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producing season to reduce the salinity effect. Information on methane emissions in coastal
rice fields, particularly in salt-affected soil, is still limited. This study aimed to measure the
methane emissions from different high-yielding rice varieties and examine the association
with agronomic performance. The study site was in the Wedung district of Demak Regency,
Central Java, and the research was carried out from November 2022 to March 2023. Eight
rice cultivars—Ciherang, Inpari 32, Inpari 34, Inpari 35, Biosalin 1, Biosalin 2, Inpari Unsoed
79, and Inpari 30—were investigated. The experiment was designed as a randomized block
with four replications. Methane gas samples were collected during the growing season in
relation to rice stages. There were substantial differences in methane emissions among the
eightrice varieties. Inpari 32, Ciherang, and Biosalin 1 had higher rice yields and lower yield-
scale methane emissions than the other five rice varieties. Grain production and effective
tiller number were significantly (p<0.01) and inversely linked to methane emissions. We
found Inpari 32, Ciherang, and Biosalin 1 to be low-methane and high-yielding rice cultivars
in salt-affected soil. These findings suggest that coastal farmers could use these rice
varieties to help mitigate greenhouse gas emissions.
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1. INTRODUCTION

Methane is a major greenhouse gas emitted by rice fields,
particularly those with continually flooded irrigation. Rice
production is among the largest anthropogenic contributors
to methane production (Munawaroh et al., 2022), accounting
for 10% of agricultural greenhouse gas emissions
(Ranganathan et al., 2016). Rice plays a significant role in
releasing methane due to its function as a substrate source
for methanogen bacteria; in addition, it is a channel for the
emission of methane gas from the soil to the atmosphere
through the aerenchyma. This transport mechanism accounts
for over 90% of the released methane (Butterbach-Bahl et al.,
1997). The aerenchyma area and root lateral section are
strongly associated with methane emissions. Rice cultivars
with a large root area generate more aerenchyma area, which
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acts as an exhaust canal, elevating methane emissions (Kim et
al., 2018). (Ardiarini et al., 2020) showed that larger cavities
of root aerenchyma released more methane emissions.
(Bharali et al., 2017), the size of the node's xylem vessels
strongly correlates with seasonal cumulative methane
emissions.

The amount of methane emitted is determined by the
characteristics of arice variety. Methane emissions have been
shown to be positively connected with the tiller number but
negatively correlated with the rice harvest index, root
biomass, and panicle (Qin et al., 2015). Jiang et al. (2016)
noted a substantial negative correlation between the number
of spikelet and methane emissions during the reproductive
stage. The larger rice panicles not only increased rice yields
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but also reduced methane emissions. Most of the
photosynthate is allocated to the panicle, reducing the
quantity of photosynthate delivered to the roots and
decreasing the amount of food source available to
methanogenic bacteria. Kartikawati et al. (2021) found a
significant positive connection between methane emissions
and the number of tillers and panicles, as well as the rice yield
and root biomass. Soremi et al. (2023) showed that the
release of methane is driven by the aboveground biomass and
root properties of hybrid rice cultivars. In comparison with
the inbred variety and breeding line, hybrid rice cultivars
consistently had the highest methane emissions at maturity.
In line with Lee et al. (2023), there was a considerable
connection between root biomass weight and the production
of methane, particularly on the earlier transplanting date.
Methane production was also affected by the rice growth
period. Rice cultivars with longer growth periods produced
higher total emissions (Habib et al., 2023; Win et al., 2021).

Indonesia is the world's biggest archipelago country, with
around 281 million people in 2024 (BPS, 2020). The
agricultural sector considers it important to produce
sufficient food for the population. Unfortunately, coastal
areas and small islands are endangered by rising seawater
levels and seawater intrusion, which cause soil salinity and
reduce crop production. Almost all rice cultivation in coastal
rice fields, particularly in salt-affected soil, is conducted by
continuous flooding. Flooding can alleviate salt stress
throughout the growth season, but the anaerobic
environment of rice fields can also promote methane
production. Xu et al. (2015), Tariq et al. (2018), and Islam et
al. (2022) demonstrated that continuous flooding in irrigated
rice fields released a higher methane flux compared with
alternate wetting and drying. Kaleeswari and Bell (2019) also
observed that methane emissions were greater in thoroughly
saturated soil.

Indonesia

Central Java
Province

SAINS TANAH — Journal of Soil Science and Agroclimatology, 21(2), 2024

Much research has been conducted on methane
emissions, particularly in non-saline irrigated rice fields.
Studies have explored both the amount and management of
these emissions, including the use of rice cultivars (Pramono
et al., 2021; Qin et al., 2015; Wihardjaka et al., 2020; Win et
al., 2021). However, research that quantifies methane
emissions among high-yielding rice cultivars in the coastal rice
field is lacking. Saline rice fields are a unique environment in
terms of methane emissions. In one study, increased
electrical conductivity (EC) and lowered pH decreased
methane emissions, but additional N fertilizer promoted
methane production both in high and low EC environments
(Datta et al., 2013). Therefore, we conducted a study in the
coastal region of North Central Java to determine the level of
methane emissions produced by saline-soil rice fields. The
present study is one of the few that have examined the
relationship between methane emissions and agronomic
parameters among several rice cultivarsin a coastal saline rice
field. The main objective of this study was to measure the
quantity of methane emitted by several high-yielding rice
cultivars on the coastal rice field, particularly on salt-affected
soil. We sought to identify a high-yielding, low-methane-
emission rice cultivar from our study site that could reduce
methane emissions from the agriculture sector.

2. MATERIAL AND METHODS
2.1. Study area

The study was conducted in the Wedung sub-district,
Demak Regency, Central Java (6°47'58”S 110°36'26"E),
located on the north coast of Java Island (Fig. 1). The altitude
ranges from 0-3 meters above sea level. The temperature
ranges from 26.7 — 30.4 °C. The rainy season spans October
to May, and the highest precipitation occurs in February (692
mm). The soil is composed of clay (70%), silt (29%), and sand
(1%).
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Figure 1. Location of field experiment in Wedung sub-district, Demak Regency, Central Java Province
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Figure 2. Rice cultivars characteristics a) plant height, b) tiller number, c) dry shoot biomass and d) dry root biomass during
rice growing season on saline-affected rice field
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2.2. Experimental design and field management

The field experiment was conducted from November 2022
to March 2023. The experiment was arranged as a
randomized complete block design with four replications.
There were 32 plots in total, and each field plot was 4.0 m x
5.0 min area. Eight high-yielding rice cultivars from Indonesia,
Ciherang, Inpari 32, Inpari 34, Inpari 35, Biosalin 1, Biosalin 2,
Unsoed 79, and Inpari 30, were used in this study. The rice
cultivars Ciherang and Inpari 32 are commonly planted by
farmers in irrigated rice fields and in the Wedung’s coastal
area. Inpari 34, Inpari 35, and Inpari Unsoed 79 are salt-
tolerantrice cultivars that are tolerant to salt stress during the
seedling phase at 12 dS m™. Biosalin 1 and Biosalin 2 are also
salt-tolerant rice cultivars that grow well in coastal rice fields,
and Inpari 30 is a water-submerged-tolerant rice cultivar. The
total harvesting time periods for Ciherang, Inpari 32, Inpari
34, Inpari 35, Biosalin 1, Biosalin 2, Unsoed 79, and Inpari 30
are 116, 120, 102, 106, 113, 107, 109, and 111 days,
respectively (Romdon et al., 2014). In the present study, rice
seedlings were transplanted 22 days after sowing; one
seedling was planted per planting hole, and plant spacing was
20 cm x 20 cm. There was no border between different
cultivars, but we provided a plant spacing of 70 cm as a
border.

We applied nitrogen (N) in the form of urea (100 kg ha),
ammonium sulfate (ZA) (100 kg ha), superphosphate (100 kg
hal), and NPK (100 kg ha). Urea, superphosphate, and NPK
were applied three times during the rice season (fibrous root
emergence [7-15 DAT], 30 DAT, and the primordial phase). ZA
was applied twice during the rice season, 50% as basal
fertilizer and 50% as tiller fertilizer. Irrigation was performed
with a water channel to bring fresh water during the rainy
season.

2.3. Gas sample collection and analyses

Methane fluxes were measured five times during the rice
season seven, 36, 50, 65, and 83 days after transplanting, that
presented rice growth stage (vegetative, maximum of tiller,
effective tiller, and reproductive) using the static chamber
method. The dimensions of the static chamber were 50 cm
long x 50 cm wide x 100 cm high. The sampling time interval
was 5 minutes, and four samples were obtained from each
plot. The temperature inside the static chamber was also
recorded. Four hills of rice plants were covered with a
chamber.

Methane concentrations in the samples were analyzed
using a gas chromatograph-equipped flame ionization
detector. The flux rate at the time of chamber closure was
determined through Equation 1 described by Minamikawa et
al. (2015).

E=% X e 1]
dt ~ Ach 273.24T
where E = flux of methane (mg m? day?), dc/dt

concentration change over time of methane (ppm menit?),
Vch = chamber volume (m3 ), Ach = chamber area (m?), p =
gas density (0.717 kg m?3), and T = average of temperature
during gas sampling (°C).
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2.4. Plant sampling and processing

We also recorded agronomical parameters, including
plant height, number of tillers, shoot and root dry weight,
yield, and yield components.

2.5. Data analysis

We performed an analysis of variance to determine
statistically significant differences between rice cultivars in
the field site and conducted a multivariate analysis of
variance using SPSS 20.

3. RESULTS
3.1. Agronomic characteristics of rice cultivars

We recorded certain characteristics of the rice cultivars,
such as plant height, tiller number, shoot, and root biomass
(Fig. 2). Rice characteristics varied among the eight rice
cultivars studied. Plant height (Fig. 2a) was significantly
different in the vegetative and generative phases (7, 50, and
83 DAT). The Inpari 35 cultivar had a good response to
growth, as shown by the highest plant height at 7 DAT (30.4
cm). At 50 DAT and 83 DAT, however, Inpari 34, Inpari 35, and
Unsoed 79 showed no differences among each other, and
their values were significantly higher than those of other
varieties. At 50 and 83 DAT, the number of tillers was notably
different (Fig. 2b). At 50 DAT, the Biosalin 2 cultivar produced
more tillers (17 tillers), but this reduced to 11 tillers at 83 DAT.
Inpari 32 had the most tillers at 13 tillers. We found that Inpari
32 produced a greater effective tiller number during rice
growing, while Inpari 34 generated the fewest tillers.

Shoot biomass differed significantly only at 7 DAT (Fig. 2c).
On the first observation (7 DAT), the Inpari 32 cultivar
produced the least shoot and root biomass, with values that
were significantly lower than those of Ciherang, Biosalin 1,
and Inpari 30. However, at a later stage, no differences in
shoot and root biomass among the cultivars were observed.
All rice cultivars showed substantially increased root biomass
at 50 DAT (more than 90% of root biomass at 7 DAT) (Fig. 2d),
but the biomass decreased at 83 DAT. The Biosalin 2 cultivar
showed the greatest drop in root biomass (63%) followed by
Inpari 30 (53%).

3.2. Variation in methane fluxes among cultivars

During the growth season, the seasonal methane fluxes
among rice cultivars differed (Fig. 3). Methane flow patterns
were similar in rice cultivars Inpari 34 and Unsoed 79. When
compared to others, both rice cultivars had larger methane
fluxes (123.18 and 128.64 mg m2 day ) in the early vegetative
phase (8 DAT), but these values dropped dramatically on the
active tiller (36 DAT). Methane fluxes surged throughout the
generative period and gradually declined after harvest. Inpari
34 and Unsoed 79 were harvested at 98 and 101 DAT,
respectively, which was earlier than the time period specified
in the rice characteristic description. Meanwhile, the
methane flux patterns of six other rice cultivars (Ciherang,
Inpari 32, Inpari 35, Biosalin 1, Biosalin 2, and Inpari 30) were
identical.
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Figure 3. Seasonal variability in methane fluxes among various rice cultivars on salt-affected soil

Table 1. Total methane emissions and rice yield in the rice cultivars

Days to

Yield-Scale Methane

Rice cultivars harvest N(IE thha;li :;r;:)ss!?)n (t hzl_ii;l;?:n_l) Emission (YSME)
(day) & (kg methane t rice yield)
Ciherang 101 29.66bc 4.95a 6.1b
Inpari 32 101 22.97c 4.41ab 5.6b
Inpari 34 98 116.66a 2.79c¢ 40.0a
Inpari 35 98 37.49bc 3.40bc 12.9b
Biosalin 1 101 31.94bc 4.20ab 8.0b
Biosalin 2 101 35.60bc 3.68ab 9.8b
Inpari Unsoed 79 101 120.37a 3.36bc 39.6a
Inpari 30 101 44.08b 4.41ab 10.0b

Remarks: In a column, means followed by the same letter are not significantly different at the 5% level by Duncan’s multiple

range test

In the early vegetative phase, methane fluxes were 11.04,
16.92,12.88,3.42,22.82, and 25.79 mg m2 day’, respectively,
and rose significantly with rice stages, except for the
maximum tiller. Methane fluxes increased throughout the
generative period and then decreased during harvest.

Two distinct patterns clearly defined two categories of
methane flow values: lower and higher than 80 mg m day™.
Methane fluxes from Inpari 34 and Unsoed 79 exceeded 80
mgm2day. Ciherang, Inpari 32, Inpari 35, Biosalin 1, Biosalin
2, and Inpari 30, emitted less than 80 mg m day™ of methane
flux. The methane flow patterns of the two groups were
opposed. In the first observation, the two higher-methane
flow cultivars had a high point, while the other rice cultivars
had a low point. During the rice growing season, Unsoed 79
(595.87 mg m) had the highest cumulative methane flux,
followed by Inpari 34 (595.22 mg m2). Inpari 30 (218.19 mg
m2), Inpari 35 (191.28 mg m2), Biosalin 2 (179.21 mg m),
Biosalin 1 (158.11 mg m2), and Ciherang (146.85 mg m?)
were the next contributors to methane fluxes. Inpari 32 had
the lowest cumulative methane flux (113.61 mg m™).

Methane emissions differed significantly among the rice
varieties (Table 1) and were ordered as follows: Unsoed 79 >
Inpari 34 > Inpari 30 > Inpari 35 > Biosalin 2 > Biosalin 1 >
Ciherang > Inpari 32. Unsoed 79 produced the most methane
emissions (120.37 kg halseason?), followed by Inpari 34
(116.66 kg halseason). Inpari 32 produced the lowest

methane emissions (22.97 kg haseason?), followed by
Ciherang (22.66 kg ha'season™), Biosalin 1 (31.94 kg ha
'season), Biosalin 2 (35.60 kg ha™season™), Inpari 35 (37.49
kg halseason™), and Inpari 30 (44.08 kg haseason™).

Seasonal rice grain yield also differed significantly among
the cultivars (Table 1). The rice cultivar Ciherang had the
highest average vield with a value of 4.95 t ha? season®,
followed by Inpari 32 and Inpari 30 (4.41 t haseason) and
Biosalin 1 (4.20 t ha'season™). The lowest rice grain yield was
observed in Inpari 34 (2.79 t ha™season™). We also calculated
yield-scaled methane emission (YSME), which is the
relationship between methane emission and grain production.
Inpari 32, Ciherang, Biosalin 1, and Biosalin 2 showed lower
YSME potential. Inpari 32 had the lowest methane emissions
while producing a high rice grain yield. Ciherang shows
potential as a low-methane-emission rice cultivar, as it
produced the maximum rice grain production while emitting
the least amount of methane emission.

3.3. Correlation between the agronomic characteristic
of rice cultivars and methane emissions
There was a positive correlation between dry shoot
biomass and all agronomic characteristics except for effective
tiller number (Table 2). Dry root biomass was positively
correlated with dry shoot biomass and rice yield but
negatively correlated with plant height and effective tiller
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number. Plant height showed a positive correlation only with
shoot biomass. Rice yield was supported by root and shoot
biomass and correlated strongly with the effective tiller
number.

Methane emissions and rice cultivar growth parameters
were strongly correlated. Rice grain production and the
effective tiller number were both significantly and adversely
connected with methane emissions. Methane emissions were
also strongly linked with plant height. The dry weight of shoot
biomass was favorably connected to root biomass, plant
height, and grain production. The effective tiller number and
grain yield had a substantial positive correlation. We also
found a negative relationship between plant height and root
biomass, the effective tiller number, and grain yield.

We used structural equation modeling to investigate the
direct and indirect effects of agronomic characteristics on
methane emissions (Fig. 4). Rice yield was directly affected by
shoot biomass and effective tillering but not by root biomass
or plant height. Only plant height had a positive direct impact
on methane emissions.

4, DISCUSSION

We identified a unique trend for cultivars Inpari 34 and
Unsoed 79, which had higher methane fluxes in the early
vegetative phase (Fig. 3). The methane flux generally
increased during the rice growing season and steadily
declined after harvest (Ha et al., 2023; Islam et al., 2022)). The
EC value positively affected the methane fluxes of Inpari 34
and Unsoed 79, which suggested that the EC could lead to
methane production in these cultivars. However, it had a
negative effect on the six other cultivars (Ciherang, Inpari 32,
Inpari 35, Biosalin 1, Biosalin 2, and Inpari 30). The EC value
was 3.31dS m? at 7 DAT and decreased at 36 DAT (1.84 dS m™?).
It subsequently increased at 50 and 65 DAT, with values of
2.10 and 2.13 dS m, respectively, before decreasing at 83
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DAT (1.89 dS m™). Tong et al. (2017) found that increasing
salinity boosted methane and nitrous oxide emissions by
accelerating organic carbon decomposition and nitrogen
transformation rates. Rice cultivar parameters, such as tiller
number, plant height, biomass weight, and rice production,
all contributed to the quantity of methane flux in the present
research.

Ciherang and Inpari 32 had lower methane emissions than
other cultivars (Table 1) due to their higher effective tiller
numbers compared with other cultivars (Fig. 2b), indicating
less organic matter loss during rice cultivation. As a result, the
soil contained less substrate to support methane synthesis.
Ciherang and Inpari 32 produced more shoot and root
biomass than other cultivars, and we found a negative
relationship between above- and below-ground biomass and
emissions. Our findings contradicted those of Wihardjaka et
al. (2020), who showed a considerable positive correlation
between plant biomass and methane emissions, particularly
during the panicle start stage. In saline soil, we expected that
nutrients absorbed by the root would be allocated to increase
shoot biomass and hence produce assimilate, which would
transfer to rice grain. The Ciherang cultivar had the largest
root biomass (20.08 g hill'!) and produced the most rice grain.
Meng et al. (2021) demonstrated that shoot and root growth
accounted for rice yield in saline fields.

The higher methane emissions of Inpari 34 and Unsoed 79
could be attributable to their higher plant heights compared
with other cultivars. We found a strong connection between
methane emissions and plant height (Fig. 4). Stagnant
flooding during rice cultivation increased the number of
aerenchyma gas spaces per tiller and decreased root
oxidation activity (Kuanar et al., 2017). In their study,
Bhattacharyya et al. (2019) noted that aerenchyma space and
the ratio of aerenchyma space to total space were strongly
(positively) linked to the rate of methane emissions.

Table 2. The matrix correlation between methane emission and rice cultivars characteristic

Methane emission Dry shoot Dry Root Plant Effective Yield
(kg ha! season) biomass (g) biomass (g) height(cm) tiller number (tha?)
Methane emission 1 .055 -.085 .684** -.567* -.444%*
Dry shoot biomass .055 1 .237 .232 -.079 .095
Dry root biomass -.085 .237 1 -.084 -.008 .031
Plant height .684%** 232 -,084 1 -.304 -.356*
Effective tiller number -.567* -.079 -.008 -.304 1 .358*
Yield -.444% .095 .031 -.356* .358* 1

Remarks: **. Correlation is significant at the 0.01 level (2-tailed); *. Correlation is significant at the 0.05 level (2-tailed).

Straw biomass 0115
-0.088
Root biomass 0168
e1=0.812 e1=0.627
0.400 3 0.179
S Rice yield —— > | Methane emission
0.267 <
. / A
Plant height 0.345 0.588
0.163

Effective tiller

Figure 4. Relationship between agronomic performance and methane emission among rice cultivars.
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Furthermore, a greater oxidation power in the
rhizosphere lowers methane input by either boosting
methane oxidation or suppressing methanogenesis.
Unfortunately, plant height was negatively correlated with
effective tiller number, filled grain, and rice yield in the
present research. As aresult, Inpari 34 and Unsoed 79 yielded
less rice than others, at 2.79 and 3.36 t ha’, respectively
(Table 2). Rumanti et al. (2020) found that maintaining water
depth from 30 DAT to maturity stage by 5 cm to 60—70 cm
enhanced plant height rather than decreasing panicle length
and emptied grain per panicle. Plant heights greater than 140
cm were resistant to lodging during stagnant flooding,
resulting in a 48% loss in yield during the dry season and an
88% reduction during the wet season in a study by Kato et al.
(2019). These results align with our data showing a negative
association between plant height and rice yield.

The cultivars Ciherang and Inpari 32 had lower methane
emissions but higher rice yields than other cultivars, along
with a lower YSME, at 6.1 and 5.6 kg methane t yield?,
respectively. During the growing season, a 1-ton yield of
Ciherang and Inpari 32 emitted approximately 6.1 and 5.6 kg
of methane, respectively. Ciherang and Inpari 32 were,
therefore, low-methane and high-yielding rice cultivars in
salt-affected soil, especially when leached by freshwater.
Inpari 34 and Unsoed 79, in contrast, had greater YSMEs, at
40.0 and 39.6 kg methane t yield?, respectively. We found
that rice yield had a strong negative correlation with methane
emissions. Rice yield was supported by above- and below-
ground biomass, as well as tiller number, which correlated
positively (Table 2). Tillers in our study were productive in
producing panicles. More photosynthates were delivered to
the sink organ, resulting in enhanced grain yield. According to
Baruah et al. (2010), enhanced photosynthetic partitioning in
growing panicles and grains, as well as at the grain-filling
stage, could explain the higher grain yields in rice cultivars
with lower methane emissions. Kwon et al. (2023) discovered
that increasing sink strength by raising photosynthate
distribution to grain instead of root resulted in a lower root
exudate release, leading to low methane production.
Surprisingly, both Inpari 32 and Ciherang are widely grown by
farmers along the north coast, suggesting that farmers
unconsciously contribute to reducing methane emissions.

Overall, methane emissions were lower in the saline-
affected soil than in the unaffected soil. Methane production
rates were negligible (1 mg methane m? h?) at salinity
concentrations greater than 18 ppt (29 mS cm™), most likely
because were defeated by sulphate-reducing bacteria (Olsson
et al., 2015). In the present study, the EC of soil ranged from
1.49 to 5.13 dS m™ during rice growing, and total methane
emissions were in the range of 23 — 120 kg ha season?, which
was lower than in the unaffected soil. Methane emissions
from rainfed rice fields were 168 — 285 kg ha? season®
(Kartikawati et al., 2021) and 141 — 293 kg ha? season?
(Pramono et al., 2021). Methane emissions were limited in
salt-affected soil, with decreased soil microbial metabolism
and population (Nguyen et al., 2020; Vo et al., 2018).

We found that the total concentrations of exchangeable
cations (Ca?*, Mg?*, K*, and Na*) were inversely linked with
methane emissions. In contrast, all Na*, K*, Ca%*, and Mg**
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concentrations were higher in the coastal area than in the
terrestrial area. It has been proposed that the salt content of
the soil is a crucial component in reducing methane emissions
from coastal rice paddy soils (Sun et al., 2018). The Na*
concentration in our study site was 7.48 cmol(+) kgl. Pam
Hazelton (2007) divided Na* in soil into five categories ranging
from very low (0 — 0.1 cmol(+) kg) to extremely high (> 2
cmol(+) kg). Our results concurred with those of Datta et al.
(2013), who showed that methane fluxes from saline rice
fields were substantially lower than those from irrigated
inland non-saline rice fields. The total seasonal methane
fluxes ranged between 120 and 264 kg ha?! season™.
However, Ha et al. (2023) found that rice fields with salt
intrusion produced more methane emissions annually
compared with freshwater rice fields, rice-vegetable rotation,
and continuous vegetables. In our study, the number of tillers
during maximum tiller development was 14-19, and this
number decreased at the generative phase by 10-13 tillers.
Therefore, around 20% of the leaves were deciduous, and
they could potentially contribute to methane emissions by
acting as a substrate. Qu et al. (2019) found that salt
concentration slows the degradation of organic carbon and
dissolved organic carbon, which suggests why our location
showed lower methane emissions during rice cultivation.

We found that rice cultivars grown in salt-affected soil
could survive during rice growing. In a study by Kusuma et al.
(2021), the limit tolerance of crop to salinity was 4 dS m™.
Consistent water availability and good water management
during rice cultivation were key factors in supporting plant
survival in our study site. The water level of our study site was
kept sufficiently high (15 — 17 cm) to prevent salinity from
rising. Hafez et al. (2015) stated that flooded water benefits
plant growth and is required for draining salts from the profile
soil. Regular irrigation removes salts more effectively. In our
study, the early vegetative phase, notably 10 DAT or before
first fertilization, was an essential moment for rice growth.
Seedlings faced the challenges of inadequate soail
nourishment and salt. As a result, rice cultivars only
developed 2 to 3 tillers at 8 DAT. According to Hussain et al.
(2018), one of the most essential stages for rice crop stand
formation and limiting rice output in salt-affected soil is the
growth of transplanted seedlings.

In this study, Inpari 32 had lower methane emissions
(22.97 kg ha*season) compared with rainfed rice fields (non-
saline soil). Interestingly, rice yield from Inpari 32 in both
saline (the present study) and non-saline rice fields
(Kartikawati et al., 2021) was consistently high. Therefore,
Inpari 32 shows potential as a low-methane-emission-yielding
rice cultivar for coastal rice fields. Thus, based on this
research, coastal farmers can contribute to reducing
greenhouse gas emissions by using low-methane, high-
yielding rice varieties during rice cultivation.

5. CONCLUSION

Our findings revealed that eight rice cultivars differed
significantly in terms of methane emissions. Inpari 32,
Ciherang, and Biosalin 1 produced a high rice yield and had
lower YSME values than the five other cultivars (Inpari 34,
Inpari 35, Biosalin 2, Unsoed 79, and Inpari 30). Lower YSME
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rice varieties showed a positive correlation between tiller
number and above- and below-ground biomass. This is
because the sink organ receives more photosynthates,
increasing grain yield. A higher effective tiller number, which
indicates less loss of organic matter, is the trigger for lower
methane emissions. Further investigation into high-yielding,
low-methane-emission rice cultivars in saline soil could
support the mission to reduce greenhouse gases. Farmers in
coastal areas have also contributed to mitigating greenhouse
gas emissions using Inpari 32 and Ciherang.
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