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gy, BAATHRKENRIE, WERFDAERS, PREDH, 2ARTFRERBS, ANEE SR
B/ A5 (ITS, ACT, CHSI, GAPDH , TUB2, HIS3)t % ot it 41, tm R ir %2, S RAH

ARFRE R FEMNETTRERBERA AT 10 A RE 25 G4 -ABA L P 5 2R 23K K RE BB %
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e BB EC, 1690 — 4L » wbvk @l WG, 40% K F « b2 B SCA A B AN EER A AR LAKEA AR A
BAER, HApd PR E(EC) % A 4 0.055 9, 0.092 9, 0.162 9, 0.307 5 mg/L, 250 g/L wk= B 4 &% EC,
50% %A WP, 40% KW « whwk s SC 2 5% 3 R A% B A 54569 @ 4 By 2k,
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Identification of the Pathogens Causing Spinach Anthracnose and
Determination of Their Sensitivity to Different Agents

CAO Shang, DONG Xiaomin, MA Qing. WANG Yang

College of Plant Protection, Northwest A & F University , Yangling Shaanxi 712100, China

Abstract: To clarify the pathogenic species of spinach anthracnose and screen out efficient fungicides for its
prevention and control, pure culture of spinach anthracnose pathogen was obtained by single spore isola-
tion method. The colony morphology, sporulation structure, conidia and appressorium morphology of the
culture were observed by the verification of the Koch’s postulates. Meanwhile, the pathogen was identified
by phylogenetic tree analysis of multiple gene sequences (ITS, ACT, CHSI, GAPDH, TUBZ2 and

HIS3). The mycelium growth rate method and spray method were used to determine the sensitivity of
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spinach anthrax to 10 different agents and the control effect of 5 agents on spinach anthrax. The results
showed that Colletotrichum spinaciae was the pathogen causing spinach anthracnose. Four fungicides,
prochloraz 45% SC, pyraclostrobin 250 g/L EC, dithianon pyraclostrobin 16 % WG and difenoconazo pyra-
clostrobin 40% SC, significantly inhibited the mycelial growth, with median effective concentration
(EC,,) values of 0.055 9, 0.092 9, 0.162 9 and 0. 307 5 mg/L, respectively. Pyraclostrobin 250 g/L. EC,
carbendazim 50% WP and difenoconazo pyraclostrobin 40% SC had good control efficacy in the field
against spinach anthracnose.

Key words: spinach; anthracnose; Colletotrichum spinacia ; agent screening

K (Spinacia oleracea L.)EIRE %A XHARIE IR 1 FAERAEY, & & FEENEAT. £,
HAERMT YT, BAEEERME. W2 KIERENEE, LR, E SR in Tl i m
RWT & & s R BN A AR R W4 T 8 SRR 1 AL K L AR B A 25 1 AN A B S SO BT M BRAIE,
WM 9 3 A 7 v TN 0 IR R R, L SR R L R R R R A R T 2 9 S v
o B R

VS RAF G T B A H W A R RIZE A L AR L e SRR O AR kA, i
FYe i i 0 A K BUIRIR B/ NBE PR S 2 B L TR s R TR A SO BE . v AT BN A,
BErp e SR 0, E L B oL, BB, B AR ORI Y 32 R R TR, B O
G SR, MGG, KA @, DGR @, %4 RO SCIRHESN /IR, A SO W7 T, 1 i
EERZENYTE, 0 R AR RS, R FERRE A, BRI 2 W, MR L DR K R
WH P E, A, TR L PR WA SRR AR S 1 R ) KB AN R R RRPTME T B, AT 0
W E AT .

WS RIA W (Colletotrichum spinaciae) » J@YHEHIEHE . ILHFHK, C. spinaciae BN R IEE K HAHIG
M FEBUREE , WA HEEER I (C. coccodes) FIV-3k BILE (C. truncatum) W] 51 A R/ . H
i X 9 S SRR 9 B YR AT DAL 2 B A S 8 . Ry T A B T A S S e S e DA A O e 1K R R A R T
o AHIFGE T BV 48 3 S IR 9 i DA R AT T s e, [ HEAT T P 2R I R U E R A IE
B O B ORI A A S B IR B AR AR B

1 #MRERE
1.1 ##
11,1 #Xmit

SR BIIR AR o SR AT BRVE A8 5 BA T 2Ty £ R T B A
1.1.2 A3k E oAb

Rt 3 . TR AR G R AT BRA ) 5 AR 66, Yl g Sh AL BHE A PR H
1.1.3 K25 A

250 g/L MEPEEEE TS FLIH (EC) . M RAEPRI QT ABRA T 5 560 g/L W « 11 W IH & IF 5 (SO,
325 g/L AW « BERBREVER (SO, Je bk p @ E W R A BRA R 5 45 26 DR &E B 72 7 (SO, IRIIHE 5
RACAT IR T 5 2990 JLmk « W5 B iR B PR ) (SC) %838 27 T v VU I A BR 2N A5 40 %0 2K A« Itk s i Bk 77 )
(SO, "REM LR ABRA R ; 1626 550 « MR ER K 43 BRI (WG, T & BRI 23 7 5 10 Y6 4 ik
MK S HORL R (WG s R 58T B 18 42 A4 Y R A IR A B 5 7026 H LB B % nT ¥R M Ry 50l (WP, A &6 T
(RO ABRAT ;50 % Z 0 2l @Mk 5 (WP, 191 R B A BRA ]
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1.2 A&
1.2.1 o854t

FHIEM AT HEE P BUR KRB O ER T, BT 2 mL 808, RTH B 5k 3045 2 Bl bk
W& . K alifb )5 MR bR 5 . 4 °C UK AR AE .
1.2.2 mRHBOHEFUE

o BRI B R 2 PDA WGML)S , AR 6 mm 1L 2% T 5 75 30 2 1 BUE UF 322 B0 1 81 19 PDA P-4
B 21 CRBERFR 7 d R K EAE, MEIFC R ERIEA . U6 B S, 7E065 B T WA H ™ i 4h
LM ERTIEA S RN M RIE A SEMORAHE, 3 IREH .
1.2.3 mRMeinTEmPlx

K CTAB 32 HUCE T DNA, R HIBE 7Y % B 2B W) B H A BR 2 W & iy 51 9 X5 B0 3tk DNA #E 17
PCR P8I (£ 1. P3IAFR (50 pL) 445 Tap PCR Master Mix 25 pul, F FHfgI ¥4 2 ul, B DNA
2 pl, dd H,O 19 pl, 1% B0 &8 e e Uk A DNA H PCR 388 72 0, H5 4% 77 4 16 25 e 76 S ) A W B
FABR N B HEAT IR . W 45 SR AE NCBI Hh #E 4T BLAST Fextb, 6 45 4> ik P 45 & 5 20 5 bk 10 2 2% 5 91
A MEGA 7.0 iy Clustal W %55, UIBR W o, Z J5 &M ITS. ACT. CHSI . GAPDH . TUBZ2
HIS3 R FF o BAHIE , 5 2 8% JE5 % B A B0 b5 v 2 51 0B 47 L X (% 2), LI Monilochaetes Infuscans 24 b
B, MEGA 7. 0 Do KALAR ¥ (Maximum Likeli-Hood) ¥4 # 2 48 % & # .

F 1 PCRy#MMFEMSIMER

N E1E7 JF31(5'-3") 2% 3CHk R 2% AF

ITS ITS1 TCCGTAGGTGAACCTGCGG [8] 95 C WAS 1 3 min, 94 CARYE 45 s, 56 C
Bk 45 s, 72 CHEM A5 s, 35 MER; i
JG 72 “CHEH 10 min

1TS4 TCCTCCGCTTATTGATATGC
ACT ACT-512F ATGTGCAAGGCCGGTTTCGC [9] 94 CTAE1E 4 min, 94 CA8¥E 30 s, 52 °C
Bk 30 s, 72 CHEH 50 s, 35 PNMEH; &
J& 72 “CHEH 10 min
ACT-783R TACGAGTCCTTCTGGCCCAT

CHSI CHS-354R TGGAAGAACCATCTGTGAGAGTTG (8] 94 CHiZE 1 4 min, 94 ‘CAFHE 30 s, 52 °C
Bk 30 s, 72 ‘CHEfH 50 s, 35 MG ; B
J& 72 CHEAY 10 min
CHS79F  TGGGGCAAGGATGCTTGGAAGAAG

GAPDH GDF1 GCCGTCAACGACCCCTTCATTGA [10] 94 CHIAS # 4 min, 94 CAEPE 30 s, 52 C
Bk 30 s, 72 ‘CHEMH 50 s, 35 DGR %
J& 72 “CHEfH 10 min

GDR1 GGGTGGAGTCGTACTTGAGCATGT
TUB2 Bt2a GGTAACCAAATCGGTGCTGCTTTC [11] 95 °C HiZ5 ¥ 5 min, 95 ‘CAEHE 45 s, 58 C
Bk 40 s, 72 CHEfH 40 s, 30 PEI; &
Ji 72 CHEAf 10 min
Bt2b ACCCTCAGTGTAGTGACCCTTGGC
HIS3 CYLH3F AGGTCCACTGGTGGCAAG [12] 94 C 7 4 min, 94 ‘CAPE 30 s, 52 °C

Bk 30 s, 72 ‘CHEH 50 s, 35 PHEIR; #x
Ji 72 “CZEfH 10 min
CYLH3R AGCTGGATGTCCTTGGACTG
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F2 MERZLZEWHNEKEE GenBank S
GenBank %i 5

Gl PR

ITS ACT CHSI ~ GAPDH  TUB? HIS3
Colletotrichum anthrisci CBS125335 GU227846 GU227944 GU228336 GU228238 GU228140 GU228042
Colletotrichum dematium CBS115524 GU227826 GU227924 GU228316 GU228218 GU228120 GU228022
Colletotrichum higginsianum — CBS128508 KM105190 KM105400 KM105260 KM105543 KM105470 KMI105330
Colletotrichum indonesiense  CBS127551  JQ948288  JQ949609  JQU48949  JQU48618  JQ949939  JQ49279
Colletotrichum johnstonii CBS128532  JQU48444  JQU49765 JQ949105 JQU48775 JQ950095  JQI49435
Colletotrichum lilii CBS109214  GU227810 GU227908 GU228300 GU228202 GU228104 GU228006
Colletotrichum lineola CBS125332  GU227831 GU227929 GU228321 GU228223 GU228125 GU228027
Colletotrichum liriopes CBS119444 GU227804 GU227902 GU228294 GU228196 GU228098 GU228000
Colletotrichum rchidophilum — CBS119291  JQ948154  JQU49475  JQU48815 JQU48484  JQI49805  JQU49145
Colletotrichum scovillei CBS126529  JQU48267  JQU49588  JQU48928  JQU48597 JQ949918  JQI49258
Colletotrichum spaethianum — CBS100063 GU227808 GU227906 GU228298 GU228200 GU228102 GU228004
Colletotrichum spinaciae CBS129.57 GU227853 GU227951 GU228337 GU228245 GU228147 GU228049
Colletotrichum spinaciae CBS150.35 GU227849 GU227947 GU228339 GU228241 GU228143  GU228045
Colletotrichum spinaciae CBS125347 GU227851 GU227949 GU228341 GU228243 GU228145 GU228047
Colletotrichum tofieldiae CBS168.49  GU227802 GU227900 GU228292 GU228194 GU228096 GU227998
Colletotrichum trichellum CBS217.64  GU227812  GU227910 GU228302 GU228204 GU228106 GU228008
Colletotrichum utrechtense CBS130243 KM105201 KMI105411 KM105271 KMI105554 KM105481 KMI105341
Colletotrichum walleri CBS125472  JQU48275 JQ949596  JQU48936  JQU48605 JQI49926  JQU49266
Monilochaetes infuscans CBS869. 96  JQO05780  JQO05843  JQO05801  JX546612  JQO05864  JQO05822

1.2.4 RN
PR RN B WRTE PDA AR b 21 “CHiR 7 ., FJC TR IR A o 1 58 T v 2 11 TR 22 34 20 TR 4K 2087 1Y

PDA VAR N, 4kZ255 5% 10 d. R 77 905 BC A 1< 10° A/ mL 1946 20 (ki 20 Bt 40400k 0. 0120) . K4
BRI AIWET 60 H ARt e nt fr 3R m . #M 55 25 CH MM NI 48 h, JFHUH 25 °C L 14 hols
HE/10 h BRSSP kS %, RIS miK 1R, WA SN TE O, TRt i & Ja . AR R Ak [, R
FHLH L3 Bk T (a5 AL PRI 43 B IR T . 500k 3 B T X L, B 2 A5 i O I
1.2.5 R FZIERE T 10 A 25 A 69 R MM 2

FHE KR AT 4 WEE, 21 CHFE 10 dJ5 &K 257 0 B0 % E2, 3T
AN [) 24 50 Ak SRR TR 22 i A K iRl %6 . 1 DPS Bl b B R Ge sl v B O WA 5 R L TR B - B
Ml Pk E ECs,
1.2.6 )25 A *F 9% 3K & JE R 09 &R AL

AR SE A AT R, TR RS . MM TR W A, iR 35 d, B RIS 10 em X
10 emX 10 cm FIAEZEIN . B4 A0 1 Mk, 3535 2 45 d TR . 20 4E 0 7 B 07 W9 I & 7 v M2 b
BelEl 1. 2.4, 2550048 16 %0 5 « MEMEPR WG 500 £ . 50% Z W & WP 500 f5# . 250 g/L Mk wk ik o
Bis EC 1 000 f5¥& . 45 % Bk fie SC 1 000 f5#& , 40 %0 A H « MEmkPs SC 2 000 £5 K 5 AL 3, DL i Tt
PRK R X B, S A (B 5 250 mL) [n] 9% 3 4 4 0 WE 10 mL (905 JE B M 10 mL 25 50, g Ak 3 mE
8 MRS, 4 WHEKR , AR R AR R, RH IS 24 h R B, 167 H BN
24 h G Fmi2y, i Ab 3 25 CORBEE 3% 48 h, SRS MBRIRIB 5. 14 h B IE /10 h BHE R = 4k 2 bh 5% .
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PERP G 10 d. A8 B 3 B 40 S b 1 K A 45 A B A e 1 P R L SR I 4R BOR BT AL . R ks
W0 G, MR BEs 1 S, RBE A M B 1% ~25% s 2 S, R BE S i ALY 26 %6 ~50%
3, JRBE ST 51%~75% 4 P, FRBE ST 76%~100%.
1.2.7 R 2% 2 3 3K 5 A R 09 W ) By 2

K BEAL X 51T, FEOLSE 66 358 H A AR K &4 Tl A7 ikee . AN AL 6 m*, /NIX (IR 0. 8 m.
B 5 R 25500 40 1 E 1 000 f5IAN 2 000 53 2 Mk BE . WEvE K A AT IR, JL 12 A~ b P, A 4b PR
3 YA . 7E H A BRI R b B B K BUR O BE T AR T2 (B S 60 ). TEIB® 10 d mE2y 1 vk, Jhmg
Jiti 3 W . RIKWEZyJE 30 d, MALEEABEVLIAA 30 #k, G&— AR N2 4~5 i & oL, id sk &
G, JF I M TE B e R L e I 4 ORI B AL
1.3 #HiEE

B SPSS 19. 0 Bk #E47T G5 320+ R Duncan K35 52 W% 25 vk HEAT 4% 40 38 W) 9 25 S B B PEAR 6
p<<0.05 RRERAZRITFE XL,

2 H#REHSW
2.1 SE3E&REREBEIR

PSRRI T BEE WS, WEH 2R RS (B D . W R B I, ) Az KR IR B )
BE, EBERIEN] §ORE RO, MR . SiHIE . RIE SRR SCREBE, v B, 2o
W I A A A RIS AL fE ™ R B BRI R TR AL, O R B A 1a) o BP0 G
B, o R EER M R B R R R A, FEAEF M R 2R AR SE s BN ST ERIE BRI . M FE R
W, Rl A6, DGR 6, %A RO SCRHEF /N KL, T E AR A LT, s R, oy
A B LR (B 1h) o 5% e Bl 1 & T A

a. WHNEIR

b. BRERERAEIR
B 1 E3ExERH E % ER
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2.2 EXRERBREAESEE

i IR 7E PDA P b 21 ‘CRRRER SR 7 d, WY& -FXH EAEN 19. 8 mm., WA, LAERHZA A
R, 3% (K 2a, 2b), 7 d G, K ELEIG. 21 CRBEG RS F 7 d, 7 UL 9 3 AR D 168 < ek
W& 20, HRKREWSEBFEMSERT, 2EBTH EEEREMSAMT: BIEET, KigkR
B, wosEE O, AR, KRN G52.0~83.5) pmX (4. 0~5.5) pm (& 2d), 20 £ T B, ok, 1w
WA, fh, EOlER, K/ (22.0~25.5) pm X (3. 0~4.5) pm (n=>50) (& 2¢). [} & Mo AR I K. B
R, MEEREA, TERIE., H%6H (B 2D,

d SAMEFRE e. AT £ HEN

2 B#E C221023 FEAS4H1E

2.3 HERERFEES FENFELTE

RT ITS, ACT, CHSI . GAPDH ., TUB2 Ml HIS3 6 4> Z 3£ H A1 5 % U #1700 TR E SRS R
BN, H PCR "8 7 BE K 43 9l 541, 297, 327, 268, 509, 400 bp, & 3 B, Bk C221023 5
Colletotrichum spinaciae RAER —4r 3% I, WAL RE R 100% ., Z5EIEEF K E R C221023 %58 2 3 3¢
HIHW C. spinaciae.,
2.4 BURMENE

B B alifb 5 B bR 5 o C221023, 8535 275 (E 4a), KRR AIWET 60 H I M A %
T, 2 R B TR 48 h J5, T WK BERAR SR EE (& 4b) 5 £8P 8 d J5 . R 55 H R [R5 R (B 4o) .
N ol 5 1) s LRI 0 B 0 D P 5 S — U o S A (D I B 00 B R R T R B TR D TR
2.5 EFEREEX 10 MBF SR ENE

RO A5 SR R WY, MR 10 b A TR 0 X 9 3 JE B A — o BRI VE T (3R 3), o 45 0 K fi
Jie SC. 250 g/L ML wk kTR i EC. 16 %0 &0 « MEMETR WG, 40 20 A HY « nik kg SC b i 22 48 K B A B W /Y
A E, H EC,, 4%k 0.055 9, 0.092 9, 0.162 9, 0.307 5 mg/L, ¥/NT 1.0 mg/L., 50% £ H R
WP, 560 g/LMEH « A EIE SC% 6 s EC,, A 1.291 9~6.264 2 mg/L, #KF 1.0 mg/L,
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100 — C221023
100  Colletotrichum spinaciae CBS 125347
I Colletotrichum spinaciae CBS 150.35

Colletotrichum spinaciae CBS 129.57
100 Colletotrichum lineola CBS 125332
Colletotrichum dematium CBS 115524
Colletotrichum anthrisci CBS 125335
Colletotrichum trichellum CBS 217.64

100 Colletotrichum tofieldiae CBS 168.49

| 98 Colletotrichum liriopes CBS 119444

7 100 Colletotrichum spaethianum CBS 100063

Colletotrichum lilii CBS 109214
4100|:C lletotrichum utrech CBS 130243
Colletotrichum higginsianum CBS 128508
Colletotrichum orchidophilum CBS 119291
o9 Colletotrichum joh ii CBS 128532
100 Colletotrichum scovillei CBS 126529
Colletotrichum walleri CBS 125472
Colletotrichum ind, i CBS 127551

58

100

Monilochaetes infuscans CBS 869.96

0.02

B3 EHF ITS. ACT. CHSI . GAPDH . TUB2 f1 HIS3 EFEFFIHZENE# C221023 WEZ A BB

a. SIEHRC221023D 4 MTHNIES b, EER S BmHR48 hR M AAEIR c. ¥ B8 dRMARAEIR
B4 SBRSERTESMBEENE

R3O0 MAFXERAEEELHMEENE

P 245 7 HVE¥: ECs/(mg+ L™ IEP ¥
45 Yo Wk i SC y=1.627 6 x+7.038 2 0.055 9 0.967 8
250 g/ L LWk FE H s EC y=0.660 0 x+5.681 3 0.092 9 0.983 3
16 % /& « ML fg WG y=0.731 8 x+5.576 7 0.162 9 0.9319
40Y K H - mip kg SC y=0.719 3 x+5.368 4 0.307 5 0.980 0
50% Z W R WP y=0.461 8 x+4.948 6 1.291 9 0.942 7
560 g/L WEH « H W E SC y=1.2515 x+4.700 4 1.7355 0.978 9
10 % 2K ik H 3R sk WG y=1.532 9 x+4.240 4 3.130 1 0.995 9
325 g/L 2K H « BRI R SC y=1.957 6 x+3.841 3 3.907 5 0.970 8
29 %0 G mk - M IR SC y=2.5719 x+2.967 9 6.136 0 0.956 9

70% W RBEE X WP y=0.614 4 x+4.510 4 6.264 2 0.984 0
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2.6 AEBHNERREFNENZKPN
A 5 ol 3% T8 590 X6 3 3 AR A AR B SR TP AR AN R 4, 40 Y0 PE R - LI SC % N AR B AR A, X
S DA [ B ELA IR T VR T RLGR P PR T . ELIR T VR AR (73. 06 %0) 5 T PR 47/ I &%CR (68.55%0) . H
W, 250 g/L nEmREE TR R EC A1 16 % 4 « MEmefE WG Bt 85 4E . 45 Ykt SC A 50 % 21 2 WP By
TRRCRIEAR M
F4 RS HANWEERERNZRHY

At 24 7 T RS AL - ” AR . - " LRl .
VAEREE:SS Bisk/ % 9d 17 48 4L i &/ %
40 % A H - nEmefE SC 2 000 16. 61+1. 28d 73.06+4. 14a 18. 854 2. 20¢ 68.5543. 67a
250 g/L M w fik p i EC 1 000 19.33+2.30cd  68.64+7. 47ab 21.15+4. 16b 64. 71+6. 94ab
16% Z4 « MLWkEE WG 500 22.48+3.94bc  63.54+12.76b 24.79+4. 33b 58.64+7.22b
45 Yo R e SC 1 000 25.68=+3. 68b 58.36+11.94bc  22.0443.73b 63.23+6. 22ab
50% £ W R WP 500 26.5343. 06b 56. 96410. 04c 25.8744. 48b 56.8349.13b
CK — 61.65+1.63a — 59. 944 3. 66a —

He NEFHARRER p<0.05, ZREZIEEL, FH.
2.7 AN[E)Z 7 X R 3 A E 9 B H i B 3
PRIy 5 Fh AR 45 Yo BKEERE SC 4b . H ) B804 i T 5526 (3R 5), 250 g/ L Mt gk B g EC By & i
£, 1000 FEWCRT 2 000 A% WO 3 35 7 JEL 9 19 B 2443 0 A 88. 67 00 Fil 87. 86 %6, 5 FLAh AL B[R] 22 S A7 Ge 1t 2%
B 50 Z W R WP F 40 %A H « ik fig SC By 8854, 1 000 5B 3 0 68. 6700, — & 2 7 4E
TFHEERE X 45 Yok fE e SC 1 16 96 45 « MLmkEE WG B s (K T LA b 3 Fh 7).
g5 BRSBTS e A D B 3

1 000 f5¥ 2 000 1%
KR % 9 15 48 £ B2/ % KRR % 975 15 45 4% B sk / %
250 g/L ML WEEETE S EC 26.67+4.41d  7.08-+1.10d 88.67+1.76a  26.67+1.67d 7.0840.42d 87.8640.72a

255

5046 Z W R WP 55.00+2.89c 19.5840.42c 68.6740.67b 56.67+1.67c 21.67+0.83¢c 62.86+1.43b
A0% HEH « mEMEME SC 63.3341.67¢ 19.58+1.10c  68.67+1.76b  83.33+1.67b 24.1741.10c  58.5741.89bc
45 Yo R e SC 81.6743.33b 23.7540.72bc 62.00%1.15¢  90.00£2.89a 31.67+1.10b 45.71+1.89d
169 4 « MEmEfE WG 81.67+3.33b 25.4240.42b  59.3340.67c  90.0040.00a 25.83=+1.10bc 55.71£1.89¢

CK 93.94+1.51la 62.5+3.01a - 91.67+1.67a 58.33+4.23a —

3 iS4

SR HAELIE S B S A 7 R MR 2 —, FE RN L Y WA £ HIL IR 4R e
W XA R, A TR E A AR . C. dematium {. sp. spinaciae T H BN R S A
T2 1 — A AR L Von Arx!" K SERAR M BUR R A C. dematium » %5 EEVIE FHE 0, 53
FPIHE R E &K C. dematium {. sp. spinaciae .

I LR FE PDA PR A K R, 8595 7 d TS 2B SCARNIE ,, (@, KAGaEKE, R
21 d W99 R TR AE PDA AR b= i 5 BN A A BESE W, B R A 22 S D A T B b A 4
AR AT R TR, PR, B ek, B ORI K, BaRIR, 186 E RS
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@, H5ES Damm 57 Kurt 8RR 09 38 S RATE . PR g LR L I S R T
VEIEA . M EMF ISR A B, GAWERIEE 50 F A= 5w 85 8, AN BTG 4 3 38 5 1
FRHE N C. spinaciae.

i EL 287 1R 22 50 56 25 790 07 328 A 9F 9 40380 (B 5 1A % 0 5 0 5 D T B AR 21, [ Bl 2y
FRGF S [ 55 D T 5 PN A A P ) I AT SR AR AE SR K 25 5 . TE B SERIELI (K B YA b IO R R B AR A 1Y
25 ARBEGT N AE T S AR B 10 Fh A TR A SO L Ik A5 Y0 BREE I SCL 250 g/ L N s ik TR i
EC, 162 Z% « MeMefis WG, 4020 A& W« mpwk g SC 55 4 # EC; /N T 1.0 mg/L M@ H], x5 F
BRI AR — B R R ARG R . 400 - ke EE SC. 250 g/ L ek B EC B R
Uf, AEEIAR TR RV RR D AR . 0 S8 s ) B A0t 56 45 SR 5 AR B sk A SRRl , 250 g/ L itk ek Tk 7
fig EC F150 % 2 B 5% WP [H 8] B 208 T 40 % 48 W« mbmefig SC, 7=k 22 Sy JR A il e S5O6 IR . IRiBE . +
HEAE . R MR AER R AIMESE R A ¢, Uysal U R BT, R R L R AR
(i), AR P % X 98 32 5 I R A A S e, EL A R L B R T Ry R L X AR BF 5 I O 9 S
R IELIFG 2 I R BT I R T A5 R — B, 250 g/ L MEMEEE B R EC. 50 %0 2 W R WP, 40 %6 A4« nif
B SC 1] A5 3B 16 AN 7] R I B 51 11 22 Bh VR ) e JEL 06 o 3 5 TR 20T I IR ge 45 R — B, Wk, 9 SR R
o5 A A B AT A2 A X 3 R 2R AT B A . 3K 3 P 24 R0 X 9 SR e SR AR R AR A 0 B ) B A, R
AL 2 A W N 5 58 it P R o L 24 DT e A R R A A R BRI A L TR A A HIRE IR 4 2 4R
T B IE LA 24 50 5 A 2 e

S 23K

(1] X%, SHEEE, XFE, . RIS WR A AP R SR (] mEER, 2024(4): 34-44.

(2] TKRE. ERFMEHEHFARLGEDE ] RABHEAR, 2013(3): 15.

[3] AWIKA H O, COCHRAN K, JOSHI V, et al. Single-Marker and Haplotype-Based Association Analysis of Anthrac-
nose (Colletotrichum dematium) Resistance in Spinach (Spinacia oleracea) []J]. Plant Breeding. 2020, 139(2):
402-418.

[4] ABU AL-QUMBOZ M N, ABU-NASER S S. Spinach Expert System: Diseases and Symptoms [J]. International Jour-
nal of Academic Information Systems Research, 2019, 3(3): 16-22.

[5] LIU B, STEIN L, COCHRAN K, et al. Three New Fungal Leaf Spot Diseases of Spinach in the United States and the
Evaluation of Fungicide Efficacy for Disease Management [J]. Plant Disease, 2021, 105(2): 316-323.

(6] M. BUAEYWHIRHAE [M]. dbat. Bledmi s, 2009.

[7] LIUF L, TANG G T, ZHENG X J, et al. Molecular and Phenotypic Characterization of Colletotrichum Species Associ-
ated with Anthracnose Disease in Peppers from Sichuan Province, China [J]. Scientific Reports, 2016(6): 32761.

[8] SELIGER H. PCR Protocols-A Guide to Methods and Applications [J]. Trends in Biotechnology, 1990(8): 335.

[9] CARBONE I, KOHN L M. A Method for Designing Primer Sets for Speciation Studies in Filamentous Ascomycetes [J]. My-
cologia, 1999, 91(3): 553-556.

[10] TEMPLETON A R, CRANDALL K A, SING C F. A Cladistic Analysis of Phenotypic Associations with Haplotypes
Inferred from Restriction Endonuclease Mapping and DNA Sequence Data. [ll. Cladogram Estimation [ J]. Genetics,
1992, 132(2): 619-633.

[11] GLASS N L, DONALDSON G C. Development of Primer Sets Designed for Use with the PCR to Amplify Conserved

Genes from Filamentous Ascomycetes [J]. Applied and Environmental Microbiology, 1995, 61(4): 1323-1330.



10 THRFFHOGARBF R http://xbbjb. swu. edu. cn F 47 %
[12] CROUS P W, GROENEWALD J Z, RISEDE | M, et al. Calonectria Species and Their Cylindrocladium anamor phs :

[13]

[14]

[15]

(16]

[17]

[18]
[19]

[20]

(21]
[22]

(23]

[24]

[25]
[26]

[27]

Species with Clavate Vesicles [J]. Studies in Mycology, 2006, 55: 213-226.

i N RILRTE AR AR, A 24 3 N A i e a0 o U R BN B 2 B 0RO DR I 22 A K T IR NY/T
1156. 2—2006 [S]. Jbat. AR . 2006.

CERKAUSKAS R F. First Report of Spinach Anthracnose in Ontario [J]. Plant Disease, 1991, 75(1): 101.
CORRELL J C. Economically Important Diseases of Spinach [J]. Plant Disease, 1994, 78(7): 653.

WASHINGTON W S, IRVINE G, ALDAOUD R, et al. First Record of Anthracnose of Spinach Caused by Colletotri-
chum dematium in Australia [J]. Australasian Plant Pathology, 2006, 35(1): 89-91.

DAMM U, WOUDENBERG J] H C, CANNON P F, et al. Colletotrichum Species with Curved Conidia from Herba-
ceous Hosts [J]. Fungal Diversity, 2009, 39 45-87.

VON ARX J A. A Revision of the Fungi Classified as Gloeosporium [J]. Bibliography Mycology, 1970, 19(4): 642.
KURT S, UYSAL A, AKGUL D S. First Report of Anthracnose Caused by Colletotrichum spinaciae on Spinach in the
Mediterranean Region of Turkey [J]. Plant Disease, 2016, 100(1): 219.

B, R GR, SR, S BV L BUBUR JE N T Y S S YR R A [T, WO A= R, 2017, 26(11)
1695-1705.

FB, BEE, B, 7 PR R e S [T Bl e, 2020, 29(6) ¢ 127-136.

U MR, BRI, 5. R 0 JE e v T I M 0l O B IR 2 R T e [T, PO R R CHARBL D
2023, 45(6): 66-75.

SRR, MG, R, S b I TR T M DX 2 Ak SR e D TR Y 4 R R TRR) R [T, VR OR A R (A AR
), 2024, 46(8): 31-44.

PRIRE . B, PRPES . S5, R A & RSO IR B Y 2 25 B [T, MR, 2024, 3(5): 48-55.

FBEL EH 2 SR E U SR M AR PR (DI 22 M 22O, 2020.

UYSAL A, KURT S. Influence of Inoculum Density, Temperature, Wetness Duration, and Leaf Age on Infection and

Development of Spinach Anthracnose Caused by the Fungal Pathogen Colletotrichum spinaciae [J]. European Journal of
Plant Pathology, 2017, 149(4): 1041-1052.
JE . RAE, EWIE, AR, IR 55O 0 R M E NI R (T, sy Aol 2=, 2022, 53(10): 2919-2927.

REHE AR



