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Abstract. Monocropping of rice is practiced in Assam (situated at north east part of India) throughout the 
year in different agro-ecosystems (upland and lowland) primarily under rainfed conditions. The 

estimation of methane emission has been realized investigating high yielding rice varieties viz. Ranjit and 

Mahsuri, grown under two different agro-ecosystems at Lower Brahmaputra Valley Zone of Assam with 

sandy to sandy loam type of soil. Variety ‘Ranjit’ grown at monsoon (Sali) rice ecosystem at lowland 

rainfed condition showed higher seasonal integrated methane flux value compared to variety ‘Mahsuri’ 

grown at pre monsoon (Ahu) rice ecosystem. Both varieties showed two methane peaks, one at the active 

tillering stage and the second at the reproductive stage of the crop. The observed variation in methane 

emission peaks are contributed mainly by physiological characteristics of the rice plant such as leaf 

numbers, tiller numbers, plant height, root shoot biomass and leaf area index. Statistical analysis of these 

parameters showed a positive correlation with methane emission. These physiological parameters are in 

turn governed by plant genotypes and environment i.e., the field water availability and climatological 
factors (rainfall and temperature) during the growing season. While comparing the two ecosystems it was 

found that methane emission is significantly less from upland rainfed rice ecosystem and this ecosystem 

can be considered a suitable option for biological mitigation of methane from rice paddies. 
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Introduction 

Methane is an important greenhouse gas with strong infrared absorption bands 

trapping a large part of thermal radiation from Earth’s surface. The increase of methane 

concentration in the global troposphere is currently around 9.9 ppb (v/v) y
-1

 of which 

nearly 60% is attributed by human activities [4]. Wetland rice fields are one of the 

largest agricultural sources of atmospheric methane. The increasing area of rice paddy 

fields in the world is considered to be an important cause of the recent shifts in the 

atmospheric methane balance. 

The estimated methane budget from Indian paddy fields is of special significance as 

India has an area of about 42.2 M ha under rice cultivation, compared to China’s 33.7 M 

ha. Several studies from India indicated that intermittent flooding could remarkably 

reduce the seasonal methane emissions (22-88%) without any loss in rice yield [22]. 

Rice plant characteristics have a strong impact on methane emissions and a negligible to 

substantial differences (up to 56%) in the rate between different cultivars were recorded 

[33]. The rate of methane emissions varies greatly among rice ecosystems because of 

the differences in water regime and in biological processes [24]. The agriculture land in 
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Assam is predominately covered by rice which at present is grown mainly during the 

monsoon (July-Oct.) season. Monsoon rice (Sali) occupies 1.75 M ha, premonsoon 

(Ahu) rice occupies 0.524 M ha and the summer rice comprising of Boro occupies an 

area of 0.35M ha. The rice production area is increasing in Assam as in India, generally. 

This factor may lead to further increase in methane emission. Thus, an experiment was 

undertaken to determine the methane emission rate from rainfed (Sali/monsoon and 

Ahu/ premonsoon) rice fields of Lower Brahmaputra Valley Zone of Assam and to 

evaluate the soil and plant factors associated with emission of methane. 

Review of literature 

Methane, the major component of natural gas is the second most important 

greenhouse gas [28] with a current ambient concentration of 1.77 ppm [12]. Rice 

paddies, as an important anthropogenic source of CH4, may account for about 15-20% 

of the global atmospheric methane budget. There is strong consensus among 

atmospheric scientists that global warming and climate change is the result of the 

accumulation of greenhouse gases in the global atmosphere [5, 34]. The average 

lifetime of each methane molecule that reaches the atmosphere is about 8-10 years [14] 

and its global warming potential in relation to CO2 is about 26.9 for a ten-year 

integration period [16]. The first field measurement of CH4 emission from rice paddy 

fields was conducted in California [7], followed by extensive studies in Spain, Italy, 

China, Indonesia, Japan, Australia, Korea and Philippines by various workers. In India, 

the CH4 emission estimation was started from 1991 onwards [23]. Furthermore, a region 

specific characterization of agronomic (fertilizer application, water management, etc.) 

and natural factors (soil properties, weather patterns, etc.) is indispensable to cope with 

the extreme temporal and spatial variability in CH4 emission from same rice cultivation 

systems [21] or different rice ecologies [33]. To meet the demand of the exploding 

human population, the world’s annual rice production must increase from the present 

520 million tons to at least 880 million tons by 2025 as rice is a staple food for more 

than half of the world’s population [15]. With the intensification of rice cultivation by 

the adoption of modern agronomic practices, CH4 emission from rice paddies is 

expected to increase [20]. Soils have important influences on the production, oxidation, 

accumulation of, and emission of CH4.  

The largest area under rice cultivation accounting about 28% of total crop area (42.3 

M ha including the double crop areas) is in India [31]. Here, rice is grown at an altitude 

from below the sea levels to 2000 m above the sea level and from upland with no 

standing water for most of the growing period to deepwater (> 1m water depth as in 

many places in eastern India due to excess rainfall). Based on the depth of water 

stagnation in the fields, the rain fed lowland rice area in India is classified (Sharma et 

al.1995) into (i) Shallow lowlands (0-30 cm), (ii) Intermediate lowlands (0-50cm) (iii) 

Semi deep lands (0-100 cm) and (iv) Deep water lands (more than 100cm). But little 

information is available on the contribution of Indian rice fields to the global methane 

budget. So, in the present study attempts have been made to find out the contribution of 

different Indian rice ecosystem to global methane budget. 
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Materials and methods 

Field procedures 

The experiment was undertaken during Ahu/monsoon (Feb-June) and 

Sali/premonsoon (June-Nov) rice growing season at Kahikuchi, under Lower 

Brahmaputra Valley Zone (LBVZ) of Assam. The LBVZ of Assam lies between 

25°30′N and 26°54′N latitude and 89°40′E and 92°10′E longitude. Geographically, this 

zone is bounded by folded ranges of Himalayas in the north and Shillong plateau in the 

south. The mighty Brahmaputra river flows through the zone. The northern part of the 

zone is characterized by small hillocks and some low-lying areas here and there. The 

flood plains of the Brahmaputra, extending up to the river Jinjiram bordering 

Meghalaya province constitute the southern part of this zone. Soils of this zone consist 

of new alluvium on both the banks of the Brahmaputra and old alluvium towards the 

foothills. Soils are mostly sandy and sandy loam in texture. Soils are rich in organic 

matter (0.78%) and consist of both acidic and near neutral soils. The climate in the zone 

is humid subtropical characterized by a warm humid climate having hot summer. The 

average rainfall during the monsoon season (June-September) ranges from 1065 mm to 

2498 mm followed by post-monsoon period (October-November) which receives an 

average rainfall from 11.1 mm to 250 mm. 

The first experiment on methane emission was conducted during the 

Ahu/premonsoon rice growing season under rainfed situation. The high yielding rice 

variety Mahsuri was transplanted in a well-prepared paddy field of total area 630 m
2
. 

The field was divided into 10 equal sized subplots (9 m × 7 m) and thirty days old rice 

seedlings were transplanted in the field at a spacing of (20 cm × 15 cm).The second 

experiment was conducted during the Sali/monsoon rice growing season. The high 

yielding rice variety Ranjit was transplanted in the field of total size 630 m
2
 which was 

divided into 10 equal sized subplots (9 m × 7 m) and seedlings were transplanted with 

the spacing of 20 cm × 15 cm.  

In both the experiments, fertilizers were applied at 40:20:20 kg N-P2O5-K2O ha
-1

. 

Half of the urea (20 kg ha
-1

), full dose of P2O5 and K2O was applied at the time of 

transplanting. Half of the remaining part of urea (10 kg ha
-1

) was applied at tillering 

stage and other half (10 kg ha
-1

) was applied at panicle initiation stage as per package of 

practices of Assam Agricultural University, Jorhat and also followed by the farmers of 

this region. Plant growth parameters (plant height, tiller number, leaf number, root 

biomass, shoot biomass) were determined at weekly interval. Leaf area was measured 

by using portable Laser Leaf Area Meter (model CI-203, CID USA). Soil samples were 

collected before transplanting and estimation of Fe, Cu, Mn and Zn was done by DTPA 

(diethlene-triamine penta-acetic acid) extractable method using atomic absorption 

spectrophotometer model AA-203, Chemito. Meteorological data of both the crop 

growing seasons (rainfall and daily temperature minimum and maximum) were 

recorded and are presented in Fig. 1a and 1b. 
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Figure 1a. Meteorological data during premonsoon (Ahu) season of the experimental 

year at LBVZ, Kahikuchi, Assam 

 

 

 

Figure 1b. Meteorological data during monsoon (Sali) season of the experimental year 

at LBVZ, Kahikuchi, Assam 
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Methane emission measurement 

The methane emission rate was measured by a static box technique [6]. At the 

measurement sites aluminium channel bases 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 then placed over the aluminium bases. The open end 

of the Perspex box rests on the channel. The water seal surrounding of the Perspex box 

made the system airtight. A battery-operated fan inside the Perspex box mixed the air in 

the chamber. The box was fitted with Tygon tubing terminating in a gas- tight stop cock 

and air samples were collected in glass bottles by a water displacement method. Glass 

air sampling bottles were fitted with three-way stop cock and a neck with self sealing 

silicon rubber septum. Samples were collected at fixed intervals of 0, 15, 30 and 45 

minutes. Methane fluxes were determined once in a week in the morning starting from 

14 days after transplanting and continued over the entire crop growing season. 

After collection, samples were brought to the laboratory and concentration was 

determined by gas chromatograph (Varian model 3800) fitted with a flame ionization 

detector (FID) and Porapak N column (stainless steel column, 180 cm long and 0.32 cm. 

outside diameter). Column, detector and injector temperature 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. Ambient and box air temperatures, 

barometric pressure and water level inside the chamber were measured during each 

sample collection for calculating the chamber air volume at standard temperature and 

pressure (STP). Field water level, soil temperature, soil organic carbon content [13] and 

soil pH (Systronics Griph made ‘D’ pH meter 327) were determined during each 

methane sampling period. Methane flux (F) and seasonal integrated flux (Esif) was 

calculated from the temporal increase in methane concentration inside the perspex box 

using the equation [27]. 

Statistical analysis was done to find out the correlation between methane flux and 

selected plant and soil parameters and the effect of selected parameters on methane 

emission was established. 

Results 

Methane emission during ahu/premonsoon season from rice cultivar Mahsuri grown 

in intermittently flooded situation under rainfed condition was recorded from 14 days 

after transplanting (DAT) of the crop. The first emission peak was observed at 

maximum tillering stage (56 DAT) and second peak was recorded at reproductive stage 

(91 DAT) (Fig. 2).The soil organic carbon during the crop growing period varied from 

0.7% to 1.05% (Fig. 3). At the initial stage of crop growth fluctuations in soil organic 

carbon status were observed, with highest peak at 84 days after transplanting of the 

crop. Thereafter organic carbon of soil gradually decreased. Soil temperature increases 

slowly and reaches a maximum of 31°C just prior to panicle initiation stage (Fig. 4a). 

Soil pH ranges from 4.73 to 5.96 (Fig. 4a). Variations in field water level was observed 

depending upon rainfall and air temperature which decreases to a minimum level at 

initial stages (35 DAT and 49 DAT) and at pre-heading (84 DAT) stage of the crop 

(Fig. 5). The recorded soil moisture at these stages were 66%, 64% and 78% 

respectively. Leaf area index (LAI) is presented in Fig. 6. Shoot and root biomass of 

both the cultivars are presented in Fig 7a and 7b. 
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Figure 2. Methane flux (mg m-2 hr-1) from premonsoon (Ahu) and monsoon (Sali) rice 

growing season at LBVZ, Kahikuchi, Assam (Bars indicate ± S.E. values) 

 

 

Figure 3. Organic carbon (%) of the experimental field during premonsoon (Ahu) and 

monsoon (Sali) season of the LBVZ, Kahikuchi, Assam (Bars indicate ±S.E. values) 
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Figure 4a. Soil temperature (°C) and pH of the experimental field during premonsoon 

(Ahu) season of the LBVZ, Kahikuchi, Assam 

 

 

 

 

Figure 4b. Soil temperature (°C) and pH of the experimental field during monsoon 

(Sali) season of the LBVZ, Kahikuchi, Assam 

 

 

Crop growth parameters such as plant height, leaf numbers, tiller numbers, root and 

shoot dry weight were recorded at weekly interval but the data presented in Table 1 & 2 

are of four different growth stages (maximum tillering stage, heading stage, 50% 

flowering stage and at harvest) of the crop. Methane emission over the entire crop 

growing season showed significant positive correlation with organic carbon status of the 

soil (r = 0.557
*
) and leaf area index of the crop (r = 0.485

*
) (Table 3).  

Methane flux recorded under rainfed ecosystem from rice variety Ranjit during 

Sali/monsoon season at Lower Brahmaputra Valley Zone is shown in Fig. 2. Organic 

carbon content of soil reached a higher level at 49 and 84 days after transplanting of the 
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crop (Fig. 3). The field remained continuously flooded till maturity (Fig. 5). Maximum 

soil temperature of 30.5°C was recorded at 70 DAT of the crop. Soil temperature 

gradually decreased towards maturity of the crop (Fig. 4b). Soil pH ranged from 4.79-

5.99 (Fig. 4b). Leaf area index (LAI) trend was shown in Fig. 6. Data presented in 

Table 2. The variety Ranjit showed profuse vegetative growth as compared to variety 

Mahsuri in terms of leaf number, tiller number, plant height and root shoot biomass.  

 

 

Table 1. Paddy growth parameters during premonsoon (Ahu)season at LBVZ Kahikuchi, 

Assam 

Paddy  

variety/Parameters 

Growth stages 

MAHSURI Active vegetative 

growth stage 

Heading 

stage 

50% flowering 

stage 

At harvest 

Plant height (cm) 53.69                       69.83                      74.79                91.73 

No. of tillers/hill   5.30                         6.80                        6.60                  6.20 

Leaf no./hill 21.10                       29.20                      30.10                10.50 

Biomass(shoot g/hill)   2.54                         8.20                        9.99                11.32 
Biomass (root g/hill)   1.73                         3.27                        3.38                  2.53 

Viable panicle/m2                                                                                       139.10 

Panicle length (cm)                                                                                         25.13 

Sterility (%)                                                                                            8.10 

Yield (q/ha)                                                                                         24.27 

1000-grain weight (g) 

Days to maximum tillering 

                                                                                                   18.09 

  56 DAT                                                                                             

Days to heading                                        103 DAT 

Days to 50% flowering                                                                      109 DAT 

Days to harvesting                                                                                                133 DAT 

 

Table 2. Paddy growth parameters during monsoon (Sali) season at LBVZ, Kahikuchi 

Assam 

Paddy  

variety/Parameters 

Growth stages 

MAHSURI Active 

vegetative 

growth stage 

Heading 

stage 

50% 

flowering 

stage 

At harvest 

Plant height (cm) 68.77                      123.29                   140.42              151.18 

No. of tillers/hill 14.00                        10.50                       8.90                  8.00 

Leaf no./hill 56.40                        42.50                     29.90                18.20 

Biomass(shoot g/hill)   7.50                        22.72                     27.90                38.72 

Biomass (root g/hill)   3.95                        10.07                     10.90                10.79 

Viable panicle/m2                                                                                       257.00 

Panicle length (cm)                                                                                             24.54 
Sterility (%)                                                                                               8.92 

Yield (q/ha)                                                                                             40.90 

1000-grain weight (g) 

Days to maximum tillering 

                                                                                                     19.73 

   63 DAT 

Days to heading                                       114 DAT 

Days to 50% flowering                                                                      122 DAT 

Days to harvesting                                                                                                  163 DAT 
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Table 3. Correlation between selected plant and soil characters and methane emission 

during premonsoon (Ahu) and monsoon (Sali) rice season at LBVZ,Kahikuchi, Assam 

Paddy varieties/ Parameters Correlation (Methane) 

Mahsuri   

Plant height (cm) 0.439 

Tiller no./hill 0.507 

Leaf no./hill 

LAI 

0.295 

0.485* 

Shoot biomass (g/hill) 0.648** 

Root biomass (g/hill) 0.603** 

Organic carbon (%) 0.557* 

Ranjit  

Plant height (cm) 0.052 

Tiller no./hill 0.592** 

Leaf no./hill 

LAI 

0.664** 

0.683* 

Shoot biomass (g/hill) 0.268 

Root biomass (g/hill) 0.195 

Organic carbon (%) 0.248 

*Correlation is significant at the 0.05 level 

**Correlation is significant at the 0.01 level 
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Figure 5. Water level (cm) of the experimental field during premonsoon (Ahu) and 

monsoon (Sali) season of the LBVZ, Kahikuchi, Assam 
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Figure 6. Leaf area index (LAI) of the experimental crop during premonsoon (Ahu) and 

monsoon (Sali) season of the LBVZ, Kahikuchi, Assam 
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Figure 7a. Shoot and root biomass  of the experimental crop (cv.Ranjit) during 

monsoon (Sali) season at LBVZ, Kahikuchi, Assam 
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Figure7b. Shoot and root biomass  of the experimental crop (cv.Mahsuri) during 

premonsoon ( Ahu) season at LBVZ, Kahikuchi, Assam 

Discussion 

Lower rate of methane emission during early growth stages of rice plant is due to 

poor conduction of methane from the bulk reduced soil, to the atmosphere through the 

rice plants. The first peak at 56 days after transplanting, i.e. at maximum tillering stage 

of the crop, has been attributed to the decomposition of native organic matter in the soil 

which is left over as organic residues from the previous crop growing season thus 

increasing the substrate concentration for methanogenesis. It was reported that active 

vegetative growth stage of paddy at tillering enhances the transport of CH4 produced in 

the rhizosphere through the rice plant to the atmosphere [3, 10, 11]. The second 

emission peak at 91 DAT (reproductive stage) is due to the additional organic matter 

from root exudates and root litters, which increases the carbon pool of the soil. It was 

previously reported that root exudates provide important carbon source for CH4 

production by supplying energy to the soil and also mobilize soil phosphorus and 

micronutrients [8].Increasing root system during rapid tillering increases the efficiency 

of gas transport through aerenchyma cells and intercellular gas space system by 

diffusion [2]. 

The cumulative methane emission did not show significant correlation with organic 

carbon status of the soil (r = 0.248). There is evidence that soil organic carbon alone 

may not be the major source for methane production. Other sources include organic 

carbon or the constant supply of carbohydrates and organic acids from the crop itself 

[9].Carbon as the substrate for methanogenic microorganisms may come from decayed 

organic matter, death of root tissues from the crop, and carbohydrate exudates from 

living root tissues. The second peak at 91 DAT might have been due to high availability 

of root exudates and root litters [8]. The decreased methane emission rate after panicle 

initiation stage in both the rice varieties could be due to reduced permeability of the root 

epidermal layer for ageing [26]. The experiments conducted in the same agroclimatic 
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zone (Lower Brahmaputra Valley Zone) with similar soil physico-chemical properties, 

at two different agroecosystems showed variations in seasonal integrated methane flux. 

The Esif value recorded during Sali/monsoon season was higher (16.39 gm 
-2

) as 

compared to Esif value from Ahu/premonsoon season (7.51gm
-2

).The difference in 

methane emission rate from two rice varieties grown under different agro-ecosystems 

were mainly due to higher shoot and root biomass accumulation in the variety Ranjit 

compared to variety Mahsuri (Fig.7a &7b). Plant biomass (both above ground and 

below ground) are known to have direct and indirect relationship with CH4 efflux from 

rice fields [29].Larger root biomass provides more surface area for diffusion of CH4 

from adjacent reduced soil to the roots while larger above ground biomass in the form 

of stems signifies the conduit effect of rice plants [19]. 

An uniform soil temperature of 22°C to 27°C was recorded during monsoon/Sali rice 

compared to Ahu rice growing season (Fig.4a and 4b). Most of the methanogenic 

bacteria are mesophilic with temperature optima of 30 to 40°C. Therefore, the higher 

temperature recorded during Sali/monsoon rice-growing season stimulate organic 

matter degradation which favors CH4 production as well as limits accumulation of 

intermediate metabolites. Nodal development provides the major pathway of methane 

release to atmosphere [1], which may be the reason for higher methane emission in the 

variety with profuse vegetative growth. 

It was observed that during premonsoon season (Ahu season) the rice field was 

completely dry representing oxidized situation, which is not congenial for CH4 

production and emission, is the reason for lower flux value recorded at this season. It 

has been established that water management in the rice field effect methane emission 

[3,30,36].Field drainage not only retards methane production but also promotes methane 

oxidation, produced in the preceding flooded regime, by methanotrophs. Thus in these 

experiments the intermittently flooded regime of premonsoon rice (Ahu) emitted less 

methane. Alterations of water regime may affect decomposition of organic matter in 

soil, which acts as substrate for methanogenesis [32]. 

This study revealed that rice cultivars grown under different agro-ecosystems in the 

same agroclimatic zone with identical soil physico-chemical properties show variations 

in methane emission rate. The rate of methane emission from a particular rice 

ecosystem is mainly determined by the water regime and other climatic factors (eg. Soil 

temperature, rainfall and availability of soil organic carbon). In the present study, the 

variety with profuse vegetative growth shows higher Esif values. Based on the above 

facts rice varieties emitting less methane in a particular ecosystem with high yield 

potential may be considered suitable for cultivation. Further studies on screening of rice 

varieties are needed as suitable ecofriendly mitigation option. 
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