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Abstract: In order to clarify the species and biological characteristics of the pathogen of blueberry leaf
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spot, the pathogen was isolated and purified by tissue isolation method and single spore isolation method.
The pathogen was identified by morphological characteristics and polygenic joint sequence analysis. The
pathogenicity was determined by leaf smear inoculation method, and its biological characteristics were
studied in the laboratory. The results showed that three strains of pathogen with the same morphological
characteristics were isolated from the diseased blueberry leaves. The LC-1 strain had dark brown colonies
and white to light reddish brown hyphae. The macroconidiophore was colorless and transparent in a length
of 303~410 pm, with 2~4 bottle stems produced at the end of the branch. Vesicles were rod-shaped with
a size of (12~30) pm X (2~5) pm. The macroconidium were colorless, transparent, cylindrical, and
semicircular at both ends, with a size of (48~82) pm X (4~7) pum. The genes of Act, H3, EF-la and
B-tub were used to construct the phylogenetic tree. The results showed that the tested strain .LC-1 and Ca-
lonectria colhounii were clustered in the same branch. Blueberry leaves inoculated with strain LLC-1 showed
typical leaf spot symptoms. According to the morphological characteristics and phylogenetic analysis, the
pathogen was identified as Ca. colhounii. The results of biological characteristics showed that the opti-
mum growth temperature of Ca. colhounii mycelium was 25 °C, and the optimum pH was 7. The Ca.
colhounii strain had the best utilization for soluble starch, and the optimum nitrogen source for Ca. col-
hounii mycelial growth was glycine.
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W5 (Vaccinium) A FEEGHEFL (Ericaceae) i J& (Vaccinium) i FFETIAHY) . L4 W3 F . JEH 241171
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BE N E RN E Z —, R AR AR E IR A KM, R e B A 23 3 R S
F, HWMERNTEMEE. EAMGE R RR R B BRI, B Septoria albopunctata T8 M7 EF
R, LUK Gloeos porium minus SR M AIHRL , TATE S MEAEZE WD, E T BEARS L= 0. [ 4 5 45
I35 S 14 I SR A M R — . A AR S R LT 4 R e DX B AL L ) W R A A% B R AT
JEAT B, B & AR JH I (Colletotrichum acutatum) FUE A 5 JH W (Colletotrichum gloeos pori-
oides) B A RY Bl R HGE 2 Fa W AR M BERG  Z Rh 15%0 ~20% . U R Rk 75% L B,
FOIs I A AR BEAR L T8 (Alternaria tenuissima). 5t B R M 6 V1B 15 26 b A b % A= 1 M B9 . 28
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carpicola) Je: 5T VG B WS A B (0000 B B, P I SO R, Ly AR B W R R R 3 M TR 0 i A
BRI 975 LB R AR AL 48 22 A (Pestalotiopsis clavispora). Wit M0 3 a0 GE R A LR &, SN R Fh
KR, HOWH AL N WA A SL A i d a5, o1 2 98 s
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SE I T A i A e D A A O M TR I T S D T R AR A R L O R R I B Y K AR AT A



50 B HEKFFHRCA R FR) http://xbbjb. swu. edu. cn % 44 K

FEBE T 23R 5 B i 4 I B e 4k 3

1 MR5AF®
1.1 &7

2019 4 8 HAE =l IR WE A5 P 1 B BL M R FE AW R AR . A7 M1 SE 30 301 T 4 CUKFEORAE . I BRAE i %
SO PRI 2 U T FH R R AR B SR A,

1.2 A&
1.2.1 BEE-THBARRAANSBLEBEFERL

e U AT B ARLRE IR (9 8 AR i, SR A 214 B ik MO (58 FLAR VDB 5 mm X5 mm M0, 7E 75%
LR 3~5 s, SRIGE T 0. 1% TR W 1~2 min, JITCEE/KMBE 3 U, B Ho42 b 28 I 40 8 25 b B
JI§ (potato dextrose agar, PDA) M F3E b, BT 25 CHIREFMA TR S d, SEKBLE N0 EH
PRI ISR, T d SR PRI 22 B A, B B Ay AR AT e A S, TSR K EC R S 1< 10° A4S/ mL Y il T
BUF W B R R 110" A5 F MRS, M 0.1 mL LT BRI SR AR 1E 4 Y iR K B M s 3R
F b, B EEFREYIN 0.4 em X0, 4 em 1Y/NEE, BASBERG G BRI A BN S AR 16T I BIE B T T Y PDA
Tt b, 25 CAPETF 3R, LR E PDA AHmiEE IR b, 4 CHRAZEH.

I3 JEL B O JE 25 2 S 5 2 I Lombard 257 (07 4 . PRI 22 B T 4 28 71 B3R (malt extract agar, MEA)
RigRdk I, F 25 CHi3 7 d, MR TEFRE. PRIGH 228 T &H AT iRt I, F 25 CHAMF TR, fF
FEALIE Tl W LSS A A 0 A S B AR, BEALEER 20 Sar AR AT, WERHIEES | MRS, T
AT K.

1.2.2 BETHRBRBRRAGS TADFER

P WA A T TR ) B AT BR S A A L 2k I 41 DNA 2 GRS 42 4 7 i 3R BUH vk DNAL 2
M8 Carbone 25" ()5 i . B BUILENE A (actin) . 4138 FH H3 (histone H3) . HHFIE i ] T-1a(translation e-
longation factor 1-alpha) #l B-1# %% & F1 (B-tubulin) 4 N EEH #E47 PCR 734, §" B 0S¥ FE %) W& 1. PCR
FRiRZ . 2X Tag PCR Green Mix 12.5 pL, 10 pmol/L E#F5I M T34 1 uL. DNA £tk 2 pL,
ddH,0 8.5 pL, ERF 25 pL. PCR §##2 5. 94 CHIAEME 3 min; 94 CAEHE 30 s, 50 CiR A 305, 72 °C
FEA 1 min, 35 DMEH; fJ5 72 CHEMH 10 min. $ PCR ¥ 8770k 2 5 T CRE) A R " FE, 3k
REFFHIAE NCBI Wl Lt 47 R R B %), IR 28 F 5 & GenBank. M GenBank T~ % AH LB &5 Y Act
H3,EF-1a FB-tub K FHIE NS % FH)(F D, #iid MEGA7. 0 [ %49 (Bootstrap) 1 000 WX T & /6 5
LB A2 A 3% = (Neighhor-Joining) #4 7 28 45 & B W 31 3E 47 243 #7.

®1 SEAEERFAIMET

FEH R B 51924 W SIHFF(5-3D) 7% SCik
Act ACT-512F ATGTGCAAGGCCGGTTTCGC Carbone & Kohn™*
ACT-783R TACGAGTCCTTCTGGCCCAT
H3 CYLH3F AGGTCCACTGGTGGCAAG Crous 2"
CYLH3R AGCTGGATGTCCTTGGACTG
EF-la EF1-728F CATCGAGAAGTTCGAGAAGG Carbone & Kohn"*
EF2 GGARGTACCAGTSATCATGTT O’Donnell 2
B-tub T1 AACATGCGTGAGATTGTAAGT O’Donnell &.Cigelnik"'"

CYLTUBIR AGTTGTCGGGACGGAAGAG Crous 20"
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1.2.3 BEErHstRRR A BN E

SR FH VR PR A A T TR BT A SO PRI S . OB IR R PR B B . MEA B3R 3, 25 O 3R 10 d 5Bk
WTE 22 Bk, MBS B o A 0 7 AR SR JHE KB 1< 10° A/ mL BY98 F Bl B EH B RIR K
AR R R, BASNE 48 h, RARSHEARAE 25 (CL 12 hobIR . 12 h B &0 F 9%,
WL R 0. LATC B AR SR R %k R, A0 BE 5 Bk, R RIS . AR TR LG ), R kAT
R AT B, WS4 S T 5 DR AN A R A S R IR R S — 3K
1.2.4 BHETmARR G ADFHENZ

e . DR IR DA TR 22 R K52 . LA Czapek i3 BE o0 JEmli B 37 38, SR A 0% . EAE . Z 0. R
Wi AT VE R R, TEERAN . AR . IRE . EANR. e AN HERR 5 mm MITILAAETE 1L
7 d J5 TR TR ST BB . A SRR B A OR [ B IR R IR 3R L, 25 CHEFR, T d RORH T ER X
HMEEE A, SO ER 4 K.

ek X 9 D TR A 22 A K S B4R 5 mm 1Y DRSS B2 & PDA PR R IR AL B, 400 EF 5,10,15,
20,25,30,35 CHLE FHFE, 7 dJaRH 728 LR 5 HAe, BAHER 4K

pHAE 905 SR 1 22 5 K B9S2 . T 1 mol/L HCL AT 1 mol/L NaOH ¥t PDA K53 349 pH {H 4351 &
4,5.6,7.8,9,10, A 5 mm WITFLERENL 7 d JE M RVE DS FTIEYE, 280 TR H pH {E%) PDA ¥
Mege, BT 25 CTHEIRIESR, 7 dERATF LR E R R, BUMER 41K,
1.3 #HiEHH

KA SPSS 2. 0 #E AT EUR G434 . A Duncan PGB &2 0 22 3k 0 47 0 35 TR

2 H#RE5HMH

2.1 HEEMEBEYER
I A S5 I 2 B A A R BT (R 1a) . BEE R E R AR, B AR K. T EGE A
W ERRHECE 1b), 4 ik ZE V%, REEA 2T,

a. FHIER b. SEEER
B EEMNEEER

2.2 BEEHRFARBREENSBHIESZEE
IR W RE T R Ay B AR 3 bR, A5 B R 00 B VE I A R SRR — B0 AR LC-1 o R Bk
HEATHEIE. EARTE MEA Ki3R3E | 25 CHi g% 2 d BT (1 8 SR 20k i 2 80IR B VK (B 200, W& 7
R GRS, G EBOERBONARBAZE RN, KOTHRTFLEO, B, W E
o B 1~3 AR, KN 48~82) pmX (4~7) pm (& 2b). KEVMEM FHGE, oK. K 303~
410 pm, TSRBEARBR . K/ K (12~30) pm X (2~5) pm (K 20). 4349 TR R 3 72 4 2~4 DR
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B, oS o 7 A, R, 2 AR AL O S AR N A R 2D, AR 25 s R AL R 200 TR A S
R AR 5E W (Calonectria spp. ).

/i . SN

b. AAERTF

a. BEIPREIRFRIFIE

B2 mEEXYRFERENSSE

2.3 EEMRRAREENSFENZELETE

¥R bR LC-1 19 Act, H3, EF-1a I B-tub & H J¥ 51 # 28 2 NCBI/GenBank (& 2), K15 & % 5
MZ872640(Act), MZ872641(H3), MZ872642(EF-1a), MZ872643(B-tub). Blast HXJ 4 B8, i
k55 40 FC TN AR 52 B (Ca. colhounii) W) 55 % . ML E e . W I Aces H3, EF-1a M B-tub J¥ 3515
Ca. colhounii CBS 293. 79 KKK FFH A R PETER 99 % A b, 3T 4 DNIERNFINWENRELBTWEN,
Bk LC-1 5 Ca. colhounii BAER—4r 2 (B 3) . 45 W ARTE S RRE FIFE F 7 5 43 1, B 35 & oF B0 19 9
Ji TR 245 78 AT LG RR 2R 52 B (Ca . colhounii).

2 RHEXEHHS HK GenBank F 5

GenBank & 35

s cidala ACT HIS3 TEF-1a TUB2
Calonectria asiatica CBS 112711 GQ280429 AYT725655 AY725702 AYT725613
Ca. brasiliensis CBS 230. 51 GQ280502 GQ267259 GQ267328 GQ267241
Ca. clavata CBS 114557 GQ280449 DQ190623 GQ267305 AF333396
Ca. colhounii CBS 293.79 GQ280443 DQ190639 GQ267301 DQ190564
Ca. colhounii CBS114704 GQ280442 DQ190638 GQ267300 DQ190563
Ca. colombiensis CBS 112220 GQ280444 AY725662 AYT725711 GQ267207
Ca. hawksworthii CBS 111870 GQ280458 DQ190649 FJ918558 AF333407
Ca. ilicicola CBS 190. 50 GQ280483 AYT725676 AY725726 AY725631
Ca. ovata CBS 111299 GQ280479 GQ267253 GQ267318 GQ267212
Ca. pacifica CBS109063 GQ280481 GQ267255 AY725724 GQ267213
Ca. reteaudii CBS 112143 GQ280499 DQ190660 FJ918536 DQ190574
Ca. rumohrae CBS114529 GQ280501 DQ190676 FJ918550 AF232873
Ca. sumatrensis CBS 112829 GQ280532 AY725696 AY725733 AY725649
Ca. terrae-reginae CBS112151 GQ280534 FJ918522 FJ918545 FJ918506
Ca. wvariabilis CBS 112691 GQ280541 GQ267264 GQ267335 GQ267240

2.4 EEMRRFERENBEENE

PR T bR LC-1 Fehl b QI LA, 2 d 5 ik R 06 & T 7™ A= 2048 0 i /N R B (18 4a). 5 d S
W BE AR K, B G B M Z0A8 (O B, I Al 25 RV (B Ab) X BRAR BRIt (] 4o R, AR IR
R 43 B AR AR I DR S R R R R — 3, R Ca. colhounii 2R 5 % M BEI 1) 95 L B
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100 E Calonectria brasiliensis CBS 230.51
Calonectria variabilis CBS 112691

73 _Ii Calonectria hawksworthii CBS 111870
64

Calonectria rumohrae CBS 114529

42 Calonectria clavata CBS 114557
45 Calonectria ovata CBS 111299
100 Calonectria colhounii CBS 114704
Calonectria colhounii CBS 293.79
88L|__ LC-1

100 — Calonectria reteaudii CBS 112143
L Calonectria terrae-reginae CBS 112151

—— Calonectria pacifica CBS 109063
Calonectria ilicicola CBS 190.50

93 Calonectria sumatrensis CBS 112829
. ;LE?alonectria asiatica CBS 112711
0.020 63 Calonectria colombiensis CBS 112220

B3 EHF Act,H3,EF-la fip-tub s BEFEETIHNEZEZER

100

a. fEHRIER2 dEHER b. HEBRIERS EREER c. 3R
B4 5 REERR S E

2.5 BEEMHWHKRFEEENEYFHENE
2.5.1 JRJR A ATH R A RR 69 ) R

BEIC TR B AE 5 P iR IR 3G 5% 5 L REAE K, X T s PR VE M 00 R R ROR B h . KGR T A BT TR VR ELAR N
5.18 em, HRCHHENE, WX 2 E K25 L5 =8 L (F 5. A7 BRI, 5w
B0 H R AR E R B, BVE BRI 5,00 cm Fl 4. 76 cm. PN B 228 KIS I 2% R TE S
T2 (K 5h).
2.5.2 ARRBE., pHMANBLAKG YA

BT ARAE 10~30 CHEF N BeA K, RIGHIRE N 25 °C, Wk EHAN 7.90 cm; N 10~20 C
PR 22 KR8, TR R 5 CC M 35 °C I B 22455 1k AR K (& Se) . 9 L B 0l 1 6l 32 5 I v 4%, 7F pH A
A~10 U N B REE K, il pH R 78 5d).

3 G5

Wi 25 58 & (Calonectria) M R —JEH B MY I . S0 B2, aRAAEW | fE4 ., KESF
KA LIS E N KB MEESEpd 2, 518 M B R i fa . 25T I AR AR sl T SR S 2 A5 4
e @ RUE KA Z TR R SE R RS A R R AR R, (R EIRIE R A S X
oy DICAERE WA AN 2RI T 2t — B T AWK E . S GRS ME RN ARG 2 EE LR
HE OO R R A Lombard 5 MR E S ¥ MR MEZIEE RE R E 400, %8 T 50 A
68 i A 7 Jm B, IO TR ARSI AR 72 8 B A %€ . AN H3. EF-la. B-rub 3 BUENER AN,
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a a
X b b b
. 5
o "
L L 1 L 0 1 1 1 L
EZHE  RE TERD T HEE RE BB wmBRE wHEH
R KB
a. b.
9r 81
8.
7..
ﬁ st @
B4t Iﬂ
= 51 el
2k
1k
0
5 10 15 20 25 30 35
BE/T pHE
C. d.

BAE R EE EAR U2 NS TR R R Ak 3R] 22 5 A Ge 2R R L (p<<0. 05).
B5 BEE. SEMpHENELEKNZN

HATRGE R E BT, Wi e Har i ir. AN = /48 18 T 0 5 A i B R SR b R A 0 R s B R AT
WA EFE ] Act \H3,EF-1a Fl p-tub 23N ARG KT 781 0 Fos 5 3 ] TGN 27 72 8 (Ca. colhou-
nii), o B N EIRIGE. 408K 8 B (Alternaria tenuissima) . B 25 5 % (Phoma macrostoma) . B4k
WAL Z B A (Pestalotiopsis clavispora) 55 B RE R R A2 51 M- B0, HlEFERMLIER S, HY
25 7¢ B L Y R %O R L. HETE &K N AF 52 J& 19 53 4b 2 AR b n] 2 e i 4 o i 3, 9k
ST W AU M W R AR 19 D R A I K R 5 T (Ca. canadensis) . < A 5 1 A5 AR R 9 9
I J5 TR D 24T T 2RSS I (Ca. dlicicola) . 28 BT AE [ N 1K %5 i AE i b 1) FoE 20 A Lo AT LA A 1R
i — 25T

R JE T B A e S E R AR AT A BRI R m Mg B gt R, 5l
A PRI A T AR5 TE 10~30 CER N REE K, MR T 5 Culim T 35 TR 2ZF b K, B2 i
AR E R 25~28 C s B WA XN & K AR50 A AR W R R T T 4 R R T, B 2 A R Bl IR
H25°C, HIES CH 35 CHRUFTRZARERK, XSAMRER B EWFEREURS R R, MK
AR 7C B TE pH A 4~10 W R A REA K, BT M 0 fi . FUR 35 AT A 800 T 36 B A 00 10 26
38 . A I ST R T A I IR 100 48 E FBIA BoA R S X 9 T RO 19 R R AT R AT 5T R T B
1A TAESRHE T BBk 4.
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