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1 O [F7) 9 E & L I0E Xanthomonas campestris) = i Bl iZ B (Pantoea agglomerans)iZ 3¢
ARG ERR LI @A MRE, SN T kTR TR L. [ B 6] RARFELIEF 7
bt AP AZBL R B A R B b R R RO AR E 2 M B R K B E R, TR A A
BrE Al e LA, [ 5 RAHRRA L. FHADS AR R4 M ERARRAR, BIHE
FAHAE. A I AT S 16S IRNA AR 57| oA /75, MELBA R BRAEAE, BAhTHK
rieiE L xt Az Bt m ey B i BOR, [ R Y 1mia 3] — Mt 2 #F7m R B A BORBERAE A A LA B
PR YNF36, 2 &5 FHAEVAR . A2 A L iXIE & 16S IRNA KB 551 547, HEHk YNF36 5%
A 1V %5k B F (Streptomyces arenae). ZRAMAE SYPIEHRE EZTERG, TR EHRZ, ELH LM
B EFERHARED. KR, ZhE. ACAKRE. REFRITH. MERLERE. HHFR
HRAX TAHETEH, AAMEARE. ZRALH. KEEEH. KHAHRLE. TBER. IR
HBE . BARRBAX TAEYRRBAXHAITHER, RAES . KBRRRS BIKT A Loy &
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Identification and activity of Streptomyces YNF36 against
walnut blight
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Abstract: Walnut blight,

agglomerans, is a bacterial disease resulting in severe damage to walnut tree and substantial economic

[Background] caused by Xanthomonas campestris and Pantoea
loss. [Objective] To isolate and screen out the actinomycete strains with inhibitory activity on these two
pathogens from the rhizosphere soil of walnut tree for the development of biocontrol agents. [Methods]
The actinomycetes were isolated by spread plate method and further screened by plate confrontation
method and improved Oxford-cup test. The target strain was identified based morphological,
physiological, and biochemical properties, as well as 16S rRNA gene sequence. The antibacterial
spectrum and biocontrol effect in vitro of the cell-free fermentation broth were evaluated. [Results] An
actinomycete strain YNF36 with strong antagonistic effect on both pathogens was screened out and
identified as Streptomyces arenae. The strain YNF36 showed antimicrobial activity to seven indicator
bacterial species: Staphlococcus aureus, Escherichia coli, Aspergillus niger, Monilia albicans, Bacillus
subtilis, Pseudomonas aeruginosa, and Bacillus cereus. Furthermore, it had inhibitory activity against
seven plant pathogens: Alternaria alternata, Valsa mali, Colletotrichum gloeosporioides, Botrytis
cinerea, Fulvia fulva, Colletotrichum capsica, and Fusarium solani. The strain YNF36 had the largest
yield and the strongest antimicrobial activity on SYP medium. In addition, the biocontrol experiment in
vitro showed that the cell-free fermentation broth of the strain YNF36 had the biocontrol effects of
75.69% and 62.39% against X. campestris and P. agglomerans, respectively. [Conclusion] The strain
YNF36 could be considered as the actinomycete resource with biocontrol potential against walnut blight

and demonstrates a wonderful prospect for development and application.

Keywords: walnut blight; antagonistic actinomycetes; screening; identification; control effect

Bk FRBER (walnut blight) & —Fh Rk RS P WA, Ak MBS 76 B V6 %

TR o O o 3 o L BN 0 €SI 5 & SN
FEFF R SEEE . WA O . Boe 2 Al
K AR AR DL [ AN R | A (B
FEE I FEORBELL IR . ABEN . %
VAR S 52 % e o , I 2R Bz Ak m] AL 7K 35
WROBES, WA R B B8 WA,
FEE I TR R SR, OB R
RN BRI AR R BV A 2 0 R TR 1 T
Bk, A H BT BRR AR A 2

B XELGH BB, i & R
50%—80%, JUELRLNA T BRPGAZME " ) f BR A
JRPL, R N A DA R A A B PR TR A% Ak
HUWR A Fh (Xanthomonas arboricola pv. juglandis)
Je 5| A% A PR B 1 o — g SRR T SR

B BT B AN TR A [ A1 2 3 e B0 B i =2
M B (Xanthomonas campestris)J&: 5| 2 #2 dk
SRR K AR 1 R B EOR Y, N AR AL
TPV A U VAR b A B BN 1 A% B I P
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Sy ek R BOR R . 38, BN R AL
A1z i (Pantoea agglomerans) 2 5| & Bk
MBS ) B U 2o E e AR T
U U Bt A U s R 2 A SR
R, g5 B BGIE TAEW R RMERE . B
I, TR A% Bk 8 B 1) FH 0] B A 475 LA it £k 2
2500 R 3, w24 R A A R A R A R R
WA, FLAEL . AL RR TR K
W A RO, K R R TG s . &
fn A A ], P 29 2 B E L T
NERIE,

WEAEY AR A %@ & RABE |
BERAF . ATy 7 B AN, Ok i A7 3] O
o W ME R FRAMELZ . A4 &
F L AR & SR U0 SR, T
R T B YA 40 B e R 2 5] L AR
2.6%, EF T B0 40 TR 0 3 1 A R AR R S
o, BRI T AR B B R I 2 R R
R B AE S — 28 B AR W A A
A RT A G AR B L R R) L B R i ) 4
WU, Sz HERL ., g8, &
2 S5 U, T I AR B T R IR T AR R
B i B e % S oy e BT Gk, Rt
LR B AE R AR TR T A B YL AR
Tk 15 92 9 VR 8 7 R O A A B
B C A W AEA Ak R B 45 BT R
U5 K FAE W) B I6 S5 AH OC R BF e 4 1B b AR
F 58 B PG 48 T 2 B s 1y B 2 7 B A A Bk
W Ko 4% Bk el AR s - 48 v A3 5 0 3 S 6 A Bk R
B 2 Tl I 24 HA 5 B4R B ik e 1A, Bl
JE AR A5 A AR AR PR A 16S rRNA 2
DKLy 9] 3 A B Z T R AN IS, O R AR RS R
FE I LA TR M L RO B AR B B
R, VA A A% ik B R 4 € [ 7 0 I Ak % U
LS A

WEERE

1.1 #E
111 #fm

N SN Sy A N = R I TRES
S5 b 10 BT A AR AR S Ak el rh A AR AR R T
TRIE 10-20 cm AbREE T3, 36t 11 43,
RAREMBENLIIZE 5 RS SFEACREL
BRIRAHS . ARAT 7 d JFTRESET
., 4 CIRAARH . BRil e Az dk il Fich
T
1.1.2 it Ek

TN SR B I TR 2 B, A ) R I S
P T8 (Xanthomonas campestris) F1 i A 12 %
(Pantoea agglomerans); ¥8/81& 7 Fl, 43900 4
T {075 28 BR 1 (Staphlococcus aureus) . KT
(Escherichia coli). W% (Aspergillus niger).
F IR R (Monilia albican) . % 2F A FF
(Bacillus subtilis) . #1245 ML B (Pseudomonas
aeruginosa) MM FE ZEHUAT I8 (Bacillus cereus) . B
LT 7 R, B R R R T B A A R
(Alternaria alternata). ESLJE R S8 B2 5¢
W (Valsa mali) . 3F 3R 5 0 s W A8 7% 9 TR
(Colletotrichum gloeosporioides) . T JK 9
KA H {5 (Botrytis cinerea). 755 1k 75 1
R W (Fulvia fulva) . SRR IR B BRI 2596
W (Colletotrichum capsici)Fl 545 21 J5& 0 14 i
S BT (Fusarium solani). VA T RARYS i B PH
AR TR
1.1.3 EHRE

LB HiF 2 (o oabEsisntim ) ik
fic i, B R —54 a5 5 (Gause’s synthetic),
ZHBAESEPIR IR . R 2 R A
WEBIE IR 5L (ISP2) . A BUIRHE SR HL(ISP3) |
LERIIPNEESE $5E = SN NGkl PN EES $i73
JIE 5 5 H(ISP5)Z: R Shirling 252y 7 VA e il ;
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22 G 15 953 (Czapeks) S IR BRSO B d ) 5
VE Ky B BF B AR W 15 57 5 (starch yeast extract
peptone, SYP) (g/L)ik K [ #8500y % -
AEETEVER 10.0, BERERFBY 4.0, HEK 10.0,
OE LR IAM 1 mL, pH 7.2,

Z I R LA R G T ) BRI (A
7 20 TR S E T ) PRI A R £ 1% 7% B (nitrate
culture medium) ., pR ZE iR 5 #7 H(urea medium)
i Ak EUR 56 £ 57 3 (hydrogen sulfide medium)
BH 2 1 #2 FE (nutrient gelatin medium) A1 i A5 2
W% ## 5E (milk culture medium), A T4 P44k
Rk o
1.1.4  FEKFFLE

PCR ¥ 345 ¥ 4E TAY TR R
A BRA F A R A TR SR ZH DNA /) 2 4k i 5]
. DNA Marker, 2xEx Taq Premix, TaKaRa
Al fHIRIRGE TR, R O A
AR HAK RS, MilliPore 23w ; fHIRE
e, AR BHE AR A IR A A =R R
BLOHL, FEER R RBHARA W 2 AR
BT, BB A BR A H 5 JEP Y3
1, HREEA MR AT 2 |] s KA, dEaS
— YRR RA s ez /AL, b
WA S
1.2 &
121 HEBEKENS S

KB BER BRI AL, PRI 10 g 3R
BT A, A 90 mL ¥R EE S 0.9%1 JC
A BER K A VF B R, 28 °C 150 r/min $k
20 min, R A3 HUS B 1 mL G o A
FRER K AR YUB R e U S 107107 1 107
1A A SRR T R MR 100 pl 45 76 i 2R
PSR AT T 20 pg/mL KoCroOy M R — 545
BB R HE [, 28 °C . 50%AH X 18 (relative
humidity, RH)Z&MA FEIBERSE 7 d, PBCRRE
BT AE R R — 5 s R A B Lk,

28 °C ¥iFE & .
1.2.2  FEIH&ERE BRI T

SR HIF IRF 355 S0 X6 9 380 4 s 4 T 3R A T 0)
i o 28 °C. 150 r/min {& L5 IR IR E 1 d J5HC
il 10° CFU/mL B . WIS Ak J5 BRI 2 mL
AR HI 2 45 °C ) 100 mL LB [ {AR; 37 3
REHS . FAIXEITLATIRER S 8 mm 1)
aifb i 2R B He, BT 5 I B R L
M b 28 °C 555 3d, SALFELE 3 k., @t 4
H Sl B T AT ASCRA R, 0 10 B P B AR
1.2.3 HEIHEREETF

RO B AR HEAR TR X 2 Foloi T B 2 LS Bt
ROR B FE BB RS T 07 - 0003 B R LA 5%
FIHE R ERN T 50 mL & [R—5 & il A 37
Jerdr ) 28 °C, 150 r/min ¥53% 7 do B 1 mL & %
WZEICHE EP 4, 8 000 r/min &.0» 10 min,
0.22 pm JC TR U8 A2 Uk R I . FHIC AT AL
i TE 5 Y % R T AR R B AR
8 mm AJFL, SMA 50 uL JopE A BEW, 28 °C K
%3 d, BMCHERE 3HER. % 1.22 ik
HkmEM A B EA, L S0 uL WEN
5 mg/mL MIBREREEE RAE A PHYEXTRE , RG4S
P P oo 1 AR
1.24 HEMBEZENEE

HHIRER L T R —5 5 s R A
ISP2. ISP3. ISP4. ISP5 }53R3L . SYP B3k
MEZRREFRIE B, 28 cC R B35 7d, HTW
SR MR TR T8 B TR R . R TR i—
SA S SR A EEEE BARE bR, IR AE WU
TUE B R AR AW . RUE R4S
BRI

W72 H AR R S0 UM 2 SR
BRI HEE S, UURARE . B efk . ™=
HoS. WERRERIA I . P TE M I . Hi 1D il 55 A B A=
PR PR32,

TR 20 DNA /N afi it 7 &4
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HUH bR RIERN 4] DNA, 2% R ik
K F3# H 514 27F F1 1525R #6417 PCR ¥4,
PCR WK A (25 pL): 5k DNA (200 ng/uL)
1 ulL, 5% 27F Fl 1525R (10 umol/L)#% 1 pL,
2xEx Tag Premix 12.5 uL., ddH,O 9.5 uL., PCR
SR %A 2 95 °C 5 min; 95°C 155, 55°C 45 s,
72 °C 2 min, 35 PME¥F; 72 °C 10 min, PCR
P A A R 36 AR T AR TR () e £
PR Wl R 23 BT o R0 e 3145 14 ik B e 47 R A
BLAST AR HE X 4248 2 GenBank ¥ /%,
FIF Clustal X Fil MEGA 5.1 %k {41 i¢ neighbor-
joining LM E# R A B R
1.2.5 BEirEREIIEFEiHiE

B 2 mL A5 B B 20 53R T 100 mL
SYP iRt . m R — S5 & IRk . ISP2 55
FE ¥ . ISP3 BiFRILAI ISPS K7 s, 28 °C,
150 r/min §55% 7 d Ji, MASFATRE LR 2T,
FEOMRG 10 min J5 T2 E 24 h A, A
3, WAL, 2 FLas i 8 K A 45 °C ik
F ez TR B A DUAHBRE , A5 B d A& I8
FLI2 ) I B A BC i 20 mg/mL AOFHER D)
VB o FHJCTR T T AL a8 18 5 J5L TR A 15 35 kAl
FATEARN 8 mm 4L, FESLINA 50 pL, 28 °C
i3t 3 d el R A, ik b, & Ak
HEL 3K,
1.2.6 BREKRLERIEEMNE

K B0 R A= AR 20 7 H AR TR R 46 75 T
SO EBRE (S, aureus). KIGFFH(E. coli) .
M EE (A, niger). MO SIRE M. albican). K
B ZE KT B (B subtilis) . i 2% 0 MG A (P
aeruginosa) F1 I KL 2F #UFF 18 (B, cereus) I 111
VER o a7 28 SR E B AR B oo it A
Y9 5 TR A A TR (A, alternata) BRJE F2 5 (V.
mali) . BHLRIE T (C. gloeosporioides) . KA %)
LU (B. cinerea) . ¥ W (F. fulva) . HAUA
FAUE (C. capsici). J& R E (F. solani)) i)

RCRIF IR R . MR =0 A E 7% B
12— Ab FRZH TR VR ELAR)/XT BE 4 B VR AR < 100%
BALIMA 50 pL & R— 56 s IR IR G
(I ICTE LR, VAT KAE X IR, 45 4b B
23, 28°C K53 3 d Je il s
1.2.7 BAREK & B iR X 4% bk 2 BE R B B 3

Z W BRI T BTN B Rk A4 P ik
PRI C 3 s L e A R VA A K I ol e
TCo R R R . 2. 5. 10, 100 f55kHs RE,
WS it 22 I R THT B VR A A TR, KRR
0.12 mg/mL 4% 6 R 6% 75 25 A 0 FH X BR
B e B R XTI {68 P I 7 i 28 4 5 D AT 7R VA
WWREG O, UIEHEAKVENHERE, T3
BE S5 R 25 °C (R R M F 3-5 d J& , I
BEEARIE TR B %, S ALMER 3 Ik,
1.2.8 BERESSH

FFiC 5% UG KR 245 Excel 2010 %23, &-4b
F ] 2% 5 5 SPSS 22.0 #AE MY, R
Duncan’s #7 & #2215 HL 22 57 8 35 1 (P<0.05) .

2 BEREAW

2.1 HEMMZE&ENS SiFiE

I PG 45 45 b B A A% kA AR 3R R A Bk Bl
B9 11 3 - HERE S e oy B aliAb A5 3] 73 Rk 2k
PRI, 8 o P AlOGT IR 325 T 6 15 3] 6 o A% Bk SR B
I 118 B S 5 O B BRT (X campestris) F1 A AT 12
W (P. agglomerans)¥ G W R AEHURCR M K,
AN BT ARAY 8.21%. AR YNF36 5 HTIE 1
Frc5R AT L AR 43 50 19.03 mm Al 17.51 mm
1. K1),

PE—2BX 6 MR TS A B, 6 PRI
PRXT AR R BEG 2 i [ T A 45 U SCR A ]
Hov, Rk YNF36 JC I & IR 05 504 A
b, X i TR T SR B L TR (X campestris)F
W AZ W (P. agglomerans) 0 T BA% 40 51 N
18.35 mm 1 16.82 mm (K&l 1),
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* 1 B E N R R B R R E RS R

Table 1 Inhibitory activity against walnut blight pathogens of the secondary screened antagonistic actinomycetes

RS P AR IRF A R A TR A B TR T Vel B AR

Strain No. Plate confrontation inhibition zone (mm) Fermental supernatant inhibition zone (mm)
S SR B N T Az SIS B U R Az
Xanthomonas campestris Pantoea agglomerans Xanthomonas campestris Pantoea agglomerans

YNF34 14.34+0.32cd 12.2140.17¢ 11.15+£0.2¢ 9.85+0.42d

YNF36 19.03+0.26a 17.51+0.34a 18.35+0.32a 16.82+0.22a

YNF42 17.03+0.27b 14.11+£0.31b 13.154+0.28b 11.06+0.23¢

TBF13 15.18+0.37¢ 14.04+0.24b 14.06+0.4b 12.06+0.34b

QSF11 13.3240.27¢ 12.1£0.19¢ 11.12+0.3¢ 9.09+0.3d

QSF16 14.07+0.28d 12.05+0.16¢ 11.15+0.23¢ 9.98+0.22d

T A VEAEIS AN R /ING 7R [ A2k JHR 1) 45 542 22 57 4. %5 (P<0.05)

Note: Different lowercase letters in same column represent significant difference at P<0.05 level among the treatments.

YNEF36

Streptomycin sulfate

y

/ YNF36 YNF34

1 E# YNF36 X 2 mskm B ME MM ELZ EAMEIRR A &k YNF36 BtlgHoxs B s v i
WLTR (X. campestris)FIANHIZCRE ; B: RAK YNF36 & [0 B 1 5 8 B T (X. campestris) AN Z50CR 5
C: R YNF36 B H Xt i 172 16 (P. agglomerans)BMHI AR ; D: BHRE YNF36 A& BEw O A 17z 1H (P.
agglomerans)AMHIBCR . TERE: YNF36. YNF42, YNF34; BHMEXTHR: MiRH &R

Figure 1 Inhibitory ability of strain YNF36 against X. campestris and P. agglomerans. A: Inhibitory ability of
strain YNF36 against X. campestris; B: Inhibitory ability of the fermentation liquid of strain YNF36 against X.
campestris; C: Inhibitory ability of strain YNF36 against P. agglomerans; D: Inhibitory ability of the

fermentation liquid of strain YNF36 against P. agglomerans. Strain: YNF36, YNF42, YNF34; Positive control:
Streptomycin sulfate.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



BEAESE: MR RBO LR BERE 1A YNF36 14552 K HAM i PRl 2 4733

2.2 HEPUREE YNF36 L ELER
2.2.1 FASFYHE

Fikk YNF36 15 |35 37 3 0 5% J2 FR A0 1L
2. ERKR—S AR L, HREkER
RARL, WERmTE, B, RARLE
o, SAWMZREaElEIAe. £5. 5
BBk, PRk, AR A A
(A 2),
2.2.2 HIEAELFMH

A AR E A R E 3 BTN BB
YNF36 Refl I a0 . FL0E . M7 hE5% 8 F
WK ENE R TR . ARG 6 P, Rl
25°C., 4% NaCl }z pH 5.0 & FEK, wlffisg:

=2 Bk YNF36 AUtZ F451E
Table 2 Cultural characteristics of strain YNF36

WAk . BIROBAL . PP ERAR A, ASREIE RS IR
i, BRUEKMEVERY . JRE . BT RIARRNE,
ANBEIK i R 5 AR
223 RBREFOW

M Pas R H B, Pk YNF36 19 16S rRNA
FER P H N 1 438 bp, K15 GenBank & 5%
5o MW012282, 4 55 5 PE oA DG TR R Y
16S rRNA K P ARG K TR, Wik
YNF36 5V 375k 5 0 (Streptomyces arenae) R 1E
[ —4 32, MRS 99.5% (K 3).
2.3 FEHURLZE YNF36 B91E 7 £ iF %

B BRI RIERD T 5 FhEEIRIE A A B
FLERYY, 45 REH]: WPk YNF36 7£ SYP #5572

KAtk AR R EAIN LN EAIN AR

Medium Growth Aerial mycelium Substrate mycelium Soluble pigment
GAUZE’s synthetic agar +++ {4, White 244, Purple 844, Purple

ISP2 +++ M {4 Light Pink ¥4I {4 Brownish red Fi41 {4 Brownish red
ISP3 T+ M 4 Light Pink 216, Red 21 1% Red

ISP4 +++ HoMr {4 Light Pink {2 Pink JC None

ISP5 +++ A Light Purple 244, Purple 244 Purple

SYP ++ [ 8, White #3f4, Pink 244 Purple
CZAPEK ’s agar +++ K24 Grey purple 244 Purple 244 Purple

TE: e AERRE; +: ARG + AKESE

Note: +++: Good growth; ++: Moderate growth; +: Poor growth.

El2 EH YNF36 FISSENRFME A HIEHHE; B: BIUE TR

v )
4 JWS
T ./gﬁ‘ % N C\‘\
S ’ !
2 TR {
3 \ 7\ =3 \ \
{ o ‘ . \_\ LAY \
— \ { ~ Ja
a . “\‘ }/ { ? \
Ry X R/
") L
A .\\ /
o/ \ .
e
e % =
Al N £
\ | \ [ 4

Figure 2 Morphological characteristics of strain YNF36. A: The colony form of YNF36 on Gause’s synthetic
agar medium; B: The aerial mycelium of YNF36 under microscope.
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3 FEIMEM YNF36 B IRE W45
Table 3 Physiological and biochemical properties of strain YNF36

Y e S D REIR 2 D REIR TS
Test Results | Test Results | Test Results
HWE Fructose + L RA LR Asparagine + ' BHEEWAL Gelatin liquefaction +
FLB¥ Lactose + i 225 R Serine + i 4k Milk peptonization +

H#i % B Glucose + i B %% Methionine + ' PR AL & HaS production +

i FHE Raffinose + | 455 Valine + | filfR L4 B Nitrate reduction -
FZ= 8 Rhamnose + i Hi 24 Proline + i TEMEF Amylase +
M Sucrose + 1 25°C + i JE Wil Lipase -
W Galactose + 45°C - A Pectinase -
AHE Xylose + 1 pH 5.0 + i JREW Urease +

T #& % Mannitol + ' pH 12.0 - | 3 1 Gasein +
JILEE Inositol + i 4% NaCl + i Ji% 4 ik Tyrosine +
20282 Histidine + i 1 AERPE Xylan +

W o+ BHME; - A

Note: +: Positive; —: Negative.

Hh R BRI 7 i e R ELA PR 0 M fefE, 49 100 mL
AIAE ™ 110.82 mg KLEEA) , X T v =5 2 B 1 (X
campestris) FI L A11Z B (P. agglomerans) ) #
P B 4253 94 22.63 mm Fl 20.90 mm (F 4).
2.4 FEPUREZE YNF36 BIHIEE M

PUBA TG ML B0 45 5 R B « TRtk YNF36 &

WoORE 7 Fhde s A MEIER, IRCR
BRI R . BB (A, niger). WiE ZEHFTEA
(B. subtilis). 41 O EZERE(S. aureus) . HiLk
RPN E (P. aeruginosa). HO&HKE (M.
albican) | B FE ZEHIFF I (B. cereus) . KMt & (E.
coli) (£ 5). Mk YNF36 K& I 0T M 2L 77 A0

32 Streptomyces albus strain DSM 40313 (NR025615.1)
,ml_l: Streptomyces yanglinensis strain 1307 (NR043244.1)
treptomyces rimosus strain NBRC12907 (NR112332.1)

7
omyces rimosus salll NODIU 147U/ \INRLL12332.1

31 3(|)-|7— Streptomyces wellingtoniae strain DSM40632 (NR116224.1)
Streptomyces griseus strain ATCC 10137 (Y15501.1)
Streptomyces venezuelae strain ATCC 10712 (NR102857.1)

100|: Streptomyces arenae strain UK10 (NR112609.1)
YNF36 (MW012282)

100 —— Streptomyces arenae strain [ISP5293 (NR025494.1)

100 100

39 Streptomyces coelicolor strain NBRC12854 (NR112305.1)
Kribbella mirabilis strain XMU706 (NR137259.1)
Actinomadura amylolytica (AB859253.1)
911 Nocardiopsis riwodophaea (AY619714.2)
P
0.01

3 BE#k YNF36 &£ T 16S rRNA EFFFHEN ARG L. B

G 2 FE AL Y bootstrap BU(E ; B RAC R AL IR B

Figure 3 Neighbour-joining phylogenetic tree of strain YNF36 based on 16S rRNA gene sequences. Numbers
at branching points refer to bootstrap value based on neighbor-joining analysis of 1 000 resample data sets; The
scale bar presents sequence divergence.
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x4 TREIEFELEHK YNF36 ZBGHERYN~2

R ARSE S

Table 4 Yield and inhibitory activity of liquid extract from the strain YNF36 against walnut blight

Figrak 7t Yield i R A
Growth medium (mg/100 mL) Inhibition zone (mm)
WY SE B U Xanthomonas campestris B2 B Pantoea agglomerans
Gause’s synthetic agar 27.0+1.42¢ 22.36+0.69a 20.54+0.4a
SYP 110.82+4.86a 22.63+0.43a 20.90+0.36a
ISP2 106.84+4.95a 19.14+0.49b 16.74+0.5b
ISP3 31.85+3.4¢ 16.89+0.34¢ 14.63+0.4¢
ISP5 58.47+5.03b 21.29+0.42a 19.57+0.54a

TE: B HVBUE S ANIR/ING FREAC AN R b 3R] 25 5 25 57 8k 25 (P<0.05) . 100502 90 B P LA B T DAL 00 VAR 4 20 mg/mL

Note: Different lowercase letters in same column represent significant difference at P<0.05 level among the treatments. The

concentration of extracts is 20 mg/mL for evaluating the inhibition zone.

&5 EH YNF36 i & B iRt s 7R B 8940 )
1EH

Table 5 Inhibitory activity of YNF36 fermentation
liquid against seven indicator bacteria

TN R E AR
Indicator bacteria Inhibition zone (mm)
B O A PR 12.19+0.19b
Staphlococcus aureus
KIGFFH Escherichia coli 9.52+0.16¢
% Aspergillus niger 15.61+£0.25a
8 & BRI Monilia albican 10.59+0.2d
A B ZEAAT B Bacillus subtilis 12.44+0.21b
R 2 A1 R 11.220.18¢
Pseudomonas aeruginosa

EREZEIUFT I Bacillus cereus 10.45+0.19d

TE: AF/NG FRACRA R AL PR 2555722 53 B35 (P<0.05)
LA B 50 ulL

Note: Different lowercase letters represent significant
difference at P<0.05 level among the treatments. The dosage
of fermentation supernatant is 50 pL.

W EEME A (4. alternata) . SFE5JE R 0% 7 2L E
BESEBE(V. mali) . SF- 5B I WA 5 I 1 (C.
gloeosporioides) . T fili JK B I 1 I ) %4 61 14 (B.
cinerea) . T i 559 B FL B R (F. fulva) . B
BUR JEL I T AR B A 1 (C. capsici) . D858
I8 A R R B AL TR (F. soland) YA 0 A
FH, DUt ae) 15 B sk, ook e A6 5 JH T
(C. gloeosporioides)I il e fE:, Ik 61.19%
(3 6).

<6 EPE YNF36 & B B4 R = a0 4E
Table 6 Inhibitory activity of YNF36 fermentation
liquid against seven pathogenic fungi

I e
Pathogenic fungi Inhibitory rate (%)
TN IR 2R Alternaria alternata 48.0+1.15¢
SERIE LR E Valsa mali 33.73+0.97¢
SERBIIA B 61.19+0.78a
Colletotrichum gloeosporioides

TeM K FEIR I Botrytis cinerea 35.45+0.65¢

T FR B Fulvia fulva 42.82+1.11d
PR ISR Colletotrichum capsici  55.11£0.75b
LA [ W Fusarium solani 56.3+0.99b

TE: AF/NG FRMSA R AL BRIRIZ SR 22 5 35 (P<0.05) .
ALK BRI A 50 pL

Note: Different lowercase letters represent significant
difference at P<0.05 level among the treatments. The dosage
of fermentation liquid is 50 pL.

2.5 EHIME&E YNF36 & B RxtixikE
BE % B9 BH 3

BRI B A A SRR bR
YNF36 & [ GEAT 0 il b 9o =5 5% B A B
(X. campestris) IR AZ T (P. agglomerans)5 | i
B A%k SR B, EL LA ) 5 Bl A R A
B R REAR . TR YNF36 & IR i 6T
2 v A T R S A I R A Pk SRR P 1 o
FOHH 75.69%F1 62.39%; K EERFHFE 100 3
BF, XK 2 o T D 5 | AR A A% Mk R R 100 o 3
43514 33.23%F01 29.53% (£ 7)
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=7 Ek YNF36 X% Hk BT I B3

Table 7 Biocontrol efficiency of YNF36 fermentation liquid against walnut blight

Ab 7 RN R B AL

Treatments Biocontrol effect (%)
S R TR BLAZ T
Xanthomonas campestris Pantoea agglomerans

JE Fermentation liquid 75.69+0.34a 62.39+2.67a

2 {5 F B 2 times diluted fermentation liquid 67.21£1.09b 53.28+1.29b

5 f5F B 5 times diluted fermentation liquid 55.07+1.28¢c 44.99+0.92¢

10 F%# B 10 times diluted fermentation liquid 42.35+1.96d 37.38+1.82d

100 15 F5 B 100 times diluted fermentation liquid 33.23+0.97¢ 29.53+1.02¢

Wi 4% 55 25 Streptomycin sulfate 85.10+1.30f 71.26+1.89F

TE . S PVEUELIS AN R/ING TR A R Ak P ) 45 2R 25 57 2. 35 (P<0.05) . R I ARIREE R R U 0.12 mg/mL

Note: Different lowercase letters in same column represent significant difference at P<0.05 level among the treatments. The

concentration of streptomycin sulfate is 0.12 mg/mL.

3 iwEE#

WAk RGN TE T E R A i . M F AR,
PR AR B PR RS R RO E N
METENEE , W APHRETERTRONE . BTtk
IEEIS Y SE I, R AL R BN A= ) B i6 4
AR FHT S R o TS A R S ) B S
Br, M3 o B i e A 1) | =T RS RS U
Az Wy S 24 R A R R R SR
A58 AZ R B - 8 vh g3 5 2l fb R 15 73 Bk
BT, H 6 BRI R AZ Bk BB B s i T
Y 9 5 PR AT TR (X, campestris) Rl AL A 12
(P. agglomerans)¥ A FEHLIETE, Bk YNF36
REARCN ST

H AT, A Az Ak 2 B AR B R T & B A
FEIE AR A WSS . E U H R A e T
MR R k18 1T 1 PRSI g 2 AT I
(Bacillus mojavensis)Fl 1 $£ 15 ¥F & (Arthrobacter
sp.), X 2 BR B0 EF b S BEOR M A B O
campestris) LA FEHURCR , (H I AR VEH A TG
Mo BSR4 <22 B T Ak el 7 2 )
1 BRXT PR RBERG 2 i it T 46 0 1 4 FH 1
W 5 (O BE R T WMF106, PP T Rk & BT

X AZ Ak ARG B AT % . SR, XAk R B
W2 PR R AL E SR, Az LB A A
JER RIS BGPTSR IR, R
Az B AR 2850 A% Bk A B 4 € 7 5 LA
B o AT B — AR A AR R B 2 B
s i TR 1) ELA B SR A BT ME R TR T YNF36,

HEIASY . EHAEREFR 16S rRNA FEH
J?yuﬁ*ﬁ’l%vﬂ\:?ﬂgféﬁ@%éﬁ%’%(&}’eptomyces
arenae), {5 HRTEF XV 585 B 0 (S. arenae) T
FARIBEH D . Gupte FEPIEHRE T —Hk b L
WY B Y A BE R I UK1L0, 1% 3 bR Z R )
I JE D AT HE B AR o AR F 5 AR AT 0 TR B
YNF36 5 UKI10 /) 16S rRNA F KA K
99.5% , {H B V& 55 35 04 B AR AL R BoA i 2 22
St AR UK10 78 ISP2 598 3k AR KABIIE
ISP3-ISPS #5575 I R AT, JLA: R 22 368 43 51 o0
Hit . EREma, Wal, mEtk YNF36 7F
ISP2-ISP5 }i bt B IA K Ra7, B AR T 22 B4,
SPRIRERLLE . L B EfEa ., 5 UK10
FHLG, TRAR YNF36 RE6% ) FH A BH S F 2 S
Kz, MAREATTEMNG . FAmEE R,

D, FeATHEM# FE YNF36 5 UK10 Al fE A A
[0 Ah . 340, S5 EHk UKI0 A H, Hfk YNF36
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BT S5, BREEME T8 E (Alternaria) . RIH
P J& (Colletotrichum )i JE B A, BAK YNF36 X
WABTAE R (F. fulva) . BJE R FCHE (V. mali) ¥
HAMHAER.

LR R (Actinomycete)] ZAFHET H IR A 4%
Fiepsgrh, A% RIIRES 5, w7
ARFAYEEY R, BT oREENMAEY TR
PEUS B R R R R R, R
—2, &5 hik, AR E 50%mMCEinAd &R
FIVEG 55 A= v e o Pl e B A, AR )
s AR W A T M E R KPT BRr, E
N AIMIRE 1 F T B 96 4 4 40 T M 0 3 10 45 Bt A
PRR 2 0 2ZEAAF B A T, a0 ml FHF Bl i6 & i
00 BT T R 1) DA ZE AT B 264ZY 770 AT
T B 6 £ K 4 B 2 4 8 e 10 2F A6
EZ15-07. EZ15-09""), 0] FFBhif 4% B i
I3 1) DS 2E A AP B BKS1048745 145 G4l
PR PR T BT IA AR B R T B AR DR IE SR R > . H
BIEEPIRIE T WBRER R 3 i —
PR AR A Bk 15 97 95 EL AT I8 25 5 P RMCR i bt 2B
B NA-TXL-1, A7 KPS0 ) — ik o] 4 i
AN B P B 50006 & A 1 26 1 R BE B B P-13,
ARWFFE AR BIRE YNF36 09 K 0 i 1)
2, AT E S B R R b Ak R B B Y
Yo, HA RGN R S, fh T —F
B2 R M AR BT ORE . SR, BRIAR YNF36
DA v R P BRT T RIS L A AL B
B AR K B A AL S5 1) LR A R fe ek it — 2
WFoE .
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