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Identification of tomato root rot pathogen and screening of control agents

LI Yaqi', GAO Wei', WANG Yong', YANG Lijuan', CHAI Ali*, SU Fan'

(1. Tianjin Academy of Agricultural Sciences/State Key Laboratory of Vegetable Biobreeding, Tianjin 300384, China; 2. Institute of Vege-
tables and Flowers, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: In this study, the pathogens of tomato root rot in Tianjin were identified, and the effective fungicides were
screened to provide theoretical basis for the prevention and control of tomato root rot. The tissue isolation method was
used to isolate tomato root rot samples, and the pathogenicity of the pathogen was verified by Koch 's rule. The obtained
pathogens were identified by multi-gene combined phylogenetic tree analysis, morphological observation and Fusarium
oxysporum tomato-specific primers. The indoor toxicity of 8 fungicides to tomato root rot pathogen was determined by
growth rate method. The results showed that the pathogen of tomato root rot in Huanghuadian town, Wuqing district, Tian-
jin was mainly Fusarium oxysporum f. sp. lycopersici (FOL). The results of indoor toxicity test showed that 95 % pro-
chloraz had the strongest inhibitory effect on the pathogen, with an ECs, of 0.002 2 pug- mL"', followed by 96.8% difeno-
conazole and 98.05% tebuconazole. The ECs, values of the two fungicides were less than 0.1 pg-mL"', and 50% carben-
dazim had the worst inhibitory effect on the pathogen, with an ECs, value of 263.248 7 pug-mL". Prochloraz, tebuconazole
and difenoconazole had strong inhibitory activity against the pathogen, which could be used as the first choice for the pre-
vention and control of tomato root rot in Tianjin.
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IR FREERETHIEIEAS TR SR A
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PR 2 1) £ 96.8% % Tk Y B4 M Ji7 245 (1l ZR 37 9 = 4L
TR A R A T . 98.05% 32 M i J5H 24 (L 75 1 R AR
A RA ) 93% H B IE R 25 LI H R ARAH R
N T L 93%4 35 XU 25 Gl b e e AR A A BR A 71D
80% % 1 2 JiE 25 (1l 75 ¥t 5 1 F= 10 T A TR A

- 164 -

F]D, 35 B R EE T AR MV R 57 B Al ) ORI BT 98 i 44t
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BIFMGRE N 1x10° CFU-mL™") , 76 & SRAE bR 4l v
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HE RN ALEE 20 Bk, 3 IRE S, BT 25 °Cil = 1H IR
BR IR, SR AR I R I O e 2 IREEE .
1.3 FERLEE
13.1 T 445 % =% KH MagicPure Fungi
Genomic DNA kit # K 2 BUA 7 & (db it 22 0 &
EMHEARERAFDRIERHA . FH 5P
ITS1/ITS4 A1 EFla-F/EF2a-R"%f H ¥ 17 PCR §~
# . PCR JZMAK & 25 pL:2xTS5 Direct PCR Mix 1
12.5 uL, Primers-F 0.5 pL, Primers-R 0.5 pL, £ 4%
DNA 1 uL, #¢ )5 Fl ddH,O #h /& 2 25 puL. ¥ 16 f2
¥ : 95 °CHi A P 3 min; 95 °CAEE 10 5,57 °CiB k.
10 .72 °CHEfH 10 8,29 MG ;72 °CHEAH 2 min, ¢
J5 4 °CIRAF . HUF ML) PCR 724 2 uL T 1%35
JE B B I b AT B A I, B R BN 120V,
25 min. EFEFEAATIE M H S BTy 1S B R A Bk
FEAH A ) PCR 438 =ik A7 M 7« I J5 £E NC-
BI Hp AT [R5 1 EE XS, SR MEGA11.0 3 A Hh i)
NJ J7 VM 2R 48 K B, K FH Bootstrap 77 V52T
R, A 56 KU 1000 1M
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X} 5 B B R IEAT %€ .
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GHEVHEARERATDIREIEFH . EFIR A g
B T A % 52 51 uni-F/uni-R . sprl-F/sprl-R™ % 5
JRE 34T PCR 473, 51 W) 7 5 W3 1, PCR [ NAK
R NIRRT 1.3.1,
1.4 EAHGFTFEE

SR FH AR A 2 3k 0 5 7 A5t AR TS 94 5 U A bR
FQGFO003 X} 8 7% 12 771 1) 2 PN U 4 o il % 24 771
W (p, J5 DA 100.10.1.0.1.0.01.0.001 mg-L"
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Table 1 Primer sequence
2% K SEAR
i’:ﬁ Erliqzer iﬁig:j (’; L3 Amplification band size/ Identification result
bp FOL FORL
pgl uni-F ATCATCTTGTGCCAACTTCAG 670~672 + +
uni-R GTTTGTGATCTTTGAGTTGCCA
pgx4 sprl-F GATGGTGGAACGGTATGACC 947 - +
sprl-R CCATCACACAAGAACACAGGA

PDA 955, % B /%N 4 mm ) FQGF003 i 194 2%
NG 2539228 b, DRI INZG 770 1Y) PDA #5375 8
2N, R T 25 CCE B R IR R IR B
MR 3 IRER . 7dE KA R R AN
IR LA, VH A (R BE 243 75155 1 Ji A PRI B 22
1.5 HUELIE

K H Excel 1 DPS 4 it 73 #r /4 b B A B , 3R
BC#5 7 (8] U9 5 2 R 24 300 6k 99 TR A1 0 ) b o
(ECs0) o

2 AR5

2.1 EFniRE R A EGEK

2024 F 4—6 AR REETT EUE X AL 5 SALE
T R BRE S R B AR B o5 R AEAS 6 1, 73 B 3K
24 BRI KB, oy 4 8 FQGFOO0L
FQGF002.FQGF003 .FQGF004 . i£E [ 7 i AL J&
T3 T3 R A L () R i IR 32 B 3R B R Ok W
MR AR E M N R PR EE T
K, B 5 005 17 ) F8 5 25 8 0 2 5 A% Rl IR A
SRR R E R, R A BT, A AR AR R
HRARIE , F AR 2 B4, I MR T E
BN LS R, R E AR A A 4 B
BHEZE 1D,

FEA. SRR B-C. RHBEALD.

Note: A. Diseased plant; B-C. Root of diseased plant.
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Fig. 1 Field symptoms of tomato root rot
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Ao AP 5L 0 2 i R R b b By I AR B
B T A EAR, BER T S A, b 1 AR ARG ST
(B 20 ARGERTHE AL, ORI 2L 23 7 IR 90 =5

VAL R BEFE R B~E. #:Ff FQGF001.FQGF002.FQGF003.FQGF004 [{JAbFH
Note: A. Uninoculated control; B-E. Inoculation with FQGF001, FQGF002, FQGF003, FQGF004.
2 FFnEMEWNRREGNLHER
Fig. 2 Symptoms of tomato plants inoculated with pathogen
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Note: Al. Colony morphology on PDA; A2. Microscopic morphology; A3. Chlamydospores.
3 mEEMESFEEHE
Fig. 3 Morphological characteristics of pathogen
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P s BN, 4 PR R SRR .
EF1a-F/EF20-R 51 )4 ¥4 3845 (K0 J5 B EF-1a %
DR 45 SR 3@ ik NCBI #54 F22 ot 2341, 3R B 4 bk
i JR B 5 3 Bk F ooxysporum (B % 5N
OR167561. OR167563. OR167573) [&] ¥§ ¥ K F
99.0% . FH MEGA 11.0 % 4 ¥) 2 & 45 3k 1k B
(4, R E7R, 4 IR S F oxysporum %
T =3, G TS RE, B 4 BREFAARE
I3 95 IR 1 FQGF001~FQGF004 14 792 i 4 1 14 (F.
OXysporum) o
233 Rk AHERR LR AHI Y uni-F/
uni-R I sprl-F/sprl-R X} Ji£ i 3£ 47 PCR 4314, 45
B8R, FQGF001.FQGF002 . FQGF003 . FQGF004
2 51 uni-F/uni-R ¥4 J5 , 33843 KA 670 bp
H 467 , 22519 sprl-F/sprl-R 344 J5 2 & H 81 HL ik
(B 5. Fi, g6 2 x5 mE s R, e
FQGF001. FQGF002. FQGF003 . FQGF004 & 4 Fk
T3 J5L B 320 N A Fa gl 100 1 75 A 5 AL (F7 oxysporum f.
sp. lycopersici, FOL) .
24 FREFIXHREENS DR E

W2 5E 1 5E 45 R AN 2 B, 95% K
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FQGF001
87
FQGFO03

FQGF002

99| OR167561 Fusarium oxysporum AL6-3
OR167573 Fusarium oxysporum GL11-11

98|| OR167563 Fusarium oxysporum AL 16-29

FQGF004
MNS534013 Fusarium globosum CBS 430.97

—_

OINW401998 Fusarium globosum CBS 120992

—

<0<MN833123 Fusarium solani 4100
0Q511020 Fusarium solani F5

99, GQ505643 Fusarium lacertarum NRRL 36123
44

GQ505593 Fusarium lacertarum NRRL 20423
98| ON456143 Fusarium incarnatum WAH

100 'PP690637 Fusarium incarnatum HF16-2

MGS587000 Verticillium dahliae Vd16 2
100'KY 039313 Verticillium dahliae 11-931

—

0.10

4 ET EF-la FHIHEMRRBHEEZBHE
RGRER
Fig. 4 The phylogenetic tree of the main pathogenic fungi
causing tomato root rot based on the EF-1a sequences
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F: 1~4 Jy uni 514 PCR 9" 4 45 5% 3 5~8 O sprl 514 PCR 71
2591 M 4 2000 bp marker.

Note: 1-4 represents PCR amplification results using uni-F/R; 5-8
represents PCR amplification results using sprl-F/R; M represents 2000 bp
marker.

5 EARERE PCR 5%
Fig. 5 PCR amplification results of tomato root
rot pathogens

e 5 24 6 2 o B 7 T 1) 1 2 A K PR A P i, L
ECs 4 0.002 2 pg - mL s H K42 98.05% /i W i J5
24+ 96.8% 7K ik FH A J5E 24, ECso 43 1 24 0.050 6+
0.070 7 ng-mL"599.83% % % . 98% % 5 R 93%
B 17~ 93% 4 35 W 50% % T R Ji 24 %5 4 f 4k 1 B
PO 25 B %5, BCs Y K F 0.1 pg-mL ', Hrp
50% % 1R R JiE 245 5% 9 16 Bk 10 1R 1 4 ) R B 2=
ECsi% 263.248 7 ug-mL"
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Table 2 Laboratory toxicity test results of fungicides against Fusarium oxysporum f. sp. lycopersici

AT EVEVye B34 ECs /
Fungicide Regression equation Correlation coefficient( R*) (pg-mL™
98%:% F R 5 75 98% Hymexazol y=0.015 7x+5.056 7 0.9857 0.809 1
99.83%RHE 1% S5 7 99.83% Fluazinam y=0.474 1x+5.346 6 0.995 0 0.1858
95%IK L% JF 2 95% Prochloraz y=0.546 6x+6.457 9 0.994 6 0.002 2
96.8% 7k itk F PRI i 24 96.8% Difenoconazole y=0.401 1x+5.461 4 0.987 4 0.070 7
98.05% ML J5 2 98.05% Tebuconazole y=0.377 1x+5.488 5 0.987 6 0.050 6
93% 1 I )5 24 93% Chlorothalonil y=0.494 8x+5.069 7 0.9840 0.7230
93% 48 5 XUF 25 93% Thiram y=0.651 9x+5.034 1 0.983 4 0.886 6
50%% 1 R i 24 50% Carbendazim y=0.170 7x+4.586 9 0.984 3 263.248 7
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Hre TEF-1a 3R 7E SRR & A B m i DR sF 1
A ACEERAEY . Al P EF-10.ITS %
R 7 AR R GK B W25 TE 2 R
PR BEAT S E B E 70 B TS B0 4 A TR TR 8 e A A
PRI (F oxysporum) » WA ZEFHIE ] 78 & Ak
2295 8 J B O SR TR T AT (E O OR 5 5 B R
TR SR T8 A 48 BBl , 275 Hirano 5 ER
T8 R R M 51 uni R0 sprl, A T4 e R
PRI T ALY . BRAGE RRW], 5 R AT B AL M
by X2 S50 AR T 0 10 Ji TR g 2 B A 1 7 0 AL
HI(F. oxysporum f. sp. lycopersici, FOL)
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Yo Z PR SN SRS, Ll it IO i 145, e
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ol 27 T 71056 2 o AR S 7 32 B0 B O L AR T
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SO0 2R S SEE o R F A B A L A K 24 7
i e 25 T — B RIS, I8 B 98.05% [ W i 5 245
96.8% A< itk F B J57 245 X6k 285 736 20 70 S 18 37 190 4100 i 1
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