BAI BAO KHOA HQC

RELATIONSHIPS BETWEEN PHYSICO-CHEMICAL PROPERTIES
AND ORGANIC CARBON IN MANGROVE SOIL
OF XUAN THUY NATIONAL PARK, NORTHERN VIETNAM
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Abstract: Mangroves are unique environment in which soil usually exist in waterlogging condition.
The substrate in mangrove received suspended matters from tidal flushing, the matters in turn
provide a special environment for plant development. In this study, we determine the relationships
between physico-chemical properties of soil and organic carbon contents. To reach our goal, plots
were set up in mono-species mangrove of Kandelia obovata as well as in the adjacent bare land. All
the samples of soils and roots were treated in situ and in laboratory by standard methods. Soil
characteristics varied considerably among sites, and significant differences (P < 0.05) were
detected in some soil properties between mangrove and bare land sites. The results showed
significant positive and linear correlations between silt, clay and soil water contents with carbon
contents at depth. And negative correlations between sand contents with all parameters (except bulk
density) were found . The results confirmed that fine particles (clay and silt) can keep water as well
as organic carbon in their structure much better than the larger one (sand), and the inundation may

act as an essential role in the process of carbon storage in mangrove soil.
Keywords: carbon content, physico-chemical properties, mangrove soil.

1. INTRODUCTION

Mangrove forests exist between marine and
terrestrial systems with the saline or brackish
environments, due to
waterlogging. The tidal water comes into
mangroves and bring much suspended matters
from upstream river and ocean, these materials
were trapped mainly by mangrove root systems.
The input nutrition from riverine or marine
material may provide organic carbon for plant
development; as a result, mangroves are known
with high productivity and high carbon storing
capacity, with potentially more than 90% of
their carbon content stored in their soil. This
ability resulted from the waterlogged conditions
in soil can limit mineralization of organic
matters and also form a special physico-
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chemical properties in soil. In Viet Nam, there
were some studies in mangrove plantation in
Xuan Thuy National Park; however these
studies only focused on biomass and carbon
accumulation in soil. It is still a lack of data
concerning physico-chemical properties of soil
and the relationships with carbon content for
mature planted mangroves. The objectives of
this study were, thus, to determine the physico-
chemical properties in the substrate of a mature
planted Kandelia obovata forest of 19 years old,
and the relationship with organic carbon
sequestration. To reach our goal, the study was
conducted in a mangroves and in the adjacent
bare land in Xuan Thuy National Park, Northern
Viet Nam. The study site is a mix of natural and
planted ones, in which most of areas are planted
with three main species: Kandelia obovata,
Sonneratia caseolaris and Rhizophora apiculata.
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2. STUDY SITES AND METHODS
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Fig. 1. Map of Xuan Thuy National Park,
Nam Dinh Province, Northern Viet Nam
with the locations of the core collected

2.1. Study sites

The study site (20'13°37.6” N and
10631°42.0” E) was set up in the buffer zone of
Xuan Thuy National Park (XTNP), which is
located on the south bank of Red River Mouth (Ba
Lat Mouth) in Gulf of Tonkin, Nam Dinh
Province, northern Viet Nam (Fig.1). Mangrove
forests in the study area were planted from 1996
to date and dominated by K. obovata. The studied
site in mangrove forest (K. obovata) was planted
in 1998.

Located in northern Viet Nam, the study area
has a typical monsoonal tropical climate with
high humidity (80-85% The
average annual temperature ranges from 23.4 to
24.5°C. The two coldest months are December
and January, with average temperatures ranging
from 16.0 to 17.1°C and the hottest month being
July, with mean temperatures over 29.4°C. The
average annual rainfall is between 1,750 - 1,800
mm, and the two distinct seasons are: wet

on average).
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season from May to October, and dry season
from November to April (Nam Dinh Province
Statistical Office, 2016). Tidal regime in this
area is irregular diurnal, with large amplitude,
maximum at 3.54 m and minimum at 0.37 m
(Center for Oceanography, 2016).

2.2. Sampling methodology and measurements

The field work was conducted during the dry
season in April, 2017. Soil samples up to depth
of 100 cm in mangrove and bare land were
determined by taking the soil with a non-
contaminated core sampler (Geo-slice NM4;
Miyagi and Baba 2002). Three geo-slicers were
taken randomly in each plot of the planted
mangroves (MR1, MR2, MR3); the same
procedure was applied for the bare land (without
mangrove; BL1, BL2, BL3). In each core, ten
soil samples of known volume were collected at
10 cm depth intervals in order to determine soil
characteristics, organic carbon contents in soil
and in roots. Dead and live roots were eyes
sorted separately in situ and then put in closed
plastic bags as well as placed in ice box before
being sent to the laboratory. In total, 180 soil
samples were used to determine the soil carbon
accumulation and 180 other samples for the
determination of the organic accumulation in
roots (live and dead roots).

Soil characteristics: bulk density (BD), soil
water content (SWC), grain size (sand, silt and
clay), carbon content (CC), dry root biomass
were measured by different methods.

Bulk density and SWC were determined by
gravimetric method. All wet samples were
weighed and air-dried at room temperature, then
dried in oven at 60 C for 48 hours until constant
weight to determine the dry bulk density for each
interval. The BD was obtained by the ratio of dry
mass per volume of wet sample (known from
corer’s manual).

Bulk density (BD in g cm’3) = [dry mass (g)]
/ [wet sample volume (em®] (1)

Soil water content was obtained by the ratio
of water loss per mass of dry sample:
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Soil water content (SWC%) = [wet mass-dry
mass]/[dry mass]x100 )

Grain size was determined in each layer up to
depth of 100 in all mangrove and bare land
cores. The soil samples were homogenized to <
2mm then digested in hydrogen peroxide until
bubbling ceased then analyzed by pipette
method to separate the size: > 63 um; < 63 um
to > 2.0 and < 2.0 uym [Miller, 1987]. All
fractions were then dried at 60°C until a
constant weight was achieved (~ 48 h). Grain
size fractions were calculated as percentage
weight of sand (63—500 pm), silt (2.0— 63.0 um)
and clay (< 2.0 um).

Carbon content in soils was determined using
Walkley - Black method. In this procedure,
excess potassium dichromate (0.4 N K,Cr,O5)
and concentrated H,SO4; were added to the
weighed soil to oxidize organic matters. The
solution was swirled and let to cool for 18 hours
before titration. The reaction of this extraction
procedure is as follow:
2Cr,0,” +3C° + 16H" => 4Cr™* + 3CO; + 8H,0

The excess Cr2072' was back titrated with the
standard 0.2 N Fe(NH4),(SO4),.6H,O (ferrous
ammonium sulfate) using orthophenanthroline
ferrous complex as an indicator until color
changed from green to reddish brown. Blank
titration of the acidic dichromate with ferrous
ammonium sulfate solution was carried out at
the beginning of the batch analysis using the
same procedure with no soil sample added.
Blank sample was done after every four soil
samples. One milliliter of 0.2 N Fe(NHy),
(804),.6H,0 is equivalent to the 0.009807
grams of K,Cr,O; or 0.0006 grams of carbon.
Carbon content in the sample was calculated
using the following equation:

Carbon content (CC %) in soil = [(B — S) X
0.0006/m] x100 3)

Where B is the volume (mL) of ferrous
ammonium sulfate used in the blank titration; S
is the volume (mL) of ferrous ammonium
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sulfate used in the sample titration; and m is the
mass of soil sample in gram.

In the laboratory, live and dead roots were
weighed before and after being dried in oven at
60°C for 48 hours. Carbon content in roots was
analyzed by the L.O.I method (L.O.I — Loss On
Ignition). In this method, organic matter was
oxidized to carbon dioxide, water and ash at
550°C during 4 hours. Weight losses associated
with water and carbon dioxide evolutions were
easily quantified by recording sample weights
before and after controlled heating.

Carbon content (CC%) in roots = [OC in
roots (g cm™)]/[Bulk density (g cm™)]x100 (4)

2.3. Data analysis

A one-way analysis of variance (ANOVA)
was used to compare mean parameters in three
geo-slices in each plot of mangroves and bare
land (depth x elevation). Organic carbon
contents and other parameters in mangroves and
bare land were compared by two-way analysis
of variance (ANOVA).

3. RESULTS AND DISCUSSIONS

3.1. Soil characteristics

Soil characteristics varied considerably
among sites, and significant differences (P <
0.05) were detected in some soil characteristics
between mangrove and bare land sites. In term
of grain size, in both mangroves and bare land
site, sand content increased with depth, but the
opposite trends were observed for silt and clay
contents (Table 1 and Table 3). The significant
differences between two sites was found in sand
content (P < 0.01) and silt content (P < 0.001) at
depth; however there is no significant difference
in clay content (P= 0.84). Sand content in bare
land is higher than in mangrove in all deep
layers, with the lowest value (8.07%) in surface
and highest value (62.80%) at the depth 100 cm.
The opposite trend was silt
proportion, with the highest value on surface
(51.83%) and lowest value (31.83%) at 100 cm.
A big difference in clay content was found at
depth, the values dropped sharply from ~ 40%

observed in
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in upper layer down to ~ 5% in the deepest one
(100 cm). A significant positive correlation was
found between distribution of silt content and
clay content in soil for the different layers in
mangrove (0.98, P < 0.0001) and the same trend
was observed for the bare land (0.99, P <

0.0001) (Table 2 and Table 4). The mean values
of sand, silt and clay proportions in mangrove
soil were 24.96%; 49.81%; and 25.23%,
respectively. And for bare land, the values were
32.32%:; 42.94%; and 24.73% for sand, silt and
clay contents.

Table 1. Variation of sediment compositions and carbon contents (CC) according
to the depth of mangrove soil (+ SE(standard error) of 3 replications)

1?;1:)11 Sand (%) | Silt (%) Clay (%) cc i%oms CC in soil (%)
10 477+101 | 57204351 | 3803+251 | 0.08%0.03 1.64 % 0.10
20 7534212 | 56.03+340 | 3643+150 | 0.17%0.03 2.00 + 0.09
30 9.60+227 | 56.83+3.73 | 33.57+150 | 022+0.02 2214022
40 13.47+3.66 | 5493 £3.64 | 31.60+036 | 0.29+0.06 2208 +0.11
50 1647 +424 | 5283473 | 30.70+1.13 | 031006 2.02 +0.04
60 | 2240+442 |5090+078| 2670+4.88 | 0.18=0.04 1.44 +0.14
70 | 3223+3.17 | 4837+284| 19.40+582 | 0.10+0.05 1.03%0.21
80 | 41.00£658 | 443476 | 1470852 | 0.07%0.01 0.72 +0.08
90 | 4923+633|39.03£329| 11.73£7.24 | 0.03%0.01 0.59 +0.08
100 | 52.87+4.08 | 37.67+3.94 | 947+3.07 | 0.05+0.03 0.56 % 0.07

Table 2. Correlation matrix between physico-chemical properties

and carbon contents in mangrove soil at 100 cm depth

Silt(%) | Clay(%) |BD (g cm™)| SWC (%) rg(ff(f;) SSS(;})
Sand(%)
Silt(%) 20,9925
Clay(%) L0.996% % | 0,979
BD (gcm™) | 0.986%% | -0.974%%% | -0.986%**
SWC (%) | -0.956%%% | 0.924%% | 0.969%%% | -0.968%*
CCinroot (%)| -0.657 | 0.673 0.642 0705 | 0.682
CCin soil(%) | -0.918%% | 0.918%* | 0.911%% | -0.939%% | 0.930%* | (.871%*

Note: *** P < 0.0001; ** P < 0.01; * P <0.05

Bulk density (BD) increased with soil depth
in both mangrove and bare land sites. In
mangrove soil, BD increased from 0.84 in the
surface layer to 1.45 at depth of 100 cm; the
same trend was observed in the bare land, with

the lowest value at top soil layer (BD = 1.11)
and the highest value in the bottom one (BD =
1.30). The mean values of BD up to depth 100
cm in mangroves were lower than in bare land,
with 1.08 g cm™ and 1.21 g cm™, respectively.
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Fig. 2. Vertical distribution of bulk density
of mangrove and bare land soils in Northern,
Viet Nam (Bars indicate standard error (SE)

of 3 replications)

The results of BD had very close relationship
with sand proportion, and a significant positive
and linear correlation between sand contents
and BD was found in mangrove soil (0.99, P <
0.0001) and bare land soil (0.87, P < 0.001)
(Table 2 and Table 4).

There was a significant difference of BD in the
upper 50 cm depth (P < 0.01); below this depth,
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Fig. 3. Vertical distribution of soil water
content (SWC) in mangrove and bare land
soils in Northern, Viet Nam (Bars indicate

standard error (SE) of 3 replications)

however, no significant difference (P = 0.27) was
found. The difference of BD in the upper soil
layers of the mangrove and bare land proved that
the root systems can make more porous in the soil,
as a result, the BD in this site smaller than in bare
land. Moreover, at the deeper layers, both
mangrove and bare land sites had the same
substrate before mangrove plantation.

Table 3. Variation of sediment compositions and carbon contents
at depth of bare land soil (+ SE(standard error) of 3 replications)

Depth (cm) Sand (%) Silt (%) Clay (%) CC in bare land (%)
10 8.07 £ 0.60 51.83 +1.32 40.43 £ 0.75 0.89 +£0.04
20 10.43 £0.70 51.00 £2.02 38.57 £ 1.50 0.93 £0.06
30 11.53+£0.92 51.50 +4.07 36.63 +3.59 0.81 £0.11
40 18.00 + 0.50 49.13 +£2.87 32.87+2.41 0.88 £ 0.05
50 19.67 £2.47 46.77 £5.11 33.57+£3.11 0.70 £ 0.09
60 32.50 £ 2.50 43.00 £6.24 24.50 +3.91 0.75 £0.04
70 42.63 £2.51 39.23 £3.28 18.13 £ 1.21 0.65 £ 0.03
80 56.73 + 1.00 33.30 +2.78 9.97 +1.79 0.68 £ 0.05
90 60.87 £ 0.64 31.83 +£0.58 7.30 £0.61 0.61 £0.05
100 62.80 + 0.61 31.83+0.15 5.37 £0.51 0.63+£0.10

Soil water content in both sites decreased
with depth (Fig. 3). The soil water content in
mangrove soil dropped sharply from 76.65% at
the surface layer to only 36.42% at the depth of
100 cm, while SWC in bare land showed a

small decline, from 44.78% in the top layer to
35.54% at depth of 100 cm. A significant
difference between SWC in mangrove and bare
land (P < 0.05) was found in all layers;
however, when considering the soil depth from
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0 - 60 cm, the difference in both sites was much
higher (P < 0.001) and there was no significant
difference in the deeper ones (down to 60 cm, P

= 0.15). This demonstrates that, mangrove root
systems and porous in soil played an important
role in keeping water in the soil substrate.

Table 4. Correlation matrix between physico-chemical properties
and carbon contents in bare land (BL) soil at 100 cm depth

Sand(%) Silt(%) Clay(%) |BD (g cm™)| SWC (%) | CC in BL (%)
Sand(%)
Silt(%) -0.997#**
Clay(%) -0.999%** | (,993**:*
BD (g cm™) 0.874** -0.857* -0.882%*
SWC (%) -0.922%* 0.934+* 0.912%* -0.826%*
CCin BL (%) -0.880* 0.886** 0.874+* -0.609 0.786*

Note: *** P < 0.0001; ** P < 0.01; * P < 0.05

3.2. Carbon content in roots and in soil
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Fig. 4. Vertical distribution of carbon content
in bare land and mangrove soil of K. obotava
planted mangroves in Northern, Viet Nam (Bars
indicate standard error (SE) of 3 replications)

The highest root densities were observed
between 20 and 60 cm depth, and the lowest
values were found in the bottom layers (70 - 100
cm). The carbon content in roots varied with
depth and ranged from 0.05 to 0.31%, with a
mean value of 0.15%. Carbon content increased
quickly from 0.08% in the upper layer (10 cm)
to 0.31% in the layers between 10 and 50 cm
depth, and then declined sharply by nearly ten
times to 0.03 % at 90 cm depth (Fig. 4). The
upper layers (0 - 60 cm depth) accounted for
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84% of root biomass, suggesting that roots
distribution were scarce in the depth soil layers.
This result reinforced our choice of determining
carbon contents not deeper than 100 cm depth
taking into account that we were interested in
the carbon enrichment of the soil with mangrove
plantation.

The distribution of root biomass is in broad
agreement with several studies in mangrove
forests that showed the highest root densities
were observed in the upper soil horizons [4].
For instance, in natural and planted mangroves,
the root biomass was the highest in the upper 20
cm of forests (Rhizophora mucronata Lamarck,
Avicennia marina (Forsk.) Vierh and Sonneratia
alba J. Smithin) in Gazi bay, Kenya [5], in the
upper 50 cm depth in a secondary mangrove
forest (Ceriops tagal (Perr.) C.B. Rob.) in Satun
Province, southern Thailand (Komiyama et al.
2000), and in the upper 45 cm of Rhizophora
mangle (L.), Avicennia ger- minans (L.),
Laguncularia racemosa (L.), and Conocarpus
erectus (L). mangroves in the Everglades, USA
[6]. These authors also demonstrated that root
density as well as their carbon content not only
varied with depth but also with mangrove
species and stand ages.

Carbon content in mangrove soil shared the
same trend with carbon content in roots. The
carbon contents in soil increased from top layer
(1.64%) to the depth of 40 cm (2.28%) then
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decreased to only 0.56% at the depth of 100 cm.
However, in the bare land, the highest
concentration of carbon was recorded at the
depth of 30 cm with 0.96% and the lowest value
was 0.57% in the bottom layer. The carbon
contents in both sites were the same at the
bottom layer, but the mean value of carbon
content of all the samples up to depth of 100 cm
in mangrove soil (1.45%) was almost twice the
one of the bare land (0.77%). The results about
carbon content in soil and in roots in this study
was in trend with our results in the same sites in
2016 [7]. This confirmed that roots are an
essential source of organic carbon accumulation
in mangrove soils and the distribution of roots
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in deeper layers are negligible.

3.3. Relationships between physico-chemical
properties and carbon contents

Table 2 and Table 4 showed the correlation
between physico-chemical properties and
carbon contents in soil (in both sites) at depth.
When compare the CC% and SWC%, the
results showed that these parameters were quite
in line. Soil water contents were positively
correlated with carbon contents in mangrove
and bare land with the correlation were 0.93 (P
< 0.01) and 0.79 (P < 0.05), respectively (Fig.
5). This means that, the inundation may act as
an essential role in the process of carbon storage
in mangrove soil.
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Fig. 5. Relationship between carbon contents and water contents in soil
for different layers of the K. obotava mangrove plantations and bare land in Northern, Viet Nam

Silt and clay contents in both sites were
correlated with carbon contents at depth. A
significant positive correlation was found
between distribution of silt content and carbon
content in soil for the different layers in
mangrove (0.92, P < 0.001) and the same trend
was observed for the bare land (0.89, P < 0.01).
Clay contents were also positively correlated
with carbon contents in mangrove and bare land
with the correlation were 0.91 (P < 0.01) and
0.87 (P < 0.01), respectively (Table 2 and Table
4). Moreover, sand contents were negative
correlated with all parameters (except BD) in
both sites. This was reinforced by negative
correlation between BD and CC (0.939 and
0.609) for mangroves and Dbare land,
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respectively. Ranges of BD and CC% were
close to those measured in other Asian
mangroves, in China [8][9], and in Thailand
[10]. These authors also noticed that BD and
CC% showed opposite trends with depth in
mangrove soils. All the results proved that fine
particles (clay and silt) can keep water as well
as organic carbon in their structure much better
than the larger one (sand). In general, the higher
the percentage of silt and clay sized particles,
the higher the water holding capacity. The fine
particles (clay and silt) have a much larger
surface area than the larger (sand) particles.
This large surface area allows the soil to hold a
greater quantity of water. As a results, the
amount of organic carbon in a soil also
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influences the water holding capacity. As the
level of organic matter increases in a soil, the
water holding capacity also increases, due to the
affinity of organic matter for water. The results
confirmed that, mangrove root systems can keep
more grain size particles in water column from
tidal currents and distribute the main proportion
for carbon accumulation in mangrove soil.

4. CONCLUSIONS

When combine all the physico-chemical
parameters and carbon contents of soil, the
results showed that there were strong relationships
with the each others. The significant positive
and linear correlations between silt, clay and
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soil water contents with carbon contents, and
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found at depth. Mangrove substrate accelerates
follow the time and mangrove roots can keep
more fine particles (clay and silt) than the larger
one (sand). The results also proved that both
mangrove forests and bare land originally had
equivalent sedimentary substrate, and that the
bare land can be considered as a reference for
soil properties before planting mangroves. Moreover,
root systems as well as porous in soil play an
important role in enriching of organic carbon in
soil and keeping water in the soil substrate.

This research is funded by Vietnam National Foundation for Science and Technology Development
(NAFOSTED) under grant number 105.99-2015.17 and Thuy Loi Univerisy.

REFERENCES

J. B. Kauffman, C. Heider, T. G. Cole, K. A. Dwire, and D. C. Donato, “Ecosystem carbon stocks of
micronesian mangrove forests” Wetlands, vol. 31, no. 2, pp. 343-352, 2011.

D. C. Donato, J. B. Kauffman, D. Murdiyarso, S. Kurnianto, M. Stidham, and M. Kanninen,
“Mangroves among the most carbon-rich forests in the tropics” Nat. Geosci., vol. 4, no. 5, pp.

293-297, 2011.

N. T. Ha, R. Yoneda, I. Ninomiya, K. Harada, V. D. Tan, M. S. Tuan, and P. N. Hong, “The effects
of stand-age and inundation on carbon accumulation in mangrove plantation soil in Namdinh,
Northern Vietnam” Tropics, vol. 14, pp. 21-37, 2004.

A. Komiyama, S. Havanond, W. Srisawatt, Y. Mochida, K. Fujimoto, T. Ohnishi, S. Ishihara, and
T. Miyagi, “Top/root biomass ratio of a secondary mangrove (Ceriops tagal (Perr.) C.B. Rob.)
forest” For. Ecol. Manage., vol. 139, no. 1-3, pp. 127-134, 2000.

F. Tamooh, M. Huxham, M. Karachi, M. Mencuccini, J. G. Kairo, and B. Kirui, “Below-ground
root yield and distribution in natural and replanted mangrove forests at Gazi bay, Kenya” For.
Ecol. Manage., vol. 256, no. 6, pp. 1290-1297, 2008.

E. Castafieda-Moya, R. R. Twilley, V. H. Rivera-Monroy, B. D. Marx, C. Coronado-Molina, and S.
M. L. Ewe, “Patterns of root dynamics in mangrove forests along environmental gradients in the
Florida coastal Everglades, USA” Ecosystems, vol. 14, no. 7, pp. 1178-1195, 2011.

T. H. Ha, C. Marchand, J. Aimé, D. Nhon Hoai, P. Hong Nguyen, N. Tung Xuan, and N. Cuc Thi
Kim, “Belowground carbon sequestration in a mature planted mangroves (Northern Viet Nam)”

For. Ecol. Manage., 2017.

A. Lunstrum and L. Chen, “Soil carbon stocks and accumulation in young mangrove forests” Soil

Biol. Biochem., vol. 75, pp. 223-232, 2014.

L. Chen, X. Mu, Z. Yuan, Q. Deng, Y. Chen, L. Y. Yuan, L. T. Ryan, and R. L. Kallenbach, “Soil
nutrients and water affect the age-related fine root biomass but not production in two plantation
forests on the Loess Plateau, China” J. Arid Environ., vol. 135, pp. 173-180, 2016.

N. Matsui, W. Meepol, and J. Chukwamdee, ““Soil organic carbon in mangrove ecosystems with different
vegetation and sedimentological conditions” J. Mar. Sci. Eng., vol. 3, no. 4, pp. 1404-1424, 2015.

KHOA HOC KY THUAT THUY LO1 VA MOI TRUONG - SO 58 (9/2017)

147



Tém tit:
MOI QUAN HE GIUA TINH CHAT LY HOA CUA PAT
VA CARBON HUU CO TRONG PAT RUNG NGAP MAN
TAI VUON QUOC GIA XUAN THUY, MIEN BAC VIET NAM

Rirng ngdp man la mot hé sinh thdi déic biét, hinh thanh va phdt trién & cdc ving dat ngdp miede
vilng cira song ven bién. Ving dat ngdp mén nhdn dwoc lirong phit sa boi tu tir cdc dong nuwde triéu,
lirong vt chdt nay cung cdp cdc dwéng chat dic biét cho sw phdt trién ciia cdy ngdp mén. Trong
nghién ciru nay, chiing 16i tdp trung xdc dinh moi lién hé giita cdc tinh chat Iy héa cua dat va ham
lirong carbon tich lity. Dé dat dwoc muc tiéu dé ra, cdc 6 nghién ciru dwoc thiét lp trong dat rimg
Trang va ving dat trong bia rimg. Cdc mdu dat va ré thuc vt duoe thu thdp, xir Iy va phan tich
theo cdc phwong phdp chudn. Tinh chat Iy héa ciia dat bién doi da dang giita hai dia diém nghién
cttu, va 6 sw khdc biét ré rang giita dat rimg Trang va ddt trong (P < 0.05). Két qud phan tich cho
thdy cé sw tuyén tinh va tiwong quan thudn gitta ham lwong sét, limon va ham heong nuée trong dat
v6i ham lirong carbon theo dd sau. Va moi twong quan nghich giita ham heong cdt véi tat cd cdc
thong sé con lai (ngoai trir dung trong dat). Két qua chitng minh cdc hat ¢é kich thudc nhé (sét va
limon) c6 kha ndng giik nieée va carbon hitu co trong cdu tric ciia chiing tot hon so véi cdc hat ¢é
kich thwéc I6n (cdt), va tinh trang ngdp nuwée dong vai tro thiét yéu trong qud trinh luu gis carbon
trong ring ngap man.
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