 1 8 2 Fr i 28
RO 25 5 2 9, BROBURE R T00m i R I, A
O 172 W 2555 5 3 90, BOBUREAR TR i 7 1E 3, Ay
T 2/3 M 2535 5 4 9, BBV AR 0 it | kA 28
B AR R 2 S O, MU R R R S Bk
FET- . BEALIR S BB , e 3 CHL A o AR 1
GO TR A R
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W TETE (%) =3 (5B IREO< 5 P RE )/
(A2 BRI < e s AR A ) >
100
BRI (Yo )=kt REpa 55 48 B — b B 175 F5 450/
Xf R I HE £50< 100
1.5 HmEFEHENE
SR JFI X 0B 15 3792 0 5 - B a7 A A AR O BT 35 1k
164 RSO3 B ¥ (1x10° CFU/mL) iy CPG [ {45 75 3k
FLBEEZ 2 em 7 mm ATALES AT FL, 4
SIANA 70 WL 0.5% (w/v) L- B R AAAA W, A 70 wL
KK N2 AXHR, 70 WL 0.1% (w/iv) 5555 2y B
SRR AR PR A 3 YR, 30 °CHE I 48 h i il 0 14 Pl
Hi%.
1.6 BURMENE
B RSO3 BERRTE R 0.5% (w/v) L-BalhiAA A 1Y)
CPG ARG Fe 31 30 °CHR 15 5% 24 h, LV #L CPG
WA EE 5L A 0 B WSO TR A 23 0|42 22 4~5 i 1B
PRACE , HERP 7 1R R 14 B s R O TR
£ 30 °C G L: D=14:10 1B JF 70% 1 A\ TS 4
FEWLEE 14 d, 0 s AR O, T F R e 4k, 15
ik 1.4,
1.7 #EHENE
A 52 2 BB Elgamoudi 55 (2018) 4 5 72%
PS5 1% (wiv) =R EEE AT AW (TTC) F10.5%
(w/v) L-Fal S {4 4 8 mm B JIE B & T 0.3% PBS 3
HEH, BB 0.5% (w/v) L-25 2 Bk i Sk BH 1 X B LA
PBS %5 FIXT A, 30 °CHE 3% 24 h 5 W5, Bg A
Fl 220 @RV B B R m M BiiE s =
A 4mLPBSHY S mL .08 P IRGIRA,EIR T
Ki 9% 30 min J5 205 FE 101107, 10°,10%,10°, 1045,
10 WL 427 2 M-SMSA 3595 5L b5 40 B 4t
1.8 PFrfEsEENE
BRBUE it ] L-BTh A WO 4270 RSO3 TR
kR 1.4, UK A XTI 2R 5252 4 .6 F18 d,
B B34 em 2bZ53(250.5 ), s B TR A
AR, SR FH R B A W T AR 2 B A 7 B R 0 3
F &3 5 5 POD . PAL F1 PPO 1% 1 .
1.9 %Sitoh
TR I6 K8 K FH Excel 2010 #E47%4 34 , 35 1 SPSS
22.0 4725 5 W E T -

2 H#RE5HMH

2.1 EMLIEASIER
B 1A 50, 28 L-BaT i AA A D-ZLBE A1 D-# 7
W Kb B R T ODyq 73971 24 0.0436,0.0478 F

0.0484 , 5% H(0.0436) Jo ik 3 22 & (P>0.05, T [A]) ,
VLT R AL & L-BURiaE  D-SUHA D-F3 1k
3SR AERIR G2 A RN 3 Aol TE AR
I, EPE L-BTHArOBE . D-FUBE AN D-A -8 3 Fhoi izt
e
2.2 HERWER

Y2 2 AT FE AN AR B 7 d 5 X BB 4N T
2T ARG, RN 100.00%. L-BiT Rz Af
B D-FUBE RN D-Af 74 b BEES AT A [v) 75 B b A A1 4N
BRI, Hor L-Fal 7 {FDE RN D= B Ak 21 B
ST R RAUA 11.10%, 359 38 25K T X6 B AN D-FLAK
AbFE(P<0.05, TTH]) , B 1A AR 0 88.90% , F& I H:
HA S HAEPUE RoR i Re 11, BRIk, 4 L-Bi
FLAFHE S D-M TR T 5 221
2.3 ERNEHLEER

PRV R 14 d 5, L-BaT R A B RN D-Af 7 Ak
PR BORURT 10 52 0 QN P 1 7, 6 BE BRABUR 4 25
R TETEEK 100.00% , 17 L-BaTHr 743 A0 5 A 3o
D 255 D-A T AL PR BB R 2555 L 0
1EFEH 1M 9.33% H160.00% (£ 3) , 2 B L-Fifhir
EVBE AN D-AR W A0 BRI R 1 BB Ao 1) 2

® 1 BFWHEX 10MENRKIERSITER

Table 1  Analysis results of assimilation of 10 sugars by R.
pseudosolanacearum
Qb FH Treatment 0Dy, 25 Result
X} & Control 0.0436+0.0009g
HEME Sucrose 0.1301%0.0020b +
7 2 Maltose 0.0546+0.0010e +
L-Bi i {1§% L-arabinose 0.0436=0.0010g -
D-ZLbk D-lactose 0.0478=0.0003fg -
D-# ¥} D-raffinose 0.0484+0.0007fg -
D-H D-fructose 0.0763+0.0017¢ +
D-}- 7% D-galactose 0.06170.0004d +
D-#j% 4 D-glucose 0.1531+0.0004a +
D-#Z# D-ribose 0.0532+0.0006¢ +
D-AMH D-xylose 0.0509+0.0028ef +

) 5 B3 J5 A ) /N R R OR 28 5 35 (P<0.05) . R 2 TR 3
[l +2mAFVER; —Fm T RER]

Different lowercase letters in the same column indicated significant dif-
ference (P<0.05). The same was applied in Table 2 and Table 3. + indi-
cated positive assimilation; - indicated negative assimilation

Fz 2 L-PTHhAHE .D-ZLAEFI D-18 FHE AL BT SR 40 &
BRI RR

Table 2 Control effect of L-arabinose,D-lactose and D-raffinose
treatments on bacterial wilt of pepper seedlings

AbE R (%) BiARCR (%)
Treatment Disease incidence Control effect
X} B8 Control 100.00+0.00a

L-Bu$7 {18 L-arabinose 11.10+6.41c 88.90
D-FLHf D-lactose 44.43+6.43b 55.57
D-fifi 8l D-raffinose 11.10+£6.41c 88.90
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L-FTH7 {14 L-arabinose

D-##F## D-raffinose

B 1 L-FTh{a#EHn D-13FHEXERE S MR R 20
Fig.1 Effects of L-arabinose and D-raffinose on pepper bacterial wilt

FRIE . AH LG D-HE A0 35, LBl 7 {F B Ak 3% i
R D7 VAR A L 3K 90.67%. R, L L-
BT R TEEA T I S
2.4 L-MAARBMESRENREEENEER
XFURERE R I e 25 5 (1 2) o I AR B R )
FLJE Bl AT L A d s W P, T4 M 24.33 mm, 1A
L- B[ 7 AP0 B FL Bl R H B B L 52 1 % iR —
B, F2 B L-FT LA AN BRI 1 35 A PR 0 2B 4 L-BaThir
ARSI B E
2.5 L-PUhr{ArEx S+ B BRI R0
H ] 3 W], BB 2 R 28 L- B R Ao Ak 28 1
T 14 dJ5 R TETEECRH 97.33%, S5 X R (98.67%)
TG 22 53, A2 B L- BT T4 X 7 A BT 1 S0 P v
AR
2.6 BEHEXL-FHAENELENELSER
e E R (F4) B, &F L- S & Bk

xR 3 L-BUHAYEF D-48 FHEXT SRS Hm BB A RUR
Table 3 Control effect of L-arabinose and D-raffinose on pep-
per bacterial wilt

Qb RTEHE 2 (%) FiiaseR (%)
Treatment Disease index Control effect
X} #f Control 100.00+0.00a

L-F[{f1#% L-arabinose 9.33+6.11¢c 90.67
D-# 7§l D-raffinose 60.004.00b 40.00

\
%} & Contro

’fi%“%ﬁ Streptomycin
’f& @

L-BH7{A#¥% L-arabinose

2 L-MHEE ERENITEEERNESR
Fig.2 Inhibition zone diameter of L-arabinose on R. pseudo-
solanacearum

() Bt i e JE) Bl 5 O A 21 €0, 3 % A0 T A T AR N
7.84 1g CFU/mL, 1M1 &5 78 L- Bl -7 A 8% A4 350l B J5] Fl
KARLT A, 525 G BEAHARL , 22 BH 35 4 0 L-Barhr A
P B A e
2.7 L-FURI{AFELL I 33 BRms B S B E M RO 20
L-BaTh7 71 B 4b B XS BRI ZE 3 POD . PPO F1 PAL
TEPER S AN S TR o B T A TR R ) A 4
%, POD G 1E B IGK G H  HeRl 555 4 d, L-BiThir
PR A B () SR POD 195 M Hb XS R 5 35 T 7 6.18%,
FERh G 56 6 A1 8 d, L-Buf 1A B AL B A POD 145 74 43
Sk 568.33 5 571.11 U/g (IEAE ) , A 345 %1 BE G i 3
250 RIS, L- BT 7 b Ak 23 AT 4 3 B8 i B PPO
TG, Bl A 75 A B2 A B ] A RS , PPO & PEHr 4k
Tl B S 8 dIkIEAE , S 125.33 Ulg, Hxf IR
T 195 38.89%  L-BAI {11 B Ab B i) R PAL 3% 14
MRS 2 d PR ZENE LT AE RS 55 4 d ik
U (E, b 24.13 U/g, b Xt I8 8 25 1800 138.44%; Bifi J
PAL 7P T B, B2 Fh 5 565 6 d PAL IGPE R 11.94 U/g;
TEHEAP S 8 d, PAL T NI+ %216.76 U/g., FRWIL-Fi]
PLAFTE AL BT 8 2548 /55 B POD . PPO il PAL 45 B
TS

100.00 7 T I

5

T 80.00 7

[}

2

2 60.00 T

()]

5 40.00

¥E

i i

e 20.00

0.00 T )
X} R L-Baf iz fF

Ab3Z Treatment

3 L-PU{AsExt & E BUm R 200
Fig.3 Effect of L-arabinose on the pathogenicity of R.
pseudosolanacearum



- 1658 -

& Rk F R 55 %

A
oyl L-7 44 Ik L-Bar Rz Af 4
Control L-glutamine L-arabinose
B 8.00 1 a
(SR
£ 5 600d b b
oo S
O © T
NI
m = § 4.00 4
523
E & 2.00 A
iz :
o~
0.00

X LA L-BTR
AbIE Treatment
4 EWHEXS L-FR{ATER A ENE S R

Fig.4 Chemotactic response of R. pseudosolanacearum to L-
arabinose

A TR ELRS W (ORI B AT T AN B . A AR NS 7

TR 285 1.3 (P<0.05)

A': The color exhibited by the migration of R. pseudosolanacearum ;

B: Number of migrated R. pseudosolanacearum. Different lowercase

letters on the bar indicated significant difference (P<0.05)

3 it

AHIFSE N5 HORURR 2 43 6 P AR [R] 1) 10 ol eh
i3 X 7 At B TR AR B A W, & 3 L-BThAriis |
D-FUHE A D-A5 10 3 Fh A1 5 Ak T [m] 16 A B 7T AN [+
TR 2 b PR R BB A0y v g 3, ooy LBl iz T D-
MR B A RO A . BN 25 R R,
L- BT AR XS SRR Al %) 77 Y RO e A, T AE R
— A I BB R PR 255

KT T W6 2550 i VE PRI B 25T
il , BRSSP R MR i A AR
YR B 6 2550 B R A A B S P, AT e e
FRy 00 1 VE FH S 31 Bl 9 28R (Seo et al., 20125 84 A Af
55,2018)  (HAAIT 5T 25 R B LBl AP X 75 Ak
AHAHEMHEEN. CAWRIREZHHEYIEER
SR A A ™ 1y e VR 4 s S AT 1 3 0L PR R B0 T
Song 45 (2020 ) fiff 57 A I 4R 22 8 HY R 7 I8 95 75 A
[EZ iR VIR =RE 0 e e Y W) &5 &l I Nl WA 1]
HAREZVERH . Wang 55 (2020) & BUAEY) KR 7= W)
& N R T T F M E (Psedomonas syrin-
gae) 1 TTSSFEA, DTk 5595 i 8T O 850 1 . 51k
AR B, AW 5% 45 5 ¢ B L-FATH A B A 52 i) 75 A B 11

—x— X #& Control

60000 g | Farifik L-arabinose
*
= 5 550,00
=
£ a
S € 500.00
450.00 . r r r
2 4 6 8
B R X% (d) Days post inoculation
—— Xt Control
140.00 7 _g L-Paf$i{f1 B L-arabinose i
120.00 1 *
~100.00 1 x
2=
i 2 80.00 A
Q
= 9 *
)-I;og 2 60.00
&% 40.00 -
& .
20.00 4
0.00 r r T T
2 4 6 8
M ERE(d) Days post inoculation
—x— %] lE Control
30.00 9 —m— [ -faRi{f4F L-arabinose
25.00 4 -
2 520,00 A .
2 * *
#H 5 1500 4
é /~ 10.00
5.00
0.00
2 4 6 8

R E X% (d) Days post inoculation
B 5 L-BUhrR s srm s Ee i 1t i 22

Fig.5 Effects of L-arabinose on defense enzyme activity in

pepper
AR RN R AN B LB R AR R] 26 57 2 (P<0.05)
* indicated significant difference of the same days post inoculation
between control and L-arabinose (P<0.05)

otk 20T 4 RO R FELEE RS P
JEEHR B8 BRI A S 0 BN, 7 A T i e £ i 1 4 T
M (Feng et al.,2018) . i J5 b BE & 70 THEWIMR &
F B R R A o s i B Rl B A A S
T TR 2 T R AR R A R B AR S T el
IR YRR S5 A R A AR AL, Neal %(2012) &
I KAR R 43 WA T A 2R D R I T T 2 YR
SR AR (1 R T A M B R e B AR T . RS
R IR A RN L-Bal iz AF0RE G At , BN L-Fafhf



64

o

TREF: FOHRME A R 00 HE R I SR R ATEALHE AT R

+ 1659 -

BEA TR AR AR R AIERS . M0 L-Bar A A
BRACHE R O DA R R th FH S E AR
FHAE 17 2 5 ) i 2 A W 7S B 1 977 10 52 o7
A Ko

B A sl A A ) R i SR SR
FEIR AN N P B R B TR SR H B
IR RE TR R G etk , tad A2 L — &R
A1) 5 1575 D 52 1 A O B4 il R R PR ()3T M5 S
(XHEH S, 2020) o [ 203555 (2017) 4B ST R
P T 5 R T A L JLSC IR 12 T BE S TG MR
FRIAE GBS PR 48 = A G, POD Al {2 HFAE A ZH 21
HER ik K AL A WG AL AR T 2, B R oAb 7
(5 ,2014) . HMIEAE 38 S0 I W3 it T 5 TR 40 1 19
A R R BT R HEVE O 3 SOD |
CAT F1POD {14 , £ &1 8 N B Bo st 1 5 H s 7 (P
UK ,2023) o AHIFFY 25 S B LB Rt T 2 Bk
HUPOD 7 M, B R AL BT 4 d ), L-Baf A Ak #R
POD 775 P 5% HE il 25 1800, 5 AR MRS 2 (2011) Y AF
FELE AL, PPO ] A 1A 5T 2 A 259 B
FEAE R PR . AN IR A5 SRR , LBl h A A b
BRI PPO I 14 Fifi 4 7 b R B R ] ) HE RS F
Thir B 8 dJE IR IEAE , R 125.33 Ulg, 30X IE g 3
Fhim o PALFEAEYI AR N BEACEHE R P AR B A
o, SR OCHEEE R PRl , 5 AR T Al AR R Ak
BV I A F V) B R o Klarzynski 5
(2000) A5 % BRI Z2 R AL B AT (AR 0 e Bk
i H,0,, [A] B} PAL i M A 5 & 7K, R BT 20
ISR A R hURtE . AR T, L-BTHin
HEAL R B PAL 1 M 52 0 s AR (R 3 7E 4R 4 d
kUG (E, R 24.13 Ulg, 5% HE Wl 5 180000, 5 1)
25(2020) FIBX G FE S (2022) BYBFFT 45 SRARLT o

4 it

LA AR o 0 B SR, 3
BT R A B O PSR AR T
R LA T 52 BB R 6 25
.

2% 3 Hf (References) :

RIS , X ], AR, TR . 2011, S MR 175 J
PRAP B M S S AR AR LT ). o ER R R 32(5) 1 24-
28. [Chen Z P, Deng J C, Chen W M, Wan S Q. 2011.
Dynamic change of activity of superoxide dismutase and
peroxidase induced by quinclorac in tobacco[J]. Chinese
Tobacco Science,32(5) :24-28.] doi: 10.3969/j.issn.1007-
5119.2011.05.006.

SENEIE B BT EAE S, Y, KR 2013, BROBURH BT 5T
VT M 00 452 S0P [T AR i, 31(4)
378-384. [Dang FF,LeiY F,Guan D Y,Wang Z X,He S
L. 2013. Identification and evaluation of resistance to bac-
terial wilt in pepper[J]. Plant Science Journal,31(4) :378-
384.] doi: 10.3724/SP.J.1142.2013.40378.

FROCE . 2022, K AR W) S5 T R B O R
YEFIHLRIBEFE (D], % : PEILRAMBHH R . [Guo W
H. 2022. Study on the effect of induced plant resistance
and related mechanism of natural product chelidonine [D].
Yangling: Northwest A&F University. ] doi: 10.27409/d.
cnki.gxbnu.2022.002288.

BURTAT A SR AR AE . 2018, A A IR A S0 5 0 B 1 B
PLERRT ST [T ). AP %W 5E, 7(1) :29-36. [He K K,
Yang X C, Song L Y. 2018. Research Progress of plant
active ingredient antibacterial abilities and mechanism[J].
Botanical Research, 7 (1) :29-36.] doi: 10.12677/br.2018.
71005.

BT MR A, B RO VIR, AR 2023, R HY R
X AR RSO o 75 T M B I A T 1 S W 5 [0 ).
TLEL 3% ,35(8) : 82-87. [Huang J B, Chen L C, Cao
Z S,Sun B F,LiY D. 2023. Effect of methyl jasmonate on
rice induced resistance to sheath blight and activity of
related defense enzymes[J]. Acta Agriculturae Jiangxi, 35
(8):82-87.] doi: 10.19386/j.cnki.jxnyxb.2023.08.013.

PRRIA , BLANSE I, e ve , 20, REAE R, R
L B /NRU, RS 3 . 2022, % 5 S0 28 TCA 25 0
APPSR LT ). PER A~ # 42, 35(11) : 2544-2553.
[Huang X J,Huang R K,Feng C C,Ju X X,Qin J, Liang J
Z,Chen Z D,Huang Y H,Chen X F,Liu X L. 2022. Induc-
tion of resistance of amino-oligosaccharide to Fusarium
wilt of bitter gourd [J]. Southwest China Journal of Agri-
cultural Sciences, 35 (11) : 2544-2553.] doi: 10.16213/j.
cnki.scjas.2022.11.011.

XN, B8 8, B AL TIBE, e mesR XIS, FBIRF
2021. (CEMIZAEIEAZ) T A ALY AN it A BER K
T [ xSRI [V ] AR A SRR PB4, 37(9) £ 1129-
1136. [Liu X, Wang L,HuFL,Ma Y, Yu C G,Lu X Q,
Liu L, Zheng S P. 2021. Requirements for reduction of pes-
ticides and fertilizers under the convention on biological
diversity and the countermeasure suggestions for China
[J]. Journal of Ecology and Rural Environment, 37 (9) :
1129-1136.] doi: 10.19741/j.issn.1673-4831.2021.0144.

XZPHE , Wi/ INE 280 AT, R SC, EAHTHE . 2020. L il
T2 T DI AR TS M ) AR AR [T ] S AL, 48
(8):54-58. [Liu X H,Chen X J,Li C,He HY, Chen W,
Wang L S. 2020. Changes of defense enzymes in Capsi-
cum frutescens after infected with tomato spotted wilt virus
[J]. Guizhou Agricultural Sciences, 48 (8) : 54-58.] doi:
10.3969/j.issn.1001-3601.2020.08.012.

I, A0 — P JRI T 09 . 2020. A9 e 154000 1 4 FH LB
RN IR FE 3 e [T ). 43 F R & L 18(3) : 1020-1026.
[Liu Y X, Zhu Y M, Zhou E X. 2020. Research progress



1660 -

B Rk F R 55 %

on the action mechanism and application of plant immune
inducers[J]. Molecular Plant Breeding, 18(3) : 1020-1026. ]
doi:10.13271/j.mpb.018.001020.

TeALIR BRI, o SO, st W, S R IR . 2023, [ BB
WA SIS F B 5 [T ] SR, (1) :9-15. [Qiao
L J,Zhao B H, Zong Y X, Kou C Y, Dong Y H. 2023.
Development current situation, tendency, and countermea-
sure for China’s pepper industry[J]. China Vegetables, (11)
9-15.] doi: 10.19928/j.cnki.1000-6346.2023.1032.

MK, Tk, XIS, 5KR0, IR40FS, TRHRER . 2023, A [RHk
BT BT 7 o B S HT Al SRR ]
FIBHRWE ] A B, 51(13) £ 175-181. [Sun
B,Zhang J M,Liu PY,Zhang Y,Su H L, Wang J X. 2023.
Impacts of different concentrations of brown algal oligo-
saccharides on growth, yield, quality and expression of
antioxidant enzymes and their genes of cucumber[J]. Jiang-
su Agricultural Sciences, 51(13):175-181.] doi: 10.15889/
j-issn.1002-1302.2023.13.027.

T R RS JEEY-. 2014, SMIFRERT 5 RS %
T AR BTSRRI [0 ] AR RO R4, 35
(3):74-78. [Wang L,Chen Y T, Cai K Z, Wang G P. 2014.
Effects of exogenous silicon supply on the activity of antio-
xidant enzymes of tomato leaves infected by Ralstonia
solanacearum[J]. Journal of South China Agricultural Uni-
versity,35(3):74-78.] doi: 10.7671/j.issn.1001-411X.2014.
03.014.

Fir e, T, FLGER, KA, ke, 250, £l b,
R, TR . 2020, A SR BE DR B9 A B A BCH
Al R T ]. 542y, 42(10) : 24-31. [Wang L
L,YueY Z,Kong X Y, Zhang J, Zhang X Y, Li Y, Kong
B,Lu C C, Li Y, Ding X H. 2020. Discovery, action
and application of plant immune inducers in agriculture
[J]. World Pesticides,42(10) :24-31.] doi: 10.16201/j.cnki.
¢n10-1660/tq.2020.10.03.

5 3CHR . 2014 A [7) 538 T 790 X il B A T A RO [T .
FEMARLRL,42(5) : 125-127. [Wei W T. 2014. Antibac-
terial effect of different fungicides on Avocado anthracnos
[J]. Guizhou Agricultural Sciences,42(5):125-127.] doi:
10.3969/j.issn.1001-3601.2014.05.032.

[ 0032 X A P BRIT, A B, B RS . 2017, SRR Y IR 75
A -SSR R [T ], B 2524k, 44
(10) : 1985-1992. [Xiang M L,Zhao XY,Chen M,FuY
Q, Zeng X C. 2017. Involvement of induced resistance by
methyl jasmonate to bacterial wilt and reactive oxygen spe-
cies metabolism in pepper seedlings[J]. Acta Horticulturae
Sinica,44(10):1985-1992.] doi: 10.16420/j.issn.0513-353x.
2017-0004.

VIEERE, SRR, s &b b B, i =0k, ik . 2023, SRR
Wt =4 ] IR S H T 1 2% A AR s [T ). g 7 Al o7
i, 54(7) :2039-2049. [Xu H M, Zhang T J, Shi M T,
Hong D K, Gao S J, Wang J D. 2023. Effects of exogenous
spraying of jasmonic acid on the occurrence of sugarcane
leaf scald [ J]. Journal of Southern Agriculture, 54 (7) :

2039-2049. ] doi: 10.3969/j.issn.2095-1191.2023.07.016.

T, i, ARG, SRR AP, K0TS B e AR
AR . 2022, A3 B2 G AR NE /25— PR AL B AR I B 4%
B A A LT ], E AR BG4, 38 (4) £ 890-895.
[ Yang L, Zhou Q H, Wang D Q,Guo R Q,Fu HY, Zhang
W X, Ge B B, Li S D. 2022. Management of tomato di-
seases by a combined technique of soil fumigation with fer-
tigation and biological agents in greenhouse[J]. Chinese
Journal of Biological Control, 38(4) : 890-895. ] doi: 10.
16409/j.cnki.2095-039x.2022.04.004.

SR A7 TG, SR IR SRR R AR R L JE AR L 2020, 4
WIHE S R AT R (1], vh Rl 34, 34(4) 1 519-
528. [Zhang Y, Yang D Y, Zhang N L, Qi X, Hao Z S,
Chen L, Fan Z J. 2020. Research progress on the plant
disease elicitor [J]. Bulletin of National Natural Science
Foundation of China,34(4):519-528.] doi: 10.16262/j.cnki.
1000-8217.2020.04.019.

RRAERRE T WESR , B BRI, F2305, . 2022 ZFAFF
Ya-1 175 5 A D7 A0 il 0 A 4R v RRH G B A DR ik R
BLT] Ay FAEY E R, 20(8) :2699-2706. [ Zhao Z X, Yan
W R,Wang B,Chen Y, Wang H F, Xiao T B. 2022. Increase
of defense enzyme activity and expression of resistance-
related genes in pepper induced by Bacillus sp. Ya-1[J].
Molecular Plant Breeding, 20 (8) : 2699-2706. ] doi: 10.
13271/1.mpb.020.002699.

Agarwal H, Dowarah B, Agarwala N. 2020. A quick method for
screening biocontrol efficacy of bacterial isolates against
bacterial wilt pathogen Ralstonia solanacearum in tomato
[J]. Bio-protocol, 10 (22) : €3829. doi: 10.21769/BioPro-
toc.3829.

Chahed A, Nesler A, Navazio L, Baldan B, Busato I, Ait Barka
E, Pertot I, Puopolo G, Perazzolli M. 2020. The rare sugar
tagatose differentially inhibits the growth of Phytophthora
infestans and Phytophthora cinnamomi by interfering with
mitochondrial processes[] 1. Frontiers in Microbiology, 11:
128. doi: 10.3389/fmicb.2020.00128.

Din N, Ahmad M, Siddique M, Ali A, Naz I, Ullah N, Ahmad
F. 2016. Phytobiocidal management of bacterial wilt of
tomato caused by Ralstonia solanacearum (Smith) Yabuu-
chi[J]. Spanish Journal of Agricultural Research, 14 (3):
¢1006. doi: 10.5424/sjar/2016143-9012.

Elgamoudi B A, Ketley J M, Korolik V. 2018. New approach to
distinguishing chemoattractants, chemorepellents and cata-
bolised chemoeffectors for Campylobacter jejunil J]. Jour-
nal of Microbiological Methods, 146:83-91. doi: 10.1016/j.
mimet.2018.02.008.

Feng H C,FuR X,Hou X Q,LvY,Zhang N,LiuY P,XuZH,
Miao Y Z, Krell T, Shen Q R, Zhang R F. 2021. Chemo-
taxis of beneficial rhizobacteria to root exudates: The first
step towards root-microbe rhizosphere interactions [T]. In-
ternational Journal of Molecular Sciences, 22 (13) : 6655.
doi: 10.3390/ijms22136655.

Feng H C, Zhang N, Du W B, Zhang H H,Liu Y P, Fu R X,



Tk

64 5 TR WHAF A 0 48 £ 56 A AU B R

- 1661 -

Shao J H,Zhang G S, Shen Q R, Zhang R F. 2018. Identifi-
cation of chemotaxis compounds in root exudates and their
sensing chemoreceptors in plant-growth-promoting rhizo-
bacteria Bacillus amyloliquefaciens SQR9[J]. Molecular
Plant-Microbe Interactions,31(10):995-1005. doi: 10.1094/
MPMI-01-18-0003-R.

French E B, Gutarra L, Aley P, Elphinstone J. 1995. Culture
media for Ralstonia solanacearum isolation, identification
and maintenance[ J ]. Fitopatologia,30:126-130.

Fu H Z, Marian M, Enomoto T, Suga H, Shimizu M. 2020.
Potential use of L-arabinose for the control of tomato bac-
terial wilt[J]. Microbes and Environments,35(4). doi: 10.
1264/jsme2.ME20106.

Hida A, Oku S, Kawasaki T, Nakashimada Y, Tajima T, Kato J.
2015. Identification of the mcpA and mcpM genes, enco-
ding methyl-accepting proteins involved in amino acid and
L-malate chemotaxis, and involvement of McpM-mediated
chemotaxis in plant infection by Ralstonia pseudosola-
nacearum (formerly Ralstonia solanacearum phylotypes I
and I11) [J]. Applied and Environmental Microbiology, 81
(21):7420-7430. doi: 10.1128/AEM.01870-15.

Klarzynski O, Plesse B, Joubert J M, Yvin J C, Kopp M,
Kloareg B, Fritig B. 2000. Linear $-1,3 glucans are elici-
tors of defense responses in tobacco[ J]. Plant Physiology,
124(3):1027-1037. doi: 10.1104/pp.124.3.1027.

Maclntyre A M, Meline V, Gorman Z, Augustine S P,Dye C J,
Hamilton C D, Iyer-Pascuzzi A S, Kolomiets M V,
McCulloh K A, Allen C. 2022. Trehalose increases tomato
drought tolerance, induces defenses, and increases resis-
tance to bacterial wilt disease[J]. PLoS One, 17(4) : 0266
254. doi: 10.1371/journal.pone.0266254.

Margaritopoulou T, Toufexi E, Kizis D, Balayiannis G, Anag-
nostopoulos C, Theocharis A, Rempelos L, Troyanos Y,
Leifert C, Markellou E. 2020. Reynoutria sachalinensis
extract elicits SA-dependent defense responses in cour-
gette genotypes against powdery mildew caused by Podos-
phaera xanthii [J]. Scientific Reports, 10 (1) :3354. doi:
10.1038/541598-020-60148-6.

Narasimhamurthy K, Udayashankar A C, De Britto S, Lavanya
S N, Abdelrahman M, Soumya K, Shetty H S, Srinivas C,
Jogaiah S. 2022. Chitosan and chitosan-derived nanopar-
ticles modulate enhanced immune response in tomato
against bacterial wilt disease[J]. International Journal of
Biological Macromolecules, 220: 223-237. doi: 10.1016/j.
ijbiomac.2022.08.054.

Neal A L, Ahmad S, Gordon-Weeks R, Ton J. 2012. Benzoxa-
zinoids in root exudates of maize attract Pseudomonas
putida to the rhizosphere[J]. PLoS One, 7 (4) : €35498.
doi:10.1371/journal.pone.0035498.

Posas M B, Toyota K, Islam T M. 2007. Inhibition of bacterial

wilt of tomato caused by Ralstonia solanacearum by su-

gars and amino acids[J]. Microbes and Environments, 22
(3):290-296. doi: 10.1264/jsme2.22.290.

Rudrappa T, Czymmek K J, Paré P W, Bais H P. 2008. Root-
secreted malic acid recruits beneficial soil bacteria[J].
Plant Physiology, 148(3) : 1547-1556. doi: 10.1104/pp.108.
127613.

Seo S, Gomi K, Kaku H, Abe H, Seto H, Nakatsu S, Neya M,
Kobayashi M, Nakaho K, Ichinose Y, Mitsuhara I, Ohashi
Y. 2012. Identification of natural diterpenes that inhibit
bacterial wilt disease in tobacco, tomato and Arabidopsis
[J]. Plant and Cell Physiology,53(8) : 1432-1444. doi: 10.
1093/pep/pes085.

Sharma S, Katoch V, Banyal D K. 2021. Review on harnessing
biotechnological tools for the development of stable bacte-
rial wilt resistant solanaceous vegetable crops[J]. Scientia
Horticulturae , 285: 110158. doi: 10.1016/j.scienta.2021.
110158.

Song SH,Yin W F,Sun X Y,Cui BB,Huang L,Li P,Yang L,
Zhou J N, Deng Y Y. 2020. Anthranilic acid from Ralsto-
nia solanacearum plays dual roles in intraspecies signal-
ling and inter-kingdom communication[J]. The ISME Jour-
nal, 14(9) :2248-2260. doi: 10.1038/s41396-020-0682-7.

Suchoff D H, Louws F J, Gunter C C. 2019. Yield and disease
resistance for three bacterial wilt-resistant tomato root-
stocks[J]. HortTechnology,29(3) :330-337. doi: 10.21273/
HORTTECH04318-19.

Toufiq N, Tabassum B, Bhatti M U, Khan A, Tariq M, Shahid
N, Nasir I A, Husnain T. 2018. Improved antifungal acti-
vity of barley derived chitinase I gene that overexpress a 32
kDa recombinant chitinase in Escherichia coli host[J].
Brazilian Journal of Microbiology, 49 (2) : 414-421. doi:
10.1016/j.bjm.2017.05.007.

Wang W, Yang J, Zhang J,Liu Y X, Tian C P,Qu B Y, Gao C
L,Xin PY,Cheng S J, Zhang W J, Miao P,Li L, Zhang X
J,ChuJ F,Zuo JR,LiJY,BaiY,Lei X G, Zhou J M.
2020. An Arabidopsis secondary metabolite directly targets
expression of the bacterial type III secretion system to
inhibit bacterial virulence[J]. Cell Host & Microbe, 27
(4):601-613. doi: 10.1016/j.chom.2020.03.004.

Yang L, Wei Z L,Li S L, Xiao R, Xu Q Q, Ran Y, Ding W.
2021. Plant secondary metabolite,, daphnetin reduces extra-
cellular polysaccharides production and virulence factors
of Ralstonia solanacearum|J]. Pesticide Biochemistry and
Physiology,179:104948. doi:10.1016/j.pestbp.2021.104948.

Yang R H, Shi Q,Huang TT,Yan Y C,Li S Z,Fang Y,Li Y,
LiuLL,LiuLY,Wang X Z,Peng Y Z,FanJ B,Zou L F,
Lin S J, Chen G Y. 2023. The natural pyrazolotriazine
pseudoiodinine from Pseudomonas mosselii 923 inhibits
plant bacterial and fungal pathogens[J]. Nature Communi-
cations, 14(1):734. doi: 10.1038/S41467-023-36433-Z.

(e 2 TH)



