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N,O generation by microbesin coastal wetlands: areview
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Abstract: Coastal wetland ecosystems, located at the boundary of land and sea, are characterized by high
biodiversity, high primary productivity, active nutrient element cycling driven by microbes, and important
sources of nitrous oxide (N,O) emissions. N2O is the third greenhouse gas only less than carbon dioxide
(CO,) and methane (CHy), and it is estimated that microbes are responsible for more than 90% of global
N2O emissions, which are closely associated with the diversity, composition and function of microbial
communities involved in nitrogen cycling in coastal wetland ecosystems. This review focuses on
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microbially-driven N,O production and mechanisms that are coupled with carbon, sulfur and metal
cycling, temporal and spatial patterns of N,O emissions regulated by environmental factors, and future
research directions in coastal wetland ecosystems, aiming to reveal microbially-driven N,O production and
regulatory mechanisms by environmental factors, and mitigate global warming.

Keywords: Nitrous oxide, N,O production mechanism, Greenhouse gas, N,O emission, Coastal wetland
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Figurel The schematic representation of major microbial pathways and microbesfor N,O production and nitrogen cycling

in coastal wetland ecosystems
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Note: The pathways include ammonium (Hydroxylamine) oxidation (AOA and AOB) and nitrifier denitrification, nitrite oxidation (NOB),

heterotrophic denitrification (Heterotrophic bacteria), anammox (Anaerobic ammonia oxidizers), dissimilatory nitrate reduction to
ammonium (Dissimilatory nitrate reducing bacteria, DNRA) and complete ammonia oxidation (Comammox, by complete ammonia

oxidizers).
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Tablel Global nitrogen fluxes and key genes/enzymesinvolved in the nitrogen cycle
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Nitrogen-transforming  Terrestrial nitrogen flux ~ Marine nitrogen flux Gene/Enzyme Reference
processes (Tolyear) (Tolyear)

Nitrogen fixation 110 180 nifHDK; anfHGDK; vnfHGDK; nifH [19]

Nitrification 990 6 000 amoA; hao; nxrB; nirk [5]

Denitrification 430 2125 narG; nirS; nirK; norB; nosZ [19]

Anammox 0 125 hzo; Nir; Nor [5]

Ammonification 1450 8 800 hep; norz; gdh; ureC; cNor; gNor; [20]

CuaNor; PssoNor; Hep; NO-D
Assimilation 2110 12 800 Nas/nasA; cNir; Cyn/cynS; Ure/ureABC [21]
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Table2 Temporal and spatial dynamics of N,O emissionsin coastal wetlands

pinsciie il Hh A A KA A 35 NO 3 pURE=E) S 3R
Marsh type Location Vegetation/ecosystem N,O fluxes (mg/(m?-h)) Observation season Reference
Coastal Yellow River estuary, Phragmites australis, Suaeda 0.011 7 (—0.005 1-0.080 5) Spring [78]
marsh China salsa, Tamarix chinensis
Yangtze River estuary, Scirpus mariqueter 0.069 9 Summer [79]
China Mudflat -0.0276 Autumn [80]
P. australi, S. mariqueter (=0.009 6-0.007 9)
Min River estuary, Cyperus malaccensis (0.019 5-0.051 4) Autumn [81]
China Spartina alterniflora 0.010 8 (—0.023 0-0.046 6) Autumn [82]
0.009 2 (0.003 7-0.015 7) Spring
Dagu estuary P. australis (-0.128 9-0.151 1) Winter [83]
(Jiaozhou Gulf), China
Eastern Antarctica Wolong Wet tundra 0.006 9 (—0.020 6-0.085 6) Winter [84]
(coastal tundramarsh)  \jegic tundra 0.001 8 (~0.005 3-0.050 8)
Dry tundra 0.019 8 (0.006 4-0.027 1)
0.024 8 (0.012 8-0.039 8)
Tuanjie Ponds 0.000 041 (—0.005 9-0.012 6)
Shallow fens 0.010 5 (-0.003 6-0.012 1)
L ake Nakaumi Carex rugulosa, P. australis, 0.02 (—0.01-0.06) Summer [85]
(coastal lagoon), Japan Solidago altissima
Sand shore 0.03 (0.02-0.05)
Fildes Peninsula, Adenocystis utricularis 0.001 8 (0.000 8-0.002 5) Winter [86]
Maritime Antarctic
Mangrove Jiulongjiang estuary, Kandelia candel (0.002 9-0.195 3) Summer [87]
swamp China
Brisbane River, Avocennia marina, (—0.004-0.065) Spring [88]
Queensland, Australia  Aegiceras corniculatu
Deep Bay region, Kandelia obovata, 0.757 2 Summer [89]
Futian, South China Acanthusiilicifolius,
Bruguiera gymnorrhiza
Deep Bay region, Magueyes Island, (0.150 9-0.417 6)
Mai Po, South China  Puerto Rico Rhizophora mangle
Magueyes Island, Rhizophora mangle 0.022 (0.002 2-0.061 6) Spring [34]
Puerto Rico
Moreton Bay, A. marina (—0.002-0.014) Autumn [35]

Queensland, Australia
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