ChinaRxiv [$X]

AT translation - View original & related papers at
chinarxiv.org/items/chinaxiv-201702.00097

Effects of nitrogen form and dose on soil N20
emissions in cold-temperate coniferous forests:
Postprint

Authors: Geng Jing, Cheng Shulan, Fang Huajun, Yu Guirui, Xu Minjie, Wang
Lei, Li Xiaoyu, Si Gaoyue, He Shun

Date: 2017-02-09T00:00:00+00:00

Abstract

Atmospheric nitrogen deposition inputs increase nitrogen availability in forest
ecosystems, thereby altering soil N20O production and emission; however, knowl-
edge regarding the effects of deposition of different nitrogen ion forms (oxidized
NO3-N versus reduced NH44--N) on soil N20 emission remains limited. Using a
cold-temperate coniferous forest in the Greater Khingan Mountains as the study
site, we established a nitrogen addition control experiment with three chemical
types (NH4Cl, KNO3, NH4NO3) and four nitrogen addition rates (0, 10, 20,
40 kg N hm-2a-1). Soil inorganic nitrogen content in the litter and mineral
layers, net N20 exchange flux at the soil-atmosphere interface, and related en-
vironmental factors were measured four times per month using a flow injection
analyzer and the static chamber-gas chromatography method. We analyzed the
effects of nitrogen addition type and rate on soil nitrogen availability and soil
N20 flux, and explored the environmental driving mechanisms of soil N20 flux
under nitrogen enrichment conditions. The results showed that both nitrogen
addition type and rate significantly affected soil inorganic nitrogen content, with
the accumulation effect of soil NH4+-N being significantly higher than that of
NO3-N. Nitrogen addition consistently increased soil N20 emission from the
cold-temperate coniferous forest, with NH4NO3 showing the most pronounced
promotion effect, with increases ranging from 442% to 677%, which exceeds the
global average level (134%). Soil N20 flux was positively correlated with soil
temperature and litter layer NH4+-N content, and increased with increasing
nitrogen addition rates. The results indicate that atmospheric nitrogen depo-
sition will not cause substantial NO3-N loss from cold-temperate coniferous
forest soils in the short term, but will significantly promote soil N20 emission.
Furthermore, exogenous NH4+ and NO3- inputs exhibit a synergistic effect in
promoting soil N20 emission, and should be treated separately in future studies
on nitrogen cycling and nitrogen balance in forest ecosystems.
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Abstract

Atmospheric nitrogen (N) deposition increases nitrogen availability in forest
ecosystems, thereby altering soil NyO production and emissions. However, the
contrasting effects of different nitrogen ions (i.e., oxidized NO;~-N and reduced
NH,"-N) on N,O emissions remain poorly understood, particularly in boreal
forests. This study investigated a cold-temperate coniferous forest in the Greater
Khingan Mountains using a nitrogen addition control experiment. We employed
flow chemistry analyzers and static chamber-gas chromatography methods to
measure monthly inorganic nitrogen content in the litter and mineral soil layers,
net N,O exchange fluxes, and related environmental factors. The experiment
included three nitrogen fertilizer types (NH,Cl, KNOg, and NH,NO,) and four
nitrogen addition rates (0, 10, 20, and 40 kg N hm~2).

Our results demonstrate that both nitrogen type and dose significantly altered
soil inorganic nitrogen content, with NH,"-N accumulation significantly exceed-
ing that of NO3;7-N following nitrogen addition. Nitrogen addition consistently
increased N,O emissions from the boreal forest soil, with NH;NO; treatments
producing the highest fluxes (442%-677% increase), which substantially exceeds
the global average (134%). Soil N,O fluxes showed positive correlations with soil
temperature and with NH,*-N content in the litter layer. Multiple regression
analysis revealed that soil temperature was the primary driver of N,O fluxes,
followed by NH,*-N content in the litter layer.

These findings suggest that atmospheric nitrogen deposition will not cause sig-
nificant NO5;7-N leaching from boreal forests in the short term, but can substan-
tially promote soil NyO emissions. Furthermore, exogenous NH," and NO;~
inputs have synergistic effects on soil N,O emissions, a distinction that should

chinarxiv.org/items/chinaxiv-201702.00097 Machine Translation


https://chinarxiv.org/items/chinaxiv-201702.00097

ChinaRxiv [$X]

be considered in future studies of forest ecosystem nitrogen cycling and balance
using nitrogen tracer methods.

Keywords: atmospheric nitrogen deposition; soil N,O flux; nitrogen availabil-
ity; controlling factors; boreal forest

1. Introduction

Nitrous oxide (N,O) is one of the three major greenhouse gases in Earth’ s
atmosphere. On a century timescale, its global warming potential (GWP) per
molecule is 298 times that of CO,, contributing approximately 6% to global
warming. N,O also destroys the ozone layer by diffusing into the stratosphere,
where it is photolyzed, ultimately forming nitric acid and nitrate, thereby in-
creasing ground-level UV radiation. The IPCC Fifth Assessment Report in-
dicates that atmospheric N,O concentrations in 2011 were 20% higher than
pre-industrial levels, with a recent average annual increase of 0.25%. Natural
vegetation soils represent the primary emission source, accounting for 17.7 Tg
N/year (37.8% of total natural sources), while the atmospheric sink is estimated
at 12.6 Tg N/year.

Reactive nitrogen reaches the surface through wet and dry deposition, with
current global atmospheric nitrogen deposition reaching 105 Tg N/year. This
significantly alters terrestrial ecosystem carbon and nitrogen cycles, affecting
ecosystem structure and function. Soil N,O emissions mainly originate from
nitrification and denitrification processes mediated by functional microbial com-
munities including nitrifying bacteria, denitrifying bacteria, and some mycor-
rhizal fungi. Exogenous nitrogen inputs can substantially alter the activity
and composition of N,O-producing microbial communities, thereby affecting
soil N,O emissions. The effects of nitrogen addition on natural vegetation soil
N,O emissions show varied responses including promotion, no change, or inhi-
bition, depending on ecosystem type, initial nitrogen status, nitrogen form, and
duration of application.

Previous studies on N, O emission responses to nitrogen deposition have yielded
some general patterns, but two major deficiencies remain: (1) Most nitrogen
addition experiments have used relatively high doses (>50 kg N hm~2), making
it difficult to observe ecosystem responses to low-dose nitrogen input in the
short term; and (2) Most experiments have employed single nitrogen fertilizer
types, with few studies distinguishing the different effects of oxidized NO;~
and reduced NH, ' inputs on soil N,O emissions in nitrogen-limited natural
vegetation.

Boreal forests, covering 14.5% of global land area with soil carbon density of 296
t C/hm?, represent the second largest forest biome after tropical forests. Due
to low temperatures and slow soil nitrogen mineralization, these forests have
extremely limited nitrogen availability and are highly sensitive to exogenous ni-
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trogen inputs. Nitrogen deposition can significantly alter plant and microbial
community composition, ecosystem productivity, and carbon sequestration po-
tential. While tropical and subtropical forests with favorable hydrothermal con-
ditions were previously thought to be major N,O sources, recent studies indicate
that warming and increased nitrogen deposition have enhanced carbon-nitrogen
transformation in high-latitude forest soils, resulting in substantial N,O emis-
sions. This long-term underestimation of N,O emissions from high-latitude
natural vegetation may contribute to uncertainties in global N,O budgets.

This study addresses these knowledge gaps through a low-dose nitrogen addi-
tion experiment in a cold-temperate coniferous forest of the Greater Khingan
Mountains. We tested two hypotheses: (1) Exogenous nitrogen input would
significantly increase soil nitrogen availability, thereby promoting N,O produc-
tion and emissions; and (2) The stimulatory effect of NO;~-N on N,O emissions
would exceed that of NH,"-N, given that nitrification may dominate N,O pro-
duction in boreal forest soils.

2. Materials and Methods
2.1 Study Area

The study site is located in the Kailaqi Forest Farm, east of the Inner Mon-
golia Greater Khingan Mountains Forest Ecosystem National Field Scientific
Observation and Research Station (50°20 -50°30 N, 121°45 -122°00 E). This
region represents the northwest slope of the Greater Khingan Mountains with
a cold-temperate semi-humid climate. Winters are cold and long, with an av-
erage annual temperature of -5.4°C and annual precipitation of 800-1200 mm.
The highest temperatures occur in August. The main species is Dahurian larch
(Lariz gmelinii), with associated species including white birch (Betula platy-
phylla), rhododendron (Rhododendron simsii), Labrador tea (Ledum palustre),
and lingonberry ( Vaccinium vitis-idaea). The vegetation type is characterized
as Ledum palustre- Larix gmelinii forest. Soils are brown coniferous forest soils
developed on granite residuum, with pH 4.5-6.5 and organic matter content of
10%-30%.

2.2 Experimental Design

Based on actual atmospheric nitrogen deposition fluxes in the Greater Khingan
region, we established a nitrogen addition experiment with three fertilizer types
(NH,Cl, KNO;, and NH,NO,) and four addition rates: control (0 kg N hm~2),
low N (10 kg N hm~2), medium N (20 kg N hm 2), and high N (40 kg N
hm~2). A split-plot design was used with nitrogen level as the main treatment
and nitrogen form as the subplot treatment. Each nitrogen level included a
control to enhance comparison among nitrogen types. To minimize effects of
microtopographic heterogeneity, plot size was 10 m x 20 m with at least 10
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m spacing between adjacent plots. The annual nitrogen addition was evenly
distributed during the growing season (May-October), with fertilizers dissolved
in water and sprayed uniformly across each plot at the beginning of each month.

2.3 Soil N,O Flux Measurement

Soil N,O emissions were measured using the static chamber-gas chromatogra-
phy method. In each plot, permanent bases (50 cm x 50 cm x 10 cm) with
grooves were installed. During measurement, a chamber (50 cm x 50 cm x 20
cm) equipped with a thermometer and small fan was carefully placed into the
groove, which was then filled with water to ensure sealing. Gas samples (100
mL) were collected at 0, 10, 20, and 40 minutes using a syringe. Simultane-
ously, atmospheric temperature, chamber temperature, and soil temperature at
10 cm depth were recorded. Soil volumetric water content was measured using
a TDR200 soil moisture probe (Spectrum Technologies, USA). N,O concentra-
tions were analyzed using a 7890A gas chromatograph (Agilent, USA) with
column oven temperature at 55°C, injector temperature at 250°C, and carrier
gas (Ny) flow rates of 30 mL/min for the main line, 300 mL/min for auxiliary,
and 50 mL/min for makeup. Fluxes were calculated using standard equations.

2.4 Soil Sampling and Analysis

After gas sampling, organic and mineral soil layer samples were collected. Un-
decomposed litter (Oi horizon) was removed, and organic layer samples were
collected using a 10 cm x 10 cm x 15 cm frame along plot diagonals. Mineral
layer samples (0-10 cm) were collected using a 2.5 cm diameter corer. Five
subsamples per plot were composited into one sample. Soil gravimetric water
content was determined by oven-drying. Inorganic nitrogen (NH,"-N and NO5~-
N) was extracted with 2 mol/L KCI (15 g fresh soil in 100 mL KCl, shaken for
1 hour, filtered) and analyzed using an AA3 flow chemistry analyzer (SEAL,
Germany).

2.5 Statistical Analysis

Repeated measures ANOVA was used to compare effects of nitrogen level and
form on soil temperature, moisture, inorganic nitrogen content, and N,O fluxes.
Tukey’ s HSD test was applied for multiple comparisons. Simple and multiple
stepwise regression analyses examined relationships between N,O fluxes and soil
variables. All analyses were conducted using SPSS 16.0, with figures prepared
in SigmaPlot 12.5.
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3. Results
3.1 Soil Temperature and Moisture

Throughout the growing season, soil temperature showed significant seasonal
variation with a unimodal pattern, peaking in August. Soil temperature ranged
from 0.70°C to 15.03°C and was not significantly affected by nitrogen addition.
Soil volumetric water content in the 0-10 cm layer exhibited clear seasonal
fluctuations, gradually decreasing from May to October. May through July had
relatively high moisture content, with the highest values in early May (27.48% in
control plots) and lowest in late October (5.86%). Both nitrogen level and form
significantly altered soil moisture content (P = 0.02 and P = 0.03, respectively).

3.2 Soil N,O Fluxes

Soil N, O fluxes in control plots ranged from -1.19 to 5.13 ¢ N m~2 h™!, showing
significant seasonal variation (P < 0.001) with emission peaks in August. Ni-
trogen addition dramatically increased N,O emissions, with both nitrogen level
and form having highly significant effects (P < 0.001). Emissions increased pro-
gressively with nitrogen addition rate. Among nitrogen forms, NH,NO; showed
the strongest stimulatory effect, with flux increases of 442%-677% compared
to control—substantially higher than the global average of 134%. The effect
of nitrogen dose was more pronounced than nitrogen form, with NH;NO; and
KNO; showing significantly greater promotion than NH,CL

3.3 Soil Inorganic Nitrogen Content

Throughout the growing season, organic layer NH,"-N content showed little
seasonal variation but exhibited two peaks in June and September, ranging
from 0.21 to 9.09 mg/kg in control plots. Mineral layer NH,"-N content was
lower than in the organic layer and showed no significant accumulation except
at high nitrogen doses. Nitrogen addition level significantly affected NH,"-
N accumulation, with low-dose treatments showing higher accumulation than
medium and high doses. For NO;7-N, both organic and mineral layers showed
significant seasonal variation (P < 0.001), with organic layer content (5.4-21.84
mg/kg) approximately 30 times higher than mineral layer content. Nitrogen
form significantly affected organic layer NO;~-N (P = 0.003), while nitrogen
level marginally affected mineral layer NO;—-N (P = 0.09).

4. Discussion

4.1 Effects of Nitrogen Type and Dose on Soil Inorganic Nitrogen
Accumulation

Soil inorganic nitrogen accumulation depends on the balance of nitrogen min-
eralization, microbial immobilization, and adsorption by soil organic matter
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and minerals. Our findings that nitrogen type and dose significantly altered
soil inorganic nitrogen content support our first hypothesis. The accumulation
of NH,*-N was significantly greater than NO;7-N following nitrogen addition,
consistent with results from nitrogen-poor boreal and temperate forests. Only
ammonium-based fertilizers (NH,Cl and NH;NOj;) caused significant NH,"-N
accumulation in mineral soils, indicating that added nitrogen first adsorbs to
litter layer organic matter. In the Greater Khingan region, plants and microor-
ganisms are ammonium-preferring, with plants being superior competitors for
nitrogen. This selective uptake, combined with the soil’ s sandy texture (51.76%
sand, 27.55% silt, 9.53% clay) and high moisture content, results in significant
vertical leaching and denitrification losses, preventing NO;~-N accumulation
except at high deposition rates.

4.2 Effects of Nitrogen Type and Dose on Soil N,O Fluxes

Our results demonstrate that nitrogen addition consistently increased N,O emis-
sions from cold-temperate coniferous forest soils, with annual emissions of (1.23
+ 0.42) kg N hm~2 in control plots. The 442%-677% increase under NH,NO; ad-
dition significantly exceeds the global average of 134%, indicating that nitrogen-
poor boreal forest soils are highly sensitive to exogenous nitrogen input. The
stronger response to nitrate-based fertilizers (KNO5 and NH,NO;) suggests that
denitrification may dominate N,O production processes in these soils. The syn-
ergistic effect of combined NH,* and NO3;~ inputs (NH,NO,) had an additive
effect on emissions, likely because it simultaneously provides substrates for both
nitrification and denitrification while increasing denitrifying bacterial activity.

Soil N,O fluxes were primarily driven by temperature, followed by NH,"-N con-
tent in the litter layer, together explaining 27% of seasonal variation. While
N,O production is biologically mediated and temperature-dependent, emission
rates also depend on substrate availability. The positive correlation with litter
layer NH,"-N content suggests that nitrogen transformation processes in the
organic horizon dominate soil N,O emissions. However, the complexity of N,O
production and consumption processes, combined with our inability to quantify
relative contributions from nitrification and denitrification, represents a limi-
tation. Future research should integrate '°N tracer techniques and molecular
biological methods to precisely determine nitrogen transformation rates and
functional microbial community dynamics.

5. Conclusion

This study examined the effects of nitrogen form and dose on soil N,O emis-
sions in a cold-temperate coniferous forest of the Greater Khingan Mountains
through a low-dose nitrogen addition experiment. We monitored soil inorganic
nitrogen content, N,O fluxes, and hydrothermal environmental factors during
the growing season to explore the environmental drivers of N,O emissions under
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nitrogen enrichment. Three main conclusions emerge:

1. Nitrogen type and dose significantly altered soil inorganic nitrogen content,
with NH,-N accumulation effects exceeding those of NO;7-N. Short-term
atmospheric nitrogen deposition (<3 years) did not cause substantial ni-
trogen loss through leaching.

2. Nitrogen addition consistently increased N,O emissions from cold-
temperate coniferous forest soils, with the magnitude of increase (442%-
677%) exceeding global averages. The stimulatory effects of NH," and
NO;~ inputs showed additive properties.

3. Soil N, O fluxes were primarily temperature-driven, with litter layer NH,*-
N content as a secondary control factor. Emissions increased with nitrogen
addition level.

Limitations include the inability to quantify relative contributions of nitrifica-
tion and denitrification to N,O production. Future research should employ °N
tracer techniques and molecular ecological approaches to elucidate functional mi-
crobial community dynamics and their coupling with nitrogen transformation
processes under nitrogen enrichment.

References

[1] Stocker TF, Qin DH, Plattner GK, Tignor MB, Allen SK, Boschung J, Nauels
A, Yu X, Bex V, Midgley PM. Climate Change 2013: The Physical Science
Basis. Contribution of Working Group I to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge, United Kingdom and
New York, NY, USA: Cambridge University Press, 2013: 1-1535.

[2] Ravishankara AR, Daniel JS, Portmann RW. Nitrous oxide (N5O): the dom-
inant ozone-depleting substance emitted in the 21st century. Science, 2009,
326(5949): 123-125.

[3] China University of Science and Technology Press. 2009, 1-375.

[4] Lamarque JF, Kiehl JT, Brassuer GP, Butler T, Cameron-Smith P, Collins
WD, Collins WJ, Granier C, Hauglustaine D, Hess PG, Holland EA, Horowitz
L, Lawrence MG, McKenna D, Merilees P, Prather MJ, Rasch PJ, Rotman
D, Shindell D, Thornton P. Assessing future nitrogen deposition and carbon
cycle feedback using a multi-model approach: Analysis of nitrogen deposition.
Journal of Geophysical Research, 2005, 110(D19): D19303.

[5] Galloway JN, Townsend AR, Erisman JW, Bekunda M, Cai ZC, Freney JR,
Martelli LA, Seitzinger SP, Sutton MA. Transformation of the nitrogen cycle:
recent trends, questions, and potential solutions. Science, 2008, 320(5878): 889-
892.

[6] Beijing Forestry University. 2012.

chinarxiv.org/items/chinaxiv-201702.00097 Machine Translation


https://chinarxiv.org/items/chinaxiv-201702.00097

ChinaRxiv [$X]

[7] Butterbach-Bahl K, Gasche R, Willibald G, Papen H. Exchange of N-gases
at the Hoglwald Forest—A summary. Plant and Soil, 2002, 240(1): 117-123.

[8] Baggs EM. A review of stable isotope techniques for N, O source partitioning
in soils: recent progress, remaining challenges and future considerations. Rapid
Communications in Mass Spectrometry, 2008, 22(11): 1664-1672.

[9] Nemergut DR, Townsend AR, Sattin SR, Freeman KR, Fierer N, Neff JC,
Bowman WD, Schadt CW, Weintraub MN, Schmidt SK. The effects of chronic
nitrogen fertilization on alpine tundra soil microbial communities: implications
for carbon and nitrogen cycling. Environmental Microbiology, 2008, 10(11):
3093-3105.

[10] Ernfors M, Riitting T, Klemedtsson L. Increased nitrous oxide emissions
from a drained organic forest soil after exclusion of ectomycorrhizal mycelia.
Plant and Soil, 2011, 343(1/2): 161-170.

[11] Zhu TB, Meng TZ, Zhang JB, Yin YF, Cai ZC, Yang WY, Zhong WH. Ni-
trogen mineralization, immobilization turnover, heterotrophic nitrification, and
microbial groups in acid forest soils of subtropical China. Biology and Fertility
of Soils, 2013, 49(3): 323-331.

[12] Corre MD, Veldkamp E, Arnold J, Wright SJ. Impact of elevated N input on
soil N cycling and losses in old-growth lowland and montane forests in Panama.
Ecology, 2010, 91(6): 1715-1729.

[13] Fenn ME, Poth MA, Terry JD, Blubaugh TJ. Nitrogen mineralization and
nitrification in a mixed-conifer forest in southern California: controlling factors,
fluxes, and nitrogen fertilization response at a high and low nitrogen deposition
site. Canadian Journal of Forest Research, 2005, 35(6): 1464-1486.

[14] 2015, 52(2): 262-271.

[15] Zhang W, Mo JM, Yu GR, Fang YT, Li DJ, Lu XK, Wang H. Emissions
of nitrous oxide from three tropical forests in Southern China in response to
simulated nitrogen deposition. Plant and Soil, 2008, 306(1/2): 221-236.

[16] Wei D, Xu-Ri, Liu YW, Wang YH, Wang YS. Three-year study of CO, efflux
and CH, /N,O fluxes at an alpine steppe site on the central Tibetan Plateau and
their responses to simulated N deposition. Geoderma, 2014, 232-234: 88-96.

[17] Lal R. Forest soils and carbon sequestration. Forest Ecology and Manage-
ment, 2005, 220(1/3): 242-258.

[18] Luyssaert S, Schulze ED, Borner A, Knohl A, Hessenmoéller D, Law BE,
Ciais P, Grace J. Old-growth forests as global carbon sinks. Nature, 2008,
455(7210): 213-215.

[19] Allison SD, Hanson CA, Treseder KK. Nitrogen fertilization reduces diver-
sity and alters community structure of active fungi in boreal ecosystems. Soil
Biology and Biochemistry, 2007, 39(8): 1878-1887.

chinarxiv.org/items/chinaxiv-201702.00097 Machine Translation


https://chinarxiv.org/items/chinaxiv-201702.00097

ChinaRxiv [$X]

[20] Maljanen M, Jokinen H, Saari A, Strommer R, Martikainen PJ. Methane
and nitrous oxide fluxes, and carbon dioxide production in boreal forest soil
fertilized with wood ash and nitrogen. Soil Use and Management, 2006, 22(2):
151-157.

[21] Magnani F, Mencuccini M, Borghetti M, Berbigier P, Berninger F, Del-
zon S, Grelle A, Hari P, Jarvis PG, Kolari P, Kowalski AS, Lankreijer H, Law
BE, Lindroth A, Loustau D, Manca G, Moncrieff JB, Rayment M, Tedeschi V,
Valentini R, Grace J. The human footprint in the carbon cycle of temperate
and boreal forests. Nature, 2007, 447(7146): 849-851.

[22] Werner C, Butterbach-Bahl K, Haas E, Hickler T, Kiese R. A global inven-
tory of N,O emissions from tropical rainforest soils using a detailed biogeochem-
ical model. Global Biogeochemical Cycles, 2007, 21(3): GB3010.

[23] Koehler B, Corre MD, Veldkamp E, Wullaert H, Wright SJ. Immediate and
long-term nitrogen oxide emissions from tropical forest soils exposed to elevated
nitrogen input. Global Change Biology, 2009, 15(8): 2049-2066.

[24] Repo ME, Susiluoto S, Lind SE, Jokinen S, Elsakov V, Biasi C, Virtanen
T, Martikainen PJ. Large N,O emissions from cryoturbated peat soil in tundra.
Nature Geoscience, 2009, 2(3): 189-192.

[25] Elberling B, Christiansen HH, Hansen BU. High nitrous oxide production
from thawing permafrost. Nature Geoscience, 2010, 3(7): 506-506.

[26] Zaehle S, Dalmonech D. Carbon-nitrogen interactions on land at global
scales: current understanding in modeling climate-biosphere feedbacks. Current
Opinion in Environmental Sustainability, 2011, 3(5): 311-320.

[27] 2007, 26(3): 29-37.
28] 2009, 37(5): 36-38, 42.

[29] Gao WL, Cheng SL, Fang HJ, Chen Y, Yu GR, Zhou M, Zhang PL, Xu MJ.
Effects of simulated atmospheric nitrogen deposition on inorganic nitrogen con-
tent and acidification in a cold-temperate coniferous forest soil. Acta Ecologica
Sinica, 2013, 33(2): 114-121.

30] 2005, 25(11): 3082-3092.

[31] Xu XL, Li QK, Wang JY, Zhang LM, Tian SN, Zhi L, Li QR, Sun Y.
Inorganic and organic nitrogen acquisition by a fern Dicranopteris dichotoma
in a subtropical forest in South China. PLoS One, 2014, 9(5): €90075.

[32] Sheng WP, Yu GR, Fang HJ, Jiang CM, Yan JH, Zhou M. Sinks for in-
organic nitrogen deposition in forest ecosystems with low and high nitrogen
deposition in China. PLoS One, 2014, 9(2): e89322.

[33] Kuzyakov Y, Xu XL. Competition between roots and microorganisms for
nitrogen: mechanisms and ecological relevance. New Phytologist, 2013, 198(3):
656-669.

chinarxiv.org/items/chinaxiv-201702.00097 Machine Translation


https://chinarxiv.org/items/chinaxiv-201702.00097

ChinaRxiv [$X]

[34] Fang HJ, Yu GR, Cheng SL, Zhu TH, Zheng JJ, Mo JM, Yan JH, Luo YQ.
Nitrogen-15 signals of leaf-litter-soil continuum as a possible indicator of ecosys-
tem nitrogen saturation by forest succession and N loads. Biogeochemistry,
2011, 102(1/3): 251-263.

[35] Wang Y'S, Cheng SL, Fang HJ, Yu GR, Xu MJ, Dang XS, Li LS, Wang L.
Simulated nitrogen deposition reduces CH, uptake and increases N,O emission

from a subtropical plantation forest soil in southern China. PLoS One, 2014,
9(4): €93571.

[36] Lu M, Yang YH, Luo YQ, Fang CM, Zhou XH, Chen JK, Yang X, Li B.
Responses of ecosystem nitrogen cycle to nitrogen addition: a meta-analysis.
New Phytologist, 2011, 189(4): 1040-1050.

[37] Fang HJ, Yu GR, Cheng SL, Zhu TL, Wang YS, Yan JH, Wang M, Cao M,
Zhou M. Effects of multiple environmental factors on CO, emission and CH,
uptake from old-growth forest soils. Biogeosciences, 2010, 7(1): 395-407.

38] 2009, 20(7): 1635-1642.

[39] Zhang JB, Cai ZC, Zhu TB. N,O production pathways in subtropical acid
forest soils in China. Environmental Research, 2011, 111(5): 643-649.

[40] Zhang JB, Cai ZC, Zhu TB, Yang WY, Miiller C. Mechanisms for the reten-
tion of inorganic N in acidic forest soils of southern China. Scientific Reports,
2013, 3: 2342.

[41] Livesley SJ, Grover S, Hutley LB, Jamali H, Butterbach-Bahl K, Fest B,
Beringer J, Arndt SK. Seasonal variation and fire effects on CH,, N,O and
CO, exchange in savanna soils of northern Australia. Agricultural and Forest
Meteorology, 2011, 151(11): 1440-1452.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201702.00097 Machine Translation


https://chinarxiv.org/items/chinaxiv-201702.00097

	Effects of nitrogen form and dose on soil N2O emissions in cold-temperate coniferous forests: Postprint
	Abstract
	Full Text
	Preamble
	Abstract
	1. Introduction
	2. Materials and Methods
	2.1 Study Area
	2.2 Experimental Design
	2.3 Soil N_{2}O Flux Measurement
	2.4 Soil Sampling and Analysis
	2.5 Statistical Analysis

	3. Results
	3.1 Soil Temperature and Moisture
	3.2 Soil N_{2}O Fluxes
	3.3 Soil Inorganic Nitrogen Content

	4. Discussion
	4.1 Effects of Nitrogen Type and Dose on Soil Inorganic Nitrogen Accumulation
	4.2 Effects of Nitrogen Type and Dose on Soil N_{2}O Fluxes

	5. Conclusion
	References


