JOURNAL OF AGRICULTURE AND APPLIED BIOLOGY
2022,Vol.3,No.2,118-126

http://dx.doi.org/10.11594 /jaab.03.02.05

E-ISSN: 2723-5106

Research Article

Methane emission and rice growth on clayey soil under controlled water
regime

Kaharuddinl#, Sikstus Gusli2, Muh. Jayadi?, Amirullah Dachlan3, Andi Muh. [lTham#*

Doctoral Program of Agricultural Science, Postgraduate School, Hasanuddin University,
Indonesia.

2Department of Soil Science, Faculty of Agriculture, Hasanuddin University, Indonesia.
3Department of Agronomy, Faculty of Agriculture, Hasanuddin University, Indonesia.

4Gowa Agricultural Development Polytechnic, Gowa, Indonesia.

Article history: Abstract
Submitted 13 June 2022
Accepted 30 August 2022 Conventional lowland rice cultivation involves flooding the paddy from
Published 05 October 2022 planting to close to harvest, and high N fertilization. This practice leads
to large amount of methane emissions. We studied the effect of soil wa-
Keywords: ter regime control on methane gas emissions and growth of several rice
Fertilization varieties on clayey soil. The experiment was arranged according to Split
Flooding Plot Design. The main plot was water regime, i.e. continuous flooding
Flux CH4 (2-cm inundation), and intermittent flooding (flooded 2 c¢m then al-
Water supply lowed to dry until the soil started to cracks). The sub-plots consisted of
3 rice varieties, i.e. Inpari 32, Mekongga, and Cisadane. Together, there
*Corresponding author: were six treatment combinations, repeated 4 times. We measured me-
E-mail: thane emission, plant height, number of tillers per clump, number of
kaharsig70@gmail.com productive tillers, and root volume. We computed analysis of variance,

then performed Duncan Multiple Range Test. We found, at 57 and 73
days after planting, continuous flooding resulted in much (statistically)
higher methane gas emissions than intermittent flooding (about 2
times greater for both Inpari and Cisadane, and 5 times greater for Me-
kongga). The two water regimes examined did not result in differences
in plant height, number of tillers, productive tillers and root volume of
the three varieties, although the flooded treatment tended to slightly
give taller plant, more tillers and productive tillers. In conclusion, inter-
mittent flooding significantly suppresses methane emission compared
to continuous flooding. However, certain rice variety produces more
methane than others. While intermittent flooding reduced methane
emission, it did not statistically affect rice growth compared to contin-
uous flooding.

Introduction variations, such as temperature, rainfall, and
Climate change is a global phenomenon wind (Ali and Erenstein, 2017). This phenome-
characterized by an increase in weather non is expected to worsen in the future and
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have a very large impact in developing coun-
tries that are very vulnerable to climate change
(Session & Maskrey, 2007). Ali and Erenstein
(2017) further explain that the existence of
greater temperature fluctuations, changes in
precipitation patterns resulting in reduced wa-
ter availability will affect the amount of agricul-
tural commodity production and income and
even lead to poverty.

The influence of climate change in the agri-
cultural sector is very broad, covering various
aspects, such as resources, agricultural infra-
structure, and agricultural production systems,
aspects of food security and self-sufficiency, as
well as farmer welfare (Rejekiningrum et. al,
2018). Furthermore, it is also explained that
the effect of climate change on agriculture is di-
vided into two indicators, namely: 1) vulnera-
bility to climate change, namely the decreased
ability of humans, plants and livestock to adapt
in carrying out their functions due to the stress
of climate change, and 2) the impact of climate
change. , namely the condition of loss/benefit
both physically and socially and economically
due to the stress of climate change.

Climate change has proven that its impactis
very large on agriculture, but it cannot be de-
nied that agriculture, is also a major contribu-
tor to global warming. In 2010 the contribution
of non-carbon dioxide (CO;) greenhouse gases
(GHG), such as methane (CH4) and nitrous ox-
ide (N20O) was estimated at 5.2-5.8 gigatons of
CO; equivalent per year (Tubiello et al., 2013).
Methane and nitrous oxide are two GHGs that
have strong global warming potential, which
are 25 and 298 times greater than carbon diox-
ide on a 100-year mass basis (IPCC, 2013). This
GHG emission is estimated to continue to in-
crease if plant cultivation activities are still
managed conventionally.

Lipper (2014) describes that GHG emis-
sions from agriculture generally come from ag-
ricultural land, namely from the use of syn-
thetic fertilizers, rice cultivation, and mass bio-
mass burning, and these GHG emissions are
estimated to continue to increase if agricultural
cultivation activities are still managed conven-
tionally. Particularly in Indonesia, in 2010 the
agricultural sector took the third position as a
GHG contributor with a total of 110.5 Mt
(Kartikawati & Sopiawati 2017). One of the

conventional agricultural practices that is sus-
pected as a source of large GHG emissions is the
cultivation of rice plants with a water supply
system by flooding, starting from planting to
approaching harvest age. Rice cultivation with
continuous inundation systems will produce
high GHG emissions (Linquist et al., 2012).

Several strategies to reduce GHG emissions
have been implemented. However, several fac-
tors that influence GHG emissions, such as soil
type, rice varieties, and their interactions with
water regime regulation have not received
much attention and information is still very
limited. Based on this description, research on
"methane gas emissions and the growth of sev-
eral rice varieties on Alfisol soils through the
regulation of the soil water regime" becomes
interesting for further study. The aims of this
research was to determine the effect of soil wa-
ter regime regulation on methane gas emis-
sions and the growth of several rice varieties
cultivated on Alfisol soils.

Materials and methods
The site

The research was carried out at the Gowa
Agricultural Development Polytechnic (Pol-
bangtan) glasshouse, while the methane emis-
sion analysis was carried out at the Pati Agri-
cultural Environmental Research Institute La-
boratory in Central Java, Agricultural Research
and Development Agency, Ministry of Agricul-
ture.

Research design

The research was arranged according to a
Split Plot Design. The main plot was water re-
gime, namely continuous flooding (2 cm inun-
dation), and intermittent flooding. The sub-
plots consisted of three varieties, namely Inpari
32, Mekongga, and Cisadane. Hence, there were
6 treatment combinations, repeated 4 times
(Figure 1).

Preparation of planting media

The soil used was sieved using a sieve with
a hole diameter of 1 cm. The soil was put into
the pot until planting media reaches a weight of
19 kg pot-L. The soil is mixed with cow bokashi
fertilizer at 10 tons ha'! dosage. The planting
medium was then incubated for 1 week.
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Figure 1. Layout of potted rice plants
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Water regime settings

Two water regimes were applied, i.e. con-
tinuous flooding (the soil was inundated, 2 cm
above the soil surface - the water level was
kept constant every day), and intermittent
flooding (flooded 2 cm, then left dried out un-
til the soil started to crack, before water was
added again to puddle and inundated 2 cm.
This water control was carried out repeatedly
until the seed filling phase.

Planting

Rice seeds are sown in trays/dapog with
planting media of a mixture of soil and manure
(1:1), after the seeds are 2 weeks old, the
seeds are then planted in prepared pots.

Parameter measurement and data analysis

The parameters were measured include: 1)
Emission of methane gas was carried out using
a closed chamber, sampling of methane gasin a
closed chamber was carried out at 52 days after
planting (DAP) and 73 DAP. The GHG flux was
calculated using the formula from Khalil et. al
(1991):

_dc Vch mW 273,2

=—X X X
dt " Ach” mV " (2732 +T)

where :

F : CH4 gas flux (mg.m-2day1)
dc/dt : Difference in CH4 concentra-
tion (ppm min-1)

Vch : Cover volume (m3)

Ach : Cover area (m?)

mW : Molecular weight of CH4 (g)
mV : Constant volume of gas mole-
cules (22.41 L)

T : Average temperature during
gas sampling (°C)

Value 273.2  : Kelvin temperature constant

2) Plant height measured from 1 week after
transplanting until the beginning of the gener-
ative phase, 3) number of tillers per clump
counted from 1 week after transplanting until
the beginning of the generative phase, 4) num-
ber of productive tillers counted when the
plant was 11 weeks old after transplanting at
the time of panicle exit, and 5) the volume of
roots was measured at harvest by means of the
roots in the rice clump being cleaned and then
put into a measuring cup with a predeter-
mined volume of water, the increase in the vol-
ume of water was the same as the volume of
the roots. The data obtained were analyzed us-
ing the analysis of variance test, and if there
was a significant effect, then continued with
the Duncan Multiple Range Test (DMRT).

Plant maintenance

Plant maintenance includes fertilization,
pest/disease control, and weed cleaning. For
fertilization, the dose used refers to the ferti-
lizer recommendation for Kab. Gowa if there is
an addition of 10 tons of organic fertilizer ha-1,
namely: Urea 250 kg ha-1, SP 36 50 ha1, KCI 50
kg ha-1. Meanwhile, pest and disease control is
carried out by spraying biopesticides if there
are symptoms of pest/disease attacks. While
cleaning weeds manually, namely by pulling
out the weeds.

Results and discussion
Methane gas emissions

The results of measurement and the DMRT
test for rice methane gas emissions at the age of
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52 and 73 DAP are presented in Figures 2 and
3. In general, the flooding (A1) treatment gave
higher emission values than the intermittent
water supply (A2) treatment at both 52 and 73
DAP. At 52 DAP Mekongga gave the smallest
emission value and was significantly different
from other varieties, and at 73 DAP Cisadane
gave the smallest emission value and was sig-
nificantly different from other varieties.

The ability to release methane gas from
each variety varies greatly, depending on the
nature, age and activity of plant roots. This is in
accordance with Xu et. al (2015) that the
amount of CHs4 gas emitted into the atmosphere
from irrigated rice fields is influenced by plant
age, water management during planting, input
of organic and inorganic materials, soil type,
temperature and variety.
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Figure 2. Average methane emission of several rice varieties at the age of 52 DAP in water regimes
with flooding (A1) and intermittent water supply (A2)
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Figure 3. Average methane emission of several rice varieties at the age of 73 DAP in water regimes
with flooding (A1) and intermittent water supply (A2)

(2017) explains that each rice variety produces
different methane emissions, so the use of the
right variety, besides being adaptive to the

Kartikawati et al. (2011) stated that the use
of new varieties with early maturity are able to
reduce methane gas emissions. Setyanto et al.
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environment, is also low in GHG emissions as a
climate change mitigation measure. He further
stated that in the future, rice varieties are
needed that are low in GHG emissions, but still
produce high production, and are in accord-
ance with ecosystem conditions, resistant to
pests and diseases and extreme conditions
(Setyanto et al., 2017).

Plants in their growth need sufficient and
available water in the soil. The intermittent ir-
rigation system in this study provides lower
methane emissions. This is in accordance with
Xu et al. (2015) that intermittent irrigation can
reduce up to 60% CH4. This is in line with
Haque et al. (2016) that intermittent irrigation
in mid-season also significantly reduces global
warming potential 46-56% compared to con-
ventional inundation, reduces 50-53% CH4 flux
without any difference in production.

Plant height

The results of measurement and the DMRT
test for rice plant height at the age of 1-8 week
after planting are presented in Table 1. Based
on Table 1 it can be described that at weeks 1-
8 there was no effect of setting the water re-
gime on plant height in each variety, while the
difference in plant height for each variety in
each water regime began to be seen from the
3rd to the 8th week. In flooding (A1), the Cisa-
dane variety gave the highest value and only
have significant different from Inpari 32 at the
3rd and 4th week. While intermittent irrigation
(A2), at weeks 3, 4, and 5 Cisadane have signif-
icant different from other varieties, and at
weeks 6, 7, and 8, Cisadane have not significant
different from Inpari 32.

Table 1. The results of the DMRT test for rice plants height at the age of 1-8 WAP in the water regime
with flooding (A1) and intermittent water supply(AZ2)

Variety 1st week 2nd week 3rd week 4th week
Al A2 Al A2 Al A2 Al A2
Inpari 32 (V1)  26.13 25.38 37.88 36.75 4750a 46.25a 59.50a 61.25a
Mekongga (V2) 24.00 22.25 36.50 34.63 51.00ab 45.00a 63.00ab 57.00a
Cisadane (V3) 28.25 30.00 42.75 40.75 58.00b 57.25b 74.25b 72.50b
CV (%) 9,96 10,67 9,53 9,41
Variety 5th week 6th week 7th week 8th week
Al A2 Al A2 Al A2 Al A2
Inpari 32 (V1) 76.50a 76.00a 87.25a 86.00b 9850a 96.25b 105.25a 103.00b
Mekongga (V2) 77.00a 69.50a 87.00a 78.00a 89.50a 84.75a 96.75a 87.25a
Cisadane (V3) 87.00a 85.75b 97.00a 91.00b 103.00a 97.50b 107.00a 102.00b
CV (%) 7,43 6,35 7,17 9,80

Note: the numbers in the same column, followed by different letters mean that they are have sig-

nificant different in DMRT o 0.05

There is a difference or diversity between
varieties starting from the 3rd week to the 8th
week, because the plants are in a state of vege-
tative growth, according to the character of
each variety, where each variety has different
genetic potentials in responding to its growing
environment. The ability of a plant or variety to
adapt to its environment can be seen from the
rate of plant growth, if a variety is more adap-
tive it will provide better growth. This is in

accordance with the opinion of Utama et al.
(2009) which states that plants that are toler-
ant of environmental stresses have the ability
to adapt morphologically and physiologically.

Number of tillers

The results of measurement and the DMRT
test for the number of rice tillers at the age of 1-
8 WAP are presented in Table 2. Based on Table
2 it can be described that at weeks 1-8 there is
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no effect of setting the water regime on the
number of tillers in each variety, while the dif-
ference in the number of tillers of each variety
in each water regime began to be seen from the
3rd to the 8th week. In flooding (A1), in general,
from the 1st to the 8th week, the Mekongga va-
riety gave the highest value, and only

significantly different from other treatments at
the 3rd week. While intermittent water supply
(A2), at weeks 3, 4, 5, and 6 Mekongga have not
significant different from Cisadane, and at
weeks 7, and 8, Mekongga have significant dif-
ferent from Cisadane and Inpari 32.

Table 2. The results of the DMRT test for the number of rice tillers at the age of 1-8 WAP in the wa-
ter regime with flooding (A1) and intermittent water supply (A2)

Variety 15t week 2" week 3" week 4™ week
Al A2 Al A2 Al A2 Al A2
Inpari 32 (V1) 3.25 3.50 3.25 3.75 350a 450a 350a 450a
Mekongga (V2) 3.75 3.75 4.25 4.25 475b 475a 475b 475a
Cisadane (V3) 3.75 3.00 3.75 4.50 350a 4.00a 4.75b 450a
CV (%) 13,88 14,88 14,97 17,93
Variety 5™ week 6™ week 7" week 8" week
Al A2 Al A2 Al A2 Al A2
Inpari32 (V1) 3.75a 450a 450a 475a 525a 500a b525a 500a
Mekongga (V2) 6.75b 6.00b 6.75a 650b 800b 7.25b 800b 7.25b
Cisadane (V3) 6.00b 575b 6.75a 6.00b 6.75b 6.00a 6.75b 6.00a
CV (%) 12,21 16,67 11,70 11,70

Note: the numbers in the same column, followed by different letters mean that they are have sig-

nificant different in DMRT « 0.05

Based on the research results obtained, the
water regime treatments have not significant
effect on the number of tillers in each variety.
The difference in the number of plant tillers is
basically more influenced by genetic traits. This
is in accordance with Husna and Ardian (2010)
that the number of tillers will be maximized if
the plant has good genetic characteristics cou-
pled with favorable environmental conditions
or in accordance with plant growth and devel-
opment. The intermittent water supply (A2) is
still an ideal environment for the growth of rice
plants, so that rice plants are still able to pro-
vide the maximum number of tillers, and have
not significant different with the flooding (A1).

The development of the number of rice till-
ers is not only affected by genetic factors, but
also by unfavorable environmental conditions,
as described by Ikhwani et al. (2013). They no-
ticed that the closer the spacing or the more
plant population per unit area, the greater the
competition between rice clumps in capturing
solar radiation, absorption of nutrients and

water. As a result, plant growth is inhibited, the
number of tillers is reduced and the yield of rice
plants is decreased.

Number of productive tillers

The results of measurement and the DMRT
test for the number of productive tillers of rice
at the age of 11 WAP are presented in Figure 4.
In general, the number of productive tillers of
the Mekongga (V2) variety was higher and have
significant different from Cisadane and Inpari
32 in all water regime treatments. From Figure
1 it can also be seen that the water regime Al
(flooding) gave higher tiller yields than inter-
mittent water supply (A2), especially for the
Mekongga and Cisadane varieties. In A1 Me-
kongga gave the highest value of 14.50 tillers
and have significant different from other varie-
ties, the same thing happened in A2, where Me-
kongga gave the highest yield of 12 productive
tillers and also have significant different from
other varieties.
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Figure 4. Average number of productive tillers of several rice varieties at the age of 11 WAP in water
regimes with flooding (A1) and intermittent water supply (A2)

As with the number of tillers, the number of
productive tillers is affected by genetic factors.
Husna and Ardian (2010) explain that the max-
imum number of tillers will be achieved if the
plant has good genetic characteristics, with fa-
vorable environmental conditions or in accord-
ance with plant growth and development. The
water regime with flooding (A1) and intermit-
tent water supply (A2) is still a suitable envi-
ronment for the growth of rice plants, so that
rice plants are still able to provide the maxi-
mum number of productive tillers. The in-
crease in the number of productive rice tillers
is directly proportional to the increase in the
total number of tillers. Riyani et al. (2013)
stated that the formation of the number of pro-
ductive tillers is closely related to the total

120,00

number of tillers, where the greater the total
number of tillers, the greater the number of
productive tillers.

Root volume

The results of measurement and the DMRT
test for rice root volume at the age of 105 DAP
are presented in Figure 5. In general, the root
volume of the Cisadane (V3) variety was higher
in all water regimes and gave significant differ-
ent from Mekongga and Inpari 32 in the inter-
mittent water supply (A2). In Flooding (A1)
Cisadane gave the highest value is 105 cm3 and
only have significant different to Inpari 32 vari-
ety, while in the A2, Cisadane gave the highest
yield of 112 mL which have significant different
from other varieties.
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Figure 5. Average root volume of several rice varieties at the age of 105 DAP in water regimes with
flooding (A1) and intermittent water supply (A2)
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Measurement of the root volume of rice
plants is very important in relation to rice plant
methane gas emissions. Roots have an im-
portant role in the release of methane gas into
the atmosphere, because it can increase the
methanogenesis process through the release of
root exudates which are rich in available car-
bon sources. With increasing oxygen concen-
tration, the methane production process can be
reduced because methane is oxidized biologi-
cally by methanotropic bacteria (Setyanto etal.,
2017). The roots of rice plants are able to ex-
change oxygen, so they can form a thermody-
namic balance in which about 60-90% of me-
thane is produced in the rhizosphere layer
through the aerenchyma vessels of rice plants.
This is supported by Nisha & Arief (2018) that
during vegetative growth, plants produce a lot
of aerenchyma tissue.

Methane gas emissions in various varieties
of rice plants are determined by differences in
their physiological and morphological proper-
ties. The ability of varieties to emit methane de-
pends on the aerenchyma cavity, number of till-
ers, biomass, root pattern and metabolic activ-
ity (Setyanto, 2017).

Conclusion

Intermittent flooding suppresses methane
emission compared to continuous flooding.
Continuously flooded soil yielded methane
emission two to five times greater than inter-
mittent flooded soil. However, the amount of
methane emitted depends on rice variety; cer-
tain variety produces greater methane than
others. No statistically difference in rice growth
between the two water regimes examined. In-
termittent flooding can be used a means of re-
ducing methane emission from paddy field,
while not affecting rice growth. Further studies
on the effect of such water regime on rice pro-
duction in the field is necessary.
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