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RIREE LA E SD-29 MK E RIUEE TN
EHE RAR KA ERF HEE

MR KA AR e TR e 570228

i OE: IFR] REEEA AR EE RO —FEZREE, THEEEMZRETH. [B4]
ML AEF B —RE L3 F 55k —HIRTOFE B A REE SD-29, FF H #4757 BALH & W0,
[5 5 R A Kk A H 2 A ki F kst Btk SD-29 09 g AT AT, B OB OB IRER
IHE #r SD-29 K B RALIR Y S HATE MR, ARIE AR SD-29 697 A4F4E. A AR 16S rRNA A F
Bl atAT e, (4R ] BAk SD-29 A I8 5 i 1) B 45% 6 4 1) 7% b, ) 3 %)% A 5) 82.6%. K B
RALIRM AT 2 £ K89 ECso A 13.6 pg/mL, 100 pg/mL #4832 4 3¢ AR F6. % 05 ) JoF 8 & 47 ) 5 14 5|
63.16%, 3B BRI T B 49 F5 6 2R 1A %] 48.96%. RIEIZHE 9T ARFAE. A A fLAFIER 16S
rRNA £ B 5 71 547 % 2 H 4 SD-29 4 Streptomyces yatensis. [ 45361 ##k SD-29 * & 76 % J8 B A 45 7% 49
Brig s R, BABAEGEANE.

J4%47: Streptomyces yatensis, RILEAE ., AWML, 2B E5L

Identification and antifungal activity of a biocontrol actinomycete
strain SD-29 against Colletotrichum gloeosporioides
GU Liu-Shuang ZHANG Yue-Feng ZHANG Kai LI Xiao-Yu LIU Zhi-Qiang”

Institute of Tropical Agriculture and Forestry, Hainan University, Haikou, Hainan 570228, China

Abstract: [Background] Colletotrichum gloeosporioides can infect rubber tree, and decrease rubber
production. [Objective] An antagonistic strain SD-29 against C. gloeosporioides was isolated from farmland
soil in Qingdao, Shandong province. The strain was identified, and its antifungal activity was evaluated.
[Methods] The antifungal activity of strain SD-29 was determined using the methods of confrontation growth
and mycelium growth rate. The crude extract of the fermentation broth was obtained by ethyl acetate
extraction, and its activity was also evaluated. Then, strain SD-29 was identified based on morphology,
physiological, biochemical characteristics and 16S rRNA sequence. [Results] Strain SD-29 had a strong
inhibitory activity to C. gloeosporioides with the inhibition rate of 82.6%. The ECso of fermentation broth
extractions was 13.6 pg/mL. Crude extract (100 ug/mL) inhibited conidial germination with the inhibition rate
of 63.16%, and its control effect on the rubber leaves infected with C. gloeosporioides was up to 48.96%.
According to the results of morphology, physiological, biochemical characteristics and 16S rRNA sequence,
strain SD-29 was identified as Streptomyces yatensis. [Conclusion] Strain SD-29 has a strong control effect on
C. gloeosporioides.
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Jist 46 7% JH 14 (Colletotrichum  gloeosporioides) &
BAHJE N R —AFp, H2F T, A5l
ZMHEW I BARNE , EAEAT L O [ K
VLR pH R . DFR R, BRI TR 7T LU R
gl M. R RIS EENSTHE
Wy, Bl A B R

FH JiE 70 ¢ 9L TR 5 1S AR AR I e S L 48 7™ L 5%
N 280 B[] AR 2 o H AR T8 I TR Y B IR
FERAR G, TR . WEE . mEnk
Mo R AR e Ak 2 A 2 1 iR Aol (e
By Eyigite, BRIAE R 22 A
FABRRE . 1EMIABETS YL, L, PR E e
BB T A AE AT, H A R IA A L
FHET S Z —

I FH A B A A W B LA 7 0 B 3 A 0
F, AR B P H B, 22 B A
TEA DB R I 1R, V2 R WA
B7 T RE 8 A R A i B FL p I IR B ARG, BLdE 2
1 ¥F & (Bacillus spp.) . f& 5. il I (Pseudomonas
spp.) . i £% B (Actinomycetes sp.) . T %
(Penicillium sp.) 1% £ [ (Saccharomycetes) 21
R T g ) i AR B R, R B
AP ERN SRR, ERE-KAAEEATN
EFEYI RS R HCE B R S, filn, R4
FE I A4S AR bR A 398 v 43 B0 2 1 — RN U BE R T
Streptomyces albulus CF17, H:Xef i 96 2% JEL 1 Ao Bl %
Afik 92.76%, PIF-FAE IIRAALDR + S
XA IREERTA Botrytis cinerea HA =B EHI
L5555 S. polychromogenes L-30, JHA## 100
TR ) 2 TR B R B TR I A8 R 53% 1,

AR IR T & —4 H -3 v 43 215 21k
ZRTR SD-29. i 2 R A e S TR HL AT 5 1Y)
PRETE M, IR SRE . ARAKEE, 46
16S rRNA ST HI Az Ak i T4, FExd
HR B SRS A i M T T P

1 MBS H3%
11wy
111 #lE

Itk SD-29 A LB % ML ZR T i — A FH -3¢
H o B aifk i 3

3t 35 9 T T A B 48 2% JH T (Colletotrichum
gloeosporioides) . & £ sk JH %% & (Colletotrichum
musae) . 7 2429 # (Fusarium oxysporum f. sp.
cubense) . T:IRH 8% 7 (Dothiorella dominicana) |
K 59795 7 (Neoscytalidium dimidiatum) ., ki
R 8k 7] B (Fusarium dimerum) . 3% 5 48 2096
(Botryosphaeria beren-geriana f. sp. piricola), /N&Z
78 (Fusarium graminearum Sehw) . & AL ZE9H B
(Fusarium oxysporum. f. sp. cucumebrium Owne),
T A1 R4 £ T i [Pestalotia disseminatum (Thuem)
Steyl, FHTMIHITEENE . LA A 5 S A 5
TR R R AE R AR B
112 #hiiERs

PDA ¥k, mIK 1 53G0S AL
ISP2. ISP3. ISP4. ISP5. &R 14 KEigts
FrHk . SRR BRI T IS REW
TEMIK ARG IR 5L . AP 4ERK G IR . iR EhiL
JRRE IR AL . WIS R . AR R s IR A
SN R SR . MRS IR L AR ]
A, R IESRAEIIIEC S WOCHK[9-10].

INKREFREE(QIL): /K 20.0, KR 20.0,
CaCO; 2.0, NaCl 2.5, H[IMk 3.0, YE Kigedk
(g/L): PEERHS 4.0, 22273 10.0, #i4gHk 4.0, NaCl
40, FM-17 3R R (o/L): ZZEHy 20.0, BEEEHN)
5.0, #EH % 5.0, KNO; 1.5.0, CaCO; 4.0, NaCl
4.0, FM3 $55KE(g/L): AIIETETERY 20.05 M
15.0, EEERH5.0, HEFIMR2.0, CaCO34.0. Kaziiss
H(g/L): FIEPETER 25.0, FEEHY 15.0, ELEK)
20, CaCO; 40. Al FigrIE(g/L): RIIEMEREH
10.0, FEERRY 4.0, HAME 2.0, CaCO; 1.0. FM-19
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WEFRHE(g/IL): ATiEMETER 10.0, Hm10.0mL, FokK
PHW 2.5, EAM 5.0, BEREE 2.0, NaCl 1.0,
CaC035.0. E1R5FRHE(g/L): AIVATETER) 10.0, 4
B 10.0, EKkJ 5.0 mL, NaCl 3.0, MgSO,-7H,0
1.0, CaCO;33.0, FMO#s5Ak(g/L): #i%K510.0, #
¥4 300, /Kf#THsZ= 5.0, CaCO; 2.0, G2 Rk
(/L) : HiZjHE 20.0, FIIEYEVERY 100, MEREH:
100, E MMk 100, 4 WHE 3.0, CaCO; 20,
KH,PO,0.5, MgS0,40.5; FIT AR FRILEHE.
113 FEAFFNEE

FERHEBOR7 £, TaKaRa /A]; PCR §1
1, LGS ER R S A R Al W TE
¥y ARE. EAK. CROBEEH, ML
SR REMERSR G . AR, i —
TERM A BR A E]; DR HEL.OHL. PCR 47
AL, RIS EEARA R B TE
G, BESER ML RS SEARAR A,
12 A%
1.2.1 7% H SD-29 RIS E

iR SD-29 (XS FRAHIESEE k57 (i
B2 S e )y M B E R SRR A (Gt
K E T ) PR n R SRk . RT3
. ISP2. ISP3. ISP4. MR 14 K BilgE 7
BOEIR TSR SRR B IR A
PRIk T 28 °C T RESRIZ A SD-29, fFEIK
LWRKAE, R RVEIEA

I8 (R R 48 T ) I B Pk SD-29 HvE
KA . AR . RSIRER AR . B
A e A b R . BRER T ASFAEAL
FRAE o R A R T A % 7 2 ) 2 2 A ) i R
FIFAE B

FdiE 16S rRNA L [H 741 [R] 514 XT TR A% SD-29
AT F4E . A9 Primerl (5'-AGAGT
TTGATCATGGCTCCAG-3)Hl Primer2 (5'-TAGGGT
TACCTTGTTACGACTT-3), LLIEEkKAY. DNA M
BOHEA T, 3RS B R SD-29 16S rRNA JE
IR AR A RINT, SRJ510 NCBI 252 A5y

16S rRNA A 741, FEKAN P45 75 NCBI Ml |
PEAT XS, (%K MEGA 6.0 % JH 4R i vk
(Neighbor-Joining)fy & &4t K BH .
1.2.2  WEHE SD-29 ik R @ B s ik A

SR FRT IR 2R 4 ol B ) B
JERTRIMA 200 pL WTEREKH, B 58385 Ja i n
AR TSP b, ARG T 28 °C THiFR
7 d, 05 cm BTALERTERT IR B R B Pl
FT4L, WS EDI M. 1 PDA ik, 7EEEEF
Mg 2 cm AbZE A P AR —> 0.5 cm BV
EYE, T 28 °C BEkEFE 4 d, TR R PHS
SAEWY)G, 151% PDA AR R 3:F—4~ 0.5 cm
IR i IE R R F, BRI 3k, LA Hph
WG R PDA SEACHXT AR, RS RS
e BB AT HA i R,

XHHREH VR B4R — A TS B

o) =" ;ﬁfﬁzaféaﬁé-o; -
1.2.3 HtkE SD-29 & EEiE s E AL

Wtk SD-29 JCTH K B i il 2% . R R A
SD-29 PAE KRS 10 mL LB REFEHEd, T
28 °C. 180 r/min }53% 3 d, H B 4342 F 2]
100 mL 1y 11 FhRFINRE SR Herp, F-28 °C. 180 r/min
Rig% 7 d, KEggGEIT 28 °C. 12 000 r/min E.0»
5 min J&, 23 EAR N 0.22 pm AR R Ik
J5, SEIICHE R B . B 22 A Ko Rk O
R BERGIA TIEMEI R - B L mL JGR & BRSS9 mL
PDA 537 5 7E 60 °C IR G5 HIA 6 cm [y kE
FRIH, FEREFRILA AN G FE A b e e fh AR N
0.5 cm (I HIAIE A, T AEBRE S 3 k. DIImA
TCHUK Y PDA R FRELARVE X HR, T 28 °C g%
3.d, WA ICSREE R . MREA () THE %,
W s R R
1.2.4 FHIZIHH &

MY 4 R LR A O, Bk i
SD-29 H#:FhF 1 L /KK FRIEH, 28 °C. 180 r/min
PGSR 7 d, 422 IR 1 LY

x100(1)
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RIEEW . FIFH TR CBRAE R ZEBGRI ZE B (R B
R 2 BR=1:1, IRFAEL) 3R, ABURWAA S, 1531k
PRV R o
1.25 FEIBYIROHNE R R AR E M E

7 FH PR 22 A= K S R 3 T e HEL 2 0 1 D R
Y. FIREPRAHIR YIS 2 fRIG 5 PDA B3R
&, BORL M E A 3125, 625, 9.375. 125,
18.75. 25, 37.5. 50. 100 pg/mL H~F-AR, LA
Milf) PDA SFEAAE X HE . I E AR BE A HE )
Xof R At e JEL T R 2 4 RS SR(L) TR R 22k
KA, KR 3k, (A SPSS 19.0 it
B ECso fH-

fdiFHHe > 25, 50, 100 pg/mL (RHHIEY), 42>
WI7E 20, 40, 60, 80, 100°C FALFE1h )5, M
24 M R A 0 2 S [R] e R ) A AN R T
XoF JE A A L TAT PR AT o 2%
126 FHIEMMRBEXKERSEBRFIALRFEMN

e I AR 1 IR AIH R E PDA F
M EREEEFR T d, FOLRERE R4 d S, mBEgREEHm
A 10 mLIERZK, FTCH M2 i L 228 T
FI G A L DE AR TR, A m BRI B 55
BFECR, B THEAE 1x10° ML, Kk
JE24 5. 10, 20, 30. 50, 100 pg/mL fRHL4RY5>
S A S TR, S A ] v B R 4
VI 1 mL PR, IRAIE WL 40 uL 11
BIFROE TR A £, AR 7 &
TERCA TR, R FRES 3K, T 24 °C THAR
K3t 6 h, s AT AN, DT
O RS U (Tl = e Y0 S . (0 e N S
Ab PR OIS 200 N6 F-, SRt FEORIR I &
T B, AR Q@) KA R0
611 % (%) = (T -1 & B/ A 161 5) < 100 (2)
611 & A ] 28 (%) =[ (4] B A1 R —4b PR A+
Y i 238) 4 B 1] & %1% 100 (3)
1.2.7 FHIBHAG ISR E R BB

P BESCHR 1910 7o AR R i A B . B0
BoEsE . ORI R, ek EM i —ih

PG, 55— A5 11 8 R KPR TR A
P 100 png/mL FPRLSRPITRIRTE M R miidn, R
BT, e O R Te ALY E 1 5 mm A T
BE. LARZHLEE DAL BE A H 1 R BRI o R
[T LD 1 mg/mL B R 3G A B I A A BH P X
M, AP 3 A, 28 °C RIBIEFR, FMEA
2 () FN(S)H G HE B R B iR el

I T P8 E5 = [ O R BE ms B (L) )/ (B Pl Bl

T A ) x 100 (4)
95 15 9 1 208 SR (%) =[O B 20 95 15 18 Bl —4h B 4 s A
FREO % R 45 %4 % 100 )

WREESr AR, 0 g, G URE, RiE
R 18, WBLER R, BERIES mm LI ; 2
%%, BB EAATE 5 mm-7 mm; 3%, B EHRLE
7 mm-10 mm; 4 2%, FHEEEAATE 10 mm-15 mm;
5%%, fRBEEARTE 15 mm LI L

2 ZRG54h
2.1 7HEE SD-29 WEE
211 THEE SD-29 BYFL7S4EHIE

R I SRR L, Wik SD-29 Rk 2 A
W, BGARN, dEmRhE, KA, Al
SPIRTR 22774 (B 1) T SD-29 7E 10 A s
IR EAE KR, HRAERZUKAENE,
GEIRLR 1, WMagiaS I OREr% e T ) +
EORENTEI

L

1 EE SD-29 ES K | SHEFE FHEEHHE
Figure 1 Colony morphology of strain SD-29 on Gause
No.1 medium
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F1 MEE SD-29 EARFEIEFFE LRIIEFHHE

Table 1 Culture characteristics of strain SD-29 in different medium

Rk SN2 AR AR LR ARHE
Medium Substrate mycelium Aerial mycelium Growth characteristics

HHE AL K B Ho e, HORIRE 227 A
Czapek’s medium Gray Black Raised, peripheral radiate
ISP2 LA H LN RS U PANITIE SN

Orange red White The periphery is irregular and protruded
ISP3 B YREN HER, hihiE

Yellow Gray Villiform shape, raised
ISP4 YE| KH SMEIASELI, i

Offwhite Offwhite The periphery is irregular and protruded
ISP5 L £t S, HEIMIRE, [RE

Young pigeon Golden yellow Flat, sunk, round
HATHERT 1A R YE| e P, TR, AR E A
GA medium Offwhite White Flat shape, round, peripheral radiate
FRECHARE TR R KH SR, Lk, BEE
YMS medium Light brown Offwhite Villiform shape, raised, round
AR R RN M B, Bk
YEPD medium Brown White Round, powdery
[ R = K KH B, e, HEAPIREZ™E
Gause No.1 medium Buff Offwhite Round, raised, peripheral radiate
SRR SR B YN HER, WE, ik
CMA medium Yellow Gray Villiform shape, round, raised

2.12 e SD-29 RO TRA (KAFAE R BGRFI R IER

I RERHI(GR 2): LR SD-29 Al 73fiff
gem, ARy, LA TR G, 2 EE
IRk, AT MR ER R L, A AR AR
H.S. TERRIEAI 7, & nf LLA I RIHI{ApE . D-
HEREE . MagME . MOFERE . IUEE . D-2R3LbE. %
M. D-SRME. R, D-ARME. HEME.
213 MZ&HE SD-29 K FEE

it PCR #1714 K15 i bk SD-29 1Y 16S rRNA
SLHFH, IS5 1491 bp A5 (GenBank &
S5 MH254884) . #51% 7 51 7E GenBank I 147
BLAST b, BEHCS HARIER = A s bk, il
JH MEGA 6.0 W Rg i (& 2). 45 R LM
ik SD-29 5 Streptomyces yatensis (AB249962)
TER—AN 3 B, BHA 99%M AL . MR
BHFE . A PR fRFRAE &2 16S rRNA L 75153
Mras il , Ktk SD-29 % &N Streptomyces
yatensis,

T2 MEE SD-29 By IR (L4HIE
Table 2 Physiological and biochemical characteristics of
strain SD-29

I s
Items Results
TERYK AR Amylolysis _
1 4R K f# Cellulase o

W e Ak, Gelatin liquefaction -
finfk 5 Hydrogen sulfide =
AP EE [ %4k Milk coagulation
AR ERIA R Nitrate reductase
4,2 Pigment
Fu[H4f 1% Arabinose
D-H ### D-Mannitol
% Glucose
HaKFBE Raffinose
HILEZ Inositol
MERE Sucrose
D-2£3 ¥ D-Galactose
2 2E M Maltose
D-J 4 D-Fructose
F 28t Rhamnose
D-AM D-Xylose
W o+ PEE; - B

Note: +: Positive; —: Negative.

+ o+

+ o+ + + + + + o+ + + o+
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Streptomyces melanosporofaciens NBRC 13061 (AB184283)
Streptomvees castelarensis DSM 40830 (AYS08511)
Streptomyces mordarskii NRRL B-1346 (EF408735)
Strepromvees geldanamyeininus NRRL B-3602 (DQ334781)
Streptomyces melanosporoficiens DSM 40318 (FNSTO1000002)

oG —— Streptomyces griseiniger NRRL B-1865 (AJ391818)
— Streptonivees indonesiensis DSM 41759 (DQ334783)
L Streptomyees rhizosphuericus NBRC 100778 (AB249941)
SO——— Streptomyces canghringensis DI3P3 (AI391831)
Strain 8D-29 (MH234884)
Tl Streptomyces vatensis NBRC 101000 (AB249962)
Streptomyces mataysiensis NBRC 16446 (AB249918)
100 ——— Strepromyees bingchenggensis BOW-1 (CP002047)
L Swepiomyces aldersonize NRR1. 18513 (EU170123)
Streptomyces iranensis HM 35 (FJ472862)

99
—: Strepromyees rapaniyeinicus NRRL B-5491 (EF408733)

Streptomyvees philanthi riangulum (DQ375802)

60
—97‘—‘ Strepromvees celluloflavus NRRL B-2493 (JOEL0O1000102)
100 ' Strepronvees kasugaensis M338-M1 (AB024441)

—
0.001

77

69 58

88

B2 £TF 16S rRNA £ E F5IERHEEIMLZE SD-29 B R LR B #
Figure 2 Phylogenetic tree based on 16S rRNA gene sequences of strain SD-29

TE: 203 BT IR RGN 1000 YT IHE UZ 1T S H 23 L s F55 (B GenBank 5%5;5 47 0.001 £ 0.2%

117 16S rRNA E:[E FP 31 i 1k 2 5.
Note: The bootstrap values (%) presented at the branches were calculated from 1 000 replications; Numbers in parentheses are GenBank
accession numbers; The scale bar 0.001 represents 2 nucleotide substitutions per 1 000 nucleotides.

2.2 HiZE SD-29 MK EEAE R AR R E FOE RS R, N OR B

A 3 FTLAE i, KT SD-29 M MCABANT  Fedkmd, Btk SD-29 14 K BAROWH I I S B (O 15
AW RSHOSE, A T 2 T A5 82.6%. VEMEE R, 9 82.2%; HLUE: PDA ekt Hkw:
AT 11 FlORBERFRIEE SR bR SD-29, ML Wit i vl ik 74.5% (1] 4).

3 E#k SD-29 MR AR M IIER
Figure 3 The antagonism of strain SD-29 against C. gloeosporioides

e A: TR SD-29 MFSHIVEH; B: XIHE.
Note: A: The antagonism of strain SD-29; B: Control.
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70 + be

Inhibition rate (%)
wn
=

0
Millet PDA  FM3

cd

de

(i <]

FM9 FM-19 FM-17 G2 YE Al El  Kaz

Type of media

Bl 4 ARIEFESEK SD-29 & Bk A HIH =

Figure 4 Inhibition rate of strain SD-29 fermentation broth in different medium

T AE/NGFHEEFRIRE Duncan OB N2 4GS, 7E P<0.05 /K F-225 .
Note: Different lowercase letters show the significantly different at P<0.05 level by Duncan’s new multiple range test, respectively.

2.3 % ® SD-29 X Hithfim R E A e

FIFH /KBS SR I T RR SD-29 AT & e 7%
FIFHBR 22 A5 K BRI T 2 i Hofth 9 i
o IR EL PR I TE P . SR 3 ATLUE Y, TRk
SD-29 MIHLRITERR) ™, A TR 5 A6 SR TR (117
TG, K% 100%; o8 TR 290 12 1 3 il
TEPEARXT LSS, [Ch 40%.
2.4 ¥k SD-29 BRI EE

Pk SD-29 f & a2 i B O, A 2R
CBRZEEL, 1 L KBERILIATHAEY) 667.8 mg.
FHLEE P FH DS A A, AR — o Wk B 1 REL B 4 i
22 KRR AT IE , S A SR 0 i
FIIRIETE ) ECso M 13.6 pg/mL. TEIREEREE M)y
1, M TAFREART 3 Ak B S G
PERRRENE, ZRRI], YRRV 25 pg/mL
A1 50 pg/mL B, R EEXTHLER Y A TE PR Ak
BEIREETH i, KL 1 B s 5 1 100 pg/mL
IR 100 °C 4FE 1 h 5, HRHRE A I B A
FERCRAAE] 98.7% (K 5).
25 FHEMMERARERSERTFHALZNER

RIEE R (K 6), AHERYIRT R A A I R 1)
71 A BRI . AR 9 () )
F9E i &%k 55.1%IH, 100 pg/mL tH3YI 076
TR FRAUH 20.3%, HXF AL 5 IE B (00 11 %
P Zi5 5] 63.2%.

F 3 Wtk SD-29 A BN R EIEYR IR B B E E R
Table 3 Inhibitory effects of the fermentation broth from
strain SD-29 on plant pathogenic fungi

S S EilEES

Pathoge Inhibition rate (%)
A BT 82.2+1.5b
Colletotrichum gloeosporioides
ARSI N 100.0a
Colletotrichum musae
YA E ST 68.9+4.6d
Fusarium oxysporum f. sp. cubense
INEIREE 48.1+6.1e
Fusarium graminearum Sehw
B2 40.0+1.6f
Fusarium oxysporum f. sp.
cucumebrium Owne
VS 2L Il 78.1+1.7bc
Fusarium dimerum
KRB 72.0+3.5cd
Neoscytalidium dimidiatum
SR LR 71.2+3.4d
Botryosphaeria beren-geriana f. sp.
piricola
P LR S 77.3+3.9bc
Dothiorella dominicana
FAOBLEZBR 67.1+1.4d

Pestalotia disseminatum (Thuem) Stey

e RFEBEEE A RING FERR S Duncan [RHTE R ZE LA
%, 7E P<0.05 /K P25 0.

Note: Different lowercase letters in the same column show the
significantly different at P<0.05 level by Duncan’s new multiple
range test, respectively.
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My -
120 25 pg/mL w50 pg/mL. w100 pg/mL

100 a a 4 a a
d e
' g
h .
i
i i
40 60 80 100

Temperature (°C)

80 |
60 | &

40

Inhibition rate (%)

5 SD-29 fHIRMRIAIRE1E
Figure 5 Thermal stability of the crude extract from
strain SD-29

T AR/ NG FEERRZ Duncan OB R 254K %, 7E P<0.05
KPS,

Note: Different lowercase letters show the significantly different at
P<0.05 level by Duncan’s new multiple range test, respectively.

2.6 FHIEMIRIRRER I

RIGEE R, M EERR IR 3 dJE, T
100 pg/mL AHARPIALHL A I e BE ELAR BH /X
REAINEE EAE, HBARCR A 48.97%; 5 1 mg/mL
(R BT AL BRI AL 43.86% % L1, HHARM i I vk
BERAIR, TEPEE LA EE (R 4).

MF RN 4 d J5, W RRZ I R R A U R
EHE G IR, 100 pg/mL HEARYHIBARSCR
FEARh 40%, 5 1 mg/mL A RIEALFBG 00 4 . H
BCAT UL, AR ARG S L AT 1 B AR s T A B
(% 4).

&4 FEHk SD-29 ARIBYIXIGARM A BB IR B

Spore germination rate (%)
L]
f=]
T

b
F d
T d e
10 20 30 50 100

Concentration of crude extract (ug/mL)

0

6 EEPk SD-29 FHIRMIR AR AR E B R T HA & A4 I
1ER

Figure 6 Inhibitory effect of the crude extract from strain
SD-29 on spore germination of C. gloeosporioides

T ANRVNG FRER R4 Duncan BB il 257K056 , 78 P<0.05
KFZEREH.

Note: Different lowercase letters show the significantly different at
P<0.05 level by Duncan’s new multiple range test, respectively.

3 WikE4w

R T 5 N B AR 7 R AR T A R D) R R
Z, HuiKREAMIA R TY 74%)2 B 45 Fil
2R A P R T R R AR E B G 1Y
FERMERE, HNIMNFEMRECLRET
R A B R B, BT AR LR P TR
o BRIBUCSE S5 i I SR 1 25 74 (Streptomyces badius)
DX23 X % E R AR, 3k
) 731935 KRB VTG H K] L KRB A+
SRR iy v 0 5 T 36 1) — BRI B0 B TR (Streptomyces
bottropensis) S15, 12 Ak RE FEUETR T K B Ik

Table 4 The biocontrol efficacy on infected of rubber blade strain SD-29 crude extract

] s o T 4 UIREEYES
Time (d) Treatment Disease index (%) Control effect (%)
3 JGH/K Sterile water 93.4+3.5b
H R 25 Chlorothalonil solution 53.1+4.2e 43.9+0.5gh
Fikk SD-29 #l#24) Strain SD-29 crude extract 46.7+2.49g 48.9+2.6f
4 JopE7K Sterile water 100.0+1.5a
H #IE 257K Chlorothalonil solution 57.5+4.9d 41.6+8.8hi
Btk SD-29 #H$E) Strain SD-29 crude extract 60.7+0.8c 40.0+2.5i

W FSEEE R AR F/NTEERR 4 Duncan [T ETEK S, 7€ P<0.05 /K25 .
Note: Different lowercase letters in the same column show the significantly different at P<0.05 level by Duncan’s new multiple range test,

respectively.
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WA A IR T | B JELR T 55 2 i E
TR B A B ARV E P Boukaew 45
ABHRSUAR s 4 48 rp 43 B8 31— AR ZE T Streptomyces
philanthi RM-1-138, HXf C. gloeosporioides Fl C.
capcisi FIIHIZ455 7 88.4%F1 87.6%!; Sadeghian
ST FARP R -3 3 25 31— R i Amycolatopsis,
HX} C. gloeosporioides IR, I HABIER
S AE YIS PO, ASBF T A R 3 Bt — bk
XAt A TR EA A BV E R Ak SD-29, i
b R RS A R 3 A5 2R X e e 2 S TAT A4 0L A 95 P 8
% 82.6%.

H i MR SD-29 FJE A WAL AN BE SR FRIE S |
AT E DL 16S rRNA JE[R 411434, W
T € iRk SD-29 iy Streptomyces yatensis., H Rij [ N
HMG IET S. yatensis TEA B 7 TR AR E R, 5K EH
1E 3 p 3 B L —Fk S. yatensis, B BT IR JE B
AIMHIVE IR S T 94.5%, FEMIZHE 48 T
—FiE e LA % B, Am bk SD-29
(%) 2 T VRGE 2of 2012 O TR ZE BUG BRLER W) 23 Vs T
fig, HXEEERUR, A ZMEERS, AT
5.

WG SD-29 WPt XIS H, Wk
SD-29 Y& BN 10 Fivi 4o i 0 1 34 HA i
ARG R, PURTEE) . Wbk SD-29 WA
FE2 4 X6T B #0 < JH T I TR 22 4 K DA R+ R
R AR T, A0 25 4 2 TR AR 0 TR AT B o
SR TR 22 A R o3 A A8 1 o iR FH AR P AR
EMHRIORE, Hkk SD-29 1Y & BERCHAR Y X HE
FERHUR, 100 °C AbFE 1 h, HANREIEIED FRET
—2f . TERRIEM AR, 100 pg/mL Y &
TRAHZ 0 JE F < I TR A BHTR B3R IR B 48.9%,
1 000 pg/mL B A FEIHAHLG, FHERPIXT ISR A B
BB, w] WE kR SD-29 £ C. gloeosporioides A4 [
TR T A — 2 BN RS A & BEL S. yatensis
AT DA A e I TR ) — ol B A B R 6k [+
B, A5 5 S B sl AL TRk SD-29 AU B s 1
R R TR AL B E T R SR
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