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1.1 ME&BFEE% CT205

O U P a5 4 Ll R R, DR A AR VL I8 A R
JR 32 W) Bt AL T R S
1.2 E#k CT205 MU HERE
12,1 JEEFEMEE W T2k T R R CT205 1
i I — R b T AR, A vk B R, Ot WL
BE ML O T W SR 22 KAy A AR IE S
1.2.2 B 3% p A K B AR R AR M & 2 M
Mk R TR bR CT205 B A A 4 B R T A 3
JIg K —5 S PDA PAR B 28CH5537 5 ~7d, W4
BT 22 R 22 SR
1.2.3 BBk CT205 DNA {1 4 Bt 12 W PR
CT205 1) DNA, 4% 16S rRNA K@ 51 9,5-
AGAGTTTGATCCTGGCTCAG - 3’ (E. coli 8 to
27),5-TACCTTGTTACGACTT-3’ ( E. coli 1507 to
1492) 3 f7 PCR ¥ 4%, J7 ¥ 2 MR Nikodinovic '’ I
Kauffmann"" f #1156 3Cilik . BT 45 81/ PCR 7= 9 4T
A AL 4 30T i 2 W) HEAT Y 0 GE D E 1 8 R ok
GenBank (NCBI) (http;//www. ncbi. nlm. nih. gov/) ,,
1.3 E# CT205 WA MEMIERANE

J5 7~ - WO B2 B ( Saccharomyces cerevisiae ) |, Fi
VKB ( Bacillus subtillus ) , H 575 A i B ( Ralstonia
solanacearum ) , ¥ JA#4 25 5 B ( Fusarium oxysporum
f. sp. cucumerinum) , P85 JAAE ZE 95 # ( Fusarium oxys-
porum f. sp. niveum) ,/NAZ S E B ( Rhizoctonia ce-
realis) , Jll 5. 9% 8% ( Phytophthora nicotianae) , 5Z 5 ‘%
Az,

X TR N, 1 SRR HEE TS ml T
AR R E AR 4] B 0. Tml (948 78 BRI 21 1 TR
AP b, AT AL AR AT IR AR O 5 mm A T2 T
CT205 Gk, & TP Arp o ,28CHE 52 2 ~3 d, W52
R /N X T 8 R SR P AORE 0RE R 2
B 9% 0 0 AR P L TE SO 2R T CT205 F AT AL 4%
FTH K58 T PDA SPA b, X IR G 57, i 50
523 ,28°CHFR S ~7 d, MBI AR
1.4 HZkE CT205 g EMAERNARK AR
L4.1 @/RCHEP4 5) M7 & BN T
FH 60 °C R /KR L, 1+ 2 % 6, lUTIE M 7 ,5% Na-
ClO 4b3E 3 min, Jo W K V5 2k 3 ~ 4 W, R, 28 ~
30CHIZF | K, MymHfATESE, KEZH—
O, AR

L4.2 Zkikes 20 R IRA BRI IR
T B4 T 2 4 19 08 -, R ) R 28 0 1) 2 0
TE 70% L I, 2R AT BI0% 1 b 45 25 Bk W i 5
LR IME PR T N 1.9 x 10%cfu g 7' iR
Ko 4 A AbER AR R 1 TR

Fx1 BFFAWaE

Table 1 Treatments in the pot experiment

Kb B Treatment %43 Composition

HAE L
BEE L +2% HHLIE
FEVE L +2% R B R
(107 cfu ml ")
HAEL +2% AL +2%
T (107 cfu m1™")

X CK
A HLAE AL B Organic fertilizer
TR CT205 4b B
Actinomyces CT205

A=A UL

Bio-organic fertilizer

A AUAE B g 5t Al K 22 V1950 48 7 K M e R T
RO R 2 40% LR A HLAE KL AT 60% 35
FEHENE L AR, 2 TR AT HLIE S LS AT O OB, 28
A= A T 4 e T o) 1) 0 R A LI R, & AL
442 g kg ' A KR 80 g kg ' N 4.4% . P, O,
2.3% K,0 0.67% /K43 28.5% ; 3 2 HE JE 5 A HL
5 304 ¢ kg ' N 2.01% .P,0,3.7% K,0 1. 1% .k
53 28.5% o XF B TR A 3 b 4y AR A 2% A7
MLIE 3 5 140 A 2 1) NP K fb22 it ok, 5 kg #AE
+ /5K 30 /A2 B/, AR E 30 REUEE
WEAY &, HREAEAERR, EREFFEY, 5t
TEEEL 0 ~5 90, BREPUNBR . Akl EL W
WA T 2011 453 H 10 2011 45 A 30 A &
2012 4FE 4 10 % 2012 4E 6 [ 30 H 711904 [8 {4k
JE S BT IR AL T LI (VLR %) IR AT,
WL
L5 REBBEMRIRNSEIT

1B TIAB MR T 4R & 93 B, B3 R 52 10 5% 4% Ak 3
BN 00 o 9 SCHR [ 19 ] /4 75 125 8 95 175 48 2003
RSG5 0 G MR IE R AR, AR R T 9L
HMRA DT 174 (M 208 2 A2 T 1/4,
ST 24 MR EE Y MR AZ T 274 0T
3/4 (M T EE 4 PRS2 EER T, WG
I R R
- Y Rk x FRFREUE) y

PRECETN x A e R I AR AUE
By 2 = [ OxF B g 1 48 28-3R 15 6 80 /
X BRI 17 45 £ ] < 100%
1.6 FEREFTPREYMBHEMNNE
AR I S o, WA AR AR - AR PR T B

100
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2.1 M%Z&E CT205 MHITEE

2.1.1 BBk CT205 19 TF 45 R 1iF WL 52 PV EE i
HLEEMLER , BRI AR CT205 1 S2E T 224y B £, ok B
FRE, A TR 22 T i 3 AT B s 1B R A 22 (R
1) 787 22 57 46 T8 BN R JE 43 A6, fil 7 R T A
PR R (1 2) o

SE 15-Jul-11 WD15.1mm 15.0kV x3.0k 10um

1 Bbk CT205 #1722 JB 35
Fig. 1  Morphology of the spore fibrillae of Strain CT205
(28C,5~7d)

SE 15-Jul-11

WD15 .1lmm 15

K2 Ttk CT205 #1723
Fig.2  Morphology of the spore of Strain CT205
(28C,5~74d)

2.1.2 [tk CT205 15 F5 7 ik A0 2R B0 A= fb 45 ik

Bk CT205 75 =M A [A] A9 85 97 2 3R LR
[ B 4 IR R PR AE SR AN 36 2 B, T bk CT205 19 A= B
A AR 3 TR o

F2 BEHk CT205 E3 MERE FREFRESE
Table 2 Cultural characteristics of Strain CT205

cultured in three different types of media

e S FE R 22 KEH 2
Medium Substrate mycelium  Aerial mycelium
WATHER ) & H Big IR AEE, AGEREA
HR—5 HEAE RER KA
PDA IR EH (4 FHE, HEERKA

F3 Bk CT205 B4 I8 4 (451
Table 3 Physiological and biochemical properties of Strain CT205

FRIE 4 FEAE ELES
Property Result Property Result
WA iz i Ak + D-2RH +
TE B3 7K it + i 2 A +
4 Al + R 2= 4 +
P H, S + TREM +

YR bR - D-(+) - MiTHE +
B 1 H +
D- i $32 41k + LBt +
D-A K +
e+ " RRMAME; Y -7 RARPIME Note: “ +7 indicates positive

and “ -7 negative

2.1.3 Kk CT205 16S rRNA J¥ 51 52 45 5 %@
HARICE R CT205 1) DNA H1 PCR #1775 5] — 4% 1
500 bp Ze A7 Y A&, HF 51 5 5 0 IN860220, I it
ARl P FE X, e B0 H— B s 10 R bk 2 s T 6k
w5 B J& (Streptomyces) , 5 H 458 B (S, albospinus)
TRV PR SR 99 %, AR 181 Mk ) B 285 e Ak | BRAR 4 HE O
4545 168 tRNA JFHI 7387, K i 2k 18 CT205 #1020 %8
N BE T . MR R G LA 3,
2.2 EHE CT205 MM AEMRIERIER

FHBEARAZ P s, 3 3k L B 4 v J8l /), 5 T
Bk CT205 XJ B 40 Jid o A= W) 9 00 VE 0, & B 7R A
CT205 Xf WP e by (B0 M LB ) A FATE (GT) |
T LT R TR (G ™), B o i) 40 1 A 1T, 400 R P
HAR CFEME) 20525 40 mm 21 mm 30 mm,

SR ISP A 0T kg 75 0 7 TR Bk CT205 X635 5t L 1A
A A VB, 65 SR & B0 JHL X A 4 s D L BT ) e A
7z, R A TORY 2800 1, 04 TR 220 1, /D A2
SURE TR, M R R S I BT H A 3 A A
FH LB 4 E 5 BT AR CT205 X B A 25 9 3 48
HREE RS HUVE .
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99 |: Streptomyces_libani(AJ781351)
55 Streptomyces_caniferus(AB184640)

%5 Streptomyces_hygroscopicus(AY999883)
79 Streptomyces_catenulae(AJ621613)
li Streptomyces_lydicus(Y15507)
65 Streptomyces_chrestomyceticus(AJ621609)
69 Streptomyces albospinus CT205(JN860220)
Streptomyces_albospinus(AY999753)

—— Streptomyces_albulus(AB024440)
100 L—— Streptomyces_yunnanensis(AF346818)

|
0.001

3 FEPUR B CT205 11y 168 rRNA B DR X 3l 11 HE 14 3
Fig.3 Phylogenetic tree of Strain CT205 based on 16S rRNA gene sequence

B4 PR Bk CT205 X2 I AL 220 ) 90 il 46 5 BBk CT205 Xof 08 #5225 1Y 40 il 47
Fig. 4  Inhibitory effect of Strain CT205 on Fig.5 Inhibitory effect of Strain CT205 on
Fusarium oxysporum f. sp. cucumerinum Phytophthora nicotianae
2.3 M&Z&E CT205 X ERNHZEREIBIEER > AR TR, R T4k TR Ak B A AR R R BB 2 AT HIL

2.3.1 T CT205 %o #8042 A 1 wN AEAR P A 8 bR 4 2 A HILAE Ak B T 2
B ZR A — DA WA R, AL EAE . SXTIRAR L, A UL R R A A PLAE
B R bR 3 ~4 (6 ~8 BR) , BEAT B ICMEIBOREIN Ak 3 JTCRR A A1) 66 5220 ) 42 3 T 43.76% \34.51%
YR . AR ILER 4, J018 0 Rk i O R AR I 83.49% , tk w5 o> B $E ¥ T 56.04% | 52.47%
3 Ffah BT SR P AR ROR B R A A HLIE > AHLIE F169.69%

x4 TRELEXERNARERR

Table 4 Effects of different treatments on growth of cucumber in the pot experiment

PLBL E 73 My I fif b i 731
Treatment Fresh weight(g) Aboveground weight( g) Underground weight( g) Plant height(cm)
X R CK 20.75b 18.91b 1.45be 30.32b
A HLIE Organic fertilizer 29. 83ab 29.05a 1.30¢ 47.31a
JZR # CT205 Actinomyces CT205 27.91ab 27.42ab 1.92ab 46.23a
I 45 LI Bio-organic fertilizer 38.05a 34.90a 2. 12a 51.45a

B BRE— RS AR P ERRZEZRALE (p=0.05, 2 2EHK%) Note; The same letter following the data in the same clounm in

the table indicates no significant difference (p =0.05, Duncant’s test)
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2.3.2  JiRZRE CT205 Xof 8 A 250 1 A= By 7E
R i 25 N BT Ui Bl 2 i , ik R L4905 45 Ak B
BTCR R DL, 28 WL %56 B TTUARL A 200 0 AR g 4 531
MR 205, Jn W AR R 35 T R Rk R A
WOIEEE,S ~6 RAMAZE 4 Fib B 1Y 565 I
Jo R B S HHLIE > R TE > EWA UL, WLER
ISR B AL 40 K, 0F BEAR bR A0 ™ IR &5 3R 2k
B, IR R R R AR CR o

S PR JE AN 14 R 0 45 b B8 Y
oI AR B R LT R KBGO . WK 2

oL %R A AL AN R kL AT A A L
JIES Kb HL I AR A 1 975 1% 1 B0 0 Sk 74017 (5417
35.71 13,46, K& I % I BE T 5 38 W [ 1%, Bl T 2L
RGP . 3 R b bt n A= A HLIE B A Ak
R BB AR 1K 81, 85% , Lk J& il I i 4% T
Bl 36 2 R 51.85% , i fn A AL AR B iE A R
26.97% . M\GEitHEE /T LUE Y, 50 4l hn A AILIE
SR B A — 2 PR AE R BB IA RO B
T LA ) S B i B R %R RS BB R A HL IR

=R

RS ARALENENHERUHEIR

Table 5 Effects of different treatments controlling Fusarium wilt of cucumber

3 i

Treatment Disease index
Xt ## CK 74.17a
£ HLAE Organic fertilizer 54.17b
T @ CT205 Actinomyces CT205 35.71¢
WA HLHE Bio-organic fertilizer 13. 46d

Disease incidence (% ) Death rate (% ) Diseasecontrol rate (% )
86. 67a 70. 00a —
62.50b 50. 00b 26.97¢
39.29¢ 32. 14c¢ 51.85b
19.23d 11.54d 81.85a

ERPRE—INEES AR FHERRERALE(P=0.05, i EHZEHKL) Note: The same letters following the data in the same column

in the table indicate insignificant difference (p =0. 05, Duncant’s test)

24 EMBFHTEPREDHBRBENT
A5 I TR T TORG 282 0% R AE B TR B
W, R A At g T TR B 1 2 /0 B OC R B R
MG I A A B ™ AR Ak i 08 2 o ORI
E TP U A R SRR AR, 25 R N S BT
IR FEAR T BCE A LR AT A B &
S FeL 4 T B B B iR A R 1.0 x 107 6.2 x 107 6.5
x 10" 1.9 x 104~ g ™", # AL AR5 45 b 7+ 4 v 1y
TR W BCRE = T A AR AT, B A5 A AR PR A+ b s
YR e T AR S A RUE Y B . BBl 6A
A, AR ETE A £ B AR S R A i 4 AR
TR 107 1 MR BR A A 20 T AR B B R s ) T
10°, HXF A5 3 AN > M fE e 22 . K
6B FAR AT E 2k B B R 107, 1 A AR E k
T MR A A A ik 4 T AR B i & 10°, 9 HLE
Jita R B CT205 (1) ik R, 4 44 £ FAR B £ 9k
LB A s, B 6C hiEE L E
FBCR N 10°, Ak RN %= 107, Big H Ik Lk
HBR 4,3 /> Ak 38 v Y B TR R0 I T I, B
e M2 5o B 6D 4k 1 i AF £ 2 1 i
JIHECE N 1.9 x 10" 4 o7 Fidl — N5, 3
ol Ao B %) 9 5T 0 AR AR R K A AR AR AR 107,
FURAMRBR A o A 905 St TR W T A (B R X R

HRBR b e F R ) RO R 3K 3.3 x 10° 4> ¢ 7' 8
3 Fob Ak HRAR B v Ao SR il — A B g AR
[T = - E I Ol i e o N i A S AN (R AN B i
RT3 Rh AL B WG 0 A LR i R A
HE 1A BILIE 249 T L 9 2 1 4 T HG R AR B A 3 eh
5B 4 K

34 i

AR A= 7 B8 By i o SRR 22 90 [ 3 A1 8 A 3 %
(AR . SRB AR O BEIC  HEAR R O 2 11 i 2k T
SG-126 , F AR B 78 B A B TR 22 0 19 By 6 AR
H 42.86% , I fiE I 3 18 #E ¥ WA £ KR 7 5 Chung
SRS Rk DN R ZE ST T MFASS X655 J5 TR A7 )
T AT B AR O B8 8 AR 4 b 410 o) B TOR 250 B9 &
X AN R Ay B R B MR T XFT, 3
T BN B I SIS 25 0 1 B 06 8OR B B
{H A5 T 32 5 BR AT TN 3R B9S2 M O, B
JICA 29 i P 54— A 37 T 0] 1) 77 76 203 35 0l AN
BBt 2 25 . AR SCHIFSE B9 45 BT i #k CT205 4]
U TE N AR RS TR (S, albospinus ) , o R Ji L
AP RS 2, 0 s TR 2800 i o ——2R 78
it 1 R A AL AR, SR 2 AR IE AR R BUR
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120 2" A [mmEfL
Continuous cropping soil
100 | 4 [ o e
soil
80+ 23 Mkt
Rhizosphere soil

Bacteria (x107 g™)

X AP HELRCT205 APAHLIE
CK

Organic  Actinomyces Bio-organic

fertilizer CT205 fertilizer
Kb PH Treatment
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o0 74 Mkt
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T E
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e 60 | b
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= 40F a
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CK Organic  Actinomyces Bio-organic
fertilizer CT205 fertilizer
AP Treatment

H %1kt Continuous cropping soil
B AT soil
A HiB# 1 Rhizosphere soil

B " "
a a
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2B
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AP BB CT205 WAL

Organic ~ Actinomyces Bio-organic
fertilizer CT205 fertilizer
AP Treatment

401

¥y . EREL

Continuous cropping soil
[ e 7 N

soil
72 tikrt

Rhizosphere soil

0 @ b b
" Ly b
a a a a
o J minl ] ﬂ_

R HHUE &R CT205 AN

CK Organic Actinomyces Bio-organic
fertilizer CT205 fertilizer
AbF Treatment

Fusarium oxysporm (x10* g™")
RAUETTH
)
S

e abelf]_EAR " FORARMRER L RV BON BE IR abit) B RRARER L p R R B MR R A AT

Note: The superscript < of abc indicates significant difference between bulk soils in number of microbes by plate count.

The superscript “"” of ab indicates significant difference between rhizosphere soils in number of microbes by plate count

K6 A [al b B B TR B AR AR B £ PR WP ARECR 52 e (AL 06 5 B AR B C. U 5 D. AR FU i T )

Fig. 6 Effects of different treatments on microorganism density in rhizosphere and bulk soil of cucumber by plate count (cfu g™ ')

(A. Bacteria; B. Actinomycetes; C. Fungi; D. Fusarium oxysporum)

A A 3 AT I 2 a0, O 4 3 R ol A 7 Y S
BRomg o0 o AT AR i B 2 T F S R B B D, Elke
R TS ) albospinus Acta 3619 7= A= 3 1 1% 35 78
MoFJeksm & G H, XN R AT A & 09 40 i B A T
P 5 AR 255 0 AT T A W T 04 B AR bk
BB —Kk S. albospinus 15 —4 -2, N\ H & BE R
thARAS TS A R PO B AP AR 4 B0 A BR T
(MRSA) iG VR L&, o 5 9 5 #e bt MRSA (158
AR5 P2 ot T AHRHE . H T 0 R ] 2 2 TR TR R
W s 5 AT LE W B IR B HRE o

ABEFET 2011 4F 3 J BEATHE — R AE Ak, R T 4E
A 77 2t N 2% TR TR R, i Ak B Y B TR R AL
 18.80% ,2012 4F- 4 F 55 R A Ak, it FH 7 X ekl
B 1T A /NG BB e , B8 T 45 S 0 it FH R T &

TR Ak 3L IR ROCR B E & 51.85% , AT DL AR 7 A AR
A it ] 75 = B 3 R 3 5 Wi K5 it P AR A AL
Ab B BT VA BOR 15 3 81. 85% , I 4G I £1) 4% Ab B AR
B - 198 v 2 A6 e 0 T B i K FE BRI, B ST 4G
HZRW S, albospinus CT205 J&— Kk BB B & IT &
FTIRERT# . FHZEBRT I S, albospinus CT205 547
HLAE &2 B i ok A 0 A5 HLAC i A, B T DA 4 o - e
J3, AT LAVR Y A HE R W X D i TR A
BI3E —AH] TR A A B AR S IR B A B YA AR e
& R AR R AT O I EAA U AR TR

4 4

N A 88 F O G B — BR A P R bk CT205, ¢
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U5 R E W 5% 25 1 ( Streptomyces albospinus ) , ok I
O B TAS Z A — 5 19 B R AR, Ho s IR
HAEAAER . S, albospinus CT205 54 HLAE & 45
B A A LS X B OIOA 22 0 By 3R ROR ik
81.85% ,3£H S. albospinus CT205 {E[iE T /&0 &
J7 T E A VL ) AR
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IDENTIFICATION AND BIOCONTROL EFFECT OF A STRAIN OF
ACTINOMYCETE ANTAGONISTIC TO WILT DISEASE OF CUCUMBER
LiangYin Zhang Guyue Wang Chen Wang Shimei’ Shen Qirong
( Jiangsu Provincial Key Lab for Organic Solid Waste Utilization, Nanjing Agricultural University, Nanjing 210095, China)
Abstract Morphological, cultural and physio-biochemical traits and 16S rRNA sequence was analyzed of a strain of

actinomycete , separated from the soil of the Zijin Mountain in Nanjing, China and coded as CT205, for identification and
orientation in the classification system. The PDA agar plate method was used to determine antifungal activity of Strain
CT205 and a pot experiment using pathogenic soil from a field that had been cultivated with cucumber consecutively for
year was conducted to investigate the effect of Stain CT205 controlling cucumber Fusarium wilt. Based on the 16S rRNA
sequence analysis, Strain CT205 was tentatively identified as Streptomyces albospinus (99% identity). And the pot experi-
ment showed that the strain inhibited quite effectively Fusarium oxysporum {. sp. cucumerinum, Fusarium oxysporum f.
sp. niveum, and Phytophthora nicotianae, and to a varying extent, Bacillus subtillus, Saccharomyces cerevisiae, Rhizocto-
nia cerealis, Ralstonia solanacearum. Besides its cucumber Fusarium wilt controlling efficiency being 51.85% , the strain
promoted somewhat the growth of cucumber. When the strain was prepared with organic manure into complex biomanure,
the disease controlling efficiency may reach as high as 81.85% . The findings demonstrate that the strain has certain po-
tential application value.

Key words Antagonistic actinomyces Strain CT205; Identification; Cucumber wilt disease; Soil microorganism;

Biological control
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