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Abstract: In order to understand the distribution characteristics and key influencing factors of the bacterial community
diversity in saline soil in different regions of Ningxia, we collected eight typical saline soil samples in Ningxia. The eight
sampling sites are Helan county ( Hongxing Village) , Huinong county ( Huangquguaizi Village, Yanzidun, Miaotai) , and
Pingluo county ( Yinxing Village, Fenshuizha, Houjialiang, Xidatan). We collected soil samples from 0—2 e¢m and 2—25

cm soil depths, respectively. Illumina Hiseq high-throughput sequencing technology was used to analyze the characteristics
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of soil bacterial community structure at different sampling sites. The relationship between soil physicochemical factors and
bacterial community structure was also analyzed. The results showed that Proteobacteria, Bacteroidetes, and Actinobacteria
were the dominant phylum in eight soil sampling sites. Among them, Proteobacteria accounted for 24.69%—56.44% of the
total. In addition, the relative abundance of y-Proteobacteria was significantly higher in Yanzidun soils than that in other
sampling sites soils (P < 0.05). At 0—2 cm soil depth, the relative abundance of Proteobacteria was higher in Yanzidun,
Hongxing Village, and Fenshuizha Village than that in other sampling sites. The relative abundance of the second dominant
group of Bacteroidetes was the highest in soils of Fenshuizha (P <0.05). At 2—25 cm soil depth, the relative abundance of
Proteobacteria had the same tendency as that at topsoil. The relative abundance of the second dominant group of
Actinobacteria was the highest in the Xidatan soils ( P <0.05). At the genus level, Bacillus is the dominant genus in saline
soils of all sampling sites in Ningxia. Alpha diversity index showed that the diversity and richness of soil bacterial community
of Yanzidun soils were significantly lower than those of other sampling sites. The result of soil physicochemical properties
showed that total nitrogen, organic carbon, alkalyzable nitrogen, and available potassium were the highest contents in
Huangquguaizi soils. Soil moisture, pH, and the electrical conductivity were the lowest in Xidatan soils. The concentration
of K" and Cl” were the highest in Yanzidun site at 0—2 cm soil depth. The concentration of SO> was the highest in
Yanzidun site at 2—25 cm soil depth. The correlation analysis showed that K*, C17, SO} , and electrical conductivity
significantly affected the bacterial community diversity index of the saline soil. Redundancy analysis showed that the soil
moisture and electrical conductivity were the crucial factors affecting the bacterial community structure of the saline soil in

Ningxia.

Key Words: saline soil; bacterial community structure ; influence factors; high-throughput sequencing
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WLER , B 50 122 b X ARG A AR B SR AR 10 5 B B A s B R R 5 R R AU, S 8%e 2 A
R B , A ZIM0 ( Tamarix ramosissima ) 3556 M) ( Alhagi sparsifolia Shap.) B2 ( Prunus spinosa L.) SEFE#E
B E/NEHAYS)

Fx1 REMER

Table 1 Information of sampling sites

SRAEHL FE G5 S B WK /m
Sampling site Sampling ID Latitude Longitude Elevation
iNeES MT1 39°4'20.4" 106°41'58.6" 1082
MT2 39°420.2" 106°41'59.8" 1090
MT3 39°4'19.2" 106°41'59.6" 1084
YA HQGZ1 39°4'3.6" 106°38'36.2" 1085
HQGZ2 39°42.4" 106°38'36.2" 1086
HQGZ3 39°4'3.5" 106°38'37.1" 1082
WS YZD1 39°341.2" 106°346.8" 1088
YZD2 39°339.3" 106°34'8.6" 1091
YZD3 39°3'39.4" 106°34'6.3" 1092
3K A FSZ1 38°50'13.1" 106°37'36.8" 1088
FSZ2 38°50'13.8" 106°37'34.3" 1093
FSZ3 38°50'13.9" 106°37'33.6" 1085
AR YXC1 38°53'50.6" 106°41'16.6" 1092
YXC2 38°53'51.0" 106°41'15.9" 1095
YXC3 38°53'50.3" 106°41'16.2" 1083
(RN HJL1 39°2'18.7" 106°34'51.3" 1086
HJL2 39°2'18.9" 106°34'51.0" 1086
HJL3 39°2'19.7" 106°34'50.2" 1095
PR XDT1 38°50'27.8" 106°23'59.5" 1092
XDT2 38°50'27.5" 106°23'59.4" 1096
XDT3 38°50'27.2" 106°23'59.6" 1094
FANZY D) HXC1 38°35'6.7" 106°26'3.7" 1114
HXC2 38°35'6.0" 106°26'3.8" 1093
HXC3 38°35'5.5" 106°26'3.2" 1101

MT. i & Miaotai; HQGZ . W Huangquguanzi; YZD; M7 Yanzidun; FSZ; 43 7K [] Fenshuizha; YXC; 4R 2 & Yinxingcun; HJL; 15 5 3
Houjialiang ; XDT : 7§ i Xidatan ; HXC ; 2L 2 #) Hongxingcun

http ; //www.ecologica.cn



4 4] B AT RNR X ER AL AR T AR 2 AR A B R [N 1319
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1.3 IEmAe M B e

3 pH (BRI BE 12 s H 3R I S0 s 2 R T BILIROE AU s Wik IR - PR BE BT LL (05 ; Bl
RR PO 01 ; 0 R H Oslen 5 5 BUSCHI R T £ BR B B - A G BE 3125 TEHLA( (NH,-N, NOS-N) >k
FHGE BN WA A5 HLRRCR: FH 3 445 R 0 2 i 2
1.4 bR PR BB T I E

Na* K*>RH KA EEME , COT (HCO; SR AR HE HCI fif 5 ¥ I 5E , Mg™ | Ca™ & SO K] EDTA 44
T AE T, C1 2R AR e AgNO, T s il e
1.5+ DNA (42

- HERE B DNA B BCR FH 1942 MoBio PowerSoil DNA TIsolation Kit( Carlsbad , USA ) i & #2 B DNA
S I ) & UL R A5 61T, DNA A5 —20°C R A7, $2 B0 DNA FHYR BN 1.0% 1Y B i b B Je P, VK A 5
DNA FrBIR/N,
1.6 Tlumina HiSeq I ¥ A B4 53 Hr

A ST HARFE R A 408 (19 16S rRNA V4 X 3K B, T FH A5 149 R S15F/806R'™) | I 1R & 15pL
Phusion High-Fidelity PCR Master Mix( New England Biolabs, UK) , 1IEZ 51 4)4% 0.2umol/L, 10ngDNA f5iA, 7~
WES S BRSO . PCR =W 2% BE AR MEEERSAIN 4 A 25 IR D sl AL R4 T R — 251 70 #T

FHT PCR ¥ 15 095 | AMUER 25 A — Bt barcode J7 5147 X 43, ¥ 51— Bt 6bp BBAE Y S H IR T 51,
BAE A HANE barcode JPFHEATIX S}, Barcode 791 i1 b3 26 A4 ) BE 25 RHA PR Wl BB L, Irds
PCR Fﬁ%ééfﬂﬂﬁ?é@ﬂ:)ﬁ( Qiagen Hﬁf[ﬁ]l&ﬁvﬂlﬁ) JH NanoDrop 2000 ( Thermo Fisher Scientific Inc. USA) 2 ik
JE BRI JRIR S J5 SR T 5 SO PEA A, 22 4 LN R, el 0 1 ph A AR B0 lumina HiSeq2500 - 53247
(Beijing, China, http://www.novogene.com/index.php) , /&5 FTill A5 58 1E 250—300bp 22 8] =4

JITINAS IR UG T 51 8 2% Barcode JEHIAIBI YT A5 , 4 FLASH(V1.2.7) PHERAR LA B Tags $d . R LA
Tags 22 QUME(V1.7.0, Fi¥ES%00 QUME 2RIAMME , 2 MR hitp . //qiime. org/scripts/split_libraries. html ) 3 J1§ b #
AR R Tags 04 ( Clean Tags) , HS5HHEE (Gold database, http://drive5.com/uchime/uchime_download.
html) #£47 HE X (UCHIME Algorithm , hitp : //www. drive5. com/ usearch/manual/uchime_algo. html ) ¥l f#x & 14
G | Ee LA B (Effective Tags) o MFIREE A SO R reads RV T 5 146 UL 97%AABIES
WA, FIFH UPARSE pipeline 0 (V7.0.1001) ¥45 )75 RN OTUs . Ry 8R4 1 500 5 b A0 R HE 7 0 2 4
A B, uclust B4 AT 45 7 5 0E 17 228, I RDP classifier (V2.2) " 845 GreenGene ¥4 %
(http:// greengenes.lbl. gov/ cgi—bin/nph—index.cgi ) #EATYIF IR, Goit B ML TEAS 73 2OKF LR R,
1.7 Hdukb s

K H Mothur 25118 24438 %0 ( Chao- 1, Shannon F1 Simpson $8%%) . i H R 2k {4F:3&F Bray-Curits [ 2
BT RIS T, BRI R L (Pearson correlation coefficient) F T #7858 BEAL M i 55 S 40 e B 75
[ Z2 R AR G . SR R AR IR R - 5 40 RV 45 #4147 TR 4317 ( Redundancy analysis, RDA) , %
JH SAS  Duncan A58 [R5 598 P R P46 Bin 8] 1 22 57 i &% (P<0.05) .

2 #R

2.1 AN[FIZE BRI M A e FRAL A BT A 53 A

AN[F SRR Bl b A PR PE B i 22 SR AR K. #E 0—2em , 2R A PR Bl A e s e B 1 g
TR, 25 L (P<0.05) 5 & /KA pH {EUFT 5 (R 7R V5 M 1 8 v & R R AR, 22 5% W3 (P<0.05)
(#£2) . Pearson M/ BT R B . 7EO—2cm , S RUHE AT W% | L 5 %8 (H 2 3% IE A 56 (P<0.05) , MIpH{E i #
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FAH G (P<0.05) ; Bl fife AT 0 A DL B 35 IEAH G (P<0.05) ; BERLAN AR A HLIK 48 B 25 1IE A0
X (P<0.05) ; A MA MUK 40 T IEAE(P<0.05) , Al SR W2 A E (P<0.05) ; HL S 3R (5 i+ 4
oK B IEA L (P<0.05) (£ 3),

®3 TEBAERZERHEXRY

Table 3 Correlation analysis between soil properties

- TP IR S wgE Ak
Soil properties Total AIkg]yzable Avai]a-ble Total organic Total pH Elecm@ §oﬂ
phosphorus  nitrogen potassium nitrogen carbon phosphorus conductivity moisture

0—2 em

R 1.00

AR A 0.01 1.00

A 0.14 0.70** 1.00

2R 0.03 0.86 " 0.83* 1.00

ALK 0.11 0.83 " 0.81** 1.00 ** 1.00

2 0.50 " 0.39 0.45* 0.55** 0.61** 1.00

pH -0.53**  -0.06 -0.04 -0.08 -0.10 -0.09 1.00

SR 0.58**  -0.25 -0.12 -0.43* -0.36 -0.12 -0.20 1.00

Bk E 0.25 -0.14 -0.1 -0.24 -0.11 0.10 0.29 0.50* 1.00
2—25 em

AL 1.00

R -0.46* 1.00

R 0.12 0.59 ** 1.00

£ -0.31 0.57 ** 0.31 1.00

Ak -0.13 046" 0.23 0.78 ** 1.00

2 0.35 0.19 0.34 -0.09 -0.11 1.00

pH -0.4 0.24 0.07 -0.04 -0.41* 0.12 1.00

S 074 =033 0.22 -0.29 -0.07 -0.05 -0.45" 1.00

aoki 0.18 -0.18 -0.10 -0.39 -0.38 0.04 0.07 0.26 1.00

TE 0—2cm )2, #EFHI K R CI R BE W 355 T AR A5 (P<0.05) 5 Ji 5 R Y Na™ Fil SOT IV B2 1 25
FIAFE AL (P<0.05) 5 8RR FITEAHE H AL Ca® W5 it 1 38 i T I AL 25 (P<0.05) s B IR P 7 AL B A
FIAT K FRE S b M i 825 T HARE 5 (P<0.05) 5 COY YR EFELL A Py i 10 35 i T HUAB A A5 (P<
0.05) ; HCO; ¥R EETEBER G2+ A b B3 7 T HABRE 5 (P<0.05) (£ 4) ,

FE 2—25cm 2 RN LR Ca WRIE & & 03 = T HALRE S (P<0.05) (£ 4) , METFH FORG T/
A3 K I A REH Mg I 5 S 2 s T H A RE 25 (P<0.05) o #ET L K* A1 SOT AYMR B %/ T H AL RE 5 (P<
0.05) . i H TAEH Na™ ik i 53R 2 HIERaHA 3, SpoKIRE A CLRkEE 1 38 T H A £ (P<0.05) .
COY W FETE /K IRIRE bl b i 25 v T HAB A RE 15 (P<0.05) . HCO; HETE 2—25em + )2 5 )2 + i —
B R b i T A A (P<0.05) .

2.2 OTU FJELET K22 0 b

TR 48 A LA o 1 20 TR R U o3 A, AR A R B E A1 50072—95545, 1 ALUT 51 49082—93878 , 1E
07 % AEABLEE I P77 55 R 24 7E 96% LA I, U6 I P 50 et 45 31, B S Sy + SR W AV LA

Xof AN RIS TR B b, - A St v DA 2 DA T T 43 A 2R T 45 24 70 50 i, - 498 v R X = B HE 24 i A 34
AR5 A 78 I B 1] ( Proteobacteria ) | 84 FT 7 ] ( Bacteroidetes ) | i & B '] ( Actinobacteria ) . J5 B¥ B ]
(Firmicutes) .J i #1] ( Euryarcheaota) | 2 U0 B [ ] ( Gemmatimonadetes ) \FRFT 1] ( Acidobacteria) \Z¢725 [ | ]
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( Chloroflexi) W4 ] ( Cyanobacteria) V7% | ] ( Planctomycetes) (& 1) .

x4 TETRGREFEMIREUTAGHREETSE

Table 4 Salt ion contents of saline soils in different sampling sites in Ningxia

R Ca®"/ Mg/ K*/ Na*/ S0%/ (ol 0%/ HCO3/
Sampling sites (mg/kg) (mg/kg) (mg/kg) (mg/kg) (g/kg) (g/'kg) (g/kg) (g/kg)
0—2 cm
MT 18.00£6.53c  131.67+8.74ab  74.50£2.59¢  3204.00£225.43a  0.39£0.02a  1.96+0.20b  0.00+0.00b 0.19+0.03¢
HQGZ 82.00£12.24b  147.33%13.86a  98.50+5.30h  1826.50+40.70c  0.19%0.00cd  0.87+0.00b  0.00+0.00h 0.20+0.06¢
YZD 15.67+1.76c  111.00+4.37hc  151.50£17.55a  2968.67+18.02ab  0.29+0.03h  3.41x0.44a  0.00£0.00b 0.22+0.02¢
FSZ 89.50£0.40ab  146.00+9.64a 72.50+4.49dc  2957.33%213.64ab  0.26£0.03bc  1.80£0.63b  0.10£0.03b 0.20£0.01¢
YXC 95.67+2.96a  102.67+7.85bc  66.00+2.51cde 2591.00198.60b  0.22+0.04bed  1.15£0.05h  0.00£0.00b 0.340.06hc
HJL 32.50+2.04c 29.00+2.44d 24.00+1.63¢  1439.50£77.07cd  0.15£0.0lcd  0.51x0.01b  0.00£0.00b 0.63%0.15a
XDT 94.50+6.94a 69.50£20.00cd  50.33:8.45cde  143.67¢15.76d  0.08£0.00d  0.05:0.01b  0.000.00b 0.400.06hc
HXC 1250£3.67c  146.50£20.00a  33.67#6.56de  1337.00£175.51cd  0.2420.04hc  1.380.34b  0.22+0.06a 0.52+0.13ab
2—25 e¢m

MT 92.50+4.33ab  39.50+4.33d 17.50£3.67e  2751.67+619.83a  0.18+0.04b  0.98+0.05b  0.00+0.00b 0.58+0.07h
HOGZ 85.00£0.57h 118.00£21.36ab  56.50+4.90b  602.00+28.86b  0.19:0.06b  0.50£0.19b  0.000.00b 0.59+0.07h
YZD 17.67+0.88d 130.33+3.66a 68.33x7.21a  1849.33:204.75h  0.4220.08a  0.47£0.00b  0.00£0.00h 0.19+0.03h
FSZ 64.50£13.47c  114.00£20.41ab  43.00£1.73cd  1617.50+28.57h  0.1820.03b  2.53x1.04a  0.160.05a 0.52+0.07h
YXC 26.332.40d 15.50+0.85d 24.00£3.51de  502.66+163.16b  0.06x0.00b  0.16£0.03b  0.05£0.00h 0.70+0.11h
HJL 13.50+0.28d 3.00+0.00d 4.50+2.18¢  435.50+29.16b  0.07+0.02b  0.15:0.08b  0.06+0.00h 1.08+0.19a
XDT 97.00+7.50a 95.00£12.12bc  45.50+2.02bc  111.00£11.93b  0.015£0.08b  0.03:0.00b  0.00+0.00b 0.42+0.02h
HXC 27.332.72d 49.50+4.33cd 8.33+3.84e  334.67+42.85h  0.25:0.03b  0.05:0.00b  0.000.00b 0.62+0.05h

AFFE TR e O S TR RE , (5 24.69%—56.44% , ZEFE TR T 4 A ERE 0 40 A0 76 45 e A e
WEEF(P<0.05) (K 2), #eFBHIE AT v-28 I8 B AR & LA 2 2 1Y 55 (P<0.05) ,0—2em +-
2,40 Y 38.16%—76.59% ;2—25¢m +)2, 43 Al i 65.97%—78.16% , 1E 0—2cm )2, SUFFE TS 2
KARRGERE P JETE 43 K IRIAE i e b & i d5e i o 31.42% , B A AE A0t 32.529%—58.58% , 1E 2—
25em oz T E T 1Y y- A AR AR AR Y 65.96%—T78.15% , 7E 2—25em 1R,
TR T 1255 2 IARFERE , A= BEAE VU R MERE S0 & S s o 20.42% , e T HAIAE £ 14.88%—59.50%

FTEECA TR E AS AR R R SCAFREYTT) (B 1) 2 BET] Proteobacteria; #4FF I ] Bacteroidetes ;
T ] Actinobacteria; JEBEEE ] Firmicutes; ) 11 [# ] Euryarcheaota; 2 M BT ] Gemmatimonadetes ; FR FT 15
I"] Acidobacteria; # 2l % ] Cyanobacteria; 7% %5 # ] Planctomycetes; %¢ %5 & [] Chloroflexi; ¥ f# B I]
Verrucomicrobia ; BT &[] Fusobacteria HAAT R AR E others,

2.3 AN[E)ZEHY Lm0 T 75 A R 7K F 1) B AR AR S A

N 7K X AN [ it v 200 T B RH X = B A8 A A3 2 B RH XS = B HE 44 i 35 10 200 B s 199 6k e 481 2 il i AN
[ ER AL 3T reads X1 18.529%—41.98% ,

1E 0—2cm )2, Bacillus T£/\/FE S A XS BEAS> 1.0% , Bacillus J& T JEBE T ] ; unidentified _OM1 _
clade TERE T 437K ] LLAME) HAB - S AOFAXT £ B> 1% (R 5) o Salinibacter WIHIXT =F BETE i 6 8 05 035 =
FHAFE S (P <0.01) ; unidentified _ OM1 _clade B F X} 3 A R 5 F B & & T HAWAE S (P<0.01)
Rhodoferax WAHXT 3 76 30 1800 3 5 T HAWAE &5 (P<0.01) ; Aliifodinibius . Salinimicrobium | Gillisia . Nafulsella
F1 Marinobacter TE43 7K [RIRE 5 AT =5 B I 35 5 T A RE 35 ( P<0.01) ; Bacillus F11 H16 BYARXT =F BEFE AR B AT
13 T HA AR 5 (P<0.01) 5 Rubrobacter FARXS =F B 76 PG M 2 35 5 F HAMAE 55 ( P<0.01) ; Aidingimonas 1
Saccharospirillum B AR 2 BEAE 4T B AN 2 o T LA RE A5 (P<0.01)
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0
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B o0®m & ¥ 9B % K H
% # R B ® = A
4
KAt 55 Sampling sites

1 FEARMX M T IEAE&EENFEEE

Fig.1 Composition and relative abundance of the bacterial community at the phylum level in the soil relative of saline soils in

different sampling sites in Ningxia

1E 2—25cm )2, unidentified_OM1 _clade F1 Bacillus £ JL-F T A FE S A X EE > 1.0% (£ 5) .
Candidatus_Entotheonella WAHXS = B 72 B U4 7 0 38 T HABAE 55 ( P<0.01) ; H16  Pelagibius F Cetobacterium
AEXT = B e AR R A I 3 T A RE 5 (P<0.01) ; Acinetobacter 8% 3 B 7R A5 58 92 & 3 5 T HABAE &5 (P<
0.01) ; Thiobacillus AHXS “F BELELL A W2 5 T HABRE 25 (P<0.01)

2.4 o ZHMEHER

AN RAE L AR T RV Z2 4 P45 4 Shannon | Simpson 1425 BE 84X Chao- 1 ACE #5E 6 li/n, 1 0—
2em )2, T HFE 55 1Y Shannon 1 Simpson 8 HUE F K T HAWAE & (P<0.05) , Chao- 1 I8 HUZfbita# 5
Shannon $8%0—2, 7F 2—25cm L2, BEFIHE 5589 Shannon 850U E E K T HAWAE 25 ( P<0.05) o 3 K [RIEE 55
ff) Chao- 1 Al ACE #5535 = T HAAE 15 (P<0.05) .
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Fig.2 Distribution of Proteobacteria subgroups in the soil relative to mode of the different sampling sites

R 6 BEELLEMER alpha SHES

Table 6 o-diversity of soil bacterial in different sampling sites

e a2 B AR Tl AR AL Chao- 1 5%k ACE 84k
Sample 1D Coverage Shannon index Simpson index Chao- 1 index ACE index
0—2 cm
MT 0.96+0.00b 9.85+0.21ab 0.99+0.00a 6393.85+186.66a 6570.03+240.16a
HQGZ 0.97+0.00b 9.21+0.10bed 0.98+0.00a 5415.59+88.58a 5568.61+139.42b
YZD 0.98+0.01a 8.24+0.62d 0.97+0.01b 4321.59+756.09a 2202.48+548.16d
FSZ 0.98+0.00a 8.71+0.75¢d 0.98+0.00a 3746.57+829.30a 3888.17+£921.54c¢d
YXC 0.97+0.00ab 9.35+0.14abc 0.99+0.00a 5224.44+239.46a 5411.72+333.27b
HJL 0.97+0.00ab 9.19+0.17bed 0.99+0.00a 5301.57+350.47a 5242.43+305.59b¢
XDT 0.97+0.00ab 10.23+0.15a 0.99+0.00a 5368.13+£167.55a 5679.65+227.09ab
HXC 0.97+0.00ab 9.54+0.14abc 0.99+0.00a 6183.36+£1733.14a 5114.82+438.30bc
2—25 cm

MT 0.97+0.01a 9.00+0.46b 0.98+0.00a 4560.73+923.36b 4691.36+942.51b
HQGZ 0.96+0.00a 9.98+0.11a 0.99+0.00a 5541.67+76.42ab 5707.03+50.25ab
YZD 0.97+0.01a 9.14+0.33b 0.99+0.00a 5307.15+558.18ab 5526.52+830.73ab
FSZ 0.96+0.00a 10.18+0.12a 0.99+0.00a 6027.54+291.11a 6253.70+288.92a
YXC 0.96+0.00a 10.12+0.08a 0.99+0.00a 5844.80+259.66ab 5956.93+277.59ab
HJL 0.96+0.00a 9.60+0.11ab 0.99+0.00a 5318.97+288.29ab 5495.21+342.46ab
XDT 0.97+0.01a 9.64+0.12ab 0.99+0.00a 4915.44+587.15ab 5036.73+634.67ab
HXC 0.97+0.00a 9.85+0.09a 0.99+0.00a 5061.29+131.30ab 5241.65+141.09ab

[RIZN BT G AR RING S8 3R 25 572 1. 35 (P<0.05)

2.5 RN[FIZE T ER T - 3 rh A0 T AV A5 A8 R A
FRA TR, TE 0—2em )2 PERME JH G LLER  BIR F5 H AN A5 22 F 8K 437K

T ARF AR R I Al s P A5 O 25 5 (8 3) .

2.6 ZHEREE S RN TR AR

SH
3]

IS

0—2cm )2, 4 H 2R RO 5 B 5CS KE R G B 3 FRH G (P<0.05) |, 3 & /K i Fll Chao- 1 840
FAAK(P<0.05) (£ 7) ;2—25cm +JZUNE LR FEE A0S 3% EC A1 SOT WEMAHRK (% 8),
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Fig.3 Principal component analysis of bacterial community composition of saline soils in different sampling sites in Ningxia

#z7 0—2cm L ETIEAESHMIEHS T1EE 4 Pearson HHXH ST

Table 7 Correlation analysis between soil properties and bacterial diversity index in 0—2 cm soil depth

3 & 1 (Soil properties ) /2 Ff 1 1 4L ARG FE AR Chao- 1 5%k ACE #8551
(Diversity indexes) Shannon index Simpson index Chao- 1 index ACE index
LB Available phosphorus -0.08 -0.11 0.02 0.21
Bif% &L Alkalyzable nitrogen 0.15 0.06 0.02 0.06
AN Available potassium -0.16 -0.12 -0.31 -0.15
4% Total nitrogen 0.06 0.01 -0.10 0.02
FHLEK Soil organic carbon 0.02 -0.05 -0.10 -0.02
2T Total phosphorus -0.14 -0.26 -0.07 0.17
pH 0.01 0.09 -0.22 0.01
1, 53 Electrical conductivity -0.34 -0.27 -0.26 -0.15
+-HE5 7K i Soil moisture -0.39 -0.23 -0.46" -0.40
Ca* 0.21 0.22 0.27 0.15
Mg** -0.04 0.03 -0.16 -0.05
K* -0.66"* -0.59** -0.47" -0.56*"
Na* -0.36 -0.22 -0.28 -0.27
S03” -0.32 -0.26 -0.23 -0.14
cl- -0.57"* -0.39 -0.59** -0.64""
Cco3 0.09 0.12 -0.19 -0.08
HCO; 0.22 0.18 0.08 0.14

It R AT R 7 - AN B AP EA T RDA 208, FHIE 4 AL 78 0—2em )2, 5 —HE P AN S
T HERE S BIAERE T AR TR BTSRRI 28.94% F1 16.74% , 23k 2R B HIE S KR (F=3.4,P=0.04) FlI
HL SR (F=4.9,P=0.006) & T30 M BEE 0 EEH 0 78 2—25em 2,5 —HEE RS —Hev il
Sy ERE T AP RES 2L 1Y 53.29% F1 20.11% , 2258 R DA 56 38 PRAG DRl 15 41 TR R V& 45 A 0 At 2 A oG
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#, P>0.05,
%8 2—25cm T EITIEME SHMIEHS T1#EE 1 Pearson XM HT
Table 8 Correlation analysis between soil properties and bacterial diversity index in 2—25 cm soil depth
FILIEAE (Soil properties) / FAAREL U AR Chao- 1 45 %% ACE #8%%
Z TR 5L ( Diversity indexes) Shannon index Simpson index Chao- 1 index ACE index
A Available phosphorus -0.23 -0.12 -0.24 -0.25
TR % Alkalyzable nitrogen -0.06 -0.10 -0.10 0.03
HERLH Available potassium -0.10 -0.09 -0.14 -0.09
4% Total nitrogen -0.04 -0.01 -0.11 -0.15
HHLEK Soil organic carbon -0.27 -0.21 -0.27 -0.20
2:f§ Total phosphorus 0.13 0.14 0.12 -0.02
pH 0.38 0.31 0.38 0.20
H1 53 Electrical conductivity -0.52" -0.41" -0.49" -0.25
+- 357k i Soil moisture -0.25 -0.24 -0.16 0.15
Ca® 0.19 0.21 0.07 -0.13
Mg -0.26 -0.27 -0.27 0.05
K* -0.35 -0.38 -0.25 0.18
Na* -0.27 -0.17 -0.20 -0.05
S0%” -0.50* -0.43* -0.53** -0.29
cl- 0.07 0.03 0.05 0.16
coy 0.21 0.13 0.28 0.28
HCO; 0.31 0.29 0.27 0.01
3 itig

ARG R i U P B AR 77 8 DX ER i Ak AN VR AR AT T, 4R BoR i £
FEPEFEE T AR b B 2R T HABAR R 2R HERORT 42 5 BEFR 405 e rh KT C IR BE AN 5 /K i B 35 1A
Ko TR KAM T EREHE S RBE YRR K R w0 S AN AR R, C R
JEE TR LR R 48R 2 —  FRR L3 CI iy & T B R RS fE £ BUE R M S Cr iy
FAKRY WG BBEMAA L AR D e R C B T IHARE S SR IZ M X R
FEPERCEE o DI RCE YRR A IR . DPREAR R, 13 K (Na® \SO5 I CI7E 0—2cem +JRIRAE™
H, A RER I TR E S R, 28 R AN, K 2 A ad e rh T 3ROy 1 SRR M 5

ABIRFE S B R 0 S A 0 s T g ER AR ER Rk, A1 0 3l AR TR W 1 R RE TR ] AT I 1 T A2k
BTy B AT S A SR R AR B P B RS X AR A R B v B
VAR A K AT (PGPR) G BAT [ UV FH 1) 2 AT T 17 008 (Azotobacter ) | TE 4 7 AR
FE R B R L IR s S (U ELEE ) (R B IR i A SRR TR R 2 e+
HER RS TERE ST R S A0 TR T S2 A A, BT R B AR IR B, AR 2 TR RE T T A AR 2R AL, RS AR
PUBEoK 38 0 T TR i PRE A RE T . BIFSE R WAL TR 110 v SR BR IR HAT Bl RO f b | J2 Rl 13 v i)
PEFRIRED  SAEAWIE P B TUESS, AWFIE R IR T 118 48 35 7K ek AU 9 W M R 5 8 L o o
FEX 5 f e T AR A R T T R AR Y, e SR i P PR B T TS A R B T AR R

MIE A3 HT , K BT BB A/ AR SRS SE B 2> 19, © A7 BT 52 3R W28 T 1 i T W8 el ol A=
P ZEART I A A BEASHREU K 38 R T SRR S PR AR RE AR I T T s T v A
DX B b I PG A R ER 0 1 - S B PP AR S B L ABFSE Y 7E 0—2em Fll 2—25em +)2, &
P R TR 7 AT ORI AR AR S RO S B e T AR A K ST W AR R A AL R A 19 R R Tl
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Fig. 4 Results from redundancy analysis ( RDA ) to explore the relationship between soil bacterial community and soil

physicochemical characteristics
MT.Jii &5 Miaotai; XDT; P K ¥ Xidatan; YZD: #E F B{ Yanzidun; YXC; 4R 2 i Yinxingcun; HJL: 15 F 5 Houjialiang; HQGZ W
Huangquguanzi ; HXC ; ANy Hongxingeun ; FSZ . 437K 1] Fenshuizha

eI R T E ORI R o ASBIFFEEE Sk IER G S v 4383 0 356 14 7 T 1y PR R AR AL T 5
F A

TEMAL TR TR, S KR pH e TR A HLTE i BUTR BRI RS
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