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SUMMARY

Paddy rice fields may contribute to methane (CH4) emission from soil due
to anaerobic conditions after flooding. Alternatives to continuous flooding
irrigation in rice have been developed to mitigate CH4 efflux into the atmosphere.
This study aims to investigate the effects of irrigation managements in the CH4
efflux during the rice growing season. An experiment was carried out at in
Santa Maria, Rio Grande do Sul State, Brazil, during 2007/08 and 2009/10 growing
seasons. The treatments were continuous flooding and intermittent irrigation
in 2007/08 and continuous flooding, intermittent irrigation and flush irrigation
in 2009/10. Intermittent irrigation is effective in mitigating CH4 efflux from rice
fields when climatic conditions enable water absence during cultivation, but
its efficiency depends on the electrochemical soil conditions during the flooding
cycles.

Index terms: greenhouse gas, flooding irrigation, intermittent irrigation, redox
potential.
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RESUMO: EFLUXO DE METANO EM ARROZ IRRIGADO SUBMETIDO A
DIFERENTES MANEJOS DE IRRIGAÇÃO

O cultivo de arroz irrigado pode contribuir com a emissão de metano (CH4), em razão das
condições anaeróbicas, após o alagamento do solo. Alternativas ao alagamento contínuo da
irrigação na cultura do arroz têm sido desenvolvidas a fim de mitigar o efluxo de CH4 para a
atmosfera. O objetivo deste estudo foi verificar o efeito do regime de irrigação contínua,
intermitente e por banhos no efluxo de CH4 em arroz irrigado. Para tal, foi conduzido um
experimento no Departamento de Fitotecnia da Universidade Federal de Santa Maria, durante
os anos agrícolas 2007/2008 e 2009/2010. Os tratamentos consistiram em irrigação contínua
e intermitente, em 2007/2008, e irrigação contínua, intermitente e por banhos, em 2009/
2010. A prática da irrigação intermitente é eficiente em abrandar o efluxo de CH4 no cultivo do
arroz irrigado, quando as condições climáticas permitem a ausência da lâmina de água
durante o cultivo. A eficiência em suavizar o efluxo de CH4 pelo manejo intermitente da
irrigação na cultura do arroz depende das condições eletroquímicas do solo, durante a
intermitência dos ciclos de alagamento da cultura.

Termos de indexação: gás de efeito estufa, irrigação por alagamento, irrigação intermitente,
potencial redox.

INTRODUCTION

The increase in greenhouse gas content, such as
carbon dioxide (CO2), nitrous oxide (N2O) and methane
(CH4), in the atmosphere during the last years, could
be responsible for the increase of the planet’s
temperature (IPCC, 2007). Methane is a greenhouse
gas produced by the decomposition of organic
compounds in anaerobic conditions, including flooded
rice crop fields (Peters & Conrad, 1996). Rice crops
may contribute with up to 25.6 Tg year-1 of CH4
emission, representing 12 % of total anthropic
emission (Smith et al., 2007).

Aiming to obtain high grain yields, flooded rice
crops tend to use a large volume of water during
cultivation (Minami & Yagi, 1998), especially when
under continuous flooding (SOSBAI, 2010). According
to some authors (Beltrame & Louzada, 1991;
Machado et al., 2006), water use may vary from
5,000 to 15,000 m3 ha-1 during a flooded rice cycle.
Alternatives to continuous flooding have been
developed with different objectives, such as to reduce
the volume of water used and increase water use
efficiency (Bouman, 2001; Bouman & Tuong, 2001),
to reduce toxicity effects of organic compounds and
inorganic ions (Bouman et al., 2007); to reduce risks
of water reservoir contamination by pesticides (Martini
et al., 2012); and to mitigate CH4 emission (Solomon
et al., 2007). Another advantage of these alternative
systems could be better soil and water conservation
(Stone, 2005).

Alternative irrigation systems, such as
intermittent irrigation, are based on the concept that
less water may be used in rice crops and high yields
may still be maintained. However, the water absence
enables soil oxidation changing soil electrochemical
conditions (Vahl & Sousa, 2004). Under soil oxidation,
methanogenic bacteria activity is affected and CH4

emission is reduced (Zhang et al., 2011). Because of this,
intermittent irrigation has been recommended as a more
sustainable technique (IPCC, 2007; Johnson-Beebout et
al., 2009). However, different results with this irrigation
system have been obtained by different authors. Lima
et al. (2003) found 12 % more CH4 emission with
intermittent irrigation than with continuous flooding,
while Setyanto & Bakar (2005) found 62 % less CH4
emission using the same irrigation systems. On the other
hand, Nugroho et al. (1997) did not find any effect of
irrigation systems on CH4 emission.

These contradictory results could be related to the
fact that environmental conditions greatly influence
soil water content, which in turn influence CH4
emission (Sing, 2001). Although the irrigation systems
control the amount of water used, it is impossible to
control water from rainfall. Consequently, soil water
content may vary regardless of the irrigation system
used. Due to these factors, it is very difficult to evaluate
the real potential of alternative irrigation systems on
CH4 emission mitigation (Nugroho et al., 1997; Lima
et al., 2003; Setyanto & Bakar, 2005, Johnson-Beebout
et al., 2009). This study aims to evaluate different
irrigation systems on CH4 emission from a paddy soil
(Albaqualf) cultivated with rice.

MATERIAL AND METHODS

Methane emission was evaluated in a field
experiment carried out at the Crop Science
Department at Federal University of Santa Maria (RS,
Brazil), during 2007/08 and 2009/10 growing seasons.
The soil is a paddy soil (Albaqualf) and the treatments
were two irrigation managements in 2007/08
(continuous flooding and intermittent irrigation), and
three irrigation managements in 2009/10 (continuous
flooding, intermittent irrigation, and flush irrigation).
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The experimental design was completely randomized
with three replications in 2007/08 and two replications
in 2009/10.

In the continuous flooding irrigation, a water sheet
0.10 m tall was maintained during both growing
seasons. In the intermittent irrigation, soil was flooded
as in the continuous flooding system (0.10 m water
sheet), but the irrigation was suspended until the
water sheet was no longer visible, then the irrigation
was applied again. Four water applications were
carried out in 2007/08 growing season and only one
in 2009/10 growing season. In the flush irrigation,
0.02 m of water was applied three times, considering
climate and soil conditions, rice development, and rice
water requirement in 2009/10 growing season.

The rice plots (15 x 3.8 m) were separated by levees
built to isolate each irrigation system and to avoid
lateral infiltration and water transference among
treatments. Water sheet height was controlled daily
by a pre-installed gauge and irrigation was applied
automatically and independently in each plot. More
details about experimental units are described in
Martini et al. (2012). In 2007/08 growing season, rice
was cultivated in the conventional system and
sowing was carried out in November 08, 2007, using
120 kg ha-1 of IRGA 422 CL cultivar seeds. In 2009/
10 growing season, rice was cultivated in the no-
tillage system and sowing was carried out in October
13, 2009, using 105 kg ha-1 of IRGA 422 CL cultivar
seeds. Fertilization following CQFSRS/SC (2004)
recommendations was the same for all treatments
in both growing seasons.

Methane was sampled using the closed static
chamber method (Mosier, 1989). The chambers
consisted of a metallic square base (0.6 m side and
0.25 m high), a lid (0.6 m side and 0.2 m high), and
extensions (0.6 m side and 0.2 m high). The base was
placed 5 cm deep into the soil before flooding and
extensions were added as needed during plant
development. The lid had two fans to homogenize the
air inside the chamber and a digital thermometer to
record temperature. The lid was placed on the base
(or on extensions) just during sampling. The air inside
the chamber was extracted in different times after
flooding by a plastic 20 mL syringe at 5, 10, 15, 20
and 25 min after the lid was placed, throughout the
rice cycle.

Just after sampling, water sheet height and
temperature, air temperature, and rice plant height
were recorded. The CH4 concentration in air samples
was analyzed by gas chromatography with flame
ionization detector (FID) at 250 oC (Shimadzu GC-
2014 - model “greenhouse” equipped with three packed
columns operating at 70 oC, N2 as a carrier gas with
flow of 26 mL min-1, injector strap direct sampling of
1 mL). Methane flow was calculated by equation 1:

(1)

Where f is CH4 flow (µg CH4 m-2 h-1), Q is the
quantity of gas in the chamber at sampling (µg CH4/
chamber), P is the atmospheric pressure (atm) within
the chamber, which was assumed to be 1 atm, V is the
volume of the chamber (L), t is the sampling time, R is
the ideal gas constant (0.08205 mol atm L-1 K-1), and
T is the temperature (K) within the chamber at
sampling. The rate of gas concentration within the
chamber was obtained by a linear equation between
gas concentration and sampling time. 

Methane effluxes in each sample were given as daily
averages (Costa et al., 2008). Total CH4 emission of
rice cycle was estimated integrating the area under
the curve obtained by interpolation of the CH4 efflux
values from each sampling time during the
experiment (Gomes et al., 2009).

Soil solution was sampled along with CH4. To
enable soil solution sampling, a PVC pipe (20 cm long
and 2.5 cm diameter) covered with 80 µm pore
polyamide screen was buried 5 cm deep near the
chamber base before flooding. A second plastic pipe
(50 cm long and 0.3 cm diameter) was linked to it
allowing a plastic syringe (60 mL) to be connected
during soil solution sampling. Soil solution pH and
redox potential (Eh) were determined immediately
after sampling using portable potentiometers.

Plant height and grain yield data were also obtained
from Mezzomo (2009). The ratio between total CH4
emission and rice yield was calculated to obtain CH4
emission per kg of rice grain. Rainfall, average
temperature and solar radiation were obtained from
the UFSM weather station, no more than 1 km away
from the experimental site. Total methane emissions,
rice yield, methane emission per kg of rice grain and
plant height were submitted to variance analysis and,
when significant, Tukey test was applied (p < 0.01).

RESULTS AND DISCUSSION

In 2007/08 growing season, CH4 efflux started on
the 5th day after flooding (DAF) along with soil
reduction and continued rising until approximately
28 to 33 DAF (Figures 1a and 2a,b). This is because
labile C from soil organic matter (SOM) was used as
substrate by methanogenic bacteria (Cai et al., 1997).
In addition, rice was cultivated in conventional
system, which contributes to SOM decomposition,
increasing CH4 emission (Costa, 2005). The first CH4
efflux peak in continuous flooding (26.3 mg of CH4
m-2 h-1) was higher than intermittent irrigation
(19.0 mg de CH4 m-2 h-1). A second CH4 efflux peak
during flowering (near 67 DAF) was observed, but
there was no relevant difference between treatments
(31.1 mg of CH4 m-2 h-1 in continuous flooding and
35.3 mg of CH4 m-2 h-1 in intermittent irrigation)
(Figure 1a). Near flowering, high CH4 efflux probably
occurs due to the large root exudation serving as a
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source of carbon (C) (Wassmann & Aulakh, 2000). In
addition, at this stage, aerenchyma are fully mature
throughout the entire plant, working as continuous
channels transporting CH4 into the atmosphere. In
this condition, CH4 efflux would not be highly
dependent of irrigation managements if soil is reduced
(Wassmann & Aulakh, 2000). After flowering, a
constant decrease in CH4 efflux was observed for both
treatments until final sampling at 102 DAF (Figure
1a) due to the lack of conditions to produce CH4 caused
by the end of irrigation and plant senescence, when
labile organic C compounds are no longer released by
roots (Cai et al., 1997).

During 2007/08 growing season, water absence in
intermittent irrigation was observed four times at 17,
38, 56, and 83 DAF (Figure 1a). Less CH4 efflux was
also observed in this treatment between 33rd and 56th

DAF (Figure 1a), which is associated with changes in
soil solution pH and Eh values observed during this
time (Figure 2a,b). Towprayoon et al. (2005) and
Minamikawa & Sakai (2006) also observed irrigation
systems affecting soil electrochemical conditions in

rice fields, with high soil solution Eh when soil was
drained. In these conditions, methanogenic bacteria
reduce their activity and activity of CH4 oxidant
bacteria is stimulated, thus reducing CH4 emission
(Zhang et al., 2011).

In the 2009/10 growing season, CH4 efflux was
observed in the first sampling, probably due to high
rainfall during this period (Figure 1b), which enables
soil reduction before applying irrigation treatments.
As a consequence, the first CH4 efflux peak occurred
earlier (15 DAF) than in the 2007/08 growing season.
In general, the three treatments had similar behavior
on CH4 efflux during rice cycle. The high rainfall during
2009/10 growing season enabled similar soil
electrochemical conditions among irrigation treatments
(Figure 2c,d), which determines similar CH4 emission
(Figure 1b). Lower CH4 efflux peaks were also observed
in this 2009/2010 growing season when compared with
2007/08 growing season (Figure 1a,b). In the 2009/10
growing season, as a consequence of high rainfall, less
solar radiation, especially during rice flowering
(average of 474 cal cm-2 day-1), was observed (Figure
3), which affected plant photosynthetic activity and,
consequently, less C compounds from root exudation
were released for methanogenic bacteria (Aulakh et
al., 2001). Hence, less total CH4 emission was observed
in 2009/10 growing season than 2007/08 (Table 1),
which had more solar radiation during flowering period
(average of 499 cal cm-2 day-1). Minamikawa & Sakai
(2006), in a two-year field experiment found less CH4
efflux when there was high rainfall and low
temperature during the rice cycle. Consequently,
climatic conditions during rice cycle may determine
yield potential and total CH4 emission (Neue et al.,
1997; Wassmann et al., 2000; Minamikawa & Sakai,
2006).

The efficiency of alternative irrigation systems in
mitigating the CH4 efflux depends on how water
availability in the soil is controlled during the rice
cycle. In the absence of water, soil is oxygenated and
CH4 efflux is mitigated (Setyanto & Bakar, 2005;
Johnson-Beebout et al., 2009). However, climatic
conditions may affect soil moisture and suspending
irrigation alone may not be enough to promote soil
oxidation. In the 2007/08 growing season, La niña
phenomena was observed (CPTEC, 2011), with low
rainfall (564 mm). Low rainfall enabled four cycles of
intermittent irrigation, which influenced soil
electrochemical conditions and promoted 25 % less
total CH4 emission when compared with continuous
flooding (Table 1). Sass et al. (1992) observed that soil
drainage for two days was enough to reduce CH4
efflux. It was also observed by Johnson-Beebout et al.
(2009), who pointed out that the influence of
intermittent irrigation on CH4 efflux reduction occurs
when water absence is observed.

In the 2009/10 growing season, El niño phenomena
was observed (CPTEC, 2011), with high rainfall
during this period (1,411 mm). With the large amount

Figure 1. Methane efflux in different irrigation
systems (lines and symbols) and rainfall (top
bars) in each sample during 2007/08 (a) and 2009/
10 (b) growing seasons. Vertical lines indicate
standard mean deviation and arrows indicate
moments when water sheet is no longer visible.
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of rainfall, all the treatments remained flooded during
almost the entire rice cycle, because there was not
enough time between one rainfall event an the other
to reduce the amount of water in the field. For this
reason, the treatments had the similar soil
electrochemical conditions (Figure 2) and similar total
CH4 emission, regardless of irrigation systems (Figure
1b and Table 2). Wassmann et al. (2000) also observed

less or null effect of intermittent irrigation in growing
seasons with high rainfall. On the other hand,
growing seasons with high rainfall enable high water
efficiency use, helping rice production with use of less
natural resources (Bouman, 2001).

Rice yield and plant height were not significantly
different among irrigation systems in each growing
season (Table 1). Other authors also found similar

Figure 2. pH values (a) and (c), and Eh values (b) and (d) of the soil solution according to irrigation systems.
Vertical lines indicate standard mean deviation.

Irrigation system Growing season Yield(1) Total CH4 CH4 Plant height

kg ha-1 g kg-1 of rice grain cm

Continuous flooding 07/08   9,247ns  423.0a(2)  45.6a(2)   81.6ns

Intermittent irrigation 9,209 315.0b 34.2b 78.4

Continuous flooding 09/10   7,057ns 340.8ns    47.4ns    67.4ns

Intermittent irrigation 6,748 312.0ns 47.2 68.0

Flushing irrigation 6,443 322.9ns 51.6 66.8

Table 1. Rice yield, total methane emission, methane emission per rice grain production and plant height in
different irrigation managements in 2007/08 and 2009/10 growing seasons

(2) Different letters indicate significant differences among treatments by Tukey test (p < 0,01); ns: not significant. (1) Data from
Mezzomo (2009).
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results (Bouman & Tuong, 2001; Lima et al., 2003;
Setyanto & Bakar, 2005; Minamikawa & Sakai, 2006;
Bouman et al., 2007). Thus, alternative irrigation
systems to continuous flooding do not affect rice
production, but a precise water control and other crop
managements that affect rice yield, especially weed
control, are necessary. The quantity of CH4 emitted
per kg of rice grain was higher in continuous flooding
than in intermittent irrigation in 2007/08 growing
season, but no differences were observed among
irrigation treatments in 2009/10 growing season (Table
1), due to different climatic conditions. Hence, the
efficiency of alternative irrigation systems to continuous
flooding, such as intermittent irrigation, on CH4
emission mitigation also depends on climatic conditions.
In this sense, it is possible to produce rice with more
water use efficiency and less environmental impact
using different irrigation managements, but its effects
depend on climatic conditions in each growing season.

CONCLUSION

Intermittent irrigation is effective in mitigating
CH4 efflux in rice crops when climatic conditions
enable water absence during cultivation, but its

efficiency depends on the electrochemical soil
conditions during the flooding cycles.
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