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The correlation analyses between bacterial community and
the crucial environmental factors in saline-alkali soil of
Songnen Plain
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Abstract: [Background] The bacteria inhabiting the saline-alkali soil of Songnen Plain have the ability
to tolerate double stresses of hyper-saline/alkali environment. [Objective] Analyzing the correlation
between bacterial community and the environmental factors in saline-alkali soil of Songnen Plain will
offer insights into the role of uncultured bacteria in the biogeochemical cycle and support the targeted
culture of functional isolates. [Methods] A total of 21 saline-alkali soil samples were collected from
Daqing (Heilongjiang), Songyuan (Jilin) and Baicheng (Jilin). Illumina MiSeq platform was employed
to sequence the V4 hypervariable region of bacterial 16S rRNA gene, and the obtained data were
analyzed via bioinformatics tools. [Results] The saline-alkali soils of Songnen Plain were of soda
(Na,CO; and NaHCOs), which mainly contained Na“, K* and HCO; and had pH 8.47-10.40. The
bacterial diversity of DC11 sampled in Saertu district of Daqing was the highest, while that of DC2
collected in Zhaozhou was the lowest. The bacteria in the 21 samples were classified into 845 genera,
423 families of 26 phyla. The dominant phyla (97.8%) were Actinobacteria (47.3%), Proteobacteria
(30.3%), Chloroflexi (7.5%), Gemmatimonadetes (7.0%), Bacteroidetes (2.5%), Firmicutes (1.7%) and
Acidobacteria (1.5%). At the family level, the 21 samples were clustered into 3 groups through heatmap
and principal component analysis. The redundancy analysis indicated that the content of total salt, Na"
and HCO; as well as pH significantly affected the bacterial community in saline-alkali soil.
[Conclusion] This study indicates that the saline-alkali soil of Songnen Plain harbors diverse bacteria,

which can guide the development and utilization of the saline/alkali-tolerant bacteria and their genes.

Keywords: Songnen Plain; soda saline-alkali soil; Illumina MiSeq platform; bacterial community structure
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Table 1 Geographic location of 21 saline-alkaline soils (in China)

Sample Longitude (E) Latitude (N) Country City Province
DCl1 125°1'53" 46°28'40" Longfeng Dagqing Heilongjiang
DC2 125°2'48" 45°50'33" Zhaozhou Daqing Heilongjiang
DC3 125°2'48" 45°50'33" Zhaozhou Dagqing Heilongjiang
DC4 125°27'59" 45°522" Zhaozhou Dagqing Heilongjiang
DC5 123°3'35" 44°50'38" Tongyu Baicheng Jilin

DC6 123°8'14" 44°47'36" Tongyu Baicheng Jilin

DC7 123°13'7" 44°46'36" Tongyu Baicheng Jilin

DC8 123°49'54" 44°58'25" Qian’an Songyuan Jilin

DC9 124°13'53" 45°1'38" Qian’an Songyuan Jilin

DC10 124°3429" 45°2122" Qian Gorlos Songyuan Jilin

DCl11 125°5'36" 46°39'48" Saertu Dagqing Heilongjiang
DCI12 124°39'43" 46°46'5" Ranghu Road Dagqing Heilongjiang
DCI13 124°34'10" 46°48'19" Durbermont Dagqing Heilongjiang
DC14 124°30'32" 46°56'11" Durbermont Dagqing Heilongjiang
DC15 124°40'8" 47°13'58" Lindian Dagqing Heilongjiang
DC16 123°42'55" 45°27'10" Daan Baicheng Jilin

DC17 123°35'59" 45°17'4" Daan Baicheng Jilin

DC18 123°34'8" 45°12'23" Daan Baicheng Jilin

DC19 123°54'4" 45°4'55" Qian’an Songyuan Jilin

DC20 124°26'1" 45°6'6" Qian’an Songyuan Jilin

DC21 123°49'44" 45°36'22" Daan Baicheng Jilin

1 XEwREtIEREREE

Figure 1 Schematic diagram of the sampled saline-alkaline soil surface.
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Figure 2 Species accumulation curves of 21 saline-

alkaline soils.
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Table 3 The bacterial diversity index of 21 saline-
alkaline soils

Sample Chaol ACE Shannon  Simpson
DC1 1 945.55 2023.14 7.8l 0.978
DC2 643.01 681.56 2.84 0.538
DC3 2391.74 2508.38 8.51 0.989
DC4 1231.32 1296.81 6.18 0.893
DC5 1 734.51 1777.22  8.13 0.987
DC6 2 160.05 2226.84 8.50 0.989
DC7 1715.00 1715.00 8.87 0.994
DCS8 1 837.76 1902.57 8.11 0.984
DC9 968.03 1000.52 5.20 0.877
DC10  527.88 546.65 3.17 0.591
DC11  2204.18 2269.56 8.89 0.994
DC12  1908.57 1988.08  8.40 0.990
DC13  2314.61 2419.02 8.32 0.987
DC14 1674.19 1743.44 17.72 0.979
DC15  1430.09 1433.67 8.06 0.986
DCl16 2016.72 1997.21 8.09 0.989
DC17  1821.72 1826.64 797 0.990
DC18 1991.76 1994.83 8.13 0.991
DC19 2 006.98 207190 7.94 0.986
DC20 2 198.81 2307.21 7.23 0.935
DC21 1786.97 1 844.87 8.30 0.989
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28 W M (Actinobacteria, 22.7%)F1FE HH T W
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Figure 3 The distribution profile of bacteria community at phylum level in 21 saline-alkaline soils.
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Table 4 The correspondence between abbreviation and family of taxonomy

Abbreviation Phylum Class Order Family The proportion
of family
taxonomy (%)

SP1 Proteobacteria Gammaproteobacteria  Pseudomonadales Pseudomonadaceae 11.85

Sp2 Actinobacteria Nitriliruptoria Nitriliruptorales Nitriliruptoraceae 8.25

SP3 Actinobacteria Acidimicrobiia Acidimicrobiales OCS155 marine group  6.75

SP4 Actinobacteria Nitriliruptoria Euzebyales Euzebyaceae 5.27

SP5 Actinobacteria Thermoleophilia Solirubrobacterales 480-2 3.60

SP6 Actinobacteria Acidimicrobiia Acidimicrobiales Uncultured 3.24

SP7 Actinobacteria Actinobacteria Corynebacteriales Nocardiaceae 2.89

SP8 Actinobacteria Actinobacteria Propionibacteriales Propionibacteriaceae  2.61

SP9 Gemmatimonadetes ~ Gemmatimonadetes AT425-EubCl1 Uncultured bacterium  2.50

terrestrial group

SP10 Actinobacteria MB-A2-108 Uncultured bacterium  Uncultured bacterium ~ 2.02

SP11 Proteobacteria Gammaproteobacteria ~ Xanthomonadales Xanthomonadaceae 1.82

SP12 Actinobacteria Thermoleophilia Gaiellales Uncultured 1.82

SP13 Chloroflexi Gitt-GS-136 Uncultured bacterium  Uncultured bacterium ~ 1.73

SP14 Chloroflexi Thermomicrobia Sphaerobacterales Sphaerobacteraceae 1.43

SP15 Gemmatimonadetes ~ Gemmatimonadetes BD2-11 terrestrial group Uncultured bacterium  1.42

SP16 Actinobacteria Actinobacteria Propionibacteriales Nocardioidaceae 1.40

SP17 Proteobacteria Alphaproteobacteria Rhodospirillales MSB-1E8 1.39

SP18 Proteobacteria Gammaproteobacteria  Pseudomonadales Moraxellaceae 1.26

SP19 Actinobacteria Thermoleophilia Solirubrobacterales Elev-16S-1332 1.17

SP20 Proteobacteria Gammaproteobacteria  Oceanospirillales Halomonadaceae 1.12

SP21 Proteobacteria Alphaproteobacteria Rhizobiales DUNssu044 1.02

SP22 Gemmatimonadetes ~ Gemmatimonadetes S0134 terrestrial group Uncultured bacterium  1.01

SP23 Proteobacteria Betaproteobacteria Rhodocyclales Rhodocyclaceae 1.00

B N AT (decentred correspondence analysis,
DCA), 783 axis lengths fx KHIFE H 2.75, H
TZME/NT 3, T T I0A 3 (redundancy
analysis, RDA), DhZRAG5 e 41 T V% 434 7Y 36
AR Gl 5 R, S —HER R RIE (A
N 80.8%, & “HEFARFALAES 9.1%, i M4
SRR L RHE(E A0 E R 89.9%. RDA Hif
PRt REAR 47 i s e - S A B VR SR 2
[ 2 R ARG B, 2O k& B e -
P52 B BE R 7R BRI R 1 AR 7 20 A1 1Y 9K 3 i
I3, AOHER S IO HER AR R EAR
ZIAHAHSCHE(E 5). A58 RIEKE, HCO; |
BER . Na™ 85 i K pH 2R - AN BV 2 Y

FE MK T (P<0.05), RDA ZJolH 5081 &
B, FERDKE B S FIZE 4), BREAEERS &
. Na' @2 IEAMHE, 5 HCOs il pH £
X TEREREAERRE . JLEE IR & SPS 5
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3 Wik
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RIS, WA, —SLERIRENY pH R,

A pH (E ATk 11,001, 3 S0ER Bl R 75 il 8
IEE P B oA FEAE R F A H L PO{AA R
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Figure 4 The cluster analysis heatmap of bacteria community at family level of 21 saline-alkaline soils.
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Figure 5 Redundancy analysis at family level of bacteria community.
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