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ABSTRACT:

Methane (CH,4) and Nitrous Oxide (N,O), being po-
tent greenhouse gases (GHG) contribute largely to
global warming and climate change. The association
of plant factors of rice plants on Global Warming
Potential (GWP) and Greenhouse Gas Intensity
(GHGI) are not well documented. To address the
problem of climate change, global warming need to
be mitigated by cutting down the emission of CHy
and N,O at its source. A 02 year field experiment was
conducted during April-September of 2016 and 2017
which includes 08 pre monsoon (A4hu) rice varieties:
Dikhow, Disang, Jaya, Kolong, Kopilee, Lachit,
Swabhagi and Abhishek to estimate their GWP,
GHGI and Carbon Equivalent Emission (CEE). CHy
and N,O flux throughout the cropping season were
measured using static chamber technique. Investiga-
tion shows significant differences in seasonal GHG
emission, GWP, GHGI, photosynthetic efficiency,
transpiration rate and grain productivity among the
rice varieties. A good correlation of CH4 and N,O
emission was recorded with GWP, GHGI, CEE and

transpiration rate of the varieties. GWP and GHGI of
the varieties Abhishek and Lachit were relatively low
while grain productivity was high during both the
years of experimentation. The results from this study
suggest that cultivation of rice varieties with lower
GHG emission efficiency accompanied by higher
grain productivity can be an effective environment
friendly biological mitigation strategy for emission
reduction of GHG and global warming.

Keywords: Methane, Nitrous Oxide, global warming
potential, greenhouse gas intensity, carbon emission
efficiency, photosynthetic efficiency.

1. INTRODUCTION

Rice is an important staple food for more than half of
the world population and provides ~19% of dietary
energy globally [1]. Worldwide ~190Mha of area is
dedicated to rice cultivation [2] and the demand for
rice is expected to increase globally by 35% by 2030
[3].There is a need to increase the global agricultural
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productivity by 60-110% to provide food security by
2050 [1,4]. Various socio-economic constraints re-
strict the chances to expand area under rice cultiva-
tion. Hence to meet the increasing demand, per unit
area rice production should be raised.

India is one among the top three rice growing na-
tions but its yield growth rate per year is only 1.0%
which is too low to ensure global food security by
2050 [1]. India cultivates about 44.4Mha of rice un-
der four major agro-ecosystems, viz. irrigated
(~22Mha), rainfed lowland (~14.4Mha), flood prone
(~2.04Mha) and rainfed upland (~6 Mha) ecosystems.
Indian rice ecosystems represent 49.5% of irrigated
areas, 32.4% of rainfed lowlands, 4.6% of flood-
prone areas and 13.5% of rainfed uplands cultivated
to rice in the entire world [5]. No country other then
India in the world has such diversity in rice ecosys-
tems.

Assam, a state of far eastern part of India, a region
inhabited by large number of ethnic groups and varia-
tion in their preferences to food and food habit is re-
sponsible for the evolution of a large number of in-
digenous rice cultivars in the region. Rice paddy con-
tributes towards the emission of two most important
GHGs responsible for global warming: Methane
(CHy4) and Nitrous Oxide (N;O). Rice fields are re-
ported to contribute about 30% and 11% of CH,and
N,O emission respectively to the atmosphere [6]. At-
mospheric N,O concentration has increased by 18%
compared to the preindustrial level, with a linear in-
creasing rate of 0.26% per year during the recent few
decades [7]. There are several reports on contribution
of rice paddy on significant quantity of emission of
CHgand N,O from North East region of India
[8,9,10]. These two gases have a long atmospheric
lifetime of 12 and 114 years respectively and ac-
counts for 20% and 7% respectively to the global ra-
diative forcing [7]. High GWP of 34 (CH,) and 298
(N,O) times that of CO, at a 100-yr time horizon
makes them a major contributor to climate change
[11]. There is an urgent need to opt for solutions to
meet the projected demand of rice yield while lower-
ing greenhouse gas (CHjand N,O) emission for a
sustainable environment.

Kushal Kumar Baruah et al.

Mitigation of GHG emission plays a significant
role in addressing climate change. Although many
studies have been done for characterization of GHG
emission from agricultural soils but mitigation needs
more attention from country like India where agricul-
ture is the dominant sector. Among the major cereals
in the world, rice has a higher GWP of 3.8 Mg CO,
ha™!' season', than wheat (Triticum aestivum, 0.7Mg
CO,ha' season') and maize (Zea mays, 1.4Mg CO,
ha'season™), suggesting the importance of mitigat-
ing the GWP of rice eco-systems [12]. Investigation
on individual contributions of CH,s and N,O to the
atmosphere from an agricultural crop may give an
understanding on control of global warming impact
of a crop ecosystem [13]. It has been reported in
many studies that plant factors regulates the GHG
emission potential of a crop [14,15,10], therefore
their might be differences in GWP and GHGI of dif-
ferent rice cultivars grown under the same ecosys-
tem.The present investigation is an attempt to identify
low GHG emitting rice variety with better yield scale.
In this study eight pre-monsoon rice varieties
(Dikhow, Disang, Jaya, Kolong, Kopilee, Lachit,
Swabhagi and Abhishek) were investigated with the
following objectives: (a) to estimate the CH, and N,O
flux, GWP, GHGI and CEE of the rice varieties, (b)
to study the plant parameters (viz. photosynthetic ef-
ficiency, transpiration rate and grain productivity) of
the varieties and work out a relationship of GHG
emission with plant parameters. Further we tried to
identify a suitable rice variety with lower GHG emis-
sion potential (CH4 and N,O) along with higher grain
yield.

2. MATERIAL AND METHODS:
2.1. Site description and field management:

A field experiment was conducted in the experi-
mental farm of Tezpur University (26°41" N latitude
and 92°499" E longitude) which is located in the
North Bank Plain Agro-climatic Zone of Assam, In-
dia. The experiment was carried out for two consecu-
tive rice growing seasons (April-September) of 2016
and 2017. The region is subtropical humid and is
characterized by moderately hot wet summers and
dry winters. Maximum and minimum average daily
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temperature during the crop growth period was 31.64
—24.65 °C (2016) and 31.15 —24.7 °C (2017). The
total rainfall recorded during the experimental period
was 426.0 mm in 2016 and 594.8 mm in 2017 (Figure
1).The soil is characterized as recent and old alluvium
soils (typic endoaquepts) with sandy to sandy-loam
texture (sand 54.47%, silt 17.1%, clay 27.42%) in the
top 15 cm soil and slightly to moderate acidic soil pH
(5.4) with bulk density of 1.45 Mg m™, porosity
37.05%, water holding capacity 47.02% and soil or-
ganic carbon 11.10 g kg, available N, available
phosphorous and available potassium contents of
145.15 kg ha”', 33.34 kg ha'and 236.17 kg ha' re-
spectively in the top 15 cm soil.
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Figure 1: Meteorological graph showing maximum
and minimum air temperature (°C) and rainfall (mm)
during the crop growth period.

The experimental field was ploughed, puddled thor-
oughly to 15-cm depth, levelled and flooded 2-3 days
before transplanting. The experiments were conduct-
ed in a randomized block design (RBD) with eight (8)
varieties each replicated three (3) times (total plots 8
x 3 =24) in prepared plots (plot size, 3m x 2m) for
two consecutive years (2016, 2017). The rice varieties
selected for the experiment were Dikhow (V1),
Disang (V2), Jaya (V3), Kolong (V4), Kopilee (V5),
Lachit (V6), Swabhagi (V7) and Abhishek (V8) out
of these, seven varieties (V1 to V7) were high yield-
ing varieties and V8 was a popular indigenous varie-
ty. The 24 plots were prepared, keeping a gap of 0.5m
between two plots. 30 days old seedlings of the rice
varieties were transplanted in to the experimental
plots in first week of May 2016 and 2017 at a spacing
of 20x15 cm (plantxrow). The NPK fertilizer was
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applied at a rate of 40:20:20 kg of N-P-K ha™ in the
form of urea, single super phosphate (SSP), and muri-
ate of potash (MOP) as recommended by the Depart-
ment of Agriculture, Government of Assam, India.
The 1/3™ of N (as urea, 20 kg ha™) was broadcasted
as a basal application before the last ploughing. The
remaining 1/3rd of N was applied at the tillering stage
of each variety and the other 1/3rd of N was applied
at panicle initiation stage. The whole of the P (20 kg
ha™') and K (20 kg ha™' rate) was applied before trans-
planting. Irrigation was done during field preparation
for proper mixing of the applied fertilizers before
transplanting. The crop was allowed to grow after
transplanting under rain fed condition (rainfall data
are given in Figure 1). The variety Dikhow, Disang,
Kolong, Kopilee, Swabhagi and Abhishek were har-
vested at 90-100 days after transplanting (DAT), Jaya
and, Lachit were harvested at 105-115 DAT, depend-
ing on their physiological maturity. Agronomic prac-
tices in the field were followed as per the recom-
mended practice for cultivation of rice.

2.2. Gas sampling and measurements:

CH,4 and N,O flux from all the eight rice varieties
were measured at 7-days intervals from the day of
transplanting (0 DAT) until 2 weeks after harvest of
the crop using the static chamber technique and gas
chromatography methods [16,17]. The chambers of
50cm length, 30cm width and 90cm to 120cm height
(depending upon the plant height) made of 6 mm
thick acrylic transparent sheets were used for gas
sampling. In each sampling plot, U-shaped aluminum
channels (50 cm*30 cm) were inserted into the soil to
a depth of 10 cm to accommodate the chambers. Dur-
ing gas sampling, the aluminum channel was filled
with water, which acted as air seal when the chamber
was placed on the channel. A battery operated fan
was fixed inside the chamber to homogenize the in-
side air. A thermometer was also inserted in the
chamber through a self-sealing rubber septum to
monitor the inside temperature. A 50 ml syringe fit-
ted with a three-way stopcock was used to draw gas
samples from the chamber at an interval of 15
minutes (0, 15, 30, and 45 minutes). Gas samples
were collected on every sampling day between 09:00
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hour to 11:00 hour [18]. The samples were brought to
the laboratory immediately after sampling and ana-
lyzed for CHjyand N,O concentrations using gas
chromatograph (GC) (Varian 3800, USA). GC re-
sponse was calibrated periodically using certified
CHg4and N,O standard obtained from National Physi-
cal Laboratory, New Delhi, India. There are recent
reports on suitability of closed chamber technique for
screening large number of rice genotypes for GHG
emission measurement [19].

Concentration of CH; was determined by flame
ionization detector (FID) and a chromopack capillary
column (stainless steel column, 180 cm long and 3.2
mm outside diameter). Column, injector and detector
temperature were maintained at 50, 90, and 150 °C,
respectively. Methane flux was calculated from the
temporal increase in the concentration of CHy inside
the box by the equation of Parashar et al., 1996 [20].

N,O fluxes were calculated from the linear in-
crease in N,O inside the chamber during the gas sam-
pling period [18] with an electron capture detector
(ECD) and a stainless steel chromopack capillary
column (50cm long, 0.53mm outside diameter, 1pum
inside diameter).The temperature of the column, in-
jector and detector were 80, 200, and 300 °C, respec-
tively. The carrier gas was pure N; (99.999%) with a
flow rate of 15 ml min™'.

Seasonal emission of CHyand N,O for the entire crop
growth period was computed by following the formu-
la of Ma et al., 2009 [21]:

n
Seasonal emission = Z - (Fix Di)
=

Where F; indicates mean gas emission (CH4or N,O)
in the /™ sampling interval, D; indicates the number of
days and n is the total number of the measurements
made during the experiment and expressed as kg

ha™'.

2.3. Estimation of global warming potential, green
house gas intensity and carbon equivalent emission:

To estimate the GWP, CO; is typically taken as the
reference gas and an increase or decrease in emission
of CH4and N,O is converted into CO,-equivalents by

Kushal Kumar Baruah et al.

means of their GWPs. In this study, we used the
IPCC 2013 [11] factors to calculate the combined
GWPs for 100 years from the CH4 and N,O emitted
from different rice varieties using the equation of Jain
et al., 2014 [22]:

GWP = CHy4 x 34 + N,O x 298

Greenhouse Gas Intensity (GHGI) was calculated by
following the equation of Mosier et al., 2006

[23]:
GHGI = GWP/Grain yield

Carbon equivalent emissions (CEE) was calculated
according to Bhatia et al., 2010 [24]:

CEE (kg C ha™') = GWP x 12/44

2.4. Plant parameters analysis:

Gas exchange parameters viz., flag leaf photosynthe-
sis and rate of transpiration were measured at panicle
initiation and 50% flowering stage with an infrared
gas analyzer (LI-6400, portable photosynthesis sys-
tem, LI-COR, Lincoln, NE, USA). Four plants from
each experimental unit were randomly selected for
the measurement. The results presented are the mean
of 12 readings from four experimental units (4x3 =
12) of each variety.

2.5. Soil sample collection and analysis:

Prior to rice cultivation soil samples were collected
randomly from different locations of the experi-
mental field from a depth of 0—15 cm for the basic
physic chemical properties by following the methods
of Page et al., 1982 [25].

2.6. Estimation of grain yield and yield attributing
parameters:

Grain yield was recorded by harvesting the rice from
01 square meter (m?) area from each experimental
unit. The grains were separated from the straw, dried
and weighed. Number of fertile tillers per sq m, num-
ber of grains per panicle, filled grains percentage and
thousand grain weight were counted manually [9].
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2.7. Statistical analysis:

Collected data were statistically analyzed to deter-
mine whether there was any significant effect of vari-
eties (V) and years (Y) and their interactions on the
measured variables. Statistical analysis was per-
formed by Analysis of Variance (ANOVA), Pearson
correlation analysis, Least Significant Difference
(LSD), Duncan multiple range test (DMRT) with the
help of SPSS analytical tool (IBM SPSS 20, SPSS
Inc., Chicago, USA). Pearson-correlation analysis
was used to determine the significance of linear rela-
tionships between obtained variables. Standard error
of mean of each replicates was also calculated.

RESULTS
3.2. Methane emission:

The emission of CH,4 during early crop growth varied
significantly at different growth stages after trans-
planting. Figure 2 (a—d) represents the seasonal varia-
tions in CH4 emissions of the crop during the growing
period over the 02 years. Fluxes were relatively low
during the initial growth period of the rice crop (07
DAT). The fluxes, however, increased to peaks of
0.345 (Dikhow), 0.405 (Disang), 0.383 (Jaya), 0.332
(Kolong), 0.404 (Kopilee), 0.356 (Lachit), 0.341
(Swabhagi) and 0.324 (Abhishek) pg m? h™' during
2016 and 0.342 (Dikhow), 0.407 (Disang), 0.375
(Jaya), 0.326 (Kolong), 0.409 (Kopilee), 0.341
(Lachit), 0.358 (Swabhagi) and 0.317 (Abhishek)
pgm > h™' during 2017 at the active tillering stage of
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the crop growth (21-35 DAT). The fluxes decreased
considerably at the end of the tillering stage, which
coincides with the end of the vegetative growth.
Thereafter, the fluxes increased gradually to second
prominent peaks of 0.450 (Dikhow), 0.572 (Disang),
0.445 (Jaya), 0.392 (Kolong), 0.663

(Kopilee), 0.583 (Lachit), 0.530 (Swabhagi) and
0.425 (Abhishek) pg m> h™' during 2016, and 0.454
(Dikhow), 0.549 (Disang), 0.463 (Jaya), 0.371
(Kolong), 0.665 (Kopilee), 0.575 (Lachit), 0.553
(Swabhagi) and 0.432 (Abhishek) pg m? h™' during
2017 at the onset of there productive phase of crop
growth (panicle-initiation stage, 42-70 DAT). Irre-
spective of the year, two prominent peaks of CHy
emission were observed at tillering and panicle-
initiation stages and depending upon the varieties the
peaks appeared at different days after transplanting.
Emissions of CH,; decreased steadily until the rice
cropwas harvested, although short pulse emissions
occurred in between. Significant reduction in emis-
sion was observed after harvesting of the crop. The
seasonal pattern of CH, emission was similar in both
the years (Figure 2, a—d). The differences in seasonal
CH,4 emission among the rice varieties were statisti-
cally significant (Table 1). Seasonal CH,4emission
during the crop growth period was highest in the vari-
ety Swabhagi (6.87 kg ha in 2016, 6.82kg ha™ in
2017) and lowest in Abhishek during both the years
of experimentation (5.22kg ha™ in 2016 and 5.10kg
ha™' in 2017). The CH4emission was in the order of
Swabhagi > Jaya > Dikhow > Disang > Kopilee >
Lachit > Kolong > Abhishek during 2016 and fol-
lowed a similar order during 2017.

Dy afier Tramsplanting

Figure 2: Methane emission recorded from fields planted with the rice varieties: (a, b) during 2016, (c, d)

during 2017. Data presented are mean + standard errors.
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Table 1: Seasonal emission of CH4 and N,O, global warming potential, carbon equivalent emission and green-

house gas intensity of rice varieties during 2016 and 2017.

Kushal Kumar Baruah et al.

Seasonal CH, Seasonal N,O Global Warming Carbon EquivalenE Greenhouse Gas Ir}'ﬁensif{y
emission (kg ha') emission (kg ha') Po}entla}l(kg CO,- ]limlssmn (kg Cha™ (kg COz-equiv. kg™ grain

eqiv. ha™) ) yield)

2016

Dikhow 6.02+0.04 ¢ 3.90 £ 0.04 be 1368.07 £ 12.65 ¢ 373.07+3.45¢ 0.499 £ 0.004 d

Disang 6.50 £0.10 de 4.19 £ 0.05 de 1468.72 £18.39 de  400.52+5.02de  0.529+0.017d

Jaya 6.64 +0.06 ¢ 4.12+0.03 cde 1454.54 £11.24 cde 396.65 +3.07 cde  0.344 +0.008 abc

Kolong 541+0.03a 3.65+£0.06 b 1273.10+19.00b  347.18+5.11b 0.390£0.010 ¢

Kopilee 6.34+0.06 d 3.94+0.06 cd 1390.57 £ 18.74de 37921 +5.11cd  0.643+£0.012¢

Lachit 5.71+0.04b 3.06= 0.03a 1105.79+9.84 a 301.55+2.68 a 0.306 =0.004 a

Swabhagi 6.77+£0.03 ¢ 432+ 0.06¢ 1517.92+£19.86 ¢ 413.94+t541¢ 0.377 £ 0.004 be

Abhishek 531+0.03a 295+ 0.04a 1060.32 +14.19a  289.15+3.87 a 0.330 +0.008 ab

p value (V) 0.000 0.000 0.000 0.000 0.000

LSD for V 0.130 0.120 39.007 10.636 0.022

(p<0.05)

2017

Dikhow 5.96 £0.08 ¢ 3.89+ 0.06¢ 1360.87 £ 15.34 ¢ 371.11+4.18 ¢ 0.483 £0.004 c

Disang 6.51 +£0.04 de 4.17 + 0.04 cd 1464.78 £ 14.18 de  399.45+3.87de  0.540 +0.006 d

Jaya 6.57+0.03 ¢ 411+ 0.04 cd 1447.63 £13.51de  394.77+3.68de  0.340+0.007 a

Kolong 5.38 £ 0.06 a 3.62+ 0.03b 1262.88 £10.93b  344.39+2.98b 0.390 £0.005 b

Kopilee 6.29 +£0.03 d 391+ 0.03¢ 1380.19+£10.28 cd 376.38+2.80cd  0.661 =0.006 ¢

Lachit 5.69+0.05b 3.01+ 0.07a 1091.59£20.06a  297.68+547a 0.311 £0.004 a

Swabhagi 6.72+0.03 ¢ 428+ 0.06d 1505.20 £ 19.64 ¢ 41047 +£536¢ 0.378 £0.005 b

Abhishek 530+0.07a 291+ 0.07a 1048.57+1837a  28594+5.01a 0.317 £0.006 a

p value (V) 0.000 0.000 0.000 0.000 0.000

LSD for V 0.125 0.127 38.434 10.481 0.013

(p<0.05)

LSDforYxV 0.081 0.078 24.700 6.735 0.012

Note: Values (mean =+ standard error) followed by same letters are not significantly different from each other in the same
column at p< 0.05, according to Duncan’s multiple range test. LSD: Least significant differences, V: varieties, Y: year

3.2. Nitrous oxide emission:

The emission of N,O during early crop growth varied
significantly across different times after transplant-
ing. Seasonal variations in N,O emissions of the
crops during the growing period is presented in Fig-
ure 3 (a—d). Fluxes were relatively low during the
initial growth period of the rice crop (0—7 DAT).

Thereafter, the fluxes increased to peaks of 282.91
(Dikhow), 274.76 (Disang), 247.34 (Jaya), 249.01
(Kolong), 215.83 (Kopilee), 189.99 (Lachit), 353.76
(Swabhagi) and 145.91 (Abhishek) pg m > h™' during
2016 and 246.95 (Dikhow), 256.45 (Disang), 268.26
(Jaya), 239.32 (Kolong), 231.50 (Kopilee), 174.52
(Lachit), 341.43 (Swabhagi) and 148.32 (Abhishek)

pg m > h™' during 2017 at the active tillering stage of
the crop growth (21-35 DAT). It decreased consider-
ably at the end of the tillering stage, which coincides
with the end of the vegetative growth. Fluxes then
increased gradually to second prominent peaks of
472.17 (Dikhow), 396.18 (Disang), 474.11 (Jaya),
362.75 (Kolong), 324.24 (Kopilee), 261.96 (Lachit),
450.86 (Swabhagi) and 394.62 (Abhishek) pg m=h™*
during 2016, and 452.36 (Dikhow), 388.32 (Disang),
364.32 (Jaya), 379.21(Kolong), 357.46 (Kopilee),
252.32 (Lachit), 461.32 (Swabhagi) and 387.47
(Abhishek) pg m* h™' during 2017 at the onset of the
reproductive phase of crop growth (panicle-initiation
stage, 42—70 DAT). Few minor peaks were precieved
at flowering stage (70-98 DAT) of the varieties of
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283.58 (Dikhow), 337.37(Disang), 314.58 (Jaya),
266.76 (Kolong), 285.79 (Kopilee), 209.10 (Lachit),
409.56 (Swabhagi) and 248.74 (Abhishek) pg m= h™*
during 2016, and 272.35 (Dikhow), 313.21 (Disang),
295.32 (Jaya), 261.21 (Kolong), 264.90 (Kopilee),
152.64 (Lachit), 374.09 (Swabhagi) and 229.32
(Abhishek) pg m? h™' during 2017. The order of N,O
flux among the varieties were Swabhagi > Disang >
Jaya > Kopilee > Dikhow > Kolong > Lachit > Ab-
hishek during 2016 and a similar order was observed
during 2017. Seasonal N,O emission rates weresig-
nificantly different (p<0.05) among the varieties
(Table 1).

Kushal Kumar Baruah et al.

Figure 3: Nitrous oxide emission recorded from
fields planted with the rice varieties: (a, b) during
2016, (c, d) during 2017. Data presented are mean +
standard errors.

Table 2: Yield and yield attributing parameters of the rice varieties at harvest during 2016 and 2017.

Fertile tillers m™  Grains panicle” Filled grains (%)

1000 grain wt (gm) Yield (kg ha™)

2016

Dikhow 410+3b 82+la 55.16 £0.75 ab 18.64 £0.37 ab 2743+ 13 b
Disang 396 +4 ab 125+1¢c 57.57+0.75 be 19.83 £0.61 ab 2787+9b
Jaya 479+4d 129+2¢ 7135+0.52f 23.16+0.33 ¢ 4237+7f
Kolong 449+ 1c 99+5b 6221+£0.51de  21.23+0.18bc 3272+4c¢
Kopilee 389+1a 80+3a 5227+0.72a 17.03+£093 a 2164+ 14 a
Lachit 449+3 ¢ 121+1c¢ 59.69+0.79cd  23.89+0.82c¢ 3618 +13d
Swabhagi 463 +2cd 130+2c¢ 76.68+0.17 g 23.09+£045¢ 4027 £ 14 e
Abhishek 3865a 119+6¢ 64.94+£025¢ 21.18 £ 0.34 be 3220+8¢

p value (V) 0.000 0.000 0.000 0.000 0.000

LSD for V (p<0.05) 7.967 7.596 1.468 1.371 26.554

2017

Dikhow 415+1b 86t1la 56.16 £ 1.24 ab 18.31+£0.12a 2817+9¢

Disang 396+2a 127+1c¢ 58.57+041bc  21.16£0.57b 2710+ 6b

Jaya 480+5d 127+2¢ 71.02+£0.82¢ 24.49+036¢ 4260+ 16h

Kolong 447+ 1c¢ 98+4b 63.54+£042d 21.90+0.50b 3235+13d

Kopilee 391+2a 8l1+3a 5327+0.72a 16.56 £0.44 a 2088+ 16 a

Lachit 450+ 1c¢ 119+1¢ 60.02+0.53 ¢ 22.56 +£0.13 be 3508 £ 15 f

Swabhagi 460+2c 129+1¢ 7535+035¢ 22.42+0.20 be 3983+11¢g

Abhishek 392+5a 123+3¢ 65.27+0.30d 22.51+0.39 be 3310+9e

p value (V) 0.000 0.000 0.000 0.000 0.000

LSD for V (p<0.05) 6.745 5.686 1.637 0.916 30.321

LSDforYxV 4.758 4311 1.026 0.805 28.959

Note: Values (mean + standard error) followed by same letters are not significantly different
from each other in the same column at p< 0.05, according to Duncan’s multiple range test.
LSD: Least significant differences, V: varieties, Y: year.
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3.3. Yield and yield related parameters:

Yield and yield attributing parameters like panicle m’
2 grains per panicle, filled grain (%) and 1000-grain
weight of rice varieties showed notable differences
(Table 2). The grain yield of the rice varieties in the
ecosystem ranges from 2133 to 4255 kg ha” and
2032 to 4295 kg ha'during 2016 and 2017 respec-
tively. More number of fertile tillers per unit area,
grains per panicle and thousand grain weight resulted
in higher economic yield in the variety Jaya followed
by Swabhagi > Lachit > Kolong > Abhishek >
Disang > Dikhow > Kopilee over 2 years. Grain
productivity showed a good correlation with rate of
photosynthesis (» = 0.371) and GHGI (» = -0.833) at
(»p <0.01).

Kushal Kumar Baruah et al.

3.4. Global Warming Potential,Carbon Equivalent
Emission and Greenhouse Gas Intensity:

Statistical differences were observed among the vari-
eties for GHG emission, GWP, GHGI and CEE
(Table 1). GHG emission revealed a good correlation
with GWP and CEE (p < 0.01) (Table 4). A good
correlation of GWP with GHGI (» = 0.486) and tran-
spiration rate (» = 0.820) at p < 0.01 was recorded.
The GWP among the varieties over 2 years of experi-
mentation was in the order of Swabhagi > Disang >
Jaya > Kopilee > Dikhow > Kolong > Lachit > Ab-
hishek. However, the GHGI shows a different trend
due to difference in yield potential among the rice
varieties and was in the order of Kopilee > Disang >
Dikhow > Kolong > Swabhagi > Jaya > Abhishek >
Lachit during both the seasons.

Table 3: Flag leaf photosynthetic rateand rate of transpiration of the rice varieties at two growth stages of the

crop during 2016 and 2017.

Photosynthetic rate (1t mol CO, m?s™")

Rate of transpiration (1 mol H,0 m?s™)

Panicle initiation

Panicle initiation

50% Flowering

50% Flowering

Dzi]?}}(fw 20.84+0.04 a 23.66+0.01 a 2.529+0.004 ¢ 6.635+0.007d
Disang 22.58+0.05¢ 25.26+0.02 ¢ 4.657+0.001 g 8.205+0.007 g
Jaya 23.85+001e 26.76 £0.01 e 3.511+0.000 f 7.802 £+ 0.008 f
Kolong 2532+£0.07g 29.14+0.04 h 2.447£0.000 b 5.166 £ 0.001 b
Kopilee 2331+0.02d 25.94+£0.02d 3.131+0.001 ¢ 7.242£0.002 ¢
Lachit 2450+ 0.05f 2793+0.02¢g 3.042+0.000d 6.453 £0.001 ¢
Swabhagi 2430+0.02 f 26.92+0.01f 4.955+0.001 h 8.430 £ 0.000 h
Abhishek 21.90+0.03 b 2491+£0.01b 1.915+0.002 a 4215+0.002 a

p value (V) 0.000 0.000 0.000 0.000

LSD for V (p<0.05) 0.100 0.05 0.003 0.01
2017
Dikhow 20.20+0.03 a 24.66+0.01 a 2.374+0.002 ¢ 6.103 £0.000 ¢
Disang 2237+0.02¢ 25.72+0.02b 3.815+£0.002 g 8.716 £0.002 g
Jaya 23.16+0.01d 27.34+0.07d 3.014 £ 0.000 f 8.140 £ 0.002 f
Kolong 26.48+£0.02 h 29.50£0.03 f 2.323+£0.001 b 5.987+0.003 b
Kopilee 23.60+0.03 f 26.19+0.02 ¢ 2.943 +£0.001 e 7.423£0.001 ¢
Lachit 2495+001 g 27.72+£0.07 ¢ 2.426 +£0.001 d 6.257+£0.002d
Swabhagi 2335+0.02¢ 27.17+0.01d 4.225+0.002 h 9.355+£0.001 h
Abhishek 21.54+0.01b 25.64+0.01b 2.126 £0.003 a 5.052 £ 0.000 a

p value (V) 0.000 0.000 0.000 0.000

LSD for V (p<0.05) 0.05 0.094 0.004 0.004

LSD forY x V 0.218 0.179 0.157 0.192
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Note: Values (mean =+ standard error) followed by same letters are not significantly different from each other in the same
column at p< 0.05, according to Duncan’s multiple range test. LSD: Least significant differences, V: varieties, Y: year.

Table 4: Pearson's correlation coefficients (» values) for different parameters

Methane Nitrous ox-  Carbon equivalent Greenhouse Global Rate of Rate of
Parameters emission ide emission emission Gas Warming photosynthesis transpiration
Intensity Potential
Carbon equivalent emis-  0.870**  0.998**
sion
Greenhouse Gas Intensity  0.357* 0.494%*
0.486%*
Global Warming Potential 0.870**  0.998** 1.000**
0.486**
Rate of photosynthesis -0.142 -0.082 -0.089 -0.330* -0.089
Rate of transpiration 0.907**  0.796** 0.820%* 0.270 0.820*%*  0.031
Grain productivity -0.162 -0.025 -0.041 -0.833** -0.041 0.371%* -0.201
Note: **. Correlation is significant at the 0.01 level (2-tailed).
*_Correlation is significant at the 0.05 level (2-tailed).
4. DISCUSSION

3.5. Plant parameters

There was a significant difference in flag leaf photo-
synthesis rate among the varieties (p < 0.05). The rate
of photosynthesis was in the range of 20.73 to 27.97
i mol CO, m?s™ during 2016 and 20.10 to 28.02 p
mol CO, m™s” during 2017 (Table 3). Pool analysis
of photosynthetic rate of the varieties throughout the
season reveals the trend of photosynthetic efficiency
as Kolong > Lachit > Swabhagi > Jaya > Kopilee >
Disang > Abhishek > Dikhow.

The rate of transpiration among the varieties var-
ied from 1.908 to 8.431 umol H,0O m™s ' during 2016
and 2.114 to 9.352 p mol H,O0 m™s" during 2017.
The variety Swabhagi recorded the maximum tran-
spiration rate followed by Disang, Jaya, Kopilee,
Lachit, Dikhow, Kolong and Abhishek during both
the seasons. The transpiration rate gradually in-
creased upto flowering stage during the crop growing
season and attained a range of 4.210 to 9.357 umol
H,O m™s™” (Table 3). The transpiration rate exhibited
a strong correlation with CHy (7 = 0.907), N,O (r =
0.796) and CEE (r = 0.820) at p < 0.01(Table 4).

4.1. Trend of GHG emission:

The variation in GHG emissions observed among the
varieties suggests that the rate of emission and
transport of greenhouse gas (CH4 and N,O) is influ-
enced by the plant factors. Low emission of CH4 and
N;O at early growth stage, might be due to limited
substrate availability for both CH4 and N,O produc-
ing bacteria and also small quantity of biomass of the
crop. The first prominent peak of CH4 and N,O was
observed at tillering stage of each variety. Increased
growth rate and development of the rice plants mani-
fested as an increase in the canopy size and expan-
sion of leaf blade surface area resulted in better con-
ductance of GHG from soil to the atmosphere
[26,27]. The applied fertilizer in the form of urea hy-
drolyses in the soil to NH," and NO* ions and are the
substrate for N,O production [28]. Higher rate of
CH, production is attributed by the availability of
organic substrates in the form of plant derived C
through processes like root exudation and release of
sloughed off root cap cells and intensive reduced
condition in the rice rhizosphere [29]. A gradual drop
in emission after the maximum tillering stage might
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be the result of the vegetative lag phase of the growth
period [30,31]. The application of the second dose of
nitrogenous fertilizer at panicle initiation stage con-
tributes to the high emission peaks at this stage. This
increased emission rate is also facilitated by the in-
crease in leaf surface area due to appearance of flag
leaves. At flowering stage a minor N,O peak was
observed due to higher rate of metabolic assimilation
of the plants which might have influenced the micro-
bial activity [32]. During the later stage of the crop
growth the emission rate of CHyand N,O declined
due to senescence of older leaves and non availability
of substrate as the crop approached maturity and our
results are in good agreement with some recent find-
ings [27,33].

Various factors such as supply of organic matter,
size of the root space, availability of fertilizers, oxi-
dation rate in the rhizosphere are reported to affect
the GHG emission rates during tillering and panicle
initiation stage [10,33-35]. There are several reports
on the variations in CH4 and N,O emission from rice
paddies during the growing period [10,18,19,31]
which are in good agreement with the findings of
present investigation. Our results of high peaks for
CH,and N,O at tillering and panicle initiation stage
are well corroborated with some recent findings
[10,18,36,37,31].

4.2. Difference in GWP, CEE and GHGI:

The results of the present study shows that transpor-
tation and emission of both CHyand N,O to the at-
mosphere is influenced by the plant parameters.
These results are well corroborated with the findings
reported by Baruah et al., 2010 [8] and Shang et al.,
2011 [38]. Plant and soil factors influence the season-
al CHzand N,O emission from the rice paddies and
their loading to the atmosphere, expressed as aggre-
gate CO,-eqivalent GWP. The highest GWP is rec-
orded from the field planted with variety Swabhagi
and Disang, whereas variety Abhishek and Lachit
recorded the lowest GWP. In the present study, GWP
have a strong correlation with CEE which is in con-
cordance with the findings of Bhatia et al., 2010 [24],
Baruah et al., 2016a [34] and Bordoloi et al., 2018

Kushal Kumar Baruah et al.

[18]. Varietal difference in yield scale GWP i.e
GHGIL, is mainly contributed by the emission differ-
ences of the varieties [31,39] which might be the rea-
son for highest GHGI recorded by the variety Ko-
pilee and lowest by Lachit and Abhishek. In the pre-
sent study, we have identified variety Abhishek and
Lachit as most suitable rice variety with least GWP
and CEE as they contribute less GHG (both CH4and
N,O) to the atmosphere.

These two varieties also have better yielding ability
in terms of economic yield (Table 2).

4.3. Plant factors influencing GHG emission:

Increased transpiration rate facilitate GHG transport
to the atmosphere because in rice plants GHG is
transported along with the transpiration stream
through xylem and release through the open stomata
[18,31]. This might be the probable reason for the
observed correlation of transpiration rate with GHG
emission and GWP (p < 0.01) and our results are well
supported by some recent findings [14,18,31].

Genetic characteristics for carbon fixation and
crop duration accredits the differences in photosyn-
thetic efficiency among the varieties [40]. In the pre-
sent study variation in flag leaf photosynthesis were
observed among the varieties, the highest being rec-
orded in variety Lachit followed by Kolong. We
could not find any significant correlation of CH, and
N,O emission with photosynthetic rate of the varie-
ties and the results are well corroborated with some
recent findings [15,18,27,31,41].

4.4. Yield potential of the varieties:

Carew et al., 2009 [42] reported that a complex inter-
action between agricultural practices, genotypes and
environmental factors results into yield development
of a crop. The development of grain yield in crop is
crucial to its flag leaf gas exchange characteristics. In
the present study, the varieties Jaya and Swabhagi
recorded superior yield and yield attributing charac-
teristics along with its relatively higher photosynthe-
sis rate over other varieties. This may be due to effi-
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cient photosynthate allocation towards the develop-
ing grain, which may have led to better yield devel-
opment [15]. Grain productivity of the rice varieties
shows an inverse relationship with GHGI. The possi-
ble reason might be relatively higher translocation of
photosynthate towards the developing grain rather
than towards other vegetative parts leading to higher
grain yield and lower GHG emission as observed in
variety Lachit and Kolong. Similar relationship is
reported by Das and Baruah 2008a, 2008b, 2008c
[26,43,44]. In low yielding variety like Kopilee and
Disang less photosynthate allocation towards the
grains and more towards the root indirectly enrich the
carbon of the rhizosphere through root exudation re-
sulting in higher GHG production and emission.
These results are in concordance with the findings of
Kuzyakov and Gavrichkova, 2010 [45] and Bharali et
al., 2017a[10].

5. CONCLUSION

Observations from the present investigation helps us
to draw a conclusion that variation in genetical char-
acteristics among the varieties can result in variation
in their ability to contribute towards greenhouse gas
emission and global warming. We quantified the rela-
tionship of CH; and N,O emissions with GWP,
GHGI, CEE and different plant factors. We conclude
that GWP of a variety is strongly affected by its rate
of transpiration. Among the rice varieties Abhishek
and Lachit, with lower GWP, GHGI and CEE accom-
panied by better grain productivity can be considered
as relatively suitable rice variety over others. These
two varieties emit less quantity of both CHsand N,O,
two important anthropogenic GHG which are pro-
duced in two contrasting soil environment (CHy in
anaerobic and N,O in aerobic soil environment). Cul-
tivation of these varieties can be a suitable biological
mitigation option for reduction of greenhouse gas
emission and thus global warming. Differences in
emission efficiency and grain productivity and their
relationship with plant factors among the rice culti-
vars suggest that agricultural productivity and GHG
mitigation can be simultaneously achieved by proper
selection of rice varieties. Varieties Abhishek and

Kushal Kumar Baruah et al.

Lachit can be recommended to the farmers for culti-
vation and policy makers to formulate the practice for
adopting and popularizing these two varieties. Identi-
fication of suitable rice varieties which are equally
efficient in reducing the emission of both CH4as well
as N,O bears significance for future climate change
situation.
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