% & L F . 2022,31(8):1067-1075
Acta Agriculturae Boreali-occidentalis Sinica

2% iR H 1 :2022-07-14

doi:10.7606/3.issn.1004-1389.2022.08.014

% 25 3 Bk < https: //kns. enki. net/kems/detail/61. 1220. S. 20220713. 1323. 014. html

B BB 1 75 TR 5 55 M 36 T L 52

X B 4%, B

*,E [

(PHALAR B R 2 R PR AP 22 B BRI B 712100)

M OE T ok AT B A B SR B e AR B B PR DA (i B BRABURR. T 43 1 X SRR A R A P AR
PR A= B B 3l 20 A 0 2R 58 AR A A AR A TR R PR B e B R A L o A By T
HEAT o3 U e MBI VE I 2B IR R . 43 2 BRI ROR A7 19 55 85 1 LX-4 R LX-18, 43 5 % 5€ 19 Strep-
tomyces angustmyceticus Fl S. luteogriseus , 1L.X-4 Fl LX-18 XF BRAUFP F 19 W & TC 5 W, (E X} BB 4h 1 ¥ 6 1
AR X B 40 vk e A3 I 43 00D 210 61 26 1 6. 89 V6 W AR RS IE 430 Ry 6. 76 26 R 27. 48 %, LX-4 I
LX-18 $R] 77 A -1, 3740 SROME Al 2 I Ml DR Bk SR AN D I . P 1 S P e L C IR TR AN IE T BE AR A 4R W 25
A7 AT L LX-18 1 R T A 0 O 0 TR 0 e 5 X4 A TE T A A A T O . LX4 R LX-18 R
W B A B R 23 BIAE pH 2~ 12 A pH 6~ 12 FARE  REAE I LR T 40 CHRIADEIE 96 h AR E  (F i
6] 77 25 A0 IR BT R 3G PR AR . 45 SRR L LX-4  LX-18 X B s 55 78 AR 4 A0 25 B g i 5

KA

FESES S476.1 XEkFRERS A

BB & Z R IR B R b SR 1
Lz —, 5l A EZEAS T LA 100 ZAEM D)
S BB IR R B SRR E R —, FE
i BB IR JH B (Colletotrichum capsici) 5, £
TG FE R I R R R S 5 e BB 7
JBT s — M8 10 6 ~ 15 04, ™ H I AT 9k 2 40 %0 DA
s BB M f B R SR BRiAE T
BRMRNZEGBIRT KB IUR S Ak
2B A T AR Py B IR A ik B A BORUR
R . P AW R DR ER AR RSO G X ER
NG SR NS 37 7Sl NN B 2 2 W R Ul

H Al B A E il 2 R A By T ik B3RO
JELI TR LA DR AR, R A i A By
RO T R B BT O AT L A
ZMPUER YR KIS RS .
BATFR AW IEA 00 . e A B i 2k i
T 8 JIC T 2 B 1 ) AN AR DA R A A L IR
VLA IS o o T S €l B SR N
WF 5T LA BRI 3 B8 A A BT DA i BFE BRABUAEL

IASBH:2021-08-09  {EEBEH:2021-10-26

BRI T 5 B 5 T 5 20 A0 20 S 00 5 A AR 00 5 R IR R A SE
NERS

1004-1389(2022)08-1067-09

R FR G 1215 21 2 Bk ) 1% e 0004 5 PR A 4 )
45k LX-4 LX-18, 38 i i 3k W Bk 2 B i A A
FAMIL RN K T 0 R A7 ) 25 R L O X T R A
5 BT 1) 7 FH 48 41 00 S At

1 M5

L1 REsE

Az 15 TR« DN DY 9T g A5 e £ R ARABUAR 78 -
IrEARAE

A I B A 13 3 0 D LOT s BURUR
JEIR IR B (Colletotrichum capsici) 102 ; JH &L 3R
IR B (Alternaria alternate) \1.03: T B K 5
W (Botrytis cinerea ) . 1.04 : 3 5 5 IH % 1 (Col-
letotrichum gloeosporioides) \1.05 : T K K BEHK B
(Exserohilum turcicum ), 1.06: /N Z 7% % %% &
(Fusarium graminearum) . 1.07 ;3% F % 7% #
(Sclerotinia sclerotiorum) . 108 : FH 3¢ 2 BE 9%
(Alternariabrassicae ) . 1.09: F% J& £ 5% B (Val-
saambiens) , 1.10: /N2 25 3 J& 55 W ( Fusarium
pseudograminearum ). L11. FF # M #h 5 &

BEEWB PG4 & A &R (2020ZDLNY07-02,2021ZDLNY03-05) ,
FE—EE XK, T WL A, N F B S8R FHAE W B IR 5% . E-mail: 756531448 @qq. com
BEEE . T M. L AR LA S, FEMNFEREREREYHETI . E-mail: wangyang2006@nwsuaf. edu. cn



« 1068 o4t & ok

S 31 4

(Pseudocer cosporafijiensis ) 112 £ #8 T J& f"
B (Coniella granati ). 1L13: # JN ¥ B 5 &
(Corynespora cassiicola) » H P4 It A& MRBLH K2
B SR A ) B iR S g R A AR
1.2 REFHZE
1.2.1 AGH®HEARHFEEEN L E
T T a2 DA A R SRR B 114 AR B £ R O R oy
B Al AT B0 L T L LB JEL TR A 13 R
Ji LR S BOAR T A T 0 25 5 SR ST AlOGT IR 9 0 o
Bk W R BUE . T PDA bR R 37 4 by
L IFFEREH 4 em MO0 B R AR B B UE (D =
6 mm) , DA $2 A 58 bR TR 3 SR AR b X R
28 CHEMKE IR LKA H S, B EE
3 WAL IR LR
1.2.2 AGH Sy EER JTESFHEINE
2 BRA: B A RIZE 3 FP T ISP3 53R 56 b 76 1 95 3
AR AT W S B A R R W T
15 B 95 B R B A A T R
T 58 X0 25 L B 2 1 R AR T 40 R

FLFRRRAE W22 6 2 PR A B W A T PDA
B3 (GS B3R 3 L K ISP1,1SP2.,ISP3, ISP4,
ISP5, ISP6 Fl ISP7 #5375 ,28 ‘CHHIR A= K 15 d,
A e B PR S TN )T O O i SR T AR B AR
AR B4, L SE NI 22 BT 2B
O IR 77 A ] P P 0 3R AR O TRk A B i R A
TE AR

A AR AR S - A= B RE A T R 22 T A A AL
6 b5 2 5 (e 5 TR 5 T E ) BRI G

16S rDNA I 7 S ik Ak i 44 2 . 2 B CATB
JrikBEBURZE I DNA #E47 16S rDNA A JF 51
) PCR ¥ 34, 51 ¥ . 27F. 5'-AGAGTTTGATC-
CTGGCTCAG-3', 1492R: 5'-GGTTACCTTGT-
TACGACTT-3", ¥ & 10 pmol/L; W & & (25
pL): Master Mix 12,5 pL, W54 1 L, Fiif
5191 pL, FE K4 DNA #i 2 pl.dd H,O 8.5
pLs SO 2594 °C B8P 5 min, 94 CAEHE 30
$.56 ‘CiBk 30 5,72 ‘CLEfH 90 s.FHFF 35 K. &
J& 72 CHEAH 10 min, 719 B RHE YR
A B FVHEAT I T 8 7 25 R AE EzBioCloud M
i A7 6] R 3 X, T MEGA 6. 06 3k 4Rk 47
75 53 Bt I 48 3 2R G ik A
1.2.3 AL E s 5 2B s
HAERKGHm 2 BRADTEAE PDA B3R5 B
RILERE3% 7 d )5, G K sh e dic 4 48 7 38 5 il

BRI EONR T+ ZOiE 1 Wk B2 oA 107 CFU/mL /Y ffl -+
VR . FH R TR I 7R R VR VR A R I R
WORF AT PR R SRS P 2R A KSR &
FR BP0, BEAL RN RE 60 A%, LA I B 7K Ak BEAE Ry it
W7 d 5 v B i 2R, SR 5 1 B 2 Ak 3 3
BU15 BRAS B3 51 00 BRBLA) 6 % 3% 2 /N Ak 4
20 d E G H bR S FIAR K. BB E S 3 K,
1.2.4 AGHAEABARERMB S0 BMH
Awla S B 58 5 35 00 A2 T BR 9 7R LT G
7R 3 R L 7 L AT 4R R L e
T T L7 R AR T L ACC A B B
1.2.5 AEAWABRFRADERER> WS
WA PDB 53R 42 Fh PR B 3 TR DF (D =6
mm),28 °C.180 r/min fEEIEZ E FE 7 d K15 W
PR Y & W, 5 000 r/min B§.0r 10 min W8k
T b 35 R i i R M DA /DN 381 R A3 AR v A
W LR OHE E T BT AR, e 2K R
TR U 3 A ML Y B RR E . B
IBCH 1Y W) BT T W b G SR BE A 100
pg/ml B W, B A B W 100 pL 5 10
mL PDA 2] J5 #1°F #i, DL 45 & H B 19 PDA
YERRE IR, 28 “CHEFE 5 d J5 57 238 Xk I 4 %f
TRZH A A B ) T V% BLAR IR A 3 WKL
IR AKX .

B 22 A M 3 = O BEAH T 9% LA — A B
2 V5 EA) /% BT B VR EHLAR X100 %
1.2.6 ABEmABT e 205 MEE pH.,
22 NI b FRRIOE BE AL BR 4 A5 T 4 A 2k Tk
WS E R B R I T R B Kk B DR 4 ) AE
20 °C .40 °C .60 °C .80 °C 100 “C FALHH 1 h, 75 %
ST R 43 9 B 5F 30 min, 60 min, 90 min, 120
min.150 min., 180 min.210 min.240 min , H %
JT R0 9 M5 12 ho24 h.36 h,48 h.60 h.72 h,
84 h, 96 h, T L BEIEW Y pH 24 2.4.6.8.10,
12 4038 1 h J5 o s iR fE . B 1.5 mL 23S /Y
KEEIEM 5 15 mL PDA 8537 508 21 5 81 #ie . L
Jn 1.5 mL JTCE K9 PDA {1 h X% BE, 28 C 85 3%
5 d Ji F 5428 SOHE I 6 4% A 3L 2H R0 ) BRI TR
AR ER 3 IR IHE,
1.3 HIESH

S H] IBM SPSS Statistics 21. 0 % iz 5 ¥ 42
HITHE T 57 M7, K Duncan’s £ 8 H 8k iF
(SRR
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2 HERH54M

2.1 HEHZEEFE

VU AT vE 45 R R (R 1), LX4 ., LX-
18 P/ B b 222 B MR T % 1) B L T O L X R
13 FhAS ] g Jot EC B8 XA S0 i 4 D, b LX-18 %
13 g J5 1 9 40 B E AR KT 10 mm, XA,
LX-18 34 %5 B 96 T A AR 5 i) 410 1 4

LX-4 % SRR I % B 0 B8 2 42 9 3k 14. 33 mm,
LX-18 % A JH 95 B 410 B A2 98 34 21, 33 mm

(1.

2.2 MEEHELETE

2.2.1 PR BEIE BT W8 E FE Rk
LX-4 W22 F 65, B, T 2L, 16 7 22 58 R %
o 6L A0 TR 9 s % e 2 TR ML 6 4 B
K 1~2 pm; Hbk LX-18 W2 F 5, LM . L
Wi, J6 7 22 R A S TR W A JE AT IR
AT RKERAY0.5~2 um(E 2),

2.2.2 BARFELE WERLERERCGE.H
MR LX-4 AW 22 2 52K 6, 36N TR 22 78 R TR
BFRELHarEN, FRAHA A6 haa,
FERTA M By 552 5 B R AT R 1
ISP2. ISP3, ISP7, PDA #; 3 % | K # #f, 78
ISP1.ISP4, ISP6.GS #5555k [ K #2%  bk LX-
18 ISR T 22 16 ISP | 5 BRIk 3 (0, 76 Hofth 3%
Ik b 2 5K AA B, BN B 22 AE AN TR 8 R g
A 20, FEA K O KO S

ISP6 Ji SR 5 b= AR A 8 A M (0 KL 78 1SP2,
ISP3. ISP5, ISP7, PDA ¥ 3 & F K # W, #
ISP1.1SP4 . ISP6 #5573k [ K #42z .,
F1 EHRBEKE 13 HEDNRKE
EEBMHMER
Table 1 Inhibitory effects of two actinomycetes on

13 plant pathogenic fungi

M 242 /mm Inhibition radius

9 JE T

Pathogen X4 LX.18
Lol 14.13+0.11 b 15.08+0.10 f
Lo02 12.70+0. 15 cd 19. 67£0. 25 abe
103 16.90£0.11 a 21.6740.12 a
L04 14.70+0. 06 be 17.67+0. 06 cde
105 15.37%+0. 25 ab 18.67+0. 21 bed
L06 3.56+0.25] 21.1040. 10 ab
Lo7 7.6340.06 f 14.33+0.06 f
L08 10.17£0.11 e 19.67+0. 21 abc
L09 11.10£0. 12 de 16.33+0. 06 def
L10 12.97+0.10 cd 15.67+0. 06 ef
L11 13.37+0.06 b 15.13+0.10 f
L12 13.10+0. 09 cd 18.05+0. 10 cde
L13 14.33+0.06 b 21.334+0.06 a

TE BRI AR 22", R R W5 R NG 5 /308
TE0.05 KV EXEFRE,

Note:Data in the table are “mean= standard deviation”, the same
below. Different lowercase letters within the same columns indi-

cate significant differences at the 0. 05 level.

AL X4 T B X JROABUSEL o R0 A 5 B X118 T b X SROR 2 S0 9 B 400 o 4
A. Inhibitory effect of LX-4 on C. capsici; B. Inhibitory effect of LX-18 on C. capsici
B 1 AP B R X R Ak A L P D R

Fig. 1 Antagonistic effect of biocontrol strains against Colletotrichum capsici in dishes
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ALB. LX-4 B AT 58 C.D. LX-18 B 4 7 5
A,B. LX-4 colony and spore chain; C,D. LX-18 colony and spore chain
B2 LX-47% LX-18 HH#BEEE
Fig. 2 Scanning electron microscope of LX-4 and LX-18
K2 FAHRBKERNEFSFENE
Table 2 Culture characteristics of two actinomycetes
REFRHRAE Cultural characteristics
bk i 5 R
Isolate No. Medium K AR 2B 0 HE N TR 22 155 AR
Growth vigour Aerial mycelium Substrate mycelium Soluble pigment

LX-4 1SP1 + K, Grey white IR 4, Pale yellow -
I1SP2 +++ KA Grey white K# & Brown beige —
1SP3 +++ KA Grey S5 Bright yellow —
ISP4 + KA Grey white KA Grey white —
ISP5 ++ H 1 White ¥ 11 Shocking pink -
ISP6 + H 4 White R # 4 Pale yellow —
ISP7 +++ M 8 White fits 214 Brick red -
PDA +++ H 8 White KA Grey white —
GS + F & White KA Grey white —
LX-18 ISP1 + R # {4 Pale yellow R 8 Pale yellow —
I1SP2 +++ H 4 White K4 € Brown beige —
ISP3 + 4+ Aa Grey M 4 Tawny —
I1SP4 + H & White F & White —
ISP5 ++ H 5 White JK A Grey white —

ISP6 + KA Grey white KA Grey white M 4 Dark brown
ISP7 + 4+ A8 Grey KD Yellow grey —
PDA +++ F & White KA Grey white —
GS ++ i i White JK A Grey white —

RN+ RN AR R+ R AE R " RIR T,
Note:“+"Growth; “++” Good growth; “+ -+ -+ Vigorous growth; “—” Non.
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2.2.3 AmANKKELER AEBHMLR LXA4

FLX-18 [y AH 5 A B0 A Ak F A 48 A 00 o 245 2R (R

WL AT LX-4 A1 LX-18 $HE 7 Az 42 fih 1l 5
3 WHEAEOEEELESET

Table 3 Physiobiochemic character of two actinomycetes

T ¥R 4 5 Tsolate No.

A A AL AR IR
Physiobiochemic index 1.X4 [X-18
B it W AL Gelatin liquefaction =+ —
TE R K f# Starch hydrolysis — +

PR L& H.S production — —
7= M (4 2 Melanin production — —

5| Wi 5% Indole test + —
R % Contact enzyme test + +
e —. BAYEROR s 4. BN .3 5 [H .
Note: —. Negative reaction; +. Positive reaction,the same with
table 5.
99

LX-4 HARA B4 B R AL E g . il Wi 56 e BH
PE L TOUE R K M BE 1 s LX-18 B MR A R4 1Y U #3 7K
fi A8 1 T W WAL E T msl e i 30 I [0 4 L P A
TR 24 AT 7 B AR SRR (R A E

2.2.4 AL HA 16S rDNA 55185 & 44
A 44 16S rDNA JF 51 1y [a] J5 1% 43 B 45 R 2
INLHE R LX-4 5 Streptomyces angustm yceticus
(NRRL B-2347) 4 f5e = B 77 50 48 LA 99. 9304 .
IEAE 78 VoK RIEH AL R I 7] — 3, LX4 Fe %
Y E N S. angustmyceticus; W PR LX-18
Streptomyces luteogriseus (NBRC 13402) 7 & /5
SRR RIE 10026, IR AR 99 %0 K F B R AE7Efk
BB R — 3, LX-18 A %N S. luteogri-
seus (B 3),

treptomyces hawaiiensis INBRC 12784|AB184143|99.48|

Streptomyces massasporeus NBRC 12796|AB184152|99.33|
treptomyces jeddahensis|G25|LOHS01000151|99.1|

99 !Streptomyces luteogriseus NBRC 13402|AB184379|100|
Streptomyces violaceus |NRRL B'2867|KL569104|99.48|
Streptomyces roseoviolaceus |ISP 5277|AJ399484(99.48|
Streptomyces janthinus |ISP 5206|AJ399478|99.25|
Streptomyces libani subsp. Rufus [LMG 20087|AJ781351|99.41|
——Streptomyces catenulae [NRRL B-2342|JODY01000075|99.48|

100 81 —LX-4
0.002 68 Streptomyces angustmyceticus |INRRL B-2347]MUAY01000275|99.93|
) 91| [Streptomyces nigrescens |NBRC 12894|AB184225(99.78|5

77

Streptomyces libani subsp. Libani [NBRC 13452|AB184414/99.78|
Streptomyces tubercidicus |DSM 40261|AJ621612(99.7|

3 EHILX-ISHILX4HMEZLER
Fig.3 Phylogenetic tree of strains LX-18 and LX-4

2.3 R E T BRI H 2F R AR 0 R 3T B
NEWREER

FEREFIES 7 R &AM R, 458 0
TRGAEBTE LX4 A LX-18 4b B4 X BR Y 2 R 6
BEEZER. EHMESE 20 R&E T &48mA
BRI T 0 Bk e AR A, 25 R B, AR B I LX4
FLX-18 A 3400k B bR i 2894 T 488 8, 14 i 43 0l

2161 %M 6. 89% s 4B I LX-4 Al LX-18 &b
RO AR KA A BT K, H 22 B33k B K
S KR S B R 6. 7696 R 27, 4896 (£ 4), ZF I
AT, LX-4 A LX-18 X BOHUM A K 35 0 1FAF
FH L LX-4 2 BERR A8 315 HOR B R, LX-18 %
R % 188 o BRI AR

R4 AHEBETHRERMFHEERMGEER

Table 4 Seed emergence rate and seedling growth of pepper under treatment of two biocontrol strains

4k 38 R/ % B4R/ % MR 7 /cm Wi/ % A /em R/ %
Treatment Emergence rate Increase rate Plant height Increase rate Root length Increase rate
CK 96.7140. 64 - 8.56+0. 33 — 2.224+0.11 —
LX-4 96.3040. 74 —0.42 10.414£0. 17" % 21.61 2.37+0.13" 6.76
LX-18 95.0740. 37 —1.70 9.15+0.11~ 6. 89 2.834+0.347 " 27.48

T x FRE CK ZREE(P<0.05), » * FaB CK 25 % (P<<0.01),

Note: * represent significant difference compared with the control(P<C0.05), * * represent extremely significant difference compared

with the control (P<C0.01).
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2.4 EPM&ERERE WG

Ko 45 5 6 B L bk LX-4 B2 R B-1, 3 3
T 5 N R 07 A R AR A U A A ) 5 B
Bk LX-18 REJ™ A2 B-1. 3-7 2R Wl g . 26 11 g i Iy
Bk ACC it g | 21 20 2% il 718k 280 1A 45 U 2R A
P (R 5), LX-4 M LX-18 ¥fE/™ 4k -1, 34
SREVE T L S5 B I 0 L AV g TR 200 Y 2
HRE ST, I REAE ™ 2E Bk A 1 AT fie HE BB Bk A=
KIAETT .

K5 MHEBEETEXRERBTWHEN
Table 5 Ability of two strains of actinomycetes to

produce secondary metabolites

WA Wi Bk 4 5 Tsolate No.

Secondary metabolites LXA LX-18

JUT B Chitinase - —
B-1.3-#iRMEME  B-1,3-GA +
4 Cellulase —
HFEHE#  Protease
fEW;#E  Lipase
B# Mk Siderophore

ACC i ZE M ACC deaminase —

+ o+ o+
+ + + + + +

2.5 MEHABRPREREERSHITRE

WK AR 7 B 2 B B — A B A L 2 TR 2 TR
AH CIE T AR £ P % MU A B 40 o A A0
K 4 s 45 R, LX-4 Fl LX-18 19 3 #g Hl
FHER U A MRS M M R W
PR LX-18 K B 20 R T FH A 10 3 5 00 8, I
TR A T R AR, U R B B R Y
SRR B /N s B MR LX-4 B9 TF T B A 6 30 T 3 1k
1o s AU e AR B R AR AR R R LY B
Yy SR P AR ()
2.6 EEBEKEEEMERN

WE 5 frws: LX-4 F LX-18 & B 40 &
T PEAE 40 °C LA G MRS E , Bl 25 T BE 19 T v 400
TP W T B 5 LX-4 78 R 1 20 558 R0 24 355 v 41
B M R ARG G L LX-18 76 Bl Ik B 55 v 3 1 e
TE R PE PR B o 40 B3 R R AR LX4 R LX-18 &
PRV A T LG 25 1 T A B i A M L LX -4 #E ]
WS T 06 h Z 0 T A I B 3% 25 5
LX-18 7E 0] WOG i 2 G 24 h mp i MR GO %
LX-4 Fl LX-18 KB 7E %4 B G 60 min J&5 1 1
02 BRAIR B 5 B [ 1 B 4 8 i A, 25 b
WL LX-4 R LX-18 % i 1) 300 B 3% P 43 3 A
pH 2~12 F1 pH 6~12 F & . ¥R EMRT

40 ‘CHFFIDEAR 96 h AR E , 76 58 SN IR T 3% 1
REAR

& W% Dichloromethane
0 Z B Z B8 Ethyl acetate
100 E F TE N-butanol

a
80 | mh
6ol caB
40t L=
C

20t % EEEEE
0 1

LX-4 LX-18

& % /% Bacteriostactic rate

RIFE/NG FHRFR R 257 83 (P<<0. 05, FH
Different lowercase letters indicate significant differences
(P <C0.05) ,the same below
E4 AHRENNEEERSDE
Fig. 4 Distribution of inhibition activity

components of two strains
3 WibE 4w

BRA IS © 1Ly 4 BRAE 9 L 78 i i 2R
S bR EE N E R AT . W H SR A
ORI 1 I BT S A2 2 A HE W iR & Kk
i — B A B A TR OE A6 2 % TR R AR — 5 R
JE BT LABIR %R B AR 22 AR 2 1 35 S Al HT XS
B R AL A AR AT RS 2 A R T OR R,
H I ) 58 B ORE EESR X AR 245 9l it 18 24, 1) T A= By A
B3 16 BRA AR 18 — > A Hr (6 19 U, [ I 4
EHIE 1 22 Bk A AR L A B YR B8OR 1 A B
[ R

ABIF 5 38 2o 1L P9 % O 7 8 X4 (S. an-
gustmyceticus) ¥ LX-18(S. luteogriseus) Wi bk £
B, o R 13 B TR T B A AR .
Prisana 2120 7E 2019 4E4RIE T S. angustmyceti-
cus R HRAE T AUET 25 960 51 5R 5945 Bk R B
o AT AR 04 B 3 A FH 5 BB 8 R Tt 4 R P T LA
&Y AL I (B RIS AR TR 38 AT
DL A 22 b 40 BE O A G5 ik B K BE AR T S.
luteogriseus NTETGE PRI A5 . AMTTAHZE A
HEBEW oy B SRR A M C R R A
2 KT-1517 40 1 16 1 ™ W0, % 2 B & 40 A
WY A PR . TR G, X4 D LX-18 7 Bk
B WA TG ME T B —E R RE .
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B1X-4
80
(o3
8
.2 a
S 60F a
£ ]
5 L - F cb
g 40r g 2
@ - ] 4 c
o = [
20 -] [-- =
‘E%l- :: g %ﬁ e :
= -] [ X
g S =N =R %P‘c—l
40 60 80 100
80 - & #/°C Temperature
ab

e
]
ML
LIS I e o
LML

5 /% Bacteriostactic rate

Ak
-
:
Z
s
=
AL

2 4 6 8 10 12
pH

OLX-18
80
3
g
[}
= a
§ 60 - I b
1723 E c c
'g al- 1 d
§ 40 £ 8 c{ °H ¢ de £
/M e
§ 20
i
0 30 60 90 120150 180210 240
4L 4h IR B B [8]/min UV duration
80
6of &+ 2 % b

B #/% Bacteriostactic rate

40 =] >

P

2l T 7
1 k4 k4

# k4 k4

1 ¥ k4 k4
4 k4 k4
1 k4 k4
4 k4 k4
1 k4 k4

20K 1 1
. ’ ’ ’
H K k4 k4
1 k4 k4
4 k4 k4
B ’ ’ ’
11 k4 k4

0 . ZeMZ
0 3

3 3 ’ Z a 4 4
0 60 90 120150180210 240
St BB [A]/h Light duration

B 5 [ 4 HE R B A B D B R

Fig. 5 Inhibition activities of two strains under different treatments

IR Y 5 A Y Z T AE BAE R AR R Ok
A F AR A LA R B 4 4, AR 45 SR W g
T A= 0 DU 1 5T L B R A R A3 0 I G i
TCHLF5 43 B T 3 A+ 3 v, Bl AR A O B SR IR
Wi #o ) 3 A B AR A B TR AR 0 R ) A K RN
H . BLA AR T LUGE o WA L 7 A Ak
FpR G SR A A K . ARSI 0 P Rk
BERETE LX-4 A LX-18 35 BE {2 ¥t B AY 4= K,
LX-4 X BB =5 19 34 i@ 35 3] 21, 61 %, LX-18 Xf
BRAR K A4 iRk 2] 27, 48 % . AR = WA
M55 B 3R LX-4 f1 LX-18 $fig = A4 % 1 i g
05 T R R AR, W 0 48 7R T T R AR B TR A A= AL
il o

Az B AT LAGE A iR R R A .
B IG5 fige TR 200 ML RE 1 EL A L35 R S b DA
LR 8 SR A 2 AL 52 4 55 7 XL R A
2 A Tl DR AR B 5 I BRI 1 20 ML RE A A
JUT BT EF4E 3R 1 M A 1 B F 2R A 4 L 2B By A
T 7 A A O T I ke A ) e R LT . 45 SR SR T
LX-4 Fl LX-18 ¥JHE 43 Wb -1, 3-F5 M Bl L 4F 4 %
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Screening and Identification of Biocontrol Strains of
Colletotrichum capsici and Their Antagonistic Effect

LIU Xiaoran, XIA Huan and WANG Yang

(College of Plant Protection, Northwest A& F University. Yangling Shaanxi 712100, China)

Abstract The biocontrol strains which have good antagonistic effect on Colletotrichum capsici were
isolated from healthy pepper roots. Through multiphase classification and identification, pot experi-
ment,detection of secondary metabolites,separation and stability detection of active substances in fer-
mentation broth,the identification and preliminary biocontrol mechanism of biocontrol strains were in-
vestigated. Two strains of Streptomyces,1.X-4 and 1.X-18 were isolated and identified as Streptomyces
angustmyceticus and S. luteogriseus ,respectively, LX-4 and 1LX-18 had no effect on the germination of
pepper seeds,but could promote the growth of pepper seedlings. LLX-4 and LX-18 increased the plant
height of pepper seedlings by 21. 61% and 6. 89% ,and the root length by 6. 76 % and 27. 48 % ,respec-
tively. Both strains could produce 3-1,3-glucanase, protease,siderophore,and lipase. The crude extracts
of dichloromethane,ethyl acetate and n-butanol from [LX-4 and LX-18 showed antifungal activity. The
ethyl acetate phase substance in .X-18 had high antifungal activity,n-butanol phase substance in 1.X-4
had high antifungal activity. The antifungal activities of LX-4 and LX-18 fermentation broth were sta-
ble at pH 2—12 and pH 6 —12,respectively, both of them were stable at temperature below 40 ‘C and
light for 96 h,but the activity decreased under long time UV irradiation. Overall,it is suggested that
the strain LLX-4 and 1.X-18 have good application prospectsas biocontrol agents against Capsicum an-
thracnose.

Key words  Colletotrichum capsici ; Streptomyces; Polyphase identification; Secondary metabolites;

Stability of fermentation broth
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