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Seasonal flooded forest is one of the most important wetlands in northeastern 
Thailand, not only for its abundant biodiversity, but also as a source of carbon 
sequestration. Organic carbon plays an specially important role in the soil 
carbon cycle. To reinforce comprehension on soil organic carbon, five profiles 
in a northeast plateau were observed and determined. The most common trees 
were Albizzia Odoratissima, Combretum quadrangulare Kurz, and Streblus

asper Lour. The contents of Soil Organic Carbon (SOC) varied from 3.52 g/kg
to 5.90 g/kg in top soil and varied from 4.01 g/kg to 4.60 g/kg in sub soil. There 
was a close relationship between SOC content and basic soil properties, 
especially the bulk density of both top soil layer and sub soil layer. The 
distribution of SOC content was harmonized with distribution of plants. In 
comparative analysis, the flooded forest that composted with a high percentage 
of vegetation coverage (Khud Tew, Khud Chi Tao) had a significantly higher 
SOC content. The SOC storage varied from 2.65 kg/m2 to 4.18 kg/m2. Khud 
Chi Tao contained the maximum amount of SOC storage, whereas Kwo Chi 
Yai had the minimum. Limitation of flooded forest survival concerned over 
landscape change, particularly plant disappearance and waterlogged shortage. 
Therefore, vegetation and hydrology management have to be implemented 
practically to retain the existing organic carbon in wetlands and allow the soil 
to sequester additional carbon. 
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1. INTRODUCTION

One of the most important wetland ecosystem 
services is carbon sequestration. it is worth 
emphasizing that, in wetland landscapes, all 
components are continually interacting with 
ecosystems (Chaikumbung et al., 2019). Wetlands 
have mostly been recognized as the transitional zones 
that fall between terrestrial and aquatic ecosystems 
and are highly productive. They are characterized by 
waterlogged conditions with a low decomposition rate 
of organic material and impact the wetland creation on 
carbon stocks. Wetlands are also known to be an 
important component of the global carbon cycle 
(Moomaw et al., 2018).  Although wetlands occupy 
only 6% of the earth’s surface but is one of the most 
important parts of terrestrial ecosystems and the 
largest carbon pool (Stolarski et al., 2018). However, 
the complexity of the wetland carbon cycle causes 

difficulty in estimating the wetland carbon pool.  Soil 
organic carbon (SOC) is one of the keystone elements 
in controlling soil properties.  It enables soils to be 
resilient against extended droughts and extreme 
rainfall events, especially in wetlands.  Generally, 
wetlands contain a disproportionate amount of the 
earth’s total soil carbon which holding between 20 and 
30% (Ren et al., 2020). The global soil organic carbon 
stock in wetlands is uncertain, ranging from 202 to 535 
Pg C (Mitra et al., 2005). The SOC content in wetland 
soils is also affected by natural conditions and human 
activities (Ma et al., 2015), which play a key role in 
the global Carbon cycle and how much organic carbon 
remains in wetlands. SOC is a reservoir in the 
terrestrial ecosystem and it maintains soil properties 
such as organic matter, and it is critical in tackling 
climate change because of its carbon storage capacity 
(Lal et al., 2018). Soil properties play a key role in soil 
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carbon accumulation and transformation (Sims et al., 
2012). During the management of wetlands, we should 
pay attention to the original SOC content before 
wetland cultivation, as well as the balance of SOC 
inputs and outputs during the wetland cultivation 
process. In addition, other soil properties, such as pH, 
total nitrogen, and bulk density, should be considered 
due to their close correlation with SOC (Xu et al., 
2019). The 12th session of Conference of Parties (COP 
12) aspires to increase global soil organic matter
stocks as a compensation for the global emissions of
greenhouse gases by SOC anthropogenic sources
(Minasny et al., 2017), highlighting the extreme role
that wetlands play in the carbon cycle.  Therefore,
carbon sequestration is an important environmental
service that wetland ecosystems can provide (Marin-
Muniz et al., 2014) .  However, information about the
vertical distribution and storage of SOC in wetlands is
scant.

The Chi River is located in the Chi River Basin, 
Northeastern of Thailand. The Chi River Basin is one 
of the two major sub-basins forming the lower part of 
the Mekong River and its estimated catchment area is 
4,947,600 ha (Arunyanart et al., 2017). One of the 
wetland types within the Chi River is the seasonal 
flooded forests which are mostly influenced by water 
and climate conditions. Nowadays, the loss of seasonal 
flooded forests in the Chi River territory is considered 
to be the highest among the lower Mekong area over the 
past 60 years (Homdee et al., 2016). The seasonal 
flooded forests serve as a natural wetland capital or 
stock, yielding a sustainable flow of useful goods and 
services. However, increasingly intensive human 
activities and the vulnerability of climate change have 
caused severe degradation of natural wetlands, which 
directly threatens wetland health and causes the decline 
of its ecological functions. Hence, the natural wetland 
conditions and human activities also affect SOC content 
in soils and its major role in forming and stabilizing soil 
structure, enhancing soil physical properties, and 
nutrient recycling. Because of t he extreme role that 
wetlands play in the carbon cycle, it is feasible to 
consider changes in wetlands, along with the SOC 
process, may transform them to be a carbon sink.  To 
envision this, an explicit description of the SOC 
distribution and storage is needed. The overall 
objectives of this study were (i)  to examine the 
relationship between some soil properties and SOC 
content; and ( ii)  to estimate the SOC storage of the 
wetland. 

2. METHODOLOGY

2.1 The study site

The Chi Basin is located in the central part of 
Northeastern Thailand between the range 15.3 ºN to 
17.3 ºN and 101.3 ºE to 104.3 ºE (Figure 1). The 
overall topography has an average elevation of 120 to 
170 m.a.s.l., and its total catchment area covers 
approximately 49,476 km2.  Rice is the major crop in 
the rain-fed agricultural area, which accounts for 60% 
of the land use in the basin.  There are mountains and 
high plateau ranges on the border from the North to 
the West making the lower part look like a flat bowl in 
which deciduous and evergreen forests are the main 
forest types covering 20% of the entire area (Homdee 
et al., 2016). Chi River has wetlands composed of 
flooded forests as follows: Khud Tew, Nong Ngow, 
Kang Kha, Khud Chi Tao and Kwo Chi Yai.  These 
five seasonal flooded forests and wetlands, which 
cover along the river basin, are public benefit areas. 
These five wetlands provide important ecological 
services and benefits to the local communities causing 
continuous use and disturbance of the area. The local 
climate is influenced by tropical monsoons and this 
area usually undergoes a long period of warmth due to 
its inland nature and tropical latitude zone.  From 
March-May is the summer season, the hottest period 
of the year, with maximum temperatures usually 
reaching 40oC or higher.  The following rainy season 
significantly reduces the temperatures from mid-May 
to lower than 40oC. Then, the outbreaks of cold 
weather from China occasionally reduce the 
temperatures to fairly low values in the winter. 

In the Northeast Plateau of the Chi River Basin, 
the average annual precipitation is approximately 
1,150 mm/year and the range in precipitation varies 
between 900 mm and 1,700 mm.  The terrain slopes 
downward slightly from West to East and this area has 
distinct geological features, characterized by sandy 
sedimentary rocks from mainly the Triassic period and 
younger with a limited area of quaternary alluvium 
(Department of Mineral Resources, 2013). The 
quaternary alluvium can be found particularly along 
the river valleys. 

2.2 Sampling and laboratory method 

The field survey was conducted from January to 
March in 2017. The sampling points of soils were 
distributed according to seasonal flooded forests and 
each  site  was  assigned  a  set  of  10  plots  to  collect 
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Figure 1. Location of Chi River Basin and distribution of the sampling points. Seasonal flooded forests P1 (Khud Tew); P2 (Nong Ngow); 
P3 (Kang Klia); P4 (Khud Chi Tao); P5 (Kwo Chi Yai). 

soil samples. Samples from each plot were collected in 
triplicate from both the surface and subsurface soil. The 
soil samples were collected after the removal of plant 
debris and detritus. Sampling was performed using a 
10 cm diameter drill in each layer at two depth ranges, 
0 cm to 30 cm and 30 cm to 60 cm, to get a total of 
300 soil samples that were kept in plastic bags. Using a 
cut ring method, two bulk density samples were 
collected in a stainless steel cylinder of 100 cm3 in 
volume.  At the laboratory, the composite soil samples 
were oven dried until constant weight and then weighed 
g for soil bulk density determination (Rayment and 
Higginson, 1992). The soil samples were described as 

air dried, then the temperature shall not be more than 
30°C). The dried samples were sieved by 100 meshes. 
The SOC was determined by dry combustion method 
(Wang et al., 2016). Ammonium saturation method was 
used to determine cation exchange capacity (CEC) 
(Chesworth, 2008). Soil reaction (pH) was measured in 
a solution with 1 to 5 ratios between soil and water (He 
et al., 2012). Soil texture was determined by pipet 
method. Kjeldahl method determined total nitrogen 
(Bremner and Mulvaney, 1982). Organic matter was 
determined by Walkley- Black method. For general 
wetland surveys, we used line transect and vegetation 
inventory and specie identification (Table 1).

Table 1. Wetland and environment 

Profile Wetland Coordinate Flood duration 
(months/year) 

Vegetation Soil sample 
Species Coverage 

P1 Khud Tew 103.97E 15.86N <2 Albizia Odoratissima,  

Combretum quadrangulare Kurz, 

Streblus asper Lour 

66% 30 

P2 Nong Ngow 103.93E 15.96N <2 Albizia Odoratissima,  

Streblus asper Lour 

55% 30 

P3 Kang Klia 103.82E 16.16N <2 Albizia Odoratissima,  

Combretum quadrangulare Kurz  

53% 30 

P4 Khud Chi Tao 103.74E 16.22N <2 Albizia Odoratissima,  

Combretum quadrangulare Kurz, 

Streblus asper Lour 

78% 30 

P5 Kwo Chi Yai 103.96E 16.21N 2-3 Albizia Odoratissima,  

Combretum quadrangulare Kurz 

41% 30 
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Soil bulk density was determined by 
undisturbed soil sampling with stainless steel cylinder. 
Then the bulk density of dry matter (BD, g/cm3)  was 
calculated from (1). 

BD = m(1-Cw)/V  (1) 

Where; m is total weight of wet soil (g); Cw is 
water content (%); V is volume of cylinder (cm3). 

The soil organic carbon density of a single 
section is calculated by the layer thickness and weight. 
The difference of SOC in difference depths can help 
to reduce the estimation error (Zhang et al., 2018). The 
density of SOC (Dsoc, kg/m3) was calculated from (2). 

Dsoc = BD × SOC    (2) 

Where; BD indicates soil bulk density (g/cm3); 
and SOC indicates the organic Carbon content of dry 
soil (g/kg). 

In the other profile, the organic carbon storage 
was calculated from (3) (Bridhikitti, 2017). 

TC = ∑Dsoci × Hi (3) 

Where; TC is the SOC storage per unit area 
(kg/m2); H is the thickness of profile (m); “ i”  is 
number of layers.  

2.3 Statistical analysis 

The data analysis was calculated by statistical 
software (SPSS). Soil properties were measured in 
terms of average and deviation. The relationship 
between SOC components and partial soil properties 
were conducted with Pearson's correlation coefficient 

by proposing the related variables in the linear 
regression model. The differences of mean values in 
the soil data sets were determined between various 
wetlands and at different depths.  The t-test method 
was used to determine statistical differences at a 95% 
level of confidence (p<0.05). 

3. RESULTS AND DISCUSSION

3.1 Result

3.1.1 Soil physical and chemical properties 

Table 2 shows the physical and chemical 
properties of all the soil samples. The pH values 
indicated that all layers were slightly acid (less than 
6.5). Cation exchange capacity values were medium to 
moderately high (more than 10 meq 100/g). The rich 
exchange properties of these soils are in the clear 
results indicate. 

The whole bulk density was 1.12 g/cm3 to 1.51 
g/cm3. However, the areas with flood duration of 2-3 
months/year showed lower bulk densities than the 
areas with flood duration less than 2 months/year. 

The organic matter of all layers also showed a 
variability of contents from low to moderately high 
(less than 3.5%). However, the average organic matter 
content of soil samples with high vegetation cover (P1, 
P2, P3, and P4) was a little higher. 

In general, the percentage nitrogen in these soils 
showed low values (less than 0.2%). Except that soil 
samples of P3, P4, P5 had high nitrogen values in the 
top soil, depending strongly on both organic matter 
and soil depth.  When the organic matter values were 
high, the percentage nitrogen tended to be higher and 
certainly was more abundant in top soil layers than sub 
soil layers. 

Table 2. Soil properties 

Remark: Top soil is 0 cm to 30 cm; Sub soil is 30 cm to 60 cm; ± is standard deviation 

Wetland Depth BD CEC pH OM N SOC 
g/cm3 meq 100/g % % g/kg 

Khud Tew (P1) Top soil 1.23±0.02 20.52±1.84 4.64±0.29 3.34±1.55 1.83±0.19 5.81±3.30 
Sub soil 1.48±0.05 14.32±3.73 4.65±0.30 0.72±0.21 0.14±0.06 4.60±1.90 

Nong Ngow (P2) Top soil 1.21±0.02 19.28±2.81 5.04±0.38 2.00±0.58 1.96±0.08 5.33±3.02 
Sub soil 1.41±0.05 20.21±3.01 5.52±0.41 0.74±0.31 0.16±0.06 4.21±2.51 

Kang Klia (P3) Top soil 1.28±0.01 20.33±1.80 4.72±0.24 2.02±0.51 6.22±2.39 5.02±1.94 
Sub soil 1.51±0.01 15.01±4.23 5.09±0.25 0.65±0.36 0.13±0.04 4.04±1.51 

Khud Chi Tao (P4) Top soil 1.32±0.04 19.04±2.48 4.56±0.32 2.49±0.72 6.83±2.64 5.90±2.73 
Sub soil 1.50±0.06 13.49±3.42 4.94±0.46 0.74±0.27 0.13±0.06 4.01±1.92 

Kwo Chi Yai (P5) Top soil 1.12±0.01 15.14±4.05 4.88±0.23 1.12±0.13 3.77±1.21 3.52±0.91 
Sub soil 1.20±0.03 15.72±4.77 5.07±0.27 0.96±0.23 0.13±0.03 4.11±1.10 
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3.1.2 Distribution of the SOC content

In Figure 2, the vertical distributions of SOC are 
shown.  Profiles P1, P2, P3 and P4 had high SOC 
content in the top soil layer and decreased sharply in 
sub soil layers.  Profile P5 presented the inverse SOC 
content distribution pattern, showing higher SOC 
content in the sub soil layer. Plants in P5 had probably 
undergone drought circumstances or human 
exploitation creating abandoned plant matter on the 
ground. Thus, tree leave debris was found deeper than 
the surface layer.  Variation in SOC content between 
top and sub soil was small, only 0.6 g/kg, while the 
variation between profiles was more than 1 g/kg. It has 
been reported that the hydrologic condition is the main 
factor that causes the SOC content to be uniform with 
depth (Zhang et al., 2016). 

3.1.3 Organic carbon density and organic 

carbon storage 

For all of soil profiles, the SOC density of top 
soil layer varies from 3.92 kg/m3 to 7.79 kg/m3, with a 
mean of 6.3 kg/m3. Meanwhile, sub soil layers vary 
from 4.92 kg/m3 to 6.81 kg/m3, with a mean of 5.9 
kg/m3, reflecting a decreasing soil bulk density of P4 
followed by P1, P2, P3, and P5, sequentially. 
Similarly, the SOC content was highest in P4 followed 
by P1, P2, P3, and P5. 

The vertical distribution of SOC density 
showed two patterns along with increase of soil depth. 
Profiles P1, P2, P3, and P4 had higher SOC density 
in the top soil layer and lower SOC density in the sub 
soil layer. The exception to this pattern was seen in 
profile P5, which presented the inverse SOC density 
distribution pattern.  The SOC density in profile P5 
increased in the sub soil layer. The estimation of SOC 
storages showed variation in values from 2.65 kg/m2 

to 4.18 kg/m2, with a mean of 3.68 kg/m2. The highest 
was P4 followed by P1, P2, P3, and P5, sequentially. 

3.1.4 Bulk density and organic carbon 

relationship 

The correlation analysis found that SOC content 
in wetland is closely related to bulk density (r=0.36, 
p<0.05). Interestingly, as the SOC content decreased, 
the bulk density increased. The reasonable cause may 
be that plant matter, particularly the stem and leaves of 
plants, accumulate to become a litter layer, porous-
textured high organic matter with an abundance of 
organic carbon inside. According to the results, SOC 
density showed a distribution pattern similar with the 
SOC content. SOC content and soil bulk density 
determine the SOC density. The linear correlation value 
between SOC density and SOC content was estimated 
to be highly significant (r=0.85, p<0.05) (Figure 3).

Figure 2. Distribution of SOC content, bulk density, SOC density, and SOC storage 
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Figure 3. Scatter plot correlation in SOC content, Bulk density, and SOC density 

3.1.5 Soil organic carbon content and density in 

vertical distribution 

The vertical distribution of SOC content and 
SOC density normally decreased top-down to the 
lower depth.  The wetlands (P1, P2, P3, and P4) 
showed high SOC content in top soil, more than 5 g/kg 
and then decreased significantly in sub soil, less than 
5 g/kg. The results show the maximum SOC density 

occurred in the top soil in profile P4 (7.79 kg/m3) and 
the minimum in profile P5 (3.92 kg/m3). Conversely, 
the profile P5 showed higher values in sub soil. It is 
possible that there were previous events causing a lot 
of carbon input to the sub soil depth, such as logging 
and droughts. The vertical distribution database is 
found in Table 3.

Table 3. Vertical distribution of SOC content and SOC density 

Profile SOC content (g/kg) SOC density (kg/m3) 
Top soil Sub soil Top soil Sub soil 

P1 5.81Aa 4.60Ba 7.13 Ca 6.80 Db 
P2 5.33Ab 4.21 Ba 6.51 Cb 5.92 Da 
P3 5.02Ab 4.04 Ba 6.40 Cb 6.04 Da 
P4 5.90Aa 4.01 Ba 7.78 Ca 6.00 Da 
P5 3.52Ac 4.11 Aa 3.92 Cc 4.82 Dc 

Remark: Mean value followed by a different upper case letter indicates significant differences between the soil depths at p<0.05, mean value followed by 
a different lower case letter indicates significant differences between soil profiles at p<0.05.

3.2 Discussion 

3.2.1 Characteristic of soil organic carbon 

content in wetland 

A consequence of interactions among many 
factors affect the vertical distribution of SOC. Land 
use and vegetation are main factors that input organic 
matter directly to the soil by plant litter (roots, stems, 
leaves). In this study, SOC content decreased with the 
change in depth. SOC in the top soil was significantly 
higher than sub soil (Xu et al., 2016). One wetland area 
(P5) of this study presented SOC content that differs 
from the others in that the top soil SOC was 3.5 g/kg 

and increased to 4.1 g/kg in sub soil. This might be the 
effect of plants that were buried due to some previous 
drought, and exploitation by man, indirectly in 
combination with this area having the lowest 
percentage of vegetation of only 41%. Moreover, we 
suggest that the organic matter (OM) value was 
somewhat high (0.96%) in this sub soil. Organic 
matter contributes most of the organic carbon (Rennert 
et al., 2018). This finding is in agreement with Mayer 
et al. (2019), who also found high amounts of SOC in 
sub soil caused by alluvial sediments rich in OM that 
were successively buried during previous flooding 
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events. In addition, the study of Wang et al. (2016) that 
found the deeper soil contained higher SOC content 
than the top layer at a sampling site in a coastal 
wetland. This might be influenced by some previous 
events such as storm, drought, and human 
disturbances leading to the accumulation of plant 
material in the subsoil and a more thorough 
decomposition, which is affected by depth and age. 
Moreover, since this area has the lower amount of 
vegetative coverage, the downward migration of 
organic matter to the deep soil by water leaching 
combined with rainfall might be a factor of higher 
SOC in the deeper soil.  In addition, the lower SOC in 
top soil might be caused by human activities leading 
to the loss of SOC in the top soil (Okebalama et al., 
2017). Moreover, wet conditions are obviously related 
to biochemical processes in soil.  Long duration 
flooding causes an anaerobic environment that 
restricts the degradation of organic matter (Lim et al., 
2020). This balance may be altered by both natural and 
anthropic factors. Esteves et al. (2001) suggested that 
permanent waterlogging induces anaerobic conditions 
in which the SOC decomposes slowly while the 
optimal range soil proportions for the physiological 
performance of the plants were adequate by of air and 
water (Morales-Olmedo et al., 2015). Ferronato et al. 
(2019) found that the effect of soil waterlogging on 
chemical and biological reactions in wetlands 
depended on the rate of water flow and erosional 
processes. 

The vegetation mainly affected the horizontal 
distribution of SOC content.  In particular, the 
vegetation coverage contributed plant debris to SOC 
content. Our study revealed the SOC content of five 
wetlands ranged from 3.5 g/kg to 5.8 g/kg with an 
average of 5.1 g/kg in top soil.  Comparatively, it was 
higher than paddy fields which have 2.40 g/kg (Yod-i 
et al., 2014). Obviously, the profile P4 had the highest 
SOC content followed by P1, P2, P3, and P5, 
sequentially which correlated with the descending 
order of vegetation coverage.  The results also show 
SOC content among sites was significantly different. 
This is in accordance with the studies of Demenoisa et 
al. (2017) and Wang et al.  (2016) who suggested that 
the highest vegetation covered areas with stable plant 
communities had enriched SOC content and the 
vegetation coverage was highly aligned with the 
horizontal distribution of SOC content.

This research showed the conversion of wetland 
into abandoned plant not only caused a breakdown of 
the SOC content that changed the soil structure, but 

also the decline of SOC. Kunlanit et al. (2019) found 
that the SOC contents in top soil were higher than sub 
soil in a forest area. This research indicated that the 
SOC content and distribution depended on various 
factors, including not only soil properties, but also the 
surrounding environment. Questions still remain about 
the influence of vegetation, particularly because of 
the short-time of this investigation.  The change of 
seasonal vegetation may provide a dynamic of SOC 
contents caused by the variation of plant residue. 
Therefore, the continuous monitor in all seasons 
should be considered for more understanding of this 
accumulation process and its relationship with SOC 
content. 

3.2.2 Organic carbon density and storage in 

wetland 

The important measurements to estimate the 
SOC density is the soil bulk density and SOC content. 
Apparently, the SOC density showed the trends of 
being lower in the sub soil with little variability 
between locations, while top soil had a higher SOC 
density and more variability. Amber and Ken (2011) 
and Zhang et al. (2019) suggested that SOC density is 
not only an important role in organic carbon storage 
estimating but the characteristics of organic carbon 
storage in different ecosystem are also reflected since 
horizontal consideration, the difference of canopy 
cover had significant.  Our results indicate that SOC 
density in profile P4 was 1.98 times of SOC density in 
profile P5. Obviously, a large amount of vegetation 
coverage was found at the area with the predominant 
SOC density. Wu et al. (2015) suggested that 
reclamation has a great influence on bringing down 
SOC density which might be due to reclamation not 
only reducing plant residue, but also changing 
physical factors of soil and water, such as heat 
condition, accumulation, and microorganism 
disappearance. Therefore, Sulman et al. (2009) stated 
that the decomposer activity and vegetation input were 
interrupted, as well as the SOC density was obviously 
conducive to decline and parallel decay of different 
individual compounds (Schowalter, 2017). Xu et al. 
(2016) mentioned that SOC content decreases with 
increasing depth in a corn field. Similarly, the other 
profiles with large vegetation coverage lead to more 
storage canopy of SOC as well.  From this point of 
view, in the wetland, the primary factor that limits the 
storage of SOC was the condition of the vegetation. 
This conforms to the study of Wang et al. (2016)  that 
suggested the significance of vegetation coverage on 
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SOC content, and also indicated that plant factors, as 
well as sedimentation rate, water content and coarse 
grain size of soil were considered as the key factors 
that have an effect on the sequestration of organic 
carbon. Meanwhile, Kayranli et al. (2010) stated that 
the relative degree of carbon input and output is the 
factor that controls SOC. This research found the mean 
of SOC storage was 3.68 kg/m2, whereas Wu et al. 
(2015) observed the SOC in a wetland plateau of 
China was 14.6 kg/m2, Zhang et al.  (2018) observed 
the SOC in a wetland in Northeast China was 27.4 
kg/m2.  This research found the mean of SOC storage 
was 3.68 kg/m2, whereas Zhang et al. (2019) observed 
a site at Guizhou Province of China stored 
approximately 1.58 Pg of SOC and suggested that the 
average SOC density in the top 1.00 m of soil 
associated with different land uses decreased. Xu et al. 
(2016) indicated the existence of global patterns in 
carbon related to time, temperature and latitudinal 
gradients following afforestation. YaoMin et al. 
(2012) found the SOC content in wetlands is an 
important part of the terrestrial soil organic carbon 
pools, but there was a lack of data. 

In comparison, this research finding was much 
lower than other reports with respect to SOC storage. 
Thus, the explanation for this finding may be that the 
flood duration was too short, making low 
sedimentation rate, limiting vegetation decomposed as 
well as the soil parent material was sandstone that 
producing somewhat coarse grain size of soil particle 
and soil drainage well until organic matter avoids 
embedding in situ. The best practice should be 
implemented to pause the organic carbon decline, such 
as zoning for plant protected areas, emphasizing 
understanding and wise use of wetlands by the local 
communities, as well as supporting permanent 
waterlogging by checked dam. 

4. CONCLUSION

In this study, the distribution and preservation 
of soil organic carbon in flooded forest wetlands was 
examined. The results showed that SOC content of top 
soil was higher than sub soil. The horizontal 
distribution of SOC content in top soil varied much 
more than in sub soil. Either soil bulk density or SOC 
density have related with SOC content, the soil bulk 
density closely related SOC content in term of 
negative relationship (r=-0.36, p<0.05), and this 
suggested that The SOC density had a strong positive 
relationship with SOC content (r=0.85, p<0.05). 
Comparison of areas with different vegetation 

coverage and also waterlogged less than three months 
a year showed the SOC content had a tendency of 
decreasing from high to low as the percentage of 
vegetation coverage decreased. Apparently, Khud Chi 
Tao, which had the highest vegetation coverage 
(78%), had the maximum amount of soil storage, 
containing 5.90 g/kg, whereas Kwo Chi Yai, which 
had the lowest vegetation coverage (41%), had the 
minimum amount of soil storage, only 3.52 g/kg. Due 
to the limitation of plant coverage area took care of 
SOC storage depressing, as showed 4.18 kg/m2 in 
highest percentage of vegetation coverage and 2.65 
kg/m2 in lowest percentage of vegetation coverage. 
These wetlands indicated that the soil storage had an 
average value of 3.68 kg/m2. Thus, the wetland 
management should consider maintaining plants and 
moisture in the soils to permanently conserve organic 
carbon. Actually, this approach is rarely practical 
because the wetland area suffers from frequent 
droughts, and the local people still disturb the natural 
resources regularly. Therefore, in terms of sustainable 
management, there should be specific measures set up 
for land utilization, following wetland management 
measures at the national level and in accordance with 
local needs. Thus, the wetland measures taken will 
lead to action and the relevant sectors will be able to 
formulate strategies and allocate budgets to restore 
and reclaim flooded forest wetlands to maintain 
ecological value. Meanwhile, steps should also be 
taken to raise awareness in the local communities of 
the importance of flooded forest wetlands to mitigate 
climate change. 

ACKNOWLEDGEMENTS 

This study was funded by National Research 
Council of Thailand (NRCT). We are appreciative so 
much to ENVI Clinic, Faculty of Environment and 
Resource Studies, Mahidol University for facilities. 

REFERENCES 
Amber DN, Ken WB. The contribution of carbon-based payments 

to wetland conservation compensation on agricultural 
landscapes. Agricultural Systems 2011;104(1):75-81. 

Arunyanart N, Limsiri C, Uchaipichat A. Flood hazards in the Chi 
River Basin, Thailand: Impact management of climate change. 
Applied Ecology and Environmental Research 2017; 
15(4):841-61. 

Bremner JM, Mulvaney CS. Methods of Soil Analysis. Wisconsin, 
USA: American Society of Agronomy and Soil Science 
Society of America; 1982. 

Bridhikitti A.  Soil and biomass carbon stocks in forest and 
agricultural lands in tropical climates. Songklanakarin Journal 
of Science and Technology 2017;39(6):697-707. 

8



  Teartisup P et al. / Environment and Natural Resources Journal 2021; 19(1): 1-9

Chaikumbung M, Doucouliagos H, Scarborough H.  Institutions, 
culture, and wetlands values.  Ecological Economics 
2019;157:195-204. 

Chesworth W. Encyclopedia of Soil Science. Dordrecht, 
Netherlands: Springer; 2008. 

Demenoisa J, Carricondeb F, Reyc F, Stokesd A. Tropical plant 
communities modify soil aggregate stability along a 
successional vegetation gradient on a Ferralsol. Ecological 
Engineering 2017;109:161-8. 

Department of Mineral Resources.  Geological map of Thailand 
(scale 1:1,000,000). Bangkok, Thailand: Ministry of Natural 
Resources and Environment; 2013. 

Esteves FA, Enrich PA, Biesboer DD.  Potential denitrification in 
submerged natural and impacted sediments of Lake Batata, An 
Amazonian Lake. Hydrobiologia 2001;444(1):111-7. 

Ferronato C, Marinari S, Francioso O, Bello D, Trasar-Cepeda C, 
Antisari LV.  Effect of waterlogging on soil biochemical 
properties and organic matter quality in different salt marsh 
systems. Geoderma 2019;338:302-12. 

He Y, DeSutter T, Prunty L, Hopkins D, Jia X, Wysocki DA. 
Evaluation of 1:5  soil to water extract electrical conductivity 
methods. Geoderma 2012;185-186:12-7. 

Homdee T, Pongput K, Kanae S.  A comparative performance 
analysis of three standardized climatic drought indices in the 
Chi River Basin, Thailand.  Agriculture and Natural Resource 
2016;50(3):211-9. 

Kayranli B, Scholz M, Mustafa A, Hedmark A.  Carbon storage 
and fluxes within freshwater:  A critical review.  Wetlands 
2010;30(1):111-24. 

Kunlanit B, Butnan S, Vityakon P. Land-use changes influencing 
c sequestration and quality in topsoil and subsoil.  Agronomy 
2019;9(9):2-6. 

Lal R, Smith P, Jungkunst H, Mitsch W, Lehmann J, 
Ramachandran N, et al. The carbon sequestration potential of 
terrestrial ecosystems. Journal of Soil and Water Conservation 
2018;73(6):145-52. 

Lim M, Patureau D, Heran M, Lesage G, Kim J.  Removal of 
organic micropollutants in anaerobic membrane bioreactors in 
wastewater treatment: Critical review. Environmental Science 
Water Research and Technology 2020;6:1230-43. 

Ma K, Liu J, Balkovic J, Skalski R, Azevedo LB, Kraxner F. 
Changes in soil organic carbon stocks of wetlands on China’ s 
Zoige plateau from 1980 to 2010. Ecological Modelling 
2016;327:18-28. 

Marin-Muniz JL, Hernandez ME, Moreno-Casasola P. Comparing 
soil carbon sequestration in coastal freshwater wetlands with 
various geomorphic features and plant communities in 
Veracruz, Mexico. Plant Soil 2014;378:1-15. 

Mayer S, Kolbl A, Volkel J, Kogel-Knabner I. Organic matter in 
temperate cultivated floodplain soils: Light fractions highly 
contribute to subsoil organic carbon. Geoderma 2019;337: 
679-90.

Minasny B, Malone BP, McBratney AB, Angers DA, Arrouays D, 
Chambers A, et al.  Soil carbon 4 per mile.  Geoderma 2017; 
292:59-86. 

Mitra S, Wassmann R, Vlek PL.  An appraisal of global wetland 
area and its carbon stock. Current Science 2005;88:25-35. 

Moomaw WR, Chmura GL, Davies GT, Finlayson CM, Middleton 
BA, Natali SM, et al. Wetlands in a changing climate: Science, 
policy and management. Wetlands 2018;38(2):183-205. 

Morales-Olmedo M, Ortiz M, Selles G.  Effects of transient soil 
waterlogging and its importance for rootstock selection. 
Chilean Journal of Agricultural Research 2015;75(1):45-56. 

Okebalama CB, Igwe CA, Okolo CC.  Soil organic carbon levels in 
soils of contrasting land uses in Southeastern Nigeria.  Tropical 
and Subtropical Agroecosystems 2017;20(3):493-504. 

Rayment GE, Higginson FR.  Australian Soil and Land Survey 
Handbook: Volume 3, Australian Laboratory Handbook of 
Soil and Water Chemical Methods.  Melbourne, Australia: 
Inkata Press; 1992. 

Ren Y, Li X, Mao D, Wang Z, Jia M, Chen L.  Investigating spatial 
and vertical patterns of wetland soil organic carbon 
concentrations in China’s Western Songnen plain by comparing 
different algorithms. Sustainability 2020;12(3):2-13. 

Rennert T, Georgiadis A, Ghong P, Rinklebe J. Compositional 
variety of soil organic matter in Mollic floodplain-soil profiles-
also an indicator of pedogenesis. Geoderma 2018;311:15-24. 

Schowalter TD. Insect Ecology: An Ecosystem Approach. 4th ed. 
London, United Kingdom: Elsevier; 2017. 

Sims L, Pastor J, Lee T, Dewey B. Nitrogen, phosphorus and light 
effects on growth and allocation of biomass and nutrients in 
wild rice. Oecologia 2012;170:65-76. 

Stolarski MJ, Śnieg M, Krzyżaniak M, Tworkowski J, 
Szczukowski S, Graban L, et al.  Short rotation coppices, 
grasses and other herbaceous crops: Biomass properties versus 
26 genotypes and harvest time.  Industrial Crops and Products 
2018;119:22-32. 

Sulman BN, Desai AR, Cook BD, Saliendra N, Mackay DS. 
Contrasting carbon dioxide fluxes between a drying shrub 
wetland in northern Wisconsin, and nearby Forests. 
Biogeosciences 2009;6(6):1115-26. 

Wang O, Song J, Cao L, Li X, Yuan H, Li N.  Distribution and 
storage of soil organic carbon in a coastal wetland under the 
pressure of human activities. Soil Sediments 2016;17(1):11-22. 

Wu Y, Wang F, Zhu S.  Vertical distribution characteristics of soil 
organic carbon content in Caohai wetland ecosystem of Guizhou 
plateau, China. Journal of Forestry Research 2015;27:551-6. 

Xu S, Liu X, Li X, Tian C. Soil organic carbon changes following 
wetland cultivation: A global meta-analysis. Geoderma 2019; 
347:49-58. 

Xu X, Li D, Cheng X, Ruan, H, Luo Y.  Carbon:  Nitrogen 
stoichiometry following afforestation: A global synthesis. 
Science Report 2016;6:19117. 

YaoMin Z, ZhenGuo N, Peng G, YongJiu D, Wei S.  Preliminary 
estimation of the organic carbon pool in China’ s wetlands. 
Chinese Science Bulletin 2012;58(6):1-9. 

Yod-i G, Aumtong S, Punya T. Effect of water management and 
soil on permanganate oxidizable carbon and total organic 
carbon in paddy soil. Khon Kaen Agriculture Journal 
2014;42(Special Issue):322-330. (in Thai) 

Zhang Z, Zhou Y, Wang S, Huang X. Estimation of soil organic 
carbon storage and its fractions in a small karst watershed. 
Acta Geochim 2018;37:113-24. 

Zhang W, Xiao H, Tong C, Su Y, Xiang W, Huang D, et al. 
Estimating organic carbon storage in temperate wetland 
profiles in northeast China. Geoderma 2008;146(1-2):311-6. 

Zhang Z, Huang X, Zhou Y, Zhang J, Zhang X.  Discrepancies in 
karst soil organic carbon in southwest China for different land 
use patterns: A case study of Guizhou Province. International 
Journal of Environmental Research and Public Health 
2019;16(21):3-14. 

9




