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Abstract: The rhizosphere soil bacterial diversity and community structures of two halophytes, Lycium ruthenicum and

Kalidium caspicum, typically distributed in the arid land of Northwest China, were studied using the high-throughput
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sequencing technique. The aim of this study was to reveal the rhizosphere soil bacterial community structures and the
differences between rhizosphere and bulk soil bacterial communities, to provide the basis for further investigation of the
relationship between rhizosphere soil microbes and salt tolerance of halophytes. The results show that, the rhizosphere soil
bacterial diversity was higher than that of bulk soil, and the rhizosphere soil bacterial diversity of L. ruthenicum was higher
than that of K. caspicum. The bacterial community was different in composition and abundance between the rhizosphere and
bulk soils. A total of 21 phyla and 289 genera, and 22 phyla and 304 genera were detected in the rhizosphere soil of L.
ruthenicum and K. caspicum, respectively. The bulk soils of L. ruthenicum and K. caspicum included 28 phyla and 285
genera, and 24 phyla and 336 genera, respectively. Proteobacteria and Firmicutes were the most abundant phyla in both
rhizosphere and bulk soil bacterial communities. The abundance of Bacteroidetes, Actinobacteria, Cyanobacteria, and
Planctomycetes in rhizosphere soil was significantly higher than in bulk soil, while the abundance of Firmicutes was lower
than in bulk soil. The number of dominant genera in the rhizosphere soils was higher than that in the bulk soils. There were
10 and 9 dominant genera in the rhizosphere soils of L. ruthenicum and K. caspicum respectively, but only 4 genera in bulk
soils. Pseudomonas was the only dominant genus in both rhizosphere and bulk soils. Pseudomonas and Halomonas were the
common dominant genera of the two plants’ rhizosphere soil bacterial communities. Unifrac and cluster analysis showed that
the similarity between rhizosphere soil bacterial communities of the two plants was greater than that between the rhizosphere
and bulk soil bacterial communities. There was a positive correlation between rhizosphere soil bacterial diversity and soil
total organic carbon (TOC) , soil organic matter (SOM) , and total nitrogen (TON) contents, and a negative relationship
with pH and EC. EC, pH, TOC, and TON were the main influencing factors of both bulk and rhizosphere soil bacterial

communities.
Key Words: Halophytes; rhizosphere; bacteria; diversity; community structure
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A e DXAS T SR Ty L 9 b S 9% B IR b,V i 174 38 L WA R R F AR DR X I IR T AR R
> MR KA IR Ay AR R (0—10 om) HIEMFE S FN 5.41 ms/em, pH {H 4 8.77;
HOPH A B 1.38 g/em’, KBS HN 7.19%, % X 504 B 514 ( Populus euphratica ) M ( Tamarix
ramosissima) R ( Haloxylon ammodendron) EEFEAK ( Halostachys caspica) (#5715 K ( Halocnemum strobilaceum ) .
B85% ( Suaeda glauca) ER)TN( Kalidium foliatum) BHFER TN (K. caspicum) SERMIFL( Lycium ruthenicum ) %5
Z P ERAE

FIERESL T 2016 4F 8 H SR FRG TR B3 LU I [ S 9 E SRR X R i, LR TOTCRE 7% R R SR A
FERERAREERZ) 2 km, 23578 B ER T SRR AT a3 vh e 22 E FOPR B AR A9 (R BRI ( B AR 3845
S, MR R SEIRIEA B0 BIEERTUTCREE 3 DM BRAAL 5 A AR Z (R ES K2y 30—50 m,
PR R AZ BRI oA iy R, BT SR ARG S IR EHE N HIEREZ 1 mm) KA 50
mlL TR B, T AR R M 528 %, A TE TS PBS AW (137 mM NaCl, 2.7 mM KCI, 8.5 mM
Na,HPO,, 1.5 mM KH,PO,, pH 7.3), WiRE#% 10 min, FF-EM R, + 015 K MR MRS PR+ 3050, 677 T
4°C &, AFMRER 3SR BR H3EHCA [F]— o SRR — iR 2R 2 £ I 0—30 em )23 T8
ARG ToK A IS AT 4°C & 1R DNA $2H),
1.2 B
1.2.1  HHEEL R BT

3 pH FIHL TR (EC) 235RH] pH AL G R ACE | H A PLIK (TOC) A HLIT (SOM ) KT E B8 1HR
P E R HATINE , 2R (TON) SR HIH 8% B A B2 T 1k 2 A T D0 7
122 FIEPUEYIEENZA DNA 52EHR

FEEBUE R 2] DNA B 1 mL ARPR H 3R E 2 mL CE D& T, T 4°C 10000 g 5.0 30 s, 5 Fig,
JRAFUTRE HI THR R 33 Wy B R 2H DNA $2 30 X AR PR 4=, FHTC R 25 K2 0.2 ¢ 3% A 2 mL JoTE
BODE T FHTHRBOLR 4] DNA, FIFH OMEGA {54 E.Z.N.ATM Mag-Bind Soil DNA Kit i{3 & ( OMEGA)
TRHCENZH DNA, SRR A DNA B K BERSEEE A, AT NanoDrop A2l DNA f E AALE
1.2.3  DNA 4 #% Ky

KPS TERT AT 16S rDNA V3-V4 IXHHATY 1Y, 25 —5e4 1A RS T barcode J741 A3 5 )4 T
Ui 51 ¥ 341F. ccctacacgacgeteticegatetg  ( barcode ) cctacgggngecewgcag, Ui 51 ¥ 805R:
gactggagticettggeaccegagaattecagactachvgggtatetaatee , R WA R 30 pL, 7% 15 pl 2xTaq master Mix( Thermo) , |
TUHESI (10 pmol/L) £ 1 L, Bt DNA 20 ng, ¥ #4554 .94°C 3 min,94°C 30 5,45°C 205,65C 30 s, ¥ 44 5
AMIEH;94°C 20 5,55°C 20 5,72°C 30 s, 44 20 JAHF, 72°C HEMH 5 min, 55 484 34 H] Mlumina 4730 PCR 3
KoY, RONARZRE b P58 440 .95°C 30 5,95°C 15 5,55%C 15 5,72°C 30 s, ¥714 5 MEFR, 72°C ZEH 5 min,
PCR W) G wE R MU % 24 T Bifg) A9 TR BRA Rl AT P AR AL 1Y PCR )RR G, &
ARG RS LS AT A IR 4 SRR 200 o PR A AR PR AR AR B 3360
1.3 Al

WP S dn i 22 B 5 | W4k P 91 BRI B8 FE ( Phred Quality Score =20) J5 #E478f 4%, & 7 K 4
T 200 bp FFFA , EERARR D YT 90 S B AR5 15 BB MEA A RUF 9 EdE . R Mothur 1.30 i/
£ LL 97% R R 5E BIE , XF 16S 7 51 Kl 43 #4% 4325 ¥ JT ( operational taxonomic unit, OTU) , K RDP classifier
2.12 XF 97 % AHLEE K F-1 OTU ARRIFH AT 43285703 B, 44 B B> OTU X B Fh o3 2645 B JRAE R 1)
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unifrac B3, ZHIREA RIS . SR CCA ZAT5% W 40 B ) PP R 75 25 A0 1) R BLIRBE 1,

2 HR55%H

2.1 BIEEfbE

- R B A TN E A R UL AR 1, IR R A R AR B 3 LR (TOC) A HLET (SOM) | LA
(TON) & &4y m FAEAR PR 3, L pH (EIEFAEMR bR 39, SIS ACHE V% 10 3R AR B 1 1€ 1% TOC . SOM Fil
TON & H R Yy T U R TOTEE A 19 38 pH K TJ5 35 U TUR B AR B £ 18149 TOC .SOM I
TON & it | FL S 0] 5 RS ACAR B = pH WA B, PRSRAAC AR By 3 v SR I FARMR PR £ i BV R TC
JTAR PR 4 fL S 238 0% = AR AR B £

F1 REFETESIERERLEOELER

Table 1 Chemical factors of rhizosphere and bulk soils of Lycium ruthenicum and Kalidium capsicum

2R e A =
name (g/'kg) (g/'kg) (g/'kg) (ms/cm)

L. r_R L EPP T K WPt 10.25(-) = 17.68(-) 0.757(-) 8.09(-) 1.96(-)

L. r_B TR AT [ 6.71 (0.80) 11.55 (1.37) 0.523 (0.04) 8.90 (0.07) 6.26 (1.26)
K. c_R g ERTUR Lit] 23.40(-) 40.34(-) 0.77(-) 7.35(-) 4.94(-)

K. c_B Hifgh )TUR Bl 2.67 (0.39) 4.60 (0.68) 0.112 (0.03) 8.98 (0.18) 4.02 (1.26)

AR T8 (FRIEDE ) Mean (Std. Deviation) ; * - HH AR ER RSt 440 1 B2 ORI - BETR 25 JEA TS | FUB — A, Aot
Bl L - o

2.2 R ZHEE R AER A
2.2.1 P EE AT

WFFT IS A 3507 9 BE AR 400—440 bp Z 18], SFHK B 420 bp a4, 2+ 3E DNA KK 415509347,
AR SR AR 0 L 9 R TCOTCRA AR B - 38 R0 A AR s - 38 v il i 23 B s 0% 7 8 880530 27501 45, 18801 4%,
21198 45135367 45, /%% OTU 4350 1081 1591 1788 1 1294 ( 3 2) . H:T* Shannon FEEAIH Beth £k (1K
1) R FE A R S B A TF- 22, UL SRR SR AR5 3, BE 08 LU 40 L S b o e - SRR A O AR TR AV, )
Ah NP7 55 R4 T 90% , MR WA YOI P IR 5 B, FEABRARURAE AR Y LB (£ 2) .

F2 TEMREEFEZA DNA UFHIESITR alpha SHMES T

Table 2 Genomic DNA sequence data statistics and alpha diversity analysis for soil samples

FE i 24 R FP 34 OTU % H ERIEEL VAR EL ACE 5% Chao 1 8% B
Sample Seq OTU Shannon Simpson ACE Chaol o
. . . . Coverage
name amount amount index index index index
L.r_R 27501 1081 4.05 0.10 8539 4962 0.94
K. c_R 21198 1788 3.87 0.11 16765 7658 0.94
L.r_B 18801 1591 1.87 0.29 12013 5526 0.97
K. c_B 35367 1294 1.84 0.28 17656 6122 0.97

222 YIEZHE
W5 B A A AR BR ATHEAR P -3 A0 TR 1) Alpha Z2FEPESS SR ULFE 2, Shannon 8401 Simpson 84 B
FR BRI AN o 2R PE B 2 TARMR PR 138 (P<0.01) ; B SAACAR Br 3 40 8 2 AR v 1 LI R TUR  (H 2 57
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VI 3400 L SE A - B4 = 6 T BTG /”’-—__

TR 4 (10 A AR I AN T R T 25 5 B (P> 0. Nl Irh
05) Ko

223 AIRHRE LS

FR A HIEEE I 20 DNA JF 90 (1) 53 252 0 i 45 51, A
P (i S ot P S AGHI H A0 7T 30 171,55 4988 H |
202 BH672 &, LFHTT (> 1%) Bt A AR
ﬁ%g ( lz] 2 ) ° Eﬁz)ﬂu iu B/‘J 30 /I\ IFJ EF‘ ’ /Eﬂ% Til‘ I‘j ' -E) 50:)0 lOOIOO 15(;00 ZOOIOO 25(;00 30(;00 35(;00
( Proteobacteria ) FllJERE B[] ( Firmicutes ) 75 T 5 34 JF#51% Nmber of sequence
PR R, 5 B4 B 0y 3. 26%—81. 6% B B 1 s 0.97 50T LR AR B0 alpha 53
1.73%—45.67% . MASRAFC A E LR TUTRPR L5 g on s
rh o SR 2R 21 22 1], MAEARBR 18P 537K Fig.1  Rarefaction curves of soil bacterial community ( at 97%
WA 28 F124 17, HEREIEANBE M F T E 2 TIEMR  identity) constructed with Shannon index
B igﬁg’ﬁ*@% AR A 6 L] , Hoh L.r_R: A AT AR PR £+ 3E 40 5 , bacterial community in rhizosphere
SR AR R AN 3T 6 4, R BB N soil of L: ru'then,icum;. L.r_B: %%*ﬂﬁlh’rﬁ%i?&ém%,bacteirial

N community in bulk soil of L. ruthenicum;K.c_R; B £ JTUTAR P +
WA ET] (37.26%) JERERT(33.07%) AT 4T , bacterial community in rhizosphere soil of K. caspicum;K.c_
I"]( Bacteroidetes ) ( 16.08%) . it £& i ( Actinobacteria ) B M85 £ JTOTCIE AR B 407 , bacterial community in bulk soil of
(5.27%) W20 ] ( Cyanobacteria) (4.32%) 78 W] K caspicum.
(Planctomycetes) (1.07%) , H:E 16 [ F E KT
1% , H:H Deinococcus—Thermus 45 10 /N1 1A F AL T 0.1% 5 B TOTHR PR + 3 H P a0 F T TH L EIT
(81.65%) JEEEFTT(1.73% ) FUAFET1(8.55% ) ML 11 (4.33%) 4 11, HE 18 I THFEEKT 1%,
Hrp Parcubacteria 55 12 N TBYFE LT 0.1% ; WAEAR PR 40 5 R0 2 ASPEE8T, BIASTE 1 1] Al JE e
AT T, o AR S0 R 90% DL 7R S SRAAC Y AEAR P 3P 9 £ BE 70 51 52.68% 1 45.67% , 7k HL
AR TOTAR MR R 2 e P 2 3 501K 55.4% 1 43.22% , BT T DT 1% P FEART 0.1% M4 A
23 #1119 14>,

TEJB 532K b ) PSR SRAR AT I Lk TOTCHR R 58 A AF ) 09 AR B 338 v 43 3 4G D0 289 1 304 A4~ i
TEARAR B 3 rh o3 A It 285 F11 336 A& , ILHVE i AR ; 7EAR B AN AR By 38 v i I 34 I 280 A4 A
WA, A FEAR PR 38 b B S8R 4 i 2 TARMR PR 148 78 R SR A A A BL TR 0 TOUTUHR B 18 v 1) 48 B 0 3
J& 5354 10 ASF 9 A AEARAR PR L3P A LR A 4 4>, AR BN S ( Pseudomonas ) 7EAR FRAIAEAR
PrA-3gerh 2 e s (B 2) o R RAADAR PR £ 5 i 10 A0 38 4% = B2 T KK - s P Bk T s
( Planococcus , 26.92% ) . & ¥. il 1§ J& ( Halomonas, 16.7%) . Pontibacter ( 6. 58% ) . & . M B J& (5.34%) .
Streptophyta (4.32% ) Salinimicrobium(4.1%) . Planomicrobium ( 2.45%) . % {7 % J& ( Bacillus, 1.77%) . Gillisia
(1.4%) | Thioalkalispira (1.37% ) ; 7£ H ¥ £ TOTAR b £ 38 b 19 9 A0 3@ Fe 3 B2 Uy 4R Rk sl v 3R i e
(28.39%) . Eh MM T & (14.47%) | Fodinicurvata ( 12.24% )  Massilia (4.19% ) ., Aliifodinibius ( 3.56% ) . Cobetia
(2.45%) Aidingimonas(1.63%) Gracilimonas(1.51%) f/IMT 1 J& ( Exiguobacterium ,1.17% ) ; 76 W Fp it £
AAEDAERR B 3P ) 4 DMERR ARV U S (44.01% 41.45% ) FPBTR I ( Citrobacter ,28.07% |
29.49% ) AT E (Acinetobacter ,13.3% ,13.51% ) MRHHL S (8.09% .9.33%) , Hh i/ MT IR JE A ShHF
TR RIS R AT 1 R TEAR B T S8 A T 0 =5 B 34 0 3B BRI (0.25%—1.17% ), T — LA 3= B2 Ja ( n g Mk i
J& \Fh TR B | Pontibacter Salinimicrobium %5 ) WFEARBx 4458 & 23 & ) A DLV |, 28 W B SR A AL 0 HLTAF
AR TR R R 4 (0 AR R T SR 200 T 0V 2H ) AN 2 8 S AR AR B - A B R 22 57

Shannon3§%{ Shannon index

http ; //www.ecologica.cn



6 S % 38 &

100 A
B Proteobacteria @ Aminicenantes
80 O Firmicutes B candidate division WP—1
O Bacteroidetes @ Chlamydiae
a\\c’ @ Actinobacteria O Synergistetes
g @ Cyanobacteria B Thermotogae
—i O Planctomycetes B Latescibacteria
‘B’Kﬁ 60 m unc;lassiﬁed' m Wo_esearc}_laeota
.H_ﬁg | ACld(_)bacterla ) - m Porlbgcterla_
# 8 @ Candidatus Saccharibacteria B Ignavibacteriae
= g @ Verrucomicrobia @ Pacearchaeota
=F @ Chloroflexi_ @ Spirochaetes
=3 40 m Par_cubacterla ] Fusobac_terla
- @ Deinococcus—Thermus B Chlorobi
= BE Gemmatimonadetes B Armatimonadetes
= @ Nitrospirae B Fibrobacteres
& B Hydrogenedentes @ Cloacimonetes
0 O Thermodesulfobacteria m SRI1
0
100 B
Exiguobacterium Saccharibacteria_genera_incertae_sedis

Citrobacter
Pseudomonas
Acinetobacter
Halomonas
Planococcus
unclassified
Fodinicurvata
Pontibacter
Streptophyta
Massilia
Aliifodinibius
Bacillus
Salinimicrobium
Cobetia

Bosea
Gracilimonas
Planomicrobium
Thioalkalispira
Aidingimonas
Gillisia
Rubrivirga
Porticoccus
Chelativorans
Haliea

Serpens

Gpl0
Methylohalomonas
Rhodovulum
Deferrisoma
Kocuria
Pelagibius
Marinimicrobium
Nafulsella
Mesorhizobium
Rhodoligotrophos
Idiomarina
Thioprofundum
Azomonas
Microbulbifer
Blastopirellula
Gimesia
Nitriliruptor
Ilumatobacter
Salegentibacter
Enterococcus
Sinomicrobium
Geminicoccus
other

80

60

J& AR B

Relative abundance of genus/%

40

20

EEES0DNO0ONODODODNDENEDODNOOONE
OO ONEECONNEDNEEEEEODRE

2 I1(A)E (B) AFE LW TEHERAEREEELEN
Fig.2 The bacterial community structures of soil samples at levels of phylum (A) and genus (B)

ABEBI(A BT ALEZEA S HEA SR P SCAFRITT) ZEFH ] Proteobacteria ; JEBEFR 7] Firmicutes ; AT 5[] Bacteroidetes ; i ZE ]
Actinobacteria ; # ZH ] Cyanobacteria; I£- 22 F# | ] Planctomycetes; 7324 unclassified ; BRFTF 1A ] Acidobacteria; JEf{ P 1] Verrucomicrobia; 4t 25
17 Chloroflexi; 5 % ¥k B i #4 B ] Deinococcus-Thermus; f 1 Ifd 5§ ] Gemmatimonadetes; fi§ £t U2 JiE 7 ] Nitrospirae; #4 I & AT 5 1]
Thermodesulfobacteria ; & JEA& ] Chlamydiae ; #4415 [ ] Thermotogae ; B2 HE/AR ] Spirochaetes ; #2 ¥ i ] Fusobacteria; £% 1 '] Chlorobi ; £F 4E AT B
I'] Fibrobacteres

BB (A LT B A ZEA AU AR P SRR ) N RR Exiguobacterium ; ¥ BRAT W & Citrobacter ; {5 £ 1 T J&
Pseudomonas ; NBNFF IR & Acinetobacter ; ¥ S MITE & Halomonas ; BIHEBR B Planococcus; 532K E unclassified ; 2F AT B8 Bacillus ; /N ORI &
Rhodovulum ; % 5L IR & Kocuria ; YR T B Mesorhizobium ; 2 B M 4 /& Azomonas

2.2.4 R FETE AN B 25 S o BT

FEH A AR B 195 AR B - R AN TR R 4 =2 18], DA SN [T 40 B AR PR - S 40 A A B 20 RN 2 L 07 A
WEER EIKFE B TR R T AT PR R ] PERR T ( Verrucomicrobia ) | 4825 B |7
( Chloroflexi ) 7EAR PR 396 Y 7 B 8 2 0 T A MR P - 398, i J5EBE 51 11 %) = B AR T AEAR P 38 (1 2, B
1A, B) . ZBJETR ] JEREGET T SUFFEE ] AN TR ] BRAT B T T B e A A AR B - e i E L B
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E 2B 2, A 1C) , AR PR T 40T £ BETE T 1K B 22 5 80N, TEIR K- B AN 2 1 1R
(B3) B, SHPr T AN REE A L, AR PR 5 rb 0y 4 A DL Jm 4l SRR ], i 5L Bt e AR — 2, Bl e
N R AN, AN ST R R BRSO IMT R 3 SO0 JE I = BETEAR PR L8 40 G 7% v I 25 R A (BRI
2A, B) . 40, ZA AR 89 F B A AR B b PR R, B R R, B R (Azomonas ) |
Brevundimonas | Enterococcus , Kluyvera S S22 MR, LR B 3 B AR s 33 b U] S 2 A Ak S i
Streptophyta Aliifodinibius . Gracilimonas 5 ; sPEER B J& | Pontibacter  Thioalkalispira , Cobetia 1 Aidingimonas &3
P AR | AR AR PR i R A I R (14 3) .

R 3t X A AR DR s - S AR B 7 S M B LU A,
IR EFL 0 7o R B R 1 R g 3 PR AR P A
bt LR R (B 2) I s e R R AR AR PR —

E A (5.34% ) 30 T L 45 TR B + 5 —
(28.39%) ., s EBRE J&E . Planomicrobium . Pontibacter .
Salinimicrobium . %f {0 ¥T W J& | Gillisia }2 Thioalkalispira
SRR AMACAR R - R LR, F N 1.37%—26.
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Table 3 The correlations between rhizosphere soil bacterial diversity indexes and soil chemical factors

ZREPEFR B Diversity index A Bl TOC AP SOM S TON pH H1 33 EC
FrAHAE %L Shannon index 0.74 0.72 0.83 -0.89 -0.58
3 AR FEHL Simpson index -0.75 -0.73 -0.81 0.90 0.59
ACE %1 ACE index 0.17 0.15 0.5 -0.04 -0.41
Chao 1 #§%X Chaol index 0.73 0.72 0.12 -0.59 -0.39

http ; //www.ecologica.cn



8 S % 38 &

2.2.5 R ZREERIBER LS S IR A M R 56 £

3 6 A AR B AN TR 2 A v S gL
PRl Z A AR B DG ZR I 20 Ar , A BIAR s T 3B 4 T Z2RE P 1Y) Ko R
Shannon ,ACE ,Chao 1 ¥§%{5 TOC .SOM F1 TON £ 1E 4
KFKZR(F3) /85 pH A1 EC S A E, [HA ML & 1h
KB E K- (P>0.05) o 38k X R YA B A 3 4
HREE (D Fh) S - HEHAL N F CCA TR & R 5
Mr, & BRLHL %A pH, TOC Fl TON 43 2 AR MR Pr 135
MR B M P IS A R A - (& 4)

CCA2
o
T

3 e

FEH XoF A B - 38 A T R VR 45 0 B sl ik 4% sz o 2 3
PEU R385 AR AR IS S AR PR R M A e
Hbpt v BRI S AR B - S AR T 2 A Y - B AR
(LT RERZISEE £ NE PSR DRy TR Fig.4 CCA analysis of two plants’ rhizosphere soil bacterial
T A B AR A AR A I B =R NTTE A 55T community composition and soil chemical factors
H B AR BRI R VR 2548 , BN [FAE ) HA A [ AR
2 5 40 2549 . 40 Comamonadaceae Flavobacteriaceae . Rhizobiaceae 42 2% AR B 4 33 40 1 (1) = B g 20 ;
ARTE BRI R TR T AT B T TRIRRAT B T R 2 AR PR b A L S8 28 Y SRR T 1] TR B 1) IR BRI 1]
S P JTAR PR -3 i 342 2

FESRAC A BT R TOT R AR B 1 438 5 AR AR B - ST 200 1 B v O AR PE RN s 2 AT W35 22 57 . Alpha
ZREVE TR R AR PR AN B 2R TR PR 1 X S e A M A R ST R 2 Mk, A
TN EERE T T I PEAR AR PR AT AR B -3 vh 5 S DL A 2R RE  E I B T Y 2 B B s TR RE ], S IE T
FELBE R | 40 B FR EF 2 Ak 3 A DR A AR SIS Al PR 7E 22 P AR B+ 4 rh 2 A 42
BE,ANAGEY A G Stellera chamaejasme ™, RIS 14045 2245 14095 i o R 1 208, TR RE T )
TR ] R T 2RI HOh VR 2 A0 AT SR A, 0T R R RAE IR W S AR BT A G, R
BE TR | S SR M T AN BV TOTCRR B 398 ) R B AE 30% LA L, e T 00 Bpbede | Al dh b mi i, W
IZE A S BRI GE 0 R RN B, B B iy bu i SR M, AR AR PR 3 v i IR 23 A0 T ) 190 5 BE AR
(<0.1%) SRIMTFF R AR T PERE T T R AT TEAR bR b i =F B 3

RIS HrRYY, PRI AR PR AN R AV B AR S T AR B A48 S AR AR B - 9 2 ] B AR BLE | I 78 R FR
A AE T PR PR 0 ] TR RO A L AR PR 1 S 20 B 2544, ] g2 38 AR A W 7E R W A Eh ik ik ae T, B Bl
() — X AR R 20 TR ARV 1) R (Rl AR PR AIL TR . PRI ) AR s 38 rh 0 DL 420 7T B 1 2 TR AR B 1438 JEAR
b SR OERRAT 3 A, AT R A ERRAT B R TR B ST PR e b 0 = 3 4 25 A
TEARMR PR L AR E R, ansh PR ER TR RS MR | Salinimicrobium 55 , fEAR R IR N R )R, 5
FEAR B - AN G RE P S A AR L AR B - S840 B P R i R R 2 B Pmt R 1, U T P A SRR R
TR ERE (AT TR 52 NaCl HEBE A 13% ) , 3@ A2 pH 5—1112 ; $h B 15 J& My g 30T, 7T LAYE 5%—25% NaCl 345
A= R (30 s Salinimicrobium AT 3 v LAY 52 & 1% —3% NaCl Jihp e 31 ; Fodinicurvata =g
FR, PITERR AT i 5%—20% 1 H 3 AR AR AR PPLA T R R R P R SRR, e — RN R SRR
REBPATEG EA AR T, IR I8 °] B RS th T2 AR 2R BT

PRFAE )AL o 20 G AE v 2 I B AR R | ) It B — 2 19 25 5, SR BRI S BREAE X = B AN ] A1 2
WHELH AN, 2 S e T ARBRAEVA S M RO AE e S 1k . BRIV A C RIS SO B AR AR i

B4 AHEMRGLIEAEHEANS TEENLEFH CCA
SHTE

http ; //www.ecologica.cn



9 1 2 A IR ER AR A AR PR L AR TR B AR TR ARV S5 4 9

PIAR BRI Y RS B AN [m] MR BRSO BE AN ), anAR Br 3 B ME T (32 1) FF7R , SOM \pH (EC 22 573 12
Fo RS R A A TR O 1 2 T B ERTUI, BLAR MR el b 4 AR s - 438 rhoRG ] 1 1% 200 747 A 2
*ﬂﬁﬁ%‘@’ﬁ(ﬁﬂﬁzﬂ‘ﬁﬂ AEH R TP RN = B4 BT AR R 22 55, A BP T Jm R 6 50 1 s 2 P A AR B
T R, AR R 7 R R AR AR PR A v i R R AT B SR TOTAR PR T Stk ek T
J& . Pontibacter % /& FRANFCARPR b A DL & , e AT B I v T LU AR TOUTUR B g v iy F2 1825
i Aliifodinibius /N #E | Gracilimonas 2552 BLIGER TUTHR BR 38 i 4l S P 38JR |, EATTRY 32 5 B i T 22
FACARPR LI, R R RIR IR ER , AT AR PR 3 AR AR PR L3 b A7 W
Z 5t JUHAE PR A AR B 338 b 7 A 0 22 S SR 100 I I = 88 00 T IS b v 2 B8 SIS 4 T %o - R A 455 o
R
FERRFL LI P 3h i 1 A W e v 4 P i S BB ] A, X - S A TR R IR A A R 2 AR B
mgt o TR ERRAL IR S AL, B A B AN T R W i A KRB R A
30 23 AR A AR B A0 B ) 2 R 4T SR, e ER A 1 5, R 3 T 3 i AR PR AN B 2 R v AR
Pyt KT RS H TR I T AR R T SR B AR A R AR A . AT R B, HA SR AT R B R TOR
PRI AR B SR A BLER A DLET RS B 8w T AR PR 3, AR PR 3 A e 2 FE R i T AR PR 4
S AR S A3 i e W] - SR A TR Y 2RV S A LR A LT AL i A DG, T R pH 2 A
K B R A pH AR PR - S 20 B R v 4 R 5 e PR T SR LB R VR S s R AR PR A
VR B A T X 5 AT 28T AR R A HUTRE N pH BRI 4R R X 2
SR TR ERAT AR 28 1T LALR iR L IR Ak A 3t 8007, 1 Ry AR 7 40 7 2 R AR IE T A R B st A 455 R, i
W B A AN B AT AR A SRR S XA 4 Bt VR TS

S 2 3L HR ( References)

[ 1] Gans]J, Wolinsky M, Dunbar J. Computational improvements reveal great bacterial diversity and high metal toxicity in soil. Science, 2005, 309
(5739) : 1387-1390.

[ 2] XUGRE, #Oy—. TR -5 A LR xS 4 R ATE s . £3E, 2010, 42(1) : 111-116.

[ 3] Palaniyandi S A, Damodharan K, Yang S H, Suh J W. Streptomyces sp. strain PGPA39 alleviates salt stress and promotes growth of 'Micro Tom'
tomato plants. Journal of Applied Microbiology, 2014, 117(3) . 766-773.

[ 4] da Silveira Licio W, de Lacerda C F, Filho P F M, Hernandez F F F, Neves A L R, Gomes-Filho E. Growth and physiological responses of melon
plants inoculated with mycorrhizal fungi under salt stress. Semina-Ciencias Agrarias, 2013, 34(4) . 1587-1602.

[ 5] Vaishnav A, Jain S, Kasotia A, Kumari S, Gaur R K, Choudhary D K. Effect of nitric oxide signaling in bacterial-treated soybean plant under salt
stress. Archives of Microbiology, 2013, 195(8) . 571-577.

[ 6] Vaishnav A, Kumari S, Jain S, Varma A, Choudhary D K. Putative bacterial volatile-mediated growth in soybean ( Glycine max L. Merrill) and
expression of induced proteins under salt stress. Journal of Applied Microbiology, 2015, 119(2) : 539-551.

[ 7] Ruppel S, Franken P, Witzel K. Properties of the halophyte microbiome and their implications for plant salt tolerance. Functional Plant Biology,
2013, 40(9) : 940-951.

[ 8] Ziegler M, Engel M, Welzl G, Schloter M. Development of a simple root model to study the effects of single exudates on the development of
bacterial community structure. Journal of Microbiological Methods, 2013, 94(1) . 30-36.

[9] LiXZ,RuiJP, Mao Y J, Yannarell A, Mackie R. Dynamics of the bacterial community structure in the rhizosphere of a maize cultivar. Soil
Biology and Biochemistry, 2014, 68 392-401.

[10] Ciccazzo S, Esposito A, Rolli E, Zerbe S, Daffonchio D, Brusetti L. Safe-site effects on rhizosphere bacterial communities in a high-altitude alpine
environment. Biomed Research International, 2014, 2014 480170.

[11] Shi S J, Nuccio E, Herman D J, Rijkers R, Estera K, Li J B, da Rocha U N, He Z L, Pett-Ridge J, Brodie E L, Zhou J Z, Firestone M.
Successional trajectories of rhizosphere bacterial communities over consecutive seasons. mBio, 2015, 6(4) : e00746- 15.

[12] Ramirez K S, Craine J] M, Fierer N. Consistent effects of nitrogen amendments on soil microbial communities and processes across biomes. Global
Change Biology, 2012, 18(6) . 1918-1927.

[13] Bell C W, Asao S, Calderon F, Wolk B, Wallenstein M D. Plant nitrogen uptake drives rhizosphere bacterial community assembly during plant
growth. Soil Biology and Biochemistry, 2015, 85: 170-182.

[14] Chandrasekaran M, Boughattas S, Hu S J, Oh S H, Sa T M. A meta-analysis of arbuscular mycorrhizal effects on plants grown under salt stress.

http ; //www.ecologica.cn



10

S % 38 &

[15
[16
[17
[18
[19

[ S T

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[36]

[37]

[38]

Mycorrhiza, 2014, 24(8): 611-625.

FIeiR. £h A2 A R R RS ER AR AR SHLRIESE [ D], 20 Holrfalk R, 2011.

ZH. AT LWL A AR CHTSE[ D], P2 . PUALRMAB R, 2012.

Yasiidin, W A0F. EA R TR SR A BRI, ) PUAEY, 2015, 35(3) : 366-372.

KEYe, AR, BOUHE AKEBEEE T IR Z RS R SO S R A R AR 4AAR, 2016, 36(11) : 3206-3215.

Kowalchuk G A, Buma D S, de Boer W, Klinkhamer P G L, van Veen J A. Effects of above-ground plant species composition and diversity on the
diversity of soil-borne microorganisms. Antonie van Leeuwenhoek, 2002, 81 509-520.

Bulgarelli D, Garrido-Oter R, Miinch P C, Weiman A, Droge J, Pan Y, McHardy A C, Schulze-Lefert P. Structure and function of the bacterial
root microbiota in wild and domesticated barley. Cell Host & Microbe, 2015, 17(3) : 392-403.

Yang H, Hu J X, Long X H, Liu Z P, Rengel Z. Salinity altered root distribution and increased diversity of bacterial communities in the
rhizosphere soil of Jerusalem artichoke. Scientific Reports, 2016, 6. 20687.

Ling N, Deng K'Y, Song Y, Wu Y C, Zhao J, Raza W, Huang Q W, Shen Q R. Variation of rhizosphere bacterial community in watermelon
continuous mono-cropping soil by long-term application of a novel bioorganic fertilizer. Microbiological Research, 2014, 169(7/8) . 570-578.
Aira M, Bybee S, Dominguez J. Camnivory does not change the rhizosphere bacterial community of the plant Drosera intermedia. Applied Soil
Ecology, 2015, 92, 14-17.

Cui HY, Yang X Y, Lu D X, Jin H, Yan Z Q, Chen J X, Li X Z, Qin B. Isolation and characterization of bacteria from the rhizosphere and bulk
soil of Stellera chamaejasme L. Canadian Journal of Microbiology, 2015, 61(3): 171-181.

Yang J, Ma L A, Jiang H C, Wu G, Dong H L. Salinity shapes microbial diversity and community structure in surface sediments of the Qinghai-
Tibetan Lakes. Scientific Reports, 2016, 6: 25078.

Vega-Avila A D, Gumiere T, Andrade P A M, Lima-Perim J E, Durrer A, Baigori M, Vazquez F, Andreote F' D. Bacterial communities in the
rhizosphere of Vitis vinifera L. cultivated under distinct agricultural practices in Argentina. Antonie van Leeuwenhoek, 2015, 107(2) . 575-588.
Suyal D C, Yadav A, Shouche Y, Goel R. Bacterial diversity and community structure of Western Indian Himalayan red kidney bean ( Phaseolus
vulgaris) thizosphere as revealed by 16S rRNA gene sequences. Biologia, 2015, 70(3) : 305-313.

Jin H, Yang X Y, Yan Z Q, Liu Q, Li X Z, Chen J X, Chen J X, Zhang D H, Zeng L M, Qin B. Characterization of rhizosphere and endophytic
bacterial communities from leaves, stems and roots of medicinal Stellera chamaejasme L. Systematic and Applied Microbiology, 2014, 37(5) .
376-385.

Ordofiez O F, Lanzarotti E, Kurth D, Gorriti M F, Revale S, Cortez N, Vazquez M P, Farfas M E, Turjanski A G. Draft genome sequence of the
polyextremophilic Exiguobacterium sp. Strain S17, isolated from hyperarsenic lakes in the Argentinian Puna. Genome Announcement, 2013, 1(4) .
€00480- 13.

Vreeland R H, Litchfield C D, Martin E L, Elliot E. Halomonas elongata, a new genus and species of extremely salt-tolerant bacteria. Journal of
Systematic Bacteriology, 1980, 30(2) : 485-495.

Chen Y G, Cui X L, Zhang Y Q, Li W J, Wang Y X, Kim C J, Lim J M, Xu L H, Jiang C L. Salinimicrobium terrae sp. nov., isolated from
saline soil, and emended description of the genus Salinimicrobium. International Journal of Systematic and Evolutionary Microbiology, 2008, 58
(11): 2501-2504.

Infante-Dominguez C, Lawson P A, Johnson C N, Sanchez-Porro C, Ventosa A. Fodinicurvata halophila sp. nov., a moderately halophilic
bacterium from a marine saltern. International Journal of Systematic and Evolutionary Microbiology, 2015, 65 766-771.

ZH, fade, fUI, ERAE, AR, NS I DO TR SRR BE Y AN B T 2 AR, P EEREERLAE ) 2016, 36(1) : 249-260.
Ibekwe A M, Poss J A, Grattan S R, Grieve C M, Suarez D. Bacterial diversity in cucumber ( Cucumis sativus) rhizosphere in response to salinity,
soil pH, and boron. Soil Biology and Biochemistry, 2010, 42(4) . 567-575.

Bencherif K, Boutekrabt A, Fontaine J, Laruelle F, Dalpe Y, Sahraoui A L H. Impact of soil salinity on arbuscular mycorrhizal fungi biodiversity
and microflora biomass associated with Tamarix articulata Vahll rhizosphere in arid and semi-arid Algerian areas. Science of the Total Environment,
2015, 533 488-494.

Nie M, Zhang X D, Wang J Q, Jiang L F, Yang J, Quan Z X, Cui X H, Fang C M, Li B. Rhizosphere effects on soil bacterial abundance and
diversity in the Yellow River Deltaic ecosystem as influenced by petroleum contamination and soil salinization. Soil Biology and Biochemistry, 2009,
41(12); 2535-2542.

Pavloudi C, Oulas A, Vasileiadou K, Sarropoulou E, Kotoulas G, Arvanitidis C. Salinity is the major factor influencing the sediment bacterial
communities in a Mediterranean lagoonal complex ( Amvrakikos Gulf, Ionian Sea). Marine Genomics, 2016, 28. 71-81.

Borruso L, Bacci G, Mengoni A, De Philippis R, Brusetti L. Rhizosphere effect and salinity competing to shape microbial communities in

Phragmites australis ( Cav.) Trin. ex-Steud. FEMS Microbiology Letters, 2014, 359(2) . 193-200.

http ; //www.ecologica.cn



9 14 B AR RN ER AR R R L A T 1 2R RV S5 4 11
L1 B — 95% B fri X1
Synergistetes | [ 1.000
candidate division WPS-1 | o) 1.000
Cloacimonetes | Q 1.000
KT Chlamydiae | © 1.000
Aminicenantes | Q 0.651
FHIET] Gemmatimonadetes | o 0.579
Ignavibacteriae | ? 0.518
PHIFE ] Thermotogae | ? 0.518
THALSRTERT] Nitrospirae | ? 0.452
W2iEfA ] Spirochaetes | ? 0.406
HBLHLAT ] Thermodesulfobacteria | ? 0.027 %
Parcubacteria | ﬁ) 941x10% =
SRR B -MiBE ] Deinococcus-Thermus | oI 2.65X1073 i
Hydrogenedentes | o 1.90X103 &
45 BT] Chloroflexi | é 3.40X10™
PEAHIT] Verrucomicrobia | o 1.91X1078
Candidatus Saccharibacteria | d 1.53X10715
FRATH ] Acidobacteria | oI <1X1075
%5 unclassified | o <1X 10715
FHHi1] Planctomycetes | oI <1X107
JREER ] Firmicutes Pl I <1X1075
AIEHT] Proteobacteria ' 1o <1X10715
T 1] Actinobacteria |4 ) I <1X1071
W40 ] Cyanobacteria |5 e} I <1X107
HIFFHT] Bacteroidetes =—omg o I <1X107"
L I L I I I | I I I |
0 527 =20 -15 -10 -5 0 5 10 15 20
KeB [ KcR 95%%1.%;!&‘61
LYEFFHT] Fibrobacteres | o 1.000
AT Thermotogae | Q 1.000
THALSRTET] Nitrospirae | ? 0.753
Synergistetes | Q 0.657
FRAFHIT] Acidobacteria | o 0.651
Woesearchaeota | 9 0.531
RATHI] Fusobacteria | ) 0.375
KEHAT] Chlamydiae | ° 0.375
ST Chloroflexi | ° 0.325
HHET] Gemmatimonadetes | ? 0214 g
Aminicenantes | ? 0.165 E
Hydrogenedentes | ? 0.140 -
candidate division WPS-1 | o 0.090 A
SR ERB W] Deinococcus-Thermus | (|) 0.081
PBEBATHTT Thermodesulfobacteria | (B 0.013
Parcubacteria | (5 2.77X1073
PEMA ] Verrucomicrobia | 6 <1X 10715
AR unclassified | é <IX107"
W] Planctomycetes | ) <1X107'%
W] Cyanobacteria | d <1X1071s
Candidatus Saccharibacteria | d <IX10715
HERE ] Actinobacteria | o <1X107%
FFHT] Bacteroidetes |5 o I <1 X 10715
JEEEHT] Firmicutes [ | o <1X1071
IELH ] Proteobacteria 1 ___ ® I <IX10715
6 81I.7 —3|0 —2I0 —lIO (; IIO 2:) 3IO 4I0 SIO

http ; //www.ecologica.cn



12 A E = 38 &

= Lrr 3 KeR 95% B A% X i
candidate division WPS-1 | (]P 1.000
Ignavibacteriae | (P 1.000
Woesearchaeota | (? 1.000
PBRBAFHTT Thermodesulfobacteria | ° 0.758
THALURTER ] Nitrospirae | ? 0.713
AKJEHTT Chlamydiae | ¢ 0.604
SR ERH Wi T] Deinococcus-Thermus | ? 0.526
Poribacteria | (i) 0.470
Pacearchaeota | ? 0.470
Aminicenantes | o 0.470
W2JiEfAI] Spirochaetes | (I) 0.470 g
HIE] Gemmatimonadetes | é 0.278 E
Hydrogenedentes | (5 0.031 ;
51 Chloroflexi | o 0022 &
Parcubacteria | 5 7.03X1073
JERHIT] Verrucomicrobia | é 2.16X107
&M Planctomycetes | 6 3.57X10*
L] Actinobacteria B S 9.85X107
Candidatus Saccharibacteria | CB 5.70X1078
AR E unclassified | o 7.11X10710
FEAFHIT] Acidobacteria | b <1X10715
fAFHT] Bacteroidetes ™ l © <1X10715
WK Cyanobacteria P o <1X107'
JEEERIT] Firmicutes === ‘ @  <IXI0
I Proteobacteria = . o I <1X10715
L ! L ! ! ! ! | ! I ! |
0 81.7 -50 -40 -30 -20 ~-10 0 10 20 30 40
F ¥ Abundance/% =} ¥ 2% 7 Difference between abundances/%

ME 1 BRMACHEEHTUTRRAERR T EPAEREEANE TR ENERSN
Fig.S1 The differential analysis of bacterial community composition between rhizosphere and bulk soil of L. ruthenicum and K. caspicum at
level of phylum
A FRRAACARER vs JEMRBRETE ; B : HUEHTUTRER vs ARARBRERE ; C . BRAATH PR TRE vs HUIGERTUTAR BRI ;
L.r_R: BIRMACHR BR + 340 5 |, bacterial community in rhizosphere soil of L. ruthenicum; L.r_B: S HIACAEAR R 43 40 5 , bacterial community
in bulk soil of L. ruthenicum;K.c_R : HL¥EFE JTUTAR PR + 4841 4 , bacterial community in rhizosphere soil of K. caspicum;K.c_B : HLiEE TUTAEMR BR

LT, bacterial community in bulk soil of K. caspicum

http ; //www.ecologica.cn



9 1 B A IR ER A AR B A T 1 2R T 454 13
Lr B 3 LrR 9S% B A X Il
- - 1
Deferrisoma | <1X1075
Microbulbifer | g <1X10715
Thioprofundum | e <1X107%
Gracilimonas a <IX10715
Porticoccus | Q <1X1075
BB JE Pseudomonas B o) <IX10715
Rubrivirga | J <1X107
Gp10 | d <1X10715
Pelagibius | Q <1X1075
Bosea I P <IX10715
Nafulsella | o <1X10715 8
F KB Kocuria | d <1Xx10715 £
Aliifodinibius f a <1X1071 %
Gillisia |y 0| <IX107B &
Thioalkalispira |y oI <1X10715
Planomicrobium |y [¢) <1X107%
Salinimicrobium |5 o ! <1X1075
Streptophyta |5 o | <1X1075
AEAF B Acinetobacter =2 I o) <1X10715
KA ER AT i 8 Citrobacter r——— Q <1X10715
Pontibacter =g o I <1X107%
IR Halomonas f———xn o) | <1X10715
ZEERF B Planococcus ee—on o | <1X10715
unclassified fmg o | <1X107
T/ NFHI | Exiguobacterium r——— o] <1X1071
L L L ! L 1 ! ! I I I
0 440 -30 20 -10 0 10 20 30 40 50
Kep OO KeR  OS%EAIKI
- |
MR E Mesorhizobium | o <1X10715
Thioalkalispira | o <1x107'%
Idiomarina o) <1X10715
Marinimicrobium | o <1X107
Saccharibacteria_genera_incertae_sedis | d <1X10715
Methylohalomonas | dl <IX107
Streptophyta | q <1X1071
Rubrivirga j Q <1X107
/NTBRHE Rhodovulum | Q <IX107%
Serpens | Q <IX107%
Porticoccus Q <1X10715 2
<
Chelativorans j o <IX10715 £
Haliea | o <1X107 ig
Gracilimonas k o <IX1075
Aidingimonas | o <IX1071
Cobetia | o <1X1071
Aliifodinibius | o : <1X10°15
Fodinicurvata f=—oxog e} I <1X107'
unclassified = o <1X1071
Massilia |5 o, <1X1071
th¥ i E Halomonas f=—oH () | <IX107%
FEHFE R Acinetobacter == I <1X1071
¥ HuE)E  Pseudomonas BPE——r——y ) I <1X1071
FriEmAT#)E  Citrobacter [ I o <IX107%
UNFFHE  Exiguobacterium [ | () <1X10715
L I L I | I I ! ! |
0 415 -20 -10 0 10 20 30 40 50

http ; //www.ecologica.cn



14 A E = 38 G

3 Lr R [/ Kc R 95%31%‘[2@
Gracilimonas [y o <1X107%
Sinomicrobium | A <IX1071
Alcanivorax | o <1X1071
Marinimicrobium | a <1X1071
Pelagibius [ 2 <1X107%
Thioalkalispira o) <1X107
Chromatocurvus | A <1X1071
% LA Kocuria o <1X10718
Idiomarina Q <1X107
Serpens | q <1X1071 °
Haliea b o <1X1075 =
/NELYPE J& Rhodovulum h d <1X10715 s
Gillisia P le <1X107 E
AT Bacillus P | <IX107B &
Aliifodinibius fiq o <1X107%
Aidingimonas |y O| <1X1071
Cobetia g ol <1X1071
Streptophyta =1 | o <1X10715
Planomicrobium E | © <1X1071
Salinimicrobium = o <1X1071
Massilia = o | <1X1071
ZhPEER T JE Planococcus | o] <1X1071
Fodinicurvata e——=—omg Q | <1X107®
B TR B Pseudomonas Pla— o] I <1X10715
Pontibacter =2 | o <1X1071
L 1 L 1 1 1 1 J
0 28.4 -30 -20 -10 0 10 20 30
& Abundance/% = % R Difference between abundances/%

BHE 2 BRMCHEEHTUTRRFERRE T RAREEARERKEFHER SR
Fig.S2 The differential analysis of bacterial community composition between rhizosphere and bulk soil of L. ruthenicum and K. caspicum at
level of genus
L. R BB HIACHIBR 13404 , bacterial community in rhizosphere soil of L. ruthenicum; L.x_B: SE K40 IEMI PR 1340 % , bacterial community
in bulk soil of L. ruthenicum;K.c_R : HL¥EFE JTUTAR R + 4841 4 , bacterial community in rhizosphere soil of K. caspicum; K.c_B : HLiEE TUTAEMR BR
3T , bacterial community in bulk soil of K. caspicum
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