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3ILH ARG T3 B 50 210036)

WE.: R R R TR L AL F | AL G Y R SR mE LA TR O 0 SR 1A (R YA iR BT S
HETTCARPG I, AR AR B R R AR 456 N ARG IR Y1 (LAMP ) A 240 A A% R
SETRYHE (RAA) BRI AR 8 T F Al 2k i 2 e B AR R . 156, 383 JO i T A8 Sk 7R F i 22 JL 30
ZERIAR IR AR SR 22 R S5 BUREAR AR S 0 AR AR L AE R T R 2 7 IR TES WA TR ST il i
BILHLURRE I 255 LAMP A1 RAA Rl A | R 7E SRR DR 90 ARz 000 381 Ak 2 A5 o Lo D B, 5 ALK PH
PERE A 47. 6% , R FE R NAY T SR T B A BRI O 5 e U O3 P, B SR = SR B | D0 SR 2R AT
JSBV63 HEATHEMRALT WK, i 97 1A SR AT 15 2] 90. 00% LA I, H 28 3878 18 S R A K B8R . % B BURE +
LAMP 1 RAA A+ 25740 BE , SCE8 T I I B A2 4 S W B35 E B 1A 10— B SRR AR R R . ARTTF5E 4%
SR T Y SO E W T S ARG, 5 S R 4R o iy UERIB VR PR AL T BISARYE I AR S

KR FWAAE ; AT R AN SRR IRY Y (LAMP) ; AR SR
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Tomato wilt disease early warning technology based on minimally invasive
tissue sampling and detection

YAO Kaiwen'>,  WANG Chenghao®, LU Jiaqi’, CHU Shupin®, LU Peng’, LE Xiuhu', WEI Lihui’,

DENG Sheng’

(1.School of Landscape and Ecological Engineering, Hebet University of Engineering, Handan 056038, China; 2.Institute of Plant Protection, Jiangsu
Academy of Agriculiural Sciences, Nanjing 210014, China; 3.Plant Protection and Quarantine Station of Jiangsu Province, Nanjing 210036, China)

Abstract:  Fusarium wilt is a common soil-borne disease in protected tomato production. Traditional plant protection

strategies focus primarily on prevention, and there are

Y57 B #A : 2025-08-13 currently no effective curative measures once plants are

EEWE W BB ALO AR EE . & ZIAREME 7 IE B AR A 5 55 By
H (CARS-24-C-01) ;WLIR A AL BHE B ERQIHT FE 40 H
[ CX(23) 1033 ] ; HEHR T BF 24 BRI 5 K451 H
(21422012329)

FEE A WKL (2000-) L 5B . AR A L B W5 2 L BF9E 77 1l wound puncture sampling combined with loop-mediated
NAEHEREE . (E-mail) 1977814285 @ qq.com, TR K isothermal amplification (LAMP) and recombinase-aided
FEFE—1EH amplification (RAA) detection. Firstly, micro-samples of

BWAEE: SR F 2, (E-mail) lexiuhu@ 163. com; X8 ja&, (E-mail ) vascular bundle tissue were obtained by puncturing the

dengsheng@ jaas.ac.cn

infected by pathogens and show consequent symptoms. In
this study, we established a precision control technology

system for tomato Fusarium wilt by employing minimal-

stem base of tomato plants using sterile syringe needles.
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Compared with non-sampled plants, sampled plants showed no significant differences in growth. Secondly, under controlled
artificial inoculation conditions, using the minimally invasive tissue sampling method combined with LAMP and RAA detec-
tion technologies, the target pathogen in the plant vascular tissue could be detected before the appearance of typical symp-
toms. The positive detection rate of infected plants was 47.6% , providing a crucial time window for early disease treatment.
Within this window, timely root drenching treatments with cyclobutrifluram and Bacillus velezensis strain JSBV63 achieved a
control efficacy of over 90. 00% after two applications, and even exhibited greening and growth-promoting effects. The com-
bination of minimally invasive sampling, LAMP and RAA detection, and chemical/biological treatment achieved a complete
technical system for Fusarium wilt control, spanning from early pathogen infection diagnosis to disease treatment. This study
enriches the control strategies for vascular diseases and provides a theoretical foundation and technical support for the future
prevention, early warning, and treatment of tomato Fusarium wilt and other crop vascular diseases.

Key words: tomato wilt; Fusarium oxysporum; minimally invasive puncture sampling; loop-mediated isothermal

amplification (LAMP) ; recombinase-aided amplification (RAA)

& (Solanum lycopersicum ) &4 BR 5 1Y 5E 5%
ez — HE IR FE 7w A - Bl e
I FEARO A 7 v o s B A, PRI ERAR
MG, RIRF A 1 1.8x10° ¢, [ il ™
i 2 35%, AT TE L AR TR L B 8 A
' SEEIRRAE 1 hm® AT R 1.5 10° JTEHYURA . 24
HITFR T 32 BRI |, 7 0 3 T A I 5 53k
SEOREENG 75 R R e 55 A8 Uk, H
Hh AR 2 0 R B A AR 7 R BB RV 1 AR
EZ— W1 20% ~ 50% MR AR K, T A
i, 2L TR R R

Fe A 220 I 1 AR 70 8 7T T a4 B B bk

=)

( Fusarium oxysporum f. sp. lycopersici ,Fol ) 12 45|
(SRR SRR S OF SN E g DE R UL
AR5 A PRIRES H (R T R ) 208 2Z IR 8 9
R YRR TR | LI R S o A s e A
ISR QA bR , o 3 A i ik A B AR
- (R ) B I i 175 % ) - 338 8 35 6 I ] a1
SRR Y TRE K I B0 25, o D o e AR AR A 11
IRRIMR ATFAEYEAE AN € J8, B e i FH 26 =
B R G  £T 4 2% S 200 L BE I i Ml L DA A )
B RAGE, A PR R G E T B
T2 J A TITAEAE R, o R JR IR ot Ao ML %
IS 15~90 d, 5 AR AR B, (A
o L AT 8 90 AR R A e N A A SR B 5 DI,
RIE/N RS B MR F 2255 RIRAE B
TRREHESE B A= i -t s Hh R B AR, e A 2k
bkt R R R R B, AR
BTy 55 P e PR HH BRI B T

FI AT, 2E T DNA 889> T2 Wi EoR B S

FER R IR TR 20V (PCR) | SER 986 5
PCR(qPCR) \FAA-F 550 1S (LAMP ) | 5 41 g 2%
A Y (RPA) KA BN TR 1S (RAA) %5,
Bz N TR e D AR R s e, o,
LAMP 45K 5 RAA (8¢ RPA) $ AR PRI XA #5545 52
SRAR S e A A | 245 SR m PR R e S
B, BN 21 A SR A R AR
Wk LR SR 1 W7 K kot g s T ARG I i,
HREET LAMP Fl RAA (5% RPA) J5 72 B9 AH XA
5%, Katoh %5 38 s %18 5] 455 J5 i A9 Han F11 Skippy
FEIRETF P, HENE T B AR A iR T B R Ak T Y
LAMP Kl A& 2 ; Hu 202 ) CYPSIC R, sy
THARZERAY RPA P2 W B AR, A8 58 H A
T BT SXo S O, RS 1 o D T AR 35 AT 4 1)
F5E DNA JF51), #ES7 1 nl e 4 4 ] 1 5
VRHESZ 4k JITE ) LAMP 2 PCR Rl ikt

PRI TT A MAEDIIR RZ Y, 25 TEY
RIGERAEE SRR G, e o B0, 43 /B 0 7 Rl 7%
i == e e = 2 - S O/ 7 O - B B =
FOHALH & A B A R Y T —
S, 2 PR R 2 1 A SR BURE B R (0 )i & AR F
G 00 STV W A A SRS R BB BORE FE R, T AE R
MR IE & A K AT T, TRAER 5~7 d &
Ik 2 761 8% T TR AR R AL B, DR e RO T
PEALEE BB E) % O, FE SR O BN, i —
A PEH AR 56 A 1 TR 7 5 Ak 2 2 500 00 B 3R AR 1
2 DA ol ) BB DS A T 3] 5 3 B 3 A 3 G
Wiz G LR A B A T AR WL, LA 5 it 7 i A 7=
Hh R 255 B HL At 48 5 O T 1 L2 T 5 A AL
TR PR HEEIS AR AR A AR S
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1.1 EBEfnmfREMESGE

et B A Moneymaker , FH VT 9548 4 ML k274 B
PRI ARAE . B AL RS B FRER 0.3 ¢
TR (29 100 kL) , B TIREEAES, S5 H 75%
B WRIR U 1 min, Bl J5 5] H 2B P JC 1R K
BE 5 I BRI BE A R T 30 s, IR 58 2 KR &
Pt BB AT R A SRR IE 10% CE TR M %
IR 3 min, 12 90 58 B Sz RIS H SR
W, PTG KRR S WK, AR IR 1 min, i J5 G
PR IE AR T K 4, Bl 5 A T3 Fh T IR AT 1L
(fLA2 5 mm) BZHIE A F B, ARG R 2 7%
PR EFEHITES ~ 10 mm , AEEIRE /25 C+2 C, 55
SAEXT I B 70% ~ 80% , 14 5 JE 5T 7 7K & 7£30% ~
60% ; Y FE WA 12 h JEE/12 h SR, L IR
10 000 Ix, B S fEFE 14 d DERE 1 YOS TR
(CE FRWBC 7 4 A 200.0 pg/mL, P,0, 200.0
peg/mL,K,0 200.0 pg/mL, Ph & B 1.5 pg/mL, Fe
1.5 pg/mL,Mn 1.0 pg/mL,Zn 1.0 pg/mL,Cu 0.5
pg/mL) .
1.2 HikEFRE

LR A AR R 35 7R 5L (PDB) # LU R 1L
BIHATECH] : BB (1) 200 g, VIMUEEEZA N 5
mm /N IAGE S 407K 3 25 min (B IR 40 %
el |, biE FAUZ A0t g, BOEROmA 20 ¢
BRI P 2 50 2V, SR AN Ak € 5 &2
1 000 mL, 121 °C K 20 min, 7E b3 K B A (19
PDB R 7R3 A B AR T L 2% F IR #1121
C KW 20 min J57 , 138 D44 EHUREEFRIE(PDA) |
1.3 FEEEKNREREWL

BETEE . LYG 9-1, 7085 H % = W I ik
28858 R ARAL IR T TE B i A B ( Fusarium oxyspo-
rum f. sp. lycopersici) /NFf 3“5 (race 3) ,IZBIFELL 43
LTI A BT T LWRIE N 25% 0 H b, F
-80 CHEE KR AF, BGE & H MR A 1Y LYG
-1 kR, R0 % PDA A, BT 28 CIHER 74
R E 3 d R
1.4 RBFEITEHETRA T R ER
1.4.1 FafzHA& HEHSHTESG,XH6 mm T
DAATHLAS , DI AL A 2R 76058 7 TR TR V% S 2 VT HR 3
Pl 223, o A5G 254 100 mL PDB X557

M 250 mL ZFE A =M, BT 28 CHEIRIRG
R4 180 v/ mindR % 15 5% 72 h, ¥R H F 5
(BB 74 W J2 K 20 A 1 ik | 2B T 224k i
BT AT ERIT S 2 50 mL .08, T
ZER T4 500 r/minB.0> 5 min, F FIEWR, EE Lk
g BEOSR, EEWETE A AT, R
TC P ZE IR K 21T DUTE 1 43 A 9617, >R Al B8R H 5500
TER B (W85, x20) T #EAT L7118 AR IR TS
RIMATCHE K, Bl h A S EEEE 1 mL
Ix10°NET 4 CREOGIRAE, 55,

1.4.2 MMpaFr EBGHE)E 30 d, B4 2 FE
B TR S A A TR 1) R T T4 T 25 0
PR L SRR DR 30 mL iR TS A
FEIFW (1 mL 1x10° LT ), X IR LS5 1 TG 7 7K
Ab R,

1.5  FEAnEMR A B R AT 43 47

1.5.1 #H&R%E  FhHY MR ) W
WE e 7 d 514 d 5521 d 5528 d 5535 d
X AAEARSEA THA B 5% . SRAERT ZERE B IR
1 1 em A0 FH IR RS 84T 3k (L EAR 1.2 mm |
£ 38. 0 mm) /DO ZEEFFAE KR ZE AT, i THLW ,
o A ATV 3 AR S 0, U5 /N O B 2
FEEF L N ZEFF LU 2 1.5 ml BOE T R5
B T80 CokF - A7, B A7 T kb & . B
AR SR I Bk R | A A AR v T ke
fih At AB AR S PR 15 e ), I X R St Sk i AT 5
WhE

1.5.2 AZER3EI M —-80 °C VKA 2 T vk A B A
vt , A FH F00Y4> 114 JC T B s A DR OB A B S 2 R
AR 150 L A TR £ BUZZ #h I ( Buffer) , 1% 2%
AL 20. 0 mmol/L = ¥ B JE S 5 H Be (Tris ) |
pH 8.0.25. 0 mmol/LE L4 ( NaCl) .2.5 mmol/LZ
TRV R (EDTA) J2 0.05% + Z b 5 i 12 40
(SDS) . BB L E T -20 C KA T ok E¥B3 %,
BE S HEAT 2 YRGB | B 1 40 0 B 58 4 e . B
B 1.5 mL 08, KK 36 L BEBR W (i
MR A R A A7 FR A B 77 ) A1 20 L Rl L
B, R IRIR A SR 5 min, B0 B TR 28
L RSO E E RS R W, ) B0 A I 200
wL 70% SR, K B0 T B TR AR I, T
WU IR R T RERE R VST, R ETEIR A T 1
W, BB BIERIEE F#FES ~ 10 min, [F 4 BE
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FEARYERSET M 30wl Tris-HCl 75, e Tris
HWePE N 10 mmol/L pH 8. 0, B3R 21 I R FIK i
BL KRE 5 min, BB 25 uL IR 2
BR PCR & MENEEE LAMP/RAA KU (A
1.5.3 FEysgthnl  LAMP W T A Bst DNA
polymerase large fragment DNA 24 14 T R 514 ME
e IR ey A RN |, RN % v A 5 1

£1 REEIEFASLRSH(LAMP) 314

(% 1) USSR B A5 F 2 ESCHR[ 13 ], S 7 il JEE
62 °C , N EF[E 90 min , HAW A2 BRI UL 5
RAA A% 15150 & W T VL 75 a7 K 36 5 A W Bk
ABRAT I RAA 5IIE LR 2, ROVAK R W6
1Y HybriDetect B 43 30 4% 45 W) T 22 3 A Sk (F M)
HYIBHA FRA ], SO IR BE 37 °C, Hifth 252 1]
A &S

Table 1 Loop-mediated isothermal amplification (LAMP) primers for Fusarium oxysporum

14 %

SIS (5'—3")

Lamp-Fo3-1-FIP
Lamp-Fo3-1-BIP
Lamp-Fo3-1-LB
Lamp-Fo3-1-LF
Lamp-Fo3-1-F3 AACAGTAGCATATTATCTGTGC

Lamp-Fo3-1-B3

GTTTATATTGAGGAAAGTTATAAT

CCAGTAATTTCTGTAATAGCGGTAG

GCTATAGCTTACTATTTCTACCAG

CCGAAGCTTAGCTTATAGTTAGCTAATATTTTTTGTTTTTGACTAAATCTAGTCACCA
ATGACTATAGGTAAGCTATTACTACTAAGTTTTTTTCACCTTAGGATAAATTGTTATTGTTC

®2 RAEFNHEABNSERY E(RAA)SY

Table 2 Recombinase-aided amplification (RAA) primers for Fusarium oxysporum

CIL/ER S

SIHIF5 (5 —3")

FoRAA-F3

FoRAA-R2

RAA-Fo3-R3L2-Pro2

CATATTATCTGTGCTGTTTTTGACTAAATCTAG
CCTTAGGATAAATTGTTATTGTTCATTATAA

/16FAM-dT/CTACCGCTATTACAGAAATTACTGGTATTA/idSp/ CTAACTATAAGCTAA/iSpC3/

1.6 EfEEERESUERFE

Xof REAE AR RN R S A ) BRAE AR 23 SIS
BI5E 7 d 55 14 d 5521 d 5528 d 55 35 d R I
iE 5 R ZEFF R I TSR AL s, ZEATRE R AT
KA AETCH R 5 177 5 mm &b, {8
TeHEFARTIEI3 em KAYZEFF, BERAREE 3 Bk
Xof REAE RN 3 PRAGFRAE I . AR AR (%) 2547 0] 55
Z HE— R R 1.0 mm JEE A R AR I
FETHIL b, R Leica DFC 7000T #5443k il
Leica M20SFA {440 {2 5% XL 58 4 457 o 4 A2 17 1 I
E{ELGATRE
1.7 AFIE

FETE A EE RIS TR VT TR IS 56 28 d i8R 2 Fh 2y
TG ST 2 T A Ak A0 T B R 2 A R AR Ah B (R
3)  AEFRZG R ALEE 1g 1x 107435 B 14 D1 3K i 258 9
FF ( Bacillus velezensis) JSBV63 T8 455 551 ( S

B AN B BEAE Y AR P I 5T T A ) A 450 o/ L=
RN W e 2 T ) (O IE SR AR P AR B A R A W
fn) B ZGFAL BUOR D T 3 bk, AT 2 AR
HEA,
1.8 HERFERE S

AHIFFE LA B ot B8 T BH 7 o R A Ry 4% A BE A
S Hodr, B X BRI 1 48 B0 2 4 3 A AR AR
ARAERK SR, WA A2 25 748 5 R
J V% IR 1 Ge T HEL, I I s T B 4 A S s T R
JEGE 25 3 i A A B AR S A SRR B
5,51 A X BE AT A 85X 4 [ 8K 5 5 R
Y FEIER

R T30 22 T PO P S R LAR 4 3
a3 T ik B Al 2 48 R HL AR ) i (NY/T
1858.3-2010) Gt it FH KR G (£ 4) , JFH R
K (1) A (2) HHEIRIE R B PIARCR
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Table 3 Different pesticides and their treatment methods for controlling tomato blight

RN 2571 271 T s B Ak B8 7
PNREE: S R0 S| m;ﬁ%ﬁﬁgﬁ%ﬂ(&cﬂlw velezensis) B 10 g VUSRI ZERIAT R ARSI 300 mL SlGETR IR A5 SRR DERE 30 mlL
GIRATAEvinl
= I R A B 12 mL ZHEMEIEREEIERIH] 1 000 mL Zi/KFRE, JRATE R ETHER 30 mL
TEBEKHERR (FHPEXT ) AR DR K 30 mIL
KAZTX TCHKTERR (XTI BRI GEHETE 7K 30 mL

F4 BIRRERFEAEERU TR

Table 4 Classification criteria for tomato wilt disease survey

(e EnRINTiELN

0% TP

19 1~2 il A Jhivg

2% 1~2 FrEM R bR AR GRS R R R S
3G A RRUIE I A A R AR A A2 B R B
4% R EEE R EME

TRTETEE = 2 (B PR B A IR R REL) / (T
A EREOR SRR L) X100 (1)
B 1A 555 = ( PHAE X BEARL AR 175 48 25— Ak B DX 35
TR H) / B X R 17 16 £50x 100% (2)

1.9 HiESt
K Excel 2016 % 44: X5} 18 56 B4 317 43 B b
. H GraphPad Prism 10.1.2 342 E 5%

2 ER 55

2.1 RWOFREEFEEEMEREKER

FonAh T 25 30 d o TG R BE G RS A
S FEME BRI LT 1 em A0 X HE R ZEFF IR B0 45 25
FIEBRE (B 1A) o ZERINERURE J5 275 35 d WL 2 il A ik
FOXT FRAE AR A AE RN TR, 255 (18 1B (&l 1C)
FEUH | 2 BURE L 55 AR BURE ST IR 2H 1 T ARk R %
AETET SRR IS 7 d 56 14 d ORISR 21 d, SR
MR- kk 20914 25. 12 em [ 28. 03 cm F1 36. 46 cm,
5 AR ZE G BRAE AR 5 0 W R 25 5 (P>0. 05)

(cm)

B

7 14 21
BUREJE e R] (d)
mESC YN Bl

AT EAT ROBIIBORE 7R BE AT B 2 27 0 55 AR 28 0 T AR PR A I 0L 5 2 2 05 2R 2 R IBURE ) i R P 2 ks
B 1 FEEFMEEEER AR E KRR

Fig.1 Minimally invasive sampling from tomato stems and its effects on plant growth

22 BEMIXBMBEIENEBEMREREE RN
M 2 AL FEFRR IR T R (25£2) °C, 283
XTRESETO0% ~ 80% , % 45 5 5 75 7K 1t 30% ~ 60% 1)
W B AR E AP ARk VT T S 1Y 28 d
W, 5 R B X BECRE PR AR LG O W 3 2% SR (P>
0.05) ; BMEHE 35 d, MR T iR AR 4K ) BIURS 22055 119

SHRUAEAR , F A e e S 28 IR T R, SRS i i
R, FARGZE AR BR T R B b
MR A2 MR SE | I 2R B 25 A A
GG, [ o Jit i A et 2 7 e rp R A
B TEARPNE R 56 d AR ZE i AR i e, 2
ERAS WY AR,
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BeRPET d

B E14d

BERlE21 d

PP iE28 d

PR35 d

BEFhE56 d

A2 2RE A
BT AT I BERh SR AT 4k 5

20008 O kR B B W B R T B AR

kskskok

150
g
I 100
K

50

L 14 21 28 35 56
BERUR I (d)

A RN 5 ] TR X R 5 760 4 T T ALk B 7 i A TR B AR AR A B PR P AR A s B« AR RN RT3 T TR IR 5 e R A L 4 T T b B
TR bR o [R5 I B b+ R AL BRI 22 57 35 (P<0.05) ; s KR AL PRIH] 22 FEAR .35 (P<0.000 1)
B2 #MRARIAREMERKEEZFEER

Fig.2 Growth of tomato plants and cross-sections of stems after inoculation with Fusarium oxysporum
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2.3 BEFMRBRIIE AL LAMP 1 RAA §46
&R

TR AR T TR G55 7 d 56 14 d 56 21
d 55 28 d FIE 35 d, 20 Sl iEA T 22 AT i B 4 SR il
DNA P4, 485 1] LAMP F1 RAA R 04 2 %5 AH
KREARBEA TS IR R, 2550 (/& 3A) KW R
557 d FIER 14 d FOREAS R LAMP A H & A #bR%
J DNA (9 BHAPEREAS; NSRS 21 d 256 35 d FEA
LAMP A0 25 5 R0 BHEAGS: H 23 B A i) 4 B £ Pkt
R BRI 21 d KR 19. 00% 5 28 d
R 47. 60% 5 35 d K% 61.90%, LAk, 1E%
PG 5 35 d, SR AT BE R BT RAA X268 3 A2
TR T BRF AL A TR, 25 5 (18 3B) K BLH
o6 BN BHE , BEERS HRIR 89. 71%
24 HFIBRHLEHR

Fe A AR HE AN S F00 i 7D T S 5 28 d BEAS I
47.60% FFE R4S HF S 6150 7T T, AEL VAT BH Sl 1) R
FEAR AR FE SR 7E B 101 30 S [R) 25500 204 71 7l
AbFR R AT T R IS A 28 d HEATER 1 IR EFIAL
B 2G5 AL RIS 2 20 d ( B2 AR T Bk T B I AR 48
d) BEATE | U 17 48 Bk A DL K 25 370 B 1A SUR 58
T8 1 REGFIAL B 26 21 d #EAT56 2 IR R AL
P ES 2 REGFIALFRS 20 d( BTG S 69 d) FRIR
HEFT I I 1 B0 A LA S 25 I B IR AR B (R 5)
JNFE 5 LT ER 2 URIR A S BH X R A e A ik
AR IS R AR, T E AR E 4 58 AT
TR N 83. 33% 5 — FU N WE fiie A 3 179 A e 1
K BALAT W Bk, R R ECH 8. 33% , BIR AR
4 90. 00% ; U1 3t ZFFAT 1 JSBV63 Ab B A A% 2E
Kegagm, Bt i 2 8460 i iE 150 0, B
A 100. 00% , ST F , A2 25 77) = Uk I fiie b
B A2 D3R ZEFRAT S JSBV63 Ah B 5 e
B I BARCR , AR K B R R, G it
AR RIS Z RO (B 4)

3 e

A A B A A A 7™ Hh— R B A
F S e A E, R AR IR AR B, s D
FIMNR R RYY5EH 75 15~90 d A REZRILH B i 2 ALE
Ko ARG L T BT ATAR BR A9 R FE
LSS I S 4 0 5 2, AN DO B3 ) HE ]
L9 S BB B BOR A R BRI B A

Je ke N2 R B 43 85 RS (293~ 7 ), FERfIZ T
AR C A I B AR 1A 7 11 307, Rt it 24 A BEAR X L S
PR, WAERLRRME LUK B, P i i SN mT kA,
PR A L WD = R TRa I E 522 938

T IR U AR AT R Bt , AT
IR S, —Fh e B RIS 95 3 S AT, A ik 2
TR T AT PRSI () AR R | US4 AR
R SR IT . Ayukawa 2510 58 5o 80 ) SIX4 Al
SIX5 FEPH DNA J¥31, d 37 T %A f i 71 v & ih %
FEAIGEIR SH 1 5 A4 /A (race 1) 1Y LAMP K%,
TSI T FHIC A A 2 DAL 1) 445 R 2 20 N PR
TR I AR 2RI T RS T A
IR AR DA TR SR 46 (A A AR D) 31 ) B 5 s 4
BURE B e AR C R R KRR 1, 2% F 9T
R & ITES A I R I 2R B 2 I BURE ik ARTF
FEHT LAMP Fil RAA WA o Pk il oF & , g ar
TP AR RNy v RN R I
AR TTEE N, AT ZETR ARG 2 AR TS ~7 d RN
AL R R AR AEIRIR T TR, A R B R 2
T FHEAYRE AT 1, ZERLE DI AR s — 2
PR T A i A R A 25 00 B TR RCR TR T
NGB A I S5 3 B 16 1 — HE S TR A 22
WBTATALRR , Herd , DU R IR B BBORE 21 ) 45
FIEAE 2 b ZEAT RIVRTSE 8, Sk Je 2520 56 1) B s A
TR PR A DR 7 A B T A

ARWFFEBERE 2 Fh 245 74 Sy S 0 58 1 T B v oz 2
PEZGF , A48 X6 12908 i TR A R K B = R e e
DA K UL S 2 AT I JSBV63 Al IR 3 7], JSBV63
ATV R VTR 8 AR B 2 Be A A AR 4 B 5 i
S B B A A &, i3 A R A o R 4%
BOw L RB TR BIARROR " . AR A,
Fe MRS WAE AT (N TR S 28 d P9) i =38
MERE e sk JSBV63 T 1] T AR &b 3, %of 1295 H A7 AR 4
FRIBH AR | A Ak BEL D 3 R A, e B L
SRR E 60 d DL R FBUTA] A RER , (A2 7S
INEARRLE | 5 A T 2 2 K e 58 i 4 AR
BRI, A58 46 N T 420 i = 3R 88 58
(BRI IE Ry (25+2) C, 25 A XHE R 709% ~
80% , #% 5 HE T & /K 4 M30% ~ 60% |, K HIAS [R) Fl
B (B | 3 R DL SR BT ok Bs ) A TR i
A A AR AT 2R LT SR D R 2 S v 1 3 RN ]
BT B — PR,
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A N P 1-1 1-2 1-3 1-4 1-5 1-6 1-7 N P 1-11-21-31-41-51-61-7 N P I-11-21-31-41-51-61-7
< 2000bp
=
il
% 250 bp
= 100b
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Fig.3 Results of loop-mediated isothermal amplification (LAMP) and recombinase-aided amplification ( RAA) assays for the detection of

Fusarium oxysporum in tomato plants after inoculation
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Table 5 Effects of different treatments on disease index and control efficacy in tomato plants
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Fig.4 Growth of tomato plants under different treatments

- OB PO 2 e+ AU R
BRI SRR B A 2 2 2 TR M
sy TSR B B AR IR R, L)
H A P28, L 9B A6 5 T U B
PREE S S B e s L Uk S e
3 5 A M0 4 I A
T B S AR AL, A
245 ST A 5 AR ) B A e s o
B4R LR IR AR S i — 2 B R
HHERE LRGP ARIER
4 4

ARSI i 4 OB R
-2 B0 0 76 Al R M 0 R VR 5

T e B R PUE 5 A AL IR . g A R R
K FH TG TR 569 28 S o0 7 5k 25 B0 R A 7 S ) 2 il B
R A AR MR IE AR 455 LAMP 3 RAA 12
R FE A, o] 7 SRR R S BETS ~ 7 d R 2 4 4
A el o AR O A I R T R S =T IO
89. 71% , h 7 At 220 1 I By v B AL T DG B i 11
9, AR 130T PN = Rt e B D0 S 2F AT
JSBV63 HFATHEMRAL L, B i 8 R 35 90. 00% L I,
HERGERF R R A . AR S SR R 5 SR 4t
I Ty A B G B AL T SR HE AR R
X%,

SE Lk

(1] ZHW] B, £ 45 < =10 BER M BUR K



WEHLSCEE T U 2 UBURE A I A T 3l i 2 T BOR

1157

(3]

(4]

(5]

(6]

[10]

1], P E#3E,2021(2) :13-20.

MCGOVERN R J. Management of tomato diseases caused by Fu-
sarium oxysporum[ J]. Crop Protection,2015,73.78-92.

PANDEY A, KARNATI D, SAM NIRMALA N, et al. Fusarium
wilt of tomato: past, present, and future [ C]//Plant Pathogen In-
teraction Berlin, Germany :Springer,2024.55-87.

GORDON T R. Fusarium oxysporum and the Fusarium wilt syn-
drome[ J]. Annual Review of Phytopathology,2017,55:23-39.
BRI B RS — RN 2 A B TR A
SEBH S R BTSE )] BT L A4, 2013,50(7) - 1277-
1287.

LIJT, YANG LM, DING S Z, et al. Plant PR1 rescues conden-
sation of the plastid iron-sulfur protein by a fungal effector[ J]. Na-
ture Plants,2024,10(11) :1775-1789.

AWU J E, NYAKU S T, AMISSAH J N, et al. Grafting for sus-
tainable management of Fusarium wilt disease in tomato production
in Ghana[ J]. Journal of Agriculture and Food Research,2023,14.
100710.

BB DA, SRR R, TN T AR R 2 RS K
HUEMLRGE M E [ 1], P E RSO ,2013,21(5)
615-620.

MU, B A, B, . A R BORTEA Y R
PR R L) ] R4 ,2020,47(2) :234-244.
3l Mkt fRAT, 55, EAIRER A REY 1S B R IER YR
JECHR AN R T (D] M B, 2021 ,47(3) :1-5,13.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

KATOH H, YAMAZAKI S, FUKUDA T, et al. Detection of Fu-
sartum oxysporum f.sp.fragariae by using loop-mediated isothermal
amplification[ J]. Plant Disease,2021,105(4) :1072-1079.

HU S D, YAN CY, YU H, et al. Establishment of the recombi-
nase polymerase amplification-lateral flow dipstick detection tech-
nique for Fusarium oxysporum[ ] ]. Plant Disease,2023,107(9) .
2665-2672.

DENG S, MA X, CHEN Y F, et al. Lamp assay for distinguishing
Fusarium oxysporum and Fusartum commune in lotus ( Nelumbo
nucifera) thizomes[ J]. Plant Disease,2022,106( 1) :231-246.

s IR, EIRAN, Shar [, 45, AT BUR AL BRI LA E
WFSEERELT]. =2, 2014,41(10) :2143-2148.
TUHATE T BR. JH 28 0 A6 e ) LR 38t A% 1 QO JHF S o 1) 12 18
HHELT]. PESADLRRE R, 2024,39(7) :544-548 554,
AYUKAWA Y, KOMATSU K, KASHIWA T, et al. Detection and
differentiation of Fusarium oxysporum f.sp.lycopersici race 1 using
loop-mediated isothermal amplification with three primer sets[ J].
Letters in Applied Microbiology,2016,63(3) :202-209.

LIY W, DAIT, TANG Y D, et al. Inhibitory activity to Fusarium
spp- and control potential for wheat Fusarium crown rot of a novel
succinate dehydrogenase inhibitor cyclobutrifluram[ J]. Pest Man-
agement Science,2024,80(4) :2001-2010.
A, AR, A, S R SR T A B T A S 2 E
S ECHBIRIALT]. A B G 2R, 2023,39(2) :389-396.

(TS h )





