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Effect of varying fertilization patterns on bacteria and archaea communities in saline—alkali soil under rice cul-
tivation

LI Ming, MA Fei, XIAO Guo—ju”

(Institute of Environmental Engineering, Ningxia University, Yinchuan 750021, China )

Abstract : This study investigated the characteristics of soil bacterial and archaea community shifts subjected to different fertilization pat—
terns in a saline—alkali soil under rice cultivation in Northwest China. There were five treatments: CK (without fertilizer ), single flue gas
desulfurization gypsum by—products(FGDB ) 31 250 kg+hm™ application(T1 ); flue gas desulfurization gypsum by—products 31 250 kg -hm=,
and different organic fertilizer treatments (T2, T3, and T4, respectively ). Five cores(2.5 em in diameter) were randomly collected from the
plow layer(2~20 ¢m) of each plot in the experimental field and mixed together. The changes to the bacterial and archaea communities, and
soil nutrients were investigated using I[llumina pyrosequencing and conventional chemical analysis, respectively. When compared with the
control, the other four treatments decreased the diversity index of soil archaeal community. However, the T2, T3, and T4 treatments in —

creased the biodiversity of the soil bacterial community. Across all samples, Proteobacteria and Bacteroidetes were the most dominant bacte—
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rial phyla, and represented 25.7%~31.2% and 22.9%~28.1% of all taxon tags, respectively. T2, T3, and T4 treatments increased the rela—

tive abundances of Proteobacteria by 14.09%~36.4%, but T1 decreased the relative abundance of Proteobacteria by 9.2% compared with CK.
However, T1, T2, and T3 treatments increased the relative abundance of Euryarchaeota by about 41.6%~115.2% compared with CK. These
results showed that soil bacterial and archaeal communities were significantly altered by the different fertilization patterns. The use of FGDB
and organic fertilizer changed the soil physicochemical properties. T4 treatment increased soil organic carbon (6.74% ), available nitrogen
(37.2% ), available phosphorus(47.83% ), and NO;-N(96.26% ). There were significant correlations between soil microorganisms
and physicochemical characteristics. The RDA results indicated that the NO; =N came from the organic fertilizer applications and was the
most important factor determining bacterial and archaeal community composition. The total phosphorus, pH, available phosphorus, and elec—
trical conductivity also had important effects on the microorganism communities. Treatment 4 was the best fertilizer pattern. These results

may increase our understanding of the microorganisms in a saline—alkali soil, and will improve the rational utilization of fertilizer and agri—

cultural sustainable development.

Keywords:rice cultivation; fertilization pattern; bacterial and archaeal communities; saline—alkali soil; Illumina pyrosequencing
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68.5%; Clostridia FAHXT F= 57 T1, T2, T3 1 T4 53
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Table 1 a-diversity index of soil bacteria and archaea under different treatments

MR Bacteria
AbF

T Archaea

Treatment Shannon $8%% Simpson F8%{ Chaol F5%% Shannon $8%% Simpson $8 %X Chaol F5%%
Shannon index Simpson index Chaol index Shannon index Simpson index Chaol index
CK 8.8+0.16b 0.97+0.00a 3689+353.38a 8.31+0.25a 0.98+0.00a 2 881.29+58.87a
T1 8.4+0.06b 0.98+0.01a 3467+141.04a 7.96+0.25a 0.98+0.00a 2 388.73+145.17a
T2 9.1+0.45ab 0.98+0.00a 3226+145.56a 8.16+0.39a 0.98+0.00a 2 287.74+175.89a
T3 9.2+0.25ab 0.99+0.00a 3162+168.83a 8.19+0.14a 0.98+0.00a 2 080.88+116.36a
T4 9.5+0.42a 0.99+0.01a 3815+209.41a 8.20+0.04a 0.93+0.05a 2 387.17£126.77a

T R EARI I ARERE (n=3) , AR/ NG 5 BER 22 53 3% (P<0.05) . T [flo

Note: Data shown are the means+SD(n=3). Different letters mean significant difference at 0.05 level. The same below.
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Figure 2 The relative abundance of soil archaea on phylum level

under different fertilization regimes

FEER B KRG L2 138 (2~20 em) T TP R
R 7.0%~27.5%, 5 CK A, T1.T2 A1 T3
A PRI Euryarchaeota AHX} =F B/ 4t 7 115.2%
90.8%# 41.6% ; T4 4L FR[Y) Euryarchaeota A X 3= B [%
8T 41.1%, o7 WA Rl AEARE 2 AT LS -3 v Bur—
yarchaeota FAHXTF R, Horp T2 ZAbFRAFZMBE R, 55
Hh T4 Gb PR E IR T MCG AR R, RBm T
61.3%,
23 HEMHEEEERKFENTHI N

i — 20 DS 7K X0 AN [ it v 240 T A8 A X 2
ARSI RE AR FEEHEAA AT 35 A AN e A T R
(R L G081 7 A3 read £ 20.6%~27.2% ., 5 CK
ML, Lutibacter A lkaliflexus .Galbibacter Rhodonellum .
Sphingorhabdus Sunxiuginia MSBL7 H] X )E &
T4 4b Bl vp % &, 1 Halalkalicoccus . Halopiger .
Haloterrigena,Candidatus_Halobonum A naerolinea Ha—
lomicrobium TE T1 1 T2 Ab A X EE R & (H
3), Gillisia . unidentified_Thaumarchaeota . Lysobacter .
Romboutsia WAHXTF FEAE CK 205 5 e o
2.4 TBRUFERIKFETESH

T4 5 CK 4L, 2 T A LR (6.74% )
fi# HR(37.20% ) A (47.83% ) FlEZ 25 A.(96.26% )
25 SR F B K- (P<0.05) (6 3). Al IRl A HL
JEE i B BG N , A BT i S I 7 AR
/7t e =y 2| TN Y= RT N e 2 2 W | e
FHEm, S R AT RSt A HUIE RT3 -3 A HLA
MR, T8b, SO o B it A FLIE 5 Y 4
TN B K 0 B R A e ORI DL - v O
SANUE S BA B R R E D, B e A %

R 2 WMEERENFLFEERR RS EKTE T TP BN FE(%)BENL

Table 2 Changes of relative abundance( % ) of Proteobacteria and Bacteroidetes of different fertilization patterns in paddy soils

AP Treatment
["] Phylum 24 Class
CK T2 T3 T4

S A | Gammaproteobacteria 6.29+0.10a 4.18+0.58b 4.87+0.82b 7.65+1.62a 3.85+0.91b
Proteobacteria A1 1o roteobacteria 5.19+0.38ab 4.15£0.57b 6.10+0.20a 6.15+0.53a 6.68+0.92a
Deltaproteobacteria 5.27+0.70a 4.53+0.88a 6.02+0.36a 5.48+0.46a 5.85+0.44a
Betaproteobacteria 0.92+0.12a 0.80+0.37ab 0.91x0.32a 0.7120.27b 0.79£0.32b
BT Cytophagia 5.2620.80b 5.30£0.22b 3.85+0.15¢ 11.11£0.48a 5.5620.57b
Bacteroidetes Flavobacteria 5.82+0.62a 4.59+0.78b 4.51+0.75h 2.27+0.60c 5.65+1.50a
Bacteroidia 2.4220.95b 1.7620.53b 4.08+0.37a 1.2620.44b 2.09£0.57h
Clostridia 2.260.06a 0.95:0.21b 0.63+0.40c 0.96+0.15b 1.31£0.17ab
Sphingobacteria 2.71+0.53a 1.7720.53b 2.18+0.16a 1.3220.08b 1.0420.19b
vadinHA17 0.25+0.00ab 0.200.08ab 0.39+0.08a 0.10+0.02b 0.26+0.00ab
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Figure 3 The relative percentages of the bacterial and archaea genus of different fertilization patterns in paddy soils

& 3 AEERENXKELRRES

Table 3 The changes of soil properties under different fertilization patterns in paddy soils

+3EJE % Soil properties CK T1 T2 T3 T4

pH & 9.28+0.08a 8.76+0.27a 9.00+0.06a 9.19+0.05a 8.73x0.21a

5% EC/pS em™ 804+7.35bc 875+3.69a 755+7.15be 835+7.76ab 854+9.15ab

APk SOC/g kg™ 4.60+0.03b 4.00+0.05b 4.78+0.09ab 4.90+0.07a 4.91+0.09a

2% TN/g kg™ 0.50+0.00a 0.44+0.00a 0.53+0.00a 0.54+0.00a 0.61+0.00a

2§ TP/g-kg™! 2.41+0.00a 2.43+0.02a 2.91+0.01a 2.12+0.01a 2.14+0.00a

% % Alkalyzable-N/mg kg™ 22.34+0.05b 17.15+0.29b 16.06+0.03b 19.21+1.46b 30.65+3.41a

R Available P/mg-kg™! 8.76+0.57h 9.34+1.04b 12.12+1.41a 14.32+1.48a 12.95+1.95a
HRLEN Available K/mg kg™ 376.93+5.78a 335.20+16.93a 378.24+8.49a 384.90+1.33a 367.91+12.38a

A NHi-N/mg-kg™ 8.31+0.53b 8.08+1.10b 7.40+0.03b 10.47+1.06b 16.31£3.41a

AR NO;-N/mg-kg™ 2.70+0.04a 2.61+0.12a 2.71+0.26a 2.60+0.09a 2.74+0.08a
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Woesearchaeota_ . DHVEG-6.; Tha—Thaumarchaeota; Pro—Proteobacteria;
Aci—Acidobacteria; Bac—Bacteroidetes ; Eur—FEuryarchaeota
B4 AEEEFX T EERSARMEREEEER RDA 57
Figure 4 Results from redundancy analysis(RDA ) to explore the
relationship between soil bacterial and archaeal community and

soil physicochemical characteristics
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Table 4 Pearson correlation coefficient between soil dominant bacterial communities and soil chemical characteristics

ﬁ?@?)}%’] [Ekics X Mfﬁ?/ﬂ Pl fif WS RE AU ﬁm@% BSR HBER ﬁﬁjf’fk
Classification level Taxon TP Available N AP TN AK SOC EC NHi-N  NO;-N
["] Phylum Chloroflexi 0.579* -0.187 0.294 -0.115 0.229 0.225 -0.099 -0.227 0.218  0.792%*
["] Phylum Bacteroidetes -0.254 -0.070 0.336 0.362 -0.232 0.159 -0.022 0.080 -0.132  -0.058
["] Phylum Proteobacteria -0.125 0.094 0.496 0.483 0.084 0.510 0.433 0.373 0.398 -0.242
["] Phylum Acidobacteria -0.361 0.595* -0.136 0.162 0.252 -0.047 0.045 0.708** 0.315 -0.316
["] Phylum Actinobacteria 0.026 -0.361 0.341 0.568*  -0.311 0.683**  -0.025 -0.025 -0.215 -0.017
["] Phylum Firmicutes 0.208 -0.204 0.224 -0.123  -0.017 0.271 —-0.024 -0314 -0.279 -0.187
["] Phylum Planctomycetes 0.500 -0.277 0.286 -0.240 -0.036  -0.026 0.189 -0.152 0.051 0.246
["] Phylum Gemmatimonadetes 0.498 —0.545%* 0.454 0.070 -0.406  -0.039 0.336 -0.205 -0.431 -0.186
["] Phylum Spirochaetes 0.037 0.043 0.247 0.209 0.289 0.153 -0.079 0.293 0.472 -0.085
["] Phylum Euryarchaeota -0.312 0.151 -0.735%*  -0.262 -0.052 -0.691** -0.125 0.145 -0.170  -0.310

["] Phylum MCG 0.110 -0.234 0.213 -0.147  -0.074 0.222 -0.131 -0.467  -0.007 0.471
["] Phylum Thaumarchaeota 0.197 0 0.119 -0.016  -0.083 0.166 0.155 -0.068 -0.171 -0.330
["] Phylum Woesearchaeota 0.148 -0.026 0.317 -0.558* -0.100 -0.158  -0.331 -0.224  -0.026  -0.083
24 Class Gammaproteobacteria —0.068 -0.277 0.540* 0.099 -0.309 0.130 0.514 0.013 -0.065 -0.138
24 Class Alphaproteobacteria  —0.108 0.455 0.016 0.184 0.362 0.341 0.361 0.487 0.240 -0.228
2X Class Deltaproteobacteria ~ 0.215 0.015 0.376 -0.086 0.020 0.004 0.105 0.215 0.241 -0.074
2 Class Betaproteobacteria ~ -0.035 -0.030 0.221 -0.209  -0.176 0.009 —-0.088 -0.116  -0.099 -0.154
2X Class Cytophagia -0.383 -0.134 0.165 0.410 -0.218 0.023 0.487 0.232 -0.093  -0.137
2X Class Flavobacteriia -0.167 0.165 0.092 -0.067 -0.131 -0.027 -0.389 0.003 -0.139 0.018
24 Class Bacteroidia 0.411 -0.198 0.372 0.102 -0.068 0.189 -0.334 -0.193  -0.123 0.138
24 Class Clostridia -0.131 0.217 0.015 -0.307 0.256 0.152 -0.123 0.040 0.009 -0.114
2X Class Sphingobacteria 0.376 -0.372 0.672%*%  -0.376  -0.368 0.087 -0.223  -0.515*  -0.349 0.143
2X Class vadinHA17 0.262 -0.095 0.328 -0.072 0.163 0.074 -0.302 —-0.053 0.133 -0.052

O B (P<0.05) 5% Syl i 25 A 2 (P<0.01).
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