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ERELNH . ASIE R ( Proteobacteria ). FRFT/ 1] ( Acidobacteria ). £¢Z5 (7] ( Chloroflexi ) Al#453%:(] ( Cyanobacteria ) J&7K
T LRI ST . DURR SR 3R B KRS LA TR TR A5 25 57 W (Stress<0.001 ), FEJxZ5H43 7 (NMDSL1) 5
135 pH FA7EM W EAIDCOC R (P<0.01 ), IR HLBRARMRE A S = 0 KRS 1 b 40 i S 280 (P<0.01),
LTHER T I /KRE 207 16S rRNA JE PR H5 DUEU 30 T HAL =Fh SRR S 1, {H OTU #ikt . Chaol 4540A PD #88USME T H
M =FpAAOKFE 1. I pH X/KAE LAE YR AR BEEm (P<0.01), 61K F MWK 1 EHA Eim A ) B AR
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Microbial Abundance and Community Composition in Different Types of Paddy
Soils in China and Their Affecting Factors
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(1. State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China;
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Abstract:  Objective Rice paddy soil has long been an important soil resource for farming and developed into various types
under the impact of long-term anthropogenic actions. Yet, little is known about microbes in the paddy soils. To determine factors
affecting soil microbial communities in the paddy soils, soil samples of four types of paddy soils (Sublayer Shajiang soil, Red soil,
Black soil and Purple soil) were collected from major rice-production regions (Jiangdu of Jiangsu, Yingtan of Jiangxi, Changchun

of Jilin, and Yanting of Sichun, respectively). = Method To explore abundance of the soil microbial community in the soil
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samples, the real-time quantitative PCR was used, and to characterize diversity and composition of the soil microbial community,
the 16S tRNA genes high-throughput sequencing was performed. With the aid of the field-based '°N,-labeling technique,
biological nitrogen fixation (BNF) rates in the four types of paddy soils were assessed. =~ Result The number of 16S rRNA gene
copies in paddy soils ranged from 1.8x107 to 6.7x10° copies-g™" dry soil. Statistical analysis shows that the number of 16S rRNA
gene copies in Red soil was significantly higher than those in the other soils (P<0.05). A total of 666 738 raw sequences were
obtained from 12 samples with the technique of 16S rRNA genes sequencing and were normalized to 38 715 per sample for the
downstream analysis. These sequences were clustered into 13 097 OTUs. Taxonomic analysis shows that the bacterial
communities in the four types of paddy soils were dominantly Proteobacteria, Actinobacteria, Chloroflexi and Cyanobacteria.
Results show that observed OTU number and Chao 1 and PD indices of the soil bacteria were much lower in Red soil than in the
other soils. Correlation analysis of abundance and diversity of soil bacterial communities and soil properties shows that 16S rRNA
genes copies, observed OTU number, Chao 1 and PD indices of soil bacteria were significantly related to soil organic carbon and
alkaline nitrogen content (P<0.01). Non-metric multidimensional scaling (NMDS) ordination shows that the bacterial community
structures in the four types of paddy soils varied significantly (Stress<0.001). Among the soil properties analyzed, soil pH might
play a key role in determining soil bacterial community structure (P<0.01). Biological N, fixation rate was significantly and
positively related to soil pH (P<0.01). The highest biological N, fixation rate was found in Purple soil (3.2+0.7 mg-kg '-d™"), and
Leptolyngbya might be a major contributor to the BNF in Purple soil. =~ Conclusion All the finding in this study highlight the
influence of soil properties on soil microbial communities in paddy soils and suggest that regulation of soil pH and microbes
might be a strategy to increase the BNF in paddy soils.

Key words: Paddy soil; Biological nitrogen fixation; Microbial abundance; Microbial diversity; Microbial community

structure; High-throughput sequencing

TIHRBUEYRRAE , LI
AT, FHT, AR H4ERZHL
HWIXEAR I BB TR, SRR R T AT BRI
AP A Y Z R R T Re R AR,
iikelll)S 2@ NIV LY 3752 PN iE{ 32 NN PO E - &=
Pt F I

I AR bR R R SRR R A S R
Girh LIBUEY M Z R Tz M KR
AR AIF 5 2 W] - SRR A e 6 AL B HE 2 B 32 31 22 ol
PR AN, NPT Y BRI BT ( 138 pH, BRALE
FOKE ), M ERERERA . AMNRARIN R (BT
WAL ) FIASREZE (fgdk . SR ) B0 L hFl
Jr M scAs it IR Ty OB D5 3R i As 2 R
L A MR T A R K R R A A AT

JKRE g KA K R A I EL7E B A K A4 3
N T A — 2R Y 3R IR . KR LR A R
JERURE iR, RIFEW AT LHERE Y S 51,
TR 1 fe EEAIREA X 2 —, M RIIE I
A (KRS RS e b . AR SR R I A R
geit, REDKR LI NiE . BF. 27, B
O EE . BB L 8 Mk, 3t

114 DrJE. LB, ATGTE KRR BRIy 1 86l
AW, A Y] DG AR A AR R AR
A AT DL AR AT AL R T R, A AT DL AR
BWRRIR Y AR, Wk, T KR A
VARG A+ -3 1 A 7 ) B SRy IS

A 5T R HUE T 3R [ A 8 R A A R AN T]
HH Mk FH R DUROKAE L, R PN, SR Bk
D A=y [ AR %2, 3l ok B JORS 38 45 DNA,
Bh il = 0 Tllumina Hiseq “F15, DA 16S rRNA
BRI R 03 TR AE 48 75 DO o 288 U KRS - b 20 TR 1)
Boa . AN, T R A S
MEBT R AHSCOC R, 4B 5 e - 338 48 T A V% 45 4 22
SR T

1 MRSk

1.1 HH R B RE

ARFFAER N (1) FombE R E K
fEt, (2) aEEERKEL, (3) BEREERK
Fit, (4) 2@t RFRKREL. T 20144 4 4%
SIHETTIRITHR (32°35'48"N, 119°42'49"E ), VI.74 /&
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(28°1228"N, 116°56'13"E ), FHMAH (44°04'16"N,
125°44'16"E ) FIPUJI1EE5E (31°16'14"N, 105°2827"E )
VA48 07 1 0T oA 7K R 1% e SR S R AR 2 1 3
(0~15cm), Wi 2 mm 5, EHBHER LA T,
FIRORAF . THFEARIA R IE S ] (R
2ok ) PY. pH SRR BT (K1
5) ME, A LR HH R IR A BRI, B A
K FABE A O I A, A RO R FH ik PR S N -
FHBRHTIL A RiE , A R ] SRR - IOt
FETHEDIE .
1.2 TEEREEREZENE

KR ZF AR D PNy SMAOR TS, BK AR Ak
A TR REEY AR A, TR0 R B T
B e e [ R 1 R Y. R (12 emx
12 cmx20 cm ) NFPAE 1 #RKAS (RizH 23 ), %+
2.6 kgo VL 4 FoKAE 2640 4 MAbHE, TR E 3
HHE., 42d)F, RELFEFES (0~1cm, 1~2cm,
2~5cm, 5~15cm), B0 AT A TIE 1
HEA RSB & PN atom% R, 55— HFET—20°C
RAE, FHLLIL 3 DNA $HL,
1.3 11 DNA ZE

HERAFRIL 0.5 g fF T 4%, R/ FastDNA Spin kit
for soil ( MP Biomedicals, Cleveland, OH, USA)
157 & Fl FastPrep-24 # R #2 B/ ( MP Biomedicals,
CA, USA), FMREAETIHEI 1584 5 1 DNA.
21 %HUEPEEER UK E DNA Jiiit, ND-1000
UV-Vis 15 & %8 5/ 7] UL 43 5% % B i1 ( NanoDrop
ND-1000, NanoDrop Technologies, Wilmington,
USA) ill%E DNA SR T, SR H R HUY DNA
RAFT-20°CHH .
14 ZERRHEEE PCR

KHISEH PG i PCR IEAE Applied Biosystems®
7500 Real-Time PCR system & PCR X ( Applied
Biosystems, Foster, CA, USA) [IEARRIZEAIK
FE LAY 16S rRNA FEF$E DUE, §7 3519 40
B 5 %) 341F ( CCTACGGGAGGCAGCAG )/518R
( ATTACCGCGGCTGCTGG ), RWifkZ N 16 uL, F
PALFE . f5iM DNA 8 uL, 5149145 0.5 uL, SYBR Green
7 uL. fa A EEERREBTRL, 1A H A5 P DAL,
PLo10 A BaL s brmE g, IR 95 C AR
P 10 min; 95°C7AEME: 10 s; 60°CiBk 34 s; 72°CHE
i 45 s, 40 NME, IFERESHIIHFMMNL . SLHT2E

JesE B PCR PRI L i P 4 2Ry 93.0 %,
R*=0.99,
1.5 16S rRNA EFMSE 2N F

FF 4N e 514 341F ( CCTACGGGAGGCA
GCAG ) /518R ( ATTACCGCGGCTGCTGG ) X #£ i
DNA /) 16S tRNA (1 V3 XEUHEF T4 3, §7 8 5%
95°C, 3 min; 25 ffFx (95°C, 30s; 55°C, 30s;
72°C, 30s); 72°C, 5min; fE 4CTHRAF, #H17%
il PCR 43 . 4 PCR ¥ Wik AMPure XP beads
( Beckman Coulter Genomics, Danvers, MA, USA )
alifbJ5 PEAT I Nextera XT Index {74525 114 3 i
PCR §"1 , §#4/F: 95°C, 3 min; 8 fEF= (95 C,
30s; 55°%C, 30s; 72°C, 30s); 72°C, 5 min; 7£ 4 C
TORAE, PCR IR I RESR S04, KAl el d i) 5
A~ DNA FEGISCREH I DNA 2 SR & Qubit
dsDNA HS Assay Kit 5. B 5 75 2¢ 6 512 Qubit 2.0
Fluorometer ) FIEWEE, ¥ —Ab/E S5 RFUR G,
PHREUF SRR 2 Y%l @ Ir IR MBS L rdk, H
FE 120 V, HJk 60 min. 7E55MESHAL TR
AR B bR Be U1 &1 ok, F R B Il il it R &
( Qiagen MinElute Gel Extraction Kit )i#£47 [allic4lifk .
T KA FRE 1Y SCPEAE Tllumina Hiseq 2500 M F4Y |
B, 53K 2250 bp. Hiseq SCJZE AAL EE K
DU 7 v R 2 B b VA ) 30 5 A ) 2 A 5 v
20 7 F- 5 58 o
1.5 HiEAbiE

Hiseq Il 715 3 (1 2% % % JH Quantitative Insights
Into Microbial Ecology ( QIIME, version 1.9.0 ),
Mothur SFEPFI3HT . B AR FASTQ ST
FdE . PHE, RIERPHER ST s, EBk
G FA . BT 97%MMIEEAKY, @ RISy
AT A6 Al 2 4E 43 28 90 ( operational taxonomic
unit, OTU ), #E— LR OTU By F (L3 1
JREMEFS, 5 RDP $24E5 SILVA128 $ii it
17 R IF 4843532615 B o R Mothur #4H1H5 24
A8 %L @ R #4 3L F Bray-Curits 1 255 2k 0617
REM . KRMHIEEEZ 4 RJE ( Non-metric
multidimensional scaling, NMDS ) 43 H71#E i (8] 7%
gERy 225 . R SPSS 20.0 X BHE AT K IR ARAH
PE4r#T ( Pearson correlation ) FlELK £ 5 Z 454
( One-way ANOVA ), 225 5 Z VARG 50k FH Tukey ¥
( P<0.05 ).
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2.1 PFEBOKE I MEBEA SRR EYE R

ARG, AL FRKRE L pH Rk, S5H
f = PP - R F KRS LA L, BA RSN
Bl . B A A RO & i (3R 1), DURRZRALAYZK
feit 285 42 d W E )RS SN, B3R , 118 S
3 Wy [ EGEPR AN 1 R . DURRKARS B A4 9
A et KB IMKIR hy . et b+
B, Kb, S0+ EFKELEDFEA
YER BN IEER, JoHAE £3ER)Z (0~1om) HAY
[ R Rk 3.240.7 mgkg -d', I H B E ST HAL
AN 2 ORI B 1 A P R R (L),

22 MFEBKBIMARFEEMEESHFNE

BEX AR A R R R R 2 (0~ 1 em),
SR SE B 26 52 B PCROUAE AN [R] 2 UK ARG 4
16S rRNA JERF5 D18, 2550 UL 2. DUFp ALK R
+ P A 4E B TS FIAE 1.8x107~6.7x10° copies-g !
T4 H, 2K FNKBELETAE 16S rRNA
FEPE N %, 15 (6.7+1.7 ) x10° copies-g ' T 1,
2 T A =FUKFE £ (P<0.05),

Hlumina /=38 & M)FE5R ER, 12 5
HARAFA BT 51 666 738 25, 743K 13 097 4~ OTU.
BRI P RE LS 51 55 562+9 298 45, AR PEEE S,
/DI, K 12 DRER G R R 38 715 &XJF
GVHEAT T AT o B 43255050 OTU % H Ml Chao 1
E My EEE . hE 2 A, FupELE
BHIKRE L £ 4N Chao 1 B8 &, &
7 095+88.,0TU % H 5 Chao 1 $5%k /s AR [ i #a
BRI+ R ERKRE PR OTU $H B3

e T AL =R 3R KRS £ (P<0.05), ZLHER
L+ K F KR4I OTU %0 H F1 Chao 1 48
BIARIR 2% 25 5 PD 5 50n] [ b - IB AH B R 7 1
ZHEPE, TR OKAS b I AR TR AR s BIRAR
Wh: FhbEt ., Bt Kt a3
2.3 MFRRBOKFELNMEEEERAN

TEIT 2K, TR R BDKAS 19 - 5E i
FEIR AR (I 3). AXTFIE = 1% 284 11
A, FEATAZIEHIT] (Proteobacteria ), R ]
( Actinobacteria ), %255 [] ( Chloroflexi ), ##[]
( Cyanobacteria ), MRFF# 1] ( Acidobacteria ), JFEEE
W] ( Firmicutes ). 4T &[] ( Bacteroidetes ). %
PO B 1] ( Gemmatimonadetes ) . JE 3t B[]
( Verrucomicrobia ), {##: [ [ ] ( Planctomycetes ), £
Hi 2 RE SRS BN 97%., HHXTEE<1%891 1254
A 404, AUE SRR FSEE 3% (1 3),

ARJE 1] ( Proteobacteria ) J& + 3 d AL A
BRI, AIXTFEE N 30% A . HIRGERFFET]
( Acidobacteria ). Z¢Z57# "] ( Chloroflexi ) Fli i []
( Cyanobacteria ). X PURPL H A HE I (& B4 1 B V%
1 70%LA Lo 3E—25 538 A TR V5 7 R 7K E 1
A, SRR AT = 1% 8 T o A
6 A, FEZIH)E TAIE T ( Proteobacteria ).
EFF ] ( Acidobacteria ). Z¢25 B[] ( Chloroflexi )
%] ( Cyanobacteria ) (8 4), o, JREZH
W& ( Anaeromyxobacter ) TE55 0+ & B /KAE L
B AR 3 B AR T Hofh =Rk AE £ (P<0.05). 4H
2238 (Leptolyngbya ) 145+ & & W/KAE L+
AEXT B ey, ZRLIRER B KRS 1 6 £, A
X R TR B KA 1 (P<0.05)( [ 4 ),

F 1 MFHEBKFE T AR MR

Table 1  Physico-chemical properties of the four types of paddy soils
EER IR A 4L e AR
Ab B
pH Organic C Alkaline N Available P Available K
Treatment
/ (gkeg) / (gkg™) / (mgkg™) / (mgkg™!)
Tl Lt® 6.1+0.0c 15.7+0.1a 705.9+39.8a 24.1+0.2b 53.5+0.1a
AR & 4.9+0.0a 18.3+0.0d 918.6+12.1b 41.9+0.5d 84.5+0.1c
L 5.4+0.0b 17.1£0.2¢ 697.4x12.6a 37.6£0.3¢ 57.50.1b
gefn 4" 7.7+0.0d 16.8+0.1b 774.8+47.6a 20.5+0.3a 112.6+0.6d

H: FBMEER R 2E (n=3); PV F/ NG T8 38R + e300 8] 22 55 R 8 8] 35K F (P>0.05), T [A]. Note: Means + standard
deviation ( #=3 ) . The same lowercase letters in the same column mean non-significant difference between soil types ( P>0.05) . (DSublayer
Shajiang soil; @Red soil; @ Black soil; @Purple soil. The same below.
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0~lcm B
r 1~2cm

E=5~15cm

A~

o

Biological N, fixation rate/(mg-kg™-d™)
N
T

bAB

A W)IE

bA

—
T

bA
0 aABaA jA aA aA aA ABgaA aA
T+ a4 Bt
Sublayer Shajiang soil Red soil Black soil
T 1E2H Soil type
e RELFRIREIRE (n=3), MR KEFHFnR 1
e i) 22 5 AR IR B B E KT (P>0.05), HFE/NGFRERIR 1
R )22 55 A8 3 B 2 K ( P>0.05 ) Note: Error bars represent

standard deviations ( =3 ) . The same uppercase letters mean

aB aA
S 8A

EJuls
Purple soil

non-significant difference between soil types ( P>0.05), and the

same lowercase letters mean insignificant difference between soil
depths ( P>0.05) .

BT DB KRE A 4y 1] S A

Fig. 1 Biological N, fixation rate relative to type of paddy soil
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5002 z

g

A\

16S rRNARE K 1%

16S16S rRNA gene copy number/(copies-g )< 107

4+ a
: (
| (
a J
2 F L \
1F
O S -l 0G|
T ZEL 215 B SR
Sublayer Shajiang soil Red soil Black soil Purple soil

+ 32257 Soil type

e RELFRIREIRE (n=3), HF/NG F82R 1
KA [A] 22 7 AR B .2 K F( P>0.05 ), Note: Error bars represent
standard deviation ( n=3 ) . The same lowercase letters mean

insignificant difference between soil types ( P>0.05) .

K2 PURPSERKAS L AYANTR 16S rRNA LA F 1
Fig.2 Copy numbers of 16S rRNA genes in the four types of paddy
soils

24 MMEEFXABINAEFE. BHESHENE
B0
A AL A DU AR 4 R R AR KA o AR T 1Y

PSRRI C R, KB 16S rRNA FEA
P5UUECS A LB . B R S5O 5 R D SR A
BFIEMHG (P<0.01) (£ 3). il s Hr PUFh
TR BYKAE L AN AR R T EE R 2 A
PEREES B e R, KB OTU %k H .
Chao 1 5% PD #5803 5 - 354 HLBRFN T AL &
AN W TR EE (P<0.01) (3R 3). £ W]
- HEA B AN BB A R R KR - A R
FE MBI 2 A0 v o R AR B2 & 2 48 B 4 Ay
( Non-metric multidimensional scaling, NMDS ) X I
TP RY KRR - 00 200 TR R 7 AR AUV E AT — 2 HE T
45 SR B DU Fp 28 R KRS 1 10 A0 R BV S5 40 25 53 i
( Stress<0.001 ) ( & 5 ), AHICVES BT 2 B 40 TR 1 V& 45
Hr 52 NMDS1 5 (fEREEE 42% ) 513 pH
B E R IR (P<0.01 (£ 3), I H NMDSI
TSP REREZANEE ( Anaeromyxobacter )
Mg 22308 ( Leptolyngbya ) ‘&M1& ( P<0.05)
(3 4), U 45 pH 52 7K R - LB 40 A
S R0 A0 DR 7K 2 A8 00 S 1) B R T

3 1 ®

ARTIF 5 2R FH vy 208 £ 0 7 A5 A G P AN ] 2 7 -
Bk MK R b e B F B S5 AT T
SIHTREGY . RUABEGR R, I PR & R AR D
S MR W ZRETE AT AE . R R
PR AR Ty R 3 R U W = R R
BRE HIENESRMS R, FA A RS
AEYEYE . FEARBEGE R, KRG AITE 16S rRNA
JE R DLECS e BILRR R 7 i 2 ] R AR
FIFEMRKEZR (r=0.76, P<0.01; r=0.74, P<0.01)
(% 3), KRB KRG E L IEAE 16S IRNA
SR DUBOR s T = Aok R (& 2). &t
VANLER S AR VAT D EARE ! 8 6 ) & e s K e I N
WAL T H3E R i (AP, 24 A
BB RN ), X — B LR 4 R
Al KT 2 R IR RS 3R o0 R PP /i AIRSE K Bt
FHACAE B2 A6 HLAE 5 P I B it 35 o 3 P v 1 3 A B
FREERO FEPROKRE o, R E KRS Rt
AT LR . BA ORI AT R O v T A =
FRUKFE L (3R 1), ARBFFEH T RAE MY L1 HE R K39
IKFERAE X B2 13, R IDTBE Rt A B o T 41 45
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Table 2 Richness and diversity of the bacterial communities in the four types of paddy soils

Rt 2y FAE 2 oT R H Chao 1 #8%% PD #5%k
Soil type OTU number Chao 1 index Faith's index of Phylogenetic Diversity
T 4" 5011+72¢ 7 095+88¢ 151.6+2.7¢
FAR: i 3 756+82a 53854652 123.2+1.9a
LS 4 408+58b 6272+117b 140.2+1.0b
4 4019+186a 5718+186a 137.0+£4.2b

(DSublayer Shajiang soil; @Red soil; @Black soil; @Purple soil.

100

75 |

Phylum

% Others

[[[11T]]} Planctomycetes

Verrucomicrobia

-
I

J

Gemmatimonadetes

AW Saccharibacteria

50

HIREE
Relative abundance/%

77/ Bacteroidetes
Firmicutes
Acidobacteria
Cyanobacteia

EZA Chloroflexi

Actinobacteria

Proteobacteria

b+ AR
Sublayer Shajiang soil Red soil

21 U
Black soil

Purple soil

+HEZ5 R Soil type

B3 DB ) 20 B 7 AR T 7KL A ZH ORI G = 2

Fig. 3 Composition and relative abundance at the phylum level of the bacterial communities in the four types of paddy soils

Ny, Rt alE T BRI RIS, R
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W AR, ai AW KBRS F (41 DNA, &
FI) B9 FE 2 pH 20, pH B2k &5] &
T 2 AR R 2 A e T S SO A VR MR R I L 3
RS ARG R R 2T 1 K A KRS P B A
R (OTU BUH A1 Chao 1 $8%%) H B EMT
T AR AL, (HE S g6 KT K
+hAEEE RSB EER (F£2). H,
TR W e IR A A T R B M pH RENS I

AR I 2R, I B T R A o0 A 25 2 B
He pH Ry P, LGRS R L RE . K
R W REB S U WO RER A8 . 2RI
SRt 210 pH I BUE 2 S B HEE SR OTR (e
B AT ACER AR, 4 B R AR I AR,
XL EAT AT G 2 X A0 G A AR AR R . il T
JERPIEY PR AER BRE, 2t — RS MR
R T i e P PO BRI 2R W R R i, T - 2K
HBRG PR SRR R KBIE I . FERRE £
Heh, JuHRY A pH<S I, JCRERUMEVAMESREERR
SRR ) e R S e (EER AP, Al
(OH) >l AL (OH) ,"), KA 158 B 7 2 3]
AR 22 b R s e R T A 9 K A
MRVEZRAMET , B Tl S ATP 455 5 B0 bk 4 i

http://pedologica.issas.ac.cn



3 34 FREIESE . A FZEAUKRS LR R SRR S HSE e P R 773

20r Phylum Genus
Cyanobacteria | [EHE Leptolyngbya
Chloroflexil [ Roseiffexus
. . Nocardioides
Actinobacteria | g sirepromyces
Anaeromyxobacter

IS Proteobacterial 7))\ Comamonas
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Relative abundance/%
=
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O

ThibELt L B+ Equb
Sublayer Shajiang soil Red soil Black soil Purple soil

2R Soil type

B4 DURRERUKAS LR E @ K-F L AL i i A A
Xt

Fig. 4 Relative abundance of dominant bacterial groups at the
genus level in the four types of paddy soils
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A FhibEL O i
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Fig. 5 NMDS analysis of the bacterial communities in the four
types of paddy soils

A BRI TE DY, BRIk, HEI pH AR TSRS
T AR 0 75 5 VR AT BE R A 9 TP IR MR 21 3 R B YK
i rh 2 R 2 A PERR AR R E R R 22—

R [ UG A RIS T A e L R Rk
R, AT H KRS - B AR ) 1 R R B A 1 1R
FERSEINTREAR, £2 5 (0~1 cm) Y RHER
BESTHMEERER (1~2 cm, 2~5 cm, 5~
15 cm ), pH 7.7 fyrf 28 (1 Fil pH 6.1 A4 T (5 b
R B WKAE +RZ IR R HECHTEER, i pH
5.4 WURRTESR R pH 4.9 FIRRIELTIER B HIKAE 38

2 s i N B AE B 455 . RIITE— & i3
W, BE pH TR, KRSt il AU AT 25 B
BAEEER (1=0.82, P<0.01), fE#F—L50HT U KAE
TR AR RS R A, A P R
BRI REAN S 2238 )8 ( Leptolyngbya ) S i Z& 1)
AR (P<0.01) (3R 4), JfH A3 pH SE#%k
BEREZEANE S ( Anaeromyxobacter ) FZN#HH 22 5%
( Leptolyngbya ) EAHK (P<0.05) (% 4). 4H¥H2
8 (Leptolyngbya ) FJET § BILE WM, E—3K
CHEA nifH FE B AR S ae k= P A S
JEA R PTRERAE WFEERm T, A4
YIE AR — e FERE i iR, AR RIL S LI
AR S R UIARSEP S MR A E AR
PR, AR AR R L A S I A —E Rk TE
P Ma SECONELE HE] PN, AR ER RS AR PR
D BB ET A ( DNA-stable isotope probing ) jIF5E
FERE H SR P A 22 35 R & ( Leptolyngbya ) &=y 1]
Rk EEMTIRE Z—. i, ML E T m
KR 2 A3 A W [ AU T 55 T 25 64 Y R Rl
T, HEEO PR 3% pH A FT
MG 22 )R ( Leptolyngbya ) Roim BhE , HR LI P4
o PO 2 F BT 404 22 BE TR ( Leptolyngbya ) 1Y
FIEEPE, FIRESELIEL F H/KAE T M A R
RT AL IEAMEAMSE 45 R & AL SRR
HAFMEE ( Anaeromyxobacter ) 5 + 3G W & &
BFEIEMEK (P<0.01) (£ 4), CHRARHRE
( Anaeromyxobacter ) J&=—ZS WA FIFIAVERIA A
BAR O RE R, 7ERE &M TSy =
1k Fe (1I1) iR J5EAVERT, BEMEAT R0 3 4 v 1~ HE AT ]
IKAG i 2 TR ER A B e EPT . IR IE TR R
FhAEE)E ( Anaeromyxobacter ) WIHRIRJRRE 15 115
AR R R AR PR AMS . [FEy, S
MG 223 )E ( Leptolyngbya ) TE7KFE T AN % AL
ST, KRR L 0 A 0 1 00 i g AR
PIE R IR B A B S L

4 %5 ®©

AR 2 F0 03 FH ARG AR R 2R+ 1k
B PR AR + i A PR IR . AR
B AT LA . DURP A + 18 % 3 KRS 4 40 R RE VR
LA IL ] ( Proteobacteria ), FRAT R[]
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Table 3  Relationships of soil properties with abundance, diversity and structure of the bacterial communities in the four types of paddy soils

Ei=E EERIR S B A AR A
pH
Index Organic C Alkaline N Available P Available K
16S rRNA 5[5 % I 4L
—0.55 0.76** 0.74%* 0.66%* 0.17
16S rRNA gene copy number
BAESrJEHICHH OTU number 0.05 —0.84%* —0.75%* -0.4 -0.69*
Chaol #§%X Chaol index 0.04 —0.85%* —0.75%* -0.39 —0.72%*
PD 54K
0.32 —0.90** —0.81** —0.59% —0.49
Faith's index of Phylogentic diversity
NMDS1 0.98%** —0.63* -0.43 —0.93%* 0.46

*, P<0.05; **, P<0.01.

F4 TEBUMRSMBEREFMBEXN

Table 4 Relationships between the soil properties and dominant bacterial groups in the four types of paddy soils

it RER IR LA A A R TR He ) ] R R
pH NMDS1
Abundant taxa Organic C Alkaline N Available P Available K Biological N, fixation rate
B HEE" 0.10 -0.41 -0.55 -0.10 —-0.34 -0.11 0.23
PRAE MR —0.72%* 0.31 -0.18 0.75%* —0.60%* —0.64%* ~0.61*
BT E" 0.06 -0.22 -0.45 -0.02 —-0.203 0.11 0.2
KinRKER" 0.79%* —0.88%* —0.61* —0.95%* 0.08 —0.62* 0.85
BB m ~0.48 -0.17 ~0.46 0.32 —0.75%* -0.3 -0.36
22 )R 0.70%* -0.27 0.03 —0.61* 0.48 0.77%* 0.72%*

*, P<0.05; **, P<0.01. (DComamonas; 2Anaeromyxobacter; B Streptomyces; @Nocardioides; GRoseiflexus; ©Leptolyngbya.
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