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Abstract Methane (CH,4) emission and water productivity
were estimated in an experiment conducted during wet (rainy)
season of 2010 at the research farm of Indian Agricultural
Research Institute, New Delhi, India. Treatments comprising
three methods of crop establishment viz., conventional
transplanting (CT), system of rice intensification (SRI) and
double transplanting (DT) were laid out in randomized block
design with four replications. Scented rice (Oryza sativa L)
variety ‘Pusa Basmati 1401° was transplanted in puddle field.
In CT and SRI 21 and 12-day-old seedlings, respectively,
were transplanted while in DT overall 45-day-old seedlings
were transplanted. In CT and DT flooded conditions while in
SRI saturated conditions were maintained. Results indicated
that among the methods of crop establishment, CT had
maximum cumulative CH, emission (32.33 kg ha_l) fol-
lowed by DT (29.30 kg ha™') and SRI (19.93 kg ha™").
Temporal CH, flux fluctuated between 79.7 and 482.0
mg m~ > day~' under CT; 46.0 and 315.0 mg m~> day ™' in
SRI and 86.7 and 467.3 mg m™ > day~' in DT. Considerable
temporal variations in the individual CH, fluxes were
observed. Flux of CH, was generally higher in early stage of
crop and peaked about 21 days after transplanting coinciding
with tillering stage of crop. CH4 flux declined gradually from
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75 days after transplanting and stabilized at the harvest stage
of rice in all the three methods of transplanting. Global
warming potential was highest in CT (807.4 kg CO, ha™")
and lowest in SRI (498.25 kg CO, ha™"). However, a reverse
trend was observed with carbon efficiency ratio. The water
savings to the extent of six irrigations was recorded in SRI
over CT. A saving of 27.4 % irrigation water and 18.5 % total
water was recorded in SRI over CT while the corresponding
values of DT over CT were 14.5 and 9.8 %. Water produc-
tivity of SRI (3.56 kg/ha mm) was significantly higher as
compared to DT (2.87 kg/ha mm) and CT (2.61 kg/ha mm).

Keywords Methane emission - Water productivity -
Global warming potential - Rice fields - System of rice
intensification (SRI) - Double transplanting - Carbon
efficiency ratio

Introduction

Methane (CH,;) and nitrous oxide (N,O) are the two
important greenhouse gases contributing 15 and 5 %,
respectively, of the enhanced greenhouse effect globally.
Agricultural and associated sectors produce about 50 and
70 %, respectively, of the total anthropogenic emissions of
these gases (IPCC 1995; Bhatia et al. 2005a). CHy is pro-
duced by methanogens during organic matter decomposi-
tion, under an environment where the oxygen (O,) and
sulphate (SO427) are scarce (Cicerone and Oremland 1988;
Bouman 2007) and is present at about 1,774 £ 1.8 ppb in
the atmosphere (IPCC 2007).

Paddy fields are considered as a significant source of
CH, and N,O emissions, which have attracted considerable
attention due to their contribution to global warming
(Adhya et al. 2000; Bouman 2007; Hadi et al. 2010). Paddy
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cultivation occupies about 44 million ha in the Indian
subcontinent, the largest in Asia, and is one of the major
sources of CH, emission. Indian rice fields are often
blamed to be major contributors of atmospheric CHy
(Bhatia et al. 2005a). Rice paddies are one of the major
anthropogenic sources of atmospheric CH, (IPCC 2007).
CH, emissions are controlled by various factors under field
conditions, including the type and amount of fertilizer
application (Cai et al. 2007), the water regime (Yan et al.
2009; Zou et al. 2005), the soil characteristics (Yan et al.
2005; Xiong et al. 2007) and the weather conditions (Yang
and Chang 1998; Khalil et al. 2008).

In permanent flooded fields, CH4 emissions are much higher
than those in mid-season drained fields (Cai et al. 2003; Mosier
et al. 2004). Cai et al. (2000) attributed high CH,4 emissions
from some types of rice fields in China to the flooding of those
rice fields in the winter season as well as the water regime
during rice growing season. However, global predictions of
CH, emissions from rice fields are complex to predict, because
of differences in water regime, fertilizers, organic matter
amendment make it (Cai et al. 2007; Khalil et al. 2008).

The agriculture sector contributed over 80 % of all-India
CH, emissions in 1995, including 42 % from livestock-
related activities, 23 % from rice paddy cultivation and
16 % from biomass consumption (Bhattacharya and Mitra
1998). The development of efficient irrigation water man-
agement minimizes the emission of these gases from paddy
soil (Boundia et al. 1996; Hadi et al. 2010). Intermittent
drainage has been proposed as a recommended water
management to reduce CH, emission from paddy soil
(Boundia et al. 1996; Hadi et al. 2010). However, Nugroho
et al. (1994) reported that intermittent drainage did not
affect CH,4 emission or, inversely, some time emitted more
CH,4 compared to continuously flooded soils.

System of rice intensification (SRI) has been proposed as a
strategy which is more efficient, resource-saving and produc-
tive way to practice rice farming. SRI, developed in Mada-
gascar with the help of Malagasy farmers, involves reduced
water application, including adoption of alternate wet and dry
irrigation (AWDI) as a part of a new strategy of rice intensifi-
cation, i.e. growing rice under mostly aerobic soil conditions.
Double transplanting (DT) has been reported as promising
method of transplanting, especially under contingent conditions
(Akter et al. 2008; Rautray 2006); however, it has not been
evaluated in terms of greenhouse gas emission potential.

Various crop-management practices, especially water
management are known to play a major role in the CHy
emission (Mosier et al. 1998; Pathak et al. 2003). However,
comparative analyses of the CH, emissions from paddy
fields under different methods of crop establishment are
lacking. Numerous studies conducted on the manipulation of
depth and intervals of irrigation intended to save water have
demonstrated that continuous submergence is not essential
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for obtaining high rice yields (Guerra et al. 1998). Bhuiyan
and Tuong (1995) after conducting research over several
years concluded that maintaining a significant depth of water
throughout the season is not needed for high rice yields.
About 40-45 % of the water normally used in irrigating the
rice crop in the dry season can be saved by applying water in
small quantities, only enough to keep the soil saturated
throughout the growing season, without sacrificing rice yield.
Similar result was reported by Sato and Uphoff (2007)
for AWDI under SRI management in Eastern Indonesia.
Similarly, Tabbal et al. (1992) and Singh et al. (1996) have
reported that maintaining a very thin water layer, at saturated
soil condition, or alternate wetting and drying, can reduce
water applied to the field by about 40-70 % compared with
the traditional practice of continuous shallow submergence,
without a significant yield loss. Keisuke et al. (2007) and
Davids (1998) also reported the reduction of irrigation water
requirement for non-flooded rice by 20-50 % compared to
flooded rice, with the difference being strongly dependent on
soil type, rainfall and water management practices. Davids
(1998), however, reported that rice yields under non-flooded
conditions decreased proportionally with reduced water
application due to increased water stress. With this back-
ground, an experiment was conducted to estimate the CH,
emission, global warming potential (GWP) and water pro-
ductivity under different methods of rice crop establishment.

Materials and methods
Agro-meteorological conditions

The climate of New Delhi, India is of sub-tropical and
semi-arid type with hot and dry summer and cold winter
and falls under the agro-climatic zone ‘Trans-Gangatic
plains’. Summer months, May and June are the hottest with
maximum temperature ranging between 41 and 46 °C,
while there is a drop in temperature from September
onward. January is the coldest month of the year with a
minimum temperature ranging from 5 to 7 °C. The mean
annual normal rainfall at Delhi is 650 mm, while July and
August are the wettest months. The annual mean pan
evaporation is about 850 mm. The detailed weather data
during crop growing season (June—-November) recorded at
the meteorological observatory of Indian Agricultural
Research Institute; New Delhi, India is depicted in Fig. 1.
The year 2010, had more than normal rainfall (929.8 mm
during June to November) out of which 237, 339 and
314 mm (95.7 % of total) were received during July,
August and September months, respectively. There were 9,
11 and 15 no. of rainy days during July, August and Sep-
tember months, respectively, which was above normal
considering the normal rainfall pattern of this area. That
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Fig. 1 Daily weather
conditions during experimental
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much number of rainy days saved lot of irrigation water.
However, much fluctuation was not recorded in other
weather parameters like maximum and minimum temper-
atures over the normal conditions of Delhi.

Site characteristics

The experiment was conducted during wet (rainy) season
(June-November) of 2010 at the research farm of Indian
Agricultural Research Institute, New Delhi, India situated
at a latitude of 28°40’ N and longitude of 77°12' E, altitude
of 228.6 m above the mean sea level (Arabian Sea). The
mean annual rainfall of Delhi is 650 mm and more than
80 % generally occurs during the south-west monsoon
season (July—September) with mean annual evaporation
850 mm. The soils of experimental field analyzed before
the start of experiment had 139.9 kg ha™' available N,
15.64 kg ha™"' available P, 283.2 kg ha™' available K and
0.56 % organic carbon and 7.8 pH.

Agronomic management of the experiment

The treatments comprising three methods of crop establish-
ment viz., conventional transplanting (CT), SRI and DT

using rice variety ‘Pusa Basmati 1401’ were carried out in
randomised block design with four replications. In CT,
21-day-old seedlings were transplanted on 7 July in puddled
field with 20 x 10 cm spacing and the plots were irrigated to
maintain a 3-5 cm depth; hand weeding was done two times;
recommended fertilizers were applied at 120 kg N ha™",
60 kg P,Os ha™', and 40 kg K,O ha™'. The P and K were
applied basally, while N was applied in three splits: 30 %
basal and 35 % each at active tillering and panicle initiation
(PI) stages. In SRI practice, 12-day-old seedlings were
transplanted at 25 x 25 cm spacing and 2 cm irrigation
water was applied, after hairline cracks appeared in the soil
surface up to PI; then after PI, irrigation was given 1 day after
disappearance of ponded water. Inter-cultivation was done
two times with a rotary weeder at 10-day intervals. The same
recommended fertilizer was applied as with conventional
practice. In DT 45-day-old seedlings were transplanted at
20 x 10 cm spacing in main field under puddled condition.
These seedlings were earlier transplanted in secondary field
at a closer spacing (7.5 x 7.5 cm) when they were 21 days
old and a starter dose of N and irrigation as and when required
were given. In DT method water and nutrient management in
main field was done as done in CT. Rotary weeder was used
in SRI for weed management and interculture while in CT
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and DT manual hand weeding was done. The gross plot size
was 5.0 x 3.0 m for each treatment. Crop was harvested at
the physiological maturity in the first fortnight of October.

CH, gas sample collection and analysis

Collection of gas samples for CH, was carried out by the
closed-chamber technique using the chambers of 50 x 30 x
100 cm (Iength x width x height) (Pathak et al. 2002). First
sample was taken on 14 July (7 DAT) and it was followed by
sampling at 14, 21, 30, 45, 60, 75, 90 and 105 DAT in CT and
SRI. In DT, first sampling was done with the third sampling
(21 DAT) in other two methods of stand establishment
(Fig. 2). This chamber was placed between the rows of the
plants and one hill was kept inside the chamber under SRI but
in conventional and double transplanted rice, four hills could
be accommodated. One fan was installed in this box for
homogenization of gas in the chamber. One aluminium metal
platform was inserted in soil to keep the box and water was
filled in groves to prevent the leakage of gas. One hill of rice
seedlings was covered in each sampling chamber. Gas sam-
ples were drawn with 50 ml syringe with the help of a
hypodermic needle (24 gauge) at 0, 15 and 30 min for CHy.
The samples of gases were collected and brought to the lab-
oratory where they were analyzed within 2 h. A gas chro-
matograph meter fitted with a 6—1/8-ft stainless-steel column
(Porapak N; length x inner diameter: 3 m x 2 mm) and a
flame ionization detector (FID) was used for measuring con-
centration of CHy. For determination of CH,, N, (flow rate
330 ml min~"), H, (flow rate 30 ml min~") and zero air (flow
rate 400 ml minfl) were used as the carrier, fuel and sup-
porting gas, respectively. Column, injector and detector tem-
perature were set at 55, 100 and 200 °C, respectively. CHy
standards of 2 and 10 ppmv obtained from Spectra gas (NIST
standards) were used for calibration. Samples of three repli-
cations were taken from each method of stand establishment
and the mean was taken as the representative value for that
method.

The gas emission flux was calculated from the differ-
ence in gas concentration according to the equation of
Zhang et al. (1998)

Fig. 2 CH,4 collection chamber installed in rice field
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where F is the gas emission flux (mg m > h™"), p is the gas
density at the standard state, & is the height of chamber
above the soil (m), C is the gas mixing ratio concentration
(mg m_3), t is the time intervals of each time (h) and T is
the mean air temperature inside the chamber during
sampling.

Total gas emissions during the study period were cal-
culated by integrating gas emissions on sampling days and
cumulative gas emissions on the sampling days. Cumula-
tive gas emissions were determined according to Singh
et al. (1996).

Global warming potential

Based on a 100-year time frame, the GWP coefficient for
CH, is 25, when the GWP value for CO, is taken as 1
(IPCC 2007). The GWP of different treatments were cal-
culated using the following equation (Watson et al. 1996).

GWP = CH4 x 25.

Carbon equivalent emissions (CEE)

A CEE was calculated by using the following equation:
CEE = GWP x (12/24).

Carbon efficiency ratio (CER)

CER was calculated using the following equation:

CER = Grain yield (in term of C) /CEE

Carbon content of rice was taken as 48 % of total grain
yield.

Water productivity

Water management varied in different methods of stand
establishment. In CT and DT plots were irrigated up to
5 cm depth immediately after disappearance of water. In
SRI, plots were irrigated as per demand of crop and AWDI
was maintained with no standing water in the field during
the vegetative growth stage; then continuous irrigation with
shallow standing water (2 cm) during the reproductive
stage and finally draining of the field 7 days before harvest
as recommended under SRI practice. In DT, there was
saving of two irrigations as compared to CT, due to late
planting of seedlings in main field. For maintenance of
seedlings in nursery very little water was required due to
less area and later those seedlings were transplanted to
main field when its total age was 45 days. Each irrigation
depth was measured by using an ordinary scale metre,
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which had mm and cm mark. In each plot, the depth of
water was measured at ten selected spots after each irri-
gation and on the basis of these observations; the mean
depth of irrigation water was calculated for each plot. The
other measurements were calculated as given below:

Irrigation water use (mm) = sum of mean depth of each
irrigation

Total water use (mm) = irrigation water use (mm) +
rainfall (mm)

Water productivity (kg/ha mm) = grain yield (kg/ha)
total water consumed (mm)

Water saving (%) = (water used in CT — water used in
SRI or DT) x 100 + water use in CT

Results
CH, emission

The dynamics of temporal CH, flux from rice grown with
different methods of transplanting was analysed by mea-
suring CH, at 7, 15, 21, 30, 45, 60, 75, 90 and 105 days
after transplanting (Table 1). The CH4 flux fluctuated
between 79.7 and 482.0 mg m > day " under CT, 46.0 and
3150 mg m > day' in SRI and 86.7 and 467.3 mg
m~ > day~" in DT. Considerable temporal variations in the
individual CH, fluxes were observed. CH, fluxes increased
sharply to a very high level right after transplanting of rice
and peaked within about 3 week in SRI and CT, then
decreased gradually to a negligible amount towards har-
vest. In DT, flux peak was noticed in first observation itself.
Results indicated that overall CH4 emission concentrations
were higher at tillering stage of crop. The CH, flux peaks
were found when observations were taken at 21 and
60 DAT, after application of chemical fertilizer (urea).
CH, flux came to mean levels, few days after application of
fertilizer. The flux of CH, was generally higher in early
stage of crop and peaked about 1 month after transplanting
at a late tillering stage. CH, flux declined gradually
75 days after transplanting and stabilized at the harvest
stage of rice in all the three methods of transplanting.

Cumulative CH, flux was highest in CT throughout fol-
lowed by DT and SRIL

Global warming potential

Total seasonal CH4 emission was significantly higher in CT
(32.33 kg ha™" season™') as compared to DT (29.30 kg
ha™' season™')and SRI(19.93 kg ha™! season™!) (Table 2).
However, total emission between SRI and DT was statistically
at par. GWP of CT (807.4 kg CO, ha™"') was the significantly
higher as compared to DT (732.5 kg CO, ha™") and SRI
(498.3 kg CO, ha™'). GWP under SRI was significantly less
than DT also.

Carbon equivalent emissions

CEE of SRI (135.89 kg C ha™") was significantly lower as
compared to CT (220.22 kg C ha™") and DT (199.77 kg
C ha™') though it was statistically ar par between CT and
DT (Table 2).

Carbon efficiency ratio

Total carbon fixed under SRI (2,410 kg ha™') was signif-
icantly higher as compared to CT (2,170 kg ha™') and DT
(2,150 kg ha™") though it was statistically ar par between
CT and DT (Table 2). CER also was the highest (17.73)
under SRI and it was significantly higher than DT (10.76)
and CT (9.85) (Table 2).

Water use and productivity

Significantly higher grain yield of rice was recorded in SRI
(5,030 kg ha™") as compared to CT (4,530 kg ha~') and
DT (4,480 kg ha_l) (Tables 3, 4). However, grain yield
under CT and DT was statistically at par. Variation in
water use, water saving and water productivity of rice
under different crop establishment methods were recorded
(Tables 3, 4). Conventionally transplanted rice required
more number of irrigations (18) followed by double
transplanted rice (16). Minimum numbers of irrigations
(12) were recorded under SRI due to alternate wetting and

Table 1 Effect of methods of crop establishments on temporal CH, flux (mg m~>2 day_l)

Treatments Days after transplanting

7 14 21 30 45 60 75 90 105
Conventional 482.0 340.3 496.0 395.0 336.7 408.0 311.0 209.7 79.7
SRI 185.7 163.0 313.0 242.3 228.7 245.7 217.7 152.3 46.0
DT - - 463.7 324.3 3423 401.7 233.3 198.7 86.7
SEM=+ 6.20 7.37 18.89 11.86 22.61 7.14 9.01 8.82 2.85
LSD (P = 0.05) 24.99 29.70 76.14 47.82 91.15 28.79 36.33 35.56 11.47
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Table 2 Seasonal emission of CH, and carbon equivalent and their effect on climatic parameters under different methods of crop establishment

Methods of CH,4 emission GWP CEEs Total C fixed® CER
transplanting (kg ha™") (kg CO, ha™") (kg C ha™") (kg ha™")

CT 32.33 807.50 220.22 2,174 9.85
SRI 19.93 498.25 135.89 2,414 17.73
DT 29.30 732.50 199.77 2,150 10.76
SEM+ 1.43 17.78 12.32 27 0.13
LSD (P = 0.05) 5.76 71.65 49.65 109 0.52

* Carbon content of rice was taken as 48 % of total grain yield

drying irrigation. Under SRI, there is a saving of 6 and 4
irrigations over conventional and double transplanted rice.
Conventional rice cultivation used highest amount of irri-
gation water (1,170 mm) which was significantly higher
than DT (1,000 mm) and SRI (850 mm). There was a
saving of 14.5 % water under DT while in SRI a saving of
27 % water was recorded. Irrigation water productivity was
significantly higher under SRI (5.92 kg/ha mm) as com-
pared to DT and CT. However, irrigation water produc-
tivity under CT and DT was statistically at par. Rainfall
recorded under all the three methods of stand establish-
ments was the same as there was no rain between 7 and 27
July. However, total water (rainfall + irrigation) utilized
was significantly higher under CT (1,733 mm) as com-
pared to DT (1,563 mm) and SRI (1,413 mm) (Table 4).
Thus, there was a saving of 9.8 and 18.5 % water in DT
and SRI, respectively. Water productivity of SRI was sig-
nificantly higher (3.56 kg/ha mm) as compared to DT
(2.87 kg/ha mm) and CT (2.61 kg/ha mm). However,
water productivity of CT and DT was statistically at par.

Discussion

The challenges in maintaining the sustainability of rice
farming are increasing with the enhanced scarcity of water
and competition for water resources coupled with the
stagnant or declining yield levels. This has led to increas-
ing production costs due to higher dependence on agri-
inputs (Chapagain and Yamaji 2010). However, despite

these constraints, rice production must increase dramati-
cally over the coming years to meet the world’s food needs
and especially those of the poor. Hence, producing more
rice with less input is a formidable challenge for ensuring
the food, economic, social and water security of the Asian
countries. SRI is a set of ideas and insights that emphasize
the use of younger seedlings (8—15 days), planted singly
and at wider spacing, together with the adoption of inter-
mittent irrigation, organic fertilization and active soil aer-
ation to the extent possible (Uphoff 2007; Stoop and
Kassam 2002). Our study focused on analyzing the CH,4
flux and water productivity in three different types of crop
establishment strategies used for rice cultivation as a mean
of identifying the optimal method with reduced CH,4
emission coupled with higher water productivity.

The observations indicated that temporal CH4 emission
fluctuated during the crop cycle. CH; flux fluctuated
between 79.7 and 482.0 mg m 2 day ' under CT, 46.0 and
3150 mg m 2 day' in SRI and 86.7 and 467.25
mg m~ > day~' in DT. Considerable temporal variations in
the individual CH, fluxes were observed. The CH, flux
peaks were found when observations were taken after
application of chemical fertilizer (urea) which happened at
21 and 60 DAT. Lindau et al. (1991) also showed that urea
fertilization increased CH4 emissions by 86 % with the
application of 300 kg N ha~' when compared with the
control plot. Higher emission of CH, due to urea applica-
tion could also be due to the presence of blue green
algae biofertilizer, which provided mediation of CH,
transport from floodwater of rice soil into the atmosphere

Table 3 Effect of methods of crop establishment on irrigation grain yield, water use, irrigation water saving and irrigation water productivity in

rice

Method of rice establishment Grain yield No. of irrigation

Irrigation water Irrigation water Irrigation water

(kg/ha) use (mm) saving (%) productivity (kg/ha mm)
Conventional 4,530 18 1,170 - 3.87
SRI 5,030 12 850 274 5.92
DT 4,480 16 1,000 14.5 448
SEM+ 40 0.7 34 2.4 0.23
LSD (P = 0.05) 120 2.8 137 9.6 0.93
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Table 4 Effect of methods of crop establishments on total water use,
water saving and water productivity in rice

Method of Rainfall Total Grain Water Water

rice (mm) water yield  saving productivity
establishment use (kg/ (%) (kg/ha mm)

(mm) ha)

Conventional 563 1,733 4,530 - 2.61

SRI 563 1,413 5,030 185 3.56

DT 563 1,563 4480 9.8 2.87
SEM+ - 26 40 1.6 0.12

LSD - 104 120 6.4 0.48

(P = 0.05)

(Ying et al. 2000). In this field blue green algae was applied
in previous years and this field is under rice—wheat crop-
ping since last 10 years. One possible reason might be the
high redox potential and high pH 7.8 measured in our
study. CH,4 production starts at below pH 6.1 and redox
potential (Eh) of a soil below —150 mv (Jugsujinda et al.
1996). The Eh of soil gradually decreases after flooding
(Takai et al. 1956), which is due to a decrease in the
activity of the oxidized phase and increased activity of the
reduced phase. Another reason given in literature attributes
it to the early nascent stage of crop (Yoshida 1978), as the
higher CH,4 emission is correlated with the higher at til-
lering stage. A higher CH, emission at tillering stage is
generally due to the lower rhizospheric CH, oxidation and
more effective transport mediated by rice plants. Flux of
CH, was generally higher in early stage of crop and peaked
about 1 month after transplanting coinciding with active
tillering stage of the crop. CH, flux declined gradually
from 75 days after transplanting and stabilized at the
physiological maturity of rice in all the three methods of
transplanting. Cumulative CH,4 flux was the highest in CT
throughout followed by DT and SRI. Total seasonal CHy
emission was highest in CT (32.33 kg ha™') followed by
DT (29.30 kg ha™') and SRI (19.93 kg ha™'). GWP of CT
was the highest (807.4 kg CO, ha™') followed by DT
(732.5 kg CO, ha™') in and SRI (498.25 kg CO, ha™").
The higher CH, emission under flooded rice has been
reported (Bhatia et al. 2005b). Hadi et al. (2010) suggested
that intermittent irrigation and drainage can be a suitable
option to reduce greenhouse gas emission from paddy soil
in Japan and Indonesia. In SRI, alternate drying and wet-
ting conditions were maintained and these conditions
reduced CH,4 emission.

In our study CH4 emission fluxes peak was recorded at
60 DAT also. It may be possibly due to the fact that rice
was at the highest growing stage, the available organic
carbon in the form of root exudates increased (Kumar-
aswamy et al. 2000), which led to an increase in methan-
ogen population. But, at later growth stages of rice, CHy
emission fluxes decline gradually (Yoshida 1978) and CHy

was at relatively low levels at physiological maturity of
crop. This was due to drainage from the fields as a result
there was increase in the activities of the oxidized phase
and decreased activity of the reduced phase, leading to a
gradual increase in the Eh of soil (Takai et al. 1956). Due
to maintenance of aerobic conditions in SRI, the activity of
CH, producing bacteria was less and thus CH, production
was much lower under SRI. In DT method, CH, emission
flux maintained the trend as found in CT, but due to late
transplanting in DT by 20 days, total CH, emission was
low. The variations in CH,4 emission from soils planted
with different rice establishment methods are in agreement
with the findings reported by other researchers (Kludze
et al. 1993). The root exudates have been implicated to be
the major source of CH, in rice and a considerable varia-
tion in the root exudate pattern of different rice varieties
exists (Ghosh et al. 1995). Among three methods of stand
establishment significant variation in root development was
recorded and highest root volume and root dry weight was
recorded under SRI followed by CT and DT (unpublished
data). The combination of various factors such as the
supply of organic matter, size of the root space and oxi-
dation rate in the rhizosphere have been identified to affect
the CH, emission rates from various rice cultivars (Wa-
tanabe and Kimura 1996). In this experiment also methods
of stand establishment and water management influenced
CH, emission. CER of CT was the lowest (9.85) followed
by DT (10.76) and SRI (17.73) in increasing order. Bhatia
et al. (2005b) found similar trends.

Maximum savings of irrigation water was recorded with
SRI (27.4 %), followed by DT (14.4 %) over conventional
transplanted rice. Total water saving under SRI was
18.5 %. Impounding of 2-3 cm of irrigation water, after
formation of hairline cracks showed considerable water
saving besides providing a better root growing environment
in SRI. Similar findings were reported by Thiyagarajan
et al. (2002). Maximum irrigation water productivity was
recorded with SRI (5.92 kg/ha mm), followed by DT and
CT methods Anbumozhi et al. (1998) reported increased
water productivity in AWDI plot at 9 cm ponding depth
compared to continuous flooding. There was a saving of
27.4 % irrigation water in SRI as compared to CT. Mao
(1993, 1996) also concluded that in Southern China, AWDI
for rice should be more widely used because of its potential
for saving water (20-35 %), increasing water productivity
(from 0.65-0.82 to 1.18-1.50 kg m " after the application
of AWDI), while also increasing rice yield (15-28 %), and
improving the water and soil environment (soil O, content
was increased by 120-200 %). In our experiment also
highest grain yield was obtained in SRI followed by CT
and DT. Lower water productivity was recorded in CT
(2.61 kg/ha mm) and DT (2.87 kg/ha mm) while SRI gave
3.56 kg/ha mm grain yield for same amount of water.
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Chapagain and Yamaji (2010) found 28 % saving of irri-
gation water, without reducing grain yield by using AWDI
practice and recorded better crop growth and reduced dis-
ease/pest incidence under these conditions. Sato and Up-
hoff (2007) reported that continuous submergence is not
essential for achieving high rice yields and similar results
were found in our study as SRI gave higher productivity as
compared to CT and DT.

Conclusions

Among the different methods of rice crop establishment,
lowest seasonal CH,4 emission (19.93 kg ha™') and GWP
(498.25 kg CO, ha™") coupled with higher water produc-
tivity was recorded with SRI method. The CH, flux peaks
were found after application of chemical fertilizer (urea).
CH, flux declined gradually from 75 days after trans-
planting and stabilized at the physiological maturity of the
rice crop in all the three methods of stand establishment.
CER of SRI was the highest followed by double and CT.
SRI showed 27.4 % water saving over conventional prac-
tice and water productivity with this method of rice culti-
vation was significantly higher over other methods.
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