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Table 1 Disease sample collection sites and isolation results
B k% Number of isolates
w5 KA 55 L
Code Collection site EMEE G RN KWRERE =i BRSO B BR B
B. sorokiniana  F. avenaceum F. Equiseti F. proliferatum  Alternaria  Epicoccum nigrum

1 M RIETTEAMX R 3 2 KRB 30 0 0 0 5 0

2 XU LT A B AL 22 1 1 0 0 1

3 AEAHT T A E X R %2 1 6 4 1 1 15 0

4 EARMTTE=ILER 13 5 0 0 0 1

5 FEAHTTT & H T AR AL X 20 2 2 0 0 0

6 XS LT 855 4% 22 0 0 0 0 0

7 X0 8 T 5 L T SRR R 1 12 4 1 0 0 0

8 XS R 850 417 25 1 0 0 0 2

9 FFFFMG R T e Ll B v B 60 2 3 0 4 3

10 FFFMRRTITIR R EGHI 2 T 30 0 1 2 4 0

11 FEFHE R TN T 28— R 8 0 1 0 0 1

12 BRI I TR BN R A 30 2 2 0 8 3

13 BT T IR £ SIS 30 0 0 0 6 1

14 BEEWELT LR ESLRS 20 2 0 0 3 0

15 L] T T T A 3 1 0 0 1 1

16 ] T PR 3 0 0 0 0 0

4l Total 334 24 12 3 46 13
B DNA fh#& A& TAM TR (R Bh AR
1.2 R E A A JHRE 10 PRAGGEVE BRI R K1 2H DNA, 451
121 RREG> & KERENWRFHEHAL 7 Bk AR E K TX9-5 F WL4-3, 8 E ik

B AN R AR B AL (0 BB AT 7 B R R .
R KK R A BT G TR BY )R AR At
AbBY %) 4 mm F/NBE, 7E YS-CZ-SD i TAE&
[(GHEAARACEOAEMRHE AR ARG 75%
WREAN 0.1%FF5K 4> IZ L 10 s A1 1 min, 75 K H
IKIEBE 3 K, e I B BoK AU 2R K 7
Ji, B TIRATHERS LTI PDA AR L, 25 °cClE iR
77 3 d, BREURE &L S 22 B AT AR R O SRR
I, A TE 4 CCUKAR o R VA T R AT AlAL )5 1 B
1:5}%[15,19]0
122 mRAMEER 25 °CHEIRRF) B HK,
SAdERHATEZENEFHEER, SR (AHES
EFMY RO R LR T B S e FR RS ) ORI (R
WFFEIED) P2ALL K AR SR FE 1523250, o) B ok 1) TR 7 A
SEMFRASIT S e, Wil NRME PDA TR
TR & O AR A AN T R A, ) BX43
(Olympus, HZA) Hl DMi8 (Leica, fH[E) J%
BB o E T EAT IS WSS, AL .
123 mREASTE% H Ezup HUH KA

JMSJ-28. WL6-10. JS7-31 Al HLO-52, FfEREJE
(Epicoccum) Hikk WL4-1 F1 HLO-19, 44 1%
(Alternaria) B ¥k WL4-3-2 F1 TX10-1. FH 51 ¥ ITS1
(5'-TCCG-TAGGTGAACCTGCGG-3') F1 ITS4
(5-TCCTCCGCT-TATTGATATGC-3") , LK 5|¥)

bt2a (5-GGTAACCAAATCGGTGCTGCTTTC-3")

A bt2b (5-ACCCTCAGTGTAGTGACCCTTGGC-

3" XTHEEL DNA Y 5.8S tDNA-ITS 541 FIp-1iE &

H (B-tubulin) F:PKFF1 4T PCR 73412627, [ W7

f& %: 10xPCR Buffer. 10 mmol/L dNTP. 5 U/uL

Taq BEAT 50 mmol/L MgSO4 3t 12.5 uL, #i4 DNA

1.0 uL GIRFE 300 ng/ul) , b, FiFEI4%% 1.0 uL
(10 pmol/L) , ddH>0 9.5 uL. MMNAZF: 95 °CT

AF M 5 min, 94 °CAEME 30s, 57°CiB-k 30s, 72°C

WA 90 s, PATHEIL 30 Ik, HJa T 72 °CHEfif

10 min, 52 MIE K. ST NRREEEI B ik 56 AIE

ey, B TAEY TR (B BRBERA

FSERAGI, DA ITS 7 50 B-tubulin LK 51

4y MIHREAZ 2 NCBI GenBank (4 i, 4 BLAST
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BEVEEAT 3 Do B [l e, R E AR 10 BRARRME R
PREERE T/NKES 923 b, 25°CREFR 7d BT, 5
T A% 1:125 LB S35 HI ki ., i% gk
180 g EEFENE TR, MR 6 RifgREM v
B 19 S/ANERF, BB 35K, fE N3 X
HE ., WmEARCEER (BRIR/EE 25£2°C,
] 20£2 °C) , £ 2 d WRFFLELEE 1 oK. &%
BRI 9 G5y SFidihnitE, 30 d J5 & R R 3L
AURIRREAR, THR AR R AR ISR &0 121 1)
J7i,  EEHTRT SRS (AR AT 0 S B 1) o B
7, WS IR B R B T AN A AR TS 22 5

R (%) =RIFHERECE SRS R
100 (1)

WIETE R =Y (FZIRREBOIR BRI /
CA R S REO RO i AR EUED 100 (2)
1.3 BURALIE

fi i Microsoft Excel 2003 4b ¥ % 45, i A
SPSS 27.0 A 3E4T J7 Z 53 -

2 HREDR

2.1 INEREHRBEREHRER I

A o 50 FE ) SR B 14 /0 22 AR 9 9 o AT i IR
BEAT R I, eI, 0 T TR et
RANFERAL, 51 Z M RUREIR o 9 IR BRI AR /N 22
MRZEEBIS, AR b 25 s AR T2 A i B, ™
HIN FEUEEEIAE (B 1) ; RYrFri, 51K
MBEAER, IR R IR AR N, B
B, BT R ER A ERE T, D52
BT B A MR BE (B 1b) 5 RGN R HE
I, dERCRIRAEIR, WKL, gkt ik
A, MEEARAR R, AMEREUT

AR
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1 NEREHEEBER
Fig.1 Symptoms of the wheat root rot

BT N, FEIR RS IE 26N, R ERAL
M7= A BT R AR T4, RIER AT 0 R £
FORY), FE SRR 0 ) 2> T EORs (1 A Bl e A
(E 1) o
22 WEENSE

X KA R B AZ Ak R LR AT 20 B B 9%,
HEBRFE 0 FEMET LI REE, WY
B RV NR 1. fER IR 16 K, 3%
T B 432 BRI . & SRR R 73 55 3P I i 1
JBEEE, B R EE 77.31%; P8 AR
b 9.03%, ALFEMGE IR AR H HiRA,
G EE 5.56% 2.78%F1 0.69%; HEA% )8 HH 5
Iy B E B EET 10.65%; FRERE R E B 4 3.01%.
NEGERER, BRIESEXF, TEHERS
(1 /N 22 MR T 9o o DR B O 22 AR~ e b b i)
JE BRI, X3 MR, A AR A SR S RE R
e M/RETTREREBILHREEX, 588t
e B R BEAR TR BB URS L T A AR T T
BIITARIEEX, 6 MEEARH; STk T
WL ARFEZEX, Ko &2 B SRR g rs 8 3
s M RITE N BRI X, 6 FhE Y
Ho0AT; BRI T BRI ALEE X, £RIEZEH
WAL o
23 WEEESFEE
231 EAREFFrHEIR fE PDA iR b, T
25 °CKAF N TR 5 d Ja, ZEARE Vi e B VA LA
219 64 mm, FIEETE, WEEKVI R KE,
IR N BN R A, R A BRS
e EES N, EIHEERGW (B 2a~b) .
FEAY ] Y SN = 84 o (1 e 7 1 e s A 1
BRRMt, BARRBESN, 2HIAEK, T
W%, AJAEL 2~5 IR, AT AR/NEREN
32.4~75.6 um=15.0~27.0 pm (& 2c~d) , Fith NE#E
R EEN . RS2 NG .. KRZEHKM
B, ZHEEMR, D&, 5T
i B, P IRETRAE, AN S, B 1~11
ANBEREIE, AL 5~7 MOBREZ
232 MEHRIL EPDARGIREE E25°CHIES5d
G, MEEHMEIEERY 56 mm, SR, JEH
BEOEHEAORNHEEER, SAERLAR, £
ZUIR, AMER 2R (B 3a~b) o NI AT
T RK/NN 7.1~13.0 pmx2.6~3.8 pm, KA [E 8L
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(a) PDA b E7 EH: (b) PDA AL EBETT T (o) AMERIT: (d) 2T,

ARIE A BRI A8 /N FEHR B I s i 1 46 5 233

(a) colony on PDA (surface); (b) colony on PDA (bottom); (c¢) conidia of B. sorokiniana; (d) primary conidia of B. sorokiniana.

B2 ZREFHIERRIMSHHE

Fig.2 The morphological characteristics of B. sorokiniana

(a) PDA b7 - 875 Eilil; (b) PDA L EBET T (c) KRIAMERIT s (d) NEAETT

(a) colony on PDA (surface); (b) colony on PDA (bottom); (¢) macroconidia of F. avenaceum; (d) microconidia of F.avenaceum.
B3 FREREHMSHE

Fig.3 The morphological characteristics of F. avenaceum

iaisTe, 2R, DE1AREE (K 3e~d) .
KA AT KN A 29.5~47.3 pmx3.3~4.1 pm, =
IR, Pimaest, EEmE S, o, AR 3~
6 1

233 Ed4kin 1E PDA BigRHk b 25°CH #E 5 d
Ja, EHEAEEERY S4mm, REREE, R

B, BHANACGEREDS, FEROOREN.
SR 2 B BAAR, BB A6 IR AR

(Kl da~b) o PEA KRBT, THRANKM
B BRI, ot HIGRRIR, K/NE 4.5~15.5 pmx
1.5~4.5 um (/& d4e~d) o 7F PDA B 725 R 82 5
KA AT HIERR, AR RIEIER T,

(2) PDA “PHR L WY& IET s (b) PDA AR LB (o)~(d) NEAERT .
(a) colony on PDA (surface); (b) colony on PDA (bottom); (¢)-(d) microconidia of F.proliferatum.

El 4 BEHREAMSHHE
Fig.4 The morphological characteristics of F. proliferatum

234 AKBk#RIE 1E PDA Rk 25 °C&MF R R 9%
5dJE, RRPRUETE B2 65 mm, RITFEE,
RTINS, VR AGECERIEMT, AR 22 20N
WRin & Bl e, SRR A EZRY), .
B ER, WEYHEI A6, TR AT
Koz L RAR B IR R VTR (8] Sa~b)
BROWEERT W, KA A RIE A R4k, B
FENLE, TEURER, WumdnR, BEE, BA
4~6 MERRIE, K/NE 22.0~51.0 pmx2.5~5.5 um
(Bl 5c~d) : REIMNHEMT.

24 REEHSTEE

RWMATLZLE TG 10 FRAREEH KW
DNA, FIFH314 ITS1 M1 1TS4 % Hi#4T rDNA-ITS
X EX R () PCR 47 1, Bikk TX9-5 F1 WL4-3 3k
19K E N 561 bp HIF 38 v By, B Pk IMSI-28 3R13K
%k 533 bp 141 BE, BAk WL4-1. HLO-19.
WL4-3-2 F1 TX10-1 73 BRI BEN 519, 518, 545
F1 545 bp 34 /Bt WP 45 R 1E NCBI #t47
BLAST tuxf, S55KE], &tk TX9-5 #1 WL4-3 (]
ITS #4115 5% 3¢5 5 OM025185.1 A1 OM025184.1
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(a) PDA “FAR L B4 IEf; (b) PDA FAR L BT (0)~(d) KA E AT
(a) colony on PDA (surface); (b) colony on PDA (bottom); (¢)-(d) macroconidia of F.equiseti.
Bl 5 KRR SHEHE

Fig.5 The morphological characteristics of F.equiseti

1) 22 AR JGE P JOF 0 L R AR AR IR 100%, MRGIKE  IGHUBIZEARIE R (B. sorokiniana) , )& T 150
B EH, X2 WKREKRSES EWREFRFIGR  E®HE]: Bk IMSI-28 M ITS A5 85X 5N
(MT635282.1) BALM BT, AT F—%23%  ORI101701.1 F1 0Q947370.1 )2 i # A i AR ik
(K 6a) , UM 2 MEERIIBEMEELE BB NTH  100%, MNAGRKEW &R ZEKSE S8Rt

(a) TX9-5
WL4-3
FARIE PRI Bipolaris sorokiniana (MT635282.1)
T& VI i 18 Bipolaris oryzae (DQ300206.1)
BT H#Y Bipolaris stenospila (MH855749.1)
—— R EFR PG Bipolaris maydis (KJ476185.1)
89 H P B i% A Bipolaris sacchari (MH855412.1)
—99|E FF 5465760 Bipolaris yamadae (>MT514520.1 )
91 2 0P i i 9 Bipolaris buchloes (MH856511.1)
4:“ il 7B 1% 18 Bipolaris papendorfii (KC592365.1)
B UG Bipolaris coicis (MH864367.1)
79 Z AT Bipolaris nodulosa (GU073110.1)

98

100 59

———
0.0100
(b) 99(JIMSJ-28
73 JZHWETIH Fusarium proliferatum (PP897823.1)
R R Fusarium verticillioides (ON119003.1)

AR WEHUE Fusarium graminearum (ON416876.1)
100 B EOPRIEE Fusarium culmorum (KX463000.1)

99 I: KRIEHRFLE Fusarium equiseti (PQ488567.1)
ZIRHRALE Fusarium tricinctum (PQ248570.1)

69

— MR IR Fusarium avenaceum (FJ478097.1)

© 100; WL6-10

99 AR Fusarium equiseti (MT939667.1)

_:E@ﬁf@ Fusarium culmorum (PQ273960.1)
87

AREWEAE Fusarium graminearum (MG063789.1)
AR Fusarium verticillioides (OR566014.1)

100 24 Fusarium proliferatum (PQ038440.1)

ZIRPRIR R Fusarium tricinctum (ON186278.1)

100 JS7-31
91 HLO0-52
—_—
0.020 97 #e 9k TI B Fusarium avenaceum (OM984483.1)
(a) #: T 5.8S IDNA-ITS [X 5 [F 7 FI R TRk TX9-5. WL4-3 FOEZ MR RGK B/ (b) 2L T 5.8S rDNA-ITS [X kB [ 4114 2 1Y b A
IMSJ-28 MRS RGRER: (c) FETB-tubulin P HIFIEERI TR WL6-10+ JS7-31. HLO0-52 FOEZEMRI RGER T -
(a) phylogenetic tree of strains TX9-5, WL4-3 and related strains based on 5.8S rDNA-ITS genes sequences; (b) phylogenetic tree of strain JMSJ-28

and related strains based on 5.8S rDNA-ITS genes sequences; (c) phylogenetic tree of strains WL6-10, JS7-31, HL0-52 and related strains based on
[-tubulin sequences.

Elo REERMEZERNREGL BN

Fig.6 Phylogenetic tree of test strains and related strains
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(PP897823.1) istf& i g5 b ilr , A F A —432 (|
6b) , VLB T REA 9 H A Ik WL4-1
HLO-19 [] ITS 7513 5 & 5% 558 OM106582.1 F
0Q673669.1 M ERE (Epicoccum nigrum) A
AP H)IE 100%, B Pk WL4-3-2 Al TX10-1 [ ITS
513 5% 535 9 OR900525.1 F1OR101701.1 %4
B 708 B AR LTE 2 TE 100%, 45 & T 25 24 RE A A
rDNA-ITS 75153 BT 3 B 4 AN FEAR N 2 B 3K B A0 i
10 LA

FIF 514 1TS1 A1 ITS4 X} 3 Fk 8 A 1 & Ak
( WL6-10 . JS7-31 Al HLO0-52) ff) DNA ¥ 17
tDNA-ITS X B IR ) PCR ¥ 5, 3R &
4520+ 536 1536 bp W4 14 v By, il 7 AL
X, YWHEESERHIIEE (Fusarium) o Rt
— S g, FIH 514 bt2a F bt2b X H AT
B-tubulin FEF [F] PCR ¥3, 43 HIERGKE N 409,
331 F1319 bp HIF 46 v B, BLAST ELxf45 5%,
Bk WL6-10. JS7-31 H1 HLO-52 [)S-tubulin &K 7
G4 5 O W (B 35 MT939667.1 Al
MK373039.1) . #EEHHA CEFKT 0Q689643.1 Fl
KP674239.1) FI#EEZHRM (CFx'5 OM9I84483.1 Al
KY475586.1) FHIAIITEL 99%LL 8K 100%, FR4E
KB W ERHEK WL6-10 5 KW HL(MT939667.1)
BN—1%, T RAEKEWWIFE—723C, BT
PIZAEA AR . BEPE JS7-31 A HLO-52 5
R (OM984483.1) FN—1%, T RAKEW
IFE—45r3 (B 6c) , RMTFH 2 MEAR NS
At
2.5 BEPRHIBURMER T

FFh30d Ja, 2 PRABBTEREE AN 2 BREEAS fH )8
PREEFN /N2 I R DL RPRE AR s T HoAth 6 PR B ik
e Ja /N2 AR 2R R AE i BE, o 2 HREEAR
Ji§ e AR (1) N 22 R RE IR B N W ., 7 &
INFERR TSR I AR . AR 2 9 15 R B0 E 45
BRI, 27 A T I O A 1 s 1 4 H T A 3R
Wo H, Bk TX9-5 BB duRm, N 62.2,
5tk WL4-3 LREME R, HEHAEEKZER
B35 MSERTE HLO-52 1 JS7-31 Wi 155 5 &
EER, TH SRR WL6-10 s S
BEER, (H5 28 IMSI-28 Z7 R, Wik
IMSJ-28 WIRTE TR 8 /N, T 24.15 2 BREBFERES
T2 BRBEAS L R AR R IS T 20358 0. X EEAS T
BPRIER PR (R 2) , MM 7 I ik B

PRACER (/N2 R T i, W3 T HAh s R4
Sl o BRI TX9-5 F1 WL4-3 (/N K6 % e v
P15 100.0%; B B8 B4 i R R (1) /1N 22 R0 2R AL
i, 7£ 50.0%~81.3%, H 12 H k{1 IMSJ-28 KK
MR BT, ARIEER WL6-10 (&% R Hfh
2 PR R PR ER B AT 2 BREEAS & AR KNS R R R
0.0%. SRR, WHkIIHREREE KRR EAR
IEAHSG. BIFERE (2 B MEEEEE Q) #
PRI /N G 3 AN BUW, Bl 5 AR W %% 21 R e
W, BB S REME S Wk, A2
P B2, 3R B 2 i A /0N 22 AR 6 97 11 95 Ji
W o AN AT ZZ AR i (2 k) Rt
FBEM (48 PIFHERCEE, %8 1.2.1 17
VBB, IHKYE 122 TEHHTIRA L E, it
A3 ) 5 JE P B — B AR, R0 4 S L AT
FAIE N BT 254, R BREEF R 2 /N AR o IR 25
T3 A o
w2 EHHBRMENESR

Table 2 Virulence test of the strains

[L:g7S FLES AR ENEELCE

Strain Species Disease incidence (%) Disease index
TX9-5 RGPk 100.0 62.242.2a
WL4-3 R iE A 100.0 57.842.2a
HLO0-52 et 2l 78.6 37.843.0b
JS7-31 et 2l 66.7 35.6+3.9b
WL6-10 PN 2] 81.3 37.442.1b
JMSJ-28 = ke 50.0 24.1+1.4¢
WL4-1 RBEREE 0.0 0.0
HLO0-19 B EREE 0.0 0.0
WL4-3-2 AR 0.0 0.0
TX10-1 BEAS TR 0.0 0.0

FFAFRNE FRFORERZREE (P<0.05) .
Different lowercase letters in the same column indicate significant
differences among groups (P < 0.05).

3 g
3.1 REESBEER

INEAR SRR R AR 2, BETT Bl g
N, WERER ARG, HIH R HIS AN [ i A7 A
REES. FHAEEEERSBEREEH 4 4K
B R, JLrp, AR T I I R A A B E
SEREUI B T B A TR A B PR R B R R I H B
X — &5 R 5 5K S USRI FE A S DI BIE FE 25 10 AH
o, (BIEBRM S A ER . BEILE/DER
JE 373 JER B AR AR s, AT 7 S O e e
BT EERE . HERERIROR A R 3 PR
A FUAE B B bl 2 B R, e N AR
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Pathogen Identification of Wheat Common
Root Rot in Heilongjiang Province

Dai Liting, Che Jingyu, Liu Ningtao, Tian Chao, Yin Xuewei,
Ma Yong, Wang Zhikun, Zhang Jinpeng, Zhang Qichang

(Keshan Branch, Heilongjiang Academy of Agricultural Sciences/Heilongjiang Spring Wheat
Genetic Breeding Engineering Technology Center, Qigihar 161000, Heilongjiang, China)

Abstract

To investigate the species and pathogenicity of wheat root rot pathogens, diseased plants with

symptoms of wheat root rot were collected from 16 sampling sites in six prefecture-level cities in Heilongjiang

Province during 2022-2023. A total of 432 fungal isolates were obtained using the tissue isolation method. By

combining morphological identification and molecular identification based on 5.8S rDNA-ITS or S-tubulin gene

sequence analyses, the pathogens were identified as four species: Bipolaris sorokiniana, Fusarium avenaceum,

Fusarium equiseti, and Fusarium proliferatum. The number of isolates for each species was 334, 24, 12, and 3,

respectively, with B. sorokiniana being the most frequent, accounting for 77.31% of the total. Verification of

Koch’s postulates demonstrated significant differences in pathogenicity among the four species, with both the

disease index and disease incidence of B. sorokiniana being higher than those of the three Fusarium species. In

summary, B. sorokiniana is the dominant pathogen of wheat root rot in Heilongjiang Province, with the three

Fusarium species acting as secondary pathogens.
Key words

Wheat root rot; Bipolaris sorokiniana; Fusarium spp.; Pathogenicity
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