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Pathogen Identification of Tobacco Root Rot Disease in Hunan Province and
Screening of Control Fungicides
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Abstract: Aiming to identify the pathogen types of tobacco root rot disease in Chenzhou and Yongzhou regions of Hunan Province,
the effective control agents were screened for the main pathogens, samples of tobacco root rot disease and rhizosphere soil were
collected from the main tobacco-growing area and isolated by using tissue separation method and plate dilution method, respectively.
The pathogen types were determined by morphological observation, EF-1o sequence phylogenetic analysis, and pathogenicity assays.
The growth rate method was employed to determine inhibitory effect of the tested fungicides on mycelia growth of the main
pathogenic Fusarium species. The results showed that 128 fungal strains was isolated, including 87 Fusarium strains, which were
divided into Fusarium commune, Fusarium incarnatum, Fusarium fujikuroi, Fusarium solani and Fusarium proliferatum, Fusarium
falciforme, Fusarium humulium. Among them, F. commune accounted for the highest proportion of 39.08%, followed by F. solani
and F. incarnatum, both with the proportions of 14.94%. Virulence tests showed that these Fusarium strains could cause tobacco root
rot disease and were identified as the pathogen of this disease. F. commune was sensitive to 40% Prochloraz EW, 43g/L Tebuconazole
SC and 15% cyanomethacrylate SC with ECs;, of 0.026, 0.079 pg/mL and 0.169 pg/mL, respectively. The results of pot experiment
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indicated that 40% Prochloraz EW exhibited the most significant control effect, with relative control effect of 94.43%+2.79%,
followed by 43 g/L Tebuconazole SC and 15% Phenamacril SC, with the control efficiency of 88.63%+1.68% and 83.07%+2.55%,
respectively. This study demonstrates that Fusarium commune is the main pathogen of tobacco root rot disease in Chenzhou and
Yongzhou of Hunan Province. Among the tested agents, 40% Prochloraz EW proves the best control effect on this pathogen.
Keywords: tobacco root rot; Fusarium; pathogenicity; Fusarium commune; fungicides screening
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Table 1 Fungicides used in the laboratory antifungal test

J¥5 Serial number 25 £ X Fungicides name 7% Form He =] & Manufacturers

1 40%WKEE i 40% Prochloraz EW LI = A T A FRA ]

2 43g/L MRS 43g/L Tebuconazole SC INARAGE A IR A TR A

3 30%:MEFE R 30% Hymexazol AP P R R A R

4 40%7< ik H PRk 40%Difenoconazole e Wil BRI Rl BRA F]

5 500g/LIBNERE 500g/LFluazinam sc TR L R R AT BRA 7
6 20%3 A 20% Imazalil EW — WA PR A R

7 250g/LIE TR 250g/L Azoxystrobin SC SeIEs A EY R A R A F

8 225 g/LF Ik 225 g/L Iprodione SC Bevi bR IEVEYIRL A BRA

9 15% U AR 15%Phenamacril sC VLA REGRTF T LA A IR A 7
10 30%PN 7 & 30% Prothioconazole SC TR AN AR AT PR 7

1.2 FHik FAHKR/INA 5 mmxS mm LR, H 70% L
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Note: A, root rot occurred naturally in tobacco field of Yongzhou;
B, symptoms of root rot of disease infected tobacco plants; C, lateral cut of
root and stem of disease infected tobacco plant.

1 HEIREREER
Fig. 1 Field symptom of tobacco root rot
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Table 2 Sample collection and pathogen isolation of tobacco root rot

) SN ] 23 e N e R e b oo He
1< PR OOTRSIR e Aol o0 S R . o
; Number of Proportion of ’ = ; : . F. falciforme F. humuli Other
Region . F.commune F.incarnatum F fujikuroi  F.solani F.proliferatum .
Samples  Fusarium species
HEIH-EERHAR R AL 43 25/43 16 2 0 2 0 3 2 18
A -EEILIR RS 30 18/30 4 5 0 0 0 2 7 12
FAN-H IR R 40 28/40 8 6 5 9 0 0 0 12
AN-TE L LIERERD 24 16/24 6 0 6 2 2 0 0 8
At 137 87/128 34 13 11 13 2 5 9 41

ek 7 PN [RI T B AR B (K 3) 1
ARGV (K 2) o 4PRERW], SAGERER S

IO B T TR R O — A0, SR T AT HEX 5y
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Table 3 Information of the Fusarium strains used for phylogenetic analysis

5 L LS GenBank# 53t 5 b i B Btk GenBank& 5% 5
Pathogenic fungi Strain GenBank accession No. Pathogenic fungi Strain GenBank accession No.
71G23 MW091568.1 174012-3 ON692974.1
Z1G22 MWO091567.1 YNF16-118 MT237904.1
I F. commune 7JG21 MW091566.1 JZ 13k 1T F. proliferatum  GR_FP182 MT305210.1
7JG20 MWO091565.1 Fpr057 KT239490.1
1-1-14 OR711889 2-3-1 OR711893
HZAU MK049899.1 JZB3620007 0Q122076.1
LVBK4 MZ404076.1 JZB3620006 0Q122075.1
HURSRIITE F. incarnatum ~ DE31 KF993969.1 \F. falciforme LDCF71 OP184943.1
YNF15-61 MT237909.1 21BeanYC8-2  ON375422.1
2-14 OR711890 1-2-2 OR711894
12-1 MK443268.1 LC13703 MW594373.1
NC14319 MH577990.1 CQ975 MK289578.1
HECHRIITE F. fujikuroi BF106 OP894074.1 \F. humuli CMML20-13 OL687238.1
BDI120R OP574183.1 LC13704 MW594374.1
1-1-1 OR711891 2-3 OR711895
MRR3 MNO77911.1 o . A9s3 MK560329.1
Ads6 MK560283.1 IR T F. equiseti PA-19 ON643125.1
HiMETIH F. solani JZB3620003  0Q122072.1
NRRL52778  JF740846.1
3-1-1 OR711892

TE: HUARRAITE o B AR R

Note: Bold represents the representative strains isolated from this study.
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MH577990.1 Fusarium fujikuroi isolate NC14319
57| OP894074.1 Fusarium fujikuroi isolate BF106

MK443268.1 Fusarium fujikuroi strain 12-1

® 1-1-1
OP574183.1 Fusarium fujikuroi isolate BD120R
98
] r® 2-3-1
ON692974.1 Fusarium proliferatum isolate 174012-3
100] MT237904.1 Fusarium proliferatum isolate YNF16-118
99 MT305210.1 Fusarium proliferatum isolate GR FP182
KT239490.1 Fusarium proliferatum isolate Fpr057
® 1-1-14
MWO091568.1 Fusarium commune strain ZJG23
100

MWO091567.1 Fusarium commune strain ZJG22
MWO91566.1 Fusarium commune strain ZJG21
MWO091565.1 Fusarium commune strain ZJG20

63 @ 2-3

63 MW594374.1 Fusarium humuli strain LC13704
37 OL687238.1 Fusarium humuli strain CMML20-13

100 MK289578.1 Fusarium humuli strain CQ975

MW594373.1 Fusarium humuli strain LC13703

100 ® 214

MKO049899.1 Fusarium incarnatum strain HZAU
100

MZ404076.1 Fusarium incarnatum isolate LVBK4

KF993969.1 Fusarium incarnatum isolate DE31

100} MT237909.1 Fusarium incarnatum isolate YNF15-61

100 1 MK560329.1 Fusarium equiseti strain A9s3

ON643125.1 Fusarium equiseti isolate PA-19

OP184943.1 Fusarium falciforme isolate LDCF71

ON375422.1 Fusarium falciforme strain 21BeanY C8-2
84

0Q122075.1 Fusarium falciforme strain JZB3620006

0Q122076.1 Fusarium falciforme strain JZB3620007
® 122

100

JF740846.1 Fusarium solani strain NRRL52778

83|, @ 3-1-1

0.020 61 MN977911.1 Fusarium solani isolate MRR5
—
MKS560283.1 Fusarium solani strain A4s6
0Q122072.1 Fusarium solani strain JZB3620003

B2 WMERINERRE®RET EF-lo FINRELEH

Fig. 2 Phylogenetic tree based on EF-/a sequences of the representative isolated Fusarium strains
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FHAA R N B B sl R
B 2 NN RIS, R T
BRI R (K 3D) IR N H G, W2 BT
NG TIE SEE , i, Jo; REVy
AAT ORI, — B 3 R JZ SRR R

HE (B 3E), M/RIRELLE, WLBURZIR; /)
B KRS . RIS A TR TR, 2~4
MR, F. falciforme Witk (& 3F) 7R 28 H
INELOR AR AT IR BRI, 0~2 SRRl R
ST ERIVIR, &Y, TmAREL, 3~4 R,
F. humuli TR (] 3G) IR H A, I506HE; K
RO fL N EBIRE S Hl, BB, HA 3~5 1k
JBE ANELR AT RRIEIE . 28T A AR T
T IVME LI 4 Prs.

TE: A-GIRVOHILEHRIITE . AU . BN . BRI . 2RI F. falciforme, F. humuli {CRBMRAE PDA B3R5 BB FRIE S

ARBIEAL T N ER TS

Note: A-G, Morphological characteristics of representative strains of F. commune, F. incarnatum, F. fujikuroi, F. solani, F. proliferatum, F. falciforme, F.

humuli cultured on PDA.

B3 KRR EERFSHE

Fig. 3 Morphological characteristics of representative Fusarium strains

x4 BITERKKREHRETRND

Table 4 Conidial size of representative Fusarium strains

Bk RILT I MR

Isolates Macroconidia size/um Microconidia size/um

B/ il )
F. commune 1-1-4

[N 9L

F. incarnatum 2-14
i 3o% AN ]

F. fujikuroi 1-1-1

J& B ik ) A

F. solani 3-1-1
=0 )

F. proliferatum 2-3-1

(14.89+0.8)x(2.99+0.1)  (6.77:£0.3)x(2.600.1)

(25.78+1.1)x(3.26+0.1)  (14.58+1.1)x(3.14+0.1)

(17.23+1.3)x(2.74+0.1)  (8.30+0.5)x(2.55+0.1)

(32.81+0.8)x(4.51£0.2)  (20.10£1.2)%(3.92+0.2)

(8.28+0.3)x(1.47%0.1)

(8.120.5)x(3.37+0.2)
(13.65+0.7)x(2.15+0.1)

(17.99+1.5)%(3.76:0.2)

F. falciforme 1-2-2  (14.60+0.5)x(3.80+0.2)
F. humuli 2-3 (31.86+0.5)x(2.97+0.1)

e BUEA P b2
Note: Numerical values were mean + SD.
24 REEHBRENE

T Ao T AR A e ) s AN ) e T T P O
peia=s SIS SN NG St YN YE
JIW . JZ2HEJIE . F. falciforme. F. humuli {83
PR A6 RO AR AL PRI B R . 14 d J5 R B 7

Tl ] AR RE S | A= g, HLrP =2 T L i
TS ] T R 6 i 0 1 ) A R TR 5 B R e A ™
0, RPN AR 2R, RIS ZE R
AR JERs, Y BEIR (E 4) o SRR T
JZHHFRTIR . F. falciforme F1 F. humuli {8 E R AT
FlEE—FLA EIHEER, BRI AT AR R |
Jigs o R BRI B A R AR, RKFIER . 430
TEHZAD T4 B TR % A 0a S AR R 4 15 4R A5
TR, SRS FMSTEE, WEEHTE
TR SRR — 2, SEURHBR (R e,
W TIE I 3 58 T TR A2 5 | AR e AR o P D
25 REREZENGFIGIE

PRI 32 I e = i TR A T & N 2 I
TR HS 2RI TR, RS R ANEL 5 PR,
6 1 pg/mL WVRIET, BR T WEETRR . B&HR . R
PRI B 22 LIS, R EEH e | WREERE . IR
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TE: A RIEARXT AR, B-HARUCHIER LS ] o BDNBTE . G
WeOTEE . SR BRI . BIRIIEE . F. falciforme. F. humuli 14 d J5 %8
MRAER o

Note: A is the water control, and B-H denote the symptom of tobacco plants
after 14 days of inoculation with F. commune . F. incarnatum ., F. fujikuroi
F. solani . F. proliferatum . F. falciforme. F. humuli, respectively.

B4 AEFEIEERA TEMEZERER
Fig. 4 Symptoms of artificially inoculated tobacco with
different Fusarium strains

BRI HINEERE | JRIERL S 7 P2 X AR A B 22 A
KAMHR KT 50%, 0128 5 Hxh o 5 B —
FEBERCR . PIHERRIX 7 R Rt — 20 a4
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100 r

ENZR S PR, 8 R RN S i T A AN
[F) AR EE IR ] o b, WREE IO PRIAR TR 22 2 K
MR e i 2, ECso M 0.026 pg/mL. HHh
PEMREE | FURTRIE . ARTRE BRI | SRRERE . AR IA
e M EZ I, ECso 43510 0.079. 0.169. 0.302,
0.504. 0.505 F10.972 pg/mL. IPEVERFRHRZER)
N, ECso N 11.150 pg/mL, S#I0f45R—%L.

2.6 HFIARIRE
MG 2 2GR ELE R, EdF 8 ORI AT

FARBIBORL . ZARRBTRCNE 6 s, KA
WU RS, AR RS, MRS A R,
A0 Ak B P AR U] A i/ o B S AR 25 AR
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Fig. 5 Inhibition effects of 11 fungicides on the pathogen of F. commune

x5 RIEE F. commune 3t 8 FREF B =E AEURENE
Table 5 Determination of the susceptibility of pathogen F. commune to 8 fungicides

255 A e 7K
;‘iﬁéicides ?oz:ilc-rigrfsg;m equation ECsy/(ugml™) ;EKE =
40% KA EW 40%ProchlorazEW y=1.75+1.10x 0.026 0.953

43 g/LJKMEEE SC 43 g/L Tebuconazole SC y=1.35+121x 0.079 0.951
15% 5% e SC 15%Phenamacril SC y=2.19+2.87x 0.169 0.981
40% A7k H #1E SC 40% Difenoconazole SC y=0.62+1.17x 0.302 0.955

500 g/LFIER SC 500 g/L Fluazinam SC y=0.31+1.07x 0.504 0.956
30%PI B M SC 30% Prothioconazole SC 1=0.60+2.04x 0.505 0.958
20%3WEEmE EW 20% Imazalil EW y=0.03+1.58x 0.972 0.961

250 /LT SC 250 g/L Azoxystrobin SC y=-1.19+1.13x 11.150 0.957
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Note: A is water control, B-I denote the incidence of pathogenic bacteria 5 days after inoculation in the treatments of imidamide, pentazolol, cyanomethoprene,
dimethoxazole, fluridinium, prothiazole, trimethopazole and pyrimethomidate, respectively.

Bo6 ARZHIBIBIERR
Fig. 6 Control effects of different agents

K6 AEHFLEMEELFIER

Table 6 Incidence of tobacco treated with different agents

Qb T REAAL S TE AL AHXTBIAK %
Treatment Multiple of dilution Disease index Relative control efficacy/%
CK 87.65+2.47a
40% LKA EW 40% Prochloraz EW 2000 4.94£2.47¢ 94.43+2.79a
43 g/LIY%MEEE SC 43 g/L Tebuconazole SC 7000 9.87+1.23fg 88.63+1.68ab
15% 55U TR SC 15% Phenamacril SC 500 14.81£2.13¢f 83.07+2.55bc
40% 4Bk FRIME SC 40% Difenoconazole SC 1300 17.28+1.24e 80.17+1.92¢
500 g/LIEMERE SC 500 /L Fluazinam SC 1000 27.16+3.27d 69.16+2.87d
30%A M SC 30% Prothioconazole SC 1000 17.28+1.24¢ 80.29+1.27¢c
20%ME M EW 20% Imazalil EW 1200 43.21+3.27¢ 50.66+3.82¢
250 g/LITHETE SC 250 g/L Azoxystrobin SC 2000 53.08+1.23b 39.30+2.66f

AJ ‘ N N
3 3 i RIEITEE, HOADIS L ITR . R, W

ARG IR MM L A AR X AR B B A 7
TR R stk JEARSMEEH EF-1o A Ty
HNARHT, BE T AR 5 A R D T R LA
5B 30 7 ORE SR T . Horh bt i R L
EHRIITE, HUCH I e AR T TE . B
SRV DR B TR T, DX AR e 0 AR o s i SRR
TSk T (F. oxysporum) . J& S8 T A2 H 8k J)
PA, 0 ELTE VU FIS R AR DX 322 DA A T TR 2
TR F A DX U2 B i 0 TR AR TSl T T R 32, T
HR A Y . w B AR I = R AR
FEwa oy B RS I R ARAASR T TR 5 o ik 75.7%,
VA K i TR 5 T FINE AR DX LA F 58 T TR
R, EPELAA SR E AR A . Bt
ARG E B AR e 0 AT i s i 2 i R %
PP AR o ASBIESELE I e AR IR 8 DR e R

b FA) i I AR B D B SR AR i T B, SN A
W10 A5 b AR 19 S LA B2 Sl D B R 20, U
S ] RSB A R A A A R S HUAE G, X T B
SEMXHHERIEE . SRS M IR A ST
ZEFAR, I, SERTE A A [ DX 4 ] B AR T
(R SRR i, X AR R S8 0 R R 9 ) 000 A
R BA R S IR, Sy AN B I e
DA B ] TR AR s o S 2E ORISR, I
DA B R 74 e B 1 AR D25 R X s e A 7 0
EFME . [EERRE, AW IR ]
P E. humaudi J2 5 UM 4R T B AR JE o 9 A
SRR RIS, X UL S R ] B
PGy RINy, SR A, T sh
A, BERHEACH F A TIN

LR B T 2018 AF 7 A AR 5 ke A



55 3 11 B ZNSE: WIS T BRRREa a J AE RE K B it 2459 B vk 59

TR IR, 2020 4E AW 5T 20 1 YA 19 mE MR &
PRI e T TR T 5 | AR R R B U FEARF 5
H L EZ A T TR E A RN 7 43 B AR AR A e e
B 70 5 A s I P A BRI BN T, Ui
AL K SR X 3 b S O R, (HA R A,
FLZL R ) BEAE T AR O Xt 2L A 5 S A
KW iy F b PR A7 B S MR S A PR T, h
LA I e 52 50 T PR T BB ) P A AR A DX AR
Joa ) E BB I, e IR W

RO TS AR AN 45 A B 4 LB R
HA i IAR S (g ™Y, 5 R i ) B
(4 B T6 2 BRI T2 24 70) o R IR S50 X 418 e
3 R AR 9 R i 2 A ik 0 TR R AT 24 50 0 3k e I
62.5 g/L K HH -1 T I A T i A T 9000 ) 200 SR fe 4
ECsy 4 0.186 2 mg/L. JRIGHEEPY HFs 20, bk
fief JYEE X0} e LA BRI R o St = 40 ) TR B D
o ARSI IR AT T ENLGRIIHE, &
I 40% WKEE e EW X e =2 58 T B TR 22 A KA TR T
PR, SATAMIRE R 8 AN, ARk
P, 43 g/L LML SC 1 15% S04 #ilE SC ks
e TR A BRI R TG E . AR A R,
40% WKEENE BW | 43 g/L MR SC 1 15% FU
M SC A BRINBHARCR . EA T THEHFI 7K M AH
XS TR B BTG AT 77, BB FHASCR A 75 4
— L HEEUE. PRI REOR IR . SR 5
TRt itE, BRI 8 TR 2 3 5 H
WASRIITE, MRS 2R, B, fF
XCF 1) e BP0 73 Pt DX 45 7 AR g Jir s 2 e 0 R
T Ve RSO BT, W S b IX 2 Rk ) AR I s B
IRFNEDRIBHABCRAER R, B RS

X

4 &

AHIFFE X5 15 R 2 WP TR P A0 X P B AR S5 5
TRIRHET TS . A T
S SR TEIN R, B JE LRI L IR
JIW . HECHRITA . EEHRIIE . BN, F.
falciforme 1 F. humuli, o LIS 86 TN £ .
FNFE M ELE R LI, 40% WRELHE EW. 43 g/L
PR SC 1 15% FUA TR SC X =8I I BEA

AP VE R . AR S5 TR, 40% Wk fif
e EW . 43 g/L %2 SC H1 15% S0 & g SC Xf
AR T TR | A ) AR B EL A B B i
&i% o

S 3k

(11 BREG4, RYTE, ERK, %5 2E 16 4 £/l (X) 4R g
P RO (). T EIEERLE, 1997(4): 1-7.
CHEN R T, ZHU X C, WANG Z F, et al. A report of investigating
and studying tobacco infectious diseases of 16 main tobacco
producing provinces (regions) in China[J]. Chinese Tobacco Science,
1997(4): 1-7.

[2] W B E R TR RS R, h R R,
2004, 25(1): 44-46.
WANG G. Advances and outlook for forecast work of tobacco
diseases and insect pests in China[J]. Chinese Tobacco Science, 2004,
25(1): 44-46.

(31 2NN, 285, XU, S5, 00 R A DX AR 252800 5 A e B
ST, MR, 2022, 55(1): 41-47.
LI X J, LI Q, LIU C, et al. Pathogen identification of tobacco

rhizomatic diseases in tobacco growing areas of Henan Province[J].
Tobacco Science & Technology, 2022, 55(1): 41-47.

(4] &4, WS, pHEM, A IR Y AR AT S R R
BRI, LR RL:, 2016, 44(4): 165-167.

YUAN W, TAN H W, LU Y H, et al. Changes of tobacco infection
and its occurrence situation[J]. Anhui Agricultural Sciences, 2016,
44(4): 165-167.

[51 AT, BURSE, BRal. MHEEAEmeas S A HOR DI Bk R ]
feEEH, 2015, 5(10): 64-69.

HE Z Y, DAI L Y, CHEN W. Research progress of tobacco
continuous cropping obstacles and its control technology[J]. Acta
Agriculturae Sinica, 2015, 5(10): 64-69.

6] Rz, REY, MIHE, & MR AR A R E ]
TEREEAR, 2018, 24(2): 135-140.

WU A Z, CHENG Y Z, WU S X, et al. Identification of the
pathogens of Fusarium tobacco-induced root rot[J]. Acta Tabacaria
Sinica, 2018, 24(2): 135-140.

(71 WRF, 2N, ZRIA, AR T0RE A DX R D A AR i
FeAZ Y 0 B AR R ISR [J/OL]. M R R . https:/kns.cnki.net/kems/
detail//41.1137.TS. 20221209.1234.001.html.

QIU R, LI X J, LI J, et al. Pathogen identification of tobacco
Fusarium root rot and observation of tobacco root infection in Henan

tobacco area[J/JOL]. Tobacco science and technology. https:/
kns.cnki.net/kcms/detail//41.1137.7S.20221209.1234.001 .html.

[8]  BXWWRT, BUFWF, WHE, & WG] AR RIITEERD. b
BEAEORST), 2023, 43(11): 20-25, 59.
ZHAO Y N,LIY Y, CAO C X, et al. Research progress on Fusarium
root-rot of tobacco[J]. Guide to Plant Protection in China, 2023,
43(11): 20-25, 59.

91 B, Pk, FHEER, 5. A U T T AR e T
SE[T]. TR, 2023, 29(3): 74-83.
GAI X T,LUCH, HUY X, et al. Identification of pathogens causing
tobacco fusarium root rot in Yunnan tobacco[J]. Acta Tabacaria
Sinica, 2023, 29(3): 74-83.

[10] R4eshy, S5, Zeeft, S BT R NATFRIRI]. th
Mg A= H2F4Rk, 1998, 17(3): 140-141.
SANG W J, ZHU M L, WU X L, et al. A preliminary report of
tobacco root rot caused by Fusarium sp[J]. Journal of Mountain
Agriculture and Biology, 1998, 17(3): 140-141.

[11] e, FARAS, MM, S5 Wm0 ) B w5 o1 4 1]
R, 2014(11): 89-92.
TIAN Y Y, WANG W J, MIAO P, et al. Preliminary molecular

identification of Fusarium infecting tobacco in Henan[J]. Tobacco
Science & Technology, 2014(11): 89-92.

(121 J5rhab. MURHHSE A ML st Ol T Rk, 1998.
FANG Z D. Research methods of plant diseases[M]. Beijing: China
Agriculture Press, 1998.

(T4 67 T0)


https://kns.cnki.net/kcms/detail//41.1137.TS. 20221209.1234.001.html
https://kns.cnki.net/kcms/detail//41.1137.TS. 20221209.1234.001.html
https://kns.cnki.net/kcms/detail//41.1137.TS.20221209.1234.001.html
https://kns.cnki.net/kcms/detail//41.1137.TS.20221209.1234.001.html

53 1

NG TR ROAR S T )5 R 2 E PCR A7 14 A9 e ar S5 1 67

[12]

[13]

[14]

[15]

[16]

[17]

—— R ——

[13]

[14]

[15]

[16]

[17]

(18]

multiplex PCR assay for detection of four tobacco soil-borne
pathogens[J]. Acta Phytopathologica Sinica, 2023, 53(6): 1208-1221.

EFOFE, AT, KIS, SF MR IR AR A2 PCR
PO ARI[]. R A, 2022, 28(5): 95-103.

SHU F L, FAN D S, ZHANG D P, et al. Rapid detection of five soil-
borne pathogens in tobacco by multiplex PCR[J]. Acta Tabacaria
Sinica, 2022, 28(5): 95-103.

BUNAS, KMg, BNZE, %5 BT RAPD 43 FHRic iR BT Al
BRSSO B RCRAEAN[T]. PR, 2021, 27(2): 72-
78.

LI X J, LIU C, LI C J, et al. Screening and evaluation of specific
primers for Ralstonia solanacearum based on RAPD Technology[J].
Acta Tabacaria Sinica, 2021, 27(2): 72-78.

HKANDS, BRI, JEUR, SRR . AR R
Z T PCR A fRdbesrdle, 2013, 283 TI): 22-26.
ZHANG L F, CHEN H R, FANG D H, et al. Triplex PCR detection
of Ralstonia solanacearum, Phytophthora nicotianae and Pythium
aphanidermatum from infected tobacco tissues[J]. Acta Agriculturae
Boreali-Sinica, 2013, 28(Supp.): 22-26.

R ELAL, XUFRBH, RIS AR A0 = AR 260 0 R L i 2
PCR Kl J5 ik A ERNE[T]. INARAO K224 (HARRERD , 2016,
47(4): 520-524.

LU X X, LIU W Y, XU H J. Establishment and application of
multiplex PCR method for detection of three root rotting fungi on

tobacco[J]. Journal of Shandong Agricultural University(Natural
Science Edition), 2016, 47(4): 520-524.

Bk, S<EUBE, #has, S5 WRIEIHEMRROUIEE 500
BRI, 2015, 44(11): 34-37.
CHEN J F, CAI K X, SUN H, et al. Investigation and analysis of

continuous cropping of flue-cured tobacco in Henan Province[J].
Journal of Henan Agricultural Sciences, 2015, 44(11): 34-37.

AN, ZEEF, XU, S TR A DO AR 25 T A O I
WEN]. HERIE, 2022, 55(1): 41-47.

(85 59 1)

TAMURA K, STECHER G, PETERSON D, et al. MEGAG:
molecular evolutionary genetics analysis version 6.0[J]. Molecular
Biology and Evolution, 2013, 30(12): 2725-2729.

INTF, IR R B SR HOR M. bR
1, 2002: 94-106, 139-146.

SUN G Y, ZONG Z F. Experimental techniques of plant
pathology[M]. Beijing: China Agriculture Press, 2002: 94-106, 139-
146.

A LR A A R ) TR AR 9 L B A W R PE AT SE (D). AL
A PEARERRERE, 2013,

ZHAO J. Identification and study on biological characteristics of the

pathogen of Fusarium causing tobacco root-rot in Shandong Province
[D]. Beijing: Chinese Academy of Agriculture Sciences, 2013.

ZHONG Q, XIAO Y S, HE B, et al. First report of Fusarium
commune causing stem rot of tobacco (Nicotiana tabacum) in Hunan
province, China[J]. Plant Disease, 2021, 105(5): 1568.

WaIy, XM, AR, S AR S A X AR e ] B AR I
PSS RE B BOR T, T A ERLE 2023, 44(4): 49-57.
SHEN H F, DENG H B, YANG Q Y, et al. Identification and
pathogenicity analysis of tabacum Fusarium root rot pathogens in

Shaoguan, Guangdong province[J]. Chinese Tobacco Science, 2023,
44(4): 49-57.

X, ZNAS, KBS, AFOBIEARTES 30% R R A

oAt

(18]

[19]

[20]

(21]

(22]

[23]

[19]

[20]

(21]

LI X J, LT Q, LIU C, et al. Pathogen identification of tobacco
rhizomatic diseases in tobacco growing areas of Henan Province[J].
Tobacco Science & Technology, 2022, 55(1): 41-47.

W, EERL, 2R, A AR AR LR T TR Y A S KO
AT, P EMRE AR, 2018, 24(2): 129-134.
QIU R, BAI J K, LI C J, et al. Molecular identification and

pathogenicity analysis of tobacco Fusarium spp. in Henan[J]. Acta
Tabacaria Sinica, 2018, 24(2): 129-134.

A, W, BERE, . G RLBER (Aphanomyces iridis)
5 | R T VR VR B A0 2 AR (0], v R AR, 2018,
24(2): 125-128.

LI X J,LI S J, LI C J, et al. Preliminary report on tobacco seedling
root rot induced by Aphanomyces iridis in floating bed[J]. Acta
Tabacaria Sinica, 2018, 24(2): 125-128.

ARLL, TYIBE, BXHERS, S5, 0T R A R AR RS T Y T
E N BORTE T IERHE, 2017, 50(3): 8-14.

BIAN C H, DING Y Q, ZHAO S M, et al. Molecular identification

and pathogenicity analysis of Thielaviopsis basicola in Henan
Province[J]. Tobacco Science & Technology, 2017, 50(3): 8-14.

SINT D, RASO L, TRAUGOTT M. Advances in multiplex PCR:
balancing primer efficiencies and improving detection success[J].
Methods in Ecology and Evolution, 2012, 3(5): 898-905.

BE, VPBE, XL, S RAE 6 PN 2 E PCR AN
BRSNS T]. O R A2, 2023, 28(11): 116-124,

LI S, XU T F, HOU S F, et al. Amultiplex PCR assay for
simultaneous detection and identification of six viruses in
strawberry[J]. Journal of China Agricultural University, 2023, 28(11):
116-124.

BhEVE, EHE, SR, £ PCR HARUISTHERD]. 49 TR
%, 2020, 36(2): 171-179.

ZHONG Z C, WANG J, ZHANG S Y. Advances in multiple PCR
technology studies[J]. Chinese Journal of Biotechnology, 2020,
36(2): 171-179.

B 6 A e T TR (D). T AR, 2024, 45(1): 48-53.
LIU C, LI X J, ZHANG M D, et al. Synergistic control of tobacco
Fusarium root rot by Trichoderma asperellum and 30% propamocarb
azoxystrobin[J]. Chinese Tobacco Science, 2024, 45(1): 48-53.

IR, 2N, 2R, AR AR T TR AR R R BT AR DA R O
Yerw RARAE PR RBCR ], Th EJH R RLE, 2022, 43(6): 31-38.

QIU H, LI X J, LI C J, et al. Screening and identification of
antagonistic bacteria against tobacco Fusarium root rot and

evaluation of their effects on growth promoting and disease
control[J]. Chinese Tobacco Science, 2022, 43(6): 31-38.

XUFIHE, 220505, faIdE, A5, ARREAR DD B AR S R 1 5 &
HXF 5 PR R BUSE BT[], WMIREAOL RN, 2021, 50(7):
101-109.

LIUJ L, LI F F, HE L, et al. Pathogen identification of tobacco
Fusarium root rot and its sensitivity to five fungicides[J]. Journal of
Henan Agricultural Sciences, 2021, 50(7): 101-109.

JiEw, RRE, Bk, & W s B R R AR
R I N2 R I (0], WA R 4244, 2023, 40(5):
1018-1025.

ZHOUJL, WUTH, JUY W, et al. Biological characteristics and
toxicity test of the pathogen of Carya illinoinensis leaf spot[J].
Journal of Zhejiang A& F University, 2023, 40(5): 1018-1025.


https://doi.org/10.1111/j.2041-210X.2012.00215.x
https://doi.org/10.1093/molbev/mst197
https://doi.org/10.1093/molbev/mst197

