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Abstract

Flooded rice fi elds are a large anthropogenic source of the greenhouse gas (GHG) methane (CH4). Aeration of the 
paddy fi eld can reduce methane emissions and at the same time save water. Diff erent forms of water saving tech-
niques (WST), e.g. alternate wetting and drying (AWD) and midseason drainage (MSD), have been developed and 
disseminated. Th is article gives an overview on adoption of AWD in the Philippines and assesses prospects and 
constraints. It also explains the Clean Development Mechanism (CDM) methodology for rice production and ana-
lyses the mitigation potential of WST in the form of a literature review.

Th e adoption rate of AWD strongly depends on the incentive for the farmer. While direct monetary incentives 
are limited to areas where saving water is directly linked to reduced costs (e.g. pump irrigation systems), indirect 
incentives (e.g. improved crop development) have not yet been scientifi cally assessed. Th e literature meta-analysis 
proves the great mitigation potential of WST. Methane emissions can be reduced by an average of 36.5% with a 
single drainage and by 43% with multiple aerations. Nitrous oxide emissions increase under all WST but this 
increase does not off set the reduction in CH4 emissions. Th is study also shows that the amount of GHG emissions 
can vary drastically between diff erent regions. Th is poses a challenge for the transfer of mitigation strategies from 
one region to another.

12.1 Water-saving Strategies

12.1.1 Principles of alternate wetting and 
drying and midseason drainage

Producing rice with less irrigation water 
requirements has been one of the core 
research objectives of natural resource man-
agement at IRRI and other research institu-
tions. Midseason drainage is one strategy 
that has been widely adopted in China and 

Japan over the past decades. Th e principle is 
to expose the rice fi eld to a dry period of 
about 7 days towards the end of the vegeta-
tive stage. Although water saving might be 
low under this strategy, grain yield tends to 
increase (Th ompson, 2006) due to suppres-
sion of unproductive tillers, which translates 
to a higher water use effi  ciency.

While previous in-depth research 
focused on the identifi cation of thresholds 
for reducing water use without  compromising 
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rice yield, this work has developed into a 
concise water-saving technology for rice 
farmers in irrigated lowlands called ‘alter-
nate wetting and drying’ (AWD) starting in 
the early 2000s (Bouman et  al., 2007). Th e 
term AWD has been coined at IRRI and is 
synonymous with a variety of terms, such as 
controlled or intermitted irrigation as well 
as multiple aeration, that are used to 
describe alternatives to farmers’ conven-
tional practice of continuous fl ooding (CF). 
Th e intervals of non-fl ooded conditions 
from 1 day to more than 10 days depend on 
soil type and weather. In this technology, 
the farmers are taught to monitor the depth 
of the water table in the fi eld using a perfo-
rated water tube that is inserted into the soil 
(Lampayan et al., 2013). Th e practice which 
commences at 1 to 2 weeks after transplant-
ing involves draining the fi eld until the water 
level reaches 15 cm below the soil surface 
after which the fi eld is re-fl ooded to a depth 
of around 5 cm. Th is irrigation scheme is 
done throughout the cropping season except 
during the fl owering stage. Th e threshold of 
water at a 15 cm level below soil surface is 
called ‘safe AWD’, as this will not cause any 
yield decline because the roots of the rice 
plant will still be able to capture water from 
the saturated soils (Lampayan et al., 2009). 
Th e AWD technology can reduce the number 
of irrigations signifi cantly compared to 
farmer’s practice, thereby lowering irriga-
tion water consumption by 15–30%.

Adoption of alternate wetting and drying

Estimating the number of adopters of AWD 
is diffi  cult. For the Philippines, the best esti-
mation based on survey responses from 
national institutions is that around 100,000 
farmers have adopted AWD (Lampayan, 
2013). Th is number is based on the number 
of trainings and demonstration trials in dif-
ferent regions and the level of involvement 
of farmers and promotion of the technology. 
However, response may vary from those 
who practised AWD in the Philippines, e.g. 
in Canarem (Tarlac Province) the majority of 
the farmer-cooperators had positive feed-
back about the eff ectiveness of AWD as a 
water-saving technology as follows: (i) no 

yield diff erence with farmer’s practice of 
continuous fl ooding; (ii) saves water; (iii) 
saves time and labour, thus, less expensive; 
(iv) heavier and bigger grains, and good 
shape; (v) more tillers; and (vi) less insect 
pests and diseases (Palis et al., 2004).

Another example of AWD practised in 
the Philippines was in Bohol Island. In the 
face of declining rice production due to 
insuffi  cient water supply and unequal water 
distribution, NIA (the National Irrigation 
Association of the Philippines) established 
the Bohol Integrated Irrigation System 
(BIIS) with: (i) the construction of a new 
dam (Bayongan Dam); and (ii) the imple-
mentation of AWD, which was imposed on 
the whole island by periodic water supply. 
Th e adoption of AWD facilitated an opti-
mum use of irrigation water, so that the 
cropping intensity increased from ca. 119% 
to ca. 160% (related to the maximum of 
200% in these double-cropping systems) 
(UNFAO, 2010).

Th e adoption of AWD strongly depends 
on the incentive for the farmer. In many 
parts of the Philippines, this incentive is 
directly linked to the irrigation system. In a 
pump system where farmers can achieve 
direct fi nancial savings due to reduced diesel 
use for pumping under AWD, it is easily 
adopted and properly implemented. In irri-
gation systems where farmers pay seasonal 
fees independent of the actual water usage 
as currently employed in most of NIA- 
serviced areas, farmers were found to be 
reluctant to use water-saving techniques 
and AWD was not carried out properly.

With the development and improve-
ment of irrigation canals by NIA as part of 
their nationwide medium-term plan, the use 
of pumps would become gradually less 
important. In turn, this – genuinely positive 
development – may decrease the incentive 
to adopt AWD as long as there are no policies 
from the local government units on water 
savings to support the practice of AWD by 
other means. As one example, adoption of 
meter-based (volumetric consumption-
based) water rates instead of fi xed area-
based rates would promote practices of 
water saving. Volumetric pricing of irriga-
tion water should induce incentive for better 
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collective action toward saving water 
resources, than does area-based pricing in 
which marginal cost of using water is zero 
(Tsusaka et al., 2012).

Potential and constraints

In the perception of farmers, AWD means 
inadequate soil-water during the dry period, 
thus carries the risk of drought stress to the 
crop. However, studies have shown that 
thoroughly implemented AWD, specifi cally 
‘safe AWD’, does not lead to any yield 
declines because the roots of the rice plant 
can still capture enough water. Flooding of 
soils over many years triggers the develop-
ment of a hardpan at 15–30 cm depth which 
acts as a mechanical barrier for roots and 
water. Although this sealing may not be 
complete in terms of percolation losses, it 
reduces seepage so that roots can acquire 
enough water even after several days with-
out surface water. It is diffi  cult to convince 
farmers that the absence of standing water 
does not automatically imply absence of soil 
water. Th us, the perforated tube serves a 
dual purpose: (i) measuring the water table 
below the soil surface; and (ii) acting as 
visual assurance to the farmer that the roots 
still have access to water at the subsurface. 
One requirement for successful dissemina-
tion of AWD, however, is a reliable irrigation 
source to enable farmers to irrigate when-
ever it is needed. If irrigation water is scarce 
sometimes and farmers cannot be sure to 
have suffi  cient water, they would prefer to 
irrigate soon and not wait for a recom-
mended level of drainage to avoid possible 
drought stress.

Another barrier for adoption of any 
water-saving strategy by farmers within a 
wider irrigation system is the physical sepa-
ration of adopter and benefi ter. Farmers 
near the source of irrigation water 
(‘upstream farmers’) who have the potential 
of saving water have no need to save water. 
It is the farmers who are far from the irriga-
tion source (‘downstream farmers’) who 
would benefi t from water saving because 
those farmers potentially face water scarcity 
but, as a result, have not much potential to 
save water themselves.

On the positive side, there is anecdotal 
evidence through farmers’ claims that prac-
tising AWD not only saves water but also 
increases rice yields. Th is observation may 
be the exception rather than the rule but it 
should be followed up for further improving 
the attractiveness of AWD. Several potential 
mechanisms have been reported as a means 
to increase yields under AWD but this needs 
further investigation:

 • lodging resistant culms;
 • profuse tillering;
 • reduced pests and diseases; and
 • better soil conditions at harvest.

Even if the practised AWD management 
is ‘slightly unsafe’, i.e. the water level drops 
below 15 cm below soil surface and yields 
slightly decrease, the economic yield tends 
to be higher in AWD (Sibayan et  al., 2010) 
because the cost of irrigation has decreased 
(in pump systems).

Water savings and greenhouse gas emission

Moreover, AWD technology has a proven 
potential to mitigate CH4 emission. Meth-
ane is a potent GHG with a global warming 
potential (GWP) of 25 (IPCC, 2006), which 
means that it is 25 times more eff ective in 
trapping heat inside the Earth’s atmosphere 
than CO2. Cultivated wetland rice soils emit 
signifi cant quantities of CH4 (Smith et  al., 
2008). Methane is produced anaerobically 
by methanogenic bacteria, which thrive well 
in paddy rice fi elds. Hence, flooded rice fields 
are a large source of CH4 emissions contrib-
uting about 10–14% of total global anthro-
pogenic CH4 emissions. Because periodic 
aeration of the soil inhibits CH4-producing 
bacteria, AWD can reduce CH4 emissions. 
Various studies on GHG emissions under 
AWD and other water-saving strategies have 
been conducted to quantify the mitigation 
potential of those water management strat-
egies. Th e results will be further discussed in 
Section 12.3.

Th e capability of AWD to reduce CH4 
emissions is also refl ected in the IPCC meth-
odology (IPCC, 2006) which is used for com-
puting GHG emissions in the ‘National 
Communications’ submitted by countries to 
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the UNFCCC. ‘Multiple aeration’, the cate-
gory AWD falls in, is presumed to reduce CH4 
emissions by 48% compared to continuous 
fl ooding of rice fi elds (IPCC, 2006). A single 
aeration of the fi eld, commonly referred to as 
‘midseason drainage’, reduces CH4 emissions 
by 40%, as IPCC guidelines suggest.

However, AWD adoption may also have 
pitfalls in terms of higher emissions of 
nitrous oxide (N2O), a GHG even more 
potent than CH4 with a GWP of 298 (IPCC, 
2006). Nitrous oxide emissions are generally 
very low to negligible in continuously 
fl ooded systems, so that the IPCC guidelines 
assign a lower emission factor to rice as com-
pared to non-fl ooded crops. Under water-
saving strategies, N2O emissions tend to 
increase due to increased nitrifi cation and 
denitrifi cation activities with the soil condi-
tions constantly changing between anaero-
bic and aerobic and related changes in the 
redox potential. Data on N2O emissions 
under diff erent water management regimes 
is limited and varies drastically as discussed 
in Section 12.3. Th e available data, however, 
suggest that the incremental N2O emission 
through AWD is insignifi cant as long as the 
N fertilization remains within a reasonable 
range. Th us, the combination of AWD with 
effi  cient fertilization techniques, such as 
Site-Specifi c Nutrient Management, is the 
best way to avoid excessive N levels in the 
soil and thus, negative trade-off s in terms of 
mitigation potentials.

12.2 Clean Development Mechanisms

12.2.1 Defi nition and criteria

Th e CDM is one of the fl exibility mecha-
nisms introduced by the Kyoto Protocol (KP) 
in 1997. It is a project-based mechanism of 
emissions trading involving non-Annex 1 
parties (developing countries) that do not 
have any stipulated obligation to reduce 
their GHG emissions. Th e idea behind this 
cooperative mechanism is that reduced GHG 
emissions will slow global warming – irre-
spective of the location of the savings. 
Annex 1 (industrialized) countries can take 

advantage of a CDM project implemented in 
a developing country by purchasing Certi-
fi ed Emission Reduction Units (CERs) to 
meet their targets or emission caps. Th is 
mechanism adds more choices and fl exibility 
to comply with the targets and off ers eco-
nomically sound solutions. Th e non-Annex 1 
countries in turn receive capital for invest-
ments in projects and clean technologies to 
reduce their emissions and enhance socio-
economic well-being.

Th us, the CDM has two key goals: (i) to 
promote sustainable development (SD) 
objectives in the host country (i.e. non-
Annex 1 countries); and (ii) to assist Annex 
1 parties to meet their GHG reduction tar-
gets. A CDM project activity in a non-Annex 
1 country produces certifi ed emission reduc-
tions that can be used towards partial com-
pliance of their emission reduction targets.

According to Section 12.5 of the KP, a 
CDM project has to satisfy the following cri-
teria: (i) parties involved in the project activ-
ity do so voluntarily and both approve the 
project; (ii) the project must produce real, 
measurable and long-term benefi ts to the 
mitigation of climate change; and (iii) the 
emission reductions should be additional to 
any that would occur without the project 
activity (commonly known as the ‘addition-
ality’ criterion).

Moreover, article 12.2 of the KP states 
that the purpose of the CDM is to assist non-
Annex 1 parties in achieving SD. Th is is inter-
preted to suggest that the project activities 
should be compatible with the SD require-
ments of the host country. However, neither 
the KP nor the subsequent Conference of 
Parties (COPs) have provided guidance on 
defi ning sustainability, leaving the decision 
to the host countries. COP 7 in Marrakech in 
2001 stipulated that all participating coun-
tries have to establish a ‘Designated National 
Authority’ (DNA) to assess if any CDM pro-
posal complies with their own sustainability 
criteria (Bhattacharyya, 2011). Figure 12.1 
gives an overview over the application and 
approval process of a CDM project.

However, applying CDM projects in rice 
production faces many challenges. Th e Bohol 
case (see ‘Adoption of alternate wetting and 
drying’ above) is an example of water 
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savings possessing new technologies that 
increase the income of poor farmers while 
decreasing GHG emissions. Yet, it is not eli-
gible for CDM because of missing addition-
ality, i.e. AWD was introduced for the 
purpose of water saving without the incen-
tive of CER generation and would have been 
introduced even if no GHG saving would 
have been achieved.

12.2.2 The rice clean development 
mechanism methodology

Th e eligibility of projects reducing in situ 
emissions from land use such as CH4 

 emissions from rice remains intricate (Was-
smann, 2010). However, in 2011 a CDM 
methodology for ‘Methane emission reduc-
tion by adjusted water management practice 
in rice cultivation’ was approved by the 
UNFCCC (2012). Th e methodology has been 
modifi ed and is in its third version since 
August 2012. It now defi nes default CH4 
emission reduction values for diff erent man-
agement practices in rice production. For 
applying AWD, for example, a reduction of 
1.8 kg CH4 ha−1 day−1 can be claimed under a 
certifi ed CDM project. Th is translates to a 
saving of 4.5 t CO2-eq ha−1 season−1 assum-
ing a 100-day growing period (GWP 
(CH4) = 25) or 4.5 CERs.
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Fig. 12.1. Schematic presentation of the CDM Pipeline (Meth, methodology; Design. Nat. Authority, 
Designated National Authority; Docum., document).
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12.3 Literature Review

For this study we have surveyed peer-
reviewed articles on CH4 and N2O emissions 
under diff erent water management tech-
niques in rice fi elds. Th e objective was a 
proof of concept as to what extent water 
management can be used to mitigate GHG 
emissions from rice fi elds. Using an online 
search engine for scientifi c literature, ISI 
Web of Knowledge, we identifi ed 24 articles 
on fi eld measurements encompassing GHG 
emission changes as a function of water 
management of a rice fi eld. Th e initial num-
ber of results of the search was much higher, 
but many articles on this topic reported 
mechanistic studies without comparative 
emission rates under diff erent water man-
agement strategies. Th ese 24 articles com-
piled a total number of 96 experimental 
comparisons, i.e. one comparison corre-
sponds to one season with adjacent fi eld 
plots of CF and WST, which can be either 
multiple aeration (MA) or single aeration 
(SA). Th ese two WST include AWD and mid-
season drainage, respectively, as their most 
common forms. Moreover, we also included 
three articles on pot experiments that emu-
lated diff erent water management practices; 
these articles encompassed four compari-
sons between CF and WST. For comparing 
relative emission diff erences between CF 
and WST, the pot experiments were included 
in the analysis. For a comparison of absolute 
emission diff erences, however, pot experi-
ments were excluded because of the diff er-
ent environmental eff ects of ‘fi eld’ and 
‘greenhouse’. To assess the eff ect of diff erent 
kinds of WST, these 106 comparisons were 
further classifi ed according to two types of 
WST: SA and MA.

12.3.1 Results

Th e emission rates obtained from the diff er-
ent publications are shown in Tables 12.1–
12.4 separated by countries/regions (for 
fi eld measurements) and in Table 12.5 for 
the pot experiments. In these tables – as 
well as in the narrative – percentages given 

are relative GHG emissions of an applied 
WST as compared to a continuously fl ooded 
(CF) fi eld (e.g. a relative emission of 60% 
shown in these tables translates into a 
reduction eff ect of 40%). We recognize that 
many readers will primarily be interested in 
the reduction eff ect, but we felt that the con-
sistent use of relative emission rates will 
provide a more comprehensive presenta-
tion. In some instances in the text, we have 
given absolute values for reduction in units 
of kilograms per hectare per day.

Th ese tables list emission rates per day 
as well as per season. Typically, the articles 
provided only one of these values, but we 
computed the corresponding value by using 
the number of days for one season, which 
was also obtained from the article. In some 
articles, emission rates were given as hourly 
rates and we multiplied it with a factor of 24 
for daily emissions (assuming that hourly 
values provide daily averages).

Th e articles on fi eld comparisons were 
sorted according to the location of the 
experiments into fi ve groups: China (Table 
12.1), India (Table 12.2), Japan and South 
Korea (Table 12.3) and Indonesia and the 
Philippines (Table 12.4).

As an initial observation, the published 
studies from South-east Asia are older than 
10 years, whereas many studies were con-
ducted in India, China and Japan in more 
recent years. Emission rates from rice fi elds 
in India are much lower than from other parts 
of Asia, i.e. only 10% of the emission rates 
observed in fi eld studies in China, Japan and 
South Korea. One exception is the study by 
Yue et al. (2005) that reports emissions from 
a CF fi eld in China as low as 24.8 kg CH4 ha−1 
season−1, but the authors explain the low 
emission by very low soil temperature in the 
region of the experiment.

Methane emissions

In total, 19 articles report comparative CH4 
emissions from a continuously fl ooded fi eld 
or pot with a fi eld/pot under MA 
management.

Relative CH4 emissions in the MA plots 
as given in these 19 articles (compiling 60 
experimental observations) were found in 
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Table 12.1. Compilation of fi eld studies on GHG emissions as affected by water-saving techniques 
conducted in China.

Methane Nitrous oxide

EF under 
CF

rel. CH4 
emission

EF under 
CF

rel. N2O 
emission

Citation Location

kg ha−1 
season−1 
(kg ha−1 
day−1)

MA 
(%)

SA 
(%)

g N ha−1 
season−1 
(g N ha−1 

day−1)
MA 
(%)

SA 
(%) Remarks

Zhang et al. 
(2012)

China, Jiangsu 185 (1.48) 30.89

Wang et al. 
(2012)

China, Jiangsu 221 (1.77) 33.89 160 (1.28)  137.5
278 (2.22) 22.89 550 (4.40)  123.6
548 (4.38) 38.99 130 (1.04)  153.8
515 (4.12) 52.79 280 (2.24)  121.4

Qin et al. (2010) China, Jiangsu 127 (1.04) 43.89 180 (1.48)  194.5
105 (0.88) 41.09  50 (0.42) 1390.5

Jiao et al. (2006) China, Liaoning 230 (1.56) 75.77 296 (2.00) 123.72 4 aerations
Yue et al. (2005) China, Liaoning24.8 (0.20) 67.74 382 (3.05) 133.33 2 aerations, low 

soil temperature
Zou et al. (2005) China, Jiangsu  85 (0.72) 35.29  60 (0.51) 2583.3

220 (1.86) 64.09  30 (0.25) 4766.7
Wang et al. 

(2000)
China, Beijing 503 (3.73) 41.29 76.59 Automated system

Lu et al. (2000) China, Zheijang 565 (4.25) 38.99 56.19 Automated system
Wang et al. 

(1999)
China, Beijing 748 (7.48) 41.69

145 (1.18) 74.69 Automated system

EF, emission factors given per season and per day, respectively; CF, continuous fl ooding; MA, multiple aeration; SA, 
single aeration.

Table 12.2. Emission factors of methane and nitrous oxide under continuous fl ooding and relative emis-
sions under multiple aeration (MA) from different studies in India.

Methane Nitrous oxide

Citation Location

EF under CF kg 
ha−1 season−1 
(kg ha−1 day−1)

rel. CH4 
emission 
MA (%)

EF under CF g 
N ha−1 season−1 
(g N ha−1 day−1)

rel. N2O 
emission 
MA (%) Remarks

Khosa et al. 
(2011)

India, 
Punjab

62.3 (0.53) 46.4
36.8 (0.31) 36.2

Pathak et al. 
(2002, 2003) 

India, New 
Delhi

24.3 (0.27) 34.2 323 (3.63)  95.0 N2O reported 2002, 
CH4 reported 2003, 
rice/wheat system

28.1 (0.32) 52.0 735 (8.26) 126.4
45.4 (0.51) 61.0 593 (6.66) 120.4
20.2 (0.23) 47.5 483 (5.43) 111.8

Adhya et al. 
(2000)

India, 
Cuttack

15.7 (0.16) 84.6 Automated system
30.5 (0.32) 75.0

Jain et al. 
(2000)

India, New 
Delhi

39.8 (0.41) 81.4
34.8 (0.37) 86.2
22.7 (0.23) 42.8
 .23 (0.23) 77.8
16.6 (0.17) 78.0
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the range between 19.9% and 86.2% of the 
emissions of the corresponding CF plot. Th e 
arithmetic mean is 56.9% (CV: 36%). For 
single aeration, a total of 40 experiments in 
13 articles were identifi ed. One out of four 
fi eld comparisons in Wassmann et al. (2000) 
was disregarded for this analysis because of 
non-achievement of the drainage. Th e rela-
tive CH4 emissions of the remaining 40 
experiments varied between 17.9% and 
152.6% with an arithmetic mean of 63.5% 
(CV: 47%) compared to a continuously 
fl ooded paddy fi eld/pot.

Th e absolute CH4 reduction (in kilo-
grams per hectare per day) has also been 
assessed for SA and MA. For this 

assessment, however, only fi eld experiments 
were considered as explained above. Figures 
12.2 and 12.3 show the absolute CH4 emis-
sions (in CO2-equivalents) of CF and WST 
fi elds for SA and MA, respectively. For fur-
ther analysis of the absolute mitigation 
potential, only fi eld experiments with sea-
sonal emissions of 80 kg CH4 ha−1 or more 
were considered because low-emission fi elds 
might not give potential for further emis-
sion reduction. For all 42 fi eld experiments 
on MA, the arithmetic mean of CH4 reduc-
tion was 1.26 kg ha−1 day−1 with a CV of 
69%. For SA the arithmetic mean of reduc-
tion of the 26 fi eld experiments was 1.15 kg 
CH4 ha−1 day−1 (CV: 94%).

Table 12.3. Compilation of fi eld studies on CH4 emissions as affected by water saving techniques con-
ducted in Japan and South Korea (no studies comparing N2O emissions from this region could be identi-
fi ed; abbreviations, see Table 12.1).

Methane

EF under CF rel. CH4 emission

Citation Location

kg ha−1 
season−1 (kg 
ha−1 day−1) MA (%) SA (%) Remarks

Itoh et al. (2011) Japan, Nagaoka 307 (2.38) 48.19
318 (2.50) 25.59
662 (5.25) 977.0

1044 (8.92)9 968.7
Japan, Koshi 965 (0.58) 938.0

952 (0.44) 102.6
Japan, 

Minamisatsuma
270 (2.48) 129.6 Average of 3 observations

Minamikawa and 
Sakai (2006)

Japan, Tsukuba 139 (1.03) 947.3
142 (1.06) 51.44
227 (1.79) 30.77
252 (1.98) 25.60 Aeration after EH control

Yagi et al. (1996) Japan, Ryugasaki 148 (1.19) 58.31
94.9 (0.65). 54.58 Automated system

Kwun et al. (2003) S. Korea, Milyang 503 (4.70) 85.19 Assumed growth period: 107 days
Park and Yun 

(2002)
S. Korea, Suwon, 

Iksan, Milyang
257 (2.40) 62.59 Average of 7 observations, 

assumed growth period: 107 days
599 (5.60) 64.39 Average of 5 observations, 

assumed growth period: 107 days
396 (3.70) 62.29 Average of 3 observations, 

assumed growth period: 107 days
289 (2.70) 63.09 Average of 4 observations, 

assumed growth period: 107 days
175 (1.40) 81.89 Average of 4 observations, 

assumed growth period:125 days
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Nitrous oxide emissions

Only nine diff erent studies comprising 23 
experiments could be identifi ed that mea-
sured N2O emissions from rice fi elds under 

diff erent water management practices. N2O 
emissions were generally higher under 
water-saving strategies as compared to con-
tinuously fl ooded fi elds. However, the 

Table 12.4. Compilation of fi eld studies on GHG emissions as affected by water saving techniques 
conducted in Indonesia and the Philippines (abbreviations, see Table 12.1).

Methane Nitrous oxide

EF under 
CF

rel. CH4 
emission

EF under 
CF

rel. N2O 
emission

Citation Location

kg ha−1 
season−1 
(kg ha−1 
day−1)

MA 
(%)

SA 
(%)

g N ha−1 
season−1 
(g N ha−1 

day−1)
MA 
(%)

SA 
(%) Remarks

Suratno et al. 
(1998)

Indonesia, 
West Java

249 (1.98) 134.94 Water level down to 
‘0 cm’ only; assumed 
growth periods of 91 
days and 112 days, 
respectively

254 (2.02) 158.10
514 (4.08) 95.28
622 (4.93) 143.41
716 (5.69)  78.69
713 (5.66) 117.84

Husin et al. 
(1995)

Indonesia, 
West Java

437 (3.06) 43.1
381 (2.95) 61.7

Corton et al. 
(2000)

Philippines, 
Nueva 
Ecija

 89 (0.91) 57.1 Automated system
 75 (0.73) 63.0
348 (3.75) 92.5
272 (3.23) 55.1

Wassmann 
et al. (2000)

Philippines, 
Laguna

251 (2.51)  17.93 Automated system
 35 (0.35)  31.43
 10 (0.10)  80.00
 28 (0.28) 121.43 Rain in SA, no drainage

Bronson et al. 
(1997)

Philippines, 
Laguna

17.3 (0.20). 38.5 259 (3.05) 246.33Automated system
371 (4.36) 57.2  28 (0.33) 589.29

Table 12.5. Compilation of pot studies on GHG emissions as affected by water saving techniques 
(abbreviations, see Table 12.1).

Methane Nitrous oxide

EF under 
CF rel. CH4 emission

EF under 
CF rel. N2O emission

Citation Location
kg ha−1 

season−1 MA (%) SA (%)
g N ha−1 
season−1 MA (%) SA (%) Remarks

Katayanagi et al. 
(2012)

Philippines, 
Laguna

1580.7 27.21 10.19 32,476.2

Minamikawa and 
Sakai (2005)

Japan, 
Tsukuba

13531. 19.91 55.61 Int. irrigation only 
after 81 DAT19261. 29.71 69.51

Mishra et al. 
(1997)

India, 
Cuttack

43.80 59.65 BL: 6.393 mg 
pot−1 day−1
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variation of the results was also higher than 
for CH4 results.

For multiple aeration, 12 experiments 
were analysed and the arithmetic mean of 
the relative N2O emissions was found to be 
120% (CV: 19%) compared to CF. For SA, 11 
relevant experiments were found and the 
relative N2O emissions were between 121% 
and 4767% with an arithmetic mean of 
907% (CV: 171%) as compared to a CF refer-
ence fi eld. Th e high coeffi  cient of variation is 
mainly caused by results of one study (Zou 
et  al., 2005) that reports very high N2O 
emission increases for SA. Due to this fact, it 
might be more meaningful to use another 
statistical measure, namely the median, 
which is 176% for relative N2O emissions 
under SA. Th e median for relative N2O emis-
sions under MA is 122%.

Global warming potential

Only seven fi eld studies were identifi ed mea-
suring both CH4 and N2O emissions, as 

aff ected by diff erent water management 
strategies (Fig. 12.4). In all of the studies, 
CH4 emissions decrease under WST while 
N2O emissions increase. Th e total GWP, 
however, decreases in all of them (between 
18% and 59%). Th e contribution of N2O to 
the total GWP of continuously fl ooded fi elds 
is between 0.6% and 2.4% for the fi ve stud-
ies with a GWP higher than 1 t CO2-eq ha−1 
season−1. For the other two studies with a 
very low GWP, Yue et al. (2005) and Pathak 
et  al. (2002, 2003), contribution of N2O is 
22% and 25%, respectively. In the WST 
plots, the contribution of N2O increased 
from 3.8% to 6.4% for Bronson et al. (1997), 
Jiao et al. (2006), Qin et al. (2010) and Wang 
et al. (2012), to 25% for Zou et al. (2005) and 
to 36% and 44% for Yue et  al. (2005) and 
Pathak et al. (2002, 2003), respectively. Th e 
increase of N2O emissions by switching from 
CF to WST, however, in all the studies 
(except Zou et al., 2005) is between 17% and 
180%, while Zou et  al. report an N2O 
increase of 3300%.

Fig. 12.2. Methane emissions from studies comparing continuous fl ooding (black) and single aeration 
(grey). Values are arithmetic means of all experiments in the respective article. GWP (CH4) = 25.
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Taking the average of all these seven 
studies, the GWP decreases from 4.2 t CO2-
eq ha−1 season−1 under CF to 2.4 t CO2-eq 
ha−1 season−1 under a WST with the contri-
bution of N2O increasing from 3% to 11%.

12.3.2 Discussions

Derived from this meta-analysis, fi eld drain-
age in irrigated rice production can be 
deemed a promising mitigation option with 
the potential to substantially reduce GHG 
emissions. Although N2O emissions increase 
under WSTs, this increase does not off set 
the reduction in CH4 emissions.

Th e CH4 reduction potentials of SA and 
MA are at similar levels – which is a some-
how unexpected result. SA was found to 
reduce CH4 emissions by 36.5% on average, 
MA by 43.1%. Th e explanation for this could 
be how the drainage is carried out in detail. 
In studies with only one dry period in the 

growing season, this drainage might be exe-
cuted more accurately and maybe even lon-
ger (i.e. a lower water level) than the 
drainages in studies on MA. Hence, this one 
dry period would have a higher mitigation 
eff ect than one dry period in a fi eld managed 
under MA. Also, the stronger increase of 
N2O emissions in SA (median: 176%) than 
in MA (median: 122%) supports this 
hypothesis.

Furthermore, CH4 emissions tend to 
increase slowly in the beginning of the 
growth period. Th e highest fl ux rates are 
found towards the middle of the season 
(Yagi et  al., 1996; Hou et  al., 2000). Th us, 
practising a WST in the beginning of the sea-
son has a lower mitigation eff ect than prac-
tising it around the middle of the season. 
After a dry period, CH4 fl ux only slowly 
increases again (Cai et al., 1997).

Th e relative CH4 emission levels of plots 
treated with SA and MA, respectively, as 
assessed in this literature study are in good 
agreement with what the IPCC suggests 

Fig. 12.3. Methane emissions from studies comparing continuous fl ooding (black) and multiple aeration 
(grey). Values are arithmetic means of all experiments in the respective article. GWP (CH4) = 25.
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using the default values given in its 2006 
guidelines (IPCC, 2006). For SA the IPCC 
guidelines recommend a ‘scaling factor’ of 
0.6, i.e. a relative CH4 emission level of 60% 
compared to continuous fl ooding. Th e aver-
age emission level for SA as found in this 
study is 63.5%. For MA, the IPCC suggests a 
default scaling factor of 0.52 (i.e. relative 
CH4 emissions in a MA fi eld are 52% of those 
in a CF fi eld) while the average emissions as 
assessed in this study are 56.9%. It should 
be noted that the IPCC scaling factors were 
also founded on a literature survey that 
probably in large parts is included in this 
study. But this analysis shows that the IPCC 
factors still represent good default means 
even if articles from after 2006 are included 
in the assessment.

Comparing the absolute values of CH4 
reduction as found in the available litera-
ture with what the CDM methodology for 
rice production gives as standard values, it 

can be said that for both practices, SA and 
MA, the CDM standard values are higher 
than was found in the available literature. 
Th e CDM methodology suggest a reduction 
of 1.8 kg CH4 ha−1 day−1 for shifting to 
intermittent fl ooding with MA and the 
arithmetic mean of CH4 reduction as found 
in the literature is 1.26 kg ha−1 day−1. For 
midseason drainage, the CDM methodol-
ogy suggests a reduction of 1.5 kg CH4 ha−1 
day−1 while the arithmetic mean of all liter-
ature fi ndings for SA is 1.15 kg CH4 ha−1 
day−1.

Th e share of N2O emissions to the total 
GWP is higher under an applied WST than 
under continuous fl ooding. Nitrous oxide 
contributions under both management 
strategies, CF and WST, are generally below 
10% except when CH4 emissions are very 
low as e.g. found in India. Only in one study 
(Zou et  al., 2005) did N2O emissions 
exceeded 0.3 t CO2-eq ha−1 season−1.

Fig. 12.4. Global warming potential of different water management practices as derived from articles 
comparing both methane and nitrous oxide emissions. Values are arithmetic means of all experiments in 
the respective article. GWP (CH4) = 25, GWP (N2O) = 298 (CF, continuous fl ooding; SA, single aeration; 
MA, multiple aeration).
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12.4 Conclusions

AWD and MSD as representative forms of 
MA and SA, respectively, are potent mitiga-
tion options for irrigated rice production 
systems. Th e average relative CH4 emission 
under SA and MA are at similar levels 
according to the fi ndings in this literature 
study. Th is could have implications on the 
dissemination of water-saving strategies as 
mitigation options. Farmers adopt the AWD 
technology primarily because of the water 
saved, yet maintained yields. While in areas 
with pump irrigation AWD is easily adopted 
because of the direct monetary pay-out, in 
areas with improved canal irrigation facili-
ties with more than adequate water supply 
farmers are more reluctant to adopt AWD. 
Instead of introducing AWD, which might 
require more eff ort for a farmer to accu-
rately practise and could be considered as 
too harsh with its alternating dry phases 
(thus, has a high adoption barrier), the 
entry point in those areas could be a single 
MSD. Th e mitigation potential of MSD is 
similar to AWD but it only requires water 
control during approximately 1 week of the 
growth period. Th us, farmers might be more 
willing to adopt this water management 
strategy and might even practise it more 
accurately. After adoption of MSD, introduc-
tion of AWD could follow. Th e clean develop-
ment mechanism may serve as additional 
incentive if properly coordinated. Aside 
from this, it is important that other indirect 
benefi ts from AWD (e.g. less crop lodging, 
reduced pest damage, better soil conditions) 
are further explored and scientifi cally 
validated.

Th is study further shows that the IPCC 
scaling factors represent good average val-
ues according to the articles analysed. 
However, CH4 emissions are very low in 
India compared to other parts of Asia (e.g. 
China or Japan), which shows that disag-
gregation for any mitigation strategies is 
important. Moreover, this fi nding shows 
limits for the transfer of any mitigation 
option from one region to another. Assess-
ment of region-specifi c characteristics is 
necessary.

Acknowledgement

B.O. Sander thanks GIZ (Deutsche Gesell-
schaft fuer Internationale Zusammenarbeit) 
and CCAFS (the CGIAR Research Program 
on Climate Change, Agriculture and Food 
Security) for funding his position at IRRI in 
2012 and 2013, respectively.

References

Adhya, T.K., Bharati, K., Mohanty, S.R., Ramakrish-
nan, B., Rao, V.R., Sethunathan, N. and Was-
smann, R. (2000) Methane emission from rice 
fi elds at Cuttack, India. Nutrient Cycling in Agro-
ecosystems 58, 95–105.

Bhattacharyya, S. (2011) The Clean Development 
Mechanism. In: Bhattacharyya, S. (ed.) Energy 
Economics: concepts, issues, markets and gov-
ernance. Springer, London.

Bouman, B.A.M., Lampayan, R.M. and Tuong, T.P. 
(2007) Water Management in Irrigated Rice: 
Coping with Water Scarcity. International Rice 
Research Institute, Los Baños, the Philippines.

Bronson, K.F., Neue, H.-U., Singh, U. and Abao, 
E.B. (1997) Automated chamber measurements 
of methane and nitrous oxide fl ux in a fl ooded 
rice soil: I. Residue, nitrogen, and water man-
agement. Soil Science Society of America Jour-
nal 61, 981–987.

Cai, Z., Xing, G., Yan, X., Xu, H., Tsuruta, H., Yagi, 
K. and Minami, K. (1997) Methane and nitrous 
oxide emissions from rice paddy fi elds as 
affected by nitrogen fertilisers and water man-
agement. Plant and Soil 196, 7–14.

Corton, T.M., Bajita, J.B., Grospe, F.S., Pamplona, 
R.R., Assis Jr, C.A.A., Wassmann, R., Lantin, 
R.S. and Buendia, L.V. (2000) Methane emis-
sion from irrigated and intensively managed rice 
fi elds in Central Luzon (Philippines). Nutrient 
Cycling in Agroecosystems 58, 37–53.

Hou, A.X., Chen, G.X., Wang, Z.P., Cleemput, O.V. 
and Patrick, W.H. (2000) Methane and nitrous 
oxide emissions from a rice fi eld in relation 
to soil redox and microbiological processes. 
Soil Science Society of America Journal 64, 
 2180–2186.

Husin, Y.A., Murdiyarso, D., Khalil, M.A.K., Rasmus-
sen, R.A., Shearer, M.J., Sabiham, S., Sunar, 
A. and Adijuwana, H. (1995) Methane Flux from 
Indonesian Wetland Rice: The Effects of Water 
Management and Rice Variety. Chemosphere 
31, 3153–3180.

©CAB International 2016



206 B.O. Sander et al.

IPCC (2006) 2006 IPCC Guidelines for National 
Greenhouse Gas Inventories. Prepared by the 
National Greenhouse Gas Inventories Program. 
IGES, Japan.

Itoh, M., Sudo, S., Mori, S., Saito, H., Yoshida, T., 
Shiratori, Y., Suga, S., Yoshikawa, N., Suzue, Y., 
Mizukami, H., Mochida, T. and Yagi, K. (2011) 
Mitigation of methane emissions from paddy 
fi elds by prolonging midseason drainage. 
Agriculture, Ecosystems & Environment 141, 
 359–372.

Jain, M.C., Kumar, S., Wassmann, R., Mitra, S., 
Singh, S.D., Singh, J.P., Singh, R., Yadav, A.K. 
and Gupta, S. (2000) Methane emissions from 
irrigated rice fi elds in northern India (New 
Delhi). Nutrient Cycling in Agroecosystems 58, 
75–83.

Jiao, Z., Hou, A., Shi, Y., Huang, G., Wang, Y. and 
Chen, X. (2006) Water management infl uencing 
methane and nitrous oxide emissions from rice 
fi eld in relation to soil redox and microbial com-
munity. Communications in Soil Science and 
Plant Analysis 37, 1889–1903.

Katayanagi, N., Furukawa, Y., Fumoto, T. and 
Hosen, Y. (2012) Validation of the DNDC-Rice 
model by using CH4 and N2O fl ux data from rice 
cultivated in pots under alternate wetting and 
drying irrigation management. Soil Science and 
Plant Nutrition 58, 360–372.

Khosa, M.K., Sidhu, B.S. and Benbi, D.K. (2011) 
Methane emission from rice fi elds in relation to 
management of irrigation water. Journal of Envi-
ronmental Biology/Academy of Environmental 
Biology, India 32, 169–172.

Kwun, S.-K., Shin, Y.K. and Eom, K. (2003) Estima-
tion of methane emission from rice cultivation 
in Korea. Journal of Environmental Science and 
Health, Part A 38, 2549–2563.

Lampayan, R. (2013) Smart water technique for 
rice. Available at: http://www.agritech.tnau.
ac.in/agriculture/pdf/csa_pdf/Smart_water_ 
technique_for_rice.pdf (accessed July 2015).

Lampayan, R., Palis, F., Flor, R., Bouman, B., 
Quicho, E., de Dios, J., Espiritu, A., Sibayan, E., 
Vicmudo, V., Lactaoen, A. and Soriano, J. (2009) 
Adoption and dissemination of ‘safe alternate 
wetting and drying’ in pump irrigated rice areas 
in the Philippines. In: Proceedings of the 60th 
International Executive Council Meeting and 5th 
Asian Regional Conference, 6–11 December 
2009, New Delhi, India.

Lampayan, R., Bouman, B.A.M., Flor, R.J. and 
Palis, F.G. (2013) Developing and disseminat-
ing alternate wetting and drying water saving 
technology in the Philippines. In: Kumar, A. (ed.) 
Mitigating Water Shortage Challenges in Rice 
Cultivation: Aerobic and Alternate Wetting and 

Drying Rice Water Saving Technologies. Asian 
Development Bank, Manila, the Philippines.

Lu, W.F., Chen, W., Duan, B.W., Guo, W.M., Lu, 
Y., Lantin, R.S., Wassmann, R. and Neue, 
H.U. (2000) Methane emissions and mitiga-
tion options in irrigated rice fi elds in South-east 
China. Nutrient Cycling in Agroecosystems 58, 
65–73.

Minamikawa, K. and Sakai, N. (2005) The effect of 
water management based on soil redox poten-
tial on methane emission from two kinds of 
paddy soils in Japan. Agriculture, Ecosystems & 
Environment 107, 397–407.

Minamikawa, K. and Sakai, N. (2006) The practical 
use of water management based on soil redox 
potential for decreasing methane emission from 
a paddy fi eld in Japan. Agriculture, Ecosystems 
& Environment 116, 181–188.

Mishra, S., Rath, A.K., Adhya, T.K., Rao, V.R. and 
Sethunathan, N. (1997) Effect of continuous and 
alternate water regimes on methane effl ux from 
rice under greenhouse conditions. Biology and 
Fertility of Soils 24, 399–405.

Palis, F.G., Cenas, P.A., Bouman, B.A.M., Lam-
payan, R.M., Lactaoen, A.T., Norte, T.M., Vic-
mudo, V.R., Hossain, M. and Castillo, G.T. 
(2004) A farmer participatory approach in the 
adaptation and adoption of controlled irrigation 
for saving water: A case study in Canarem, Vic-
toria, Tarlac, Philippines. Philippine Journal of 
Crop Science 29(3), 3–12.

Park, M.-E. and Yun, S.-H. (2002) Scientifi c basis 
for establishing country CH4 emission estimates 
for rice-based agriculture: a Korea (South) case 
study. Nutrient Cycling in Agroecosystems 64, 
11–17.

Pathak, H., Bhatia, A., Prasad, S., Singh, S., Kumar, 
S., Jain, M.C. and Kumar, U. (2002) Emission of 
nitrous oxide from rice-wheat systems of Indo-
Gangetic Plains of India. Environmental Moni-
toring and Assessment 77, 163–178.

Pathak, H., Prasad, S., Bhatia, A., Singh, S., 
Kumar, S., Singh, J. and Jain, M.C. (2003) Meth-
ane emission from rice–wheat cropping system 
in the Indo-Gangetic plain in relation to irriga-
tion, farmyard manure and dicyandiamide appli-
cation. Agriculture, Ecosystems & Environment 
97, 309–316.

Qin, Y., Liu, S., Guo, Y., Liu, Q. and Zou, J. (2010) 
Methane and nitrous oxide emissions from 
organic and conventional rice cropping systems 
in South-east China. Biology and Fertility of 
Soils 46, 825–834.

Sibayan, E., de Dios, J. and Lampayan, R. (2010) 
Outscaling AWD in a public-managed reservoir-
type irrigation system: a case study in the Philip-
pines. In: Palis, F.G., Singleton, G.R., Casimero, 

©CAB International 2016

http://www.agritech.tnau.ac.in/agriculture/pdf/csa_pdf/Smart_water_technique_for_rice.pdf
http://www.agritech.tnau.ac.in/agriculture/pdf/csa_pdf/Smart_water_technique_for_rice.pdf
http://www.agritech.tnau.ac.in/agriculture/pdf/csa_pdf/Smart_water_technique_for_rice.pdf


 Mitigating Greenhouse Gas Emissions from Rice Production 207

M.C. and Hardy, B. (eds) Research to Impact: 
Case Studies for Natural Resource Management 
for Irrigated Rice in Asia. Los Baños, Philippines.

Smith, P., Nabuurs, G.J., Janssens, I.A., Reis, 
S., Marland, G., Soussana, J.F., Christensen, 
T.R., Heath, L., Apps, M., Alexeyev, V., Fang, 
J.Y., Gattuso, J.P., Guerschman, J.P., Huang, 
Y., Jobbagy, E., Murdiyarso, D., Ni, J., Nobre, 
A., Peng, C.H., Walcroft, A., Wang, S.Q., Pan, 
Y. and Zhou, G.S. (2008) Sectoral approaches 
to improve regional carbon budgets. Climate 
Change 88(3–4), 209–249.

Suratno, W., Murdiyarsob, D., Suratmoc, F.G., Anas, 
I., Saenic, M.S. and Rambec, A. (1998) Nitrous 
oxide fl ux from irrigated rice fi elds in West Java. 
Environmental Pollution 102, 159–166.

Thompson, J. (2006) Mid-season ‘drainage’ of rice 
– is it worth trialing on your crop? Available at: 
http://www.irec.org.au/farmer_f/pdf_173/Mid-
season drainage of rice.pdf (accessed July 
2015).

Tsusaka, T., Kajisa, K., Pede, V. and Aoyagi, K. 
(2012) Neighborhood effects on social behav-
ior: the case of irrigated and rainfed farmers in 
Bohol, the Philippines. Paper Presentation at 
the Agricultural and Applied Economics Asso-
ciation Annual Meeting, August 12–14, 2012, 
Seattle, Washington.

UNFAO (2010) ‘Climate-Smart’ Agriculture Policies 
– Practices and Financing for Food Security, 
Adaptation and Mitigation. Rome, Italy.

UNFCCC (2012) Methane emission reduc-
tion by adjusted water management prac-
tice in rice cultivation Available at: http://cdm.
unfccc.int/UserManagement/FileStorage/ 
 SLAHVBCKDY2QI86094XZ5UR1OMWEG3 
(accessed July 2015).

Wang, B., Xu, Y., Wang, Z., Li, Z., Guo, Y., Shao, K. 
and Chen, Z. (1999) Methane emissions from 
ricefi elds as affected by organic amendment, 
water regime, crop establishment, and rice culti-
var. Environmental Monitoring and Assessment 
57, 213–228.

Wang, J., Zhang, X., Xiong, Z., Khalil, M.A.K., 
Zhao, X., Xie, Y. and Xing, G. (2012) Methane 
emissions from a rice agroecosystem in South 

China: effects of water regime, straw incorpo-
ration and nitrogen fertilizer. Nutrient Cycling in 
Agroecosystems 93, 103–112.

Wang, Z.Y., Xu, Y.C., Li, Z., Guo, Y.X., Wassmann, 
R., Neue, H.U., Lantin, R.S., Buendia, L.V., Ding, 
Y.P. and Wang, Z.Z. (2000) A four-year record of 
methane emissions from irrigated rice fi elds in 
the Beijing region of China. Nutrient Cycling in 
Agroecosystems 58, 55–63.

Wassmann, R. (2010) Implementing the clean 
development mechanism in the land use sector: 
status and prospects. In: Climate Change: ‘No 
Regret’ Options for Adaptation and Mitigation 
and Their Potential Uptake. IRRI Limited Pro-
ceedings No 16. International Rice Research 
Institute, Los Baños, the Philippines, p. 63.

Wassmann, R., Buendia, L.V., Lantin, R.S., Bueno, 
C.S., Lubigan, L.A., Umali, A., Nocon, N.N., 
Javellana, A.M. and Neue, H.U. (2000) Mecha-
nisms of crop management impact on methane 
emissions from rice fi elds in Los Baños, Philip-
pines. Nutrient Cycling in Agroecosystems 58, 
107–119.

Yagi, K., Tsuruta, H., Kanda, K.-I. and Minami, K. 
(1996) Effect of water management on meth-
ane emission from a Japanese rice paddy fi eld: 
automated methane monitoring. Global Biogeo-
chemical Cycles 10, 255–267.

Yue, J., Shi, Y., Liang, W., Wu, J., Wang, C. and 
Huang, G. (2005) Methane and nitrous oxide 
emissions from rice fi eld and related microor-
ganism in black soil, Northeastern China. Nutri-
ent Cycling in Agroecosystems 73, 293–301.

Zhang, G., Ji, Y., Ma, J., Xu, H., Cai, Z. and Yagi, 
K. (2012) Intermittent irrigation changes produc-
tion, oxidation, and emission of CH4 in paddy 
fi elds determined with stable carbon isotope 
technique. Soil Biology and Biochemistry 52, 
108–116.

Zou, J., Huang, Y., Jiang, J., Zheng, X. and Sass, R.L. 
(2005) A 3-year fi eld measurement of methane 
and nitrous oxide emissions from rice paddies 
in China: effects of water regime, crop residue, 
and fertilizer application. Global Biogeochemi-
cal Cycles 19. DOI: 10.1029/2004GB002401 
GB2021.

©CAB International 2016

http://cdm.unfccc.int/UserManagement/FileStorage/SLAHVBCKDY2QI86094XZ5UR1OMWEG3
http://cdm.unfccc.int/UserManagement/FileStorage/SLAHVBCKDY2QI86094XZ5UR1OMWEG3
http://cdm.unfccc.int/UserManagement/FileStorage/SLAHVBCKDY2QI86094XZ5UR1OMWEG3
http://www.irec.org.au/farmer_f/pdf_173/Mid-seasondrainageofrice.pdf
http://www.irec.org.au/farmer_f/pdf_173/Mid-seasondrainageofrice.pdf



