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important for understanding the biogeochemical cycles and ecosystem function regulation in saline wetlands. However, the impacts of

salinity on soil functions remain elusive. The keystone taxa and their function in various saline habitats are not fully understood. In this
study, soil samples were collected from four different habitats from the coast to the inland region in the Yellow River Delta: High salinity
(S1), moderate salinity (S2), low salinity (S3), and non-saline soils (S4). The four habitat soils displayed decreasing salinity from the
coast moving toward the inland. In addition to electrical conductivity (EC), other soil properties, including soil nutrients and microbial
biomass carbon (MBC), were determined. The bacterial diversity and structure were investigated with 16S rRNA gene sequencing to
identify the keystone species in the specific habitat. Results showed that EC, representing salinity, varied most among the soil properties
from the coast to the inland. As salinity decreased, the contents of NO3—=N and MBC considerably increased, and those of soil organic carbon
(SOC) and total nitrogen (TN) gradually increased, whereas the contents of total potassium (TK), available potassium (AK), and available
phosphorus (AP) were significantly decreased. The bacterial communities in the four different habitats were always dominated by
Proteobacteria, Planctomycetes, and Actinobacteria, accounting for a relative abundance above 60%. The bacterial communities in S1
samples greatly differed from those in the other three habitats, with more specialist abundant genera in S1 samples and more abundant
genera shared among the other three habitats. More importantly, each habitat soil featured specialist keystone taxa. For the S1 samples, the
keystone species included OTU002085 (phosphate—solubilizing bacteria Vibrio) and OTU000979 (Geothermobacter involved in
dissimilatory Fe (Il ) reduction). For the S2 samples, the keystone species included OTU000585 ( Candidatus_Entotheonella ) and
OTU000199(Amaricoccus); Candidatus_Entotheonella can promote nitrification, whereas Amaricoccus can degrade complex organic matter.
For the S3 samples, the keystone species included OTU000015 (Methyloceanibacter) and OTU000138 (Luteolibacter ). Methyloceanibacter
was a key player in the global carbon cycle and Luteolibacter inhibits pathogens. For the S4 samples, the keystone species included
OTU001724 (Achromobacter) and OTU000841 (Gemmata). Achromobacter species were efficient in biological nitrogen fixation, and
Gemmata elevated urease activity to increase organic matter decomposition. Most of these keystone OTUs were significantly negatively
correlated with EC and NO;=N content, and positively correlated with AK content. For the total bacterial community, MBC was the most
influencing factor, which explained 62.5% of the variation, followed by EC(11.7%) and AP(6.5%), as revealed using multiple regression
tree analysis (MRT). These results indicate that the microbial biomass is extremely sensitive to variations in habitats with different salinity.
Salinization does not necessarily lead to complete land degradation but has strong influence on the composition of soil bacterial
communities, especially of the keystone taxa. Therefore, the keystone taxa should be considered to assess the ecosystem function.

Keywords: Yellow River Delta; salinization; Suaeda salsa; ecological network; keystone taxa
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Figure 1 Distribution map of sampling points
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Table 1 Soil basic physiochemical properties in different habitats

FEH Sample plot S1 s2 S3 S4
pH 8.960.04bc 8.71+0.27¢ 9.38+0.18a 9.15+0.19ab
H1 %% Electrical conductivity/(pS+em™) 5 504.40+324.03a 1158.27+272.56h 575.18+173.33c¢ 150.68+42.09d
AP Soil organic C/(g-kg™) 5.67+0.60b 6.33+1.56ab 6.37+1.83ab 7.74+0.75a
4 Total N/(g-kg™) 0.23+0.06b 0.23+0.05h 0.26+0.06h 0.40+0.05a
221 Total P/(g-kg™) 0.7120.02a 0.64+0.03b 0.65+0.03b 0.73+0.03a
24 Total K/(g-kg™) 25.49+1.49a 20.83+0.73¢ 20.39+0.87¢ 22.62+0.93b
A A NH-N/(mg-kg™) 4.43+1.63b 3.54+1.37b 9.53+4.55a 1.68+0.90b
HASANO-N/(mg-kg™) 1.69+1.78¢ 9.49+2.36a 4.80+2.61b 9.43+1.39a
H R Available P/(mg-kg™) 10.07+1.58a 6.68+1.50b 3.84+1.12¢ 6.41+1.78b
TR Available K/(mg-kg™) 1170.18+117.34a 251.61+98.36bc 155.66+36.89¢ 294.13+29.90b
A AT HLIK Dissolved organic C/(mg-kg™") 49.01+4.56h 47.55+7.18b 66.86+19.76a 59.79+6.55ab
A A M B T Miicrobial biomass C/(mg-kg™) 37.18+18.93¢ 183.73+38.08b 183.70+54.31b 275.27+25.80a

T PRI P B LR 22 | [T AN [R) /NG PR 3 A B ) 25 57 (B 2 (P<0.05)

Note:The data in the table are means + standard deviation, different lowercase letters in the same row mean significant difference at level P<0.05.

WWW.QEs.0r9.CN




m@g 2254

VRETR Rt Y F41EF 108

5 EC R 2 2 1E AR (r{E 43 5124 0.745 F10.955,
P<0.01) o Fifi 5 R B2 FEAIK , NOS—N % i B A 2 3 o
B HAE S2AE Rk B I AE , H 5S4 T0 g M=
5o NO-N i 5 EC S 8 3 T 2% (r=—0.666, P<
0.01) . NHi-N 7t W #E 1 48 ] JCRA 5 A8 b A .

DOC F1 MBC ¥4 24 7% P I o ST F S2 #F i 19
DOC & AR, BEEL B3R B2, DOC 75 547 14 i
PR HA S3FEA B E S T STAIS2, ST MBC % &
A%, BB AT HALRE 5 o B SRR BE G, MBC
TR AR R kA S 5 ST HE, S2 M S3 A MBC 7
T 3.96%, S48 T 6.4 4%
2.2 TR SHEFBEHK
2.2.1 TEEAMTRAEIE 2N

Puph 4 g b S1 MY 2R RAR (GR 2) B Ak
8 FIOFN A 3 AR 45 B0 10 3 AR T A A A (P<0.05) .
AT v 1) DAY ol B B B AR G 2 W 2 R g (H
FE SAFE i R BRI . S2 FI S3 A A 15 FiCRn
EE IR AR, H B2 R E 2R
222 T ERAMTEE AL

DU AR5 13 20 DNA RE A L3545 858 485 441
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Table 2 Microbial diversity indexes of soil samples

in different habitats

FEAS Sample #5445 % Shannon index

2 FRAEEL Simpson index

S1 9.40+0.09¢ 0.993+0.000 7¢
S2 10.19+0.07a 0.998+0.000 3a
S3 10.29+0.09a 0.998+0.000 2a
S4 10.01+0.16b 0.997+0.000 3b

T« RS [R) /NG s A B ) 22 57 i 25 (P<0.05)
Note: Different lowercase letters in the same column mean significant
difference at level P<0.05.
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Figure 2 Relative abundances of bacterial phyla in different habitats and PCoA of soil bacterial community composition
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Table 3 Relative abundances of dominant genera in different habitats

"] Phylum J& Genus S1(%) S2(%) S3(%) S4(%) 4324 Group
Planctomycetes Blastopirellula 0.98+0.12b 0.86+0.64b 2.82+0.39a 0.40+0.15b S3
Pird_lineage 1.99+0.35b 3.72+2.28b 6.63+1.40a 1.33+0.21b S1~S4
Planctomicrobium 0.27+0.07b 0.44+0.33b 1.63+0.67a 0.18+0.07b S3
unclassified_Gemmataceae 0.82+0.11c 2.42+1.06ab 3.35+0.53a 2.11+0.40b S2~S4
unclassified_Gimesiaceae 2.69+0.59a 0.10+0.08b 0.43+0.16b 0.04+0.04b S1
unclassified_Pirellulaceae 1.23+0.20c¢ 3.69+2.10b 8.41+0.89a 2.37+0.67bc S1~S4
unclassified_Planctomycetales 1.77+0.36b 2.55+1.45ab 3.58+0.72a 1.81+0.53b S1~S4
unclassified_WD2101_soil_group 0.08+0.02¢ 1.35+0.19b 0.93+0.31b 3.82+0.54a S2.54
Actinobacteria Marmoricola 0.11+0.03¢ 1.64+0.12b 0.36+0.07¢ 1.91+0.26a S2 .54
Nocardioides 0.15+0.03b 3.30+0.51a 0.82+0.32b 3.08+0.61a S2 .54
unclassified_Actinomarinales 9.32+1.21a 2.51+0.49b 1.75+0.47b 1.76+0.36b S1~54
unclassified_Nitriliruptoraceae 3.36+0.86a 0.08+0.04b 0.06+0.03b 0.06+0.04b S1
Proteobacteria unclassified_Alphaproteobacteria 2.42+0.20a 1.00+0.14b 1.00+0.07b 0.72+0.14¢ S1
unclassified_Geminicoccaceae 0.91+0.13¢ 1.49+0.54b 1.85+0.23ab 2.22+0.20a S2~54
unclassified_Rhodobacteraceae 3.37+0.30a 1.40+0.33b 0.99+0.27be 0.57+0.17¢ S1~82
Woeseia 2.70+0.62a 0.08+0.04b 0.11+0.05b 0.11+0.02b S1
Chloroflexi unclassified_J/G30-KF-CM45 0.42+0.03¢ 1.80+0.69b 1.04+0.04¢ 2.71+0.47a S2~S4
unclassified_KD4-96 1.35+0.10a 2.02+0.34a 1.97+0.71a 2.01+0.27a S1~S4
Acidobacteria unclassified_Subgroup_6 0.67+0.07¢ 3.90+1.04b 2.89+0.68b 5.61+0.53a S2~S4
Gemmatimonadetes unclassified_BD2-11_terrestrial_group 3.96+0.60a 0.23+0.08b 0.27+0.08b 0.22+0.06b S1
unclassified_Gemmatimonadaceae 0.33+0.06¢ 1.38+0.26b 0.88+0.26b 1.95+0.47a S2.54
unclassified_PAUC43f_marine_benthic_group 2.77+0.37a 0.04+0.01b 0.15+0.07b 0.09+0.06b S1
unclassified unclassified 2.24+0.42a 0.70+0.06b 0.57+0.24b 0.70+0.18b S1

R TR RVNG B /R b PR R] 22 57 2. 3% (P<0.05) o

Note: Different lower—case letters in the same row mean significant difference at level P<0.05.
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Figure 3 The correlation between distance matrix of bacterial
OTUs and that of soil properties, and multiple regression tree

analysis of the effects of soil properties on bacterial communities
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Figure 4 Networks of co—occuring bacterial OTUs in

the soils of different habitats
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Table 4 Topological properties of co—occuring bacterial networks

obtained among the soils in different habitats

$h$hZ % Topological property S1 S2 S3 S4
A5 58 Number of nodes 372 413 422 403
R Number of edges 5897 11326 11660 5904
SH4E Average degree 31.704 54.847 55.261 29.300
[€]%% & Graph density 0.085 0.133 0.131 0.073
R R 0.557  0.630 0.600 0.554

Average clustering coefficient

R PEAR K B Average path length  3.289  3.141  3.141  3.445
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Figure 5 Correlation coefficients between keystones and soil properties
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