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Abstract: In order to identify the pathogen that caused rust of Bletilla striata in Guangxi Zhuang Autonomous Region
and to screen resistance resources for B. striata, the rust pathogen was isolated from infected leaves of B. striata and
identified using morphology and molecular methods. At the same time, the resistance of 23 B. striata from different
regions was evaluated by artificial inoculation of pathogen. The results were as follows: (1) The urediopores of strain X2
isolated from diseased leaves in B. striata were golden yellow, oval, (21.43-30.95) pum x (13.10-19.05) pm. The
teleutospores were golden yellow, obovate or clavate, (17.25-30) pm X (5.5-6.65) pwm. (2) The length of ITS
sequence of strain X2(0Q826009) was 689 bp, which were compared with other ITS sequences in the GenBank, and
the similarity reached 95.86% compared with Coleosporium sp. (KY783686.1). But the phylogenetic tree showed that the
sequence was clustered together with two sequences of Coleosporium bletiae (MN108161.1, OP363680.1). The strain X2
was identified as Coleosporium bletiae by combining morphology and molecular methods. (3) After 14 days of artificial
inoculation with strain X2, the disease index of 23 Bletilla striata ranged from 0 to 70.7. And the resistance of strain X2
from 23 B. striata were divided into six different levels according to the disease index. Among them, one immune
materials was identified for the disease index was 0. Four highly resistant materials were identified for the disease index
was 1.7-4.7. Six disease-resistant materials were identified for the disease index was 5.6—9.4. Five medium-resistant
materials were identified for the disease index was 12.7-18.3. Five susceptible materials were identified for the disease
index was 32.0-49.1 and two highly susceptible materials were identified for the disease index was 62.2-70.7. In
conclusion, five materials (one immune material and four highly resistant materials) of B. siriata from different places
(Honghe City in Yunnan Province, Gongcheng County and Baise City in Guangxi Zhuang Autonomous Region, Zunyi
City in Guizhou Province and Yichang City in Hubei Province, respectively) can be promoted directly or applied as
parent materials for creating excellent germplasm to resist the rust in B. striata for they express immune or highly
resistance. This study provides the basis for further research on pathogenesis and control of rust in B. striata.
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H X ( Bletilla striata) J2: 2%+ X J& ( Bletilla ) %
EAERARRY, N4 AR, W4 AR IR 22 5 A
LHECPEEYE,1999), AR R EZERN T
WA SRR AT WS i 9 AR LB 3%, Rl AR B 4
W SRR R BRBERE YA I I a0
97 LA M % 25 (Sun et al., 2016; Zhang et al.,
2019; A N R ILFIE 25 2020) . I SBERTH T
1R TR EIE BRI | B 1S, A TR
T 2 5 R R AR 355 D B TR 25 (Rt 55, 2005 5
RAEBEAE,2019) o BEAM, F RSP 5E AE R AR |
FER M, 0] TR 25, RS AL Fh
FE AR AN BT, o B3 R A bk ik &, b
WL AR A A ) E B E 2 —, 2 E L
AH LR RAT G (FF505,2012) . R, A
WABLA R S0 1) A OO B D T S I O
TEBUI PRSI (R0 T GE R

PR s g2 L TR 2 AR 5 R — 2 %, %
b7 ok O L) W W o I A NI o= )

GV AZBH e 1t A S AR e R 38
WL, Al 1 R ™ R BT T B (R AT, 2019 5 4 W]
WA ,2023) , SEAE R, FETT VU M IX R8N O AT
RIEFE A BRI ARTE 50% LA _E, 4525 77 36 i
PRAAR o AR FE A (2021) BFFE R W, 85 9 M It
PR SAE V27 A2 T, BE U AR, 52 20 55 52 i ¢
KUREE KA KT A5 40T 52 4 T 4G 1 VE D
AP X — BB Z 0 AR AERT . 85 W BUR
RS 2 | AT I PTG AN [RIAE ), R bR 4 4
ARG Z PP R TR (RS, 2021) UM A TR L
T 158 B A sk 2 BT AR 45 B ( Puccinia sp. ) FT#H
5B ( Coleosporium sp. ) WIFRAS 7] J& B9 Ji B&T ( 5H 7k
A 2013 XAEAESE 2016) . YEIH A LG R R,
WL S R AR M 1 S BB RAE 4—6 A B A K
A A R X R I SR AE 909% D b (X1 HE 3R A
2017 ; RATVH, 2019; #R W 34,2023 ) . HI ABF5E
Yoo T 5N AL VTV | e A b B e e
T N 5 1 ( Coleosporium sp.) (JE5218,2012; K
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Fi75,2019; RIS 2023) , SR, )G X R
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5 4 B 45 T A R 45 R RAL 25 25 U B 3G B A
ROR— W, I B G 5 A2y R B 15 Y R 455 45 )
BB 4 5, 20165 X HE 3545 2017 ; 4% 78 05 46
2018) . AWFFEINN, FEAR M A= 7= rpr 36 & AT
PO 1) o o 2 s R 3 B S B 8 T L& A A
BRI (TR ,2020; i B 515, 2022)
FEF UL RO, ) V8 iR DX R e i R
B2 75 R At b XA — BT 5 2 S, [A] ISEAS [)
Hi B UR Y 11 B S P R A 2 TR
HEATVEMY . AHIF 9 38 2 X B2 859 1 18 25 R
B 22 Kooy F A2 % IF ik — 255 i A
T AL E X RN R Mo BER R Y 23 0 1 Sk AT P bk
PR PR . (1) 7 VU FR A X B2 455908 119 & 93

fik 5 (2) 7 PE MR X A B I R R A E L
JE T WA 5 (3) AN [) 2t B PR A 11 B R 55 o i
PERY 225 . ASBIFFE 1 YO A [R] M BE R U5 A4 11 % 3ot
FTHUEEH | I 0 20 X 45 o B AT B Dok i 1
FERL, LSt ) P4 AR A 3 B 5 0 A A 1 O S
P B 2, O e 0T R RO A R R S
HURHLBLAT 5T S LAl

I AHE %

1.1 ##

A B 359 AN ] PR U 5 | ok 855 F A AR
T Ll DX PO AR 4 A 5% B B AF 3K 46 A A 3 Hb
(110°17" E.25°01' N) (£ 1) ;LRI A 3 5
H ARG B BRI IR a4 o X2,
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Table 1  List of Bletilla striata resource from different geographical sources

Hs U 95 St

No. Place of origin No. Place of origin
1 JPEBEYR Ziyuan, Guangxi 13 W KM Yongzhou, Hunan
2 JUPGBEYER Ziyuan, Guangxi 14 YLVG K381 Yongxin, Jiangxi
3 J P REEAR Guilin, Guangxi 15 TLPE &K Xiushui, Jiangxi
4 I G289 Gongcheng, Guangxi 16 Y178 -3¢ Shangrao, Jiangxi
5 JU PG Hechi, Guangxi 17 P9I EL H Bazhong, Sichuan
6 JUPEYE PG Jingxi, Guangxi 18 PYJI1JJC Guangyuan, Sichuan
7 J7V4 E {4 Baise, Guangxi 19 T K Chongging
8 J PGB Hezhou, Guangxi 20 WILEL B Yichang, Hubei
9 2 % F Luoping, Yunnan 21 1L EFH Xiangyang, Hubei
10 ZF 217 Honghe, Yunnan 22 LAY {8 Guangde, Anhui

11 S8 S Zunyi, Guizhou 23 7195 H5 5% Nanjing, Jiangsu

12 W Z Al Sangzhi, Hunan

1.2 5% 2 il DM2500 T WL B BRI 25, 3o 9 JL T i

1.2.1 A% RAE 2022 4E4—10 7, W53 5
F R B4 HE R AR & 15 0, #3830 5% 1 5 5 9
AR, G K AR R

1.2.2 R A AR BB AR R -,
TR e NS IR A, PRI 15 I
BT K E T A b, I KO 2R
il BSCIGG BF B F  XoF  A A 98T I i R SR FE DD
DLl B, BRI U EBCE A AfT HE R E
AN UE - 1 T W  D A OE3l  a  NTo ®

AR IR (] B 0 £ B At RN A FL - R/

1235 FAaMFEhr ERS5SAMEREHRT
TE SRR [w] 0% 3 fe i -, G 0 6 Rl 8 8 ) T 1 o
) =2 48 ¥, R H CTAB ¥ 2 B i B4 DNA, H
rDNA-ITS 3|4 ITS1(5'-TCCGTAGGTGAACCTGCG
G-3")/1TS4 (5'-TCCTCCGCTTATTGATATGC-3") #
7 PCR §"34 . iR R 25 pL: Master Mix 12.5
L. 10 wmol - L' 5] # 4 1 pnL.30 ng - pL' iR
DNA 1 pL.ddH,0 9.5 pL, KW FRF: 94 °C WA
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3 min, 94 °C 72 30 5,55 CiE Kk 30 s,72 °C ZE{H 45
s,30 MG ;72 CLIEMH 5 min; PCR P22 1% 1)
T WG I FEL TR T I, 26 B DU R A W R A PR
NV, 8 DU 35 A5 1 B R f'DNA-TTS 31 78
GenBank ¥ %2 th ik 4T BLAST A8 He %08,
B F) IR 5 1Y rDNA-ITS 5, 3 T3 o bk A
R RI IR R T 95% 11 HA R B 1TS 551 (1) yDNA-
ITS J¥41, %l MEGA 7. 0 SR R G L EW .
1.2.4 & B4ttt % 2
1.2.4.1 NTHFSERAMT 8 LR (1.2.3) 5K
1) B2 A5 3 TG TR R A A el E G B K R A
R T PR 6L T A TR VR (D6 BB 100 fE ILEF R
20~25 NMET) , HA 0.1% 4 (iR - 80, ¥ 2]
TG E 23 53 AN [v) $th B R VR B4 fee S 1 B i R 75 18
DI 0.1% 13 —-80 Ay TC TR 7K Sy X i, &= - ¥k}
ASIRIE 24 b, BEANAEEE 6 Bk, 3 AR ERNE BER
ARG I, 14 d J5 A A oy BUORE B0 45 3 &k
R L, 10 SR A S B |
1.2.4.2 Fmprte vy S B 45 (2019) 1
D7k S5 GV M X B Y & R s R R e
HE R B TR AR 1 B B sk i b B
TR (7 3 I TE B A EE A TR A S, r )
PRAfE.0 90, ToHBE; 1 9, R BE 5 T AL 0 ~20% 52
P R BE R 21% ~40% 53 9%, 5 BE 1 T AR
41% ~60% ;4 9%, B 5 i TH A 61% ~80% 55 9,
B o T AR TE 80% LA b, WRIETE (1) = X (%%
G BOGZHARTEE) 7 (I A S B0 5 9%
BICEREE ) x 100, AR5 15 45 0K 11 &b R T
PEVEA b o 1E 47 R0 43, B 96 58 (immune, 1), 55 15
840 =0; &P (high resistance, HR) , 0<% 5 5L
<5;¥JH (resistance, R) ,5<RIETEE < 10; F i
( moderate resistance, MR) , 10 <% & 78 £ <30 ; J&&
Ji (susceptible, S) ,30<J 1% 8 51 < 50 ; 15 /& ( high
susceptible, HS) , 3% 1% 45 %4>50
1.3 HIFELEBES ST

{8 ] Excel 2010 F1 SPSS 22.0 %k {4 3 17 5 ¥
SRR 1 a VI

2 HER G
2.1 BEBRHPEEFER

S A AL, 2022 AT PG AR AR T AR AE IX A9 A
L4 A EAITTAG B, 5 R g iy it T

THTBLAR V7 22 0 AOIR Y o (0 3 A6 73, ik IR A
TR (R B, BB N 1) 1 HE RS | B 90 7 M s
BT, BB AR 9 AT Ay, B A HE R FDE K
PR DG 10 £0 48 (8 4 61 73 | 2 1 HE B/
BCRTE— BB PR AR, ) PE AR AR T R X 1 R
PR FESEF I R R WARGEAE SR O S A
e PR, Ao Rem  Hoh 3 5 L KA B 100% , 1
AR O BRI TR T R
AL RCR A 5 (1) o
2.2 BRERREFENESRE

T K i B 0 455 55 1, %o o i T T 2
TESEAT OS5 R 2 iR, 7 e R bR F A
I R 5 s i T B A B AT RN AC L PR APOE 2
A FHEE6 e, AR, T, ok
T, AN E PR EAE N 0.2~0.5 mm (& 2:A,
B) ;B ffl 7 &2 4w, 00 FE SO P, KN R
(21.43~30.95) wm x (13.10~19.05) um, KTt
AINT 2 1 B, R YRR (8 2:C,D)
KAl T HERARLL D L0466, i 22 f 1 HES
WHRZIRHES | 25 70 55 A 35 B Y BOIR B 5 & 71
B0 AR AR, K/NR (17.25~30.0) pm X
(5.5~6.65) pm, KFEH/NF 5 1, BT (K 2.
E), FIREEFAES Coleosporium bletiae [ IE 75 ¢ 1iE
FEAMAT (Wr52UH,2012) .
23 BRERRERNS FEE

R ITS1/1TS4 51X T RE X2 19 1TS 751 it
T B, W E 45 2R WK, BB X2 19 I1TS )7 4
(0Q826009) K}y 698 bp, #4 A5 Y ITS 741
TE GenBank %UH5 2 v 3547 [R) R PE HE X, 45 5 R
WHE X2 5 % % W )5 B Coleosporium  sp.
(KY783686. 1) HJ VL T J¥ #% &, J¥ 91 — B0 1
95.86% . 1H &, YA H [ K % Trichoderma reesei
(Z31016.1) R HMHEXT IR BT IR PR X2 1Y 1TS ¥4
SRR T 95% 9 HoAlh J bk 19 1TS 7 31144 1
GREM GRESEK X2 5EHEER
( Coleosporium ) 1 H J % 55 B Coleosporium bletiae
(MN108161. 1, OP363680. 1) . I it & 5 &5
Coleosporium pedicularidis( KP017554.1) T H St 44
%%Coleosporium senecionis ( KY810475.1) | 17 LA
B W Coleosporium cacaliae (KY810462.1) 455
I Coleosporium sp.( MW666045.1) | K4 B 45 T8
Coleosporium campanulae( KP017555.1) - h—4~K
K BE, M 5 Coleosporium  bletiae ( MN108161. 1,
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0P363680.1) RN — N /NEHE, FLE X R i, (H
P — (K 3) . LA RS S ) PE R AR A AR

B H X IR IR IR E N C. bletiae , {H5 B 4RIE I H M
590 SO AR AE — € st & 4k

A, B BREEATHM A (A FA; B IEW) ; C. BREMTHMK; D, E. BRAE TR )T (D. 1H; E. IEMW) ; F. g

K AT B

A, B. Leaves infected with urediospore (A. Back; B. Front); C. Plants infected with urediospore; D, E. Leaves infected with teleutospore

(D. Back; E. Front) ; F. Plants infected with teleutospore.

1 BEHREFRIER

Fig. 1

Symptoms of rust on Bletilla striata

A,B. EfiFi; C, D. EfiF; E. X7, #+R. A, B=0.1 mm; C-E=50 pum,
A, B. Uredinium; C, D. Urediospore; E. Teleutospore. Scale bars: A, B=0.1 mm; C-E=50 pum.

B 2 HwRmEENESSHE

Fig. 2 Morphological characteristics of rust pathogen

24 BRMREABNEFRMELTE

NTHERVERE X2 14 d J5, A R R SEIR 5
() SR &R IR AR AL, I R IR 0 1Y) B2 96 M
B TR) >F U8 0 1 B o 3 R B A AE R 22 = (]
4) . WP ERE I 23 0 A K& AR 1S 1R B0l
IR 0~70.7 , A [7) b 3 U5 1 B 22 Ta] 19 22 551 4n
2 FoR . AR A8 BOKE 23 0 11 BN B B X2
IPTPER] 53y 6 G, Hoh ok B = B LT Y
KRR (1) R E R ECh 0, dil 50 S50
4.35% ;2K AT PUASIR VY E | S SR L
HERHEREI IEI(HR) R IEEEC 1.7~
4.7, IR BRI 17.39% ;0 AT P BN W R 5

R DU EL e P ) e H DG B i b 8 BH Y 1 R
RIAPUR (R) RTERRECR 5.6~9.4, il &
B 26.09% ;2K H ) PEHEIE (15 ) )T PE AL VT
VUK TLVE bge VLI5 R a1y MR A b
(MR) , WG 548 50l 12.7 ~ 18.3, L ik 56 M B 1y
21.74% K AT VBT (2 ) 7 PUEAR TS 5
VG TP 7KHT M 20 F A 1 S R B IR (S)
S TE AR ECR 32.0~49.1, dil 50 B 21.74% ;K
Bz Vw1 E &R & & (HS)
S TE R ECR 62.2~70.7, iR 56 HHHY 8.69%

DL b gt SR B A [A] b B R R G Bk B R
X2 PIHEAETE R R E S, 1623 By A B sy il
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H & 4545 Coleosporium bletiae (MN108161.1)
75

9 EPE L Coleosporium bletiae (OP363680.1)

A X2 (0Q826009)

N
%)

4 o 5 W R Coleosporium pedicularidis (KP017554.1)

TR R Coleosporium senecionis (KY810475.1)

el G JL A= 55 Coleosporium cacaliae (KY810462.1)

W4k Wi Coleosporium sp. (MW666045.1)

PR ) Coleosporium campanulae (KP017555.1)

0.1

HIRAKE Trichoderma reesei (231016.1)

B3 ETERGHRFERE X2 SEMEHFTEERR rDNA-ITS ERFIIHENREREH

Fig. 3 Phylogenetic tree of the strain X2 isolated from rust of Bletilla striata and

other Coleosporium based on rDNA-ITS sequences

T SO 1 48 BUIR T 5.0, R BUHTEE N e
S PO TR ST B IR B 22, 36 11 09, 1 i 4L
75.6~17.0,

3 bk

30 T AMERMARSERARISE
APIESE(2021) B HREIA R, B9 ] fE EAE Y
25 I e RS L ™ S e 24 FAE W Y
R, AR LB, S EELEEA LT A,
1RGSR A AR ) B TR 4 7
Yo I 00 A B o 3 SR S B RO A E A2
BH, INTTSEZ A (1 B2 19 % 8, X 5 W40 B & 55 0 & 0
FRIE—S0 (RBP4, 2023) . SR, 55 5% 0 45 At
SRR XA b (R AT, 2019) , 7 P FhoRE IX A9 14
T R B T R G 85 B | i 23 B 17 i e, LD
K AT B4 JB T AL M 3, IR AR A5 A 1
BT AT ) L R s B[] A% % B M IS HR B (b
FESE 2021), X 5 F B 25 (2020) Flkg W 5L L
(2022) 78 F R AL EE AR AEY b AW 58 48 2540,

AR, BRSCIRAE (2018 ) Fil B 45 45 (2023 ) U5 %
HH AN [) 1 DX 95 1) & 95 15 O 5 27 = AR5 TR 1) st A%
TR o, W, BT it — LR TR R X
s DU 110 2 T DL B AL e 4
32 TEMERNBRERFEEREE

Kaneko ( 1981) BB 5% N0, 78 F 19 T &5 K/
AR ARG o RS . AWF90E B A 2
SLEE e B, T G P DX R e e IR e L
filF AT AIE A, b BT 4w, 50 R
TS Y | 2T Yotk 280 ; 440 PG4T (A sl 2
W, BN MR, 5 B HREE 0 RO A
LCIESE R ,2012) o ARWFFRAE KB, ) P FAE X Y
1S T AL /N TR I5 (2019 ) 38 1Y H M85
PRIACTRL - G D R R 6 2 o T B A 98 T 28 R/
B Ht AT | AF AR A BURE B ) R 3t B g
D7 AN 2 2B 1 AR b (5% 0, 20125 i MR 45
2018; & YIL4F, 2021 ) , X iF — L Ut A RE LA 1+
TEAR/NRT S T 175325, 1DNA-ITS 741 2 A
BRI PR ST MR B T 55 e B 1R o M R Sk
HWFFT, RS (2022) 3T TS 41 %2 AU
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A R, s B ST, mipt; C. ) PR, UM D.JTTREERR, YR,
A. Honghe, Yunnan, immune; B. Zunyi, Guizhou, high resistance; C. Hezhou, Guangxi, resistance; D. Guilin, Guangxi, susceptible.
B4 FEHETFNE AR

Fig. 4 Different resistance evaluation of Bletilla striata

®2 2MERMEXNERFEENIFRENE

Table 2 Determination of resistance to the rust pathogen in 23 Bletilla striata

ETRe e Y i T 46 £ E/R ETRe ke Yl i T 4 £ Ptk

No. Place of origin Disease index Resistance No. Place of origin Disease index Resistance

1 PRI 15.1£2.5ab MR 13 IR 7k 70.7+14.7f HS
Ziyuan, Guangxi Yongzhou, Hunan

2 YRR 37.8+7.8cd S 14 NP S 49.1=10.0de S
Ziyuan, Guangxi Yongxin, Jiangxi

3 L 32.0+4.0c S 15 JANENL IS 14.7+1.3ab MR
Guilin, Guangxi Xiushui, Jiangxi

4 PSSR 4.7+0.3ab HR 16 JAN IS 12.7+1.5ab MR
Gongcheng, Guangxi Shangrao, Jiangxi

5 LRI 18.3+3.3b MR 17 Ui 7.0%1.0ab R
Hechi, Guangxi Bazhong, Sichuan

6 IS Y 41.3+3.5¢d S 18 Py IT 5.8+0.4ab R
Jingxi, Guangxi Guangyuan, Sichuan

7 JIUEE A 3.0£1.5ab HR 19 EAPN 9.4x2.4ab R
Baise, Guangxi Chongqing

8 J PGB 6.7+0.4ab R 20 WAL E 3.3x2.2ab HR
Hezhou, Guangxi Yichang, Hubei

9 MY P 62.2+6.2ef HS 21 WL 22 B 5.6x1.5ab R
Luoping, Yunnan Xiangyang, Hubei

10 PN EEARD 0a I 22 LR T8 40.123.5cd ]
Honghe, Yunnan Guangde, Anhui

11 T3 S 1.7£0.9a HR 23 VL5 R AL 15.0+1.7ab MR
Zunyi, Guizhou Nanjing, Jiangsu

12 Wim A 8.9+2.2ab R
Sangzhi, Hunan

W ARNEFERFRREREE (P<0.05),

Note : Different small letters represent significant differences (P<0.05).

JI58 455 9 14 95 B TR A L M 2 A 5 R ( Puccnicia

J PR XA P e D B A T 5 R

hieracii) s XARAE(2022) MU ITS PO M RE M BI9F(2023) A SR 4R (2012) 78 F K 50 L (9 F
ER G T b8 B R AR R TSR — B, Park Rl Wellings (2012) B9 W 58 A
( Uromyces viciae-fabae ex P. sativaum ) , i A5 T FH Ry, F PR 58 AR RN EE 2H R B O v BE R R R L I
EHX ARG ENERBERE AR SLMA (U NIRRT S 2 A 5 er R
viciae-fabae ex V. faba) , AWFFEET ITS FFI % LY Bisi el e b 328 g AR PR DL R Ak 2 25 51
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R, AT S B 15 W o ke A B T S A% R4
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