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Rhizobacteria community structure and diversity of six salt-tolerant plants in

Yinbei saline soil
DAI Jinxia, TIAN Pingya, ZHANG Ying, SU Jianyu "
School of Life Science, Ningxia University, Yinchuan 750021, China

Abstract; Soil microbes play a positive role in the formation of soil fertility and the transformation of plant nutrients.
Studying the composition and diversity of rhizosphere bacteria communities in salinized soils can help to elucidate new
important microbial functional groups or functional potentials, which are of great significance for vegetation restoration and
ecological reconstruction of saline-alkaline soils. In this study, the rhizobacteria communities and diversity of six plants in
saline soils in the Yinbei area of Ningxia were analyzed by high-throughput sequencing technology and culture methods. The
results showed that a total of 31 phyla, 67 classes, 253 families, and 400 genera were detected in all soil samples. The
bacterial community composition in different plant rhizospheres were similar, but the relative abundance was different.
Firmicutes, Proteobacteria, Actinobacteria, and Bacteroidetes were the dominant phyla. At the class level, the relative

abundance of Bacilli was the highest, followed by a-proteobacteria, y-proteobacteria, and Clostridia. Bacillus was the
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dominant genus with an extremely high abundance (15.57-53.85%), followed by Sphingomonas, Acinetobacter, and
Arthrobacter. The community structure of the rhizosphere bacteria of the 6 plants showed : That of Achnatherum splendens and
Tamarix chinensis were similar; those of Panicum virgatum , Medicago sativa, and Lycium barbarum were similar, and that
of Sophora alopecuroides was the most different from the other 5 plants. Most of the 110 isolated strains had strong salt-
tolerance and more than one biological activity, belonging to the genera Bacillus, Pseudomonas, Sphingobacterium,
Arthrobacter, and Sinorhizobium. The diversity at the genus level was poor, and Bacillus was the dominant genus. The
results of the traditional culture method and high throughput sequencing technology all reflected that many important
ecological functional microorganisms were colonized in the Yinbei saline-alkali area, which could be further screened and

utilized to improve saline soil.

Key Words: salt-tolerant plants ;rhizobacteria community ; high-throughput sequencing;bacteria diversity
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DNA Micro Kit( QIAGEN 2\ #)) [alfi H 4 4545 740 .
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Table 1 Physicochemical properties of rhizosphere soils of different salt tolerant plants

- e N e S EMK WM
. .. P Soil organic  Total N / Total P Total K/ Availliable N/ Availliable P/ Availliable K/

Soil conductivity/

matter/ % (&/ke) /(¢/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg)

(mS/cm)

FEFEEL A, splendens 0.89 8.66 0.84 0.64 0.55 2.16 40.79 3.77 369.80
G T S. alopecuroides 0.74 8.86 1.45 0.72 0.61 26.10 21.32 2.86 275.74
ke L. barbarum 1.59 8.57 1.54 0.70 0.61 21.03 40.43 8.75 260.89
WK P. virgatum 0.32 9.25 1.70 0.81 0.61 24.13 28.66 4.33 298.02
BEMI T. chinensis 1.83 8.49 1.38 0.58 0.59 291 33.08 2.86 191.58
BT M. sativa 0.47 8.16 1.56 0.75 0.62 23.44 34.18 1.53 139.31
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Table 2 The number of OTUs and alpha diversity index of six rhizosphere soil samples
IR e (e L gE| A FARIGEL FE AR chaol #54X ACE #5%L
Soil sample No. of OTU Coverage Shannon index Simpson index Chaol index ACE index
FEHRHE A, splendens 1946 0.986 8.231 0.982 2145.591 2097.765
W T S. alopecuroides 1842 0.986 5.185 0.732 1964.671 1943.355
AL L. barbarum 1571 0.988 6.438 0.889 1641.163 1679.683
Wk P. virgatum 1957 0.989 7.496 0.926 1924.185 1992.483
FEMN T. chinensis 1780 0.991 8.112 0.971 1807.222 1767.722
EE M. sativa 2100 0.985 7.546 0.938 2255.449 2243.286

ACE . 3£ T F B 35 AY455E , Abundance Coverage-based Estimator
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Fig.2 The clustering map at phylum level based on unweighted pair-group method

TR FE AR D& K E e R R+ AP AR S AR F AR R (8 3 &1 4) o 6 MREr +
e AR LA ZEAUFT B 49 ( Bacilli) 3 A FEE R 17.67%—57.71% , 1645 L3 R IR SB35 10> ML >
BB > A SIS T F B, Bty T ARPRAY XA HE 4, HKON o 1 18 44 ( Alphaproteobacteria , 6.39%—
15.37%) , CEMIACAR R 42 B g iy, o7 S FAR PR eI, R BEAR YA MIARC > BEMI > 26 2 RS MBS B 45 > B
y-“2IE T 49 ( Gammaproteobacteria, 4. 17%—9. 69%) . #2 B X ( Clostridia, 0. 89%—S8. 72%) . & 1 & W
( Acidimicrobiia , 3.54%—7.86% ) FlJi £ 7 44 ( Actinobacteria, 1.95%—7.82% ) 5 1E ARl RE b E RS A 25 5.
FEJ@ /K- | LAZEARAT IR )8 ( Bacillus ) A3 E (15.57%—53.85% ), 7E 6 FiR B 58 v 32 BRI Sy 1
TS MRS SRR > B 45 > B0 > 1 H7 B Ho a5 | 2 BE 0 I T 2R AT I8, FE A ) 338 v oy HeoAR ] o 2 e o
W& & ( Sphingomonas ,1.32%—3.72% ) TEMIE B AR BR 4= B2 W = , NS FT T & (Acinetobacter ,0.14%—3.21% ) 1E
B WEFME fERREEM Y, I EJE (Arthrobacter ,0.24%—2.51%) . FLER FLEK 1 )& ( Lactococcus ,
0.71%—2.43% ) W& HLIM% & ( Nitriliruptor ,0.21%—2.35% ) 258 LUAEAR 5 /0 A T AS 5] 30L& 3580
NS 25 52 0 AR BRARAE W) )R Vi 2 AN 2
2.4 HRBRANTERE TS 2H NS PR R B AH e S A

JH Spearman Bk AH IR FE I A1~ SR PRG35 B2 Z 1) A AH B2 A O &, 45 21 99 19 2 (8] f1-) R 5C 1
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Fig.5 Spearman correlation analysis among soil physico-chemistry characteristics and rhizobacteria community
EC:HL 3% electric conductivity ; pH : FRBEE , potential hydrogen; SOM ; 3 ML, soil organic matter; TN ; &%, total nitrogen; TP ; &%, total
phosphorus ; TK ; £ £, total potassium; AN : LA , availliable nitrogen; AP ;3% , availliable phosphorus; AK : BEZL# , availliable potassium

A (Cay(PO,),) MR ERERETE WO b i) gl bl B I i DO LB 1Y BB ) s 7E R 201 DL RN ADF 3595 5 b 4% 4%
5 UAPBEIE & A K PRI T AT 37 F1 46 PR, ZEUR PR E A HR I SR, Fr A TP ER REAE & 6% NaCl 1Y
Regr s B K70 BRER AT LA 32 10% 1) NaCl, Hi 20 BR7E 7% 15% NaCl 935 IR 3L e A K, IrA s bR AE
pH 9.0 FIZMF FHRAEIE W A1, 74 AN TRARAE pH 12.0 BIEMF USSR K3 RAr, Horp 20 B8 (AN 3 2% B Anbies:
AR - S5 % D AR M i 32 1 s A5

£33 o MmEEWIRER T EPEERREE
Table 3 No. of activite strains from rhizobacteria soil of 6 salt tolerant plants

IEPERBREL No.of activite strains

TR I3 B TR RAL Vs . = =

Soil sample No.of strains hosphate- EEN ACC JBi 2 iy {22 10% NaCl 22 pH 12.0
p. P . Nitrogen fixation ACC deaminase Tolernce 10% NaCl Tolerance pH 12.0
dissolving

K KB AL splendens 10 3 2 0 8 9

5T S. alopecuroides 13 4 6 5 6 7

A L. barbarum 17 3 7 4 10 9

WIE#E P. virgatum 14 4 10 5 10 13

BN T. chinensis 26 1 5 1 22 23

B1E M. sativa 30 8 7 3 14 13

Bt Total 110 23 37 18 70 74

ACC: 1-Z AN E- 1-FRR , 1-aminocyclopropane- 1-carboxylate
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I VR R ARTE SRR 3 28, 45 6 TR 1 A W 20 6 1, S BOCHEC v 50 A~ B i $h il g 52 P (i 32
10% 4 NaCl 5% pH 12.0) , sl =& sk [ &0 ACC B B 11 910 R B R ETT 16S vRNA FE K 5140 #r
IR XKLLV E T 5 A&  FE @A L 2R — ) 2R HT 1R & F B SR 6 )& ( Pseudomonas) J2 6 Ff
PR IR IA 8 | Horh 31 DR S 2R B 4 A 99%—100% 1751 [RIEVE . 18 BG40 B ik e 471 )
RIRGEH A 6, H R R E Rk LZ2)12 JIC11 5 B. subtilis subsp. inaquosorum HJ ¥ 5 [ RN 99% , CLI11 .
LZJ13 5 B.atrophaeus 1.ZJ4 5 B. sonorensis 7354 100% W [EEM: | 3X 5 BREER AT DA 32 15% #9 NaCl,
WATFE pH 12. 0 M5 F A, R HL48 2 AL &% . KDZ12 1 KDZ4 W5 B. cereus F B. thuringiensis 41
99% I AIIYE , R ZERIAF R AERI KT B Z R F5 . A 12 tRd e TR MR | Horh 702 | Al
MG FARPRIE 4 Bk, BTEMRER 2 Bk, I AIIA AR PR 4% 1 ¥k, 5355 P. fluorescens P. brassicacearum Fll
P. corrugata F 99%—100% [ 75 [F] IR : ;4 ¥k & TH4 K BEFT & ( Sphingobacterium) , 5335 S. faecium Fl
S. kitahiroshimense 43 98% )78 [R] M4 , iX L BRI AT R 22 pH 12. 0 B9 554, {0 NaCl it 52 14 A5 X 45 55 , ASRETE
5T 8% NaCl MR AR 408 A B AE PRI TR /R MXT 5 HERHRTEIZ S E5E2AR IR, £ 165 rRNA JF
B %5 58 S JB T AT KRB Arthrobacter , 5% B HIKK A. humicola 45 100% fFF3 [ PR M ; MX 11 A1 MX15 [A] ih HL 4
[ R AEBERE S1 , 5P 1ERRI T Sinorhizobium meliloti 4 99% WA [RIEYE . 5 H e 5 Fiibr HIEM L, B8

Bacillus siamensis KCTC 136137 (KY643639)
89 LZ3012 (MG735380)
JIC11 (MG735369)
Bacillus subtilis subsp. inaquosorum KCTC 134297 (KT989848)
o3| Bacillus atrophaeus JCI 9070T (AB021181)
CL11 (MG735386)
LZJ13 (MG735381)
100 190 | Bacillus sonorensis KTT-24T (HQ696443)
LZJ4 (MG735385)
——Bacillus cereus ATCC 145797 (KY034377)
KDZ12 (MG735374)
KDZ4 (MG735377)
Bacillus thuringiensis ATCC 107927 (NR_114581)
100 [ Arthrobacter humicola KV-653T (AB279890)
l‘ﬁrobacter sp.A105-27 (KC422656)
MX7 (MG735398)
MX15 (MG735403)
100 | MX11 (MG735401)
Sinorhizobium sp. OBYHD3-1 (KX645737)
98 Sinorhizobium meliloti LMG 61337 (X67222)
— Pseudomonas fluorescens DSM50090T (KX186944)
GQ3 (MG735366)
_Pseudomonas corrugata ATCC 297367 (D84012)
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Fig.6 Phylogenetic tree of partial rhizobacteria isolates based on the 16S rRNA gene sequences
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