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A  REVIEW

Abstract : Soil organic carbon (SOC) controls ecosystem and agro-ecosystem function, influencing soil fertility, water holding
capacity and many other functions. The total amount of C stored in the surface soil is higher than sub surface soil area. It is
estimated that the amount of C in the atmospheric pool is about 766 Pg C and about 566 Pg C in living vegetation. It is also of global
importance because of its role in the global carbon cycle and therefore, the part it plays in the mitigation of atmospheric levels of
greenhouse gases (GHGs). Different factors such as topography, climate, and soil physico-chemical properties also effect SOC
stock in soil. Past long-term experimental studies have shown that soil organic C is highly sensitive to changes in land use, with
changes from native ecosystems such as forest or grassland to agricultural systems almost always resulting in a loss of SOC.
Land use change in different part of the world has also been observed to influence SOC stocks in different depth of the soil. Proper
management of land use and land management practices and application of fertilizers, organic compost and manures could leads
to greater C-storage in the soil, improves soil fertility and crop yield.
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INTRODUCTION

Soils represent the largest terrestrial stock of carbon
holding between 1400 x 1015 g (Post et al., 1982) and
1500 x 1015 g (Batjes, 1996). Carbon present in soil is 2
times more than the amount present in the atmosphere
and 3 times the amount held in terrestrial vegetation. In
most soils the majority of this carbon is held in the form
of soil organic carbon (SOC) (Batjes and Sombroek,
1997). SOC plays important role in ecosystem function,
soil structure development, water-holding capacity, cation
exchange capacity and the soils ability to form complexes

with metal ions and to store nutrients (Keulen, 2001).
Proper management of soils increases SOC levels can
therefore increase the productivity and sustainability of
agricultural systems (Cole et al.,1997). In agricultural
systems cultivation practices, crop rotations, tillage
practices, fallow periods and water management are all
important factors that could either reduce or increase
soil C sequestration (Saree et al., 2012). Soil organic
carbon includes decomposed plant, animal and microbial
residues. Many organic compounds in the soil are also
bound with inorganic soil particles (Post and Kwon,
2000). Carbon enters terrestrial ecosystems, including
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agriculture, through photosynthesis by green plants that
assimilate CO

2
 and fix it into organic forms (Morgan et

al., 2010).

Status of SOC stock in different land use land cover:
The soil organic carbon stock in 1m to depth ranges

from 30 t/ha in arid climates to 800 t/ha in organic soils
in cold regions, and a predominant range of 50 to 150 t/
ha (Lal, 2004). Yigini and Panagos (2016) concluded that
in China the average SOC in 2006 was 18.5 g·kg-1,
significantly higher than 17.3 g·kg-1 in 1979. The changes
of agricultural use to industrial or urbanized uses were
the main factors influencing SOC. Duffera et al. (2007)
reported that different experiment models has been
studied to observed the changes of soil organic carbon
in sol. Deng et al. (2016) reported that the land-use
change significantly reduced soil C stock. Soil C stocks
decline after land use changes from grassland to
plantation (-10%), native forest to plantation (-13%),
native forest to farmland (-42%) and grassland to
farmland (-59%) and soil C stocks increase after land
use changes from native forest to grassland (+8%),
farmland to grassland (+19%), farmland to plantation
(+18%) and farmland to secondary forest (+53%). Soil
C stocks significantly increased after the conversion from
farmland to grassland (+6.16 Mg ha-1) and forest to
grassland (+11.53 Mg ha-1) and soil C stocks significantly
declined after the conversion from grassland to farmland
(-12.45 Mg ha-1), forest to farmland (-21.05 Mg ha-1)
and forest to forest (-12.28 Mg ha-1).

Factor affecting soil organic carbon:
Effects of climatic on soil organic carbon:

The climatic conditions such as precipitation,
temperature and radiation are the most important factors
which influence soil organic carbon (Ahmad et al., 2010).
Oueslati et al. (2011) reported that the SOC content
increases as mean annual precipitation increases.
Climate change is among the major global issues of the
21st century. Climate change such as fossil fuel
combustion, land use change, deforestation and soil
degradation decrease soil organic carbon content and
reduce the crop yield (Lal, 2004).

Effect of topography on soil organic carbon stock:
Topography (especially altitude and slope aspect)

are largely responsible for the spatial and vertical
distributions of SOC (Dorji et al., 2014). Topography

influences soil organic carbon through its effects on
geomorphological and biogeochemical processes (Creed
et al., 2013). Webster et al. (2011) observed that the
size of the measured soil carbon pools across all
topographic features increased from the green leaves
and freshly fallen leaves in the surface soil. Yohannes et
al. (2015) reported that litter biomass carbon more in
the middle slope and lower in the higher slope. The trend
of leaf litter biomass carbon might be related with less
accumulation of litter fall in steep slope due to canopy
cover and slope character (Ahmad et al., 2010). Fissore
et al. (2017) reported that at erosion positions along the
hillslope, SOC and nutrient content are typically lower
and soil thickness is reduced compared to depositional
positions.

Effects of land use and land use land cover (LULC)
change on SOC stock :

Forests to rangelands or agricultural lands have
become a important factor for environmental degradation
and global climate change (Lemenih, 2004). Agricultural
sector is responsible for nearly one-third of global
warming and climate change that is due to the
mismanagement and land use change (Tan and Lal,
2005). Carbon sequestration potential can be accelerate
by proper management activities (Lal, 2004). Loss of
soil organic carbon storage has a great effect on soil
structure through increasing soil compaction, soil
erodibility and runoff probability (Hoover, 2003). Land
use changes can reduce soil health. But restoring the
degraded land to the natural vegetation can develop
carbon inputs to the soil through organic matter (Post
and Kwon, 2000). Moreover loss of organic carbon
can cause nutrient deficiency for the sustainable
production of agricultural products (Jones et al., 2009).
Loss of soil organic carbon also held by water and
wind erosion, flood and land slide (Dawson and Smith,
2007).

Effect of application of fertilizers and manures on
SOC stock :

Cheng et al. (2010) reported that the SOC increase
was higher under balanced chemical fertilizations with
compound N, P and K fertilizers than unbalanced
fertilizations such as N only, N plus P and N plus K. Ge
et al. (2013) reported that the soil organic carbon and
nitrogen are used as indexes of soil quality assessment
and sustainable land use management.
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Soil physico-chemical properties affecting soil
organic carbon stock:

Clay minerals play a special role in stabilizing the
organic compounds (Zeraatpishe and Khormali, 2012).
Matus et al. (2014) reported that the positive (P < 0.01)
relationship was observed between the SOC and the C
in the silt fraction (R2 0.80-0.97, P < 0.01). Zhang et al.
(2018) shows that the average soil organic carbon
content (SOC) is more in surface whereas it decreased
with the soil depth.

Management of soil organic carbon:
SOC comes from biosphere that is captured by

plants through the process of photosynthesis. The amount
of SOC is a balance of C inputs and C losses of organic
material (Burke et al., 1989). In natural ecosystems,
climate are primary factors determining plant biomass
input and subsequent decomposition of SOC for a given
soil type. In agricultural systems, SOC turnover rates
and equilibrium levels are further impacted by
management practices (Bhattacharyya et al., 2000).
Retaining crop residues generally greatly reduces soil
erosion and minimizes water losses during fallow periods
(Thomas et al., 2007). However, crop residues retained
on the surface of the field make only a small contribution
to longer-term soil C stocks (Kane, 2015). In below
ground root biomasses is primary contributor to SOC
stocks (Jobbágy and Jackson, 2000). Roots generally
decay slower than aboveground residues (Rasse et al.,
2006). Erosion has been a major loss mechanism for
SOC from agro-ecosystems, which accounts for an
estimated 20-50 per cent of historic C losses (Lal, 2004).
Soil management practices such as conservation farming
are designed to increase C inputs and minimize the C
losses that are characteristics of traditional cultivation
practices (Burke et al., 1989).

Soil potential for carbon accumulation:
The amount of organic carbon stored in soil results

from the net balance between the rate of soil organic
carbon inputs and rate of mineralization. Schlesinger
(2000) compiled data on long-term rates of soil organic
carbon accumulation in Holocene age soils. He found a
slow rate of carbon increase in soil even after thousands
of years. This long-term increase represents
accumulations of passive soil organic carbon fractions,
which include charcoal and resistant compounds
physically protected in organ mineral complexes.

Schlesinger (2000) documented long-term rates of carbon
storage from 0.2 g cm-2 y-1 in some polar deserts to
greater than 10 g cm-2 y-1 in some forest ecosystems,
with an average rate of 2.4 g C cm-2 y-1 over all
ecosystems.

Soil organic C stock calculation:
FAO (2008) given the equation for calculation

carbon stock (kg-1 ha-1) by multiplying the concentrations
of carbon in soil samples (g kg-1), bulk density (g cm-3)
and sample soil depth (cm):

Cs = BD x Cc x D x 10,000

Conclusion:
There are many factors and processes that

determine the direction and rate of change in SOC stock
content. Correct management practices like conservation
tillage, crop rotation, residue management and integrated
nutrient management have good potential in improving
soil carbon sequestration. Efficient use of agricultural
inputs would reduce greenhouse gas emissions and result
in carbon sequestration. Sequestration of carbon in soil
can improve soil health which will help in improving input
use efficiency in agriculture Site specific technologies
should be developed for improving carbon sequestration
and enhancing input use efficiency. Remote sensing, GIS
and Simulation model can serve as useful tools in
estimation and prediction of carbon sequestration at
regional scale.

REFERENCES

Ahmad, H., Athar, F. and Manochehr, G. (2010). Carbon
sequestration under different physiographic and climatic
conditions in north Karaj river basin. In: 19th World congress
of soil science: Soil solutions for a changing world, Brisbane,
Australia, pp. 9-11.

Batjes, N.H. (1996). Total carbon and nitrogen in the soils of
the world. European J. Soil Sci., 47 (2):151-163.

Batjes, N.H. and Sombroek, W.G. (1997). Possibilities for
carbon sequestration in tropical and sub-tropical soils. Global
Change Biology, 3 (2):161-173.

Bhattacharyya, T., Pal, D. K., Mandal, C.  and Velayutham, M.
(2000). Organic carbon stock in Indian soils and their
geographical distribution. Current Science, 5 (79): 655-660.

Burke, I.C., Yonker, C.M., Parton, W.J., Cole, C.V., Flach, K.
and Schimel, D.S. (1989). Texture, climate and cultivation
effects on soil organic matter content in U.S. grassland soils.
Soil Science Society of America J., 53(3):800-805.

Concept of soil organic carbon stock

290-294



Hind Agricultural Research and Training InstituteInternat. J. agric. Sci. | June, 2020 | Vol. 16 | Issue 2 | 293

Kabir Debbarma

290-294

Cheng Ji, W., Gen Xing, P., You Guo, T.,  Lian Qing, L., Xu
Hui, Z. and Xiao Jun, H. (2010). Changes in cropland topsoil
organic carbon with different fertilizations under long-term
agro-ecosystem experiments across mainland China. Sci.
China, 53 (7): 858–867.

Cole, C.V., Duxbury, J., Freney, J., Heinemeyer, O., Minami,
K., Mosier, A.,  Paustian, K., Rosenberg, N., Sampson,  N.,
Sauerbeck,  D. and Zhao, Q. (1997). Global estimates of
potential mitigation of greenhouse gas emissions by
agriculture. Nutr. Cycling Agroecosyst., 49:221–228.
doi:10.1023/A:1009731711346.

Creed, I.F., Webster, K.L., Braun, G.L., Bourbonniere, R.A.,
Beall, F.D. (2013).Topographically regulated traps of
dissolved organic carbon create hotspots of soil carbon
dioxide efflux in forests. Biogeochem., 112: 149–164.

Dawson, J.J.C. and Smith, P. (2007). Carbon losses from soil
and its consequences for land-use management. Sci. Total
Environ., 382(2-3): 165-190. DOI: 10.1016/j.scitotenv. 2007.
03.023.

Deng, L., Zhu,G., Tang, Z.S. and  Shangguan, Z.P. (2016).
Global patterns of the effects of land-use changes on soil
carbon stocks. Global Eco. & Conserv., 5 : 127–138.

Duffera, M., White, J.G. and Weisz, R. (2007). Spatial
variability of South-eastern U.S. Coastal Plain soil physical
properties: Implications for site-specific management.
Geoderma, 137(3-4): 327-339.

Dorji, T., Odeh, I.O.A. and Damien, J. (2014). Field vertical
distribution of soil organic carbon density in relation to land
use/cover, altitude and slope aspect in the Eastern Himalayas.
Land, 3 : 1232-1250.

Fissore, C., Dalzell, B.J., Berhe, A.A., Voegtle, M., Evans, M.
and Wu, A. (2017). Influence of topography on soil organic
carbon dynamics in a Southern California grassland. Catena,
149 : 140–149.

Food and Agriculture Organization (2008). Technical re- view
of FAO’s approach and methods for National Forest
Monitoring and Assessment (NFMA). National Forest
monitoring and Assessment Working Paper, Rome, Italy.

Ge, S., Xu, H.,  Ji, M. and Jiang, Y. (2013). Characteristics of
soil organic carbon, total nitrogen and C/N ratio in chinese
apple orchards. Open J.Soil Sci., 3 : 213-217.

Hoover, C.M. (2003). Soil carbon sequestration and forest
management: Challenges and opportunities. In: Kimble et al.
(ed) The potential of U.S. forest soils to sequester carbon and
mitigate the greenhouse effect. CRC Press, Boca Raton, Fla,
pp. 211–238.

Jobbágy, E.G. and Jackson, R.B. (2000). The vertical
distribution of soil organic C and its relation to climate and

vegetation. Ecological Applications, 10 : 423-436.

Jones, D.L., Nguyen, C. and Finlay, R.D. (2009). Carbon flow
in the rhizosphere: carbon trading at the soil–root interface.
Plant Soil, 321 : 50-33.

Kane, D. (2015). Carbon sequestration potential on agricultural
lands: A Review of current science and available practices. In:
Association with: National sustainable agriculture coalition
breakthrough strategies and solutions, LLC. pp.1-35.

Lal, R. (2004). Soil carbon sequestration in India. Climatic
Change, 65: 277-296.

Lemenih, M. (2004).Effects of land use changes on soil quality
and native flora degradation and restoration in the highlands
of Ethiopia implications for sustainable land management.
Thesis, Swedish University of Agricultural Sciences, Almas
Allé 8, 750 07, Uppsala.

Matus, F., Rumpel, C., Neculman, R., Panichini, M. and Mora,
M.L. (2014). Soil carbon storage and stabilisation in andic
soils: A review, Catena, 120 : 102-110, https://doi.org/10.1016/
j.catena.2014.04.008.

Morgan, J.A., Follett, R.F., Allen, L.H., Grosso, J.S.D., Derner,
J.D., Dijkstra, F., Franzluebbers, A., Fry, R., Paustian, K. and
Schoeneberger, M.M. (2010). Carbon sequestration in
agricultural lands of the United States. J. Soil & Water
Conserv., 65 (1) : 6-13.

Oueslati, I., Allamano, P., Bonifacio, E. and Claps, P. (2011).
Vegetation and topographic control on the spatial variability
of soil organic carbon. Pedosphere, 23 (1) : 48-58.

Post, W.M., Emanuel, W.R., Zinke,  P.J. and Stangenberger,
A.G. (1982). Soil carbon pools and world life zones. Nature,
298 : 156-159.

Post, W.M. and Kwon, K.C. (2000). Soil carbon sequestration
and land-use change: processes and potential. Global Change
Bio., 6 : 317-327.

Rasse, D.P., Dignac, M.F., Bahri, H., Rumpel,  C., Mariotti, A.
and Chenu, C. (2006). Lignin turn over in an agricultural field:
from plant residues to soil-protected fractions. European J.
Soil Sci., 57: 530-538.

Saree, S., Ponphang, P., Sarobol, E., Limtong, P. and
Chidthaisong, A. (2012). Soil carbon sequestration affected
by cropping changes from upland maize to flooded rice
cultivation. J. Sustain. Energy & Environ., 3 : 147-152.

Schlesinger, W.H. (2000). C sequestration in soils: some
cautions amidst optimisms. Agriculture Ecosystems &
Environment,  82 : 121-127.

Sombroek, W.G., Nachtergaele, F.O. and Hebel, A. (1993).
Amounts, dynamics and sequestering of carbon in tropical
and sub-tropical soils. Ambio, 22 (7): 417-426.



Hind Agricultural Research and Training InstituteInternat. J. agric. Sci. | June, 2020 | Vol. 16 | Issue 2 | 294

Concept of soil organic carbon stock

290-294

16t h

 of Excellence
Year

 

Tan, Z.X. and Lal, R. (2005). Carbon sequestration potential
estimates with changes inland use and tillage practice in Ohio,
USA. Agr. Ecosyst. Environ., 111: 140–152.

Thomas, G.A., Dalal, R.C. and Standley, J. (2007). No-till
effects on organic matter, pH, cation exchange capacity and
nutrient distribution in a Luvisol in the semi-arid subtropics.
Soil & Tillage Research, 94 : 295-304.

Van Keulen, H. (2001). Soil organic matter modelling: problems
and prospects. Nutr. Cycling Agroecosystems, 61(1-2): 33-39.

Webster, K.L., Creed, I.F., Beall, F.D. and Bourbonniere, R.A.
(2011). A topographic template for estimating soil carbon
pools in forested catchments. Geoderma, 160 : 457–467.

Yigini, Y. and Panagos, P. (2016). Assessment of soil organic

carbon stocks under future climate and land cover changes in
Europe. Sci. Total Env., 557–558 : 838–850.

Yohannes, H., Soromessa, T. and Argaw, M. (2015). Carbon
stock analysis along slope and slope aspect gradient in gedo
forest: Implications for climate change mitigation. Earth Sci.
Clim. Change, 6 : 9.

Zeraatpishe, M. and Khormali, F. (2012). Carbon stock and
mineral factors controlling soil organic carbon in a climatic
gradient, Golestan province. J. Soil Sci. & Plant Nutr., 12 (4):
637 - 654.

Zhang, Z., Zhou,Y., Wang, S.and Huang, X. (2018). Comparing
estimation methods for soil organic carbon storage in small
karst watersheds. Pol. J. Environ. Stud., 27(4):1879-1890.


