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ABSTRACT

The topographic setting and subsistence farming of North East India are important factors  affecting the soil organic carbon (SOC)

stock. We attempted to assess the SOC stock and simulated SOC under different crop management regimes at varying slope

gradients in Meghalaya, India. The SOC stock at surface layer (0-15 cm soil depth) and subsurface layer (15-30 cm soil depth) was

decreased in the order of potato-potato system (PPS) at 32%  slope gradient of CPRS > upland rice base system (URS) at 12%

slope gradient of Sawkilo > lowland rice-fallow system (LRFS) at Bhoirymbong > URS at 32% slope gradient of Pyllun. The

higher SOC stock and total nitrogen (TN) was found at the surface layer whereas the soil inorganic carbon (SIC) stock was higher

in the subsurface layer. The CENTURY model-simulated SOC  declined at the rate of 0.1 kg m  yr  at 12% and 32% slope gradient-2 -1

in URS of Sawkilo and Pyllun village and at the rate of 0.05 kg m  yr  in LRFS of Bhoirymbong village. However, the SOC would -2 -1

remain  above  6 kg m  in PPS at 32% slope gradient on CPRS in long run with continuation of present management practices. -2
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INTRODUCTION

The topographical settings and subsistence farming
significantly influence the soil organic carbon (SOC)
stock (West et al. 2010) which is important for the
mitigation of greenhouse gases (GHGs) and is an
important indicator of soil fertility, productivity and
quality (Swarup et al. 2000). The overexploitation of
existing soil and horizontal expansion of deforestation is
necessary for increasing the crop production to feed the
ever growing population in North East India. The
subsistence farming in NE India would affect the
existing SOC stock (Saha et al. 2012). Hence, maintain-
ing and improving of SOC level is a pre-requisite to
ensure soil quality, crop productivity and sustainability
of agricultural ecosystems (Wang et al. 2010). The
phyto-biomass is one of the most important renewable
sources that enrich the soil with organic carbon. More
than 8.5 million Mg (tons) of phyto-biomass is burned

annually at the rate of 10 Mg ha  from shifting-1

cultivation alone (Ghosh et al. 2009). The magnitude of
variation in SOC content and stock depends on the type
of land-use and management (West et al. 2010). 

Carbon models are used for analysing and
predicting changes in the content of soil organic matter
(SOM) based on current understanding of soil carbon
dynamics. Modeling provides a means by which the
overall feasibility of a variety of land management
technologies and practices can be assessed. Modeling of
soil carbon dynamics helps in selecting the most
promising soil management practices for further
investigation. Field experiment coupled with simulation
models is useful for understanding the dynamics of SOC
as influenced by complex interactions of soil, land use
and management, and climate (Poussart et al. 2004,
Pretty et al. 2006). SOM models are recognized as
important tools for the study of long-term effects of
intensive cultivation on soil C dynamics. SOM models
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(CENTURY and ROTH C model) can be important for
study the long-term effect of rice cultivation on soil C
dynamics in hill agriculture system. Since the NE India
is highly variable in climatic conditions, topography,
rainfall pattern, vegetation, land use and cultural
diversity and ethnicity, the SOC content is expected to
be highly variable across the entire region. The
understanding of SOC stock and its’ simulation under
different slope gradients with traditional agrarian
cultivation system may help in identifying the promising
soil management practices for such diverse topographical
settings. Therefore, it was of growing interest to assess
and simulate the soil carbon stock under different crop
managements at the different slope gradients. 

STUDY AREA

The study was conducted at different locations of Ri-
Bhoi and East Khasi Hills district of Meghalaya, North
East India. The Ri-Bhoi district is at an altitude of 980 m
above mean sea level, and experiencing mild tropical
climate (2439 mm mean annual rainfall, daily
temperature during a year varies between 2.5 to 32.5 °C).
The soil is clay loam texture Typic paleudalf and is
highly acidic and rich in organic C content. The rainfed
agriculture is confined from mid hills (sloppy land) to
plain (lowland). The Central Potato Research Station
(CPRS) is located at 1,800m altitude in East Khasi Hills
district and received an annual rainfall of 2850 mm. The
average temperature varies from a minimum of 1.3°C in
January to a maximum of 25.4°C in July. The relative
humidity ranges from 38% in February to 96% in
November. The information on land use changes of
sampling sites in Ri-Bhoi and East Khasi Hills of
Meghalaya is given Table 1.

MATERIAL AND METHODS

Soil Sampling, Processing and Analysis

Soil samples were collected at surface layer (0-15cm)
and subsurface layer (15-30cm) after the harvest of
kharif rice from the upland rice-base system (URS) at
32% slope gradient of Pyllun village (cultivation along
the slope), 12% slope gradient of Sawkilo village, and
lowland rice-fallow system (LRFS) at Bhoirymbong
village, and soil samples at similar depth were also
collected from potato-potato system (PPS) at 32% slope

gradient of CPRS (terrace cultivation) before cultivation
of potato (January to March). The slope of each site was
divided into upper slope position (L1), middle slope
position (L2) and lower slope position (L3). The LRFS
at Bhoirymbong village was divided into terrace land
(L1), lowland between gentle hill slope (L2), and low-
land (plain) (L3). The ccomposite soil samples were
made from random soil samples of each location (L1, L2
and L3). Soil samples were air dried, crushed and ground
to pass through 2 mm sieve for analysis of pH (Jackson
1973), soil texture (Baruah and Barthakur 1999), bulk
density (Blake and Hartge 1986), soil inorganic carbon
(Jackson 1973), Total Nitrogen (Bremner and Mulvaney
1982), and Cation Exchange Capacity (Cochrane and
Desouza 1985) and soil samples were further grinded
and pass through 0.5 mm sieve for oxidisable organic
carbon (Chan et al. 2001). The above (standing dead rice
straw) and belowground (root) of crop (paddy) residues
in the field were collected after crop harvesting using
unconfined destructive methods (Amos and Walters
2006). The number of plants per square meter was
recorded to estimate the carbon addition at the field from
crop residue which was an input parameter for running
CENTURY model. 

The soil inorganic carbon (SIC) was obtained from

3CaCO  equivalent by multiplying with 0.12 (the mole
fraction of carbon in the substrate). The sum of SOC and
SIC stock gives the total soil carbon (TC) stock. Soil
carbon stock was computed using the equation suggested
by Singh and Lal (2005):

SOC stock (g m ) = -2

SOC concentration (%) x Bulk density (g cm ) -3

x soil depth (cm) x 104

Computer simulated model CENTURY uses a monthly
time step utilizing monthly average maximum and
minimum temperatures and monthly precipitation data.
The CENTURY model was validated with the measured
SOC. Modelling efficiency was computed from meas-
ured and simulated SOC using the equation given by
Vereecken et al. (1991). The modelling efficiency was
0.85 and 0.704 for NPK-100% @80:60:40 kg ha  and-1

NPK-100% @80:60:40 kg ha  + FYM @ 5 Mg ha yr-1 -1 -1

treatments, respectively. A modelling efficiency of 1
means perfect fit and a positive value signifies closer fit.
The correlation coefficients (r ) between the simulated2

and measured SOC values for NPK-100% @80:60:40 kg
ha  and NPK-100% @80:60:40 kg ha  + FYM @ 5-1 -1

tonnes ha yr  treatments were 0.997 and 0.88 (Table 2). -1 -1
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Table 1. Information on changing land use of sampling sites in Ri-Bhoi and East Khasi Hills of Meghalaya

Location Year Month Land use Management practices and source of

nutrients

Sequence/

Repetition

Pyllun (32% slope

land at 1188 m

elevation)

Before 1999 Pine forests

2000-2012

March-December Ginger cultivation Clearing and burning of forests, preparation

of bun, ploughing with local spade,

manuring  FYM@1Mg ha  (no fertilizer-1

added) Every two 

years
January- May Fallow

June- November Upland Rice

cultivation

Preparation of raised bed, ploughing with

local spade, manuring

Sawkilo (12%

Slope gradient at

906 m elevation)

Before 2006                   Permanent Grass/Pasture

2007 April-December Ginger cultivation

2008

June- November Upland Rice (Local

variety Bhalum)

Preparation of land for cultivation,

ploughing with local spade, manuring FYM

@1 Mg ha  only in growing of Upland Rice-1

before sowing.

2009 to 2010
March/April -July Maize

August- May Vegetables

2010
June- November Upland Rice

(Bhalum variety)

2011 April-December Ginger

Bhoirym-bong

(Lowland at 883 m

elevation)

Before 1860 Grassland

1900 Cultivation started, growing of vegetables

1990-2012
June- November Rice-fallow Diamonium Phosphate (DAP)@ 300kg ha Every 1 year-1

Central Potato

Research Station

(CPRS) (32% slope

land at 1800 m

elevation)

Before 1965 Pine Forest

1965 Clearing of forest for cultivation, land is left without disturbance

1972 – 2011

March-June Cultivation of

Potato (main crop) Preparation of raised bed, ploughing ,

2 5 2addition of fertilizers (N P O  and K O) @

125:120:60 per ha, FYM @ 10 Mg ha-1

1 yearAugust-October Cultivation of

Potato (autumn

crop)

Table 2. Comparison of CENTURY simulated and measured soil organic carbon (SOC) for the effect of two
treatments in a long term experiment of maize-fallow system at ICAR-NEH region, Umiam, Meghalaya), using
maize variety RCM-1-1)

Year Bulk density (g cm ) Measured SOC ( g m ) Simulated SOC ( g m ) Model Efficiency Correlation coefficient (r  )-3 -2 -2 2

2 5, 2  Treatment: NPK-100% (80-60-40 kg N, P 0 K 0) + FYM @ 5 Mg ha  yr-1 -1

   2009 1.25 4875 4878 0.704 0.886

   2010 1.22 4978 5114

   2011 1.19 5236 5280

2 5, 2Treatment:  NPK-100% (80-60-40 kg N, P 0 K 0)

   2009 1.25 4000 3973 0.85 0.997

   2010 1.22 4148 4182

   2011 1.19 4260 4316
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Table 3. Variation of soil physico-chemical properties under upland rice base system (URS), lowland rice-fallow
system (LRFS)and potato-poptato system (PPS) at different slope positions

Study sites / Bulk Density (Mg m ) Texture (%)             pH (1:2.5)  CEC (cmol (P+) kg )         Total N (%)-3 -1

 Sample locations 0-15cm 15-30cm  Sand    Silt    Clay  0-15cm 15-30cm  0-15cm 15-30cm  0-15cm 15-30cm

Pyllun  (URS)

   L1 (upper slope) 1.22±0.02 1.23±0.02 52.3±0.75 23.0±1.01 24.6±1.11 4.86±0.13 4.85±0.01 10.59±1.1 7.58±2.32 0.22±0.02 0.22±0.02

   L2  (middle slope) 1.22±0.02 1.22±0.02 51.2±0.93 24.6±1.27 24.2±0.38 4.91±0.14 4.72±0.08 9.93±1.74 9.03±2.80 0.19±0.01 0.17±0.02

   L3  (lower slope) 1.21±0.01 1.22±0.01 52.7±0.30 24.3±1.27 22.9±2.10 4.7±0.28 4.91±0.22 10.73±1.0 10.37±0.39 0.21±0.02 0.15±0.02

Sawkilo   (URS)

    L1 (upper slope) 1.23±0.01 1.24±0.01 51.1±0.68 18.1±0.18 30.8±0.56 4.89±0.03 4.78±0.14 12.71±0.42 12.35±0.31 0.22±0.03 0.13±0.07

    L2 (middle slope) 1.21±0.01 1.22±0.01 51.0±0.34 17.7±0.89 31.2±1.22 5.18±0.22 5.28±0.9 12.66±0.26 12.36±0.41 0.27±0.01 0.22±0.03

    L3 (lowland) 1.26±0.01 1.26±0.02 46.1±1.61 20.6±2.31 33.2±1.72 4.70±0.28 4.91±0.22 12.32±0.64 11.67±0.33 0.32±0.03 0.24±0.04

Bhoirymbong  (LRFS)

   L1 Terrace land) 1.39±0.02 1.44±0.02 45.9±0.58 21.1±2.81 32.9±2.28 5.34±0.09 5.15±0.06 10.05±1.02 7.12±1.18 0.22±0.01 0.17±0.04

   L2  (Lowland*) 1.38±0.04 1.38±0.03 43.6±0.98 25.5±1.59 31.0±1.78 4.93±0.07 4.99±0.09 10.41±1.25 7.89±2.19 0.25±0.02 0.20±0.01

   L3  (Lowland) 1.42±0.02 1.44±0.02 45.5±2.74 19.9±1.59 34.6±1.17 4.99±0.12 5.03±0.06 13.18±2.13 11.96±1.176 0.22±0.01

0.18±0.03

CPRS   (PPS)

    L1 (upper slope) 1.08±0.04 1.09±0.03 56.1±0.49 20.9±0.57 22.9±0.27 4.21±0.11 4.40±0.09 12.65±2.82 7.02±0.46 0.26±0.04 0.24±0.04

    L2 (middle slope) 1.12±0.04 1.13±0.03 57.7±4.32 18.4±2.05 23.9±2.33 4.33±0.21 4.2±0.30 11.8±1.67 10.14±1.19 0.30±0.02 0.26±0.08

    L3 (lower slope) 1.13±0.03 1.13±0.07 61.9±1.53 15.8±0.69 22.3±0.97 4.21±0.074.2±0.04 11.35±1.5 8.5±1.9 0.30±0.02 0.26±0.05

Note: data represent mean ±standard deviation; * Lowland  between gentle  hills slope)

Table 4. Effect of upland rice base system (URS), lowland rice-fallow system (LRFS)and potato-poptato system
(PPS) on soil carbon stock (kg m ) at varying slope gradient-2

Study sites /      SOC stock (kg m )     SIC stock (kg m )     Total C stock (kg m )-2 -2 -2

   Sample locations 0-15 cm 15-30 cm 0-15 cm 15-30cm 0-15 cm 15-30 cm

Pyllun  (URS)

L1 (upper slope) 4.50±0.83 4.47±0.68 0.41±0.04 0.50±0.07 4.99±0.53 4.97±0.16

L2 (middle slope) 4.37±0.16 4.24±0.16 0.40±0.04 0.44±0.06 4.78±0.17 4.68±0.11

L3 (lower slope) 3.68±0.13 3.16±0.27 0.54±0.08 0.58±0.08 4.23±0.19 3.74±0.35

Sawkilo  (URS)

L1 (upper slope) 4.91±0.20 4.35±0.22 0.61±0.28 0.80±0.20 5.52±0.46 5.15±0.33

L2 (middle slope) 4.88±0.13 4.45±0.05 1.28±0.28 1.33±0.24 6.16±0.22 5.78±0.28

L3 (lowland) 5.59±0.28 5.54±0.40 1.62±0.22 1.75±0.12 7.21±0.44 7.29±0.50

Bhoirymbong (LRFS)

L1 (Terrace land)        4.59±0.36 4.17±0.36 0.51±0.07 0.73±0.10 5.10±0.36 4.90±0.27

L2 (lowland *) 5.43±0.28 4.77±0.55 0.41±0.14 0.83±0.19 5.84±0.39 5.60±0.43

L3 (lowland) 4.33±0.62 3.79±0.08 0.61±0.13 0.68±0.08 4.94±0.55 4.47±0.06

CPRS  (PPS)

L1 (upper slope) 6.38±0.45 4.92±0.68 0.36±0.08 0.44±0.12 6.74±0.38 5.37±0.57

L2 (middle slope) 6.59±0.16 5.60±0.34 0.49±0.04 0.87±0.49 7.08±0.19 6.47±0.57

L3 (lower slope) 6.87±0.17 6.41±0.48 0.79±0.49 1.00±0.48 7.67±0.35 7.41±0.92

Note: Data  represent the mean±standard deviation
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RESULTS AND DISCUSSION

Soil Physico-chemical Properties

The soil physico-chemical properties were varied with
slope gradients and management practices (Table 3). The
BDs were found higher at the lower slope position (L3)
than other slope positions (i.e L1 and L2). Maximum BD
was found at LRFS of Bhoirymbong village (1.38 to 1.42
and 1.38 to 1.44 Mg m  at 0-15 and 15-30cm soil depth,-3

respectively) and minimum BD at 32% slope gradient of
PPS at CPRS (1.08 to 1.13 and 1.09 to 1.13 Mg m  at 0--3

15 and 15-30cm soil depth, respectively). The BD might
be influenced by soil texture, organic matter content and
anthropogenic interventions like tillage, use of heavy
implements as traffic etc. The longer period of
cultivation (>150 years) in LRFS of Bhoirymbong
village without periodic balanced replenishment of plant
nutrients might destroy the soil organic matter and
weakens the natural stability of soil aggregates. The
livestock and agricultural equipments exert pressure on
soil cause compaction of soil and reduce porosity,
especially on wet soils. It was cleared from the result that
the slope gradient and subsistence farming would
increase the BD of URS at Pyllun and Sawkilo village.
The sand, silt and clay content were ranged from 43.6 to
61.9%, 15.8-25.5% and 22.3-34.6% respectively. The
content of sand, silt and clay were different with the
position of slope (i.e. L1, L2 and L3). Interestingly, it
was found that the content of sand (46.1%) at L3 was
comparatively less but high in clay content (33.2%). This
finding was opposite to other slope positions (i.e. L1 and
L2). The sloppy lands (i.e. Pyllun and CPRS) have more
sand percent whereas lowland (Bhoirymbong) and 12%
slope gradient (Sawkilo) have high clay percent (30.8 -
34.6%). The soil pH was ranged from 4.20 to 5.34 in all
the study sites (table 3). There was no significant effect
of slope position on soil pH. However, the lowest soil
pH value was observed at PPS of CPRS. It might be
attributed to acid released from the decomposition of
organic manures and pine roots under high rainfall
conditions (average annual rainfall 2439-2850 mm). The
acid released from pine tree roots might enhance
leaching of soil bases under intensive rainfall. The CEC
in all the study sites were ranged from 9.93 to 13.18

  Cmol (p+) kg at 0-15 cm and 7.12-12.35 Cmol (p+) kg-1 -1

at 15-30 cm. Patton et al. (2007) also reported less CEC
values (7.4-14.4 Cmol (p+) kg ) in the acid soils of-1

Nagaland. There was no significant effect of slope
position on CEC, but little higher CEC was observed at
strong acidic soils of URS at Sawkilo and PPS at CPRS.

It might be due to recent conversion of grassland to
agriculture, addition of organic manures and also clay
percentage. There were relationship between CEC, clay
and organic carbon content (Sharma and Kumar 2003),
and also found higher CEC in grassland system than that
of pinus forests (Alfredsson et al. 1998). The total
nitrogen (TN) content were ranging from 0.19-0.32 (%)
and 0.15-0.26% at 0-15 and 15-30cm soil depth,
respectively. It was clearly observed that the content of
TN was higher at the surface layer (0-15cm) as compared
to sub-surface layer (15-30cm) in all the locations. The
highest TN was found in PPS of CPRS and URS of
Sawkilo (Table 3). The wash out TN from the upper
slope (L1) was deposited to the middle (L2) and lower
(L3) slope position and also found significant effect of
nutrient management. The URS of Sawkilo was recently
converted into agricultural land from grass land. The
decomposition of grass biomass might release more
amount of nitrogen in soil. 

Soil Organic Carbon Stock

Soil organic carbon (SOC) content at 0-15 and 15-30 cm
soil depth was found in the order of PPS at 32% slope
gradient of CPRS (terrace cultivation) >URS at 12%
slope gradient of Sawkilo >LRFS at Bhoirymbong >URS
at 32% slope gradient of Pyllun (cultivation along the
slope). The SOC was found higher at the surface layer
(0-15 cm) as compare to sub-surface layer (15-30 cm)
(Table 4). The URS at 12% slope gradient of Sawkilo
village was converted to agriculture from the permanent
grassland in the year of 2007. The physical character-
istics of the soils in grassland were comparatively better
than the pinus forest soils (Nissanka and Sakalasooriya
2003). The SOC stock was found higher at lower slope
position (L3) of PPS at CPRS and URS at 12% slope
gradient of Sawkilo but it was minimum at L3 in URS of
Pyllun (3.68 kg m ). It might be attributed to recent-2

conversion of agricultural land from the pine forest soil
in the year of 2007 and pine litter fall decomposition was
slow because of acidic root exudates of pine trees and
high C:N ratio. Therefore, the pine letter fall might also
act as protecting material for soil erosion. The longer
period of agricultural activities were carried out at L1
(lower slope) and L2 (middle slope) of Pyllun village.
These locations (L1 and L2) were prone to soil erosion
loss with anthropogenic activities under 32% slope
gradient. It was understood that SOC content was
affected by the land location also. The L2 (lowland
between gentle hill slope) of LRFS at Bhoirymbong was
observed to be the higher SOC content site at both soil
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depth (5.43kg/m at 0-15cm and 4.77 kg/m  at 15-30cm)2 2

as compared to L1 and L3 of the same land use at this
village. The SOC content might be affected by long
period of agricultural activity and subsistence farming.
Similar result was reported that 20-50% of SOC was
depleted with repeated cropping periods (Keeny et al.
2002) and rainfall (Martin et al. 2010). The SIC content
in the study sites were ranged from 0.36-1.62 and 0.44-
1.75 kg m at 0-15 and 15-30 cm soil depth respectively-2 

(table 4). Maximum SIC content was found in L2 (1.28
and 1.33 kg m at 0-15 and 15-30 cm) and L3 (1.62 and-2 

1.75 kg m at 0-15 and 15-30 cm) of URS at 12% slope-2 

gradient (Sawkilo village). SIC content was increased
with soil depth due to accumulation of leached
carbonates in the subsurface layer. Higher SIC stock was
also found in PPS of 32% slope gradient at CPRS
(terrace cultivation). This might be attributed to
application of NPK @ 125:120:60 per hectare and FYM
@ 10 Mg ha  in PPS. Ouyang et al. (2008) found that-1

addition of nitrogenous fertilizer might have increased
the release of inorganic soil carbon. The TC content was
also followed the similar trend of SOC.

CENTURY Simulation of Soil Organic Carbon 

About 6 kg soil C m  could be maintained at PPS in long-2

run with following the present management whereas
other management systems were shown the declining
trend of SOC. The SOC at LRFS of Bhoirymbong village
was found more than the SOC of URS of 12% and 32% 

slope gradient of Sawkilo and Pyllun village (Figure 1).
The subsistence farming for a long period (>150years)
with LRFS at Bhoirymbong village might have lowered
SOC than PPS. The soil moisture of LRFS at Bhoirym-
bong might induce the anaerobic condition and reduced
the decomposition of SOC whereas the soils of URS of
12% and 32% slope gradient of Sawkilo and Pyllun
village might induce aerobic condition and help in faster
decomposition of SOC. Therefore, the SOC of LRFS at 
Bhoirymbong was showing higher than that of URS at
12% slope gradient (Sawkilo) and 32% slope gradient
(Pyllun village) (Figure 1). Similarly, higher SOC was
found at continuous flooded rice (rice-rice) and rice-
wheat systems (Benbi and Brar 2009). The SOC might
have also lost through runoff from the sloppy land of
URS at Sawkilo and Pyllun village. The trend of SOC
declining in URS of 12% and 32% slope gradient of
Sawkilo and Pyllun village were very rapid at the rate of
0.1 kg m SOC per year whereas in LRFS of Bhoi--2 

rymbong, it declined at the rate of 0.05 kg m SOC per-2 

year. The SOC showed gradual increase in all the slope
positions (i.e. L1, L2 and L3) for PPS at 32% slope
gradient of CPRS (terrace cultivation) till 2060 and start
declining thereafter, highest SOC was found at L3 (lower
slope position) and minimum at L1 (upper slope
position). The simulated SOC for other locations were
also followed the similar trend of declination. The L2
(middle slope position) of URS at 12% slope gradient
(Sawkilo village) had lower SOC than that of L1 and L3
(Figure 2). 

Figure 1.  CENTURY simulated soil organic carbon (SOC) stock (kg m ) of different management sites.-2
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Figure 2. Simulated soil organic carbon (SOC) stock (kg m ) at varying slope gradient for each study sites.-2

CONCLUSION

This study could conclude that the clay movement along
the slope gradient (high to low) was influenced the soil
physico-chemical properties. The lowlands could
preserved more SOC stock than the sloppy lands under
subsistence farming. The interaction between the clay
movement, crop management and native vegetable could
control the soil organic carbon (SOC) stock in the hill
ecosystem.
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