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ABSTRACT 
Incubation studies were carried out to determine the nitrous oxide (N2O) emission rate through 
denitrification as well as nitrification route using alluvial soil. The N2O emission rate observed 
to be more in nitrification compared to denitrification route. The emission increased with the 
increase of Water Filled Pore Space (WFPS) as well as concentration of initial urea. 
Denitrification and N2O emission rates were also carried out using heterotrophic microorganism 
isolate from the soil. The denitrification and N2O emission rates observed to be more using 
nutrients like potassium nitrate (KNO3) and sodium acetate (CH3COONa). In both the cases the 
results were interpreted using different kinetic equations like order of reaction as well as 
Michaelis- Menten equations. 
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INTRODUCTION 
Rapid growth in population, industrialization 
along with commensurate increase in 
agricultural practices have resulted in 
progressive increase of Green House Gases 
(GHG)1 like carbon dioxide (CO2), methane 
(CH4) and N2O2 in the atmosphere which in 
turn increase the global surface temperature. 
The global warming potential (hundred year 
time scale) for CH4, N2O has been reported to 
be 21 and 310 with respect to CO2 scale 
respectively3. The gases like CH4 and N2O 
contribute 15 and 5% to the total annual global 
rise of GHG respectively. Globally agriculture 
N2O emission increased by 17% from 1990 to 
2005 and expected to rise by 35- 60% by 2030 
due to increase in use of nitrogenous 
compounds.4 The emission of N2O is due to 
biogenic and it takes place either through 
nitrification or denitrification route.5-7 Since 
N2O emission is of biogenic origin in waste 
water treatment plants N2O is also emitted 
during decomposition of nitrogenous 
compounds.3,7  During nitrification process 
ammonium (NH4

+) is oxidized to nitrate (NO3
-) 

via nitrite (NO2
-). The oxidation process passes 

through NH2OH and NO2
- as intermediate 

product. On the contrary in the denitrification  

process the NO3
- is reduced to N2 by following 

step wise reaction as shown in equation 
NO-

3→NO-
2→NO→N2O→N2                                   (1) 

Nitrification is carried out by aerobic 
autotrophic microorganisms like 
Nitrosomonas8 and Nitrobacter9, where as 
denitrification is carried out by facultative 
heterotrophs like Pseudomonas, Paracoccus, 
Flavobacterium, Bacillus and Alcaligenes.10 
The nitrification and denitrification process 
depends on various parameters like oxygen 
(O2), organic matter, nitrate (NO3), redox 
potential, temperature, and pH.7,10,11 In the 
nitrification and denitrification process oxygen 
plays an important role as the process is 
carried out in aerobic and anaerobic route 
respectively.7  Denitrifiers use NO3

- as an 
electron acceptor during respiration 
mechanism.7,10 Denitrification process can be 
carried out by organic substrates like methanol, 
acetic acid, glucose (C6H12O6) etc10,12 and this 
organic source acts as an electron donor during 
TCA cycle.10,13 Nitrifying bacteria are 
autotrophic in nature therefore organic 
compounds have inhibitory effects on its 
activities.14,15 The nitrous acid and ammonia  
are reported to have profound effect on 
nitrification rate.16Nitrite formation is possible *Author for correspondence 
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in the nitrification process when the process is 
incomplete.16The optimum pH for nitrifying 
bacteria is in the range 7.5-8.6.9 Nitrifying 
process is much slower as compared to 
denitrifying process.17,18 The denitrification 
process mostly depends on chemical 
composition of organic carbon.13The 
denitrification rate has a positive correlation 
with nitrate but a complicated correlation was 
observed with organic carbon.8The optimum 
pH for denitrifiers was in the range-7-8 and 
below 6.5 it had an inhibitory effect.10The 
denitrification is favored at high temperature 
and at low temperature the N2O emission rate 
was more. 
Denitrification and nitrification are highly 
complicated therefore an in-depth analysis is 
needed to be carried out to correlate the same 
vis-a-vis various parameters. Keeping in view 
the importance of the subject our Institute is 
actively engaged in determining the rate 
equations and a part has been published.19-22 
The present communication aims at measuring 
the N2O emission through denitrification and 
nitrification mechanism using agricultural soil 
as well as micro flora isolated from soil. All 
these experiments were carried out through 
incubation and were verified statistically using 
Analysis of variance (ANOVA). 

AIMS  AND  OBJECTIVES 
To  determine the effect of WFPS and urea 
concentration on N2O emission. Determination 
of emission factor. To determine the 
denitrification rates varying organic and nitrate 
sources. To evaluate rate equations and 
Michaelis-Menten equation. To determine the 
effects of various parameters  with N2O 
emission carrying ANOVA. 

MATERIAL  AND  METHODS 
Site description 
The sampling sites were at Tangibanta 
(latitude N 200 20' and longitude E 850 49') 
and Sorada (latitude N190 50' and longitude E 
840 19') situated at a distance of 20 and 250 
Km from Bhubaneswar, India respectively. 
Both the places have alluvial soil. The field at 
Tangibanta is used for pulses as well as paddy 
cultivation on rotation basis. The Sorada field 
is used exclusively for pulse cultivation. Both 

the places can be classified as rain-fed, 
intermittently flooded soil-water regime. 
Sampling and experimental setup 
Soil samples were collected from 5-10 cm 
depth with an auger.23 The collected samples 
were stored in airtight polythene bags and 
brought to the laboratory. It was dried, crushed 
and sieved. 10 g of weighted soil was dried at 
1050C for 48 h to get the dry weight. 100% 
Water Filled Pore Space (WFPS) was obtained 
by gravimetric method. For incubation 
experiments, two parameters were varied, such 
as external addition of nitrogen (N) - fertilizer 
and variation of WFPS. Predetermined 
amounts of the dried and powdered soil were 
taken in incubation bottles with or without 
urea. For a 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. These were kept in an 
incubator at 370C. The other variable like 
WFPS was varied from 30-75%. Incubation 
experiment was also carried out using 
acetylene (C2H2) in order to determine the 
nitrification and de-nitrification rate 
simultaneously. The nitrification and de-
nitrification rates were determined as follows  
Soil = net N2O produced by nitrification as 
well as de-nitrification                    (2) 
C2H2 amended soil = net N2O produced by de-
nitrification only                                (3) 
Eq.2 - Eq.3 = N2O produced by nitrification  
and for soil isolate experiments the soil was 
collected from the same field situated at 
Tangibanta by the same method mentioned 
above. The facultative heterotrophic bacteria 
were isolated from the soil using mineral, 
nutrient and salt (MSN) media. The isolated 
strains were enriched at a regular interval by 
re-inoculating into fresh media. The incubation 
studies were carried under anaerobic 
conditions. To maintain the anaerobic 
conditions the incubation bottles along with 
samples were initially flushed with Nitrogen 
gas. The bottles were fitted with air tight 
rubber stopper. The head space of the bottles 
were vacuumed and again refilled with 
nitrogen gas. The gas and liquid samples were 
drawn at regular interval using hypodermic 
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syringe for N2O analysis. Two variables were 
varied such as nitrate and organic source to 
study the denitrification kinetics. Under nitrate 
sources KNO3 and calcium nitrate (Ca(NO3)2 ) 
were used keeping organic source constant 
(CH3COONa- 7.5 g/L). For organic 
CH3COONa and C6H12O6 were used keeping 
N-NO3 source constant (Ca(NO3)2- 30mg). The 
nitrate and organic source concentrations were 
ranged from 7-37 mg (absolute values) and 
2.5-12.5 g/L respectively. For all incubation 
studies 10% of 5 day old inoculums were used. 
At 370C the incubation studies were carried out 
by placing the bottles in Julabo SW-22 shaking 
incubators. 
Gas sampling and analysis 
Air samples were drawn through disposable 
syringe every day at about 10am and estimated 
with gas chromatograph. A Shimadzu AA30 
Gas chromatography (GC) with electron 
capture detector (ECD) was used to analyze 
N2O. The GC was equipped with auto gas 
sampler, semi-micro column and appropriate 
software to process the acquired data. Both 
NIST traceable primary and laboratory 
prepared secondary standards were used for 
quality assurance. N2O in solution was 
determined by drawing known amount of 
solution by a hypodermic needle and 
introduced to a reactor under vacuum. After 5 
minutes, the N2O stripped was drawn and 
analyzed in GC as explained previously. The 
dissolved N2O in solution was estimated using 
Bunsen absorption coefficient as shown below 
in equation-5.24,25 

Y= x X a (Solution volume / head space 
volume)                                                       (4) 
Where, α = 0.485, x is mass in head space, Y is 
mass in solution. 
Each experiment was carried out in duplicate 
and average value was taken for interpretation 
of results. The variation of duplicate rate was 
within a range of ± 5%. 
Soil analysis 
Soil parameters like moisture content, organic 
carbon, Ammonium – Nitrogen (NH4

+-N), 
Nitrate – Nitrogen (NO3

- -N) and Nitrite – 
Nitrogen (NO2

- -N) were analyzed following 
standard methods.23 All urea variation 
incubation experiments were carried out at 
50% WFPS. 

Statistical analysis 
Two ways ANOVA was applied to find 
significance level for various parameters using 
Microsoft office excel 2007 program. 

RESULTS AND DISCUSSION 
Incubation using soil sample 
Effect of WFPS 
N2O emission observed to increase with 
increase of WFPS (results not shown).The 
increase of WFPS would act as a diffusion 
barrier for oxygen there by reducing the 
denitrification process.26The N2O emission 
through nitrification and denitrification is 
shown in Table 1. The percentage of N2O 
emission through nitrification process varied 
between 38-70% of the total N2O emission 
when WFPS varied between 30-75%. There is 
hardly any difference in N2O emission through 
nitrifying route for two different soils such as 
Tangibanta and Soroda.  
Effect of urea concentration 

Urea concentration was varied from 0-
15 mg/100 gram of soil in order to evaluate the 
N2O emission through nitrification and 
denitrification route. Urea hydrolyzed rapidly 
to ammonium (NH4

+) by enzymatic action as 
reported earlier.27The ammonium thus 
produced would be utilized by nitrifier and 
denitrifier bacteria. The extent of N2O 
emission by nitrifying and denitrifying route is 
shown in Table 1.The N2O emission increased 
with the increase of urea concentration. It is 
important to calculate the emission factor (EF) 
of N2O which is the fraction of nitrogen 
applied. The emission factor varied in the 
range 1-4% of the nitrogen applied compared 
to 0.1-7.3% reported earlier.28 The higher EF 
value at lower nitrogen concentration may be 
due to the activity of soil microbes acting as 
efficient denitrifiers.  
Soil chemical composition  
Chemical composition of soil like Ammonium-
Nitrogen (NH4

+-N), Nitrate-Nitrogen (NO3
--N) 

and Total organic carbon (TOC) were analyzed 
at regular intervals. Out of these parameters 
the NH4

+-N concentration decreased 
considerably where as in the other two cases 
the decrease was marginal. The extent of 
decrease of NH4

+-N varied in the range 0.75- 
5.56 µ gram/ day. The lowest and the highest 
value correspond to no addition and maximum 
addition of urea respectively. 
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Table 1 : N2O emission through nitrification and denitrification route 
 
 
Parameter 

N2O-emission(µg N/Kg soil)  
N2O emission 

through 
nitrification (%) 

(Nitrification + 
Denitrification) 

 

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 

Incubation studies using soil isolate 
From the above studies it can be concluded 
that the emission of N2O is through 
nitrification as well as denitrification route. 
Since, soil has a complex composition 
therefore it is worthwhile to study the reaction 
mechanism using soil isolate. The 
heterotrophic microorganisms isolated from 
the soil were used to study the denitrification 
rate using synthetic solution containing 
nutrients like nitrogenous and organic carbon 
compounds.  
Variation of nitrate concentration 
Two different nitrate sources such as calcium 
nitrate and potassium nitrate were used to find 
out the denitrification as well as N2O 
emissions rates. The denitrification rates for 
KNO3 observed to be more than Ca(NO3)2 as 
shown in Table 2. The N2O emission in air as 
well as in water behaves in the same manner 
and their emission rate is shown in Table 2. 
The N2O emission rate was observed to be 
more in case of KNO3 may be due to formation 
of NO2.

- 29 
Variation of organic source 
Two different organic nutrients such as 
CH3COONa and C6H12O6 Were used in order 
to determine the denitrification as well as N2O 
emission rates. Results are shown in Table 2. 
In both the cases the denitrification as well as 
N2O emission rates increased with increase of  

organic nutrients but the rates were higher in 
case of CH3COONa.  
Kinetic studies 
Evaluation of rate equations 
An attempt was made to evaluate the order of 
reaction for different variables. For this 
purpose the first and second order rate 
equations were considered. A reaction is said 
to be first order when by plotting the log 
(concentration) versus time would give a 
straight line and the slope would give the 
specific reaction rate. For the second order rate 
equation a plot of 1/C versus time would give a 
straight line and the slope would give the 
specific reaction rate. By considering the 
coefficient of determinants values the emission 
of N2O observed to be first order in all cases 
that is experiments carried out in soil samples 
as well as incubation studies using mixed 
micro flora obtained from paddy field soil. The 
rate equations can be written as 
For soil sample 
R=K(WFPS)n1X(Urea Concentration)n2            (5) 
and for incubation using soil isolate 
R=K(NO-

3)n1 X(Organic)n2                                            (6) 
Where, n1 and n2 are dependant factor. The n1 
and n2 values for different experiments are 
shown in Table 3. Using these equations the 
N2O emission rates can be theoretically 
calculated for a given condition.
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Table 2 : Denitrification and N2O emission rate of soil isolate incubation experiment 

KNO3(mgN-NO3) 
DN-rate, 
mgN/day 

N2O-rate, 
µgN/day(air) 

N2O-rate, 
µgN/day(water) 

7 -1.88 0.104 0.115 
16 -4.1 0.308 0.320 
22 -5.38 0.384 0.396 
31.5 -8.15 0.385 0.402 
37 -9.1 0.417 0.406 
Ca(NO3)2,(mgN-NO3) 
7.5 -1.88 0.020 0.071 
13.5 -3.43 0.266 0.283 
21 -5.22 0.187 0.395 
27 -6.64 0.254 0.347 
30 -6.73 0.344 0.361 
CH3COONa(g/L)    
2.5 -6.86 0.229 0.386 
5 -7.76 0.209 0.310 
7.5 -7.78 0.328 0.393 
10 -8.17 0.352 0.361 
12.5 -8.37 0.325 0.323 
C6H12O6(g/L) 
2.5 -4.43 0.088 0.103 
5 -4.41 0.064 0.132 
10 -4.59 0.103 0.107 
12.5 -5.13 0.107 0.141 

Table 3 : Dependence factor for different parameters 
 
 
 
 
 
 
 
 
 
 
Evaluation of Michaelis-Menten Equation 
Michaelis-Menten type equation-8 30 is used to 
determine the N2O emission and denitrification 
rate for soil and soil isolate respectively. 
 

maxV
1

]S[
1

maxV
mK

r
1                                      (7) 

Where, r = Reaction rate of N2O through 
nitrification and denitrification route (µg/Kg 
soil/day), for soil isolate denitrification rate 
(mmol N/day).                         
Vmax = Maximum N2O emission rate, µg/Kg 
soil/day, for soil isolate maximum 
denitrification rate (mmol N/day). 
S = Concentration of substrate (Urea), mg/Kg 
of soil, for soil isolate substrate concentration 
in mmol NO3-N. 

Km = Substrate concentration (mg/Kg soil) at 
which the reaction rate is half normal, for soil 
isolate substrate concentration (mmol N) at 
which reaction rate is half maxima. 
The results are shown in Fig. 1 and Fig. 2. 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 µg/kg soil/day respectively. For soil 
isolate experiments the Vmax and Km for 
calcium nitrate as a substrate calculated to be 
3.45 mmol N/day and 13.39 mmol NO3-N 
respectively. Similarly, for KNO3 the Vmax and 
Km were 35.59 mmol N/day and 144.23 mmol 
NO3-N respectively.  

Parameters Dependence factor 
 Tangibanta Sorada 
WFPS 1.59 1.85 
Urea(mg/Kg soil) 0.15 0.43 
Ca(NO3)2,(mgN-NO3) 1.32  
CH3COONa(g/l) 0.11  
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 Fig. 1 : Michaelis-Menten  curve for nitrification           Fig. 2 : Michaelis-Menten equation for 
        and denitrification routes with respect to urea                        soil isolate incubation 
addition ,Conditions : Temperature- 37ºC, WFPS- 50%                       experiments 
Statistical analysis 
Analysis of variance (ANOVA) was carried 
out to determine the effects of various 
parameters with respect to N2O emissions. The 
results are shown in Table 4. For soil sample 
the variables like WFPS as well as urea played 
a significant role in N2O emission. So these  

two parameters have profound effects on N2O 
emission in soil. Similarly ANOVA studies 
were carried out using soil isolate and the 
results are shown in Table 4. In this case also 
the N2O emission played a significant role like 
nitrate as well as organic nutrient 
concentration. 

Table 4 : ANOVA for different parameters to establish the significance of N2O emission for 
different parameters

ANOVA Variables F P-Value F.Critical 
Tangibanta WFPS (in %) 19.67 2.98E-09 2.36 
 Urea (mg/Kg of soil) 44.55 7.6E-12 2.51 
Sorada WFPS (in %) 4.46 1.23E-06 1.71 
 Urea (mg/Kg of soil) 17.52 1.32E-10 2.48 
For soil isolate experiment     
 Ca NO3 3.65 0.02163 2.87 
 KNO3 10.95 7.20E-05 2.87 
 CH3COONa 9.63 0.000862 3.29 
 C6H12O6 16.74 8.74E-06 3.07 

 
CONCLUSION 

The incubation experiments carried out with 
alluvial soil showed that the emission rate of 
N2O rate was more through nitrification 
compared to denitrification by a factor of 1-
1.5. The emission rate increased with the 
increase of WFPS as well as nitrogen 
concentration. The EF varied in the range of 
0.1-7.3% of nitrogen. 

The N2O emission rate observed to be same in 
water and air when the incubation experiment 
carried out with soil isolate. The emission as 
well as denitrification rates favoured in 
presence of KNO3 and CH3COONa. 
The emission of N2O followed first order 
kinetics. The rate equations are shown below: 
Tangibanta 
R=K (WFPS)1.59 X (Urea Concentration)0.15 
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Sorada  
R=K (WFPS)1.85 X (Urea Concentration)0.43 
And for soil isolate: 
R=K (NO3)1.32  X (Organic)0.11 
The Km and Vmax values were evaluated using 
Michaelis-Menten equation.  
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