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Abstract
A two-year experiment was conducted in 2013 and 2014 to evaluate the effect of water management practices on
methane (CH4) and nitrous oxide (N2O) emission, and grain yield from Louisiana rice fields. Three water management
practices, including delayed flooding (DF), straighthead (SH), and intermittent flooding (IF), were evaluated. Seasonal
cumulative CH4 emissions were lowest in IF treatment in both 2013 (125 kg CH4 ha-1) and 2014 (271 kg CH4 ha-1), followed
by SH treatment 209, and 287 kg CH4 ha-1 in 2013 and 2014, respectively. The highest CH4 emission was observed in DF
treatment for both years 239, and 295 kg CH4 ha-1 in 2013 and 2014. Mean daily CH4 emissions ranged from 1.49 to 2.84
kg CH4 ha-1 d-1 in 2013 and 2.91 to 3.18 kg CH4 ha-1 d-1 in 2014. CH4 emissions of the IF treatment were reduced by 39%
(2013) and 8% (2014) as compared to the DF treatment. Seasonal cumulative N2O emissions were 141 to 152 (g N2O ha-1)
in 2013, and 161 to 177 (g N2O ha-1) in 2014. Mean daily N2O emissions ranged from 1.68 to 1.81 g N2O ha-1 d-1 in 2013,
and 1.92 to 2.11 g N2O ha-1 d-1 in 2014. Mid-season field drying did not impact N2O emissions. The contribution of CH4 to
Global Warming Potential (GWP) was significantly higher than N2O. IF water management practice showed a potential to
reduce methane emissions without significance yield loss compared to the DF water management practice.
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Introduction
Rice (Oryza sativa) is a staple crop for almost half of
the global population and the world’s third-most important crop, behind only wheat and corn. Approximately 90%
of the world’s rice is grown in flooded or anaerobic soil [1].
Anaerobic soil conditions lead to increased CH4 emissions
compared with crops grown in upland, aerobic systems [2,3].
CH4 generated in anaerobic soils by the microbial decomposition of organic matter is a process, which typically begins in
rice fields two weeks after flooding [4]. Therefore, if water
management practices are altered, there presumably will be
corresponding changes in methane emissions. Several studies have shown that alternative water management practices involving mid-season drainage can help mitigate methane
emissions from rice fields [5-7]. Jiao, et al. [8] also reported
that intermittent irrigation practices decreased seasonal CH4
emissions by 24% compared to a conventional water regime.
Temporary aeration involved in these alternative practices
resulting in reduced CH4 emission rates is due to an increase
in soil redox potential, which decreases CH4 production and
increases CH4 oxidation rates [9].

Alternate wetting and drying or intermittent flooding has
been practiced in many rice growing areas. Alternate wetting
and drying (AWD) water management practice would be the
most promising mitigation option for CH4 methane emissions
from irrigated rice farming as compared to continuous flooding. This practice requires delicate implementation because
water stress at any growth stage could also reduce rice grain
yield [10] reported that rice grain yield was reduced by 5-38%
under mild water stress while it was reduced by 25-67%
under severe water stress. However, various studies have
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shown the potential to reduce water use by keeping the field
dry during midseason without yield reduction [8,11,12]. Besides reducing water use, drying the field can also significantly reduce CH4 emission [6,13,14]. Rice plant is most sensitive
to water stress during the reproductive stage, when lack of
water at flowering stage causes a high percentage of grain
yield reduction [15-17].
In aerobic soil conditions under AWD, the higher emissions of N2O as a by-product of nitrification were observed
[18]. The majority of N2O emissions in rice systems occur
during the field drainage periods when soils change from
anaerobic to aerobic conditions may range from 10-75% of
the total seasonal N2O emissions [19]. Management practices
play significant role on flux rates of N2O from paddies [20].
While CH4 emissions is reduced through intermittent flooding, it is likely that N2O emissions could be increased due to
different mechanisms controlling the production of these
two major greenhouse gases [18,21]. It is difficult to minimize
both gases simultaneously [3].
Louisiana rice production is the third largest producer in
the U.S. with approximately 185,000 ha. Various water management practices are used for the production in this area
(i.e. continuous flooding, delayed flooding, straighthead,
intermittent flooding (or alternate wetting and drying elsewhere), and furrow irrigation). However, only three water
management practices were included in this study, delayed
flooding, straighthead, and intermittent flooding. In delayed
flooding, a permanent flood is applied four to five weeks after
seeding. The straighthead management is so-named because
this water management practice is recommended to combat the physiological disorder that occurs in rice [22]. In the
straighthead management, rice fields are drained two weeks
after the establishment of the permanent flood, dried for a
few days, and then reflooded [22]. In the intermittent flooding, the initial flood is established, but water in the field is
allowed to recede naturally due to the other processes (i.e.
evapotranspiration, seepage). Once drained, the soil cracks
and the field are reflooded. This cycle is repeated throughout the growing season until the pre-harvest drainage. Fields
under any of the water management practices are drained
approximately two weeks before rice is harvested [23].
The objective of this study was to evaluate CH4 and N2O
emissions, global warming potential (GWP), and grain yield
from three water management practices; delayed flooding
(dominant water management practice in South Louisiana),
straighthead, and intermittent flooding on rice grown in
South Louisiana.

Materials and Methods
Site description
Field experiments were conducted at the LSU Agricultural
Center H. Rouse Caffey Rice Research Station near Crowley,
Louisiana. The study area has been managed in a rice-fallow
system from March to August for cropping season of 2013
(30° 14’17.44” N, 92° 21’8.14” W) and 2014 (30° 14’47.55”
N, 92° 20’59.16” W). The soil at study site was a Crowley
silt loam (Typic Albaqualfs) [24]. The slope across the study
Kongchum et al. J Rice Res Dev 2020, 3(1):74-81

Table 1: Soil properties before planting for the 2013 and 2014
cropping season. Organic matter was analyzed using the dry
combustion technique (Leco) and extractable elementals were
extracted using Mehlich 3 and then analyzed by ICP.
Parameter

2013

2014

pH (1:1 water)

7.14

7.4

Organic matter (%)

1.13

1.74

P (mg kg )

13

12

-1

K (mg kg )

68

66

Ca (mg kg-1)

1179

1744

Mg (mg kg-1)

254

297

S (mg kg )

9.4

10.5

Na (mg kg )

86

62

Cu (mg kg )

1.8

1.8

Zn (mg kg-1)

7.4

5.9

Sand

4.1

3.8

Silt

80.2

81.3

Clay

15.7

14.9

Textural class

Silt Loam

Silt Loam

Bulk density (g cm-3)

1.39

1.44

Soil moisture at -20 kPa (% w/w)

23.7 (± 4.1)

24.1 (± 3.8)

-1

-1

-1

-1

Soil particle size distribution (%)

Note: Since our rice cultivation system was rice/fallow/rice, the
experimental site in 2013 and 2014 were not the same.

area was approximately 0.1%. A composite soil sample was
collected for nutrient analysis before planting in both 2013
and 2014 (Table 1). Monthly rainfall data was collected from a
weather station at the H. Rouse Caffey Rice Research Station
during the study (Figure 1).

Experimental design and agronomic management
The experimental plots were arranged in a split-plot experimental design with four replications for grain yield evaluation. The treatments were three water management practices as main-plot and three rice varieties as sub-plot. The three
water management practices were delayed flooding (DF),
straighthead management (SH), and intermittent flooding
(IF). In the DF water management, permanent flood initiated
at 4-5 weeks after planting and maintained water throughout
the season. Soil moisture probes that connected to soil moisture monitor (Watermark, model 900M, IRROMETER, CA,
USA) were installed at 10 cm depth in all three water management plots. In the SH water management, a short period
of drain after permanent flood was initiated. In the IF water
management treatment, multiple short periods of drains
were applied (three times for both years). Re-flooding of each
drain was performed when the soil moisture monitor reached
-20 kPa in the SH and IF water managements. From our calibration using gravimetric method, soil moisture content at
-20 kPa in the SH and IF for both years range from 19.6-27.9%
(w/w). Permanent flood was drained before harvesting in all
water management treatments.
Open Access | Page 75 |
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Figure 1: Monthly rainfall (mm) in 2013 and 2014 at study site (Rice Research Station, Louisiana State University Agricultural Center,
Crowley, Louisiana). Water management treatments in 2013 were initiated on May 17 and drained for harvest on July 29. In 2014, water
treatments were initiated on May 9 and drained for harvest on July 31, 2014.

Three rice varieties were CL151, Cheniere, and Jupiter in
2013, and CLXL729, Cheniere, and Jupiter in 2014. These varieties are all recommended in Louisiana due to their high yield
potentials and disease resistance [25]. Plot size was 1.42 m ×
4.88 m and included seven rows of rice 20.3 cm apart. Seeding rate for non-hybrid varieties was 355 seeds m-2 and 151
seeds m-2 for hybrid variety (CLXL729).
In 2013, the rice was drill-seeded on March 15 with emergence occurring on March 28 (13 DAP (days after planting)).
Phosphorus (P) and potassium (K) fertilizers were applied to
the plots at planting at a rate of 75 kg ha-1. Nitrogen (N) in
form of urea was applied at a rate of 135 kg ha-1 one day before permanent flood established on May 17 (63 DAP), almost
five weeks after planting. All water management treatments,
the last drained was on July 29 (136 DAP), prior to harvesting
on August 8 (146 DAP), with 73 days under flooded conditions for the delayed flooding management practice. In the
SH treatment, the short period of drained was on June 1 (78
DAP) and a permanent flood was re-established on June 5 (82
DAP), with 69 days under flooded conditions. In the IF treatment, three re-flooding events took place when the soil moisture content reached -20 kPa on June 21 (98 DAP), July 5 (112
DAP), and July 22 (129). The total number of flooding days
was 61. Grain yield was measured at 12% moisture content
and calculated in kilograms per hectare (kg ha-1).
In 2014, the rice was drill-seeded on March 13 and emergence occurred on March 30 (17 DAP). All fertilizer management practices were the same as the 2013 trial as described
above. A permanent flood was established on May 9 (57 DAP)
and drained for harvesting on July 31 (140 DAP). In the SH
treatment, the short period of drained was on May 23 (71
DAP) and the permanent flood was re-established on May 27
(75). In the IF treatment, three re-flooding events took place
when the soil moisture content reached -20 kPa on May 23
(71 DAP), June 9 (88 DAP), and June 23 (102 DAP). Number
of flooding days for DF, SH, and IF were 83, 79 and 71 reKongchum et al. J Rice Res Dev 2020, 3(1):74-81

spectively. Rice was harvested on August 14 (154 DAP). Grain
yields were measured from the whole plot at 12% moisture
content and calculated in kilograms per hectare (kg ha-1).

Gas sample collection and analyses
CH4 and N2O flux by a diffusion chamber was measured
using a completely random design in which each water management practice constituted a treatment with three replications. To represent emission data from outstanding rice cultivars in Louisiana, each replication corresponded with a different cultivar: a medium-grain (Jupiter) and two long-grains
(CL151 and Cheniere) cultivars. Weekly headspace emissions
measurements for CH4 and N2O were conducted using the
static closed chamber method [24,26,27]. However, if the
scheduled date has a severe weather condition, then the sampling will be done immediately when weather permits. As an
increased of hybrid rice acreage in south Louisiana, a hybrid
rice cultivar CLXL729 was selected to replace CL151 in 2014
in order to measure methane and nitrous oxide emissions
from the outstanding rice varieties in the region. The diffusion
chambers were composed of a base and a removable top,
each constructed of clear plexiglass measuring 30 cm × 30 cm
× 30 cm. Three chamber bases were installed in each water
treatment and were left in the place over the entire growing
season. Additional bases were stacked on top as needed to
accommodate the growth of the rice crop. Gas sampling occurred from 10:00 am to 12:00 pm and sampling techniques
were identical for each replication within each treatment.
During flux measurements, the trough of each sampling base
was filled with water to seal the diffusion chamber. A rubber
septum on top of each chamber served as the gas sampling
port and a thermometer (on top of each chamber) was used
to measure air temperature. Additionally, air samples outside
the chambers in each water management treatment were
taken for background concentration comparison.
The headspace gas was mixed each time before collectOpen Access | Page 76 |
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ing a sample. A 15 mL gas sample was withdrawn from the
septum at the top of the chamber using a 20 mL gas-tight syringe at 30-minute intervals, beginning at 0 minutes when the
top chamber was installed, 30-, and 60-minute marks. Once
the sample was collected, it was immediately injected into a
pre-evacuated, 10-mL glass vial sealed with crimp-top butyl
stopper. Floodwater heights and air temperature inside the
chamber were recorded for calculating methane and nitrous
oxide flux.

Global warming potential (GWP) of CH4 and N2O was calculated in mass of CO2 equivalents (kg CO2 eq ha-1) over a 100year time horizon. The radioactive potentials relative to CO2
of 28 and 265 were used for CH4 and N2O, respectively (IPCC,
2013). Yield-scaled GWP (GWPᵧ) expressed as GWP per unit
mass of rice grain yield (kg CO2 eq Mg grain-1) was calculated
by the ratio of GWP (Mg CO2 eq ha-1) and grain yield (Mg ha-1).

The gas samples were analyzed for CH4 and N2O using the
Varian CP- 3800 GC. The gas-tight syringe was used to withdraw 2.5 mL gas sample from each sample’s vacutainer and
injected into the stainless-steel GC column. The data recorded from the GC results was converted from parts per million
by volume (ppmv) to mass per unit volume (mg m-3) under
the assumption of a standard atmospheric pressure of 1 atm
using the formula:

Grain yield and flux data were entered into SAS 9.4 statistical software using PROC GLM to perform an analysis of
variance (ANOVA) to determine significant differences among
treatments. Mean separation of significant effects was determined using LSD at P < 0.05.

mg
M
=
ppmv ×
3
m
RT
where M is the molecular weight of the gas (16.04 g mol1
for CH4 and 44.01 g mol-1 for N2O), R is the gas constant
(0.08206 L atm K-1 mol-1) and T is the temperature at sampling
time in degrees Kelvin (K).
These converted values were then used to calculate the
CH4 and N2O flux per unit area. Methane and N2O fluxes were
computed using the formula:

F=

∆C V 273.15
× ×
∆t A
T

Where F is the CH4 or N2O flux rate in mg m-2 d-1, ΔC is the
change in concentration of the gas with the corresponding
change in time (Δt), V is the chamber volume, A is the enclosed surface area, and T is the final temperature in degrees
Kelvin (K). The seasonal or yearly cumulative emission was
calculated from daily emissions assuming the flux changes
between two consecutive sampling days are linear [28].

Statistical analysis

Results and Discussion
Effect of water management on methane and nitrous oxide flux
In 2013, methane emissions were highly variable, ranging from 0.04-10.96 kg CH4 ha-1 d-1. CH4 emissions were low
for the first three sampling dates in all water management
treatments (Figure 2a). Generally, an initial increase in a flux
rate began four weeks after the first flood (May 17 (63 DAP)),
which took place from June 6 (83 DAP). A decreasing trend
was then observed on June 27 (104 DAP), when a second,
larger increase in the flux for all treatments began. The maximum peak of the DF (10.96 kg CH4 ha-1 d-1) and SH (8.51 kg CH4
ha-1 d-1) treatments was recorded on July 18 (125 DAP) but
it was observed on July 11 (118 DAP) for IF treatment (6.62
kg CH4 ha-1 d-1). The flux rate generally decreased in all treatments after July 18 (125 DAP) until the main crop harvest on
August 8 (146 DAP).
In 2014 (Figure 2b), the highest methane emission was
7.70 kg CH4 ha-1 d-1 in the DF treatment and the lowest was
0.08 kg CH4 ha-1 d1 in the IF treatment. There was only one
significant difference (P = 0.047) of methane flux from the

Figure 2: Effect of water management practices; delayed flood, straighthead, and intermittent flooding on methane emissions from rice
fields of cropping season 2013 (a) and 2014 (b).
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Table 2: Effect of water management practices on daily and annually methane (kg CH4 ha-1) and nitrous oxide (g N2O ha-1) emission, grain
yield, global warming potential (GWP) and yield-scaled global warming potential (GWPᵧ), above ground biomass at 50% heading, and rice
grain yield.
Treatment

Methane

Nitrous Oxide

GWP (100-year time
horizon)

Daily* Seasonal Daily* Seasonal CH4

N2O

GWPᵧ (Yieldscaled)

Above ground
biomass at 50%
Heading

Yield

Total

(kg CO2 eq Mg
grain-1)

(kg ha-1)

(kg ha-1)

(kg CH4 ha-1)

(g N2O ha-1)

(kg CO2 eq ha-1)

Delayed Flood (DF)

2.84 a 239 a

1.81 a 152 a

6692 a

40 a

6732 a

833 a

9912 a

8079 a

Straighthead (SH)

2.48 a 209 a

1.68 a 141 a

5852 a

37 a

5889 a

796 a

9713 a

7398 ab

Intermittent Flood (IF) 1.49 a 125 b

1.74 a 146 a

3500 b

39 a

3539 b

499 b

8714 b

7097 b

2013

2014
Delayed Flood (DF)

3.18 a 295 a

1.92 a 161 a

8260 a

43 a

8303 a

731 a

11917 a

11351 a

Straighthead (SH)

3.09 a 287 a

2.11 a 177 a

8036 a

47 a

8083 a

729 a

10153 a

11083 a

Intermittent Flood (IF) 2.91 a 271 a

2.07 a 174 a

7588 a

46 a

7634 a

674 a

10433 a

11329 a

Means followed by the same letter within each column for individual year are not significantly different (P < 0.05, LSD). *Daily emissions were
based on 84 and 93 days of the gas measurements in 2013, and 2014, respectively.

sampling on June 13 (92 DAP) were 7.70 (a), 5.29 (ab), and
3.79 (b) kg CH4 ha-1 d-1 from the DF, SH, and IF treatments,
respectively.
Daily CH4 emissions were not statistically different in both
2013 (P = 0.087) and 2014 (P = 0.517). The lowest was in the IF
treatment for both 2013 and 2014 (Table 2). The lowest mean
emissions per day was 1.49 kg CH4 ha-1 d-1 in the IF treatment
in 2013 and 2.91 kg CH4 ha-1 d-1 and the highest mean was
2.84 and 3.18 kg CH4 ha-1 d-1 in the DF treatment in 2013 and
2014, respectively. In 2013, CH4 cumulative emission in the DF
treatment (239 kg CH4 ha-1 yr-1), the SH treatment (209 kg CH4
ha-1 yr-1), and the IF treatment (125 kg CH4 ha-1 yr-1). In 2014,
cumulative methane emissions were 295, 287, and 271 kg CH4
ha-1 yr1 for the DF, SH, and IF treatments, respectively. The
cumulative CH4 emissions for 2013 were statistically different
in IF treatments as compared to both DF and SH treatments
(P = 0.018) but there were not statistically different in 2014
(P = 0.712). In addition, there was not significant different of
methane emissions between DF and SH in both year trials. A
short drying period (4 days) in the SH treatment did not affect
CH4 emission as compared to the DF treatment.
Alternative water management practices have been
shown to substantially influence CH4 emissions [29,30]. Alternate wetting and drying of rice fields by draining and re-flooding one or more times during the growing season, has been
promoted as a management practice to reduce greenhouse
gas emissions and maintaining rice grain yields (Richard and
Sander 2014). In this study, methane emissions (Table 2)
showed no differences between the DF and SH treatments
in 2013, but the emissions from both DF and SH treatments
were significantly higher than the IF treatment. Meanwhile
the results in 2014, methane emissions were not different
among all water treatments. The most likely cause of the higher emission in the IF treatment in 2014 is unexpected rainfall when the field was supposed to be drained as treatment
scheduled (May-July) in 2014. The rainfall during the water
Kongchum et al. J Rice Res Dev 2020, 3(1):74-81

management treatment in 2014 (554 mm) was approximately
2 times higher than that of 2013 (251 mm). In addition to the
rainfall, soil organic matter and plant biomass in 2014 were
also higher than the trail in 2013. Chidthaisong and Watanabe
[31] reported that early CH4 emissions are often attributed to
the decomposition of previous crop residues while emissions
latter in the season are attributed to root-derived carbon.
Thus, the higher plant biomass or grain yield (Table 2) could
result in higher CH4 emissions in the rice fields.
The highest flux of nitrous oxide in 2013 was detected at
the first sampling on May 16 (62 DAP) (7.87, 7.74, and 4.04 g
N2O ha-1 in the DF, SH, and IF water treatments, respectively.
The lowest N2O flux was 0.29 g N2O ha-1 detected in SH treatment (Figure 3a) on Jun 20 (97 DAP). In the IF treatment, the
highest flux was also observed on the same sampling day (4.7
g N2O ha-1). Overall, there were no significant effects of water
management treatments on N2O flux either daily or seasonal
in both 2013 and 2014 (Table 2). This is similar to findings of
Linquist, et al. [3] that N2O emissions typically a small portion
of total greenhouse gas emissions from the rice field even in
the alternate wetting and drying which the fields are drained
during the growing season.
In 2014, the lowest N2O flux was 0.43 g N2O ha-1 in the
DF treatment (Figure 3b) measured on Aug 6 (146 DAP), and
the highest was detected in the IF treatment (4.07 g N2O ha-1)
measured on Jun 26 (105 DAP) The average flux of N2O was
higher than the flux in 2013 (Table 2). The flux from both trials was highly variable and no significant differences between
water management treatments were calculated. Our results
did not show the impact of draining the field on N2O emission
as reported by others, such as Johnson-Beebout et al. [21],
which could be attributed to our practice of a single preflood
N application resulted in very low level of residual N fertilizer
before draining. LaHue, et al. [7] reported that the emissions
of N2O were maintained close to undetectable when the drying periods occurred when there is a low mineral N in soil.
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Figure 3: Effect of water management practices; delayed flood, straighthead, and intermittent flooding on nitrous oxide emissions from
rice fields of cropping season 2013 (a) and 2014 (b).

In addition to nitrogen management, the sampling frequency
can affect annual N2O fluxes calculation. Barton, et al. [32]
also report that daily sampling would be the most accuracy
method for interpreting the N2O annual emissions.

likely due to dryer condition from lower amount of rainfall
during the growing period as compared to the trial in 2014.
Result was similar to the meta-analysis of Jiang, et al. [14]
summarized that the severe drying can reduce yields.

Effect of water management on grain yield

Even though alternate wetting and drying or intermittent
flooding are well known in term of mitigation of methane
emissions, this practice could cause yield reduction. In fact,
this practice is different from place to place for the number of
drying days, frequency, and growth stage. The meta-analysis
of Carrijo, et al. [40] concluded that grain yields in mild drying
treatment are similar to continuous flood while severe drying
leads to yield reductions.

Average grain yields of three rice varieties in each water
management practice for both experiments in 2013 and 2014
are shown in Table 2. In 2013, the grain yields ranged from
7,097 kg ha-1 in the IF treatment to 8,079 kg ha-1 in the DF
treatment. Based on the mean separation, the average yields
in the DF treatment were significantly greater than the IF
treatment, while there was no significant difference between
yields in the DF and SH treatments, and between the SH and
IF treatments (P = 0.037).
In 2014, grain yields ranged from 11,083 kg ha-1 in the SH
treatment to 11,351 kg ha-1 in the DF treatment. There were
no statistical differences between grain yields in all water
management treatments (P = 0.304). Yield of all treatments
in 2014 were higher than the same treatment in 2013, which
could be related to rainfall.
It is important to consider the potential effects that
changing water management practices would have on the
agronomics and economics of producing a commercial rice
crop. Most rice cultivars are bred to be grown in aquatic, anaerobic environments and rice grain yield has been shown to
be positively correlated with the amount of water used [10].
Subjecting one of these cultivars to even temporary aerobic
conditions could potentially induce water stress and dramatically reduce yields by increasing the incidence of pest and
pathogen damage, as well as increasing competition with
weeds. Recent research has focused on growing rice with less
water and reduce methane emissions [33,34]. Early studies
reported that yield declines from alternate wetting and drying [35] and without yield reduction [6,8,11,12]. Number of
studies in Asia typically found that yield increases [36-38]. In
this study, the lower grain yield in 2013 (Table 2) was more
Kongchum et al. J Rice Res Dev 2020, 3(1):74-81

Global warming potential (GWP) and yield-scaled
GWP (GWPᵧ)
GWP in 2013 was significantly different (P = 0.007) by water management treatment. The DF treatment had the highest
GWP (6732 kg CO2 eq ha-1) followed by SH treatment (5889 kg
CO2 eq ha-1), and the IF treatment (3539 kg CO2 eq ha-1) (Table
2). The IF water treatment had 47% GWP lower than DF treatment, and the SH treatment was lower by 13% as compared
to the DF treatment. The GWP in 2014 was not significantly
different (P = 0.619) between the water treatments. The GWP
was higher than 2013 in all treatments. The highest GWP
was 8303, 8083, and 7634 kg CO2 eq ha-1 in the DF, SH, and
IF treatment, respectively. The differences of GWP between
water management treatments were also lower than that
of 2013. GWP in the IF treatment was 8% lower than the DF
treatment and it was lower by 3% in SH treatment compared
to DF treatment. Over 90% of GWP was mainly contributed
from CH4 emissions. In 2013, it was not different between DF
and SH treatments, but both treatments were higher than
the IF treatment. In 2014, however, there were not different
among three water management treatments. GWP contributed from N2O was not significant between treatments for both
years (Table 2). In 2013, GWP contributed from N2O accounted for 0.59, 0.63, and 1.10% for DF, SH, and IF treatments,
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respectively. GWP contributed from N2O in 2014 were 0.52,
0.58, and 0.60% for DF, SH, and IF treatments, respectively.
The contribution of N2O to GWP was significant low regardless of water management practices.
Yield-scaled GWP (GWPᵧ) was also similar trend with the
GWP. In 2013, the GWPᵧ were significantly different among
the three water management treatments (P = 0.009), which
the lowest was observed in the IF treatment (499 kg CO2
eq Mg grain-1) as compared to both DF (833 kg CO2 eq Mg
grain-1) and SH (796 kg CO2 eq Mg grain-1) treatments. In 2014,
however, there were no significant differences in GWPᵧ (P =
0.611). In 2013, GWPᵧ was approximately reduced by 40% in
the IF treatment as compared to the DF treatment and it was
reduced by 8% in the same treatment in 2014. Our results
were similar to Tran, et al. [29] which found that GWPᵧ in single and multiple drains treatments were lower than the continuous flooding treatment.

Conclusions
Results from this study support the premise that methane emissions were reduced in the lower water use practice.
However, heavy reduction of water use could reduce grain
yield. A short period of drainage in the SH treatment did not
show any reduction of CH4 emissions compared to the DF
treatment. The IF water management practice showed the
lowest methane emissions but could negatively impact grain
yield. In addition, field drainage during the growing season
in the SH and IF treatments did not increase N2O emission
as compared to DF treatment, the dominant water management practice in South Louisiana.
The interaction among rice cultivars, water management
practices, and environment conditions on CH4 emissions requires further investigation. Field drying severity, nitrogen
fertilizer management, including rice growth stages are the
major keys for controlling emissions and yield. Co-management of these factors must be investigated.
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