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Abstract

Soil organic carbon (SOC) plays a vital role in soil fertility and is important for its contributions to mitigation and adaptation to
climate change. The present study was undertaken to estimate the SOC stock in soils under different land uses of Cauvery
Delta zone of Tamil Nadu. Four different land uses were selected for the study viz, Forests, Agriculture, Agro-forestry and Plan-
tations. Soil samples were collected from Madukkur and Kalathur soil series of Cauvery Delta zone for soil carbon analysis. The
soil samples were fractionated into three aggregate size classes viz., macro-aggregates (250-2000um), micro-aggregates (53-
250 ym) and silt and clay sized fraction (<53 pym). At 0-30 cm depth, the forest land use stored the maximum SOC stock in the
different size fractions viz. macro-sized fraction (73.0 Mg ha™), a micro-sized fraction (76.0 Mg ha™) and silt+clay sized fraction
(77.0 Mg ha™") in Madukkur series. Agriculture land use registered the lowest SOC stock. Among the different size fractions,
silt+clay sized fraction (< 53 ym) retained the maximum SOC in all the land uses. In Kalathur series also, maximum soil organic
carbon stock was recorded in forest land use. The data generated in the study will be beneficial to the user groups viz., farmers in
identifying the most suitable land use for enhancing the storage of soil organic carbon thereby improving yields of crops andftrees.

Keywords: Land use, Organic carbon stock, Soil organic carbon, Soil series

INTRODUCTION ernmental Panel on Climate Change identified crea-
tion and strengthening of carbon sinks in the soil as a
clear option for increasing removal of CO,from the
atmosphere and has recognized soil organic carbon
pool as one of the five major carbon pools for the
Land Use, Land Use Change in Forestry (LULUCF)
sector (IPCC, 2003). As an indicator of soil health,
SOC plays a vital role by contributing to climate
change mitigation and adaptation, and achievement of
the Sustainable Development Goals (SDGs) (Clara et
al., 2017). Enhanced capture and storage of atmos-
pheric CO,in different land-use systems can be a suc-
cessful approach for reducing its concentration while

Global climatic conditions due to human activities have
directed towards utilizing soils as a resource to both
mitigate and adapt to climate change. The role of soils
and SOC in climate change adaptation and mitigation
has been widely accepted and demonstrated in vari-
ous studies (Scharlemann et al., 2014). At the global
level, Soil Organic Carbon (SOC) stocks are estimated
at an average of 1,500 +230 Pg C in the 100 cm of
soil, and this is nearly twice as that of atmospheric
carbon (828 Pg C) and thrice as that of terrestrial veg-
etation (500 Pg C) (Quere et al., 2016). The Intergov-

This work is licensed under Attribution-Non Commercial 4.0 International (CC BY-NC 4.0). © : Author (s). Publishing rights @ ANSF.


mailto:acsuryaprabha19@gmail.com
https://doi.org/10.31018/jans.v12i4.2372
https://doi.org/10.31018/jans.v12i4.2372
https://doi.org/10.31018/jans.v12i4.2372

Surya Prabha, A.C. et al. / J. Appl. & Nat. Sci. 12(4): 478- 483 (2020)

also improving the quality of soil (Kenye et al., 2019).
There exists considerable spatial variability according
to land uses and soil depths in SOC content. Land use
and soil management significantly influence the
amount of soil organic carbon and may lead to both
losses and gains of soil organic carbon (Wiesmeier et
al. 2015). Soils of the world are potentially viable sinks
for atmospheric carbon and may significantly contrib-
ute to the mitigation of global climate change
(Venkanna et al. 2014). Spatially distributed estimates
of SOC pools and soil carbon sequestration are im-
portant requirements for understanding the role of soils
in the global carbon cycle and for assessing potential
biosphere responses to climatic change or variation
(Lal et al., 2012).

In general, undisturbed forest ecosystems are highly
productive and accumulate more biomass and carbon
per unit area compared to other land-use systems like
agriculture (Devagiri et al. 2013). The extent of soil
carbon retention in soils depends, on the nature of soil
aggregation (Haile et al.,, 2010). It can be short-term
storage in macro-aggregates (>250 ym diameter) and
long-term storage in micro-aggregates (<250 ym diam-
eter) including the widely accepted stability of carbon
stored in the smallest size class, the silt and clay size
fraction (<53 pm). In this context, it is ideal for studying
and estimating, for any given ecosystem, the current
SOC stocks to determine a soil's carbon sequestration
potential.

Studies on assessment of soil organic carbon stock
under different land use in Cauvery Delta Zone, India
using IPCC guidelines are lacking. Therefore, the pre-
sent study was aimed to assess the carbon stock in
dominant soil series under different land-use systems
in the Cauvery Delta zone of Tamil Nadu.

MATERIALS AND METHODS

The study was conducted in the Cauvery Delta zone
(CDZ) of Tamil Nadu which lies in the eastern part of
Tamil Nadu between 10°00' — 11°30' North latitude
and 78°15' — 79°45' East longitude (Fig.1). It is bound-
ed by the Bay of Bengal on the East and the Palk
Strait on the South, Tiruchirappalli district on the west,
Perambalur and Ariyalur districts on the North West,
Cuddalore district on the North and Puddukkottai dis-
trict on the South West. CDZ has a total geographic
land area of 14.47 lakh ha which is equivalent to 11%
of the State's area of 130.33 lakh hectares.

Soil sampling: The study aimed to assess the carbon
stock in dominant soil series under different land-use
systems in the Cauvery Delta zone of Tamil Nadu. Out
of the different land uses existing in the CDZ, four land
uses were selected for our study viz, Agriculture, Agro-
forestry, Plantation and Forest. Agriculture, agro-
forestry and plantation land use included lands of pri-
vate landowners. The forest land was a natural dry
deciduous forest, and in agriculture land, rice was the
major crop under cultivation. Soil samples (98 nos.)

associated with two dominant soil series viz, Madukkur
and Kalathur of CDZ were collected from various land
uses adopting random sampling technique. Kalathur
Series consisted of very dark grey-brown, very deep
calcareous soils and it was fine-textured Cauvery river
alluvium clay. Madukkur series consisted of very deep
brown soil, derived from the laterite parent materials.
Soil samples were collected at four depths viz., 0-30,
30-50, 50-80 and 80-100 cm and from three plots un-
der each land use covering the CDZ of Tamil Nadu.
The design adopted was Factorial Randomized Block
Design (FRBD). The soil samples were then air-dried,
mixed well and passed through a 2 mm sieve for the
analysis of soil organic carbon. An area of 0.5m x
0.5m was removed and a pit of 30cm wide, 50 cm in
length and 100 cm deep was dug at each sampling
point. The soil was scrapped from three sides of the pit
with the help of a kurpee at each depth. The soil was
mixed thoroughly and transferred to a polythene bag
with proper labelling. Latitude, longitude and altitude of
each sampling point were recorded by GPS.

Soil analysis: The soil samples were fractionated into
three aggregate size classes viz., macro-aggregates
(250-2000um), micro-aggregates (53-250 ym) and silt
and a clay-sized fraction (<53 pm) according to the
procedure from Six et al., (2002). Each soil sample
was submerged in de-ionized water for about five
minutes and then placed on top of 250 uym sieve to
release the air that is trapped inside soil pores. The
sieving was done manually. The fraction remaining on
the top of a 250 um sieve was collected in a hard plas-
tic pan and allowed to oven-dry at 65°C and weighed.
Water plus soil <250 ym was poured through a 53 ym
sieve, and the same sieveing procedure was repeated.
The overall procedure yielded a water-stable, macro-
sized fraction 250-2000um; a micro-sized fraction 53-
250 pym, and silt+clay sized <53 pym fraction. The frac-
tionated soil samples were used for the estimation of
organic carbon. The total number of soil samples ana-
lyzed after fractionation was 294. Soil organic carbon
(%) was estimated by standard Chromic acid wet oxi-
dation method of Walkley and Black (1934). For the
estimation of bulk density (g/cc), two to three clods of
2mm size were collected from each pit, and bulk den-
sity was estimated by the wax coating (clod) method.
The per cent of coarse fragments was quantified by
visual observation of the area occupied by coarse frag-
ments. Soil organic carbon stock was calculated by the
equation as suggested by IPCC Good Practice Guide-
lines for LULUCF (2003).

Horizon=n Horizon=n

SOC=yS0C =Y (SOC] *Bulkdensity * Depth * (1-C frag) * 100).......Eq.1
Horizon=1 Horizon=1 horizon

Horizon = a distinct layer of soil, parallel with the

land surface
SOC = Representative soil organic carbon content for
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the forest type and soil of interest, tonnes C ha™.
SOC = Soil organic carbon content for a constituent
soil horizon, tonnes C ha™

Horizon

[SOC] = Concentration of SOC in a given soil mass
obtained from analysis, g C (kg soil)"

Bulk density = Soil mass per sample volume, tonnes
soil m>(equivalent to Mg m™)

Depth = Horizon depth or thickness of soil layer, m

C frag % volume of coarse fragments/100,
dimensionless.

All statistical tests were performed with SPSS ® 19.0
version statistical software. Wherever the treatment
differences were found significant, the critical differences
were worked out at 5 per cent probability and values
were furnished. The treatment differences that are non-
significant were indicated as Non-Significant (NS).

RESULTS AND DISCUSSION

Soil represents the major reservoir of terrestrial carbon
pool and the amount of carbon stored in soil organic
matter is one of the largest and most dynamic
reservoirs of carbon in the global carbon cycle. Soil
organic carbon stock under different land uses in mac-
ro-sized fraction, micro-sized fraction and silt+clay
sized fraction in Madukkur series is presented in Fig.2,
3 and 4. SOC stock under different land uses varied
significantly (p <0.05%) at different soil depths. In
forest land use, the SOC stock varied from 73.0 Mg ha
" at 0-30cm depth to 52.5 Mg ha™ at 80-100 m depth
in macro-sized fraction. In plantations the SOC stock
varied from 26.4 Mg ha™ at 0-30cm depth to 15.8 Mg

ha™' at 80-100 m whereas, in agro-forestry land use
the SOC stock varied from 30.1 Mg ha™ at 0-30cm
depth to 24.7 Mg ha™ at 80-100 m. Kenye et al. (2019)
also reported that natural forest recorded the highest
mean SOC concentration with 2.74% at 0-45cm
depth and lowest in the bamboo plantation (1.09%) in
land uses of Mizoram. Comparison of SOC in the for-
est and agriculture land gives an understanding of the
management effect on SOC stock. In our study, the
forest land was a natural dry deciduous forest, and in
agriculture land, rice was the major crop under cultiva-
tion. Forest land use recorded the maximum SOC
stock among all the land uses studied. Soil organic
carbon stock was found to decrease significantly
(<0.05%) with increasing depth, which ranged from
73.0 to 52.5 Mg ha™, 76 to 54.6 Mg ha™ and 77.2 to
57.8 Mg ha'in the different soil fractions of forest land
use. It may be due to less leaching of dissolved or-
ganic content and hence less accumulation at lower
depths. The rate at which SOC becomes available is
related to the soil organic matter fraction in which it
resides. At 0-30 cm depth, the forest land use stored
the maximum SOC stock in the different size fractions
viz. macro-sized fraction (73.0 Mg ha™), a micro-sized
fraction (76.0 Mg ha™) and silt+clay sized fraction
(77.0 Mg ha™). This was followed by plantation, agro-
forestry and agriculture land use. The findings are
similar to the work of Sahoo et al. (2019) who con-
ducted a study on SOC pools in a different land-uses
of Mizoram and reported total organic carbon was
highest (2.75%) in natural forest and lowest in grass-
land (1.31%) and decreased with increasing depth.

Study area

Fig.1. Map showing the study area of Cauvery delta zone of Tamil Nadu.
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The upper 0-30 cm soil recorded higher SOC stock
than in other soil depths of the same land use. Higher
SOC stock in top layer could be due to high organic
matter content, low soil disturbance, greater root bio-
mass and addition of leaf litter. The results are in con-
formity with the findings of Bajracharya (2004) who
conducted a study on the SOC stocks in Nepal and
concluded that land use had a significant effect on the
SOC content in the soil profile and soils under natural
vegetation had a higher SOC content in soil compared
to cultivated soil. In a study conducted in northern In-
dia, there was a loss of 21-36% of total organic carbon
in cultivated soils as compared to uncultivated soils
(Benbi et al. 2014).

In Kalathur series also, a similar pattern of carbon
storage was recorded, where, maximum soil organic
carbon stock was registered under forest land use
(70.7 Mg ha™) in macro-sized fraction, a micro-sized
fraction (74.5 Mg ha™) and silt+clay sized fraction
(77.2 Mg ha™) at 0-30 cm depth followed by agro-
forestry and plantation (Fig. 5, 6 and 7). SOC stock
under different land uses varied significantly (p
<0.05%) at different soil depths. Higher organic input
from litterfall and lower soil disturbance compared to
cultivated land might have contributed to the higher
amount of soil organic carbon (SOC) stock under for-
est land use at 0-30 cm depth in the two dominant soil
series viz. Madukkur and Kalathur. Our results are
consistent with the reports of Koppad and Tikhile
(2014) who studied the carbon sequestration in differ-
ent land uses such as plantations, forests, agriculture
of Uttar Kannada district of Karnataka and reported
that the carbon mitigation potential in soils of dense
forest was 2.78 times more in Sirsi and 2.86 times
more in Siddapur taluk as compared to Agriculture soil
and was followed by horticulture plantation. The low-
est SOC was recorded in Agriculture land (76.50 t/ha).

In our study, the forest land use (dry deciduous forest)
recorded significantly (<0.05%) higher SOC stock than
the other land uses studied. In macro-sized fraction,
the SOC stock varied from 70.7 Mg ha™ at 0-30cm
depth to 47.4 Mg ha™ at 80-100 m depth. The SOC
stock in micro-sized fraction ranged from 74.5 Mg ha™
at 0-30cm depth to 48.8 Mg ha™ at 80-100 m depth,
and in the clay+silt sized fraction, it varied from 77.2
Mg ha™” at 0-30cm depth to 50.8 Mg ha™ at 80-100 m
depth. Similar findings were reported by Koppad and
Janagoudar (2018)who concluded that among the dif-
ferent land use land cover classes in Karnataka, maxi-
mum SOC was sequestered (184.08 t/ha), in the
dense forest of Haliyal taluk, followed by horticulture
plantation (143.80 t/ha) and in Joida taluk, maximum
SOC was stored in dense forest (120.36 t/ha) followed
by open land (73.80 t/ha) and concluded that decidu-
ous forest sequestered more soil organic carbon com-
pared to the evergreen forest due to more contribution
from the leaf litter in a deciduous forest.

Maximum SOC was retained in the silt+clay sized frac-
tion (< 53 ym) in all the land uses with reference to the
different soil fractions. Soil organic carbon in silt + clay
-sized fraction size class which represents the stable
carbon is related to tree density. Similar findings were
reported by Saha et al. (2010) who studied the carbon
storage in different soil size fractions in different land
uses such as home gardens, natural forest, agriculture
of Kerala and reported that the Total C stock (Mgha™")
was highest in forests (176.6), followed by managed
tree-based systems, and lowest in the rice-paddy field
(55.6). Maximum carbon was stored in the < 53um
fraction, the most stable form of C in soil, in land-use
systems such as forests and small-sized home gar-
den. The SOC concentration depends on the plant
productivity since management leading to input of or-
ganic matter into the soil augments the active carbon
fraction (Sahoo et al. 2019) and continuous inputs of
easily decomposable leaf litter all through the year in
forests might have resulted in a high value of labile
carbon. In our study, among all the land uses, agricul-
ture land use recorded the lowest soil organic carbon
content and stocks. Most of the agricultural soils con-
tain lower SOC pools than their counterparts under
natural ecosystems. Tillage practices lead to mechani-
cal breakdown of the soil aggregates resulting in loss
of carbon that was once encapsulated within the ag-
gregates, whereas minimization of the soil disturbance
leads to carbon accumulation. Similar results were
reported by Manjaiah et al. (2010) that intensive agri-
culture results in a decreased amount of soil organic
carbon. Less amount of organic carbon under cultivat-
ed land might be due to the effects of tillage in combi-
nation with reduced soil organic matter inputs and
complete removal of crop residues from cultivated
fields (Adeboye et al., 2011). Dorji et al. (2014) also
reported that fir forest soils in Eastern Himalayas in
Bhutan recorded higher mean SOC density values
than other land use types and in the first 20 cm soil
surface, the percentage of mean SOC density was
lowest under agricultural lands (34%).

Conclusion

Soil organic carbon is an indicator of both soil quality
and environmental stability. The study has generated
baseline data on the soil organic carbon under differ-
ent land uses in the dominant soil series of the Cau-
very Delta zone of Tamil Nadu, India. At 0-30 cm
depth, the forest land use stored the maximum SOC
stock in the different size fractions viz. macro-sized
fraction (73.0 Mg ha™), a micro-sized fraction (76.0 Mg
ha”) and silt+clay sized fraction (77.0 Mg ha™) in Ma-
dukkur series. Agriculture land use registered the low-
est SOC stock. Among the different size fractions,
silt+clay sized fraction (< 53 pum) retained the maxi-
mum SOC in all the land uses. In Kalathur series also,
maximum soil organic carbon stock was recorded in
forest land use. Hence, suitable soil management
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Fig. 2. Effect of land use on Soil Organic Carbon Stock
(%) in Madukkur series (250 - 2000um).

Fig. 3. Effect of land use on Soil Organic Carbon Stock
(%) in Madukkur series (53 - 250 um).
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Fig. 4. Effect of land use on Soil Organic Carbon Stock
(%) in Madukkur series (<63 um).

Fig. 5. Effect of land use on Soil Organic Carbon Stock
(%) in Kalathur series (250 - 2000um).
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Fig. 6. Effect of land use on Soil Organic Carbon Stock
(%) in Kalathur series (53 - 250 um).

practices are required to be adopted to increase soil
organic carbon stock in different land-use systems.
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