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21d 8, AAHER RS LR S5 HARRE T, BIB Cladosporium #15 & Ffer BEMEH RS, REBAERS, X
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89 %8R ¥ A 20~25 °C. TGZX1-1, TGZX2-1. TGZX3-1. TGZX4-1 #= TGZX5-1 #9 & s K o H A TR EH .
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Isolation, 1dentification and biological characteristics of major pathogenic
fungi in stiff fruits of Torreya grandis
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Abstract: [Objective] In April each year, 89% of the fruits on the bearing branches of Torreya grandis
‘Merrillii” are stiff fruits characterized by unruptured arils and internal nucellus browning and shrinking. The

aim of this study is to investigate the occurrence mechanism of stiff fruits, so as to provide a theoretical basis for
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developing effective prevention and control measures. [Method] The number of days after seed protrusion (D)
was used as an indicator to record the developmental progression of T. grandis ‘Merrillii’ fruits, with the day of
protrusion recorded as D=0. Nucellar tissue samples were collected at regular intervals. The tissue separation
method was employed to isolate and purify pathogenic bacteria from the nucellar tissues at various
developmental stages. By combining morphological analysis, multi-gene joint phylogenetic analysis and Koch’s
postulates verification, the dominant pathogenic bacteria species of stiff fruits were identified and their
biological characteristics were analyzed. [Result] (1) When D was within the range of —207 to 21 days,
Cladosporium exhibited the highest isolation rate and frequency among the pathogens isolated from the nucellar
tissues. Based on colony morphology, these Cladosporium isolates were classified into 5 types. Vaccination
with representative strains and mixed strains of these 5 species of bacteria consistently induced browning of the
T. grandis ‘Merrillii’ nucellus. The browning phenotype after inoculation with the mixed spore suspension was
similar to that of stiff fruits. (2) Through morphological identification and multi-gene sequence analysis, the 5
major pathogenic strains of Cladosporium were identified as C. funiculosum TGZX1, C. oxysporum TGZX2,
C. guizhouense TGZX3, C. tenuissimum TGZX4, and C. scabrellum TGZXS. (3) The optimal growth
temperature for the 5 species of Cladosporium was 20—25 °C. The optimal carbon sources for TGZX1-1,
TGZX2-1, TGZX3-1, TGZX4-1, and TGZX5-1 were soluble starch, mannitol, glucose, maltose, and maltose,
respectively. The optimal nitrogen source for all strains was tryptone. Moreover, these strains grew well under
dark conditions. [Conclusion] The stiff fruits of 7. grandis ‘Merrillii’ are caused by the combined infection of
5 species of Cladosporium, which is closely linked to the susceptibility of the female cone to Cladosporium
infection during pollination. Therefore, the key to effectively preventing the formation of stiff fruits is to take
control measures during the female flowering stage of 7. grandis ‘Merrillii’. [Ch, 6 fig. 1 tab. 34 ref.]

Key words: Torreya grandis ‘Merrillii’; stiff fruit; Cladosporium; biological characteristics

FHE Torreya grandis ‘Merrillii’ /& 41 G A2 F} Taxaceae HEW & Torreya W EYHL RARBEISAL, HAFP{— XUk
R, RWHAL, BRFE, WZHBESE, ETRPMEMY, TR COhRENF . BT
TR, ARARGEFRNRT) KF N 1741, BV 4 A LAk, 9 AIRSERER, WAE 4 A4k
R EEFFRIZ I, 9 A AR, (BRI R AR BRI MR 6%, N O 2IMMIZES, FRMEER,
filiEik 899 Kutf5E R W] MWEIRAIE E 5 B E R Gy B UIAR G . flan, 6% FLIA BRI
Colletotrichum fioriniae 12 Yk Prunus persica # R BE KR, SECORTHNE . 4. ik, JF51 kXK
R (AR T Fusarium pernambucanum 129235 8% Litchi chinensis %5, i 552 B K I (8
B BRI Malus pumila 55 U9 2 AL AR Cladosporium spp. . $EA& M8 Alternaria
spp. FUKG 21 R v ffd. Trichothecium roseum 3535 M 1 A A AU A T AE—20.0 A 2 41— 52 B ARAR L T 8L, 7
R IR, SEUER . VR RBUR IS BN R RN, A A MERR AL K 2R LR
5, AR ] R E SR A, SEMTR ARG, CEMN B OB . E40, ki
J 7T, R IR R O3 — A% O AL T I S e IR ) DB SE iy I, BEBRRAERR 249 24 d
KA, HEAE AW RERLY, WEHFAKEL NAHWEZAED, HERE 4 A EEWNIE D
PN, B TR RO T E R ME— B B, HARRA R RSO AL . G5, B L HED,
T I o T A2 e S e G B AR PR i J T e S BCR HE R U OCHE I . SR, 7EZZ BN, 1B 5H
B AS At S5 L AT 1 Bl 8 28 A S AT Bk O A AT R . R, R G870 NG A 1 2 ik Wl 2
WAL SRR O iR A IR R B A, X BB SRR 19 32 B0 T S BURHLE 2O 2,

LRy B R R SR I R S e R BTV . iR R A B alidl, S5 BIBAS (TR VERHIE) Fr T
AW (AN ITS . act. tefl ZFHEFAL ) 48T, AORGHES e IR AR, PR R EAEas 24
O, WREECREALE C. cladosporioides . AR C. tenuissimum 51275, JEAk, g A= P 5 F
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WARRIN T NNES, AHZBEELN . WA, WEHES AN 9 A ZB4E 4 H) Z0eiE & R CRAR
4AZES A A 842 A, WIEIAEEEIE | SEIEIHR AR N T3 % A T IRIZIAEAL 1 Dt i e i Lo 22
ARG S A RESE BUR Y B o ARWESE B 1R T 5 BRI AR RE A DL 3 S R, b G2 A
WE SIS, JFRFCEY SR, D Bom L A58 0By P s i 4 BRI
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1.1 ##E

111 RIEMAE IR AARAE RAF ARG KRR B0 H 7 TV A AT T 28 DX R T 05 B R ) 75 AE
(30°10'N, 119°22'E). ZAMEMML T 2012 4ER ) “2+17 6450 (AN 2 MR T grandis, RSN
VAEAE “HHAE <Xi Fei) iR, 2016 4FFFURE55E, R B R 500 Bk - hm™. FHER S0 & & BT T Bf
17 41, HIEH R HEIR 0 BN FIE TR IR R M ®E, ik, AR e RLRE TR,
AT 5T LA SR S SRR A s (1] (D) VR Ric sk R B R IEE bR, RBEFPEE 4 Kid D=0,

AHFFETF 2023 459 H, $HL 1S BRAE KRS R EIE S BN — B0 BN, P2 R & 53 3
102 cm f1 2.0 m. & SHRW A L AERE, LR 3IANEE . SRIAEFMERBAEER ], T 2023 4F9 A
15 H (D=-210 d) HMARIC, JF A ARG 20 d REEFHEFP LR OFES . SRAEN RAR B8 2024 45 AR SE PR
AP H I (4 A 20 H) BEATEIE, 29IFE D=-207. —177, —147, —117, -92, =56, —35. 0. 21 d i
KRR o BUCRFERT, IWERRFEAR IORAE | A RA (B S 12~14 MR, BAEE SHE, 34
TR 15 7. RESLR UG 7 BIAT R S286 %, g TR SRS .

112 X3k SR ERHE SR FR A (PDA). B BRI 7 3 (PSA), MEA HEFR At
(OMA), Z 25 Billa 1IR3k (MEA) MG MUK E SR IR (SNA).

1.2 7

12,1 HHEMEBREIZBBHGSH . A RSB0 IR E N REAR AT R 08 . BiRE
B MWERUCREESATIN 15 g A0, MRERMLEI 2 4R, 3630 M. RBRFREES, B N
NG GIABFP ), FTCR KSR AT . BJE ST RIETH B BN E TERBSECh 75% g iR
30s, FHTCHEZK MR 3 s FHE AT 50 2% E RNV TR IR 3 min, 55 oK wfdk 3 . H
TR TR A G, W& &a, HKEFRIDE/NEYT, BNEHEROHE /M 2
PDA 5372k b0 B FARIERD 3 SRAHZL, R SRAE SRl 10 4P A, BIREASSRAE SR 30 Bzl
P A E T 25 CHREDERE . PR )E, MEME IR ETE L2 2, 178 PDA Kigdt [
3%, ESaife 3%, R sy PDA e b, T S mL JCHE /K, FH A5 H T B 22 098 1 ) i i
W, 5 EEBNERBUNECH 50% HIMEA , AFT-80 °C vkKFa, HTIa8Ls0ss,

SRR ST HIEERE OE82%0) M HZRE A DNA i SRR IX (ITS) F81 508 (1%
FE), WA S BRI TR B RS A o A HL R I 5 BR A BRI AR Ay ER=(F— R
PAREU S I TR D E0) < 100% 5 43 B8 =Chs— R I TR RR 5/ 45 3% Hh T 7R I ZH LB 880 < 100%

122 AHEBREZHBAMABENT BT AR LR LBR O BIREGR, Hf)E J R e HAE
SRS A R IE B I R R . AR EOR I, AWFSOR B R, X S B 2k )E
W (TGZX1. TGZX2. TGZX3. TGZX4, TGZXS) #ATFHER LN KAE, BB T . O EE /L
TR WA A o oo &S 5 R A e i AR TR AR (TGZX1-1. TGZX2-1. TGZX3-1. TGZX4-1.
TGZX5-1) B4 A= 961 7 B . B . HIM PDA FAk b353% 7d Y%, MIHEKETR, &2
IR R, DIERCREKE R, &5 BRI LG IR A 2 1x10° A~ mL™ . B, R AE IR
b s A EIFIRIR A, BRI B 1x10° A4y mL ! IR A F BRI (MIX, AR HeElh
2x10° ~mL™) . @K EATRIFRIE TR AR . AU RN, ZAER (D=-207~117 d) K2R
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FHROHL AW, W, PEBCE R AR (D=-230 d) fE RIS . REE 21 NSRBI (1
MR 3 R RAL), IRKFREU SR 75% B2 30 s, i 80N 2% K ERR AN TRIZ L 5 min
PEAT R R, RS HICRK ok 3k, W& . O 1 mL 3 548 A HELN SR T A 10 pL
R A TR, JFLAEAER TR IR (ck)o BAEMEE 3 NER, BIEEME 3 4R
Rl (3 9 NEERAL, 108~126 NRAD). MG S5 RS THIR I, 78 25 C [HEREFR5 POLrE 2
SRR . M 7d )5, @ ARRSOE W ENERER OHLUR RIS DL R BN 15 00
AL, FIF Imaged B4 B A S B O AL AL, TR0 7 R = B AR O A ZUE ) < 100% .
IR, DAL B 2 F T o0 B SR o, 2liAb )5 DAL B P8 R TR SRR, 5 [P B AR IR T HUXT
123 FHEBREIZRRAMELT OBRFLEE. KOG 5B EEEZEFAE PDA AR I 25 °C B
Rige 7d, WA IEFRHE . 769 WL (OLYMPUS BX53) N ML & H bk BT S41E, JF
Wi 7 A A+ K/ . # BENSCH " H ik T B R EwE . @4 FAEWF % . EF-728F(5'-
CATCGAGAAGTTCGAGAAGG-3")/EF-986R (5'-TACTTGAAGGAACCCTTAC-3"). ACT-512F (5-ATGTG
CAAGGCCGGTTTCGC-3")/ACT-512R (5-TACGAGTCCTTCTGGCCCAT-3") 43 Bl 4 1 1k 1) fH 36 42 i
T (tefl) FWLBI R T (act) FoPH B, [RIIF454 ITS rDNA X, (P45 5% 18] B OV 4 88 7224 5% AN
AR H ARG BRA RIHEATINY o IRAS A B AR 91 78 56 [ A= 08 R A5 B o0y (NCBI) 19 GenBank %4 122
(https://www.ncbi.nlm.nih.gov/) HV#EAT FEXT, R ARARLPE S = i 7 91 A S T Ak DL FASTA myA8 R 48, A
KFFHN W 1. LL Cercospora beticola £ R 4N, i FH MEGA 11.0 84X ¢ 5 3547 e xb4& 85, Ff-{di
PhyloSuite v 1.2.3 Hf4%F Rl Bk AL SR K ITS . tefT F act 197 51347 B ALK (ML) F1 DLt SHir 4
Wi (B) R LB WM, B0 R AR A
124 JARAGEHFHWAL B 7 4R 7 mm G5 # EUHERZE PDA EAR P g, HR1E T 5.
10, 15, 20, 25, 30 f1 35 °C MBFFRAT R BB T IR 7 do BEJS R 57238 S A 4 20 R 2 P 7% B
1, JFWEI IR P 75 IR 0 L R TRVERRIE o R AR RN 7 V0 T DR Fh & PDA J5 9738, 58 T4
JEHR OEHR 24 h) . JEREE R OLIRAIRETA 12 h) o B OBIR 0 h) 28 3 FOBIB & TR 74 (28 C),
DA A7 05 J Tl 1 Bl G BB AR . ek, BT UE 43 B3Rl 2 PSA. PDA. SNA. OMA Fl MEA K57 2,
FE 25 C RIS TR 7d, i s ORI YA BAR, i el e R R A K R L . DASR I,
FRIN IR FR I, S P AR IR AR T i (W A S R VE R . FUME . 2 AEME . HEREE . ILAYEE. A
BRI R, RSB R AR eL . A RER . R . HRe . HEmR . &N
Wi N R R MR B B AR RS BR BN . RIS 56 ¥ TCAR JC RURAE X R, 7 28 °C PRI 451 T #5597
7dJE, R FA R R ETE HAR I S RV RHE
1.3 #iEsbiE

K H Excel 2021 1 SPSS 27.0 K {F#E 4748114381 FIH PhyloSuite v1.2.3 #4757 RGE KB W /1. Kl
L BHE A EAbR e R, TR GraphPad Prism 8.0 23],

2 HEREGAH

2.1 BHEERBER

T HIERE KR O BURP B 1E 3 iRl (K] 1A1), BROHSNNEF A RKER, WEBREEREIR (K 1A2).
T IR SR (R I e AT 0 b i A e (1 1B, HegkO Tl ) E B AL 2, Ak 4n e 1k & & (K 1B2), FEERL
AR HBLTR 22
22 ERERFRENSBIME

MGA (D=-207 d) ZMEFIEAE I (D=21 d), REFHERSL IR OHDHITRIRR B, o
E153] 109 k. RIERRAE, X LRI 012550 4 B g, sl kI8 Fusarium . BEA% R
J& . KAE M Zasmidium, (ERFERENRE, AR B R DBE N, Ho B RIS a7
70% LA L, 53 ESHRIALE 20.0% L L, HoAh 3 TR 053 B AR (B 2A~B) i — 203l i JE AR |
PR A KRS DG o B B R E B o SR, il 4 TGZX1, TGZX2, TGZX3.
TGZX4, TGZX5, H, TGZX3 HEMiREm, N 355% (K 20).
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Table 1  Strains and gene sequences used for phylogenetic analysis
Genbank &35
T It R
ITS tefl act

Cercospora beticola CBS 116456* AY840527 AY840494 AY840458
Cladosporium cladosporioides CBS 101367 HM148002 HM148243 HM 148489
Cladosporium cladosporioides CBS 112388* HM148003 HM148244 HM148490
Cladosporium cladosporioides CBS 113738 HM148004 HM148245 HM148491
Cladosporium funiculosum CBS 122129 HM148094 HM148338 HM148583
Cladosporium funiculosum CBS 122128* HM148093 HM148337 HM148582
Cladosporium funiculosum CPC 22247 MF472980 MF473407 MF473830
Cladosporium guizhouense GUCC 401.8* ON334728 ON383470 ON383338
Cladosporium guizhouense GUCC 21227.4 OP852663 OP859048 OP863100

Cladosporium maltirimosum SFC20230103-M51* 0Q186147 0Q185155 0Q185195
Cladosporium maltirimosum SFC20230103-M52 0Q186148 0Q185156 0Q185196
Cladosporium oxysporum CBS 125991* HM148118 HM148362 HM148607
Cladosporium pseudocladosporioides CBS 117134 HM148156 HM148400 HM148645
Cladosporium pseudocladosporioides CBS 125993* HM148158 HM 148402 HM 148647
Cladosporium rectoides CBS 125994* HM148193 HM148438 HM148683
Cladosporium rectoides CBS 126357 HM148194 HM148439 HM148684
Cladosporium scabrellum CBS 126358* HM148195 HM148440 HM 148685
Cladosporium subuliforme CBS 126 500* HM148196 HM148441 HM148686
Cladosporium subuliforme DTO 130-HS8 KP701938 KP701815 KP702060

Cladosporium tenuissimum CBS 125995* HM148197 HM148442 HM 148687
Cladosporium tenuissimum CBS 262.80 HM148201 HM148446 HM148691
Cladosporium tenuissimum CPC 14196 HM148218 HM148463 HM148708
Cladosporium varians CBS 126361 HM148223 HM148469 HM148714
Cladosporium varians CBS 126362* HM148224 HM148470 HM148715
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Field symptoms of the stiff fruits in 7. grandis ‘Merrillii’
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Figure 2 Isolation rate and frequency of fungal genera in 7. grandis ‘Merrillii’ at developmental growth stages

2.3 RIEEMERIENELS R

R W A HIEAR SR (A S 0T, AN IR B A SR v o B R A0 B e i . RERER DI 5 AR
AT E bR (TGZX1-1. TGZX2-1. TGZX3-1. TGZX4-1. TGZX5-1) #ATHUR N & . IRk,
Xof felt B A1) 75 A SR S B b LA TR IR U (8] 3). 4P 7 d )R, B S Fh T K IR T 1] 5 0 SR S RO
WAREIRGE, KR AE 100%; s BE BRI 5 7™ E 8 1) Wb 25 8 T 10 S T RDK A X BRZHL (P<<0.05), R
5 PR AR B E AR RO Y A BUR M. S R R EORE A E 2R, Hd, TGZX1-1, TGZX3-1 #ll
TGZX4-1 [F142 955 BE T FRE 35K T TGZX2-1 (P<<0.05); TGZX3-1 Fll TGZX4-1 [M145 ()55 2 /™ 8 5 1, b 3
# T TGZX2-1 (P<0.05), (HfSHEEMRE, KA SHERNIEARZEM, HpE™HEE &S T
TGZX2-1 Bl (P<<0.05), ELRBEMALE S TGZX2-1 #Hfh LB EZES, H51K T30 80445 0
%, BCRER S ) 002 2 A (e SR RE R A AR B o X6 BB ZE o B SRR e o [ g i o ) BRI A AR
HEAT R4y B35 3R, AT R B A R AR A R, T S8 i T BRI g IE . WL, TGZX1-1.
TGZX2-1, TGZX3-1. TGZX4-1 Fl TGZX5-1 iX 5 FhAl At J& H. 3 34 0 TR R A5 I EL A, RERS 5 | B 2k
O . EHIRIE, 2T EURIIY B FHEZ R A
24 ERERFIEREFNESZELTE

HIE 4 AT TGZX1 Wig REIE, w2220k, WK PhEERKBORRSGE, DEEO6G, FHEH
R RE A, AT, HRR, SH%a, BErsidih, ok, K/ 76.07~121.74 umx3.67~4.93 um
(n=10). 4361758 B i AP . K/ 5.18~8.37 pmx2.68~6.04 pm (n=50), FH°H (6.77£0.22) pmx
(4.46+0.14) pm (5l 4A~C). TGZX2 WK ZIFIE, Wk Ee, SRS, g6, FiHE
RBMA, RMARIPREER, HLmERLR, BT, JHFRE, S%a, Ak, Eois,
I3, KNH 29.70~187.35 umx1.60~4.56 um (n=10), 43E AT B0 R BRI, K/hR 3.01~5.91 umx
2.11~3.79 um (n=50), F-HIN (4.45+0.16) pmx (2.81+0.09) um (&l 4D~F), TGZX3 HiKEIE, 2K,
SAEWZELERMER, FEETHERMNE, Agn6. S4a7a, BRE, Rimista, S50
K6, K/NHK 42.49~166.12 pmx3.11~4.64 um (n=10), 4+AE@FHEETE, K/ H 4.04~7.11 umx3.03~
4.92 um (n=50), F¥IH (5.8420.17) umx (3.95+0.10) um (& 4G~1), TGZX4 HixEHELE, AR, HiK
HiHEREE, A MFEERE, W6, PASRE, Bk, K/ANK 67.18~119.90 pmx
2.82~4.79 um (n=10), 434461 F B9 B sliAr i, K/NR 4.32~8.52 ymx2.49~4.71 um (n=50), “F-3¥ K
(6.29£0.21) pmx (3.770.14) um (& 4J~L). TGZXS5 WE RO, WET HIRB Q. /A0 78 2R
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Figure 3 Symptoms of T. grandis ‘Merrillii’ fruits after inoculation with 5 Cladosporium species and the non-inoculated healthy fruits

B, BEER A, B, K/ 32.50~136.51 pmx1.60~3.54 um (n=10), 43478750 EIE s EIE, K
/NH 4.28~10.48 umx2.41~5.02 um (n=50), F 3N (7.32£0.34) umx (3.85+0.13) um (& 4M~0). = %
BENSCH %" Xf A% 1t J& HL I B SRR I8, #1205 TGZX1. TGZX2. TGZX3. TGZX4. TGZXS5
BT LA
25 BERERFIEREENSTFEVELETE

Ry i — 2 R A e SR R S, 0 ) R 5 PP R LB B TGZX1. TGZX2. TGZX3. TGZX4.
TGZXS5 4% 2 MRARER MR R IE T 200 575 (TS tefl Fl act) 4T RGE KB 5341, LA Cercospora beticola
CBS 116456 1E R #MBf,  F FH 5 RALL SR 125 R DU - 307 46 07 72 A7 AL R A A . Fl 18D S AT 2 8k
TGZX1 X & #k 5 85 X 3 ¥k Cladosporium funiculosum CBS 122128 B 1 — £, H A B & 09 L 5%
(96/1.00); 2 ¥k TGZX2 fLEk 51 H bk C oxysporum CBS 125991 B AE—KL, HA 5 L% (99/1.00);
2 Bk TGZX3 Y &bk SRR RE C guizhouense GUCC 401.8 BAE—4L, BEA K& LH% (97/1.00); 2 B
TGZX4 L wk S5 X BR C tenuissimum CBS 125995 BIE— 4, EH A B & W) L F5%E (98/0.90); 2 ¥k
TGZX5 U FE bk 5 FH R C scabrellum CBS 126358 BAE—K, EA 0 H% (96/1.00). £ b
W, EEREFE G TFHEWHYEE, B 10 Bk Cladosporium fEE R E K 5 MCHF, 43 5100E N C
Suniculosum . C. oxysporum . C. guizhouense. C. tenuissimum Fll C. scabrellum
2.6 AREEKEHN S HIEERERELZEKNZME

1l 6A FT AN : 5 FhRE A6 )8 200 M i A AR ROIR 40 20~25 ¢, Hirf, TGZX1-1 A9 #4218’ AE
20~25 C F A K TGZX2-1 Ml TGZX3-1 B 22 4F 25 C N AE K, ¥ 8 2 & T H iR A
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A TGZXIEVIEAIE. RMHE; B. TGZX1 /3 EAFHE; C. TGZX1/3EMFIEA; D. TGZX2W & LA IE
JTH; E. TGZX24r AEfIFH0; F TGZX24rEfMTFIEA; G TGZX3W W ILAIE. KIH; H. TGZX34r
T, L TGZX33 M IR T TGZXAW I Kill; K. TGZX4%y 417, L. TGZX45 41
FIEA; M. TGZXSH LA IE. KA N. TGZXS/ ATl O. TGZXS/r AT IEA. B TR+
ML E 423499 cm.

M4 HEMEREIZRRAGVEFTER

Figure 4 Morphological identification of the major pathogenic fungi responsible for the stiff fruits in T. grandis ‘Merrillii’

Cercospora beticola CBS 116456*

96/1.00 Cladosporium scabrellum CBS 126358%*

4|7—[TGZX5—1

TGZX5-2

Cladosporium varians CBS 126361*

Cladosporium varians CBS 126362
[Cladosporium rectoides CBS 125994*

Cladosporium rectoides CBS 126357
Cladosporium pseudocladosporioides CBS 117134

Cladosporium pseudocladosporioides CBS 125993*
TGZX1-1
TGZX1-2
96/1.00 (Cladosporium funiculosum CBS 122128*
Cladosporium funiculosum CBS 122129
Cladosporium funiculosum CPC 22247
Cladosporium cladosporioides CBS 112388*
L | Cladosporium cladosporioides CBS 101367
Cladosporium cladosporioides CBS 113738
Cladosporium maltirimosum SFC20230103-M51*
[Cladosporium maltirimosum SFC20230103-M52
Cladosporium guizhouense GUCC 21227.4
97/1.00|* Cladosporium guizhouense GUCC 401.8*
TGZX3-1
TGZX3-2
Cladosporium subuliforme CBS 126500%
Cladosporium subuliforme DTO 130-H8
Cladosporium oxysporum CBS 125991*
TGZX2-1
TGZX2-2
Cladosporium tenuissimum CBS 262.80
Cladosporium tenuissimum CBS 125995*
Cladosporium tenuissimum CPC 14196
TGZX4-1
TGZX4-2

BEASTT R A IR BRI B AL (> 70%)/ UL ST 7 1) 5 46 ME 2. (>0.90) »
RGR B W BIR & Cercospora beticola CBS 116456, + AR E 1 .
B 5 HI0EEBLTITS., tefl. act I BRADI ZEE T

Figure 5 Phylogenetic tree of Cladosporium species based on combined analysis of ITS, tef], and act sequences

98/0.90
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Figure 6 Effects of varying conditions on the mycelial growth of 5 pathogenic Cladosporium

(P<<0.05); TGZX4-1F1 TGZX5-1 BB 22 MTE 20 °C F A=K fete, 4% 35 T HAME B A B (P<<0.05).
WIEARFDEIR AT 5 ME 24 K2R (K 6B), MK Eal4rh 3 kA, DTGZX1-1 Fl TGZX2-1 K
SRR, HE 224 KAZOEIEEN ;. @TGZX3-1 Fl TGZX5-1 LR, HE 221w 8 OB
G 25 12 hy FI 4 B OG0 h) 500 T AR KBS B 3% & T 206 I OB IR 24 h) &4 (P<0.05);
BTGZXA-1 FF=hg ROER, HEFE 272 RBE OG0 h) 4&0F FAERKEREM (P<0.05). 5 FPEHRE MR 37
B BB, (HIE RIS B SR A 22 5 (8] 6C), P, TGZX1-1 1l TGZX5-1 ff i 55 F5 5 45
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PDA }5 i3k, HE 2248 K i 2 BT Hh B 33 38 (P<<0.05); TGZX2-1 Fil TGZX3-1 43 5 1E OMA Fl
MEA $5 F2 3k b AR Kl ff, H B 200 T HAB S F- 3 s TGZX4-1 X 35 F5 B i 3& B4, 78 PDA,
MEA 1 OMA }; 73k F¥AERK RIF, HIXBEES . NEEMIEmE R DR 255, (B ZEHME
PR LB R 0 BAFRTE (] 6D), Hiib, TGZX1-1 Fl TGZX3-1 B 228 K W Fad B IR 43 ) A Al i e
M RN, HLBA 22 KR Y 3 i T AR R IR 2 (P<<0.05); TGZX2-1 76 HEREE . 2 ZF A
B2 FPRIR A K R A5 TGZX4-1 Al TGZXS-1 ¥1E 2 2R R ag b 95 2 HE K, R TH
Tl IR 35 77 2 (P<<0.05). JRER 2 5 PRIEPR MY RAFAR (6E), Hrf, TGZX1-1. TGZX3-1. TGZX4-
1 Fl TGZX5-1 1y fe 3k AU IR X Ry I 2 1 e, b 3500 T HC Al /U UG 37 B (P<<0.05). 5 HAB& bk AN TA]
TGZX2-1 FETRRIEIG IR P ARG B0 5 & R R 5 R A0 2, R R i R R R AR
3 ik

S 3 SR T S U R & B & AR AR AR 45 R R . NG AR I & 1 2R R i 1
(D=-207~21d), BAEBIHLREFMYIRI P MIHWEE. TR fEEEAEFE, HRaMEEs
ERCHARL, MELLARHE, E TG0 T E Y T B BRI AR RN AR LT act I tef1 F
WiFytg 2 RN RE EEWN, Sl SMEf)E B, GG RE M TGZX1-1. Rk 1 18
TGZX2-1. FMEAME TGZX3-1. WA TGZX4-1 MKE R Ml B TGZX5-1. Hoh, StINA R
TGZX3-1 W5 B i o DHFRERW] . X 5 R s ST R 2 Ay, flan, RAEEHERE RS E
BRML Capsicum annuum W FIS SR EE & B S JEIA/RZE Prunus nepalensis WEBEEE 5 SN A 76 P 7] 5
W B Eucommia ulmoides %) F & 55 Ji§ 2 P15 W 4 KE #0185 5 Bk Hydrangea macrophylla 4% W B 95 12
FIE L Physalis pruinosa SEBEE™ MG s TORERE A B AT 5 1SS E 1 Morchella importuna ¥~ SR JE 12124,
FHEBR AN AL T, A5 R B R R e Bos k. 45 Won . 5 2ekifil ) SRR MR SR G ik
PRI 75 R AR O R A . Horb, 38R 5 R BRI A 761 U 1Y A HE RO 2 I ) I e i v Ak i
R, SRR B B O A IR AR L, KPR SRS h 2R e B SR Y B ARk &k
M. EEKMEEMT, BT AMEREFEI, ©Eor s 2 M 3 WE GER AR . Jk) s A
Zasmidium), TR . XLCRJE R R A BORYE, WEEH L8 B A. alternata 1 A. arborescens W] 5| L
MG Citrus 75 F 5 RAGR T Fusarium oxysporum TS 0 H 2 5 BUEMk Juglans regia T R IEPY 5
Z. mangiferae WHES | &5 Mangifera indica WHRY" . A AR T 55995 It BaASE £ Jag X 5 AHEER 00 1Y)
ok, RSN T I R R B 2 R A A D R EAESE R

e £t EL B i T 55 P AR U AR, At F AR e TR A 01 AR R A R R . BAE
TESRIEROGR I N EBER OB AR AL, BFh KR WA BURAE, RUPRFIFAERINTR A, 1A HIF
WA TIAMIRR . TR SRR, A HEMEER AL A 2RO RIBRFLERER 1T 2 2 AR R (R Y, S 30 Ek A
wfk . AR FITED (AR R AR, AR T NG A AR R RO o B R AR R (R )m) SO
fhH WL T8 (AR R Zasmidium), 5% 780 76 HEMERR A6 23 25 th 0 TR = BEAR AL, SR IIAEI AT
AR —PEEWILFER YA D, OHERALERER , B8 ] AR R BR0 A2 SR SR R R e () DB 0, 445
AR O EA TR . SR A RRAE, A AR TR A AR SR 02 YL B T RE 4R T4, &R0
PSR ORI, HL2 ARG ER SRR . X 53R DAL, SR R e L R e &l
Ak, B S T St SO EE 1 (GFP) Fnic AR IESEAE A SZ Ry i 21 R it Trichothecium roseum 179443
FECERE IR AL o AHFSE O IR SEA L 8 AR I 22 G2 R SRR S A e TR ARG R T, XA — 2
BE TR R R Y B A . RS v 45 SO hRIC R — 2 AR EAR R e S TR A

TR G REORI SR 23 S5 PR A5 10 X0 B T AR e R A B ') T I A 2 ) 2 R P X TR R
o i TR B0 L B DGR P, AR R . S L TR R R o R AR R ) 25 5o AN, SRAELAS A TR
PR 22 B i3l AR IR S 20~25 CUY, 1T AR 20 R 6 TR A 22 B35 B AR IR S 20 CP, ARFSR A5 R 5 2 M
5, 5 PR TR T 2 A 3E B KRSl 20~25 €, 3—5 ASIRAIPGE T (12.8~22.4 °C) WA R KL
60 J@ 0 FE PR AL T IS B A IR EE IR . BLAh, ST R BB IEXT TGZX1-1 il TGZX2-1 W 224 K JC i & 5%
Wi, A 3 MR (TGZX3-1. TGZXS5-1 Fll TGZXA-1) 7526 IR HI B 5% 1 T B 22 4= KAl T4t IR
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M, R S FATEIE BRI REAE BRSSO T IEW A, X A HERR L A 4L SR 3 Bk R B B 1
RO CRRIOR S = BE 32, 2D R T R s 7ETE E RN R s 3.

i 5 R 2R A5 5 0 S 5 M D D P 22 A KRR R B 7 I DGR R 2R 00 IR 3B - Rt AS 0 7T 7 22
A K B R BRI EUR A O I AL AN 2R 8, DL V8 IRy R B 2 ol B A KA B 32 3090, eabh,
T8 IR AT A0 TR AT 22 A K 1 o 3 ik VR Ay R 2 A R, 5l RO KT T4 R A AR mir ARG
. At LR EAT T B B K Ak G T FIAE ) 200 RELRE R ity , RT3 a0 e /K Ak B 0 1Y B AR o g
JI0A, T HEMEBRAE B S IR AL AN A T 0 TE R R AR SR K AL A Y AR A R B
TGZX1-1, TGZX2-1, TGZX3-1. TGZX4-1 Fl TGZX5-1 f i e I5 20 W al v vEveE ks . H i, w4
Wi FEZERERNE ZEME, 1T S PRI E R A s AR N R LR, R EAHELD R R 2Un] AR
BRI FE R IR, DT i AR Y B B

T B HEMEBR AL AR R A BRALAE M 1 5 2 A SRR g, BRI, RRRHE SR R B G O HiRS
R, AR T VEAS AR 23S TR R B X A 7 IR B 1 A B TR R AR AR I OB HE B PR . Ak, R
DTS EL7E SRR A R A, AT i@ A A BY DB KA .

4 Hip

7| A AR SR T B I A SR T, AR AR T . AR . SUNBHL R . B R
FIHORE AT FURRT 5 X SEA TR 0BT A9 Bl LA IR 20~25 °C, BERSTERRIG 25 0F T A, ENTR LR
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