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Abstract Water management is recognized as one of the

most important factors in regulating nitrous oxide (N2O)

emissions from paddy fields. In China, controlled irrigation

(CI) is widely applied because it has been proved highly

effective in saving water. During the rice-growing season,

the soil in CI paddy fields remains dry 60–80% of the time

compared with soil irrigated by traditional methods. This

study aims to assess N2O emissions from paddy fields

under CI, with traditional irrigation (TI) as the control. The

cumulative N2O emission from CI paddy fields was

2.5 kg N ha-1, which was significantly greater than that

from TI paddy fields (1.0 kg N ha-1) (P \ 0.05). Soil

drying caused substantial N2O emissions. The majority

(73.9%) of the cumulative N2O emission from CI paddy

fields was observed during the drying phase, whereas no

substantial N2O emissions were observed when the soil

was re-wetted after the drying phase. More and signifi-

cantly higher peaks of N2O emissions from CI paddy fields

(P\0.05) were also detected. These peaks were observed

*8 days after fertilizer application at water-filled pore

spaces (WFPS) ranging from 78.0 to 83.5%, soil temper-

ature ranging from 29.1 to 29.4�C, and soil redox potential

(Eh) values ranging from ?207.5 to ?256.7 mV. The

highest N2O emission was measured 8 days after the

application of base fertilizer at a WFPS of 79.0%, soil

temperature of 29.1�C, and soil Eh value of ?207.5 mV.

These results suggest that N2O emissions may be reduced

obviously by keeping the WFPS higher than 83.5% within

10 days after each fertilizer application, especially when

the soil temperature is suitable.

Keywords Nitrous oxide emissions � Paddy field � Water

management � Controlled irrigation � Traditional irrigation

Introduction

Nitrous oxide (N2O) is one of the key greenhouse gases

that contribute to global warming and ozone depletion. The

relative global warming potential of N2O is 298 times that

of carbon dioxide in a 100-year period. Agriculture

accounts for almost 60% of global anthropogenic N2O

emissions, and agricultural N2O emissions have increased

by nearly 17% from 1990 to 2005 (IPCC 2007). Rice is the

staple food of nearly 50% of the world’s population. Rice

planting areas account for about 20% of the world total and

23% of all cultivated land in China (Frolking et al. 2002).

Studies on N2O emissions from China’s paddy fields are of

national and global significance for both ozone depletion

and climate change issues.

Traditional irrigation (TI) of paddy fields requires the

consumption of large amounts of water (Mao 1996). With

decreasing water availability for agriculture and increasing

demand for rice, the implementation of water-saving irri-

gation (WSI) programs have become one of the basic

national policies in China (Li 2001). Various WSI man-

agement modes are currently practiced in the paddy fields

of Southeast China; these include controlled irrigation (CI),
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intermittent irrigation, flooding-midseason drainage-fre-

quent water logging with intermittent irrigation (FDF), and

flooding-midseason drainage-reflooding-moist intermittent

irrigation but without water logging (FDFM) (Mao 2002;

Wu 1999; Zou et al. 2007). One of the major WSI practices

in China is CI, initially proposed by Li and Peng (1991)

and further developed by Peng (1992). During the rice-

growing season, the soil in CI paddy fields remains dry

60–80% of the time, and no standing water is found after

the re-greening of rice seedlings, similar to that observed in

the water management strategy used in the System of Rice

Intensification (Chapagain and Yamaji 2010; Miyazato

et al. 2010; Sato et al. 2011). CI has been proved effective

in saving water without causing yield reduction (Yu and

Zhang 2002), and has been widely applied in several

provinces in China, such as Jiangsu, Ningxia, and Hei-

longjiang. In CI paddy fields, the soil oxygen status, soil

redox potential (Eh), and soil temperature are altered by

varying conditions of soil moisture, unlike in TI rice pad-

dies. These transformations consequently induce changes

in N2O emissions. The influence of water management on

N2O emissions from paddy fields under continuous flood-

ing, FDF, and FDFM has been well documented. N2O

emissions from paddy fields are negligible in continuously

flooded rice paddies (Cai et al. 1997; Smith and Patrick

1983; Zou et al. 2005a). Midseason drainage, also called

sun-baking or sun-drying in China (Mao 1996), as well as

alternate wetting and drying in paddy fields result in sub-

stantial N2O emissions (Cai et al. 2001; Johnson-Beebout

et al. 2009; Liu et al. 2010; Smith and Patrick 1983; Zou

et al. 2005b). However, few studies have been dedicated to

quantifying N2O emissions from CI paddy fields. Hence,

investigating the effects of CI on N2O emissions from rice

paddies is important.

In addition, some previous studies have confirmed that

soil moisture is the most sensitive factor in regulating N2O

emissions from croplands (Zheng et al. 2000; Yan et al.

2000), and the highest N2O emission levels were observed

at a specific range of water-filled pore spaces (WFPS). In a

field trial, Hansen et al. (1993) observed the highest N2O

emission levels at a WFPS ranging from 45 to 75%. In their

laboratory experiment, Khalil and Baggs (2005) detected

the highest N2O emission levels at 75% WFPS soil, and

that the N2O was mostly produced during denitrification.

Similarly, the laboratory incubation experiment conducted

by Sey et al. (2008) revealed that the peak N2O production

was observed at 80% WFPS. Ding et al. (2007) also

observed that the optimum WFPS for N2O emissions was

50% (ranging from 45 to 60%) in a maize–wheat rotation

field in the North China Plain. Under CI, the soil is

unsaturated for the most part of the rice-growing season.

However, few studies have been devoted to the relationship

between the N2O emissions from and soil moisture of

paddy fields under CI. Hence, this phenomenon is worth

studying. Moreover, it is of significant importance to study

the mitigation of N2O emissions through soil moisture

regulation.

The Taihu Lake region is one of the most densely

populated areas in China and adopts the most typical paddy

rice–winter wheat rotation system in the country. About

75% of the arable land in this region is used for rice

growth. Thus, we carried out an experiment in this region

to quantify N2O emissions from paddy fields under CI and

determine the method for mitigating N2O emissions by

regulating soil moisture. The interactions between soil

parameters and N2O emissions were also investigated.

Materials and methods

Experimental site

The experiment was conducted in 2009 in drainage lysime-

ters at the Kunshan Irrigation and Drainage Experiment

Station in the Taihu Lake region, Jiangsu Province, China

(31�150N, 120�570E). This region has a subtropical monsoon

climate with an average annual temperature of 15.5�C and a

mean annual precipitation of 1097.1 mm. Soil in the exper-

imental site is classified as dark-yellow hydromorphic paddy

soil, which represents the typical soil type in this region. The

main (0–20-cm depth) properties of the soil in the experi-

ment station are described as follows: organic matter,

21.88 g/kg; total nitrogen (N), 1.03 g/kg; total phosphorus

(P), 1.35 g/kg; total potassium, 20.86 g/kg; and pH, 7.4.

Experimental design

The experiment involved two irrigation treatments, CI and

TI. Each irrigation mode was designed with three replica-

tions, and the replicates were established in a randomized

block design in six plots with an area of about 5 m2

(2 9 2.5 m). These replicates were designated as CI1, CI2,

CI3, TI1, TI2, and TI3, and each replication was a dynamic

process of soil moisture determination in the plot. For the

CI paddy fields, the irrigation water layer was not main-

tained except in the re-greening period. Irrigations were

applied under two conditions. First, the soil moisture

approached the lower threshold for irrigation at a certain

stage (Table 1). Second, fertilizers, herbicides, and pesti-

cides were applied. Rainfall was deflected with a canopy to

accurately control soil moisture. In the TI paddy fields,

there was a 3–5 cm shallow water layer after transplanting

except during the midseason drainage period and the yel-

low maturity stage of rice.

Rice seedlings were transplanted to the paddy fields on

June 23 and harvested on October 31, 2009. In accordance
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with local conventional fertilizer application methods, N

fertilizer was applied at a rate of 250 kg N ha-1. To

improve the N utilization rate, a base fertilizer consisting of

a compound fertilizer (15% each of N, P2O5, and K2O) and

ammonium bicarbonate (17% N content) was applied two

times for broadcast fertilization. The compound fertilizer

with a split of 25% of the total was broadcast on June 22

prior to transplanting, and ammonium bicarbonate was

used with a split of 30% of the total on June 28. Urea (46%

N content) with a split of 20 and 25% of the total was used

as the tillering fertilizer on July 6 and panicle fertilizer on

August 12, respectively.

Sampling and measurements

N2O emissions were monitored using the static chamber

technique. The chamber, which consists of two separate

parts of the same size (0.5 9 0.5 9 0.6 m), is made of

polyvinyl chloride. It is equipped with a thermometer and

an electric fan on top for air mixing inside. A rubber tube

was inserted into the chamber from one side, and was

connected outside to three stopcocks used to draw air

samples every 10 min with a 60-ml syringe. The samples

were then transferred into an empty sealed airbag for

analysis. Plastic bases for the chambers were installed

before rice transplantation in the plots, and were kept there

until rice harvest.

Gas samples were collected at 2–3-day intervals for

10 days after fertilizer application, then at 7-day intervals.

A 7–14-day sampling interval was used during the last

2 months of rice growth. From each chamber, four gas

samples were collected at 10-min intervals between 10:00

and 11:00 in the morning on every sampling day. The N2O

concentrations were analyzed using a gas chromatograph

(Agilent 7890A-0468) equipped with an electron capture

detector for N2O analyses. The limit of detection of N2O

concentration was 30 nl l-1. The N2O emissions were

determined from the linear increase of gas concentration at

each sampling time (0, 10, 20, and 30 min) during the time

of chamber closure, and calculated based on the equation

of Zheng et al. (1998, 2000) and Hou et al. (2000):

F ¼ q� h� 273

273þ T
� dC

dt
; ð1Þ

where F is the N2O emission flux (lg m-2 h-1), q is the

N2O density at standard state, h is the height of the

chamber above the water surface (m), dC
dt

is the N2O mixing

ratio concentration (lg m-3 h-1), and T is the mean air

temperature inside the chamber during sampling (�C). The

cumulative N2O emissions during the study period were

calculated by integrating the cumulative N2O emissions on

the sampling days.

During N2O emission monitoring, the temperature

inside the chamber and soil temperature at a depth of 5 cm

were also measured using mercury thermometers. Soil

moisture was measured directly using time domain reflec-

tometry probes positioned vertically in the soil. Water

layers were measured using rulers. Soil Eh at a 5-cm depth

was measured in situ with a reduction–oxidation (redox)

potential meter with Pt-tipped electrodes and a saturated

calomel electrode. The soil Eh values in this study were

converted to the standard H2 reference electrode values. In

this study, WFPS was adopted to describe soil moisture,

and was calculated based on the following equation

adopted in previous reports (Beare et al. 2009; Ding et al.

2007):

WFPS %ð Þ ¼ gravimetric water content %ð Þ
total soil porosity

� soil bulk density� 100; ð2Þ

where total soil porosity = 1 - soil bulk density/2.65,

with 2.65 g cm-3 as the assumed particle density of the

soil.

Statistical analysis

Statistical analysis was performed using SPSS for Win-

dowsTM. Statistically significant comparisons were identi-

fied using Fisher’s least significant difference tests at an

alpha level of 0.05 (a = 0.05). Linear regression analysis

was used to identify significantly positive or negative

correlations among soil moisture, soil temperature, soil Eh,

and N2O emissions.

Table 1 Limits for irrigation in different stages of rice for controlled irrigation

Stages Re-greening Tillering Jointing and booting Heading and

flowering

Milk

maturity

Yellow

maturity
Former Middle Later Former Later

Upper limit 25 mm hs1 hs1 hs1 hs2 hs2 hs3 hs3 Drying

Lower limit 5 mm 0.7hs1 0.65hs1 0.6hs1 0.7hs2 0.75hs2 0.8hs3 0.7hs3

Monitored soil depth (cm) – 0–20 0–20 0–20 0–30 0–30 0–40 0–40 –

hs1, hs2, and hs3 are the saturated water content of the soil in different stages of rice
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Results

Soil moisture, temperature, and redox potential

The soil moisture contents in the paddy fields under dif-

ferent water managements were clearly different. During

the rice-growing season, the soil in the CI paddy fields

remained dry 70–80% of the time (Fig. 1). A total of 11,

12, and 18 dry-wet alternations were observed in CI1, CI2,

and CI3 paddy fields, respectively (Fig. 1). The first pro-

cess of drying was observed 11 days after transplanting

(DAT) in the former rice tillering stage. The lowest WFPS

value (62.2%) was observed in CI1 24 DAT in the middle

tillering stage. In the CI paddy fields, six times of irrigation

were accompanied with herbicide and pesticide applica-

tions, and only one or two times of irrigation were

accompanied with fertilizer application. In the TI paddy

fields, the highest water layer was 6.0 cm. During the

midseason drainage, soil moisture changed slowly because

of the rainy weather and low temperature. At the end of the

period, the WFPS values in TI1, TI2, and TI3 were 85.4%,

83.3%, and 72.5%, respectively.

Soil Eh values in the CI paddy fields were higher than

those in the TI paddy fields for the most part of the rice-

growing period (Fig. 2). The soil Eh values during the rice-

growing season ranged from -77.9 to ?489.0 mV (CI) and

from -134.4 to ?181.9 mV (TI). The mean Eh value in

the CI fields was ?216.4 mV, approximately 21 times that

in the TI fields (?10.3 mV). Soil Eh values increased

rapidly with time during the drying periods, and decreased

rapidly following rewetting. The highest soil Eh value was

observed 39 DAT at 69.5% WFPS in CI2. In the TI paddy

fields, soil Eh values sharply increased from -104.1 mV

(33 DAT) to ?131.1 mV (39 DAT) during the midseason

drainage, and rapidly decreased to -14.9 mV (46 DAT)

following rewetting. Moreover, a significantly negative

correlation was observed between soil Eh values and

WFPS in the CI paddy fields (P \ 0.05). However, no

significant correlation was observed between soil Eh values

and the water layer in the TI fields (P [ 0.05). Soil
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temperatures at a depth of 5 cm in the CI fields were also

higher than those in the TI fields for the most part of the

rice-growing period (Fig. 2). Soil temperatures ranged

from 18.5 to 30.8�C in the CI paddy fields, and varied from

18.2 to 30.1�C in the TI rice paddies. No significant cor-

relation was observed between soil temperature and WFPS

or water layer (P [ 0.05).

N2O emissions

Seasonal variations in N2O emissions from paddy fields

under different water managements were clearly different

(Fig. 3). N2O emissions from the CI paddy fields were

higher than those from the TI rice paddies for the most part

of the rice-growing season. The mean emission of N2O in

the CI fields (210.4 ± 82.8 lg m-2 h-1) was 1.7 times

higher than that in the TI fields (78.6 ± 20.7 lg m-2 h-1).

More and markedly higher peaks of the N2O emissions

were observed from the CI paddy fields than from the TI

paddy fields. Three peaks were observed in the N2O

emissions from the CI rice paddies during the rice-growing

season, whereas only two peaks were observed from the TI

paddy fields. The highest peak value of the N2O emissions

from the CI paddy fields (2076.9 lg m-2 h-1) was

observed 13 DAT in the former tillering period, which was

4.8 times that from the TI paddy fields (436.9 lg m-2

h-1). The other two peaks of the N2O emissions from the

CI fields were 911.9 and 556.9 lg m-2 h-1, and were

observed 21 DAT in the middle tillering stage and 58 DAT

in the former jointing and booting stage, respectively. In

the TI fields, the highest peak value of the N2O emissions

was observed 54 DAT in the former jointing and booting

stage, and the lower peak (287.0 lg m-2 h-1) was

observed 11 DAT in the former tillering period of rice. In

addition, only a small N2O emission peak

(114.3 lg m-2 h-1) was observed during the midseason

drainage period. The mean of N2O emissions from the TI

paddy fields during the yellow maturity period was 1.8

times that in the CI rice paddies.

Table 2 shows that the cumulative N2O emission was

significantly higher in the CI than in the TI paddy fields

(P \ 0.05) by 1.5 times. The majority (73.9%) of the

cumulative N2O emission from the CI paddy fields was

observed during the drying phase. By contrast, only 19.9%

of the cumulative N2O emission from TI paddy fields was

observed during the midseason drainage and yellow

maturity phases. The majority (80.1%) of the cumulative

N2O emission from the TI fields was observed during the

continuous flooding phase.

Discussion

Effect of water management on N2O emissions

Seasonal variations in N2O emissions were found depen-

dent on the type of water management practiced in the

paddy fields during the rice growing season. This finding is

consistent with those of previous reports (Cai et al. 2001;

Johnson-Beebout et al. 2009; Liu et al. 2010; Smith and
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Table 2 Cumulative N2O emission and N2O–N loss of applied N in paddy fields under different water managements

Treatments CI TI

Cumulative N2O emission (g N ha-1) 2535.5b* 995.1a*

N2O emissions during the drying phases (g N ha-1) 1874.6b* 197.8a*

Percentage of drying phases to cumulative emission (%) 73.9 19.9

N2O–N loss of applied N (%) 1.0 0.4

* Means in a row followed by different small letters were significantly different at the 5% level
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Patrick 1983; Zou et al. 2005b). The effects of soil drying

and rewetting on N2O emissions were highly obvious,

although inconsistent with those reported in previous

studies. For example, Cai et al. (1997, 2001) found that

N2O emissions peaked at the beginning of the disappear-

ance of floodwater in rice fields, but no substantial evolu-

tion of N2O was observed after the soil was re-flooded. By

contrast, Beare et al. (2009) found that N2O production was

markedly reduced (by 93–96%) in soils during the drying

phase, whereas the majority (88%) of the total N2O pro-

duction from compacted soil occurred after soil rewetting.

In this study, soil drying caused substantial N2O emissions,

but no substantial N2O emissions were observed after the

soil was re-wetted. The peaks of N2O emissions from the

CI fields were observed 3–4 days after soil drying and

approximately 8 days after fertilizer application. The dif-

ferences between our results and those of other studies may

be attributed to the soil properties. Differences in soil

moisture of different soil types may affect N2O emissions.

In the TI paddy fields, N2O emissions followed the general

rule and were also increased by the midseason drainage.

However, the occurrence of the majority of the cumulative

N2O emission during the continuous flooding phase was

inconsistent with the findings of Cai et al. (1997) and Zou

et al. (2005a). They found that the majority of the cumu-

lative N2O emission occurred during the midseason

drainage. Our N2O emission data during the midseason

drainage were much lower than that obtained by Zou et al.

(2005a). The major reason for this difference was the

unobvious effect of midseason drainage on N2O emissions

in this study. During the midseason drainage, soil moisture

changed slowly because of the rainy weather and low

temperature, and did not reach the range that suitable for

high emissions of N2O. Therefore, the N2O emissions

caused by the midseason drainage depended on the extent

of soil drying.

The N2O–N loss was used to measure the amount of

N2O emissions from the paddy fields. The mean N2O–N

loss accounted for 1.0% (CI) and 0.4% (TI) of the applied

N (Table 2). These values fall in the range 0.001–6.8% that

was observed in cultivated soils (Bouwman 1990; Eichner

1990). The TI result is higher than that reported by Kumar

et al. (2000) who found that the total N2O–N emissions of

applied N ranged from 0.08 to 0.14% through urea and

(NH4)2SO4 in paddy fields. However, it is lower than the

results in most previous studies on paddy fields under the

FDF water management (Table 3). Moreover, it is close to

that reported by Akiyama et al. (2005) who observed an

average emission factor of 0.37% for fertilized paddies

with midseason drainage, although the authors used emis-

sion factor instead of N2O–N loss of applied N. Total N2O–

N emissions of applied N from CI paddy fields are higher

than the results of Suzhou and Wuxi, who studied paddy

fields in China under the FDFM water management, and

those in Nanjing and Jurong in China under the FDF water

management (Table 3). However, it is lower than those in

Nanjing paddy fields under the FDFM water management

(Table 3). The differences are caused considerably by the

kind of fertilizer and water management.

Factors regulating N2O emissions

The change of WFPS affected N2O emissions from CI

paddy fields obviously during the drying phase. There was

a narrow range of WFPS for high emissions of N2O. The

peaks of N2O emissions were observed at a WFPS range of

78.0–83.5%, and the highest N2O emission was measured

at a WFPS of 79.0% (Fig. 4). The result is similar to the

laboratory reports of Sey et al. (2008), who observed the

peak N2O production at 80% WFPS, but is slightly higher

than the results of Khalil and Baggs (2005), who observed

the highest N2O emission at 75% WFPS. In addition, a

significantly positive relationship was observed between

N2O emissions and the WFPS values ranging from 62.2 to

83.5% (P\0.05). A significantly negative relationship was

observed between N2O emissions and WFPS values higher

than 83.5% (P \ 0.05). Thus, keeping WFPS higher than

83.5% may be an effective measure in reducing N2O

emissions.

There was a close relationship between N2O emissions

and soil temperatures, because the high emissions of N2O

were detected at high soil temperatures (Fig. 4). This

observation consists with the result of Granli and Bøckman

(1994) who suggested that N2O emission increased with

soil temperature for cultivated soil at temperatures between

25 and 40�C. As shown in Fig. 4, the peaks of N2O

emissions were observed at soil temperatures ranging from

29.1 to 29.4�C in the CI paddy fields, and from 27.6 to

29.1�C in the TI rice paddies. The highest N2O emission

was measured at a soil temperature of 29.1�C in the CI

fields, and at 27.6�C in the TI fields. However, no signif-

icant correlation was found between soil temperature and

N2O emissions (P [ 0.05), indicating that soil temperature

is not a critical factor in N2O emission. The temperature

effect might be masked due to existence of other factors

(Hou et al. 2000), such as soil moisture, soil mineral

nitrogen, soil redox potential, and microbial activity.

Soil Eh is also an important factor affecting N2O

emissions from paddy fields. N2O peaks were observed at

soil Eh values ranging from ?207.5 to ?256.7 mV in CI

paddy fields. No significant N2O emission occurred at Eh

values higher than ?300 mV or lower than ?120 mV

(Fig. 4). This is similar to the results of Hou et al. (2000)

and Yu et al. (2001). Hou et al. (2000) found significant

N2O emissions that occurred only at soil redox potentials

above approximately ?200 mV. As soil redox potential

408 Paddy Water Environ (2011) 9:403–411
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decreased, less N2O was emitted. In a laboratory experi-

ment, Yu et al. (2001) found that N2O emission was reg-

ulated within the narrow redox potential range of ?120 to

?250 mV, due to the balance of N2O production and its

further reduction to N2. In the TI paddy fields, N2O peaks

appeared at soil Eh values of 0 mV approximately (Fig. 4).

No significant correlation between soil Eh values and N2O

emissions was observed (P [ 0.05).

Research prospects

The cumulative N2O emissions from paddy fields under

different water managements were obviously different. The

cumulative N2O emission from the CI paddy fields was 1.5

times greater than that from the TI paddy fields. Never-

theless, the assumption that TI fields are more environ-

ment-friendly than CI fields is misleading. The

Table 3 Cumulative N2O emission and N2O–N loss of applied N in paddy fields under different water managements reported by the previous

studies

Water

management

Site Year Chemical fertilizer N2O emission

(kg N ha-1)

N2O–N loss of

applied N (%)

References

Type Amount

(kg N ha-1)

F-D-F Nanjing 32�000N, 118�480E 1994 U 100 0.17 0.17 Cai et al. (1997)

1994 AS 100 0.17 0.17

1994 U 300 0.62 0.21

1994 AS 300 0.98 0.33

2000 U 277 1.55 0.56 Zou et al. (2005a)

F-D-F Jurong 31�580N, 119�100E 1995 U 100 0.86 0.86 Cao et al. (1999)

1995 U 200 0.82 0.41

1995 U 200 0.74 0.37

1995 U 300 0.93 0.31

F-D-F-M Suzhou 31�160N, 120�380E 1994 U 310 2.82 0.91 Zheng et al. (2000)

1994 AB 191 1.24 0.65

1994 AB 191 1.72 0.90

1996 U 191 1.92 1.01

1996 AB 191 1.52 0.80

F-D-F-M Wuxi 31�370N, 120�280E 2001 U 150 1.5 1.00 Zheng et al. (2004)

2001 U 250 2.31 0.92

2001 U 250 1.21 0.48

2002 U 150 1.71 1.14

2002 U 250 1.99 0.80

2002 U 250 2.99 1.20

F-D-F-M Nanjing 32�000N, 118�480E 2001 CF ? AB 333 4.11 1.23 Zou et al. (2005a)

2002 U 150 2.67 1.78 Zou et al. (2005b)

2002 U 300 4.44 1.48

2002 U 450 6.17 1.37

Type of chemical fertilizer: AS ammonium sulfate, U urea, AB ammonium bicarbonate, CF compound fertilizer, F-D-F flooding-midseason

drainage-frequent water logging with intermittent irrigation, F-D-F-M flooding- midseason drainage-reflooding-moist intermittent irrigation but

without water logging
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paddy fields under different
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environment-friendliness of CI cannot be evaluated only by

these N2O emission results in view of the other environ-

mental benefits of CI. Four explanations are provided for

this issue. First, it may be an effective measure to reduce

N2O emissions from CI paddy fields by monitoring WFPS

higher than 83.5%, because the majority (73.9%) of the

cumulative N2O emission from CI paddy fields was

observed during the drying phase and the peaks of N2O

emissions were observed at the WFPS ranging from 78.0 to

83.5%. The effect of this measure on mitigating N2O

emission requires further verification. Second, N2O emis-

sions have been confirmed to be strongly influenced by the

historical conditions of soil moisture (Akiyama et al. 2005;

Liu et al. 2010; Yan et al. 2003; Zheng et al. 2004),

especially in the rice–winter wheat rotation system (Liu

et al. 2010). The water status of paddy fields during the rice

growth period affects the N2O emissions during the sub-

sequent non-rice season. Continuous flooding during the

rice-growing season in an annual rice-upland rotation

system results in increased N2O emissions during the fol-

low non-rice season. Therefore, N2O emissions during the

following non-rice season are likely to be higher in the

fields managed by TI than by CI during the rice-growing

season. This issue needs further investigation. Third, Peng

et al. (2007) confirmed that methane (CH4) emissions from

CI were significantly less than those from TI paddy fields.

Thus, the integrated greenhouse effect caused by CH4 and

N2O emissions from CI fields is likely to be less than that

from TI fields, another compelling research direction.

Finally, the N and P losses from paddy fields through

ammonia volatilization, leaching and runoff are more

effectively reduced by CI than by TI (Peng et al. 2011;

Yang et al. 2010). Therefore, the application of CI

increases the efficiency of fertilizer use and protects the

water surrounding the paddy fields. Investigating the inte-

grated environmental benefits of CI is also a worthwhile

endeavor.

Conclusion

This study investigated the effects of water management

types on N2O emissions from paddy fields. CI reflected

significantly higher N2O emissions from the paddy fields in

Southeast China. Cumulative N2O emission was 1.5 times

greater in the CI than in TI paddy fields. More and sig-

nificantly higher peaks of N2O emissions were observed in

CI paddy fields. However, the environment-friendliness of

CI cannot be evaluated only by the N2O emission results in

view of the other environmental benefits of CI.

Soil drying resulted in substantial N2O emissions from

the paddy fields. The majority (73.9%) of the cumulative

N2O emission from the CI paddy fields was observed

during the drying phase. N2O emissions from the CI paddy

fields peaked only at about 8 days after fertilizer applica-

tion when the WFPS ranged from 78.0 to 83.5%. There was

also no substantial N2O emission after rewetting of the soil

following the drying phase. Keeping WFPS higher than

83.5% within 10 days after each fertilizer application is

likely to reduce N2O emissions effectively, especially at

suitable soil temperatures.
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