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WE: T RBWHE AR EROERENE, T ENNTEMR A LR AEN R T ERE. N
EHRNENNEEERESE NS E R ERE. ACER PR EEFEY —hETREY
S-101, ZH Hr AR JLF R R EE A A RS TE A, E Pt R R E &N L LA ] =5 53.3%,
MHEBERBEEEINERA 45.5%; FEAHSHIMK 16S tDNA J7 7] 04t # 4k S-101 I F 5% K
Streptomyces luridus; %R ZERKW, Wik S-101 KBEAUTE WAL 208 0 17 i BUR 2% 57.11%; @ity
BEEKNEERILHNERE TEE S-101-GFP, AN T % W ARTE & IR FARE LB P th T 6k 17, %
EF ARSI A, BB d AR 1X10° cfu/g BAER D B 1X10° cfu/g, 0~14 d TH&H, 21~28d T
Megxlg, 28~35 dMTHRE, BTHERE 1X10° cfu/g. Fih, ¥tk S-101 B EE IEERABELE
Br WAk, ELA TR B h AR A R 2 e R R ANE
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Biocontrol Effect of Streptomyces sp. S-101 against Cucumber Wilt

YUAN Yuan ', ZHANG Hong', SU Daolahu', ZHENG Rong'", SHI Lingling?, WU Huiling®*
(1. College of Life Sciences and Technology, Inner Mongolia Normal University, Hohhot 010022, China; 2. Institute of Plant and

Environment Protection, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China)

Abstract: In order to obtain efficient biocontrol bacteria against cucumber wilt, the microorganisms in the
vegetation root soil near Qinghai Lake were isolated and screened. The activity of antagonistic bacteria and its
control effect on cucumber wilt disease were determined. Streptomyces sp. strain S-101 was isolated and screened
by plate confrontation method and its antagonism against different plant pathogens was investigated. The results
showed that the strain had good effect on several pathogenic fungi, among which the inhibition rates on Fusarium
oxysporum f. sp. cucumebrium and Colletotrichum gloeosporioides were 53.3% and 45.5%, respectively. Based on
morphological observation and 16S rDNA sequence analysis, the strain S-101 was preliminarily identified as
Streptomyces luridus. Pot experiment showed that the fermentation broth displayed significant control effect on
cucumber wilt with the efficacy of 57.11%.The strain S-101-GFP was able to colonize at the roots of cucumber.
With the increase of colonization days, the number of labeled bacteria decreased from 1 X 10% cfu/ gto 1 X 10° cfu/ g.
The number of colonies dropped rapidly in 0—14 days, fell slowly in 21—28 days and maintained a stable amount
in 28—35 days at 1 X 10° cfu/g. Therefore, strain S-101 is a potential biocontrol strain against cucumber wilt, and
has the application value of being developed into microbial fungicide.
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HERE A Streptomyces JETREF 1K — &, WELRELLRDEG L RIHVEL AR, aehg/E
LA RSP YA, WP OB B, PURURRE . Sl R A4
Shrbo IR R R T E RO SO SR AN L 2 REAN HOIRT R 22 A SR R A B R
{ﬁglﬁhﬁ%&%ﬁaiﬁﬁﬁ%¢wiﬁ PR AL &, W2k i 48 h FEERIE 40%°), 1A,

R AENE LT TN SRR AN LT A R A N AN K M R R A, AR AE R 2 BIRLAG, BE
E N ISCRIN LR Y R AN P SEEANIE 7 PN SN ANIEZ S B e S SE AL st N e NN O e AN
FTE AL R R R I 5 B R AT A F ),

AHFFELLRAE B FEE T RAR R RN RS, SRR BRRR,  ARHIRA i 3 AL R #E
i, T I LA R AU B AR A R PR R RE R 1 S-101, Il R AL S 16S rDNA ¥ 41173 H o Bk
BATHE, IPREE SR OO A SE K BORE 3 N HARE AR S-101 w1, AT gfp ZEIRRIC, WP ERIT T Fs
0T TR R SR Rl L 38 i g B, BT E RIS PR E PR S—101 Bl 3 TR 2 I RCR , 3R
R0 1) E B e e (AL B i b 92 L

1 #R57a%

11 i

1.1.1 BxRE &K SRR, DREM AR FE3E (PDA) . Luria-Bertani [F/AR5783E (LB) &L
BR[14MCH) . Bl FREIREE (g/L) « BERE 15, Hl 1.5 mL, K 40 g, KH,PO, 0.5 g, CaCO;0.5 g, NaCl
0.5 g.MgS0,0.5 g; G117 KRG FREE (g/L) : T KGEHKy 30 g, HIZHE 10 g, SR 20 g, AWK 6 g, (NH,),S0,4
2.5g, MgSO47H,0 1.5 g, KH,PO,0.3 g, NaCl 7.5 g, CaCO; 4 g, &y HEE 0.05 g5 MS 55 7#3E: 800 mL
HRK, 20 g #GYk, 121 CKE 15 min, #E WG 600 mL, HINH#EE 20 g, Bl 20, f&)o
FHZEMKERSE 1 Le 2XYT ¥ (g/L) « WEEERY 10 g, BEEMAE 16 g, NaCl5 g.

112 RG34 ZRE  RKIAEMA pIB139-gfp AL ARMEBL 2= BEAED IR 3 R B AR 3 25 B i A E i o
e, LB AR5 % 100 pg/mL, 5% 25 pg/mL, FIEEEZ 25 pg/mL, ZE0ENAR 25 pg/mL.
1.13 ¥ARFEERE  RUHE TN Fusarium oxysporum £. sp. cucumebrium Owen- S F i J] 15 25 %
LAY F. oxysporum f. sp. vasinfectum K%l E Botrytis cinerea W45 JH I B Colletotrichum
gloeosporioides. S0 1w R LWL F. oxysporum f. sp. conglutinans F—¥ BR[| ) 5EK% B W Monilinia

Sructicola FHAL T ARMEL 7 BEAE YD R IR EE LRA A2 97 T 2B it 7 == 11

1.2 REFE

121 EEWREEREWNSE RATEGEAICETIEW (KL 99°36'~100°16', Jb4h 36°32'~
37°15', iR 3260 m) MEITAAAR R 3. SRl MR Rm 1, B 10~30 cm ¥RALHI 32 30 g, 34
HURE A5 AR — e O BRI 5 g HFE, BT ERRIRILY, 28 CHRTE7d/E, 180 CT
HAb3n 1 SRARRIRATL, OIS R ARE 1 g 5, AR 9 mL EHKIM LT, 28 T,
180 t/min &%) 30 min 5, #E S min, LU FIRH % B R EE ORI, EsE 1077, 107, 107
MR I, ARSI 0.1 mL FIRREOR (e M IG 1 S i59RAE B, HCRMBaERRsS), BT 28 CH
FEAATP LR 7d, ARG NEEFRILA 43 2 R RV IR A T H il b

122 PRATERI KRR 7 d R BN LA R 4T FLE 4T i 7 mm 1 0F, #24E PDA Vil
P, SR P UIRFY S 43 B 45 21 ) R A AR08 )5 B 1R F 20 mm AL, AR LB 2 ANTRIRER, [R5 ORI CAS
FOREwD , BE 3R, BT 25 CHFRM. MmO W MR A E R, EE (%) =
O TG J5 BT FELA% — RSP0 VRN URS PR st B8 LA /K] TR It 1 LA X 100

123 WEERE W PO IR, e N 2D A3 B RS BT R S—101 %5 6 Fiii I b e 400 1 v
P, W8 VE R 1.2.2,

1.3 HEIEK S-101 BYETE

1.3.1 #HEk S-101 B ARHAE KRR S-101 #M TRk T 5P L, 28 CHiFR 7d 5, MhZmbkit
TR WEE, WRIEN R ZEUE . AR LB DLt 2= A 0 LB . [A]IN 2 R SCHR[18]
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1.3.2 W4k S-101 #y DNA 4280 JH40 1 3L 41 DNA PR UL 7 & Clbnt s L g R A |, 57
5 DL111-01) $#2H DNA, FIH 16S rDNA (il 514 27F (5-AGAGTTTGATCCTGGCTCAG-3") 1492 R
(5~-CGGTGTGTACAAGGCCC-3") #E4T PCR F#!"2%, 1A K. 15 uL 2X Tag PCR Master Mix. 1 uL
DNA #H . 0.5 ul 514 27F. 0.5 uL 514 1492 R, 13 pL ddH,0; PCR §"#44}: 94 ‘C 5 min; 94 C
40s. 57 C 1min. 72 C 90s, 30 MEH; 72 'C 10 min. H1Ab 5T A Y HARAT BR A w31 T 5 .
133 Htk S-101 2t etz IR ERK S-101 19 16S rDNA W45 5, FIH Blast #-7E NCBI
B e R4 T VR PE EL, 48 MEGAS #2F4B4%7% (neighbor—joining, N-J %) i&%% 1000 i RSk
s, H A REVE (Bootstraping) X BEALA HEATVPAL

1.4 Btk S-101 BriA BN ER A KRNI

141 W KNP FCUERTS FOMKIKA 75%kE 12 10 mins TG K PEH 1%0E R BRI 5 min.
MTCHKIEYE 3~4 Ik, REAIEOR L, ZEHRANRAIEAN PRI, WIEwK, 26 Cidi
2, BEAMMFRAEERT, K2 — OB .

1.42 R S-101 KB REEbE S-101 TOEHFN BIF 7R3, 28 'C. 200 r/min #5357 24 h, DIASE
B0y 3 R S0 08 L AR B AR 8% (L T8l 1} 10° efw/mL) B64% T G117 R 3rd, 28 C. 200 r/min
RIEESE 48 h, FICH/KFR AL 7500 1 X107 cfu/mL FIREER, #H.

143 ZHRL CKTPHEERE 8~10 d FIRBERE L AT Tk, JNER KRB RIKIEN 1X10°
cfu/mL ()R IR B adF i, 2 o PRt K330 gl i R FERGE AT GRS, FeMoik: T3
JRA 2L 4 em &b, FWPORS IO 1 ] @ AT i Ab 3G, B ARSI/ A 6.5 cmX 6.5 em (M7 #H,
REEE LA, (RIS AEREAR S P AR 25N 2 mL AH S M. R0 1 5 /M BE, ARBRANTR: (1) TE /KB
JRGEAARTAE A X (20 W SR A i M BN #AR S (3D Widk S-101 KB T3 K
TR (4D RIS R I B i S-101 AR R IR (5D [RIHEERRs Jot e 6 75 50% 2 1 R
AR 800 fE MR . REANALEE 20 Bk, WRIGF R 3 K, SHOCER[2 1] 73T AR R 2, JF
SPSS 16.0 AbFEHH -

1.5 BE#k S-101 EEN LW EED

R R IE IR pIB139-gfp MM 18 B B Ab 23 e RSNy vk, B P R v RV 75 - S B AR I 1 1
WA E. coli ET12567 (pUZ8002) , K3 R A BHFE S-101-GFP #HT PCR IilF, # #81A%R: 15 uL 2 X Taq
PCR Master Mix. 1 uL DNA #if. 0.5 uL 5% GF (5-GGAATTCCATATGATGGTGAGCAAGGGCG-3',
Ndel) . 0.5uL 5% GR (5-CGGAATTCTTACTTGTACAGCTCGTCC-3', EcoRI) . 13 uL ddH,0; PCR
Piagtt: 94 'C 5min; 94 C 40s. 55 C 40s. 72 'C 1min, 30 NMEH; 72 C 10 min, [FNH &
W (NIKON-TE2000U 74 5% Y64 & s, HA Nikon A ) Kl 4478 Y6155 . K #i bk S-101-GFP
LTS A AP PDA K59758 1 28 CHi92 7d o, IR A TEREAKY, HIRTEFR, KE
1 1X10° cfu/mL, %M.

Fa MBI FAK K 75%PAE R 10 miny JCRIZKZEF 1% EFRENEIE 5 miny Jo B KIS U8 2 (A
AR, ZJEMANBE A MW RFRIL L, SINER K, 26 CIIRMELE. BREE GRKL 1 cm)
BRI (CEHEAE A 3:0) , KE— ORI/ N 6.5 emX6.5 cm AT, R4 1
PR, AbBE 20 #R, WRIGER 3 K, EMRZETEAN 5 mL #HE S-101-GFP i FB7Fl, 20+ 7. 14, 21, 28,
35 d s AR PR 4%, A 1.2.1 "Rk FHCwK RAUBRFERRE, B 0.1 mL MRS AL & A P a bbbk
PDA Fi7edk b, MU A KA, JF P00 WA I 1 SRR 2015 5

2 ZFRESH

2.1 BEHRBHIEEMES
SRR SR, A BB 39 BRI B T 12.9% T30k B 50T S Bl AR B 5 I A0 A AR
b bk S-101 IEE TR R (B 1D, 2Dk S-101 MRS AL, R HHAK) 6 Fip
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BYAANFEREERIEIER (R 1D, Ao 58 NS4 R 3R R IA B 53.3%, i 58RI JE 14 1)
RN 45.5%.

B 1 Ekk S-101 3 SR E B INE LB A AR IS RUR

Fig.1 Dual culture plates of control and inhibition of F. oxysporum f. sp. cucumerinu by strain S-101

R1 B S-101 WARRFREFERIER

Table 1 Antagonistic effect of strain S-101on different pathogenic bacteria

J7i J5UIA Pathogen HIT% FL4% Inhibition zone (mm) B % Inhibition rate (%)
RO HE R EALTY F. oxysporum f. sp. cucumebrium Owen 48+1.2 53.3
HAEIMLP B. cinerea 36422 40.0
R TR &AL T F. oxysporum f. sp. conglutinans 29+2.1 322
THER W TR M. fructicola 32413 355
AT (FEE LT F. oxysporum f. sp. vasinfectum 37423 41.1
YIEE AW C. gloeosporioides 41431 455

22 EHKkS-101 I LRLTE
BFRE S-101 BRI T 5P B2 A, A2, Lratbta s, mEhmE®. +
MAER, A% 28R, ERmMBE PR hkiE (K2 .

A: BEFE S-101 ¥ JEZ Colony morphology of strain S-101; B: B4k S-101 1% %2 JE 4 Hypha morphology of strain S-101
2 Btk S-101 FLASHHE

Fig.2 Morphological characteristics of strain S-101

PR BURPE S-101 DNA 3843 1.3 kb B, J¥41 (MN396676) 5 S. luridus NR112280.1 R7E—4>
b, WHEAEEG R R, HIPHILL RS 99% (B 3) o Kith, Bk S-101 FIP%E R
S. luridus .

2.3 BEFE S-101 X EINHEFRIBHIE MR

PRI REAR 7 d JG AR AN, TR ANt 258, 5 IR 35 Ak . 3R 2 ml,

BRIPE S—101 KM REAT R PR T TR 25993 IR R0 R R 5 4840, HPIaRCR)— ol 57.11%. Witk S-101 K



95 2% . A TORS 260 1 B 2 1 S—101 ML AR PRI 817
VB A0 R L A B B L O AT EE BRI R T 71.67%, TS TEERAR T 43.05%.

FR S—101 KT 3 J50 1 -V Ak BRI 22 1 SR T8 48—+ 9 It 1 Y A B ) A 0 28 5 5 17 i e ) — oK

J'j Streptomyces luridus NR 112280.1
52 S-101

46 Streptomyces luridus KX 502956.1

55 Streptomyces mauvecolor FJ 486412.1

100 | Streptomyces melanogenes NR 041089.1

l Streptomyces noboritoensis NR 041107.1

100 r Streptomyces werraensis NR 043846.1

L Streptomyces hiroshimensis AB 249922.1

Streptomyces bikinniensis NR 112436.1
0.002
B3 E#k S-101 #J 16S rDNA FHIREIRIED TR G E B
Fig. 3 Phylogenetic tree based on 16S rDNA sequence of strain S-101

R2 FREWENEEFRIFG AR

Table 2 Control effects of different treatments on Fusarium wilt of cacumber

Ab 3 BRI Tt FE IREIEN
Treatment Rate of the diseased (%) Disease index Control effect (%)

X CK 0£0.0c¢c 0£0.0c¢ —

99 J5UR #67# Pathogen spore solution 100.00+0.0 a 7537+1.10a —

kK S-101 K% Strain S-101 fermentation broth 0+0.0c¢ 0+0.0¢ —

BIFR S-101 S+ S i 7 T 2833+ 1.45bc 32.32£1.30 be 57.11
Strain S-101 fermentation broth and pathogen spore solution

% 18 R 73 J/L B 7t T Carbendazim and pathogen spore solution 3042+1.12b 33.54+1.23b 55.49

e RPFE—FIEIRS AR ERHER S EREE (P<0.05).
Note: The different letters following the data in the same columnin the table indicate significant difference (P<<0.05).
2.4 TORFRICERE S-101-GFP B9 R
RIS pIB139-gfp I E. coli ET12567 #5 H4 Ipbk S-101 T i, I8 % & A P di i PDA
BRI IR A3 B AL FHEAT PCR BRUEAF 21 729 bp AISHE (B 4A) , ST B30 [
PN WAL e A TR T 26, LB MUK IR T LA R4k (a5t (K 4B) , AL gfp LK 2
B NERR S-101 HIfkah ik, Jhdv4 MRk S-101-GFP, #F— D%t @#Fk S-101-GFP 5 874 Rk S-101
HAT AR BRI LLER, 2R GFP Anid AR TE SR GV M3 %A Rk A4k ( 4C. D)
2.5 Btk S-101-GFP EiEEE N 947
Bti A2 BRI I, bR R 11X 10° cfw/g B2 1X10° cfu/g, 0~14 d FRidgkk R
P, 21~28 d FREENE, 28~35 d#aTHRE (1X10° cfu/g) (B 5A) o P V40 s IR B F T4
B b, ARG EMET P RIS OE (B 5B .
3 iTFig
R A R 2 MR, TN TS BAR S AR, (HR, H T AR 2 2 B (KR Y
o g R BRI 13% 20 A7 AT L, S R B B V0 5 v S o B R X R R AT
VTR B SRR — . Al N AR S A T oy s s, R BB s sdE B B R
2 H AT BB AT ST R B R 125 o SR i P IR o U AR A K 7 B ot X R 10 1
B, SR H M- 1AW B IR R 753 BN 50 mg/L W AR IRAT, 4 “CHiI% 30 d 570 23K 49 2 Fhint
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bp
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100

S-101-GFP

B
A: BEFE S-101-GFP [#) PCR #ill PCR detection of strain S-101-GFP; B: E#k S-101-GFP %) tArll Fluorescence detection of strain S-101-GFP; C: (1)
Bk S-101-GFP Strain S-101-GFP; (2)¥F 4: % £k S-101 Wild strains of S-101; D: BT Rk S-101 5 1# #k S-101-GFP X 3 I 25 (U5 1 Antifungal
activity of wild type S-101 and S-101-GFP on cucumber wilt
B4 Btk S-101-GFP B9 & H 5 E 4 B E K S-101 B9 ELER
Fig. 4 Detection of strain S-101-GFP and comparison with wild type strain S-101

A B
- 121
2
§ 1.0
3 ok
]2
=S -
wed 0.8}
S E
fandl -
ﬂ%’g; 0.6
H5E
%Eg 0.4F
Rl
= 02F
Q
ﬁ ]

I 1] Time (d)
Az RIEE S-101 757N R I UIAR B+ 3870 7 5 5 B0 (1 2 2254k The dynamic change of the number of spores in the rhizosphere soil of strain S-101 in different
periods; B: (1) , ¥k S-101-GFP GFP labeled strains of S-101;  (2) , Hf/EM ik S-101 Wild strains of S-101
B 5 S-101-GFP £ & VR EBHY EFE

Fig.5 Colonization of S-101-GFP in cucumber root

ABERE . VLRSI R I, K R TARPE AN AE 28 C HARKT 10 d Ja, AL B8R (1%0H R
B, Na" 3PS IRF PEG) #il# HHERIFI, 1640 C, A 6%RFE T 0.05% MR v RN
5mmol/L) ¥k 1 h 5, PR EBN N EEREERZ . TR, 2 SR w055 iy 5> i
753, AN — s B SR TR . R B SR 25 PR 43 5 A SR et e R BB BE AR R A 4) B B
s IOV, BB EOOR, 7 B RIS b, SR MBS R R, (R vk
PEfRTH TP, R m . AR SCR B8k BB BBV E RIS TAROR IR, DTS Wb PR B A 2R g 1L
(R A 4 P G O S B B B TN L A B AT B T IO RE R . o, BEIPR S—101 IOkl il imett, I HL
X 22 PR 93 JE L R R I P AE o A OB AR S-101 FIJERSHRIE. E5FREFE. 16S rDNA J7 4150 b4
JUAN T RTS8, B 5 S, luridus WAL S o

I A5 v6 B AR V69 T R 224 XOTavs g, R LR TR IR 5 0k B8 AL 20w (B G, 25k
AL 7. HET, RS20 AR e N ok )2 A RS S PR E . 2F B B A B
T T, WA PSS R B, ERE 2R AT IR Bacillus cereus TR RO B TR 28908 4 550 ot (0 400 1 75 1k
B G IIE F 50.46% . ARSI HIHE L3k B KBRS Trichoderma longibrachiatum THLY % 3% JTA
ZIRIMBIRIL 67.05% ANSCHE IS FARRIS I, B S—101 K IEBON 3 TG 220 A 0l 25 BTG 3508, Bk
15 57.11%. BERE R IR IR — AN R, R IEIRILNIr . pH WAL 3RS R R
R R — DX BRIRE S-101 AT RIERG TR ILA, S mim el i & i, S b — 2D 2 ke 1 %
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BT, AR AR TAESRAK A .

FURT, Xt 8 JTOHR PRI ) 52 BRI B PP e AR B S8 AN 2R AT i B PO, G2 81 (10 2 TR s S LRI 9 0
b, BT RESAEAE VIR Fl e B A R AR A DT E B GR35 . R gfp JEPIFRIC AR BT B bR, AR TR
AT B B RE ) A R TIB R . A SO BEALBEE S-101-GFP L3N @ SR P T T % M %%
RUE BRI 7307, 25 3R W, kK S—101-GFP AT R0 FE 3 AR, Bl e SR A3, Pk S-101-GFP
O FAE I E AR BRI . SRR BT AR S R R Rk Pseudomonas aeruginosa FRAC B
CR56 RL4 B TR 2 S AN AN R DL, AEBRiUs 18 d, SRASHFRRIRES R th e R iR 1) 4.88 X 107 cfu/bi T %
F 1.81X 10" cfu/kk: 7EHE)5 28 d, FEEEUE T IES) 8.87 X 10° cfu/bk, SACEE BILAMFT &, T REBEA N
() RS, KA 23 U AT Se P s AR T A, SR AR S—101-GFP € JHHCR N B, BAT bk S—-101-GFP
55 - 3 R AR ) 2 T A7 5 B U8 5 RVE IR S0 4, T A e B A b, B R R Rl — P

& & X
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