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W IR AP AE . OTEER AL PP SR ARER 3D A 6 MROLFE AT REXT P12 K BT A 5 -3 MROLE A0 B 43 501 1
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Effects of combined application of actinomycetes Actl2 bio-control agents and
potassium humate on growth and microbial flora in rooting zone of Salvia
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Abstract; This study was to investigate the effects of combined application of actinomycetes Actl2 bio-control agents and
potassium humate on growth and microbial flora in rooting zone of Salvia miltiorrhiza Bge. Taking conventional

transplantation treatment as control, we used root dipping with actinomycetes Act12 bio-control agents and potassium humate
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to evaluate survival rate, biomass and resistance to root-knot nematode of S. miltiorrhiza; The abundances of soil bacteria
(B), fungi (F) and actionmycetes ( A) were determined using the dilution plating technique. Predominant microorganisms
were identified using 16S rRNA and ITS sequence analysis. Results were used to evaluate the microecological changes in soil
microflora of S. miltiorrhiza root zones with combined application of actinomycetes Actl2 bio-control agents and potassium
humate.The results showed that: 1) Under Actl2 combined with potassium humate treatment ( T20), emergence rate
increased by 8.7% compared with the control treatment, and mortality rate decreased by 39.0% ; Stem-leaf natural weight,
root natural weight, root natural weight per plant, root dry weight and root dry weight per plant were 6.1% .28.6% .11.1%
36.3% and 9.0% higher than the control, respectively. 2) Combined application of Act12 agents and potassium humate can
adjust soil microecological balance, modify microflora and microbial community composition. In rhizoplane soil, compared
with the control treatment, A/F increased by 95.0% under Actl2 combined with potassium humate treatment. In S.
miltiorrhiza roots, under Actl2 combined with potassium humate treatment, the number of bacteria was 195.0% higher than
the control. While fungi and actinomyctes were not detected. 3) In rhizosphere and rhizoplane soil with Act12 and potassium
humate, 6 predominant microorganisms might be beneficial, which included 3 bacteria isolates namely A. nitroguajacolicus ,
R. radiobacter and P. frederiksbergensis, 3 actinomycetes isolates namely S. diastatochromogenes, S. lateritius and S.
cavourensis; 2 predominant microorganisms were suspected harmful isolates, included 1 bacteria isolate B. frigoritolerans
and 1 actinomycetes isolate S. turgidiscabies. 4) Combined application of Actl2 agents and potassium humate may control the
disease of root-knot nematode. The disease incidence of root-knot nematode in S. miltiorrhiza decreased by 49.3% under
using Actl2 agents combined with potassium humate.These results suggested that the combined application of Actl2 bio-
control agents and potassium humate not only promoted S. miltiorrhiza growth and yield, but also enhanced plant disease

resistance and adjusted soil microecological balance in rooting zone.

Key Words: Salvia militiorrhiza Bge.; actinomycetes agents; potassium humate; soil microflora; predominant

microorganism

P42 (Salvia miltiorrhiza Bge.) ZBIEFHR BRI 2484 B ANMY), UMM ALY, BRI E®E Hh Ry B
A A JHZE 1R FR AR TS TR R G R N TR ALY KA, (2 S
AR AN E . PSR 2 R e AN R K il A 22 R 25 B A P2 AR R 3 BRI A= 9
il R PF S AR R S A B L, AW IR 2 D RE LR T Act]2 TE AR A KA AR O g
SR VEMI TS ST  [R] I E A X AR s - SR Gl A 1 DX 2R 0 91 VR TR A A 5 B E A A e AT 2 T AR K
B, SEIRE R B B P A RO . CA MR R T Act12 TE R R 2 1 I R A= 9 o, £ i H:
R EBIHEAEE SIS R AR R FE R Act12 BEARRERN A UL SESF 24 K A SU8s & B i i
5, JF FLARSE R AR YA s SR IR

B2, H AT ST AR Tk B R TR A5t PR AR A0 A8 B s 02 AR A T RO RGE AR 2D, AT WF5E48 Y 1] L3 P
AA WIS LG TR G F5 55, AT 35 8 e AR B O TR TE g v A R A 44 v 2 BT 0 TR 19 B i
fRAERCRY  BIR R IAE R A IR A DR ST BT Act]2 TR AR B 5 A BRI AE K 3= & 42
R T, RS PTG B0 8 77 5 38 R TCRR B 3 2 25 P05 1 B2k 28 77, AR 0K i A o 3 A XU 7
HIDCHRESE RIS L, A A5 e B 0 Pt T DA BRI B R AR T30 N w2 Wy i, 48 v SR S o o, O B A A%
KRR R I BT IR A B XHE ) 2E KA R A R AR SV T BRT) 45 385 4 1 ME AR I 5 ol PR ke 7
FR P B 2 5 T SRR DR SO, F R R A B A 5 [RT IR B0 X6 VR AR AR NV A2 2k 1 AR B K
P TR U W BSOSO T A 1 = RBUE YR 2 — | AR L rp i LA o AR K
AT AL I A AN A T A A I s B 0 S BE R ) o 2 — o P e s 2 o) 790 A [ B 5 41 P g
FERYY BT, A F) Tl 2 T A A B, B i BRI VR HISOR s I SR AR AR B XA AT RGP AAE T, =%
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54 BAMEAIAE . AW IEAT TR RS R AR B B C U, B 7R R R A e X =
AR 2R R R A 2L, SR T R TR R T2 b B e A P BOR B Sz AR BB AR 3

1 HESH®

1.1 #hk

FE2 b B PHS | BT R L A 290 A PR w25 R B s A 4t

SR TR ) AR B Act]2 32 [ 285 e e 45, TR RIS B ECR 2.0x10° cfu/g, 1% TR T A 4 9% U 9%
T ST A T e e R b R T AR R R IR RE R Y 1 Bk 2 TIRE TR, 28 16S tDNA JFA 43 Hr 4
%ﬂﬂ%ﬁﬁ%%%(snepwmyces pactum) ,IZ%E—% Eﬁ%%ﬂ%#ﬁfﬁﬁﬁ%&ﬁi?ﬁﬁﬁm o

JEFERRED KPR R R & KT 400.0g/kg, K, 0 51 =50.0g/ kg, F BT SR 0O B A B AT BR S Rl A2 77,

Bk A B R FUBBIR (BPA) | ThAAZERERIEIIE (PDA) K 1 5 (GA) P,

1.2 Jiik
1.2.1 it

TR0 b 5 R B P Az 2 BRAR A b 7R el v 2 Sk b

IG5 LI CK X IR 5 RIS AR TO A R B AEAR ; T10 S 2R A ) Act]2 5 RER AR (1:9) L
JHEREAR ; T20 SRR B Act12 S5 HERRET (1:19) BUEREAR ; TS0 AL R 7 Act12 5 AR SR (1:49 ) P jita il
MR, JEIEA NP K ZAHE,50 kg/667 m*, KR 58 2RELEIT, BANE B 3 /MK, /MR L 20 m?*, 4
DARFR 12 17, 84T 13 Bk, 478 30 em, 3 156 tk,

TR 1)+ PR R T e« 1 S B8 ARk ek AN () L 91T & P T AT TR 0 — A= B TR TR 5 DRDR R ARL O i, LA 1k
B W KN B M S U R R KRR, BEAR A TR 5 R (TRUEPE SR R R AR LR |, b5
FCHEA S g IRA TR, BRI Sl 4 i 1 3k CRARTS AT ) F H #5552,

1.2.2 JFBMEREE LS EY RS

2010-04-01 F&#%,2010-06-01 P& FHZ HE % 2010- 11-30 WA BB /NX At 4 175280 0K
A AR 8 A7 WARKG B RAE X,

FERAE DORAE DAL N 4 1T SR R 5845 T 2l 3, B Hh 1 350 43 B 6 T it 5 SR U5l B R AR
RN 1A Gor L PRIAREL, /N XE T 1484 IR %, VAl R PR R I bt | O
FEGTT B 28 280 B PR IX AR G5 48 HU R e LR X R T o,

KGR A DR R AR RAE X N IT AR 8 111 S i 5t 84z th , Ge it SE BRI AR SR, R bl b8 4 o i
Jid, 25 R FRAR R R T ISR G AR XARZE 2 R R B AR BT

RS 0 R DX 5 ARG R AE X T A R T A A8 A . LR P2 R AR R HE A/ NIX 12 A7 8 31T
Giil; PESAET SRR SR ARG 1 ARECS ORI S S PR AE TR MR 25T F 3 5 BARRAR 2R 6 5T o R B AR AR
FRABORERG B0 R AL DR SR 25 o ARG T AR T o | SRR AR T 5 o DA AR 45 4k AR e R Al
K R A D5 R 0 R A X BRI T 48T
1.2.3  AERE SR Sl &

£ CK ., TO F1 T20 =AM rP AR I 2 MR 3 R AT i AR A I | 5 BT 7K 0 45 T 1 SR AR 1 SR B« ot
T2 1 om HHE AT RESZESE B F8 M H 45 0 A X PN 1) 1 KRR R AR I H B ) T REE i 2 5 JR
[ISCE0 2 A, ARIX 1 EE SR AR LA 8k 2 A B4 9 RS, FRE10.0 ¢, B T34 e
ARSI 90 mL JCHEK A = AT ZE3R R FARS 30 min JE 4, RFE I 58HR R EIE K LR
JeE MR ETORGBH /0  E B EEE ISR X LR R BT T AR (W) J5 B T264A 90 mlL JC R /K 1
SR, FRERY 1—2 min, R SR TR B AT T EVE TS BDAT BT AR & W K 40K AR 2% /K W /5 FRAR &
Tt (W2) , W1-W2 B AR )
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i FHICE /N T HEHEAR 2 RE S P I E R 5 mm B E)R R4 5 BL, A A oK sk T4, 1
IRAC AR Ay AR BON 75% LSRR P AL FE 30 o, BN TSI, SRB HAEM N 1 o/ L TR
PRI T . T T I TR) 75 6 20 B B R AT TR 6 0 o, AR AR AR 25 22 1 1 TR A0S 10 SRS SE ) P B 2k )
FEG o B AR R AR IR I B 50 HE S FH TR K ot 5 0K, 430 AN — /A KB A SERb A 10 mL JCEE /K 1976
PRIFER 0o IS | (AR P B B A RS ok . BB X R R AR BT LR AR A T A B 45 5
1.2.4 EY BT

SR | L TR RIT R 2 TR 40 B BSO8R FH AR B T LR B3 | BT 3 92 5553011 BPA \PDA ]2 GA,28°C #5571t
BUE PRI S TRV, alidb R 25
1.2.5 R mEFpEEE

KBRS B B R i 2 DNAN ) 405 16S tRNA #1514 (27F:5'-AGA GTT TGA TCC TGG
CTC AG-3';1541R:5"-AAG GAG GTG ATC CAG CCG CA-3") 47 PCR "4 55K JEN 1.4—1.5 kp B F B,
P12 . 94°C TS YE 4 min,94°C 8P 1 min,57°CiB K 55 s,72°C HEK: 2 min, ZBPEFIEK 30 MGER, 72°C 4E
K 10 min, 4°CAR£AF, FHEE DNA 2GR CTAB 31" 208 Pryce 25734} tDNA-ITS F51 #E4F PCR §~
BT RS | WK FHAE S 19 1TS1 FTITS4, 43514 5'- TCC GTA GGT GAA CCT GCG G -3/ (ITS1) #15'- TCC
TCC GCT TAT TGA TAT GC -3'(1TS4) , 524K FE 4 400—500 pb B9 BE, § 34414 94°C HiZE 1 5 min, 94°C
5Pk 30 5,50°CiB 2k 30 s,72°C HEK: 40 s, ZF PRI HEK: 30 ANMFFR,72C LEK: 10 min,4°C 1147, ¥ 1P~k 4tk
Ji 326 P A W e 2R MV RHECA BRAN RIHEA TN T . A 3R AR R SR 5, R BLAST 7775 DA GenBank %44 P22 v i
ORGP A, R ] CLUSTAL X2.0 3447 [R5 BT, R Mega 4.0 %141 Neighbor-Joining 77 A4 R 48
HAER
1.2.6 kb 5 5y

FFE MR (%) JETF (%) AL MR IR (%) DR T BT & (g/ k) BT
AT AL «

W % = 3 100 (1)
\ %‘:‘ﬁh *
@%%%:ﬂﬁgggﬁxwo (2)
E CNKHE TR
AT el g/ By = T (3)
%t$%=¢@mmﬁﬁ&$§é?Wﬁ%@Xm0 "

JES A R IEAR TO AbBE 2R PR Act12-+) FE R FH T il i AR Ah BRAS- 8 A BT IR CK B934 %63 ACK % 3%
(S T R T Act] 2+ 8 A R AR B MEREAR AL FHAS T8 b J R R A RE AR TO Kb FRAY 1 R ATO% #
ARG (6) T, B HERE S T RPN | SR AR 2 RA R, (7)) AN R R
S PR T | L T R T B R A B A B e BB Y 2 AN SR PR R AL i (B 52) A0 S B B
SEYME, BE S HT FH SAS BRI T
JEFE AR AL FE TO(FCHtiALFE T10,T20,T50) -CK

ACK% = K 100 (5)
_ FftE4b B T10( T20, TS0) - M ER #R AL TO
A= I RS AL TO x100 (6)
CEVAN T (L ) B
RAG = A RTULIAH A (LT, ) Bt 7

X I - AFEAE i A TR (LA, R TR ) AR
2 HR545%H

2.1 JREHR S AR P RCHE X PSR A AR AR
HI3% 1.3 2 W LU Y TR AR B BN | e 2 T 701 -5 T AR B P Tt 24 BE 2 e P12 1 M SO F R AR S R iR
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YR - 5XTHR CK ML, B IR AR TO FFF2S B SR IG TN 1.8% 5 AR 45 48 HUR YL R [RAIK 9.9% ; iR i i | HA.
FRALAE I A AR T B DA S BARRAR T i B 3 hn 25.0% (P<0.05) (17.3% ( P<0.05) .28.8% LA K 11.1% .

*1 HEEFNSEEBRARENASHER ETERBREERNFM
Table 1  Effect of combined actinomycetes with potassium humate on emergence rate, mortality rate and incidence rate of Salvia

miltiorrhiza Bge.

| iR L P
Ab 2 Emergence rate Mortality rate Incidence rate
Treatment
Value/ % ACK/% ATO/ % Value/ % ACK/% ATO/% Value/ % ACK/%  ATO/ %
X CK 83.5+12.6b — — 33.1+10.0a — — 7.1£0.3a — —
JE R R 1 it TO 85.0+10.6b 1.8 — 25.6+9.6ab -22.7 — 6.4:x1.0ab -9.9 —
Act12 S IEHIRRH
85.3+11.2b 2.2 0.4 19.6+£10.4L -40.8 -234 5.7+£0.9b -19.7 -10.9
(1:9) it T10 * =040 *
Act12 5 HHRHT
N .8+8. . . 20.2+6. -39. =21.1 .6+0.3¢ —-49. —-43.
(1:19) Blifi T20 90.8+8.0a 8.7 6.8 0.2+6.7b 39.0 3.6+0.3¢ 9.3 3.8
Act]2 53 R 82.7 £12.9b -1.0 -2.7 27.4+8.8ab -17.2 7.0 5.3+0.5b -25.4 -17.2

(1:49) iz T50
Value : MEEE L A F- 24 {5 £ AR E 25 Average value +Standard deviation; ACK ; P jifli 5% it jifi 4b PR 4% 45 #5 4 % B CK A9 3 % Increased rate of
potassium humate or combined application with the control trealment;ATO:ﬂﬂmﬂlﬂ%*ﬁ*ﬁﬁ’%*ﬁ@%im TO b3 2 Increased rate of combined

application with the potassium humate application treatment; CK: X i The control treatment; TO: J& A% B2 4! #Ljifi Application of potassium humate
treatment ; T10: Act12 5 JEAEFRAN (1:9) ECjiti Combined application of actinomycetes Act12 bio-control agents and potassium humate treatment (1:9) ;20
Act12 5EAEERER (1:19) BLjE Combined application of actinomycetes Act12 bio-control agents and potassium humate treatment ( 1:19) ;T50; Act12 5§
FERER (1:49) FCjife Combined application of actinomycetes Act12 bio-control agents and potassium humate treatment (1:49) ; [RIZEHE 545 A R /NG 7
HH LR W3 (P<0.05) Different letters in the same column indicate significant difference (P<0.05)

®2 MEEFSEERAREXNASEVENZM

Table 2 Effect of combined actinomycetes with potassium humate on biomass of Salvia miltiorrhiza Bge.

SR fif T i MR ¢ o7 15t T pia

i Stem-leaf natural weight Root natural weight Root dry weight
Treatment Value/% — ACK/% ATO/% Value/%  ACK/% ATO0/% Value/% — ACK/%  ATO/%
CK 10582.1+3051.9a  — —  4450.6:177.1c  — —  1402.4x342.1b  — —
T0 11048.3+2167.3a 4.4 —  5561.1515.6ab 250  —  1806.2+489.9ab  28.8 —
T10 9314.94504.7a  —-12.0 157  5289.4:251.7b  18.8  -4.9  1630.4+369.8ab  16.3 -9.7
T20 11223.2:2384.7a 6.1 1.6 5725.082563a  28.6 2.9  1912.0+468.6a  36.3 5.9
150 10773.0+1823.7a 1.8 -2.5  43153+281.9c  -3.0 -22.4  1313.7+208.2b  -63  -27.3

PRRRAR S T FABRAR T PARRAR RS
A Root natural weight per plant Root dry weight per plant Root numbers per plant
Freatment Value/ (e/8k)  ACK/% ATO/%  Value/(g/Bk) ACK/% ATO/%  Value/(z/Bk) ACK/%  ATO/%
CK 123.3+34.5be — — 34.3+4.0ab — — 13.542.3a — —
0 144.6+53.0a 173  — 38.1+1.9a 1.1 — 13.6:2.5a 0.7 —
T10 131.8+48.9ab 6.9  -8.9 36.3+5.0ab 58 47 12.0+1.9a ST -11.8
20 137.0£49.5ab  11.1 =53 37.4+2.5ab 9.0  -18 13.7x1.6a 1.5 0.7
150 11432428 -73  -21.0 33.1£3.7b -35  -13.1 12.3+2.1a -8.9 -9.6

MR 1 32 F WS A R B LA T20 Ab PR FE AR AL BRSOV B0 o AR B PH S 1 3R | CK
KN 8.7% (P<0.05) , SR I A FE T 56 ] 2 A AR Y 2R 43 33| 36 BR CK 920 39.0% S 49.3% (P<0.05) , #R Z& fif
JFh AR ZR B4 A IR CK 34 T 28.6% ( P<0.05) (36.3% ( P<0.05) , LA H8tr 22 A K,

F 1.2 ATO HEFIRN . FEALFE T20(BLhE L 1:19) H, TR B A AV P AE 3 ol i Ach 380 v 205 SR de
Uf o PES R AE AR B TO 14/ 6.8% , FET -3 MARGE L HUR YL 3537088 TO FEAIK 21.1% . 43.8% , Hfiif
JRAREE TO Ba AN 2.9% (P<0.05) , HiARFe bR 22 A K,
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2.2 REHE R EE PSR IEMAE Y X &R
221 WXL

W 3 iR APPSR IX b 50 I CK AR L, B AE B 5t | 0 T ) 5 g e T 9 T i 4 e ) I o
IR IR BB, B R R A TO Ak B A 40 B | TR R 2R B AR ) 4 B CK U 33.3%
5. 1% 26.5% ; B/F A/F F1 B/ A {E 53 HIA6 B CK 3820 29.4% 23.0%F11 8.6%

)5 B AR IR PR ( 1:19) T20 A3 A 4 P 0 2k 1 5 53 ll 80 B CK 98070 31.3% 11 20.6% , {H ELTE
B B FE N 52.3% (P<0.05) ;B/F A/F UL B/A {H 20 S50 B CK 70 56.4% 47.6% VI K 16.5% ., WA
B TR 0 R R0 ATO A, s 7510 % 200 8 R 50 4 TR 00 52 Wil RS K, L B R B N 59.5% 3 B/F L A/F (B 43 il 3
38.3% .31.9%.

*3 HMEBRSEERFEESSRIETIEREYBER 3 RLEBERLLS)
Table 3 Microbial quantities and ratio of the three major microbial groups of S. miltiorrhiza root domain soil
HR X 14 Rhizosphere soil

A BERE S B Quantity (cfu/g F1) LA Ratio
Soil sample g B R YR/ FLTA I EX VN ] AT/ TR T
bacteriax 107 fungix10*  actinomycetesx 10° B/F A/F B/A
CK 4.8+1.6a 3.9x1.4b 3.4+1.2a 1222.8 88.1 13.9
TO Value 3.2+1.2a 3.7+1.7b 2.5+0.5a 863.8 67.8 12.7
ACK/ % -33.3 =5.1 -26.5 -29.4 -23.0 -8.6
T20 Value 3.3x1.3a 5.9+1.5a 2.7£0.3a 533.3 46.2 11.6
ACK/ % -31.3 52.3 -20.6 -56.4 -47.6 -16.5
ATO/ % 3.1 59.5 8.0 38.3 31.9 -8.7
#7124 Rhizoplane soil
+ERE B Quantity (cfu/g T1) He il Ratio
Soil sample T HA e
' bacteTii 107 fungixﬁlo4 a(:tinojrfyifsx 10° B/E AE BrA
CK 4.3+0.6b 3.0+0.6¢ 3.9+0.6b 1442.0 130.4 11.1
TO Value 9.7+2.4a 6.1+0.8b 4.0+2.3b 1589.5 64.9 24.5
ACK/ % 125.6 103.3 2.6 10.2 -50.2 120.7
T20 Value 4.3+1.2b 7.0£0.8a 17.8+14.9a 617.9 254.3 2.4
ACK/ % 0.0 133.3 356.4 -57.1 95.0 -78.4
ATO/ % =55.7 14.8 345.0 -61.1 291.8 -90.2
HWERE, it Quantity (cfu/g T14) L Ratio
Root sample éﬂi% , /E‘,&T _ Bk B/F A/F B/A
bacteriax 107 fungix 10* actinomycetesx 10°
CK 2.0+0.8a 0 0 — — —
TO Value 2.7+2.8a 0 0 — — —
ACK/ % 35.0 — — — — —
T20 Value 5.9+5.3a 0 0 — — —
ACK/ % 195.0 — — — — —
ATO/ % 118.5 — — — — —

B/F . 4l 5 B HE 2 L The ratio of bacteria to fungi; A/F £ B 5 HEEE 2 L The ratio of actinomycetes to fungi; B/ A ; 41 B 5 Jilt £k 7 %X

1 2 Lt The ratio of bacteria to actinomycetes

222 MEIE

M3 3 T LAE H, AERR 32 30 v | 0 A 1 0 Ak 30T A 180 10 200 1 R 5 P 0 8 0 5 T et e o ¢
LR e T

T PTG S AR AR TO AL PR AT | B K 4 B0 B CK 3400 125.6% . 103.3% , it 2k B A 2% 5 A3
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5 B/F B/A 43 BB 10.2% 120.7% , A/F /b 50.2% .

PRI 5 B AR PR B b T20 Ah B rpr | 40 PR 5 AR AR K, LA L AR TR B A AR R IR CK 34 133.3%
356.4% (P<0.05) , B/F B/A {43 BRI 57.1% 78.4% , A/F {H34 111 95.0% .,

A5 IR0 ATO 75, 78 T20 b3 B 7 4 PR AR 4 TO &b BRIk /D 55.7% , EL TR R 2R T Bt oy
HIE N 14.8% F1 345.0% ; B/F B/ A {H 53 HIFEAK 61.1% 90.2% ,A/F {E34 /N 291.8%
223 WA

H 2 3 ATAL FEFHFS AR RN, T AE R A0 SPL it ik o 7] 5 A 1 90 Tt 48 e 7 4 TR it A s, {HU2:
FFSAEARAR Z2 8 AN B L& AR AT
2.3 RS A R P RE Y

K 16S tRNA 51 A1 rDNA-ITS 750 48 AR 23 B PFS AR X MR 2 L ERE 5 b A D0 S0 5 | ek i AN
BRI T o0 %50, AT 13 AROBF T, b L3 5 bk, 3500 2 Bk IR 6 Bk (3R 4)

x4 ASRRBRRIFEANABREY

Table 4 Identification of the predominant microorganism in S. miltiorrhiza rhizosphere and rhizoplane soils

41T Bacteria HTH Fungi FUZETA Actinomycetes
Wk AR R ARLLBE Wk AR R ARALBE Wk AR AALEE
%5 Closest known Sequence %5 Closest known Sequence I 5 Closest known Sequence
Strain No. relative identity/% Strain No. relative identity/% Strain No. relative identity/ %
THZE AR TAT B ElEl i B TR
YB1  Arthrobacter 99.6 YF1  Cladosporium 100.0 YAL Streptomyces 99.1
nitroguajacolicus tenuissimum turgidiscabies
, . SE I RTH VER Bl (VR TR
AR B ol
YB2 o . 100.0 YF2  Cladosporium 100.0 YA2  Streptomyces 99.3
Rhizobium radiobacter .. .
cladosporioides diastatochromogenes
B 75 7 L o Jh
L LT G T
yps B 99.2 yay eELEEE 99.9
Pseudomonas Streptomyces lateritius
[frederiksbergensis
HOE T B P 5 5 T
YB4  Arthrobacter 98.6 YA4 Streptomyces 99.5
globiformis shaanxiensis
[GEFXRT) EINEL: i)
YBS  Brevibacterium 100.0 YAS Streptomyces 99.5
[frigoritolerans candidus
RRREEE T
YA6 Streptomvyces 100.0
cavourensis
231 4

M2 5 ATLUA Y AEAR DX 3 rh G505 B AR B CE T20 Ak B AR U RUMRIET 16 (R, radiobacter, YB2) ¥X
HAS A RRER TO KbFIEHN 120.0% , X% IR CK B0 57.1% ; I 76 18 B 58 W AR (B A MU T (P frederiksbergensis ,
YB3 ) B A S AR RR AP TO ZbFHE /D 40.09% , Bxt B CK /b 33.3% ; BRIE AT (Ar. globiformis, YB4) Flii 98
JGFF R (B. frigoritolerans, YBS) B % 8 AH IR #F TO Ab BH 73 5 B4 0 37.1% F1 50.0% , # X} B CK 43 51 yak 2>
21. 3%H1 60.0% ; 37 5 JE AR R Lt T20 Kb PR A IR R TO Ak 325 L 4t T A X 22 B2 A Ak 5 B A8 Al #a
P, AN, AR B TO &b B fiF§ KL AT AR KE Y #F T (A, nitroguajacolicus, YB1) | JHC5H BUAR 8 147 ( R.
radiobacter, YB2) ERIETFT I (A. globiformis, YB4) Rt FERG AT 18 ( B. frigoritolerans, YBS') i 4351 45 X 1R
CK Ui/ 54. 5% 28.6% 42.6% 1 73.3%,

TEMR 3 A TR B (R, radiobacter, YB2) FIERIE 17T (A. globiformis, YB4) K& 1E W) 55
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FHRRSETBCHE T20 Ab BT %26 A AR B TO Ak B 43 51 36 211, 19% 1 60.3% , B3 M CK 23531134 i 180. 0% F0
48. 8% ; it FERLAT 141 ( B. frigoritolerans , YBS ) 75 1#51-5 JE ML B HC At T20 Ak BT A9 Rce 73 5l B2 AR IR B TO Ab
AT BB CK J8/D 50.0% F1 55.6% ; At 3 AU AR BE I FF B (A nitroguajacolicus , YB1) | 3 75 75 B o Hr 68 (B i
i ( P. frederiksbergensis, YB3) 15 775 )@ MR AN BC b T20 Ab B3 $i 2 43 59 48 6 A BR B0 TO Kb P /D 16.7% |
68. 3% ,fHJEI3 5 Ik B XF B CK f9 7.5 £ 2.4 7%, AN, AR B TO Ab B A i 2 B AT FT I (A
nitroguajacolicus , YB1) | 3 55 15 B g T R AB PR B & ( P. frederiksbergensis, YB3) KU 43 5l J& X} iR CK /) 9 4% .
7.5 i,
x5 ASKRR RRIBABEAHYERBETZE RA

Table 5 Predominant bacteria quantity and relative abundance in S. miltiorrhiza rhizosphere and rhizoplane soils

Bk ibSEAES

A A Quantity/ (10%fu/g T 1) Relative abundance/%
Soil sample Predominant bacteria - TO T20 K TO T20

Value ACK/%  Value ACK/% AT0/% Value ACK/%  Value ACK/% AT0/%

X+ 1% I A SR
fﬁ[;iii . Eﬁj‘ J}Ej(ﬂﬁtpﬂ‘[ﬁ 1.1 0.5 -54.5 1.1 0.0 120.0 22 1.7 -22.7 3.5 59.1 1059
Rhizosphere soil A. nitroguajacolicus (YB1)
T RARR

0.7 0.5 -28.6 1.1 57.1 120.0 1.4 1.7 214 35 150.0  105.9
R. radiobacter (YB2)

P TS T i
P. frederiksbergensis (YB3)
HIEATHFE

A. globiformis (YB4)

T FE R i

B. frigoritolerans (YBS)

0.9 1.0 11.1 0.6 =333  -40.0 2.0 3.0 50.0 2.0 0.0 -333

21.6 124 -426 170 -213 371 45.8 38.8 -15.3 538 17.5 38.7

1.5 0.4 =733 0.6 -60.0  50.0 3.1 1.2 -61.3 1.8 -41.9  50.0

Y (YB1—YB5) 25.8 14.8 — 20.4 — — 54.5 46.4 — 4.6 — —
*E%%j:j%% . ﬁﬁ%@%/k’&pﬂ 0.2 1.8 800.0 1.5 650.0 -16.7 0.3 39 12000 34 10333 -12.8
Rhizoplane soil A. nitroguajacolicus (YBI)

T AR T

R. radiobacter (YB2)

TR Ly R AR A
P. frederiksbergensis (YB3)
WA

A. globiformis (YB4)
[FESFLN

B. frigoritolerans ('YBS)

2.0 1.8 -10.0 5.6 180.0  211.1 4.7 3.9 -17.0 129 174.5  230.8

0.8 6.0 650.0 1.9 137.5  -68.3 1.8 13.0 6222 4.5 150.0 -65.4

8.4 7.8 -7.1 12.5 43.8 60.3 19.4 16.7 -13.9 289 49.0 73.1

1.8 1.6 -11.1 0.8 -55.6  -50.0 4.2 3.3 -21.4 1.8 -57.1  -455

2 (YB1—YB5) 13.2 19 — 223 — — 30.4 40.8 — 51.5 — —

A Root N/ TR AR HF

0 2.3 — 0 —  -100.0 0 8.5 — 0 —  -100.0
(103cfu/g root) A. nitroguajacolicus (YB1)

ORI
R. radiobacter (YB2) 0 12.2 10.2 16.4 0 45.5 17.2 62.2
oy 2 7 L O R S

1.2 0.4 -66.7 17.1  1325.0 4175.0 6.2 1.3 -79.0 28.8 3645 21154
P. frederiksbergensis (YB3)
BRIE AT

2.5 1.6 -36.0 1.6 -36.0 0.0 12.8 5.9 -53.9 2.7 =789 -54.2
A. globiformis (YB4)
M%EH@ 0 0 — 0 — — 0 0 — 0 — —
B. frigoritolerans (YBS)
Y (YB1—YB5) 3.7 16.5 — 28.9 — — 19 61.2 — 48.7 — —
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PSR A U BIAVE T (R. radiobacter, YB2) TE T 77 5 JE IR BRI T20 403 rp i) $ic i A A IR
B TO A FRI D 16.4% , FEXFRE CK HORAS HY 5 90 75 75 B vw S BRI B MU TR ( P frederiksbergensis, YB3) TER 5
JEEREFRRATTC G T20 AbBE N A8 29 0 S AR BT TO AL BRIy 43 £5 K xf B CK 1Y 14 %,

TH AR AR AT (A nitroguajacolicus, YB1) TS BIMIE T (R. radiobacter, YB2') Fl 8 i HL v H 4%
R EAREER ( P. frederiksbergensis, YB3) TESFSAR R T HEFAR R b 09 R AFTE VL], EATA 7] BEXTAR MR 09 A4 Kl
BT —E e HEE
232 HIE

MFE 6 AT FEPFSAR X L3 A ( C. tenuissimum, YF1) HIRHLZEREE (C. cladosporioides, YF2)
ERA )15 AR SR O T20 Ab 3 e 1y i 43 S0 B8 IS AFLIRR #41 TO b BB i 41.6% 1 96.3% ; 7E S AR B TO Ab
RS AR AP T20 AR P M A A ( C. tenuissimum, YF1) B0 20 548 % B CK 2 54.4% |
35. 4% , MR ZER G (C. cladosporioides, YF2) % 244351 % B CK A9 2 1% 4 1%,

TEAR T 3 AL ( C. tenuissimum, YF1) TEFEF 5 SRR AN ECRE T20 Ab 4 b il B 24 R J8 A e 4
TO ALFRAY 2 %, FEXTHE CK H AR AN B M 0 ZE A 1 (€. cladosporioides , YF2) 7E 1 77 -5 J& #8 B B0 ic Jitg T20 4k
HR B0 S A A R A TO KT HR CK Ab P /) 37.8% 35.8% .

®6 ASRR MELIFHABEHBERENSE RA

Table 6 Predominant fungi quantity and relative abundance in S. miltiorrhiza rhizosphere and rhizoplane soils

e LiibIES: S
K MHAEHE Quantity/ (10%cfu/g T 1) Relative abundance/%
Soil sample Predominant fungi K TO T20 K TO T20
Value ACK/%  Value ACK/% AT0/% Value ACK/%  Value ACK/% AT0/%

HRIX 4 e

19.5 8.9 -54.4 12.6 =354 416 54.5 24.1 -55.8 21.3 -60.9 -11.6
Rhizosphere soil C. tenuissimum ( YF1)

T

9.1 18.9 107.7  37.1 307.7  96.3 25.4 50.9 1004 62.6 146.5  23.0
C.cladosporioides (YF2)

Y (YF1I—YF2) 28.6 27.8 — 49.7 — — 79.9 75 — 83.9 — —
MR WA
0 4.0 — 8.4 — 110.0 0 11.3 — 4.5 — 293.8
Rhizoplane soil C. tenuissimum (YF1)
G
18.7 19. 2 12. -35. -37. 2. 4.1 -13.2 . 2.1 17.
C.cladosporioides (YF2) 8 93 3 0 358 378 623 > 3 636 6
Y (YF1I—YF2) 18.7 23.3 — 20.4 — — 62.3 65.4 — 108.1 — —

233 JEE

M T AL, FEFF S MK S b i 65 RS R (S, urgidiscabies, YAL) | Y€ W i 7 (0 5 B B O(S.
diastatochromogenes , YA2) FIfE LI585 18 ( S. lateritius, YA3) 7F b 751 5 JE AL IR B0 Bic it T20 Ab B () 250 40 ) 48
JEAETRER TO M40 14.3% 23.1% F1 72.7% , 53 B3+ B CK 541 100.0% . 68.4% F1 46.2% ; B 756 55 75 74 ( S.
shaanxiensis, YA4) 26 FHEERZ W (S. candidus, YAS) 73 5@ AHFR AR TO 18/D 68.8% .63.6% , 433 H X} B CK
Wb 54.5% 81.0%

TEARF LI G LI 85 B (S. lateritius, YA3) FIBEVGEERE R ( S. shaanxiensis, YA4) 7E B -5 65 FL R B0 Iic
it T20 4b B rp B 43 B S A R B0 TO AbFERE N 18.29% F1 33.3% ; b ikie 25 1 ( S. turgidiscabies, YAL) JEH#
fif = A 55 25 1R ( S. diastatochromogenes, YA2) M4l FAEERE R (S. candidus, YAS) TE 15 JE A FR B BC e T20 4b
S (B BB AR ER TO AL FR Y820 43.2%—100.0%

JEAERREN TO | T 57 -5 J65 AR R B C B T20 Ak B il % £ B RS B (S, laveririus, YA3) HIBR PY 5% 75 14 ( S.
shaanxiensis, YA4) BB CK 4 20.0%—85.7% ; Ml ik 55 i ( S. turgidiscabies, YA1) Y€Ky B ™ {0 5k 75 1
(S. diastatochromogenes, YA2) Fl4li 858 (S. candidus, YAS) TE )5 B AR A0 EC i T20 Ab PR b i) B0E 55
XF IR CK 980 47.5%—100.0% ; RAILIREERE A (S. cavourensis, YA6) {XAE W 5 HEFR B BCHE T20 AbHSFSAR
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2 - 3 A I 31 ,E/H\ﬁ%%ﬁj 15.2x10° cfu/g,

K7 ASRE MERLFHFABHEFHERENSE RA

Table 7 Predominant actinomycetes quantity and relative abundance in S. miltiorrhiza rhizosphere and rhizoplane soils

Hoi LiibIES: S
FESh Bk A Quantity/ (10°cfu/g T 1) Relative abundance/%
Soil sample Predominant actinomycetes K TO T20 K TO T20
Value ACK/%  Value ACK/% AT0/% Value ACK/%  Value ACK/% AT0/%
HRIX +15 i e 5 A
0.4 0.7 75.0 0.8 100.0 14.3 1.5 2. 3.3 3.0 100.0 34
Rhizosphere soil S. turgidiscabies (YA1) ’ ’
SR £ B A
ﬁﬁj%ﬁ@&ﬁlﬁ 1.9 2.6 36.8 3.2 68.4 23.1 6.5 10.2 56.9 11.8 81.5 15.7
S. diastatochromogenes (YA2)
HELLEE T
S. lateritius (YA3) 1.3 1.1 15.4 1.9 46.2 72.7 4.4 4.2 4.5 7.0 59.1 66.7
WEVG 2
1.1 1. 45. . -54. -68. . 4 . 1. -48. -70.
S, shaanxiensis ( YA4) 6 5.5 0.5 54.5 68.8 3.7 6 73.0 9 8.6 70.3
L]
S. candidus (YAS) 2.1 1.1 47.6 0.4 81.0 63.6 7.4 4.4 40.5 1.5 79.7 65.9
FAUREER
S. cavourensis (YA6) 0 0 B 0 B B 0 0 B 0 o o
Y (YAI—YA6) 6.8 7.1 — 6.8 — — 23.5 28.1 — 25.2 — —
i e i 2 AT
1. 1. . . -57. -57. 4. 4.7 -4.1 . -89. -89.4
Rhizoplane soil S. turgidiscabies (YA1) o ’ 00 038 379 379 ? 0.5 898 8
SR\ ik S i ot 2
ﬁﬁj%) BHEN 8.0 7.4 =15 4.2 4715 -432 206 18.7 -9.2 24 -88.3 -87.2
S. diastatochromogenes (YA2)
AR
0.7 1.1 7.1 1. 7 18.2 1. 2.7 . 0.7 -61.1 -74.1
S. lateritius (YA3) 3 3 8 8 8 30.0
B VG B T
0.5 0.6 20.0 0.8 60.0 333 1.4 1.4 0.0 0.5 -64.3 -64.3
S. shaanxiensis (YA4)
AR
S, candidus (YAS) 0.5 0.1 80.0 0.0 100.0 -100.0 1.2 0.4 66.7 0.0 100.0  -100.0
R R
0 0 — 15.2 — — 0 0 — 85.3 — —
S. cavourensis (YA6)
Y (YAI—YA®6) 11.6 11.1 — 2.3 — — 29.9 27.9 — 89.4 — —

3 INEEE

AR S A U X IR 2 AR AR R AR O SSCAE AR I K 7 3% 23 W Wi i v ke 5 R o 220
PRI, DRI BE T f R AR 1 5 MU A RGP AR W IX R S M DTG . b A By i 2k 7 T e aod 48
TN i IR A A A T TR A et AR R AR - A ) X AR TR B BRI 251 TR 1A R VR AR AR A B A
RAIRET , I IMTZERF ol e dEA AR IE A I

TEA BT i 2 15 T 590 77 3 A AR A0 5 I 5 v, ALt R A BIF 98 45 22 | R 28 45 TIE R I 457t
ROR BALBER TR, FOERERT TS A B, fek M 55 Tk A B 5 i ] A 200 3 3 2 - SR A D R i 45 4, 3
RN R R A R 1D R R, R R B/F R A/F {H i i KSR U X R F
17, RHAR 2R A ISR A WO SRAR R R R B R R T

JEABEIR & — Pl B AR AL Rk LA 22 RS MERE A B R 2y T B, B o R I SR AT RER R 4l
PRI AR VE R0 WRFE I  fta FH E e et S Ak 5 D B A P S BB A AR R i > it S
FELR S A T LB e T L PR PR B > 1N SR R A e AR AR 1 PR BB 5 12
A 5 IR Y AT ARy A IR IR A R B AE A 105 30, I8 RE B w8 22 L MR 6 1, S0 R A R0 R AR R
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Fr R E KB IR W 10T 5 R PG AT B 1 JE A 19 A 1 2 08 0 9 P A B O T 1
B AHR A R — e e

AWFFEAE R A BT TR Act12 TR 75 AR RR SR C i ( 1:19) XTPHSAREE L AU 2 Y iy il /E 1 Je A= 9
e B RO I AL TR AR R R AT BE A HIAL S B RERR BR R 1 RE AR HEPF SR KA, b AT
VB H AU T BB IR RE VR I, AR L A i B T N T FFS AR X S5 AR SR 50 AT 35 iR T B0
SRAL T A i IO T R AR B s/ FH BORAR X S AR SR HIE P A X R VR D 48 & 1 AVF L B T A
FIT PSR R AR AE K 0 R YRR 454, o SRR GRS AR X AR 3R 1 4 KR 3R rh i A 354t
A= WA R S IAR K, Forh 3 RO A B B AU RS AT (A. nitroguajacolicus, YB1) U BUHLIRE 7
(R. radiobacter, YB2) 35751l B o T BB PR B TR ( P. frederiksbergensis, YB3) ,3 BRALHILk B 1€ By B 7= (0 5
1 (S. diastatochromogenes, YA2) K5LT4%B5 4 (S. lateritius, YA3) FI-RAL/RKEERE I (S. cavourensis, YA6) TF
LI T B Z | TR P24 KA w5 R .

AR RS A AR T FFHE (A, nitroguajacolicus ) TTVE R AL 21 i oA AR il F) T AT L A A 2
JBUF RIMRIRE B ( R. radiobacter) W] LAA AT 22 P 4T b 287 8 B Q1™ o 915 7 L T 8% (10 P 7
(P. frederiksbergensis ) J&=—FpAEBE AR iR , FAT HU A LI RE , A S S f AT 5 G e 70 o JF HLJS 2 B4l
BB LT SR 0 3 7 T PP R BR A G LT BE TR (S, lateritius) %1 4 28 €
HIBRTA ( Staphyloccocus aureus ) RIS 5 2FHUFF B ( Bacillus subtilis ) 5 2 HAVE 2 ARG P00 5522 [T
PEFBAPE B HAT PR L TR (U TR (S. diastatochromogenes ) J&—k AT LAFI ] Th 4% S5 i LA K.
HAMMR A BR R R L RIURBERE B (S. cavowrensis ) K HAC I =4 %ot Fi 0 976 J5 B0 71 A W 3. 1)
MHIFER St AT 2 B R TR AR BT 3 3 PR BRI 3 RRE RS TR AL ARG N, R AT AT AR A 1
PR FEWAEY K SRR S IREL (e 24K

TE TR PR A AP AL B A B0 Jal D 1) O S5 AN BT Tt PE S AT 18 ( B, frigoritolerans , YBS ) FIE 3V 28 1 I i Bk 75
W (S. turgidiscabies, YA1) £ Al BE/RTETEMOA EUEY . WX RM, T FERAT IR ( B. frigoritolerans) /&—Fhiz 4>
i Ry N AT R HE o i e o MR (S turgidiscabies)% Miyajima & ( 1998) I I — R A S i BT
BOWRR, BT LU A — R IR M RE R (Thaxtomins ) | X B4 SEAEEM S EARK T IR, 3 2 BROE M
A= W s/ e W Tl 4 T R A BT USRI A W A A b S A A BRSO D PSR R
AR YRR

WA 4 e R A RIE I S BLDU 1 PG 2 T 2 A 1 A R I B S0 S R W A6 ( . tenuissimum) ) o] SF- 5
FIEREE 15 % S0IZ T m] 3 | A 9 ot A8 28 A s, (R X A% 8 55 B8 0 A — 2 W B IR PR Y . A ZE TR (C.
cladosporioides ) SE—Fpr IJ{%;%/J\iﬂ/‘ﬁE%ﬁ}E%[M , {H 2 gL B AT DL S5 AT AR R I R 3 A 5 & A
R AR IR ACAR R F e B AT I i AL B AD A O T R ha  d EE Y B, X 2
R ECEE A BETRT B0 HPPAN 2 A 3 B0A £, T 2 — BB

HET TA UL 5 2E B i & R i A P F 2 A K SR DF R RIE . AR BN REEMPTIE T AR B
SR TR BC X P2 A K SR B AR 3R B2 e, & 3 DA 755 T A R B0 it X2 B 5y I S v
PRAAE R, R I R ARAR S5 48 A {2 YL 300U B 28 WA RIOMUAE PSR X RGO WD E T 24, 2 W 0 AL i
55 4= B B R B 2 (R A AR AW S B 7 v . (A B R, T A MR 5ok, RS T R
PR S S TR S I PESAR R BT B TR RS AR YR KNG R SR S CK 2 A B
KA AHHARIEARTEGE T EATIAIR B K1 LSRR ATO A58/, e WA 2 4k S i 47 55 K T AR ) i 4
DABRIAHLRICR o RIS S0 JE A R B0 5 1 00 TSt 5 | P A2 A IX 3R 722 A ) A 5 000 B A it 2 0 ) AR A BTL L
ity dE— 2B
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