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Effects of simulated nitrogen deposition and precipitation change on soil bacterial

community structure in a Stipa baicalensis steppe
ZHANG Haifang, LIU Hongmei, ZHAO Jianning, LI Gang, LAI Xin, LI Jie, WANG Hui, YANG Dianlin”

Agro-Environmental Protection Institute, Ministry of Agriculture, Tianjin 300191, China

Abstract; Nitrogen ( N) deposition and precipitation change are important phenomena in global climate change and they
can strongly influence grassland ecology. There have been many studies on the response of plant and soil microbial
communities to N addition. However, the interactive effects of N addition and irrigation on soil microbial communities are
still largely unknown. Studying the effects of nitrogen ( N) deposition and precipitation change on soil microbial community

structure is of great significance for predicting the interactive effects of multiple climate factors on grassland ecosystems in

BEETE : HRE QAR IEEH (31170435)
Wo#s B #1:2016-12-09; W 4%t R B 53 :2017-09- 12
# MIVEAH Corresponding author.E-mail ; yangdianlin@ caas.cn

http ://www.ecologica.cn



14 SRS A AU SRR G T AL X DU R B e i S TR T 45 A O R TR 245

the future. Here, we simulated N deposition and precipitation change by N addition (0, 15, 30, 50, 100, 150, 200, 300
kg N hm2a™") and irrigation (no irrigation and irrigation equivalent to 100 mm extra summer rainfall) at a test area on the
Stipa baicalensis steppe. A split-plot design was adopted. Soil samples were collected with a soil probe after four years of
experimental treatments. Using high-throughput sequencing technology, we evaluated the interactive effects of N addition
and irrigation on the soil bacterial community structures. Statistical analyses showed that N addition and irrigation
significantly (P <0.05) shifted the composition and relative abundance of the soil bacterial community. The dominant
bacterial phyla were Verrucomicrobia ( 30. 61%—48. 51% ), Proteobacteria ( 21. 37%—29. 97% ), Acidobacteria
(9.54%—20.67%), and Bacteroidetes (4.96%—9.74% ). Under normal precipitation, the relative abundance of
Verrucomicrobia significantly decreased in N100—N300 ( P <0.05), but the relative abundance of Proteobacteria,
Acidobacteria, Actinobacteria and Bacteroidetes increased with high N addition levels. However, the relative abundance of
Firmicutes did not significantly change. When water was added with N, the relative abundance of Verrucomicrobia increased
following the increase of N addition rates and significantly increased in N200—N300, but/the relative abundance of
Acidobacteria, Firmicutes and Actinobacteria decreased after N addition. The relative abundance of Proteobacteria and
Bacteroidetes did not significantly change under N addition combined with irrigation. The ANOVA: of the split-plot design
showed that N addition and irrigation interactively affected the structure of the soil/bacterial community. The results of the
Linear Discriminant Analysis ( LDA) showed that the relative abundance of 19. bacterial’ phyla significantly shifted under
different N and water addition rates. The changes in soil bacterial community structure-were mainly related to changes in the
relative abundance of the phyla Verrucomicrobia and Acidobacteria. Hence, phyla Verrucomicrobia and Acidobacteria could
be used as indicator species for changes in soil bacterial community structure. In all, N addition and irrigation significantly
changed the structure of the soil bacterial community. N and water addition interactively affected the relative abundance of

different soil bacterial phyla.

Key Words: N addition; irrigation; Stipa baicalensis steppe; soil bacterial community
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PP RIE (119°42'E, 48°30'N) , FEHBIX S8Rk 2 B R 760—770 m , AEXRE RN B 204 329 mm, 5T X I8
TR R DU IR EE 3 (Stipa baicalensis ) F1ZE-FE ( Leymus chinensis) , 3SR Ry BE45 4 {56 R FH 2 X %
T, F 2010 AEFFAR AT IR GG AE L, 32 X AL B, & X Wi RO B, EMR L 2 7K, 43 1 A AN T T RS
B2 100 mm FEWE, AU 8 NAKEAKIK R . 0(CK) 15.30,50,100,150,200,300 kg N hma™" ( AN FE
KAV AR . ZIETEH NH,NO, ¥ HIAfAE 8 LK e sl T4 /hMX N, X803k 16 LB, 6 1k
B, /NXTAFL 8 mx8 m,
1.2 HHERRSCREE

RS R A T 2013 4E 8 H T I EAR N 3 em (A5 RAE T FE REERE N 0—20 em , 75415
INK I E 10 ASRAFE S BERE M ERRIR A 35T, BB EEP R IR TR A HUS 33 2 mm G 9K DU 4315 328
BT kg Bl -4 B A TCTR S48 JF S PRty [l SE 96 2% URAF T -20°C UKAE %5 H .
1.3 14 DNA $25U) PCR 41

KH E.Z.N.A. Soil DNA Kit (OMEGA ) 37| & 2 B+ 5 DNA , kS BRI A 0 A AN 1 e RE S ik 3 4
SEATHEERL, IE4r B4 T PCR 43 S el s P A, K AR 2000 3 ASSFATH9 PCR P=4iR A 5 HEA T 2
FER 4] DNA (ARG 2 5Kk A Qubit2.0 DNA I &k 4T, LLHf &2 PCR ¥ 846 W ilA ) DNA ., PCR 3C%FE
R B BUG 9519 341 (5'-CCTACACGACGCTCTTCCGATCTN (barcode) CCTACGGGNGGCWGCAG-3")
1 805r (5-GACTGGAGTTCCTTGGCACCCGAGAATTCCAGACTACHVGGGTATCTAATCC-3) " | barcode 1
7 bp, PCR JZBAZ AR : 10xPCR buffer SpL,dNTP (10 mmol/Li each) 0.5pL,Genomic DNA 10 ng, Bar-PCR
519 F (50 pmol/L) 1uL, 5% R (50 pmol/L) 1pL,PlantiumTaq B(5U/wL) 0.5uL, IIHEZI/K 2 S0pL, K
N AEFANR 194°30s THARYE ,94°20s,45°20s,65°60s #1715 NMEI, 94°20s,60°20s,72°20s #1720 PMEH, i
J& 72°4EH Smin, PCR 25905 , 4 PCR P SR IR WESE R LUK , DNA [RIJSCR L i A= T 3 B i 1 it &
(cat:SK8131) , Z 5 HI@ 5 W SE Y3 5 DGR, Z5AFATT 1 94°2min TR YE, SRS 94°20s,60°20s,72°30s
17 5 MEIR, B 72°9E 4K S min,
1.4
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sph.harvard.edu/galaxy) A LEfSe ZJfE ( Linear discriminant analysis (LDA) effect size) #£17, LDA score 2.0 &/~
LRRFE, 45 FRERMBE . R SAS 9.2 (SAS Institute Inc., Cary, NC, USA) BYZL X115 220443
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AN T RARX AR B, 22 R R W E T 3 NN T 128 B T I 2R T R AT R T T AR T
BT, Hod  PERLEA T IARXS T2 BEAE N300T1 Ab B A I 3 & T A AL PR BR AT B 1T AR XS 3 BEAE N10010 Ab#f A i
Eom T HADACH  ARTE R T AT =F B AE N15011 Ab B A i 25 At AL B

F1 @EMKSTHINI T BEME B 7% HR TN EER

Table 1 The interactive effects of nitrogen and water addition on the shifts in soil bacterial community composition

Ib B Fl B ¥y P P
Treatments df Mean Square
1 1 0.005 3.96 0.050
N 7 0.002 1.19 0.318
NxI 7 0.029 21.45 <0.0001

N &G0, N addition;; I #EBE , Irrigation ; NXI; jifi 20 +7# 8% , N addition +Irrigation
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Fig.2  The results of LEfSeanalysis for soil bacterial community under different treatments
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Fig.3 The cladogram of soil bacterial community under different treatments ( LDA score=2.0)
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R AR B UK AR R A R BT AR A R R K A3 F] S I 4 1R T e
AR AR SR R TE T AR B A8 A 5 AR s O R IR SC R Y HAEARBE ST, WA
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AR FKIEINBUE T IR 450, R R FUK S AAAE W W BAERUN o 7K 43380 ml SO2s 28
Xt A SBEAN  E Vs A A M, DE SRRl T AT AT BT 11 P A DAy - SR A0 T R v 25 A AR AR I 38 b, X B R R
R R TR RG] RS 9 A TR v 20 K 7 A E A2, R DR A /K A A — I it A ot
T AP AT 20 AN 5 i, O R MR 25 R 0 4% AL 7352 i 1Y) SRR AT) A A T R M DA

S 2 3L HR ( References)

[ 1] LiuXJ, Zhang Y, Han'W X, Tang A H, Shen J L, Cui Z L, Vitousek P, Erisman J W, Goulding K, Christie P, Fangmeier A, Zhang F S.
Enhanced | nitrogen deposition over China. Nature, 2013, 494(7438) : 459-462.

[ 2] Pefiuelas J, Poulter B, Sardans J, Ciais P, van der Velde M, Bopp L, Boucher O, Godderis Y, Hinsinger P, Llusia J, Nardin E, Vicca S,
Obersteiner M, Janssens I A. Human-induced nitrogen-phosphorus imbalances alter natural and managed ecosystems across the globe. Nature
Communications; 2013, 4: 2934.

(3] GRS, ARIITE, SKINER, TKRTT. 26 AFRMRIITAT + R Yyt ik e S - SV IR RS . RS, 2015, 35(5) : 1445-1451.

[ 4] g, 08, KOS, MG, XA T, S8, B, ZBRR I P 52 i SR 1 MU W REE S s . AR, 2014,
34(17) ; 4943-4949.

[ 5] Leff ] W, Jones S E, Prober S M, Barberdn A, Borer E T, Firn J L, Harpole W S, Hobbie S E, Hofmockel K S, Knops J M H, McCulley R L,
La Pierre K, Risch A C, Seabloom E W, Schiietz M, Steenbock C, Stevens C J, Fierer N. Consistent responses of soil microbial communities to
elevated nutrient inputs in grasslands across the globe. Proceedings of the National Academy of Sciences of the United States of America, 2015, 112
(35): 10967-10972.

[ 6] Marvel K, Bonfils C. Identifying external influences on global precipitation. Proceedings of the National Academy of Sciences of the United States of

America, 2013, 110(48) : 19301-19306.

http ; //www.ecologica.cn



252 A E = 38 G

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Sorensen P O, Germino M J, Feris K P. Microbial community responses to 17 years of altered precipitation are seasonally dependent and coupled to
co-varying effects of water content on vegetation and soil C. Soil Biology and Biochemistry, 2013, 64. 155-163.

Bi J, Zhang N L, Liang Y, Yang H J, Ma K P. Interactive effects of water and nitrogen addition on soil microbial communities in a semiarid steppe.
Journal of Plant Ecology, 2012, 5(3) . 320-329.

Yu C, Hu X M, Deng W, Li Y, Xiong C, Ye C H, Han G M, Li X. Changes in soil microbial community structure and functional diversity in the
thizosphere surrounding mulberry subjected to long-term fertilization. Applied Soil Ecology, 2015, 86: 30-40.

Ma H K, Bai G Y, Sun Y, Kostenko O, Zhu X, Lin S, Ruan W B, Zhao N X, Bezemer T M. Opposing effects of nitrogen and water addition on
soil bacterial and fungal communities in the Inner Mongolia steppe: a field experiment. Applied Soil Ecology, 2016, 108. 128-135.

EA, BRI, B, KRB, BT, ABobk. FUER K SRR DU S B8 A SR PR A i R A S ). ARl R UR S PR
%, 2014, 31(3); 237-245.

SRR, XL, BT, RN, MUK, 2R, R, AHBORR. DUBIZRBH 5 B o S U TRRY P 4 o U PR 3 S I AR . AR A A
2018, 38 (1) :195 -205.

Mackelprang R, Waldrop M P, DeAngelis K M, David M M, Chavarria K L, Blazewicz S J, Rubin E M, Jansson J K. Metagenomic analysis of a
permafrost microbial community reveals a rapid response to thaw. Nature, 2011, 480(7377) : 368-371.

Herlemann D P R, Labrenz M, Jiirgens K, Bertilsson S, Waniek J J, Andersson A F. Transitions in bacterial commuanities along the 2000 km
salinity gradient of the Baltic Sea. The ISME Journal, 2011, 5(10) : 1571-1579.

DeSantis G, Davis B G. The expanding roles of biocatalysis and biotransformation.Current Opinion in Chemical Biology, 2006, 10(2) : 139-140.
Caporaso J G, Bittinger K, Bushman F D, DeSantis T Z, Andersen G L, Knight R. PyNAST: ‘a flexible tool for aligning sequences to a template
alignment. Bioinformatics, 2010, 26(2) : 266-267.

Cole J R, Chai B, Farris R J, Wang Q, Kulam S A, McGarrell D M, Garrity G/M, Tiedje J/M. The Ribosomal Database Project ( RDP-II) :
sequences and tools for high-throughput rRNA analysis. Nucleic Acids Researchy, 2005, 33(S1) : D294-D296.

Stevens C J, Dise N B, Mountford ] O, Gowing D J. Impact of nitrogen deposition on the species richness of grasslands. Science, 2004, 303
(5665) : 1876-1879.

Roth T, Kohli L, Rihm B, Achermann B. Nitrogen deposition is negatively related to species richness and species composition of vascular plants
and bryophytes in Swiss mountain grassland. Agriculture Ecosystems & Environment, 2013, 178 121-126.

Cederlund H, Wessén E, Enwall K, Jones C M, Juhanson J, Pell M, Philippot L, Hallin S. Soil carbon quality and nitrogen fertilization structure
bacterial communities with predictable responses of major bacterial phyla. Applied Soil Ecology, 2014, 84 62-68.

Freedman Z B, Romanowicz K J, Upchurch R°A, Zak D R. Differential responses of total and active soil microbial communities to long-term
experimental N deposition. Soil Biology and“Biochemistry, 2015, 90. 275-282.

Turlapati S A, Minocha R, Bhiravarasa P'S, Tisa L S, Thomas W K, Minocha S C. Chronic N-amended soils exhibit an altered bacterial
community structure in Harvard Fotest, MA, USA. FEMS Microbiology Ecology, 2013, 83(2) . 478-493.

Turner M M, Henry H A L. Interactive effects of warming and increased nitrogen deposition on >N tracer retention in a temperate old field ; seasonal
trends. Global Change Biology, 2009, 15(12) ; 2885-2893.

Elser J J, Andersen T, Baron J S, Bergstrom A K, Jansson M, Kyle M, Nydick K R, Steger L., Hessen D O. Shifts in lake N: P stoichiometry and
nutrient limitation, driven by atmospheric nitrogen deposition. Science, 2009, 326(5954) . 835-837.

Chen D M, Lan Z C, Hu'S J, Bai Y F. Effects of nitrogen enrichment on belowground communities in grassland: relative role of soil nitrogen
availability vs. soil acidification. Soil Biology and Biochemistry, 2015, 89. 99-108.

Zhang X M, LiuW, Zhang G M, Jiang L, Han X G. Mechanisms of soil acidification reducing bacterial diversity. Soil Biology and Biochemistry,
2015, 81, 275-281.

Wi, Brde=s, RLLR, Eili, REIH, BSCE. AT RS I L AN 08 2 R v Boms £k S Ak D R TR 4 s . AR A4 iR, 2000, 29
(L) : 6142-6147.

WL, BAR, X, BAOL, B, BSCF, Rk, RIIMNE X M -F 5 B R AR R T 25 AR ). AR5 2 H, 2012,
32(1) . 183-189.

R, RE, Hikk, ZFRHK, REK, TAR. KPS H -S40 B 2SRRI A . B A, 2015, 26
(6): 1807-1813.

Zhang N L, Wan S Q, Guo J X, Han G D, Gutknecht J, Schmid B, Yu L, Liu W X, Bi J, Wang Z, Ma K P. Precipitation modifies the effects of
warming and nitrogen addition on soil microbial communities in northern Chinese grasslands. Soil Biology and Biochemistry, 2015, 89: 12-23.
Bili, 2/, EXAR, BT, A, SRR, AR, 325 FUKERIX o [E 67 R L AN T 2 R VE RIS 4R . R A 2
224, 2015, 26(3) : 739-746.

http ; //www.ecologica.cn



134

SRS A AU SRR A T A2 X DU R B 5 e i S TR TV 45 A O R ) 253

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

T, R, FE, TR, SER, HLA. B XTI RA R AR SR A W i A K TS S R . N AR SRR, 2015,
26(5) : 1297-1305.

Keiblinger K M, Hall E K, Wanek W, Szukics U, Hdemmerle I, Ellersdorfer G, Boeck S, Strauss J, Sterflinger K, Richter A, Zechmeister-
Boltenstern S. The effect of resource quantity and resource stoichiometry on microbial carbon-use-efficiency. FEMS Microbiology Ecology, 2010, 73
(3) : 430-440.

Ramirez K S, Craine ] M, Fierer N. Consistent effects of nitrogen amendments on soil microbial communities and processes across biomes. Global
Change Biology, 2012, 18(6) . 1918-1927.

Naether A, Foesel B U, Naegele V, Wiiest P K, Weinert J, Bonkowski M, Alt F, Oelmann Y, Polle A, Lohaus G, Gockel S, Hemp A4 Kalko E
K V, Linsenmair K E, Pfeiffer S, Renner S, Schoening I, Weisser W W, Wells K, Fischer M, Overmann J, Friedrich M W. Environmental
factors affect acidobacterial communities below the subgroup level in grassland and forest soils. Applied and Environmental Microbiology, 2012, 78
(20) : 7398-7406.

Zhou J, Guan D W, Zhou B K, Zhao BS, Ma M C, Qin ], Jiang X, Chen S F, Cao F M, Shen D L, Li J. Influence of 34-years of fertilization on
bacterial communities in an intensively cultivated black soil in northeast China. Soil Biology and Biochemistry, 2015, 90. 42-51.

Wessén E, Hallin S, Philippot L. Differential responses of bacterial and archaeal groups at high taxonomical ranks to soil management. Soil Biology
and Biochemistry, 2010, 42(10) : 1759-1765.

Fierer N, Lauber C L, Ramirez K S, Zaneveld J, Bradford M A, Knight R. Comparative metagenomic , phylogenetic and physiological analyses of
soil microbial communities across nitrogen gradients. TheISME Journal, 2012, 6(5) . 1007-1017.

Cruz-Martinez K, Rosling A, Zhang Y, Song M Z, Andersen G L, Banfield J F. Effect of rainfall-induced soil geochemistry dynamics on grassland
soil microbial communities. Applied and Environmental Microbiology, 2012, 78(21) . 7587-7595.

http ; //www.ecologica.cn



