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RS2 KERYS, kb X BEE? I IR ETH
R, M
RS 2 S R R B, T 471003; 2T AL BRSBTS B
S s, AL AR P O KRR IR G940 R IR0, B 310021; SHHTACH K HIE SR E ¥ B, B 311300

WE Bid(Pisum sativum)2 & EEE N ERAEFEY, MENBD AT EREREFHRK. BEESENLE. S T5E
DL R B0 T W 2, e 20 ) RS B 5 2K 3 T 1 3R A 1 4 ol D A FL Bk 7D T (Fusarium oxysporum). 2 & EAK 78 A
(Alternaria brassicae)fi% [k JJ B (F. grosmichelii), fL# B MR NRIBRIIHE, 75223 N53.6%. =N E eSS REY, 5

ob (1A% T 7S SRR i R (1) T 22 PR A ST F0 e P, v o R A £ 910 1 2R B 0 BT SR 45 RN B L

IO T RFA R
K BiE, RN, 255, RE, SUREENE

B S I B

SMEEE, B, K, BEME, NI, T, BTV, QGBI XIB (2023). 51025 R 5 8% E A

B USRI 2. HEP AR 58, 132-139.

%i . (Pisum sativum) & & £} (Leguminosae) #i
)& (Pisum)—FAE B YY), FEAE NG EAMRE
PR (PRG54, 2002). i Gt 5 A8 = KGR,
HI PR AR 2 (iR 655, 2017). F4E2 0002 4
AT, PR ERCE FOE S 0 g OB A, 1997). Bi G E
FAy NSRBI (snap pea) f1T ¥ ki & (dry pea) 2
FKo KBTI MR SRS T ', B
THEER B BRKAEY A BRI SE 2 Rl
BICRCRENE, 2006; R4, 2019), Hb#2H
bR, RN RIS I B A TR . Ik, B
F AN N SR R, 32 B bt i A
JAS A SRAT IR B R SR RG], B0 S 2R SR I R
A2, Rk A AR (SR U5 4E, 2013 3 g A%
2015).

5 ZE R0 XORR I L LA, EERAAES)
B 2RI — A el 2 A R W 2 SR L g )
PR AR T, 9 R R AL ROR 4 i T TR (Fusarium
pseudograminearumw) . A& & # JJ (F.

Woke H 391 2022-07-27; #2252 H#: 2022-11-14

=

graminearum) 15 (.4 7)1 (F. culmorum)4&(Hogg
et al., 2007; Chakraborty et al., 2010). 5 J5 B LA B
2 Ak J JEIE ] F AR g A, HonTAE g R AR
2-3%. IR L EREAT E, @ KRk
HEALRE, &3 /N (Triticum aestivum). Bi 5. /KFE
(Oryza sativa)fl £ K (Zea mays)& £ Fi A /EY) . i 5.
B3 Bkt 51 R IR, BRI, £E T DL A
R R AR AR R, SRRy R Rk
1085, R 4 s b, SR EAEKEE . I
3, AR, BRI . BRfEEAEY IR R A KA,
WIEIE A2 MR R, NS R4 RIS K
B (A% B 5, 2018). 2R LR & — Fh it S
FEALSE L WORAIE . 2 K] R BT AR IESE 102 N [H 5K 1)
4 #)i# (Kazan and Gardiner, 2018).

H AT, 2525 50 ) i 1 S 5 P A A R E,
W ARG B A BERPOZE F B Rl Kk, 1k
FAFIBIE NI T FEFE, MR, 2R, W
i R T A1 75 5 FH T 977 9 SR A T 5 R ) 2 3 0 (R Kk

HEETH: WiTL & HER A 570 H % (No.LGN20C150006) #iiT4 “—+ 0T " #5355 & bhik & 5 A RHE% 1 (No.2021C02065-6-2) fl F 5

4R A2 4 (N0.31872114)
* JEIRE#E . E-mail: xujghust@126.com; In200811@163.com

© 0000 Chinese Bulletin of Botany



SRR S B 2RI T i T 8 4 0 S R o

4U45 2021; 15 K&, 2022; F#iHZE, 2022). AW
R FH B 22 A K R 5 T 30 SR T X 5 % B 71
RSB, DU i 5 2 R 1) o R TR SR AR R
AR .

1 #MR5ERE

1.1 #ERK. REESES4K

MHTYL A8 A B} 2% B 7 4 Y RL 0 3 2k e SR 4 L
A SRR (R S 3t T AR 25 A0 4 ) P 25 5L 95 R
FELARAE S 301 o SR FHZH LR 53 25325 0 B IR B o 4 i
P it 0T 1t THT S A €5 BAT 60 8 2 1) 2R B 5 gk B
B IR A A AL (25 B BT RL0.5 cmx0.5 em Sk . 7658
1 TAEG BT H SR, KIRHT5% LR
19 8h . IRERRINEWNZ 3080 . L KEYE3-51K .
FH TG BRI ARIR - R L BRI K 43, A NI 4 1 5
A B3 % B3I (potato dextrose agar, PDA)KE 573
b, BT25°ClEER AR, K3 RE, &L
Y, MG ZEEB BRI G IR L2, T RUE U
S PREU T 22 B, BERPEIH PDAR FREE LB R . MR
BRI T SRR AE ) 20 ) 5 05 A R0 2K, 2 ) SR B Rk gk
TP . TETCHE AT, P BT Bk B A0 99 1 1
/NHUR VA B N PR E A5 1 M PDARHEI R 7R 5 1, T
25°CHHIR B 7R P HT IR 5, 4°CIR AT

1.2 REENEZE

121 ESHEE

Wt R A7 B0 T MR I R 7EPDAF AR b, B T-25°CHlE IR
FEMHE RO R, BRMWE W E TS FEE . £
WA T WS IR B A RS, A A OGS
Rk, 025 B 5 0 JE A ) 3 e o

1.2.2 DNAEH

FA KT ] NPDAR: 77 3 S8 2 65 & 1) B 22 4k,
JRNBFER, &R EMAT RS G, HEFEER
A DNABLE IR S (CE TAEM TR A RA A,
¥ )FREUDNA . 22 LKA I AN VR FE 52 )5, #2DNA
{17 T—20°CUKAE h 4

1.2.3 HWEESTLEE
PADNA NI 34T PCRY 18 . BT 514 MITS1 (5-

ST BRI E 133

TCCGTAGGTGAACCTGCGG-3")#1ITS4 (5-TCCT
CCGCTTATTGATATGC-3"), it st R W RHY
HIRAF G § i1k R: 25 uL 2xTaq PCR Master
Mix, 1 pL#iHRDNA, 51 #ITS1FIITS4%2 L, H
ddH,O%h 2 %50 yL. PCRY ™ FEF: 94°CHiA 5%
fft; 94°CAE1E30F, 55°CiB k30FD, 72°CIEAHi1434,
30MIEIF; 72°CLEI1053 8 . PCRF=433E 47 55t fig it
JRE LKA, FELERER UG RGPk AT b KA
BB — 2 PCRY 1 7= 3k 2 A6 ot R E W R
A PR A =T

124 REGLZEWRIME

KW 45 RAENCBIEHE 2 #EATBLASTEE R . e HY
127 AP 2 1) 25 358 J35 5 1T I rDNA-ITS 32 41 247 &
SR B, fE FIMEGA1 18443347 Clustai WELXT
K F1 4142323 (neighbor-joining, NJ)#J & R 45k & B,
H %4 (bootstarp) 1 000X -

1.3 BURMENZE

PL3 A 9 S 3125 (Pisum sativum L. cv. ‘Zhewan
VA MR, ¥E TR L S E A3 LIRS R
R UG KE = — O R R, R
AT AR o A4 41 v P e R TN Bl A IR 4R )
FeaErh, EARERTE B 2RI ok 4k, HFERIIE
PRI 291 emibh 2R RI1-2 mm i 1, Bl JE 5T
FUFHI (B N5 mm)E T 04k, 7RIGRE LR
P o

1.4 SHREFIIHREENZHZE

K 22 A A T RE (AR S5, 2022)#E 47 75 /1
JE o K SR B BT PDATAR |, T25°CIEIR T 77 A
BiR3 K Jm, MITILAAE RIVE (I ZAT U E A2 95 mm
FRIBH T, PR EEHRS B F (R 22 T 91 1 )1k 2 5 A
[ 8% TR T I PDAT R o T T 2570 9 MR | 25 181 R
W TR S TR DR BT o R B R 20 Sl i E A
WREE, DIANTRINAR 0 B (R 1), SR 7R I
ANEGE, XA S 2GR FIPDA M (). BEALEE
BIRE . (E25°ClHIIE TR H H IR6-T R HI T
FARXFMEEE P ELR, R ERIRE T
P BT 22 A 2 o F) I DPSER A4 H 24 7)) 7 22
AR I3 A AT RE I o 5 R BE (ECosofE) o
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FT1 SRR AR R E
Table 1 Concentration settings of 5 fungicides

Concentration 1 Concentration 2

Concentration 3 Concentration 4 Concentration 5

Fungicides (ng'mL™) (ng'mL™) (hgmL) (ng'mL™) (hgmL)
Tebuconazole 0 0.4 0.6 0.8 1.0
Carbendazim 0 1.0 1.5 2.0 2.5
Fludioxonil 0 0.05 0.1 0.2 0.4
Iprodione 0 1.5 2.0 2.5 3.0
Kresoximmethyl 0 0.2 0.5 0.8 1.0

22 M 2 (%) R T AR5 A B

T 22 FE AR (%)=
(O R R LA — A H R VR ELAR)

e 1) % 100%
(W B VG LA — E DT LR °

2 ZR5iTe

2.1 REER

S B BB S A KB BT R AR, BAS T
B Gy G o B R AR 2RI e S LR L B, 2
Je B S AL IR B, BT R B 2K e s, IR
SRR B R, SEREMREKZE. S o
H Rl LZ# A w A+, BT (1A, B).

2.2 REEEERBFESIFIE
S AL 53 9 A 7 5 A 4 B 41

B1 o 25 R AR AR
(A) B & 22 HE 0 KRR IR (bar=5 cm); (B) X% ERIIR (bar=
2.cm)

Figure 1 Plants infected with pea crown rot
(A) Symptoms of pea crown rot (bar=5 cm); (B) Symptoms of
crown rot (bar=2 cm)

Reverse
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B2 %o X REEYD-7. YD-21H1YD-28 1 LA HHE

(A1)—(A3) YD-THIH ¥ el T4, (B1)—(B3) YD-21HI B ¥4 Ll T4, (C1)—(C3) YD-28/IH & Kl T A .

(B2), (C1), (C2) Bars=2 cm; (A3), (B3), (C3) Bars=25 um

135

(A1), (A2), (B),

Figure 2 Morphological characteristics of pathogenic fungus YD-7, YD-21 and YD-28 of pea crown rot
(A1)-(A3) Colony and spore morphology of YD-7; (B1)-(B3) Colony and spore morphology of YD-21; (C1)—(C3) Colony and
spore morphology of YD-28. (A1), (A2), (B1), (B2), (C1), (C2) Bars=2 cm; (A3), (B3), (C3) Bars=25 ym

B B AR T VR AT S S R AR 41
PRI R B 70 N3N B (K2). SR LAYD-7 AAE
AR, AR A OEE, Lg%, 2R
AW A AS, WESE P ORN6, DG,
KEGERT 2HRIIIR, 40KZ #h(K2A1-A3); %%
PRAR RS HH e de i, L0 B8 224k, /3 B5%6~53.6%
F2M & LLYD-21 NI E B R bk, HE KNS E
¥, AMBERAAEWHAKEE, HEKEHERG,
B 5 85 72 R ARS8 B R, KA AT
S ERR 2080 M2 2R (B 2B1-B3); %K H MR B
ATk, 7B AN41.5% . 53R LLYD-28 R EE 1
CHWtk, FMUANRER AR, AERLEAN,
74 0 IE ST B 2R, AN B AR R R A
t, B2 EAMMBEPIR, KA A1 2K
BRIR(BI2C1-C3); ZR Mkt Em 2k, o EER
4.9%. LA FEERRI, 5] T T B 2R R A
PR T AL LLYD-7 AR R A k-

2.3 WEENDTEIFLE
PCRY™ 1 J5 1515 21600 bp A A F7E i 26717 (KI3A) . M
7 J5 7ENCBIE U 2 b it 47 R R LE X, 45 S 3R 0

YD-7 YD-21YD-28

A B

63
100

73

bp
100
86

W[E
87

98 E

28 E
.82
005 75

100

&3

YD-7 52 ff4k 71 1% (F. oxysporum)i A ¥ 14 5100%,
YD-21155 25 & 35 £ fl i (Alternaria brassicae)ft] [ J4
P£79100%, YD-285#% [k JJ 1% (F. grosmichelii) )
A P54 899.61%

24 RGREWNIMEE

M GenBank T~ % = AHABLEE B Pk I rDNA-I TS [5)5 F7 51
(#2), RHABEHE ARG REM. 451KV, YD-7
SOAMR T SRR R, YD-215 25 555
H SRSk R i, YD-285 4% [l T # SR 205 &
5T (BI3B) . 254 I B 1R 7 T A5 FEE LA A AENCBI
Hds PR (I BLAST X 45 R (H4), FRATRYD-7% &
RN R AR N TR NER PN PR AN
YD-21 % 58 Y Jn 1 W T TR B H AR A 2R
FER AR 2= & BEAS U, YD-28%5 5 RN L[]
PNGE(INSE AN YA o) 3N YA

2.5 BRMERE

W 5e g5 R W, 3Fh 1 B T B A k35 A B0 M (-
5A-D). YD-7 ] PLidi{ 4 M ik, 76223500 A
B EARCIREE, BRI RIRBE K EE4.5 cm, [A

e, —

MN907530.1 Fusarium falciforme isolate M232 ITS
MWO045606.1 F. solani isolate CFE-95 ITS
OMB876892.1 F. equiseti isolate BMS4 ITS

YD-7

MK968009.1 F. oxysporum isolate SKASS S17D3 ITS
YD-28

OL744454 1 F. grosmichelii strain JXN4 10 ITS
ON365710.1 F. nirenbergiaes strain 9245 ITS
OM262322.1 Fusarium sp. clone 160 ITS
OK094892.1 Alternaria sp. isolate PYCC 8684 ITS
MW301214.1 A. infectoria isolate F16 ITS
MN871610.1 A. solani clone 43 ITS

YD-21

MF380676.1 A. brassicae strain ALE-53 ITS
JF439448.1 A. brassicae isolate W1 18S ITS

B 5 2B 95 S B PCRYT Y = M1 AL F Uk S R IE A K R R B W

(A) P ESHIRYD-7. YD-21H1YD-28/{IPCRY 14 =Wt i vk, (B) ETITS K EFIEFIIENI RS K E WM

Figure 3 Agarose gel electrophoresis of PCR products of pea crown rot pathogen and phylogenetic tree of related sibling species
(A) Agarose gel electrophoresis of PCR products of isolated strains YD-7, YD-21 and YD-28; (B) Phylogenetic tree based on

ITS and its homologous sequences
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T2 HHRITSFHEHIK B

Table 2 ITS sequence length of the strains

Species Isolates Length of ITS GenBank Species Isolates Length of GenBank

(bp) number ITS (bp) number

Fusarium equiseti  BMS4 570 OM876892.1 | A. solani 43 545 MN871610.1
F. falciforme M232 530 MN907530.1 | A. infectoria F16 775 MW301214.1
F. solani CFE-95 569 MWO045606.1 | Alternariasp. PYCC 8684 917 0OK094892.1
F. oxysporum S17F3 488 MK968009.1 | Fusarium sp. 160 545 OM262322.1
F. grosmichelii JXN4-10 514 OL744454.1 | A. brassicae W1 18S 589 JF439448.1
Alternaria brassicae ALE-53 534 MF380676.1 | F. nirenbergiae 9245 510 ON365710.1

YD-7.
MK968009.1
YD-2
MN871610.1
MF380676.

MW045606.
ON365710.
OM262322.
YD-7.
MK968009.1
YD-21
MN871610.1
MF380676.1
JF439448.1
OK094892. 1

MW301214.1
YD-28 1

OL744454.1
OM876892.1
MN907530.1
MW045606.1
ON365710.1
OM262322.1
YD-7
MK968009.1
MN87161 0 1
Mbﬂ/301214 1
QL744454.1
OM876892 1

ON365710.1
OM262322.1

YD-7

Ale968009. 1
MN871610.1
Mi 76.1

oL74 Tasasy 1

OM262322.1

SRQOONDADNBROOD

N DRONOWANWRED.

£

B4 B BRkYD-7. YD-21F1YD-285 H B AL R A% H /R 751 £ 3 LU

Figure 4 Multiple alignment of nucleotide sequences of isolated strains YD-7, YD-21 and YD-28 with other similar strains

&5

S B HEAKYD-7. YD-21F1YD-28% 1 525 (1 B0 1
(A) LAEEFTPDA N4 X IE; (B) YD-7X B2 5 FIEUR M; (C) YD-21%# %25 HE0w 14, (D) YD-285H#Hi2-5 st .

Bars=5 cm

Figure 5 Pathogenicity of isolated strains YD-7, YD-21 and YD-28 to Zhewan 2
(A) Inoculate PDA as control; (B) Pathogenicity of YD-7 to Zhewan 2; (C) Pathogenicity of YD-21 to Zhewan 2; (D) Patho-
genicity of YD-28 to Zhewan 2. Bars=5 cm
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B I B R AR 2 9 H 22 35 (EI5B) . YD-21F1YD-
28180 F188 55, HERS R I BT K FE 4 B2 em
(KI5C)#111.6 cm (E5D), W/DVF: 28, X RAE
KRR (BIBA) . A Hh 5 R (1) 9 52 41 236 T dE 47 7H
B, EHITEPDAYAR FIEATH R 4 5, ¥ &3
AHRL IR SR 1R . DA B g SRR, 40 B B3P B
B 340 R0 57 2 5 SR SR A

2.6 SHREFREERELEKHIFIER

AT TS R KB, 5P B RIAE — € IR FE AL EE R X 3Fk
903 5 TR IR R 22 RSB R AR, BB A A ERAR R 1)
B, ARG S . R3NA, 0 B g 3
JiR TR B 22 A A I A S M B s, ECso {9 0.02—
3.26 ug'mL™", SEXIME H(1.1241.52) pg-mL™"; KMk
g SXof 3 BT AR BT 22 A K B AR VS R IR 2, ECsofE N
0.09-2.69 pg-mL™", “FHME ~(1.17£1.10) pg-mL™";
% P RN 3P B R BT 22 A8 K M PR IR, ECsofN
0.28-23.78 ug-mL™", “F#{# #(8.28+10.96) ug-mL™".
57 2% B 70 0 4110 T 97 D v MG 7 A s T T > 13 e
it > 5 B R > Tk 1R B> B R o 48 LR, A I AN
WA P ] A A 5 25 i A S BT T TR i e 2457

27 wtig
MR, B 2RI A R % B 7 XMk

F+3 AFEFZBEFRYD-7. YD-21HYD-2815 1 5E

ST BRI E 137

A, WG AR BT E . A TR B LA
b B B i 7 4 PRI G 5 M R b 2 5 #1441
MEFERE K. LTSNS TEE, B NI
HuE, MIIIPR TP . 5 B B 0 B AR IR T
Ho A A T 1 5 55 51K 53.6%, 2= HERG B 4
HNA1.5%, RW] 5] E M T I HE b i T 2R
PR BRI, S ERRAERZ. =X
BTN E G5 SR, R S P T T S5 S 2R
I3 SR 1 4 4 R, ECso fH 4 Bl N 1.12 0
1.47 pg-mL™"o BRIk, % B i AT R R T AT A B 25
BB IR kI 2577 o (HARSLIOANAE = N 44 itk
17, BRI T A N T AR S, NPT B 2
BERE AR AT B R OT %, R Sk FR kAT )
R

ZEBEFE R — R LR N, T e 2 AME
W, HBUREMEEZ . HArcr /N2 255 5 5L
BTy AT WAL NE o A YAN: PR iok P
%% (Strausbaugh et al., 2004; FH#[%, 2022).
i, 51k R oKL K H & A (Passiflora edulis)
25 B 1 35 B9 JE B N B ) (Fusarium spp. ) Al
J&5 %5 1 (Pythium spp.) (B84, 2015; 307 34,
2021). PRAE S (2017) K DL VG535 (P. caerulea) 22L&
5B R T . IR, AR TR m A
B (A, tenuissima) il 5] & FF 2 (Salvia miltior-

Table 3 Toxicity measurement of different fungicides to YD-7, YD-21 and YD-28

Fungicides/Classification Strain Regression equation ECso (ug'mL™") MeanstSD r
Tebuconazole/Triazoles YD-7 Y=0.8566X+5.1100 0.74 0.99
YD-21 Y=2.0295X+4.1263 2.69 1.17+£1.10 0.99
YD-28 Y=0.7605X+5.8069 0.09 0.99
Carbendazim/Benzimidazoles YD-7 Y=2.8425X+6.5769 0.28 0.97
YD-21 Y=1.4663X+2.9820 23.78 8.28+10.96 0.99
YD-28 Y=9.3029X+6.0223 0.78 0.96
Fludioxonil/Pyrroles YD-7 Y=0.1054X+4.9459 3.26 0.99
YD-21 Y=0.6536X+5.7413 0.07 1.12+£1.52 0.99
YD-28 Y=0.6242X+6.1209 0.02 0.99
Iprodione/Dicarbonamides YD-7 Y=4.9338X+0.9405 6.65 0.97
YD-21 Y=1.6099X+5.2905 0.66 3.4412.46 0.99
YD-28 Y=3.2891X+3.4191 3.02 0.98
Kresoximmethyl/Methoxy acrylates Yb-7 Y=0.9294X+4.9657 1.09 0.99
YD-21 Y=1.0512X+3.8358 12.81 5.03+5.50 0.99
YD-28 Y=1.0638X+4.9143 1.20 0.99
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rhiza) 2= FL 1 (£ €55, 2022), Fid s E K 45
Ko AWTRY], RAWMIIHE . =HERAHEAEK
BT AL SR T B S 2R R A SR R . S A X
A7 EAA R ZE R SR R ORIR A%, AR 2
SRR HHT, [ A AR T B 52 I 0 A A A
R AR EARTE R, W I EOW LR K5 7T
A0 N5

K T AR P A 22 26 500 S AL B 38 BUAR 24 B
B AR SRS g, RET RO AR ST, 0 IR R 5
FEATTAVE(E B4, 2018). Rk, X 2R R
HRAM B 6 EPe SR S G SR E

ANSZHIERIZE TR, (8T R AN UL . B
Pric AR . LRSS, Faat
RIBIIESR (T4, 2000; #5755, 2013). 4R
Bii s, BRiEE Pk R sh, TIRIRER. FAE DUKAR
Ji ol Rt P9 A0 32 505 1Y 4% P A 2 R 5 S 4 T
Xof B9 5 25 R T 0 (1 2R B 4% i 4 L AR (B AR
A, 2018; 4 FI 5, 2020; JEAA%E, 2022). H
TEI T H R e sl 1, 4 2 B e U ME— A R0
T o
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Pathogen Identification of Pea Crown Rot and Its Sensitivity
to Fungicides
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Abstract Pea (Pisum sativum) is one of the most important economic crops of beans in China. The occurrence of di-
seases will cause great economic losses in pea production. Through morphological observation, molecular identification
and pathogenicity determination, the results showed that the three kinds of pathogenic fungi causing pea crown rot were
Fusarium oxysporum, Alternaria brassicae and F. grosmichelii, among which F. oxysporum was the most pathogenic, with
the isolation frequency of 53.6%. The results of indoor toxicity measurement showed that five fungicides had inhibitory
effects on the mycelial growth of three kinds of pathogenic bacteria, among which, the inhibition effect of fludioxonil and
tebuconazole have top results. The results provide a scientific basis for the prevention and control of pea crown rot.
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