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Abstract: Agricultural production is one of the main sources of anthropogenic greenhouse gas (GHG) emissions, con-
tributing 50% and 60% of CH, and N,O emissions, respectively. This study evaluated the rice yield and components,
the CH4 and N,O emissions and the global warming potential between the triple rice (R-R-R) and sesame-rice rotation
(S-R-R) systems in Can Tho city, Vietnam. The experiments were conducted in three cropping seasons: spring-summer
2016, summer-autumn 2016, and winter-spring 2016—-2017. The results showed that there was no significant differen-
ce in the yield components and grain yield between the triple rice and sesame-rice rotation systems. The application
of a sesame rotation in rice-based system could reduce the CHs and N>O emission by 30.5% and 18.7%, respectively.
The global warming potential in the S-R-R rotation was 9 860 kg COx./ha, significantly lower than the R-R-R rotation
(12 410 kg COqc/ha) by 20.6%. These results show that the S-R-R rotation has the potential to mitigate the GHG emi-

ssions, especially CHa, which contributes a large amount of emissions in the rice cultivation.
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The concentration of greenhouse gases (GHGs)
in the atmosphere has been increasing since the
pre-industrial era (Islam et al. 2020). Methane
(CH4) and nitrous oxide (N,O) are two impor-
tant GHGs, which contribute to global warming
(Kong et al. 2013). According to the Environmen-
tal Protection Agency (EPA 2019), CH4 and N,O
have a global warming potential (GWP) of 25 and
298 times greater than CO, over a 100-year period,
respectively. In addition, 40-65% of CH4 and N,O
emissions to the atmosphere come from human
activities, such as agriculture, energy, industry,
and waste (EPA 2019).

Rice production is considered the most signifi-
cant anthropogenic source of CHs and N,O emis-
sions (Datta et al. 2013; Xu et al. 2015; Islam et al.
2018). Globally, the paddy rice system contributes
1.5% of the total anthropogenic GHG emissions
(FAOSTAT 2019). In the rice production system,
irrigation water, soil preparation, crop management,
and fertilisation practices affect these emission
magnitudes (Sun et al. 2013; Islam et al. 2020). Con-
tinuous flooding is a common irrigation practice
in the paddy field, producing a large amount of CH,
in many countries, and Vietnam contributed 5.47%
of the CH,4 emissions in 2019 (FAOSTAT 2019).
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In addition, N,O emissions are also a major envi-
ronmental problem in the paddy rice system (Ad-
viento-Borbe et al. 2015; Ruser & Schulz 2015; Liu
et al. 2016). The N,O emissions in the paddy field
depends on the soil Eh, waterlogging, and the amount
of nitrogen (N) fertiliser in the soil profile (Adviento-
Borbe et al. 2015; Bai et al. 2021). According to Barton
et al. (2013), N fertilisers could increase the N,O
emissions via denitrification in the submerged soil.
Urea fertiliser will be converted to nitrate (NO3)
in the thin aerobic soil layer in the paddy soil and
NOj; is denitrified to form N,O that diffuses in the
anaerobic soil below (Weil & Brady 2017).

In the Vietnamese Mekong Delta (VMD) region,
intensive double and triple rice are the dominant crop-
ping systems (Wassmann et al. 2010). Recently, rice
production in the VMD region has faced difficulties
related to water scarcity and salinity intrusion due
to climate change (Phuong et al. 2020). In response,
farmers have converted dry season rice cropping to up-
land crop cultivation (Brown et al. 2018; Tran et al.
2019; Tan et al. 2020). Several studies demonstrated
that the application of rice-crop rotation (wheat, soy-
bean, rapeseed, maize, or aerobic rice) could reduce
the flux of CH4 and N,O (Barton et al. 2013; Carvalho
etal. 2014; Zhou et al. 2015, 2017; Weller et al. 2016).
The results might be explained by the change in the
soil oxidation-reduction conditions leading to an
inhibition of CH4 and N,O emissions (Zhou et al.
2017), ashortened cropping season and an improved
crop N use efficiency. The simultaneous quantification
of CH,4 and N,O emissions from rice-upland rota-

tion systems relative to the triple rice system has not
occurred in the VMD region. The objectives of this
study were to (i) evaluate the change in the rice yield
as affected by the sesame rotation in the rice-based
paddy and (ii) determine the emissions of CH4 and
N,O, and calculate the annual GWPs of CH4 and N,O
under a diversified cropping system.

MATERIAL AND METHODS

Site description and soil properties. The experi-
ment was conducted in the intensive rice (3 crops
per year) area in Thoi Lai district, Can Tho city,
which is located in the VMD region (10°03'44.4"N,
105°33'12.5"E). The three crops grown in this experi-
mental site include the spring-summer (SS) season
from 02/2016 to 06/2016, summer-autumn (SA) sea-
son from 06/2016 to 10/2016, and winter-spring (WS)
season 2016-2017 from 11/2016 to 02/2017. The
study area has a typical monsoon climate with a dry
season (from November to April) and a wet season
(from April to November). The average monthly
precipitation and temperature in the study time
are presented in Figure 1. The experimental soil
was classified as Eutric Gleysols according to the
International Union of Soil Sciences (IUSS) Work-
ing Group World Reference Base for Soil Resources
(FAO 2014). At a 0-20 cm soil depth, the soil texture
was classified as silty clay, slightly acidic (pH 4.98),
with a total N content of approximately 0.11% N and
organic carbon content of 1.76%, whose range is con-
sidered low for paddy rice (Metson 1961).
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Figure 1. The average monthly precipitation and temperature of the study site from 01/2016 to 04/2017
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Experimental design and treatments. The field
experiment was conducted during three consecutive
crop seasons, SS 2016, SA 2016, and WS 2016-2017.
The experiment was conducted in a randomised
complete block design with three replicates. The
experimental treatments included three cropping
models: sesame-rice-rice (S-R-R) and rice-rice-rice
(R-R-R) as the farmer’s practice (control). The crop
rotation treatment was conducted over two years,
with the rotation consisting of sesame (SS 2016),
rice (SA 2016), rice (WS 2016-2017).

Rice variety IR50404 from the International Rice
Research Institute (IRRI) and the local sesame variety
(black sesame), which have a growing time of ap-
proximately 90 and 65 days, respectively, were used
in these experiments. The rice seeds were direct-
seeded at seed rate of 192 kg/ha. The field experi-
ments were conducted as the farmer’s practice, the
rice treatments were continuously flooded until two
weeks before the harvest time. The irrigation water
in all the sesame treatments were followed by the
farmer’s practice. The sesame crop was fertilised
with 120 N-80 P,05-30 K,O (kg/ha), and the rice
crops were fertilised with 100 N-60 P,05-30 K,O
(kg/ha). A phosphorus fertiliser was applied before
sowing in both the models. In the S-R-R rotation,
urea and potassium fertiliser were topdressed at 12,
17,25, 31, 41, and 48 days after sowing (DAS) while
the fetilisation occurred at 8, 26, 38, and 54 DAS
in the R-R-R rotation.

Soil analyses and plant sampling. Soil samples
were taken at a 0-20 cm soil depth at the commence-
ment of the experiment. The soil texture was analysed
using the pipette method according to Kroetsch and
Wang (2008). The soil pH was determined by extract-
ing the soil with deionised water at a ratio of 1:2.5
(soil : water, w:v), measured using a pH meter. The
soil organic carbon (% C) content was determined
using the Walkley-Black method (Walkley & Black
1934), and the total N was analysed using the Kjel-
dahl method.

The yield components were taken in a frame
of 0.25 m? for analysing the 1 000 grain weight, the
number of panicles (No./m), and the total grains
per panicle. The rice yield was determined by taking
5 m? plant samples at the centre of each treatment
and calculated at a 14% moisture content.

Gas sampling and analysis. All the gas samples
were collected at the same time in both the S-R-R and
R-R-R models. Four gas samples were taken at 10 min
intervals (0, 10, 20, and 30 min) for 30 min from
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8:00 to 11:00 am, using a closed chamber according
to Gaihre et al. (2013). Each closed chamber included
one chamber base and a chamber cover (110 L).
In each experimental treatment, one chamber-base
was permanently inserted at a 10 cm soil depth and
maintained in place over the entire crop rotation
cycle. Each chamber was equipped with a circulating
fan to keep the air inside the chamber mixing and
a thermometer to measure the air temperature inside
the chamber during the gas sampling. In the chamber
wall, a rubber septum was fixed to collect the gas
samples. CH4 and N,O gases were collected weekly,
from the first week after sowing until a week before
harvest. Gas samples were collected using a 60 mL
polyvinylchlorid (PVC) syringe with a stainless steel
needle and were transferred into 10-mL evacuated
glass vials sealed with a butyl rubber stopper for
laboratory analysis.

The CH4 and N,O concentrations were measured
by gas chromatography equipped with a flame ionisa-
tion detector (Model SRI 8610C, Germany) at 300 °C
and an electron capture detector (Model SRI8610C,
Germany) at 350 °C, respectively. The N,O and CH,
fluxes (mg/m?/day) were calculated using the follow-
ing equation (Gaihre et al. 2013):

slope (ppm / min ) x Ve x MW x 60 x 24

CH, and N,O emissions =
22.4 x((273+T)/273)x Acx1000

where:

Ve — the volume of the gas chamber in litres (L);
MW - the molecular weight of the CH4 or N,O;

T - the temperature inside the chamber (°C);
Ac - the area of chamber base in m%

1000 — pg/mg;

60 — min/h;

24 - h/day;

22.4 - the volume of 1 mol of gas in L at a standard tem-
perature and pressure;

273 - the standard temperature (°K).

The total CH4 and N,O emissions of the rice (or
sesame) each cropping season were calculated using
the following equations:

TCH,4 = the average amount of CHy per day x 90 (or 65)

TN,O = the average amount of N,O per day x 90 (or 65)

The global warming potential was calculated using
the following equation:

GWP (kg CO, equivalent/ha) = (TCHy4 x 25 + TN;O x 298)
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where:

TCH, - the total amount of CHy flux (kg/ha);

TN,O - the total amount of N,O flux (kg/ha);

90, 65 - the days of rice and sesame growing, respec-
tively;

25, 298 — the GWP values for CH, and N,O, respectively,
to convert them into CO; equivalents without
including climate-carbon feedback over a 100-
year time scale (Zhou et al. 2015).

Statistical analysis. The collected data were ana-
lysed using the STAR (Statistical Tool for Agricultural
Research) software (Ver. 2.0.1, 2014) to determine if
the crop rotation had a significant effect on the emis-
sion of CHy, N3O and rice yield. The means of the
treatments were compared using the least significant
difference test at a probability level of 5% or lower.

RESULTS

Rice yield components and grain yield

The results indicated that the yield components
in the S-R-R and R-R-R systems did not differ sig-
nificantly in both the SS 2016 and WS 2016-2017
cropping seasons, except the total number of grains
per panicle (Table 1). It showed that the total num-
ber of grains per panicle in the rotation system
varied at 50 grains per panicle, significantly lower
than the triple rice system (55 grains per panicle)
in the SS 2016 season. The rice yield ranged at 4.60,
5.31-5.33, 7.17-7.37 t/ha in the SS 2016, SA 2016,
and WS 2016-2017 cropping seasons, respectively.
Similarly, the application of the sesame crop in the
rice-based system did not significantly affect the
rice yield throughout the three consecutive cropping
seasons (Table 1).

Crop rotation and CH, flux

Daily CH,4 flux. In the SS 2016 crop season, the
average CH, emissions in the S-R-R rotation was
39.9 mg/m?/day, lower than the R-R-R rotation
(64.7 mg/m?/day). (Figure 2A). In the SA 2016 season,
the CH, emission rate in the sesame rotational system
ranged at 73.9 mg/m?/day lower than the triple rice
system (126 mg/m?/day) (Figure 2B). Similarly, the
average rate of CH4 emissions in the S-R-R rotation
was 155 mg/m?/day, which was a 8.9% reduction
compared to the R-R-R rotation (170 mg/m?/day)
in the WS 2016-2017 season (Figure 2C). Generally,
the CH4 emission rates in both systems were high
at the panicle initiation (34—41 DAS) and flowering
(55—-62 DAS) in all of the cropping seasons. In ad-
dition, the results also indicated that the CHy flux
increased in the SA 2016 and WS 2016—2017 seasons
than in the SS 2016 season in all the rotations.

Total CH4 flux. The results show that the total
CH, flux in the S-R-R rotation varied around 23.7 kg
per ha, significantly lower than in the R-R-R rota-
tion (47.3 kg/ha) in the SS 2016 season (Figure 3).
The total CH4 emissions of the two rotation models
varied from 81.0—116 and 142-158 kg/ha in the SA
2016 and WS 20162017, respectively (Figure 3). The
results indicate that the total CH4 emissions in the
S-R-R rotation were significantly lower than the R-R-R
rotation in both SA 2016 and WS 2016-2017 crops.

Crop rotation and N,O flux

Daily N,O flux. In the SS 2016 season, the average
of daily N,O emissions in the S-R-R rotation was
9.15 mg/m?/day which was lower than the R-R-R rota-
tion of 9.56 mg/m?/day (Figure 4A). The results show
that daily N,O flux was highly temporally variable,

Table 1. Rice yield components and grain yield under the crop rotation systems

Seasons Models 1 000 grain Number of grains Ratio of filled Rice yield
weight (g) per panicle grain (%) (t/ha)
S-R-R - - - -
552016 R-R-R 24.1 68 72.4 4.60
S-R-R 25.9% 50% 78.8% 5.33%
SA 2016 R-R-R 25.5% 55P 75.3% 5.31%
F-test ns * ns ns
S-R-R 24.42 76° 84.0% 7.37%
WS 2016-2017 R-R-R 24.5% 78° 81.6% 7.17%
F-test ns ns ns ns

SS — spring-summer; SA— summer-autumn; WS — winter-spring; means in a column followed by the same letter are not sig-
nificantly different; ns — not significantly different (P > 0.05); *significantly different (P < 0.05)
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with the greatest flux occurring at 30 DAS in the
S-R-R rotation and 51 DAS in the R-R-R rotation.
After the sesame crop rotation, the results show
that the average daily N,O flux was lower than the
triple rice cropping model in both of SA 2016 and
WS 2016-2017 seasons (Figure 4B, C). In contrast,
the daily N,O emissions in the SS 2016 crop was
higher than the SA 2016 and WS 2016-2017 crops
compared to the CHy flux.
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Figure 2. The CH,4 emissions under the sesame-rice
rotation (S-R-R) and the triple rice (R-R-R) rotation
systems in the spring-summer 2016 (A), summer-
autumn 2016 (B), and winter-spring 2016-2017 (C)
cropping seasons

Total N,O flux. The total N,O emissions in the S-R-R
rotation was 5.86 kg/ha/crop, which was significantly
lower than the R-R-R rotation (7.19 kg/ha/crop) in the
SS 2016 crop (Figure 5). However, the total N,O flux
in the S-R-R rotation (4.03 kg/ha/ crop) did not differ
significantly compared to the R-R-R rotation (4.37 kg
per ha/crop) in the SA 2016 season (P > 0.05). In the
WS 2016-2017 season, the total N,O emissions in the
S-R-Rrotation ranged at 2.49 kg/ha/crop, which was

Figure 3. The total CH, flux under two
cropping models

SS — spring-summer; SA— summer-
autumn; WS — winter-spring; S-R-R —
sesame-rice rotation; R-R-R- the triple
rice rotation systems; vertical bars are
the standard deviations of the means;

WS 2016-2017

columns with different letters (a, b) are
significantly different at P < 0.05
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significantly lower than the R-R-R rotation (3.13 kg
per ha/crop). After three consecutive crops, the result
showed that the total N,O emissions in the applica-
tion of the sesame rotation in the paddy rice-based
varied around 12.4 kg/ha, which was significantly
lower than the triple rice cropping system (14.7 kg
per ha). This study demonstrated that the S-R-R ro-
tation system could reduce 18.7% of the total N,O
emissions compared to the triple rice cultivation
system in the VMD region (Figure 5).
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Figure 4. The NyO emissions under the sesame-rice
rotation (S-R-R) and the triple rice (R-R-R) rotation
system in the spring-summer 2016 (A), summer-autumn
2016 (B), and winter-spring 2016—2017 (C) seasons

Global warming potential

The S-R-R rotation compared to the R-R-R rota-
tion had a significant effect on the total CO, equiva-
lent (COseq) emission in all the SS 2016, SA 2016,
and WS 2016-2017 cropping seasons (Table 2).
The total COyeq ranged from 2 339 to 4 279 kg/ha
in the S-R-R system and from 3 325 to 4 875 kg/ha in
R-R-R system. The GWP value in the S-R-R rotation
was 9 860 kg COyeq/ha, significantly lower than the
R-R-Rrotation (12 410 kg COycq/ha). This study indi-

Figure 5. Effects of the sesame rotation on the
total N,O emissions in the spring-summer (SS)
2016, summer-autumn (SA) 2016, and winter-
spring (WS) 2016—2017 cropping seasons
S-R-R — sesame-rice rotation; R-R-R- the triple
rice rotation systems; vertical bars are the stan-
dard deviations of the means; columns with
different letters (a, b) are significantly different
at P <0.05
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Table 2. The global warming potential under the crop rotation system

Cropping

GWP for three cropping seasons

ceason Models $S 2016 SA2016 WS 2016-2017 (kg COsu/ha)
S-R-R 2339° 3224 4 279> 9 860°
GWP R-R-R 33252 42142 4875 12 410°
(kg CO2eq/ha)
F—test B3 BT ETTs BT

SS — spring-summer; SA— summer-autumn; WS — winter-spring; GWP — global warming potential; ***significantly different

at P <0.001

cated that the sesame rotation could reduce the GWP
by 20.6% compared to the triple rice cropping system.

DISCUSSION

Dynamics of CHy and N,O fluxes. The CH4 emis-
sion increases with the time of rice growth until the
flowering stage and declines sharply thereafter until the
harvest time, as previous studies have shown (Gaihre
et al. 2014; Islam et al. 2020). The lower emission rates
were found in the SS 2016 season compared to the SA
2016 and WS 2016-2017 cropping seasons. After three
cropping seasons, the application of the sesame rota-
tion in the rice-based system significantly (P < 0.05)
reduced the CH,4 emissions by 30.5% compared to the
triple rice cultivation system. These results are lower
than the previous findings (Adhya et al. 2000; Cha-un
etal. 2017). The study of Cha-un et al. (2017) in Thai-
land reported that the CH4 emissions from the rotation
of upland crops (corn, sorghum) in the rice-based
system ranged from 166 to 199 kg/ha/year, which
was significantly lower than the double rice system
(893 kg/ha/year) by 78—84%. According to Xu et al.
(2015), the CH4 emissions depend on many factors,
such as the water irrigation, soil characteristics, and
other cultivation managements. Cai et al. (2016) stated
that improved soil aeration resulted in an unfavour-
able conditions for the anaerobic reduction of organic
matter and the production of CH4 by methanogen.
The oxidation of CH4 by methanotrophic bacteria was
promoted in the oxidised soil conditions (Weil & Brady
2017). The change in the water management was the
direct cause of the lower dry season CH, emissions
in the S-R-R rotation than the R-R-R rotation during
the SS 2016 season.

During the dry season in the S-R-R rotation, there
was potentially less denitrification because the soil
was drier, and as a result, the N,O emissions are lower
than the triple rice system. Besides, the N,O flux
is always low in the other growing seasons compared
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to the R-R-R rotation (Figure 5). Denitrification is an
anaerobic process, Khalil et al. (2004) reported that
the N,O emissions from the soil undergoing rice
monoculture (R-R-R) was higher compared to an
upland crop rotation system (S-R-R).

In contrast, Janz et al. (2019) studied the effects
of the crop rotation (rice-aerobic rice or rice-maize)
with the same N fertiliser (130 kg N/ha) and reported
that diversifying the rice cropping system signifi-
cantly increased the N,O emissions as compared
to a double-rice cropping system. Nitrogen losses
in the N,O, NO, and N, forms can increase after the
dry soil is flooded again (Boyer & Groffman 1996;
Weil & Brady 2017).

Global warming potential under a crop rota-
tion system. The GWP - the total CH4 and N,O
emissions — was closely related to the different wa-
ter management practiced during the dry-season
crops (SS). Previous studies have reported that the
CHy4 flux dominate the GWP of the flooded rice
system, contributing over 80% (Shang et al. 2011;
Weller et al. 2016; Janz et al. 2019). In this study, the
annual N,O emissions decreased in the diversified
systems combined to the strong reduction in CHy
which led to a significantly lower annual GWP (il-
lustrated in COseq) compared to the traditional triple
rice cropping system. The reduction in the CH, flux
has dramatic implications for reducing greenhouse
gas emissions from rice fields under the current
climate change conditions. Greenhouse gas emis-
sions can also be reduced by replacing triple rice
with rice-upland crop rotation, such as legumes,
reducing the dependence on fertilisers and other
inputs (Izaurralde et al. 2001; West & Post 2002).

CONCLUSION

Applying sesame rotation in a rice-based system
reduced the CH,4 emissions by 30.5% and the N,O
emissions by 18.7% compared to the triple rice cul-
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tivation system. The S-R-R rotation system showed
a lower annual GWP (CH4 + N,O) than the R-R-R
rotation. The global warming potential from the
rotation system with sesame is lower than the triple
rice system by 20.6% without compromising the yield
components and rice yield. Therefore, the funda-
mental recommendation is to promote a rotational
rice-upland crop system to improve the environment
by reducing the GHG emissions and optimising the
rice yield.

REFERENCES

Adhya T., Mishra S., Rath A., Bharati K., Mohanty S., Ram-
akrishnan B., Rao V., Sethunathan N. (2000): Methane
efflux from rice-based cropping systems under humid
tropical conditions of eastern India. Agriculture, Eco-
systems & Environment, 79: 85-90.

Adviento-Borbe M.A., Necita Padilla G., Pittelkow C.M.,
Simmonds M., Van Kessel C., Linquist B. (2015): Methane
and nitrous oxide emissions from flooded rice systems
following the end-of-season drain. Journal of Environ-
mental Quality, 44: 1071-1079.

Bai M., Suter H., MacDonald B., Schwenke G. (2021): Am-
monia, methane and nitrous oxide emissions from furrow
irrigated cotton crops from two nitrogen fertilisers and
application methods. Agricultural and Forest Meteorol-
ogy, 303: 108375.

Barton L., Murphy D.V., Butterbach-Bahl K. (2013): In-
fluence of crop rotation and liming on greenhouse gas
emissions from a semi-arid soil. Agriculture, Ecosystems
& Environment, 167: 23-32.

Boyer J., Groffman P. (1996): Bioavailability of water extract-
able organic carbon fractions in forest and agricultural
soil profiles. Soil Biology and Biochemistry, 28: 783-790.

Brown P.R., Tuan V.V,, Nhan D.K., Dung L.C., Ward J.
(2018): Influence of livelihoods on climate change ad-
aptation for smallholder farmers in the Mekong Delta
Vietnam. International Journal of Agricultural Sustain-
ability, 16: 255-271.

Cai Y., Zheng Y., Bodelier P.L., Conrad R., Jia Z. (2016):
Conventional methanotrophs are responsible for atmos-
pheric methane oxidation in paddy soils. Nature Com-
munications, 7: 1-10.

Carvalho J.L.N., Raucci G.S., Frazdo L.A., Cerri C.E.P,,
Bernoux M., Cerri C.C. (2014): Crop-pasture rotation:
A strategy to reduce soil greenhouse gas emissions in the
Brazilian Cerrado. Agriculture, Ecosystems & Environ-
ment, 183: 167-175.

Cha-un N, Chidthaisong A., Yagi K., Sudo S., Towprayoon S.

(2017): Greenhouse gas emissions, soil carbon sequestra-

tion and crop yields in a rain-fed rice field with crop
rotation management. Agriculture, Ecosystems & Envi-
ronment, 237: 109-120.

Datta A., Yeluripati J.B., Nayak D., Mahata K., Santra S.,
Adhya T. (2013): Seasonal variation of methane flux
from coastal saline rice field with the application of dif-
ferent organic manures. Atmospheric Environment,
66: 114-122.

EPA (2019): US Environmental Protection Agency: Over-
view of Greenhouse Gases. Available at https://www.epa.
gov/ghgemissions/overview-greenhouse-gases.

FAO (2014): World Reference Base for Soil Resources 2014.
International soil classification system for naming soils
and creating legends for soil maps. World Soil Resources
Reports No. 106. FAO, Rome.

FAOSTAT (2019): FAOSTAT Data. Statistics Division (FA-
OSTAT). Rome, FAO. Available at http://www.fao.org/
faostat/en/#data

Gaihre Y.K., Wassmann R., Villegas-Pangga G. (2013):
Impact of elevated temperatures on greenhouse gas
emissions in rice systems: Interaction with straw incor-
poration studied in a growth chamber experiment. Plant
and Soil, 373: 857-875.

Gaihre Y.K., Wassmann R., Tirol-Padre A., Villegas-Pang-
ga G., Aquino E., Kimball B.A. (2014): Seasonal assess-
ment of greenhouse gas emissions from irrigated lowland
rice fields under infrared warming. Agriculture, Ecosys-
tems & Environment, 184: 88—100.

Islam S.M., Gaihre Y.K., Biswas J.C., Singh U., Ahmed M.N.,
Sanabria J., Saleque M. (2018): Nitrous oxide and nitric
oxide emissions from lowland rice cultivation with urea
deep placement and alternate wetting and drying irriga-
tion. Scientific Reports, 8: 1-10.

Islam S.M., Gaihre Y.K., Islam M.R., Akter M., Al Mah-
mud A., Singh U, Sander B.O. (2020): Effects of water
management on greenhouse gas emissions from farmers’
rice fields in Bangladesh. Science of the Total Environ-
ment, 734: 139382.

Izaurralde R., McGill W.B., Robertson J., Juma N., Thurs-
ton J. (2001): Carbon balance of the Breton classical
plots over half a century. Soil Science Society of America
Journal, 65: 431-441.

Janz B., Weller S., Kraus D., Racela H.S., Wassmann R.,
Butterbach-Bahl K., Kiese R. (2019): Greenhouse gas
footprint of diversifying rice cropping systems: Impacts
of water regime and organic amendments. Agriculture,
Ecosystems & Environment, 270: 41-54.

Khalil K., Mary B., Renault P. (2004): Nitrous oxide produc-
tion by nitrification and denitrification in soil aggregates
as affected by O, concentration. Soil Biology and Bio-
chemistry, 36: 687-699.

23


https://www.agriculturejournals.cz/web/swr/

Original Paper

Soil and Water Research, 18, 2023 (1): 16-24

Kong Y., Nagano H., KataiJ., Vigé 1., Olah A.Z., Yashima M.,
Inubushi K. (2013): CO2, N2O and CH4 production/con-
sumption potentials of soils under different land-use
types in central Japan and eastern Hungary. Soil Science
and Plant Nutrition, 59: 455-462.

Kroetsch D., Wang C. (2008): Particle size distribution. In:
Carter M.R., Gregorich E.G. (eds.): Soil Sampling and
Methods of Analysis. Boca Raton, CRC Press and Taylor
and Francis Group: 713-725.

Liu S., Hu Z., Wu S., Li S., Li Z., Zou J. (2016): Methane
and nitrous oxide emissions reduced following con-
version of rice paddies to inland crab-fish aquaculture
in Southeast China. Environmental Science & Technol-
ogy, 50: 633-642.

Metson A.J. (1961): Methods of Chemical Analysis for Soil
Survey Samples. Soil Bulletin Vol. 12, Wellington, Depart-
ment of Scientific and Industruial Reserach.

Phuong N.T.K., Khoi C.M,, Ritz K., Sinh N.V,, Tarao M.,
Toyota K. (2020): Potential use of rice husk biochar and
compost to improve P availability and reduce GHG emis-
sions in acid sulfate soil. Agronomy, 10: 685.

Ruser R., Schulz R. (2015): The effect of nitrification inhibi-
tors on the nitrous oxide (N2O) release from agricultural
soils — A review. Journal of Plant Nutrition and Soil Sci-
ence, 178: 171-188.

Shang Q., Yang X., Gao C., Wu P, Liu J., Xu Y., Shen Q.,
Zou J., Guo S. (2011): Net annual global warming po-
tential and greenhouse gas intensity in Chinese dou-
ble rice-cropping systems: A 3-year field measurement
inlong-term fertilizer experiments. Global Change Biol-
ogy, 17: 2196-2210.

Sun L., Song C., Miao Y., Qiao T., Gong C. (2013): Tem-
poral and spatial variability of methane emissions
in a northern temperate marsh. Atmospheric Environ-
ment, 81: 356-363.

Tan L.V, Tran T., Loc H.H. (2020): Soil and water quality
indicators of diversified farming systems in a saline region
of the Mekong Delta, Vietnam. Agriculture, 10: 38.

Tran T.A., Nguyen T.H., Vo T.T. (2019): Adaptation to flood
and salinity environments in the Vietnamese Mekong
Delta: Empirical analysis of farmer-led innovations. Ag-
ricultural Water Management, 216: 89-97.

Walkley A., Black I.A. (1934): An examination of the De-
gtjareff method for determining soil organic matter, and

24

https://doi.org/10.17221/44/2022-SWR

a proposed modification of the chromic acid titration
method. Soil Science, 37: 29-38.

Wassmann R., Nelson G.C., Peng S., Sumfleth K., Jagadish S.,
Hosen Y., Rosegrant M. (2010): Rice and Global Climate
Change. Rice in the Global Economy: Strategic Research
and Policy. Los Banos, International Rice Research Insti-
tute (IRRI): 411-433.

Weil R., Brady N.C. (2017): The Nature and Properties
of Soils. 15™ Ed. Harlow, Pearson Education Limited.
Weller S., Kraus D., Ayag K.R.P., Wassmann R., Alberto M.,

Butterbach-Bahl K., Kiese R. (2015): Methane and ni-
trous oxide emissions from rice and maize production
in diversified rice cropping systems. Nutrient Cycling

in Agroecosystems, 101: 37-53.

Weller S., Janz B., Jorg L., Kraus D., Racela H.S., Wass-
mann R., Butterbach-Bahl K., Kiese R. (2016): Greenhouse
gas emissions and global warming potential of traditional
and diversified tropical rice rotation systems. Global
Change Biology, 22: 432-448.

West T.O., Post W.M. (2002): Soil organic carbon se-
questration rates by tillage and crop rotation: A global
data analysis. Soil Science Society of America Journal,
66: 1930—-1946.

XuY., Ge]J., Tian S., Li S., Nguy-Robertson A.L., Zhan M.,
Cao C. (2015): Effects of water-saving irrigation prac-
tices and drought resistant rice variety on greenhouse
gas emissions From a no-till paddy in the central low-
lands of China. Science of the Total Environment,
505: 1043-1052.

Zhou M., Zhu B., Brueggemann N., Wang X., Zheng X.,
Butterbach-Bahl K. (2015): Nitrous oxide and meth-
ane emissions from a subtropical rice-rapeseed rotation
system in China: A 3-year field case study. Agriculture,
Ecosystems & Environment, 212: 297-309.

Zhou M., Zhu B., Wang X., Wang Y. (2017): Long-term
field measurements of annual methane and nitrous oxide
emissions from a Chinese subtropical wheat-rice rotation

system. Soil Biology and Biochemistry, 115: 21-34.

Received: March 24, 2022
Accepted: October 17, 2022
Online first: January 2, 2023


https://www.agriculturejournals.cz/web/swr/

