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B R B4 Amr! RAR' THE”
1 BEVEERUEYIMISR T BEPE PE%E 710043
2 BEVEE SIS BEVE P4 710032

i EAIFFIEMEBEHREIH 2 RARAIIRGMARRE, BAsZ A EM L5 % [
49 1 AAZHAHAR R L35 F 75 it af bk Bt m R 8 A R R KA AR, AZRELEGR A
I E R R, [ R] RAFBRRFR L0 BHRER, TARERE W R X LILEA Xanthomonas
campestris pv. campestris)A2 i, B iZ B (Pantoea agglomerans)VE A48 =&, H|F Tk fo sl R #
ik IF R A SR EHER, BIHEFHIE. £FANF M 16S RNA KB 55 5477 5%
HoEir, FNELLEHRBROAE EFT AR [4R] FE2) — At b E 35 2 IR F2 ik
B2 B 30 SR A2 Ak R 693X K B B AR WMF106, 3 B ARt 2 AP 7% R #6947 5 B 29 % 4 2.38 cm
F21.82 cm, B ABERAT 2 AT R RE A E B AELSA A 175 em A= 1.55 em. RFBEART &F.
A 32 ALAF R 16S TRNA A B 53] 041, FEAKR WMFL06 %% 4 1 K &4 5 & (Streptomyces
caeruleatus). ZE BRI RI0HERTI B . JBEBRIOE . R AT, AFHHEE . KIBFEF S A H
YRBEBRKIGATE . £ RETHRE . AEBLIRE. aehnhE. ZwE 5SHETEAH4
YR, mEME T S, HAE AR RRER BAReT A b b 5ib E 5 R 0 oo B2 % R 694
M2 BE IR By B0 A A 77.44%F2 58.33%. (4541 BAR WMF106 T 15 4 Br 76 A2 0k 2. BE 4 49 2 B A1 4
A BT T LML F 5L R BT
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Screening, identification and biocontrol effect of antagonistic
actinomycete WMF106 against walnut blight
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Abstract: [Background] Walnut blight is a serious bacterial plant disease caused by two pathogens, it
lacks effective biological control method at present. [Objective] To isolate and screen antagonistic
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actinomycetes strains with inhibitory activity on walnut blight from the rhizosphere soil of walnut tree.
[Methods] Actinomycete was isolated by using dilution plate coating. The methods of agar disk and
improved Oxford-cup test were applied to screen antagonistic strains against Xanthomonas campestris pv.
campestris and Pantoea agglomerans. The morphological, physiological, biochemical characteristics
combined with 16S rRNA gene sequences were used for classification and identification. The antibacterial
spectrum and the biocontrol effect of the cell-free fermentation broth were evaluated. [Results] Strain
WMF106 had antagonistic effects on X. campestris pv. campestris with inhibition zone diameter of
2.38 cm and on P. agglomerans with inhibition zone diameter of 1.82 cm. The inhibition zone diameter of
cell-free fermentation broth on X. campestris pv. campestris and P. agglomerans were 1.75 cm and
1.55 cm, respectively. Based on the morphological and physiological characteristics and 16S rRNA gene
sequence analysis, strain WMF106 was identified as Streptomyces caeruleatus. The antibacterial spectrum
experiment results indicated that Streptomyces caeruleatus WMF106 also showed biological activities
against five species of plant pathogenic fungi (Fusarium oxysporum, Fusarium solani, Colletotrichum
capsici, Botrytis cinerea and Colletotrichum gloeosporioides), and five species of indicator bacteria
(Aspergillus niger, Monilia albican, Escherichia coli, Staphlococcus aureus and Pseudomonas
aeruginosa). In addition, the biocontrol experiment in vitro showed that the cell-free fermentation broth of
strain WMF106 had worthy prevention of walnut blight caused by X. campestris pv. campestris and P.
agglomerans, and the biocontrol effects were 77.44% and 58.33%. [Conclusion] Strain WMF106 could be
used for controlling the walnut blight, and have a wonderful potential for application.

Keywords: walnut blight, antagonistic actinomycetes, identification, biocontrol effect
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Y, EEBEHARAMMAF, BB &ML
AR SAE . fEgeit, #uks 2017 4EE,
T E AR T ATGS 554.78 hm?, 77+ 384.55 J7 t,
SRS E AR SR, AW IR PR S 201k
T R il ) 7 PSS 3l e 3 S By A,
27 T ERHE 1 &

ik BB BTG (Walnut  Blight) & — R AZHEH ULy
DR . AR, Bl TR Rk Rk b 1 AR
ANEBEIN, AZAk R B 7E TR AR A X ke
FE R BAE NI A, I 2 E R AR 40% LA
b, BREZEREE 70%-80%, Ak EEL
DA R WO . MEAE P AR AL, Rz E)
WinT WA B, ST OKR I R AR
T SR BE, R BE AR O RGP R KR,
A KL, eE R, RARMRER | YR b
ZEPIWIN WA B RATE/NER, MET R
HEZMLE N HTE, R R 2R B,
R FRaE . WiV AR A AR ) AT LA
BIL SR HNRBE, = AL 258, 1% &

I EH S 7H1 S B B TR (Xanthomonas campestris pv.
campestris) Fl i 4112 & (Pantoea agglomerans)s|
A2, R AES) R T A% SR B Y
6 BATS LIAE 2= B A e A P B RO B 6 T By
EN K Ak AR 2 A A2 (0 i T 7 A
PE, R IE B S BT R BRERTS L . B
AR, AR M B TG A R
W, JFE . WS E A A YR 2 Ok
Ftt o FH bk

WEEMRZ M T HAT 5. B, %4, %
B AR U AR AN, B L A A AR 2 B AR
W, S AR AE Y T AR E ) Y
BRI R L Ay L A P TR B A 2
L IR I A B R R A 2 R P T BT Y
AR U MR — R A Y
U5, R Z, AL A A A i i A
Ve JEL T 0 A A B L U5 AR 7 A 4 R AR
WIS L A A P g B ) AR B b B U S
AP E, MHERDWARKR ., SRR
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Y R Y A, RO A A
S G BT SRR, R R A 2
R SERERRU . kRRLoRT . AH K
J& VA R LT YRR IR BASCR A, (A e
Py A v AR B D, ) R T R
2 FH T X S0 A0 TR A B ) A B T AR A 2R D
BRI TR I R R . BT, P IR
B E B I6 S S MM, A 32 0, A%
0T EARAT T XA A « AR e 5 R
AR T /I L7 N (= N & N TTD0 i i % 4 R
S5 LE 7 i (R I i DL

A 5E R AR PR VU ALK el R A AR B -8, A
MO L ORI R X A% Bk R TR e i R A
HEPUE B E WMF106, B4 A B
AALFHER 16S rRNA BRFHI 1T 4E , IFHAT
RTINS A i S B ROTEAN, LA
WAk R B A 7 TR 1) A & B B e i P ) o 1 4
SR A B AR
1 ME5TTS%
11w
111 At

M R A BRVIIE RS . RS X B Ak el
Hh it R AR AR B o SR S B 416 55 PR R AR B 2R 1T
Flt, [ FBURPR 10-20 em 138, 2L 1345, AR
WA 7 dJa BT RREART, 4 °C IRAF& . ik
L ST S s
1.1.2 EFE

LB §:3:55(g/L): NaCl 10.0, &AM 10.0, B2
B2y 5.00 18 pH 7.0, FHF Al B iR 57 &
FEPURR IS PR

5 K — 5 (Gause’s Synthetic Agar) £5 37 Bt
(g/L): AIEMETER 20.0, KoHPO, 0.5, NaCl 0.5,
MgS04-7H,0 0.5, KNOj3 1.0, FeSO4:7H,O 0.01,
pH 7.2; h4A A AU (Potato Dextrose Agar,
PDA) I JR B (g/L) . 2K B T8 200.0, %) bl
20.0, pH H#R; EICHFEHR(Czapek’s Agar): M
30.0, KCI 0.5, MgSO47H,0 0.5, K,HPO, 1.0,

NaNO; 2.0, pH 7.2; ISP2 ¥iedk(e/L): MEREE
4.0, 2T 10.0, %R 4.0, pH 7.2; ISP3 #55%
B MEER 200 gL, WUEEICHRWEW | mL, pH
7.2; 1SP4 Bigrdk(g/L): AIVEMETER) 10.0, K,HPO,
1.0, MgS0O,47H,0 1.0, NaCl 1.0, (NH4),S04 2.0,
CaCO; 2.0, fEICEAW 1 mL, pH 7.2; ISP5 k%
FH(g/L): L-RI AW 1.0, Hil 10.0, K,HPO,
1.0, S CEREW | mL, pH 7.2; WEMHKT]4
% (Glucose Aspartate Agar) 55 77 5 (g/L): 7 %4 b
10.0, L-KIT&BEH 0.5, K.HPO, 0.5, 4HH
20, pH 7.2; WMEICERE W (g/L): FeSO47TH,0
1.0, MnCl,-4H,0 1.0, ZnSO47H,0 1.0, DL F53%
FHEHTHPURL R IE T

MR ER B #7 He(Nitrate Culture Medium). fifig
AP 3 H (Milk Culture Medium) . B JIE 1% 75 5
(Nutrient Gelatin Medium). JRZ X501 37 5 (Urea
Medium)Z: B8 LA %8 T0F) med®Y, 1T
AR AR R IR

WA AL EARREFREE, A 18.0 g/L FAE#: R
Al AT B SR EHILE 1x10° Pa KA 30 min.
1.1.3  EZFIFNNF

Bacteria Genomic DNA Kit, FARA{LEHE L
FOAFRAT]; Premix 2xEx Tag, DNA Marker,
EYTRROGEARAE; PCR 514, £ TAYT
(A RA R, B2k &4, MilliPore 2
Al TEIREEIRAE, AR AR A PR A
TER IR 5 oA, iR e S I AR T AT BR A
Al EERVRELONL, FERR G RBH (R ED AR
swl; PCRAY, Analytik Jena 23w); HEIKAYL, bt
AN—EYRHA R A,
114 HiER

MR Y TR 7 Flr, 43 A i 5 v PR
(X. campestris pv. campestris) . & Al iZ
(P. agglomerans) . F3 1€ Hi 25 5 TR 2 7 4 )
(Fusarium oxysporum) . Hy%% 251 [ 55 TR 55 Kz e 9t
W (Fusarium solani) . FABURJE I B PRABUR 8 76 127
(Colletotrichum capsici). T KB B J ] 25 7 1]
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(Botrytis cinerea) F1 3 B Jx JH #7518 I 78 sk JH 7
(Colletotrichum gloeosporioides); f8/NFEL 5 Ff1,
o ) N B Hh B (Aspergillus niger) . 110 & Bk A
(Monilia albican). Kk (Escherichia coli). 43
5 (0,4 2 BRI (Staphlococcus - aureus) R0 2B i
(Pseudomonas aeruginosa), VA I TH R LRAE T
BPE A AR YT ST T A BT L
1.2 FHiE
121 TEMEKEHSE

KRR BER B TR AT, B AT 1 AT
i 5 g MILA 45 mL JCRAERRE K, 28 °C. 150 r/min
FEOMRTE 30 min 5, FHICTE A= BEER K 2391 LA
BEZ 107107, #500 B AR 100 pL 43 545
TR — S BRI (% 20 pg/mL HARIR
B, EE 3K, 28°C. HRRIE 50%%1F &
Fiae7d, PRBCREVE, I Ak IR .
1.2.2 HERM&ERYITGE

K FH RO IR 25 A TR DU TR IR 0 o
PHMSE TR (X, campestris pv. campestris)FIRY
AZ & (P. agglomerans) 28 °C iGifb5 5, PhHCA
HTATEIRR LB Kigebkeh 28 °C. 150 r/min K53
1 d, Pl 10° CFU/mL B, 48510k 2% (A
SIS AIE 50 °C A4 LB AR AR 51
57, AR 2 PSR R TR G SRR . B
R RAT T R — S350 b, 28 °C flE
WigR 7 dJa, HICHEATILAREE RN 8 mm HHZL
P BURSAERD TS0 I R B R PR |, HAE
3R, 28°C HiFf 3d, ML IR/
123 HERMEEEF

SR TR R 2P AR VR R A T 5 PO 2 T ) 5 1
HE B w0 45 2, 3k HCOXT W SR OE ORI TR
(X. campestris pv. campestris) Fl A{ Z W
(P. agglomerans)¥4 ;A= W I 30 BT T 1) T30 4% T4 T
HR T R R — S AR SR 2E R, 28 °CL 150 r/min
PRZ 15 7 d, KB 10 000 r/min #.0> 10 min,
FIEWH 0.22 pm (Y UEEUE S A S AT
W o FHICTR AT LA TE & s SR i R 35 3R B Al 4T

BEAE N 8 mm BFL, BFLIMA 50 uL Joi A%
W, EE 3K, 28°CHi3E3d, LIPIEERER/NEH
FEPUIE PR ) B R
124 HEIMHEEETE

PRMRTE S FRAE LS . A 032 Hh AR5 o0 P A
BRIV MR TR R— SRt . R FRE.
ISP2-ISP5 555t . FAME R 1 R KFFRILH PDA
BRI b, 28 °C fHIERGSE 7-14 d, WESER
2 WA E U RA TR R, Wil
A S TR R TE 3 [ — S 55 9 2 By i 2 |
A A 2L RN T 22 55 R

A FRAEAREEE T SR O R G254
A) PR (R % T ) PP E Tk WMEF106
XFZFIE R RE ST, TEIEATE R K A
ASRALIR I . SRR IR0 4

16S rRNA JE:[R 751 %5 . F Bacteria Genomic
DNA Kit $2HUEMRAYFENZ] DNA, RAEHS 9
27F (5'-AGAGTTTGATCCTGGCTCA-3")Fl 1492R
(5-GGTTACCTTGTTACGACTT-3"){" 44 16S rRNA Jt
[H. PCR JUWAAZ(25 uL): Premix Ex Tag 12.5 uL,
b RIS 510 pmol/L)4% 1 uL, #5iHk DNA 3 uL,
ddH,0 7.5 pL. PCR )i z5f4: 94 °C 5 min; 94 °C
1 min, 55°C45s, 72°C2min, 30 MEH; 72 °C
10 min, ¥ 38729y A= T A TRECE ) R
SEl AT, iR A 5C & GenBank, - H
BLAST [bxffH@IPE, i MEGA 5.1 # {4
Neiborhood-Joining WA EE R 45 & B,
125 BREKABRREIZNE

SR A 28 S g A H AR PR ARt it
2396 ik ) T (F. oxysporum) . J& FZ S # IH (F.
solani), HHURI A (C. capsici). KA & (B.
cinerea). JEHIRIE T (C. gloeosporioides) NN EARL
RN B, SR FH B R AR AR 0 5 T TR & TR T
X} PEHHER(A. niger). FIEEIRE (M. albican). K
FE(E. coli). 4 EEMEIKF(S. aureus). HLHE
PRI (P. aeruginosa) W INHIVERT, HFLAITA 50 uL
TCR AT, DAICHE/KVE X IR, A 3 0, Wi
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AR

TR (%)= B R v BAR AL P2 TR 7% B
)% BRZH TRV LA %100
1.2.6 B FRE R A BRI AZ kB BER BB 3L

L B RN g AT B RO . I JC BT
JIVBY TR AR R, JCE 1 R e R TR — A
BTG A RIBERERE 2. 5. 10, 100 £ H
B TR B TG TR R TRV R I, L A R A
7, BRACFIEE S gt i, HAE 3k, BRIRE]
B% 0.5 h, BT /5 FHICERAR IR SR 5 R PR
IRk A Ak, DATCHRZKAE AN RR, 25 °C
M PRIB SR 3-5 d R DR BER /N IFE SR, TR
BEHR, ShEH 72%4% F 6 R 55 2 nR R
7 6 000 R BTRGHAT LK

33 BRE AT 1] 25 (Yo )=(%ef B 2HL 95 BAE R /)N —Ach B 2 o5

BEFRIN/XT BRA S B R /<100
2 FR5450M

2.1 HM&kER S B KiGE

13y AL A b 3 B Al A0 AR B A T
67 tko RHAIPARRTIRGE , W0 3kAT 8 HRXT Pl va
Y (X, campestris pv. campestris) Fll i, 112 7
(P. agglomerans)¥ ) Bl BAEHUSCR I TERE, 4 PRAY
MEEEERT 1.3 cme Hrb, Fkk WMF106 11
VUSRI, X 2 TRk SR IRE 149 JL T 410 o Pl
HARI I 2.38 cm 1 1.82 cm (£ 1. & 1).

SR P R A AR NI 4 RIS PR ) R A
F 1 FEEUEE MRk B B R R B R RS R

frE b, HICW KB X X campestris pv.
campestris 1 P. agglomerans Y45 A6 R E A4
ROR, Hrp WMF106 JCR & TR i3 T B 5420
1.75 cm A1 1.55 cm (38 1),
2.2 EIRMEZ&E WMFEF106 HIXEE
221 FEEFHE

AR WMF106 7E s & — 5 55 R 2 o A PR
W, BRAEHzZmRekEas, SRERZTES,
BEEE, 22 Bk, AR A EEa
K& 2), TEARRIEEFREE AR FRRFIE LR 2.
222 HBHEEFMY

A PAAIAEG R, TEk WMF106 BERSFIH]
D-JbE . FUME . BRASHE . KAWL, w40k
1k, JKFRTERS, BERETE 25 °C. 3% NaCl & pH 12.0
KM AK, AREBALW R FE FR R ER, A
RO, ARG E A FRER R 3).
223 DTFRFRXEFNIN

B Htk WMF106 9 16S rRNA &Ry 4%
(1 425 bp)EATIFHI AT R AR HEXT, 252
GenBank, RS 5%5 8 MW092710, il &R
GURER(E 3), 45KV Wk WMF106 55
o, 5 B W (Streptomyces NG-T9
(KF844051. 1) AR e, 15 99%LA | .
2.3 E#k WMF106 R4 BE

PUHRE ) SR EE R, Wk WMF106 Xf4R
HISR T (F. oxysporum). J&EZ4RALIE(F. solani).
PR SR (C. capsici). KA % AH (B.
cinerea). FEHIIRIAE (C. gloeosporioides)YsJA il

caeruleatus)

Table 1 The inhibition effect of the antagonistic actinomycetes against walnut blight

7S BB IRE I BT B4R
Strain Plate confrontation inhibition zone diameter (mm)

TG A PR T e A

Sterile fermentation filtrate inhibition zone diameter (mm)

X. campestris pv. campestris P. agglomerans

X. campestris pv. campestris P. agglomerans

WMF106 2.38+0.02a 1.82+0.05a
M6 2.01+0.03b 1.34+0.03b
WMF73 1.72+0.04c 1.43+0.05b
A218 1.92+0.04b 2.13+0.04¢

1.75+0.03a 1.55+0.02a
1.38+0.03b 1.25+0.03b
1.40+0.03b 1.43+£0.03¢c
1.29+0.02¢ 1.17+0.03b

TE: R BRI ERER . RISV S AR R 7P E#0R 4 Duncan’s HiE M 2204058, 75 P<0.05 KPR

Note: Values are means+tstandard errors. The letters mean in a column followed by different letters are significantly different at P<0.05 by

using Duncan’s test analysis
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1 =% WMF106 % Xanthomonas campestris pv.

campestris 1 Pantoea agglomerans HIHNFIZ R

Figure 1 Inhibition effect of strain WMF106 against
Xanthomonas campestris pv. campestris and Pantoea
agglomerans

e A: AR WMF106 XF X. campestris pv. campestris WAL
By B: Ek WMF106 KBERXT X. campestris pv. campestris [/
MR C. Btk WMF106 X} P. agglomerans FIINHIRER ;
D: E#k WMF106 XX P. agglomerans [FAMHIZUR:

Note: A: The antagonism of strain WMF106 against X. campestris
pv. campestris; B: Inhibition effect of fermentation filtrate of strain
WMF106 against X. campestris pv. campestris; C: The antagonism

of strain WMF106 against P. agglomerans; D: Inhibition effect of
fermentation filtrate of strain WMF 106 against P. agglomerans

R 2 EHk WMF106 £ EISFE A FRISE

2 Btk WMF106 B2 ZSHFE
Figure 2 Morphological characteristics of strain WMF106
TE: A: HIEFHE; B: RERZ
Note: A: Colony; B: Aerial mycelium
YER, AP IR JE I (C. gloeosporioides )i il 5
e, ATk 63.3% (% 4); HEAk WMF106 & BERO
PRHREE(A. niger) . KIGFFIE(E. coli). 4B E 8% BR
W(S. aureus). SAZARPMITE(P. aeruginosa).
BERH (M. albican)th A B B AIHIVER, PUETERE
i ARGk 5).
2.4 ¥k WMF106 & BER X %k B BER BIBA 3L
WMk WMF106 &R0 B A Rk B Eem
PAEEE AR R R, itk WMF106
R TRV SR IR P B9 S PR B (X campestris pv.
campestris) FINANZ H(P. agglomerans)i& ik E
PRI K 77.44%H1 58.33%; Fikk 100 f5
I, RO I 2 P T 5 S AR Bk F I i 36
43510 33.41%F0 24.45% (3 6).

Table 2 Cultural characteristics of strain WMF106 on various medium

RiF%3E Medium ARG RERZLHIE FEE R, AR
Growth Aerial mycelium colour Substrate mycelium colour Diffusible pigment

i R — S A IR A ++ A Light pink 2645 Purple 2% 24 {5, Violet

Gause’s synthetic agar

ISP2 + {4 White 244 Purple 6 Pink

ISP3 ++ A5 Light pink ¥y, Pink ¥y, Pink

ISP4 ++ M € White #i 6 Pink 7t None

ISP5 + 1% %6 Light purple Tk 44 Light purple Tk 44 Light purple

ZERREFRIE Czapek’s agar ++ [ {6 White &4 Light purple {0, Light purple

HIIBER T4 R IR AE ++ {6 White 14 White JG None

Glucose aspartate agar

PDA +t+ {6, White 244 Purple B A4, Violet

e e AR e AR 0 AR
Note: +++: Grows faster; ++: Grows fast; +: Grows slower
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F3 Bk WMF106 894124 (L451E

Table 3 Physiological and biochemical characteristics of

3 W54

st;Tin ;ng% S— " Pevis R EEN S X2 —, Hajek
R v E I 4h . AL b
- e o RTBEMEEINX | AR AK, B
D-44 D-fructose L TERY KA W BEGFE 2 b A AR i | fE BB, AU R
Starch hydrolysis =0 =) “E B THE T S 4 Vs
S Lactose BRI _ ik, Wi ESZm ST, R E . A
i Nitrate reduction 4JC1§T EWALLIN F': 7| EF'_:’ N7 %%\“ égifffﬁ‘, {ﬁii
Bl Raffinose AWML T T % W UL T R
' Casein hydrolysis
il Ribose L LA + SR TR B B By, DA 35 O 5 7R AL
-, : ;z;g;‘cﬁon A 7 TR R H TR Y AR Y BTG E’Jk%ﬁﬁ
FERE Sucrose AR EER - > 16] . ” -
i Melanin production AHTE BRIV B P -3 o3 3k
%k Melibiose | KARIRE - WRIER T, WOV 34T 4 MR AZ B B 2 ﬁPﬁJ?
U2 ;JSr i%hydrmyms . PR B SRR (X, campestris pv. campestris)Fll
Rhamnose : JANZ # (P agglomerans) BA R AFHEHUAE FHAYIL
sl i N - L, Hh WMF106 Hbis i .
20 %A% Histidine i pHS. - N, s
e T . LA BRI | LT (L I
Asparagine : 16S rRNA FLH P H1 5007, K ERE WMF106 %58 4
Wi 3% NaCl i G Wk (55 (S, caeruleatus). HHET, XTTHE#
Gelatin liquefaction :
AT AL, | 4% NaCl - BERREVA(S. caeruleatus) W IER V. Zhu 55
LS T 2011 AE4RIE 1 N ATALER 1358 v 232 3 i — PR
e I‘H‘fi.; - Pk _ WEABEE (S, caeruleatus GIMN4.0027)201 ) A
Note: +: Positive; —: Negative
- WMF106 (MW092710)
68| 'Streptomyces caeruleatus strain NG-T9 (KF844051.1)
Streptomyces caeruleatus strain GIMN4.002" (GQ329712.1)
95 Streptomyces coralus strain SX92 (MH265970.1)
100 Streptomyces canus strain cqsA7 (MN826525.1)
u 100! Streptomyces ciscaucasicus strain GS-11 (K'Y 649421.1)
Streptomyces antibioticus strain cfcc3075 (F1792547.1)
100 F Streptomyces glebosus strain NRRLB-3248 (NR116221.1)
Streptomyces yanglinensis strain 1307 (NR043244.1)
36 Streptomyces ascomycinicus strain DSM40822 (NR116222.1)
T 81 Streptomyces wellingtoniae strain DSM40632 (NR116224.1)
Kribbella jejuensis strain HD9 (NR025735.1)
-Actinomadura meyerii strain A288 (AY273787.1)
99 Nocardiopsis rhodophaea strain YIM90096 (NR043031.1)
0.01

3 ET 16S rRNA EE FFIRIE K WMF106 44 & #
Figure 3 Phylogenetic tree of strain WMF106 based on 16S rRNA gene sequence
T 3 S BUEZIR Bootstrap B ; 155 NEUTRIR 741 GenBank %555 AR RUMHEALEE RS

Note: Numbers at branch nodes present bootstrap value; The GenBank accession number of aligned sequences is shown in the brackets; Bar:

Nucleotide divergence
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*4 EHE WMF106 & BERXHEY) R E RIS R
Table 4 Fermentation liquid inhibitory effects of the
strain WMF106 on pathogenic fungi

157K Indicator bacteria ] 2R Inhibitory rate (%)

RAVGETI TR F. oxysporum 38.61+0.30a
I e BRI F. solani 58.32+0.24b
BRASURI AR C. capsici 48.53+0.19¢
JKAATHLIE B. cinerea 29.46+0.25d
A IEE C. gloeosporioides  63.30+0.46¢

TE: R AR TR . RSN EER S AR 5 RN 4
Duncan’s HiEZ WM LKL, 16 P<0.05 KPR EH

Note: Data are meanststandard errors. Different lowercase letters
in the same column show the significant difference at P<0.05 level
by Duncan’s test

£S5 EH WMF106 ZB&IT 5 FiEmE RGN

Table 5 Fermentation liquid inhibitory effects of the
strain WMF106 on indicator bacteria

TR R EZ

Indicator bacteria Inhibition zone diameter (cm)

HHEE A. niger 1.94+0.03a

FIETR I M. albican 1.570.05b

KIGFFH E. coli 1.31:£0.04c

G OHATERI S. aureus  1.76+0.04d

MG SAHATE P. aeruginosa  1.66+0.03bd

W TP I EAR R . RSB S AR F R RRE
Duncan’s T2 21405, £ P<0.05 K255 035

Note: Values are meanststandard errors. The letters mean in a
column followed by different letters are significantly different at
P<0.05 by using Duncan’s test analysis

% 6 HHk WMF106 331k BHR AR
Table 6 Biocontrol effect of strain WMF106 against walnut

blight

A AL B%4 Biocontrol effect (%)

Dilution time gy ¢ F Jfa IR

X. campestris pv. campestris P. agglomerans

R 77.44+0.25a 58.33+0.28a
Raw liquid

2 65.41£0.31b 47.16+0.25b
5 59.44+0.28¢ 40.18+0.48¢
10 46.67+0.24d 34.66+0.45d
100 33.41+0.28¢ 24.454+0.43¢
RRsE S 84.75+1.19f 70.83+0.86f
Streptomycin

sulfate

T R BRI E R ER . [R5 EEE 5 AN R B RN 42
Duncan’s Fi W LR, TE P<0.05 K V257 B#E

Note: Values are meanststandard errors. The letters mean in a
column followed by different letters are significantly different at
P<0.05 by using Duncan’s test analysis

FEARIFHH B WMF106 15 GIMN4.002" (16
rRNA FERARIE N 99.43%, BTEREFRAAERA 1k
FEMEBRL , A AFAEHS 5 22 5 . GIMN4.002" 1E
ISP2-ISP5 K7y FR— S 15 Fr ik b A R A Ry 22 231
ot it i, Wi, a0,
A AR DUE A L, T WMF106 1E
ISP2-ISP5 K [h— S 1 gtk BA Rmf, JEA TR 22
BRI A e, E . A, A, U4
AR LU o £ 534h, GIMN4.002" 7E
ISP5 Higedk ERAE KGO RY:, 11 WMF106 fE
ISP5 ¥igidk E ARG B S . Bk, A
HEM KR WMF106 5 GIMN4.002" A] & h A [\
fll Mingma %5 M GRHMEDIAR 2 2 25 2] — bk g
AR (S. caeruleatus RM365), HXGTEFIHISE 85 .
TR K = BU A8 Bl (Xanthomonas  campestris pv.
glycine) B MRAMHEVERT ) Zamoum 45 MK JK 2 F)
AR b DA AR R A3 B — PR R s
W (S. caeruleatus Z112), TXEMAEIN ] B ATARE
W (Fusarium oxysporum f. sp. radicis lycopersici)
[ A BE A 2R i A7 K P,

EE7/E TR ST ey o LB AN o I NN 1617/ €
AR SRR L, S AR DA R L fE
T BRI XGT LU %) 2 H i oA AT T B e 20 T i
AIZF G FAY 2.6% . FH T 5B B EAA S8 m SR
S TPERBUEMAR SN HAE ) M1 |
A, ENSAEAAE AR YR F PR
MICRFTEARIE, IR ARANGEPEM B, Fokanm
PERBIERE . TR AR Rk SR, E
fief LG T A2 Bk R B 15 P0 TR 1 O e il . A
Bl e A2 A el w3 380 A Bk R R0 s Dt 1 i
S PRMFTIE (X, campestris pv. campestris) AT+
PR B9 15 KT 1 (Arthrobacter sp.) FNBL g 2 fO AT
W& (Bacillus mojavensis), {BIPTERE S K BiitH )
IO R AR AR B,

ACHIF SR 1 R U 8 38— R X A% Bk R TR s i
PHMSE MR (X, campestris pv. campestris) K
1Z W (P. agglomerans)¥s ELAG I /E FH i) 15 4
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BETETH WMF106, [Hik WMF106 B9 % T i i
TL 72 XFRFHR JT T (F. oxysporum)=5 5 FiAa 4% R
K BN EE A. niger 55 5 PR R B HA WHIVER
r%ﬁiﬂerJ:E’JF)ixﬁl{ﬂ"iE G5 FRW, WPk WMF106
(14 2% TR TR PT84 A b SR BER R B 6, 1A%
PR B b AT R0 T o U AR R A
IR YIN . ARG ARSI, (AR B RRTE
FH (] FH B, TRIAR A A2 32 oK AR AR R 25 M)
T BTN MR B By 7)) S AT 790 4 R B e 7 P 35]0
FEh, FERk WMF106 (95 24k . =B XHEY)
AR EEHHARBERENEEA R — LU
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