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Abstract: [ Objective] Rhizosphere bacteria play akey role in plant stress resistance and nutrient acquisition. However, the
community structure and culturable potential of rhizosphere bacteria in soda saline-alkali soils remain poorly understood.
[ Methods ] In this study, rhizosphere soil samples of seven common wild plant species (including Suaeda glauca,
Phragmites australis, and Setaria viridis) were collected from four typical soda-saline-alkaline areas in the Songnen Plain:
Da'an, Zhaoyuan, Zhenlai, and Tongyu. The bacterial community structure was analyzed by high-throughput sequencing of
the 16S rRNA gene, and high-throughput cultivation using 1/10 TSB medium was conducted to assess the cultivation
preferences of different taxa. [Results] Results showed that rhizosphere bacterial abundance ranged from 1.79x10° to
1.24x10' gene copies-g' dry soil, and significant differences in diversity were observed among plant species. Taraxacum
mongolicum exhibited high abundance and high diversity; Artemisia capillaris had low abundance but high diversity;
Plantago asiatica and Phragmites australis showed both low abundance and low diversity. Principal component analysis
indicated that while the rhizosphere bacterial communities of different wild plants did not differ significantly, sampling
location significantly influenced the rhizosphere bacterial community structure. The dominant bacterial taxa were generally
consistent across plant species. At the phylum level, Proteobacteria were the most abundant (26.3%), followed by
Actinobacteria (17.2%) and Acidobacteria (11.3%). The dominant genera included Arthrobacter, Microvirga, Bacillus,
Ramlibacter, Skermanella, Rubrobacter, Sphingomonas, and Nocardioides. High-throughput cultivation yielded 117 pure
bacterial ASVs, belonging to 52 genera and 4 phyla. The isolation efficiency averaged 3.1 genera and 7.1 pure strains per
100 positive wells. Frequently isolated taxa included the phyla Proteobacteria, Firmicutes, and Actinobacteria, and the
genera Pseudomonas, Lysinibacillus, Rhodococcus, and Limnobacter. Notably, five of the top eight genera that were in
relatively abundant in the rhizosphere were successfully cultured. [ Conclusion] In conclusion, at a broad geographic scale
in the Songnen Plain soda-saline-alkaline region, sampling location rather than plant species was the primary factor driving
rhizosphere bacterial variation. Although different bacterial groups exhibited distinct cultivation preferences, high-
throughput cultivation proved to be an effective method for capturing the most dominant taxa, demonstrating its utility for

mining rhizobacterial resources in saline-alkaline soils.
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(Gemmatimonadetes ) FIfAFEE 1] (Bacteroidetes) %55 & WAL B AFGLL R )& (Rhodococcus)
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(Arthrobacter) FEIEIEAREEJE (Nitriliruptor) 5, HEVRE5M 5 18 pH. HFE AL LR
ARSI R B A ST LR KBS B S B i AR e, AR B T R AR T R
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ST RYE BN, 48 s - S A P 0[] 3 AL ) B 32 R P (2 A B R D5 VR B R A2 S
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ZRINEEAEY) . X ARBIESC A BE I . BT RESYERE. e R RN R SR, &
N ER B A B A2 ) EE M BEURD AT, SR, ARG OTIRIRAR B, AR B RCRAC. e AR
HRBEAE se VO A PR AF ] fE0 8], mpdE s R R (Culturomics) T8 M8 A & 20T MR B I 35 77 4
RAFR M R AR, WERTT AR R B SR, R IR SER I TR AT . ZE R B
TE N A I 2RI BN i B R B8 A -2 e v iz N, R B BB R . SR,
FAE IR YO0 K AR BRI A Y 0 4 S 55 5= J7 T SN AT A A R o i, ZEFRIRILAE R £ 4%
AU R FEH S EE R IR TS A e (A R R AR G 7R 2.3 £ R BRI eAh, BEAEOR
FE TR R AR XS E B = 100 A~ OTU H, 5 64%08 i il f 45 77 i D SRS 4l iR R . R
G, BN TRFT R L AR B e 25 A0 R SR ()78 75 P S SR A B AR ATI AN IR, B RS 5S 2L
i S

BT FIRBE A, AHE ST LARACTRFT Shas i) s A B AR kYY) (L AE3E (Suaeda glauca) « %
HI% (Plantago asiatica) 773 (Phragmites australis) %5) AWFAX G, RS0 Hr HARFRGH# FEE
=ERE. 2RV S R RIR i ) Enl E R R HR R rdt i AT it E s r 5 4w, P
fEZ I ARAE 33T SRA L 41 T8 PR 248 & F ARG, DA 54T S8 Th RE AR W 18 71 1 T &
FRBEPF IR AR YE PR SCHE

1 MESETHE

1.1 IRFRTIEFERIEAR

B AR R AR PR LIEAE AT 2023 4F 7 FRAE FRABOT S PRI 4 NI IRAT B e (D -
K% (DA: 45.50°N, 124.25°E) . ififfi (TY:44.13°N, 123.30°E) . fH3% (ZL:45.85°N, 123.21°E) Al
R (ZY: 45.55°N, 125.05°E) o 1% X380 il e 1 M R Bl P 2 VU, AR 3SR T 3.9~5.7°C,
FEREIK BN 500~600mm, fEZE KN 1800~2000 mm, TIELIBAS+ T, FMOMIERE +. BER
LB A R AR B A SR 5 4 NI AU 7 A, EUHE: ERTE (CQC, 3 2 1, K22 140 .
MJR% (Setaria viridis, GWC, S5 14, K% 1 4, 8k 34D  eE JP, K% 1 4, ki1
) . E (LW, K222 4y, @il 2 ., B2 ) S (Eleusine indica, NJIC, IR 1 47,
Kz 14y, $E3F 2 4y, @20 « WA (Taraxacum mongolicum, PGY, K23 4y, #3214,
A 2 0y MRS (Artemisia capillaris, YCH, @ 1 4y, HE3IE2 4y, ZEJH 14y, RZ3400) .
MRBRLRHEHREUER, REE T 4 °CHAM MRS BRSNS 3 PRIFEFE AR bR - 5R &
Yo HTHRPR DIEREARRA IR, 7E5CRANEREA ST, K FIFE Y% R AR bR - 58530 8 —
AMBEFE, T R I 4B A I s S R .
1.2 RERTIEBICMERNE

M B LI F ARG S/KE (WC) .« pH. BANBE (TOC) « &% (TN) . &SR
(NH-ND  BEAR (NOs-N) « A3 (AP) 3 (AK) | EMHEE IR (DOC) .
YRR (MBC) AAE AR R (MBN) o 38 WC it 4t TE05E ;. pH 5% FH 35 58 v A 02
MWiE (EARFENAN 125) ;3 TOC KHEHEBRMAMIENE; TN RHFRMEILK 2 %05 &
NHs*-N I NOs~-N K H &AL #1E $e—He oy i b (iR 5 ; AP SR FH R IR S BIR 38 —Lh v 52 5 AK
K CRERROR S — KIEJE LN 8 s DOC I 28 1K= 32 — A ML 7 i G230 s MBC M
MBN $52% F &6 B2 IS, Horp MBC 2 THeBUR A MUK 15, MBN @ i 8l e Z0E e
1.3 RERTIFEMEEE KBRS

K FH FastDNA Spin Kit for Soil (MP Bio, USA) {7 &M 135 DNA, K Hszm %t E &
PCR (qPCR) ikl L3 a5 . Bt FH 514008 515F/907R>51, gPCR R MK RN 20 WL,
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A5 1 L DNA B4R, A5 5144 0.5 pb, 10 pl 2>ChamQ Universal SYBR qPCR Master Mix, 8 uL
TR RMFEFH 95 °C TR 3min; Bl 5 HEAT 40 MEHHIP 1 (95 °C10s, 55°C30s, 72°C
30s) , fJaT 80 CCEHUR NG T . P F G —HBE N & w1 B K V% (copies g d.ws). &
BRAH B 9 1Y I P BT RIS AR IR AR A BR A RIHET . EAGI P E3E R QIIME 2 73 i
MERHEAT R E R AP FER:, RZREY I TPk CASV) X FEHME, DAL fE 24t
Sy AT,
1.4 RIFTEHENSBEEARAREE

IR B E MRS (optimal dilution concentration, ODC) [F#fi € 235 O SCHRRT, Rk an T -
FREC 1.0 g #rfif HIBFE N, BT 50 mL LHEEOES, A 50 mL B ER /K, S8 E&. MG
BEOEE THERERS, T 28°C. 180 r-min 21 FHk% 60 min. RGN GE, HEOE EEHF
BT 6 30min, FJa GBI REURIE F2 1 om bR B35, RIATSRASAE 4 b Fh R )
IR PG 2 AR BERFE RS FRIA R 43 330wl 170 uLy 83 pL. 41.6 pL. 20.8 pL.
10.4uL. 5.2 uL. 2.6 pL. 1.3 pL A3 EUIN S0mL 1/10 I EE A R K 5 W% (TSB, Difco, USA;
pH A% 8.0) 5%, XL 150X £ 38 400 X 3£ 9 MEREE . 7354 96 FLANMIKT TR, &L 160
ul, FARERE 2 MELEIE. ] Parafilm i L5, T 28 °CHr B 2 A, KABFRMY

(SpectraMax M5, USA) I % FL1E 600 nm ALMIMEOG(E (ODeoo) » FFEI MG EAEAL . BHIESL

FITEFRHER ODeoo [H I FE>0.5 B B5 32 FLIE BN IR AT (VR o 225 3 — AR B X R BH PR 7L o5 B IA
50%72c A7, WAE AR BR L ODCR™, FETREAARPr /) ODC, {1/ 1/10 ) TSB #5782 5) 7iIAC
1 0.33xODC. 1xODC K 3xODC (13 F- 4K 5 o TN BE 5 F2 48 R 4026 31 6 > 96 FLAN S 7117,
R AR B A A AR B A 18 HebEFmAd AT 5537 . BT AR5 7R ARAE 28 CCRFE 1% 2 G, ik ik
PEFL &7 FEAE 30%~60% 2 18] i35 78R T 5 2L 40 1 =l 2= 48 08 .

FEE RS EREN T WEEARFRFLPE 10 uL 55780 2 96 FL PCR MR, fI 16.6 pL Bt
ZUEW (pH 12.8) , FE/MBAJE T PCRAXH 95 °CALHE 30 min, BE/ESLENIIA 16.6 uL HHAIZE iR

(pH5.5) , JR2JJE1EH DNA #iit. PCR S BLEHFT 1) PCR R EAT, KR R bR 25 0 514 515F

5 907R #ATHAY W, RNAK RN 30 uL, EHE DNA R 3 pL. #5544 0.6 pL. Taq B iR
7% (TaKaRa Taq™ Version 2.0, Takara Bio Inc.) 15 uL PR IGH 7K 10.8 uL. PCR 27 N: 94 °CTHiAL
P 2min, FEJEREAT 30 MEFRIT G (94°C30s, 55°C30s, 72°C I min) , )5 72 °CIEMH 5 min.
TR, B Rl —H 96 FLAR I FTE PCR 72T 15 mL Jopd & 08 iR AT, B 40 pL 347 HLIK,
FH{4i ] Takara MiniBEST B fleE5ER DNA [FISCF & (Ver.4.0) 34T [HIY. M NanoDrop One
BT E DNAWKREE . A4S 96 FLIR I PCR F=4i% 1 ng BURE, &IFEi% LilEeFHAmE
IR PR A ) HEAT A EAI R, TR E 2 Gb. JREGINFEE % A mothur BAEHEATIR /0. Fids.
AR ASV AR E SR DA R W 43 2508, BHAFL A E AR AE DI 5 reads £0>50, 4 FL AT E AR
A — ASV 1) (5 LI 95%.
1.5 RFRYBE R R EHRAITT ELRE AL J10E

R 35 & (AR AR TEAS IR R FE AR T b AT 85 9%, DAVPAk Lt 2h6E /. LA 1/10 B TSB ¥
PREEFRIE NI, B E A NaClikE (0.5%- 1.0%-. 2.0%A13.0%) PLEANH pH (7. 8. 9 Al
10) FIEFRAEE . AR AR BT 2 IR 7R, 7E 28°CA M R 1% 1 G, RABEAR AN & £
FEWAE 600 nm ALHIRIGIE (ODeoo) » ARAEBARIEAS A SRIR &1 T B KAE L. S5 IR A1
BH3NES, R 1 G E IR ODeoo fE 1Y 50) B bR AR KRS BEAT 43 42 : ODsoo 38 2>0.3 1 4 ++7,
ROREKIEHR; ODeoo HEEAE 0.1~0.3 Z[HHE N “+7 , RREKZINE]; ODeoo I E<0.1 10N “-7,
Fon kK.
1.6 Zeitoth

BT ASV HIREER, R R B4 vegan ROEAT 134N B I RETS ZREVE 04T, 40 i3t
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% Chaol $8%(. ACE #8%(. Shannon f8%( /% Simpson ZFEVESREL, ULSE SN EBEE IR E S
FESI 5, A IR AR BRAN B VR S 22 5 . 4R TR T BE AN 2 AR PR SR A S B R I AE DG PR R
F] Pearson %443 H1 . PCA FIEIL R 1E T A ggplot2 {58 B 1B AW 78 K H T =Fh3&F Bray-
Curtis JF & FEIIIESHZ 0G4 J77%, B PERMANOVA. ANOSIM Fl MRPP #6567 7] 45 5 [ 13 A=
VIREVR SR 22 5, R 999 IR B AT IO R VAL 2 1 . A Origin FRAR22 i 20 TR 1] A & 7K ST 1)
VIRAN F RS R mIEES ARG AR R iR ASV &, (A R 15 k540
WAL EE . AR Sl S A BERE (B 100 ANFEEFLIRIS A AR ED DL 4EE ASV Fhak
GAE R VP B A MR BRAS R A0 B R B )35 8 ey, A 7L 5| N3G TR miF 241 (Cultivation Bias
Coefficient, CBC) IX—f8br, HH & X NE /7 KRB ICIAEAIG TR B 5 B 5 AR 06 L3 i vk
RO = FE I LR

2 4 R

2.1 HIEBACMRR

SRRV PR TR B A R AR 1 R, ARIFEARTE pH. S7KE. F0 8 8 LMAEETE
SRR 2R . ANFEFEARE] pH BSFEECR, MZERTHLR 7.81 B 31 10.38, KBEHARE
B A R AT R P S S R A ZE . (EFR I ST, MR ELARPR LIE R TOC (29.6 g-kg™)
ATN (1.73g-kg") ¥femn: MHGEE R 5 50 M ABAR AR . FIREM AP (42.4mg-kg!) I AK
(504 mg-kg") B FHETHMEAR, MAFHER AK &K (168 mg-kg!) o HAh, ZEATHARPR 115
1) DOC ik 121 mg-kg!, & T HABFEA; H MBC Al MBN ##%&

*® 1 FEEYRRIRE AR R

Table 1 Basic physicochemical properties of wild plant rhizosphere soils

3R FKE ISEERiIRTA . ) A NOs- 4% NH4' -
pH 2% TNAgkgh
Soil source WC/% TOC/Agkg") N/(mg-kg") N/(mg-kg!)
cQc 7.81 16.81 14.5 0.546 16.7 19.5
GWC 8.09 21.75 29.6 1.73 15.0 222
P 9.46 15.44 5.34 0.494 3.50 58.6
LW 10.38 17.16 9.90 0.859 0.48 34.2
NJC 8.45 12.52 420 0.370 0.734 32.9
PGY 7.87 16.87 13.7 1.04 10.5 6.20
YCH 8.66 20.43 13.3 1.14 8.16 25.4
taoer 0 B e PPERR
. AP/(mgkg AK/mgkg % MBC/(mg'kg
Soil source N 1 DOC/(mg'kg") ) MBN/(mg-kg")
cQcC 8.26 282 121 326 54.5
GWC 42.4 504 102 278 433
P 5.67 218 63.4 171 28.9
LW 6.37 292 75.8 171 23.0
NJC 2.29 194 49.7 132 227
PGY 15.9 278 95.2 243 34.4
YCH 29.5 337 68.7 270 425
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T EERIFAHD A T SRR DO DS B RHZIBF A G MR CQC, #Hi%: GWC, MREH; JP, WiZE: LW, %: NIC,
% PGY, AT YCH, BPEE . Note: Thesoil source code is formed by concatenating the first letters of the Pinyin syllables of the plant’s
Chinese name. The Latin names corresponding to these plants are listed as follows: CQC, Plantago asiatica; GWC, Setaria viridis; JP, Suaeda glauca;

LW, Phragmites australis; NJC, Eleusine indica; PGY, Taraxacum mongolicum; YCH, Artemisia capillaris.

2.2 RPRTIRAE H AR FHE

AN [F B A R AR B 8 v B A B = RS AR A S 3 22 5 (3R 2D, £E 1.79%10°~1.24%10' copies g d.ws
ZIAl. AT (1.24x10'0) FIFHHE (1.16x10'0) RER IR E F i m; fRE (7.63x107) FIg
H (7.40<10%) JE s MFAE (2.71x10%)  ZERTE (2.36x10°) FIEFRE (1.79%107) Ak, Bixm
PIRL— MR EFEE Z PR B 8 R B (R 20, THMRE IR bR B (1 =F & ¥ s (ACE
EH0: 934.68 +319.10; Chaol fE%¥%: 942.63+312.57) . FJJEE (0.97+0.01) . VA (0.98+0.01)
AT 7 (0.97+0.01) 1) Simpson 2 FEVEFR B 2 5 T 03 (0.92+0.02) 5 7 #5.(0.93+0.02)(P<0.01).
WAL (7.09£0.15) [) Shannon £ FEVE R & TiE (5.65£021) I3 (6.03+£0.18) (P<0.00D) .
CRERE, DFRE. oS R R W 2 R S, AT P A AIOE AR PR A R 2 A
PEEAR, 2R R AL T R 25K o AR KA Hh 26 AR Bt B 2 AEPEFR 20247 /3 M1, ACE Fll Chaol 48
BAE DA KA S B (3 7904 1100.74+380.46 AT 1111.12+383.75), I & & T TY.ZL 1 ZY(P<0.05).
Simpson FEE7E DA (0.97+0.03) M1 ZY (0.98+0.01) Abfr, HEEET TY M ZL. Shannon f5%
i E KA UCN DA (7.16£0.80) >ZY (6.84+0.73) >TY (6.39+0.90) >ZL (5.98+0.71) , i DA
BEET TY Ml ZL, ZL BF KT HEMA=15. DAKEEE (ACE. Chaol 8% #1 Shannon £
FEME S, R T HAL =AM S ZY VA3 S 2 (Simpson 180 &, (HFEERUC; ZL 1)
Z R AR . AHICYE BT 45 TR B, PR R 3= P S5 AR b L e BRAL IRl 1 TG 2. 3 AHOC 1, T Shannon fi
¥ 5 TN, Simpson 15475 NOs -N Al AP, L% Chaol 6% 5 MBC 2 [A]}) 5 .3 fiAH 5% (P<0.05) .

*2 HFEEYRFDRAEFERSHMEEY

Table 2 Bacterial abundance and diversity indices of wild grass rhizosphere soils

k5 Source IR
Bacterial . . ) . .
abundance (168 ACE $8%% Chaol 5%t Simpson 5% Shannon E%§
[RNA gene ACE index Chaol index Simpson index Shannon index
copies g!)
CQcC 2.36x10°% 670.97+£345.58d 672.30+345.15d 0.95+0.03b 6.31+£0.93¢
P GWC 7.60x10°b 863.01+£428.20b 877.43+433.88b 0.97+0.02a 6.89+0.92b
7l JP 7.40x10°b 538.62+439.53¢ 545.04+449.07¢ 0.92+0.04c 5.65+1.17d
Plant LW 2.71x10% 689.54+438.91c¢ 698.55+446.28¢ 0.93+0.06¢ 6.03+1.41c
) NIC 1.16x10'% 781.39+413.15b 793.14+414.38b 0.96+0.02a 6.56+0.74b
spectes PGY 1.24x10'% 908.79+417.62a 917.14+425.57a 0.98+0.01a 7.09+0.45a
YCH 1.79x10% 934.68+319.10a 942.63+312.57a 0.97+0.02a 6.68+0.69b
KA DA \ 1100.74+380.46a 1111.12+383.75a 7.16£0.8a 0.97£0.03a
J=3 TY \ 702.73+305.46b 711.64%£310.5b 6.39£0.9b 0.95%0.04b
Sampling ZL \ 622.32+326.56b 629.55+327.55b 5.98%0.71c 0.94£0.03b
site zY \ 657.61£200.12b 668.53+212.33b 6.84£0.73ab 0.98%0.01a

e FIBIAS R T REROR A E R AR (6] 22 57

-3 ( P<0.05) . Note: Letters within the same column indicate significant differences between

different samples.

http://pedologica.issas.ac.cn



+ ok
Acta Pedologica Sinica

FERA T (PCAY G55EIR, KB A FIRAE s 1 [R]— i A A AR R - 438 0 200 11 3 7 &5 40 A%
S1RK, PERMANOVA (P=0.530) . ANOSIM (P=0.811) & MRPP #% (P=0.749) %545 /A8
VIRBH A 2 SN B 3, [RIUEAS [F)E A AR AR B et B B 7 TR R HR B B () A T AR SR
S PCA BUS AT LA, SRE K% (DA [WEFAFEIAR b T 3R A R — %, A 3 4>
KL B AR R AR PR IR AR R S —#% (8 1) . PERMANOVA 656 B R S BE L s 3% — 23 24 R =
iR T 16.35% 1928 7, HisFEZ/KTF (P=0.004) , ANOSIM #:5: /) R 14N 0.2668 (P=0.001) ,
MRPP 5 56; [F]AEIE S 7 20 [A) 25 5 (1) 2 25 % (P=0.003) . 3 T Bray-Curtis fH 25 1t 25 i) 25 55 1% (0.6695)
B T N BE R ME (0.6074) , HERFFAAIKZ (DA 5HAh 3 NRAESIHBGAEREER. X
Segk RAH, AR TSR, SRR Hb A X R B 2 B R T 5 A P B B K

® !
) ; ® 9
® o % 5 §°. o
g . ® - ° |
3 { 2 ® & A ST casaats . i L &S e T =
= < ® e ®
4 2 13 i & o
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Fig. 1 Principal component analysis (PCA) of wild plant rhizosphere soils bacterial community structure

FT 16S rRNA R 381 7 7341, AW TR T 7 FREF AR AR bR - e AM B /£ 1] (phylum)
FJE (genus) K-FRIBEEHRBAFIE. 1ET T B, ANEEYRRIEME LR (Top 10) FEA—
B EANATTRAN F AR K ZESS (B 2a) . Proteobacteria 75 FTH FE ¥ & Sz, T35
XN 26.3% . HUCNBZLFTT (Actinobacteria, 17.2%) FIEEFF 1] (Acidobacteria, 11.3%) .
HAFEFRNORESEH] (Chloroflexi) « UM B[] (Bacteroidetes)  JEEER[] (Firmicutes) F
7F R 1] (Planctomycetes) , “FIJMINTFBEAE 5.3%~9.5% 2 8], ZFHJEE ] (Gemmatimonadetes) -
FANEE ] (Myxococcota) FIFERIE ] (Verrucomicrobia) , AHXTFHEEHAK, 7E 1.3%~4.7%2 f].
Sy FEPIRR B 358 R e B T TR IS B R K B 2 . BIGEAR B Actinobacteria #11 Acidobacteria [1)4H
X R R IIERY) 5%. A TMRFRH Firmicutes HUBI iR (10.8%) 16z A1 B Bk v AR B
TIEFRUFF R T] (Bacteroidetes) (5 ELIITE 13.5% A4, B3 & THAAEY . HLAh, XA TIE
K B AR e B 1] (Nitrospirae) #4577 (Cyanobacteria) 45 38 AMEK=FE L2, HANXF YK
T 0.7% 0 R XL AR, HIHVEE RS IIREA S 2 0, fi5fiZ e ] (Nitrospirae )
s IR BRI BT, LA A T RE T RE AR bR UG P AR A AL R A S R

FEJE/K B (B 2b) 7 FhAE AR Bn L 3 b LA il 31 1437 AN SEE, ~FIHD FEEEHT 20 1)
JRAEAFEFEA A HON 17.1%~31.6% . HHh s 8 NERIE, 205104 Arthrobacter TEIEAT # &

(Microvirga) « Bacillus. I3ETAF )8 (Ramlibacter) Wi /R 2 KEJE (Skermanella) « 414
W JE (Rubrobacter)  ¥HEIEHMUEJE (Sphingomonas) 1 Nocardioides, "EAI1 K3 X =F FE 7E
0.8%~2.6% i) HAx 12 MUA BB AR B RIRFECE 520 KT, REFIRAT Ehim AR Br 115
HAT AR R B R 78 70 VORI R 8 . i — 2B 0 W B, B o AR B - 4 v o 1 e 3 B0 L 6
FHEE. I, FREERET Arthrobacter FXTFIEIL 4.6%, 77 HMRET Bacillus 79 2.9%, BIFRH
FEBR A 702 Longimicrobiaceae BHHEXTF=EEN 3.2%, 1% L E (35 5y T FLARAEMDAR B o (R0 AH R 2
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Fig. 2 Dominant bacterial phlya(a) and genera (b) in rhizosphere soils of different wild plants

2.3 RIEAENSBEEERER
AN [ B AR AR AR B - S8 ) 0l W R P R AN ], VS T 600 AT 38 4002 [], = il H A
YIRRBR 3 b () v] B R A R A R AF R K ZE . B R E R IR, LS 1656 ANPHIESL, FHd 310
AU N L, HBATEFLAET 18.7% . B D TR, XULAE AT 117 Fh ASV, FE T
S2ANE (R 3) o ANFEEFAERMEE SRS AL S R E, REE AR L S R (3.0%)
M7 AT A 74.0% . AHEFELARE 100 NPHPEFL SRS ST ASV A& MBI R R AL BE 17
MR, BARKRE, ASV KPP BIEN 7.1, JBKTRN 310 TH A TR 75 AR bR g 5 1) 50 2
R, {E ASV K438 35.1 Fl 24.6; 1A R 73 B8R Ak, 341 100 /NFEME FLAX Ae
23] 1.7 Ff ASV.

*®3 RIMAESREEFNERRE

=|
o

Table 3 Basic information of high-throughput cultivation for rhizosphere bacteria

et e ASV 4rE  Genus 4755
o v A LA . . e N N
ORI BAYEALECE Number of aigflist, 4l ASV BEE AR ASV &S
umber o
Soil Number of Pure bacteria M2 Pure Genus isolation Genus
o pure bacteria ) ) ) )
source positive wells I well ratio/ %  ASV types number efficiency * isolation
wells
efficiency *
LW 227 22 9.7 4 3 1.8 1.3
NJC 248 120 48.4 61 33 24.6 13.3
PGY 77 57 74.0 27 17 35.1 22.1
YCH 431 38 8.8 17 9 3.9 2.1
GWC 236 7 3.0 4 3 1.7 1.3
CcQcC 405 50 12.3 19 10 4.7 2.5
JP 92 16 17.3 5 5 5.4 5.4
JEREN
1656 310 18.7 117 52 7.1 3.1
Total

TE: ¥ BEMCRIERE 100 MRHERFRIL, S EARIRARE ASV B ETEE

number of distinct ASV or genera obtained per 100 positive culture wells.

http://pedologica.issas.ac.cn

- Note:*Isolation efficiency isdefined as the average



+ ok
Acta Pedologica Sinica

M7 PPET AR AR AR b b D B R R I 4H R 32 229 )8 T Proteobacteria. Actinobacteria. Firmicutes
AN Bacteroidetes 4 ™11, 7E B A B A A WIAR B b K138 73 B A 73 53 0 48.1%+37.1%11.6% 411 2.9%.
Il Candidatus_Saccharibacteria | J{)AE i SAE L 0B 2 1 Mk S4BT IEAS R AR bR b 1) 70
PFRAFAE R 22 5, R — e i91E LML, Proteobacteria 7EAT A 7 MEMIRbRHINE &, H
HRAE 2 ARG AR B 1 2 R e =, 0 AR 86.4% 11 100%;  Actinobacteria 7325 H 3 FIAEY) R
br, FERAFHE (56.7%) FZERTH (58.0%) ; Firmicutes 475 H 4 FlEYARFr, FEZRAME
B (85.7%) FID§FRE (68.4%) ; Bacteroidetes X 7EA: i RLAIH A SRR 73 B, 43 BSR4 73K
5.8%1 3.5%.

FEJEK b, et 52 AN REE, Hid 46 N NCHIE, SiA 6 MNIEEE H AT AR D28 2R aE
mr KA W mTa g, o 33 ANE S E 1 FEY, 15 NE R R B PR, R
K #JE (Lysinibacillus) « 2LEKE & (Rhodococcus) « WikF# )& (Caulobacter) 1t 3 MY IH
53, T Pseudomonas EME—1E 4 FHIEMIH M B2 JE . 70 B B =S ET 10 4NJ@ A Pseudom
onas-~ Lysinibacillus. Rhodococcus~ WU # & (Limnobacter) . Wz )& (Hydrogenophaga) -
KM B (Paenibacillus) « ZRiERIKHJE (Nocardioides) R JE (Pseudoxanthom
onas)  BIRH & (Acidovorax) 7 HiF B & (Mycobacterium) , 43 BEHIRLE 2.8%% 23.74% 2 ],
AN FITEYIRRBR b () s oy B JE 22 A PR ARBR BL Pseudomonas N3, 4y BSAAE Ik 81.8%;
AR A BL Nocardioides (53 540 25.0%) « Mycobacterium (5 ZA0% 10.8%) FIEFHE (L
ysobacter) (4FEAER 10%) AFE. WATRFRH L Acidovorax (21.1%) F Pseudoxanthomonas (1
7.5%) NE; EHREMRERF LA Paenibacillus Pseudomonas F Lysinibacillus N7, 7 &R T
21.1%; FRBEARBRF Lysinibacillus 5y BSAFRIE 71.4%; ZERIHEARBR L Rhodococcus F1 Limnobacter
NE, IIEIERIITN 36.0%A01 20.0%; TCEMRPRH Pseudomonas 1) 53 BHZ N 43.8% .

2.4 1R Br 41 AR BRI TR SRR BE 0

AW IR H A 8 AR AR, o L S RE ST TR A (R4 o SR EIR, AFEEI
PR RALE Shm P8 S5 T I AEKAAAE R E Z 7 FEAF pH 4T, &AUREK 2 EAEK .
Rhodococcus Hydrogenophaga~ Limnobacter 1 Mycobacterium %5 4 ™ J&WAKBERLE pHT7~10 [
o Bl N YRR IR W AR K, Ul B H B A B B W B BE 775 T Lysinibacillus < Pseudomonas -
Pseudoxanthomonas~ Paenibacillus. Nocardioides F1 Acidovorax 1X 6 &K BERIE pH 9 DL 1
AR 52 B — e WA, LI BRRE ) — .

F£0.5% ~3.0% 1) ERTEVEHE A, A8 AR 1 vk B 52 I H ASR] TR 5288 70 - Rhodococcus
Hydrogenophaga~ PseudoxanthomonasfLimnobacteriX 4@ IR WKL & B AT A L5 3 RE
WK, RIMWHEBORIN EhEE /1 T Pseudomonas Paenibacillus. Nocardioides Mycobacterium
Acidovorax55/ J& AR TR R LE 55 51 T-2. 0% I A 52 BN B ek AE K s Lysinibacillus{ BETE0.5%
BETRRFIEFEAK, SREF N AERKZ R . a0 S JimaEdg R, SENAEARER
BEAR R Eh A8 RE 1 = R, H P Rhodococcus. Hydrogenophaga®lLimnobacter<s3/ J& KA 3R B i
i} LB e 7 B o

® 4 KRREREFIRIEBEEFEPNEKBERL

Table 4 Growth of representative strains in media with different saline-alkaline levels

J& % Alkalinity B CFALBNE &) Salinity (NaCl content )
Genus pH7 pHS8 pHY9 pHI0 0.5% 1.0% 2.0% 3.0%
Rhodococcus ++ ++ ++ ++ ++ ++ ++ ++
Hydrogenophaga ++ ++ ++ ++ ++ ++ ++ ++
Lysinibacillus ++ ++ + + ++ + + +

http://pedologica.issas.ac.cn
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Pseudomonas ++ ++ + + ++ ++ + +
Pseudoxanthomonas ++ ++ + + ++ ++ ++ ++
Paenibacillus ++ ++ + + ++ ++ + +
Nocardioides ++ ++ + + ++ ++ + +
Limnobacter ++ ++ ++ ++ ++ ++ ++ ++
Mycobacterium ++ ++ ++ ++ ++ ++ + +
Acidovorax ++ ++ + + ++ ++ _ _
H: ODeoo HEE>0.3 1 “++7 , FRAEKIET: ODeo HETE 0.1~0.3 Z[HidHy “+” , FRZEKZME]: ODeoo B F<0.13d0y “-7 , £

RFEEAA . Note: An ODsoo increase >0.3 is recorded as “++, indicating normal growth; an ODeoo increase between 0.1 and 0.3 is recorded as “+,
indicating growth inhibition; an ODsoo increase <0.1 is recorded as “~*, indicating no growth.
2.5 IRFRAEAIEFRIFHT

X7 AP AR AR YDA bR A0 R I TSR E KSR SRR AF 23 (CBC) 43 HrR B (13D, ARWF
FUR I BE AR R A R0 R R BRI A [ 35 T2l . 7217 17K°F |, Proteobacteria 7£ % FE4
ff] CBC i/t T 0.5 22 4.0 2 [f]; Firmicutes ] CBC ISR K, YuHN 0.5~27.4, Hrpofy R AR PR
FEA 5 Actinobacteria ff) CBC {HAHX 58, 7E 1.8~3.9 Z[8]; 1fi Bacteroidetes [ CBC {HIKT
1, RUPZIEFAE RZNZT IR B T i UK . T8 I AR s L 3 A 2 R A ) 2
Candidatus_Saccharibacteria ['], AHFFEIRAFHT 1 MRz 140 0] Be VR TR VE . HABR AT TR RG24
B S/

FEJE/K b, ZHR SRR CBC H IS N W35 1) 404k o AEAR s 338 Fh AR =R BEAL S AT 8 A7)
CEES, A 5 ADIERIS iR 9N Arthrobacter (CBC 5.2) « Bacillus (4.0)
Ramlibacter (0.9)  Sphingomonas (0.9) F Nocardioides (5.6~23.6) , {HIXELALHAEEN) CBC H
AR T AR BR A SR MK R 2R . BN, Pseudomonas B TERRFR A HIARXS FEAE 0.24%, H
CBC HAEINT 10.1 % 241.7 Z[f; Lysinibacillus TEARBR - FEIAH FE KT 0.1%, 1 CBC {4 T
557.9; $EVEEEIRRE (Tissierella) HIFHXTFEART 0.01%, {H CBC {HfHmiA 2272.8; Limnobacter
FIAER F BEIR T 0.05%, H: CBC {43524 365.2 #1 818.0. DA RZ5HRHET, RAAF AR FRIA R
A DASRAR 54T SRR LA AR B o PR 0 A 35 S, (RN S A1 3= P A B SR B B A T SR ) 40 B R T o
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Fig. 3 Cultivation Bias Coefficient (CBC) of the bacteria obtained from high-throughput cultivation and their relative

abundance in therhizosphere (a. Phylumlevel, b. Genus level)

3 1B

3.1 FFAEIIRBR A 4R A FE R A 3 36 BY

AW TR, TRFT ERG LA [ B AR R AR B 40 1 1 = B2 AT 1.79%10° & 1.24%10' copies g dow:s,
PR — N ES . H— P EME o 2RI, AR R 2 2 R BEVRRE: 7
INTEAR PR E 3, H Shannon A1 Simpson 8 E0 A T8 /K B R AR bl 1 =F 1 BRI,
{2 Shannon #8404, Simpson FEENALTHm/AKT; ZEAT AP 2EARPRAN R =F & . Shannon F
Simpson IR IX P2 R AR I T R PP ot AR ol A DA v 4 e R e It R . B TR
WY, ANFIMEDAER R0 Wb RN EE b )2 ik SV 8GN A AR PR E P X RB33 . Bt
VIRBLAL, SRFEH SN [F G B 1 AR PRAN B 2 e VeI 22 0 (BR 2D, 3R W] 30 o 2 52 M 4
2P N R . AR, WEPRAE o 280 S5HPR L% TN. NOs-N. AP Al MBC %
R FAAEREHKKR. 4aR 1 MK 2 AT W, NEFEARTE pH. BERTEA . A R0 LA E RS
HAAEHEZER, FN K% (DA) 583 (ZL) A [FRAE 578 Shannon A1 Simpson 5%t 3%
I 3 22 e, XU B AN (R SR AE 1 RU7E 358 pH RN 2 RA5L 77 T8 ) 22 e 52 M) 17 AR oo 200 T ) 9 2L ol o
YIARBRANER B 2RI R /A 45 SRR B, AHR TR AL, SRAT Hh A0S R o 4 T 4 ¥ 445 140 1) 52 Ve B
REZE (B D o RTWRPRAEBE RN E SRR, ERAAEANFEN . G SR AE YT &
1y R SRR PR A0 R B 7 72 S ORI 3R, HOR S8 RIBUE M YA SEAR AR AR M 24 M e
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b - e A WA U B A R R A AR BRI A R Y . AN, R EA LSRR B A Mt
& S5 K6 S R W) AP RN - 3 2R R i 3t [R] s 31351, Bulgarelli 25 B0E TR FRi 2 E MDA 2B G “ 20 ik
B OBA EO R R IR, SR ER LA DU DR AR AR 1 T SR TR AT IR B E AR
SR, A BT 55 3 B 438 SR mSO6S R B 26 40 2HL 1l R S aze K TR SR B sl 2% BTk
TR B Tl A RV ) 22 S AU B 1 s e PO B, -5 8 B A0 P ol RH AR A0 sk A 4 AR S s
FEYIROC. MY IR R 2R B A HE B T e A A A T T B B RS, AW FAEAA BT S
DX 3l FRORE R B 45 SRR B, SR B0 R 4t A BV S5 R T S I R ) R B B R R o (B B A,
5 PURAEY N TAERE AR R TR, A 70T B AR B 0 B AR MR PRl B AR, X 8
VKIS ZR G T 704 ShOMUpE IR 5E,  HARBRv] R & 48 50 L SR8 70 I e e i, TR b AR 52 %F
THZYE T AL EROU AR TR A TR AR A

AR B RBE KRG, FACT B AR AR YDAR B 20 B 7 11 7KF B OL 35 280 5 i th X il -+ o
PIBEA—F, (HAEXNFEEZRRK. CHEMIER, ZHX AR SR 21 4 hilsith L% 4,
Actinobacteria “F-3%] 7 Lt % 755 (47.3% ), Proteobacteria {X 2 (30.3%), & it 15 B 41 B BETE 10 77.6% 41,
AEXTFARPE L3, TGE A E FMR PR P Proteobacteria Y (&5 ELEA R _EFF, 1 Actinobacteria (5 b T %51,
X R PRAS R 1R 77 30N 38840 s BV 00 0 At R ISR AU . PR AR b 5t Actinobacteria
(1) 5 LIk 55.0%, Proteobacteria T 20%; 14T 4% FH ' Proteobacteria [ A7 EL3E N2 30%LA L,
Actinobacteria WU [ 22 40% DL RO, K22 X 9 AH G 7 R AR R B, SR Hh 72 R B oA R ),
Proteobacteria [ /5 b KIEHE Ry, Actinobacteria [1) 7 b BA S FRAREST . ARHH 5000 S (1) B A= R AR s -+
3 Proteobacteria 1 Actinobacteria f EL73 714 26.3% 1 17.2% (E 2) , HALH B EAK T 2h0k
Mo 2 RE B RAE DX I 32 A T Shmife FH i, 3K ey AR AR b 4 T A 35 11 2R ) A i s 2 i T
AREEIE, fEJEAKE L, WRERICHASEEE BT Arthobacter. Microvirga 1 Bacillus 55, H~F- 1441
XEFETE 1.4% 0L b A AR BX =N 8 2 bbb ol o AR S & R B R A 34 @B, Hod,
Arthrobacter 1 Bacillus JE x5 WA E %0, BAE N EZEREYRRE R, N1 aem 5
WEERER . AR (WM O MR AR 2 P T AR R A A K I s BT BT, T
Microvirga VE9Z FHEPIRRBR A A% 0RO, FEh B HTs Ae A= S5 07 T R ¥ 2R, sy
SR ) () i S5 AR 2 L4 1420

3.2 SEREEFMNHEARFHNESE RRBITMHT

g b, 2 SRR M ARIA R A ik, MERIEMRE NI T R E B IR, K 4 B
FUNCSRIE T A SRT, AWFF L3R 1 656 ANBHIESL, AS R YIRE & a1 40 B AL i o5 B 78
3.0%~74.0%2 8], P32 18.7% (38 3D o HEIES 4 F 5 o 4 B 40 Mo A0 AR Br L33 ki f & 55 %
JEEALE 180 rmin Z544F TR 60 min, B H K20 2 TR 4H B ATY A Ik B BE AR B0 M RS . A
e, RIAEZRad 7025 IR PG B, 22 BUBH ML AT 24N A eR 4R VR S 15 RIS . ik AT AL, 3R
BUE T e 8 B 7 1Y) 38 A T 5 20 B B, AT ARk iR AR B DG BT ) o H RRS L 5 A
Moy B RS AR R L W e BEREEEL U, DU IR -20. R EREN . EREIR Y . R &
SR e I 22 W K AR S Ak 2 B A BT o IX 8T VA BT N A AN R Sk 2 TR A
PAKAHMI AN EEE, AN BE T 33 2 g B8 Bk 13440, SR T, 280t AL B fEIR e B4 A T
JE B A AT IR, A A BIARE TS H AT SR M A R AT T B A ok R IR, (H LS BRACR oK
B3] R GEITAS 45401,

A I I 0 R R RN LRAS 310 AN AL, KRS AT (B AEEND K52 A
RN ERE (R 3) , 22 ME ( 42%) DORET B —837 4L, kb ZhZEE A% &
WSRBEE G, TS0 N LBk 7 i ) Xk DL 3R b SRR AR ik . AR R, T m @R
TR 77 15 B S 52 30 (040 B8 R A o AR LR AR VL0 2.3 5 RIZRVEM 4 £523, HOR JEHE 91
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FeatE, 33 NEOCKRIET —HMAEY, 15 A& RIE T MY, Ui WA 28 B0 70 55 B Ak 1) 2
PEEARER . I, A TR BRGH B 7 55 8GR AR JE/K 1A 22,1, Wi RN 1.3, REW
EIRPRAE N Z IR BE R AR (R2) .

FETKAY b, BesRAS I 2 3 ZONMRBR th ) L% 28 . Proteobacteria fll Actinobacteria ¥ 73
SR B, AR RTS8 AR T & A BN 48.1%F1 37.1%, ¥ T AEAR bR A A (26.3%
M 17.2%) o BRIk, 78 ZHARPRFE G, XPT R 13 77 47 R % (CBC) # KT 1. Firmicutes
ff] CBC fE iR =T ik 27.4 (& 3) , RUIABITFM A 1/10 TSB HiFrEEx B =MEH B TR H
B R RS IR AT, 1K 8% F5 00 UF P X T 288 Ehmsith RAE MBI R A B F R — 1, &R
RN E RS TR BRSRE . PSR AR &M (Bl Pseudomonas
Bacillus 58 WAREE) ¢ F—J71, H T R — 5537 B il S RE 7R 00 0 AT e 18 70 25 H )k A= 2R
B T/BUUANTT, AT FR G0 st I 0 28 B RRiR S 95 75 SR BUAE K G918 1) M B 35 7R 28 3
JUE I, mRlEE IR M AANAE T E ] B R 7 RS RCR, W i Ehal i A= 4 % IR
IR AL T =5 & ) W AR &, 145 “TT g i —0 X o0 8 “ B b i Jy i) n]
BRFRMR” o MHELZN, Bacteroidetes 75 AN AR FR AL M ) CBC EIFKT 1, 3R %85 3% 1k & %t
HIEFR M IR B b, AR T 7 B A AT 8 AL sn)ghm 5 4, B
ArthrobacterBacillus F1 Nocardioides %5 W1 V) BEW &, )& BATH CBC fHIE KT Pseudomonas
Lysinibacillus 1 Tissierella ZFAE 3 &

WHFERM, A2 H RTA 2o 44 B35 40 14000 Al g A1 B, 29 97% 0 ¥ % J& T Bacteroidetes «
Proteobacteria. Firmicutes fll Actinobacteria, i I IR 5578 J5 1% X PUANT T A AE B B 1
PRt PRSI,k R A B 10 2 B 55 7R 0 F0 AR B R Bk AR B AR 3R T A LA T 2R04 174700 il
VSIS, XETIRNME S T MY %, BIF R HR B MR . 2R, M
MR AE SR MG, AR SR ER R AR EA —E W RRE. Fln, e
B rh 4 L2 10%[1% Acidobacteria £l Chloroflexi 25 527 F= 41 b B R RE/E AW AL H IR 1G4l 97 . 1X
PR A Y A AERKGNS . BT RER . NS R R BURGER S, DL 1/10 TSB AZLAlif 3E
TR B DASCRF IR A IR 2B, T R R H AR TR FH ) = B R R ROR Sk R AE 7 T 4 T 2R B
ZREIETT TH A PR . 3R S R 73 B e 2R, PSR LA TR RN, s PR ARG 2 ik
PREFREL . ERKIEFEN A AN LIRS R B EE 50 15, DA GBI g AR A B i AR K
A4, (EE AR A, X TR MRS TR A, AR IR MO AR A X DL SE B 73 &5
SR Bk, ARREFF R GED TR, 725 SRR G IR R s SRR 5 oids 55 97
VLS AL DI RE YRR EE &, INITIAE = ROGR I 5 55 72 DI Re w AR I (RIS, e adad R 35 5% T BOR 3 91 7]
FH AR LA 55 T A DI CE AR T RE . X T ARHE R RI nT 3G IR Rk, 5 2 nl 4 & h il ae 71 4]
sE B, I 5E1E$E Rhodococcus. Hydrogenophaga A1 Limnobacter 254 WAR A= J& i 52 ML A
REER, DA NI T SR PR 5E (IR 8 X 38 NaHCO3/Na2COs ¥ E) , JT /@t
MRS . AR SR A B A YY) (INBE . EESS) FURE/EY (WokFE. oK. @R
), NEYEDE. WREEES. HRESE LB EFTYIR 2K 2 N8R TR AR B AT
T AER B S0, AT 56 UE FL 8 7R 2 A AN P adi D) R

4 4k

KW FERGENT T AABCT SR T7 AT S0 7 bt BB A R AR s SR A A AR R AR S T S
ek o RV BRAN TR ) 325 Y5 Y 1.7910° & 1.2410'° copies gt d.w.s. A [FEIAEIHE bR S0
AR Z PR GRS T 2R CFE m 2R DLURAR T BEAR 2 A 1 o AR Bra B 1) A 3
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HREFEA 2, #1714 Proteobacteria Al Actinobacteria, fL#/J& A Arthrobacter. Microvirga.
Bacillus 5%, fHA)EAUXIARBRANGEREVE B ZREPERZ AN B35, TERAEAL B AR e s R . v il B By o
I3 B8 4 % 85 = i1 110 Proteobacteria F1 Actinobacteria, %% mifIJ& N Pseudomonas. Lysinibacillus
A Tissierella. MRPrfT 8 MEHIEA 5 MIRMF T 2RI Zh b, AW FCRMIEXKEREZ L, J53T &
i = AN R AR AR B A BT 1) D00 355 SR L AAR AL, AR 4 4 T 22 1t H7 B ) T 9% RV S [R) A T 2
HEMR AL RE R 22 5, =y G FR R B A BOERBOK #8700 4w /e, I v e SEimt
FRIRL BE AR (109708 5 N 2 = I PR BT, R W R R TR ORGSR B T 5 U2
P T B
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