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B OE: (%] R ERA G L%k 7 H (Fusarium oxysporum f. sp. cucumerinum)# /N £ 1A 3]
AR IHEAABRRE, PEFYEETNT LL ., LB 6] AT EA BT X LR EE T 55 5
ziﬁ—‘#ﬁkﬁ%}ﬁ\#éxi%f% A RIFRABERGAAB AR, MAL S LA LRI L LS. [F
k1 RAFHEFWBF R0 BRAE, Tk, WH B LAs Rk R EFARRAK, BiLEH
HFAE. AT AAIKIE A 16S rRNA KB 55 541 40  H4 Ksbds, F)R £ B XA 3KE 7 &
R RARE BB BIEAR A, (4R ) Bk 16-3-10 5% A4 5 W B (Sreptomyces sp.) A #h, AL
KB (g/L): K 10.0, 3UHE 20.0, & @Bk 1.0, NaCl 5.0, CaCO; 6.0, MK BELIF: BHRBE
28 °C, & 50/250 mL, 3%4% 3d, #244 pH 10.0, 47 H FiX 82.50%, HAALHTIEIm 153.43%. [4
w1 Bk 16-3-10 A FINAE X R R B B4 & 980k, A A6 L A il %,

KA HFNAZRE, HAE, HE, £2, FHHL

Screening, identification and optimization of fermentation
conditions of an antagonistic actinomycetes to cucumber
Fusarium wilt
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KONG Wei-Bao HAN Jian-Shan ZHANG Ai-Mei

College of Life Sciences, Northwest Normal University, Lanzhou, Gansu 730070, China

Abstract: [Background] Cucumber Fusarium wilt is a soil-borne fungal disease caused by Fusarium
oxysporum f. sp. cucumerinum, which seriously restricts the development of cucumber industry.
[Objective] Screening and identification antagonistic actinomycete strains with strongly inhibitory activity
against Fusarium oxysporum f. sp. cucumerinum was isolated from saline-alkali soil in Hexi corridor. We
identified the antagonistic actinomycete strain and optimized the fermentation conditions. [Methods] The
method of dilution plate coating was applied to isolate actinomycetes; The methods of growth
plate-confrontation and speed rate were applied to screen antagonistic actinomycetes; The morphological
characteristics, physiological and biochemical characteristics, and 16S rRNA gene sequence of strain
16-3-10 were analyzed the taxonomic status. The conditions of fermentation and medium composition
were optimized through single factor and orthogonal experiment. [Results] The result of identification
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revealed that strain 16-3-10 can be classified as Sreptomyces sp., the optimum culture conditions of strain
16-3-10 were with a medium was as follows: millet 10.0 g/L, lactose 20.0 g/L, peptone 1.0 g/L, NaCl
5.0 g/L, CaCO; 6.0 g/L at 28 °C, liquid volume 50 mL in 250 mL flask, initial pH of 10.0 for 3 d, and
inhibition rate of strain 16-3-10 to pathogen reached to 82.50% under this condition. [Conclusion] The
result indicates that 16-3-10, strongly inhibitory activity against Fusarium oxysporum f. sp. cucumerinum,

might act as a potential candidate for the application.

Keywords: Cucumber Fusarium wilt, Actinomycetes, Screening, Identification, Optimization
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Pk Ak 125.3 77 hi®t SEAEOR, o FHAY
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K, BUNE R RS R R FEHIAHE ., B
I, BRI I6 H TR 2205 4 5 o gl A=
P HAEENE X

BT ZE 2 R 2 AR AAt i 7 P (Fusarium
oxysporum f. sp. cucumerinum)s i i 14 L TEG
O A TR KA W, SR
0 B AR 7 i ™ B . BT, 20 R
AR, HECE A . B A A R RO By
o KA AL 2 A 2 AN fel g St v 7 R Bk
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Table 1 The information of soil samples

J& T LAY Y ER RIS . ASTREZH 0T 7 S AR B
IR R E SR T T ORI, ZOEEAERT
10 T S T Y €. S w7 2. 7 A
T U B A 3] — R X e TR 2 T A B i DR
TR A bR, IR BRIRR L AR, SRTT I SRIAL,
DAL BERC T N2, DI R 8 TG 28 A By iR 32

it

1 RS
1.1 8
111 k4

SR [T VG 7 RSO X AR A - 398, A SR
FEVE, RBriiR I, BUREA RN S em—20 cm /Y
FHERATCH A EH4E, WK ET 4 °C B
Mo FREEAGREIE 1,
112 ERE

R T SR FERIN 0.05 g/L (Y EX BRI
ML AERTY, PDA BEFRdE, /NKERS
FeI® | B A SRR BRI AL SR BERS
FEIEP, WEER TR R BURRR LD, M
Bt Drsiin a3kl SO 1 S hilgks
FEIHEP CAS KR!, SA B, King 1
FeEM | A RO 3

dHel i REER K 7 “ipE oH

Soil type Plot No. Site Altitude (m) Longitude (°) Latitude (°)
Oasis 17 Mengjiagiao village 1115 40 94 9.1
Gobi 4 Westlake Wetland 1316 40 94 9.1
Gobi 16 Qili town 1154 40 94 9.3
Transition zone 5 Yangguan town 1297 39 94 9.1
Desert 9 Danghe reservoir 1439 39 94 9.7
Desert 18 Mengjiaqiao village 1110 40 94 9.8
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Taq i}, TaKaRa 23] ; A19 F1 820, A RHEA
SR , REDERAE AL THFSEIT; 5% K75 , Solarbio
ol LPURInER,, KEBOL b= 2500 lRA |
o735 2 2 i 2liialn

M VERG R, RIS AT PR A W BRI 7
WA B0, BSOSO (EHR)ARRA T KA
IR, LR KRG s it
KRS, BiEIoHT S RAE.
114 HIKER

7 I A 25 9% 7 (Fusarium oxysporum f. sp.
cucumerinum), I HIR &R BEBERL; h3ET
i 22 ¥ T (Rhizoctonia solani) . b4 S A BEAS T B
(Alternaria solani) . i/ %k /] & (Fusarium solani)
22 79 4 71 T# (Fusarium  oxysporum) 1 2 J&§ iz 5% 14
(Valsamali), HJHIASSLEGZE (R AE
1.2 HIEMEKEN S BEEL

O F R B AR TR R AR G
WHRAE, FRELS g LFEE T 45 mL KT IRG
20 min, FF R BRI R 107,107 107
BRI BRI, ARG 200 pL BRI A T 0 e
28 °C ¥i5: 7 d Jm, PRBURIETE IR r L alifb %
F& . FOR A5 A5 2 1 20 AR ORI Tk 8 SR
t, BT 4°C B
1.3 ML ETFE
1.3.1 HEREZEREYIE

IR Ao, JCH#RE, 72 PDA
SRR A F PRSI B (2.5 cm)Ab LA S G s AR
VEIFARIC, O A TS e A5 2 %) T 225 T 7 F
(d=8 mm), F3AMERL 3 AbI il 15 B ik I T D
(d=8 mm) , H:H DUASTHCE il 2k 1R R DEAE S % BEGR:
(BHIRE 3 MEL). 28 °C fHIEEFA TR,
A7 R R 2L Py TS 222 o D AT P T 22 A il 4
AR, MR A, TR HEA
W R
g E{EsKice

= b N, /) e Y P x100%.
St IRAL VA 17 — VR ’

1.3.2 HERHERENETRF

XoF A3 5 1 516 R 2550 SR A - (AT A 2R >60%) [ 4 Bt
BT E . PR 1 mL (1x10° CFU/mL)##Rh
TER T SRS FRE DS &R, 28 °C.
160 r/min %1557 24 h W R PR 10%0 45
HEA/INKIRBRE R, 78 LRSI TRFE 4 d,
10 000 r/min &5.0> 10 min i 0.22 pum AYHLFLIERE T
UEIL IR, ST R BRI

A A 1 22 A K o3k VT S i P 2k T 1
W%, B45 mL¥2HIE 45 °C Z£4 1Y PDA Kigf
H5 5 mL WICH R BRIERIR SRS 25,
[ 422 5 5L PR T (=8 mim), ARSI & TR 1Y)
PDA VA RXF IR, 28 °C 1535 6 d, 738 i)
HARKER, HEHMER, HEALE:
W2 Xof LA T %ﬁf - %I%H %ﬁﬁ%

X HEZH 7R BLA% - DT RS

1.4 BREHFHERINE
1.4.1 BRTHLERE A BE TTRONE

BRI R 20 6 2k 2 A 1 s e O, O T
(d=8 mm)FEFI T CAS K- 1 e, 28 °C K5 7%
7-14 d, WEATBE OB, e, B
BEW 1 mL (1x10° CFU/mL)#F T 50/250 mL
SA WK FE K, 28 °C L 160 r/min $R1% 5555 5 d,
10 000 r/min #.L>» 10 min, B F3EWH 2 mL 5 2 mL
) CAS K BIRAT#E 1 h 5, ME ODgso (Ao
BOSZEK AT R BRI, DIORIERP Y SA WiIARS 5%
FERWOCIEYE N Z (A, TR RS P
H=[(A—A)/AT*100.
1.4.2  E &k 9 05| Bk Z B& (Indole-3-acetic acid,
TAA)&ETTHONE

BRI TAA fE M E", Bk T
King 35553, 28 °C. 160 r/min #&¥%H53% 5 d.
10 000 r/min &5.0> 10 min, B 1 mL 5 2 mL
) Salkowski IR ~), HBIEEEFE 20 min J5 2305
LI BRI TAA A=A e, B 10° AR &
W 1 mL 30T 50/250 mL King 5553, 28 °C,
160 r/min #E3%3EFE 5d, 10 000 r/min B5.0> 10 min,

x100%.
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B 1 mL 5 2 mL ) Salkowski i1 5T,
555 5% 20 min J5lE ODszo, T34 IAA S,
143 BB HANE

BR bR 7 W BB T i e T BOH: B
(0=8 mm )£ T 4 B TCHL AR 75 3 Al g
28 °C 1597 7-14 d, WEEH LuawiE . & e,
AR 1 mL (1x10° CFU/mL)ZF T 50/250 mL
G AR BRI AR SR 580, 28 °C. 160 r/min
W% E53% 5d, 10000 r/min B0 10 min, B EiER
2mL, RSB EAIE ODgo, THA R
1.5 FEHZEENLEE
1.5.1 FESFHESIEFRFHE
FER T SRR FRIZRRE SR, MEHAER
. SR TR 2280 A TC AR . I U
2 HA0 T 19 TG X R 22 B A FHAE . R Shirling
VO 77, VB 8 Bl R] ML 5] 15 F7 3, 28 °C
FiFE 7-14 d Ja SR AR 22 . BENTR 228165, | AT
PR R AA To I RARBL
1.5.2 AEEWRAE

S8 (iR R 28 T ) Fn IR A R 4e2 )
2 )y,
153 DFEMFLEE

WP F RN TR 1 SRR A bR
DR 4 d IR 2R, FIRRE T2k
R FRIEA 20 DNA 425, LA Stach 21k
KPR SYES Y A19 FI S20 ##4F PCR 714, PCR
SR Hy 25 uL: 29 100 pg/L ik DNA 5 uL,
10 umol/L 514 A19 F1 S20 4% 1 uL,2.5 U/uL 14 Taq
B4 15 ul, ddH,0 3 pL. PCR JZ Wi 444 95 °C
5S5min; 94 °C 1 min, 56 °C 1 min, 72 °C 2 min,
35 MEFR; 72 °C 10 min, PCR F=HI48 0.1% Bl
WHEE I L VRSN i % 28 AR R SE R AT BR A RN o e
M5 R ZE NCBI H1#9 GenBank H¥iZE k1T
BLAST 43#7 EuX), #IFI MEGA 6.0 i R4 & B # o
1.6 Etk 16-3-10 LR 58

IR EG T SRR R RE IR I, A0 g oA
MRAEASTR] NaCl ¥ A pH 4514 F B4 KAB I . NaCl

N

WP 0.5, 2.5, 5.0, 7.5, 10.0, 12.0, 15.0,
18.0. 20.0, 25.0. 30.0, 35.0, 40.0. 45.0, 50.0.
55.0,60.0. 65.0 g/L; pH 435>~ 7.0, 8.0, 9.0, 10.0,
11.0, 12.0, 13.0,
1.7 E#k 16-3-10 FLEILNE

DISEFR 16-3-10 X 5 Fiips B AP B e
JriE ] 1.3.1.5 BRALECR IR 3 BI A ST Al 22 A% 4
LSRR TR . AR IITA . SfeL ik ] TR AR
J R 5ETA
1.8 EFFZHHAL
1.8.1 ARIRTEE 16-3-10 K BEEERINE
oAl

VN S8 1= S B N e = s B [ 5
POTERY . TREME . SRBE. FLBE. ZZERRE. T, Ok
BB ISR R . AR
MRk | AHIRET . WHIREL . PREFNEE oMy B i R
DL TAS S0 R AR R, DI 7 iklm] 1.3.2, i
AR A
1.82 EXXIE

VERE IR AT 5 I8 & ISRl - 2
FIFIEAZ BB R 4 N2 5 K F-IIIE SRS
1.9 RBEEERMHMMIL

FEARAL G BRI AL )y O SERt B, PG 224
3 238 T 2 AN (] K T 2% AP R T A % TR T VR AT AT
IETERTSENR . R AR EE . SRR RIS IR IR B 530 2
24, 28, 32°C, HABSAMORFEAAS . e : 39
AN 25/250,50/250,75/250 ., 100/250 , 125/250
150/250 mL, HAWIEFRAMRFEAAS . KR I] «
SIAFEIRERSE 2. 3. 4. 5. 6. 7 d, HABKEFRAA
PRREAE IR pH: $ 157735 G pH 5% 5.0, 6.0
7.2, 8.5,9.0, 10.0 71 11.0, HAE IR 4R AL
PATE A2 B e s T, e i TA] 1.3.2,
1.10 BT

KM Excel 2010 #4744 AL B, SPSS 17.0
PEAT R BT, IR AT BT B IE A 5
MEGA 6.0 fJi: RGE K BT .

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



1066 G ESE

Microbiol. China

2 HR54H
2.1 TIERZERNS BT
IR BER A AR A B 4l Ab A5 5 168 BRER
W, T 4 °C A,
2.2 FEMRZKERNTIE
2.2.1 BB ERITE
AR IRF T 43 B T 168 BRIZR Rk
w00, LA 14 BRERAR I 28 1T 60% (3% 2),
i S 8.33%.
222 HEMMEEMNET
X R I 25 R HACR ALY 14 BRIRARIE T
O, AR EoN, 14 BRI R R AR R AE
4.14%-53.77%Z 8] (3 3), Ptk 16-3-10 XF e/
M ZE IR AN SR BT, iK% 53.77%, BE ST
HABFRRP<0.01) (K] 1), G5E0ITRIRLE R, K
Bk 16-3-10 14 J5 Lem 5T 69 B AR TR AR o

R 2 14 HEEEK R EHRREIIER Y]
HLER

Table 2 First screening results of inhibition effect of 14
actinomycetes strains against Fusarium oxysporum f. sp.
cucumerinum

B R G T e
Strains Inhibition diameter (mm) Inhibition rate (%)
4-2-1 28.3+0.4bc 69.10+0.01¢
4-2-3 24.7+0.3a 60.17+0.01a
4-2-5 29.5+0.8de 71.87+£0.02cd
4-3-5 28.8+0.8cd 70.49+0.02¢
4-3-6 28.7+0.9¢cd 70.00+0.02¢
4-3-8 30.9+0.2¢ 75.29+0.01d
4-4-4 29.3+0.6de 71.38+0.01cd
5-4-2 25.1+0.1a 61.14+0.00a
5-4-8 24.7+0.6a 60.32+0.02a
16-2-15 25.8+0.4ab 64.47+0.02ab
16-3-10 27.3+0.3bc 69.92+0.01¢
17-2-5 28.1+0.5¢d 68.54+0.01bc
17-2-13 25.7+0.3ab 62.60+0.01a
17-2-14 25.3+0.8a 61.79+0.02a

T [FSVEEEE AR NG TR 22 57 .2 (P<0.05).
Note: Different lower case letters after the same column represent
significant differences (P<0.05).

®3 4 HREEEERYRIEERREISERNE
HEER

Table 3 Second screening results of inhibition effect of 14
actinomycetes strains to Fusarium oxysporum f. sp.
cucumerinum

[l SRR AR el B
Strains Mean colony diameter (mm) Inhibition rate (%)
4-2-1 56.0+0.2DE 35.74+0.02C
4-2-3 77.2+0.1H 7.49+0.01A
4-2-5 51.240.2C 42.25+0.02D
4-3-5 46.2+0.1B 48.94+0.01F
4-3-6 59.6+0.1E 31.02+0.01CD
4-3-8 58.14+0.1DE 26.22+0.01C
4-4-4 55.1+0.3D 30.74+0.03CD
5-4-2 71.2+0.2FG 7.79+0.01A
5-4-8 73.7+0.1GH 4.14+0.01A
16-2-15 71.840.0FG 6.81+0.00A
16-3-10 39.7+0.1A 53.77+0.01F
17-2-5 76.3+0.1H 8.70+0.01A
17-2-13 68.3+0.1F 19.29+0.01B
17-2-14 71.0+0.1FG 8.03+0.01A

T [FFER IR AR RS iR 22 5 i 35 (P<0.01).
Note: Different capital letters after the same column represent
significant differences (P<0.01).

1 EHK 16-3-10 X & EHRHE R IHEIRER E
Figure 1 Inhibitory effect of strain 16-3-10 against
Fusarium oxysporum f. sp. cucumerinum

Note: A: Control; B: Strain 16-3-10.

2.3 Ek 16-3-10 {2E 4N E

IRIGLE R, Hkk 16-3-10 HA=gakik,
G3U TAA FIVEHERE ) o 8 S e BRI (A-AYA 1
FLAE —1.510+£0.026, TAA &l 4.85+0.38 mg/L,
W&o 27.04+2.17 mg/L.
2.4 Btk 16-3-10 WL E
24.1 ESHFESIEFIFENE

PR 16-3-10 TER IR 1 SIGFR R E W2k
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ik, BOM, ENHLAETEG, ATETHaR
A, T EMERTE . 7E 8 FhAE I B IR LM B IR R
TERZ 4, BRAEVEIC 1 SRR 0E FARRRE KA, H
il 7 ARG SR AT AR K AR TR ZZ AR N TR 22
1E 7 ORI RS SR R BURRI B, [ AE S R
[ 5f1 PDA }:5R3E B nl it R
2.4.2 HIBECHFE

PR 16-3-10 A M ALIAIGZ5 R, A4 WhEE
S5 | iR S0 IR . B R Tk a5 A
TER AR iR X8 R BEPE B AR G AR 4 KK
iR B J FAYE . BEAK 16-3-10 a9 Fhik Ik
(RO WE . T, ZUE . RERE . VSR . Z 2N
Robl . HaEREE LR, Hohxb e, il
FUBE . RERE RN R R 1 B, X 2 ZERE A

T 4 EFk 16-3-10 7£ 8 ThR[E) £ R 75 B AU IE FR4F1E

5% B A R BE T e, o SR A L ESE () A P R
T2,
243 RBLBEENWN

FIRTL R e 1 A19 F S20 X EEtk
16-3-10 7 16S tRNA JEHJFHIMEA 7944, MFHE—
2K JEH 619 bp B DNA FE4l, Kl pas iiiss &
NCBI H# GenBank 3 g , 455 575 MH234000,
4 7 BLAST HoXT, BB AR 47, F I MEGA 6.0
AR LT 16S rRNA JLFH A RS L BF W
(K 2). 2R E/R, WFE 16-3-10 5 Streptomyces
azureus WIEZRRIIE, ZFRFEIK 99%. 458
AR S AEFRAE AR, TV S N B R TR JE
(Streptomyces sp. )ik, 5 Streptomyces azureus
HA B REE LR

Table 4 Culture characteristics of strain 16-3-10 in 8 different media

Bk UER 2 HE P BRI 22 LIREIERER S Az KRB
Meduim Aerial mycelium Vegetative mycelium Soluble pigment Growth status
Gause No.1 agar White Wheat straw yellow Wheat straw yellow Ains
Yeast extract-malt extract agar White Cinnamon brown None +++
Czapek dox agar White Wheat straw yellow None AR
Glucose asparagine agar Litchi white Litchi white None +
Oatmeal agar White Cream None Siais
Potato dextrose agar White Ya pear yellow Wheat straw yellow Sinias
Imosone agar White Antler brown None +++
Kline No.1 agar None None None None
T+ + REERSS.
Note: +++, ++, +: Intensity of growth status.
81, Streptomyces azureus (NR044136)
99 <|Streptomyces azureus (NR112511)

16-3-10 (MH234000)

74

Streptomyces mangrovicola (NR148322)
— Streptomyces armeniacus (NR112047)
100‘— Streptomyces armeniacus (NR036815)

0.005
2

Promicromonospora endophytica (NR117514)

ZF 16S rRNA EEFFIHENEE 16-3-10 RE A ER

Figure 2 Phylogenetic tree of strain 16-3-10 based on 16S rRNA gene sequences
{1 : Bootstrap YCHEL N 1 000, SBEGFAGHE RGEA TR ; 1755 P I0FS1UEIFS GenBank #5855 70 S E H IIEUT IR Bootstrap

SRR FRRFTR BT IR AL L9 0.005 B4 fEL.

Note: The number at branch nodes are the percentage bootstrap support based on Neighbor-Joining analysis of 1 000 resample data sets;
Numbers in parentheses represent the sequences, accession number in GenBank; The numbers in each branch points denote the percentages
supported by bootstrap; The scale bar corresponds to 0.005 substitutions per nucleotide position.
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2.5 Bk 16-3-10 Mt EXAESCI6

fif R g 25 R R W, MEEFREE NaCl WL
0.5-35.0 g/L i}, BERRAERORDL B 47 H 5% NaCl ¥R
SN 2SR NaCl ¥ JEAE 35.0-60.0 g/L 1),
PR A KR BURE NaCl ¥ B Y38 Jin i 20 1%
NaCl ¥R EEARIEXT B R A A R i (B 55 MRt
NaCl ¥ ERT 65.0 g/L B, HtRTEeARRERK i
BTG AE R, MBS FR A pH 7E 7.0-9.0 B, IRk
AR R AT, 32 pH 2/, ME5R3E pH 76
10.0-11.0 B, BRRRAEKARBLEE pH 34 I N R4, pH
AR R RS I 5 23595 pH KT 12.0 B
HtR e RARRER(E 5).

RS EHR16-3-10 ERERIRE R pH F A4 THEACIKR
Table S The growth status of strain 16-3-10 under
different salt concentration and pH conditions

A AR BE

Growth status

Item

RV Salt concentration (g/L)

05 ++
2.5 ++
5.0 ot
7.5 ot
10.0 +++
12.0 +++
15.0 +++
18.0 +++
20.0 +++
25.0 +++
30.0 4==E
35.0 ++
40.0 ++
45.0 +
50.0 +
55.0 +
60.0 +
65.0 -
pH

7.0 ++

8.0 ++

9.0 A+t
10.0 Sints
11.0 +
12.0 -

e e, L+ KBRS - RAEK.

Note: +++, ++ and +: Intensity of growth status; — No growth.

2.6 FEIk 16-3-10 FTEIZNE

IRIGAE R, PR 16-3-10 XF 5 R 5 # 1Y
FEIU B AN (B 3) , HeH B AR AR A
TR BT, TR AR IR 82.12%, Xt Hi
JITRAMRIRSCRA 2 , MERHN 69.11%.
2.7 Bk 16-3-10 X EEEC S HIMEAL
2.7.1 FREER. SIENEH 16-3-10 HIFEEMR
Al

DL 8 FlAS [l 5t 455 7 35 FIr 45 A2 TR U0 YRR i
PRSI — 2 A TR 1 | JE e DAL Ry i Y8 o 4 e
D TROGT B T 2295 TR 410 PR IR R 4, R R R 2
67.89%; L5 KM A B IR S 2 1 0 S 5 SR A
#, ERNN 27.49% (K 4). HIL, #fE 75N
LRI TR K B85 95 A e R U LA 8 AN [ R0
REFRIL TS R TS WO I B 2 — e P TG 1 o
DR AR Ry e AR 2 TR U0 YRR P S R B e, B0 R %6
IKE 58.22%; LARHFRER A SRR 2 B B AL
W7, MER 15.54% (K 4), Hitk, #hEHE
F R A2 R R K RS % B e U
2.7.2 EEXIRLE

AR (FLBE) . AILEE R . NaCl Fil CaCOs
R ZEIESS IR, 4 ISR 16-3-10 0T

100

80

60

40 t

Inhibitory rate (%)

20

A Q G
Pathogenic bacterium

3 EFk 16-3-10 MELUEL

Figure 3 Inhibition spectrum of strain 16-3-10
e L WS A: BB Q: MEHII
B G: JRAUGRIIE; P: BB A

Note: L: Rhizoctonia solani; A: Alternaria dauci; Q: Fusarium
solani; G: Fusarium oxysporum; P: Valsa mali.
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80

Inhibitory rate (%)
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Figure 4 Effect of different carbon sources and nitrogen on inhibition activity of submerged cultured 16-3-10

Heoa: RIVEMEVERY; b: BEBE; o M do FUBE; e FIEWH; £ HUR; g FOKKN; he AAHE; 1 BEREE; 2 AR ke B

FR%E; 1. BSERET; m: JRE; n: WEH; o HAMK.

Note: a: Soluble starch; b: Sucrose; c: Fructose; d: Lactose; e: Maltose; f: Glycerol; g: Corn flour; h: Glucose; i: Yeast extract; g: Beef

extract; k: (NH4)2SO4; 1: KNOs; m: Urea; n: Soybean meal; o: Peptone.

T S R 7 = R Ry B> B 11 H>CaCO5>NaCl
(R 6); i i AR T K T 1) e I 3 R R T
H(g/L): /K 10.0, FLBE 20.0, F I 1.0, NaCl 5.0,
CaCO; 6.0,

TEMLRE TR I 500, 0 iE iR s R L
PR 16-3-10 2 FEIEIRO0T B TR 22995 T (R A0 TR 565 31|
78.47%.
2.8 Ek 16-3-10 X EEEHERITL
281 AMERE

HERR 16-3-10 7£ 24-32 °C B} & BEIE R HA M
PTEPE, 7E 28 °C BHMEA TGk 25 = {E 78.70%.
282 EMRE

TR PR 16-3-10 2 5 7E 25/250-150/250 mL 2 [7]
PP IR RIS BT R RS, R
4 50/250 mL BRI RTE PRy, T 38A 3
79.63%.
2.83 APERTE)

FRRTE R BEREFE 2—7 d BHM BTG AR S B
e bTHE TRERES, REEEEFE 3 d BHTRE M
U, RN 79.95%.
2.84 & pH

hA pH 7E 5.0-11.0 BB REXS A 0 B S8OR

MTETEEREE pH MG 20 5 B IS BRI
IR AR, TEARTER L pH 6.5
10.0 B BARR A4 P TE M e s, 2031 80.56% .
82.50% (& 5).

i RS IR BEACH] LU 2 TP 16-3-10
AR A BESR AT H5FRIRE R 28 °C, N
50/250 mL, };FENFER 3 d, #4s pH A 10.0 B,
FAPR 16-3-10 J TS W A4 B 15 Pk S B AT TR 588 3]
82.50%.

3 dwhHitie

B TR 22 5 o — i ™ ] 24 2 Il kS 1)
FEYREZ — EHRK, B TMHXEEME, 2
{2 TR 220 R B A, i B R L= A ™
Wi 5 SR TR BB AR, 4
45% H A W0 T R 0 I S o R TR AR Y o
90%LA 2 H HE 2 T TR T A

W st 458 o ) Bl AR ) A PR B R 2R R, B
PR A, AR s
R T AT KR IR I A W26, 25
BRI IR . A5 DTRT PG TR S R A 1
B rp 43 B U ) — O BTN 2200 T B A R 4F
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Table 6 The result of L,s(5%) orthogonal test

A 1 3B 2 R 3 Skt 4 FRPRES EIlEES
Number Lactose (g/L) Peptone (g/L) NacCl (g/L) CaCOs (g/L) Inhibition rate (%)

1 2.5 1 1.0 1 34.83
2 2.5 3 2.0 2 32.89
3 2.5 5 2.5 3 25.37
4 2.5 10 5.0 6 31.10
5 2.5 20 10.0 8 21.95
6 5.0 1 2.0 3 49.59
7 5.0 3 2.5 6 52.31
8 5.0 5 5.0 8 37.04
9 5.0 10 10.0 1 18.52
10 5.0 20 1.0 2 18.76
11 10.0 1 2.5 8 68.75
12 10.0 3 5.0 1 49.58
13 10.0 5 10.0 2 42.40
14 10.0 10 1.0 3 25.00
15 10.0 20 2.0 6 38.48
16 20.0 1 5.0 2 76.23
17 20.0 3 10.0 3 71.32
18 20.0 5 1.0 6 62.67
19 20.0 10 2.0 8 48.46
20 20.0 20 2.5 1 30.77
21 30.0 1 10.0 6 63.33
22 30.0 3 1.0 8 64.36
23 30.0 5 2.0 1 46.92
24 30.0 10 2.5 2 41.03
25 30.0 20 5.0 3 43.85
Ki 146.13% 292.73% 205.61% 180.62%
K 176.22% 270.47% 216.34% 211.30%
Ks 224.22% 214.39% 218.23% 215.13%
K4 289.45% 164.10% 247.79% 247.89%
Ks 259.49% 153.81% 217.53% 240.56%
R 143.32% 138.92% 42.18% 67.27%
T
gx:f;ilq;evel * ! ¢ ¢
FEWIGUT (s

The important order
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Figure 5 Effect of fermentation temperature (A), medium volume (B), fermentation time (C), initial pH (D) on inhibition

activity of submerged cultured 16-3-10

FEPURCR H A PRk . 40 TAA AR RE
IR T BR 16-3-10. B SR . BEFR4RAE |
A PRAE AR ]2 16S TRNA KL 551 4347 e
T B F M, 5 Streptomyces azureus HA7 T
HE WA, RO AL PaE b Bk
FEFN pH AYTERT T B AR 16-3-10 FEER MR EE S 6.0%
s ih pH 11.0 AT AR, X 5RG A% ER
Tl 2 558 40 5 19 R 2k TR TR PR e o A K R vk B A
6%—8% MM 5T 45 R —3k . YL R AT RE 5 TR 1
A K AEERTIIREE, A o L g b oo B A A A 5
A RFR I AR B AR AR = A 5. BIBR 16-3-10
XTS5 MRAUERG R A A RR I S T 69%, HARK)

MIBTETE, HXTERGIE A —E i 521k, B
—RA T TS

WFFE LB, RIS FRILHEC )y 6 BRI BV
BRFLMY ) R0 bE S i B T R WB-F DL
EREORIIR, B AR, AR R BRI T
TEPEREES T 30% . AR 2P B TR T bR NDO045
A RIERIECAEERE . RO KR EE, Bk RE
T8N BB AR 96 43¢ JE 97 1 (Colletotrichum acutatay) i
IHEEA 6521%., 40.58%. Pk 16-3-10 ZEA[HES
TS PIETE AL 255, YRR FLE T
BRI NG IS T 67.97% 5 4R 5 & RN 7
PRI TEEIA R 53.05% . R 7R3 b & R AU
[l o B AR B P A B ke P, IR AR R
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B, SOufeniAEEL, kR 16-3-10 BTG T
153.43%, £ R R X HRE 16-3-10 FIE TG TR 321K
JURE 4y = FLH>EE 1 >CaCO5>NaCl, iX 522l %
X475 -7 A9 I (Ral stonia solanacear um) 72k
PR XL-6 45 K2 E IR (T KRB >MgClL>ifE
Fr>NaCI>K,HPO) RF 5T 45 SR IA — B, RIF KT
SRR AR R RO B A —E S ABIET
HTERE 16-3-10 BRI L BRI R . R 28 °C, 3
i 50/250 mL, KEERE] 3 d. 245 pH 10.0, 5
M W At 2 0 B TR B 4 39 v 0 85 100 £ B ik 28 T
Wtk T AR BRI —E 225, XEA
Ivi) TR R 6T T 22 T el R o 45 B IR 3R 5 RO ) R 3
B, A AR AR N B R 22 S A

K EERDASRUE YIS Y R AR, T
A Bl TR AR B A R R A (R LA B3 L AW IR
AT VG S TR i 9 v 4 0 22 HH R R A AR
(BB I 225 R AR BT R i, 3 3 A Iy A4 A
Mtefl, SEdem T HANE TN . (AR S R
S A TS 8], BERE LR A TRl A = ie
TiE—24R5Y . HRTHFSE 2B UE TR AL 1A
58, DA TG 2208 1 B R R LR A
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