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Abstract: Rhizosphere soil bacteria of halophytes are effective tools for ecological management of saline-alkali land;
however, the high variability in their cultivation and the limited functional exploration hinder the enhancement of their
utilization efficiency. To improve the utilization efficiency of rhizosphere bacteria of halophyte plants in the Yellow River

irrigation area, six halophyte species, Limonium aureum, Achnatherum splendens, Suaeda glauca, Phragmites australis,
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Leymus chinensis, Messerschmidia sibirica Linn, were selected from the saline-alkali soil in the Yellow River Irrigation area
of Ordos. The rhizosphere bacterial communities and composition within six species of halophytic plants were examined using
16S amplicon sequencing, and their functions were predicted by literature review and PICRUSt2 method. The results show
that; A total of 38 phyla, 97 classes, 226 orders, 372 families and 659 genera of bacteria were identified in the rhizosphere
soil of the six plants. Among them, the predominant and consistently present bacterial groups in the six plants were
Proteobacteria, Actinobacteriota and Firmicutes. The PCoA analysis showed that the B diversity of Messerschmidia sibirica
Linn, Limonium aureum and Leymus chinensis were similar, and that of Suaeda glauca and Achnatherum splendens were
similar. LEfSe analysis showed that there were 6 different types of bacteria in the Suaeda glauca rhizosphere, 5 in
Phragmites australis thizosphere, 2 in Leymus chinensis and 2 in Messerschmidia sibirica Linn. The different thizosphere
bacterial functions of the six plants were significantly different, and the common bacterial functions were related to salt
tolerance and growth promotion ability. The functional predictions from PICRUSt2 revaled that the functional abundance of
rhizosphere soil of recretoha lophytes was markedly greater than that in other plants ( P<0.05). In conclusion, rhizosphere
soil of various plants should be used as screening medium in the screening process of salt-tolerant growth-promoting
bacteria, and the application of salt-salted plant should be emphasized. This study provided a theoretical basis for the
subsequent cultivation and utilization of rhizosphere soil bacteria of halophyte plants in saline-alkali land along the Yellow

River irrigation area.

Key Words: rhizosphere bacterial community; halophytes; saline-alkali land along the yellow irrigation area; PICRUSt2

function prediction
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107°84'N ,40°06'E , - 244k 1184.3 m, J& Ty T 57 m e KRR AU, FE XKV 2, Rk E iR,
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ARSCRE R AR T 2022 AFA M A KRIE SR 8 A M), BRI A 3l A B 5 B g A0 AR £h e 5
TERFEH N RIE 3 DEIFE 10 m BL B 1 mx1 m AEHE ARG D7 INAEH) 70 A BAACR 00 8 B 32 B0 75 Al A
W) (BEAEAMILE (HH) Limonium aureum .}, 5% % (JJ) Achnatherum splendens §%5% (JP) Suaeda glauca .75 E
(LW) Phragmites australis .2~ % (YC) Leymus chinensis FP5| %5 (SY) Messerschmidia sibirica Linn) #E17 KA, ff
FHIERE 5 MR A AR R S8 B2 BRI R BN ) 4 F A YR 5 R e B+ Wi B R T
PARPRR L 3 mm LA A E SR AR B 1 IR 5 J5 25 T JC T T B B O A8 b R HOOA oK iy 1] S 36 28 4
o R R SEAR PR T S8R 5 3 A~ 6 PP HoR BEAR PR - S8R i 18 1

KA HAR B - A 5l A 1 2 520 = 5 it A7 T -80 C kA T H T /R 2Ll 7, 4HTA 16S 934 17 1A
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AT-3") ,X%J 16S rRNA JE[H V3—V4 AR XPEATYHE K5 R —HEA I PCR P WIIRA )5 B H 2% SOl HBE A [l
W PCR 74,2k JH Ilumina Mi seq PE300 V-5 (_F 3835 LW R 25 BHA FRA /) #4700 .
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Fig.1 Composition of rhizosphere bacterial communities in different halophytes
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ABHEY) T LR Shannon 15 800 E AR T HABPIFNARABHEY) . PIFHIBERAE YD 5| 7 5 B AEAM L FE Shannon
FERCHH AT , 0 el ) S 25 AR TR 5 | S A B AE AN L B, 2 R BERI™ =5 1 Simpson 48 KU R T HAB U A4 1y,
1M ~F- R SR Shannon 48 40 800 35 10T HARAR YY), (2 H Simpson #8 80 0255 T HAUAY) . Chaol 15405
Shannon F§ £ [FIAE AL,

PCoA J3Hral J1, SR PR AN R Vg B 2RV AT B 25 22 5 iR PR AN I R E V& A i AF e WA TR, R
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Table 1 Rhizosphere bacterial community diversity index of different halophytic plants

Yy Fh Shannon #8541 Simpson 5% Chaol F5%% HEE
Species Shannon index Simpson index Chao index Coverage/ %
SY 4.9+0.07abe 0.02+0ab 781.46+10.53ab 0.99

Jp 4.81+0.01bc 0.02+0ab 721.56+21.41bc 0.99
YC 4.65+0.09¢ 0.02+0a 686.86+17.38¢ 0.99
HH 4.9+0.02abc 0.02+0ab 757.39+5.11abc 0.99

i) 5.05+0.01ab 0.01+0b 774.68+2.95ab 0.99
LW 5.14+0.02a 0.01+0b 833.46+11.79a 0.99

KB ACTEARIAT o 2RS0T, R TP EEE N E 2 B AR, R — 3R R NG A8 308 BAT W 3 Pk 25 7 (P<0.05) s HH . B4k
AR ;) B R IP BBE s LW . 5 35 YC . S SY . b [
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FITERE A 1A 2 B 1 3 22 S TR ), T N E T 3B R AT 1A 1] \MBNT1S RVF 55 8 1] A DI Re
KMAENAEDH A, PR PR 38 rh 22 75 18 ] . SAR324 _cladeMarine _group_B NB1—j . fifi b B2 i€ 4 ]
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Fig.2 PCoA Analysis of Rhizosphere bacterial communities in
different halophytic plants
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Fig.3 LEfSe analysis of rhizosphere bacterial communities at Phylum level

LDA ; ZPEFIH 4387 Linear discriminant analysis ; LDA B R/INE 7R B4 4 Fl 3 8 X 22 5 2000 52 i B9 A2 5 LEfSe 4087 M HI 51 20 BT Linear

discriminant analysis Effect Size

2.5 RN[EER AR AR B B AV D RE T

Wit 168 U1 7T 45 2R 5 KEGG Bl AT LR 70 #r , 23R A15 6 28— Z A % . AU ( Metabolism ) |
A% 5 B AL FE ( Genetic information processing ) 5 (5 HAL B ( Environmental information processing ) | 4 g1 2
( Cellular processes) A HLZ St ( Organismal systems) | AZEF N4 ( Human diseases) , H: A AR X — i #% f A%
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FH 1%L ERIEE 18 28, FEW K4 R 5 AR KE ( Global and overview maps,40.33% ) /KL &1L
i} ( Carbohydrate metabolism,9.24% ) 2 &R AL ( Amino acid metabolism,8.18% ) FFIIRE, 1 & Mrds R B
7N 05 | AR B A PR TS D) RE o B 2 s A
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Fig.4 Upset analysis of rhizosphere bacterial communities at Genus level
®2 HMAREREREIITIAE
Table 2 Partial rhizosphere differential bacterial function
My Fh Species "l Phylum ID I1fE Function
LW LT Chloroflexi MR 3-HP B E CO, , H HB 5E FIEHS!
SAR324_cladeMarine_group_ B ELF [ 52 THLBRACH C 1L & Fai03E i BT U gE J L1617
NBI-j BRI SN 18]
ALIRTERE ] Nitrospirota BA TR L Atk o ag o)
YT ] Fibrobacterota 21 24 3% P A ) L A [21—22]

LR, B BAREAA 5, BAT R 89 S K AL & W T LS (cazyme ) ZE5R Y 50

JP FRFFHT] Acidobacteriota I R (2
MBNTIS WSS F AT 58 20 Ak, 48 K ZH0 0 AT A AT IR AN S A kA T g

— SRR AT L BRI A
FERIZ o SCRA PR AN, RELE 7 ZF0/N TG W, 2 D AL R A7 e R ok
ey i cd i

TF# 1 ] Planctomycetota

e HFFETT] Bacteroidota S AL P E TR U )
Patescibacteria A AR AR T S TR Rk A B fie 130
SY I ] Proteobacteria X HOBRR ARG R B B A A Y

3-HP: 3-325EN2 3-Hydroxypropionate

3 iTtig

3.1 RIEERAAE YRR bR AN A 7 2 RS 24
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PR, ASIFSE AP T RS I B 1] BEAE SR AR PRAN B B b 2B XSt 7, FE SRR PR o
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Table 3 Part of the rhizosphere shared bacterial functions

Wl Species Yifi Function

% INH Kocuria W UL P BT , T A P B R R KA R A TAA Y

ZIPEEREJE Planococeus W TR AL A W, 1] 7= 2 S b R g Eh AN g %)

ZFAUATHE Bacillus PRI R VAR A L SRR S AR 3]

AT HJE Arthrobacter RESSA LR A DL CHAL &, PRI B, 24 F T

HIBRAJE Paracoccus TERF IR A6 F T 04T IR AL R S0k, LA B R L M A ol g 38—

BN Sphingomonas ?zigﬁ IL]P HISCEETTIRE | RS /0 E A A WL B W, P e SRR 2R, 20 AR g 3 1|

SEIR ARG SFU A A B, BAT [ AURE ), W0 RIS AF 2 R A R 5 4, i i ™ A 5 3k

AR Halomonas AR AR S VR F 2 A7

TAA . M| Z. R Indole-3-acetic acid

Foft HoAtn
i

Ekini 2
[raahe B B Ak E
i HPAPEmR
e il EYSY (B

B
R A1) R P

i AR WAL A AL
HoAl v A PB4 9 A R
HoAt SRR P

A 2 AR VAR A
% PR i X

Al AR

B PR TR A A

AR AR

SRR

AL AR

A

SY HH YC I Lw JpP
P Species

1.475X 108
1.186 X108

8.970 X 107

Y%t i

6.080X 107
3.190 X 107

AR 48 B8 Pathway level 2

3.000 X 10°

— AR % Pathway level 1

B 5 AEHEEYIREREE RS ThRE T
Fig.5 Prediction of rhizosphere bacterial community function in different halophytes

ANIR/ING FREFR AN RIER A A AR PR 40 T DO REAE 7 F B2 LA .35 25 57 (P<0.05)

ABEFE AR PR B 3 b SR B2 5 L 19 LATR B TR T TS S B . TS [RTAEL 0 AR s 23 W ) 77
25 FEOARPR OB R B AFAE— € 22 5 . Zhou S5 BT W, S 1 h A A5 e RS R RS AL 5 A 1 2
AR RUR, Xu S5V Li S50 R TR X SR R P o 057 I 5 T TRV K IR A AN TR REVE L L
GRS SR X S AT AT . TR Li S50 A SRR 14 A 2L 96 FE T B O PR AR
AL, AEIARPR R W2 AT LU AR A 1 SR 0 i L B — R B A ) S AR AR W i da i e
X 26 - e v h SR AT SC 0 B e IS B ) i P RS S W BUR | el i R AR s Sl R AR AR
PIRRFRMRE ) WIS AR 7E 52 B A Wy AR A W38 5 2 2 2l SRR O T VAR B AR 0 20 DA % T ki
(*“Cry for help” fBi5t) , A1 P R PR PR 70 Rp 1R 55 1 S A A QIR 0 i A AR A P, OB B T AR B
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