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Soil plays an important role in the  
ecosystem with regard to plant growth, 
soil biota functioning, reduction of 
greenhouse gases, modification of pol-
lutants and maintenance of soil quality. 
The great importance of C stocks empha-
sizes the need to understand the role of 
soil organic matter (SOM) dynamics and 
quantitative changes as affected by natural 
conditions and site-specific management. 
Soil carbon inventories and turnover rates 
are influenced by climate, vegetation, par-
ent material, topography and time. Stud-
ies attempting to understand the influence 
of a specific factor (e.g. temperature or 
moisture) on soil properties have found it 
useful to identify a group of soils for 
which the factor in question varies.  
Nevertheless, soils are the largest pool of 
terrestrial carbon containing 1550 Pg of 
soil organic carbon (SOC)1. This vast 
carbon pool is subjected to perturbation 
as a result of anthropogenic activities 
(land-use change) and natural reasons 
(climate change, soil erosion, etc.). The 
maintenance and enhancement of this 
terrestrial carbon can occur only through 
better land-management practices. The 
exchange of carbon between the terres-
trial biosphere and the atmosphere is an 
important yet poorly constrained portion 
of the global carbon cycle2. Though ter-
restrial carbon cycling has a strong influ-
ence on atmospheric CO2, quantitative 
estimates of production and loss at the 
watershed scale are rare. Watershed be-
ing a discernable landscape unit to study 
the integrated hydrological and biogeo-
chemical processes, a study on quantita-
tive estimation of gain and loss of carbon 
assumes importance in current climatic 
aberrations and future climate-change 
scenarios. 
 Soil constitutes both abiotic (non-living) 
and biotic (living) components. In addi-
tion to air and water, it also contains 
minerals (sand, silt and clay) and organic 
matter. The presence of organic matter, 
although very small in fraction, is impor-
tant for plant productivity and other eco-
logical functions. SOM is defined here as 
the non-living component of organic mat-

ter in soil. The ultimate source of organic 
matter in soils is CO2 fixed by plants, in-
cluding leaf litter, roots and root exudates. 
The activity of soil microorganisms (espe-
cially fungi and microbial communities) 
metabolizes some of these substrates and 
transforms others into more resistant or-
ganic compounds (collectively referred to 
as humus). The stabilization and fate of 
organic matter residues is affected by the 
quality of the original plant substrate3, 
and the physical environment in the soil 
(clay content and mineralogy4, pH, O2 
availability5, formation and disruption of 
soil aggregates6–8). Carbon is lost from 
soil mostly as CO2 produced during de-
composition of organic matter, though 
losses of carbon through leaching or ero-
sion may be important when considering 
C balance in soils on long time-
scales7,9,10. Soil-respired CO2 is produced 
either by metabolic root respiration or by 
decomposition of fast-cycling SOM pools. 
Some of the major factors that contribute 
to the net decline of SOM on an anthro-
pogenic landscape include (a) decompo-
sition of organic matter due to higher soil 
temperature, (b) lower inputs of carbon 
due to residue/biomass removal, (c)  
increased oxidation due to tillage and 
breaking down of soil aggregates, and (d) 
soil erosion on sloping lands that relo-
cates the SOM-rich topsoil. 
 Soil erosion is traditionally conceived 
as a three-step process involving the de-
tachment, transport and deposition of soil 
particles. Soil erosion by water has a first-
order influence on the distribution of SOC 
within field landscapes by removing 
SOC from eroding sites, redistributing 
and depositing along the landscape posi-
tion11. This process derives disequilib-
rium between SOC content and carbon 
input at each position of the landscape12. 
Change in SOC stocks at various land-
scape positions is controlled by the mag-
nitude of two opposing vertical carbon 
fluxes, SOC formation (atmosphere  
C–Plant C–Humus) and decomposition. 
When SOC stocks are at equilibrium 
state, the fluxes balance and formation 
gains equal decomposition losses. When 

erosion/deposition occurs, it directly  
alters the local SOC stocks by removing 
(or redistributing) or adding SOC. This 
lateral SOC flux results in SOC redistri-
bution within field or watershed and 
change in the spatial distribution of SOC 
storage. The redistribution of OC in soil 
largely depends on landscape position. 
At mid-slope positions where net soil 
loss may approach zero, the effect of 
erosion/deposition on SOC stocks, soil 
quality and crop productivity reflects the 
impact of down-slope transport of soil 
material. The environmental impact of soil 
erosion is now being debated as to 
whether the process is a source13–18 or  
a sink19–22 for atmospheric C. However, 
many unanswered questions remain as to 
whether the rate of replacement of eroded 
OC through input management is equally 
distributed in different OC pools, or, if it 
can only be effective for certain carbon 
pools reducing the capacity of the sink 
and its temporal significance23. Resolv-
ing this issue objectively requires a  
thorough understanding of mechanisms 
involving systematic observations with 
eroded and deposited soil environment. 
The extent to which this drives a source 
or sink will be dependent on lateral 
transport rates, the degree to which soil 
mineral surfaces are saturated with car-
bon, and the presence or absence of equi-
librium between SOC stocks and inputs. 
 The development of a relationship  
between the various pools of SOM and 
soil erosion is a complex task. Process-
based models are helpful for understand-
ing the relationships between soil and 
SOC losses in specific watersheds, and 
statistical estimates of accuracy may be 
established once the models are calibrated. 
Simulation models play an increasingly 
important role in the assessment of C 
pools at different spatial scales as well as 
in understanding of processes underlying 
C fluxes in the ecosystems24. Models are 
also essential tools for devising and eva-
luating management practices intended to 
balance global C fluxes. Each of the mod-
elling strategies has associated advantages 
and disadvantages, but these strengths 
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and weaknesses generally complement one 
another. 
 Complete spatially explicit modelling 
of SOC on watershed scale is only possi-
ble when both horizontal and vertical 
fluxes between different land-use sys-
tems are modelled at a particular spatial 
resolution. Site-based estimates do not 
provide any idea about the horizontal  
input/output of SOC at any particular lo-
cation. This creates the need for merging 
process-based SOC and erosion models25. 
Amongst the currently available SOC 
models, only CENTURY26 and Erosion-
Productivity Impact Calculator (EPIC)27 
account for erosion. In the former model, 
erosion is modelled with the universal 
soil loss equation (USLE). The latter 
model simulates soil losses with the 
modified USLE (MUSLE) equation. 
Both models focus only on the erosion 
part of the process (i.e. soil loss from 
point locations) and do not account for 
transport and deposition processes28. It is 
evident that modelling of the movement 
of SOC across landscapes has not been 
effectively realized in any SOC model. 
This leaves a lot to be desired regarding 
spatially explicit modelling of SOC over 
a landscape unit such as a watershed29,30. 
Development and validation of a spatially 
explicit simulation framework utilizing  
a suitable process-based hydrological 
model and a process-based biogeochemi-
cal model to study the interaction bet-
ween runoff, soil erosion, deposition and 
carbon dynamics on watershed scale, in 
different agro-ecological regions of  
India, would immensely help in devising 
carbon management and credit policies 
on micro-watershed basis at the national 
level. It is emphasized that a good under-
standing of carbon transfer through over-
land flow and discharge is important for 
policy decisions and management of soil 
and carbon loss of a watershed, as it is 
sensitive to land-use/cover changes31. 
 SOM plays a fundamental role in vari-
ous ecosystem functions under natural as 
well as managed landscapes. Therefore, 
monitoring long-term prediction of ero-
sion-induced fate of carbon will help in 
understanding the direction and extent of 
change in a landscape. A great deal of 
work remains to be done to improve our 
assessments of the role of soil erosion in 

the landscape scale C cycle. Some areas 
of particular importance are as follows: 
 
 Whether erosion process favours  

watershed as (or to be) a sink or a 
source of atmospheric carbon? 

 Can integration of simulation models 
help better understanding runoff–
erosion–carbon flux interaction at  
watershed scale? 

 Can land management be manipulated 
in favour of watershed as a sink of 
atmospheric carbon? 

 How do soil environment and plant 
litter quality interact to stabilize or-
ganic matter? 

 How can we provide a better under-
standing of C accumulation and turn-
over in different ecosystems and how 
will these be affected by climatic and 
land-use change? 

 
 

1. Lal, R., Energy Environ. Sci., 2008, 1(1), 
86–100. 

2. Houghton, J. T. et al., Climate Change 
2001: The Scientific Basis. Contribution 
of Working Group I to the IPCC Third 
Assessment Report, Cambridge Univer-
sity Press, Cambridge, UK, 2001, p. 892. 

3. Melillo, J. M., Aber, J. D. and Muratore, 
J. F., Ecology, 1982, 63, 621–626. 

4. Balesdent, J., Wagner, G. H. and Mariotti, 
A., Soil Sci. Soc. Am. J., 1988, 52, 118–
124. 

5. Bunnell, F. L., Tait, D. E. N., Flanagan, 
P. W. and Cleve, K. V., Soil Biol. Bio-
chem., 1977, 9, 33–40. 

6. Tiessen, H. and Stewart, J. W. B., Soil 
Sci. Soc. Am. J., 1983, 47, 509–514. 

7. Oades, J. M., In An Overview of Proc-
esses Affecting the Cycling of Organic 
Carbon in Soils (ed. Sonntag, R. G. Z. A. 
C.), Wiley, New York, 1995, pp. 293–
304. 

8. Cambardella, C. A. and Elliott, E. T., 
Soil Sci. Soc. Am. J., 1994, 58, 123–130. 

9. Trumbore, S. E., Schiff, S. L., Aravena, 
R. and Elgood, R., Radiocarbon, 1992, 
34, 626–635. 

10. Schiff, S. L., Aravena, R., Trumbore, S. 
E. and Dillon, P. J., Water Resour. Res., 
1990, 26, 2949–2957. 

11. Van Oost, K., Govers, G., Heckrath, G., 
Quine, T. A., Oleson, J. and Merckx. R., 
Global Biogeochem. Cycles, 2005, 19(4), 
GB4014; doi: 10.1029/2005GB002471 

12. Quine, T. A. and Van Oost, K., Global 
Change Biol., 2007, 13, 2610–2625. 

13. Lal, R., Environ. Int., 2003, 29, 437–450. 

14. DeFries, R. S., Field, C. B., Fung, I., 
Collatz, G. J. and Bounoua, L., Global 
Biogeochem. Cycles, 1999, 13(3), 803–
815. 

15. Starr, G. C., Lal, R., Malone, R.,  
Hothem, D., Owens, L. and Kimble, J. 
Land Degrad, Dev., 2000, 11, 83–91. 

16. Jacinthe, P. and Lal, R., Land Degrad. 
Dev., 2001, 12, 329–338. 

17. Post, W. M., Izaurralde, R. C., Mann, L. 
K. and Bliss, N., Climate Change, 2001, 
51, 73–99. 

18. Polyakov, V. O. and Lal, R., Soil Sci., 
2004, 169(8), 590–599. 

19. Berhe, A. A., Harte, J., Harden, J. W. 
and Torn, M. S., BioScience, 2007, 57, 
337–346. 

20. Van Oost, K. et al., Science, 2007, 318, 
626–629. 

21. Quinton, J. N., Govers, G., Van Oost, K. 
and Bardgett, R. D., Nature Geosci., 
2010, 3, 311–314. 

22. Doetterl, S., Six, J., Van Wesemael, B. 
and Van Oost, K., Global Change Biol., 
2012, 18(7), 2218–2232. 

23. Mandal, D. and Lal, R., Report, Center 
of Carbon Management and Sequestra-
tion Center, School of Environment and 
Natural Resources, Ohio State Univer-
sity, Columbus, USA, 2013. 

24. Izaurralde, R. C. et al., In Management 
of Carbon Sequestration in Soil (eds Lal, 
R. et al.), CRC Press, Boca Raton, FL, 
USA, 1998. pp. 433–446. 

25. Yadav, V. and Malanson, G., Prog. Phys. 
Geogr., 2007, 31, 131–154. 

26. Parton, W. J., McKeown, B., Kirchner, 
V. and Ojima, D. S., CENTURY Users 
Manual. Colorado State University, 
NREL Publication, Fort Collins, Colorado, 
USA, 1992. 

27. Williams, J. R., Philos. Trans. R. Soc. 
London, Ser. B, 1990, 329, 421–428. 

28. Viaud, V., Angers, D. A. and Walter, C., 
Soil Sci. Soc. Am. J., 2010, 74, 1847–1860. 

29. Yadav, V. and Malanson, G., Agricul. 
Ecosyst. Environ., 2008, 123(4), 280–
292. 

30. Yadav, V. and Malanson, G. P., Appl. 
Geogr., 2013, 37, 101–113. 

31. Sharma, P. and Rai, S. C., J. Hydrol., 
2004, 289, 190–203. 

 

S. Patra*, D. Mandal, P. K. Mishra, P. 
R. Ojasvi, G. Kumar, R. Kaushal and N. 
M. Alam are in the ICAR-Indian Institute 
of Soil and Water Conservation, De-
hradun 248 195, India; 1P. K. Mishra 
and J. P. Patra are in the National Insti-
tute of Hydrology, Roorkee, India. 
*e-mail: mail2sridharpatra@gmail.com 

 

 
 
 


