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Abstract – Methane emission from paddy fields can vary with rice cultivars, growth stages of the rice plants (Oryza sativa L.) and environmental
conditions. Efforts are being made to study methane emission from rice paddies in different ways. In particular, selection of rice cultivars that
emit less methane is practical because it does not change farmer practices. Assam state is a rice-growing state of the northeastern part of India.
Assam state is very rich in the rice genepool. Here, we screened rice cultivars popularly grown during the monsoon season of Assam. Five
traditional cultivars and five high-yield modern cultivars were grown in the field. Methane emission was measured for the whole crop-growing
season. Crop growth parameters including plant height, tiller number, leaf number, plant biomass, leaf area index and grain yield were recorded.
Soil parameters such as soil temperature, soil pH and soil organic carbon were also recorded. Our results show that the methane emission of
rice cultivars ranged from 8.83 g m−2 to 18.63 g m−2 over three and a half months. Variety IR 36 was found to emit the least methane amongst
all the cultivars. Five cultivars were identified as high methane-emitting cultivars (>15 g m−2). Methane flux values of the crop-growing season
exhibited a positive correlation with leaf number, tiller number and leaf area index. Traditional rice cultivars with profuse vegetative growth
recorded higher methane flux values compared with high-yielding varieties. This study clearly suggests the possibility of reducing methane
emission from the wetland rice ecosystem through appropriate selection of rice cultivars to achieve an economically feasible and technically
sound mitigation option of methane emission from farmers’ fields.

methane / cultivar / biomass / Leaf area index / growth parameters / rice

1. INTRODUCTION

The global atmospheric concentration of methane increased
from a pre-industrial value of about 715 ppbv to 1732 ppbv in
the early 1990s (Crutzen, 1991) and was 1774 ppbv in 2005
(IPCC, 2007). Temperature, organic matter content, fertilizer
application, rice plant, pH, redox potential, soil type and wa-
ter management are the major factors affecting methane emis-
sion (Sass et al., 1991; Adhya et al., 1994; Banker et al., 1995;
Kongchum et al., 2006; Baruah et al., 1997). Methane emis-
sion is reported to be high at the active tillering, flowering and
ripening stages of the crop under continuously flooded condi-
tions (Yang and Chang, 1998).

Rice plants regulate the methane budget by providing
sources of methanogenic substrates through root-derived car-
bon including exudates (Lu et al., 2000; Aulakh et al.,
2001; Ghosh et al., 1995) and by transporting CH4 through
aerenchyma (Butterbach-Bahl et al., 1997; Wassmann and
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Aulakh, 2000). Enormous genotypic and phenotypic varia-
tions amongst rice genotypes have to be considered while
assessing the role of rice plants in regulating the global
methane budget. Field studies from China (Kesheng and Zhen,
1997), India (Adhya et al., 1994; Shalini et al., 1997; Mitra
et al., 1999; Baruah et al., 2002; Gogoi et al., 2005), Italy
(Butterbach-Bahl et al., 1997), Japan (Watanabe et al., 1995)
and the USA (Sigren et al., 1997) have confirmed the wide
variation among rice cultivars in their ability to emit methane.

These findings indicate an ample possibility of selecting
rice varieties for lower emission of methane as a biologi-
cal mitigation option. The traits of high-yielding rice vari-
eties are likely to affect the CH4 source and strength from
rice cultivation. A better understanding of factors that con-
trol plant-mediated CH4 emissions is required for selection of
high-yielding rice varieties with a limited methane emission
potential. The objective of the present study was to determine
the variation in methane emission rates from different rice cul-
tivars, both traditional and high-yielding, popularly grown in
northeast India under a lowland rainfed rice ecosystem. The
objective also covers the relationship of methane emission
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Table I. Major characteristics of rice cultivars under study.

Rice Cultivar Yield Growth duration Maximum height Tiller No. /hill
(t/ha) (days) (cm) (av.)

Chillong Sali 3–3.5 150–165 168 11–12
Bogi Sali 3.5–4 155–170 172 11–12
Peoli 3.5–4 150–155 154.5 12
Betguti Sali 3–3.5 155–165 143 11.20
Kushal 3.5–5 155–160 135 11.80
Aki Sali 3.2–3.5 150–160 176 11.40
IR-36 3–5 110–125 93.50 11.20
Bahadur 4–6 150–155 114 12.40‘
Aghoni 3.5–5 150–155 181.5 12.40
Monohar Sali 3.5–6 155–160 130 12.50

potential with the morphological characteristics of rice plants
as preselection criteria for future breeding efforts and to iden-
tify cultivars with low methane emission potential.

2. MATERIALS AND METHODS

2.1. Site description and sampling

The experiment was undertaken during the monsoon Sali
(June–Nov) rice growing season at Jorhat under the Upper
Brahmaputra Valley Zone (UBVZ) of Assam situated in north-
east India. This zone of Assam lies between 25.78 degrees
to 28◦ N latitude and 93◦50’ E to 96◦ E longitude. The soils
are mostly sandy loam in texture. A large area is also covered
by nearly neutral soils and is rich in organic matter (1.23%).
The recorded available N, P and K values are 172.48, 17.20
and 161.28 kg/ha, respectively. Total Fe, Zn, Cu and Mn con-
tents are 8240, 384, 80 and 434 ppm, respectively. The general
climatic characteristics of this zone are hot and wet in sum-
mer followed by a dry and cool climate in the winter. Aver-
age rainfall during monsoon season (June–September) ranges
from 1070 mm to 2050 mm/annum. Ten rice cultivars, i.e.
Chilong sali, Bogi sali, Peoli, Betguti sali, Aki sali, Kushal,
IR-36, Bhadur, Aghoni and Monohar sali were transplanted in
a well-prepared paddy field. The general descriptions of cul-
tivars are given in Table I. The land area of 1500 m2 was di-
vided into 50 equal-sized subplots (6 m × 5 m). Each variety
was replicated five times in a randomized block design. Thirty-
day-old rice seedlings were transplanted in the field at a spac-
ing of 20 cm × 15 cm. Fertilizers were applied at 40:20:20 kg
N-P2O5-K2O ha−1. Half of the urea, and a full dose of P2O5
and K2O, were applied at the time of transplanting. The second
and third doses of urea were applied at the tillering and pani-
cle initiation stages, as usually done by most of the farmers of
this region. Meteorological data of the season was recorded at
weekly intervals. Average rainfall of 0.5–15 mm and minimum
and maximum temperatures of 6 and 32 ◦C were obtained dur-
ing the crop-growth period.

2.2. Methane emission measurement

The methane emission rate was measured by the static box
technique (Buendia et al., 1997). At the measurement sites alu-

Figure 1. Methane sampling device in the rice experimental field.

minium channels were fixed permanently well in advance of
sampling. The bases were mounted with a U-shaped channel
to hold water. The perspex box (30 cm × 50 cm × 70 cm) was
than placed over the aluminium channel bases (Fig. 1). The
open end of the perspex box rests on the channel. The water
seal surrounding the perspex box makes the system airtight.
Battery-operated fans inside the perspex box mix the air in the
chamber. The box was fitted with tygon tubing terminating in
a gastight stopcock and air samples were collected in glass
bottles by the water displacement method. Glass air-sampling
bottles were fitted with a three-way stopcock and a neck with a
self-sealing silicon rubber septum. Samples were collected at
fixed intervals of 0, 15, 30 and 45 minutes. The averages of all
fluxes were considered as the flux value for the day. Methane
fluxes were determined once a week in the morning and after-
noon, starting 15 days after transplanting and continuing over
the entire crop-growing season. After collection, samples were
brought to the laboratory and concentration was determined
by a gas chromatograph (Varian 3800), fitted with a flame ion-
ization detector (FID) and Porapak N column, 180 cm long
and 1/8 inch outside diameter. Column, detector and injector
temperatures were maintained at 90 ◦C, 130 ◦C and 130 ◦C,
respectively. Nitrogen was used as the carrier gas, hydrogen as
the fuel gas and zero air as the supporting gas with flow rates
of 20, 30 and 250 mL min−1, respectively. Ambient and box
air temperatures, barometric pressure and water level inside
the chamber were measured during each sample collection to
calculate the chamber air volume at standard temperature and
pressure. Field water level, soil temperature, soil organic car-
bon content (Jackson, 1973) and soil pH were determined us-
ing a Systronics Griph model D pH meter 327 during each
methane sampling period.

Plant growth parameters such as plant height, tiller num-
ber, leaf number, root biomass and shoot biomass were deter-
mined at weekly intervals. Leaf area was measured by using a
portable laser leaf area meter (model CI-203, USA). Methane
flux (F) was calculated from the temporal increase in methane
concentration inside the perspex box using the equation of
Parashar et al. (1997).

Cumulative methane emission for the entire growth period
(Esif) was computed by plotting the methane efflux values
against the days of sampling and the area covered under the
plot of such relationship was expressed as g m−2. The results
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Figure 2. Methane flux from traditional rice cultivar Monohar Sali
with two distinct emission peaks. Total CH4 emission by this cultivar
during the growing season Esif = 18.63 g m−2, the highest among all
the cultivars. Bar indicates ± SE.

of methane efflux values were processed and plotted against
days after transplanting.

2.3. Statistical analysis

As the same sites were sampled over consecutive days,
a two-way ‘repeated measurements’ analysis of variance
(ANOVA) was used to determine the differences in gas fluxes
considering cultivars as sources of variation in gas flux. Sim-
ple linear regressions were performed to find the relationship
between the various parameters with methane emission using
the software SPSS for MS Windows Version 10.0. Significant
differences were at the P < 0.05 and P < 0.01 levels.

3. RESULTS AND DISCUSSION

Two methane emission peaks were clearly observed at two
different growth stages of the plants (Figs. 2–5). In all the cul-
tivars the first maximum was recorded at 43 to 57 days after
transplanting, corresponding to methane flux values between
5.5 and 7.2 mg m−2 h−1. The largest variation in methane emis-
sion during the early growth period arose from decomposition
of available organic matter in the soil (Xu et al., 2000). The
recorded date of emission peaks varied with the cultivars and
this may be the result of variable amounts of exudate utilized
in methane formation in the rhizosphere of different cultivars.
Exudate quality and quantity influence the rate of methane
generation, as the root exudate contributes the substrate for
methane formation in rice fields (Kimura et al., 2004). The
second maximum of methane flux in all the cultivars ranged
between 5.5 and 8.3 mg m−2 h−1 and was recorded between 71
and 99 days after transplanting, corresponding to the panicle
initiation stage of the crop. The total methane emission from
soil planted with different cultivars ranged between 8.83 g m−2

and 18.63 g m−2 and the maximum was recorded in the cul-
tivar Monohor sali followed by Bogi sali, Aki sali, Chilong
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Figure 3. Methane flux from traditional rice cultivar Betguti Sali with
two distinct emission peaks. Total CH4 emission by this cultivar dur-
ing the growing season Esif = 15.80 g m−2, the lowest among tradi-
tional cultivars. Bar indicates ± SE.
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Figure 4. Methane flux from high yielding rice cultivar Peoli with
two distinct emission peaks. Total CH4 emission by this cultivar dur-
ing the growing season Esif = 14.33 g m−2, the highest among the
high yielding cultivars. Bar indicates ± SE.
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Figure 5. Methane flux from high yielding rice cultivar IR-36 with
two distinct emission peaks. Total CH4 emission by this cultivar dur-
ing the growing season Esif = 8.83 g m−2, the lowest among all the
cultivars. Bar indicates ± SE.
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Figure 6. Cumulative methane efflux from ten rice cultivars planted
under uniform field condition. Bar indicates ± SE.

sali, Betguti sali, Peoli, Kushal, Bahadur, Aghoni and IR-36
(Tab. IIa,b). A general increase in emission of methane was
recorded along with the increase in plant biomass. A signifi-
cant positive correlation of these two parameters was recorded
during the panicle initiation stage (Tab. III). A dependence of
methane emission on biomass has been reported by other au-
thors (Cicerone et al., 1983; Sinha, 1995; Shalini et al., 1997;
Holzapfel et al., 1986).

The plant growth parameters of the ten cultivars revealed
large differences among them (Tab. IIa, b). The root biomasses
of the cultivars were small at the seedling stage but increased
5–17 times at panicle initiation and flowering. Similar trends
were observed for shoot biomass as well. Among all the tra-
ditional cultivars, Monohor sali exhibited the highest above-
ground biomass. Plants continued to accumulate both root and
shoot biomass along with growth until flowering. However,
shoot biomass in general declined at maturity. The increase in
root or aboveground biomass during plant growth until flow-
ering determines the corresponding increase in methane emis-
sion potential. In the present study, a positive correlation was
observed between aboveground biomass and methane emis-
sion by rice plants. This is due to the contributions of increased
plant biomass in terms of root exudates inducing CH4 produc-
tion, as reported by Minoda and Kimura (1994), and Aulakh
et al. (2000, 2001).

Cultivars showed enormous variations in methane emis-
sions both at individual growth stages as well as for the com-
plete season. The traditional tall cultivar Monohor sali showed
a higher seasonal integrated methane flux value (Esif) than all
the other cultivars studied. Betguti sali recorded the lowest Esif
value compared with the other traditional cultivars. Among the
high-yielding cultivars, Peoli, a tall cultivar, recorded the high-
est seasonal integrated value compared with IR-36, a short-
duration high-yielding dwarf rice cultivar.

In all the cultivars, the mean flux value of methane at the
panicle initiation stage was higher than that of the active tiller-
ing stage of the rice crop. This could be related to increasing
availability of substrate for methanogenic bacteria in the form
of root exudates and sloughed-off root cap cells, as reported

by Chidthaisong et al. (1999); Lu et al. (2000). The higher
flux value at the panicle initiation stage was found to be sig-
nificantly correlated with higher root vigor in terms of biomass
(Tab. IV). Differences in soil organic carbon values recorded
during the crop-growth period might be related to variation
in the root exudation pattern of the cultivars. The decrease in
the emission pattern after panicle initiation is due to the re-
duced permeability of the root epidermal layer due to aging,
in addition to the choking of the aerenchyma with intruding
water. In the present study, a positive correlation of methane
flux with leaf number and leaf area index (LAI) was observed
(Tab. IV). Higher leaf number and leaf area provide a higher
number of pores per unit leaf area and thus greater ventilation
for methane transport, leading to higher flux values (Nouchi,
1994; Baruah et al., 2002; Gogoi et al., 2003), and this might
be the reason for the positive correlation between leaf number
and methane flux.

Growth duration is another important factor that regulates
methane emission, as observed in the present study. Similar
findings have been reported for a long-duration variety, Ratna,
that emitted more methane than Ananda, a short-duration va-
riety, by Adhya et al. (1994).

4. CONCLUSION

Genotypic differences in emission of methane from rice
paddies are reported in the present study. Low methane-
emitting rice cultivars, e.g. IR-36, Aghoni, etc., were identi-
fied. Traditional rice varieties, e.g. Monohar sali, Bogi sali,
etc., which otherwise have wide adaptability to different agroe-
cological environments, are popular among the rice farmers of
this region. These varieties were found to emit more methane
into the atmosphere. It is suggested to discourage the cultiva-
tion of these varieties in order to cut down the methane emis-
sions into the atmosphere. Important plant physiological pa-
rameters such as leaf number, tiller number and plant biomass,
which regulate the emission of methane, are identified. These
physiological traits can help rice breeders to develop new low
methane emitting genetic lines of rice.

Although there is current knowledge on methane emis-
sion from other rice-growing countries, the findings reported
are new from this part of India, since this region grows rice
throughout the year in different agroecosystems. Hence, the
results are considered to be novel from the point of view of
greenhouse gas emission reduction.

Indian agriculture in the 21st century faces a major chal-
lenge of enhancing and sustaining the food and nutritional
security of a population of over one billion. To this end, the
agricultural productivity needs to be doubled by 2050. The
most viable option to raise rice production is to develop new
and innovative agricultural technologies. Cultivation of high-
yielding rice varieties along with hybrid rice could become
the anchor of food security in a world faced with the chal-
lenges of greenhouse gas emission and related climate change.
Therefore, cultivation of high-yielding rice genotypes with
less methane emission will be a major contributor to sustain-
able agriculture in Indian farming systems.
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Table II. (a) Plant growth parameters, soil organic carbon and methane emission from different cultivars at maximum tillering stage.

Growth Plant height No. of Leaf Biomass Biomass Soil Organic Methane
stage/Variety (cm) tillers/hill No./hill (shoot) (root) carbon (%) (mg m−2 hr−1)
Chillong Sali 106.66 13.40 58.80 16.25 4.56 0.47 6.53
Bogi sali 100.30 12.60 73.80 19.78 4.15 0.38 6.86
Monohar sali 105.94 15.40 75.40 14.67 4.93 0.45 7.12
Betguti sali 93.64 12.00 57.60 12.17 5.32 0.38 6.40
Aki sali 98.22 12.40 55.60 14.28 5.03 0.37 6.92
IR-36 59.06 12.25 42.00 8.12 3.74 0.36 5.36
Bahadur 82.48 14.80 56.20 13.51 4.21 0.40 5.59
Aghoni 81.90 13.80 46.60 9.28 3.90 0.36 5.34
Kushal 81.94 14.00 56.60 13.25 5.84 0.35 5.82
Peoli 98.14 14.00 60.20 21.47 5.96 0.37 6.00

(b) Plant growth parameters, soil organic carbon and methane emission from different cultivars at panicle initiation stage.

Growth Plant height No. of Leaf Biomass Biomass Soil Organic Methane
stage/Variety (cm) tillers/hill No./hill (shoot) (root) carbon (%) (mg m−2 hr−1)
Chillong Sali 149.70 14.40 48.40 41.62 9.41 0.39 7.12
Bogi sali 158.66 13.60 68.60 60.63 9.76 0.33 7.83
Monohar sali 166.82 14.80 73.00 68.49 10.05 0.37 8.35
Betguti sali 124.10 13.20 50.20 54.37 9.74 0.34 6.95
Aki sali 148.64 13.20 53.00 60.38 9.13 0.34 7.36
IR-36 89.08 13.40 41.80 23.44 5.43 0.32 5.67
Bahadur 115.20 15.00 45.80 38.18 8.27 0.35 6.39
Aghoni 105.66 14.20 48.00 24.76 6.21 0.34 5.87
Kushal 110.98 13.20 47.40 40.43 8.37 0.29 6.25
Peoli 138.76 14.40 54.80 41.27 10.33 0.35 6.20

Table III. Correlation Coefficient between methane emission and plant growth parameters.

Methane (mg m−2 hr−1)

Growth parameters Maximum tillering stage Panicle initiation stage Average of maximum tillering stage and
panicle initiation stage

Plant height (cm) 0.833∗∗ 0.909∗∗ 0.842∗∗

No. of tillers/hill 0.039 0.122 0.125
Biomass (shoot) 0.530 0.937∗∗ 0.733∗∗

Biomass (root) 0.273 0.708∗ 0.608∗∗

Leaf area index (LAI) 0.719∗∗ 0.692∗∗ 0.751∗∗

∗∗ Correlation is significant at the 0.01 level (2-tailed).
∗ Correlation is significant at the 0.05 level (2-tailed).
Correlation analysis was done by Pearson Correlation coefficient method using a software SPSS for MS Windows Version 10.0.

Table IV. Methane emission (mg m−2 hr−1) from paddy soil to the atmosphere at different rice growth stages over the entire rice-growing
season.

Rice growth
stage

Cultivars
Chillong Bogi Peoli Betguti Kushal Aki Sali IR-36 Bahadur Aghoni Monohar

Sali sali Sali Sali
Early tillering 5.34b∗ 5.36b 4.86cd 5.10bc 4.53d 5.27b 3.98e 4.59d 4.86cd 5.89a
Late tillering 6.53c 6.86b 6.00d 6.40c 5.82d 6.92b 6.17b 5.59e 5.34f 7.12a
Panicle initiation 7.12c 7.83b 6.20e 6.63d 6.25c 7.36c 5.67c 6.39de 5.60f 8.35a
Ripening 5.19b 6.35a 4.83c 5.20b 4.71c 5.14b 3.64e 4.72c 3.54d 6.46a

∗ Values are the average of four consecutive fluxes. With different letter in the same column, the difference is significant at P < 0.05 level by
Duncan’s test.
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