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ABSTRACT

The CENTURY model was evaluated for its ability to simulate soil organic carbon (SOC) changes at different cropping patterns
of Uttar Pradesh. A long-term fertilizer trial on rice—wheat system at Ludhiana, Punjab was used for the necessary parameters
needed to run Century. This trial was conducted at semi-arid subtropical (mean annual rainfall 800 mm, mean temperature 6.7-
35°C) with different treatment combinations. The modeling efficiency (ME) of this trail was 0.87, 0.93 and 0.97 for the treatments
wheat straw (WS)+Urea-N (amount ofadded NPK: 176, 3.3, 61 kgha™) (T4), WS+ green manure (GM)+Urea-N (amount of added
NPK: 176, 3.3, 61 kg ha") (T5) and farm yard manure (FYM)+GM (amount of added NPK: 186, 35, 81 kg ha') (T7) respectively
and r* for all treatments was more than 0.9. The SOC storage at different cropping systems was found in the following order: rice-
wheat> sugarcane- wheat > maize-wheat > jowar-pulses/ oilseed. The anaerobic part of rice-wheat system and minimum tillage
practices under sugarcane- wheat system might enhance the SOC storage at the similar agro-climatic condition.
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INTRODUCTION

Soil carbon is an important component of soil which
plays a vital role for the enhancement of soil productivity
and agricultural sustainability. It has also importance in
the global carbon cycle of mitigation or worsening of
atmospheric CO, level. Soil Organic Carbon (SOC) is
highly sensitive to land use changes (Bhattacharyya et al.
2010, Powlson 2005). There is greatest land use change
in the tropics since the demand for food and land is
increasing with the increase in population. Tropical
agriculture currently feeds 70% of the world population
(Lal and Sanchez 1992). Much of this demand is being
met by converting native ecosystems to cultivated and
cultivate more and more of our rapidly shrinking per
capita land resources. The shrinking of agricultural land

and the demand for more food production would call for
multiple cropping in a single piece of land. Cropping
pattern can have significant environmental consequences
thereby releasing C from soils to the atmosphere
(Houghton et al. 2000). Hence there is a need to pay
more attention to better management of agricultural
systems. Subsequent poor soil and crop management can
lead to further depletion of SOC. Despite the importance
of tropical areas in terms of the percentage of global
SOC stocks and the vulnerability of these stocks (Batjes
1996) but we have little information of SOC at different
interaction of soils and land use/land management
practices. The increasing realization of agricultural land
management is an integral part of a global carbon stock,
the need for soil carbon models to simulate agricultural
cropping rotations is recognized and modeling of soil
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carbon dynamics can also help in selecting the most
promising soil management practices. Carbon models are
used for analysing and predicting changes in the content
of soil organic matter (SOM) based on current under-
standing 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). This research will help in
generating the database of soil carbon status at different
cropping systems under intensive cultivation of Uttra
Prades at silimilar agro-climatic conditions and can also
help in forecasting the soil fertility and provide scientific
information for good SOC management.

STUDY AREA

The study was conducted at different locations of semi-
arid sub-tropical Uttar Pradesh, Indo-Gangetic plain of
India (23° 52" to 30° 24' N latitude and 77° 05' to 84° 38'
E longitude) with semi-arid subtropical environment
(1,200 mm annual rainfall and 5°C to 45°C average
temperature) (Anonymous 2005) and divided into three
physiographical regions (viz. the northern mountains of
Siwaliks, the southern hills and plateau, and the vast
alluvial Gangetic plains between the two. Soils are
developed over alluvium brought by the rivers (i.e. the
Ganga, the Yamuna, the Ramganga, the Gomati and the
Ghaghra). The soil texture varies from coarse loamy to
fine loamy. The dominant soil orders are Inceptisols
followed by Alfisols. Small amount of Vertisols and
Entisols are also found in the study area (Singh et al.
2004). The Entisols are confined to Siwalik Hill, active
flood plain and recent alluvial plains. Vertisols are
occurring in the Bundelkhand region.

Land Use Land Cover and Cropping Pattern

The major land use/land cover of the study site is
characterized by agriculture, forests, and horticultural
plantations, barren rocks and scrubs, settlements,
wastelands and water bodies. Twelve different cropping
patterns were delineated and mapped in the Indo-
Gangetic plain of Uttar Pradesh. The forests covered

about 6.32% of the total geographical area. The net
cropped area was 20,282 159 ha (84.18% of the total
geographical area) and the non-agricultural area
observed was 34,37,376 ha (14.26% of the total geo-
graphical area). Rice was the single most dominant crop
of the state, occupying about 32.94% of the total
geographical area during the kharif season. Maize/jowar
was the second major cereal crop, accounting for 13.77%
of the total geographical area of the state. The major
crops grown during the rabi season were wheat and
pulses/oilseed, covering areas 0f 79,79,268 ha (33.12%)
and 59,74,743 ha (24.80%), respectively. Rice-wheat,
sugarcane and rice-pulses were the major cropping
patterns, occupying about 39,58,740 ha (16.43%),
36,09,940 ha (14.98%) and 25,11,298 ha (10.42%),
respectively. The areas under pulses/oilseed were
significantly higher in the rabi season. Sugarcane-wheat
and pulses shared an almost equal area (6.49%). The
maize/jowar-wheat cropping pattern occupied 6.14% of
the total geographical area of the state. Single cropping
patterns (i.e. rice-fallow, fallow-pulses, fallow-wheat,
maize-fallow and sugar-cane-fallow) were minor,
occupying 6.08,2.94,4.06,2.69 and 2.51%, respectively.
Wasteland, including gulley, salt-affected, waterlogged
and rocky land, accounted for 3.80% of the total
geographical area (Singh et al. 2011).

MATERIALS AND METHODS
Soil Sampling

Undisturbed soil samples were collected to measure the
soil bulk density (pb) for each soil layer using the core
method (Blake and Hartge 1986). The cores from 0- to
15-to 30- cm soil layers were taken in the middle part of
the corresponding layer using a core sampler. Soil
samples were collected by digging pits with dimensions
of 20 cm (width) by 20 cm (length) by surface layers
(e.g., 0-15, and 15-30 cm layers) from four dominant
major cropping patterns (i.e. rice-wheat, sugarcane-
wheat, maize-wheat, and maize-pulses/ oilseed) of Uttra
Pradesh during october to november and april to june.
The samples were air-dried, gently ground, sieved
through a 2-mm sieve and analysis soil physico-chemical
properties such as pH (Jackson 1973), soil texture (Gee
and Bauder 1986), wet oxidisable carbon (Chan et al.
2001) and soil inorganic carbon (SIC) (Jackson 1973).
The soil samples were further grinded and passed
through a 0.5 mm sieve for total soil carbon deter-
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mination (CHN-O-RAPID analyzer (Anonymous 2006).
The above ground and below ground biomass of residue
crop (rice) was collected using Unconfined Destructive

methods (Amos and Walters 2006) for parameterization
of CENTURY model.

Carbon Analyses by Wet Oxidation and
Dry Combustion

The wet oxidation method used in this study was the
Walkley—Black procedure (Nelson and Sommers 1996),
in which SOC is oxidized by potassium dichromate with
sulfuric acid without external heating. A subsample of 1
g from a 2-mm sample of oven dried (40°C), sieved soil
was placed in a 125 mL Erlenmeyer flask, and 10 mL of
0.2 M potassium dichromate solution was added. Then,
10 mL of concentrated sulfuric acid was slowly added to
this solution. When the SOC content was >4%, larger
volumes of potassium dichromate and sulfuric acid were
used. Oxidation was performed at room temperature, and
after a 30-min interval, 50 mL of distilled water, 3 mL of
concentrated H;PO, and four drops of the diphenylamine
indicator were added. The SOC content after oxidation
was determined by titration of the excess potassium
dichromate using a 0.1 M solution of Mohr’s salt. For
each set of soil samples, three blank reagents were used
to record the exact molarity of the Mohr’s salt solution.
Carbon content was determined using the following
equation:
gCkg'=
(Vb-Vs) x CFe*" x 0.003x 1000/sample weight (g)

where Vb and Vs are the volumes of Mohr’s salt solution
used for the titration of the blank and the soil sample,
respectively; CFe?" is the molarity of the Mohr’s salt
solution; 0.003 g mmol ' represents the ratio [(0.012)/4],
where 0.012 is the molecular mass of C (g mmol ™), and
4 refers to the number of electrons involved in the
oxidation of OC. The dry combustion method was
followed using an elemental analyzer (Anonymous
2006).

CENTURY Model Description

CENTURY (Parton etal. 1987) is a computer simulation
model of plant-soil ecosystems that simulates the
dynamics of C, N, P and S in different plant/soil systems
through an annual cycle over years to millennia. Century
has various submodeplant productivity, water movement
and nitrogen leaching sub-models that determine the

turnover of nutrients within the system. Century allows
the simulation of complex agricultural management
systems including crop rotations, tillage practices,
fertilization, irrigation, grazing and harvest methods. It
uses a monthly time step utilising monthly average
maximum and minimum temperatures and monthly
precipitation data (Parton et al. 1987, Parton and
Rasmussen 1994, Parton 1996). The grassland/crop and
forest systems have different plant production sub-
models that are linked to a common soil organic matter
(SOM) and nutrient cycling sub-model (Parton et al.
1994). The plant litter material (aboveground and
belowground) is split into structural and metabolic pools
depending upon the lignin to nitrogen ratio and three
SOM compartments, viz. active, slow and passive, which
differ in their potential rates of SOM decomposition. The
active pool (approximately 2% of total SOM pool)
includes soil microbes and microbial products with short
turnover times (1-3 months). The slow SOM pool (45-
60% of total soil SOM) includes resistant plant material
derived from structural plant material and stabilized soil
microbial products that have turnover times ranging from
10 to 50 years depending on the climate. The passive
pool (45 to 50% of total SOM) includes physically and
chemically stabilized SOM that is very resistance to
decomposition (turnover times from 400 to 4000 years).
The structural decay rates to decrease as the lignin
content increases (Parton et al. 1987), precipitation and
soil texture.

CENTURY Model Evaluation Using Long Term
Experiment

The CENTURY model was validated with the measured
SOC obtained from a long term experiments. A long
term experiment of rice—wheat cropping system (1988-
2000) with treatment combinations of wheat straw
(WS)+Urea-N (amount of added NPK: 176, 3.3, 61 kg
ha) (T4), WS+ green manure (GM)+Urea-N (amount of
added NPK: 176, 3.3, 61 kg ha™) (T5) and farm yard
manure (FYM)+GM (amount of added NPK: 186, 35, 81
kgha™) (T7) was conducted at Ludhiana, Punjab of Indo-
Gangetic Plain (IGP), India (30°54' N and 75°8' E, 247 m
elevation, semi-arid subtropical with mean annual
rainfall 800 mm, mean temperature 6.7-35°C) in the
(Yadvinder-Singh et al. 2004). The maize—wheat rotation
was followed for 20 years before the beginning of the
experiment. The soil properties use for the model were
pH,.,7.6, bulk density 1.50 g cm™, clay 126 gkg™, silt 89
g kg!, sand 785 g kg™!. Measured organic C 3.6 g kg’
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was reported for depth 0—15 cm. Reported soil C data (0-
15cm) were adjusted for comparison to the Century
simulated depth of 20 cm by assuming a declining soil C
value with depth and multiplying reported values by
1.17, the SOC at the depth 15-20 cm was assumed to
have an amount approximately equal to 1/6 of the value
found in the 0— 15 cm sample (Bhattacharyya et al.
2007). These assumptions were based on data presented
in Reddy et al. (2003) and Manna et al. (2006), where
1/3 of the mean of reported values for SOC found at
depth 15-30 cm is equal to 1/6 of the mean of reported
values in 0—15 cm.

RESULT AND DISCUSSION
Measured and Modelled Soil Organic Carbon (SOC)

Table 1 and Figure 1 show the comparison of measured
SOC with modelled SOC over the same time period for
each treatment in the two trials and the correlation
coefficient (r). The modelling efficiency (ME) was
computed from measured and simulated SOC using the
equation given by Vereecken et al. (1991).

N N
ME=1-(Z @;- 02/ = (0,-5,%)
j=1 j=1

Where, p; was the simulated values, o; was the
measured values, 0; was the average of the measured
values and N was the number of data pairs.

A modeling efficiency (ME) of 1 means perfect fit,
while the positive value signifies closer fit (Foereid et al.
2007). The ME was 0.87, 0.93 and 0.97 for T4 (wheat
straw (WS)+Urea-N), T5 (WS+ green manure (GM) +
Urea-N) and T7 (FYM+GM) treatment trial respectively
(Table 1). The r* are observed more than 0.9 for all the
treatments in Ludhiana trial. In general, the model tended
to overestimate with treatments. This overestimation
could have been due to uncertainties in the history of
land use (difficult to obtain historical details on native
vegetation and land management after cultivation) and
the subsequent effects on soil properties and also SOC
analysis method adopted. The wet oxidisable method
(Nelson and Sommers 1996) of SOC analysis might fails
to give 100% recovery. Generic or ‘‘best guess’’
histories may lead to an overestimation or under-
estimation of initial soil C stocks (Bhattacharyya et al.

2007). This offset in initial C stocks influences the entire
simulation of the experiment. This study is one of the
few examples of Century being used to model SOC for
different cropping patterns of Indo-Gangetic plains.
Further investigation of the performance of Century is
needed when modelling SOC turnover for different
cropping pattern. Similar result was also reported by
Bhattacharyya et al. (2007) that the CENTURY model
simulation for treatment associated with organic matter
was found overestimation approximately 15%. The
CENTURY simulated SOC was very good fitting to the
reported SOC for treatments and also consideration of
the most recent data available. Overall, the CENTURY
model appears to predict soil C and treatment effects
relatively well.

Table 1. Comparison of CENTURY simulated and
measured soil organic carbon (SOC) for different
treatments effect in a long-term experiment of rice-

wheat cropping system at Ludhiana (from Singh et
al. 2004).

Treatments Estimated CENTURY- Model Correlation

Year SOC (g m?) simulated Efficiency coefficient
SOC (gm?) ()

WS+urea-N (T4)

1991 1035 1401.22 0.87 0.747

1993 1102.5 1445.16

1995 1080 1490.18

1997 1102.5 1534.29

1999 1192.5 1577.12

WS+GM-+urea-N (T5)

1991 1080 1409.23 0.93 0.957

1993 1170 1453.10

1995 1215 1497.85

1997 1237.5 1542.32

1999 1327.5 1585.70

FYM+GM (T7)

1991 1215 1403.75 0.97 0.946

1993 1192.5 1447.54

1995 1305 1492.21

1997 1350 1536.61

1999 1462.5 1579.93

* WS = Wheat straw incorporated in situ, GM = 50-53-d-old
Sesbania cannabina green manure, FYM =Farmyard manure applied
at 5.8 Mg ha! (dry weight basis).
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Figure 1. Comparison of CENTURY simulated and estimeted soil organic carbon (SOC) for different treatments effect of Ludhiana trial (a long
term experiment of rice-wheat system at Ludhiana). [Note: T4-WS+urea-N, TS-WS+GM-+urea-N and T7-FYM+GM; WS-Wheat straw
incorporated in situ, GM-50-53-d-old Sesbania cannabina green manure, FYM-Farmyard manure applied at 5.8 Mg ha' (dry weight

basis).

CENTURY Simulation of Soil Organic Carbon

The cropping patterns had influenced on SOC storage in
the order of rice-wheat> sugarcane- wheat > maize-
wheat > jowar-pulses/ oilseed (Table 2 and Figure 2).
There was slowly decreased in SOC storage at initial for
rice-wheat, sugarcane-wheat and jowar-wheat, later on
sharp increased of SOC storage at these cropping
systems with the addition of higher input. Similarly, the
SOC storage for rich-wheat system (rotation) was found
increasing trend up to 2030 (Bhattacharyya et al. 2007).
Iniatially, there was single cropping sytem like rice-
fallow, rice or maize/jowar-fallow, jowar-fallow and

converted to double cropping system such as rice-wheat,
sugarcane- wheat, maize-wheat, and maize-pulses/
oilseed since green revolution start. More soil carbon
was stored under rice-wheat system due to anearobic part
under continuous flooded rice (rice-rice) and changing of
monoculture to continuous crop rotation (Benbi and Brar
2009, West and Post 2002). The sugarcane-wheat system
might be adding higher amount of crop residue. The
sugarcane cropping system was followed for two years
rotation with minimum tillage. The minimum soil tilth
could enhance the SOC storage (Bhattacharyya et al.
2007, West and Post 2002). Organic matter decomposi-
tion increases with tillage by breaking up aggregates and
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Figure 2. CENTURY simulated SOC (g m?) of different cropping pattern.

Table 2. The soil carbon storage for four dominant
cropping patterns of Uttar Pradesh.

Land Use SOC x10° (g ha™)
0-15cm 0-30 cm
Rice-wheat 25.25 45.17
Sugarcane-wheat 21.01 38.57
Maize-wheat 20.16 37.12
Maize-pulses/ Oilseed 7.56 14.14

more expose organo-mineral surfaces enhances microbial
oxidation (Pretty et al. 2002). The increasing trend after
1995 was reduced and tending to attain towards
equilibrium (Figure 2). Similar result was also reported
by many scientists (Murty et al. 2002, Keeny et al.
2002). The jowar-pulses system was constantly declining
the SOC storage (Figure 2). It seemed to be stablilsed the
SOC storage at jowar-pulses up to 1965. The jowar-
pulses/ oilseed system was contributed the lower SOC
storage as compare to other cropping systems since
jowar-pulses/ oilseed system was grown at low soil
moisture regimes areas and rapidly decomposed of
residues of leguminous crop, low input and less above-

ground biomass (removed at the time of crop harvest). It
was also reported that legume based cropping system
was accumulated less soil carbon (Powlson and Olk
2000).

CONCLUSION

This study presents a preliminary attempt to para-
meterize the CENTURY model for different cropping
patterns of Uttra Pradesh. The cropping patterns could
significantly influence on SOC storage. Rice-wheat
system would help in more SOC storage than that of
other system. The longer duration of sugarcane crop
might reduce the soil tillage practices. Thus the next
highest SOC storage afeter rice-wheat system was
recorded under sugarcane- wheat system at the similar
agro-climatic condition. However, further adjustments
may improve model performance at these sit.
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