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Identification of Wheat Crown Rot Pathogens and Analysis of Their
Pathogenicity in Different Ecological Zones of Gansu Province

TIAN Xiaoming', JIANG Jingjing’, ZHANG Haiying’, WANG Yixuan', LI Huixia' , LIU Yonggang'*

(1. College of Plant Protection, Gansu Agricultural University, Lanzhou, Gansu 730070, China; 2. Institute of Plant Protection,

Gansu Academy of Agricultural Sciences, Lanzhou, Gansu 730070, China)

Abstract : In order to clarify the pathogen composition and pathogenicity of wheat crown rot in different
ecological regions of Gansu province, more than 40 samples with typical symptoms of wheat crown rot
were collected from 22 sampling sites in 11 counties and districts, including Longnan Huicheng Basin,
Longdong Dry Plateau and Hexi Irrigation District in Gansu Province from grain filling to milk ripe-
ning stage. The pathogens were isolated and purified by tissue separation method. The pathogens
were identified by morphological and molecular biology, and the pathogenicity of representative
strains were determined by inoculation. The results showed that 76 isolates of Fusarium were
screened from 104 cultures by Fusarium specific primers, and identified by morphology and TEF se-
quences analysis. There were 48 isolates of Fusarium pseudograminearum (63.2%), 10 isolates of F.
graminearum (13. 2%) , 8 isolates of F. sinensis(10.5%), 6 isolates of F. equiseti(7.9%), and 4 i-
solates of F. acuminatum(5.2%). The pathogenicity of these isolates were significantly different, a-
mong which, that of F. pseudograminarum was the strongest, with an average disease index of 84. 37; F.

graminearum was the second with an average disease index of 67. 06; the mean disease index of F'.
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equiseti and F. sinensis were 66. 83 and 33. 97, respectively. The pathogenicity of F. acuminatum

was the weakest, with an average disease index of 17. 83. Combined with the isolation frequency and

pathogenicity, five pathogens were identified to cause wheat crown rot in Gansu province, among

which the dominant pathogen is F. pseudograminearum.

Keywords: Gansu; Wheat crown rot; Fusarium pseudograminearum ; Pathogenicity analysis
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S, FCR AR [ 1 & AR B R e 3 1
INE R R 200 1 PR R A X b
2 X R AT R il 22 X3 A il A8 3 R R
AR b/ Zz 3277 X B ™ Y 45 45 b X
A P R R R R . INAE 20172021 4R %00
SO A /N0 3.6 1t e AR 43 9
4.4 J7 10520222023 AR HUR R R f ] Ik
6700 S BUNE W 200, H B Ik 5060
2015—2016 4FAE HOM . 7 5 LB 50 55 P9 L 45 )
KB FCR™,

H AR I8 1/ & 2R e R L, R
DMBARSHEE (F. pseudograminearum ) Fl /R
BHRME (F. graminearum) NP EHRE , H LA
B A i A6 T B 43 A S R )z SR RGE %
o AF R ) I A DA A TR A S AR A R L T
4 e S ML X B AR TR (F . culmorum )™
T 2 [ 0] 2 ol AR AR A5 6 TR €0 Bl A T AT e
BRI (F. avenaceum) B &R Y51 /N & 25 5
JEELOL A R [ b DX PR e D A A A A —
TE 225 . v E A XN 2R AR TR Y 00 B Bt iR A
AR A A A ) AR AE VLR 2 5 b R /N 22
2P0 o g i TR B e R A A RS N ke A T
LR AEPTALH D, H R T B R B VY Y
L ST 1 AR A Bl 9 o HG o B 74 ) B R A 9k 4
AR BT R 89. 7326 . eAh . Bl FCR
PR H A F 8 R (F. acuminatum) . F4¢
WAL (F. sinensis)  WINEME (F. asiatic-
um) R (F. equiseti) JZ B4k H (F.
proliferatum) , Z KM (F. tricinctum) T
YA (F. avenaceum) B AHRMH (F. cul-
morum) VRIAYIE (F. oxysporum) FlHH ik g
IR (F. solani) 5 A d7 HLAHXTALAR 1,

INAE SN A AR AR . SR A
TEH 7 P AR R A 22 DX FII 7Y 75 22 X /N FER A 43
Br A /& FCR B0k B8 B8R A i 7
{ELH R A DL HO 45 /N2 FCR i Ui B & 42
IIHT . AR SORE SR I R R B H R A Bl e RO
b Bl 7R SR B TR G E R U IX 3 AR [ A
BXAY 11T AEIX 22 AR AR L 2T AT H O A
/NAE FCR 4 e A Dl B A ] AR 26 DX Dt
P&, I il 28 7R A% 15 1 I %2 TR PR X/ 22 4
A E0 71 B0 DL S5 Bk 1A L LAV it — 22 0
AR i b T PR T A 2 B A B A R AR

1 ARG

1.1 R s

2023 4F 5 AZE 6 H/NAZRERK M EIA AN T
A A8 Bz F B A L Bl 2R S5 T G A TR 4 D
XA 11 EIX 22 AR AE A R B LA FCR
FER I FE 40 A0y, B bR BEA H 348 A
JECAR AT 1S G %, RS SR AR SBEHLIERE 5 BRAE
it o R D B8 T 2 0 B R B 9% (potato dex-
trose agar, PDA) B T E&E M A 5% 3% £ (carnation
leal agar, CLA)FI& AR 77 35 35 77 4 (syn-
thetic low nutrient agar, SNA)™ JE479% JE I 1Y
SRR IR LA R . N SR R BT 58 X
o D AT 8 800 T R AT S0 L /N i R A RO
P22 BE ALY DA W 5 i 22 AW T oE & 4 4t
1.2 RWHE
1.2.1 mmHEEED*®

HRAE/NE FCR AR AT H (] & 5 155 450 94
A G ] A 2, BRI A A Oy i 2 IR AT
HbJ7 bR ifE DB37/T 3404-20187
L2.2 AREANGYEL AL

R 202053 85 1 DN R 9 L Ak 43 B o SRS
T KT Phes bR 22T 15 s 2247, 76 0 1A
BT ARG R BTIZ) 5 mm K £ 58 B Ak 41 41,
WKL 75 Y0 KE T 7 35 s» 120 IR G R 4h I T
THHE 30 s, TR/KMEE 3 I HCIHT AL E T K



#1z2

FET 5 1 468 < T o 48 AR ] A 28 X/ 22 25 558 1 o s i 68 78 e L3800 0 43 A « 1713 »

WUEAR, W T H R WK S H S BB SET
PDA B384 b BT 25 CR AN TH IR 3R 2~
3 d.HERE 12 h VST & A= KGO0, FF 2 LD 2 A
22K JE PRI 55 12 2080 PDA SF M b i
frelifh, 5 3 K.
1.2.3 BAFERZ

FHAT AL e 24 35 T2 1 T V& L S AT A A2
5 mm A PFER 2= PDA B35 55,25 “CH IR B
B 7 d MBS T& B 6, U TR 22 58 S 2 Ry
fE ., BARIZEF ZE CLA Ml SNA Ki3E%Edr,25 CF
JERREEFE 15 d, WA KA 43 AR 4+ 28 A0 B IR LK
/N (B BEEAS R, /N B 43 A Al R R A R TS B
BEMAR , 2% Booth™ | Leslie #1 Summerell®"”
(8 T3 s AT 93 S TR R (9 ) A0 M5
1.2.4 5FAEHFERE

V5 2 Ak 1) TR AR 2 1 % TPl K TR B AR 1Y
PDA FAg rfrge, 25 C BIEREFE 5 d J5 I EE T 22,
R I ECTR S IR 20 DNA $ily £2 328070 &5 5 42 IO 187 2%
4l DNA, LU DNA SRR 5 FH 4 16 0 s
WHFIY F, (5'-ATTACTCCAGCATCCTTGC-
3 M F, (5-TTTACAACTCCCAAACCCC-3")
HEAT PCR 47801, S5 ) e 0 I o1 Ak » 75 FH ik 4
B S SI Y TEF-F (5 -ATGGGTAAGGAR-
GACAAGAC-3") il TEF-R (5'-GGARGTAC-
CAGTSATCATGTT-3") # 17 PCR ¥ #5%,
PCR W {K % : 2 X PCR Master Mix 12. 5 pL,
DNA 1 pL.BI#% 1 pL,ddH,0 9.5 pl., PCR
P W AR 94 CHAEYE 5 min; 94 ‘CAEE 30
s.F 5% (50 C)/ TEF 51#1(57.5 CHik k 30 s,
72 CHEM 1min, 35 NMEH, e J5 72 C iEff 10
min, F 1.5 % B B0 5 A B UK Al PCR 47 38
Yl K Hk A T TR L T 4 SR AR
NCBI H i 47 BLASTn AHUME LA, R 8 A0 L%
KT 99 % Kk g ¥ 51 . FH MEGA 7. 0 # {4 i
T2 P8 T, IAB R R B R BT .
1.2.5 Ja/RHA 6B mEN T

SR A TR 22 01 97 H 2 b 1 0 43 15 45 3 (9 TR
PRIEAT BOw M = . P g R il Y /N 22 %
LS8 P MEZE 2 d 5. R — Sk 5
AR SR — BB A HA 10 cm (9 8RHE 4
R R ERALTH M F T 1 em &b, DOREE
R RifE 5t B, A 3 RER ., HHET
24~27 “C VBB 80% , Y BIE [k 16:8 M AN T
R SR . HOE A WSl RN E A K

ARBE, HERD 30 d JF, RF/INEE AR Bk R 1 I 2
IEHE AR T8, BN FCR 709
PRUE O Z0, BERRME R TOAE IR L 1 90, A AR 55 — B
R AR CRE AR 5 3 G, HE AR B — A ] A A
B R PR 5 G R RR B A AR e B A R 7
G, KBRS = i A 4 BER B 9 Z, A BR RE B
T,

1.3 HiEAIE

i 1] DPS 7. 5 X915 8 BOHEAT G150 17

2 HEXREH2M

2.1 HREANEZZEBREERBR

XoF R A B T R A | B AR R R Tl P
JRR £ N E IX 25 11 D BLIX 22 S RRE S 1Y 22 25 B S 5
PHARZE AL B, 200 T RDRE IR 3 2 R B 25 5L A
AR FLEB AT AR SR 1 &9 % R 0~65. 23 %6, 9
TR 0~88. 57, Horb, P AR 5 H % i
s R 10,69 %6 s FER M BE R 45, 9. 56 26 s 1T 7Y
THE DX 3R AR I, O 8,334,

2.2 MNEZEEBFRREESBER

FI L2 5385 1 X 3RAF I 40 A0 s i 147
R o Al v A E] 104 Ny, R AE
WERAE CLA 553 5E BB i KA 43 A= 48 Fi /b
W5y AT I A ERAE 5 5] 76 PR (Fusari-
wm )RR 5 BERRR 73.1% (R D, bl 45 R
36 #F P B UK A5 22 Bk T PERE X 18 fk . R 5
R H IR /INAE ZEJE 65 1) 5 B0 I B N e FoL B s
2.3 BAEESFLETE

2 R T 5 TR PR =2 [ A DA R B 68 B oy R TR
B AABRKES, IR 458 5 2%,

551 AR PQL6 5F 48 BRTA bR . /£ PDA 8:
FELFRARZAZMER . BEEAAGYS
gt P (R TA, B 1A . 4 CLA H3R 5
Bt Ja e Koy AR T 2 i gk 1k, £ 3~5
A B L, 7= BROE RS 4E 46, TG /N B 4y A A (R
LA, B TAD . AR TR 45 25 FRAE 3% 25 T bk ) 45 4
ENBRBIAE (F. pseudograminearum)

85 2 845 HCL0 4§ 10 ¥RE B . 78 PDA 5
FRHE LWL L b B EUR L VR B AL (E
1B, K 1B, 24 CLA 8555 %, 774 KA
AT RIS 3~ 5 BRI /N L4y A T R
T E I, A (B 1B, (& 1B, . R A
FRIE R A0 S 2 W R R R (F. graminea-

rum ) °



< 1714 - X fF Y ¥ M %45 &
F1 HREANZZEBRAEEENFEESSER
Table 1 Information of samples and pathogen isolates of Fusarium crown rot in Gansu Province
A X B/X 4 %7 P P B T M g 5
Ecological region County Town Altitude/m Number of Fusarium Strain number
B v B Hui KT Yongning 932. 4 5 HC1, HC2
longnan WiARHL Liulin 1053.6 2 HC3
JePH4E Niyang 1072.1 3 HC10, HCI11
fRZ B Fujia 1.005.7 1 HC15
£ Cheng LV EH Paosha 999.9 2 HC4, HC5
M Bz 81 Chenyuan 1 049. 2 3 HC6, HC7?
4054 Zhifang 1 068.0 2 HCS8
# M4 Huangchen 1588.8 1 HC9
21 )I|44 Hongchuan 987. 4 3 HC12-HC14
""""" W& BT H Jingning MM Liden  1360.3 2 Pl
Longdong IE5 7 1X. Kongtong I 4 Kongtong 1316.6 7 PQ2-PQ6
4445 8 Chongxin B A48 Xinyao 1471.4 4 PQ7, PQ8
i 5F4H Jinping 1124.1 3 PQY. PQ10
%I & Jingchuan i 44 Peifeng 1061.4 5 PQ11, PQI12
K44 Taiping 1362.9 A PQ13, PQl4
i JE HL Zhenyuan i 74 Tunzi 1361.5 3 PQl15
3§ %45 Chengguan 1 060.3 3 PQ16
T X Xifeng K44 Taiping 1335.3 3 PQ17, PQI18
# 25 Dongzhi 1344.7 2 PQ19
""""" WP BOMIK Liangzhou  KURHE Changcheng 18337 6 HXI-HX3
Hexd KB E Yongchang VG424 Hexibu 2 038. 3 5 HX4. HX5
M X Ganzhou I 4H Shajing 1514.9 7 HX6, HX7
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B LAY R ERZ RS EREEIR, WL
P IO TG B 6 R R R T R A R
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S (EN1C, B 1C) . MR T A 24 R A 0 25 I
YEE N AKIRIRIH (F. equiseti) .
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ZH0 N 3 WA /NGy A AR 5 R AR B 1RDE
0~1 k@ (B 1E, ([ 1E,) . RIEIEEF51E
W10 LU R B TR (F. acuminatum) ,
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P (CBS 307. 94) iy 382 4% 1 85 ¥ /N T 0. 01,1 000
WHEE AR SR T 100% ., 5% % E 4531
— K A N RSB TA F. equiseti s R 3
PR ¥k HC13-4 (GenBank % 5 % PQ381628) 5
58 THU 4 90 B 7 (NRRL 52789) 5t 4% i g5 # /N T
0.01,1 000 REEKE A JE LR HE K 100%, 5EE
EUE R B S E N BRI FL
acuminatum ;18 3 £ & ¥k PQ19 (GenBank &
5 PQ381629) 5 i 4E g 41 I8 (CBS 122710) 7
— i AR BN T 0.01,1 000 IRTEE H RS
RN 100% . SIS FE SR -8 B HEE
NHAESRAIE F. sinensis,
2.5 HREAALESRNEZEZEBERFEREN
e S i

LA E MG FAEY K E, Wl A N

FCR FE i Y 76 B #1618 T o (RO A3 B 10 7 (F
pseudograminearum)F 48 ¥k (5 F 63. 2%0) , R&
PRAME (F. graminearum)A 10 #R (5 1 13. 2%),
ARSI (F. sinensis) A 8 ¥k (i kb 10.5%),
RIEHRAE (F. equiseti)H 6 B 7. 9%, 8t
TR (F. acuminatum) 8 4 ¥R (5 EE 5. 2%,
H MR BT AR A e A TR 2 T A/ 22 25 L T
8O0 B T T, 7E 25 A 2 DX BOR 45 HiR A0 T 34
P e AL v Bl AR 5 5 MR A 9k A0 T K B
2, Bl AR 5 R B 1 00k A e 114 g Dt T b 2 A R
HER 2.
2.6 RERUEHKRHHENE

Shy WS AN [ o 25 S A0 B80T /N 22 407 1 10 B0
25 AESF B IR R BEBL IR 3 A B AR T R
AN HINEOR S IGE . A5 R R T AN R b ) Bl A8

ARSI ; B: RAPRAEE ; C. AR WRIRALEE s D P AR E BLTRAEE ; Ay ~E IR A, ~E, . THIE 1 ; Ay ~E, . 78

TRE.

A:F. pseudograminearum; B: F. graminearum; C. F. equiseti; D: F. sinensis; E:F. acuminatum; Ay —E;: Colony obverse;

A; —E;: Colony reverse; A; —E;: Spore morphology.

1 SHRAREERSEBTRERE

Fig.1 Colonies and morphological characteristics of conidia in five species of Fusarium spp.
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PQ16
76| HC10
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HC14
MZ404072 Fusarium equiseti LVBK4
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0Q971906 Fusarium acuminatum NRRL 36147
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Fig. 2 Phylogenetic tree of representive strains based on TEF gene sequences
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Table 2 Species and numbers of wheat crown rot pathogens in different regions of Gansu Province

KA

Sampling site

B A5 Sl 481 B AL i A 1

F. pseudograminearum F. graminearum

Hh £ £ R

sinensis

F.

NS S

F. equiseti

B T 8L A

acuminatum

53 B Rk

Total isolated strains

F.

B < 535
Longdong

B 14 4 3t
Longnan

] P HE X Hexi

it Total

23 4

14

11

48 10

3

4 2 36

22

18
76

HANERME Y A — R ER e, KBRS
SR TR 09 B0 ) B T A S R Bl 84. 375 R
BHRAL TR Z T B 15 8 80k 60. 535 AR AT
AR R AT 1Y T 12096 15 75 £k 66. 83 A 33. 975 Bt
TOU 489t B8 B0 7 B 55 5 - 95 15 48 B 17. 80
(F3), BEEEFR R /N 22 A R 2 R 1 7 5
BAE PDA V- b 43 8500 J5L 1, 24045 2] 1 A B 4
T JE TR » 2 BT Ak EC 3 DU 56 F

3 i
AR /N 5 IS 1 [ 2 O B

KA, HoOR A E B A R R A 4 2 T R AN
L R P LA XN A R A, AR ST
WA TAEYHERRZGEE THME 34
ARV AR IX /N ZE T 8595 B9 R BT L F . pseudogra-
minearum JF. graminearum .F. sinensis \F. equiseti Fl
F. acuminatum 2018, HoH BAR A PR & 63. 2%,
ORI . X5 AR 2022 4R X R
A FCR g J5U 1 73 85 %8 B 45 2R — 2, (545 5K [m) 1]
SELI2014 AR HRGE 1 P A R R A ik 6L 10 45 R AT
TE— 58 28 5 X P 22 53 AT BE 55 SR AR INFA] | b IX 28 26
J3E I b B S A AR A ) AR A AT O . AT ST B A
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Table 3 Pathogenicity testing of representative Fusarium spp.

g JEE T i 28 TEY R IR H 97 15 96 4L
Species of pathogen Isolate Incidence rate/ % Disease index
. » PQ16 100. 0£0. 00a 93.642.03a
{7 45 B 48 4 HX5 100. 0--0. 00a 86.241.72b
F. pseudograminearum
HC12 100. 0+0. 00a 73.340.73¢
. " HC10 100. 0£0. 00a 73.341.30c
F AR AR PQ3 97.7+2.23b 65.2+3.52d
. graminearum
HX7 100. 0+£0. 00a 62.742.49de
o HC14 100.0-+0. 00a 72.644. 15¢
*M%?ﬂ% PQ2 100. 0£0. 00a 57.542.19f
F. equiseti
HX4 78.945. 88cd 51.542.03fg
. . PQ19 100. 0+0. 00a 50.841.51g
A R T HX3 100. 040. 00a 29,042, 15h
F. sinensis
PQ7 81.1+£1.10c 22.1%1.101
o " HC13-4 77.8+2.23d 21.7+1.751
F%I{“%f@@ PQ12 62.242. 20¢ 17.641. 07
. acuminatum
PQY 79.543. 25cd 14.140. 43;

[ 51 BB 5 AN Rl /NE 8 R8Pk 1] 22 5% 8.3 (P<<0. 05).,

Different lowercase lettersafter the values within the same columns indicate significant differences among the strains at 0. 05 level.

THM A /NEZRER R RS, AT — 2/
2 SR PU M S e T AR R AR .

AT FE 5 AR BG5S [7] 28 AL TR X /N
22 Wy B BT B0 1. H R TR i 0 T G B0 A7
PR Z R, o BRS04 B0 77 o
S 2495 1 8 BN 84. 37, 5 M HE Y [ S —
B, L, S5 G 5y BIOR K EBOR 07 AR E IROR
B, 75 H IR 22 DA I e 7 A b A e 6 TR R 38 T Bk
T6L TR BB 5| S /N 22 ZE LT L LR B T 4B e 4
S At 5 L DA B0 7 3K i 5 3K — 45 R Sk HOR
B /N7 2 B 95 A KB P R B R AR 2
i,

AW H A A 11 /N F =B X FCR &
o 155 D0 1 R 45 R S o Bl AR SR TR FE R g 1%
6 B8 v T P E DX HH SRR I (L 1 6 B Bl
A U 7 5 X 0T BE S H A A AR TR AR S XD R
INGZE SRR 22 5 DL R HER A G L & KR
FH 23R 38 5 5 T 7 22 X, HL B AR ST ph 1 52 46 ik b
i 8 A . R, BT LA g R O o A kR
PR AT A PE ) FCR & AERE . $Rut ., #d it
— 2L NS T N AR B AR SRR A 22 XN A 2R FE e 1
V00 R A o B9 AT ERORN £ A XURS: DR BE P A
INFEH PR A

S E WK
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