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% 58 1% N ARTER 2 MUAF B (Bacillus amyloliquefaciens); 3) i &R ZG7ITH %, 3% FAEHEWP. 10%
REEHFIFEWDG. 25%F BB T BESCHT 10%KE FF « M B i SCHI I RUR & IF,  ECsofE 43725 0.8440
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Abstract

In order to identify the pathogenic species of edible roses leaf spot diseases in Guizhou Botanical
Garden and Huishui County, Guizhou Province, China, the samples of leaf spot diseases were col-
lected. By using single spore isolation method and pathogenicity determination, combined with
morphological analysis combined with ITS, GADPH, ACT, CHS-1 gens, the taxonomic status of its
pathogenic bacteria was determined. On this basis, through plate dilution and plate confrontation
method, combined with physiological and biochemical experiments and 16S rRNA and gyrA gens,
screening and identification of antagonistic bacteria on edible rose, then combined with the my-
celial growth rate method to screen the chemical agents with better control effect on rose leaf spot,
commercial microbial preparation Lvkangwei, Myclobutanil 12% EC + Dithane 65% WP, Oxadixyl
mancozeb 64% WP and GUHS97 were used for field control effect experiments. The results
showed that: 1) The pathogen causing leaf black spot was confirmed to be Marssinina rosae, and
the pathogen causing anthracnose was confirmed to be Colletotrichum boninense; 2) In this study,
a strain GUHS97 was screened from the healthy rose leaves in the heavily infected field and was
identified as Bacillus amyloliquefaciens; 3) Indoor toxicity test showed that 9 fungicides had a cer-
tain inhibitory effect on C. boninense. The inhibition effects of zhongshengmycin 3% WP, difeno-
conazole 10% WDG, pyraclostrobin 25% SC and metalaxyl-fludioxonil 62.5% SC were higher with
the ECso values of 0.8440 mg-L-1. 1.3854 mg-L-1. 1.8667 mg-L-! and 3.5945 mg-L-1, respectively,
followed by ningnanmycin 8% AS and bromothalonil 25% EC, with the EC5o values of 18.9624
mg-L-1 and 25.4813 mg-L-1, respectively. Pyraclostrobin 25% SC and bromothalonil 25% EC at the
mixture ratio of 1:7, 1:8 and 1:10 showed obvious synergistic effect; 4) Furthermore, GUHS97 ex-
hibited 59.12% control over leaf spot in field experiments and was more effective than other
treatments including fungicide application. Overall, these results provide a scientific basis for the
identification of edible rose leaf diseases and their control.
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1. 3]

R 2 H ¥ 7 (Rosa sp.)« ¥U¥E(Rosa rugasa). A Z=(Rosa chinensis) & H 2432 fh, RLEH B =
HL 2. BALMESAR A & F i (edible roses), fEHH 5 &Mz AiE, i I ECR[1] [2] [3] [4].
BARHATPHEHGM, £ SMEHRERE, TERA MO, K. 280K, KE, (£ 4~12 H,

][l

DOI: 10.12677/bp.2022.122008 64 LEW AR


https://doi.org/10.12677/bp.2022.122008
http://creativecommons.org/licenses/by/4.0/

e

PR, 246, BB, T, RECGREEEUE. BORIETR . BORAEE MBS R R 2], BRI
BB Z AR, B R R RS R OR, PR AR RR BO3G N, e R AT N, RO B
ETH[5] [6] [7][8]. H A& HEEE EARE R FH 4, 3 HcE — fi(Marssinina rosae) 52 i) %6 B & fix
DR R, AT TR SREE, 5l A S B, 7 E S T AR I AR SR
T2, KRR, MIRVESR, W EERRE SRR A, PR AL e R AR, 2 O
K R ) 1 E E[3] [4]. MbAbh, SO HRIE & P BURI B0k 550« KEE0E BRGS0 4] [8] [9] [10]
[11] [12]. A A6 T B AR 78 S AR vh T Fh s B2 I ARBEE BE L (3B IR RAY 77 i R 55 A2
XoF 993 5 VI AR AR T AL SR T T, %o 5|20 5 AR A R I 7 B L AR T R A5 N AR E D [2] [4]
[8] [10] [11] [13] [14] [15]. *&T- S84 HRMEHER, KX & H 22 IS i 1A i6 T Bbiia
R EE A M [16]. AR H R ARTE, AMUEAE T LI A RIAR R AR, AR A A
VIR N L A FE QR B [17] [18]0 2R MUK B8 RE 88 = A Pl O 2F M, JF HAEBBLEI 28640, WngiAER . i
SPURPE S E IR G AE[17] [18]. 15 FH 2F MOAT B 2EAT A S I 6 A2 E AT AP0 7 vE T 7 R AR s A
Z—[16] [17] [18].

AW AL BN B FEAE (26°37'N, 106°43'E) F1ES e M H /K B(26°11'N, 106°40'E) 8841 H 2= I & BLEE B
BB R R 1) 2 o e BER R T I, AL S B 0 R A AR T B (RO R 40%~10006), SE AR LI
i B R AR (R 3%~5%). (HIC4 N1k, H IR H 2= BBER 19 J5 2% A AE Y7 16 1 L ioE ) 2>,
BIELI T PN 25 B R WLARGE PRI AR AT T USCSE 3 A SR 20 H 2% 2 Bk B o S dE A7 20 2 AN B0 P e, K
PR LA, 454 ITS. GADPH. ACT. CHS-1 ZEZ LN P A RS R B R LB, 1 7 i
BRIF S 5 WSO R 72 S M B 0 R R, 9B I B e 2 PR A1, AR T A5 2 L AR B AR AL RFAE K 16S rRNA,
oyrA B2 HEFNFIIMERG R EN, BE A @A I R e A SRR AR
AR TN B VSO, DU B A ZE R R AN A AR R SR AR AR

2. MRS
2.1. #H

1) BHRIEFE 2019 4F 9 HAE S FH T A FE (26°37'N, 106°43'E)F1 5 M 445 24 B A 49 e 1 1 E 6 M1 2K 2
UFAE LT H ZR3E 0 (26°11'N, 106°40'E), SRAE LA BE B AR JE s L RDRER () SR 2T H 2Rty 4F [l SEIR =

2) HR247) 64% K EAL(8%NERE R + 56% CARE ) WP (SLIEEGH I E R B IR AH); 12%/5
R o =P (2% B + 10%=PER) EC (L ARIAMS AEMBHE G BRAF]): 65%AREE (LA FHR B A H
FRAT]) WP 200 14/g NAEZEAOFF B (SR BRI, R REFEAL ) EMHE ARG IR AF).

3) KiFR%E PDA F1 LB 15773550 il FH T 30 0 R0 2F M FF 1 1R 15 95 [19]

22. Bk

1) RIREE B SR B4 8594 [20] [21], 7RSI RS AL DI 5 mm x 5 mm (SR BE, 48R
B (70%iP545 30's, 3% NaOCI 2 min)fIC K fa, B THRRSET, A 1 mL BRK, BREVE
o A R TR A AT, 13I8 AR B, R MRS 5 iR A & 1% KR IE- AR BE 7%, et
2R SRR AN T, B M T AR T 2] PDA PR L, T 25 Califtss 7 7~45
d JE WS B V& « BETE AR SIS L o B A BB JLALREAR (1) 52410 H 2t v JL3R1 4 4k 43 il bwic v YIHB1100,
YJHB1103, YJHB1106 F1 YJHB1109, M H A mwJEW 84 H =0 3 RAE 3 AWtk o ilbric A
GZUMHO01., GZUMHO02 1 GZUMHO3, EHURE M H #k YIHB1109 I GZUMHOL AT 5445, frf
PRIIRAE T U0 MR 2R S B A s B 22 S0 =
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2) R EEESIE: K BB E kR T PDA [191°FR -, 25°CIHIRETFE 7~45 d J5, MEd
KBRS D EMTIRE K a1, A wARBENLIEE 50 AN A7 AT & . IR T B i
FBKBE A b, 28°CIRRHFE, 24 h e WEIFL M E RES.

3) BURMEMIE: KRG EAELOEATBURMEN & . 4tk kR T PDA B b, T 25C
B398 7~10d, RALH/KBIFHERF I MEGHEHCE RS 1 x 10°f8F/mL # . B L B R sar
HAZMErk, HCHEEMEHEr R EATRAG,  m i Bl &2, SR 50 mL, DABHI G #
K AR ZS IR, AN EEL 5 fR T, BAMCEES 3R, R, WEIRL R ARG, R
MR R e, FREEAT A B AL B IR SR B, 5 BRI PGV I BGIE «

4) iR T4 E . R Biomiga FL iR DNA $HUL A &I it E bk DNA, i%#% ITS. GADPH,
ACT. CHS-1 ZE[H 519(#% 1)i#k47 PCR ¥ #4[22] [23] [24] [25]. ¥ 347/~ WH 1.2% )35 M b s JEA T ML TKORS:
5, JE% PCR =ik TAW) TAE( i) et A PRA ST I o« 745 3T NCBI ¥ i3k 47 BLAST
Ext oo #r, FEAIH CLUSTAL X BAFBEIT 2 F HI LU X RN R GE AL 20 B At MEGAG F (1 5t KB AR I 4 7
RGERKEM(E 2, 4 3)[22] [24].

Table 1. Primers required in this experiment

F 1 LWARENSIY

A HR 44 54 F4(5°-3") 2k K/ (bp) SRR
- Internal transcribed ITS4 TCCTCCGCTTATTGATATGC 615 bp Damm et al., 2012
Spacer ITS5 GGAAGTAAAAGTCGTAACAAGG
Glyceraldehyde-3 GDF GCCGTCAACGACCCCTTCATTGA
GAPDH -phosphate 308 bp
dehydrogenase GDR GGGTGGAGTCGTACTTGAGCATGT
ACT-512F ATGTGCAAGGCCGGTTTCGC Moriwaki et al., 2003
ACT Actin 316 bp
ACT-783R TACGAGTCCTTCTGGCCCAT
CHS-79F TGGGGCAAGGATGCTTGGAAGAAG
CHS-1 Chitin synthase 229 bp
CHS-354R TGGAAGAACCATCTGTGAGAGTTG
16S 27F AGAGTTTGATCCTGGCTCAG
16S rRNA  16S ribosomal RNA 1500 bp Lane, 1991
16S 1492R GGTTACCTTGTTACGACTT

gyrA5P  CAGTCAGGAAATGCGTACGTCCTT

gyrA partial gyrase gene 1000 bp Chun et al., 2000

gyrA3P  CAAGGTAATGCTCCAGGCATTGCT

Table 2.
*2 A

The gene sequences used in phylogenetic tree of the rose black spot

FERFRIER G L BEREEFS
EHRNERS
i Wtk
ITS
Ascochyta medicaginicola 32DEC MW723648
Colletotrichum boninense CBS 123755 JQ005153
C. boninense CBS 123756 JQ005154
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Continued
Diplocarpon coronariae Vtech6 MW364856
D. coronariae Vtech7 MW364857
D. mali -- AB609188
D. mali -- AB609189
D. earlianum CBS 16232 MH855259
D. mespili KACC 42361 EF600984
D. mespili KACC 42436 EF600985
Marssonina balsamiferae 1419 MN315242
M. balsamiferae 1421 MN315243
M. panattoniana Lettll MK252097
M. panattoniana CBS 16325 MH854831
M. rosae CFCC 6814 KP099199
M. rosae RM071209004 FJ493247
M. rosae YJHB 1109 MW804670
Sphaceloma rosarum CBS 21233 KX887283
S. rosarum CBS 21333 KX887284
Table 3. The gene sequences used in phylogenetic tree of anthracnose of the rose
# 3. BERERBERGALAENNERFT
T k7 ® S
ITS GAPDH ACT CHS-1
Colletotrichum beeveri ~ CBS 128527T JQO005171 JQ005258 JQO005519 JQO005345
C. boninense CBS 123755T JQO005153 JQ005240 JQO005501 JQ005327
C. brasiliense CBS 128501T JQ005235 JQ005322 JQO005583 JQO005409
C. brassicola CBS 101059T JQO005172 JQ005259 JQ005520 JQO005346
C. citricola SXC151T KC293576 KC293736 KC293616 KC293792
C. cymbidiicola IMI 347923T JQO005166 JQ005253 JQO005514 JQ005340
C. dacrycarpi CBS 130241T JQ005236 JQ005323 JQ005584 JQ005410
C. hippeastri CBS 125376T JQ005231 JQO005318 JQO005579 JQO005405
C. oncidii CBS 129828T JQO005169 JQO005256 JQO05517 JQ005343
C. parsonsiae CBS 128525T JQ005233 JQ005320 JQ005581 JQ005407
C. petchii CBS 378.94T JQ005223 JQO005310 JQO05571 JQO005397
C. torulosum CBS 128544T JQO005164 JQO005251 JQO005512 JQO005338
C. watphraense MFLU 14-0123 MF448523 MHO049479 MH376384 --
C. gloeosporioides CBS 112999 JQ005152 JQ005239 JQ005500 JQ005326
C. boninense CBS 112115 JQ005160 JQ005247 JQ005508 JQ005334
C. boninense CBS 128549 JQ005156 JQ005243 JQ005504 JQ005330
C. boninense CBS 123756 JQ005154 JQ005241 JQ005502 JQ005328
C. boninense GZUMHO1 MT845879 MT861006 MT861007 MT861008
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5) MFBR 2 BT R 1 2 B SRR R PARIA[19]. B REMT A 1 g JON S 9 mL JE B ZK K B it
RS, ARJEISIRREE 10 MK, IR 107281 107 BIRBRGIEAT /K 3 (85°C, 30 min) LA FELE AT 73
EZE AP . B 100 pL FIRERERIRTE LB B, FHRER-PIR 4 NEE, T 37 CHER AL R, Bk
AR ) FLR VR, il BRI IR A7 T—80°C UK A

6) AEBi7 ZF M 1T E 55 A IE I TR e DR v [ L O] 7 e 47 0 R LS T 2SR PR S5 P A B 2 A 1 B
REITH AN G R A A A L R AL B M E B, HEMER. I Excel
DPS AT Hm vt b, B 1 BRSO Bl I B AR T 5 2R I

HHE R %) = [HRAEEER — PR E TS ER)/A A ETE EA2] x 100%.

7) AR5 BT A WG A AE B AR AR AN . 2 BRI B AR T 37°C L 200 rpm A CREEE, BSO
WA A, FITE KB Ve 3 WK, i JE B /K B 2 R Rl 29K FE 10° CFUImL, £ LB “FAR L3N 5 L Bl
I7CIEHIEREFE 12 h 5, MEICREERE . R CF LI RE5 50 T [26], 6 B bk I A B A4y
PEFEAT I 5 o

8) AW AT 7 %8 : KA Biomiga 4HE &K 241 DNA $EECEGR G HUAE B 27 MR B 1 56 R 4
DNA, FiH] 16S rRNA Al gyrA 514[27] [28]% IR ZE I HHATY 3 . PCR =5k IEAf 5 1% Bifg A4 T
BEAT PCR P20 o 3 45 5 0 W Mk 7t &R G & A 73 ) b (5 4).

Table 4. The gene sequences used in phylogenetic tree of Bacillus sp.

F 4 FRETEREGEZRG R EREEREFT

Bt
5
a3
bl
Ji

4 k782
16S rRNA gyrA
Bacillus subtilis 168 AL009126 AL009126
B. subtilis NCIB 3610 CP020102 CP020102
B. safensis KCTC 12796BP Nz_CP018197 NZ_CP018197
B. safensis FO-36b NZ_CP010405 NZ_CP010405
B. cereus ATCC 14579 CP034551 CP034551
B. cereus CMCC P0021 NZ_CP011151 NZ_CP011151
B. megaterium NRCBO001 MN128363 MN662261
B. megaterium BP17 KM376218 JX514095
B. atrophaeus 3EC7C5 EU304976 EF026698
B. atrophaeus NRS-213 NR_116190 EU138654
B. amyloliquefaciens NRS-213 AB918710 NZ_CP053376
B. amyloliquefaciens GUHS97 OK560079 OK663022
Geobacillus thermoleovorans ARTRW1 CP042251 CP042251

9) EE W AARMIBUBRMENE: BAEE e R LA K ERE[19], BUEE 5 mm 99 B 5 R U
BT OAEZFIKENZ 5)1 PDA i e, BIAEINZ I PDA PR EXT . SN0 3 IRE X,
25 CH 7% 7d, RA+FR A1) RIAE B, THHEMER . A PR R 1)
2, UIAFER AT S, 5% 2 AC b i 2 A L AL 25 R EL 7).
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Table 5. Nine fungicides used in the experiment
2 5. LI REERAR 9 FRE

Zhongshengmycin 3% WP 0.61x 10! 244 x107" 9.77x 10" 3.91 15.63

Allylisothiocyanate 20% SL 0.4 0.8 1.6 3.2 6.4

REH BB & B (ugmL ™) SCHiR
Difenoconazole 10% WDG 0.94 1.88 3.75 75 15 Syngenta Nantong Crop

Protection Co., Ltd.

Jiangsu Tuogiu Agriculture

Pyraclostrobin 25% SC 5 10 20 40 80 Chemical Co.. Ltd
Dithianon 22,70 SC 9.4 18.86 3775 755 115 Jiangxi Heyll_%hemlcal Co.,
Bromothalonil 25% EC 3.75 75 15 30 60 Jiangsu Tuogiu Agriculture

Chemical Co., Ltd.

Phenazine-1-carboxylic 5 5 4 3 Shanghai Nongle Biology
acid 1% SC 391x10° 156x10° 6.25x10"* 2.50x10 0.01 Co.. Ltd,

Ningnanmycin 8% AS 391x10° 156x10° 625x10* 250x10° 0.01 Degiang Biology Co., Ltd.

Shenzhen Noposion
Agrochemicals Co., Ltd.

Metalaxyl-fludioxonil 3 3 3 3 _»  Syngenta Nantong Crop
62 5% SC 1.22 x 10 4.88 x 10 1.95 x 10 7.81x10 31.25x 10 Protection Co., Ltd.

Beijing Yagenong Biology
Pharmacy Co., Ltd.

10) HE/NXEE: T 2020 4F 7~10 F 51 /N 44 B8 Rg A0 AR B e v M E/K B R 20 81 H 2R 5k i
(26°11'N, 106°40'E), i — B840 H 2=t A7 /N XS . {5033 4 N A3 (L AR 25771 BER A i
FE (855 P 2457510), 1 ANE/KAT R AbEE 1. 64% 5 FEL(8%NERE R + 56%fRAREEE) WP (SLIEIEFMNED
R AR A F]) 600 59 ARPE 2: 12%MG T « —PMERH(2%AG M + 10% — M) EC (Ll ZR AN A= RHCH
PR 7)) 5000 F5 + 65%XAREF(RERRIRIFE AR AT BR A F]) WP 2000 il ARFE 3: 7 i A 28 7 ) 71 (2
R A SR L B0 A AR TR A 7)) 20014./g 50 £5#; kb2 4: 2 g #F 5 (B. amyloliquefaciens GUHS97)
10° CFU/mL. #34b¥E 3 RER, L 12 AKX, f/0X 60 k. &5 LIRSS G, A fm A 1E Ay
TR, 2 5 7~10 RKAEAE 1k, Lt 3 k. MR 2 (A5 R G T A2, DIkkA
AL, TERE R CUE A . TR B AOW R AR S TR AL, A Excel 1 DPS 34T HE S it
AT

A MBS E S 0 e ARRARBOR; 1 % RBEmA S B IR 110 LR 2 % 9%
DETRIAR (5 8y T ARG 1/10~1/4; 3 2% R BEIHIAR 3 48 AR 1) 1/4~1725 4 S R BETRIAR o5 8y i T A
(1) 1/2~3/4; 5 Z: JFBEMIAN 8 H TR 34 LA L, R BivE M E, MRS,

K% = (R R T A R E) < 100% 5
TR = D (- BOPR BT BOAZH G A ) /(P 7 RS 80 x e 24 ) < 100 5
R 17280 = (% HEE DX 95 175 20— Ak 380 DX 0 175 1 50 ) /3 L DX 54 6 < 100% -

3. BREHH
3.1 WEER
MBS e E RLAFHN R, KR EA IO /N L SN R, SRR SR
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APy Ry Bt IR EA NI, 5t L EA RO N R A RIEHIR, P E R PEE R T
FEH R REBE, BRI (E 1(A)~(C)).

BRI E B H R AR R, RO BB A, AN, R LR AT, AiRE T
N BEJE BT R VIR BT BAS T (5] 2(A)).

32. MEEEELE

RABEH JR  YIHB1109 JEAS & 1(D)~() s, 1E PDA B stk b 28°COLIEIE IR 25d, Wivk HAZZ
1.0 cm, AEKIEEE, JAERM2AEEIR, HEEKEHRERKE; 2AEBRTRESER, FEEKR
BEOAMT EMTYES, B, RREGAEAHE, KN 13.9~29.0 um x 4.9~13.8 pm. ARAELLE
TEASFRHIE, 120 %58 BEHH (190 57 B A 3% #l it — f(Marssonina rosae) [1] [23].

IRIER SR B GZUMHOL T2 & 2(C)~(F) s, Wk SR OISR, 5 AT V& = A IR R (000 [
TERIF= gt nAEMFHREESE, EMETE, Tk, K/NZ13.7~18.8 um x 4.3~6.8 um; 7 A Al 71
RATTE R 1o AR LA ETEASS2ARHIE, 4554020 % 08 IRJELI 99 J5L 18 24 7R JE B (Colletotrichum sp.) [22] [24].

Figure 1. Symptoms of black spots on Rosa chinensis and morphological charac-
teristics of the pathogen YJHB1109. (A)~(C): Naturally occurring leaf spots on
Rosa chinensis; (D): Conidiophores and conidia; (E): Conidia; (F): Conidiomata;
(G), (H): Colonies on PDA above and below after 25 days; (1), (J): Colonies on
PDA above and below after 45 days. Scale bars: (D) — (E) = 10 um

E 1. BEEWERERERE YIHBL109 FAS451E. (A)~(C): BEEIHER;
(D): FEBMFEMPERT; (F): 7EHF; (G), (H): BIELE 25 X/5 PDA
ExRME; (1), (J): BEETE 45 X/g PDAERE. EEBHIR: (D) (E) =10 um

33. MEESTFEMFEEE

Yo TR ITS ZER T R G R B . Bdk YIHB1109 ITS JE[H /751 2424 GenBank
B, TS WZE 2. A 3 Fs, BHRE YIHB1109 5 #k M. rosae RM071209004 il CFCC 6814
RET—X, HICFEIL 100%, fES5HEMARX AT Bk, S5ERRIESSRHE, KR E %S E N
AL f M. rosae.
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Figure 2. Symptoms of anthracnose of the rose, morphological characteristics of the
pathogen GZUMHO1 and experiment on pathogenicity. (A): Leaf spots on Rosa chi-
nensis; (B): Conidiomata; (C), (D): Colonies on PDA above and below; (E): Conidia;
(F): Appressoria and conidia; (G), (H): Pathogenicity test. Scale bars: (D) — (E) = 10

pm
E 2. BERERER. BEE GZUMHOL EA4HERBURMSL . (A): BER
ERAER; (B): SEBTFE; (C), (D): Bk PDA LHIERME; (E): S48
F; (F): MBEBMOERTF; (G), (H): BrmMikig. tkFR: (D) - (E) =10 um

BRI SR % BT HERE R ITS. GADPH. CHS-1 i1 ACT JE K 57 ) i L R B & RS K
HH#. BEtk GZUMHOL ITS. GADPH. CHS-1 Al ACT £ [ /541 4235 GenBank ¥ %, 7515 W4 3.
WK 4 fis, #HRE R GZUMHOL S5 #k C. boninense CBS 112115 B&T—37, H X F&ik 100%, #
HHREMBHEX . Bk, SERERIEEZRE, K50 5§ % e N8 TR IE T C. boninense.

3.4. ERFEFRRITEAITHIE

BTG 5 PH T SR 20 H ZEFh R R SR BRI Fr, > B949 31 137 BREFMUAT B, F Tat— Dk
of S B TR AN i RIS T 4 PR AR F5 (T Ak, TR R B T AR KO FE AR NS, A FUAE P AT R I
(S BUIT iE A0I ~PARORT IR V25 0 12 455 7 AR JEL o BT RS B S RO 2B B0 2 BT B, 49 31 5 BRI B e 77 S v
PR, ol 5 A 6 B, N aRJER I I0H]Z 850 70.27%0L F, HA E R GUHS97 X C. boninense 4%
PUSCR B, B HAE N 5 B2 SR A T T bk

Bk GUHSI7 MIAEFRA LR IE WL 7, FHkk GUHSO7 A G+, HFIR, BEWSHIH RZ2spEAH e, 7=
A Tk A S BRI TR B AR R I SR B, V-P M PHME, I BE LT Y (B 55 . 3@ Xt 16S rRNA il gyrA
FEK 741 BLAST 707 i U B pRAE D Z LR PR, M T BRI Pk GUHSIT 1 R 40K B B . Bk GUHS97
16S rRNA 5 gyrA F:[5 /741 4258 GenBank #(4l [E, J7 515 W& 4. a1l 6 foR, BPk GUHSIT [FIfEVE
1 2F B AT 4 (B. amyloliquefaciens) WF02 R #l—37, H X #%RIA 100%, fE5HERHEX DI, HEES
2 AEFAAREREA Y TR T, B E AR GUHS7 %58 MR TE N 2 F AT 1 (B. amyloliquefaciens) .
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D.coronariae Vtech6

Diplocarpon coronariae Vtech7

D.mespili KACC 42361
D.mespili KACC 42436

D.earlianum CBS 162 32

YJHB 1109

100

M.rosae RM071209004

100
I. M.rosae CFCC6814

97 100 Marssonina.balsamiferae 14 19
| M.balsamiferae 14 21

100 I M.panattoniana CBS 163 25
l M.panattoniana Lett 11
100 I Sphaceloma rosarum CBS 212 33
_ 34 S.rosarum CBS 213 33
100 I C.boninense CBS 123756
| Cottetotrichum boninense CBS 123755
Ascochyta medicaginicola 32DEC

0.2

Figure 3. Phylogenetic tree constructed from ITS gene sequences of strain YHJB1109
[ 3. E#k YHIB1109 & T ITS EEM ARG XK EH

79 C. boninense CBS 123756
C. boninense CBS 123755 T
C boninense CBS 128549
C. boninense CBS 112115
GZUMHO01
C. torulosum CBS 128544 T
C. cymbidiicola IMI1 347923 T
C. moncidii CBS 129828 T
C. brassicola CBS 101059 T
C. beeveri CBS 128527 T
C. watphraense MFLU 14 0123
C. citricola SXC151 T
C. petchii CBS 378 94 T
78 C. brasiliense CBS 128501 T
100 C. parsonsiae CBS 128525 T
C. hippeastri CBS 125376 T
C. dacrycarpi CBS 130241 T

Colletorichum spaethianum CBS 16749

0.03

Figure 4. Phylogenetic tree constructed from ITS. GADPH. CHS-1 and ACT gene sequences of strain
GZUMHO01
[ 4. E#k GZUMHOL &F ITS, GADPH, CHS-1#1ACT £EEMARZ4L BR
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Figure 5. Antagonistic effect of Bacillus strains against C. boninense in expe-
riment. Note: (A)~(E): strain GUHS97, GUHS113, GUHS120, GUHS117 and
GUHSS5; (F): CK (C. boninense)

Figure 5. ZFEATEX B ERBERBFEMBER £ : (A)~(E) : R GUHSI7,

GUHS113. GUHS120. GUHS117 1 GUHSS5; (F): CK (AZRERERH)

Table 6. Antagonistic activity of Bacillus strains against C. boninense in ex-

periment
= 6. FIETEX A ERERNETUEME SR
Strains Inhibition rate/(%)
GUHS97 77.85 +0.05a
GUHS113 72.46 = 0.06a
GUHS120 71.26 £0.13c
GUHS117 70.86 + 0.26b
GUHS5 70.27 £ 0.15c

Note: The data are means + SDs. The different lowercase letters in the same
column indicate significant differences at the P < 0.05, respectively, using
Duncan’s new multiple range test.

Table 7. Physiological and biochemical characteristics experiment of strain GUHS97
= 7. E¥k GUHSO7 B4 FBAE (L4314 018

Characteristics GUHS97
Gram stain +
Voges proskauer tests +
Methyl red tests +
Citrate +
Hydrogen Peroxide +
Starch hydrolysis +
Nitrite reductase +

Nitrite reductase (NO-forming) -

Alpha-L-rhamnose +
Mannitol +
Note: “+” is positive, “~" is negative.

zinl
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Bacillus cereus ATCC 14579
100

Bacillus cereus CMCC P0021

Bacillus megaterium NRCB001

100

— Bacillus megaterium BP17

Bacillus safensis KCTC 12796BP

100

Bacillus safensis FO-36b

Bacillus subtilis 168
100

Bacillus subtilis NCIB 3610

Bacillus atrophaeus 3ECTC5
100

L Bacillus atrophaeus NRS-213

Bacillus amyloliquefaciens WF02
100

GUHS97

Geobacillus thermoleovorans ARTRW1

0.10

Figure 6. Phylogenetic tree constructed from 16S rRNA and gyrA gene sequences of
strain GUHS97
[ 6. Btk YHIB1109 E-F 16S rRNA 1 gyrA EEH R G4 B

3.5. EAREFIERRMENE

DR BE B B A AT BEAR NS, SO FEAE = N R EAT R EL BT AR 3% B R R MR 5 o iR 2 SRR, it
T 9 BRI A 2RI B (C. boninense) A AN FIAR 4l EH, Jodr, 3% AET 2 WP. 10%
ZR ik IR WDG.,  25%Itk e B i SC Al 10%45 Y « M6 B i SC Ml U R B 4F . ECso fH 23724 0.8440
mg-L™'. 1.3854 mg-L ', 1.8667 mg-L ™" 1 3.5945 mg-L™"; H N 8% T FIEE H AS Al 25% IR i fif EC, ECs
{E 319 18.9624 mg-L ™ A1 25.4813 mg-L ™" (ML 7. % 8). HiT 2590tk i#i g SC Al 259% i i EC Xt
D AN SO, HRFRZGFRIERNLEIAE, B3 9 rIH, KX A2 DA F L@l g 47 2 i,
FERLLLRT 1, UEBA P FR 24 TR AL — 2 M3 E A INPE . 4 25%k P ik B 1 SC RN 25% R 1 i EC
BCELAH &M 1.7 1:8. A1 1:10 I, 136 10 AW, ECs ¥IELA/N, HEIE /N T HHIH ECs, UiBILLIX 3
PR G 20 G AT VR FC N H 22 IR B HL A SE SR I/ E 3 FRC LU 2 & i35 R %00 A 218.0606.
217.9975 F1 248.7639, FILH AR MIGHAER, H 17 BURBAE(LE 8. % 9. % 10).

3.6. HIE/NXRE

Sob A ZE B 1 FH RS KR EG R B, GUHSO7 A3 5 A X B R 59.12%, Al Akt Ak Mol 7 4
Y] 63.89% AR Y, B E T S2brAE A E K 12%55 5 « =Ml EC + 65%AXAx4E WP 1) 30.09%#!1
64% 7% FE AL WP (1) 19.88%, BHia& R BRIF(WLE 11).

HO

DOI: 10.12677/bp.2022.122008 74 At e


https://doi.org/10.12677/bp.2022.122008

e %

250 mg/L 12.5 mg/L 0.625 mg/L. 3.125*102 mg/L 1.563*10° mg/L

Figure 7. Indoor toxicity test of pyraclostrobin and bromothalonil to Colletotrichum boninense
B 7. M EERE AR E R A R ERENEAS I8

0.625 mg/L. .. 0.625 mg/L. 3.125*10° mg/L 1.563*10" mg/L.

50

Figure 8. Co-toxicity of the mixed pyraclostrobin and bromothalonil to Colletotrichum boninense
[ 8. MM B EREARE A A ERERE LSS E

Table 8. Indoor toxicity test of nine fungicides to Colletotrichum boninense
7= 8. 9 MAEFIN AFERERENERNSHLE

AT ERcAEEpy AR R HL ECso fti(mg-L ™)
250N P T bR i Y =0.4161x + 4.8872 0.9887 1.8667
22.7% R B Y =0.3780x + 4.9946 0.9684 103.3143

25% IR B i Y =1.0601x + 5.6295 0.9697 25.4813
109% 7 ik B BA 14 Y =1.6375x + 8.0431 0.9947 1.3854
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Continued
1% HBEE R Y =0.2123x + 4.3902 0.9497 745.2285
8% T F B Y =0.7724x + 6.3320 0.9961 18.9624
62.5% 7 R Y =0.7276x + 5.3234 0.9702 3.5945
20% 57-Hi T BRI T i Y =0.1601x + 4.3607 0.9953 9830.3102
3%HFATER Y =1.6969x + 5.1250 0.9809 0.844
Table 9. Toxicity ratio of pyraclostrobin and bromothalonil atdifferent mixture ratio to Colletotrichum boninense
9. MMBEEEFRER A FERERENSEL
PRAEL (VA VE) S BRI 2 (%) TIHIHI T 2 (%) aBEPELL
1.0 76.56 50 1.53
1:.01 82.48 61.74 1.21
1:02 86.49 63.39 1.32
1:03 99.99 65.03 1.56
1:04 85.22 66.68 1.34
1:05 88.14 68.33 1.4
1:06 99.99 69.98 1.6
1:07 99.99 71.62 1.61
1:08 99.99 73.27 1.61
1:09 86.41 74.92 1.4
1:10 86.26 61.59 14
0:1 60.09 50 1.2
Note: VA:VB represents the volume ratio of pyraclostrobin and bromothalonil.
Table 10. Co-toxicity of the mixed pyraclostrobin and bromothalonil to Colletotrichum boninense
= 10. MMEARREARERX B FEKERENLHEE
I . == iy =1 Ny N EC50 ’fﬁ = N jj:—:E"?
IRFREL (VA VE) BRI R R HL (mg-LY) HERH LR
11 Y =0.2475 x X + 5.2443 0.9809 0.103 48.89164 antagonism
1:2 Y =0.0472 x x + 5.1266 0.9694 0.4053 72.84297 additive effect
1:3 Y =0.7358 x x + 5.8051 0.8762 0.0805 97.65353 additive effect
1:4 Y =0.3295 x x + 5.0566 0.9689 0.6733 119.2654 additive effect
1.5 Y =0.3356 x x + 5.0448 0.9227 0.7354 141.8125 additive effect
1:6 Y =0.7051 x x + 5.7091 0.8328 0.0987 170.3214 synergism
1:7 Y =0.6823 x x + 5.6057 0.7902 0.1295 218.0606 synergism
1:8 Y =0.7560 x x + 5.6617 0.8641 0.1333 217.9975 synergism
1:9 Y =0.3785 x x + 4.9248 0.9649 1.5806 215.2897 synergism
1:10 Y =0.2775 x x + 5.0190 0.9809 0.8542 248.7639 synergism
Note: VA:VB represents the volume ratio of pyraclostrobin and bromothalonil.
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Table 11. Control efficacy against edible roses leaf spot in the field
= 11. Higx & AR KRR AR

Ab ¥ I (%) VIR IRERE ()]
CK 98.54 + 1.30a 12.02 £ 0.77a
64% 7% FE 81.37 +0.38b 9.61 +0.21b 19.88 + 3.64¢(C)
129%fiE B « =MEH + 65%fCARE: 78.34 + 1.67b 8.41 +0.76¢ 30.09 + 3.39b(B)
2B 49.34 +0.93d 4.33 £0.16d 63.89 = 2.46a(A)
GUHS97 66.72 + 1.16C 4.90 +0.17d 59.12 + 3.19a(A)

Note: The data are means + SDs. The different lowercase and uppercase letters in the same column indicate significant differences at
the P <0.05 and P < 0.1 levels, respectively, using Duncan’s new multiple range test.

4. g

B A B BRI R F 2 —, HOREFRRECN D . W5t Sphaerotheca pannosa.
Pestalotiopsis clavispora. Phytophthora nagaii. Botrytis cinerea [29] [30] [31] [32]Z & I v 5| o & FH )
BN o R B R LR R R L AR, B BURNE, TR MR AR, FER
AEAEPG I HBIX , T2 (2 EAE[33] [34]. T M. rosae ZE KA NZENG, 43 B8 4l L5 IR At
UEAF SR IE D o AT FUAE BN 28 A 470 [l R 25 M B K L R SR 2 F 28 B R 30 B B R R IELI 1) 2 v B
T, I R B AT 2 BN EUR N, KRR A F 4SS ITS. GADPH. ACT. CHS-1 %52 5[
FE 50 53 AT A 5 SR B399 iR B R A A f (M. rosae), 1 IRFRIE T IR I S5 B 187 2 JEL B (C. boninense)
HAZERIEHEIRE R AN, NN ERIRIE, mmtabERA, ERAEREY A, HE M e A
FEREFEANK, AHEFLE ARIE T 51 5 H 225 199 5 B 9 C. boninense GZUMHO1, 4 J5 5241 H
TR P PR AL IR KA .

HHT, AT A WUFITCHLEE S SRR b =, DA T Re S B A A8 4%, 5 78 BRI e AN
NFEfERERS, R R BEAEKG BN Ed L0 L HER, BRI T 2% kI HREN
TH, BRIV Py, AT B[35] [36] [37], VENIBTERI RN VAT 365 s 0 50 R IR
VERY ZEMUAT T ZF57 B0k 771 %6 5 ST Fa - BREA55 1) FE (8] Y8 25T 1A 97% [38]. 5 2 i A5 i iok H [e] iR B0 A 72 3R 1,
FRTE R SF AT T Jt84 X /K FE A i 97 ¥4 2 AL ik 78% LA F[39]. Al M. rosae A=Kl FENZNS, Tov:FH T-1E
HNTHIEAT 25 SEMOAT B, DR R ASHIE SR A H 2R JE% C. boninense 32EAT 2E B 28 UFF B O 97 . ASHIE 72 97
WEF) 1 MR BRA 25 2 MOAT B GUHSIT, IR 4B 245 2 AR FR AL ARAE J2 16S rRNA. gyrA 2542 B 51 404
Y B Z T NARENT 2F AT B (B. amyloliquefaciens). i FH[A] /N X AREG B, GUHSO7 ot B9 FIAH X B
RCH 59.12%, LREBCN 63.89%, GUHSO7 FILEEE X B B W 2 57, Bk 2 I - — PR
SR AR AN FE AU I BRI AR X B 250 30.09%F1 19.88%, GUHSO7 [ 2% B4 HL B AR F1b 242571
KR M TP s KE T, HREBEAAEF TZOH RS MANERK, GUHSIT H& i
(R R 73[23], LA RSy R 250 F AR DT SR A SR R i (R E e i

HHT, % HZ=m B0 1 56 DAL 2= R E v 3, (BRRRCRIEA AR . Rk, AR FRUEA ™
WA AR 2557, B = WAL R I, 3% AR B R WP 10% KK T A WDG. 25% P ik
[ SC A1 10%0K% ' « M iE SC Mk R iF, ECso {853 54 0.8440 mg-L ™', 1.3854 mg-L ™", 1.8667
mg-Lt A1 3.5945 mg-L™, HIK A 8% TRIE R AS Fl 25%IRE fiE EC, ECsofEH%r %N 18.9624 mg-L™ Al
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25.4813 mg-L™; ¥4 2590t MR G SC A1 25%iR i fiE EC LA 1.7, 1:8. A1 1:10 HLBISE L, *tH Z5IE 0
AT SR EE A, R B SR E R o AR e P O e A TR TR LR B, IR T S
JETF RIS, VE R SRR —, GRS, o Mk T R T A R R B R AR
PEo TR B N —FMREE TS M AL S PR, e 50 R E M gu i b R B B g
SE A MR 2R EL[40]. PRIk, ASBIF FUIE FH Lk P Tk B T -5 VR A I AT ST, ARG Pk 1 S £ 45 P AR FE
AR T8 G SR % 27 AR b g

DL B T 4 SRR B F A ZE 0 R BI R ke VR SRRk 4

5. &

AWt B A, BURTENE . BEFEERZEFFIREGHERZTKENEHARTFTR, ¥
B A8 LA el RS T B K L IR SR A0 H 2R B 199 SR A 43 ) s S BB 9 DR B 9 R A (M.
rosae) FH ¢ JEL 95 795 Ji7 B4 57 5 JEL B (C. boninense), Fiiid 21| 1 BRI 25 Ve k0 2F BT B (Bacillus amylo-
liquefaciens) GUHS97, = 50 W] GUHSI7 X H 2= JEL i B ) #H B 8UR WI 3k 77.85%, HH [R] /N X SEEG &
B1, GUHSO7 Xttt FIAHXT B 2 59.12%, Biim AR R i H I AL T4 3= 25550, [l rlik i 3%k
B2 WP, 10%Z< ik IR WDG . 25% 0t Ak I SC. 10%4% F « M1 fif SC, Bk 2590t ek 1 i SC Al
25% R 1 IiF EC AL, HE— B IF & H (8] 57 15 iK% .

EHEWmHE

rhEE L SR A 4T LI H (2020M683658XB); st MEBHE T HERFAA KT H (E#H & KY
7[2018]101); HtN & BRI H (B4 IR A2[2019] 4016); [F 5 & S0 & 112135 H (2017YFD0201605).
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