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Influence of nitrogen-fixing, phosphate-solubilizing bacterial agents
on bacterial community in wheat rhizosphere soil
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Abstract The impact of inoculation with bacterial communities ( Bacillus sp. , Bacillus megaterium, Pseudomonas
alcaligene and Azospirinum brasilense) in rhizospheric soil of wheat was assessed by constructing a 16S rRNA gene
clone library, conducting amplified ribosomal DNA restriction analysis (ARDRA) , using coverage value (C) and Margalef
richness index (R) as evaluated index. Phylogenetic analysis revealed that a total of eight bacterial groups including
Acidobacteria, Proteobacteria (including «-, B-, 8-, y-Proteobacteria), Planctomycetes, Firmicutes, Nitrospirae,
Bacteroidetes, Verrucomicrobia and Gemmatimonadetes were existed in both inoculated soil and control soil. The
dominant bacterias were Proteobacteria and Acidobacteria in both soil samples. Bacterias belong to Chloroflexi,
yanophyta, Aquificae and Nitrospirae excluding Fusobacteria were found in the inoculated treatment. Bacterias belong to
Pseudomonas were increased from 1.59% to 21.28% ,and bacterias belonging to Bacillus were increased from 0 to
3.05% ,while bacterias belong to Azospirillum were not detected in both samples. Diversity analysis showed that soil
bacterial Shannon index and Margalef richness index were promoted after inoculation. In conclusion, the inoculation
significantly affected the composition of bacterial communities in wheat rhizosphere soil.

Key words bacterial agents; rhizosphere soil; community composition; 16S rRNA genes; amplified ribosomal DNA

restriction analysis

R B 2014-12-30

REeWH.: BREHEATR LR 863 1 H (2013AA102802-04)

WA WER RN, EENFREY 5 F 5K . E-mail : heguoqiang1984@126. com
WMIRFER . W= R, B8, 2235 60k W 1 ZDF5E , E-mail: chensf@ cau. edu. cn



82 S R N

2015 4F 55 20 &

MR Br A2 4= B (Plant growth-promoting rhizo-
bacteria, PGPR) J&— 2 & T4 1) # & . BE % fie i3k
L A A BB R A X L R F PR AT
PGPR B A [8 A i 0 A= Bl AL A= AR T S5 PR i
JoE 7 U OGO AR TR A A e AR AT
LB Ik AR AR A TS B A 2 A AR
UEA M 25 (5,22 42 J7 T HAT T W iy 5t

Bt B 5T B TR o AR PR A A T A Ry 1 o g 51 (o]
FEXAVE AR 2R R W R RO B AR R
T X 55 AR A R DG 1) A R R 7 R - AR S 1 5
S B AR By AR e VR AR 7 O — A g VAP
BE o WESERIT L TE A 08 b B Fh A BTG W S5 K X
SFEAL AP BT R S A W 3 P AR ) R TR A A
i, ) 2 (5 S L AT R e - A TS R SR
DIRE R FERES kM Fa e o 7E [ 2 AT A B 5 b A
ZEAUAT B DL HH 0 PR 5 L 23 A LT ST g3 A )
A R AR R T 5 | R A S 36 3 Tk A W 11 R TR A Y
W RAFFE 240 . 5 HiE A AF 5 3R W1 ELA T G A e L 2
Bis AL A 2 RE 1Y 52 1 A 1 A 5 b 4 ml LA B /)N
2 RPN T WY K O AT v I E ) e
REF AT W (Bacillus sp.) [ 2 B K2 AT #
(Bacillus megaterium ) | fi# 15 % 54 il B ( Pseudomonas
alcaligenes) Fl [ P A M W (Azospirinum
brasilense) & H i B 58 ¥ 2 B AH W) 4 A= A= =
— R HAR A KRR Y R R A
S5 i DGGE #6 8UFE % 43 47 0F 5% 3% W 4 ) AR B
it 4= W Pseudomonas chlororaphis RA6 Fl Bacillus
pumilus WP EFHET G, [ WPS 12 Fh &b B A1, B 7
B Sk A A R S G YR TR 2 AR X B
KA AR R Oy A AR ORE B Y 1 BR AR
PRl £ 40 i (PGPR) LK 88 38 2 (DC) Sy W B 4% {4
il PGPR A=W JIE (PE) i 1 31 4 1 v 32 W] R 4% 2
o LRGSR A W e B AR PR IR RUE Y 2
PE AR & AR PR R R SRR Beatriz
SEHTURIE S TN O RS K 4l B Al — b A 2 AT
(Bacillus licheni) B A T AR Bs 3 A 9 #F 9 AT
CIRDR iR k7/ L ER N

- v AR PR A2 AR T O AR B R $EAE T L AR
JE— L B[R A B DI RE R RS . I,
SGWFIIT & R oE AR JC R ia by . i oe T AR
SRy 526 TR RV P S AR B 5 A T VR 2 A PR AR AR
W] B I 5% 1 AN 22 DL o A G 36 B9F 9% 52 45 T ) D ) 2
/INAE AR B - S 0 TR R T 0 A2 Ak B TR A ROUL K SF-

o 1) B A4 T R0 %t /N 22 I A LB 7 A AR R AR
1 #MBEF*®

L1 gl

PR A /NZ SRR R SR 987, T FH DA MR - 290
FFH (Bacillus sp.) W63 B K ZF ffd 7 % ( Bacillus
megaterium ) Cd; R B 8 B ( Pseudomonas
alcaligenes) S20; I 78 [& & 18 & (Azospirinum
brasilense)Yu62 fIRW A HE RE X EHLKE
(RSg2) H R 7 Biis 3l .
L2 X 4hE

FET T 3 256 b T T SC DX R 9 4% A AR A L A
BEAT o i T 2 i Py AP L LR NE g b A M
BT WAL E ] e, A 450 kg/hm® . H 1]
eIy 2 AR SF R K G A 15 ¢/ hm) 4
X B CCKO 5 3 7K Ot & 15 ¢/ hm®) 5/ W6,
C4.Yu62 1 S20 45 B ) 5 BC (4 b 18 9 50 51 8
1.0X10°,1.2X10°.2.0X10° A1 1.1 X107 cuf/mL)
(D), HAHE/NXBE 3 DEE, B/ 20 m*,
A BN BEDL A . /NAE T H4F 10 A 8 HEE R, 56
2 4F 3 HE R W, e/ F B R HTAR ¥ 52 it
177 AT W e Fh . T/ 22 R R AT 4 3 IR
o 4% 5 R TE R A AL B b R B 5 R/ HE
PR EHR 0~5 em IR - BREBHE R RSN E -
JH 76 i) 55 28 ) Al B 7 AR 3R T Y SR AR PR L
T B A LA B B T oK Gl S
T —80 Chitifrs .
1.3 FERXFRMNF

PCR X #| . pEASY-T1 # 4K Alu T 1 BsuR |
PRl 44 9 DD DA e DNA gl Ak 3850 &0 B R AR AR b
FHL AL A RAF .
1.4 MRFE
1.4.1 3Em#A & DNA (935 4hib

41 DNA $ BUR 5] & (UltraClean® DNA
Isolation kit, MO BIO) #2 Ht - HE4I i & DNA, £ 1t
i DNA J DNA 2l fg 0] &t 47 24k . 32 A0 6
7 ¥ B 1 IR U A 647
1.4.2 16S rDNA #5 PCR ¥ 3¢

e AN TRGE A 519 27 F 11492 R P8R i S
DNA i 16S rDNA F B,

20 uL. PCR I Wi & & . 10 X Taq fif 2 I
Buffer 2. 0 pL., dNTP Mixture (10 nmol/pL)
0.5 pL.Taq (5 U/pl) 0.3 pL.5# 27 F Al
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1492 R 4% 0.5 pL.DNA #i#i 10 ng. F Jo T M K
#HE 20 pL KR,

16S rDNA 38 & 4 % F touch-down PCR 72
J$:95 °C 10 min; 58 °C 30 s, (& 1 4~ 1F ¥ B A%
0.5 °C,F&%] 55 C),72 ‘C1 min. 30 MEFH;72 C
10 min, X} PCR F=#)E 47 1% BB B e i el vk A6
D, 91 A DNA B [l i 550 & mlfie 4 Ak
1.4.3 i 16S rDNA £ %L A ey M E R Mk L

e i it

¥ [ 3k 48 B9 16S rDNA 3 H OB B i@ o
pCNS-T Cloning Kit i 7 & % # 3] pCNS-T 7 {4
b B AREEA E. coli IM109 15 8652 245 40 il . ¥ e Ak
PR A B A AR % R (Ampicillin) TPTG/X-
Gal i) LB} 92 4% [-,37 ‘CR5 3% 16 ~24 h, &
mn BRI 300 A~ 1 4 B B 1, R I TR V% PCR Y 5 25
5% ML3F Fl M13R 4 84 Sh 546 A BL . 100 B
JIE W 5 Ji FL DK R DN O 328 B PR R L A R I R
I
1.4.4 ARDRA 4#F

W5 % 52 M BH P PCR 7= 9 F FR 1% 1 1 i
Alu 1 #1 BsuR T #4757 X EEY) . WK % R . PCR &
BiF= 4 4 pl, 10 X NE Z wh i 2 pl. Alu |
(5 U/pl) 0.2 pL,BsuR T (5 U/pl) 0.2 pl, W7
IKAMEE 20 pL, 37 ‘CAKWE 3~4 h. 2055
JUE L Uk 43 5 il U0 R B B5E R AR &R G 40 R OF 1
GelCompar I A7 Big VI 1513
1.4.5 16SrDNA M BB A% K E 2

AR 070 1 7R (8 N (R T A 1 B e e 0 J
FAFRAE KT (OTU) L GEHHEE 2 2 T iy b
KM EAE S R o P & AP E B 8, B4
OTU APk 1~2 AR va B A7 0 5 (el b o
A TEA YRR R R 58 0O o 7 8 19 DF 4% X AR
L3 7 6 DNAMAN , MEGA3. 1% 8% {4 5 7%
2 #r T. B (www. ncbi. nlm. nih. gov/blast) 5
RDP/GenBank Ht (1) E£ %1 J¥ %1 i#f 17 BLAST (Basic
Local Alignment Search Tool) [t ¥ UM E H K FH
M o 2R 51 34 0 I AR B B 1 T 9
H# A Clustal X 1. 83 #4757 £ & LX), & J5 H
MEGA 4. 0 " i 4 4% 1 (Neighbour-Joining) #J £
16S rDNA RS .
1.5 HiEAE

DL 35 K (Coverage, C) P # Jr #4) # 5T B SC J¢
MR TR AR C=[1—(l/N)]X100%, H

1Ny 16S rDNA 5 FE SCE I 2 5E BEE s nl W AE
16S rDNA 5 B SCHE AT B0 1 Ik 454 43 28 FiL T
(Operational Taxonomic Unit, OTU) W 4. 4
e OTU A 2 A 5w . 8 5 18
Analytic Rarefaction #K {4 % ] Rarefaction Curve
B2k, Coverage [H¥EiE I F /R~ T4 16S rDNA
SCHE v il B B R A ) B R 2 CRE DRI o 9 it rh 4
BRI P 1 LA

A Rarefaction [HI£&™" 43 # 2 25 J2 75 35 21 43 #r
33k, Rarefaction i 2k fif F| aRarefactWin 12 J%
(http://www. uga. edu/~ strata/software/Software.

htmD 4347,

2 HRESW
2.1 TEMEE DNA EEUK 16S rRNA M E § 1
#® R

il FH Ak 2 24 75 $2 B 4 B RE 5 (CKL D) Y B
DNA. 23R 7 & alifk . 917 0. 8 Y0 1Y But JI5 AR 5 J2 v 9k
K0 26 B £ AL 5 5L X 41 DNA 1 4l 1k 3R AR 47
(D, iS04 B CK Fn D FE
e 2 R DNA Y Asgo an/Asso e B KT 0. 450,
F WA B DNA T H BTG5 9 5 Avso un/ Asso am P
INT 1,942, F W] M DNA BE %A RNA 75 4L,
CK.D #:y & DNA Jit & ¥ J& 4 %l ik 0. 675,
0.390 pg/pL, 1 3 DNA 7 & 43 5] % 108. 0 Fl
62.4 pg/g. ULHI SN 4] DNA $EBUSCRRAE .

19 329 bp —»

15 AEcoT14 T digested DNA Marker;2~4 #K ¥ & CK 4t
B3 ANTE A HORERE A1 19 8 DNAL B CK1,CK2,CK3;:5~7 ik Ny
D AL 3 3 AR IR AL 9 & DNAL B D1.D2. D3,
1. A-EcoT14 | digested Marker; 2-4. Total DNA of samples
CK with 3 replications; CK1,CK2,CK3;5-7. Total DNA of sample
D with 3 replications: D1,D2,D3.
B 1 Z4itr L5 DNA RSB R kE

Fig.1 Agarose electrophoresis of purified total soil DNA
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DA 4 B R Ak i+ AR S (CKLUD) 9 &
DNA SRR , 4 7% (Touch-down) PCR 4 1 3 15
241 500 bp ) 16S rDNA F Bt (& 2) , By vk K il 22
B glifb )5 (7 8 DNA §7 88 ) R Be & & — . A
JE SR B TR .

1500bp ———» ;

M &y Hind Il digested A DNA Marker;1~2 A3 524 CK.D
FE LML DNA SHRAR Y BT 25 R 53 S CK B & 4l fL it 13 1 DNA g
B RS . 4.5 3 531 S FF A ke R B e e B G o B X
MR R R 22860 5 DNA,

M. Hind [ll digested x DNA Marker. Lane 1 and 2 were
amplified DNA used crude DNA samples of CK and D as template
respectively. Lane 3 is amplified DNA used purified DNA samples
of CK. Lane 4 and 5 were positive control and negative control,
respectively. The positive control used magnesite total DNA as

template.
2 135 DNA 16S rDNA 3™ 38 ) B i 4 FE ik [
Fig. 2 Agarose electrophoresis of amplification

of total soil 16S rDNA

2.2 16S rDNA H[E X EME T

FESL 16S rDNA §7 34 Fr Bt & 4l b )5, % 42 5
pPEASY-T1 & b I 5% 4k K7 AT 0 Ik 32 25 40 i, 2
RE LB AL Pk e 400 A 50 B 7, A A E 519
MI3R Fil M13F #4702 5 . & i CK.D 43 5 48 15
166 F1 179 4~ BH M v B -, 30 BH P v B 22 5 5 ok
83 % M1 89.5% .,
2.3 ARDRASMIRRZEZE S

AT BAME T2 2 Bh R VIl Adw T 1
BauR 1 V)5 - L8R CK R T 43 513k 45% 75 1
744~ OTU 2680, Kb U B 1 iy OTU #it 43
FE 36 Fl 35 A, B, HSCEE 3R C 40k
78.3% N 80. 4%, 2 ULAE b 0 SCE 5 R >
70 %0 o Uk B SO PR ZE © /2 05, BB 08 450 4 1T S I - A
i AN RIS ZREVE (R D

X ARDRA 4y %1 3k 5 (19 3 149 4~ OTUs 111

AR TE B ¥ A7 )7 90 E L I 15 77 51 7E GenBank %%
i PE AT e s lEXF S R sk 1 fifR . CKLD
R it 5 B A7) -5 i R S v R R 9 R AR 3 A
89%6~100% Fl 91% ~100% . 2 Z41HE &h v 3t 8L
—E I AR H A L 7E GenBank 4l PR P R 03 5 2
AHALPE S = B 2 HUF B0 o IRE S LR P 5 100 I8
T 16 AN 4H B 2 HE : IR #F 7 1] (Acidobacteria) | o748
J¥ B 4 ( a-proteobacteria). B2 & W 4N (B-
proteobacteria) 8- A8 JE B 4X (5-proteobacteria) . y-
B W 4 ( y-proteobacteria ) . L #F B [
(Bacteroidetes) JEM B ] (Verrucomicrobia) | J& BE
[T (Firmicutes) .77 % i ['] (Planctomycetes) . i
fb 82 JiE W ] ( Nitrospirae ), Zf 1 jfi B ]
(Gemmatimonadetes) .#2 ¥ & ] (Fusobacteria) | 2§
5B ] (Chloroflexi) . # # '] (Cyanophyta) | 7= 7K [
I"J (Aquificae) FiT £ B 1] (Actinobacteria) ,

AN TF) A TR ZERELE 2 ZHAE i 00 BT o A L B0 A
K22, X HEARE b O 3458 S AR B TR 1] (33. 33 %40)
FIRRFFBE ] (19. 05%0) , T #E fb D A 3558 W Sy 25 B
T 7T (48, 09 20) FERAT 1 177 (28. 24 0) . 2 AL KL A Y
IR o B v 3 BIB I (H B o el A
BRI, BN y-Proteobacteria iy 2 £ B i Hh B9
PR AERE G CK P & dt oy 19. 0520, fEFE i D
sk y31. 3% . w0 B W4T & L CK AF fh b
5476 % ARG D R HALE 0.76 % % (£ D). I
Hb .2 2R R — 3 2 00 4 T S AL AE A B O3 A
T A B AN TR DG SR BAE o 8T8 W N R 3-8 0P T
4, Bl CK A o728 I8 B AN 32 22 o B g 50 O T s
Kaistia, Anderseniella 1§ #¥F & J& ( Caulobacter) »
MAEFE S, D b A AT 5 & (Phyllobacterium) (%
R R 8 (Devosia) A 4325 W AR 9 0 A L oK 73 26
B LT BB B (Rhodos pirillales) . A4 25 1 45 i 5 il B4
(Sphingomonadaceae) & K 43 2 o B IE W . M E
CK Bt 76 5 A 7 A B CRE & D) Hh LR 1)
(Bacteroidetes) JET B '] (Verrucomicrobia) | ZF B
M B ] ( Gemmatimonadetes ). W %% & ]
(Actinobacteria) fir 5 B [ ] 1 25 5 BE. BRAT T
(Fusobacteria) 75 & & B 77 4k B il o I 2K th B L i
HOE T & % B ] (Chloroflexi ), i # ]
(Cyanophyta) .= /K i '] (Aquificae) FI A 1L 12 i€ i
[J(Nitrospirae)

2HMSRTTRRRITE T P ERE R,
R TR Ty 78T W AR AN &-728 T8 TR 4R 40 1 22 0 R 4y
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Table 1 Bacterial 16S rDNA clone library

SORE T () My BT R TR T
KRS Sample o He A3/ % T B T 20 5 A
Phyla/Class Proportion of the Detailed identification of clones
identification of clones Ne- total clones
PRAFEE ] CK 19.05 Acidobacteria Gp6 (6. 35%), Acidobacteria Gpl0 (1. 59%),
(Acidobacteria) Acidobacteria Gp4 (9.52%) , Acidobacteria Gp7 (1.59%)
D 28. 24 Acidobacteria Gp6 (17. 56), Acidobacteria Gp4 (3. 05%),
Acidobacteria Gp3 (0. 76%), Acidobacteria Gp25 (2. 29%),
Acidobacteria Gpll (0. 76 %), Acidobacteria Gpl0 (0. 76%),
Acidobacteria Gp7 (1. 53%), unclassified Acidimicrobineae
(0.76%) ,unclassified Microbacteriaceae (0. 76 %)
A CK 6.35 Sphingomonas (1. 59 %) ,Kaistia (1.59%) , Anderseniella
(o-proteobacteria) (1.59%) ,Caulobacter (1.59%)
D 6. 87 Phyllobacterium (0. 76 %) ,Devosia (1.53%) , unclassified
Rhizobiales (0. 76 %), unclassified Rhodospirillales (1. 53%),
unclassified_Alphaproteobacteria (0. 76 %) , unclassified
Sphingomonadaceae (1,53%)
B7E I T N CK 4.76 unclassified_Betaproteobacteria (1. 59 %) ,unclassified Burkholderiales
(8-proteobacteria) (1.59%) , Nitrosospira (1.59%)
D 8.39 Ralstonia (0. 76 %) , Ramlibacter (0. 76 %) , Pelomonas (0. 76 %) ,
Herbaspirillum (0. 76 %) , unclassified Burkholderiales
(2.29%) ,unclassified Betaproteobacteria (3. 05%)
RS CK 19.05 Unclassified Pseudomonadaceae (4. 76 %) , Pseudomonas
(y-proteobacteria) (1.59%) , unclassified Gammaproteobacteria (1. 59 %) , unclassified
Enterobacteriaceae (7. 94 %) ,unclassified Xanthomonadales
(3.17%)
D 31.3 Unclassified Gammaproteobacteria (2. 29 %) , Pseudomonas
(21.28%) » Azomonas (0. 76 %) , unclassified Pseudomonadaceae
(0. 76 %) , Steroidobacter (1. 53%) , unclassified Xanthomonadaceae
(2.29%),Lysobacter (0.76%),Aquicella (0.76%)
AR T 1 W CK 4.76 Unclassified Deltaproteobacteria (1. 59 %) , unclassified Sorangiineae
(d-proteobacteria) (1.59%) , Nannocystis (1.59%)
D 0.76 Unclassified Deltaproteobacteria (0. 76 %)
UFF BT CK 7.94 Chitinophaga 1 (1.59%) ,unclassified Chitinophagaceae
(Bacteroidetes) (3.17%) ,Flavisolibacter (1.59%) . Terrimonas (1.59%),
unclassified Cytophagaceae (1.59% ), Adhaeribacter (1.59%)
D 3.82 Flavisolibacter (3. 82%)
P 1] CK 7.94 Subdivision3 (7. 94 %)
(Verrucomicrobia) D 0.76 Spartobacteria (0. 76%)
FHMF ] CK 6.35 Gemmatimonas (6. 35%)
(Gemmatimonadetes) D 1.53 Gemmatimonas (1.53%)
B CK 6. 35 Microlunatus (1. 59%), Nocardioides (1. 59%) . Pimelobacter
(Actinobacteria) (1.59%) ,unclassified Solirubrobacterales (1.59%)

D 0.76 Actinobacterium (0. 76 %)
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K1) 2 5 Sample LA/ % 50 R TR 40 5 4 R
Phyla/Class No. Proportion of the Detailed identification of clones
identification of clones total clones
JERER ] CK 3.17 Unclassified Bacillales (1.59%) , Tumebacillus (1.59%)
(Firmicutes) D 3.05 Unclassified Bacillales (3. 05%)
TR CK 1.59 Pirellula (1.59%)
(Planctomycetes) D 5 9 Pirellula (0. 76 %) ,unclassified Planctomycetaceae (0. 76 %) ,
Planctomyces (0. 76 %)
BB CK 1.59 Fusobacterium (1. 59 %)
(Fusobacteria) D 0 —
R CK 0 -
(Chloroflexi) D 3.05 Caldilinea (1. 53%), Herpetosiphon (0. 76%), unclassified
Anaerolineaceae (0. 76%)
] CK 0 —
(Cyanophyta) D 0.76 Chlorophyta (0. 76 %)
PR CK 0 -
(Aquificae) D 0.76 unclassified_Planctomycetaceae (0. 76%)
T AL B e 7T 1) CK 0 —
(Nitrospirae) D 0.76 Nitrospira (0. 76 %)
e sEila) CK 12.70 Unclassified Bacteria (12.70%)
(Unclassified) D 6.11 unclassified Bacteria (6.11%)

T % CK A% B LA D i &2 A R AL B A R 2RI “—

TRINFET ARG S,

Note: * CK represents the control soil sample; D represents the soil sample treated with compound fungus agent. The same is as the

following table. “—"

KRR D, 2 HFEG A& A AR K ) B A R
KEE RS CK & 12. 7% . D R &4
6.11%,
2.4 HEAHESHGESR

2 M S ZRE RO LR 2, NFRP]

®2 & CK,

indicates that the clone is not included in this category.

LB I B CK AN D iR 4 BE & 3 A B 5 0
ZREVE . HE R A B R 0 £ BERE 5 (D) 40 B8 BE T
ZREPER W U RS T (CK) . ¥4
JE 8 B R BEVE T AR 2 8 B S A A R
FE.D A1 CK M8 51 L2 7

D HIEAE S

Table 2 Species diversity of sample CK and D
FE it 2 Shannon #§ % Y57 B 48 KL Fu AR
Sample No. Shannon index (H) Evenness index (E) Richness index (R)
CK 3.1 0.9 8.2
D 3.2 0.9 9.0

%

(5]

i

DAIRKE R ARDRA 23 M1 6977 1 » LAR 45
FR B /I8 2 AR PR - 38 S o B IR T 52 4 T ) 4 ol

Xof /N AR BR - S 2 TR R v A A s e L R B 2 4
REah A AR X B £ E 2 AEPE. A Shannon
ZREPER R Margalefl 425 B 4% %055 70 4 1 22 B
PERI EMESHEAERE M TS EYA
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Ik 5 AR B ST A5 RO ) O & S
FERM L TE T B A 5T $2 Bl I RE ZF A i (B
cereus)90 d J5 A% BEAR PR A 55 40 R HE 7% 19 Margalef
85 A1 Shannon 840 i EH 425 . ARDRA 3 #7
FEHTL 2 AR SO0 T R 2 O 2 TR T R R AT T
. ZFFEE R S DRSS N G A 16S rRNA JE
PR 5 WA S 1 7 1 % - R S 1R A T 43 T B AR AR I 2
RIEAR — 2 AR AT T ] 55 2 R
VLI AN 2B, 9140 Schloss 2872 ] J 16S rRNA
LD BB FE A T - AR il Al TR A A S 2R A
R R OHERE A AR T F SRR
Proteobacteria (48. 6%) . Acidobacteria (15. 3%)
S, BRE AT N A 16S rRNA-RFLP J7 i 43
et FH b S A TR 1% 22 RE PR L R BRI AS 2 B a4 S
AT ERAT TR IR T &% BT AU o A i 2
B AE 12 AN SR, Hoh AR 0B 41 T N L B B R
(37.8%6)  HU y BRAT 1 (16. 206) .

2) [ U2 FLAT B [ 260 K EF AT A A
JifL T R L P ] R0 T PR LA AR % AR B RO I R i
ot i 2 A AR AR U AR S R
M2 FF 5 (Bacillus sp.) W6 F1 B K ZF {0+ &
(Bacillus megaterium)C4 J& T JEBER 7] . 25 AT B
WM WM EE; WA HE ( Pseudomonas
alcaligenes)S20 J& T2 W] y-72 ¥ 1A 49 i 5
M e s 78 B AR B (Azospirinum brasilense)
Yub2 JBASIE W ] o B TH A FN [ RAR T R . /N
Jit FHX 4 PR A T 4H Y TR R S y-7R R TR A T o
(e el 19. 05 26 3 i & 31, 326 . o 8 B il T )
(Pseudomonas) B 1. 59 % #hn & 21. 28% ., n] L) #fE
M 5328y Pseudomonas alcaligenes S20 & R % Y],
[, J5E BE T 1T T o5 R BB B 1. 5900 1 m =
3,055 Ho i 27 J AT B B (Bacillus) 16 % 8 1 3 o
R M T TE B AP A S B R A S b
3.05%, ] LA W 5 $ F Bacillus sp. W6 Fl
Bacillus megaterium C4 45 &, RN WIAE T ¥R
K 8 E IR 8 (Azospirillum) , TR, A
B 5 I 1 R Y A AN T
S R o (= SR 7 N 1 I o 7 1 I NG |
WEZF LML FMAEEYWR R Zm, + 58
Ze R, B A T RE 32 B 28 LAY R, 7E AR BR
- R AR
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T RE A R h Ak U R #h , 7E T A R R b
D EE MO YA KA EZEEM, v EIRE
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T 20 P BB B 8 (Pseudomonas) H B 38, H B
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DO (E8 = SN e = v I T ST I 1 S RS
(Bacteroidetes) \JEfR I [ ] (Verrucomicrobia) , 2 H Jifg
A ] (Gemmatimonadetes) | il Z& i '] ( Actinobacteria)
e b L) 2 R RE . MR AT 1] (Fusobacteria) &
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(Chloroflexi) | # #: [] ( Cyanophyta) . 7= /K B ]
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