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Biocontrol effect and the taxonomy of antagonistic
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Abstract; An antagonistic actinomyces strain AO3 was isolated from vegetable soil in suburb of Beijing.
In order to evaluate scientifically the applied potential of the strain for the biocontrol of plant diseases, the
fungistatic activity of AO3 was determined by confronting incubation on PDA plates and control test to the
potted plants in greenhouse, and the taxonomic identification of the strain was carried out with morphologi-
cal, chemical and molecular methods. The results showed that the strain AO3 displayed a broad-spectrum
inhibiting activity to all the 15 plant pathogenic fungi tested. Especially, the inhibition zones out to the
width of 11.0 —12. 0 mm were presented by the strain against 4 ones of the pathogens, Botrytis cinerea,
Alternaria solant, Rhizoctonia cerealis and Pythium aphanidermatum. The biocontrol effect of strain AQ3
to gray molds of pepper and tomato reached respectively 84.97% and 79.51% in greenhouse. According
to the characteristics of morphological, cultural, physiological and biochemical, chemical components of
cell wall, as well as 16S rDNA sequence, the strain AO3 was identified as Streptomyces hygroscopicus.
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—UeE B E H e, oA b A A A Botrytis
spp. 5 R K 2 H AT C O A 2R 8 R Ak
Je KRG 2 T R B AW A Y 32 R
1, 20t 70 AR LI HE 4R PR I ke 2
(ZH R WIES) W BE M2 (5% A 5 ik
S ) TR ISR S 55 22 A 2 2% TR 5 1 B s R 1 3
H T BT 5 12 748 S, 3 I PR R, S S 24 50] 7 A
THIME? 2 1998 4F R EMER AL KH S b
DI R T BRHT 2 1 R BT R A A BT AR, HL
SETRAR D A M X = BT RRR 26
(FEBL 3R =2 TR Bk 5 2 s b & Fh
PEREZENG , HRTBIIaA o0 INxE, 350 R G AR
M, A2 28 TR B R ok T 3R 5B a4
BRER 2 H SRV 2SR R AT LR R AR 2 R
T R G RNl D A BRI ] o TR A58 A G )
Az 7 PR R sz 2 FE AL, AR B R Y e v H £
Iz, AR T R K e i EE A LR O R
JREER AR IR W HGE DL R A A o8 2, B E
et PTG R BT R, G B RN LA PR SIE , X6 FH ) it ]
A A BR A 5, B IR O B RS AR E T itk
ARSI AR R SR R 7 it o AEE DRI T AR
1 FE IR 0 75 S DU TR R A03 X SRR K
B A E B 1 AR B E ], JF 8 E T Hodr
AL, DA P32 R ) ) 35 A8 A A 245 7 it
SR AR BT R B K A WA 2 R A
Wt
1 #Rl5HF=%
1.1

FEPURMR R A03 , AR 2H 7325 H 5t X8
ST 88 SR BT« 2 0t H R BEUIK 55 05 TR Bot-
rytis cinerea Y8435 F HUAR H [ PR , H & HE i )i
TR R AL 52 T AR AR AR PR R v [ Rl R 2E Al )
P AR PR AL, AR TR 6 S A, 1] R,
Xt REZ5 7] . 50% JK HE ( pyrimethanil ) & 775, PN 5%y
THIRIR AR FRA 7] 53% Z471%: & (polyoxin)
AR o AR e AR B i A 0 ) 5 7 ol A
HIE I TR AR A PR A T,
1.2 ik
1.2.1 F#3HA A3 i En 2

SRR IRFE ) TIEZE TG AL RE IR A3 4
T SRR, S ST IR R S [ R 28°C
Bigt 2 ~4 K, FHEAE 7mm BTCREFTILESTHIBEDE,

PR R BCE T PDA SFAREE 1 9 30 mm &b ,28C 1%
22 RJF , TP e 2280 F [RIAE D7 4T 1 s
JREREDE, 27°C 35 5 ~7 K, WEC R EE L,
RRALEE 3 KEE

1.2.2 BEGRXE

PR AO3 75 5 [ — S RHA G 7R3k | 28°C 4537 7
~10 K, = A e, FH IR AR PRI 2 ~
3 IR T 250 mL = MY 50 mL Fh -85 55
N,28°C , 180/ min fHIRRZHG % 24 ~30h, P35
FRWFE 5% (KEALFT 500 mL = FI PN 0 & BE: 3%
J ARV 100 mL,28°C ,200 1/ min 4§ 3% 55 5%
168h, & 50001/ min 20> 20min, |75 E 4°C
W ArEH

BiI6 X 52 A 2 i R0 BRUIK 25 0 9 B B A
PDA AR b 22°CE;#£ 7 ~10 K, K KR4
5, TG B K 6T 46, B il ik B R 10% efu/
mL F995 i TR AR IR A H

W A03 KEE L IH R 2 f5FBRI, 3% 2 &R
AME MR 1000 59, 50% K FEEIFF 1000 5|
FNE KT 4 b P SR 2Rk 3 iy XA B 3
NPT, TR Ik & KB T 20
FIARURN R i 4, AR AL B 15 Bk, 20 B2 2050 A03 &
T %o B 24500 S 3K, LA T K A BE . 12 h J5s
A S BEALHES ) W b S R 6 B TR
SRLHRE R 48 h, (R IR R IR 21 ~23°C, RR4b
H4WREL,

RS S 5 R IE A 1, 4% B (8] 24 25000 56
U R 0 G b o, R R R 1 4 SR
Bia R, A B e T B i 3. 0 #4725 57
WE VT
1.2.3 A A3 W9 R %%

K D) 8% A03 43 IR TE PDA 51K 1
SR AR A R BRI |, 28CHi % 8
~15 Ry Gk BN 2 AW 2 BT 2iEs,
M R P B 2 AR R b B B R 2R W BT Y
PR MR AO3 FE 11 FPORTRIES SR 1A FMAFAE

SR AFE DR B b AT A B AR AR ST
K JH PR Hasegawa 517 1 TCL 75 2F 47 41 g
BE A 220 T4 20 K f s (X 2 A3 T

R A03 7E PDA “Fl | 28°CHi 7% 2 ~3 K, H
TCTRE 7 28 L4 e TR V% A MBS AR , 7E 20 wL AR & v
AT PCR ¥4, R 5% Primer A: 5 -CAGGC-
CTAACACATGCAAGTC-3" ; Primer B: 5’ -GGGCGG-
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TGATGTACAAGGC-3" . Jx i 5% 1. 94°C T AL ¥ 5
min;94°C 40s,55.5%C 40s,72°C 1 min 305,35 P&
T 72°CHENP 10 min, § 8729 FH ¥ 10 (9 DNA
[IBGAF) & e aifk , 75509 1. 3kb 16S rDNA F I#7
5 pMDI8-T # Ak % 4% , #h i # 1k DHSa KT TA,
WA P BRE G 0 B B A, PR P Ak 224 M 1 1 B 24 I
Wi, 28 PCR S5 1 11 O AR ) B AR A BR 2 w ik
AP, P45 5 1 ] BLAST #i1 DNAMAN4. 0 43
Brgft 5 GenBank ARG A 1Y 16S tDNA J7 51
AT HXT 43T

2 R4

2.1 HE¥k A03 FINE L

SRR X IR RS FREE A W FE B A3 X T A I
TR IR TR R A —E R E T (R 1) o Horpxd
B KB B. cinerea | 75 Wi 5 PE 95 18 Alternaria
solani /N SRR H Rhizoctonia cerealis A1\ J& &
Pythium aphanidermatum PP HIVEFEE5E | 0 B 71 98
FEi511.0 ~12. 0 mm,

&1 HRE A3 M EXHEREREENIMEER
Table 1 The inhibiting action of strain AO3 to 15 pathogenic fungi tested

WEE e N
e BER A tnbibition -7 AL | gy BRI tnhibition 22 -4
) Significance ) Significance
Number Experiment pathogen zone . Number Experiment pathogen zone .
of difference of difference
(mm) (mm)
1 FHRRERRE Alternaria solani 11.0 a 9 PUANZESRTE F. oxysporum 8.0 c
2 HTHBUIR 25975 v Botrytis cinerea 12.0 a f. sp. niveum
3 K FERG T B. cinerea 11.0 a 10 BiGANZIRE F. oxysporum 7.0 c
4 TN IKEERGTH B. cinerea 12.0 a f. sp. pist
5 BUIRFEIRE B. cinerea 11.0 a 11 FRAERZERE TR F. oxysporum 7.0 ¢
6 F K RBEE T Exserohilum turcicum 8.0 c {. sp. vasinfectum
7 HiEMZENE Fusarium oxysporum 7.0 c 12 FEE Pyricularia grisea 7.0 c
f. sp. conglutinans 13 JRJEH Pythium aphanidermatum 11.0 a
8 KRG F. oxysporum 9.0 b 14 /NZLUHYRTE Rhizoctonia cerealis 12.0 a
f. sp. cucumerinum 15 WAL B ZR A Verticillium dahliae 8.0 c

2.2 A03 XEHHMEBENR K BRIBERHEIAR

SERNIR  TEPUE A03 11 A I WONS T ABUR 5 4t
IR a9 1 BAR L A 1 1T A B PR AR A R
I T8 B Y AR 7% IR G b oo A ABUME 25 1Y

VEHIAEX 558 BTG SCR R 84. 97% , 5 PP Xt i 2
FIFE @ =0.05 K 13470 b Pk 25 5 X 36 i K 5
TR BIARUR N 79. 51% , B AR T % B8 245 57 K
MYZEsR L ENER(F2),

R2 HEHE A3 XREHMIMEM R BRI IEBR

Table 2 The control effects of strain AO3 to gray molds of pepper and tomato in greenhouse

KR Disease incidence( % )

TRITE TR L Disease index

BEIGRLA Control efficacy (% )

Jb B
- AR Fiigiil fiig:se Ll AR Eiigil
l'reatment
Pepper Tomato Pepper Tomato Pepper Tomato
A03 16.66 b 65.69 c 3.80 b 16.12 ¢ 84.97 ab 79.51 a
ZHEE Polyoxin 8.72 ¢ 29.48 d 2.34 b 13.27 ¢ 91.28 a 83.09 a
P Pyrimethanil 20.22 b 91.89 b 4.19b 43.10 b 83.24 b 45.08 b
THKXTHE CK 41.26 a 99.38 a 25.97 a 78.50 a — —

T A TS A 7B a,b, e, d AR T ZE 0BT A9 EE AL, [ — 31 AR AT AR IR P B A S EAE @ =0. 05 JKF LR E 2257 . Note: Means with the
same letter within a column are not significantly different at & =0.05 according to analysis of variance.
2.3.2 B AAAE K S MR IE 1R Pk T
(03 S T IR G, S T 5 N A
WS (K 3) .

2.3 HEtk A03 B ZE AT

2.3.1 A4 FEN TR 2 TORE IR, AW AT
2 203K T 22 22 5 B BE A AR U, A R IR
JE I /NIBE IR
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Table 3 The cultural characteristics of strain AO3 on 11 different media
I dt A KA B UERZ e TR 22 AR
Culture medium Growth state Aerial mycelium Substrate mycelium Soluble pigment
LERUIENNES 7V 2 H1E W eyix s -
Glycerin asparagines agar Poor slowly Slight gray Slight yellow brown
TER E U 7% HK 15 —
Starch ammonium agar Poor Slight gray Dark brown
WAEPER T4 Z G E 953 KA B R
Glucose asparagines agar Luxuriant Gray Slight yellow brown Trace quantity
AR R Bl 2% HIK W —
Glucose yeast extract agar Poor Slight gray Brown
MEFER A ZWER E 953 KA e —
Glucose asparagines beef extract agar Luxuriant Gray Brown
FRBE 353 KA W —
Washi agar Luxuriant Gray Brown
DYEEtnTihg E 953 KA e —
Emenson agar Luxuriant Gray Brown
HIRBE 353 A R —
Nutrient agar Luxuriant Gray Slight yellow
Wikl s 353 KA A R EKSE i —
Gause's synthetic agar Luxuriant Gray with bibulous spots Dark brown
R E353 AR W —
Potato patch Luxuriant Gray Brown
R BRI 953 TR HEH —
Potato dextrose agar Luxuriant Gray Slight yellow brown
2.3.3 AR ACH P TEPR AO3 W R f6 S b 5 PR 3 it
\Y

P A= 5 [ K R R N B | BB K R UE R FH R
A= H,S FIZE A R AR JE i IR &, AN 7K fift £F 4k
IR RE R D-A%0E 2 2P D-H &0 D- T #&
M DL-fJUBSE %0 22U H i D28 vE b, Hak
EFURE D-ACHE B OB LR 0 AR AR TR
RS BATRE AT | L- B WRG

2.3.4 mARAEA S K R fo et K R KD . TR R
AO3 AfIRES A L, L-— 23 R (LL - DAP) & H
RIR A2 R T A 440 i /K it TG 45 AE M
WALy C 7Y,

2.3.5 16S rDNA & 5 5] 5 #7: i f% A03 1 16S rD-
NA JFIE 1 s, B H 5 GenBank HAH G L
R 16S rDNA 558845 BLAST Fb X}, A03 #Y 16S
rDNA ¥ 5 5 0 K 8% 5 Streptomyces hygroscopicus
() 16S rDNA J75 i[RI 5 &1, 15 99% , 45
N, R AO3 TSR | 4 L RE £ 27 S 7R RN 4 8
IK IR E R S5 B TR JB Streptomyces AT, FoB: F- 4¢
HE Az AR AR AR PE AT 16S tDNA 31 55 0 7K 4% 75 1 2k
A—F, WIGZH IR, 255 A03 14501432
FRAE , %502 AWK EE TR S. hygroscopicus

WK B T o R B A AR R AR T, A [
MR = A AR RIS BT AE R E A VP2 R AR L
TEARE , AN X8 2R i 22 85 387 A TR AR b S
hygroscopicus var. jinggangensis JG5008'" 7 #75 &
7 B R R AR Bl S, hygroscopicus var. limoneus 1FO
12703 1 127041, = Fh 8 224 TR 37 A2 T
A5H S, hygroscopicus var. yingchengensis 10-22"7) | [
FEFIRUHA G W= LS. hygroscopicus SF-1293 11 25
BRI BR A03 735 F AL HTRR X 5 1 4 48, bt
WG5S O R B RS AR ], 7 A 940 B 6 P o al
REA T FaRPiAE R HXHE W s )5 L TR A ) 1%
AT, JE R SR R Bl )00 ol P 8, TR
28 B T R L A IR ) A 5 0 SRS R
R R T D B B B A SO 2 BRI Y
TR 1, TR HER b X H™ Az i 7E A= By o
A B FH AT 6 P2 o3 K LB o AL ) 5 2
Py R SEtIP T, SRR T 2R 40 A 250 7 i i Ao, T
R ARG DK B B4 B3 16 B BEA O A 25 i
I A B T DK B BP0 R AN A 2 5 B S
)t
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1 GCCAAGCTTG CATGCCTGCA GGTCGACGAT
61 ATTCACCGCA GCAATGCTGA TCTGCGATTA
121 GCAGACCCCA ATCCGAACTG AGACCGGCTT
181 AGCTCATTGT ACCGGCCATT GTAGCACGTG
241 TTGACGTCGT CCCCACCTTC CTCCGAGTTG
301 CCCCGAAGGG CATGCTGGCA ACACAGAACA
361 ACATCTCACG ACACGAGCTG ACGACAGCCA
421 ACCCTGTCTC CAGGGTTTTC CGGTGTATGT
481 CGAATTAAGC CACATGCTCC GCTGCTTGTG
541 CCTTGCGGCC GTACTCCCCA GGCGGGGAAC
601 GGAATGTCGC CCACACCTAG TTCCCAACGT
661 CTGTTCGCTC CCCACGCTTT CGCTCCTCAG
721 CCACCGGTGT TCCTCCTGAT ATCTGCGCAT
781 CCTACCGAAC TCTAGCCTGC CCGTATCGAA
841 ACATCCGACG TGACAAGCCG CCTACGAGCT
901 GCGCCCTACG TATTACCGCG GCTGCTGGCA
961 CCGTCACTCT CGCTTCTTCC CTGCTGAAAG
1021 ACGCGGCGTC GCTGCATCAG GCTTTCGCCC
1081 GTAGGAGTCT GGGCCGTGTC TCAGTCCCAG
1141 CCGTCGTCGC CTTGGTAGGC CATCACCCCA
1201 TTCACCGCCG GAGCTTTCCA CACGGAGGTC
1261 CCCCGTTTCC AGGGCTTGTC CCAGAGTGAA
1321 TCGCCACTAA TCCCCTCCCG AAGGAGGTTC
1381 TCTCTAGAGG ATCCCCGGGT ACCGAGCTCG

TGGGCGGTGA
CTAGCAACTC
TTTGAGATTC
TGCAGCCCAA
ACCCCGGCAG
AGGGTTGCGC
TGCACCACCT
CAAGCCTTGG
CGGGCCCCCG
TTAATGCGTT
TTACGGCGTG
CGTCAGTATC
TTCACCGCTA
TGCAGACCCG
CTTTACGCCC
CGTAGTTAGC
AGGTTTACAA
ATTGTGCAAT
TGTGGCCGGT
CCAACAAGCT
ATGCGACCCC
GGGCAGATTG
ATCGTTCGAC
AATTCGTAAT

B 1 E# A03 /Y 16S rDNA 51
Fig. 1 The sequence of 16S rDNA from strain A03

TGTACAAGGC
CGACTTCATG
GCTCCACCTC
GACATAAGGG
TCTCCTGTGA
TCGTTGCGGG
GTACACCGAC
TAAGGTTCTT
TCAATTCCTT
AGCTGCGGCA
GACTACCAGG
GGCCCAGAGA
CACCAGGAAT
GGGTTAAGCC
AATAATTCCG
CGGCGCTTCT
CCCGAAGGCC
ATTCCCCACT
CGCCCTCTCA
GATAGGCCGC
GTGTCGTATC
CCCACGTGTT
TTGCATGTGT
CATG

CCGGGAACGT
GGGTCGAGTT
GCGGTATCGC
GCATGATGAC
GTCCCCATCA
ACTTAACCCA
CACAAGGGGG
CGCGTTGCGT
TGAGTTTTAG
CGGACGACGT
GTATCTAATC
TCCGCCTTCG
TCCGATCTCC
CCGGGCTTTC
GACAACGCTT
TCTGCAGGTA
GTCATCCCTC
GCTGCCTCCC
GGCCGGCTAC
GGGCTCATCC
CGGTATTAGA
ACTCACCCGT
TAGGCCTGAA

16S tDNA J¥81 53 BT J2: Jilt 26 B b G o S Lo S
FE B BT B W LR — 8 A A A AR R
DNA {EABHR 4T PCR 473, 3815 16S rDNA H T
FEFIE , 1 CTAB 31 SR B H DNA Fi1 ]
TV T % ELHERERCE V5 7 A AR E 4T PCR 973, Y
PO 18 7= 4 48 e 2l Ak 35 T A5 3] 1.3 kb 19
16S tDNA J W, Ut G —J7 ¥ 0] T L4 1Y 16S
rDNA S50, 3R 0] LA I DNA $REUAY) 2404
R ACEAER T e R ST,
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