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Optimization of fermentation conditions and stability
evaluation of antimicrobial active substance for antagonistic
actinomycete WMF106 against walnut blight

QU Jia', SUN Xiaoyu', CHEN Rui', MEN Xin', ZHAO Lingxia', NING Shuoying
1 Microbiology Institute of Shaanxi, Xi’an 710043, Shaanxi, China
2 Shaanxi Institute of Zoology, Xi’an 710032, Shaanxi, China

Abstract: [Background] As an important biocontrol actinomyces, Streptomyces caeruleatus WMF106
exhibits good antagonistic effect on the pathogen of walnut blight, Xanthomonas campestris pv.
campestris. To promote the preparation and application of antimicrobial agent in the control of the
disease, it is necessary to improve the biomass, antimicrobial activity and stability of antimicrobial
active substance for strain WMF106. [Objective] The present study aimed to explore an optimal
fermentation condition and evaluate the stability and field control effect of antimicrobial active
substance for Streptomyces strain WMF106. This study will be benefit for formulating large-scale
fermentation procedure and development of bioagent. [Methods] Single factor experiment and
orthogonal tests were used to optimize the fermentation medium and conditions. The effects of pH,
temperature, light, ultraviolet, storage temperature on the stability of active substances and the polarity
nature was determined by the single factor method respectively. To evaluate the results of optimization,
the methods of field trials on leaves and fruits were used. [Results] The optimum composition of the
fermentation medium was yeast extract 2.0 g/L, octmeal 20.0 g/L, NaCl 0.5 g/L, K,HPO4 0.5 g/L
MgS0O,47H,0 0.5 g/L. The optimized fermentation condition was initial pH 6.0, inoculation amount 8%,
medium volume 150 mL/500 mL, fermentation time 9 d, fermentation temperature 28 °C and rotate
speed 180 r/min. The results of the fermentation broth stability showed that the fermentation broth was
alkali resistant but sensitive to acidic environments and had good heat, light and temperature tolerance.
The active substances that obtained by using ethyl acetate has the highest antibacterial activity. The
control effects of the fermentation broth against the disease that infected leaves and fruits were more
than 65.33% and 61.21%, respectively. [Conclusion] The optimal fermentation medium and conditions
were obtained. Moreover, it is also concluded that the fermentation broth of strain WMF106 not only
possess the great stability, but also have better field control efficacy. Therefore, the strain WMF106 may

be considered as potential biocontrol agent against walnut blight.

Keywords: walnut blight; antagonistic actinomycetes; fermentation optimization; antibacterial substances
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(Xanthomonas campestris pv. glycine)®', 52k
J1 W (Fusarium moniliforme)* | 23 ) # J]
(Fusarium oxysporum)™' | JK 7 %j #1 14 (Botrytis
cinerea)\V 35 Z2 TR W IR T 38 EL AT S50 4 G 0 2R
WPE . DA, B TR AT I 52 s B IR R
ARG SR, ANTTXS 2 27 A By i 3R 1 T 5
HHESK, REYIG T R B Z e &N
AR TR R R EER R, MAEYR
G THATERS . WARE . BEK
U ARGy AP, FHA & WY
PEAT R W9 5 R AR P 7 IR T 2 2 A2 R Y
2 A

Pk SR BENG (walnut blight)VE Ry kA 7 v
) F B EZ —, AEFEAM L B AR
8¢, T E S AZ AR R AL RS B,
AT TG A2k R TR 1) 32 S Tt AT LA A~ B TR
FBONE, EEWH ., RPHEIE, Rk
Al AL AR 250 S oRIE It R R
IR SN ) R SR S N ST
R TT 2 #0 1n) e A AR R O A
AR 7o, i S A A A 2 2
R AT MBEFRALNL Ty . pH, R . KBRS
(] S5 A B2, G R SBT3k AR
TR i AR AR R Y R 5, AN ASURT L 4 el 1
JA . S R R, R REART HE m PR R K
WU A S I A AZ AR AR B - 398 v
6 3] — R S AZ A TR i D TR Y Vi 5 L R
(Xanthomonas campestris pv. campestris) AT 5
SRAGHUE A B etk WMF106, %558 A g ik
{0 5% 55 1 (Streptomyces  caeruleatus)!™, (B %
Rk A R WA S R R
Py Fr b ANTE 2 . JET L, ASOTST E A Bl SE
FAR WMF106 [ e LA . SR Ts P o
P S50 FH 18] B OT FeIF 9, DLW 532 Wi 322 T AR
PO Y 55 B S8 R R S R T

N I SRR e e B TR T A B il

1 #R55%

1.1 ##
1.1.1 X E R

FEHU R H R WMF016 Hi 4 5215 25 A
VG 42 FREAZ Ak [ i R A Ao AR o - 458 v 43 2 i 2 3
15, W HS e M S AR IR S. caeruleatus
GR35 P 48 715 TR A A%k R R0 v it T Y 9 S
$E@(X. campestris pv. campestris), 5 B R
TR T B PE A4 TAE Dt 5 P A A B s
1.1.2 EHE

TEMER IR SR LB B35 3 (g/L): NaCl
10.0, ZEMAMR 10.0, EELEEF 5.0, pH 7.0, M
TR D TR 114 355 7 B A B 4 TR T T O A
T W B 57 B 5 I — 5 (Gause’s  Synthetic
Agan)¥iFEd(g/L): ATEETER 20.00, K,HPO,
0.50, NaCl 0.50, MgSO4+7H,0 0.50, KNO;
1.00, FeSO4+7H,O 0.01, pH 7.2, 17 il
REEFRIE, A 18.0 g/L Bk BN TT . BT &5
FEHITE 1x10° Pa K4 30 min.
1.1.3  FZERXFIFLEF

WENE . TR R . BEREE R . FRE
i, deat R R AR AR A R ITE A A
30%H% 1 1 12 4 T 9 A 5, 55 SR RG JR U A4k
THRAT; 2%EFHmRHREAN, HAIE
Tolk bk ostt o EERBEFRA, JEERHE K%Y
AN HIRIRGR R, BERELR
IR E A BRA A s R E DAL, FEERK
HRBHE (P EYABRAE ;. FA R KL,
BIBBY Arl; 4 HBENR L, HUMHREE
HAR A,
1.2 A&
1.2.1 HirEH WMF106 % B &5 &

Pl 45 . K5k WMF106 765 [K—%
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B IEFREO AR ERIZdER, 28 °C FIEREFE 5 d.
FAEAE 8 mm AT FTFLERFTBO AW UHER T
[C— SRR, & 100 mL/250 mL,
28 °C. 150 r/min #EFHHEFE 7 do

KWE: LU 10%35 R it (IR R 8O TE K BB
FREEP AR, WS 100 mL/500 mL,
28 °C. 150 r/min R IEFH 7 do KW T
12 000 r/min B.0> 15 min, W FiE 54
0.22 pm FHALUBRERLUE , FRAR TC TR & B T4
PRI P 2
1.2.2 HIEBRE SN E

W PRAF T80 °C 1Y BT IS 5 BRI TR /£ LB [
IR R, 28 °C 5538 2 d, BRHUA
P74 TR LB K573 28 °C, 150 r/min K535
24 h, BCHIR 108 CFU/ML W2, LA 2% (R
APBOBER RIS HI E 50 °C # LB AR 573
JERA YA, WCE e R AR . TR AR
Je FTCHE T LA THCE AR 8 mm AL, AEFLm
A 50 uL TR KPR, RALHEER 31K, 28 °C K
F% 3 d, LA A SRR AT AR A T
B B4R, DADCHI T B iR 2 e e e s 1)
123 EFESLEEBEHML

R R R . ARSI SRR
SEIRVE, TR R— S AR IR IR -, 4
1 FH %6 %5 B (glucose) . 2 ZF M (maltose) . FLAHH
(lactose) . HiHi(glycerol), FEF (octmeal)ffE A hik
U5 A3l 2 B (beef extract), 22 2R 4 U
(malt extract), BZHEEIRF}(yeast extract). [
(peptone) . (NH4):SOMEREIE, S 122771k
MEIE TG KEERFRIG, Wk R E =
JEAGIE T 2 EE, RERATEFITE
| LRI & IR TE(g/L). U EMEHESE
3K, W E AR . AR

B R BB IR SR R s O - AR i [
— S EEFRELT 3 B ICHLER A DL R B M B A

FERRVE . &R, B 5 INE 4 KR ECIRE
(F 1), BRI EE 3 K, LUEE T bR
W AR IR I Ay, R AT R,

RWEAATAAL . TR R B e A 35 95 BRI )y
JERE L, B R 1.2.2F01.2.3 A7 BRI 58 AN TR & T
S R HERE WMF106 X B3 532 9 B 17 A0 90 72
TEPERE R WMF106 R A T8, B4k
RS, (1) iR pH {H: W EFRILER
pH {E#» 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 28 °C,
150 r/min ¥53% 7 d, #iEfad pH; (2) R
BT HIE 1%, 2%, 5%. 8%. 10% (IKF14
BOBFp e AR R, 28 °C. 150 r/min #%
F7d, e REEAE; 3) RKE: 7E500 mL
=AM %A 50, 100, 150, 200 mL A1)
fb8i 35, 28 °C. 150 r/min ¥53% 7 d, WiER
ERW AL (4) KR 3s%sE 5. 6. 7.
8. 9. 10d, 28 °C. 150 r/min ¥53%, #iE it
KIERFTE] ; (5) ABERE: WHE 20, 24, 28,
32, 36 °C, 150 r/min 3%, W@ itk R
FE; (6) . WERRIKEH A 140, 160, 180,
200, 220 r/min, BfERAERFREH ., D B4
WEFRE A 3 IR
124 HIEREIFEE N E

(1) MRmfe et BURBEEW 10 mL, 435
P& pH {HA 3.0, 4.0, 5.0, 6.0, 7.0, 8.0,
9.0, 10.0, 4 °C it &5 EE pH £ 7.0, =
HEO1.2.2 W EDE S AHMBEEE; () e

F1 EXKEERFMAERT
Table 1 The orthogonal test on factors and levels
% Factors 7K Levels
1 2 3 4
A PEREEHY Yeast extract (g/L) 1.0 2.0 5.0  10.0

B ##3 Octmeal (g/L) 50 10.0 15.0 20.0
C NaCl (g/L) 05 1.0 1.5 20
D K,HPO, (g/L) 05 1.0 1.5 20
E MgSO,-7H,0 (g/L) 05 1.0 1.5 20
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PE. BURTEIEW 10 mL, 2091 T 4. 30. 50,
70, 100 °C 438 10, 30 min, PAARMAFER K
BEVAE R R B, DU A M s M (3) DBl
FaE e BUK IR 10 mL, 2E4MF1H OB
THE 10em BEES 1, 3. 6. 9. 12h, DIARAbHE
B % T TR AR A o BRI E 45 4 A B
(4) it AR e M . BUR UG 10 mL, 4353l
F-20. 4. 20 °C &M A& 5. 15, 30 d, I
SERHIMBEEYE; (5) FRKMEREKE: A
¥ F 5000 r/min N0 5 min, FIERH 4 75K
TR 95% B, BES 43 0 A SR FR R A
iH1 Bk (petrol ether) . 1E T [ (n-butanol) . & 1/
(chloroform) Fll Z, R Z. i (ethyl acetate), k% )5
FE 24 hZEHL, AU B2 e 78 & X 45 °C
WOR AR ZE T, I EERCH A 10 mg/mL 1k
FE, ETCHIEACH B 10 pL, BT L5
HEBMELRE, RAEACR P 8oL & M
WU, DL R RRMA R E A 3 UK,

1.2.5 WMF106 % B % &9 H 8] B 30 &

R T 2020 45 4 H = 8 Hitfr, HSfT
BEVE A T XS T 11 Bk KA . B SRR AR X —
oo bkl A RAZM SR BENE A R
HAZBRE AT T, BT
%, REEMREL, AT, kN
Bl R ®, BHE 5-6 4E4E, ARAEITHREE N
4.5 mx4.0 m, BE 4-5 m, HRPMAE 0.8-0.9, 7&
R R ARG BRI R X, campestris

R2 BMBHRRE S RITE

Table 2 Scale for level disease severity of walnut blight

pv. campestris. ¥IRIFIHHA R WMF106 %
T TR ) £ A B 9 (1 B B>5<10° CFU/mL), #iké
800 5 AE R . X BRI 30%
BE N BR AR AT IR LA 7] 850 5 . 2% B R R
JKF 1000 5, [RIE R s PR R
FH IE] /N BERL A HES Y, B0 384 10 £k,

R 3 K. BRI SBUELER . R E
T, PR R IR S I M RS S Y, A
WRE . BIALE R T, AR IFid % .
WISZGIEIRE 15 d, WIRORSE T Al A bR
FH ) 85 s 1) A2 J 10 d, B~ Ab BRZH B AL
FEJRAT 3 Bk, IR AR RRIE I 8 MR, 43I
FHEA . B, . dLF P EEMTZ
K, SHEAMNLEA 5 R rke st K
RprmE AR B (£ 2), GEEdE . AR
TR B RIB AR, AT

. o
ot g T CRY B < )

x100;
T T (R xS
- GRS e — AR R
AR (%)= %100,
BREPRCRCA) S RETEER

1.2.6 ZEEAE
5 ] Excel 2010 iR AR %08, @it SPSS

22 AT BTIE PRI E | BRI S R A
PEAG BRI R ST | SRR ) o o 1 B FH 1) B 3
e LB 45, i@ Minitab 18 (Pennsylvania
State University)i% i1 IE sS04 Ar 45 545
H Sigmaplot 12.5 (SysTat software)2: &

fREFZME Value  4rZbriE Grading standard

JCHRBE No lesions on surface of leaves and fruits

IR BETARR (5 B RS2 T R AY 5% T Lesions less than 5% of surface area
WRBE T AH 5 i BUR S AR 6%—15% Lesions less than 15%, more than 6% of surface area

SR T 5 R el SR SE TR AY 26—-50% Lesions less than 50%, more than 26% of surface area

0
1
2
3 B AH 5 i R S AR Y 16%—25% Lesions less than 25%, more than 16% of surface area
4
5

SR T 5 R e RS2 TR AY 50% L | Lesions more than 50% of surface area
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2 BREMN

2.1 ERESEREFHMIL
2.1.1 EFEKE. RRRMRK

ML 5 FhRIERE SR EPE WMF106 K151 A&
M NS BT i 3 BB M TS (X, campestris pv.
campestris)IAIHIVER (R 3). H, Kk
VE g il I ) B AR K BRI T BBl B AR e K,
18.78 mm; TKF 22 ZFEMEAE Jhy i I8 oy 4100 T Bl A
/N, 9.49 mm. HEHEFIHGE R IR AT
wREES, HRMHMANES T, Dt
HEFRI IR T EiRR, N 397 gL DIE
R TR IR T E AR, 139 gL,
I, AR A Ay e AR

Wik 5 IR IR E R WMF106 2815 1)
R TR VRN Y Y SR B B TR (X, campestris pv.
campestris)YJEAMHVEH (R 4). LIBEERHR K
VE R AR B R L BRI R B m K, N
17.78 mm; (NH4),SO4 VE A ZUIE B 127 el AR e
/N, R 12.89 mm. PABERHR KB SR RS A BRAA
THEEE, N 435 g/L; (NH,),SO0, 55544518y

%3 AEBIEXEL WMF106 & & %50 5
g N-0pA

Table 3  Effect of different carbon sources on
inhibition activity and mycelium accumulation of
strain WMF106

{731/ R R AR AT E
Carbon source Inhibition zone  Dry weight (g/L)
diameters (mm)

W% ¥ Glucose 16.62+0.12b 3.60+0.15a

F ZEHE Maltose 9.49+0.13¢ 1.39+0.15d
FLBE Lactose 13.83+0.12¢ 2.8240.22b

‘H i Glycerol 12.06+0.12d 2.06+0.11¢c

e Octmeal 18.78+0.15a 3.97+0.12a

o BRI ER LR . [FFEE G A ]R3
JR%: Duncan’s B 225K 5, 78 P<0.05 K227 B
Note: Values are means + standard errors. Different letters in

the same column indicate significant difference at P<0.05 by
using Duncan’s test analysis.

*4 TEAFEIEK WMF106 H15EF EFEH 4
FEHF M
Table 4 Effect of different nitrogen sources on

inhibition activity and mycelium accumulation of
strain WMF106

E=RT M HAR P AT
Nitrogen source Inhibition zone  Dry weight

diameters (mm) (g/L)

“FA'H Beef extract 14.87+0.14c 3.54+0.19bc
F ZEPEHUY) Malt extract  13.61+0.17d 3.17+0.14¢
B#EEI2 K Yeast extract 17.78+0.16a 4.35+0.16a
5 1 Ik Peptone 15.66+0.15b 3.71+0.16b
(NH,),SO, 12.89:0.24¢ 2.530.10d

e BB ARG . S EE G A R Rk
JRN%: Duncan’s B 225K 5, 78 P<0.05 K227 B
Note: Values are means =+ standard errors. Different letters in

the same column indicate significant difference at P<0.05 by
using Duncan’s test analysis.

EATERIL, H2.53 gL, ik, ARt
B R B AR
212 BHFEEFFHERRE

MR 2.1 TR RIS AR IR . U, TEPRmE
BHEZHFH(A). #F(B). NaCl (C). K,HPO4 (D)F!
MgS0,7H,0 (E)isif 5 &K 4 K FIERIAK
(F 1), ARG PR AR T i R R
BB . SRR EHEE 5), 5 AMHEE
SRR WMF106 & IR0 BT 9 =5 2 B i g 4
HRCR IR R B>A>C>E>D, K E4H 4N
AB,C,D:E,, RIS AERE IR B/ o . IEERR #
2.0 g/lL, 3 20.0 g/L, NaCl 1.0 g/L, K,HPO,
1.5 g/L, MgSO,7H,0 1.0 g/L; 5 /R ZE N5
B WMF106 AT EMIT A B>A>C>E>D,
KA AN ABLC\DaEs, B AR F AL
J7h: BERREKY 2.0 /L, #MEHZ 20.0 g/L, NaCl
0.5 g/L, K,HPO4 1.0 g/L, MgSO,7H,0 1.5 g/L.
JEMEREW, C. D, E HELKFRM
B EARTC R 2 5 R A B SR T oAk
ZIE, WEREAEN ABCDE, Bl 1 LA
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k5 HH WMF106 KB EFREERFHERIRE
Table 5 Results of the orthogonal test with different nutritional constituent on inhibition activity and

mycelium accumulation of strain WMF106

No. A B C D E eI NERES [
Inhibition zone diameters (mm) Dry weight (g/L)

1 1 1 1 1 1 15.39 2.87

2 1 2 2 2 2 19.06 3.33

3 1 3 3 3 3 8.31 1.88

4 1 4 4 4 4 20.57 3.25

5 2 1 2 3 4 20.46 4.29

6 2 2 1 4 3 20.29 4.18

7 2 3 4 1 2 10.85 2.06

8 2 4 3 2 1 23.16 3.11

9 3 1 3 4 2 17.96 2.23

10 3 2 4 3 1 17.11 1.88

11 3 3 1 2 4 11.52 3.06

12 3 4 2 1 3 26.43 4.32

13 4 1 4 2 3 10.12 2.33

14 4 2 3 1 4 8.21 1.98

15 4 3 2 4 1 8.46 1.28

16 4 4 1 3 2 25.07 3.25

K 15.83 15.98 18.07 15.22 16.03

K, 18.69 16.17 18.60 15.97 18.24

K; 18.26 9.79 14.41 17.39 16.28

K, 12.97 23.81 14.66 16.82 15.19

R 5.73 14.02 4.19 2.52 3.05

Ky’ 2.83 2.93 3.34 2.81 2.29

Ky’ 3.41 2.84 3.31 2.96 2.72

K’ 2.87 2.07 2.30 2.83 3.18

Ky' 2.21 3.48 2.38 2.74 3.15

R’ 1.20 1.41 1.04 0.22 0.89

P 5 BE ST BRI MY 2.0 g MESHZ 20.0 g, NaCl
0.5g. K,HPO, 0.5 g. MgSO47H,0 0.5 g
213 EEEHMK

FERfRE T il R s S Jkah b, B0
BEAR LB, WE PR, S5REH. B
pH 6.0, #EFPHE 8%, Wi 150 mL/500 mL,
RIERTE] 9 d. KEEEEE 28 °C. %3# 180 r/min
B, R BRI TR P e AShs pH 7.0, He b
8%, BEWH 200 mL/500 mL, K ERTE 8d. &
BRI 24 °C %5348 200 r/min I, AT E &K,

Brefhimsh, ARSI TR T EZERA
B, P IS RTIR T, E Ak
WMF106 Mt BE&M R ih pH 6.0, 4%
Fh e 8%, 2 150 mL/500 mL, & EEFA] 9 d,
KEERE 28 °C, #%3# 180 r/min.
2.2 E#¥k WMF106 1 E ¥ RARE E SR
XF TR MR WMF106 & B8 300 T 40 Jo 1) 1R
AR E M BRRCEE L R EE L B IRIR R
SEVE . MY AR RTINS R .
(1) pH<6.0 B, PIPEEPERE pH (EFEAIC R FRAL,
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A Inhibition zone diameters
e 25 WA Dry wae ight b 5 e 30y Inhibition zone diameters
E de = D c cd £ 55 | Bl Dry weight a
2] 20 ™ a ¢ 4 —_ g C i b
3 o b b b |5 Bl e2 42 "2 2 2 =
=) i ~ ] = E
s 15 32 8 et
S = o 15} 5
2 o 1 2
g 10f 22 < =
E g &5 B
2 st ! E st
: :
- 0
0 1 2 5 8 10
pH Inoculation amount (%)
C
30 Inhibition zone diameters 5 30 - Inhibition zone diameters
E B Dry weight e B Dry weight
a
\5 25+ b a a b a 4 »i/ 25+ c [ l—)a i b
3 T b ) o d ab 2 ab )
2 207 C) 5 20¢ b =
8 32 8 < =
S st ¢ e S st 5
= o g )
S 23 S S
N 1ot q =~ N ot >
2 A S a
s st ! s st
g £
0 0 0
50 100 150 200 5 6 7 8 9 10
Medium volume (mL) Fermentation time (d)
E Inhibiti di t
~ 307 nhibition zone diameters S —~ 30 Inhibition zone diameters
g W Dry weight g B Dry weight
= 25¢ b 2 b c 4 = 25 a a
el 4 P Ta PR P g N 4
2 20} b % B2 fa a a & £ £}
8 32 RS =
S st B S s 5
= o 2 )
£ 10 2k :
& 5 10 £
2 5l =
z £
0 0 )
20 24 28 32 36 140 160 180 200 220

Temperature (°C)

Rotate speed (r/min)

1 ARIABZFHXEKX WMF106 ZBGIEFHAEATENSEM  A: 24 pH H; B: A&,
C: HWiiE; D: KM, E: AMEREE; F: ¥, ARTFEFRRAF LI 2 Duncan’s i &% 2 1k
Ko, 7E P<0.05 K25 5%
Figure 1

Effect of different culture conditions on inhibition activity and mycelium accumulation of strain
WMF106. A: Initial pH value; B: Inoculation amount; C: Medium volume; D: Fermentation time; E:
Fermentation temperature; F: Rotate speed. Different letters in the figure indicate significant difference (P<0.05
by using Duncan’s test analysis) among treatments.
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Figure 2  Stability of antagonistic substances of strain WMF106 under different conditions. A: pH stability; B
Heat stability; C: Light stability; D: Storage temperature stability; E: Antagonistic activity of extracts. Different
letters in the figure indicate significant difference (P<0.05 by using Duncan’s test analysis) among treatments.
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2.3 EH WMF106 % B2 X #x ik 2 Bt i 19
HH (8] B %%

W% it BT R WMF 106 & T V06T 5 3 3% o HfL
JL T 51 kS B % Bk B B A AR 4 1 B 3R B
R, 3 WtiZy e X R BRIk 65.33%
71.33% Al 76.21% , XF 5 52 59 BE 2L 4 3 R
61.21% . 64.52%F 71.21%, S5 FBIA25 75
e NE B2 4 AN TR R R A L, B AR
6%—10% (3 6, & 7).

3 WHhE5E#R

TRCE TR PR T G 7 e AT R R
FE TR AMER, B 2N TR E R

HBiG o KB B A T AR o AR 1
fifi, PEALSEDTR B IR AR AR AR LR BE )
SN R SR Ae . AEAR I R A e ik
Z A BN T TR 2 3 B PR T A ) BN AR
S R, B R ST AR E Y T T
FAAE2E 20 I R R W 2% A Al X AR B
Py PACH 1 A 7 A e FE 03 KA 7= 1 R
AEEEL

BIFTE R, B VSURN R B 2 T i I 1 S
SRR T, ASFRCEPIBRIE . AR RS A e
AR 225N, Ak, . pH, HER A
PRI 3Rt 2 S I i 8RB A I 7 O B 220
ABETEEE R, BB A (R o i | M (T

6 EHK WMF106 X # k40 & 1% 2 5w (M Fr) &9 H 8] B 38
Table 6 Biocontrol effect of strain WMF106 against walnut blight on leaves

23 512 10d )

Bactericides Ten days after 1st treatment

552 WitiZh 10d J5

Ten days after 2nd treatment

55 3 W2y 10d J5

Ten days after 3rd treatment

AR F 4 Bl

Disease index

AR R B3

Biocontrol effect Disease index Biocontrol

AR R Bk

Disease index Biocontrol

(%) effect (%) effect (%)
WMF106 7.16+0.33b 65.33+1.50a 10.17+0.33¢ ~ 71.33£1.06a 13.3340.72b  76.21£1.25a
Cupric succinate 8.33+0.60b 59.64+3.14a 12.33£0.73b  65.19+2.48ab 15.16£1.16b  73.05+1.00ab
Kasugamycin 8.33+0.44b 59.64+2.43a 13.17+0.83b  62.96+1.85b 17.33£1.01b  68.90+2.85b
CK 20.67+0.17a 35.50+0.50a 56.17+2.62a

T RPEEE P ELbR R . RSB S AR 78278 28 Duncan’s B R ZE LS, 78 P<0.05 K-P25 2%

Note: Values are means + standard errors. Different letters in the same column indicate significant difference at P<0.05 by using

Duncan’s test analysis.

&7 B WMF106 3zt 40 = 1 B B (RS2 B9 H B 3L
Table 7 Biocontrol effect of strain WMF106 against walnut blight on fruits

Bl 55 1 W2 10d J5

Bactericides Ten days after 1st treatment

552 Witizy 10 d J&
Ten days after 2nd treatment

553 Witz 10d )5
Ten days after 3rd treatment

VAR R Bk

T -4 2 B %L

T 4 % Bl

Disease index  Biocontrol Disease index Biocontrol Disease index Biocontrol
effect (%) effect (%) effect (%)
WMF106 5.33+0.6b 61.21+1.72a 8.50+0.76¢ 64.52+4.13a 10.83+1.09¢ 71.21£1.74a
Cupric succinate 7.17+0.16b 47.04+3.92b 11.50+0.50b 51.95+4.28b 13.83+0.44b  62.84+2.76b
Kasugamycin 6.67+0.47b 51.224+0.62b 10.83+0.60b 54.71+4.42b 14.33+1.20b 61.53+4.13b
CK 13.67+0.93a 24.16+1.43a 37.50+1.89a

TE: RPER NP IEELhR R . RSB S A7 £E 278 28 Duncan’s B R 2215405, 78 P<0.05 K-V-225 3%

Note: Values are means =+ standard errors. Different letters in the same column indicate significant difference at P<0.05 by using

Duncan’s test analysis.
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50 5 A1 pH 252 M 1R Pk WMF 106 % [ 7 Py
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PTG 2 R . BRI R, R R AR RO
B HAL AR, SHEE R HD-010™ (AUA
A U8 43 50 A K Ry FNORE A OB ) . dE R TR
16-3-1024 CRUEFIRR IR 43 A /N KR FLRE ) | i
B A12-2-17 [RUE AR IR S 7 4 (NHa),SO4 Al
FEMSEAHIR , A AT B 2 TR & I 2o A b )
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U, R AN R R MR AE AR . ZR0UE 1) FH R I 4
I A —E 25 5, 1l 22 5 10 SR IR nl e
PRl B Bl . AR BRARRAE L ke i R
PRI TEEPEA A e W MR, DL
(B 2 B 7 400 T 3% R TR R e Ak 8% 3R 3 A
RESAE, AT A= A

P10 R 0 A A o R e R R R A R
AU SRRSO BE R T BS-112 7= A HiH
W9 S TR T T ) SR S AR R U, BRI T
HAERKH BRI FIRRAEC RS 2 HRédka A
HD-109. HD-103 45T B 16 PE 40 A il i i
NGy ORAT o 5 LM S 04 5 TR % I P AH EE
Bk WMF106 & B (1 30 5 4 o HLA T 34 T
. R M AR/ INE RS, AR
PRSI R T v 0 A 17 12 S 2 R A1

HRT, Az o A% ik S B 114 H 8] Bl 36 40
REBAF A MRS R . FERIERE . &
WA ORAFSTE  HE pRO AE,
Pk WMF106 & BRI R SR8 B A A iRk
PRBER YA B B SCR X HL 2 B A
PR A1 75 P R 2R T B = BT AL 6%—10% , R IIZ T
R T VE A B A% Bk SR B Ak R R R A
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