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Abstract: In order to identify the pathogens that caused tuber rot in Bletilla striata and study the inhibiting effects of
herbal extracts on pathogens, the pathogens that caused tuber rot of B. striata were isolated using usual tissue isolation
the strains were identified by morphological and molecular biological techniques, and inhibiting effects of seven
traditional Chinese medicine extracts on pathogen were observed. The results were as follows: (1) A total of fourteen
fungi and four bacteria were isolated from diseased leaves, leaf sheaths and tubers. But only strain GF-1 caused disease,
whose symptoms consistent with those in the field. The incidences of GF-1 disease reinoculated in the field and laboratory
were both 100%. (2)GF-1 was identified as a member of Epicoccum, and its colonial morphology was a circular form,
with white mycelium, prostrate on the medium, aerial, diaphragms and branches. There were conidia and
chlamydospores. (3) At last, the sequence of internal transcribed spacer (ITS) region of GF-1 were analyzed, the length
was 522 bp. The sequence was compared with other species in the GenBank and reached 99.62% similarity to Epicoccum
sorghinum ( MN493119.1) isolated form Sorghum, which was closer than others, including Epicoccum sorghinum
(MF948994.1) isolated form leaves of Bleiilla striata. (4) GF-1 could be fully inhibited when the medium contained
0.1-0.2 g - mL™" extracts that extracted from seven traditional Chinese medicines, respectively. It also could be fully
inhibited by 0.05 g - mL"of Cinnamomum cassia or Syringa oblate. In summary, the pathogen that caused tuber rot in
Bletilla striata was identified as Epicoccum sorghinum. And GF-1 could be fully inhibited cultivated on the medium which
contained 0.1-0.2 g - mL™" herbal extracts, e.g.: Cinnamomum cassia, Syringa oblate, Cyclocarya paliurus, Bletilla
striata , Houpoea officinalis , lllicium verum or Cnidium monnieri. The results provide theoretical references for the control
of tuber rot of Bletilla striata.

Key words: Bletilla striata, tuber rot, pathogen isolation and identification, Epicoccum sorghinum, Chinese
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herbal extracts

H & ( Bletilla striata) 9 *2F} ( Orchidaceae ) H
JJ& (Bletilla) Z4F £ BAFEY), 3 4 H K iE K
O OCHRE, AR ERE 6 Fh, 1Y
OYAREE I, o AT 4 B 5 A & A
K Aer b AR K (T EREY &, 1999) . I
HLA 1k i M it Az WL LR R =2 Dk, T B I M L
L 1 T B MR AT I s 95 i L R
JR B S S RE ( Hh AR N R LI 25 8 2020) 5 L 4P,
ML 36 B R G AR, AT 78 Fel bR s 0
O T A B AR s BB S A (A A, 20105 R I
45,2020) , BEA, FBGE T T ARG A7 2K 24
2 TR B8 v R DL R BRI A (X Ot i A 2005
Gouvg et al., 2009) . KL, A &JE—Fhfe H.25 1 |
WA Tl B Y 2 &R .

ICAESR Bl T 5 oK 0B A T, iR R
BORWIY™ K, 25 20 T S5 %, A B (] o
145 2018 ;Zhou et al., 2018) . H-H& B35 Fl 45 9 45
(CRATVH,2019) , H R T FH K A7 5 A L
FFANAE , IR AR R EZ —, K
ZRAAE 6—8 H MU HeZE Bk 800 B, NP
BB CHER, A IR R R AR 44 R
PEWEIR | 2k Fe K BE J1 5 i b 25 AT b A 2R A

W30 3 B 4 60 T AR K B e B, 3 4 i 6
PR ARG R IE R 2 AR ZE N+ dk
W, R BOR AL AR 4t AR R R 15%
Fidy  fE TR, — H 32 T o™ H 5 W 25 6 1
BRI F= %R E 5 5 BE IR 1S (Zhou et al.
2018) . HHI, AR I IE R W 51 B S AR e
e R E OB R R M R ) W ( Fusarium
oxysporum ) F1J& 7 8 T B ( F. solani) ( )5 R 55,
2013 RFTIF,2019) , (HIX L5 I AR 4 18 51 AR
JE 95 0 b, b FAE IR e I R, M T LA R L, TE
J VG b DX T RS 0 4 D TR R 7 B
Fows T — Bl s 5 AR e B0 T — B0H B T
%, hebR B BARTS e AREE ARER B A EF
T T IR E B AR AN R IR T 2
U 3 ks v B R IR - MRS B A AR B 1 B IR
BOR (XZA, 20095 D4, 2010) o AR, x4k
MR EUY) 0T RO 0 B IR ORI 7RI
AR ST B ARG SR A 58 % 4 R i R 2 4%
LAy B AN [R) 4 SV AL i I Tl TE R e HL
LEE 0T AW S PR S e e 5T, O R T 22 71
R AR 0 S b 24 i O o D T 1 4 Ak
S, LIS TR S 1Y b DX 05 10 9 S AT, I O



2 RSSO g 9 D T 1) S R ) 0 L 5 347

T Y BEAE A0 5 S B A FP 25 B SR O, O B RO
JEE s By it P BB 4R

1 MR 5 7%
1.1 R

2021 4 6 H, FAEMTELL X (AL 110°17" E .
25°01" N) SR F LI BE , 91 25 H W7 S i B g 3 AR

JER . ZRELZ KA Aha RS A, BikE
W HTE 15% oA, RIPIIB L 138 TCARE AR | 1R
HRZR IR 25 HH B4 (o B, B2 V)T J5 2 B8
BRIER, IF A IR SL R 5 B & 5 18 A I, > 1
RN 173~ 172 JERERE R RS2, b 125
FEFF 5 3 A €8, I i 2 3505 R 35 3408 o B0 A 0 0]
BE B e 6 NG MR a RN, HE
EE EMESEHE(E 1),

A. HEYFERE; B, MEPREARZEFF; C. ks ; D. (@RS ZE; E. @ERE,
A. Infected plant in the field; B. Stalks of infected plant in the field; C. Tubers of infected plant; D. Health tubers; E. Health plants.

B 1 BRREREER

Fig. 1 Symptoms of tuber rot in Bletilla striata

1.2 i A %

121 mRAMSH SHEMALEEk (O
iK,1998) , I &I AE A b 2R £ 955 | I B R L B
2K, kg RS A YT ZS 5 mm x 5 mm
() /NHREL 205 S FH 75% (R RS Ab 2 30 s, PRI 0.1%
W Y THRIE S T 60 s CHE /K mhPkis T CH
LRI T KRB BT PDA i3t b I A 8
FEMA (D= 90 mm) LA 3~4 HHL, T 25 CHH
T AAAE TR 3 d, X LT alifb s 3% . R AR
RN 17 6 Fh a4k, BD7E JC B $54E & b i 422
IRPRERIE 22 , 16 PDA Al [ RIZR  EA 740 5 I 4k 2
BT 25 C HBAM TR, alifl 2 0 B AS ( B
T

1.2.2 J% R 1A 89 Bk 2

1.2.2.1 SN mHE FF 3 A4 10 1 B 4 B i fa R A
PR 5L 58 %, SR OB 5 e e AT 82 b . FH T
P QUL A 1 B2 NS B oY a1 i 4
Mg TAES NERAE, IR R . i TRt B iy
R FI5 (29 5 mm X 5 mm) 3 0B8R o 45542
Pl B 5 mm AOFTFLARAE R 75 0 ST BB
W W5 A B 228 — a0 A w AR R TR 2R 4 0

b, LAAZFP PDA K323 AR RRE 1 B0 A A =E it
HRZ s B AN A3 3 A0 11 R T OF , 42 3 1K
AL NI, £ A0 1 A5 1R TR D
HE 3 W, BRI I K 4R -
P AN EE 6 d JE ST BRI &R R, TR
NI R = (B HeFh B8 x100%

1.2.2.2 WA L B85 A 12 300 /Y 3 Ak, 2
— L AT ) Rl I, 3 R f R AR P 0
iR ) B gt i LR, A2 S mm x5
mm, I ER 5 mm WITAFREEREPAERKRE
Ui 0495 T D TR Kl A TR 24 B — T ) R O
R FH 375 B Ji A Kl BRE 30 EL 32 B A i e B AE 5 DA R B
(1) PDA Big2 BAEXTIR . AN 3 Bk, Akt
KM 3 AN DE, I3t o AR, AR A% R
f 24 h,6 d GGt BURER &%, iHE A,
KA F = (BB B R B4 x100%

1.2.2.3 EOw B EB 8 R a] [R] 22 205 A9 kAR
PEAT PR G 85, B E 2 75 4 Al e X3 D 3 T
M3 B kA 1,201,

123 ARAMTEFE R X HIE 280 W
s JELRR , PR K R G 0 DR B VR SR A R 8
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FRLE T PDA B3R M — R MR 37 L, 78
25 C MHEAM TR 3R ,3~5 d J5 WA 21K 43
ARFRIES, H leika 1F 8 202 # 8 DM2500 1
BRI o3 A A6 7 R/ (K58 ME 2 HAR A
B, A e SCHR R TR 20 S 5

124 mRAG T AW FE R GIREZ, HK
REEE WL BE SR CTAB YE4RBUR R B 4 1
DNA ., K E W 51 9% 1TS1/1TS4 #E47 PCR
i KRS 1 DNA R BEEAT 19% B 35 s A 6 i
HL KR 56, PCR =47 (1% 4l £k A 2 L 3 L)
B A FRBHE 28 w58 1, ¥ 157751 55 GenBank
(http: //www.ncbi.nlm. nih. gov) H % R B3 # 1 7
BLAST 43 #1, #] H| Vector NTIAdvance 11 #f 17 It
Xf, i MEGA 5.0 #£47 UPGMA J3HT2E il R 48 &
B I R M, X R B B R AT A
K% (A HIAE,2002)

1.2.5 W 25 A 3% B4 AF AR B 9% JR JR T 69 ) AL
BT A M TR 60 C T M
e, 5 40 HH (FL42 0.425 mm) , %5 T-20 C
TORAERE . B CBEVE R, R 3 IR =
PR PRI (AR 2002) A 0T 3 RUEWREAT U
JEHeAE B E N 1 g - mL” HEHF T 4 CiK
FETPORAE . SRR 22 R K BUR T (R OOH,1988)
U7 v 225 B BEUIROXT 11 B R 3500 T 174 410 1) %8
B BRI 1 g - mL 25 ELBOR N A PDA
BrgR s BRAT, 2 AT N v BT A ) R vk
FEAR 5124 0.05.0.1.0.2 g » mL™ (4 25 -4 ( 4
4 2010 X054 2019) , LI A TG K 19 PDA B
FEER AR, EHERN S mm WFTLE, T
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2 HEREGHH

2.1 FEEHS B
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SIEURE , 43 B SRR, 20 B H o D T 18 Ak (LI
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2.2 FEEBEFIENE

Gy 18 BRUABESEAT E P Mz R 3 d S
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S ) BORAEAR (1 2:B) ,6 d IRt K3 (3R
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F1GF-7 S5 47 H ] M1 482, & AL GF-1 $E A
EIRBE AR RIS T (B 3:A4) =
WA RN EaERE (K 2.8 H 1) GF-1), 1]
FEMRZEE AR (E 2.C) , 5 H ] R BUR R B
3 AR SR A — 35 A T PR R B0 s B X R
20 VA AR R s R TT B R R I 2 S 6 T Ay
(I 3:B-E), MIEM GF-1 1 %5441 854
BRI DR B, 2 gk B 77 5 5 4 R B R B
54— B, A A TR 2 03X 7R 4 3R W A AR A
(1495 Jir TR A 12 1) OIS TR
23 FEERSEFLETE

R GF-1 76 PDA #5353k I, F 25 ClEIR
FUFTFHFE 5 d , KA EYERER, mL2mE
mgh i B R WK, A e DR WY
5 AR O 4 (0 Bl AR 0 ] I 248 (B 2 A £ (B
4.A,B), WO, AR, ARE, H&EN
3.2~6.9 pm, Ko AE 8 2504 A K
Ti B BE , R/NK (6.5~9.6) pmx(6.5~7.1)
pum, AR EA, IV, KN R (5.3 ~8.9) pmx
(1.4~3.6)pm(K 4.C,D), H&IES5 d G HR
7 52~7.0 em(3EFEM ®= 90 mm) ., XHHEFEE
PER A R BRI DL FC TR FP SIS 28 4 ) A DG SOk
PERE( Aveskamp et al. ,2010) , #1125 HI KT GF-1 %% 5
TR Ay B 2K T e o T
24 REREITS RHFENREXZE S

SRR GF-1 8 ITS rDNA 1) PCR ¥4 »= ¥ ik
iy Rext By PIAIDEE A5 K R 552 bp T
G, K75 GenBank H IR AH K AT — Bt Sy
Br SRR FE R GF-1 19 ITS J¥5( TSB1G643013)
SRR BRI (E. sorghinum ,MN493119.1)
A — 8 e, M 99.62% , 1 5 1 M H Ay BS 1)
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A PB4 AR B 4 AN RERRENENE; C. GF-1 BN RHZEHZE, D, XfIEH2E

A. Four isolated strains; B. Reinoculation of four strains in the room; C. Reinoculation of GF-1 of tubers in the room; D. Control in tubers.

B2 BRFEREZEMNEE

Fig. 2 Reinoculation pathogen of Bletilla striata in the room

A. GF-1 WA [A14%; B. GF-4 MF 14 ; C. GF-5 MIA[4%; D. GF-7 MR [nl4%; E. F A [l 4 x4 A
A. Reinoculation of GF-1 in the field; B. Reinoculation of GF-4 in the field; C. Reinoculation of GF-5 in the field; D. Reinoculation of GF-7 in
the field; E. Reinoculation of control in the field.

B3 B EHHEEE

Fig. 3 Reinoculation pathogen of Bletilla striata in the filed

T ER T (E. sorghinum , MF948994.1) ¥ 41| — %
PEH 98.88% , K ik £LJ7 5 FIH] MEGA 5.0 #4 7 &
GEHE AL, IZ T 5 5 H R o B B B M K (E
sorghinum ,MN493119.1) B J [f] — &, 55 &% K R i
T, 5 8 A B A B B SR T (E. sorghinum,
MF948994.1) 1Y 2 4 ¢ R AR B | 5 & 5 M 5L v
SEMYER B (E. sorghinum ,KJ767080.1) % A [a]—ji%,
XA R R R BN A B 45 5 728 S o R Y, X 2
SRR Ao F it A ) A — e R (E5)

2.5 RZRR IR B RARE R B B R 5 3R

H 24 A B ECH X0 AR T 9o S0 TR ) 410 1 25 2R A
Bl 6 e 2 firyn ., 5% JCTR K B 35 1 i 75 (XHRD)
AHE, R AT A &4 0.1.0.2 ¢ - mL7 Y 7 B
iR U RE S E A D GF-1 VR AR, Y
B 3 b TR AN 2 (0.05 g - mL") B9 B
PRV R T 32 B A5 B 5 4 10 ) B 7 i AR, N
B2 IO A0 ] B A KRR F] 99.6% 5 1 AR IR
(TR L 1 B RN PR - 21N B 58 4 40 il 7



350 I G

K1 BorEKEMRAERMHE6dEHNARER
Table 1

inoculation for six days by some strains

44 ¥
K HEE ER N 13.8.25.6.6.6.9.9 mm,
P A K 4 51 R 82.4% 58.8% 96.8% 90.2%

Incidence in leaves of Bletilla striata after

train accession reinoculation reinoculation in

number in the room (%) the field (%) 3.1 ARREFFREENEE

P 0 0 HELTBE 2 A 0 T T 6 2 s 5
GF-1 100.0 100.0 (G| R h — i AR I 5 A AR
GF-3 66.7 0 TSI | 3 MR 8 K 4 RIS 40 14 W AL By e % ¥ ik
GF-4 100.0 25.0 59, WS S BOR PR 7 & M2 R e RAET,
GF5 100.0 33.3 RT3k 8 MR R AE A1 A BIF 5 30 & B B AR B
GF-6 66.7 0 2xE B 1Y 25 LB B (6 O B
GF-7 100.0 40.0

B, X — 45 RS B A FEAE (2012) G 19 22 1% R

A. WHIEIEHE ; B. WiERE; C. JBHEMT; D. n4EHMTF, R C, D=50 um,
A. Front of colony; B. Back of colony; C. Chlamydospore; D. Conidia. Scale bars; C, D=50 pwm.

B 4 BE#k GF-1 FEESHHE
Fig. 4 Morphological characteristics of strain GF-1

99— GU237887.1 Neoascochyta triticicola CBS 544.74

6 L— FJ427049.1 Epicoccum pimprinum CBS 246.60

47 FI1426996.1 It ERE E. nigrum CBS 173.73

GU237799.1 Leptosphaerulina americana CBS 213.55

35 MN215625.1 & IRE Epicoccum sorghinum 1L.C 12958
® TSB1G643013 (GF-1)

MN493119.1 =M ERE E. sorghinum GZES

MF948994.1 = ZEK A E. sorghinum BI-F1

KI767080.1 = 3t BREA E. sorghinum A1S6-11

B 5 Btk GF-1 REESZMEBERSTHRRKE

Fig. 5 Phylogenetic tree of strain GF-1 and its homologues species based on ITS sequences

9 J5L T ( Rhizoctonia sp.) 5178 F R B 25 8 120 S R
ARAMBL . AR 5 2 0 23 v, Xk 24 A 7 R DB e
MK, HETC R =L AR KL
FHREAE 7 1) 20 I R k) B B o £

B SR B (TRTE TS 4 ,2014) . PVRAREE(2013) )
TE 5 R 2 R X SR T e B s T R 2R 0 Bk
J1 % ( Fusarium oxysporum ) Fl J& Bz % 7T & ( F.
solani) ; RFVL (2019) %5 T M X 5 AR JE
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1.2 .3 5% ARWEEH 0.05,0.1,0.2 g - mL!
NP
1, 2, 3 indicate the concentration of 0.05, 0.1, 0.2 g - mL",

; A\B.C.D.E F GRIFREEMN . AL A A A g

IRFHATHF; CK %

respectively; A, B, C, D, E, F, G indicate Cyclocarya paliurus, Bletilla

striata, Houpoea officinalis , Illicium verum, Cinnamomum cassia, Cnidium monnieri and Syringa oblate , respectively; CK indicates control.

B 6 AERHGRIMIE R GF-1 8930

Fig. 6 Inhibiting effects of different traditional Chinese medicine extracts to strain GF-1

SR EUR S BRI (F. solani) . ASWFE 38 i 4
& BURE R A SIS TR S S, K
IS P AR bR L DX R AR B e % B0 T 5 T
(Perell6 & Moreno, 2005; Aldo et al., 2010; Oliveira
et al., 2017; 75,2018 ; Zhou et al., 2018) HFIEAR
[F), 48 58 g BT 35K T J 2L AT v 3 FR BR T ( Epicoccum
sorghinum ) o 257 T % FE N [ 9500 , 19 T 2018 48
Je A B AR GE , 51 2 M b ZAE ) B | 1 B
S IABERA ( Yu et al., 2019 ; Laurel et al., 2021), %
ORI G 1 B BER (Zhou et al., 2018) I
AR LS ] AT B (0 22 18] 5 T AS WF 5 % B
o TP RS 1 R R B R R A R R IS
T EEESLER A B B ST KW (A B ek
LSRR | A B B 401 R 81 SR 2R AN
JEA)— 0, 2 % 50 R AR L X U B AT R s T A
[7i) A B/ NRR 5 RS AN [R5 3

32 EHRERY A KRRERHER/ MG
v

fe2 Ak 25 5 T 25 FH AR W AR 8 s 1) 7 3, A
SRELATYT R B AE T 8 AR S L5, B g
T AR 2 5 B B AR, DA T R e 245 4 B4 ok B 5 T A
YR AR B & e TR E m¢m4M%ﬂ%m

HLPI AR I 6 B 318, O HL 5 Z A B8 i (72 1)
SRAE 2014) , THRBZ T FIRBUY B 3 F R,

I TP A P 0 A B R A A R B BT AR (T
K19 ,2020) ;b4 £ B2z o Ik 2R &Y,
B & R ) DI Re PR S T Ak, iR T K
O3 R R A B i s (55,2010 1 B,
2019) ; X %255 (2009 ) A& BEREAD 32 B35 P 43 R AR
My B BL R PR S5 AF H 5 @ R 05 45 (2011) & L[]
o 49 T S T 5 80 %) 0 R 80 B S B TR WL
SEMMERTE (E. sorghinum) BESF—F R TR LR
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®2 AEHPHGHIREMITE K GF-1 BHIHI R
Table 2 Inhibiting effects of different traditional Chinese

medicine extracts on the strain GF-1

1y N e . | A R
2t W g ERE
Traditional Chinese Concentration  Diameter of esisting
medicine (g+mL") colony (mm) rate
i ' (%)
T EMD 0.05 13.8 82.4
Cyclocarya paliurus
0.10 5.0 100
0.20 5.0 100
H 0.05 25.6 58.8
Bletilla striata
0.10 5.0 100
0.20 5.0 100
JEFR 0.05 6.6 96.8
Houpoea officinalis
0.10 5.0 100
0.20 5.0 100
I\ 0.05 5.2 99.6
Hllicium verum
0.10 5.0 100
0.20 5.0 100
A 0.05 5.0 100
Cinnamomum cassia
0.10 5.0 100
0.20 5.0 100
I R 5 0.05 9.9 90.2
Cnidium monnieri
0.10 5.0 100
0.20 5.0 100
T 0.05 5.0 100
Syringa oblata
0.10 5.0 100
0.20 5.0 100
paii 0.05 55.0 0
CK
0.10 57.9 0
0.20 55.0 0

MR, AR AR 58 19 BUw M (R ,2018) , 1
Hoazhe U 35 EV Tz, B B R LR
T FAER IR RARE DR A AR R
FARPHAEY) (ZHIEARSE,2020) . HET, R WAL
REDR B R ARG BETE . AT A T 2 S R
T 7 R 25 R SO, AR TR R B i
HERENMEER, 0.1 ¢ - mL'H 0.2 ¢ -
mL AR B RAN N AR IR T T
B W B RE 52 4 I R B MR B (E.

sorghinum ) B4 ,0.05 ¢ - mL' )\ M REERIT
B B SR BOY) L A e 58 A I AR 4G Il AR R
BH 99.6% 5 100% , P, x 26 v 24 bF $2 L) =
PR B B AR R R R T A A ) 9 i RCR
LA K it FH Ve B2 A8 A 1R it — 20T

SE .

AVESKAMP MM, DE GRUYTER J, WOUDENBERG JHC, et
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