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Abstract Forty endophytic bacterum strains w ere isolated fran rapewhich were collected fum Taigu and
Yuncheng County n Shanxi Province n P R China Inhbitory activity of yc8 was obvbus n the prinary arr
tagon Btic screening experin ent and the fementatbn cond itbnwas stud ed itwas characterized to be B. circu-
lins This expermentwhich took differentk inds of carbon source and nitrogen source different concentrations
of yeast powder and metal ion and fementation cond ition as the basic factor adopted orthogonal expermental
desien to test Then the optm ized fomulawas selected by the canparison of bacterial concentration of yc§
ihe an tagon istic substance concentratbn of yc8 pwoduction and the nh bilory actviy of ye8 toS clerotinia scle
rotioum (L ) de Bary The result ind cated the fem entatbn cond itons weremalt sugar(30 g/L), beef ex
tract( 50 g /L), yeast powder(7 g/L), MnSOs (2 g/L), FeSOs (1 g/L), ZnSO4(2 g/L), CaS04 (2 g/L),
CuS0s (2 g/L), KbHPO4 (2 g/L), KAL(SO4) 2( 1 g/L), fem entation temperature 28 C, the content of fer
mentation fluid 40%, the rotational speed of shaker 150 r/min fH= 7 5 underwhich the concentration of
the antagonistic substances produced by B. ciraulans reached 723 1H g/mL and had stong inhibitory actwity &
ganst Sclertinia sclerotiorum ( Lih ) de Bary
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M endophytic bactena)

yc8 ) )
[3] [4] [5]
, yc8
5 yc8 " yc8
yc8 [ Sclerotinia sclerotiorum ( Lih ) de Bary]
ye8 )
yc8
1
11
L 11 #XAHK yc8 , ; : [ Sclerotinia sclerotiorum
(Lb ) de Bary]
112 %44 ye8 : (NA) el
: PDA !
L 13 @mEALME ye8is ABEK HIF i ;
30 g/L
KNO; (NH4),S04 50 ¢/L
3g/LL5S g/l 7g/lb9g/L 10 g/L MnSO0, FeSOs Zir
S0, CaS0, CuS0, K;HPO, KA1(SO4)2; 1g/l. 2 ¢/L
12
L21 WEALMHA ye8iEk : NA \
30 C 2~ 3d : yc8 10 cii/mL  , %
L 22 WEREMKETHEGEA [ Sclerotinia sclerotiorum (Lt ) de Bary] PDA
, 25 C, 2~3d
123 hEALME ySABARET KM AL 30 g/L (
) 50 g /L [ KNO; (NH4)>04 |
(3g/L 5g/L7¢g/L9 g/L 10 g/L) , 3 5
28 C . 1 000 mLL 30%, 130 r/m in 20 h
e yc8 yc8 yc8 [ Sclerotn i
sclerotiorum (L ) de Bary] ,
L 24 HENLMHE y8 KB E RE 25 HT REFTHL 1g/L 2 g/L
[MnSO; FeSOs ZnSO, CaSOs, CuSOs K,HPO, KAI(SO4)2] , 7
2 28 C , 1 000 mL 30%, 130 v/
min 20 h yc8 yc8
[Sclerotinia sclerotiorun (Lb. ) de Bary] ,
L25 WEALMHA ye8 KBE & i ik (26 C, 28 °C, 30 ‘C, 32°C) 1 000 mL
(106 20k 300 400 ) (110 t/mn 130 r/m n 150 r/m n 170 r/
m in) PH (7758 85) , 4 4 ,
20 h yc8 yc8 yc8 ,
L26 #&mzk © ye8 ,

: 600 om ( ) @



6 yc8 * 1267°
ye8 , 4°C 12000 r/m n 20m in , 1: 19
., 280 m 260 nm ( ) ®
yc8 , 4°C 12 000 r/m in 20mn
ImL 9mL PDA , , 4 mm [ Sclerotinia sclerotiorum
(Lb ) deBary] , 10 mI.  PDA " 20 C
, 3~ 4d ,
L 27 FIEMHT 3 , Ducan
=3 -4 0 mm ( ) (1)
= _ )/ x 100% (2)
(Bg/mL)'™ = 1 455500 — Q 74 260, (3)
2
21 yc8
, yc8 yc8
[ Sclerotiniv sclerotiorum (Lih ) de Bary] , yc8
1 ye8
Tah 1 Orthogonal design result of basic culture medium of yc8
(a) (B) . ) OD g 1%
D ifferent carbon D ifferent nitrogen b 1i‘fere'nt oD g, .. /(B ml7) Inh b itory
a concentrations of A ntagon Btic substances L
source source Valie activity rate

yeast povder concentraton

1 I( ) 1( ) 1(3g/L) 1 30ABC 0 352 1ABCD 52 03ABC
2 1 2( ) 2(5g/L) 1 81ABC 0 418 3ABCD 56 07ABC
3 1 3( ) 3(7g/L) 1 12ABC 0 550 QA BC 70. 93AB
4 1 4(KNO;) 4(9¢g/L) 1 14ABC 0 352 SABCD 50. 80ABC
5 1 S[(NH),80,] 5(10 g/L) 0 60BC 0 217 6ABCD 41. 54ABC
6 2( ) 1 2 0 84ABC 0 576 %A 66 32AB
7 2 2 3 1 25ABC 0 457 QABCD 64 23ABC
8 2 3 4 1 01ABC 0 365 1ABCD 44. 65ABC
9 2 4 5 0 63BC 0 201 OBCD 40. 23C
10 2 5 1 1 11ABC 0 320 SABCD 41. 04ABC
11 3( ) 1 3(7g/L) 1 94A 0 615 1A 82 50A
12 3 2 4 1 92A 0 439 2ABCD 63. 20ABC
13 3 3 5 1 03ABC 0 486 1ABCD 50. 54ABC
14 3 4 1 1 72ABC 0 156 3CD 35. 60C
15 3 5 2 1 10ABC 0 254 QA BCD 39 41C

16 4( ) 1 4 1 71ABC 0 601 3AB 82 21A
17 4 2 5 0 53C 0 405 S8ABCD 50. 15ABC
18 4 3 1 1 34ABC 0 358 4ABCD 56 24ABC
19 4 4 2 1 23ABC 0 247 6ABCD 42 34ABC
20 4 5 3 0 82ABC 0 203 3ABCD 43 31ABC
21 5( ) 1 5 0 71ABC 0 435 SABCD 35. 40C
22 5 2 1 1 03ABC 0 352 QABCD 40. 56BC
23 5 3 2 1 11ABC 0 402 3ABCD 48 64ABC
24 5 4 3 1 00ABC 0 218 4ABCD 34 73C
25 5 5 4 0 54C 0 104 6D 32 08C

(A B CD) P=001

Different letters above each valie ndicate significant differences atP = (0 01
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, yc8 yc8
, 7 g/L yc8 1)
yc8
) ye8 ) )
yc8
K
2 y8
Tah 2 The grow th analysis result of basic culture m ediim of yc8
(K)
Factor Level Mean(K) K p=0ol Factor oder  Optinize proposal
(a) 3 1 54 0 67 A a>vy>B a,v,B,
D ifferent catbon 1 118 AB
source 4 110 AB
2 094 B
5 086 C
(B) 1 130 A
D ifferen t n itrog en 2 128 A
source 4 112 0 48 B
3 110 B
5 082 C
(V) 1 128 A
D ifferen t concentratons 4 124 AB
of yeast powder 3 122 0 60 B
2 120 B
5 068
(ABGD)  P=ao0l

Different letters above each valie ndicate significant differences atP = 0. 01

3

ye8

Tah 3 The protein concentration analysis result of basic culture m ediun of yc8

K
%) R P=1001
Factor Level M ean(K ) Factor oder  Optinize proposal
(a) 3 0390 1 A B>vy>a B via,
D ifferent carbon source 2 03842 AB
1 03781 0 087 5 B
4 0363 3 B
5 03026 C
(B) 1 05162 A
D ifferent nitrogen source 3 04324 A
2 04145 0 29 1 A
4 02352 B
5 02201 C
(v) 3 0408 8 A
D ifferen t concentratbns 2 0379 8 AB
of yeast powder 4 03725 Q0 1008 AB
5 0349 3 B
1 03079 C
(A, B CD) P=0 01

Different letters above each valie ndicate significant differences atP = (0 01



6 ye8 + 1269¢
. 3 (2 3 49, asBy v, (30 g/L) (50 g /L)
7 g/L , 0 615 Bg/mL
85 b
4 y8

Tah 4 The nhibitory activity analysis result of basic culturem edium of yc8

K
&) R P=00l1 )
Factor Level Mean(K ) Factor oder  Optinize proposal
(a) 1 54 27 15 99 A B>a>y Bia,v,, Ba,y,
Different carbon source 3 54 25
4 53 85 AB
2 5129 B
5 38 28 C
(B) 1 63 69 24 81 A
D ifferent nitrogen source 2 54 84 B
3 53 80 B
4 40 74 BC
5 38 88 C
(Y) 3 58 54 14. 97 A
D ifferen t concentratons 4 54 59 AB
of yeast powder 2 50 56
1 44 70 B
5 43 57 B
(A B GD) P=aol
Different letters above each valie ndicate significant differences atP = 0. 01
22 yc8
yc8 5)
5 ye8
Tah 5 O rthogonal design result of concentration of themetal bn effect on yc8
MiuSO,  FeSO,  ZnS0,  CaS0,  CuSO, KHPO, KAKSO,),  ODggm /(e mL-1) P
Na (a) (B) () (6) (g (%) M) 0D gyo Value A ntagonistic bh bitory activity rate
Sllb stances concen [Tﬂ.tbn
1 1(1gl) I(lg/l) I(lg/) Llg/l) IL(lgh) 1(lglL) 1(1gL) 1. 35C 0. 434 4F 53 S7E
2 1 1 1 2 2 2 2 1 55BC Q0 464 OE 56 73D
3 1 2(2 g/L) 2 1 1 2 2 L 41BC Q 3822G 4 8&7F
4 1 2 2 2 22gl) 1 1 L 45BC Q 488 8D 55 97D
5 2(2 g/L) 1 2 1 2 1 2 L 42BC 0. 440 5F 55 43D
6 2 1 A2gM) 2A2g/) 1 2(2 g/L) 1 172 Q 679 A 84 $3A
7 2 2 1 1 2 2 1 1. 60B Q510 1C 59 21C
8 2 2 1 2 1 1 2 1 55BC Q0 580 5B 64 63B
(A, B CD) P=001
Different letters above each valie ndicate significant differences atP = 0. 01
OD 600 , KKHPO, MnS0, CaSO, , KAl
(S04), FeSO,  CuSOs ZnSO, , Ca’ ye8

B

MnSO; KA 1(S04), CuSO, K:HPO, FeSO, ZnSO,
MHS()4 CHSO4 KA 1( 5()4)2 CUSO4 KQHP04 FCSO4
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Zn04 K (6 71 8, 3 ,
a, B8, %, 68 &80, 2¢/LMnSOs 1 g/L Fe0s 2 g/l Zn0s 2 g/ Ca04 1 g/L CuS0s 2 g/L
K.HPO, 1 g/LKAISO:),
6 yc8
Tah 6 The grow th analysis result of them etal ion effect on yc8

M nS0, F eSO, ZnS0, Ca%0, Cud0, K,HPO, KAI(S0,),
Na (a) (B) (V) (5) (€) (0) (M) Factor orler
1 144 155 1 51 1 44 1 55 1 44 157 l=a=06>N>B=g>y
K, 161 1 50 1 54 L 61 1 50 161 1 47
R 017 a 05 Q03 Q17 0 05 017 a 10

(Optmize pmposal) Z"(l 2 A1 g 6(1 2) rl1B(1 2) € 2 ¥

7 yc8

Tah 7 The protein concentration analysis result of them etal ion effect on yc8

M nSO, FeSO ZnSO, Cas0, Cu0,  KHPO, KALD,),

4

Na (a) (B) (V) (6) (€) (%) () Factor oder

K1 04423 05046 0 4972 0441 8 Q0 5192 0 486 1 05282 G>a>N>e>8>0B>v
K2 05527 0 490 4 0 497 8 05532 Q4759 0 509 0 0 466 8

R 0 110 4 00142 0 0005 01114 0 0433 00229 0 061 4
(Optin ize proposal) 8,a,T,€, 4,8, Y,

8 ye8
Tah 8 The inhbitory activity analysis result of them etal bn effect on yc8

M nS0, F eSO, ZnS0, C aS0, Cud0, K,HPO, KAI(S0,),
No (a) (B) (v) () (€) (9 ) Factor onler
K, 5378 62 39 58 55 54 28 62 73 57. 40 6316 a>5>N>e>B>i>y
K, 6579 5718 61 03 65 29 56 85 62 18 56 42
R 12 01 521 2 48 11 01 5 88 478 6 74

(Optin ize proposal)a,6,1,€,8,4,Y,

23 yc8
yc8 (9 , 40% yc8
, yc8 yc8 [ Sclerotinia sclerotionim (L )
de Bary | , 150 r/min yc8 28 C yc8
H yc8 ,pH=75 yc8
yc8 , yc8 ,
jeal , K4 ko, 1%
K, K, K; ,K3;>K4>K >K, 150 r/m n yc8
H , k 1% , k
,H=75 yc8 yc8
, 1% K ( 10
11 12), , Byvisiaa, 28 C 40% 150 r/
min PH 75 20 h 723 1 Beg/mL
83 3%



6 ye8 e 1271
9 ye8
Tah 9 Orthogonaldesign result of the ferm entable condition of yc8
(a) ) (V) (5 0D, /(Mg mlT) M
Na  Temperature The content Rotaton speed  pH Value 0Dy, valie Antagonistic substances Inhbitory
of flud i activily rate
concentration
1 1(26°C) 1(10% ) 1(110 r/min) 1 (pH=7) 1. 27DE 0. 438 9DE 60 57E
2 1 2(20% ) 2(130 r/min) 2 (pH="75) L 20F 0 509 0C 75. 60C
3 1 3(30% ) 3(150 r/min) 3 (pH=8) 1. 70A 0 437 6DE 59 47F
4 1 4(40% ) 4(170 r/min) 4 (pH= 8 5) L 37D 0. 499 ODE 72 03A
5 2(28°C) 1 2 3 L 13F 0 508 5C 75. 98C
6 2 2 1 4 L 23E 0. 508 0C 74 10C
7 3 4 1 L. 47C 0 441 6DE 62 87E
8 2 4 3 2 1. 79A 0725 1A 85 31A
9 3(30C) 1 3 4 L 27DE 0 444 6DE 60 40E
10 3 2 4 3 1. 43CD 0478 D 71. 00D
11 3 1 2 1. 30D 0 450 5FG 64 00E
12 3 4 2 1 L 57B 0 467 5F 63. 23E
13 4(327TC) 1 4 2 1. 37D 0695 4A 80 80AB
14 4 2 3 1 L 50C 0 398 H 49. 67G
15 3 2 4 1 23E 0 520 3B 75. 90B
16 4 1 L 53C 0. 501 6C 74 63B
(ABGD)  P=ao0l

Different letters above each valhie ndicate significant differences atP = 0. 01
10 yc8
Tah 10 The grow th analysis result of the femm entable cond ition of yc8

K
Factor Level M eanEK; K p=00l Factor oder  Optinize proposal
(a) 4 141 0 07 A B>v>6>a B,v,8a,
Temperature 3 139 A
2 139 A
1 134 B
(B) 4 155 0 31 A
Content of fluid 3 140 AB
2 134 B
1 124 C
(Y) 3 153 025 A
Rotation speed 4 141 AB
1 131 B
2 128 C
pH  (6) 1 143 015

pH vahe 3 142 AB

2 140

4 128

(A, B CD) P =001

Different letters above each valie ndicate significant differences atP = (0 01
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11 yc8

Tah 11 The protein concentratibn analysis result of the ferm entable cond ition of yc8

(K)

Factor Level M ean(K ) K P= 00l cior onder O ptinize proposal
(a) 2 0545 8 0 0855 A 5>B>a>v 58,4y,
Ten pemure 0501 3 AB
1 0471 1 B
3 0 460 3
(B) 4 0548 3 0 116 4 A
The content of fluil 1 0 494 3 AB
2 0 473 4 AB
3 04625 B
(Y) 2 0501 3 0 026 6 A
Rotation speed 3 0501 3 A
4 0501 2 A
1 0474 8 B
H o (6) 2 05675 01310 A
H vake 4 0 493 0 B
3 0 481 6 B
| 04365 c
(ARGD)  P=0ol
Different letters above each value indicate significant diferences atP = 0 01
12 yc8

Tah 12 The nhbitory activity ana lysis result of the fem entable condition of yc8

K
Factor Level M PanEKi K P=00L coronder  Optinize proposal
(a) 2 75 07 10 41 A §>a>B>v 8,a,8,v,

Tan perure 4 70 25 A
1 66 92 B
3 64 66 C
(B) 4 74 30 8 74 A
The content of flud 1 69 44 B
2 67 59 B
3 65 56 C
(Y) 2 72 68 8 46 A
Rotation speed 4 71 68 AB
1 68 32 B

3 64 21
o (8 2 76 93 17. 84 A
pH valie 4 70 61 AB
3 70 27 AB
1 59 09 C

(A, B CD) pP=a01

Different letters. above each valhie ndicate significant differences atP =0 01
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