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ABSTRACT

Background: Soil organic carbon stocks (SOCs) play a critical role in supporting soil quality and ecosystem functions. Information
on SOCs content in coastal lands is scanty and the types of clay minerals and soil fraction size that affect SOCs are still debated. We
evaluated the SOCs content and identified the mineral type and soil fraction affecting the SOCs on coastal land.

Methods: Soil samples were collected from each layer of nine different soil profiles in three subdistricts: Seunuddon (SD), Lapang
(LP) and Dewantara (DT) in Aceh Utara Regency of Indonesia. The soil profiles were taken from different distances (300, 900 and
1500 m from the shoreline-d.f.s).

Result: The results revealed that SOCs possessed by each soil layer of coastal land in Aceh Utara varied between 0.64 to 43.45
MgC ha?. The highest to lowest average total of SOCs content for the location is SD>DT>LP, while for the position, the distance to
the shoreline is 900 m>1500 m>300 m. Clay minerals such as labradorite, smectite, vermiculite and chlorite positively increase the

SOCs content. Very fine sand is a size of the sail fraction that affects the increase in the levels of SOCs in coastal land.

Key words: Clay minerals, Shoreline, Soil fraction size, Soil organic carbon, Soil properties.

INTRODUCTION

The dynamics of SOCs are a major concern, as this
component is a vital indicator for soil health and climate
change (Manna et al., 2013) SOCs significantly influenced
the chemical and biological properties of the soil and the
emission of CO, and methane to the atmosphere (Chahal
and Singh, 2021). The loss or reduction of SOC led to a
decrease in soil quality and escalating global warming (Yigini
and Panagos, 2016), threatening global food security and
affecting sustainable development in a country (Adhikari
et al., 2019). Soil is the largest reservoir of organic carbon,
with the total carbon stored in the soil depth of 100 cm
ranging from 899-2400 PgC. SOCs can vary depending on
soil type and location and are affected by texture, climate,
vegetation, topography and clay minerals (Jiao et al., 2020;
Seboko et al., 2021).

SOCs levels may differ in different land use types and
locations, including coastal areas. Coastal land is one of
the SOC reservoirs too, contributing to the global carbon
cycle Das et al. (2015), but information on the dynamics
and content of SOCs in coastal land is scanty. The SOCs
levels in various types of land uses other than coastal lands
have been widely reported, including paddy fields Liu et al.
(2021), cropland Hounkpatin et al. (2018), urban gardening
Canedoli et al. (2020), forests Merabtene et al. (2021), at
different cropping systems (Chakrabarti et al., 2019;
Nthebere et al., 2022). Anokye et al. (2021) also reported
SOCs content in palm oil plantations and farmland. Then,
SOCs in natural vegetations Zhu et al. (2021), saltmarshes
and tidal flats Byun et al. (2019) and in sloping mangrove
ecosystems (Sasmito et al., 2020). Fu et al. (2021) also
reported SOCs in mangrove swamps, saltmarshes and
seaweed. According to Liu et al. (2021) that mangrove
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ecosystems in different depths (0-30 cm and 0-100 cm)
exhibited different amounts of SOCs and indicated different
SOCs levels according to soil depth.

The clay minerals and soil textures play an important
role in affecting SOCs (Seboko et al., 2021; Singh et al.,
2018). Clay minerals have different surface charges, so they
have different capacities for protecting and increasing SOCs
(Sarkar et al., 2018), where clay minerals 2:1 have a higher
capability for increasing SOCs compared to clay minerals
1:1 (Matus et al., 2016). A study by Zeraatpishe dan Khormali
(2012) found that illite and chlorite were responsible for the
increase in SOCs. Another study conducted bySingh et al.
(2018) Singh et al. (2017) indicated that montmorillonite and
vermiculite stabilize SOC content. Apart from the minerals
mentioned above, it is also possible for other clay minerals
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to affect SOCs as long as they have a charge and surface
area (Tan, 2010).

On the other hand, Jindaluang et al. (2013) stated that
soil texture and fraction contributed to SOC stabilization.
However, there are several perspectives on this. Some
studies claim that soil fraction plays a significant role in SOCs
(Schweizer et al., 2021; Zhong et al., 2018). Research by
Marques et al. (2015) confirmed that SOCs in fine soil are
higher compared to coarse soil fractions. Nonetheless,
Merabtene et al. (2021) found that the coarse soil fractions
also positively contributed to the increase in SOCs. This
study aims to investigate the actual mineral types and soil
fraction sizes that control the SOCs of coastal land.

MATERIALS AND METHODS
Research site

This study was conducted in coastal lands in 3 districts:
Seunuddon (SD), Lapang (LP) and Dewantara (DT) in Aceh
Utara, Aceh Province, Indonesia (Fig 1), from June to
October 2022. SD is located in the east, LP in the middle
and DT in the west of Aceh Utara Regency. Geographically,
Aceh Utara Regency is located at 96°52'00"-97°31'00" east
longitude and 04°46'00"-05°00'40" north latitude.

In this research, we used data on annual average climate
(2007-2021), rainfall, temperature and humidity obtained from
the Indonesian Agency for Meteorology, Climatology and
Geophysics in Aceh Utara. In the past 15 years, the city
recorded 1,488.75 mm/year, an average annual temperature
of 27.7°C, where maximum and minimum temperatures were
32.9 and 22.6°C and an annual average humidity of 83%.

Geologically, this research site possesses alluvial deposits
(Qh) and Idi Qpi patterns. The formation of Qh (holocene) is
sandy and fluviatil sediment, while Qpi (pleistocene) is in the
form of compressed gravel, sand, limestone and clay, which is
dominantly found in Aceh Utara Seunuddon, Lapang and
Dewantara subdistricts. Nonetheless, the Qpi pattern can only
be found in narrower areas where the soil types are Entisols,
Inceptisols and Ultisols, with Entisols and Inceptisols being
dominant and often used for swamps, shrubs, coconut
plantations, paddy fields, ponds and settlements(Keats et al.,
1981; Puslittanak, 1991).

Data collection and parameters for soil properties

The soil samples were obtained from a representative soil
profile, whose position is determined by its distance from
the shoreline (d.f.s.). The distance from the shoreline was
divided into three groups: short (300 m), middle (900 m)
and long (1500 m). Fig 2a, 2b and 2c displays the placement
of each soil profile in relation to the distance from the
shoreline at each location. One typical soil profile with a
width of 0.8 m, a length of 0.8 m and a depth of 0.8 m is
created at each place along the distance. Each profile
possessed four layers of the same thickness, 20 cm.
There are a total of 36 layers (36 soil samples) obtained
from three districts. From each stratum, undisturbed soil
aggregates were obtained using a sample ring (diameter

53 mm and volume 100 cm?®) and cut using a knife, while
disturbed soil samples were collected using a bayonet (1.5
kg of soil samples put into a plastic bag). The undisturbed
soil aggregates were used in bulk density analysis (g cm?)
using the sample ring kit model C53 (Grossman and
Reinsch, 2002), The disturbed soil aggregates have to be
air-dried before sieving (10 mesh). This soil sample has been
used to determine the clay mineral types and composition
using the qualitative method of X-ray diffraction (Hughes et al.,
1994), to investigate soil fraction (%) (very coarse sand,
coarse sand, medium sand, fine sand, very fine sand, silt,
clay) by the pipetting method (Olmstead et al., 1930) and to
assess organic-C (%) by the Walkley and Black method
(Black et al., 1965).

Soil organic carbon stock calculation and data analysis

SOCs were calculated using the formula by Yigini dan

Panagos (2016), where,

SOCs (MgC ha?) = Organic-C (%) x bulk density (g cm)
x thickness of the horizon (cm).

This assessment is applied to each layer of the soil
profile obtained. The total of SOCs is obtained by adding up
the SOCs values from each layer (layers | to IV). The means
of SOCs obtained from each location and distance were
also calculated by including the total of SOCs and separating
them into three. It applied to the total SOCs obtained from
the distance of the coastal line as well.

The data from clay mineral analysis acquired from all
soil profiles is categorized as qualitative data. Therefore,
the data needs to be adjusted to be quantitative data to be
used and analyzed to quantify its relationship to SOCs by
applying scoring functions: 5 (predominant), 4 (dominant),
3 (moderate), 2 (low) and 1 (very low). The data on soil
fraction and other soil properties obtained from three
locations were involved in this quantitative analysis.

Statistical analysis

Correlation analysis Spearman and multiple linear regression
analyses were performed to assess the correlation of clay
minerals and soil fractions to SOCs. This correlation matrix
analysis helped investigate the relationship between clay
minerals and soil fractions on SOCs, while the multiple linear
regression analysis helped identify the effect of clay minerals
and soil fraction size on SOCs.

RESULTS AND DISCUSSION
Bulk density and soil fraction

Bulk density (BD) in the study area ranges from 0.79 to 1.90 g
cm=. Spatially, the lowest mean of (BD) was found in the
soil within 900 m d.f.s. (1.27 g cm), followed by soil in 1500
m and 300 m d.f.s. (1.52 and 1.64 g cm®). Vertically, the
highest BD (1.65 g cm) was recorded at the depth of 40-60
cm, with the lowest (1.21 g cm™®) at the depth 0-20 cm. The
distribution of soil bulk density values is linked to soil fraction
and soil organic matter. Soils with higher organic-C and a
finer soil fraction tend to have lower bulk density (Azuka
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and Idu, 2022; Hossain et al., 2015). The soil fraction of the
study area is dominated by fine sand (21.2-71.8%), followed
by medium sand (3.7-44.4%), silt (1.0-30.9%) and very
coarse sand (0.1-4.3%). The value of fine sand in SD and
LP increased with further distance from the shoreline. In
contrast, at DT, its value decreased with further distance
from the shoreline. The parent materials of this coastal land,
such as sandstone, silt and clay rocks, influenced and
dominated the very fine sand in this area. The parent
materials generate a finer sand fraction as well as silt. This

finding is in line with Szymanski et al. (2019), where he stated
that parent materials such as silt and clay rocks will result
in a finer soil fraction.

Soil organic carbon and cation exchange capacity

The highest average of organic-C (0.07-1.05%) was found
at 900 d.f.s. and vertically decreased with soil depth. We
assumed that organic matter influenced the high content
of organic-C at 900 d.f.s., which was contributed by higher
vegetation cover where this area was utilized as coconut
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Fig 2: Soil profile position according to distance from the shoreline SD (a), LP (b), and DT (c).
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plantations and shrubs. Kadiri et al. (2021) have also
explained that these two types of land use trigger a higher
amount of organic matter compared to undeveloped land.
We also observed that the CEC in this area was low (5.72-
9.66 cmol_ kg") and decreased with the soil depth. The
higher CEC (9.66 cmol_kg™) was found at 900 d.f.s., followed
by 1500 m and 300 m d.f.s. Low CEC is caused by low
organic matter and smectite (type 2:1). These colloids were
higher at 900 d.f.s., compared to 300 m and 1500 m d.f.s.
Organic matter has a very high CEC (Saidian et al., 2016).

Clay mineral composition

In this study area, we found nine mineral clays: kaolinite,
vermiculite, illite, chlorite, goethite, quartz, labradorite,
smectite and dolomite. These minerals varied in number,
from low to moderate. However, kaolinite dominates with a
moderate number, followed by illite (moderate-low), chlorite
(moderate-low), quartz (low-very low) and vermiculite (low-
very low). These former minerals can be found in most soils,
while the latter, which are smectite, goethite and dolomite,
are very low and can be found in a few soil profiles. For
instance, we discovered very few labradorite (at the depth
0-20 cm) in SD at 1500 m d.f.s and in DT (at the depth 0-20
and 20-40 cm) at 300 m d.f.s. The dominance of kaolinite
and low smectite is attributed to parent materials formed in
this land. Kaolinite and smectite are the parent materials of
kaolin (Supandi et al., 2019). In addition, the modification of
hydrothermal solutions in andesite rocks can result in the
formation of kaolinite (Dill, 2016). The occurrence of
labradorite in coastal lands is reasonable considering that

this mineral may be found worldwide and is formed by
igneous or metamorphic rocks (Meyer and Montague, 1989).

Soil organic carbon stock

Soil organic carbon stocks on coastal lands of varied depth
and shoreline are described in Fig 3 (a, b and ¢). Those figures
illustrated that the SOCs varied with the soil depth (between
0.64 to 43.45 MgC ha). These results showed that in Aceh
Utara, SOCs in coastal land were lower compared to coastal
mud and mangrove ecosystems (Casey et al., 1989; Sasmito
et al., 2020), as well as tidal marshes and coastal wetlands
(Byun et al., 2019). The average of SOCs in those 3 locations
was between 34.18-59.20 MgC ha, with the highest (59.20
MgC ha?) recorded in SD, followed by DT (39.59 MgC ha)
and LP (34.18 MgC ha?) (Fig 4a). Higher total SOCs in SD is
related to higher soil organic matter compared to DT and LP.
High soil organic matter increases SOCs retention (Chahal
and Singh, 2021). The average of SOCs from shoreline
ranged from 34.94-50.42 MgC ha? with the highest total
average was 50.42 MgC ha'at 900 m d.f.s and the lowest of
34.94 MgC haat 300 m d.f.s (Fig 4b). SOCs were determined
by organic-C distribution, fine sand fraction and bulk density
(Urgessa and Ferede, 2023). Soils with higher organic-C and
fine sand fractions possess higher SOCs, as demonstrated
by soils at 900 m d.f.s.

Relationship between clay minerals and soil fraction
with soil organic carbon stock

The correlation coefficient between clay minerals and soil
fraction was given in Table 1, with the coefficient value in
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Fig 3: Content of SOCs according soil depth and distance from shoreline, SD (a), LP (b), and DT (c).
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Table 2: Regression analysis of clay minerals and soil fraction with soil organic carbon stocks (SOCs).

Variable Slope Standard error t-ratio p<.05

Kaolinite -8.120 3.935 -2.064 .053

Vermiculite 8.216 3.682 2.231 .038

Illite 8.268 4.739 1.749 .096

Chlorite 8.248 3.720 2.217 .039

Goethite -12.755 6.089 -2.095 .050 Constant = -65.098
Quartz 6.208 3.554 1.747 .097 R2= 705
Labradorite 15.811 5.491 2.880 .010 F-ratio = 2.836
Smectite 9.428 2.952 3.194 .005 SEE = 7.477
Dolomite -1.465 2.776 -.528 .604 n =36

Very coarse sand 3.689 3.018 1.222 .237

Coarse sand -.489 811 -.603 .554

Medium sand .583 .533 1.094 .287

Fine sand -.038 445 -.085 .933

Very fine sand .872 .375 2.323 .031

Silt -1.408 525 -2.683 .015

Clay 921 .656 1.404 176

Table 2. The clay minerals vermiculite and smectite showed
significant positive correlations with SOCs (r=0.44 and
r=0.41), also with labradorite which correlated with SOCs
(r=0.48). These correlations indicated that increased
vermiculite, smectite and labradorite have increased the
SOC:s. Soil fraction and SOC are not significantly correlated.

On the other hand, simultaneously, clay minerals
(labradorite, smectite, chlorite and vermiculite) and soll
fraction gave a significant difference to SOCs, 70.5%
(R?=0.705) (Table 2). In previous research by Zeraatpishe
dan Khormali (2012), they found that SOCs are dependent
on illite and chlorite occupancy. The presence of smectite
and vermiculite to influence SOCs content corroborates the
finding of (Singh et al. 2018; Singh et al. (2017). They
reported that only smectite and vermiculite could regulate
the SOCs. Nonetheless, this study showed that not only
smectite, vermiculite and chlorite could affect the SOCs,
but also labradorite. The presence of labradorite affecting
SOCs has not been much discussed. Therefore, this
phenomenon could happen considering labradorite is a
mineral with a surface charge (Casey et al., 1989; Wypych
and de Freitas, 2022). Labradorite, which belongs to the
tectosilicate group, exhibits a low surface charge, but it is
possibly involved in a range of chemical processes and
demonstrates adsorption phenomena (Tan, 2010).
Consequently, it is plausible that labradorite plays a role in
modulating SOC. Electrostatic attraction and polyvalent
cation bridging can occur during SOC adsorption processes
by clay minerals (Singh et al., 2016).

The regression analysis also revealed that the soil
percentage had a significant influence on SOC levels, which
differed from the correlation analysis, which revealed no
significant correlation (Table 1). Only the very fine sand
fraction and the silt fraction have the potential to influence
SOCs levels, resulting in the very fine sand fraction

contributing favorably (positive slope value) and the silt
fraction contributing adversely (negative slope value). The
very fine sand fraction has a higher capacity to retain organic
carbon than the medium and coarse fractions, which
explains its ability to considerably affect SOCs (Lupi et al.,
2021). This observation corresponds with the result of a
study by Jindaluang et al. (2013), who identified that SOC
improved rapidly in finer soil fractions than coarse fractions.
According to Li et al. (2022), fine-textured soils have a
greater potential to stabilize SOCs and this is triggered by
higher soil moisture in finer-textured soils. The conclusions
of this investigation, which revealed that the very fine sand
fraction had a substantial positive association with SOCs,
were also mostly in line with the research results of
(Merabtene et al., 2021). They observed that only the coarse
dust fraction had a favorable influence on SOCs.

CONCLUSION

Soils at 900 m d.f.s demonstrated the lowest bulk density.
Soil fraction size was dominated by fine sand, particularly
in SD and DT, where their amount was increased with
increasing distance from the shoreline. Organic-C and CEC
levels were extremely low, with the highest values reported
at 900 m d.f.s. The average level of total SOCs is 34.18-
59.20 MgC ha?, with the highest level found at 900 m d.f.s.
in SD. The clay minerals and soil fraction size affecting the
SOCs of coastal areas are labradorite, smectite, vermiculite,
chlorite and very fine sand.

ACKNOWLEDGEMENT

We thank the Institution of Research and Community
Services (LPPM) at Universitas Malikussaleh for funding this
research through PNBP Grant Year 2022.

Conflict of interest: None.

AGRICULTURAL SCIENCE DIGEST - A Research Journal of Agriculture, Animal and Veterinary Sciences




Soil Fractions Affect on Soil Organic Carbon Stock in the Coastal Land of Aceh Utara Regency, Indonesia

REFERENCES

Adhikari, K., Owens, P.R., Libohova, Z., Miller, D.M., Wills, S.A.
and Nemecek, J. (2019). Assessing soil organic carbon
stock of Wisconsin, USA and its fate under future land
use and climate change. Science of the Total Environment.
667: 833-845.

Anokye, J., Logah, V. and Opoku, A. (2021). Soil carbon stock and
emission: Estimates from three land-use systems in
Ghana. Ecological Processes. 10(11): 1-13.

Azuka, C. and Idu, M.C. (2022). Effect of organic manures application
on soil physicochemical properties of coarse-textured
ultisol and okra productivity in Nsukka, Southeastern
Nigeria. Agricultural Science Digest-A Research Journal.
42(2): 145-151.

Black, C., Evans, D., White, J., Ensminger, L. and Clark, F. (1965).
Methods of Soil Analysis, Part 2. Agronomy 9 Am. Soc.
of Agron., Inc., Madison, Wis.

Byun, C., Lee, S.H. and Kang, H. (2019). Estimation of carbon
storage in coastal wetlands and comparison of different
management schemes in South Korea. Journal of Ecology
and Environment. 43(1): 8. DOI: 10.1186/s41610-019-
0106-7.

Canedoli, C., Ferre, C., El Khair, D. A., Padoa-Schioppa, E. and
Comoalli, R. (2020). Soil organic carbon stock in different
urban land uses: high stock evidence in urban parks.
Urban Ecosystems. 23(1): 159-171.

Casey, W.H., Westrich, H.R., Massis, T., Banfield, J.F. and Arnold,
G.W. (1989). The surface of labradorite feldspar after acid
hydrolysis. Chemical Geology. 78(3-4): 205-218.

Chahal, H.S. and Singh, A. (2021). Impact of agricultural practices
and their management techniques on soil carbon sequestration:
A review. Agricultural Reviews. 42(1): 80-86.

Chakrabarti, B., Bandyopadhyay, S., Pathak, H., Pratap, D., Mittal,
R. and Harit, R. (2019). Changes in soil carbon stock in
Mewat and Dhar under cereal and legume based cropping
systems. Indian Journal of Agricultural Research. 53(2):
218-222. doi: 10.18805/IJARe.A-5137.

Das, S., Zaman, S., Pramanick, P., Pal, N. and Mitra, A. (2015).
Suaeda maritima: A potential carbon reservoir of coastal
zone. International Advanced Research Journal in Science.
Engineering and Technology. 2(5): 61-65.

Dill, H.G. (2016). Kaolin: Soil, rock and ore: From the mineral to
the magmatic, sedimentary and metamorphic environments.
Earth-Science Reviews. 161: 16-129.

Fu, C., Li, Y., Zeng, L., Zhang, H., Tu, C., Zhou, Q., Xiong, K., Wu,
J., Duarte, C.M. and Christie, P. (2021). Stocks and losses
of soil organic carbon from Chinese vegetated coastal
habitats. Global Change Biology. 27(1): 202-214.

Grossman, R. and Reinsch, T. (2002). Bulk Density and Linear
Extensibility. In: Methods of soil Analysis: Part 4 Physical
Methods. [Dane, J.H. and Topp, G.C. (Eds.)], America:
Wiley Online Library. 5: 201-228.

Hossain, M.F., Chen, W. and Zhang, Y. (2015). Bulk density of
mineral and organic sails in the Canada’s arctic and sub-
arctic. Information Processing in Agriculture. 2(3): 183-190.

Hounkpatin, O.K., de Hipt, F.O., Bossa, A.Y., Welp, G. and Amelung,
W. (2018). Soil organic carbon stocks and their determining
factors in the Dano catchment (Southwest Burkina Faso).
Catena. 166: 298-309.

Hughes, R.E., Moore, D.M. and Glass, H.D. (1994). Qualitative
and quantitative analysis of clay minerals in soils. Quantitative
Methods in Soil Mineralogy. (pp. 330-359).

Jiao, S., Li, J., Li, Y., Xu, Z., Kong, B., Li, Y. and Shen, Y. (2020).
Variation of soil organic carbon and physical properties
in relation to land uses in the Yellow River Delta, China.
Scientific Reports. 10(1): 20317. https://doi.org/10.1038/
$41598-020-77303-8.

Jindaluang, W., Kheoruenromne, I., Suddhiprakarn, A., Singh, B.P.
and Singh, B. (2013). Influence of soail texture and mineralogy
on organic matter content and composition in physically
separated fractions soils of Thailand. Geoderma. 195-
196, 207-219.

Kadiri, W.0.J., Fasina, A.S. and Babalola, T.S. (2021). Soil organic
carbon concentration and stock of arable land use of two
agro-ecological zones of Nigeria. Journal of the Saudi
Society of Agricultural Sciences. 20(3): 180-189.

Keats, W., Cameron, N., Djunuddin, A., Ghazali, S., Harahap, H.,
Kartawa, W., Ngabito, H., Rock, N., Thompson, S. and
Whandoyo, R. (1981). The Geology of the Lhokseumawe
quadrangle, Sumatra: Geological Research and Development
Centre, Bandung. Explanatory Note, 13 pp. and Geological
Map, Quadrangle 0521, 0621.

Li, H., Van den Bulicke, J., Mendoza, O., Deroo, H., Haesaert, G.,
Dewitte, K., De Neve, S. and Sleutel, S. (2022). Saoil
texture controls added organic matter mineralization by
regulating soil moisture-evidence from a field experiment
in a maritime climate. Geoderma. 410: 115690. DOI:
10.1016/j.geoderma.2021.115690.

Liu, Y., Ge, T., van Groenigen, K.J., Yang, Y., Wang, P., Cheng, K.,
Zhu, Z., Wang, J., Li, Y., Guggenberger, G., Sardans, J.,
Penuelas, J., Wu, J. and Kuzyakov, Y. (2021). Rice paddy
soils are a quantitatively important carbon store according
to a global synthesis. Communications Earth and Environment.
2(1): 154. https://doi.org/10.1038/s43247-021-00229-0.

Lupi, A., Steinbach, H.S., Ciarlo, E., Romaniuk, R., Cosentino,
V.R.N., Rimski-Korsakov, H. and Alvarez, C.R. (2021).
Organic carbon stored in soils under different land uses
and sail textures in southeast Argentinean Mesopotamia.
Geoderma Regional. 27: e00435. DOI: 10.1016/j.geodrs.
2021.e00435.

Manna, M.C., Bhattacharyya, P., Adhya, T.K., Singh, M., Wanjari,
R.H., Ramana, S., Tripathi, A. K., Singh, K.N., et al. (2013).
Carbon fractions and productivity under changed climate
scenario in soybean-wheat system. Field Crops Research.
145: 10-20.

Marques, J.D.D.O., Luizao, F.J., Teixeira, W.G., Sarrazin, M., Ferreira,
S.J.F, Beldini, T.P. and Marques, E.M.D.A. (2015). Distribution
of organic carbon in different soil fractions in ecosystems
of central Amazonia. Revista Brasileira de Ciéncia do
Solo. 39(1): 232-242.

Matus, F., Garrido, E., Hidalgo, C., Paz, F.,, Etchevers, J., Merino,
C. and Baez, A. (2016). Carbon saturation in the silt and
clay particles in soils with contrasting mineralogy. Terra
Latinoamericana. 34(3): 311-319.

Merabtene, M.D., Faraoun, F., Mlih, R., Djellouli, R., Latreche, A.
and Bol, R. (2021). Forest soil organic carbon stocks of
Tessala Mount in North-West Algeria-preliminary estimates.
Frontiers in Environmental Science. 8: 520284. https://
doi.org/10.3389/fenvs.2020.520284.


https://doi.org/10.1038/
https://doi.org/10.1038/s43247-021-00229-0.
https://

Soil Fractions Affect on Soil Organic Carbon Stock in the Coastal Land of Aceh Utara Regency, Indonesia

Meyer, J.R. and Montague, H.E. (1989). Labradorite occurrences
North of Davis inlet. Current Research. 89(1): 167-170.

Nthebere, K., Sharma, S., Kumari, C.P. and Qureshi, A.A. (2022).
Long-term effect of different cropping systems on carbon
sequestration in a sandy loam soil of Telangana. Agricultural
Reviews. 43(2): 249-254.

Olmstead, L.B., Alexander, L.T. and Middleton, H.E. (1930). A
pipette method of mechanical analysis of soils based on
improved dispersion procedure. Technical Bulletin No.
170. Washington, D.C.: United States Department of
Agriculture.

Puslittanak. (1991). Land unit and soil map of the Lhokseumawe
sheet, Sumatra (Scale 1:250.000): Pusat Penelitian
Tanah, Balitbangtan, Departemen Pertanian RI.

Saidian, M., Godinez, L.J. and Prasad, M. (2016). Effect of clay
and organic matter on nitrogen adsorption specific surface
area and cation exchange capacity in shales (mudrocks).
Journal of Natural Gas Science and Engineering. 33:
1095-1106.

Sarkar, B., Singh, M., Mandal, S., Churchman, G.J. and Bolan,
N.S. (2018). Chapter 3-Clay Minerals-Organic Matter
Interactions in Relation to Carbon Stabilization in Soils.
In: [Garcia, C., Nannipieri, P. and Hernandez, T. (Eds.)],
The Future of Soil Carbon. Academic Press. pp. 71-86.

Sasmito, S., Kuzyakov, Y., Lubis, A., Murdiyarso, D., Hutley, L.,
Bachri, S. and Borchard, N. (2020). Carbon burial rates
and sources in soils of coastal mudflat and mangrove
ecosystems. Catena. 187: 104414: DOI: https://doi.org/
10.1016/j.catena.2019.104414.

Schweizer, S.A., Mueller, C.W., Héschen, C., lvanov, P. and Kégel-
Knabner, |. (2021). The role of clay content and mineral
surface area for soil organic carbon storage in an arable
toposequence. Biogeochemistry. 156(3): 401-420.

Seboko, K.R., Kotze, E., van Tol, J. and van Zijl, G. (2021).
Characterization of soil carbon stocks in the City of
Johannesburg. Land. 10(1): 1-12.

Singh, M., Sarkar, B., Biswas, B., Churchman, J. and Bolan, N.S.
(2016). Adsorption-desorption behavior of dissolved
organic carbon by soil clay fractions of varying mineralogy.
Geoderma. 280: 47-56.

Singh, M., Sarkar, B., Sarkar, S., Churchman, J., Bolan, N., Mandal,
S., Menon, M., Purakayastha, T. and Beerling, D. (2017).
Stabilization of Soil Organic Carbon as Influenced by Clay
Mineralogy. Advances in Agronomy. 148: 33-84.

Singh, M., Sarkar, B., Sarkar, S., Churchman, J., Bolan, N., Mandal,
S., Menon, M., Purakayastha, T.J. and Beerling, D.J.
(2018). Stabilization of soil organic carbon as influenced
by clay mineralogy. Advances in Agronomy. 148: 33-84.

Supandi, S., Zakaria, Z., Sukiyah, E. and Sudradjat, A. (2019).
The influence of kaolinite-illite toward mechanical properties
of claystone. Open Geosciences. 11(1): 440-446.

Szymafiski, W., Maciejowski, W., Ostafin, K., Ziaja, W. and Sobucki,
M. (2019). Impact of parent material, vegetation cover
and site wetness on variability of soil properties in proglacial
areas of small glaciers along the northeastern coast of
Sgrkappland (SE Spitsbergen). Catena. 183: 104209.
https://doi.org/10.1016/j.catena.2019.104209.

Tan, K.H. (2010). Principles of Soil Chemistry (4 ed.). Boca Raton:
CRC press.

Urgessa, H.T. and Ferede, T.G. (2023). Effect of land use on plant
nutrient availability and soil carbon stock of Mokonisa
Machi Watershade, Dugda Dawa Woreda, West Guiji
Zone, Southern Ethiopia. Agricultural Science Digest-A
Research Journal. 43(2): 135-142.

Wypych, F and de Freitas, R.A. (2022). Clay minerals: Classification,
structure and properties developments in clay science.
Elsevier. 10: 3-35.

Yigini, Y. and Panagos, P. (2016). Assessment of soil organic carbon
stocks under future climate and land cover changes in
Europe. Science of the Total Environment. 557: 838-850.

Zeraatpishe, M. and Khormali, F. (2012). Carbon stock and mineral
factors controlling soil organic carbon in a climatic gradient,
golestan province. Journal of Soil Science and Plant
Nutrition. 12(4): 637-654.

Zhong, Z., Chen, Z., Xu, Y., Ren, C., Yang, G., Han, X., Ren, G.
and Feng, Y. (2018). Relationship between soil organic
carbon stocks and clay content under different climatic
conditions in Central China. Forests. 9(10): 598. https://
doi.org/10.3390/f9100598.

Zhu, G., Shangguan, Z., Hu, X. and Deng, L. (2021). Effects of
land use changes on soil organic carbon, nitrogen and
their losses in a typical watershed of the Loess Plateau,
China. Ecological Indicators. 133: 108443. https://doi.org/
10.1016/j.ecolind.2021.108443.

AGRICULTURAL SCIENCE DIGEST - A Research Journal of Agriculture, Animal and Veterinary Sciences



https://doi.org/
https://doi.org/10.1016/j.catena.2019.104209.
https://
https://doi.org/

