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TR, KAFRAREMAEKERZHFAGRAEG T, A EATHSKHE £ ELE
ft. 71 16S rRNA £ F 5 7] 4 €, 3F K A 4 %R0 2t 2 ARG R o 7 36 R FATIM AR, £ R
FOH AR 244 B EAE R ZUHEA I MHEAEAEERERENNE RS T
50%, 8 e EERIEHENINE RN T%~5T%, %4 0% R FE #k 8 = F R 5
Pk DA4-3-12 DA8-4-10 fn 221 fE 4 B AW W R At %, & % %, B 4k DA4-3-12 fn 221
A Streptomyces alboflavus ,DA8-4-10 % Streptomyces alanosinicus, % — T8 #k DA4-3-12 DA8-4-
10 Fn 221 B H 7 B 41 4384 4k ( DA4-3-12 + DA8-4-10 \DA4-3-12 + 221 DA8-4-10 + 221,
DA4-3-12 + DAS-4-10 + 221) X & B AR &/ 34 A 7 36 % R, H 7 27 B 60% ,46% . 70% |
55% 70% 64% 72% , VA 3B & T #k DA4-3-12 + DA8-4-10 + 221 W B & h A B4 W4k
FEEKERIHEIER A2 RKERLEHRR, EIMHEER),

xR FERER; 2R, AFHE,; EEAENK; BX

Screening, identification and efficacy of combined biocontrol actinomycete strains against
root rot disease of Astragalus membranaceus. ZHENG Dou-dou, NIU Shi-quan” , ZHOU Xu-
an, WANG Yan, ZHU Xue-tai, KONG Wei-bao, ZHANG Ai-mei ( College of Life Science,
Northwest Normal University, Lanzhou 730070, China).

Abstract: To develop effective biocontrol products for controlling the root rot of Astragalus mem-
branaceus, actinomycete strains with excellent prevention and controlling effects to pathogenic
bacteria were isolated from the saline-alkali soil of Shule River basin, which were further com-
bined into compound agents to improve the anti-bacterial effect on root rot of A. membranaceus.
The plate-to-limulus method and growth rate method were used to screen high-efficiency biocon-
trol actinomycete strains. Morphological characteristics, physiological and biochemical character-
istics, and 16S rRNA DNA sequence analysis were used to identify strains. After that, a pot
experiment was conducted to test the controlling effect on root rot of A. membranaceus. The results
showed that among the total 244 tested strains of actinomycetes, 11 strains had inhibitory rates of
more than 50% against the root rot disease. After rescreening, the inhibitory rate was 7%—57%.
Combined with the screening effect and the inter-strain affinity test, the strains DA4-3-12, DA8-
4-10 and 221 were used as the research targets for the compound strains. The strains DA4-3-12
and 221 were identified as Streptomyces alboflavus and strain DA8-4-10 as Sireptomyces alanosini-
cus. Single strains DA4-3-12, DA8-4-10 and 221 and their compound strains in different combi-
nations (DA4-3-12 + DA8-4-10, DA4-3-12 + 221, DA8-4-10 + 221, DA4-3-12 + DA8-4-10 +
221) all had controlling effects on root rot of A. membranaceus, and their control efficiencies

were 60% , 46%, 70% , 55% , 70% , 64% , and 72% respectively. Among them, the compound
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DA4-3-12+DA8-4-10+221 had the best controlling effect. The synergistic effects of various strains

in the mixed strains were fully expressed, with wide antimicrobial spectrum.

Key words: root rot disease of Asiragalus membranaceus ; saline-alkali soil ; biocontrol actinomy-

cete; compound strains; biocontrol efficacy.

BN TR AR A AR AL 25 N
(BT, T2 T e 2 DU DR e i 25 4% s, I
HAE b b A7 /Y b B 25 W 1 T4 E 25 4 T
(ZEMAFE,2013) , STAER, BEAE BT K & A 1
i, R OB AR, S8 A JE A B 4, 2 3
B R B (1 TR 7 e B e AN 2T 250 1 i
FLl BT, 38 B P T TR (PO S,
2005 ; i 2545, 2015) , PRIt , 6 BB R 9 1) 5 2 BTy
TR TR ORI ™l TR A R i) B BB TT

B R 7 114 S B0 T e AR A ik T T ( Fu-
sarium oxysporum ) F i J& #it JJ W ( Fusarium solani-
un) (A 14255, 2016) , H A, X B EAR & 09 B iR
FEEPTOREE B R 2B E . RS A
W, DLAGNE: 5 T 2y A 2 B 3R AN AN 23 i A 24 5k
B U5 G PR 3 2 (g JL TR 7 A P2 Pk, 2 AR
BP0 BT (=5 2555 ,2015) o AR PR IG PG R AR
PrAE )2 A RIS A VR AP S5 R i, C 2 A HE )
BRI EE T 0, HAHT, &R A B
MR Z R Z AR A0 A S 5T, LD
= AR PR i 0 8 ) B 0 R AE B AR FH Y PGPR T
(2= = 55, 2018) 5 XF A2 4% 180 B ( Alternaria tenuis
Ness ) FIOR %1 1 ( Fusarium oxysporum Schlecht) fY
B3 513K 5] 52.05% 1 48.65% HAEY N A FLIA
(KR =A,2015) o BFFEERW,70% ~ 80% T2k
BIRe R pUE R Y B, BA SO R PR ROR
(ZERAF,2018) , 0 HE 2 M i B 58 v f) ik 24 o 9 9
H T A AR AR A i A5, H A 0 A ) i R 28 A
AA AL AR 25 B 1 1 P oA 5 T H At
WPREE HHA A B A (55 AF, 20105 A it 4
45 2016) . Ayair 25 (2012) M BT R B2 A 5 35 ) ST FR
Yy rb o3 B i e B ) — RREE R ROBT AT S72 X FG R A
(Candida albicans ) FVIH N % (Aspergillus fumigatus)
A 0 B PB4 4y 0 ik B 43 1 32 mm ; Hozzein o
(2011) PAIZR B v b 73 1 i 6 2] 1 85 i 17 D332 7%
A BTGP Jo ) B 2 TG P P R RD B PR TR, DA R T
AR I B A TR R 5 TR 345 (2014) WF 5T &
B, T g S MRy B AR B 151 AREE R
A 68 BT 2 [ TR A TR A B, o 41

PRXS KT BT 4 B 0030 280 BR TR RIA 0 2 AT B 3
HABSRESHUE M

H AT P S JER L XA Ry — b IR A TR
B TR I A 5 AN B | S A o U 2 AT T 1Y)
Iz e (KR 45 2014 251 45 ,2015) . AR
FEHT I R I, 2 SR e s ATT
FRFRCR A SE IR A 2 B B ny Al
TR AR IR LT T, E R ZBUEB R H
TEYE (2 R 55,2015) o HETH TSSO Y0 i
R B B IR MR 9 K 22 38 b T 5 N R e B B T
THCER B0 LB ¥ A FH S 2 6 DG . ASBIESR LA S
S5 AT 3 R i 4 P R R O B b 2
IR BC, A A R AP A B ACR 2 B R, LU
SRR X A B AR A 4 T R R %) TR AR

1 #REFZ®

L1 bk

L1.1 HHEERE A PR BT 7Y A AR i ) v
TR B A TP B O R Y 244 BRI TA .

112 U EE B a0k ] E
( Fusarium oxysporum ) KR997535 ( G5 ) . KR997536
(G6) . i JE& Bt 71 i ( Fusarium solaniun ) KR997532
(G2) . KR997533 ( G3) Fl 3 54 6§ 12 9% B ( Valsa
mali) ¥ A S2HG 28 Rk TR 7 B34S 31, S A 22 A%
( Rhizoctonia solani) JliEEH LR (Alternaria dauci) |
AL TR ( Fusarium verticillioide ) FIEE JTVART 25975 14
( Fusarium oxysporum ) F H 7 4 4L Bl 2 B Al 1) £
SR

1L.1.3 Bigd (1) MMk, Sk 1 S5F#
Fe T ETERY 20 ¢, KNO, 1 g,NaCl 0.5 g,K,HPO,
0.5 g,MgS0, 0.5 g,FeS0, 0.01 g, 3ifl§ 18 g, 7&K
FEZE 1000 mL, J#5 pH Ry 7.2 B4 EHUAE 57 3
(PDA) . Hh#5 2% 200 ¢, #i % 1% 20 ¢, iR 18 ¢, 751
KAEZZE 1000 mL, AR pH, (2) ZEER: R, /D
KIZWL . /MK 10 g, BIABE 10 g, B 3 g, NaCl
2 g,CaCo, 2 g, ZE /K AEZZE 1000 mL, 57 pH N
7.2, (3) B SR AR AR WL G0 IR kL A QR R A&
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(MCD) : JEHE 3 ¢, NaNO, 3 g, K,HPO, 1 g, MgSO,
0.5 g,KC1 0.5 g,FeSO, 0.01 g, 3f5 18 g, ZE MK E
K2 1000 mL, &1 pH N 7.2; B8R (1 IE-BERHR B
KR L (ISP 1) . JREHMR S o, B HIRE 3 o, BilR
18 g, ZEMB/KAE 2 S 1000 mL, 35 pH Ky 7.2; B}
BEH-ZFRBEHNGEFIE(ISP 2) . MEE 4 ¢, 4
RE 10 g, WA 4 ¢, 55 18 ¢, BIBKERZE
1000 mL, 735 pH 2 7.2; #e52 Fr 315 15 77 3 (1SP
3): MEF A 20 g, AR 1 mL, Bl 18 g, ZZIBKE
Z¥ 2 1000 mL, 795 pH 2k 7.2,
1.2 AR R

Fr B TR 244 BRI FEM TR T 5F
M, 7E 28 CHEEIGFRA TG 7 d J5 4 ; R
Ji g TR S 0 4% 71 7 KR997535 1 PDA “F-Hz Fik 1k
5 dJE & A SR PO IRE T (4 14245 2016) il 5
244 BRI R A J] TR KR997535 MY B I% £ .
BAbH 3 REL

BRI 22 A A R (%) = (O BRUG 9 2F A2 - Ak 2
5 PAR) /% BT 42X 100%
1.3 AP il 2 T T vk A O

KA R R (4445, 2016) I A= B 14
WRICTA R T USRI DA TE 1 o 2B B R TR A T/
KIS BB S e B 77 3 v 128 °C 160 ¢+ min™' B3 57
4 dJ5, KB 8000 r + min~' B0 5 min, IS
0.22 pum AL UE L 8 A5 T P & IV, T TR & IR TR
HREH A ZE 50~60 C 1) PDA % 1 : 9 1Y H B
TRAT, i85 J0 PR & e DB V- 1L, A 45 55 IS 1 K 1)
PDA Xt IR 7 1 LA 20 5E [ i K i 7 o I B0 1 42
FpFEA e 28 CHEIRKEFE T d IG5, 38 XLk
WP EAR TR, 4083 kEHE

FEXTIN TR (%) = (0 R v A% - Ak PR T V&
ELAR) /% R T HAEX100%
1.4 AEBHEEIEE ] S

Oy RPKGAE 28 C IR 7 d BB AT O Fb it
TR B I A T ELAR 7 mam A B R R R L
A= 55 AR IZ TR T PDA AR, SR P A0 e 32 0 22 A=
B TR R B FEAR s TRT AR FEL i T TR GS L G6 i i ke
IV G2 .G3 SR B RE G T | ST Al 22 A% TR B A
JHLBA el T B N TR 25 95 B A AT 5 SR , 3F
AR KINHIR A 1.2, S48 3 RER
L5 ERUEB EARE E

T2 B A A AR S 8 26 Bl TR AR DA4-
3-12 . DA8-4-10 F1 221 ZEm [K 1 535580 Badi R, 40

FEEFE 1.7 .14 21 d JFHEUE SR8 A 66 AU
BT N LSS A B 22 7 222 35 (Errakhi et al.
2009) . A A R U T W) (h ERFE B A
YIWEFE T TR T 2840, 1975) (35 5 R85 i
W ) (2R PR & 4F, 2008) , 45 & Crawford 45
(1993) W7 B LE B B 2 R 2 T IS 1 58557
B REREER U SR A B IR A | AR 1 -
FERRR B G R0k BRI -2 SRR R G R A
MeE BRI I WS AR AN R 15 3R 5L 1 i 35
FERRAE ; T 00 WY B Ak 20 5 88 [ 5 R A L T B K
fife St A A5 AR BAE AL TS A5

16S rRNA FEH 81 48 5E 2 IARF-45 (2003 ) 1Y
OB PR TR PR L DNA R IR T A S 1 5 1 )
S-20 1 A-19( Stach et al. ,2003) % 16S rRNA F Btif
79734 H PCR O 254 A1y 3 4K R 2 IR Stach 4
(2003) F 25 1 4% (2016) 0 5 3%, WA sk 3,
PCR "4 2 30 pL:10 pmol - pL™' F FUSIH%&
1 wL.DNA #iHt 2 pL.2 U - wL™" Premix Ex Taq
DNA 48 15 pl.ddH,0 11 pL, PCR JZ i &1
* H“ Touchdown” &% PCR .95 C 254 5 min; 95
CAEME 30 5,68~63 CiR Kk 30 5,72 “C #E{H 1 min,9
G (R EAR KRB T F% 0.5 C) 395 CAEPE
30 5,63 CiE Kk 30 5,72 CHEff 1 min,30 MER;72
C BJEAH 5 min, PCR 4737743k 2= Hol b /4R
YR AT B E1 7y . AL BLAST 2 75 %5 75 B
57515 GenBank £4is 2t 1 ¥ 51 #E 4T LU Xt 43
M, B MEGAG6.0 #X{4 LAS R IR EE R L R B
1.6 AR B TR ] R AL

A3 50K T Bk DA4-3-12  DA8-4-10  DA8-3-15 #il
221 7EE G | %i%?%%ifﬁ’ﬂﬁ,28 °C 160 r * min™
FEIRIES: 4 d J5 % DA4-3-12 5 KEIFBHIE 45
CHEIR 1 S5 3R3EH 1 2 9 WL BRE A1 )5 Hl &
DAL 5 o1 LR [ , S (R FE R 3 0 & KR U8
YL, 4 B DA8-4-10 \ DA8-3-15 Fl 221 1Y K& 1%
W 50 wL,28 CIHIREEFRE 10 d 5 WELIE4t A 5 Fl 2
IR, SHAPER 3K,
1.7 A EBN A K TR £ JR L BR 41 ) R

SR AR A ORI 78 2B TR R TC 1 R BN 2
Tl T TR A0 00 B 9 R T 22 R KRR L[]
1.2, H4EBEE 3K,
1.8 AL

30 3 7 R R I R AN () A2 G 2 B TR R 2 5 0
FEAR o s I TR B B VAR VR o (1) 9 D TR A T B
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Table 1 Grading standard of root rot disease of Astragalus
membranaceus

S Voartids 3 || Wik KL =
biqe| Eigel

1 TR EE LR AR 0 5 WHEmEARLRET 4
TR 21%~40%

2 FRBEE AL RR I 1 6 WHEEM LKL S

1% ~5% T 41% ~60%

3 R G RERA 2 7 WEEEARALRER 6
6% ~10% T 61% ~80%

4 BRI G RERA 3 8  MEEmMGRER 7
11% ~20% 1 80%)

(R 45 (HOERES: 1 2012) ¢ BIE PDA SFA_E 28 °C
K97 10 d W R G5, B H A HEl 6 ¢ - L7 CMC
(FR P LET 2 22400 ) Vo i b o B A6 eV, 78R
% 2.0x107 CFU - mL™' . (2) Zokidio kit . veH
KB ERE B a 9 41, REAb L 5 4L, 14 3
P, OBk ERARAERL(CERL  BA
B¥A=311: 1) M8RNER T 14 d J5 R I
MRTE M (PN 5245 ,2002) [0 Hidr 8 ZH 3R 1R
SRR, A B R 5 mL, AESE R TC
BRI, BEARIAE 14 d 5, 40 m e 7 4>
ACFRZH4ERN 5 mL DA4-3-12 DA8-4-10 221 . DA4-3-
12 + DA8-4-10 ,DA4-3-12 + 221 DA8-4-10 + 221,
DA4-3-12 + DA8-4-10 + 221 kK & e, A4
HICHK XTI, (3) BAE . #8021 d J5id5%
RN O, 4 BRI 5 o AR T T B 5 0L

I T AT RRIE (SE THSEAE,2008) A1ER 1 TR

WA = [ X (45 Zmtk S B R B ) /
(VA EREOOR R R ) 1x100%

BRI (% ) = Yo B 1 4 45— A B 175 45 250/ %of iRt
I T 5 % 100%

KIG (%) = K 9 AEBR BB/ JE A R PR B x
100%
1.9 HdEab

B R SPSS 17.0 3k {43047 7 2253 #r , b 2R

1 B ERRERITIFEFNELR

(6] 22 T 1 2 B LR ] Duncan FGHT B 25T
2 ZER5H5

2.1 BB AR G5 B SR

SRR XTIRE R BE 25 R R W] (3 2) , M 244 HRpEk
PARE LR BE 11 RR RS R E GS TR IR A
A S PR A FH Bk 1, ELLAZE B BT R DA4-3-12 Al
DAS-4-10 BRI 0y 3, AN T F 13K 66% ; Hik
A B PR 221\ DAS-3-4 Fil DAS-3-15, HAN B R 4
WAF 64.44% 62.89% F1 62.22% (I 1), F/NK
TR IR EEXT W 0 BT AS 11 BRI B AT T 224 K
AR 45 R W], TR DA4-3-12 K TEDE IR
B 9 DA LA I 3 A R AR R Rk ]
57.12% ; R N #k DA8-4-10 221 il DA8-3-15, H:
B 9355 51.11% ,40.80% F1 36.83% (14 2) ,
G IR VR B RCR 5 0T e TR D8 i 1) 00 B 4 2R ik
T bk DA4-3-12 \DA8-4-10,221 1 DA8-3-15 1
e St B TRk
2.2 AEBH RN 22 P I A A R

K V- # %t 0Rg 325 0 5 AE B R PR DA4-3-12 |

x2 EBHEMRMEERBRE G5 HMGIER
Table 2 The inhibition of isolates in vivo against to root
rot disease of Astragalus membranaceus

A B TR bR G PIGHAEE R (%) E RN (%)
DA4-3-12 66.00+0.31 a 57.12+0.13 a
DA8-4-10 66.00+0.18 a 51.11x0.14 b
221 64.44:0.11 b 40.80+0.53 ¢
DA8-3-4 62.89+0.35 ¢ 34.11x0.24 e
DA8-3-15 62.22+1.22 cd 36.83x0.56 d
220 61.56+0.33 d 17.1421.40 g
1 60.00+0.24 e 9.85£0.44 i
DA4-3-14 58.670.46 f 13.64=0.25 h
DA8-4-12 57.11£0.35 g 32.90+0.29 e
119-4-8 55.56+0.13 h 30.520.08 {
DA1-4-9 55.56+0.10 h 7.12£0.10 j

[RIB A ) /INE B 2R b B ] 22 53 1 3 (P<0.05)

Fig.1 Efficacy of antagonistic culture of partial biocontrol strains
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Fig.2 Efficacy of fermentation broth of partial biocontrol strains

DA8-4-10 221 F1 DA8-3-15 HI B | % 1 1) &5 o1 &
B, 4 B A B BRI 9 BhFE 7 98 JL 0 3R B AS ()
FERIIIHIAE T, HAP Btk DA4-3-12 X459 R B 1Y
TR B ik 5 77.78% , Fe A R 66.00% ; HiAx 3 #k
AR BT 9 F e T TR 1) 0 4 R ERAE 58% LA I (R
3). UL 4 BRAEBT BRRER A BT IIIATE

2.3 PR RSEE

2.3.1 BB AEBRAFEEE Wik DA4-3-
12 \DA8-4-10 1 221 BAEMLA MY 6 FhdfF L B A K
R EEK T SRR AR 7 dnf, RAERZ
Sy AIRBCR R AT E RN fT AL 1, F P B 22 S AR
o FLA B L YRR IE AR (R 4); B
OB WG A BN T 22 35 4 K R AT, JORERR , AN

£3 BEHRMEEFNRREYRRENNEER

Wr%d  fE 22 30 S 0 b L SR it 4 s R R S
il P22 (K 3) ., Wkk DA4-3-12 . DA8-4-10 #1221
REFI IR0 22 2008 FENE T BpE A 2R I s XoF
WAL, A8 [ 55 R Ak, s R i I 45 i g 2 B
PE AP A VERY I LT AE R TEFN H,S S5 (K 5)
2.3.2 16S rRNA B[R 350 % 3R 5k B W4T
I 2 R B4 RS9 A19 RS20 X TR Ak
DA4-3-12 DA8-4-10 #1 221 1) 16S rRNA F Bt 4T
PCR #" 4 H1IE [y 3, 75 30 19 77 514 52 43 310 651
644 Fl1 650 bp, FH Blast F£/¥ 5 GenBank 1 [ 3k
K5 A7 LU X, TR DA4-3-12 \DAS-4-10 i1 221 3
JETHER RS WEREEEW(E 4), /TLEH,
HREDA4-3-12F12215 Z 4 Streptomyces  alboflavus

Table 3 The inhibition of isolates in vivo against to different pathogens

5T A BT E R (%)
DA4-3-12 DA8-4-10 221 DA8-3-15

RAUHRTIE G5 (F. oxysporum GS5) 66.00+0.55 ¢ 66.00+0.48 b 64.44+0.28 ¢ 62.22+0.74 d
AR TIH G6 (F. oxysporum G6) 69.33+1.24 b 60.67+0.39 f 62.89+0.55 d 61.56+0.30 de
BT G2 (F. solani G2) 67.11£0.32 ¢ 62.67+0.11 d 66.00=0.14 b 64.8920.57 ¢
BT G3 (F. solani G3) 70.45£0.68 b 61.78+0.39 e 61.78+0.26 e 61.1120.53 ef
FREERE MR (A. solani) 77.78+0.81 a 61.14+0.50 ef 77.33+£0.28 a 58.44+0.27 g
S 24T (R.solani) 66.22+0.52 ¢ 63.6920.23 ¢ 63.33+0.49 d 65.1120.29 ¢
SRR IITE (F. verticillioide ) 66.2220.61 ¢ 64.000.37 ¢ 66.00+0.43 b 67.1120.38 b
YR TN L AL R (F. oxysporum) 66.00£0.31 ¢ 59.33+0.48 ¢ 58.67+0.75 f 60.67+0.35 f
B BB 7 S (Valsa mali) 77.78+0.49 a 72.22+0.59 a 77.11£0.38 a 81.56+0.41 a
[EIBIAN [l /NG 7 hE 2 R A B ] 25 572 B 3 (P<0.05) ,
X4 Bk DA4-3-12 DA8-4-10.221 3EFE 7S HHE
Table 4 Cultural characteristics of strains DA4-3-12, DA8-4-10 and 221
gk KAWL FE 22 AR

DA4-3-12  DA8-4-10 221 DA4-3-12  DA8-4-10 221 DA4-3-12  DA8-4-10 221
GA B Fu ¥ LopiAR| THESLT FLE e G J ¥
MCD V-1-3' R H IR V-1-6" HRH Fra J J ¥
PDA V-1-2' TR A f iy V-1-5' ST R A ¥ ¥ ¥
ISP 1 V-2-2' R i £ 4T i £ 2T RN Ko ¥ ¥ ¥
ISP 2 IV-5-3' R B Bk AR ¥ g £ 4T ¥ ¥ ¥
ISP 3 R Fat HRHE M E HedLL HRE it J J J
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3 E#k DA4-3-12 DA8-4-10,221 BHFZE(100x%)

Fig.3 Microscopic morphology of strains DA4-3-12, DA8-4-10 and 221 (100x)

R 5 EHE DA4-3-12 DAS-4-10,221 A TE 4 (Y 45 4E

Table 5 Physiological characteristics of strains DA4-3-12, DA8-4-10 and 221

fisc s [ELE A3 Ak (S

DA4-3-12 DA8-4-10 221 DA4-3-12 DA8-4-10 221
ik + + + Bl T ie + +
Ea + + + AU I 5 R AL + +
TR + + + TE R K it - - -
P + + + LYK S - - -
T + + + H,S F=4: - - -
FLHkE + + + TR ER A 5 + + +
H g + + +
HILEE + + +
i + + +

RIS R, BAE RS R MR — 223 45 &
TEA A RRERG S 2 R Streptomyces alboflavus . T#
¥k DA8-4-10 5 Streptomyces alanosinicus F) ¥ 3 #H 2
P AL TR G A T MR — 0 32, 45 S IR A
TG H Y5 5 R Streptomyces alanosinicus .
2.4 AR AR AN E

4 BRA BT Z A R AP N R 6 . TERIR

— 221
44

74 DA4-3-12
88|l Streptomyces alboflavus (NR 112522.1)

85| ' Streptomyces sampsonii (NR 025870.2)

— DA8-4-10

—Streptomyces alanosinicu (NR 041148.1)

Streptomyces fimbriatus (NR 112458.1)

Nocardiopsis dassonvillei (NR 074635.1)

[I—

0

4 E-T 16S rRNA EEFFIHE A E #k DA4-3-12,DAS-
4-10.221 R EAXEAKRKHRERER

Fig.4 Phylogenetic tree of strains DA4-3-12, DA8-4-10 and
221 and related strains based on the 16S rRNA gene se-
quence

DA4-3-12 DA8-4-10 1 221 & W VM b, Btk
DAS-3-15 BYUER F & Bl 12 0 AN [m] K /N 1 325 Y Bl
MTER PR DAS-3-15 P-4 I, Ttk DA4-3-12 DAS-
4-10 1 221 J& FElL[RIRE R R [R] /s R, 36
BBk DAS-3-15 5 E #k DA4-3-12 DA8-4-10 F1221
Z IR AEAN )RR B B I i 4 AN B A T 2L ] %
72 WU H bR DA4-3-12 \DAS-4-10 Fl 221 =kkFH{E
h I ST B LR AR
2.5 B G BE R TREROR 458 I B AP R
FHTRARAE K R L I 5 TR R DA4-3-12 \DA8-4-
10,221, DA4-3-12 + DA8-4-10, DA4-3-12 + 221,
DA8-4-10 + 221 Fil DA4-3-12 + DA8-4-10 + 221 1y
B IEME (R 7). G5 RRY], K ALBRA X 9 Fi it
0 S L PR R A [ R EE A A T, OF LA
B TRR A4 T 834 ) T 00 TR 3R AT B TR A R0 TR
RIS LR R Z 0], T AR DA4-3-12 ,DA8-4-10
F221¥ )8 THEH WS, A KA TR ZE A K,

x6 WEHZEHEEER

Table 6 Interaction of strains

GRS DA8-4-10 221 DAS-3-15
DA4-3-12 + + -
DA8-4-10 + -
221 _

BRI LA, - — BRI LI
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Table 7 The screening result of combined strain fermentation to root rot disease of Astragalus membranaceus

S A MR (%)
A B C AB AC BC ABC

RAVBEIIE C5(F. oxysporum G5) 6533040 ¢ 22.7820.55a  70.3320.55 ¢ 64.11:0.58 de  68.11+0.68 cd  66.33£0.20 d  57.78+0.59 e
RAVRTIE C6(F. oxysporum G6) 66.00£0.27 e 7.65:0.46 g 71.41:045b 64.474022d 67.76£0.46 d  66.12+0.53 d  61.18+0.20 d
AEHE I G2(F. solani G2) 68.53£0.18 ¢ 6.94x0.35h  68.53x0.35 e 66.00:0.61 ¢  68.59+0.32 ¢  67.41:0.23 ¢  65.65+0.47 ¢
WEHETIH G3(F. solani G3) 62.11£0.67 b 22.0420.48 b 67.7820.78 f  63.61x0.57 ¢  63.89£0.31 f  62.11£0.29 f  52.00£0.31 f
THHERE T (A. solani) 65.40£0.26 ¢ 8.39:0.25f  69.66+0.43 cd 65.52+0.36 ¢  66.090.38 ¢  66.78£0.39 cd 57.70£0.26 e
SEAGLLIGE (R, solani) 70.56+0.39 b 13.89:0.21 d  71.67+0.26 b  69.44+0.36 b  70.00£0.53 b  69.00+0.54 b  69.56+0.29 b
SRR TIH (F. verticillioide) 6714033 d  6.5520.33 h  69.05£0.26 de 65.48+0.34 ¢  68.69+0.22 ¢ 66.79+0.48 cd 60.83x0.26 d
MR E L AL (F. oxysporum) 64.19+0.47 f  9.19:0.20 e  66.63+0.26 g 59.88+0.52 f 6547021 ¢ 65354020 ¢  52.44+0.29 f
SIS K 7 (Valsa mali) 84.22+0.15a 21.33:0.45a 86.89:0.24 a 84.78+0.23a 85.56:0.30a  85.22¢0.21a  85.33:0.39 a

[RIFNANRD/ING PR R AR BRI 22 53 1225 (P<0.05)

x8 FEHMERRERHIERKDHIR

Table 8 Efficacy of strains in controlling root rot disease of Astragalus membranaceus

sz B (em) FHRAK (em) B (%) VENIERIER Biia R (%)
it et 11.89£2.51 a 14.33£1.29 abe 50.21£0.47 b 41.72+0.41 b

o JE T 7.43+3.19 b 9.35+2.37 d 88.71+0.61 a 55.60+0.46 a

A 14.04£2.19 a 13.12+0.98 be 33.22+0.40 e 22.69+0.43 e 60.01

B 12.64+1.53 a 12.8420.81 ¢ 40.12+0.41 ¢ 29.7120.33 ¢ 46.00

C 13.95+0.21 a 14.08+1.83 abc 22.01£0.23 h 16.65+0.20 g 69.99

AB 12.09+1.28 a 14.57+0.76 abc 37.45+0.46 d 25.0420.29 d 55.00

AC 13.21£1.79 a 14.94£0.79 abc 16.45+0.45 i 16.45+0.45 g 69.99

BC 15.18+1.79 a 16.16+1.78 a 29.97+0.19 f 20.23+0.44 f 64.00
ABC 12.54+2.71 a 15.79%1.63 ab 23.06+0.41 g 15.37£0.39 h 72.32

[AFAN R /NG B s Ab B E] 22 57 3 (P<0.05)

7177 5045 A R ) R0 K 3 4 SR o 2 7 1 B 2R
UL BT [5O3\ S B LA S < U e RO
B, Ho PR R 221 AR A BRI DA4-3-12 + 221
X 45995 SR AT B 10 B8 R 4438 65% LA b 1A TR B 221
SR B VE R R
2.6 EAERHBIASR : 1
32 8 FW, 4% PR IR L LS A TR MU B AR ATHDA4-3-12; BDAS-4-10; C: Hif221
TR —E WA, LA BT bR DA4-3-12 DAS-4- s BAWRAHBLAER _
10 81 221 5 R TR £ 0 00 BB OB %, EATeaey of combined srains in controling
A, 8B 72.32% , (e T A LR BRI B R, H AT
o S BRT B, BB &) T 1) RO SR N 1 8 003 B N
88.71% Fl1 55.60% , B\ 1= T &% Ab B4 ; L DA4-3-
12422114 % 95 B AL K 16.45% , DA4-3-12 + DA8-4-

B R R AL B AT L R B R R B
X HEAH b TG o 2 2 5 100 B AR X 2 EEAR I s &
A= BTV 9 TR B A5 ) 3 R 1) 1E AR

g5 LR, 3 MR IR AT 20 B AR R R 1
10+221 BB 550N 15.37% , B 5% RZHAH e 45 BrARCR R L7 R R SRR Bk

PRl B FHED5E BN ERIT TR RIDTS, SN i ST Rl A e — s L L3
MR EBTRCR FHSZBUAR 3T RN | TS bR (TR RE 7 IS

SRR R A AT (P 5, % 8) , FUBEMIRIR gy
BRI 0 T EI R 7.43 em, PR B o
9.35 cm; % 1% ALK B 11.89 em, EREK Y O e 5%t
14.33  cm AN [F) A0 BT X 8 B Bk = AT EAR K X A TRAE S — P E B 0 B AR W S B T
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P o, H I B 2 T i 1) U A 7 o 4 T
LA VRS T Y R B B AR I BT IR ROCR |, E U
RAA G 1) F2 B JRE T 1) (GBS IR 45, 2012 5 2% ik
45,2018) , BEHETE (2012) LB AR 1 BZ4S %o
FRKEBES B CCO ( Setosphaeria turcica) | T K SUHY
J B NA 1 ( Rhizoctonia solani) F1 NS5 &R IR # FS7
( Cylindrocarpon destructans ) B 1l B 2R 43 3] ik #|
75.51% 64.65%%1 52.88 ; N £E 55 (2016 ) HITH 22 2E
R 5 3 T A5 il 4R TR Bk ZZ-9 X S SR AR JE A B
( Cytospora sp. ) TN B ik E] 96.4% , A5 M7
T L T R - T ) 244 BRSO B O 2
P33 RO S AR R i 2 B A 0 R AR ) 2 B
TR TR #k DA4-3-12  DA8-4-10 F1 221, 45 & &4
fiE A3 A AL 16S xRNA FEPH 51 4558 , Bk DA4-
3-12 #1221 24 Streptomyces alboflavus , H # DA8-4-10
A Streptomyces alanosinicus, Streptomyces alboflavus
RES” 2E 22 P T 3 M 9 AU 5, i 45 (2012) A
Streptomyces alboflavus 313 TR AR 25 2 AP XT 24
TCBAVETE A SR H A/ R PU B B S IRE TR R
I HAZACA 20 T Y 4 P bR 4 BT (57 4 BR A7 ( MR-
SA) BRI PE3E T2 N 75 % 3 Wang 45 (2013) M
Streptomyces alboflavus TD-1 [P & 22 AR5 J Wb /0 5
3 27 FIERMEHTE R TR BT, 2R S B2 g R
B 5 e e 1) Tk i B A OB A LA R
WGP, A 53R B (Murthy et al., 1966 ; Price
et al.,2014) , Streptomyces alanosinicus E.45 H % B
JibsRd B 3 . & UL R Streptomyces alboflavus F
Streptomyces alanosinicus %1 A5 ¥ 995 F HE 1T Bl 1A 1 4
B, A5 &I, B Streptomyces alboflavus F
Streptomyces alanosinicus /X% B HE ML JE 95 1R 2 A
LU KRV € STNERS FW) Ve g e S )
oA TR A5 22 g Jir D 1) 3R B A A ()RR R A A AR
o E N ANE IRARGE

B PRI A DA i 249 85 B Ml T R R A
BHRRZ—, CHFERITX HAEY BRI iEoE,
1R 2545 (2016) 8 i A4 HEMR LI A PGPR T/ G10 X
B PR T P00 T P AR A F) 18.38 mm; V2 HPISE
A5 (2008 ) 8 o FH [ 16 96 ik A 55 28 LA I B AN
B2 X 6 MR JE R (9 By A% 23 i 1k F 41, 489% A
48.16% ; 45 (2006 ) A 58 & BR, A i i 550 10 %t
BRI 1 B BT RN 57.8% o AW 5 38 3 T
24 1 (K R AR O 18 B0 0T B PR o TR AT T R i1 3k
#57.12% 51.11% ,40.8% A HUZL T4 i Bk DA4-3-12

DAS-4-10 FI 221, HAF 4 # CHR Hh i B 35040 50l A
60.1% 46%F1 69.99% ., £ I Frik , HE% T 15 AR
JE IR B A= B iR R 22 B vh e 2 R RN LR, HL YR A
P—EHURE AT NG . REZ BRI RS
78 Fp MRS IS [F A B i T AT R L),
TR AT A 0040 T T P 0 o A A ) 30 B 3 1
2 5 RUE R RE T i R 55 55, WA — R EE L e IR
PRAMNR— R LR

AT G0 DA 150 A B TR B AR B i B VA R
S H B, ¥4 B bk DA4-3-12 \DA8-4-10 F1 221 #
TR, MR TR G Az B 2k TR B AR B s 1) A
Bl e, B B3R 3 Bk AR B 53 00 A5 B 4] 52 TR
DA4-3-12 + DA8-4-10 . DA4-3-12 + 221 .DA8-4-10 +
221 1 DA4-3-12 + DA8-4-10 + 211 ) 4 P AR[R 244
TE R, X A AT T LN A0 B RN R S e | 45
FWEEH R DA4-3-12 + DA8-4-10 + 211 7E X%
FERR R Y 2k 0 rp A By AR A o BEARL, SR F
72.32% X AT BEAE P AR G 1 AR I TR 1Y) B S
YIRS, AT e s h 2R L T
Rk DA4-3-12 DA8-4-10 #1221 XA LLF=A: Z RN
[E AR A =, ] DA (] 2 3 b 300 <6 s Do 1
B, HLH Streptomyces alboflavus 724 1 22 Ikt
AR EA S B2 XN — e B
LB T AR DR A R P | o EL S B AR S R
WHR L T TR L, 2L IR Wk A4
(A A [ A 4000 7 375 4 4 Jo ] 3 3 P A P S B
HAN, R A BROR . H R AE(2015)
KB, TR B SCL1 Al 153 S HEY P A ik
SF6 ERLHUR G WG, 55— R B RO L, T i
PR T T TGRSR 20 0 B A% (e 21.63% ~
30.78%) ; Dubey %5 (2015) & B, W % K % Pusa
5SD ZEGIRAMIEE pf80 MRFRAN T Mesorhizobium ci-
cert RIS T TR F9 1l B rr) TR 5 TR 700 A A AR R T 3 0
Hh N ASUf T W 0 - K RN A ) 7 e T B
e, T Lol A8 188 A 2 90 1) R 3K 31 e I ; Akila
Z:(2011) ¥ PGPR i 20EC FZEGAR BAAL T pfl
PTG , HoAe i 2 AR B a6 v X 7 5 A 280 1)
RIGHIEIR T 64%H1 75% .,

ATIE 5T ) P D B 5 e Sl Bl 3 v a3 B R Y
T T 52 A OGS v B AR B 0 B IR R AT 1O, &
AL B R AR DM R B A DT 4 R 1 ) B EEAR T
() BB RO FNRRE 1, ARy BB ik 1 26 ) B
T BEE T B LA, T H AR AL TR AN BRI, 8
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