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Abstract: Methane emission from two rice fields of Lambhvel village, Anand district, central Gujarat, India, was measured for whole cultivation
period during pre-summer season. Along with the methane emission, soil chemistry of the two rice fields (Organic carbon, PO4-2 and SO4-2) was
determined. The methane emission ranged from 105.67 to 720.64 mg m-2hr-1, having maximum emission during noon period (11 am to 1 pm)
of the day at the rice field 1. Besides, at rice field 2, the methane emission ranged between 201.59 to 430.94 mg m-2hr-1, having maximum peak
during same period (11 am to 1 pm) of the day. The results of the current investigation confirm that the methane emission vary substantially
between two rice fields, and suggest that soil chemistry and flood water depth might control the methane emission in both the rice fields and
suppressed by the phosphate and sulphate concentrations. The greater methane emission was gradually declined from first trip to fourth trip.
Correlation analysis, ANOVA and F-test showed that the methane emission from both the sites has positive correlation with organic carbon and
negative correlation with sulfate and phosphate content of the soil and the details of these reasons are discussed in this paper.
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Introduction
Wetland rice fields have recently been identified as major
source of atmosphere methane. Atmospheric methane (CH4) is
recognized as one of the most important greenhouse gases. Flooding
rice field cuts off the oxygen supply from the atmosphere to the soil,
which results in anaerobic fermentation of soil organic matter.
Methane is a major end product of anaerobic fermentation of organic
matter (Dubey, 2001). It is released from submerged soils to the
atmosphere by diffusion and ebullition and through roots and stems
of rice plants. Recent global estimates of emission rates from wetland
rice fields range from 20 to Tg/yr (IPCC, 1992), which corresponds
to 6-29% of the total annual anthropogenic methane emission.
Once in the atmosphere, methane absorbs terrestrial infrared
radiation that would otherwise escape to space. This property can
contribute to the warming of the atmosphere. Besides, methane
(CH4) contributes 15-20% to the global warming (IPCC, 1996)
and has an atmospheric lifetime of 12 ± 3 years and a Global
Warming Potential (GWP) of 23 over 100 years (IPCC, 1996).
Methane concentrations have more than doubled since the preindustrial era(Dentener et al., 2005).The largest present
anthropogenic sources of methane are rice fields, cattle and
biomass burning (Khalil and Shearer, 2000).
Rice cultivation is an important agricultural priority worldwide,
because rice is the major cereal crop, feeding two-thirds of the global
population and is expected to continue to feed large numbers of the
ever-growing population. In most soils, production or consumption
of methane is regulated by interactions among soil redox potential,

carbon source, electron acceptors and soil properties (Li, 2007).
The use of organic fertilizers, water management and certain soil
characteristics significantly affect methane emissions have emerged
from the recent research. Use of organic fertilizers and incorporation
of rice straw into the soil leads to high emissions compared to fields
fertilized with chemical fertilizers and nutrient amendments (Schutz et
al., 1989; Cicerone et al., 1992; Lindau and Bollich, 1993; Chen et
al., 1993; Denier van der Gon and Neue, 1995). If standing water is
maintained in the fields throughout the growing season, higher methane
emissions occur than the field is intermittently flooded (Sass et al.,
1992; Husin et al., 1995; Yagi et al., 1996). Intermittent flooding
can occur by controlled irrigation, or the prevailing climatology of
rainfall. Mineral fertilizers influence methane production and sulfate
containing fertilizer decrease methane production (Neue et al.,
1997). The rates of CH4 emissions are positively correlated with
the dynamics of dissolved organic carbon (DOC) in the root zone
(Lu et al., 2000).
As methane contributes to the global warming, rice fields are
the major sources of methane, it requires interdisciplinary research
in relation to methane emission from rice fields and factors controlling,
so as to suggest mitigation option for methane emission. So far, no
attempts have been carried out in the State of Gujarat on these lines.
Keeping the significance in mind, the aim of the present investigation
is to evaluate short term diurnal and temporal emission of methane,
to correlate the methane emission with organic carbon, sulphate,
and phosphate content of soil of rice fields near Lambhvel village,
central Gujarat, India.
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Materials and Methods
Present study was carried out in two selected rice fields, with
a gap of 300 feet of Lambhvel village, central Gujarat to study the
diurnal as well as temporal variation of methane fluxes in relation to
the soil chemistry and other environmental factors. In both the rice
fields the nature, composition of the soil, sowing time of the saplings,
amount and application of fertilizers remain more or less identical.
However, both the rice fields were differ from one another by irrigation
pattern i.e. rice field1 was irrigated by well water where as rice field
2 was irrigated by canal water.
Descriptions of sites: The experiments were conducted for the
complete harvesting period in two selected rice fields, Rice field 1and
Rice Field 2 situated on 22o 35’N, 72o 56.8’E for and 22o 35’N, 72o
56.7’E, respectively in a village Lambhavel, about 5 km from Vallabh
Vidyanagar, in central Gujarat, India. The rice fields were irrigated to
maintain standing water, although sometime dry condition was
experienced due to high temperature in pre-summer season. The
sowing of rice sapling was carried out using age-old practice.
Common variety of rice Oryza sativa L. (regular and hybrid) was
planted in the first week of February, and was regularly watered.
Methane emission measurements: Methane (CH4) emission was
measured by static chamber technique followed by the method of
Khalil and Rasmussen (1991). The chamber was designed with an

Fig. 1: Static chamber used for gas sampling

area of approximately 1 m2, to permit the rise and collection of the
emitted gas. The static chamber was made up of transparent plastic.
The lower edge of the chamber was kept immersed inside the floodwater to avoid the gas leakage (Fig. 1). Chamber was provided with
two permanent gas releasing taps on its both the sides. Gas samples
were drawn from the chamber using rubber air bladders. Then the
gas samples were sucked by syringe equipped with three-way

Table - 1: Correlation coefficient (r) between methane emission and organic carbon phosphate and sulphate contents of the soil in the rice field (RF)1
RF-1

Organic carbon

Sulphate

Phosphate

CH4 emission

0
-0.62416548
-0.73386252
0.82278897

0
0
0.1392413
-0.3328711

0
0
0
-0.4162328

0
0
0
0

Organic carbon
Sulphate
Phosphate
CH4 emission

Table - 2: Correlation coefficient (r) between methane emission and organic carbon phosphate, and sulphate contents of the soil in the rice field (RF)2
RF-2

Organic carbon

Sulphate

Phosphate

CH4 emission

0
-0.531583052
-0.272731675
0.997093894

0
0
0.9485513
-0.476362

0
0
0
-0.2185757

0
0
0
0

Organic carbon
Sulphate
Phosphate
CH4 emission

Table - 3: ANOVA - Single factor among studied parameters of rice field 1
Groups

Count

Sum

Average

Variance

14.50269
0.416954194
0.07
389.938146

19
19
19
19

139.48
8.48
1.56
5202.04

7.34
0.45
0.08
273.79

48.03
0.03
0.00
37868.07

Source of variation

SS

DF

MS

F

p-value

F crit

Between groups
Within groups

1048471.40
682490.26

3
72

349490.47
9479.03

36.87

0.00

2.73

Total

1730961.663

75
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Table - 4: ANOVA - single factor among studied parameters of rice field 2
Groups

Count

Sum

Average

Variance

20.58003
0.287091017
0.1
398.9044559

19
19
19
19

366.24
6.63
1.10
5284.28

19.28
0.35
0.06
278.12

20.29
0.07
0.00
24788.38

Source of variation

SS

DF

MS

F

p-value

F crit

Between groups
Within groups

1055466.70
446557.35

3
72

351822.23
6202.19

56.73

0.00

2.73

Total

1502024.04

75

Table - 5: Unilateral F - test (Two sample variances) of methane emission
between two rice fields

Table - 7: Unilateral F- test (Two sample variances) of sulphate content
between two rice fields

Methane emission

Sulphate

RF1

RF2

Mean
Variance
Observations
DF
F
P(F<=f) one-tail
F Critical one-tail

7.34
48.03
19
18
2.367
0.038
2.217

19.28
20.29
19
18

Mean
Variance
Observations
DF
F
P(F<=f) one-tail
F Critical one-tail

RF1

RF2

273.79
37868.07
19
18
1.528
0.189
2.217

278.12
24788.38
19
18

Table - 6: Unilateral F - test (Two sample variances) of organic carbon
content between two rice fields

Table - 8: Unilateral F - test (Two sample variances) of phosphate content
between two rice fields

Organic carbon

RF1

RF2

Phosphate

RF1

RF2

Mean
Variance
Observations
DF
F
P(F<=f) one-tail
F Critical one-tail

0.08
0.00
19
18
1.075
0.440
2.217

0.06
0.00
19
18

Mean
Variance
Observations
DF
F
P(F<=f) one-tail
F Critical one-tail

0.45
0.03
19
18
0.502
0.077
0.451

0.35
0.07
19
18

cock, into evacuated sealed vials. Vials were sealed with the selfclosing rubber septum. After taking gas sample, the chamber was
evacuated using air bladders. In case of dry condition, the chamber
was directly placed in the rice fields while the lower edge of the chamber
was inserted into the moist soil to avoid the gas leakage (Fig.1).
The methane gas samples were collected from February
last week to first week of April’07 at every 15 days interval, from
both the rice fields periodically during four trips. The gaseous
samples were collected at 9 o’clock followed by subsequent
collection at the interval of every two hours till 5 o’clock. Immediately
after collection, gas samples were transported to the laboratory at
normal pressure. Methane gas concentrations were determined
with Perkin Elmer Autosystem Gas Chromatograph equipped with
FID (Flame Ionization Detector) in Sophisticated Instrumentation
Centre for Applied Research and Testing (SICART), Vallabh Vidya
Nagar, Gujarat, India. The temperature settings administered were
60oC, 110oC, and 150oC for column, injector and detector of GC,
respectively. The calculations for methane gas have been made

by the following formula and gas concentration is represented in
mg m-2hr-1.
Methane emission (mg m-2hr-1) =
[(Ps x Cs / Pstd) x Vv / Va] x Vh
AxH
Where,
Ps = Peak area for sample in gas chromatograph
Cs = Concentration of the standard methane gas (mg l-1)
Pstd = Peak area for standard in gas chromatograph
Vv = Volume of the vial (ml)
Va = Volume of air sampled (ml)
Vh = Volume of head space of the chamber, i.e.
[length*breadth*height of the chamber] (ml)
A = Area covered by the chamber (m2)
H = Enclosure period (hr)
Journal of Environmental Biology
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Fig. 2: Diurnal fluctuation of methane emission content from rice field 1

OC

Fig. 5: Average value of organic carbon (OC) and methane emission
content from rice field 2
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Fig. 6: Average value of sulphate and phosphate content of soil and methane
emission from rice field 1

Fig. 3: Diurnal fluctuation of methane emission content from rice field 2
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Fig. 4: Average value of organic carbon (OC) and methane emission
content from rice field 1

Fig. 7: Average value of sulphate and phosphate content of soil and methane
emission from rice field 2

Soil collection: Soil samples were collected simultaneously at two
hours intervals from both the rice fields at same place where the
methane gas collected. Soil samples were collected with help of
spade and stored in polyethylene bags. These were immediately
brought to the laboratory and air dried and further used for
determination of organic carbon (OC), sulphate and phosphate content
using the standard methodology of Trivedy et al. (1987) and Maiti
(2003). The experimental data was analyzed statistically for

correlation coefficient (r), single factor ANOVA between all the
parameters of two rice fields, and two-sample variances F-test between
same parameter of two rice fields.
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Results and Discussion
Methane emission from the rice field 1 was found in the
range of 105.67 mg m-2hr-1to 720.64 mg m-2hr-1 (Fig. 2). The
maximum flux was found during first trip at the second exposure

Methane emission from rice fields of central Gujarat
period i.e. 11.00 am from 1.00 pm. The lowest emission was observed
during the fourth trip at third exposure period i.e. 1.00 to 3.00 pm.
While, methane emission for the rice field 2 ranged between 201.59
to 430.94 mg m-2 hr-1. The maximum emission was found during the
first trip between 11.00 am to 1.00 pm enclosure period (Fig. 3). The
lowest emission was noticed during the fourth trip between 9.00 to
11.00 am. However in all the visits methane emission was observed
greater at the enclosure period between 11.00 am to 1.00 pm.
Methane emission was found to decline gradually from first trip to
fourth trip which might be due to moderate temperature, light intensity
and fertilizers used. At the initial stage the fields were fertilized with the
organic manure followed by chemical fertilizer in later stage. This
result was very well corroborated with the findings of Schutz et al.
(1989), Lindau and Bollich (1993). From this it can be accomplished
that the rate of methane emission was influenced by the temperature,
light intensity and organic manure and fertilizers used in the rice field.
Further, it has been reported by Sass et al. (1992), Husin et al.
(1995), Yagi et al. (1996) that higher methane flux occurred, if the
rice field is flooded with water during growing period than the rice
field is poorly irrigated. In present study too, similar findings were
observed that the methane emission was higher when rice field was
more flooded with water during first two trips than when it was poorly
irrigated at later two trips (Fig. 2,3). This finding is very well
substantiated the results of Wenyan et al. (2006) stating that the
standing water depth affects the methane emission.
Moreover, organic carbon content of the soil also exhibited
similar pattern with the methane emission and was observed in the
range between 0.03 to 0.1%. Organic carbon content was recorded
higher during first and third trip while second and fourth trip showed
less value of organic carbon content from rice field 1. Where as
organic carbon of the soil was found in the range of 0.04 to 0.1% in
rice field 2. It showed the similar pattern as in rice field 1. Fig. 4 and
5 shows the relation of average of five values of methane emission
and organic carbon content in both the rice fields. Organic carbon
content goes parallel with the methane emission content. Organic
carbon content in the initial trips was greater due to application of the
organic manure in the fields during the initial stage of the rice cultivation
practice. These results are positively correlated with the observations
of Lu et al. (2000).
On the other hand, the methane emission was also influenced
by the phosphate and sulphate content of soil. Phosphate and
sulphate content of soil ranged between 0.12 to 0.69 mg g-1 and 2.95
to 16.03 mg g-1, respectively in rice field 1 while phosphate and
sulphate contents of soil ranged from 0.06 to 1.09 mg g-1 and 13.57
to 30.75 mg g-1, respectively in rice field 2 (Fig. 6,7). In both the rice
fields increasing sulphate concentration of soil decreased the flux of
methane. Similar observation was reported by Setyanto et al. (2002)
while studying methane emission in rice fields of Pati district, Java.
Subsequent to SO42- reduction, methanogens might start producing
methane this could be the cause in the current study that the lower
content of sulphate enhanced the methane emission in both the rice
fields. The organic carbon content in rice field 1 and 2 was more or
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less same. However, the phosphate and sulphate content of the soil
in rice field 2 was higher, than the field 1 which suppressed the
methane flux, perhaps this could be the reason that methane emission
from rice field 1 was higher than the field 2.
The correlation coefficient (r) showed that the methane
emission has much positive correlation with the organic carbon content
(0.822 and 0.997 for rice field 1 and 2, respectively) and the negative
correlation with the phosphate (-0.416 and -0.219 for rice field 1 and
2 respectively) and sulphate (-0.332 and -0.476 for rice field 1 and
2 respectively) content of the soil in the rice field 1 and rice field 2.
(Table 1, 2). The results of single factor ANOVA showed that the
values of the studied parameters differed significantly for both the rice
fields (FRF-1 36.87; p < 1.0; α = 0.05) and (FRF-2 56.73; p < 1.0; α =
0.05). Similar correlation was established using two-sample variances
F-test among studied parameters for the whole experiment (F SO4
2.367; p < 1.0; α = 0.05), (FPO4 0.502; p < 1.0; α = 0.05), (FOC
1.075; p < 1.0; α = 0.05) and (FCH4 1.528; p < 1.0; α = 0.05) (Tables
3 to 8). Significance test (t-test) between studied rice fields for the
methane emission showed that t value of the study is -0.343.
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