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Abstract. Methane and nitrous oxide emission from alluvial soil under incubation using varying doses of urea and

water content were studied for Tangibanta and Sorada. The N2O emission was observed to increase with time and

tapers off after attaining the peak. The theoretical emission was evaluated using empirical equations and matches well

with the experimental values. The CH4 and N2O emission both increased with the increase in Water Filled Pore Space

(WFPS) and urea concentration. The nitrification and denitrification reaction rates were determined with and without

acetylene. Michaelis-Menten equation was used to evaluate the Km and Vmax values. The rate of emission of N2O

increased with increase of WFPS and urea concentration whereas the emission factor showed a reverse trend. The CH4

emission rate was observed to be comparatively low with respect to N2O emission rate around a factor of 10.

Keywords: incubation, soil contamination, emission rate, Michaelis-Menten, Principal component analysis (PCA),

WFPS, Air pollution.
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Introduction

The concentration of greenhouse gases (GHG) like

carbon dioxide (CO2), N2O and CH4 are increasing

progressively. Amongst all greenhouse gases CH4 and

N2O are the second and fourth greatest contributors

towards enhancing global warming effect (IPCC 2007).

The global warming potential (GWP) for CH4 (based

on 100 year time horizon) is reported to be 21 years,

while that of N2O is 310 with reference to CO2

(Kampschreur et al. 2009). The gases like CH4 and

N2O contribute around 15 and 5% to the total annual

global rise respectively. Agricultural and associated

sectors produce about 50 and 70% to the total

anthropogenic emission of CH4 and N2O respectively.

Besides global warming, nitrous oxide is also respon-

sible for the destruction of stratospheric ozone (Yang

et al. 2011). Globally, agricultural N2O emissions have

increased by nearly 17% from 1990 to 2005, and are

projected to increase �35�60% by 2030 due to

increased nitrogen (N) fertilizer use (Gogoi, Baruah

2012). The biogenic emission of N2O is due to

microbial decomposition of nitrogenous compounds

available in soil, municipal effluents, sediments and

water bodies. The formation is either through nitrifica-

tion or denitrification or nitrifier denitrification or

combination of all these three processes (Horak, Siska

2006). These effects are suggestive of the fact that

study of N2O emission from soil is vital for the

research on GHG management. The nitrification

proceeds when NHþ4 (Ammonium ion) or NH3

(Ammonia) is oxidized to NO�3 (Nitrate ion) via NO�
2

(Nitrite ion). The oxidation process passes through

various intermediates like NH2OH (Hydroxyl amine)

and NO�2 . The process of NH3 oxidation can be

arrested by using an inhibitor like C2H2 (Kineey

et al. 2005). Acetylene in the concentration range of

0.1 to 10 Pa forms a very reactive unsaturated epoxide,

which eventually inhibits the formation of ammonia

monooxygenase through covalent bonding. Denitri-

fication is a process where NO�3 is reduced to N2 (Atmo-

spheric nitrogen) through different intermediates like

NO�2 , NO (Nitric oxide) and N2O. The reaction is

mediated by different denitrifiers (Rivett et al. 2008).

Nitrifier denitrification is another way of nitrification

where NH3 or NHþ4 is oxidized directly to NO�
2 followed

by reduction. Methane is produced under reducing

atmosphere when the redox potential reaches �180 mV.

The condition obligates anaerobes to act through

either CO2 reduction or trans-methylation process

(Dutta 2007; Baruah et al. 2010; Wang et al. 2001).

Anaerobiosis in the soil upon submergence results in
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the reduction of inorganic compounds and favors

mineralization of organic matter through methano-

genic fermentation.

Emission of CH4 and N2O from soil is also

affected by various physico-chemical factors (Dutta

2007), i.e. soil oxidants, which act as electron accepters

for organic matters, determine the emission rate

(Mosier et al. 2004). Fields flooded over long periods
or with intermittent flooding, especially with standing

crops, are considered as an important source of these

two important greenhouse gases due to simultaneous

existence of aerobic and anaerobic environments

(Synder et al. 2009). CH4 emission is found to be

higher in flooded organic soil, but they also emit

substantial amounts of N2O under intermittent flood-

ing as NO3 undergoes denitrification during temporary
exposure to air (Das et al. 2011; Singh et al. 2003).

Thus the quantity and quality emission of CH4 and

N2O from different water-soil regimes are complicated

but interrelated and needs in-depth analyses for

planning of sustainable mitigation strategies.

GHG emission from soil through denitrification

and nitrification are highly complicated. Apart from

emission of N2O, the soil also emits CH4 by methano-
trophs. Yet, ample understanding of the above pro-

cesses is desired as because substantial literatures are

available, but the same is somewhat scarce regarding

GHG emission from agricultural field; therefore an in-

depth analysis is needed to be carried out to correlate

the same with various parameters. Keeping in view the

importance of this subject our Institute is actively

engaged in regular monitoring of GHG from various
soil regimes and a part has been published (Ramulu

et al. 2008, 2009; Sahoo et al. 2010). Considering the

work carried out before, the objective of the present

study is to measure the N2O emission and to evaluate

the rate of N2O emission through nitrification and

denitrification process with the variation of two

parameters, i.e. urea and WFPS, which plays as an

important aspect for N2O emission along with mi-
crobes and organic carbon content. Some attempts

have also been made to correlate the emission of CH4

with N2O. Michaelis � Menten type equation is also

carried out to establish the relation between total N2O

emissions through nitrification and denitrification with

respect to urea addition as a substrate. The interde-

pendence of urea and WFPS for GHG emission was

also studied under incubation.

1. Methods

1.1. Site description

The sampling sites were two different agricultural fields

one at Tangibanta (latitude N 208 20? and longitude

E 858 49?) and other at Sorada (latitude N 198 50? and

longitude E 848 19?) situated at a distance of 20 and

250 Km from Bhubaneswar, India respectively. Both of

the places have alluvial soil having area of about 700�
800 m2. The field at Tangibanta is used for pulse as

well as paddy cultivation on rotation basis. The Sorada

field is used exclusively for pulse cultivation. In IPCC

terminology, both of the places can be classified as

rain-fed, intermittently flooded soil-water regime. The

farmer at Tangibanta used farmyard manure before

land preparation for Kharif rice (August�December)

and very little nitrogen (N) � fertilizer, usually urea

(50 kg per acre) used a few weeks after transplantation

or before inflorescence to boost growth. No insecticide

or pesticides were used. While kharif rice is cultivated

during summer monsoons, pulses are sown after a

short fallow period during Rabi (January�March)

season. In case of Sorada, neither chemical fertilizer

nor any pesticides were used. Farmyard manure was

added only before sowing.

1.2. Sampling and experimental setup

Soil was sampled during the fallow period (just before

plantation) from both Tangibanta (after December)

and Sorada (before August) sites. Two different

sampling sites were chosen basically as the agricultural

practices were completely different. All soil samples

were collected in random positions at each site from

5�10 cm depth with an auger (Andert et al. 2011)

because large portion of active root zone is present

where both aerobic and anaerobic microorganisms are

present. After collection, the soil samples were homo-

genized by the classic cone and quartering technique

(Gerlach et al. 2002) to give one composite sample for

each soil and were put inside labeled airtight polythene

bags. It was air-dried, crushed and sieved with a 2 mm

sieve (Fangueiro et al. 2008). Soil physicochemical

parameters were studied fallowing the SSSA/ASA

guidelines for soil study (Sparks 1996). The soil texture

of both the spot was sandy clay loam (23.5�27% clay,

20.6�22.5% silt, 50.4�54.6% sand). It also contains

0.4�0.6% carbon, 0.08�0.11% total N as micronutri-

ents. The moisture content of Sorada soil was less

compared to Tangibanta. pH of the soil was slightly

acidic, i.e. 5.5�6.9 for both the sites. For incubation

experiments, two parameters were varied, such as

external addition of N � fertilizer and variation of

WFPS. 100 grams of the dried and powdered soil were

taken in incubation bottles (250 ml, Borosil) with or

without urea. For the set of experiment, 10, 50, 100

and 150 mg of urea per kg of soil were taken in

incubation containers along with control (without

urea). Urea was used as the nitrogen source due to

its easy availability and wide use. The incubation

bottles were closed with airtight rubber stoppers

made up of polypropylene. These were kept in an

incubator (REMI- CI 6S) at 37 8C during the study

period. For the other variable like WFPS 10 g of

weighted soil was dried at 105 8C for 48 hours to get
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the dry weight. Initial 100% WFPS was obtained by

gravimetric method (Kinney et al. 2005). WFPS

was varied from 30�75% gravimetrically. During the

incubation experiments different WFPS were main-

tained by adding distilled water. The loss of evapora-

tion was determined by taking the weight of the

incubation bottles at periodic intervals (Hayakawa

et al. 2009). Incubation experiment was also carried
out using C2H2 (Kinney et al. 2005) in order to

determine the nitrification and denitrification rate

simultaneously. The nitrification and denitrification

rates were determined as follows:

Soil ¼ net N2O produced by nitrification

as well as denitrification;
(1)

C2H2 amended soil ¼ net N2O produced by

denitrification only;
(2)

Eq: ð1Þ � Eq: ð2Þ¼N2O produced by nitrification: (3)

1.3. Gas sampling and analysis

Air samples were drawn through disposable syringe
every day at about 10 a.m. and estimated with gas

chromatograph. A PerkinElmer Auto system GC with

FID was used for CH4 estimation while a Shimadzu

AA30 GC with ECD detector was used to analyse

N2O. Both the GCs were dedicated and equipped with

auto gas samplers, semi-micro columns and appro-

priate software to process the acquired data. Both

NIST traceable primary and laboratory prepared
secondary standards were used for quality assurance.

1.4. Soil sample analysis

Soil parameters like moisture content, total organic

carbon (TOC), NH3�N (Ammonia nitrogen),

NO�3 �N (Nitrate nitrogen) and NO�2 �N (Nitrite

nitrogen) were analyzed following standard methods

(Andert et al. 2011; Reddy et al. 1989). All urea

variation incubation experiments were carried out at
50% WFPS.

1.5. Statistical analysis

Two way analysis of variance (ANOVA) and Fisher

t-test was used to determine whether the incubation

parameters have any significant variance over the

emission of the GHG. Using the null hypothesis

technique the significance of the incubation para-

meters was determined. ANOVA analyses were carried
out using MS-Office Excel 2007.

PCA was used to identify the correlation between

GHG emission vis-à-vis the incubation parameters like

days, ammonia, nitrate, TOC, moisture and urea. PCA

is widely used to reduce variables and to extract a small

number of latent factors in order to analyse the

relationships among observed variables. To make the

results more easily interpretable, the PCA with VAR-

IMAX normalized rotation was also applied, that can

maximize the factor loadings through variables for

each factor. In this study, all principal factors extracted

from the variables with Eigen values up to 1 were

considered since the results for values 51 were not

significant (Kim et al. 2009). When PCA with VAR-

IMAX normalized rotation was performed, each PCA
score contained information about all the variables

combined into a single number, while the loadings

indicated the relative contribution each variable makes

to that score. PCA was evaluated using SPSS-13.

All experiments were carried out in quartet and

average was used for interpreting the results. The

variation was within95%.

2. Results and discussion

2.1. Emission of N2O

Figure 1 shows a typical emission curve during

incubation studies under various WFPS. The graph
can be divided into two parts, i.e. initial increase

followed by decrease. The rate equation for N2O

emission during initial and final stages can be

written as:

Y ¼ Be�k1t þ Cek2t; (4)

where: Y �N2O emission; T �Time in days. k1, k2�
Rate constant for initial and final stages respectively

and B, C �Fitting parameters.
The values for B, C, k1 and k2 were calculated

(Cardenas et al. 2003) using Excel-solver technique.

The values are shown in Table 1.

2.2. Effect of water filled pore space

It was observed that N2O emission efficiency increased

with the increase of WFPS as shown (Fig. 1). The

soil moisture content influences the oxygen diffusion,

thus determining the N2O emission efficiency. Increase

Fig. 1. Emission of N2O with the variation of WFPS

(Sorada)
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of WFPS plays a vital role in interposing a barrier for

O2 diffusion thereby controlling the rate of nitrifica-

tion. It was reported (Cleemput 1998) that denitrifica-

tion was favored at WFPS�60%, but it may be

favored at lower concentration too if the soil has

poor porosity and so retaining the moisture for a long

time. Table 2 shows the emission of N2O through

nitrification and denitrification routes. This was calcu-

lated based on the difference of N2O emission between

incubation experiments carried out in presence and

absence of C2H2. It was observed that majority of N2O

emission was due to nitrification. The N2O emission

through nitrification and denitrification routes was

fitted onto a 1st order plot as shown (Fig. 2) for

incubation experiments using Sorada soil. Similar

results were obtained for Tangibanta soil and therefore

not shown separately. The rates of emission of GHG

for Sorada soil were lower than Tangibanta as in the

former no chemical fertilizers were used. This suggests

that chemical fertilizers play a vital role in determining

the emission rates of GHG. It can be concluded from

correlation of determinant values that the N2O emis-

sion followed 1st order plot. The reaction rates for both

of the soils for different WFPS are shown in Table 3

using the 1st order plot. ANOVA was applied to find

out whether the WFPS played a vital role in determin-

ing the N2O emission efficiency and for this purpose

null hypothesis technique was used. Null hypothesis

assumes that there is no variation of GHG emission

with the change of WFPS. So if the F value (calcu-

lated) is less than or equal to F critical then it is

assumed that there is no variance (Gupta 2005). On the

contrary if the F calculated value is more than F

critical then the null hypothesis does not hold good, i.e.

there is significant variation of GHG emission with the

change of WFPS. The F critical as well as F calculated

along with p values is shown in Table 4. Table 4

unequivocally proves that WFPS played a significant

role for GHG emission for both of the soils.

2.3. Effect of urea concentration

Urea concentration was varied from 0�15 mg/100 mg

of soil in order to evaluate the N2O emission through

nitrification and denitrification routes. It was reported

(Carter 2007) that urea hydrolyzed rapidly to NHþ4 by
enzymatic action vides reaction. The NHþ4 thus

produced would participate further in nitrification as

well as denitrification reactions. NHþ4 would be

oxidized during nitrification to NO�3 , which would be

utilized by the denitrifiers. The extent of nitrification

and denitrification processes taking place with various

initial doses of urea is shown (Table 2). It was observed

that the total emission of N2O increased with the
increase in urea addition. Two way ANOVA analyses

were carried out and it was observed that urea played a

significant role in determining the N2O emission as

shown (Table 4) using null hypothesis technique.

ANOVA studies show the significant role played by

urea concentration during GHG emission. Apart from

two external variables one internal variable as form of

soil was also considered. As mentioned earlier incuba-
tion studies were carried out using two different soils.

In order to evaluate whether the soil plays an

important role in emission of GHG Fisher t-test was

also carried out using null hypothesis technique. The

results are also shown (Table 4). The N2O emission

depends on external addition of urea up to 10 mg/Kg

of soil and beyond that both the soil showed similar

emission rate as at higher nitrogen concentration the
initial nitrogen content in the soil was very small

compared to external addition of urea. On the

contrary CH4 emission showed a significant variation

between the soils suggesting thereby the emission

follows a different route.

Both the variables like WFPS and urea addition

followed 1st order rate kinetics. Since the emission of

CH4 and N2O depends on WFPS as well as urea
concentration therefore, the reaction can be considered

as pseudo first order. So the rate equation for CH4 or

N2O emission can be written as:

Rate of GHG emi¼�dc=dt ¼ kðWFPSÞn1ðUreaÞn2
; (5)

Table 1. Calculation of k1, k2, B and C values during

incubation studies using Sorada soil samples by

varying WFPS

WFPS k1 k2 B C

30% 0.03 0.92 439.36 �210.28

75% 0.05 0.36 2686.61 �2134.53

Table 2. Nitrous oxide (N2O) emission through nitrification

and denitrification routes. (Conditions: Tempera-

ture �37 8C)

Parameter

N2O-emission

in both

nitrification

and

denitrification

(mgN /Kg soil)

N2O emission

in nitrification

(mgN /Kg soil)

N2O emission

through

nitrification

(%)

WFPS (%) Tangi Sorada Tangi Sorada Tangi Sorada

30 6.6 4.7 2.5 4.7 38.4 41.9

40 14.9 10.8 7.8 10.8 52.6 56.5

60 38.6 29.4 27.1 29.4 70.2 68.1

75 58.2 52 39.7 52 68.2 69.4

Urea (mg/Kg soil)

0 10.7 8.6 5.64 4.3 52.2 50.5

10 11.3 12 7.19 7.2 63.4 59.7

50 14.5 16 11.3 11.8 78.2 73.7

100 13.5 20.7 9.7 13.8 72.1 66.9

150 15.40 22.5 12.5 17.5 81.1 77.6
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where: c �concentration of GHG; n is order of

reaction or dependence factor; k is specific reaction

rate (Mishra et al. 2009). By converting the equation in
logarithm form:

Log ðRÞ ¼ log k þ n1 log ðWFPSÞ þ n2 log ðUreaÞ: (6)

To determine the dependence factor, experiments are

arranged to fit Eq. (6). For this purpose only one

parameter was varied at a time keeping the other

parameter constant. The n values for N2O and CH4

emissions were obtained by plotting a graph between

log (reaction rate) versus the log (parameter). The

slope would give the n values. From the coefficient of
determination values it can be concluded that the

linearity in all the cases is good (shown in Table 3).

Table 3 also shows the n values for two different gases

using two different parameters. Using the n values the

rate equations can be written using Eq. (5) which

would help in determining theoretically the emission

rates using set of values.

2.4. Evaluation of Km and Vmax values

The total N2O emission via nitrification and denitrifi-

cation routes with respect to urea addition can be fitted

to a Michaelis-Menten type equation (Silvennoinen

et al. 2008) as shown in Eq. (7).

1=r ¼ ðKm=VmaxÞXð1=SÞ þ ð1=VmaxÞ; (7)

where: r �Reaction rate of N2O through nitrification

and denitrification route (mg/Kg soil/day);

Vmax�Maximum N2O emission rate, mg/Kg soil / day;

S �Concentration of substrate (Urea), mg/Kg of soil;
Km�Substrate concentration (mg/Kg soil) at which

the reaction rate is half normal.

A straight line would be obtained if the reciprocal

of N2O emission rate is plotted against the substrate

concentration. Extrapolating the linear regression to

Fig. 2. Nitrification and denitrification rate of Sorada soil (Conditions: Temperature �37 8C, WFPS �30%, 40%, 60%

and 75%)

Table 3. Emission rates of nitrous oxide (N2O) and CH4 with dependence factor during incubation (Conditions: Temperature

�37 8C)

Parameter

Reaction Rate,

mgN /Kg soil/

day (N2O)

Dependence

factor

Coefficient of

determination

(R2)

Reaction Rate,

mg/Kg soil/day

(CH4)

Dependence

factor

Coefficient of

determination

(R2)

WFPS (%) Tangi Sorada Tangi Sorada Tangi Sorada Tangi Sorada Tangi Sorada Tangi Sorada

30 0.15 0.11 0.05 0.04

40 0.22 0.12 1.59 1.85 0.99 0.91 0.06 0.04 0.37 0.20 0.92 0.52

60 0.42 0.28 0.07 0.04

75 0.65 0.59 0.07 0.05

Urea (mg/Kg soil)

10 0.6 0.11 0.61 0.04

50 0.76 0.21 0.15 0.43 0.90 0.91 0.54 0.04 0.07 0.05 0.98 0.31

100 0.86 0.23 0.53 0.04

150 0.89 0.4 0.51 0.05
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its intercept on the abscissa would give the negative

reciprocal of Km. The results are shown (Fig. 3). The

Km values for Tangibanta and Sorada soil were found

to be 4.58 and 19.8 mg/Kg soil respectively while the

Vmax values were 0.83 and 0.32 mg/kg soil/day respec-

tively. Higher Vmax observed in case of Tangibanta soil

may be due to addition of nitrogenous fertilizers

during paddy cultivation whereas no fertilizer was

applied to Sorada soil.

2.5. Calculation of Emission factor (EF)

The extent of N2O formation in soil and emission is a

direct function of the amount of ‘N’ fertilizer applied.

It can be expressed as the emission factor (EF), which

is the amount of N2O emitted expressed as a fraction

or percentage of the ‘N’ fertilizer applied to the soil. It

was observed that the rate of emission increased with

the increase in urea dose whereas the emission factors

showed a reverse trend. The emission factor in this case

varied in the range 1 to 4% of the ‘N’ fertilizer applied

compared to 0.1�7.3% reported by other workers for

similar kind of soils (Dobbie, Smith 2003). Bouwman

(1996) experimentally derived a mean EF equaling
1.2591% of the ‘N’ fertilizer applied. This value was

accepted as the (IPCC 1997) default value. The higher

EF at lower ‘N’ fertilizer application observed in the

present studies may be due to the activity of the soil

microbes acting as efficient denitrifiers. Alternative

explanation could be the controlled temperature and

closed atmosphere prevailing in incubation experi-

ments (Cleemput 1998). The N2O emission increased
initially but tapered off with time after two weeks of

incubation. The decrease in N2O concentration may be

due to further reduction to N2. The emission of N2O

under this condition may be either due to direct

denitrification or nitrification followed by partial

denitrification (Cleemput 1998). Further reduction of

N2O to N2 suggests the dominance of denitrification

towards the end, if not during the entire period.

2.6. Emission of CH4

CH4 emission, like N2O, depends on the soil properties

as well as microbiological activities in soil. CH4 is

generally emitted from the soil by the decomposition
of mainly organic matters (Mitra et al. 2002). The

emission of CH4 during incubation experiments in all

parameters increased progressively unlike N2O (data

not shown). The CH4 emission rates under different

incubation studies are shown (Table 3) along with

dependence factor. It was further observed that CH4

Table 4. Statistical analysis using two way ANOVA and Fisher t-test to show the significance of incubation parameters

Tangibanta Sorada

WFPS (30�75%)

Urea (0�150 mg/Kg

of soil) WFPS (30�75%)
Urea (0�150 mg/Kg

of soil)

N2O CH4 N2O CH4 N2O CH4 N2O CH4

F value 19.67 24.62 44.55 17.03 4.46 69.45 17.52 4.29

P value 2.98E �09 4.8314 7.60E12 2.92E10 1.23E06 5.94E20 1.32E10 7.51E �03

F critical 2.36 2.08 2.51 2.48 1.71 2.75 2.48 2.73

Fisher t-test of Tangibanta soil with urea variation

Fisher t-test (N2O) Fisher t-test (CH4)

Urea variation(mg/Kg of soil) t-value P-value t-critical t-value P-value t-critical

Control 2.8 4.00E �03 1.68 1.46 7.79E �02 1.71

10 1.71 4.70E �02 1.68 3.24 1.97E�03 1.72

50 0.85 0.2 1.68 3.71 6.47E �05 1.72

100 0.58 0.28 1.68 3.57 8.93E �04 1.72

150 1.05 0.15 1.68 4.6 8.46E �05 1.72

Fig. 3. Michaelis-Menten fitting curve of nitrification and

denitrification routes with respect to urea addition (Condi-

tions: Temperature �37 8C, WFPS �50%)
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emission rate was lower compared to N2O. The lower

CH4 emission rate may be due to lower organic carbon

in both of the soils. Another possible explanation for

low CH4 may be anaerobic oxidation resulting in loss

of CH4 as shown in Eq. (8).

5CH4 þ 8NO�3 þ 8Hþ ¼ 5CO2 þ 4N2 þ 14H2O: (8)

Table 4 shows the two way ANOVA and Fisher t-test.

The results were similar to N2O emission.

2.7. Chemical composition of the soil

Chemical composition of the soil like NH3�N,

NO�3 �N and TOC contents were analyzed at regular

intervals. Out of these three parameters, NH3�N

decreased considerably with time whereas the decrease

in the other two parameters was marginal. The extent

of loss of NH3�N increased with higher addition of

urea from external sources. The rate of decrease varied
between 0.75�5.56 mgm/day, the lowest and the highest

correspond to the no addition and maximum addition

of urea respectively. The NO�2 �N concentration

variation was negligible during the entire period of

incubation.

2.8. Principal Component Analysis (PCA)

PCA is an important tool in solving the problem of

analyzing the structure of the interrelationship among

a large number of variables. It defines a set of common

underline dimension known as factors. In the present

case we have considered the factor loading �0.5 to

achieve a confidence level �95%, as in the present case

the total data set is �120 (Hair et al. 1998). Factor-I

accounted for 32.6% of cumulative variance having
eigen value of 2.6. Factors-I contained three variables

like ammonia, nitrate and urea. All these factors

played a vital role in generation of GHG during

incubation. Therefore Factor-I may be termed as

‘GHG generation’. Factor-II accounts for 62.7% of

cumulative variance having eigen value of 2.4. It

contained variables like days, CH4 and moisture

content. Therefore, Factor-II is termed as ‘CH4

emission’. Factor-III accounts for cumulative variance

of 75.9% having eigen value of 1.05. So Factor-II can

be termed as ‘N2O emission’. Results are shown in

Table 5.

Conclusions

1. It can be concluded that the emission of

N2O and CH4 depends on the availability of nitrogen

source, soil character and prevailing environmental

conditions.

2. It was observed that N2O emission attained a

maximum and then tapered off, while CH4 emission

increased progressively with time as well as lower

carbon content in both soils.

3. The emission of CH4 was observed to be low,

may be due to further oxidation by NO�3 as well as

lower carbon content in both the soil.

4. Theoretical N2O emission was calculated using

empirical equation and it explained well with the

experimental values.

5. The emission of N2O and CH4 gases greatly

depends on both nitrogen and WFPS variation used in

this study.
6. Statistically it was proved that the two experi-

mental parameters i.e. urea and WFPS played sig-

nificant roles (P 50.001) in determining the emission

level.

7. The PCA classified the variables as three

different influencing factors.

Acknowledgements

The authors are thankful to the Director, Institute of

Minerals and Materials Technology, Bhubaneswar for his

kind permission to publish this paper. The authors are also

thankful to the Ministry of Environment and Forests,

New Delhi for the financial support. The authors highly

acknowledge the anonymous reviewers for their valuable

suggestions, on the basis of which the manuscript finally

came to this stage.

References

Andert, J.; Wessen, E.; Borjesson, G.; Hallin, S. 2011.

Temporal changes in abundance and composition of

ammonia-oxidizing bacterial and archaeal communities

in a drained peat soil in relation to N2O emissions,

Journal of Soils and Sediments 11: 1399�1407.

http://dx.doi.org/10.1007/s11368-011-0413-9

Baruah, K. K.; Gogoi, B.; Gogoi, P. 2010. Plant physiolo-

gical and soil characteristics associated with methane and

nitrous oxide emission from rice paddy, Physiology and

Molecular Biology of Plants 16(1): 79�91.

http://dx.doi.org/10.1007/s12298-010-0010-1

Bouwman, F. 1996. Direct emission of nitrous oxide from

agricultural soils, Nutrient Cycling in Agroecosystems 46:

53�73.

Table 5. Principal component analysis

Factor

1 2 3

Days 0.94

N2O 0.90

CH4 0.77

Ammonia 0.86

Nitrate 0.85

Total Organic Carbon

Moisture �0.81

Urea 0.88

Eigen values 2.61 2.41 1.06

Cumulative variance 32.62 62.71 75.92

230 S. Ray et al. Emission of nitrous oxide and methane from alluvial soil through incubation

http://dx.doi.org/10.1007/s11368-011-0413-9
http://dx.doi.org/10.1007/s12298-010-0010-1


Cardenas, L. M.; Hawkins, J. M. B.; Chadwick, D.;

Scholefield, D. 2003. Biogenic gas emissions from soils

measured using a new automated laboratory incubation

system, Soil Biology & Biochemistry 35: 867�870.

http://dx.doi.org/10.1016/S0038-0717(03)00092-0

Carter, M. S. 2007. Contribution of nitrification and

denitrification to N2O emission from urine patches, Soil

Biology & Biochemistry 39: 2091�2102.

http://dx.doi.org/10.1016/j.soilbio.2007.03.013

Cleemput, O. Van. 1998. Subsoils: chemo and biological

dentrification, N2O and N2 emission, Nutrient Cycling in

Agroecosystems 52: 187�94.

http://dx.doi.org/10.1023/A:1009728125678

Das, S.; Ghosh, A.; Adhya, T. K. 2011. Nitrous oxide and

methane emission from a flooded rice field as influenced

by separate and combined application of herbicides

bensulfuron methyl and pretilachlor, Chemosphere

84(1): 54�62.

http://dx.doi.org/10.1016/j.chemosphere.2011.02.055

Dobbie, K. E.; Smith, K. A. 2003. Nitrous oxide emission

factors for agricultural soil in Great Britain: the impact

of soil water filled-pore space and other controlling

variables, Global Change Biology 9: 204�218.

http://dx.doi.org/10.1046/j.1365-2486.2003.00563.x

Dutta, A. 2007. Mitigation of green house gas emission from

tropical rice ecosystem: PhD Thesis, Kalyani University,

India.

Fangueiro, D.; Pereira, J.; Chadwick, D.; Coutinho, J.;

Moreira, N.; Trindade, H. 2008. Laboratory assessment

of the effect of cattle slurry on organic N degradation

after soil application and N2O and N2 emissions,

Nutrient Cycling in Agroecosystems 80: 107�120.

http://dx.doi.org/10.1007/s10705-007-9124-4

Gerlach, R. W.; Dobb, E. D.; Raab, G. A.; Nocerino, J. M.

2002. Gy sampling theory in environmental studies. 1.

Assessing soil splitting protocols, Journal of

Chemometrics 16: 321�328.

http://dx.doi.org/10.1002/cem.705

Gogoi, B.; Baruah, K. K. 2012. Nitrous oxide emissions from

fields with different wheat and rice varieties, Pedosphere

22(1): 112�121.

http://dx.doi.org/10.1016/S1002-0160(11)60197-5

Gupta, S. P. 2005. Statistical method. Daryaganj, New Delhi:

Sultan Chand & Sons. 1020 p.

Hair, J. F.; Anderson, R. E.; Tatham, R. L.; Black, W. C.

1998. Multivariate data analysis. USA, New Jersey:

Upper Saddle River: Prentice-Hall International, Inc.

112 p.

Hayakawa, A.; Akiyama, H.; Sudo, S.; Yagi, K. 2009. N2O

and NO emissions from an Andisol field as influenced

by pelleted poultry manure, Soil Biology & Biochemistry

41: 521�529.

http://dx.doi.org/10.1016/j.soilbio.2008.12.011

Horak, J.; Siska, B. 2006. Evaluation of N2O emissions by

DNDC model for sandy loam soils of danubian lowland,

Journal of Environmental Engineering and Landscape

Management 14(4): 165�171.

IPCC 1997. Nitrous oxide and carbon dioxide in agriculture:

OECD/IPCC/IEA Phase II Development of IPCC guide-

lines for natural green house gas Inventory methodology.

Workshop report, 4�6 December 1995, Geneva, OECD,

IPCC, IEA.

IPCC 2007. Climate Changes: the Scientific Basis. Contribu-

tion of Working Group 1 to the Third Assessment Report

of the Intergovernmental Panel on Climatic Change.

Cambridge: Cambridge University Press.

Kampschreur, M. J.; Temmink, H.; Kleerebezem, R.;

Jetten, M. S. M.; Loosdrecht, M. C. M. Van. 2009.

Nitrous oxide during waste water treatment, Water

Research 43: 4093�4103.

http://dx.doi.org/10.1016/j.watres.2009.03.001

Kim, D. J.; Roy Chaudhury, G.; Ahn, J. W.; Lee, S. W.

2009. Bioleaching of complex sulfides concentrate

and correlation of leaching parameters using multi-

variate data analysis technique, Journal of Materials

Transaction 50: 2318�2322.

http://dx.doi.org/10.2320/matertrans.M2009125

Kineey, C. A.; Mandernack, K. W.; Mosier, A. R. 2005.

Laboratory investigations into the effects of pesticides

mancozeb, chlorothalonil and prosulfuron on nitrous

oxide production in fertilized soil, Soil Biology and

Biochemistry 37: 837�850.

http://dx.doi.org/10.1016/j.soilbio.2004.07.044

Mishra, D.; Ahn, J. G.; Kim, D. J.; Roy Chaudhury, G.;

Ralph, D. E. 2009. Dissolution kinetics of spent petroleum

catalyst using sulfur oxidizing acidophilic microorganisms,

Journal of Hazardous Materials 167: 1231�1236.

http://dx.doi.org/10.1016/j.jhazmat.2009.01.056

Mitra, S.; Wassmann, R.; Jain, M. C.; Pathak, H. 2002.

Properties of rice soils affecting methane production

potentials: 1. temporal patterns and diagnostics proce-

dure, Nutrient Cycling in Agroecosystems 64: 169�182.

http://dx.doi.org/10.1023/A:1021198714896

Mosier, A.; Wassmann, R.; Verchot, L.; King, J.; Palm, C.

2004. Methane and nitrogen oxide fluxes in tropical

agricultural soils: sources, sinks and mechanism,

Environment, Development and Sustainability 6: 11�49.

http://dx.doi.org/10.1023/B:ENVI.0000003627.43162.ae

Ramulu, T. S.; Sahoo, S. K.; Baral, S. S.; Das, S. N.;

Swamy, Y. V.; Roy Chaudhury, G. 2008. Estimation of

nitrous oxide emission from pulse cultivation in rain-fed

uplands, Current Science 95: 584�585.

Ramulu, T. S.; Sahoo, S. K.; Mohapatra, R. K;

Roy Chaudhury, G.; Das, S. N. 2009. Emission of N2O

on pulse-rice crop rotation in upland, Atmospheric

Environment 43: 2087�2090.

http://dx.doi.org/10.1016/j.atmosenv.2009.01.007

Reddy, K. R.; Patrick, W. H.; Lindau, C. W. 1989. Nitrifica-

tion-denitrification at the plant root sediment interface in

wetlands, Limnology and Oceanography 34: 1004�1013.

http://dx.doi.org/10.4319/lo.1989.34.6.1004

Rivett, M. O.; Buss, S. R.; Morgan, P.; Smith, J. W. N.;

Bemment, C. D. 2008. Nitrate attenuation in ground

water: a review of biogeochemical controlling processes,

Water Resarch 42: 4215�4232.

http://dx.doi.org/10.1016/j.watres.2008.07.020

Sahoo, S. K.; Ramulu, T. S.; Kumar, M.; Roy Chaudhury, G.;

Das, S. N. 2010. Emission of N2O from farmer’s field

during black gram cultivation and incubation experi-

Journal of Environmental Engineering and Landscape Management, 2013, 21(3): 224�232 231

http://dx.doi.org/10.1016/S0038-0717(03)00092-0
http://dx.doi.org/10.1016/S0038-0717(03)00092-0
http://dx.doi.org/10.1016/S0038-0717(03)00092-0
http://dx.doi.org/10.1016/j.soilbio.2007.03.013
http://dx.doi.org/10.1023/A:1009728125678
http://dx.doi.org/10.1016/j.chemosphere.2011.02.055
http://dx.doi.org/10.1046/j.1365-2486.2003.00563.x
http://dx.doi.org/10.1007/s10705-007-9124-4
http://dx.doi.org/10.1002/cem.705
http://dx.doi.org/10.1016/S1002-0160(11)60197-5
http://dx.doi.org/10.1016/S1002-0160(11)60197-5
http://dx.doi.org/10.1016/S1002-0160(11)60197-5
http://dx.doi.org/10.1016/j.soilbio.2008.12.011
http://dx.doi.org/10.1016/j.watres.2009.03.001
http://dx.doi.org/10.2320/matertrans.M2009125
http://dx.doi.org/10.1016/j.soilbio.2004.07.044
http://dx.doi.org/10.1016/j.jhazmat.2009.01.056
http://dx.doi.org/10.1023/A:1021198714896
http://dx.doi.org/10.1023/B:ENVI.0000003627.43162.ae
http://dx.doi.org/10.1016/j.atmosenv.2009.01.007
http://dx.doi.org/10.4319/lo.1989.34.6.1004
http://dx.doi.org/10.1016/j.watres.2008.07.020


ments in laboratory, Toxicological & Environmental

Chemistry 92: 1043�1052.

http://dx.doi.org/10.1080/02772240903252157

Silvennoinen, H.; Liikanen, A.; Torssonen, J.; Stange, C. F.;

Martikainen, P. J. 2008. Denitrification and nitrous oxide

effluxes in boreal, eutrophic river sediments under

increasing nitrate load: a laboratory microcosm study,

Biogeochemistry 91: 105�116.

http://dx.doi.org/10.1007/s10533-008-9262-z

Singh, S. N.; Verma, A.; Tyagi, L. 2003. Biogenic emission of

GHGs from agricultural fields, Physiology and Molecular

Biology of Plants 9: 63�73.

Sparks, D. L. 1996. Methods of soil analysis. Part 3: chemical

methods. SSSA Book Series No. 5, Soil Science Society of

America / American Society of Agronomy, Madison,

Wisconsin. 1390 p.

Synder, C. S.; Bruulsema, T. W.; Jensen, T. L.; Fixen, P. E.

2009. Review of greenhouse gas emission from crop

production systems and fertilizer management’s effects,

Agriculture Ecosystem and Environment 133: 247�266.

http://dx.doi.org/10.1016/j.agee.2009.04.021

Wang, K.; Yu, Z.; Vermoeson, A.; Patrick, W.;

Cleemput, O. Van. 2001. Nitrous oxide and methane

emission from different soil suspensions: effect of soil

redox status, Biology and Fertility of Soils 34: 25�30.

Yang, W. H.; Tej, Y. A.; Silver, W. 2011. A test of a field-

based 15N-nitrous oxide pool dilution technique to

measure gross N2O production in soil, Global Change

Biology 17: 3577�3588.

http://dx.doi.org/10.1111/j.1365-2486.2011.02481.x

Sanak RAY. PhD student, Department of Environment and Sustainability, CSIR � Institute of Minerals and Materials
Technology. Master of Science (environmental science), Utkal University (U. U), 2010. Bachelor of Science (Botany),
U. U, 2008. Scientific Publications: 1 Book Published and 4 papers communicated. Conferences attended: 2. Awards:
Perusing PhD under DST-INSPIRE scheme, Government of India. Research interests: environment pollution control
and management, waste water treatment, greenhouse gas emission study.

Ayusman MOHANTY. Project Assistant-II, Department of Environment and Sustainability, CSIR � Institute of
Minerals and Materials Technology. Master of Science (bio-technology), Utkal University (U. U), 2010. Bachelor of
Science (Bio-technology), Allahabad Agricultural Institute, 2008. Scientific Publications: 1. Research interests: biological
waste water and waste treatment, constructed wetland and microbial fuel cell.

Torati SRI RAMULU. Worked as Project Assistant-II, Department of Environment and Sustainability, CSIR � Institute
of Minerals and Materials Technology, 2010. Presently persuing PhD at Department of Materials Science and
Engineering, Chungnam National University, South Korea. Publications: 10. Research interests: greenhouse gas
emission study, bio-sensors.

Gautam ROY CHAUDHURY. Chief Scientist, Department of Environment and Sustainability, CSIR � Institute of
Minerals and Materials Technology. Doctor of Chemistry, Department of Chemistry, U. U, 1980. Master in Chemistry,
U. U, 1975. Publications: 110. Research Interest: recovery of metal values from lean solutions, environmental science and
pollution abatement.

232 S. Ray et al. Emission of nitrous oxide and methane from alluvial soil through incubation

http://dx.doi.org/10.1080/02772240903252157
http://dx.doi.org/10.1007/s10533-008-9262-z
http://dx.doi.org/10.1016/j.agee.2009.04.021
http://dx.doi.org/10.1111/j.1365-2486.2011.02481.x

	Abstract
	Introduction
	1. Methods
	1.1. Site description
	1.2. Sampling and experimental setup
	1.3. Gas sampling and analysis
	1.4. Soil sample analysis
	1.5. Statistical analysis

	2. Results and discussion
	2.1. Emission of N2O
	2.2. Effect of water filled pore space
	2.3. Effect of urea concentration
	2.4. Evaluation of Km and Vmax values
	2.5. Calculation of Emission factor (EF)
	2.6. Emission of CH4
	2.7. Chemical composition of the soil
	2.8. Principal Component Analysis (PCA)

	Conclusions
	Acknowledgements
	References



