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G R ok B R BEAT % . S5 R R, 00545 2 3RO 5 Z 1, 40 5 o AS B 4% 16 L Colletorrichum tibetense
Ascochyta nigripycnidia, 4= )5 FrPEBE 5T 45 R WoR , =35 YHE 25 CI AR K e i, HLATT 32 pH J8 4% 58, o 4~11,
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A G AR IR Jre B e 4 W R T80 (P<<0. 05) ; i PR TE M 5 88 ELVR 23 30K C. ribetense T 22 A K e BRAEL (Y Bk
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Identification of the pathogen and biological characteristics of Fragaria viridis leaf
spot in Zhaosu County, China

LIU Jia-wei, WANG Hao, WAN Chao-yue, CHEN Yang, NAN Xiao, LI Ke-mei

Agricultural College, Xinjiang Agricultural University, Key Laboratory of Prevention and Control of Invasive Alien Species in
Agriculture & Forestry of the North-western Desert Oasis, Ministry of Agriculture and Rural Affairs, Key Laboratory of the Pest
Monitoring and Safety Control of Crops and Forests, Urumqi 830052, China

Abstract: Green strawberry (Fragaria viridis) is a dominant species in some natural grasslands of Zhaosu County,
where leaf spot disease occurs widely. To clarify the causal agents responsible for leaf spot disease on green
strawberry and their biological characteristics, diseased leafl samples were collected from Zhaosu County, Xinjiang
Uygur Autonomous Region, and subjected to fungal isolation and identification. The isolated fungi were identified
based on morphological characteristics and multi-locus phylogenetic analyses. Results showed that three pathogenic
fungi were obtained: Alternaria alternata, Colletotrichum tibetense, and Ascochyta nigripycnidia. Biological

characterization revealed that all three fungi exhibited optimal mycelial growth at 25 °C and tolerated a broad pH range
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(4—11), with the best growth occurring at pH 7—8, where colony diameters were significantly larger than under
other pH conditions (P<C0.05). A. alternata grew best on corn meal agar, with soluble starch and peptone as the
optimal carbon and nitrogen sources, respectively. A. nigripycnidia grew relatively slowly on all tested media, with
potato-carrot agar supporting the most favorable growth; ammonium sulfate and soluble starch served as the most
efficiently utilized nitrogen and carbon sources, respectively (P<C0.05). For C. tibetense, soluble starch and
peptone were also the preferred carbon and nitrogen sources (P<C0.05) , and its mycelium grew most rapidly on
potato dextrose agar. All three pathogens exhibited robust mycelial growth under various light conditions.
Pathogenicity assays confirmed that A. alternata, C. tibetense, and A. nigripycnidia are all causal agents of leaf
spot disease on green strawberry. Among them, A. nigripycnidia was isolated most frequently (40.15%) and is
thus considered the primary pathogen responsible for this disease.

Key words: Fragaria viridis; leaf spot disease; pathogen identification; biological characteristics

Wi (Fragaria ananassa) J& T % 1% Bl (Rosaceae ) 5. %8 J& (Fragaria) B 22 4F 4= B FH ), FL IR 52 (8 B4, bk
T AURE  FLAT A K TR I S R R R R (B R e (R TR P A S 0 B A R R R R
ML M B AR A G 13 R, R LS 8 A AR R R 5 A DU RF AR FR S B AR R AR O LA R S A A
B, fER B RS RGE D A EEM A, B EA — & 7 i B XA R R AR R g ) R B A
(Fragaria vesca) M4k H &g (Fragaria viridis)"™ o AHE TR 5 5 R, W5 A2 REREAE 5 3R 004 L B L& AORTBL R 1 O
AT 28 B0 B A0 , 2 0 A7 R g A 5 B O B R, LA T W R A

AR KT LB S =2 2 M F AR5, 4 B SIS A | H 3220 KO I 8 O A T TR AN < 4 £
A BE , B OmE B 2E 05 A (Phomopsis obscurans) 51 #2 5 H ¥y 75 , i Sphaerotheca macularis 5| & ;5 " A% 55 , H
Diplocarpon earlianum 5 ¥ ; K 55 9% , B JK 45 % 71 ( Botrytis cinerea) 51 #2 ; g B , B 5 45 BR 5 B (Mycosphaerella
Sfragariae) 5| ; BB , H A HEME 10 (Alternaria alternata) 5 5 RAEN , H 5 &5 % JH B ( Colletotrichum fragariae)
SR AE R E b B R A A R P kA e LS R R E . — o AR B BT, 5l A
BENG 110 3 B0 IR B A BE TS 0 4% 2 B AL (Pestalotiopsis maculans)™ il 2 T #1 ( Neopestaloti-opsis rosae)™ 3Bk
& 0 B O I MG 2 8k T B ( Fusarium avenacewm )"V 44

ARWFFET 2023 — 2024 4F XoF 5 gk WH I B 0 50 T HEAT R A S0 R A 8 R B Y M A R DI RO L 2
W o B O 307 v 37 | L v I A R ok A A B0 A L e A A R I A O SR ZE R b o U I O S R A
JEiA 33.3% . A W) 2 B, S R AR I B A 4 S5— 8 T A A, 4% T Ml HH T 0 30k R ) 50 %6 . # R H AT,
FE] A A DL RT I  3 AY HOE o AS AR 9T LA I 97 EL 5 g I B 104 0 5 A X G G R LR AT RS 8 S AR R R
PES3 AT, SR T 3200 R B 4 SR e 4R & .
1 #R5FE
1.1 H#e#AHRAEsRE

2024 4F 5—8 H TR 4t 5 /R A A DX I3 B F 7 v B b | O 8y 5 0 AL s R Dk A ) B A v R R D R 9
AR B L SR FH B AL I 2 R 5 A JBORE I, 6 T Ji) i 4 i R i ] — MU T8 BN T 10 hm B 35 3% B 54>
I mX1mHATr s KT 10 hm* B 4 10 hm? 2y 1AW & o0, & 1A FRoCHZan by s s s b o R & it
G 7 R R R 5 i A, AT R e 1 M i R R AR AT R I R 32 B AR R % T AR o TR R Y B 4k 1
F(RD S PAr S BRI F 2 WiH & SR k) AR I SE B E 5, — A AE 4 CAR A IR
FH L 55— 8B40 W sAR A o AHE A F
N _ BRI R
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1.2 AREHEL
L.2.1 R A eg Kealifh  SRITHE A LU E ®1 MHBES RITE
P R G BRI R LT SR TR S Table 1 Leaf spot disease grading criteria

(HCB-1300V ., 35 & 1 45 2 Wy BE 57 B A5 TR 2N 5)) ol 93] Grade I3 AR E Grading criteria
U 5 5 T 0 4 419 fik 2 P AR B 5 mm X 5 mm B4 /s 0% Grade 0 Joif Ik & B Asymptomatic manifestation

149 Grade 1 R BE M <M T AL 5% Lesion area accounting for less
than 5% of leaf area

B, %o B #EAT I B AR AR 7500 RIS s, 140 IR

/= A NERN s = = Q/ELlf\" v @: i @Ei
ATRENIZ AL 30 s, e J OB KBV 3 UK, 5 K 70 A SR 78 D98 Grade 2 FHBEIBLS MR 5%—25% Lesion area accounting

RGN P 2 T R A A SR T R for 5% 10 25% of leaf area

(potato dextrose agar,PDA ;20 g-L ' 4g#,20 g- L 3Y¢ Grade 3 FEBEMB 7 1 T 25 % ~50% Lesion area account-
g . 200 g_Lﬂg%\% ,1000 mL 2548 k) |, 451 10 ing for 25% to 50% of leaf area

R EE 3K, I 25 CIEIRAEH TR #. 49 Grade 4 5 BE I AL > M- T AL 50 %6 Lesion area accounting for

more than 50% of leaf area

W 2 R P AE 1 U B FR A8 (RXZ-280C , 7 I 4 1
AL A AT BR S 1) v 1% 35 3~5 d, 145 B 76 B iU 1l i 4
T MG £ 0 ke 10 % PR LR 22 , 30 L BE R 258 9 PDA K5 95 38 b Ak S 85 3% 5~7 d )i, B Pk IO 22 47 4 4y
B LR E 2 d e B — B R T A 0 B, A Bk R A A Y BT VR RS FOBT 10 PDA 5 3R 3 b, DA 58 U SRR 1) 43
RSN S
1.2.2 BURMEMIE GG R R EAT B A R K - A R LR /IN AR B A S A I R 2R AT SR TE T
JH TG TR e b B A B R 0 R SR K T 2 B A R A Xk 2R DU R /N AR S B JE T PDA L K b LAY
BB T — RS FR ML rp R O TR K AT IR W K b A o 852 3K, I A FEA IO 25 Cr sl 246 h B IE 35 5%, B
HOREE R R R0 o 18 I I, SR AT o 75 D) 56 30E 3 Dt
1.2.3 RIREES¥ET KW EET PDA VA H0 0 B, 25 CHEE T R 9% 5~7 d, A1 40058 B V5 1 4
WLRRAE AL HE I A B . 490 B Bl T b = A B, A B 3088 (ECLIPSE Ni-U B9 5%, 1 Je AR A IR A
AW ER I S A A F R AR TR S5, S (LT A T ) AR b R BB AR AT R AE L X %5
1.2.4 JRIEHEDTAEYFRE BRI BRIER T PDA B3R PM b 1 25 CAFE 53R 5~7 d, RN
Jot 3 = F 3L R AL 44 (cetyl trimethyl ammonium bromide, CTAB ) ¥ $ B 22 7K o (19 3L R 20 DNAY™ . DL 4li 4k 14 95
JEUBE DNA AR R B0, &1 X6 5 98 B 8 6 5 23 50 ITS .GAPDH \ACT .CHS-1, TUB2 3% 54~ % [H ¥ 41 i#t 1 PCR
Py, e AR WM ITS \LSU . TUB2 4t 34~ 3L X Jy 9 A7 97 85 . %% 4% 461 )& 43 3| JH ITS . GAPDH .
TEF ALT AL FHIEATH 3™, 38 KRR 24 (25 pl) : DNA AR 2 pL .10 pmol- L' |- #5945 1
pL 2% PCR Mastermix(4f 1 mL % 40 U Taq i) 12. 5 pL. .ddH.O 8.5 pL. JX I £ 44 : 94 ‘CHIAE M 5 min; 94 “CAE
PE30 s, 1B KR 4R (% 2)i8 K 30 's,72 CHEAH 1 min, 35 WAEFF ;72 “CHEAH 10 min, PCR =¥ 45 1% 356 4 5k
Ji FL KRS W S, DA 2R Al T BT LB — SRy b o B G AR R S AR S I O o X 1] I F 45 SR ] DNAMAN (version
8.0.8.789)#k4T Pf#% , JF7E NCBI L i# 47 BLAST [RJUEPE 431, %F & 800 = AH LM S5 91, i FH Phylosuite v. 1. 1. 14
BT Z H RS e 5655, 738 i MrBayes v. 3. 2. 6 #5147 010 37 3 Wi 5 (Bayesian inference , BD) ¥ # & 4t &
R
1.3 RRAGED TN
1.3.1  AS[A] B 77 560 3 TR Wk T 22 AR 1 52 ) Tic ] - 4% 2 T 2 A Bn N B IR L | D RS S R M Il o O
(potato sucrose agar, PSA, & % % 200 g, Bil§ 17 g, BE B 20 g, Z8 1 7K 1000 mL) | A [ 1 7 % (Czapek agar,
Czapek; i RN 2 g, IR Al A0 1 g, BALHN 1 ¢, iR EE 0.5 g, BIR W2k 0. 01 g, FEME 30g , B fiE 20 g, /K 1000




535 B 9 W Ol 2E 3] 2026 4F 157

£2 PCR3#MER

Table 2 PCR primer information

A Bk J7 41 SEPISITYE 275 3CHk
Gene Primer Sequences Annealing temperature (°C) References
ITS ITS1 TCCGTAGGTGAACCTGCGG 56 [26]
1TS4 TCCTCCGCTTATTGATATGC
LSU NL1 GCATATCAATAAGCGGAGGAAAAG 55 [27]
NL4 GGTCCGTGTTTCAAGACGG
TUB2 BT2A GGTAACCAAATCGGTGCTGCTTTC 58 [28]
BT2B ACCCTCAGTGTAGTGACCCTTGGC
GAPDH GDF1 GCCGTCAACGACCCCTTCATTGA 60 [29]
GDRI1 GGGTGGAGTCGTACTTGAGCATGT
TEF EF1-728F CATCGAGAAGTTCGAGG 55 [30]
EF1-986R TACTTGAAGGAACCCTTACC
ALT ALT-F ATGCAGTTCACCACCATCGC 55 [31]
ALT-R ACGAGGGTGAYGTAGGCGTC
CHS CHS-79F TGGGGCAAGGATGCTTGGAAGAAG 55 [32]
CHS-345R TGGAAGAACCATCTGTGAGAGTTG
ACT 512F ATGTGCAAGGCCGGTTTCGC 58 [33]
783R TACGAGTCCTTCTGGCCCAT

ml.)  Eh g B EH A N IR B 5% 5 (potato carrot agar, PCA; 422 20 g, % b 20 g, 3l 17 g, 2818 7K 1000 mL.) |
JK B IR 55 5% 3 (water agar, WA 3501 17 g, 7818 7K 1000 mL) . & K #3350 I8 1% 37 3 (corn meal agar, CMA ; £ K ¥} 30
g, BUIR 17 g, 784K 1000 mL) 1% b K BilIE K5 9% 3 (carrot agar, CA; 1% D 200 g, Biflg 17 g, 254 /K 1000 mL)
el Bl 3 97 4k (oatmeal agar, OA; M4 J1 30 g, Biillig 17 g, Z8 17K 1000 mLL) , 35 1A [7) 35 77 i xof it € 7 Ak
sz BT 25 CHE R IR # (RXZ-280C, T I My WA A8 A BR A |) ) v Bk 55,7 d Ja R 57 38 SRk 0 it 74
W EAR JFEE 3,
1.3.2  ATa) e Y50 RN 2808 0 1 3 T Ak TR 22 A K 1 52 e - Czapek 35 5 He A Sy HE il 15 5% 4L, 43 1) FH #4254
D-SUME FURE 22200 ATV R E R L A W T R R 1L B A Bk I S R Czapek B IR IR TR TR | L A [F]
EER U3 T S Il 2 W N e Y (I -3 - S A E

R UL IR B 2R P (BRI by S8R R R R R S H 2R R IR 3R Ry RUTR A5 T a8 46 Czapek 35 97 A&
AT R AR [ & ARG 75 55, DUR I U (9 35 35 3 g o BRE DL B AR SRS 1 25 CRE % T d R R F
28 ML A B AR A 3K
1.3.3 AN [m] i 3 R 't B X 4 3 o Aok 7T 22 A= K1 52 U B2 A0 3 BC A PDA 85 3R 86, 435076 5.10.,15.20.,25.,30
F1 35 CHYTE I 55 240 th AT WG R 35 0 7 dJ5 SR JH T 38 SO 2 98 AR, DL AR PR A 39K

JEHRAR B . 7E PDA 555 4 ik 3FOGIREL A (200 (12 hot S 12 h BIE S U 2 B . BT Aot b
PRIGAE 25 ‘CHRAF R AT o 7 dJa R 5728 SO i T v HAR , A 3R
1.3.4 A pH X ARG 22 B R pg5g e Bl pH 225000 4.5.6.7.8.9.10 M 11 9 PDA }5 57 5, I 7E
25 CIEE P AT B HE 32 7, 7 dJE R ae ORI VE AR A 3K
1.3.5 W3R E SR FH K 8 A i s SR80 TR o TR D T AT JE K Y B0 R, 4 I AE 45~
65 ‘CHAF T ARUAL B 10 min, ¥ 205 HEM KRG 35 5 d, B TR EE A0 52 3 R LA WD 20 1 o 00 T B ¥ L, 32 0 76 e 8 Rl
REATORT BE Ry 1 CRYBE FE IS, DL a2 TR 1 BOE IR
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1.4 #BEa2

i Excel 2019 #E 17 848 22 B, SPSS 23. 0 8443 T8 # , Duncan 3 #4722 8 HU R R PS il figtree fE .
2 HRE54HH
2.1 BEHEersmE N LRELRBEIK

ATIF 5% i M B 8 A R v R B T O R s e B K T 3l o e b 30 TR M ) A e R R RS R AT R A, 45
WEIR(FE3), 3 R RAGIE IS BN 5—8 A ¥ R4 b8 H . Horf, nk k% 8l 8 45 7 50 50 B 0 % 98 R AE
46.88%~59.69% Wl R IEFEE A 17. 87~26. 63; B 8 73 75 At 25 BB AR R N 44. 06 % ~54. 89 % , IR I F5 B M
14.93~23.09; JT 55 B35 & 0 R R 43. 07 % ~50. 70 % , 5 15 16 40 M 13. 85~21. 90, M| H#EFEH ,6—7 H 3#b
KRR T, B 153 56. 86 % .52.92% F149.61% ;30 A 7—8 A, B FE & AW L (0 &R R A LT
R .

K3 3INAEMES-SAERERKIEIREY

Table 3 Disease incidence and disease index of three survey sites from May to August

Ay A% 8 8 A B 58 7R Tugelqin bulak grassland ) 50 95 & 45 B i Balkasu starry sky grassland T 5 F ) Kaisik pasture
Month Va kS AR -aES 9o 175 4 %X SRS 9o 17 5 2L
Disease incidence (%) Disease index Disease incidence (%) Disease index ~ Disease incidence (%)  Disease index
5 46.88+0. 85d 17.87+0. 42d 44.06+0. 78d 14.93+0. 18d 43.07+0.65d 13.85+0. 16¢
6 50.72+0. 62¢ 19.794+0.77¢ 48.97+0.71c 17.8440. 40c 45.14+0. 64c 15.76+0. 15b
7 56.86+0.42b 23.68+0.81b 52.9240. 30b 21.314+0.35b 49.61+0. 34b 20.68+1.37a
8 59.69+0. 31a 26.63+0. 86a 54.89+0. 60a 23.09+0. 29a 50.70+0.61a 21.9040.77a

[F] 5 A [) =7 B 3 R 45 A 0y 1) 22 5 2 3 (P<<0. 05) » Different letters in the same column mean significant difference among the months at P<<0. 05 level.

2.2 SR Bt BEm ek

2024 4F 75 55 W I B 0 Jit v D R A R ) I B L 200 O i R A 1 R o AR SR IR < E DG B B, R
S BT (0 B AL (O N BT s B I R TR o B S BT R B, e I I (RIS o 7 DX, g B o b 5%
At EREPRIKA G, R AR AT B M s A it BB AL A SRR . IR R,
T P T 23 HH B AR A9 /N R A DR R R 0 R AT A (TR 1) .

E1 BHEFESHER
Fig. 1 Leaf spot disease of F. viridis in Zhaosu County
A HEEIR Field symptom; B: #37% Specimen; C: 434: il 7#% Pycnidia.

2.3 BAFEE
T 5 B 34 9 A s R A A AT I BN AR i 52 40y, HE TRDWR R T A RE o R R — 8. A B SR,
By FE b 1 3 ML FR S 8 AL, 2800 B8 4l AL AR AT 127 MR RE . MR 3R TRV TR A AR A 26 40 SRR A Hov T 2%
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BRI PR 44 8 | 1T 2SR Bk 510k L I B bR 32 bk s 2800 5 4L 4UnT [R) At 43 20 1 L3k 3Rl Rl  iFE R BRI A T A
BRI B IR A GGt 1 28 bR A B R IR 85 (40. 1590 ), WAL H bk o I 4% 28 8 v 23 ) B BB 1 BR AT 36 T 1
Hop T I T8 B bR 4 5 MU XTZSYCM-1,XJZSYCM-2 XJZSYCM-3, HIE S AR R T .

BRIk XIZSY CM-1: %0 JRU BT 9 B VA T S B0 , 2R TE o 3% 75 00 100 BT 7% S22 1 0, o 5% % IF i) S 4K 50 7 5 A
o A B, WL R SPIR I ANE N, AR 2R D AT EEAERNTE RS R RIE EE I, 4
P EUR , H 3 W R AL B A A A O R RETE T (0 W 7 g S B D N Al ek, KN (12, 26~23.70)
pm X (2. 98~4.05) pm; Bif 5 765 BE A5 45 (0, 2 BfoIR , 38 o0 AR, O3 L B g, R/ (6. 09~8. 20) pm X
(4.68~7.37) pm. ML 2 5 W20 00 € S B W8 (Colletotrichum sp. 8 2) .

2 B XJZSYCM-1 K & 451E
Fig. 2 Morphological characteristics of strain XJZSYCM-1
A # ¥ 1E 1 Obverse of colony morphology; B: B 7% 2 i Reverse of colony morphology; C: 434 F Conidia; D: = #1544 Sporulation structure. F

[7] The same below.

XIZSYCM-2: % W& T AN, 52 BT |, i T 5 o 55 3200 91 20 11 €8, B p 8 B 18 T e 456 S Rk 8. TR
FEBUE: I k-5 S WA T < = 4y,-25 Vo = R A R I8 1 /N 11 1 T N YB3 (115 1 = 0 W S s 1 012 4 o A 21
T , % W IO , M BE T OG0, s A B, K/ R (4. 5~7.9) um X (1.5~2.6) pm. AHEIE & % E W bt
—fJ&E (Ascochyta sp. ,E 3).

20 um

3 HEHRXJZSYCM-2 BT A5 45 4E
Fig.3 Morphological characteristics of strain XJZSYCM-2

XJZSYCM-3: 78 PDA K5 32 5 | 28 “CHE 3% 7 d, 1 V4 52 BRASHLIN () [B1 T, 0 300 1 22 %% 4 B2 K | Bl 35 435 R 1)
3G, BV S Y A 580, B 2230 SR 8 . o3 AR AT O TR A 0 SR 8 €00 22 6 A%tk , LR A PRl 5, T oty L 5k
KN K (14.80~28.82) pmX (7.18~13.10) pum™ | R 5 & &5 % %6 2 ¥ & # & N 4 #% 108 )8 (Alternaria
sp. , Bl 4)

24 T AEMFER
KM ITS . TUB2 .GAPDH .CHS-1 fl ACT 5 A #¢ 5 VE 51 0% B #k XTZSYCM-1 #17 PCR Y15 (% 4) , )F 4
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20 um

4 B XJZSYCM-3 A 451E

Fig. 4 Morphological characteristics of strain XJZSYCM-3

4 REREHERZLZENNEKRER

Table 4 Information on the strains of Colletotrichum sp. constructing the phylogenetic tree

A (LR 7S GenBank % 5% 5 GenBank accession number
Species name Strains Ts CHS-1 GAPDH ACT TUB2

KRB Colletotrichum acutatum CBS 112996 JQO05776 JQ005797 JQ948677 JQ005839 JQ005860
17 B E Colletotrichum boninense CBS 123755 JQ005153 JQ005327 JQ005240 JQ005501 JQ005588
ZZALBARE Colletotrichum rhombiforme CBS 129953 JQ948457 JQY49118 JQ948788 JQ949778 JQ950108
KT HILHE Colletotrichum sojae CBS 13487 MG600752 MG600863 MG600813 MG600957 MG601019
KREHHHE C. sojae CBS 18181 MG600753 MG600864 MG600814 MG600958 MG601020
B K Colletotrichum destructivum CBS 128509 KM105214 KM105284 KM105569 KM105424 KM105494
K IR C. destructivum CBS 520. 97 KM105217 KM 105287 KM 105572 KM 105427 KM 105497
B RIRANE C. destructivum CBS 114801 KM105219 KM 105289 KM 105574 KM 105429 KM 105499
T HEIRA T Colletotrichum musae CBS 207. 80 KC566790 KC566357 KC566644 KC566936 KC566212
% FEIRIHH Colletotrichum plurivorum CBS 125473 MG600717 MG 600840 MG 600780 MG 600924 MG600984
ZEBIE C. plurivorum CBS 125474 MG600718 MG600841 MG600781 MG600925 MG600985
Colletotrichum acerbum CBS 128530 JQ948459 JQ949120 JQ948790 JQ949780 JQ950110
2% JESIH T Colletotrichum cliviicola CBS 125375 MG600733 MG600850 MG600795 MG600939 MG601000
MHEFHE C. cliviicola CBS 133705 MG600732 MG600849 MG600794 MG600938 MG600999
Colletotrichum orchidearum CBS 135131 MG600738 MG600855 MG 600800 MG600944 MG601005
C. orchidearum CBS 136877 MG600739 MG600856 MG600801 MG600945 MG601006
-3k o L30T Colletotrichum truncatum CBS 125327 GU227887 GU228377 GU228279 GU227985 GU228181
-3k i B C. runcatum CBS 151. 35 GU227862 GU228352 GU228254 GU227960 GU228156
Colletotrichum tibetense L.C 7364 MZ595840 MZ799339 MZ772866 MZ664138 MZ673961
K H BRI Colletotrichum gigasporum CBS 15975 KF687726 KF687776 KF687839 KF687783 KF 687884
KB C. gigasporum CBS 125731 KF 687727 KF687771 KF687837 KF687794 KF 687879
K BRI C. gigasporum CBS 18152 KF687734 KF687775 KF687838 KF687799 KF687885
H 8 B M. infuscans CBS 869. 96 JQ005780 JQ005801 JX546612 JQO005843 JQ005864

#2238 NCBI, GenBank % 5% 5 Ik} PV920205 . PX021413 . PX056313.PV972777 .\PX 115489, % & B 45 W40 Hr

[ L 2 (Dioscorea esculenta) Fl

F&IR # (Monilochaetes infuscans) CBS 869. 96 4 #h 13 B, XJZSYCM-1 15 C.

tibetense 1.C 7364 1% 100% ZHFHR (K 5) . ZEHIEAFRE S 00 T RG220 %W R R S € C. dibetense.
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100% | =46 7% E C. cliviicola CBS 125375
98% A IRIEHE C. cliviicola CBS 133705

090% %’I?J‘%FD C. plurivorum CBS 125473
85% 1 % % WA B C. plurivorum CBS 125474
100%| L1 C. orchidearum CBS 135131

IUU o C. orchidearum CBS 136877

K ERILH C. sojae CBS 13487

100"0 KT RIEH C. sojae CBS 18181
Ko B R . gigasporum CBS 125731
PNIER P/ . gigasporum CBS 18152
SRR . gigasporum CBS 15975
# C. boninense CBS 123755
%@Jﬁ?@ C. truncatum CBS 125327
3k | 3% 9 C. truncatum CBS 151.35
7 #E I W C. musae CBS 207.80

100% kaﬁrl C. destructivum CBS 114801
4{ % K 5 IJH B C. destructivum CBS 128509

s

100%

%EE{ELU\
fm}
H#H%ﬂ%

TJ}Q OAOH

SE
1t

ke

i
i3

R

— 90% HQJZ?JLUH # C. destructivum CBS 520.97
[ C. tibetense LC7364
99% 100%"- XJjZSYCM-1

RAIRIE T C. acutatum CBS 112996
i C. acerbum CBS 128530
100%- 5 1t 5% JH B C. rhombiforme CBS 129953

H 2 BB M. infuscans CBS 869.96

0.05
5 HEHXJZSYCM-1E FITS.TUB2.GAPDH .CHS-1 ACTSERF I NHIFZGEL T #
Fig. 5 Bayesian inference (BI) phylogenetic tree of strain XJZSYCM-1 based on ITS, TUB2, GAPDH, CHS-1 and ACT multi-

gene sequences

K ITS \LSU ., TUB2 % [H ¥ S 0E 51 91 % H Bk XIZSYCM-2 #47 PCR ¥ 34 (£ 5) , J7 51 #2238 NCBI, GenBank
B SRIR N PVI915427 \PV937034 . PV 927295, R4t & & 48 Ht (SMEE A P. minima CBS 524.50) & W], 7 Pk
XJZSYCM-2 5 A. nigripycnidia XJAU HC77 ¥ 5 100 % SRR RZBE (K 6) . TR AFFE 550 F R G2
YE LSRR IR E N AL nigripyenidia .

K5 R_ABRHERZABRINEKRER

Table 5 Information on the strains of Ascochyta sp. constructing the phylogenetic tree

44 T K GenBank % 5% 5 GenBank accession number
Species name Strains TS LSU TUB2

7 5 5% 4 Ascochyta fabae CBS 524.77 GU237880 GU237963 GU237526
"EHFAMA. fabae CBS 649. 71 GU237902 GU237964 GU237527

BAE 7 T RAEFD Ascochyta medicaginicola var. macrospora CBS 112.53 GU237749 GU238101 GU237628
B g7 T KRR A, medicaginicola var. macrospora CBS 404. 65 GU237859 GU238102 GU237629
Ascochyta nigripycnidia XJAU HC77 OM701805 OM701910 OMS891441
Wil A8 BEG 1 Ascochyta pisi CBS 122750 KT389477 KT389694 KT389769
i TR A, pisi CBS 122751 KP330432 KP330444 KT389771
T 5% 1 Ascochyta syringae CBS 545.72 KT389483 KT389700 KT389772
Preussia minima CBS 524. 50 MH856741 MH868263 KT389777

KM ITS .GADPH .ALT .\ TEF & F R 5% 51 ¥ %) B Ak XTZSYCM-3 #47 PCR Y44 (% 6) , J¥ 51 43¢ NCBI,
GenBank % 3% 5 4K ¥ 8 PV919569 ., PX021415, PX021414 . PX021416., Z % &k & 4> #r [ DL %21k #) #8 5 (S.
vesicarium)CBS 191. 86 M 1 /R , Eitk XJZSYCM-3 538848 1 (A, alternata) CBS 612. 72 99 % 2 #5 %
MR BECE 7)o Z5B B FRRE 500 7 R G0 S 25 3 0 IR Bl o Ry S HE A% . (AL alternata) o
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68,0y EEF T A. fabae CBS 524.77
. 0f

W®EH 5 i A. fabae CBS 649.71
72.0%

Wi G A BE B A. pisi CBS 122750
76.6%|95.9%
Wi T AR PLW B A. pisi CBS 122751

T &5 A. syringae CBS 545.72

B A8 7 0 KRB A. medicaginicola var. macrospora CBS 112.53

b o

B fd ¢ 7 R A Fh 4. medicaginicola var. macrospora CBS 404.65

A. nigripycnidia XJAU HC77

XJZSYCM-2

P. minima CBS 524.50
0.03

6 BEHXJZSYCM-2E FITS.TUB2.LSUSEEFINHNHHRELEH
Fig. 6 Bayesian inference (BI) phylogenetic tree of strain XJZSYCM-2 based on ITS, TUB2 and LSU multi-gene sequences

x6 HRABHMEBRZABEMHEKER

Table 6 Information on the strains of Alternaria sp. constructing the phylogenetic tree

4 LR 7S GenBank % 5t 5 GenBank accession number
Species name Strains ITS GAPDH ALT TEF
7S AEBEAR T A lternaria alstroemeriae CBS 118808 KP124296 KP124153 KP123845 KP125071
B BEEEAR HL A lternaria gaisen CBS 118488 KP124427 KP124278 KP123975 KP125206
LEEMT AL alternata CBS 612.72 KP124308 KP124165 KP123861 KP125084
MABERS A1 Alternaria gossypina CBS 104. 32 KP124430 JQ646312 JQ646395 KP125209
EHEITE Alternaria jacinthicola CBS 133751 KP124438 KP124287 KP123984 KP125217
T 4 4 1 A lternaria tomato CBS 114.35 KP124446 KP124295 KP123992 KP125225
B30T B 5 4% 700 A lrernaria burnsii CBS 118816 KP124423 KP124273 KP123970 KP125201
SR WARFE Stemphylium vesicarium CBS 191. 86 MH861935 — — KC584731

— o KX BUE SRS M K L f% The accession number for this segment has not been uploaded.

IS AE BE ¥ 10 A. alstroemeriae CBS 118808
Z1 W PEBE RS ) A. gaisen CBS 118488
XJZSYCM-3
ZHEM L A alternata CBS 612.72
i BE 4% 711 A. gossypina CBS 104.32

4B A, jacinthicola CBS 133751
95% e M HE A 1 A. tomato CBS 114.35

99% ' ELIT FE 4 #4714, burnsii CBS 118816

IR 1 05 S. vesicarum CBS 191.86

0.02
7 B XJZSYCM-3E FITS ALT.GAPDH .TEF S ERAFIINRAMUARRZL TR
Fig. 7 Maximum likelihood phylogenetic tree of strain XJZSYCM-3 based on ITS, ALT, GAPDH and TEF multi-gene sequences

2.5 FHombEaE
i o B0 P A B (1 8) K B, e 7 d L€ L 156 T Bk XTZSYCM-1(C. tibetense) \XTZSYCM-2
(A. nigripycnidia) Ml XJZSYCM-3(A. alternata) 7 &5 A 2r FERE M 7 B M5 55 2 %, 45 Tl 400 J4 30 27 WL 4% 38 1 22
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PIRIFAFRE M R 4R A U AR, X B4 A H BUAT A 22 40 5 3205 56 4 K, XTZSYCM-3(A. alternata) 5 XIZSYCM-1
(C. tbetense) Rb BT B A IRFLEE , 1] XJZSYCM-2(A. nigripycnidia) b ¥ 20 W) 5 B0 1 FUAR 4% s Fr e sk &
7R ,XIJZSYCM-2(A. nz'grzpycm'dz'a)?ﬁﬁ”Tﬁﬁiﬂﬁééﬁﬁ$n§ﬁ#f¥%%%ﬁf A G IRAE = X
MRZHAEREAS 7 d NI TCAEAR o 30 3 %o g {58 57 DXl 20 SR A7 43 B 35 3%, 2 3R A5 5 00 s 43 P — 3500 T kL 4 6 Al
A8 D925 ) 96 0 s o, TR S8 b A BTﬂilﬁiﬂjjﬂiEﬂﬂfﬁfﬁﬁﬁﬁﬁﬁlc

S8 [R5 i T Rl AL B S e AR S 2 e b RN C dibetense (MY R 9 BE SR TR AE (B 2 K A
o, 2 R BE 808 [RE | 310 5% 40 X515 B 5 32 R 28 B A& 161 (AL alternara) BN F, 58 B 0 €6 i TR 55 JE €, TR RO RN
R AL nigripyenidia B R0 BE S BORE € R ARHE 6,0 BE -5 £ R 2H 2100 S BRAR XTI, HL et R B SR I i B Ak
TGI8 BE 22 R AN L BE AR

B8 #EFMBIREMT7IHREXZFER

Fig. 8 Symptoms of leaf spot disease on F. viridis seven days after inoculation

A~C: C. tibetense, 38§ M # F A. nigripycnidia W) SR M W 2 , D: % B8 . A—C. Pathogenicity tests of C. tibetense, A. alternata, and A.
nigripycnidia; D: Control.

2.6 AR &M F AL
W R A R R SCBEAR L (AL alternata) £ CMA (PSA (CA [PDA §; 3 3 AR K R A7, W i HAR
Kl /BRI IR N CMA L FE 5~35 "CTa 22/ 1k )8 22 57 i 35 (P<<0. 05) , dealh 1 22 /B AR I B O 25 °C 5 48 5 "CI
T 22 K R o R Ak RUUR A3 S A T P A R R s pHE 4~ 11 BB AE K B pH R 7(R 7).
A. nigripycnidia TEARKEE TR B b A KIGEC 218, ol 4B K BF 3R B PCAL 25 ‘CR A B2 W % K T HAl
T BE (P<0. 05) 5 B8 22 A= K Bl 5 R 6015 ) JH R0 S5 B 190 2 T 14 T8 B RBRL PR B s pH Ol 7T~8 I VR AR W% K T
HoAth pH(P<<0.05) .
C. tibetense {£ PDA KE 3R JE 1B 22 A K dme b, ok Oy CA KRG 3R 56 7E OA R WA K g B A K08 . Bad B K
W B2 25 °C 5 T 22 AR K ik FL{}?*'ﬁﬁxﬁl%ﬂ‘ﬁ?ﬁﬁﬂz‘f{ﬁTS:F{'AWHJ*ﬂ%ﬁ%,,\%'Jﬁﬁxﬂlﬁi@ﬁ%ﬁﬂ:ﬁ\{’@{ K A
I8 (P<<0.05) ;pH 24 6~8 B 18] #% FLA2 i 3 K T HoAth pH(P<<0. 05) . Feili pH M 7.
AN 7] R ) TR 22 B IR AR 25 7 (R 8) o ACHEME L (A, alternata) F A. nigripycnidia % #4055 “CK
1% 10 min BIRTECHE 5 1M1 C. zibetense 3230 M T 55 () B A2 1%, 76 64 “CTF A3 10 min HE 8 22 33 o
3 itie
W SRE 5 2 18 T 0 A 7 R — i DL, BT AR A 5 | R SR 1) 2 D ) Sk AR SR A%
W J& (Pyrenophora sp. ) VB % # J& ( Bipolaris sp. ) .35 )& (Cwrvularia sp. ) FiL 5¢ 2 #1 )& (Parastagonospora
sp. )V EE S ASHIFGE N T S5 I O B £ R I BRE T R RIS L SRR R AR 5 4y T A AR R A5 AL WA O I T
h C. tibetense A. nigripycnidia LA (A, alternata) .
HAR T R AR — 2R H R Y e IR L, AR A C z‘zbelenseffﬁ%?’ié*ﬁﬁﬁ%ﬂ’]ﬁﬂﬁ HE 48 SCHR 41
LY R S 0 s E R R R AR 23 B, & 5 A& S R L 4 B O AL R JE I (Colletotrichum
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Table 7 Colony diameters of three pathogenic fungi under different culture conditions

4bBE Treatment 15 3% 41 Culture condition THEAG AL A, alternata A. nigripycnidia C. tibetense
gk I A A BIR Potato dextrose agar 52.8942.05a 28.6940. 41ab 47.1141. 40a
Medium TLAA BRI M | BI% Potato carrot agar 52.05+1.71a 31.30+1.48a 41.67+2.02b
L4 B HEFEEUIE Potato sucrose agar 54.1940. 60a 19.99+1. 23¢ 45.7940. 96a

A F 3l Oatmeal agar 48.0843.05b 26.82+1.69b 23.91+1.08d

T K # BUE Corn meal agar 54.70+1.87a 29.33+2. 69ab 26.4242. 22d

K 35bE Water agar 21.02+1. 93¢ 12.79+0. 92d 26.29-+1.37d

B4 7K 35U Carrot agar 53.09+0. 84a 30.43+1.27a 46.0240. 32a

2 [C 5 77 3L Czapek agar 48.3341.53b 21.354+0. 70c 32.49+2. 16¢

iy 5 8.3442. 12f 7.5740.75d 5.97-+0. 26d
Temperature ("C) 10 19.3940. 63¢ 14.66+2. 21c 21.67+1. 31c
15 23.69-41.97d 23.1241.91b 23.6140. 95¢

20 41.3441. 21c 24.2841. 24b 44.3741. 09b

25 47.6141.69a 34.4840.78a 55.9542. 95a

30 44.9041. 50b 25.1940.47b 53.67+2.72a

35 39.894-0. 59¢ 13.9541.47c¢ 44.5741.53b
3l D-S 8 D-fructose 40. 58+ 1. 00e 12.70+0.47d 19.67+1. 37bc
Carbon source 1L %48 Sorbitol 43.2470.93d 6.920. 02f 12.660. 09d
FLBE Lactose 49.35+1. 29¢ 10.4140. 44de 15. 3540. 14cd

7 25 Maltose 59.73=+0. 74b 9.66+0. 77ef 11.27+1.81d
HETHE Glucose 58.80+1.13b 16.53+0. 83c 18. 7840. 68bc

H # # Mannitol 43.7941.38d 15.7940. 85¢ 24.5142.51b
4 Bl Inulin 65.24+0. 57a 27.7843.07b 19.86+0. 73bc

T PEVE B Amylogen 66.26+0.51a 33.54+2.42a 30.78+7. 86a

AU Tl R 81 Potassium nitrate 42.02+1. 36b 10. 7440. 81de 26.45+0. 72¢
Nitrogen source 7R 14 1 Peptone 58.5243.07a 13.8541. 43¢ 56. 14+ 1. 06a
4= 48 Beef extract 56.1643. 24a 12.93+1. 31cd 36.42+41. 28cd

T FH2 K3 Y east extract 56.550. 74a 19.18+2. 49b 42.994-2. 29b

K % Urea 17.1342. 64d 8.00£0. 59f 34.08=+1. 37d

4k # Ammonium chloride 32.15+4. 24c 10. 0840. 49ef 26.96+1. 34e

i R %% Ammonia sulfate 35.1540. 97¢ 22.99+41.00a 38.05+1. 04c

H &M Glycine 33.7344. 34c 11. 894 1. 49cde 18. 82+ 1. 36f

pH 4 51.16+1. 23¢ 14. 462, 39¢ 38.81+2. 50e
5 52.9142.02¢ 33. 1442, 38cd 49.9342. 53¢

6 57.8344.57b 35.9241. 80be 53.3240.91b

7 63.2841.95a 53.04=42. 09 58.41+1. 96a

8 62.64-+2.38a 52.63+3. 12a 56. 53+ 1. 06a

9 59.2141. 46ab 39.4547.05b 48.4040. 71c

10 49.264-1.63c¢ 28.69-42. 26d 43.734:2.18d

11 48.9241. 09¢ 10.7740. 81e 38.60+1.0le

)6 B8 Light £ Full darkness 47.9742.49b 32.3340.81a 56.21+1.77a
12 h 68 /12 h B4 12 hours dark/12 hours light 55.43+0. 79a 31.5140. 56a 53.7241.28a

25658 Full light 46.60=1. 21b 28.6141.23b 46.6041. 21b

[F) B AN [] =7 B 32 7 4% K5 3% 4 2 1] 22 5 18 3% (P<C0. 05) . Different letters in the same column mean significant difference among the cultural conditions
at P<<0. 05.
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Table 8 The lethal temperature of mycelium for three pathogens

[ELS i & Temperature (°C)

Strains 15 50 51 52 53 54 55 60 61 62 63 64 65
THEAR ML A, alternata + + + + + + — — — — — _ _
A. nigripycnidia + + + + + + — — — — — — _
C. tibetense + + + + + + + + + + + — —

+: 4K Growing; —: A4 K No growing.

gloeosporioides) AR A AL TR T B I TR MR Zk I T (Colletotrichum dematium) T3k 5L ( Colletotrichum
truncatum) ] A PAARIS [ 4035 BB B IH 1 ( Colletotrichum nigrum ) MER AL W ( Colletotrichum coccodes) ], AT 5T
Mg B g 53 B AR AT Y S S TR IR TR PR L R 2O R AR S R X R E T R E R RGE . AL nigripyenidia
J& T F 2 1 (Ascomycota) Ji % & 24 ( Dothideomycetes) #% £l & B H (Pleosporales ) 3 f 461 5¢ £t ( Didymellaceae)
FLTE T 10 2% 44t Boerema 58 F 1997 4F 1 WK 38 1046 LA A 52 18 (Ascochyta) o BRAEWRSE Bow % 8 B
BENTIZ R R BEXE T TE AL A BT SRR RS A R B LA R SR R S R AR &
Bk 45 28 3 (Spiraea hypericifolia) M 3 95 19 95 B, 1L &b, Ghiat 28 B 95 3F 52, A, nigripycnidia 7] % 3¢ Wk
(Linum usitatissimum) \J&Ws & (Cicer arietinum) & & (Medicago sativa) 55 2 GRHEY) . AR IE B IR 75 5% B Af
BRI A, nigripyenidia {4 Gy 3K —BFFE R UESE T 3200 J5 B AT LUK R REAS [F] 8 A Y AT iR s o SCBEAR L (AL
alternata) J& Vi Z AH Y9 5 00 ZOW T, BLAE AR BRI AT 25 SR 45 . LA B R X SR (Beta vulgaris) A
# (Nicotiana tabacum) ¥ JK (Cucumis sativus ) 55 2 GV 1) 1 O™ FA4E T, BOOR BEAR 70 08 15 S 2 Fh 1 9 19 B0
P, FH: 5 G 9 P 4 19 R DG BIF 5 18 R L

BUR LSS R BoR  SCEEAS (AL alternata) M C. tibetense 75 3% F 4 B 8E M 1 J5 575 4 K RN AT 375 sk i 784 - B i
AR I PR IRBE g BE I 11 Bt s B T AR R 2R 0 R o SR, 20 B R RS 1 AL migripycenidia W3R B JE BUW
HB R MpaE 23S 7 RA R I, FT RSG5 LA , 4 FAE i BERG A7 75 B8 19 52 5 1R QL R AE 9
B3 e A T e R B SR EE A L (AL alternata) T C. tibetense Y0 o 3 [ 42 % , W6 2895 L B4 19 4 30042 Y ol 5 229
R B Bl 5 W AEN F S WL AL nigripyenidia Ay B IR A, 5 AT IR Y BUE SR R AR R
e b B U R4 D0 s 5 7 R L IR G AR G i Bl S L A T B — 2D OF S E .

AW 2EREVE S BT WK S HEAR L (AL alternara) W) Bl T 22 AE K5 IR 5 CMA Bl T 22 A4 KR 2y 25 °C
pH I I 3 Bl Ry 4~11, pH 2 7 i 1 22 A R SR M 0 5 55 X0 /N 225 S5 iR 100 A Mk A R 9 o D T 52 B A% 1 1 A )
AR PR WA AN ) 5 5 3 L AT TR 2 A R 0 e 5 A U 43 ) g T VS R D R R B 1R L A T SO A 24 R
JE T A HEAS TR WS 4 R A 22 5, B IR IR T R D I T A AF R e v Sk B A A R A L AT S SRR
WA 1 C. tibetense \A. nigripycnidia WAV 2 FeEHGE R B A RRIR AW .

4 Zig

AW TE W W T 5] R W R B gk B A I BE O 006 IR R A S8 BE A% 8 (AL alternata) | C. tibetense 1 A.
nigripycnidia , ¥ N TESR B AR A E AR L o FE T8 3 i [ B A ) 7 e R B I 8 AR BE SRR s 1O [ 5 R R B
X BT 22 R A IR B0 Y LA T, B 5 D B A e R T A2 T A A B AR IR
JGHR) AR YR AE B OGP Y (A1 A0 AR ) SRR BEORG HE B B B R AR BIL . AH G 45 R AT O IR AR AT %
Jod I R AR AT R R ST TI0 TR 5 i i E ZR A B AR R W R I e S
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