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Crop management practices have a significant impact
on greenhouse gas (GHG) emission rates, where
methane (CH,;) and nitrous oxide (N,O) emissions
from rice paddy fields are in trade-off association. A
field study for two consecutive years (2013 and 2014)
was conducted to continuously measure CH; and N,O
emissions from rice paddies under various agricul-
tural management schedules like water regimes
(irrigated and rainfed), transplanting dates and nutri-
tional amendments (synthetic fertilizer with N as am-
monium sulphate, P and K according to recommended
dose, and vermicompost). Rainfed situation incurred a
drop in CH, fluxes triggering substantial N,O emis-
sion. Ammonium sulphate application tended to re-
duce CH, emissions, but significantly increased N,O
emissions. Enhanced CH, fluxes were measured dur-
ing panicle initiation to flowering stage while, maxi-
mum N,O emissions were recorded during flowering
to milking stage of rice crop. Significant interrelation-
ship between the gases was evaluated. In addition,
seasonal average of CH,; and N,O emissions was also
correlated with rice production. In conclusion, GHG
concentration may control to some extent optimizing
rice productivity through implementing and improv-
ing crop- and location-specific management practices.
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rice field.

INCREASING population and demand for food are placing
unprecedented pressure on agriculture and natural
resources' . Agriculture is estimated to account for 10—
12% of anthropogenic emissions of greenhouse gases
(GHGs) worldwide, including 60% of global nitrous
oxide (N,O) emissions and 50% of methane (CH,4) emis-
sions’. Rice paddies are considered one of the most
important sources of atmospheric CHy, but they also emit
N,O and the intensity of emissions is related to the nitro-
gen (N) fertilizer application rate"’. The increasing
demand for rice in the future has raised tremendous con-
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cerns about increasing GHG emissions®’. Rice paddies
could contribute to more than 80% of CH4 and N,O emis-
sions driven by microbial activities. The application of N
fertilizer is one of the primary methods for enhancing rice
production. Field measurements have reported that N
fertilization significantly stimulated CH, and N,O emis-
sions®, but some studies found reduction in CH, emis-
sions with N fertilizer application®. Based on these
existing data, it is difficult to determine an optimal rate of
N fertilization for high productivity while reducing GHG
emissions. Thus information regarding factors influenc-
ing rice yield and tendency to reduce GHG emissions is
urgently needed to aid cropping technique innovation.
Furthermore, it is important to explore the relationship
between CH, and N,O emitted from rice fields. Thus the
present study is aimed (i) to assess the actual relation
between CH4 and N,O emitted from rice and (ii) to scale
rice productivity under varied CH4 and N,O emission
potentiality.

Materials and methods

The study was conducted in new alluvial agroclimatic
zone (22°17'N, 88°20'E) of Kalyani, West Bengal,
India. This zone is humid tropical to subtropical and soil
type is characterized as Entisols with sandy loam texture.
Kharif season (June—October) of 2013 and 2014 was
chosen for experiments with rice (Oryza sativa L.) variety
Satabdi (IET-1444).

Figure 1 presents the average weekly air temperature
and total rainfall recorded during the experimental period.
The average temperature in both crop-growing seasons
was nearly similar and ranged from 25.9°C to 32.5°C.
However, distinct differences in rainfall distribution were
noted. Total rainfall of 995.9 mm was recorded during
crop-growing period of 2014, whereas the 2013 season
received 791.1 mm rainfall.

Rice seedlings (25 days old) were transplanted on two
dates at 15 days interval (27 June and 12 July) during
both crop-growing years (plot size: 4 m x 3 m; spacing:
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20 cm x 15 cm; row-to-row and plant-to-plant). Two dif-
ferent types of nutrients were applied as 100% synthetic
fertilizer (N:P:K::80:40:40; N as ammonium sulphate
(250 kg/ha), P as single super phosphate and K as muriate
of potash), and 100% organic amendment (N as vermi-
compost; 500 kg/ha). Also, 50% of total dose of ammo-
nium sulphate was applied at the time of transplanting
with full dose of single super phosphate and muriate of
potash. Remaining 50% ammonium sulphate was applied
at 21 days after transplanting (DAT) as topdressing. Two
types of moisture regimes were considered — irrigated and
rainfed. Under irrigated condition continuous 5 cm stand-
ing water was maintained up to last part of the reproduc-
tive phase of rice. Each treatment was replicated thrice in
a randomized block design.

Sampling of CH; and N,O emitted from rice soil was
measured using closed chamber technology. A portable
sensor-based nitrous oxide analyser (Technovation Series
2005, Serial No. 12045) was fitted to the chamber to
measure N,O emission rate from rice soil. For measuring
CH, fluxes from rice fields, gas samples were collected
through 20 ml syringe fitted with three-way stopcock
prior to analysis and then measured by gas chromatogra-
phy (gas chromatograph with flame ionization detector;
model: Perkin Elmer, Clarus 480). Air temperature within
the chamber was recorded using a thermometer fitted to
the chamber. There was an internal fan for homogenizing
the chamber atmosphere before sampling. Measurements
were done during 10 am to 5 pm. Emissions of N,O and
CH,4 were continuously observed for each treatment dur-
ing important phenological phases of rice crop, i.e. tiller-
ing to panicle initiations, panicle initiations to flowering,
flowering to milking and milking to dough stage.

Methane flux rate was calculated according to the
following equation
K x273 xV x 60 “ dc

— X 24,
(273+T) x4 dt

where F is the flux rate (mg/m?*/day), K the conversion
factor of methane (0.714), V' the chamber volume
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Figure 1. Weekly average air temperature and total rainfall during

rice-growing seasons of 2013 and 2014.
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(3.66 m®), T the chamber temperature (°C), 4 the area of
chamber (1.22 m?) and de/dt is the changes in concentra-
tion with time.

Nitrous oxide flux rate was calculated according to the
following equation

PYMU _ de 1 000,
ART  dt

where F is the flux rate (mg/m*/day), P the pressure of
the chamber, ¥ the chamber volume (3.66 m®), M the
molecular weight of nitrogen, U the unit conversion fac-
tor (0.00144 min/(ul d)), 4 the area of the chamber
(1.22 m?); R the gas constant (0.082), T the chamber tem-
perature (K) and dc/dr is the changes in concentration
with time.

Rice yields were determined after harvesting. The
grains were separated from straw, sun-dried and weighed.

Analysis of variance at 5% significance level was done
to find the critical differences between the recorded
parameters during the aforesaid phenological phases.

Results and discussion

Seasonal CH, and N,O emissions during rice
growing period

During 2014, maximum seasonal average of CH, flux
was recorded for vermicompost fertilized irrigated rice
crop transplanted on 12 July (78.46 mg/m*/day) followed
by 27 June transplanted rice under the same treatment
(34.00 mg/m*/day). CH, flux during rice growing
period of 2013 was measured as 37.79 and 30.56 mg/
m?/day respectively, for vermicompost amended irrigated
rice transplanted on 27 July and 12 June.

Seasonal average of CH, flux was considerably lower
for rainfed rice transplanted on 12 July under vermicom-
post and ammonium sulphate fertilizer (—6.78 and
3.52 mg/m?*/day respectively) during 2014. During 2013,
ammonium sulphate amended irrigated rice emitted lower
CH, — 1.04 and 3.80 mg/m*/day under 12 July and 27
June transplanting dates respectively. Minimum seasonal
average of CHy emission during 2013 was noticed under
rainfed condition (ranging between 4.55 and 13.51 mg/
m?/day) (Figure 2).

Continuous flooding promotes the anaerobic soil envi-
ronment with lower redox potential leading to increase
CH, emission density’''. Application of vermicompost
provided substrates for methanogenesis as organic carbon
compounds resulted in maximum CH,4 production. In situ
studies have shown that organic matter incorporation
markedly increased CH, emission'>", However, rainfed
situation triggered aerobic condition in rice soil which is
not suitable for specific CH4 production and oxidation. It
is reported that water regime plays an important role in
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methanogenesis by intensifying bacterial chemical reduc-
tion in the soil'*.

The pattern of seasonal variations in average N,O flux-
es from rice paddy was different compared to that of CHy
fluxes. During both the years, N,O emissions potentiality
showed a peculiar trend under irrigated situation (range:
—5.15 to 8.41 and —6.02 to14.21 mg/m?*/day during 2013
and 2014 respectively). In rainfed rice environment
transplanted on 27 June under ammonium sulphate and
vermicompost maximum N,O was emitted during 2014
(34.24 and 11.96 mg/m*/day respectively). However,
under the same treatment N,O fluxes were lower (2.73
and 8.78 mg/m?*/day respectively) during 2013. On the
other hand, considerable N,O fluxes were measured un-
der rainfed rice transplanted on 12 July with ammonium
sulphate and vermicompost during 2013 (16.23 and
15.20 mg/m*/day) and 2014 (11.21 and 12.43 mg/m*/day)
(Figure 2).

Results reflect that rainfall distribution pattern (Figure
1) during both the years strongly influences N,O emis-
sions. Rice transplanted on 12 July received maximum
rainfall, i.e. 805 mm, whereas rice transplanted on 27
June received 650 mm of rainfall (Figure 1). Rice—soil
environment is subjected to an alternate dry—wet cycle
due to intermittent rainfall and water management prac-
tice under rainfed condition. Alternate aerobic—anaerobic
cycling considerably increases N,O emission by influenc-
ing the nitrifier and denitrifier communities. Dependency
of N,O emission on water regime is consistent with pre-
vious studies'’.

In the present study, some negative CH; and N,O
fluxes were measured influenced by microbial uptake of
CH,4 and N,O under changed soil moisture content, tem-
perature, pH, oxygen and available nitrogen. Change in
chamber temperature is also responsible for negative flux
of N,O as the respective flux density is the measurement
of emission density at different time intervals. A negative
value indicates low N,O emission, where gradient
of slope is less. These views are supported by other
researchers as well'®!".
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Figure 2. Seasonal variation in average CH4 and N,O flux from rice
under various management schedules during 2013 and 2014.
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CH, and N>O emission potentiality under different
management schedules

Table 1 represents the influence of treatment combina-
tions on CHy and N,O fluxes from rice during various
growth phases.

Effect of nutrient: Emission of CH, during rice growing
period amended with ammonium sulphate ranged from
—1.08 to 20.72 mg/m?*/day. Under vermicompost fertiliza-
tion, intensification of CH,; emission was observed which
ranged from 12.39 to 36.54 mg/m?/day during tillering to
dough stage. Maximum CH,; emission density was
noticed under vermicompost during tillering to panicle
initiation (36.54 mg/m*/day) (Table 1). Decomposition of
organic matter in rice paddies would offer the predomi-
nant source of methanogenic substrates, and thus promote
CH, production, particularly in the early stage of rice
development4’18. Lower CH, flux in case of ammonium
sulphate application could possibly be due to the inhibi-
tion of CH, oxidation by constraining the availability of
O,. Previous studies also documented reduced CH, emis-
sion from rice fields with sulphate-containing fertilizers,
as a result of competition between sulphate-reducing
bacteria and methanogens for hydrogen and acetate sub-
strates'*’.

Yet there are striking differences in N,O emission
intensity between rice phenophases under both nutrient
treatments. Maximum N,O emission was recorded during
panicle initiation to milking stage of rice under ammo-
nium sulphate application (17.98-15.57 mg/m?*/day). The
rise in emission rate from active tillering onwards may be
related with topdressing (just before panicle initiation).
Also, canopy development at these growth phases might
alter soil environment, thus affecting microbial activity.
Nitrogen fertilizer stimulates the denitrifying bacteria,
which are more capable of outcompeting methanogens
for growth substrates. As a result, N fertilizer could indi-
rectly suppress methanogenic activity. Besides, N,O will
be generated as intermediates which are toxic to metha-
nogen521. Minimum N,O emission was associated with
vermicompost application during milking to dough stage.
Higher C:N ratio in soil probably reduces N,O emis-
sion?. Significant variations in CH4 and N,O fluxes were
noticed during tillering to panicle initiation stage. No
significant variation in CH4 emission rates was observed
in the other rice growth stages.

Effect of transplanting dates: 1In case of different dates
of transplanting, peak methane emissions were recorded
during 12 July (32.80 mg/m?/day) followed by 27 June
(24.63 mg/m?*/day) at active tillering to panicle initiation
stage and panicle initiation to flowering stage. During
panicle initiation to dough stage there was a decreasing
trend of CH, emission density under 12 July transplanting
date. However, in case of 27 June transplanted crop, rise
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Table 1. CH, and N,O emission (mg/m?/day) potentiality of rice paddy influenced by individual and combined experimental factors

Tillering to Panicle initiation

panicle initiation to flowering Flowering to milking Milking to dough
Experimental factors CH,4 N>,O CH,4 N>,O CH,4 N>,O CH,4 N>,O
N1 (ammonium sulphate) 14.02 8.79 20.72 17.98 -1.08 15.57 10.88 9.99
N2 (vermicompost) 36.54 3.11 24.82 11.58 27.08 7.66 12.39 -7.78
SEm (£) 2.86 1.37 2.70 0.67 8.13 1.00 2.67 1.09
CD (at 5%) 8.46 4.06 NS 1.99 24.06 2.95 NS 3.22
T1 (transplanting 27 June) 17.76 6.12 24.63 14.58 12.63 7.35 20.67 -2.18
T2 (transplanting 12 July) 32.80 5.53 20.91 16.15 13.38 15.11 2.61 3.69
SEm (£) 2.86 1.37 2.70 0.67 8.13 1.00 2.67 1.09
CD (at 5%) 8.46 NS NS 1.99 NS 2.95 7.92 3.22
I (irrigated) 39.10 0.61 28.00 7.50 23.41 6.85 22.86 4.33
R (rainfed) 11.46 11.29 17.54 22.06 2.60 16.38 0.42 -2.12
SEm (£) 2.86 1.37 2.70 0.67 8.13 1.00 2.67 1.09
CD (at 5%) 8.46 4.06 8.00 1.99 NS 2.95 7.92 3.22
Y12013 18.80 6.17 15.54 15.71 9.17 8.36 12.18 -8.99
Y2 2014 31.76 5.73 30.00 13.85 16.83 14.86 11.09 11.20
SEm (£) 2.86 1.37 2.70 0.67 8.13 1.00 2.67 1.09
CD (at 5%) 8.46 NS 8.00 NS NS 2.95 NS 3.22
N x T SEm (£) 4.04 1.94 3.82 0.95 11.50 1.41 3.78 1.54
CD (at 5%) NS NS NS 2.81 NS 4.17 11.19 NS
N x MR SEm () 4.04 1.94 3.82 0.95 11.50 1.41 3.78 1.54
CD (at 5%) 11.97 5.75 11.32 2.81 34.03 NS 11.19 4.56
N x Y SEm (¥) 4.04 1.94 3.82 0.95 11.50 1.41 3.78 1.54
CD (at 5%) NS 5.75 NS 2.81 NS NS NS 4.56
T x MR SEm () 4.04 1.94 3.82 0.95 11.50 1.41 3.78 1.54
CD (at 5%) 11.97 NS NS 2.81 NS 4.17 11.19 4.56
T x Y SEm (1) 4.04 1.98 3.82 0.95 11.50 1.41 3.78 1.54
CD (at 5%) 11.97 NS 11.32 2.81 NS 4.17 NS 4.56
Y x MR SEm (%) 4.04 1.94 3.82 0.95 11.50 1.41 3.78 1.54
CD (at 5%) 11.97 NS NS 2.81 34.03 4.17 NS 4.56
N xY xT x MR SEm (%) 8.09 2.74 7.65 1.34 22.99 1.99 7.56 2.18
CD (at 5%) 23.93 8.13 22.64 3.98 68.05 5.89 NS 6.44

Y1, Ist year (2013); Y2, 2nd year (2014); N, Nutritional treatments; T, Transplanting dates; MR, Moisture regime; CD, Critical differences.

in CH, flux was observed at milking to dough stage. This
fluctuation in emission of CH; was augmented with rice
growth pattern. Both the transplanting dates influenced
the emission density in different ways as they passed
through various climatic conditions. Influence of tem-
perature on CH,; production rates has been well docu-
mented. It is established that increasing ambient
temperature between 25°C and 35°C increases CHy pro-
duction®®. The decrease in CH, emission during panicle
initiation onwards was probably due to comparatively
lower temperature and continuous rainfall during this pe-
riod (Figure 1). Earlier findings®* documented that sea-
sonal variation in CH, fluxes from rice paddy is related to
variation in CH,; production dependent on temperature
and rainfall**. Maximum N,O emission was noticed dur-
ing panicle initiation to flowering stage under both trans-
planting dates (14.58 and 16.15 mg/m?/day for 27 June and
12 July respectively). Milking to dough stage showed
minimum N,O emission (-2.18 and 3.69 mg/m*/day for
transplanting dates 27 June and 12 July respectively).
Maximum variation among mean CH, emissions due to
transplanting dates was observed during active vegetative
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stage. N,O emission responded to significant variation
during maturity.

Effect of moisture regime: Soil moisture regime incurred
a pronounced variation in CH4 and N,O emissions during
rice growing period. Maximum methane emission density
was observed during active vegetative period (39.10 mg/
m?/day) under irrigation. Methanogenesis might have
favoured the strict anaerobic condition during active
vegetative phase of rice crop. Water regime regulates the
soil redox potential (Eh) and soil temperature which
could create favourable conditions for methanogens dur-
ing the period of increasing microbial population®2’.
Rates of CH, fluxes from irrigated rice started to decline
after panicle emergence up to dough stage (from 28.00 to
22.86 mg/m?*/day) (Table 1). During reproductive to matur-
ity stages of rice crop higher root secretion and high
metabolic activity with changing redox potential did not
favour methane emission. Thus reduced emission occurred
at flowering to dough stage. The soil in a moderately wet
state instead of alternating between flooding and drying
would potentially decrease both CH, emissions.

CURRENT SCIENCE, VOL. 112, NO. 5, 10 MARCH 2017
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Table 2. Relationship between emission density of CH4 and N,O from rice paddy under different management schedules at important phenological
phases during 2013 and 2014 cropping season
Coefficient of determination (R?)
Tillering to panicle initiation Panicle initiation to flowering Flowering to milking Milking to dough
Factors 2013 2014 2013 2014 2013 2014 2013 2014
N1 0.75 0.21 0.77 0.68 0.82 0.35 0.51 0.54
(y=0.07x (y=-0.08x (y=-041x (y=-027x (y=0.77x (y=041x (y=-090x (y=0.80x
+4.23) +14.01) +14.68) +3421) +17.37) +15.72) +12.76) +9.88)
N2 0.77 0.78 0.14 0.98 0.01 0.37 0.78 0.37
(y =-0.86x (y=-0.38x (y=-081x (y=143x (y =0.05x (y=-0.08x (y = 0.60x (y =0.05x
+27.57) +13.09) +372) —42.03) +0.49) +16.22) ~27.62) +3.87)
I 0.945 0.77 0 0.35 0.31 0.16 0.86 0.26
(y=-0.46x (y=-037x (y=0.02x (y=0.53x (y =-0.09x (y =-0.05x (y=-040x (y=0.06x
+9.22) +16.52) +10.95) - 15.11) +2.68) +13.46) +10.69) +4.72)
R 0.75 0.30 0.45 0.05 0.08 0.01 0.14 0.68
=137 (y=-091x (y=2.76x (y=-0.18 (y=047x y=1(0.03x (y =0.49x (y=0.73x
—5.4) +2121) -8.77) +28.52) ~2.74) +18.28) ~22.37) +18.42)
T1 0.18 0.68 0.35 0.03 0.02 0.67 0.48 0.10
(y=-0.46x (y =-0.66x (y =-0.80x (y=0.16x (y=-0.11x y=-1.17x (v =0.62x (y =0.23x
+13.45) +17.57) +21.77) +10.05) —0.45) +34.33) —32.67) +13.18)
T2 0.82 0.84 0.01 0.25 0.39 0.24 0.07 0.19
(y=-0.53x (y=-0.39% (y=0.11x (y =-0.80x (y =0.56x (y =-0.05x (y=-022x (y=-0.02x
+13.89) +20.90) +18.25) +31.27) +14.36) +12.81) +5.04) +3.77)

N1, Ammonium sulphate; N2, Vermicompost; I, Irrigated; R, Rainfed; T1, 27 June; T2, 12 July.

On the other hand, considerably lower CH, fluxes were
recorded under rainfed condition ranging from 0.42 to
17.54 mg/m*/day (Table 1). Well-distributed rainfall in
rainfed plots resulted in anaerobic—aerobic alteration.
Under such condition presence of oxygen in soil layer
reduced the production of CH, through inhibiting the me-
tabolism of methanogenic bacteria.

An inverse result was obtained in case of N,O emis-
sions. Anaerobic—aerobic alteration under rainfed situa-
tion reduces CH,; emission rates, but simultaneously
promotes N,O emission. Maximum N,O emission density
was noticed during panicle initiation to flowering stage
(22.06 mg/m*/day) followed by 16.38 and 11.29 mg
N,O/m*/day during flowering to milking and tillering to
panicle initiation stage respectively. Dry—wet alternation
in soil stimulated N,O generation and emission. Changes
in soil moisture regime as rainfed field stimulated nitrifi-
cation (through soil drying) and denitrification (through
soil wetting by rainfalls), and thus influenced N,O emis-
sion'>?*. Our previous study also reported the same trend®.
During maturity period negative N,O emission occurred
(-2.12 mg/m?/day), which may be due to changes in C:N
ratio which produce N,O sink in rice soil. Continuous
flooding condition establishes anaerobic environment
which does not favour N,O production and emission. N,O
emission rates ranged between 0.61 and 7.50 mg/m?/day
under irrigation throughout the rice growing period. Nitrify-
ing bacteria do not favour anaerobic condition to produce
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N,O emission, because N,O is rapidly broken down to
nitrogen (N,)’°. Tillering to panicle initiation stage ex-
erted maximum variation in CH4 and N,O emissions un-
der different water management regions (Table 1).

Effect of year: CH,4 and N,O emissions from rice paddy
varied distinctly during both cropping seasons. During
the rice growing period of 2014, maximum CH, and N,O
fluxes were obtained with peak emissions of 31.76 mg
CH,/m*/day during active vegetative stage and 14.86 mg
N,O/m?*/day during later stage of reproductive phase. The
2013 season exhibited minimum emission density of CHy4
and N,O, ranging from 9.17 to 18.80 mg/m*/day and
—8.99 to 15.71 mg/m?*/day respectively (Table 1). This
variation is probably due to changing rainfall distribution
pattern and air temperature during both the years.

Interaction effect of different factors on emission
potentiality: In the present study, CH; and N,O emis-
sions were less affected by the interaction of N x T,
N x Y (nutritional treatment x year) and T x MR (trans-
planting date x moisture regime). Significant variation
was noted due to N x MR (nutritional treatment x
moisture regime) during each rice phenophase (except
during flowering to milking for N,0), with maximum
variation in both GHGs during tillering to panicle initia-
tion stage. Results suggest that the emission factor
responsible for CH; and N,O emissions tended to be
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dependent on water management and nutrient amend-
ment. Furthermore, interaction of all factors (N xY x
T x MR; nutritional treatment x year x transplanting date x
moisture regime) exerted significant variations between
mean N,O and CH, fluxes of rice paddy, especially dur-
ing the vegetative period.

Association between CH, and N,O emissions

The present study clearly indicates a trade-off association
between the CH; and N,O emissions from rice paddy
under different management practices during important
growth phases. We obtained a linear relationship between
the two GHGs over two experimental seasons of 2013
and 2014 (Table 2). There was an inverse relationship
between CH,; and N,O emissions during tillering to
panicle initiation stage. Here increased CH, emission was
associated with readily available organic carbon from
nutritional source as well as the increased CH, transport
capacity of rice due to well-developed aerenchyma
tissues’'?%. Soil water saturation level did not favour
nitrification and denitrification, thus reducing N,O emis-
sion. During panicle emergence to flowering opposite
emission trends were observed. Greater availability of
nitrogen (just after top dressing) probably increased the
N,O emission as nitrogen inputs within soil determine the
N,O production rates™. C: N ratio with lack of optimum

Table 3. Yield of rice as influenced by different individual and
combined experimental factors

Experimental Yield of Experimental Yield of rice
factors rice (kg/ha) factors (kg/ha)
N1 4586.41 T1 4341.8
N2 3775.08 T2 3950.93
SEm (£) 148.68 SEm (%) 148.68
CD (at 5%) 440.09 CD (at 5%) 440.10
I 4695.70 Y1 (2013) 4561.48
R 3665.78 Y2 (2014) 3800.00
SEm (£) 148.68 SEm (%) 148.68
CD (at 5%) 440.10 CD (at 5%) 440.10
NxYxTxMR SEm (%) 297.36

CD (at 5%) 880.18

Table 4. Coefficient of determination (R?) between seasonal average
CHy4 and N,O flux and rice productivity during 2013 and 2014 under
different management factors

CH, versus productivity (R?) N,O versus productivity (R?)

Factors 2013 2014 2013 2014
N1 0.68 0.86 0.20 0.17
N2 0.13 0.15 0.95 0.18
1 0.22 0.45 0.00 0.72
R 0.00 0.87 0.65 0.57
Tl 0.17 0.06 0.74 0.41
T2 0.05 0.28 0.31 0.49
994

temperature along with well-distributed precipitation con-
trolled CH4 emission. The end of growing season re-
sponded positively to emissions of both gases under
ammonium sulphate application. Hence, the rice plant at
flowering to ripening stages offers a relatively favourable
ecological niche for a methanogenic microbial commu-
nity’*. Rise in N,O emissions may be due to the shift
from anaerobic to aerobic conditions which enhances
mineralization of available C and N, thereby favouring
N,O emissions’. The present findings in terms of trade-
off relation between the two gases are in conformity with
earlier findings® .

Influence of GHG fluxes on rice productivity

Rice productivity was significantly affected by nutrient
amendments, transplanting dates, and moisture regime
(Table 3). Combination of all factors showed maximum
critical difference (at 5% significance level) among mean
values of rice yield. According to two years’ data, the
highest yield was obtained from ammonium sulphate
amended rice transplanted on 27 June under irrigation.

Seasonal average of CH,; flux showed significant
inverse relationships with rice yield under ammonium
sulphate application during 2013 and 2014 (R* = 0.68 and
0.86 respectively). During cropping season of 2014,
significant associations were noted under rainfed rice
(R*=0.87) (Table 4). Denier van der Gon et al*® re-
ported a negative correlation between grain yield and
CH,4 emissions. This could be due to the availability of
more photosynthetic C as root exudates, since it was not
being used in seed production.

During 2013 seasonal average of N,O emission exerted
direct correlation (negative) with rice yield under vermi-
compost application (R?=0.95) and rainfed condition
(R*=0.65 and 0.57 during 2013 and 2014 respectively)
(Table 4). These associations rely on plant uptake pattern
of available nitrogen and subsequent loss through micro-
bial activity.

Conclusion

A complete perspective is provided in this study to assess
vital information on the interactive nature of different
GHGs and their association with rice productivity, which
limits the reliability of mitigation strategies. The achieved
outputs of the present study opened up the possibilities to
immediately develop some specific mitigation techno-
logies. However, sound rice production is imperative for
future generations. The challenge is to develop technolo-
gies by modifying indigenous traditional knowhow that
optimize rice yields and at the same time minimize GHG
emissions. For location-specific recommendations long-
term experiments in this line are essential for a better
understanding.

CURRENT SCIENCE, VOL. 112, NO. 5, 10 MARCH 2017



RESEARCH ARTICLES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Burney, J. A., Davis, S. J. and Lobell, D. B., Greenhouse gas miti-

gation by agricultural intensification. Proc. Natl. Acad. Sci. USA,
2010, 107, 12052-12057.

. Foley, J. A. et al., Solutions for a cultivated planet. Nature, 2011,

478, 337-342.

. Smith, P., et al., Agriculture. In Climate Change 2007: Mitigation.

Contribution of Working Group Il to the Fourth Assessment Re-
port of the Intergovernmental Panel on Climate Change (eds
Metz, B. et al.), Cambridge University Press, Cambridge, 2007.

. Zou, J., Huang, Y., Jiang, J., Zheng, X. and Sass, R. L., A 3 year

field measurement of methane and nitrous oxide emissions from
rice paddies in China: effects of water regime, crop residue, and
fertilizer application. Global Biogeochem. Cycles, 2005, 19, art.
no. GB2021. doi:10.1029/2004GB002401.

. Zou, J., Huang, Y., Zheng, X. and Wang, Y., Quantifying direct

N,O emissions in paddy fields during rice growing season in
mainland China: dependence on water regime. Atmos. Environ.,
2007, 41, 8032-8042.

. Zhang, W., Yu, Y., Huang, Y., Li, T. and Wang, P., Modeling

methane emissions from irrigated rice cultivation in China from
1960 to 2050. Global Change Biol.,2011,17,3511-3523.

. Van Groenigen, J., van Kessel, C. and Hungate, B. A., Increased

greenhouse-gas intensity of rice production under future
atmospheric conditions. Nature Climate Change, 2012, 1-4,
doi:10.1038/nclimate1712 1-4.

. Xie, B. et al., Effects of nitrogen fertilizer on CH,4 emission from rice

fields: multi-site field observations. Plant Soil, 2010, 326, 393—401.

. Ma, K. and Lu, Y. H., Regulation of microbial methane production

and oxidation by intermittent drainage in rice field soil. FEMS
Microbiol. Ecol., 2011, 75, 446-456.

Silva, L. S., Griebeler, G., Moterle, D. F., Bayer, C., Zschormark,
T. and Pocojeski, E., Dynamics of methane emission from flooded
rice soils in southern Brazil Rev. Bras. Cién. Solo, 2011, 35, 473—
481; http://dx.doi.org/10.1590/S0100-06832011000200016.

Liu, S. Y., Zhang, Y. J., Lin, F., Zhang, L. and Zou, J. W,
Methane and nitrous oxide emissions from direct-seeded and seed-
ling-transplanted rice paddies in southeast China. Plant Soil, 2013,
374, 285-297; http://dx.doi.org/10.1007/s11104-013-1878-7.
Bronson, K. F., Neue, H. U., Singh, U. and Abao Jr, E. B., Auto-
mated chamber measurements of methane and nitrous oxide flux
in a flooded rice soil: residue, nitrogen, and water management.
Soil Sci. Soc. Am. J., 1997, 61, 981-987.

Kanno, T., Miura, Y., Tsuruta, H. and Minami, K., Methane emis-
sion from rice paddy fields in all of Japanese prefecture. Nutr.
Cycling Agroecosyst., 1997, 49, 147-151.

Bharati, K., Mohanty, S. R., Rao, V. R. and Adhya, T. K., Influ-
ence of flooded and non-flooded conditions on methane efflux
from two soils planted to rice. Chemosphere Global Change Sci.,
2001, 3, 25-32.

Zheng, X. et al., Impacts of soil moisture on nitrous oxide emission
from croplands: a case study on rice-based agro-ecosystem in South-
east China. Chemosphere Global Change Sci., 2000, 2, 207-214.
Heincke, M. and Kaupenjohann, M., Effects of soil solution on the
dynamics of N,O emissions: a review. Nutr. Cycling Agroecosyst.,
1999, 55, 133-157.

Khalil, M. I., Rosenani, A. B., Van Cleemput, O., Fauziah, C. I.
and Shamshuddin, J., Nitrous oxide emissions from an Ultisol of
the humid tropics under maize—groundnut rotation. J. Environ.
Qual., 2002, 31, 1071-1078.

Zou, J., Huang, Y., Zong, L., Zheng, X. and Wang, Y., Carbon
dioxide, nitrous oxide and methane emissions from a rice—winter
wheat rotation system as affected by crop residue incorporation
and temperature. Adv. Atmos. Sci., 2004, 21, 691-698.

Hori, K., Inubushi, K., Matsusmoto, S. and Wada, H., Competition
for acetic acid between CH,4 formation and sulfate reduction in
paddy soil. Jpn. J. Soil Sci. Plant Nutr., 1990, 61, 572-578.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Schiitz, H., Hozapfel-Pschorn, A., Conrad, R., Renuenberg, H. and
Seiler, W., A three-year continuous record on the influences of
daytime, season and fertilizer treatment on CH4 emission rates
from an Italian rice paddy. J. Geophys. Res., 1989, 194, 16405—
16416.

Wu, J., Zhang, J., Jia, W. L., Xie, H. J., Gu, R. R, Li, C. and Gao,
B. Y., Impact of COD/N ratio on nitrous oxide emission from mi-
crocosm wetlands and their performance in removing nitrogen
from wastewater. Bioresour. Technol., 2009, 100, 2910-2917.
Klemedtsson, A. K., Weslien, P. and Klemedtsson, L., Methane
and nitrous oxide fluxes from a farmed Swedish Histosol. Eur.
J. Soil Sci., 2009, 60, 321-331.

Wassman, R. et al., Methane production capacities of different
rice soils derived from inherent and exogenous substrate. Plant
Soil, 1998, 203, 227-237.

Yagi, K. and Minami, K., Effects of organic matter application on
CHy emission from Japanese paddy fields. In Soils and the Green
House Effect (ed. Bouwman, A. F.). John Wiley, New York, 1990,
pp. 467-473.

Minamikawa, K. and Sakai, N., The effect of water management
based on soil redox potential on methane emission from two kinds
of paddy soils in Japan. Agric. Ecosyst. Environ., 2005, 107, 397—
407.

Yue, J., Shi, Y., Zheng, X., Huang, G. and Zhu, J., The influence
of free-air CO, enrichment on microorganisms of a paddy soil in
the rice-growing season. Appl. Soil Ecol., 2007, 35, 154-162.
Zhao, X., Jia, H. and Cao, J., Study on mitigation strategies of me-
thane emission from rice paddies in the implementation of eco-
logical agriculture. Energy Procedia., 2011, 5, 2474-2480.

Abao, E. B., Bronson, K. F., Wassmann, R. and Singh, U., Simul-
taneous records of methane and nitrous oxide emissions in rice-
based cropping systems under rainfed conditions. Nutr. Cycling
Agroecosyst., 2000, 58, 131-139; doi:10.1023/A:1009842502608
Kar, B., Karmakar, S., Saha, G. and Bhattachatya, R., Investiga-
tions on nitrous oxide emissions from organic rice fields as influ-
enced by atmospheric factors. J. Crop Weed, 2014, 10(2), 190—195.
Granli, T. and Bockman, O. C., Nitrous oxide from agriculture.
Norw. J. Agric. Sci., 1994, 12, 128.

Adhya, T. K. et al., Methane emission from flooded rice fields
under irrigated conditions. Biol. Fertil. Soils, 1994, 18, 243-248.
Yao, H., Yagi, K. and Nouchi, I., Importance of physical plant
properties on methane transport through several rice cultivars.
Plant Soil, 2000, 222, 83-93.

Bouwman, A. F., Boumans, L. J. M. and Batjes, N. H., Modeling
global annual N,O and NO emissions from fertilized fields. Global
Biogeochem. Cycles, 2002, 16, 1080—-1088.

Singh, A. and Dubey, S. K., Temporal variation in methanogenic
community structure and methane production potential of tropical
rice ecosystem. Soil Biol. Biochem.,2012, 48, 162—166.

Xu, H., Guangxi, X., Cai, Z. C. and Tsuruta, H., Nitrous oxide
emission from three rice paddy fields in China. Nutr. Cycling
Agroecosystem., 1997, 49, 23-28.

Cai, Z. C., Xing, G. X., Yan, X. Y., Xu, H., Tsuruta, H., Yagi, K.
and Minami, K., Methane and nitrous oxide emissions from rice
paddy fields as affected by nitrogen fertilizers and water manage-
ment. Plant Soil, 1997, 196, 7-14.

Cai, Z. C., Tsuruta, H. and Minami, K., Methane emission from
rice paddy fields in China: 1. Measurements and influencing fac-
tors. J. Geophys. Res., 2000, 105, 17231-17242.

Denier van der Gon, H. A. C. et al, Optimising grain yields
reduces CH4 emissions from rice paddy fields. Proc. Natl. Acad.
Sci. USA, 2002. 99, 12021-12024.

Received 12 April 2016; accepted 27 September 2016

doi: 10.18520/cs/v112/i05/989-995

CURRENT SCIENCE, VOL. 112, NO. 5, 10 MARCH 2017

995



