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TE: ARR L AWM AENA R X#s*ﬁ*%mﬁa%?ééi%ﬁ% VAR AR R S A 4h 35 KA, il
A AR e ] ﬁ TARELEZL SMAMRA RN FERBAHRE QTSR RIS FALE X O EER,
RIGTIZRA RO T 0 BIRAENIATT o0 B 44k, 5 VA R F04k 71 # Fusarium oxysporum 7 # HS2
FeATH MK B R 10 R R AOR ‘)T'X’fi*?‘rmxiﬁﬁ\JL%‘ﬁ/J 1 AR AT B A 2 4k 20 1 TR A
A RER, BREAN, AELZFZSMANA N ERBAR TG 2R L 87.78%; 2%
CRIEAE = ﬁ}#ﬁzé"{%é@#ﬁim\L%ﬂ F T EAT AL A Kﬁﬂ@ﬁtﬁlé’] 1.51.2.00.5.74.5.21 #=
28345, R AL H A A B E IR AER . KE L Z A A M A x bk HS2 09 47 5] 5 ik )
68.59%, 5 P 5B 2| TARA A AR, SR Ak, b, AR E T 80.00% 9 A AHA 14k,
WA TAMRA 2M, 257, AR AMRMMTIL-1 4% % K% Trichoderma harzianum ; %8 # ¥ # BM-01
F2 BM-03 ¥ 4 f# 524 3 JRAT W Bacillus amyloliquefaciens
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Determination for control effect of microbial manure against apple replant disease
and the identification of antagonistic strain against Fusarium oxysporum

Zhao Lu Liu Sheng Hu Tongle Wang Yanan Wang Shutong™ Cao Keqiang’
(College of Plant Protection, Hebei Agricultural University, Baoding 071000, Hebei Province, China)

Abstract: To study the bio-control effect of compound microbial against apple replant disease, pot ex-
periments were applied to evaluate the control effect of Kimidori microbial manure (KMM) against the
apple replant diseases (ARD) and whether promoting plant growth of Malus seedlings. Ten microorgan-
ism strains isolated from KMM were tested in vitro for their antagonistic activity against Fusarium oxys-
porum, one of them was the inducing factor of ARD. The species with better inhibition rate were identi-
fied through morphology and molecular biology methods. The results showed that the control effect of
KMM against ARD could reach 87.78%. Seedling growth was significantly promoted by KMM treat-
ment. The plant height, stem diameter, fresh weight, dry weight and leaf area of KMM treatment in-
creased 1.51, 2.00, 5.74, 5.21 and 2.83 times compare with that of the replant control. The inhibition
rate of KMM against F. oxysporum HS2 was 68.59%. Seven fungal isolates and three bacterial strains
were isolated from KMM. Among these isolates, one fungal isolate MMTL-1 with the inhibition rate
over 80.00% was identified as Trichoderma harzianum. Both the two bacterial isolates BM-01 and BM-03
with the inhibition rate over 80.00% were identified as Bacillus amyloliquefaciens.
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TR AR RIS R MAE R, A 1992 45 5
TS E 2 G, — AR A — A AR
o7 T SRS SR oA T ARURT 7 ) — 2 DL B (R
2009; X F111,2014) o ELF 2R 1 R AIR 245
EIGFAG R, & S — 2 ”  MHTE 20 4
DL b SR e o SRR TR AR 1 60% DAL (22378 15 Fl 5
i, 2016) o PRI, AR, FRIE 2T F 4R X S 18 Fh
FELEHE N it A S5 R AT IR R | 3 SO R el P AR =X
SR RN ot Ao B B S 4 L, A2 AT TR
BRI, S PR 35 2 O A 7™ R E (R
TEM FHEEN , — AN 2 50 J i ik /T Cylin-
drocarpon spp. . 22 ¥ % Rhizoctonia spp. . 90 % Fu-
sarium spp. 25 ;i B Phoma spp. FIJLF BF TR 40 Ji 25
Pythium spp. F1 %5 % Phytophthora cactorum 5.0
1R Y I A 1R Y R 5 RS SR FEAF Y F (Braun,
1995;Mazzola, 1998) . 4R PRI A5 (2014) %735 F {11
645 AN (7] 1 DX 3P SR P AR - B8 v 1Y) 21 A i L T
177 %0, Wi T St s B R T R A R
AR 1 ELEBORE , b RISk I TE F ooxys-
porum 53 BB iR B 1R

AR IR AR e ST AR R SR
R T SR ARG 3 A RN ) B R I L Rk
I 0 #5 3 F BOX e b2 2550 H 45 52 BIHCH] , L
HR T Be L 2 7E S N AR T o R AR 1l 39
B = SR PG P O 215 8] T ok
(156 7E (Kandula et al.,2010) . HHT, — 2 REFE B
i L A 11 T R 8 480 B P T B i S SR AR
N 20 Y ZE AT B Bacillus spp. B M0 E Pseu-
domonas spp. , H.I& 1 KB Trichoderma . WL AR
FLTR DA R 2 TR 4% 25 TS Streptomyces 55 (Mani-
ci et al.,2015; Forge et al.,2016) , Biro et al.(1998)
K BUAR L ZE AT 18 B. subtilis X 5 A i kT 18 Entero-
bacter agglomerans W] FE Bj i 31 3 FRARG 3 , 1852
HE L LA T Y AER 5 Catska & Hudska (1993 )i i
T 28 2RI e B AR AU 3T 1 Agro-
bacterium radiobacter P} LAYk /D3R4 (I FET ™, fiE
PEZIA A K5 0 RS (2016) WFFT & TR, 56 -2
& Pseudomonas fluorescens & Bk SS101 Xif A [A] 3 H
7 D B T E A IR R RANE T D)t 3
il AR 3 s, T LR AR RN P A L
Ro LRERTE , BT TS RS F 1 A=Y Bi A
R A5 BBAERI B — TR AR A T B VA 10 2 1 |, i L
T N T o 246 DR 22 B0 AR AR R ML AR 3
Z R C R S AR AR TR R BTG 20 5 AR

AR A B A 1A Y 3R (Kimidori microbial
manure, KMM) J& —F & & B AE Y AEWIIE B, %
TR RITERT SRS S S B s n Bl rh
PV I BOR (RN 45,2013 5338 £48,2015)
EIZ R A5 BEAS 12 S R AT 3 I Bk = R Gt
5%, BRI I 0k T AR A IS0 |, A2 2 T
AU VR HIDLE B = 4508 . A PREIZH § 2012 4F
FrUGTE AR T AR SE - B S AR RIS ER
AR 3 I BARCR 3615 T B R PHARCR (R
) P, AT I8 i Rk 28 X IR A AT
PRI B S TR R PR 6 R L 5 1
A TR R 0T S R AL S R BITIR RO, I BT % A
I RSB R , U — P05 A S W
FI B HLIE B FE A

1 5T %

1.1 ##

A AR W) AR R -/ \ K2 1 35 Malus robusta Re-
hd. B FRAE A PR B A7z /e 3 1 AR e
BT A B IR 1 RS b a5
AW S PR T O P —— 4R A ik 7]
AT PR HS2 Fr At Ak K 2= s 35 AT 5 476
BIG S e 2 43 g 4 TR AE (AR PR T4, 2014)

BERACARL RN 2577) . K2 + B2 A RUE YRR, B
VAP E i AE R A R R oA 300 T A
2.0121/2599.99% %% R (hymexazol) J52Y , Jak 5 5
P AR AT,

i 5L . 5B S A BE 3R (potato dextrose
agar, PDA) K 3723 : 22200 g #4500 20 g B g
#3 15 g.7K 1 000 mL; & T [G35 55 4 . KH.POs 1 g
MgSO0,7H0 0.5 g FE RS g i 10 g Jifg 15 .
ZEIB/K 1000 mL, HEE5FEEE 1 000 mL A 1% i
ZI7K¥ 3.3 mL, fSHIETIGR A 1% 55452 0.03 mL;
25 A 25 i (beef peptone dextrose agar, BPDA ) 1%
FEIAERES ¢ EH 10 g NaCl 5 g Bifif 15 g,
ZZ1H 7K 1 000 mL; £ K # (corn meal agar, CMA ) 15
FEHE . TR M 200 g Bl 20 g ZEME/K 1000 mL (F2
AR AR SR 25, 2012)

IR A BSR4 &, b 4t
LW AR B A A0 S R A R &L, A4 T
A TR (i) ey A FRZA W] 5 10xLoading Buffer
Ex Taq, H 7 TaKaRa 23 A 5 HAx il 34 [ 7= 434
gli, JA1003 BUEE AT RF, LIRS B R A
FRAF] s DY Y-4 BURS AU F kA, b 5t 7S — AU 2%
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J7RXZ BV RN TAUMAE , TR IR AR
1.2 Ak
1.2.1 KMM * 3R B 4% F 69 £ By 20k m 2

I f0 4 J1 T B Ak HS2 76 PDA B 5 56 )5
FE W V5 1 24T B3 S 1A% 4 6 mm A TR 1 32 Fh 2]
CMA Ki 3723k [ IF T 25°C R 97, RF i 22 1 0l 5L i ief
B k) XU T T S A . PR A — 30
VRSN, 45T L 19 3R I B 4 f i U] TR
PRHS2, B3R A, IR E L MR . b
15 43 5 KKM FUEB 8 R AR, KMM A3
Ty ke STt L 5% (1) P 3 1A% 16 emx (& 14 cm
IR A SR JE 587K 1000 mL ; W27 72 5 24 e B
WA 4 0004755 B 1 000 mL Y5 Bad FiE 75 b
FE R A2 B UK 1000 mL AR b 25 G R,
% I Krumholz et al. (2009) EU% 173 e br v 751715
L TR UE R 0 G AR BRAE AR, TOIEAR ; 1 9 HE bk
TCAS M F 52 90 A0k 1/3 LA R A8 8 T
3G 1 3<AMRI AR S AL L fl<1/2;4 9 : 1/2< 4
PRI AR B Al L9]<3/4 5 5 9 bk 3/4 Lt i+
MHEAET . bt B AL B R A 3 3 R i 4%
AL PRI DORR G ZEH AR SR K AR,
L) B KM % S S PR 5 114 BT T 205 B A
MR AEVE . FET =S FE T M AR/ X 8 A A
BEX100% ; 95 175 48 5= X O Bz BRI/ (e
I < AT BREI) < 100 5 B T6 B8R = O BRI 5 45—
AL PRI HEH0 /% B8 £20<100%
1.2.2 KMM & & & AT B4k HS2 09 35 Fu s 2o 2.

T 25°CTF 5579 I R At ik ) T TR A% HS2, 5 d
JA PR TR D S THUE AR R 6 mm (B &, 76 PDA
M — A2 A6 S P TR A . PR 10 g KKMfim A E1] %
A 90 mL K FEZK g =, #55) i E, BRI
RIS KKM R o 7657 — AR % )5 R A 4 cm
BT 1A HERR, FL i A 200 pL KMM B &R .
PR R LE T 25°C RIS TR G S A h 3 5%, LUl
JiCE 200 uL Y TCEK CIEE 7 R 24 10 1580 BRI 4
HARAE N2 O BRI 24 BRI b P 4 R A
o2 PO R JRE BT A 22 K 096 LIS, Y00 i 4% b B ) 1
1A R TR A 98 R 35 KMM B B R0 B Bk
HS2 BN, i) 2= O BB V5 A2 - b B B 5
AR I RV 42 100%
1.2.3  KMM T35 & 4 o o & Ao shidl

FRECT g KMM B AZEEA 100 mL K FE 7K =
K = AR T RR IR LA 120 r/min 477 30 min,
BN BATECN 107 BRI, T T mL A B4

A9 mL KK/ NeEbR b, il R B B 1071
T BRI, I AR B B 31 107, B 107,107,107 A7
1073 4 86 B2 B R BRIV 45 20 uL 43 Bl iR A B 5 T
[C P Fil BPDA -l -, B B 3 IR . %
T [GF- A F1 BPDA A 43 il T 25°C Fi 37°CHH
TSR T R R TR

BRI 44l PRI T PR R 10 d A 1Y
FLPA TSR P 22 R B 5 T IO L fR
R R Sl i A 2 R PRI R v T 42 L iE AT 4tk
B, AR RIS AT . A Atk R AR BP-
DA M85 5% 7 d Ze A7 10 20 B TR T iR AT 2 Ok R R
IR RAF RV . KA S AR EA T g O
4°CIRAEFH
1.2.4 ZACH BRI F AR N T

4 1.2.3 o B Al AL R TRPR , 0GR ARG IRE
2 AU TR UB AR 2543 00 55 90 Jir TR 960 88 T 7R 1
PRHS2 FEAT X IR RS 5%, B AL 3 el &2, A S R
PARE HS2 () PDA PR AE A0 B, Xt B P 7 1 W 15
I L, 0 %o RS DL R A, TS 5, T ik
/) 1.2.2, [F) s 0 o 00 G 9 B o % T i o s T
80.00% MY PR — LT AN U E
125 ARG REL

TEASRE S 5 . W 8E PDA AR 55T AR 10
IS R RAB I, 7 0 50 TS 5 ST, 20
it 100 oAl S A K T BPDA AR 4
PUHRE TR TEIEAR, S e 5 A W R AL R, JFi8
T QYR SRS B A B AT S HRE , 25 7R
FERRAELLYE(2001) I AT

AEFRA AR E : 25 AR F5 BR RIS A0 9 (2001)
T TN o SR FH A R340 SRl | it 6 1 45 5%
(2% .5% 7% . 10% )i 55 . W Ak, TE # 7K Al e |
T PP T B B8 (V-P g ) K AE & 0 R K
55 (D-Hi %0 \L-Flhi i . D-H #5 B ) S5 31 7455t
A Y A B A AR E

TP TR T PR Y 20 1 250 < R e s R B X
(ITS) [P AN T4 o HIEUE 35 PDA Al LR R
TR TR 22, g BE PR A i 0 S U R e A T
DNA 25, R ITS @ H 51 1TS1(5'-TCCGTAG-
GTGAACCTGCGG -3') #11 ITS4 (5’ - TCCTCCGCT-
TATTGATATGC-3') 47 PCR ¥ 38 . 25 uL Jz i {A&
Z : 10xBuffer ( £ #h 3 ) 2.5 pL .25 mmol/L MgCl;
2.0 uL.2.5 mmol/L dNTP 1.5 pL.5 U/uL Taq 0.2 L.
10 pmol/L ITS1 2.0 pL .10 pmol/L ITS4 2.0 uL .DNA
FEHR 2.0 pL, #b ddH,O % 25 pL., ¥ 3G F5 ¥ 94°C i
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A5V 5 min; 94°C7EME 30 s, 51°CiB *k 40 s, 72°C ZEAH
90 5,30 M ; 72°CHEH 7 min, Fe ) T 4°CIRAT

TEBULH R R 7328 0E >R gyrB 2R 791
HATHE o i I DNA Sl 450 S 3 i $2 B DNA
FERI , X A 5P DNA 541 AR i 24T PCR
P4, 514k UP1£(5'-GAAGTCATCATGACCGT-
TCTGCAYGCNGGNGGNAARTTYGA-3") 1 UP2r
(5'-AGCAGGGTACGGATGTGCGAGCCRTCNAC -
RTCNGCRTCNGTCAT-3") . 25 uL JZ B {A % : DNA
FEHr 1 pL. 10 umol/L UP1f 0.5 uL. 10 umol/L UP2r
0.5 uL .5 U/uL Taq i 0.3 uL . 10 xBuffer ( £% & )
2.5 uL .10 mmol/L dNTP 0.5 pL, #b ddH,O % 25 pL,
YRR . 95°C AL 1 4 min; 95°CZE Y 1 min, 58°C
B K 1 min, 72°C ZEf#1 2 min, P17 34 DG 5 )5
72°CHEAH 10 min, 4°CIfEHHFAF

25 0.8% B BE R UK I, SR )5 23 0 F B
ITS [ 31 H #4547 . gyrB PR 578 B 2571 1) PCR 724
et mT AR A PR B TN T . B0 BT AR5
41| 5 GenBank " JIT A7 € it i 177 41 #£4T BLAST [t
XF, KA L 25 5 AR AR A B & i AR P 8,
Mega 6 X LASREEA R G & B, i X APk

AP E 2S5
1.3 HIESH

IRIE ALK T SPSS 24.0 #AF TS50,
/N 5 2280 (LSD) kb7 22 53 B ERG56

2 ERESH

2.1 KMM 3 ERBERBENEH R

FE AR I 45 SR AW KMM A B AR F Bk ) T
PRI R HS2 5 7 14 372 R P AR 3 B IR SR 158 87.78%
BER T R OB R ) R AR (R, #
X6F PRV S T A A AR D T, KMIML A B 1) o
BN 10.36 em?, I 30T 25 P10 BRAE B R % R 1Y
3.66 cm® 1 4.43 cm?, S 5 11 2.83 f5 1 2.34 £ .
KMM &b P [ ¥ 52 1 bR & 0T 3K 14.12 em, 2540
0.20 cm, 43510 45 I RE Y 1.51 A5 712,00 £% , R
5 R BRI 1.53 451 2.00 1%, Y925 5 3, KMM Ab
PR B A O BRI R R 43
IR S O BRI 5.74 4% R 5.21 £, W75 R 6T REY
4.67 5 4.29 4%, J5 38 Z [ A AR AR 0 i TR bk
T R s AR KRR R e R EE R,
FEHH KMM X 5 1 10 AR AR VR B 3

®1 AELTEESREYEFNNBEZAR/ RiEENRHRIEEER

Table I The control and growth-promoting effect of Kimidori microbial manure against replant disease

of Malus robusta in pot experiment

TG B (em)  ZEHL (em) T (g) e TR (%) BIASCR (%)
posiiil N .
Treatment (cm?) Plant Stem Dry (g) Mortality of Control
Leaf area height diameter weight Fresh weight seedlings efficacy
ZFHXMEBlank CK - 3.66£0.20b  9.33+0.26b 0.10£0.00b 0.27£0.01b  0.14+0.05b 63.33+2.48 a -
A+ H KMM 10.36+0.35a 14.12+0.45a 0.20£0.00a 1.54+0.09a 0.73+£0.06 a 7.37£0.54b  87.78+5.74 a
%45 R Hymexazol 4.43+0.18b  9.24+024b 0.10£0.00b 0.33+£0.02b 0.17+£0.05b  59.26+3.64 a 5.55+0.25b

FRE BRI . RPN R TR R R 4 LSD B I 7E P<0.05 /K F-24 5% . 3% . Data are mean+SE. Different let-

ters in the same column indicate significant difference at P<0.05 level by LSD test.

2.2 KMM EE KX Bk HS2 MR

KKM 1A 1 TR e A 2808 T S 96 58 0 1
PR HS2 AR, IR AT 3k 68.59% , 5 W55 R X}
HEAL P 66.81% Jo i 25 5, HIE 0.3 om YA
Bl , DR SR BT
2.3 KMM AT R4 MR AR

MKKM Hf 5B 31 7 A HL B 43 B 9 3 A4
B0 W, Al s 3% LT AN & 4 0 R 1.70 %
10 CFU/g #11.84x10° CFU/g., X}43 B 4= 4 i
L e e SN S IR 3 G e /DO NSO SAN:]
PR HS2 S5 H i8R , 3] 26 48.89%~82.22%,
H bk MMTL-1.BM-01 F1 BM-03 H41 1 % 168

it 80.74% (% 2) , T — B XTix 3 MR AT AR FHLAE
PRRF I A e PRS2
2.4 HEREKRHWEE
241 HEFERER

PR MMTL-1 7€ PDA Br %3k P75 0 (66,
22 NS R SR, BRI &2
WD , iy AR A7 SRRk (0, R/ 2.5~3.5 pmx
2.1~3.0 pm (& 1-A~C) , F I AR TE B EFIE . BERk
BM-01 (& 1-D) F1 BM-03 (& 1-E) 1) 18 7% 2 UHLRE
AR L TR ANE R 15 A ot (5T,
HLEAEEST ; T BM-01 (& 1-F) I BM-03 (& 1-G)
PR 2 (G PH T, RARFTIR , 2R3/ , 6 R sl
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ARZEA, AL T B A S s i R A, SRR BM-01 A BM-03 HA LR 2 AT S AT
®2 AELEEAREVEF S EEAX KRR EE R HS2 Ml HI 2R

Table 2 Inhibitory effect of culturable microorganisms from Kimidori microbial manure against Fusarium oxysporum strain HS2

bk Fol Bk (<10° CFUJg) i KA HL ) (%) W (%)

Strain Type Colony-forming unit Percentage of each type Inhibition rate
MMTL-1 LA Fungi 1.67 9.82 81.48+9.63 a
MMTL-2 FL A Fungi 11.00 64.71 58.52+5.19 b
MMTL-3 FLR# Fungi 0.67 3.94 62.96+7.07 b
MMTL-4 HL 1 Fungi 1.67 9.82 57.04+6.06 b
MMTL-5 A Fungi 1.33 7.82 48.89+1.28 ¢
MMTL-6 H 1 Fungi 0.33 1.94 48.89+2.57 ¢
MMTL-7 HL 1 Fungi 0.33 1.94 60.00+5.88 b
BM-01 41 T8 Bacteria 840.00 45.65 82.22+1.28 a
BM-02 4l & Bacteria 520.00 28.26 71.11+0.00 a
BM-03 4l P& Bacteria 480.00 26.09 80.74+1.48 a

FP B R bR R . RPN R R R 48 LSD R B0 1E P<0.05 /K255 i ¥ . Data are mean=SE. Different let-

ters in the same column indicate significant difference at P<0.05 level by LSD test.

1 #EHE# MMTL-1,BM-01 1 BM-03 (I EE R SRR
Fig. 1 Colony and microscopic morphology of strains of MMTL-1, BM-01 and BM-03
A: B MMTL-1 B 7% 3 B~C: 433 4 B8 B MMTL-1 14 40x Rl 100 S (5 5% T (953 4£ 460 F 3 D~E: 4331 4 1 bk BM-01 HI
BM-03 B75; F~G: 235 M E#E BM-01 1 BM-03 [ 254, A: Colony of strain MMTL-1; B=C: conidiophores of strain MMTL-1
at 40x and 100x microscopes respectively; D-E: colonies of strains BM-01 and BM-03 respectively; F-G: spores of strains BM-01

and BM-03 respectively.
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2.4.2 @ BM-01 /2 BM-03 69 A 3 ALK 2 22 R

1A 1 Bk BM-01,BM-03 HE & I 7 4 b L % 2F
Wi, AR SR I s N A AT b 5, nT K SR VE RS
RV A 52 BE P, LBl A a8 s 2 BH P | IR TG
W L0 | | W s vy 2 B M, V=Pl fig

WL EALEY) . iRk BM-01 A RERIFHZLEE , 76 A
2%~10% NaCl [ BPDA 5 34 I feA= K ; Btk BM-
03 REF FHFLIE , 751 A 10% NaCl i BPDA 5354 |
ANREAE K, W] HE R BM-01 F1 BM-03 () 4= B A= 4k

AR5 28 MO AN R A

ST EMFERLER

MR MMTL-1 3£ K 20 DNA H¥ 34 H 24 500 bp
I ITS F Bt , 23 )7 51X L 55 2K %3 Trichoderma
harzianum . 5 2 R T aureoviride . AE N M Ik KB
T. afroharzianum 55 7 ¥k 1TS ¥ 51 i) A 8L B2 A6 7
99.00% LAt , BEH 10 BRAFDUEE B (9 A 1 1TS Jy
51 515 0 bk MMTL-1 (9 ITS [P 8 R 5 & &
B, KB MMTL-1 B bR -5 0 R AR B T — 0 52
AR R (B12) . S5 BT S YA B bk
MMTL-1 %5E NG IR AREE T harzianum.,

243

Trichoderma aureoviride (HQ596956)

Trichoderma harzianum (KY225675)
Trichoderma aureoviride (F1610307)

0.001 14) Trichoderma harzianum (F1442645)

Trichoderma afroharzianum (KX357834)
Trichoderma harzianum (AF055215)
Trichoderma harzianum (KY225671)
Trichoderma harzianum (KR868242)

| MMTL-1

991 Trichoderma harzianum (AF278790)

2 ETITS FHMEERMMTL-1 S EEXERNRSELZ TR
Fig. 2 Phylogenetic analysis of strain MMTL-1 and other related strains based on the ITS sequences

PR A% BM-01 il BM-03 1) gyrB ¥ 3% i Bt 29y
1 200 bp, Z833 J7 41 LX) & 305 i UE 4 2 AT 14T B.
ampyloliquefaciens .\ 35 F2 R ZF MU T & B. methylo-
trophicus . V1 3E 7 2F MUFT 18 B. velezensis 55 18 ¥ )
B JT A HLE #F4E 98.00% LA I+, B 12 BRAH I

0.2

JE A8 1 2 LT TR gyrB I 91 5 A U T Bk BM-O1
BM-03 1) gyrB P K R GER B, K BRIk BM-
01 1 BM-03 5 fif S iy 2 MU AT i 0 T — >0 30 1, Hl
WU (K 3) o 4G IR MR B A AL 4 5 45

F Bk BM-01 1 BM-03 %58 At SEA 28 AT 7R

72| Bacillus methylotrophicus (JN896940)

72{ Bacillus amyloliquefaciens (JN086140)

Bacillus amyloliquefaciens (JQ658430)
Bacillus velezensis (CP015417)

100| BM-01

Bacillus amyloliquefaciens (JN086139.1)
Bacillus amyloliquefaciens (CP013727)
BM-03

Bacillus velezensis (CP022556)

Bacillus velezensis (LC191187)

53| Bacillus velezensis (CP022654)

62| Bacillus velezensis (CP015443)

64| Bacillus methylotrophicus (CP011937)
60! Bacillus velezensis (CP018007)

B3 EF grB EEFFIHMEFKBM-01 71 BM-03 5SEHXFKRNEZEZEW
Fig. 3 Phylogenetic analysis of strains BM-01, BM-03 and other related strains based on the gyrB gene sequences

3 it

IR, 5 T30 R FAR 3 1A B BCR SR bRk =

gt —pyAnifE , H A 2R R R T
RIS AR SR S & o e A U AR
(Manici et al.,2013; Liu et al., 2014) . Z<HF 57 LE £
i ZEHE T R S T AR AR AR KRR PR R R

IR A 5 - HLAZ 5 Tl A 0 5 X S R ARG 5 (19 A B
ROR AR R SE  bk m ZEH HAE
1 RS A AR BRI A et AR, HOX S R A
AR 3, B LT 5 T Bih T % /Y
Pz 25700 8 R (FERAEAE , 2005 ) X AEAE ™ R
Wo S3HTATRER ISR 24, —J2 Ak IR B AR
Xt TR FUR AT 8, A M T AR SE = LA 5 Bl W e
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R RSB A Y LR AR L LA A1)
VBT E AT, HAE I DA Y
B3, BRI AR MER, X 5 X4 (2010)
IR AT 285 S —3

AT X7 B AR S PR AR 1 1TS/gyrB T
FNHEAT 5307 , T 45 G TR AR E WG R FI T Z TR R 1Y)
) FEPURE R AT RIS AT ASRRAE S AR A9
GBI AR 28 A — 3, RIURIEIE SHHE )
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