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Pathogens Isolated from Different Symptoms of Black Spot
Disease and Infection Conditions
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Abstract : Four types lesions of black tissues type,brown type,black spot type and hardening type were divided
in order to determine reasons and infection conditions of black spot disease. The isolation percentage of Alternaria
spp- was 89% from black tissues type. The isolation percentage of Trichothectum and Alternaria were 75% ,and iso-
lation percentage of A. tenuissima ,A. sclerotigenum and T. roseum were the highest. Among them, T. roseum was the
most pathogenic pathogen which led to large brown lesion on ripe fruit when infected from wounds. The optimum
temperatures for infection by conidia of T. roseum and lesion expansion were 26.8,22.5°C respectively. A. tenuissi-
ma caused large dark or brown lesions on ripe apple fruit when infected from wounds. The optimum temperatures for
infection by conidia of A. tenuissima and lesion expansion were 29.4 28.5%C respectively. A. sclerotigenum owned the
highest infection ratio from wounds of mature apple fruit and let to small red-brown lesions on the fruit. The pathogen can
fit a wide range of temperature when infection from wounded apple fruit. Conidia of three pathogens could not infected
healthy apple. The inoculation with conidia of T. roseum caused significant more lesions on the bagged fruits than the oth-
er two pathogens ,then the A. tenuissima ,and A. sclerotigenum almost did not cause diseased lesions. Pathogens of black
spot disease were chance pathogens,and caused disease when met suitable conditions.

Key words : Chance pathogens ; Infect ; Pathogenic conditions ; Types of disease spots; Wound infection
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FHORTEE, SR, RLELE R IEH AR ARA
] /NN 46 (0 2 RO IRFEBE, RARFR Z O B A
Fgt Y FEEASER L R AR AT R B03% ~
30% i

TR BREIR AR AR A8 AR BE R R |
P SRS BERAREEY AT | n] A JE Ui AR K
Iy R RGERY AT R ASTUMIN AR 4 2 R TFIRY

EVEAE~2 mm SREFEIY, 32 BRI
AL T ORI BEMIEE , b A AN B T 8 A e
BT I FUR RO AT 1 2011 4 SRR
7 XA R U A B O T R, — R e 4
HAN 10% ~30% 5 F AL 19955 5 % Ry ik 90%
R BE LA S BRI BEAL S T RDE , AR ZTE 2 mm
DAL o B4 (0 s 0, SRSR USRI BEAR S
7 R R BEAR X 5D, W SR U B9 A S AR
KIERM TR N T B VIR

ZHRTENN IR R At P AR SR
W KA RO Y AL LS A ( Trichothe-
cium roseum ) [fZ YL 5 B g A G R Y) 0
BRI PR Sm A | 2SR T8 ( Acremonium. stritum) |
T 7613k %5 ( Cephalosporium acremonium ; Cephalospo-

rium W24k Acremonium ) FIVEERS 1 (Alternaria spp. )
R EEMBEGEE

g T WP E LA R R AN R R ZE B (R TE 1
BUL, T T BOR [R)E TR 28 3 B 350 T M AR Y 3
Jpa s%A, 2011 12012 4FE I AR 85 | 3% 36 T IR 4F
Hb SR AR TR AU SR B RR AU I REAR 23 B 4 Fh Y A
ANTRIREARZE B s BE - 43 85 FL I, XF i 3 Bk AT B
O TR A TR E S, M Bom IR R

T MM, A SR A I i R el
1 MoRAT7 %

1.1 RESBS5LE

2011 F12012 4F 10 Ay, HILARESE W& U
T A MR AR A4S B 3 SR 1) B o S AR B 5 B
o R/ A B SRS R BERE S RS e 4 N
FRRURBEST I 4 FhEAY, FRBERD o5 BE R (8 Bl IR AR
o, SORBEN A B2 REER, A 1 mm,
SRMUG BT Ak S P 58 5 46 A8 B g BE 2T 4 (0 o IR A
o e BE PN G SR i AR 1 4L, R BE R, AR M
1 mm , SRS IR BELR L e ; BE A G 5 o 26 €8 1)
W RHL TR, SER/NT 1 mm, 4 K5I BE
ANFRYREEY e AR RY o BEINT G | S PR A Akl 25 4
INFE  IREE R B 50 4 5l 4 IR B, Hh A B0 A2 BT 3
(K1),

K12 3 3K A B LC.D OISR BEAR Y A T2 el sl B/ NS5 o B 46 4 ) =

/NFIRTE

1,2,3 represent more specific symptoms below A,B,C,D according to the absence of halo or lesion size.
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Fig.1 Four types of black spot
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Bige 5 ~7 d, R T e, PRI, 375 B g o 2
vk, PAMIEFRTE PDA 8555 10 d J5, BB 2
H5#FIREY, &0, 1 Big A TAY) TR
ARG A R 2 w170 & $2 H DNA, fin 30 L TE
W, H5I# 1TS1 (5'-TCCGTAGGTGAACCT
GCGG-3")/ITS4(5'-TCCTCCGCTTATTGATATGC-3")
P18 HARBEARAY ITS J¥51, PCR SRH 25 pL (R
KZ A DNA 1 wL 10 x PCR Buffer 2.5 pL.Tag
DNA B4 0.25 pL dNTP mix 2 pL 51#4 1 ulL,
WA LB FK17.25 pL, ¥4 1TS JF 510 O )7
.94 CFAEYE 4 min; 94 °C A8 45 5,54 CiE &k
45 5,72 CHEMH 1 min,35 PMEFF;72 CHEMH 5 min,
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ARSI KA B, 0 5 &I R BEEL, X8 7N
AR fa] B 42 3 IR,

1.4 REMMEMEENRE D ERFRLEMERK
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AR BRI T B PR B R E RN 10 4
AL 4 Fhf 1 B OF R AE 2 AR IR 80 2R
S, FERPREET 10 A )R A IC S A
ANHEERR S R B RO
1.6 HERXESHH

A3 LA TR IE B 41 2L AR AR R AN SR 5K
A 0 A R 2 N BXE AR | D [ 22 A ) B 2R
S B A BB FE AR BT, SR T ] 2 AR A
(GLM) #4775 22 43 M, HLAE 3 g i 800 ) 22 5
DAR IR IR XS 3 o T f= G A e 152 i RUCR
T3 2553 Wit AR 2 S B R B B AR S AE AR 40
A M T AR I AT RS ER SRR A
P34, 75 GLM #% A §713f F Gaussian , Binomial 1
Poisson BREL, J7 22500 B ILG FZs K23 R
TEE LA R v3.0.2 5B,

2 SR G5

2.1 REWHSBESLRE
2011 12012 4 AEASE L BN GEE o B3RS

30

B L R BEAS 1 (Alternaria ) | AFANE N o) ( Trichothe-

cium) KL (Acremonium ) |75 2% ( Penicillium) (HH %

(Aspergillus) A F6LJ& ( Cladosporium) Hf 71 T ( Fu-

sarium) K B¢ J& ( Trichoderma ) . ¥3 %% J& ( Rhizopus )

91 B"JE%“ 28] ° Horp ,ﬁfﬂﬁﬁfﬁ Alternaria
*1 ARELEHNESFRHEELEEERNSBERE

Tab.1 Frequency of fungi of different species

isolated from different types of black spots %
LG HTES
) Probability of diseased tissues carried fungi
SrE AR
Fungi R WA PRBEA
Black spots Browning-  Black tissues
type type type

BERS A Alternaria 53.03 38.46 89.01
WYL B Trichothecium — 25.76 1.10 1.10
Tt Acremonium 0.00 43.96 1.10
T8 Penicillium 4.55 3.30 5.49
% Aspergillus 16.67 7.69 5.49
HRifUE Cladosporium 10.61 0.00 0.00
YEJVH Fusarium 0.00 1.10 0.00
AKEE Trichoderma 0.00 0.00 2.20
HRE B Rhizopus 0.00 0.00 3.30

Alternaria tenuissima KUC5074
Alternaria tenuissima KUC5072
Alternaria tenuissima KUC5117
Alternaria alternate KUC5206
Alternaria tenuissima KUC1369
Alternaria tenuissima KUC1514
Alternaria spp.

Alternaria alternata CAB67
Alternaria tenuissima KUC1410

99

Alternaria sonchi CBS 119675
Alternaria brassicae CBS116528
Alternaria saponariae CBS 116492
12 56 Alternaria axiaenisporifera CBS118715
89 Alternaria vaccariae CBS116533
76'Alternaria gypsophilae CBS107.41

Alternaria consortialis CBS5104.31
Alternaria heterospora CBS123376

99|
19 Alternaria subcucurbitae CBS121491
44 Alternaria petroselini CBS 112.41
<|A1
48

Alternaria carotiincultae CBS 109381
— Alternaria nepalensis CBS 118700

ternaria radiecina CBS5245. 67

23 73— Alternaria penicillate CBS 116607

Alternaria panax CBS 482.81

OlAlternaria avenicola CBS 121459

Alternaria photistica CBS 212. 86
8?8 Alternaria calycipyricola CBS 121545

Alternaria mouchaccae CBS 119671
_g'r{ﬂltemaria molesta CBS 548. 81
Alternaria limaciformis CBS 481.81

45 Alternaria capsici—-annui CBS 504.74
61 Alternaria solidaccana CBS 118698
33 gg | Alternaria septorioides CBS 106.41
— Alternaria soiani CBS 116651
Alternaria tagetica CBS 479.81
9% Mrnaria macrospora CBS 117228
— Alternaria vaccariicola CBS 118714

—W{:Mtem&ria Jjuxtiseptata CBS 119673

49 ———Alternaria soliaridae CBS 118387

Alternaria obciavata CBS 124120

g9 Alternaria caespitose CBS 177.80
53 _I;Wmmam slovaca CBS 567. 66
53
Alternaria triglochinicola CBS 119676

—
0. 005 64

F Maximum Likelihood ( ML) #J%E 2 Ge LA, 5 s (EF7R 1 000 YK & FRASAY H K Bootstrap fH, K3 ~4 [A],
The phylogenetic were constructed with method of Maximum Likelihood (ML) ,and the values on node represent
bootstrap values for repeating 1 000 times. The same as Fig.3 —4.

B2 ETF 43 1 Alternaria BB ITS FIIHMEN RGE L T LRt

Fig.2 Phylogenetic tree constructed based on rDNA-ITS sequences of 43 isolates from genus of Alternaria



A C T A
ABRICULTURAE 140
BOREALI-SINICA

€ R F IRk 29 %

JE B 95 T B R Ay, T 89% 5 4 R B BE I
Acremonium 1 Alternaria 7y E 5% 5 80% LA I Ly
R BE I Trichothecium F Alternaria 1943 B4 %R 5
75% L E(F£ 1),

FI 3 TP BRI BE T I3 BT AR vy B BE S 160 T
PR, TE PDA JE3R 58 B 7 D, 9100 sa b (5 )5 5 o
S S A X (R AL R R 2 e i I NN
H(14.18 ~36.97) wm x (5.92 ~14.48) um, H
4 ~6HEFE 0 ~ 3 R, HIESHERT G A, te-
nuissima FSEERFIE . IXBERRAY ITS J¥5135 526 bp,
5 A. tenuissima 18] IRV 5 , 5 A. tenuissima 1 3
PRIE R — R (181 2) KR MRAEEE N A. tenuissima,

PR SRR IE b 0 B M 21 B i 7 S T Pk A
PDA 555 56 b V& 90 0 1605 e S by 20 6 By ot
/NI a SR (R T = YA N > o1 N 1 L o P S

99

99

88

77

TEARL 5~ B T sy B A AR B, O OB, R/ (12,02 ~
18.03) pm x (3.83 ~9.29) wm, fT7EF1 741 TH i
REMBIE ST K AT E T roseum 14 EFF
Ak, HITS #31E 561 bp, 5 T. roseum W[R R &,
TERFIHALW 5 T. roseum J& T [F]l—23Ki (E 3),
LR E RN T. roseum,

A S R BE T 53 185 ) T A0 Ja 141 4 , 78 PDA
S MM RSt NN E A S RS R E AR
T, B R 2 )R R VE R/ (5.0 ~5.2) em x
(5.1~5.4) em, S TR R ER L, 7
ARG , 238 0 SRS, 7R/ (2.1 ~
7.5) pmx (1.1 ~3.0) wm, PLZERIY DNA i
M 3414 1TS J¥ 51 4E 576 bp, %JFH5 A. sclerotige-
num WRERTE & 78 R G T 5 AL sclerotigenum
JEF— B (FE 4) IEEARYERE N A. sclerotigenum.,,

Trichothecium roseum GLOSB0D
Trichotheeium spp.

Trichothecium roseum NFCC1-1947
Trichothecium roseum LCP 47.624
Trichothecium roseum LCP 50. 627
Trichothecium roseum E04

r Trichothecium roseum TrRol
Trichothecium roseum NFCC1-1948
Trichothecium roseum IHB F 1628
73| | Trichothecium roseum N1Af-45
Trichothecium roseum M110529-4-1
— Trichothecium roseum N27Y-42
— Trichothecium roseum m110529-12
Trichothecium roseum CATAS-A1
Trichothecium roseum SGSGf15

gg | Trichothecium ovalisporum CGMCC

Spicellum roseum GIM3. 476
Trichothecium crotocinigenum NRRL62714

Acremonium crotocinigenum OTU270

98| | Trichothecium crotocinigenum NRRL535T

Acremonium crotocinigenum Dzf16

Acremonium crotocinigenum cc56

99 [~ Stachybotrys echinata ATCC34173
I'Stachybotrys echinata ATCC2051

Lo 99 | Stromatonectria caraganae CBS 125579
I Stromatonectria caraganae CBS 127387

|Vert1‘c1'111‘us biguttatum CBS 180.8

Verticillium biguttatum CBS 178.8
Verticillium biguttatum CBS 170,85

B3 ETF 29 4 Trichothecium RIBIEEE# ITS FIHMENRE LT H LK

Fig. 3

Phylogenetic tree constructed based on rDNA-ITS sequences of 29 isolates

from Trichothecium and closely related genus

2.2 =ZHRFERNERA

FHE DR B R & S R R S 5 11, 42
RIS 25 °C FARHBREFE 10 d J5 , BLR/N
AN—BIRGHE, R A. tenuissima FIFEU0E BE A A A 0]
[T, SMEGAE f, rh s SR, i SR 2, Horb e
FRATFEZE (K 5-A) ; T. roseun JITEUR B 10 IR

WA B e iR I, th e A ML a2
(Kl 5-B) ;A. sclerotigenum FTEUREEIRIE | 2148 {0, %%
BE/N MG IR AL R A8 2L K ST AR IR e B
AR B (052 (18 5-C) o AR BE | 0 25 3
o J5 BT 55 4 A TR AR ]
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Acremonium kiliense CBS 158.61
94 Acremonium kiliense UTHSC 07-2604
Acremonium kiliense UTHSC 04-2454
Acremonium kiliense UTHSC 06-1476
Acremonium kiliense IVIUCL 9724 (T)
Acremonium strictum CBS 346.70(T)
ﬁ.cre;oniul stric}tul UTHSC 05-2310
gg Acremonium glavcum UTHSC 07-1181
_|Acrelon1'u. glaucum CBS 796.69(T)
a8 Acremonium implicatum UTHSC 08-3180
30 4|- Acremonium implicatum MUCL 4112
98| pcremonium implicatum UTHSC 02-1958
100 jAcremonium polychromum UTHSC 08-1028
|Acremonium polychromum MUCL 9834(T)

98 Acremonium polychromum UTHSC 01-1249
—.Acreuoﬂim polychromum CBS 310.59(T)
99 Acremonium polychromum UTHSC 01-1389

Acremonium antarcticum CBS 987,87

49 Acremonium exuviarum CBS 113360(T)
9?|Edcrenaniul potronii CBS 379.70
Acremonium fuci CBS 112868(T)
39 Acremonium tubakii CBS 111360
88 Acremonium fusictionidees UTHSC 08-1188
52 100 I_derenoﬂit.m fusictionidoes UTHSC 08-1455
|Acremonium fusictionidoes CBS 840.68(T)
Acremonium charticola CBS 881.73

Acremonium sclerotigenum CBS 281. 80
91 Acremonium sclerotigenum CBS 270. 86
96 | Acremonium spp.
Acremonium sclerotigenum CBS 124.42(T)
0.05
4 EF 30 4~ Acremonium BE ITS FHHMENRELZ B #HHLR

Fig.4 Phylogenetic tree constructed based on rDNA-ITS sequences of 30 isolates from Acremonium

94

54

48

A ~D. Wk T. roseum A. tenuissima il A. sclerotigenum HUFF PDA 353234580 10 d 5 BSELR

A-D were symptoms on apple fruit inoculated with fungus cake of T. roseum ,A. tenuissima and

A. sclerotigenum from wounds and incubate for 10 days.
5 =MRENEGESEE TERG DEMTEBURBER
Fig.5 Symptoms of wounds inoculated with the fungus cake of three fungi

TR SR TR T5 22 0 W 45 R LW, T roseum 20

S 4 LU R R T WU S L A L G{

H1(4.64 £3.66) em’, BEF T A. tenuissima P EL 3T b

T SRR (2.27 £1.78) em® (P <0.05), ge, =

A. sclerotigenum )" JEE E Tt | 76 555 LIW W 41480 8 ¢ e

E"J{ZF%REES?/J\,{R%(O 11 =0. 05) cm3,ﬁ%l§@/J\ﬂD T.ros A. tenﬁﬁﬂ.scl CK
A. tenuissima JTEURH L BAEFL (P <0.05) , XfH#

Species
s " . AR FBERRIRBEARFALE 0.05 K 1225 B35 (P <0.05) 5 R BEA
SR S P AL A S L 6 MO A s L i g TR (P <0.09)
EAE N

ence at level of 0.05 (P <0.05) ;Lesions volume calculated according to

AU BRI AR, P8 T,
Different letters indicate the diseased tissue volumes are significant differ-
FH 3 ol B A 97 8 W A S (AT 2R 5
25 C FARIBEEFE 10 d J5 , R RS B3R & B
W AR
2.3 BEGEEX 3 MREERASBERENZNT
3 Fofr T A4 A= A5 D 3R R S LI (10 ~
35 °C) #RREM B M 3P SRR S By BRI 1 4R B
HAETE SR N 20 2L ST il n] WL BE, AR X R
(70% ~100% ) Xf 3 Fiftfjg T 761 12 e 5 15 9 1T 7 2R
DAL 2R P AR T JRE I S R

the volume of a cone. The same as Fig. 8.
6 =MREMNEFENSEELER
AR BRE AR ER
Fig. 6 Volume of diseased tissue caused
by inoculating three fungi
T. roseum 534 8 F DA% E1 AR G () K95 % (Pr)
LR I A 5 A2 (De em) 5 (T) [6]
AIGE, Al 2 A 2R I
Pr= - (0.101 1 £0.056 8) + (0.176 =
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ok R OF R 29 %

0.016 00) T° — (0.049 43 +0.004 453) T* (R - squared
=0.707 3) @®

Di= - (1.07509 +0.429 3) + (1.475 9 =
0.388 50) T — (0.327 6 +0.082 34) T° ( R - squared
=0.292 4) @

R TR SRR /M IR R T
REBRIREE ) 110, BRI ZEanE 7 Fros, R4

1.07 A T.ros

e

LE

=
o

B0 B %
Diseased wound rate
e
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Temperature
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iR ,‘Egiﬁé’ T. roseum 12 4% MR BKEY™ & 1R &
39N 26.8,22.5°C

FEFXTEEE R 100% ,90% A1 70% 3 MR,
T. roseum i M-3R G R 53500 °A 39. 2% ,35. 6% ,
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The curves on A,B,C and D are the curves of equation 1,2,3 and 4.
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Fig.7 Effects of temperature and relative humidity on infection from wounds

by conidia of 7. roseum ,A. tenuissima and A. sclerotigenum ,and disease development
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Fig.8 Average number of lesions per fruit, which were inoculated with conidia

of T. roseum ,A. tenuissima and A. sclerotigenum at different date
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