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Introduction

Methane is a potent greenhouse gas that has 25 times

higher global warming potential than CO (International

Panel of Climate Change (IPCC), 2007). Methane is present

at a concentration of about 1774 ± 18 ppb in the atmosphere

and its concentration recently has increased by 7 ppb year

(IPCC, 2007). Over 50% of the global annual CH emission is

of anthropogenic origin (IPCC, 2007). The cultivation of

paddy rice fields is the leading anthropogenic source of CH

(Jacobson, 2005), contributing about 10–20% of the total

anthropogenic CH emission with an annual global emission

ranging from 50 to 100 Tg CH year (Reiner and Milkha,

2000). Thus, reduction of CH emission from paddy rice

fields represents one of the major options for mitigation of
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global warming.

Continuously flooded paddy fields enhance

anaerobic fermentation of carbon sources supplied by the rice

plants and added organic matter, and results in CH

production. Methane emission is the net result of CH

production and oxidation in soil and transport of CH gas

from soil to the atmosphere. Therefore, the magnitude of CH

emission from rice plants is regulated by complex and

dynamic interactions among the plants, environment and

microorganisms (Kaushik and Baruah, 2008). Rice cultivars

differ in the amount and composition of root exudates

(Aulakh 2001) and DOC, which in turn influences CH

production and emission. Aulakh (2001) reported that

61 to 83% of root exudate-C is converted into CH and leads
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Abstract
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A pot experiment was conducted to investigate the influence of cultivar difference (Nipponbare,

Fujiminori, Kinmaze and forage rice Leaf star) on methane emission (CH ) with and without cattle

manure application under continuous flooded conditions. The results showed that there was a

seasonal change in CH flux with two to three peaks between 28 and 98 days after transplanting

(DAT). The average CH fluxes throughout the growing season for Leaf star (14.8 mg CH -C m h )

and Nipponbare (13.9 mg CH -C m h ) were significantly higher than those for Fujiminori (11.9

mg CH -C m h ) and Kinmaze (13.5 mg CH -C m h ). The cumulative CH emission in the

growing season was significantly higher in Leaf star (47.3 g CH -C m ) than Fujiminori (38.2 g

CH -C m ). Methane fluxes were significantly and positively correlated with plant height and tiller

number throughout the growing season, and cumulative CH emission was positively correlated

with above-ground biomass production at harvest. Application of cattle manure (cm) significantly

reduced the average rate and cumulative CH emission (35.1%), and flood-water dissolved organic

carbon (DOC) concentration (18.2%). Cattle manure reduced the DOC concentration in flood water

at the later period of growing season, which coincided with CH flux suppression. Methaneemission

can be mitigated by choosing rice cultivar and application of composted cattle manure.

Cattle manure, Continuous flooding, Dissolved organic carbon, Methane mitigation, Rice

cultivars
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to its emission. Root-derived DOC serves as a major carbon

source in methanogenic activity (Reiner and Milkha, 2000)

and becomes a source of CH emitted from flooded soil (Lu

2000). Many investigations have shown that different rice

cultivars contribute different amount of soil DOC, which

stimulates CH emissions (Kaushik and Baruah, 2008; Lou

2008; Zhan 2011). Aulakh (2001) also

revealed that the amount of DOC released by rice roots is

positively related to root and shoot biomass. Plant growth

performance also affects the ability of rice cultivars to emit

CH gas, which is positively related to life-span (Setyanto

2000), plant height (Setyanto 2004), tiller number,

and total biomass yield (Kerdchoechuen, 2005). Therefore,

Milkha (2001) highlighted that cultivar choice among

the existing cultivars and/or breeding new cultivars with low

exudation rates can represent an important CH mitigation

option. However, interest in these matters as reflected by

agronomic management practices, which will suppress root

exudation-derived DOC and subsequently, CH emission due

to rice cultivars remains inadequate.

Methane production, oxidization and emission from

the flooded paddy are highly affected by the added organic

matter (Jean and Pierre, 2001). Methane emission from the

flooded paddy increases by applying different organic matter

sources, rice straw (Cai 2000), and anaerobically

digested cattle slurry (Win 2010). Mitigation of CH

emission due to organic matter application by flood-water

management has been well documented (Minamikawa and

Sakai, 2006; Zou 2005). However, these studies mainly

focuse on irrigation management and little on manure

amendment with continuous flooded condition on CH

emissions as affected by rice cultivars. Research has

highlighted the need for an understanding of the interaction

between genotype and environment to identify suitable

combinations of cultivars and rice systems in order to

mitigate CH emissions because rice cultivars exhibit a

complex interaction with the environment (Wassmann

2002). However, information is lacking concerning CH

emission in relation to rice cultivars and addition of organic

matter.

Thus, the objective of the present study was to

elucidate CH emission and flood-water DOC as affected by

rice cultivars and cattle manure application. Four currently

grown Japanese rice cultivars including fodder rice with

different growth patterns were tested with and without the

application of composted cattle manure.

A pot

experiment was conducted in the open field at the research

farm of Tokyo University of Agriculture and Technology,
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Materials and Methods

Experimental setup and rice cultivation :

Tokyo, Japan, during summer (May to October, 2011). Three

replicated two factor randomized complete block

experiments were conducted with the main factor

representing (i) treatment with cattle manure application at

the rate of 10 t ha and (ii) without cattle manure application,

and the sub-factor involved four rice cultivars of Japonica

including one fodder rice Leaf star (fodder rice), Nipponbare,

Fujiminori and Kinmaze. Leaf star is a fodder rice cultivar

characterized by its higher leaf biomass production, late

maturing and lodging resistance. Nipponbare is the standard

type in Japan with a moderate height and moderate maturing

time. Fujiminori is an old cultivar with a tall height and early

maturing. Kinmaze is a local cultivar from Kyusyu, which is

taller than Nipponbare and shorter than Leaf star, exhibits

late maturing. Manure was thoroughly mixed with soil before

transplanting. The chemical composition of dry cattle

manure was N-1%, P-1.3%, K-1.4%, and the C:N ratio was

21. Pots were 24 cm in height, 24 cm in diameter, and

cylindrical in shape. The soil used for the experiment was

taken from paddy rice soil of field museum, Tokyo

University of Agriculture and Technology. The soil type was

sandy loam inceptisol soil with the following properties: clay

16%, silt 33%, sand 51%, pH 5.5, total N 3.6 g kg , available

P O 51.8 mg kg , available K O 198.3 mg kg , and CEC 19.8

cmol+ kg (Tanaka 2008).

Thirty-day-old seedlings of four rice cultivars were

transplanted in pots with three seedlings per pot on 9 June,

2011. Continuously flooded irrigation conditions were

achieved by maintaining 5-7 cm of flood water above the soil

surface for 10 days before crop harvest. A basal dose of 30 kg

P O ha and 30 kg K O ha was applied as a single

superphosphate and muriate of potash, respectively.

Nitrogen to the amount of 60 kg N ha as ammonium sulphate

was applied to all pots at the time of crop requirement at 40

days after transplanting (DAT).

Methane flux

measurements were obtained at weekly intervals from 7 DAT

until harvest. Gas samples were collected using a closed

chamber method. The chambers used were 100 cm in height,

30 cm in length, 30 m in width, and made of acrylic

transparent sheets. A plastic tray with a length of 40 cm,

width of 40 cm, and height of 5 cm was filled with 3 cm of

water and placed under the pot just before gas sampling. The

chamber was put into the tray by covering the pot, and the tray

water sealed the surrounding area of the chamber to form an

airtight chamber. The air inside the chamber was mixed by a

fan at the top of the chamber. Gas samples were drawn from

the chambers through a three-way stop cock using a 50-ml

airtight syringe at interval of 15 min (0, 15 and 30 min) and

transferred into a 20 ml vacuum glass vial. By flushing the

syringe three times, the air inside the chamber was

thoroughly mixed before collection of gas samples. The
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Methane emission and flux measurement :
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temperature inside the chamber was recorded at the time of

sampling using a micro-temperature thermometer (PC-9125,

AS ONE Co., Tokyo, Japan). Methane concentrations in the

collected gas samples were analyzed using a gas

chromatograph equipped with a flame ionization detector

(GC-8A, Shimadzu Corporation, Kyoto, Japan). Methane

emissions were calculated from the increase or decrease of

gas concentration in the gas-sampling chamber over time by

the following equation (Fazli 2013):

F(mg CH -C m h ) =    × V/A × c/ t × 273/T x

where, F is the gas flux; is the density of gas at standard

condition (CH =0.716 kg m ); V (m ) is the volume of

chamber excluding the volume of pot; A (m ) is the area of the

pot; c/ t (10 m m h ) is the gas concentration change in

the chamber during a given period; T is the absolute

temperature (K); and is the conversion factor for CH to C

(12/16). Total CH emission during the crop season was

calculated by successive linear interpolation of average gas

emissions on the sampling days, assuming that gas emissions

followed a linear trend during the periods when no sample

was taken:

Cumulative gas emission =

where, R is the mean gas emission (mg CH -C m day ) of

two sampling times, D is the number of days in the sampling

interval and n is the number of sampling times.

The pH of the surface water was

measured using a portable pH meter equipped with a

combined electrode (glass:Ag/AgCl, D-51T, Horiba, Japan).

The combined electrode was dipped into the surface water

and a pH reading was recorded at weekly interval after

transplanting. The redox potential was recorded using a

battery-operated Eh meter (D-51T, Horiba, Japan) by

inserting the platinum electrode into the pot under

investigation at a root zone of 5 cm throughout the growing

season. Sufficient time was allowed to stabilize the mV

reading before recording. Soil temperature at a depth of 10

cm was recorded at the time of gas sampling. Flood water

samples were collected at weekly interval and DOC

concentration was measured using TOC-Vcsh (Shimadzu,

Kyoto, Japan) after 0.2-μm membrane filtering. Plant growth

parameters such as tiller number and plant height were

measured at each gas sampling date. At harvest, the above-

ground biomass was determined after drying the plant

materials at 80 ºC for two days.

The experimental data were analyzed

by the analysis of variance (ANOVA) using Cropstat 7.2

statistical software. The treatment mean comparison was

tested at 5% level of probability using least significant

difference (LSD) test by Fischer. Simple linear regression

et al.,
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Soil and plant parameters :

Statistical analysis :

analysis between CH fluxes and plant parameters such as

tiller number and plant height recorded at each sampling time

was performed using Sigma Plot 11.0 statistical software.

Soil temperature ranged between 21.1 and 31.3°C,

and was lower at early and later growth stages and was

generally higher at the middle of the growing period. Higher

average soil temperature during tillering, panicle

differentiation and heading stage of rice (Fig. 1) might be an

important factor for CH emission for all rice cultivars by

favoring methanogenesis activity in soil. The activity of

methanogenic bacteria, the decomposition rate of soil

organic matter, and production and transport of CH all

increase with soil temperature (Xu and Hosen, 2010).

In the present study, the surface water pH did not

change significantly due to cattle manure application. After

42 DAT, the pH decreased due to ammonium sulphate

application. The pH ranged from 6.6 to 8.3 throughout the

growing season (Fig. 1). The pH during this experiment was

optimum for growth and activity of methanogenic bacteria

involved in CH production (Fig. 1).

Temporal variation of soil redox potential value

during the growing season ranged between -251 and -428

mV, providing optimal conditions for CH production (Fig.

2). Methane emission has been shown to increase with a

decrease of Eh in this experiment. Similar results were

observed by Oo (2013 and 2015). The Eh values in this

experiment were always below the critical range, indicating

optimal conditions for CH production in the paddy rice soil.

All cultivars in this experiment showed low Eh conditions

and CH production tended to be high under the maintenance

of a low Eh. Continuous flooding conditions maintained in

the study were favorable for CH production.

The measurement of DOC was initiated at 21 DAT.

The average DOC concentration increased from 18.6 to 53.5

mg l at 77 DAT, and then decreased to 33.5 mgl at 119 DAT

(Fig. 3 and 4). The seasonal pattern of DOC did not differ

significantly at early and middle growing periods between

treatments, but differed significantly at the later growth

stages. Among the rice cultivars, there were significantly

different in DOC concentration throughout the growing

season. The higher DOC concentration in early growing

period might be due to added or native organic matter in soil

and slowly decreased to lowest value at 70 DAT might be due

to consumption by methanogenic bacteria, and then

increased to maximum at 77 and 112 DAT. The methane flux

differed significantly among the rice cultivars (Fig. 5).

Seasonal variation of CH fluxes from all cultivars generally

showed two to three peaks of CH flux during the growing
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Fig. 2 : Time course of soil redox potential under manure amendment during the rice growing season
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Fig. 1 : Time course of soil pH and soil temperature with different rice cultivars during the rice growing season (bars-standard deviation)
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season at maximum tillering stage, panicle initiation stage

and heading stage. Wang and Li (2002) and Oo (2015)

also reported that seasonal variations in CH flux are known

to have two or three emission peaks during the rice growing

et al.

4

season. The first peak might be due to microbial

decomposition of left-over plant residue and added organic

matter and vigorous respiration of rice plants, which

promotes CH emission. Higher temperature and increased
4

A.Z. Oo et al.1032
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Fig. 3 : Seasonal variation of DOC concentration among the rice cultivars (bars-standard deviation)
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Fig. 4 : Seasonal variation of DOC concentration under control and manure amendment (bars-standard deviation)
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1033

availability of substrates favored methanogenic activities to

decomposed organic matter during early cropping period (Oo

, 2013). This can be attributed to higher soil temperature

and hence, higher soil organic matter turnover due to

increased microbial activities; decomposition of recent

decaying plant residues from shed leaves and root turnover,

and higher availability of root exudates in the rhizosphere.

Methane emission was lowered for all the rice cultivars after

et al.

first peak (49-63 DAT) which might be due to the application

of ammonium sulfate fertilizer as side dressing at 40 DAT.

Many studies have also reported that application of

ammonium sulfate reduced CH emission from rice paddy

field (Minamikawa 2005; Oo 2013; Oo

2015). Sulfate containing fertilizers resulted in larger

stimulation of CH oxidation than CH production (Gon ,

2001). During second and third peak periods, CH emission

4

4 4

4

et al., et al., et al.,

et al.

Rice cultivars and manure on methane emission
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Table 1 :

Factor No. of Plant height Biomass yield Cumulative

tillers/ (cm) (g pot ) emission

(gCH -Cm )

Plant parameters and cumulative CH emission as affected by

rice cultivars and treatment

Cultivar

Leaf star 43.5±3.7 104±2.0 260.3±11.5 47.3±13.9

Nipponbare 68.0± 3.5 102±3.1 215.7±25.6 44.3±15.7

Fujiminori 50.0±3.5 94±1.5 185.0±8.4 38.2±16.1

Kinmaze 69.8±8.3 90±6.9 221.4±9.0 43.8±13.4

LSD(0.05) 7.28 6.6 20.7 7.1

Treatment

Control 56.7±10.5 97.8±7.4 216.4±27.9 61.1±14.4

Cattle manure 59.0±15.2 97.0±8.1 224.8±37.5 39.7±3.7

LSD(0.05) 11.5 6.9 28.6 9.0

Values are mean of replicates ±SD

4

-1

-2

CH

plant
4

4

might have been associated with higher soil temperature and

hence, higher soil organic matter turnover due to increased

microbial activities, decomposition of recent decaying plant

residues from shed leaves and root turnover, and higher

availability of root exudates in the rhizosphere (Oo

2013). In the present study, the maximum rate of CH

emission was found in the later growth stages of rice, which

might be due to higher tiller for CH conductance, higher

plant height and biomass in the later growth stages. The

average value of CH flux ranged from 11.2 to 22.3 mg CH -C

m h in the study and conformed to the range 8.9 to 32.9 mg

CH -C m hr reported by Yang (2010); however, it was

higher than the value of 6.8 mg CH -C m hr reported by

Kerdchoechuen (2005) and lower than 17.5 to 32.9 mg CH -

C m hr under different fertilizer treatments as reported by

Yang (2010).

The methane flux throughout the growing season was

positive and significant indicator of plant height (P < 0.01,

n=330) as represented by a simple linear regression model of

CH flux (y = 4.74 + 0.145 x, where y is the CH flux (mg CH -

C m h ) and x is plant height (cm)) and tiller number per hill

( < 0.001, n=330, y = 11.172 + 0.118 x, where y is the CH

flux (mg CH -C m h ) and x is tiller number). The

cumulative CH emission from different rice cultivars

differed significantly, ranging between 38.2 and 47.3 g CH -

C m (Table 1). Fujiminori was significantly ( < 0.05) lower

than Leaf star, Nipponbare and Kinmaze. The cumulative

et al.,

et al.

et al.
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CH emission was significantly ( < 0.01) and positively

correlated with the above-ground biomass production at

harvest. CH emission and biomass yield of Fujiminori was

significantly ( < 0.05) lower than that of the other rice

cultivars (Table 1), and a significant ( < 0.05) difference for

biomass yield was observed between each rice cultivar in the

following order : Leaf star > Kinmaze > Nipponbare >

Fujiminori. Kerdchoechuen (2005) also reported that CH

emission differed among rice cultivars and that the difference

was directly related to biomass yield. Plant biomass

4

4

4

P

P

P
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Fig. 5 : Seasonal variation in CH flux among the rice cultivars under manure amendment during the rice growing season (Bars–standard deviation)
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production was the net result of plant carbon assimilation

from atmospheric CO through photosynthesis. Increasing

biomass production is therefore a principal desirable goal of

rice production. In the study, the biomass per unit CH

emission for Leaf star (123.9 g biomass g CH -C) and

Kinmaze (116.5 g biomass g CH -C) was significantly

higher than that of Nipponbare (107.8 g biomass g CH -C)

and Fujiminori (107.5 g biomass g CH -C). These values

were lower than those reported by Setyanto (2004) for

the rice varieties Cisadane (132.9 g straw biomass g CH -C)

and IR 64 (253.7 g straw biomass g CH -C) grown under

field condition with continuous flooding, which might be

attributed to differences in CH conductance and biomass

production between different rice cultivars.

Dissolved organic carbon is an important carbon

source for CH production by methanogenic bacteria. The

release of organic carbon from plant roots is one of the

important sources for carbon accumulation, transformation

and emission from the soil (Lu , 2000). Lou (2008)

conducted pot experiment with Japanese paddy soil under

elevated CO concentration and found that DOC

concentration varied with growth stage and differed among

the tested cultivars in the following order: IR72>Dular >

Koshihikari>IR65598. In the study, there were seasonal

variations of DOC among the rice cultivars (Fig. 3), and mean

DOC concentration differed significantly (p<0.05) among

the rice cultivars. Leaf star exhibited highest mean DOC

concentration (36.1 mg l ), followed by Kinmaze (32.2 mg l

) and Nipponbare (30.3 mg l ), while lowest DOC

concentration was found in Fujiminori (27.7 mg l ).

The results showed that difference in CH emissions

between cultivars corresponded with DOC production. The

increased CH fluxes during the later growing periods can be

related to increase in DOC content, which provided more

substrates for CH -producing bacteria. A previous study

showed that the contribution of rhizo-deposition to CH

emissions accounted for 80–85% of the total emissions

(Kimura , 2004). Therefore, DOC content in soil should

be a suitable index for assessing the CH emission and

production potentials of different cultivars because DOC in

soil is mainly derived from root exudation and is largely

affected by rice cultivars and growth stages (Lou 2008).

The differences among rice cultivars without cattle manure

were observed at the later period of growth, whereas

reduction of CH flux was observed following application of

cattle manure (Fig. 5). The flux with cattle manure was

significantly lower than that without cattle manure at 84, 91

and 119 DAT. The application of cattle manure to rice

cultivars is supposed to enhance CH oxidation activity or

consumption of root-derived carbon at the later growth

period. The methane-oxidizing bacterial population

increased with plant growth from tillering to grain filling
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(Vishwakarma and Dubey, 2007). Late season CH fluxes

that were mainly released from root-derived C (Reiner and

Milkha 2000) were reduced since the DOC concentration was

reduced during the later period. Lu (2000) also revealed

that root-derived CH production and emission were

positively related to DOC concentration in the rhizosphere.

Substantial reduction of CH fluxes occurred due to

application of cattle manure especially, at the later growing

period. Wassmann (2002) stated that during second half

of growth period, the added cattle manure was already

decomposed and that CH was being produced from materials

released from plant-borne material. Thus, later peak of the

CH flux may not be due to added cattle manure. The same

trend of seasonal CH fluxes involved significant ( < 0.05)

reduction of flood-water DOC by cattle manure application

was observed during 63 DAT to harvest (Fig. 4), and resulted

in reduction of CH emission during this period.

Due to reduction of CH fluxes during the later growth

period, a significant ( < 0.05) reduction in average CH flux

throughout the growing season (from 18.9 to 12.7 CH -C m

h ) was recorded. As a consequence, the cumulative amount

of CH emission of cattle manure plot was 39.7 g CH -C m ,

which was significantly ( <0.05) lower than 61.1 g CH -Cm

as compared to control (Table 1). Khosa (2010) also

reported that the incorporation of humified organic matter

could minimize CH emission from rice fields with

concomitant benefits of increased soil fertility and crop

productivity. The lower CH emission from the pots treated

with well decomposed cattle manure could be explained by

fewer carbon substrates with a depletion of potential CH

precursors resulting from the preceding fermentation. It is

supposed that the mechanism plays a role in application of

well decomposed cattle manure significantly reduced

cumulative CH emission. However, we cannot explain the

mechanism that application of CM on CH emission.

The fodder rice cultivar is highly recommended with

intermittent irrigation practices and other measures to reduce

CH emission. Rice cultivar-induced CH emission

disappeared by applying cattle manure, which suppressed

flood-water DOC and CH flux during later period of

growing season. Cultivar selection should be combined with

specific environmental factors to mitigate CH emission from

rice fields.
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