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Abstract

In the global carbon cycle, natural ecosystems are the only carbon sinks. With the recent intensification of
climate change, this function of natural ecosystems has been emphasized. In particular, wetland ecosystems store
a large amount of carbon per unit area compared to other ecosystems due to their high productivity and low
decomposition rate. In this study, to analyze the carbon storage and soil respiration of a forested wetland in
Korea, we collected seasonal soil samples from inside and outside the wetland of a forested wetland
(N34.602487 E127.495810) located in Umisan, Goheung—gun, Jeollanam-do, and analyzed soil properties and
carbon, and measured soil respiration. We also measured the carbon storage of plant life inside the wetland.
The results showed that the soil carbon storage inside the wetland ranged from 129.58 to 236.77 kgC m™,
while the soil carbon storage outside the wetland ranged from 49.02 to 59.81 kgC m™, indicating that the soil
inside the wetland stored significantly more carbon. Converting this to the wetland area, we found that 233.1 tC
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of carbon was stored in the soil inside the wetland, while the carbon storage of woody and herbaceous
vegetationin the wetland was 1.575 tC, indicating that a relatively large amount of carbon is stored in the
wetland soil. In addition, carbon storage inside the wetland was highly correlated with weighted moisture content
(£0.000, r=0.8443), TP (0.000, r=0.900), and NH4" (2=0.001, r=0.818), while outside the wetland, only TP
was positively correlated (P=0.014, r=0.682). Soil respiration in the target wetlands ranged from 0.2 to 1.3 gCO,
m™? hr! inside and from 1.2 to 2.9 gCO; m™? hr! in soils outside the wetlands. Inside the wetland, it was
significantly and positively correlated with soil organic carbon content (2=0.013, r=0.641) and weight moisture

content (P=0.002, r=0.743), while outside the wetland,

it was positively correlated with ammonium ions

(£=0.029, r=0.804) and nitrate nitrogen ions (2<0.000, r=0.974), indicating that it was influenced by different

factors inside and outside the wetland.
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Fig. 1. (a) Satellite Images and (b) overview of Study Area.
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Fig. 2. Differences of soil properties between inside and outside in the forested wetland (a) Soil texture, (b) Gravimetric

content, (c) T-P, (d) T-N, (¢) NH4", () NO;".

water

Table 1. Average value and standard deviation of soil bulk density, soil organic matter, soil organic carbon, gravimetric water
content, pH, soil texture, T-N, T-P, NH;" and NOs; which measured in forested wetland in Goheung—gun.

Bulk Soil organic SOII. CEyie Total Total . .
. organic water . . Ammonium Nitrate
Density matter pH Soil texture nitrogen | phosphorus 2
@ cm™) @) carbon content (@ ke) (mg k™) (mg kg™ (mg kgk)
& ° (kg m™®) (%) ° £
Inside [0.22+0.06 | 20.05+6.64 |174+57.73(432.8+261.2|5.3£0.1| Clay loam soil 13'946i6'4 635.34+286.74 214'3521 157.6 ND
Outside| 0.68+0.13 | 18.56+0.83 | 52+9.60 | 47.2+14.4 |5.1+0.2 |Sandy loam soil| 3.98+5.55 | 338.11+39.91 | 35.88+20.68 |23.94+25.38
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Correlation between soil respiration and soil properties (a) soil temperature vs. soil respiration, (b) soil organic matter vs.

soil respiration in inside wetland, (c) water content vs. soil respiration in inside wetland (d) NH4" vs. soil respiration in
outside wetland, () NOs~ vs. soil respiration in outside wetland.

v
it

fol

ok

lo fo
of

ool
2 o
A
ﬁl‘

3
o 3
2o

O

al

ot
L

O
-
o
&
X
i)

i)Y
>,
=
of
]
o
>

Ca
Hz
1o
oM.
Ho
o

r

o

)
oy
X

J

ot
-]
il
N
il

Acs AHI E
<

Aol et g

a7k Aol glrke 2 ST 4 glgik wetA, S
RAEAY Sh A% D AF] B U B A7, Ta
Aol HRE 5 J0A BE Sro] A HoR B

olct,

Ab AL

ol

no Aoz FYYRU AN ot

Journal of Wetlands Research, Vol. 26, No. 4, 2024



476 NEF LURSR|0M2| EtA 2P

(o

BaAo| ABUH Wtk A7

References

Adame, M. F., Santini, N. S., Tovilla, C., Vazquez—Lule,
A., Castro, L., and Guevara, M. (2015). Carbon
stocks and soil sequestration rates of tropical riverine
wetlands. Biogeosciences, Vol. 12(12), pp. 3805-3818.

Adhikari, S., Bajracharaya, R. M. and Sitaula, B. K.
(2009). A Review of Carbon Dynamics and
Sequestration in Wetlands. Jjournal of Wetlands
Ecology, Vol. 2(1), pp. 42—46.
https://doi.org/10.3126/jowe.v2i1.1855

Buringh, P. (1984). Organic carbon in soils of the world.
The role of terrestrial vegetation in the global carbon
cycle: Measurement by remote sensing, Vol. 23, pp.
91-100.

Choi, J.S. and Moon, H.T. (2004) Effect of Nitrogen
Addition on Soil Respiration. Jjournal of Ecology and
Environment, vol.27(3), pp. 155-159

Davidson, E. A., Richardson, A. D., Savage, K. E, &
Hollinger, D. Y. (2006). A distinct seasonal pattern of
the ratio of soil respiration to total ecosystem
respiration in a sprucedominated forest. Global
Change Biology, Vol. 12(2), pp. 230-239.

Davidson, E. A., Verchot, L. V. Cattanio, J. H,
Ackerman, 1. L. and Carvalho, J. E. M. (2000).
Effects of soil water content on soil respiration in
forests and cattle pastures of eastern Amazonia.
Biogeochemistry, Vol. 48, pp. 53-69.

Dong, J., Wang, L., Quan, Q., Zhang, J., Li, X., Zhao,
D., Fang, J. and Liu, J. (2022). Factors controlling
soil organic carbon content in wetlands at multiple
scales and assessment of the universality of estimation
equations: A mega—data study. Science of the Total
Environment, Vol. 827, pp. 154380,
https://doi.org/10.1016/j.scitotenv.2022.154380

IPCC (2000) IPCC Special report: Land use, land—use
change and forestry. Robert T. Watson, lan R. Noble,
Bert Bolin, N. H. Ravindranath, David ]J. Verardo
and David J. Dokken (Eds.) Cambridge University
Press, UK. pp 375.

IPCC (2006) IPCC Guidelines for National Greenhouse
Gas Inventories, Prepared by the National Greenhouse
Gas Inventories Programme, Eggleston H.S., Buendia
L., Miwa K. Ngara T. and Tanabe K. (eds).
Published: IGES, Japan.

Kang, D. H., Kim, S. S., Kwon, B. H. and Kim, 1. K.
(2008) Observations of Variations in Soil Organic
Carbon and Carbon Dioxide in the Constructed
Wetland at Goheung Bay. Jjournal of fisheries and
marine scliences education, Vol. 20, pp. 58-67.

Keddy, P. A. (2010) Wetland ecology. Principles and

SRERISIE|A] A 263 4%, 2024

conservation. Cambridge University Press, Cambridge
& New York.

Korea National Arboretum (KNA). (2019). Forest Wet
Land of Korea. Korea National Arboretum. pp. 487.

Lee, E. H., Lim, J. H. and Lee, ]. S. (2010) A Review on
Soil Respiration Measurement and Its Application in
Korea. Korean Journal of Agricultural and Forest
Meteorology, Vol. 12(4), , pp. 264~276

Liu, Y., Chen, Q., Wang, Z., Zheng, H., Chen, Y., Chen,
X., Wang, L., Li, H. and Zhang, J. (2019). Nitrogen
addition alleviates microbial nitrogen limitations and
promotes soil respiration in a subalpine coniferous
forest. Forests, Vol.10(11), pp. 1038.
https://doi.org/10.3390/{10111038

Man, W., Mao, D., Wang, Z., Li, L., Liu, M., Jia, M,,
Ren, C. & Ogashawara, 1. (2019). Spatial and vertical
variations in the soil organic carbon concentration
and its controlling factors in boreal wetlands in the
Greater Khingan Mountains, China. Journal of Soils
and Sediments, Vol. 19, pp. 1201-1214,

Menge, D. N., Hedin, L. O. and Pacala, S. W. (2012).
Nitrogen and Phosphorus Limitation over Long—Term
Ecosystem Development in Terrestrial Ecosystems.
PLOS ONE Vol. 7(8), pp. e42045.
https://doi.org/10.1371/journal.pone.0042045.

Nie, X., Wang, D., Ren, L., Du, Y. and Zhou, G. (2023).
Storage and controlling factors of soil organic carbon
in alpine wetlands and meadow across the Tibetan
Plateau. European Journal of Soil Science, Vol. T4(3),
pp. e13383.

Orchard, V. A. and Cook, F. J. (1983). Relationship
between soil respiration and soil moisture. Soi/
Biology and Biochemistry, Vol. 15(4), pp. 447-453.

Park, S. Y., Yi, Y., Yoon H. and Sung K. ], (2012)
Retention properties of organic matters and nutrients
in wetland soils and coastal sediments. Journal of
Wetland Reserach, Vol. 14(2), pp. 265-275.

Phillips, S. C., Varner, R. K., Frolking, S., Munger, J. W.,
Bubier, J. L., Wofsy, S. C. and Crill, P. M. (2010).
Interannual, seasonal, and diel variation in soil
respiration relative to ecosystem respiration at a
wetland to upland slope at Harvard Forest. Journal of
Geophysical Research: Biogeosciences, Vol. 115(G2).

Quansheng, C., Linghao, L., Xingguo, H. and Zhidan, Y.
(2003). Effects of water content on soil respiration
and the mechanisms. Acta Ecologica Sinica, Vol.
23(5), pp. 972-978.

Reddy, K. R., Wetzel, R. G., and Kadlec, R. H. (2005).
Biogeochemistry of phosphorus in wetlands, in:
Phosphorus: Agriculture and the Environment, edited
by: Sims, J. T. and Sharpley, A. N., American Society



477

of Agronomy, Madison, WI, pp. 263-316.

Savage, K. E. and Davidson, E. A. (2001). Interannual
variation of soil respiration in two New England
forests. Global biogeochemical cycles, Vol. 15(2), pp.
337-350.

Seo, J., Song, K. and Kang, H. (2010) Influences of Water
Level and Vegetation Presence on Spatial Distribution
of DOC and Nitrate in Wetland Sediments. Journal of
wetlands research, Vol.12, pp.59 — 65.

SPSS Inc. Released 2009. PASW Statistics for Windows,
Version 18.0. Chicago: SPSS Inc.

Soil Survey Division Staff (1993), Soil Survey Manual, Soil
Conservation Service, vol. 18, USDA, U.S.A.

Stewart, A. J., Halabisky, M., Babcock, C., Butman, D.
E., D'Amore, D. V. and Moskal, L. M. (2024).
Revealing the hidden carbon in forested wetland soils.
Nature communications, Vol. 15(1), pp. 726.

Sundareshwar, P. V., Morris, J. T., Koepfler, E. K. and
Fornwalt, B. (2003) Phosphorus limitation of coastal

ecosystem processes, Science, Vol. 299, pp. 563 —565.

Turner, R. E., Rabalais, N. N. and Dortch, Q. (2003).
Future aquatic nutrient limitations. Marine Pollution
Bulletin, Vol. 46(8), pp. 1032-1034.

Verhoeven, J. T., Arheimer, B., Yin, C. and Hefting, M.
M. (2006).
wetlands and water quality. 7rends in ecology &
evolution, Vol. 21(2), pp. 96-103.

Xia, S., Song, Z., Van Zwieten, L., Guo, L., Yu, C.,
Wang, W., Li, Q., Hartley, 1. P., Yang, Y., Liu, H,
Wang, Y., Ran, X., Liu, C.-Q. and Wang, H. (2022).
Storage, patterns and influencing factors for soil

Regional and global concerns over

organic carbon in coastal wetlands of China. Global
Change Biology, Vol. 28, pp. 6065—6085.
https://doi.org/10.1111/gcb.16325

Zianis, D. and Radoglou, K. 2006. Comparison between
empirical and theoretical biomass allometric models
and  statistical volume

implications  for  stem

predictions. Forestry Vol. 79 pp. 477~487.

Journal of Wetlands Research, Vol. 26, No. 4, 2024



