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Changes of bacterial flora structure in rhizosphere
soil of soybean at different growth stages
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Abstract ; Soybean rhizosphere soils at seedling and mature stages were collected in this experiment as the research ma-
terial , and Illumina high-throughput sequencing technology was used to determine the 16S rDNA V3+V4 region sequence
of bacteria, in order to understand the diversity of bacterial community structure and the changes of bacterial community
structure in soybean rhizosphere. The original Tags data were used by splicing, filtering, removal of chimeric sequences
and cluster analysis of data processing, OTU taxonomic annotation. On this basis, the changes of species composition
were analyzed by ANOVA method, and the diversity of bacterial composition was also studied by alpha diversity
index. The results showed that there was a significant change in the abundance and diversity of bacteria at different

growth stages. Diversity index analysis showed that the abundance and diversity at mature stage was significantly higher
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than seedling stage in soybean rhizosphere soil. Species composition analysis results showed that Proteobacteria, Acti-

nobacteria and Acidobacteria are the dominant rhizosphere bacteria at phylum level and their contents in different growth

stages also significantly increased. ANOVA analysis showed that the abundances of Proteobacteria and Acidobacteria were

significantly different, but Actinobacteria was not significantly different at different growth stages. Pseudonocardia, Sac-

charomyces and Sphingomonas were the dominant genra in the rhizosphere of soybean. Some of these genera belonged to

plant growth-promoting rhizobcteria and had the potential capacity for promoting growth. These results confirm that the

growth period of soybean has an important influence on the bacterial community structure in rhizosphere soil.

Key words: growth stage, soybean, rhizosphere soil, bacterial flora, [llumina high-throughput sequencing
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Table 1  Seg information and OTU statistical
analysis of samples
BEAR i OTU %X R A%
Sample code OTU number Number of sequences
DWA 1 847 57 996
DYA 1 804 51 807
Total 1919 109 803

2.2 YR B 5 HR

W 25 153 W B Bl R it R A ] 93 2 22K P |
RORE V& 45, 18 20 FLIE 20 b 40 Bl J& 7R 1]
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Fig. 1 Dilution curve of bacteria sequencing in soybean

rthizosphere soil samples
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Note; a. Distribution of sample communities at phylum level; b. Distribution of sample communities at genus level.
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Fig. 2 Distribution of sample communities

F2 IVKEETEFRBHENEE ANOVA FES
Table 2 ANOVA variance analysis on relative abundances

of major bacterial flora at phylum level

] PiE Q18
Phylum P value Q value
TRRIAE] 0.118 938 0.156 497
Actinobacteria
I 0.000 881 0.007 34
Proteobacteria
FRFTEAT] 0.001 117 0.006 984
Acidobacteria
ZERMIEE ] 0.001 442 0.006 009
Gemmatimonadetes
WFFEAT] 0.002 821 0.007 836
Bacteroidetes
LASTET 0.019 238 0.036 997
Chloroflexies
PERE ] 0.028 427 0.044 417
Verrucomicrobia
T ALIRBE TR ] 0.002 732 0.008 537
Nitrosipirae
TR 0.128 375 0.160 468
Planctomycetes
ELi | 0.346 699 0.393 976
Armatimonadetes

FE AR RNk A= i T T A B AR (Carr et
al, 2012; Cuesta et al, 2013) , IH7MA & B iZJE 1Y
FLLCTRAR A BE 7 A 4 2R R R A Y AR s
PP ( H B RREAE, 1999) BT E ( Sac-
charothrix) J& T W], %8 U EVIAE LT 4

®3 BAKFEIZEEEHMEXFEE ANOVA FESFH
Table 3 ANOVA variance analysis on relative abundances

of main bacterial flora at the genus level

J& P QE
Genus P value Q value
A R T 0.019 744 0.061 576
Sphingomonas
RB41 0.001 633 0.010 731
{47 MW 0.000 839 0.008 124
Pseudonocardia
H16 0.099 11 0.175 349
Bryobacter 0.014 755 0.051 226
KR IRE 0.011 744 0.043 22
Nocardioides
Phaselicystis 0.000 144 0.005 309
Haliangium 0.499 945 0.585 923
W22 )R 0.000 404 0.006 188
Saccharothrix

Wok it R0 A2 ) B 06 O T AR B AR T, N e A
(2007 ) BIF 57 & WI A7 € 22 TR R A 4% 5 )it L T
AR G0 B7 I R, & B B R R (Sphin-
gomonas) J& TAETE W], % & U W 18 W% it B 2%
A B 7 A AR (ANSE,2007) , 75 4hid
R INIZE I HE BETA W) RE 43 WA 5| Wk -3- £ TR 12 1 A
YK ( Tsavkelova et al, 2007) ,{H1Z & W5 —
SEE N A, A0 2 B LAY 9 ( Buonaurio et al,
2002) , FRATA PR LA bR B A 09 FE AR [ A
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Table 4  Alpha diversity of samples

FE i i Shannon $5 %1 Simpson $5%¢ Ace 5L Chaol #5%X M
Sample code Shannon index Simpson index Ace index Chaol index Coverage
DWA 6.289 446 0.005 808 1911.490 588 1 915.968 750 0.997 9
DYA 6.442 155 0.004 279 1 900.530 122 1 908.023 256 0.997 8
2 M8 B B4 — B4 Ry 2 A,
0.51 - NMDS BPHERE & 2 4 br e i, T LA R A N
: o B 25 5, NMDS JZAE4 A | g B 4 1Y S L
0.0 FEAS ] Y 22 5, HOBOR G T PCA/PCoA A5 £& 1 A
2 -om B, ARG Stress =0.000 0, % B NMDS 43 #7 1]
SEVERES . 45 RBREEN DWA 5 DYA B B T A
0o R S RSP, 0 95 1 A A R R 2 B
. IR FMR PR O BE R 5 — B R, AR
e T DSt (St 0000y "o T TR S AR BR T A 1) 10 B8 RN TR 5 45 4 & Bl A

& 3 NMDS 47

Fig. 3 Non-metric multidimensional scaling analysis

BIA N2, XATREEH T ROEARKY
FEPARBR o0 W) K A 1 A2 Ak A B FRAE AU RS T
R A A 3 AR T AR B B 2R 1 1 28 A S AR B A i A
2 ( Chaparro et al, 2013)

Alpha Z5 #£ 1% AT DL Sz e BN A it Y 38 74 4 b
Z M, Chaol F1 Ace $8 U TAT B3t fz W H B VK h 4
PR, AR SRR AR EEFE R
Shannon 1 Simpson 5 & H] T~ & ff ¥ Z HE k|, 52
FEh BE I v W) Bh 2 5 R B 2 A) R RY 5 e,
Chaol ,Ace ,Shannon 8 ({8 # K, Simpson #5 %4 {H
HNUE AR i ) WD 2RV R AR SRS R R
B . Chaol I Ace ¥8% .78 DWA>DYA , Shannon 8§
B 78 DWA < DYA, Simpson 8§ (2 78 DWA >
DYA, Chaol #&%U7E Fir A A b [A] A 4 5 A T
) BE R ) Simpson 8 BA 6], Haegeman et al
(2013) 4§ i, Chaol #8 BLAETH A B A TR 3
FPA , x5 2 RE I RO AR A L3 R A Al 2 Bl T 7
P Rh O 1S oK 3% AT RE 2 AW 5 R AN

B WA RN &4 22 . Duineveld et al (2001 ) X
BGACAR PR A W 5% % B, 4 % M PR 5 R R PR
MR B 4= 398 0 26 W i % 2570 2% 5% 38K, Farina et al
(2011) WFFE K B, i = AR B ol A 00 e 3 405 4 TR A
BN R AN R, G R T R E L oK
(2014 ) iz 1 DGGE H A X K AR By 20 7 R V& 2514
AT ST A B, A6 301 ) 40 B 22 R v v T )
Xu et al(2009) {4 DGGE &3 % B, K 574 b 41
R 22 R 52 B S 3G N S B A A B, D AE 3 T
LRI, BRI I8 B K, B ik, ADF5Y
RMRKE LT RO MY Z S T AT
B, 59k (2014) . Xu et al (2009) 45 F A —FE 7]
e 5 DGGE B AR A B (1 B fa A O, i AR AL BE 73
B O A 0 B A 0 B, ARG I FR ARG, BE AL A, T
REARAL G A W B 6 KN 2 AR 59 AN S HE W i
v 8 FRAR DL M PR IR R 145 R A

A 5T A2 FH i 8 A D)7 4 AR R 58 A AN TR AR
B AR AR PR A 3 v 48 TR R 7 45 40 A8 Ak, 3 sk
KOG WA AE B IR Br A 48 55 A o] 0, B + 4
) Z2 FE M T8 B0 T i AR PR 38 X R B KB
A B AR AR PR AN P VS S5 B, A
SRR T ik R R B 240 TR AV 435 ) 22 1 1 SR B
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