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Effects of nitrogen and sulfate additions on methane production and oxidation in
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Abstract: Methane (CH,) is a major greenhouse gas (GHG) , accounting for approximately 17% of global warming, with
a relative global warming potential 34 times more powerful than carbon dioxide (CO2) on a mass basis. Wetland systems are
considered to be the largest natural source of CH, emitted to the atmosphere, with CH, fluxes determined through analysis
the balance of CH, production by methanogens under anoxic conditions, and CH, oxidation by methanotrophs under aerobic

conditions. Human activities, such as fossil —fuel combustion and nitrogen fertilizer application, have resulted in much
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higher nitrogen and sulfate loads in wetlands. Although estuarine tidal marshes are important contributors to GHG emissions,
the relationships between CH, production, oxidation, and nitrogen and sulfate enrichment have not been thoroughly
investigated in these environments. Using laboratory incubation techniques, the short—term effects of nitrogen and sulfate
addition on soil CH, production and oxidation of the tidal Cyperus malaccensis wetlands of the Min River estuary were
measured in July 2015, and the soil physical and chemical properties were examined following nitrogen and sulfate
treatments. Under anoxic conditions, CH, production rates in the NH,Cl (N1) and NH,NO,(N3) treatments at different
stages increased by 136.70% and 136.55% , respectively, which were significantly higher than in the control treatment ( P<
0.05). CH, production rates in soils under the NH,CI+K,SO,(NS1) and NH,NO,+K2SO,(NS1) treatments increased after
the 3rd, 6th, 12th, 15th, and 18th days following incubation. However, there were no significant differences in the KNO,
(N2), K,S0,(S), and KNO, +K2S0, ( NS2) treatments compared with the control. Under aerobic conditions, CH,
oxidation rates in the N2, N3, NS2, and NS3 treatments increased by 145.30%, 142.93%, 139.48%, and 112.68%
respectively, compared with the control, whereas CH, oxidation rates in the N1 and S treatments decreased by 16.54% and
20.99%, respectively, compared to the control treatment, although no significant differences were observed across the
treatments. During the incubation period, daily CH, production and oxidation initially increased with incubation time but
then decreased in different nitrogen and sulfate treatments, with the magnitudes of both CH, production and oxidation
exhibiting similar temporal patterns across treatments. There were no significant differences in soil dissolved organic carbon
(DOC), electrical conductivity, and pH among the different treatments ( P<0.05) following short —term incubation;
however, ammonium nitrogen (NH-N) concentrations increased significantly in the N1, N3, NS1, and NS3 treatments ( P
<0.05) ; nitrate nitrogen (NO;-N) concentrations increased significantly in soils under the N2, N3, NS2, and NS3 ( P<0.
05) ; and sulfate (SO ) concentrations increased significantly in soils under the S, NS1, NS2, and NS3 treatments ( P<0.
05). Correlation analyses indicated that DOC, NH;-N, and NO;-N were the main driving factors influencing the production

and oxidation of CH, in the Min River estuary tidal wetlands.
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Table 1 Physicochemical characteristics of the soils in the Min River estuary
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AL T RS AL B A AR B0 T R AL B A IR R TG 0 T X T CH, AR L e S AL TR
A ELAT AR i B TR, B R AL 1 BEJRBR , T B 0.25 EEZR A NOS-N Bt I ml it Y o 4
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FEIEE NHARH T NOS-N & 7E & NO, AbHI R, SOT & e & SO AbFE T 35 18 3 = T X f AL #1L ( P<O.
05) . HXKAHT iR, DOC \NH;-N Fl NO;-N J2& & i 78 Jin b ¥R 5 i 18] YT 30] 19 b+ 48 CH, 7= 2B/ A%
1 FEZ A R

G

A

52 3L HK ( References)

[ 1] [IPCC. Climate change: The physical science basis. Cambridge, New York: Cambridge University Press, 2013.

[ 2] Hergoualc'h K A, Verchot L. V. Changes in soil CH, fluxes from the conversion of tropical peat swamp forests: a meta-analysis. Journal of
Integrative Environmental Sciences, 2012, 9(2) : 93-101.

[ 3] Bodelier P L E, Laanbroek H J. Nitrogen as a regulatory factor of methane oxidation in soils and sediments. FEMS Microbiology Ecology, 2004, 47
(3):265-2717.

[ 4] Gundale M J, From F, Bach L. H, Nordin A. Anthropogenic nitrogen deposition in boreal forests has a minor impact on the global carbon cycle.
Global Change Biology, 2014, 20( 1) : 276-286.

[ 5] Gauci V, Dise N B, Howell G, Jenkins M E. Suppression of rice methane emission by sulfate deposition in simulated acid rain. Journal of
Geophysical Research: Biogeosciences, 2008, 113(G3) : GOOAO7.

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

(7] HMAE, WER, WAR, IR, 25, ZMIRTIRO G TTRE I S L. RS2k, 2014, 33(2) : 495-501.

[ 8] Bridgham S D, Cadillo-Quiroz H, Keller J] K, Zhuang Q L. Methane emissions from wetlands: biogeochemical, microbial, and modeling
perspectives from local to global scales. Global Change Biology, 2013, 19(5) : 1325-1346.

[ 9] Eriksson T, OQUIST M G, Nilsson M B. Production and oxidation of methane in a boreal mire after a decade of increased temperature and nitrogen
and sulfur deposition. Global Change Biology, 2010, 16(7) . 2130-2144.

[10] Bodelier P L E, Roslev P, Henckel T, Frenzel P. Stimulation by ammonium-based fertilizers of methane oxidation in soil around rice roots. Nature,
2000, 403(6768) : 421-424.

[11] Kravchenko I K. Methane oxidation in boreal peat soils treated with various nitrogen compounds. Plant and Soil, 2002, 242(1) . 157-162.

[12]  |WOW, Ihikiim, ERF, AN e, SN, ARELEN. B H il 39 YV Ioe 7= A V8 0 B XA AL R U A 17 R0 A BE 5T . 3 )
2%, 2012, 10(4) ; 451-458.

[13] Aronson E L, Dubinsky E A, Helliker B R. Effects of nitrogen addition on soil microbial diversity and methane cycling capacity depend on drainage
conditions in a pine forest soil. Soil Biology and Biochemistry, 2013, 62; 119-128.

[14] Lunau M, Voss M, Erickson M, Dziallas C, Casciotti K, Ducklow H. Excess nitrate loads to coastal waters reduces nitrate removal efficiency ;
mechanism and implications for coastal eutrophication. Environmental Microbiology, 2013, 15(5) : 1492-1504.

[15] Bukaveckas P A, Isenberg W N. Loading, transformation, and retention of nitrogen and phosphorus in the tidal freshwater James River ( Virginia) .
Estuaries and Coasts, 2013, 36(6) :1219-1236.

[16] Richards C M, Pallud C. Kinetics of sulfate reduction and sulfide precipitation rates in sediments of a bar-built estuary ( Pescadero, California) .
Water research, 2016, 94.86-102.

[17] Mou X J, Liu X T, Tong C, Sun Z G. Responses of CH, emissions to nitrogen addition and Spartina alterniflora invasion in Minjiang River estuary,
southeast of China. Chinese Geographical Science, 2014, 24(5) : 562-574.

[18] Thang N M, Briichert V, Formolo M, Wegener G, Ginters L, Jgrgensen B B, Ferdelman T G. The impact of sediment and carbon fluxes on the
biogeochemistry of methane and sulfur in littoral Baltic Sea sediments ( Himmerfjirden, Sweden). Estuaries and Coasts, 2013, 36(1) : 98-115.

[19])  wifli, SBORM, JoARE. IR s AT 2hid S A (NAND) PP, U044 FARRRERR, 2014, 50(5) : 951-959.

[20] Gauci V, Dise N B, Howell G, Jenkins M E. Suppression of rice methane emission by sulfate deposition in simulated acid rain. Journal of
Geophysical Research: Biogeosciences, 2008, 113(G3) : GOOAO7.

[21] Marton J M, Herbert E R, Craft C B. Effects of salinity on denitrification and greenhouse gas production from laboratory-incubated tidal forest soils.
Wetlands, 2012, 32(2) . 347-357.

[22] Praeg N, Wagner A O, Illmer P. Effects of fertilisation, temperature and water content on microbial properties and methane production and methane

oxidation in subalpine soils. European Journal of Soil Biology, 2014, 65:96-106.

http ; //www.ecologica.cn



10 G 37 %

(23] EflEw, THeHr, THB. 25 /RER S =T EEZFE CH, HE22 50 EZHEE M N 2. @R, 2003,1 (1) ; 63-67.

[24] EFM, e, HHE, IQT“ S, 20, B R XN R P VE Y S R AR S AR X TR W B RS e i A S, 2010, 30
(24) :7092-7100.

[25] Patra A K, Yu Z T. Combinations of nitrate, saponin, and sulfate additively reduce methane production by rumen cultures in wvitro while not
adversely affecting feed digestion, fermentation or microbial communities. Bioresource Technology, 2014, 155: 129-135.

[26] Whalen S C, Reeburgh W S. Methane oxidation, production, and emission at contrasting sites in a boreal bog. Geomicrobiology Journal, 2000, 17
(3): 237-251.

[27] Chan A S K, Parkin T B. Methane oxidation and production activity in soils from natural and agricultural ecosystems. Journal of Environmental
Quality, 2001, 30(6) : 1896-1903.

[28] Nedwell D B, Embley T M, Purdy K J. Sulphate reduction, methanogenesis and phylogenetics of the sulphate reducing bacterial communities along
an estuarine gradient. Aquatic Microbial Ecology, 2004, 37(3) : 209-217.

[29] Eriksson T, Oquist M G, Nilsson M B. Effects of decadal deposition of nitrogen and sulfur, and increased temperature, on methane emissions from
a boreal peat land. Journal of Geophysical Research, 2010, 115(G4) : G04036.

[30] A, M, &M HhaEat, SH7. BN SOT DUREXTT H v ity e HEGH s op SRR | 2010, 30(3) : 302-308.

[31] Smith L K, Lewis W M, Jr. Seasonality of methane emissions from five lakes and associated wetlands of the Colorado Rockies. Global
Biogeochemical Cycles, 1992, 6(4) . 323-338.

[32] WIHA, I, 485505, Elm AT LR e SRS f i B s SRR, Bk 24z, 2015, 24(6) :204-212.

[33] Zhu G B, Jetten M S M, Kuschk P, Ettwig K F, Yin C Q. Potential roles of anaerobic ammonium and methane oxidation in the nitrogen cycle of
wetland ecosystems. Applied Microbiology and Biotechnology, 2010, 86(4) : 1043-1055.

[34] King G M, Schnell S. Effects of ammonium and non-ammonium salt additions on methane oxidation by Methylosinus trichosporium OB3b and Maine
forest soils. Applied and Environmental Microbiology, 1998, 64(1) . 253-257.

[35] Crill P M, Martikainen P J, Nykianen H, Silvola J. Temperature and N fertilization effects on methane oxidation in a drained peatland soil. Soil
Biology and Biochemistry, 1994, 26(10) : 1331-1339.

[36] Shukla P N, Pandey K D, Mishra V K. Environmental determinants of soil methane oxidation and methanotrophs. Critical Reviews in Environmental
Science and Technology, 2013, 43(18) : 1945-2011.

[37] Tamai N, Takenaka C, Ishizuka S. Water-soluble Al inhibits methane oxidation at atmospheric concentration levels in Japanese forest soil. Soil
Biology and Biochemistry, 2007, 39(7) . 1730-1736.

[38] Nyerges G, Stein L Y. Ammonia cometabolism and product inhibition vary considerably among species of methanotrophic bacteria. FEMS
Microbiology Letters, 2009, 297(1) : 131-136.

[39] T Hepr, SEAHER. ZALX e b K H B f ML . A A 388, 2001, 17(3) : 30-34.

[40] Reay D S, Nedwell D B. Methane oxidation in temperate soils: effects of inorganic N. Soil Biology and Biochemistry, 2004, 36(12) : 2059-2065.

[41] Shiraishi K, Oku M, Uchida D, Yurimoto H, Sakai Y. Regulation of nitrate and methylamine metabolism by multiple nitrogen sources in the
methylotrophic yeast Candida boidinii . FEMS Yeast Research, 2015, 15(7), DOI: 10.1093/femsyr/fov084.

[42] Boucher O, Friedlingstein P, Collins B, Shine K P. The indirect global warming potential and global temperature change potential due to methane
oxidation. Environmental Research Letters, 2009, 4(4) . 549-567.

[43] Tate K R. Soil methane oxidation and land-use change-from process to mitigation. Soil Biology and Biochemistry, 2015, 80: 260-272.

[44] B, KT, Pz, B35 KR M 3 P e R AECE A TE A TP Be B AL TR BT, BREERL2A, 2005, 26(4) ¢ 13-17.

[45] Zigah P K, Oswald K, Brand A, Dinkel C, Wehrli B, Schubert C J. Methane oxidation pathways and associated methanotrophic communities in the

water column of a tropical lake. Limnology and Oceanography, 2015, 60(2) . 553-572.

http ; //www.ecologica.cn



