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Abstract: The System of Rice Intensification (SRI) is known to boost rice yields while reducing water
use, but its impact on greenhouse gas (GHG) emissions under different water management practices
remains unclear. This research aims to determine the effective water management practices in SRI
for mitigating greenhouse gas emissions by maintaining yield. This study, conducted from 2016 to
2018, evaluated three irrigation regimes —Flooded (FL: 2-5 cm water depth), WET (0-1 cm), and
DRY (-5 cm) in Bogor, Indonesia. Methane (CH,4) and nitrous oxide (N.O) emissions were measured
weekly using a closed chamber system. Results showed an inverse relationship between CH,4 and
N:O: CH, was lowest under the DRY regime, while N,O was lowest in the FL regime. The DRY
regime had the lowest global warming potential (GWP), 28% and 33% lower than WET and FL,
mainly due to a significant CH, reduction (42% and 57%, respectively). Despite reduced water
levels, rice yields remained stable in the DRY regime, averaging 6.0-6.18 tons/ha across three
seasons. These findings suggest that the DRY irrigation regime in SRI can effectively balance high
rice productivity with reduced GHG emissions, offering a sustainable water management strategy.

Keywords: greenhouse gas emission; global water potential; paddy cultivation; water management

1. Introduction

Rice paddy is a key staple crop that sustains the needs of more than half the global population.
However, their production heavily depends on water availability, making rice cultivation one of the
most water-intensive sectors in agriculture. Traditional water management systems often lead to
inefficient water use and heighten greenhouse gas emissions [1], particularly methane, which is
produced through anaerobic processes in flooded fields. Given global warming concerns, water
management strategies that maintain productivity while reducing emissions have become a critical
priority in advancing sustainable agriculture. Water management in rice cultivation affects not only
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crop production but also greenhouse gas emissions, particularly methane (CHs4) and nitrous oxide
(N20) [2]. Commonly in Indonesia, continuous flooding (CF) is widely practiced, primarily to create
an anaerobic environment that suppresses weed growth. The lack of oxygen in submerged conditions
inhibits the germination and establishment of most weed species, giving rice, which is adapted to
thrive in flooded environments, a competitive advantage. CF condition limits the light and nutrient
availability of weeds, significantly reducing their population and spread. The practice remains
widespread due to its simplicity and historical association with high yields under optimal conditions
[3].

Although CF enhances productivity, there are some concerns related to excessive water use and
high CHs emissions. CF create of anaerobic soil conditions, which promote the activity of
methanogenic archaea—microorganisms that produce methane as a by-product of organic matter
decomposition in oxygen-deprived environments. CHs is a potent greenhouse gas, with a global
warming potential much higher than carbon dioxide. Studies have shown that this traditional water
management practice in rice cultivation is a primary contributor to agricultural CH4 emissions
globally [4,5]. In addition, CF in rice fields is known to reduce water use efficiency due to significant
water losses through processes such as deep percolation, surface runoff, and evaporation. This
traditional irrigation method consumes substantial amounts of water. Despite its ability to ensure
stable rice yields and suppress weed growth, CF contributes to inefficient water utilization, which is
increasingly unsustainable in regions facing water scarcity and growing competition for water
resources [6].

Therefore, water-saving technologies such as intermittent irrigation, water-saving irrigation,
and alternate wetting and drying (AWD) have been introduced as more environmentally friendly
water management practice that is able to reduce greenhouse gas emissions. In addition, alternative
rice cultivation systems such as the System of Rice Intensification (SRI) have demonstrated a
significant reduction in greenhouse gas emissions [7-9]. SRI has emerged as a promising method for
addressing these challenges. By emphasizing controlled irrigation, improved spacing, and organic
fertilization, SRI reduces water use and enhances soil aeration, thereby mitigating CH4 emissions and
maintaining or even increasing yields [10].

SRI has been introduced in Indonesia since 1999, and numerous studies on SRI have been
conducted in the country, focusing on water management [11-13]. But most Indonesian farmers still
prefer CF systems due to concerns that water-saving technologies may reduce yields and problems
with weed growing. Further, there is currently a lack of information on optimal water management
practices that can simultaneously maintain productivity and reduce emissions, particularly CHs and
N20. Therefore, this study aims to determine optimal water management strategies with SRI that
sustain yields while lowering greenhouse gas emissions including its analysis of water productivity
and water use efficiency. These strategies will be developed by testing various irrigation scenarios at
different growth stages of the crop.

2. Materials and Methods

2.1. Experimental setup

The study was conducted at Kinjiro Farm (6°35’35.36”S and 106°46"17.95” E) in Bogor, Indonesia,
over three growing seasons from 2016 to 2018. The first growing season took place from April 14 to
August 4, 2016, the second from April 8 to July 29, 2017, and the third from January 20 to May 12,
2018, with each rice cultivation cycle lasting 112 days. Elements of the System of Rice Intensification
(SRI) were applied during cultivation, including single transplanting with young seedlings (14 days
after sowing) at a spacing of 30 x 30 cm using the Pertiwi rice variety.

For fertilization, the soil was treated with urea, SP-36, and KCl fertilizers. Urea was applied at a
rate of 100 kg/ha at 0-10 days after transplanting (DAT), 100 kg/ha at 20-30 DAT, and 75 kg/ha at 35—
45 DAT. SP-36 was applied at 100 kg/ha at 0-10 DAT, while KCl was applied at 75 kg/ha at 0-10 DAT
and 75 kg/ha at 35-45 DAT. Details of the soil’s physical properties are presented in Table 1.
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Table 1. Soil physics properties in the location.

Properties Value
Particle density (g/cm?) 1.96
Total porosity (% volume) 65.3
Water content (% volume)
pF1 63.3
pF2 46.9
pF 2.54 (Field capacity) 40.3
pF 4.2 (Permanent wilting point) 19.6
Permeability (cm/jam) 8.17
Soil texture (%)
Sand 23
Silt 34
Clay 43

The irrigation patterns in this study were divided into three distinct water regimes: flooded (FL),
WET, and DRY. The flooded (FL) regime was implemented as a conventional irrigation system, the
WET regime represented a moderate water condition, and the DRY regime simulated a water-saving
scenario under SRl rice cultivation. In the FL regime, the water level was maintained continuously at
2-5 cm above the soil surface. During the final growth stages, the water level was gradually reduced
to the soil surface. In the WET regime, the water level was set at 1 cm above the soil surface during
the first 20 days after transplantation (DAT). Afterward, it was maintained at 0 cm (soil surface level)
until harvest. In the DRY regime, the water level was maintained at 1 cm above the soil surface for
the first 20 days. It was then adjusted to 0 cm at 21-30 DAT and subsequently lowered to 5 cm below
the soil surface until harvest (Figure 1).

Water level
indicator

0 20 30 90 112
Days after transplanting

Figure 1. Water management of three irrigation regimes.
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2.2. Greenhouse gas emission measurements and analysis

Measurements of greenhouse gas emissions, specifically methane (CH4) and nitrous oxide (N20),
were conducted weekly using a closed chamber system. The chamber measured 30 cm x 30 cm x 120
cm, accompanied by a chamber base of 30 cm x 30 cm x 20 cm, 200 ml tedlar bags, and 10 ml brown
vials equipped with rubber stoppers. Prior to gas sampling, a fan inside the chamber was activated,
and the chamber was securely placed on the chamber base. Transparent tubing connected to a three-
way valve on the chamber facilitated sampling by attaching tedlar bags and syringes. Gas samples
were collected at four times intervals—0, 10, 20, and 30 minutes. The sampled gas in the tedlar bags
was transferred into 10 ml vials using syringes through the rubber stoppers for each time point.
Subsequently, the gas samples were analyzed at the Greenhouse Gas Laboratory.

Gas analysis was conducted using a calibrated Gas Chromatography (GC) system. The analysis
results provided gas concentration values in parts per million (ppm). The rate of change in gas
concentration over time was used to determine the gas flux. Methane flux was calculated using
Equation (1) [14]:

8C v mw 273.2

St XAX mV X 273.2+T ( )

E=

where E is CH4/N20 gas flux (mg/m?/min), dC/dt is change in CH4/N20 concentration over time
(ppm/min), V is chamber volume (m?), A is chamber surface area (m?), mV is molar volume of gas
(22.41 liters at standard temperature and pressure), mW is molecular weight of CH4/N20 gas and T
is sampling temperature (°C). A positive CHs/N20 gas flux value indicates that the rice field emits
methane gas, while a negative value indicates CH4/N20 absorption or uptake.

The total flux over a growing season was calculated by integrating the flux values using the
numerical Simpson’s Rule model, as expressed in Equation (2):

b b-a a+b
[fedx ~ 22 [f(a) +4 f(T) + f(b)] 2)

where a is measurement time point ‘a’, b is measurement time point ‘b’, f(a) is the greenhouse gas
emission value at a time ‘a’ (mg/m?/d) and f(b) is the greenhouse gas emission value at time ‘b’
(mg/m?/d).

2.3. Water and weathers parameters measurements

The determination of water parameters is based on a water balance using the lysimeter principle,
taking into account water inflow and outflow. Water inflow includes rainfall (P) and irrigation (I),
while water outflow consists of actual evapotranspiration (ETa) and drainage/runoff (RO). The
relationship is expressed by the following Equation (3):

WL; = WLi_; + P+ 1— (ET,+RO)  (3)

where WL represents the water level (mm), and i denotes time (days).

The observed weather parameters include air temperature, humidity, and solar radiation. We
analyzed weather data to obtain max, min, and average of air temperatures. For humidity and solar
radiation, we calculate the mean daily value. Daily reference evapotranspiration based on Penman-
Monteith FAO was calculated using the available weather data over three cropping seasons.

2.4. Yield, water productivity, and water use efficiency

The grain yield of rice for each water regime is converted to tons per hectare (ton/ha) at harvest.
Water productivity is calculated using the following Equations (4) and (5):

WP, p = H'_P “
Y
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where WPrr represents water productivity with respect to water inflow (kg/m?3), WPer represents
water productivity with respect to actual evapotranspiration (kg/m?), and Y is the total yield (ton/ha).
Additionally, to evaluate water use efficiency, the water efficiency index is determined using the
following Equation (6):

Y
WUE =~ (6)

where WUE is the water use efficiency index (kg/m?). Due to severe bird attack, the yield data for the
2017 season were not reliable. Estimations were made based on remaining unspoiled grain and
supported by linear interpolation between 2016 and 2018 yields for each irrigation regime. A simple
linear regression model using season and treatment as predictors was also applied to validate the
estimates. These values were used in the analysis to ensure data consistency.

3. Results

3.1. Weather conditions among crop seasons

Table 2 provides weather data over three years of crop season, which includes parameters like
air temperature, relative humidity, solar radiation, evapotranspiration, and precipitation. The
weather conditions during the three growing seasons were relatively stable across all parameters,
despite some fluctuations. Maximum air temperature remained constant at 35.9°C in 2016 and 2017
and slightly increased to 36.2°C in 2018. For average air temperature, a gradual decrease from 26.9°C
in 2016 to 26.2°C in 2018 may reflect changes in growing conditions. For paddy, the ideal temperature
range is 25-35°C; the values in the table are within this range, favoring growth. Meanwhile, the slight
variations (20.4°C to 20.6°C) of minimum air temperature indicate stable nighttime temperatures,
which are critical for crop respiration and avoiding cold stress.

Table 2. Weather conditions among crop seasons.

Season A
No Parameters 2016 2017 2018 Unit
1 Max air temperature 35.9 35.9 36.2 °C
2 Average air temperature 26.9 26.7 26.2 °C
3 Min air temperature 20.4 20.1 20.6 °C
4 Relative humidity 84.6 82.7 84.5 %
5 Average Solar radiation 13.0 12.9 12.1 M]J/m?/d
6 Average reference evapotranspiration 3.25 2.60 243 mm
7 Total Precipitation 1211 1414 1025 mm

Relative humidity (RH) ranged from 82.7% in 2017 to 84.6% in 2016. High humidity is generally
favorable for paddy as it prevents excessive water loss through transpiration. However, excessive
humidity can promote diseases such as pathogenic fungal infections (e.g., blast and sheath blight).
The average solar radiation slightly declined from 13.0 MJ/m?%d in 2016 to 12.1 MJ/m?/d in 2018.
Adequate sunlight is necessary for photosynthesis and crop yield. Reference evapotranspiration was
in line with the solar radiation. A notable decrease in reference evapotranspiration values (from 3.25
mm in 2016 to 2.43 mm in 2018) suggests a reduction in water demand by the atmosphere.
Meanwhile, precipitation varied significantly, with a peak in 2017 (1414 mm) and a decline in 2018
(1025 mm).

3.2. Seasonal CHs and N20 emissions

Figure 2 shows the fluctuation of CHs emission during three crop seasons under three different
regimes. CHs emissions vary significantly across the years, showing both positive and negative
values. Significant emission peaks were observed in the FL regime, particularly in 2017 (e.g., 1184.2
mg/m? at DAT 28) and 2016 (e.g., 961.9 mg/m? at DAT 105). The positive correlation between flooding
and CHi emissions supports the idea that standing water facilitates methane production as occurred

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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in the FL regime. Under the WET regime, the conditions show intermediate levels of methane
emissions compared to flooded conditions. However, in some cases (e.g., DAT 28, 2017: 1044.4
mg/m?), emissions were nearly as high as under flooded conditions. In some instances (e.g., DAT 0
and DAT 35 in 2017), the WET regime shows CHi uptake (negative values), indicating
methanotrophy might dominate temporarily. The data suggested that shifting from flooded to wet
conditions could significantly reduce CH4emissions without entirely eliminating CHa release [15].
The DRY regime with the lowest water level shows that CH4 emissions were typically the lowest or
even negative (indicating uptake). Here, strong uptake was observed in 2016 (e.g., -155.2 mg/m? at
DAT 0) and positive emissions were occasional and relatively low, and the peak were lowest than
two other regimes (e.g., 250.4 mg/m? at DAT 21, 2018). Aerobic soil conditions under dry conditions
favor methanotrophic bacteria that consume CHas [16].
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Figure 2. Seasonal CHa emissions among crop seasons in three irrigation regimes.

A different trend was observed in N20 emissions, where the FL regime produced the lowest N20
emissions compared to the other two irrigation systems (WET and DRY), particularly in 2018, as
shown in Figure 3. N2O emissions were relatively low under flooded conditions in the FL regime,
consistent with reduced availability of oxygen in the soil. For instance, low emissions were observed
in most years and dates (e.g., -0.7 mg/m? at DAT 91 in 2018 or 0.5 mg/m? at DAT 0 in 2016). Negative
values (e.g., -18.0 mg/m? at DAT 112 in 2016) may indicate net consumption of N:0, likely due to
denitrification to N2[17]. Peaks were rare but occurred under specific conditions (e.g., 13.1 mg/m? at
DAT 84 in 2016).

The WET regime shows moderate N20 emissions, with occasional peaks, e.g., peaks of 14.5
mg/m? (DAT 35 in 2017) and 26.0 mg/m? (DAT 35 in 2018) that suggested transient periods of aerobic
soil zones facilitating nitrification. On the other hand, negative values, as observed in 2016 and 2018
(e.g., -7.2 mg/m? at DAT 70 in 2016), indicate conditions favoring N20 consumption, likely due to
near-anaerobic soil environments. Under the DRY regime, N2O emissions were highest, where
aerobic environments enhance nitrification. According to Figure 2 high positive emissions were
observed, such as 58.7 mg/m? (DAT 42 in 2018) and 25.2 mg/m? (DAT 49 in 2018). Lower negative
values or near-neutral values (e.g., -0.3 mg/m? at DAT 63 in 2018) occur less frequently in dry
conditions compared to FL. and WET, suggesting limited denitrification.
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https://doi.org/10.20944/preprints202506.0515.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 June 2025 d0i:10.20944/preprints202506.0515.v1

7 of 12

2016 2017 2018

100+
751
50+
253
01....'..-00.‘ oo “+.0'00'.n+‘,+++ o"ooo++o¢0’000‘o
-251

a4

FLA

1004
75+
50
257
0:"-.'°"'°.."’.. ..~00.0+'0'°++‘.0 "o'+ ee®®Ceaten?

-25-

water regime
s
m
-
N, O (mgm2
13m

100+
75+
50
257 .

0:‘. .'o.......‘.... 00'++*000.0+..+. ee®e ¢0e0®co0oe
-25-
-30 0 30 60 90 0 30 60 90 0 30 60 90 0 30 60 90

N, O (mg m?) days after planting

DRY+

Ada

Figure 3. Seasonal N20 emissions among crop seasons in three irrigation regimes.

Table 3 presents the total emissions of both CHs and N20O across each irrigation regime among
three seasons. The results highlight a consistent pattern between CHs and N20 emissions. The FL
irrigation treatment produced the highest CHs emissions but the lowest N2O emissions. Conversely,
the DRY irrigation treatment had the lowest CHi emissions but the highest cumulative N20
emissions. FL regime as continuous flooding creates anaerobic conditions favorable for
methanogenesis by microbes in which CHas emissions peaked in 2017 (267.0 kg/ha/season). The WET
showed intermediate CHs emissions compared to FL and DRY. Wet irrigation, with intermittent
drying, limits anaerobic conditions, reducing methanogenesis. Under the WET regime, CHs
emissions were more stable across seasons, ranging from 124.0 to 153.3 kg/ha/season. The lowest
water level in the DRY regime produced the lowest CHs emissions, particularly in 2018 (33.6
kg/ha/season) since dry conditions reduce anaerobic processes, significantly limiting CHa production.
The average reduction in CH4 emissions under the DRY regime is 42% and 57% compared to the WET
and FL regimes, respectively.

Table 3. Total emission and global warming potential among regimes.

Parameters

Season Regime CHa N:O GWP* Unit

FL 173.6 -1.81 4,193 kg/ha/season

2016 WET 145.1 1.34 4,283 kg/ha/season
DRY 100.7 1.33 3,082 kg/ha/season

FL 267.0 0.45 7,332 kg/ha/season

2017 WET 153.3 -0.62 3,972 kg/ha/season
DRY 118.0 0.33 3,275 kg/ha/season

FL 130.2 -1.26 3,172 kg/ha/season

2018 WET 124.0 3.25 4,236 kg/ha/season
DRY 33.6 6.36 2,644 kg/ha/season

*GWP: the global warming potentials at the 100-year time horizon of 27 and 273 for CH4 and N:0O, respectively

(IPCC ARG).

On the other hand, N20 emissions had negative values on the FL regime particularly in 2016 and
2018, possibly due to denitrification processes converting N20 into N2 gas under saturated conditions,
while emissions were negligible in 2017 since the value close to zero (0.45 kg/ha/season). Meanwhile,
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the WET regime consistently has higher N>O emissions than FL, due to alternating wet-dry cycles
that enhance nitrification-denitrification processes. Here, N2O peaked in 2018 (3.25 kg/ha/season).
Under the DRY regime, N2O emissions were at the highest level, with a significant increase in 2018
(6.36 kg/ha/season). Aerobic soil conditions promote nitrification, while subsequent irrigation events
enable N20 release.

To assess the total emissions from a field, GWP is used to reflect the combined impact of CHs
and N20 emissions. Based on Table 2, the FL regime had the highest GWP in 2017 (7,332 kg CO--
eg/ha/season), primarily driven by high CHs emissions. In 2018, the GWP (3,172 kg CO.-
eqg/ha/season) of this regime was reduced, likely due to a significant drop in CH4 emissions and
negative N2O emissions. The WET regime had consistently high GWP values, peaking in 2016 (4,283
kg COsr-eq/ha/season). While CH4 emissions were lower than FL, N2O emissions under wet-dry
conditions significantly contributed to GWP. DRY regime achieved the lowest GWP across all years,
with the lowest value in 2018 (2,644 kg CO.-eq/ha/season). This is due to the substantial reduction in
CH4 emissions, even though N20 emissions were higher. The reduction in GWP under the DRY
regime was recorded at 28% and 33% compared to the WET and FL regimes, respectively.

Therefore, the DRY regime is the most sustainable option for reducing GWP in paddy fields, but
it requires careful management to control N20O emissions. Flooded irrigation, while minimizing N,O
emissions, contributes significantly to global warming due to CH4 emissions. Wet irrigation strikes a
balance but still results in relatively high GWP due to intermediate levels of both CH4 and N20.
Future strategies should focus on integrating water management practices with emission mitigation
techniques to enhance sustainability.

3.3. Water productivity and water use efficiency among regimes

Grain yield and water productivity varied significantly across the three irrigation regimes —
Flooded (FL), Wet (WET), and Dry (DRY)—from 2016 to 2018 as shown in Table 4. The yield
increased from the first season (2016) to the third season (2018). Between 2016 and 2018, yield under
FL increased by 38.8% (from 4.69 to 6.51 t/ha), and WET rose by 32.0% (from 5.19 to 6.85 t/ha). In
contrast, DRY showed only a 3.0% increase, indicating that its yield potential had likely plateaued
early. Comparison among irrigation regimes, DRY irrigation produced the highest yield, about 28%
greater than FL and 16% higher than WET in 2016. By 2018, WET produced the highest yield (6.85
t/ha), exceeding FL by 5.2%, while DRY fell slightly behind WET by 9.8%. This suggests that although
DRY had the early advantage, the WET regime offered more stable yield improvement over time.
These findings are in line with Bouman et al. [18], who noted that intermittent irrigation (WET and
DRY) can sustain high yields with reduced water input.

Table 4 also shows irrigation and water productivities among the regimes. The first season
required the highest amount of irrigation water compared to the second and third seasons. This was
primarily due to significant water loss through runoff, particularly rainwater that could not be
effectively utilized. Improvements were made in the second and third seasons, resulting in reduced
irrigation water requirements. Consequently, water productivity and efficiency in the third season
were better than in the first season. When comparing the three irrigation regimes, the DRY regime
required the least amount of irrigation water compared to the other two systems. The DRY system
achieved water savings of 21-39% compared to the FL regime and 6-20% compared to the WET
regime. The less water used in the DRY regime led to significant improvements in water productivity
and water use efficiency, particularly during the first season. Water productivity increased by 16—
31%, while water use efficiency improved by 31-53%. In the third season, water productivity across
all three regimes was comparable, as the yields were relatively similar. However, the DRY regime
demonstrated the highest water use efficiency among the three regimes, with an improvement of 11—
29%.
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Table 4. Yield, water productivity, and water use efficiency among regimes.
Seaso  Irrigation Yield Irrigation ETa WPrp WPer WUE
n Regime (ton/ha) (mm) (mm) (kg/m?) (kg/m3) (kg/m3)

FL 4.69 498 461 0.27 1.02 0.94

2016 WET 5.19 378 421 0.33 1.23 1.37
DRY 6.00 302 408 0.40 1.47 1.99

FL 5.60 183 378 0.35 1.48 3.06

2017 WET 6.02 153 349 0.38 1.72 3.93
DRY 6.09 145 338 0.39 1.80 4.20

FL 6.51 136 310 0.56 2.10 4.78

2018 WET 6.85 114 295 0.60 2.32 5.99
DRY 6.18 91 280 0.55 2.21 6.76

4. Discussion

The System of Rice Intensification (SRI), recognized as a water-saving rice cultivation method,
demonstrated its effectiveness in the current experiment. Although there were variations in yields
between the first, second and third planting seasons, the DRY regime consistently achieved consistent
production outcomes with more efficient use of irrigation water (Table 4). The key to maintaining
productivity in the DRY regime lies in its aerobic conditions, which ensure higher oxygen availability.
This approach aligns with previous research indicating that rice plants can thrive in non-flooded and
unsaturated soil conditions [19].

In SRI rice cultivation, strengthening the root system is a critical aspect, achieved in part by
lowering water levels [20]. Reduced water levels encourage roots to grow vertically deeper into the
soil to access water and nutrients as reported by previous studies [21-23]. The development of longer
roots contributes to stronger rice plant growth under the SRI method with the DRY regime compared
to the FL regime, thus, SRI performs better with intermittent irrigation than with continuous flooding
[24]. Empirical evidence also showed that SRI combined with alternate wetting and drying irrigation
(AWD) enhances crop standing until harvest [25]. Additionally, these results align with findings by
Thakur et al., [26], who reported that the SRI method with water-saving irrigation not only improves
root growth but also enhances nutrient uptake, thereby sustaining yields even under limited water
availability.

The DRY regime enhanced water productivity, consistent with previous research that highlights
the benefits of controlled water application in reducing non-productive water losses, such as
minimizing evaporation and percolation losses [27] and balancing water use and maintaining
adequate soil moisture [28]. Moreover, the DRY regime consistently achieved the highest water use
efficiency, with improvements of 31-53% in the first season and 11-29% in the third season. These
results align with findings from Geerts and Raes [29], who emphasized that deficit irrigation
strategies like DRY can substantially increase water use efficiency without significantly
compromising yield. The DRY regime’s advantage in water use efficiency, even in later seasons,
underscores its potential for long-term sustainability. Reduced water application not only conserves
water resources but also improves the energy efficiency of irrigation practices, which is critical in
regions facing water scarcity.

The DRY regime consistently reduced GWP over three planting seasons. The DRY regime’s
ability to achieve the lowest global warming potential (GWP)—45% and 46% lower than the WET
and FL regimes, respectively —highlights its effectiveness in balancing these trade-offs. This finding
aligns with the growing emphasis on water-saving irrigation techniques, such as alternate wetting
and drying (AWD), as viable strategies for mitigating GHG emissions in rice cultivation [30]. The
greatest contribution to the reduction in GWP was a significant decrease in CHs emissions, which
aligns with prior research on aerobic soil conditions limiting methanogenesis [31]. However, this
regime elevated N2O emissions, a known trade-off when transitioning from anaerobic to aerobic soil
conditions [32]. Conversely, the FL regime minimizes N2O emissions but at the cost of higher CHa
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https://doi.org/10.20944/preprints202506.0515.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 June 2025 d0i:10.20944/preprints202506.0515.v1

10 of 12

emissions due to prolonged flooding, which promotes the anaerobic decomposition of organic
matter.

The DRY regime’s ability to maintain yields while achieving the lowest GWP positions it as a
sustainable water management practice for SRI. However, its success depends on careful
implementation and monitoring to address the potential for increased N20 emissions. Integrating
complementary practices, such as precision nutrient management or the use of nitrification inhibitors,
could further enhance its environmental and agronomic benefits [33].

5. Conclusions

The study demonstrated that DRY regime is the optimal water management strategy for the
System of Rice Intensification (SRI) in Indonesia, effectively balancing greenhouse gas (GHG)
emission mitigation and rice productivity. The DRY regime achieved the lowest methane (CH4)
emissions and global warming potential (GWP), with GWP reductions of 45% and 46% compared to
the WET and FL regimes, respectively. While nitrous oxide (N>O) emissions were higher in the DRY
regime compared to the FL regime, the overall GWP was minimized. Additionally, the DRY regime
supported maintained rice yields, with productivity comparable to or exceeding other regimes
during the three-year study. This makes the DRY regime an effective approach for sustainable rice
cultivation under SRI.
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