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TSI F s 1 R . RAE CHRPFR
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Table 1 Primers for molecular identification
HIEER 54k JF51(5' to 3') AL H R Bk SR
Gene Primers Sequences Base number  Size of target gene fragment/bp  Reference
ITS1 TCC GTA GGT GAA CCT GCG G 19
ITS 500 [19]
ITS4 TCC TCC GCT TAT TGA TAT GC 20
T AAC ATG CGT GAG ATT GTA AGT 21
tub2 700 [20]
B-tub2 TGGATGTTGTTG GGA A 16
GDF GCC GTC AAC GAC CCC TTC ATT GA 23
GAPDH 200 [21]
GDR GGG TGG AGT CGT ACT TGA GCA TGT 24
ApF2 ACC CCG CCC CAT GAA CAAGTG 21
ApMat 800 [14]
ApF6 CTA GAC CGG CCC GAT CAA GAC CAA AGA AG 29
F2 UEMEYREFREXREGE
Table 2 Chemical fungicides, biological fungicides and relevant concentrations
PR 257 R AR WEERARE
Fungicides Formulation Manufacturer Concentration/(ug-mL™")
AR 0 o T e
batt 80%WP Bl e RNV R A BRTTE A A 20. 40, 80. 160. 320
R R o =
thiophanate-methyl 50%WP VU1 SR B AT PR 2 ] 25, 50. 75. 150. 300
A== N il T BRI A T A ST A
Chemical fungicides chlorothalonil 40%SC A St A LA et 15, 30, 60. 120, 240
s o -
T S . 15%WP VY )1 SR BB AT BR 2 ] 5.6. 11, 23, 45, 90
A 46%WG R AR A PR 5T A 7 200. 400. 800. 1600. 3200
copper hydroxide ° ' s N A N >
Wk T 1%EW P R R A A 375, 7.5, 15. 30. 60
AR S| S 2 o N
zhongshengmycin 3%WP RN G5 AR A R A 0.75. 1.5, 3. 7.5, 15
A A FBE AL 1
Biological fungicide kasugamycin 6%WP Nz e LA 125, 250, 500, 1000, 2000
LHHE P -
polyoxins 10%WP PR AR 2R A BR A W) 6.25. 12.5. 25. 50. 80
te?aﬁiin 0.3%AS TR A ) TRR A B A =) 5.625. 11.25. 22.5. 45, 90

e WPATEMER I, SCHEIZHN, WGHAHKAHURHA, EWARKILF, ASHAKH
Notes: WP is a wettable powder, SC is a suspension agent, WG is a water dispersible granule, EW is a water emulsion, and AS is a water

agent
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1.2 BERENSBESHEL TR . SR BCE 75% S PDA H 3%

A BARGER A ERE 5 EYTF 3 mm x 5 mm
It RS AT, MRIKH 75% 1 Z IR 30 s
5% YA 3 min, JCR/KFYE 3K, TETLHUE
Y RBRAKSr, BJa Bt i REA R A T S
PEBUIE B 2 3 (PDA) Lo B2 B )5 1Y o R 7
25 C, BRGAMF TR 3~5d, WETELR,
alifb S IR E R 2 o
1.3 FEENBHEENE

KPR IR XA R B ME ZT-1 SEA T80
SE, AR RIREEAE, B RIRE & o A T
SrEaifl, SRR FENSFEY S RE A5
— AT SRR, WSS ORI
1.3.1  BARet R A OSSR K
SIFRBIA, K EARZ K 5 mm & DERITC BT B
Sy EERN R RPN, O b R 6 2 S A
B, EE 3R, RS RERTE ARRET, fREE
FH XTI B 7E 80%~ 90%, WLEE 0 5% H k0 1

‘{RAO
1.3.2 FhHARERN BUEREMEREEK, 27T
WA G, K &H 55%H M 1.0 x 107

CFU-mL™" {7277 FH T W R SRk & i
MU, A R 100 ul e R A T BT
W, EEIW, BEAREEE TEIRESE, U
it 55% H i i fa FRAB MRAE o I, RS IE i
SRR
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PRItk ZT-1 A1 ZT-5 () DNA JEfHREL, (15 149 1TS/
ITS4, T1/B-tub2, GDF/GDR. ApF2/ApF6 %
ZT-1 1 ZT-5 4 B W5 K e s [ B X )5 51 ( rDNA-
ITS). B #E 1 ( beta-tubulin ), il 3-8
W Wi 4% ®§ ( glyceraldehyde-3-phosphate
dehydrogenase ) . it 1 & 1 28 Bt % ( Apn2-
Mat1-2 intergenic spacer and partial mating-type
protein ) FEHMEITY 1 . PCR 448 st 1A R ¥4
40 pL, H v 2 x Tag Master Mix 20 uyL. 10
umol-L™" F #5414 1.6 yL. DNA #5ki 3.2 uL,
ddH,O %h /&£ % 40 yL, PCR i 3. 4
WS4 1% M BAEEERHL KA, #5530 pL 2
NEAEAE A T AR TR (R ) Bedn A BR2A w]
HEAT I T, KD B A5 45 S GE i NCBIE AT
Blast [t %}, 7F PhyloSuite k{4 rh & I8 ITS-tub2-
GAPDH-ApMat i /5 HR K, 38 8 MEGA11.0 #f4:
M RRISRE: (Maximum likelihood ) #4# R4 &k
HA, EEERE 1000 K, EWITHTIERS

sk 4.
1.5 BELAERKEZRNE
IAFRIRGFREE R OLME . pH. BRI, &

WoAAS R, AR 5 mm B PR TR 3R
FFH (9em) Ay, B TRRAAPESR, O
FEARSG IR AR RHR B bR ZT-1 B 22 A KR Y

#*3 EFEPCRYMERNER
Table 3 Parameter for genes PCR reaction procedure

HEH TR P 1l B /1 (] AV B2/ 8] B K E /I TR) S £ /I [F)
Gene Initial denaturation temperature/time Denaturation temperature/time  Annealing temperature/time Extension temperature/time
94 C/45 s 54 °C/45 s 72 °C/1 min
ITS 94 °C/5 min 72 °C/10 min
357
94 C/45 s 60 C/45 s 72 °C/1 min
tub2 94 °C/5 min 72 °C/10 min
RISTIEAN
95 C/45 s 60 C/45 s 72 °C/1 min
GAPDH 95 °C/5 min 72 °C/10 min
387HI
95 C/45 s 55 C/45 s 72 °C/80 s
ApMat 95 C/5 min 72 °C/8 min

387
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Table 4 GenBank accession numbers used in the phylogenetic tree
GenBank &5/
g4 B S GenBank accessions number 57 30Kk
Species Strain no. Reference
ITS tub2 GAPDH ApMat

Colletotrichum gloeosporioides ZT-1% OP132776.1 OP161545.1 OP161546.1 OP800268.1 —
Colletotrichum gloeosporioides ZT-5% OP787951.1 0OP800272.1 0OP800271.1 0OP800269.1 —
Colletotrichum camelliae LC2944/LF152 KJ955090.1 KJ955239.1 KJ954791.1 KJ954506.1 [14]
Colletotrichum clidemiae ICMP 18658* JX010265.1 JX010438.1 JX009989.1 KC888929.1 [23]
Colletotrichum psidii Igf/lsp 11"551'2% JX010219.1  JX0104431  JX009967.1  KC888931.1 [10]
Colletotrichum wuxiense JS1A32 KU251591.1  KU252200.1  KU252045.1  KU251722.1 [24]
Colletotrichum wuxiense JS1A44 KU251592.1 KU252201.1 KU252046.1 KU251726.1 [24]
Colletotrichum kahawae IMI 363578* FJ972607.1 FJ907447.1 FJ972584.1 JQ899281.1 [25]
Colletotrichum camelliae (cont.) LC3100/LF308 KJ955120.1 KJ955268.1 KJ954821.1 KJ954535.1 [14]
Colletotrichum camelliae (cont.) LC3101/LF309 KJ955121.1 KJ955269.1 KJ954822.1 KJ954536.1 [14]
Colletotrichum henanense LF24/L.C2820 KM610182.1 KM610184.1 KM610178.1 KM610174.1 [14]
Colletotrichum henanense LF25/L.C2821 KM610183.1 KM610185.1  KM610179.1  KM610175.1 [14]
Colletotrichum cordylinicola LC0886/ICMP 18579* JX010226.1 JX010440.1 JX009975.1 JQ899274.1 [26]
Colletotrichum aotearoa ICMP 18532* JX010205.1 JX010420.1 JX010005.1 KC888930.1 [10]
Colletotrichum ti ICMP 4832* JX010269.1 JX010442.1 JX009952.1 KM360146.1 [10]
Colletotrichum queenslandicum ICMP 1778* JX010276.1 JX010414.1 JX009934.1 KC888928.1 [10]
Colletotrichum henanense CGMCC 3.17354/LC3030* KJ955257 .1 KJ955257.1 KJ954810.1 KJ954524 1 [14]
Colletotrichum alatae ICMP 17919/CBS 304.67* JX010190.1 JX010383.1 JX009990.1 KC888932.1 [27]
Colletotrichum siamense LC0148 KJ955078.1 KJ955227 .1 KJ954779.1 KJ954494.1 [14]
Colletotrichum gloeosporioides LF916 KJ955226.1 KJ955371.1 KJ954927.1 KJ954629.1 [14]
Colletotrichum gloeosporioides LF604 KJ955176.1 KJ955323.1 KJ954877.1 KJ954584.1 [14]
Colletotrichum salsolae ICMP 19051* JX010242.1 JX010403.1 JX009916.1 KC888925.1 [10]
Colletotrichum aeschynomenes  ICMP 17673/ATCC 201874  JX010176.1 JX010392.1 JX009930.1 KM360145.1 [10]
Colletotrichum musae CBS 116870/ICMP 19119*  JX010146.1 JQ005861.1 JX010050.1 KC888926.1 [28]
Colletotrichum aenigma ICMP 18608* JX010244.1 JX010389.1 JX010044.1 KM360143.1 [10]

Colletotrichum chrysophilum AFK22 MN625456.1  MN622866.1  MN632505.1 MN622875.1 —

Colletotrichum chrysophilum CMM4268 KX094252.1 KX094285.1 KX094183.1 KX094325.1 —
Colletotrichum grossum INIFAT 4145 MG812307.1 MG826118.1 MG826116.1 MG826119.1 [29]
Colletotrichum asianum GM595/MTCC 11680* JQ894679.1 JQ894601.1 JQ894623.1 JQ894554.1 [26]
Colletotrichum tainanense CPC:30245* MH728818.1  MH846558.1  MH728823.1 MH728836.1 [30]
Colletotrichum conoides ANWA14 MZ496950.1 MZ504788.1 — OM001011.1 [31]
Colletotrichum asianum CBS130418/ICMP 18580* FJ972612.1 JX010406.1 JX010053.1 FR718814.1 [10]
Colletotrichum arecicola cb7 MW561339.1 MW557477.1  MW557459.1 MW557495.1 [32]
Colletotrichum arecicola ch8 MW561340.1 MW557478.1 MW557460.1 MW557496.1 [32]
Colletotrichum rhexiae CBS 133132* JX145157 1 JX145209.1 — JX145302.1 [15]
Colletotrichum rhexiae CBS 133134* JX145128.1 JX145179.1 — JX145290.1 [15]
Monilochaetes infuscans CBS 869.96* JQ005780.1 JQ005864.1 JX546612.1 — [33]

VE AR, AR BN kORI R, RIS H IR, R TES SR T i 8
Note: “*” is the model strain, bold characters and “%” are the test strains, and the rest are reference strains, “—” represents no reference or

absence of the gene.
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Iy E 10, 15, 20, 25, 28, 30, 37 C
L7 AR PR SR I e 7 SR R
FeH (OMA) . EKTERK B £ E (CMA) .,
KGRI (Czapek ), L84 M TG 55 77 5
(PSA) . S E 4w iR =& (PDA);
1 mol-L™" ) NaCl i1 1 mol - L™ ) NaOH &5
pH {4} 5.0, 6.0, 7.0, 8.0, 9.01L 5 EhfE; Sk
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HE/M2 h 2AG ) 3 NAbEE; B FCRT IR 56 b 1 e
FH S5 B B 1 7 vE 0 R T VS R A L R . FL
WE . ZE2E0E, WA RIBRIERT SR, DO S IRIERE
FRIEAE It B B LR R I T A RS AR FH 5 R
BRI R R . HEIR . 20K . BiliRE, Ha
ARIFIERE SR, DA RIS SR 3 AT R

BRI P BR AR 224 K g s, Hay
&MY 25 €. RS E (12 h B/
12 h &1 )5 BRAS [R5 35 56 A U5 T 22 4 K
g g, A IR L0 PDA Bigedt, ik
B RN T R B AR YN 5 mm, A B E R
3. M 5 d FF4h ULEE S 7% 3 v i V8 10 A KA
B, SR A8 SR R R B, EHED
PR 9 em KF FR L 45 o, e BB 22 A Kl
K= (AFHETE HAR-5/2 x JFiFERE) % 100% it
FHTE 2 A K # %, FI A Excel 2014 Fil spass
27.0 7. AbPREE
1.6 HIXRXEFFHNERNSZSHAE

SR FH PR 22 1 R 53R 0 5 A ) 2% TR 5700 % 5 A i
JECIR R S PR AT SR o S FHJC R KCKS 45 24 770 B
BCARR, P TR K 4% 3% 3 B/ vk B e il g 5 A4~
VREERLEE , AR N 5 mm HUIEA S 23T
B (9em) hok, LIS JCH KN PDA K723k
X R, BV B B R PR A 415 3R E K
25 CHIRGAM TR 3d )5, M7 ke
I RS T YRR EAS, e TR UE A K Im R
(%) = (XFHRBRVE HAR-Ab PH BV AR RV A
#%-5) x 100% FHEAMEZ,

FIH Excel 2014 F1 SPSS 27.0 #4347 504
ARBE ., DA% AR BRI R O RO R A AR (x ),
R LRE AR (y), SR &R
R 1 JEL TR AR 19 B 7 [ 05 D7 AR L A R o R
(ECso fH ) FIMHICREL (r?), ECgo /N, FH

TR PR e R EL G Bl R Ve, 28
Ty, M. MOCREL P RN AR 255
e 22 [A] S IEAH G PR A 3 DI o

2 SR 557

21 HFEYKNSBLER

AHFFE AL 43 B 18 A1 3R AR ) B T 7%
14 %52 i pcJE & ( Colletotrichum spp. ) B A,
ZEORHENE, R ZT-1 BUK R, DL
PR ZT-1 ST TR 22 A R I e A 9 3 0 D 1Y)
W%, FUREERIRR ZT-1 F1 ZT-5 JH T3NS 0T

R IR R R e F AR, 5 I )
PR, HEZWRFEN 20%~ 35%, Wk 1E 15 HrE
20~25, KRR B R GBS, B
SR/NEH 1~2 mm, KRR N YT
111 Fl - AN I 5548 €, 5l AR (L IR LB A1 (181 1A,
1B).

2.2 ERMENE

221 BB R R EFEYE S d)E
TR L, BRI A, e BE K/ 5~
6 mm, Il $%F PDA 355 B () — il 45 2 B A 4
(K1),

222 EAGHAREA  (ERBERRIR LR 3 d
J&, e R A SR R EE (1K),
7 d JE M AT R R BE, i AR R R R K
(L),

AR AR QIR ], X g 6 4 40 I ik 1
FOYES . b, /B YIE SRR S R
PR—3, 7EJCIH PDA 53R Lt v v A 4 B8
FIFSCEGRE, FIL, #E ZT-1 Wik EE M
i IX AR I BN 114 2500 T
23 REEMNLEE
231 WmARE Wk ZT-1 A1 ZT-5 iy ks stk
FAAMFE, 7F PDA R IR FH9% 3 d WV e
MRS (FAE), KA, 7dEREE R
RGO (FAF), R RS T
S THENFLZSR (K 1G), K/ME0.2~0.8 mm,
P FHEHJCR LR E R T, 78 Bl © WS EH
IR (FAH) MRS (ED), TR
/WA 0.24~0.56 mm, KIEEH . Tk, K/
7 (128.3~167.6) ym x (2.8~3.6) ym, 4rA4:f1F
oo 1 1 AN R A I3 5 o g R YA - €8 0}
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TE: A-B: HIERFAER; C: JrAfilF; D: M&NM; E-F: PDARIRK LIAHKIES (E: ¥53:3d; F: ¥H7d); G: #TH; H: HEMT
B 1 W J-Le BURMEIE (J: EUHER 5 d R0 ek Ke (@R RBRIRIRALTRATIR 3 d JRAERRIT FAEIRs L (A BRIR IR 55% Tl
XFHR )

Notes: A-B: Symptoms in the field; C: Conidia; D: Appressoria; E-F: Colony morphology on PDA medium (E: culture 3 d; F: culture 7 d); G:
Conidiomata; H: Conidiophores; I: Setae; J-L: Pathogenicity test (J: Healthy plants inoculation with 5 mm mycelium block after 5 days; K: Healthy

plants brushed with conidial suspension after 3 days; L: Healthy plants brushed with 55% glycerol as control)

B 1 FEMHBRRHERIREREESERFERERENE

Fig. 1

(E1C), M HAFK/NN (9.7~18.6) ym x
(4.2~6.0) ym, FMEMKFER (B 1D), KR/ANH
(3.8~6.5) ym x (4.0~5.2) um, )4 %5 B
R, (AEAR AT — e

232 ST EAFHAREL HERLSREMEE
PRI 2 BRSBTS SR SNk 4, 23
RS R R ZT-1 F1 ZT-5 5 Colletotrichum
gloeosporioides RIE—37, FFPR N 100%, Hl
JF 45 F4R 42 2 NCBI/GenBank #K 13 &35, 454
WAL AR, 5 R IT I DX A - B s i 7T
Y E NI RIE R ( C. gloeosporioides ).

24 BELAEKERNE

241 BEMHLAKNHm  C. gloeosporioides
TE 20 °C I MK ZENS, 25~30 C &M TRzt
K, 28 CHi3% 5 dJnwiTk H 12k 78.33
mm, 37 C B4 KB 22 TI6E, W%
HARA 25.67 mm, £ 15 C LIF & 37 C L
¥Rt E 22K (8 3A),

2.4.2 3pdotE A ke¥a  C. gloeosporioides

Symptoms of C. camphora leaf spot disease, and pathogen culture characteristics and pathogenicity test

£ PDA Bi3R 3t A K, 25 °C $53% 5 d J5 T4
H A1k 80.55 mm, HK & Czapek., OMA 1737
5. CMA B 7R, HIBRYJE PSA B3R, WIVE A
A 51.83 mm (£ 3B).

243 pHT®H2LAKF A C. gloeosporioides
£ pH=6.0 B 5 e ik, 5% 68.33 mm, 4
pH 1 6.0 F i I 7% 9.0 if, B v& 4= K 32 240
i, pH=9.0 W% E A2 X4 56.00 mm, it
BSSRRIESRIFA R TR 2R, MissmrE s -m

il 2294 K (&1 3C).
244 RBEETR2AEKNFA  C. gloeosporioides

FEARFDCRANE N 22 7, BRI A N2
KAGfet, WigEA N 61.33 mm, HIREERR
B, maetE A K &g (K 3D),

245 mmBHLEKGF® C. gloeosporioides
TES A MAE RS R A KR, Wy ]
ik 70.67 mm, HUGEE M. A IREK . TATERE
¥, mEREIM, W% HREINA 49.67 mm
(& 3E)s
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1

97, Colletotrichumcamelliae (cont.) LC3100/LF308
99|l Colletotrichumcamelliae (cont.) LC3101/LF309
70 Colletotrichumcamelliae LC2944/LF152
68 Colletotrichumclidemiae 1CMP 18658
Colletotrichumpsidii CBS 145.29/ICMP 19120
9981 Colletotrichumkahawae [IMI 363578
94| | Colletotrichumwuxiense JS1A32
58 99' Colletotrichumwuxiense JS1A44
00 Colletotrichumcordylinicola LC0886/ICMP 18579

100

100
72

Colletotrichumaotearoa 1CMP 18532

—— Colletotrichumti 1CMP 4832
Colletotrichumhenanense CGMCC 3.17354/LC3030
Colletotrichumhenanense LF24/LC2820
Colletotrichumhenanense LF25/LC2821

100 79

—

54
100
83
8
7

Colletotrichumalatae ICMP 17919/CBS 304.67

ZT-1

ZT-5
Colletotrichumgloeosporioides LF916
Colletotrichumgloeosporioides LF604
Colletotrichumsiamense LC0148

Colletotrichumsalsolae ICMP 19051
Colletotrichumqueenslandicum ICMP 1778
Colletotrichumaeschynomenes ICMP 17673/ATCC 201874
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Identification of the Pathogen Causing Leaf Spot of
Cinnamomum camphora, Mycelial Growth Rate, and Its
Fungicide Selection

MA Wan-Ii', LIU Lu®, TANG Zi-xuan', LIU Zhuo',
ZHONG Ji-zhi', YIN Fu-giang'?, LIU Ming'?

(1. Chongqing Three Gorges University, College of Biological and Food Engineering, Wanzhou, Chongqging, 404120, China;
2. The Chongqing Engineering Laboratory for Green Cultivation and deep processing of the Three Gorges Reservoir Area’s
Medicinal Herbs, Wanzhou, Chongging, 404120, China; 3. Chongqging Three Gorges Vocational College, College of
Agriculture and Forestry Science and Technology, Wanzhou, Chongging, 404155, China)

Abstract: [Objective] To Identify the pathogen causing leaf spot of Cinnamomum camphora in Wanzhou
District, clarify the characteristics of mycelium growth, and select fungicides that effectively inhibit the
pathogen for providing a theoretical basis for prevention and control of leaf spot disease. [Method] The
pathogen was isolated and purified by the tissue separation method, and the pathogenicity was tested by
Koch's method. Pathogens were identified based on morphological characteristics and multilogues phylo-
genetic analysis combined with ITS, tub2, GAPDH, and ApMat genes; The hyphae growth rate method
was used to study the characteristics of mycelium growth, and the fungicides were selected. [Result] The
isolated strains were grayish and the edge was white when the mycelium was cultured on PDA medium for
3 days. The orange conidiomata appeared in the late. The conidia were long oval, blunt round at both
ends, transparent and colorless were independent cells. The measured spore size was (9.8~18.6) um x
(4.2~6.0) um; Pathogenicity of strain ZT-1 was tested by two methods, both of which could cause the leaf
spot disease of C. camphora leaves; The representative strains ZT-1 and ZT-5 clustered with Colleto-
trichum gloeosporioides, and the reliability was 100%; The optimum growth temperature of the pathogen
was 28 C; The optimum pH value was 6.0; Potato Dextrose Agar medium was beneficial to mycelial
growth; The optimum carbon and nitrogen sources were glucose and glycine; The optimum lighting condi-
tion was total darkness. Among the chemical and biological fungicides, 15% triadimefon WP and 1% os-
thol EW were highly toxic and the inhibition effect of C. gloeosporioides was obvious. Their EC5, values
were less than 10 pg-mL™". [Conclusion] C. gloeosporioides is the pathogen causing anthracnose on C.
camphora in Wanzhou District and 15% triadimefon WP can be used as a fungicide for control.

Keywords: Cinnamomum camphora (L.) presl; Leaf spot; Pathogen identification; Colletotrichum
gloeosporioides; Growth rate of mycelium; Fungicide screening
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