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Quantifying Direct N,O Emissions from Paddy Fields During Rice Growing Season

in China: Model Establishment

70U Jian-wen> QIN Yan-mei> LIU Shu-wei

(College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China)

Abstract Various water management regimes, such as continuous flooding (F), flooding-midseason drainage-reflooding ( F-D-F), and
flooding-midseason drainage-reflooding-moist intermittent irrigation but without water logging (F-D-F-M), are currently practiced in paddy rice
production in China. These water regimes have incurred a sensitive change in direct N, O emission from rice paddy fields. In order to establish
statistical models quantifying the country-specific emission factor and background emission of N,O in paddy fields during the rice growing
season, we compiled and statistically analyzed field data on 71 N, O measurements from 17 field studies that were published in peer-reviewed
Chinese and English journals. For each field study, we documented the seasonal N, O emission, the type and amount of organic amendment
and fertilizer nitrogen application, the water management regime; the drainage duration, the field location and cropping season. Seasonal total
N, 0 was> on average> equivalent to 0.02% of the nitrogen applied in the continuous flooding rice paddies. Under the water regime of F-D-F
or the F-D-F-M, seasonal N, O emissions increased with N fertilizer applied in rice paddies. Applying an Ordinary Least Square (OLS) linear
regression model resulted in an emission factor of 0.42% for N, 0> and in unpronounced background N, O emission under the water regime of
F-D-F. Under the F-D-F-M water regime> N, O emission factor and N, O-N background emission were estimated to be 0.73% and 0.79
kg*hm ™ during the paddy rice growing season, respectively. After considering three different water regimes in rice paddies in China, the
emission factor of N for N,O and N, O-N background emission averaged 0.54% and 0.43 kg*hm™>. The results of this study suggest that
paddy rice relative to upland crop production could have contributed to mitigating N, O emissions from agriculture in China. The emission factor
of N for N, O and its background emissions can be directly adopted to develop national inventory of N, O emissions from paddy fields during the
rice growing season in China.

Key words: rice paddies; regression model; water regime; nitrous oxide; emission factor; background emission
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Table 1  Direct N, O emissions from continuous flooding paddy fields during rice growing season
Hi o ‘ A N/kg'hm:z : HHUIE N/kg-hrfrz N, O-N HEji% ik
ey it HAD it FH /kg*hm™?

1992 no 0 no 0 0 L19]

el 1992 U 374 no 0 0 L19]
1996 U 374 FM 42 0.04 L10]
2000 CF+U 277 1o 0 0.06 [7]

R 5 2000 CF+U 277 WR 18 0.03 (7]

I 1995 U 306 0 0.16 [20]

DALIERA: cF hE A, UNRE: 2DAHUEER: FM R KL, WR b & N2 FSFF
*2 BHBEK-EAEKF-D-PAKSEEARTAEEKE NEERS N,0 HiM
Table 2 Direct N, O emissions from paddy fields under the water regime of F-D-F during rice growing season
M i : L IE N/kg‘hm:z : AP N/kg-hr?*z N, O-N % ik
e Jite HAID it FH /kg*hm™?

1994 no 0 no 0 0.14 4]
1994 U 100 no 0 0.17 4]
1994 AS 100 no 0 0.17 4]

i Ht 1994 U 300 no 0 0.62 [4]
1994 AS 300 no 0 0.98 [4]
2000 U 277 no 0 1.55 [7]
2000 U 277 1o 18 1.43 [7]
1995 no 0 no 0 0.62 [21]
1995 U 100 no 0 0.86 [21]

(IESS 1995 U 200 no 0 0.82 [21]
1995 U 200 1o 0 0.74 [21]
1995 U 300 no 0 0.93 [21]
2000 no MV 124 0.26 [11,22]
2000 no MV 124 0.30 [11,22]
2000 no 0 no 0 0.18 [11,22]

i 2000 no 0 no 0 0.23 [11,22]
2000 U 276 no 0 0.35 [11,22]
2000 U 276 1o 0 0.28 [11,22]
2000 U 276 MV 0 0.34 [11,22]
2000 U 276 MV 124 2.81 [11,22]
1994 U 162 PM 64 0.49 [23]
1994 U 287 1o 0 3.14 [23]
1995 U 140 MR 10 0.24 L15]

Bi)l 1995 U 140 PM 82 0.40 L15]
1995 U 280 1o 0 3.14 [15]
1995 U 306 1o 0 0.28 [20]
1995 U 306 no 0 1.32 [20]

DACAEZETY : AS ATE, U BIREE: DA VLIBIRAY: MR b % 285844, MV 4 BF 51 5 5% 44, PM 49 3 JBEAE
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Table 3 Direct N, O emissions from paddy fields under the water regime of F-D-F-M during rice growing season

A IE N/kge hm =2

HHUIE N/kg*hm 2 N, O-N HEjikt

A gy - - . Sk
HeRID Jiti P FMmY it P /kg®hm

Jexe 1992 AB 125 no 0 1.32 [18]

1993 AB 125 no 0 1.21 [18]

1994 AB+ U 364.5 PM 67 4.42 [24]

H 1994 AB+U 364.5 PM 67 2.01 [24]

1994 AB+U 364.5 PM 67 1.71 [24]

2001 CF + AB 333 CM 29 3.26 [25]

2001 CF + AB 333 PM 50 3.38 [25]

2001 CF+ AB 333 no 0 4.11 [7]

2001 CF+ AB 333 RC 146 4.83 [7]

2001 CF + AB 333 WR 18 3.33 [7]

Fd i 2002 no 0 no 0 1.38 [26]

2002 U 150 no 0 2.67 [26]

2002 U 150 WR 36 2.97 [26]

2002 U 225 WR 18 3.79 [26]

2002 U 300 no 0 4.44 [26]

2002 U 450 no 0 6.17 [26]

2001 U 150 no 0 1.50 [2]

2001 U 250 no 0 2.31 [2]

2001 U 250 no 0 1.21 [2]

PR 2002 U 0 no 0 0.90 [2]

2002 U 150 no 0 1.71 [2]

2002 U 250 no 0 1.99 [2]

2002 U 250 no 0 2.99 [2]

1993 no 0 no 0 0.86 [27]

1993 U 210 no 0 2.57 [27]

1993 AS 220 no 0 3.27 [27]

1993 U 210 PM 68 3.01 [27]

1993 U 310 no 0 2.82 [27]

1994 no 0 no 0 0.46 [5]

Pyl 1994 AB 191 no 0 1.24 [5]

1994 AB 191 no 0 1.72 [5]

1994 AB 191 no 0 1.52 [5]

1996 no 0 no 0 0.50 [5]

1996 U 161 RS 30 1.01 [5]

1996 AB 191 no 0 3.45 [5]

1996 U 191 no 0 1.92 [5]

. 2002 no 0 no 0 0.93 [28]
|

2002 U 180 no 0 2.45 [28]

DALAEIETY: AB A iiEE, AS ITREE, CF A EBIE, U MRS DA VLIS M A 4- BEAL, PM A3 AR, RC S8 320, RS A K FEFSFF, WR A 4
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Fig.1 Dependence of seasonal N, O amount on nitrogen input

in rice paddies under different water regimes
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T F-D-F-2 ¢ F-D-F-1 & & HRLAFE H N0 H

JB R 2 R HAT MR W Poe R8P (GR 4. A
o FEREE LT 2 RN FEARE TE A I WA [) 2
fEvPE . e, AEARB T ANE B 2Ok F-
D-F-1 BRI A (1) F-D-F-2 A28, DA 4 1 7 #2400
HEBHBHAS

R4 THEEEELY OLS BIGHREN T E 5 #T(ANOVA) F 1%
Table 4 ANOVA F-tests for the simulated OLS models in rice paddies with midseason drainage
A WiH ISREENES -5 A F p Power r
v
FDF Tﬁ"“? 1 5.9 10.4 0.004 0.87 0.293
e 25 14.4
751
F-D-F2 &i 1 25.2 45.6 <0.000 1 1.00 0.293
e 26 14.4
il
F-D-F-M Tﬁ it} 1 36.2 45.3 <0.000 1 1.00 0.557
Bk 36 28.8
B 1 13.1 18.8 <0.000 1 0.99 0.280
MSD-Akiyama"*) \
s B 0 30.5
*5 THEHEFEHEN OLS HISERSHMAERN ¢« 181
Table 5 The t-tests for parameter estimates in the simulated models in rice paddies with midseason drainage
K Hell R K T HE
' e P T ) e P T )
F-D-F-1 0.004 2 0.0013 3.22 0.004 0.008 7 0.30 0.03 0.98
F-D-F-2 0.004 2 0.000 6 6.75 <0.000 1
F-D-F-M 0.007 3 0.001 1 6.73 <0.000 1 0.79 0.28 2.82 0.008
MSD- Akiyama ! 0.004 3 0.001 4.34 <0.000 1 0.20 0.19 1.06 0.30
(a) BERIF-D-F-1 (b) BEEIF-D-F-2
e U I SN S
2.0 1.5 1.0 0.5 0 -05 -10 -15 20 2.0 1.5 1.0 0.5 0 -05 -10 -15 -20
(¢) ®AIF-D-F-M (d) ERIMSD-Akiyamal®l
™
| [ 1| ,; \;
3.0 2.0 1.0 0 -1.0 -2.0 -3.0 20 15 10 05 0 -05 -10 -15 20

B MSD- Akiyama B 7 [RIECHUS H Akiyama 25530 — 303 1b P IOFR
2 OLS Z&HEVIEEMZENTH

Fig.2  Distribution pattern of residuals for the simulated Ordinary Least Square linear regression models
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B, OLS B (R4 45 SRR A BAT S /N A e Pk
(IEAE . OLS ASE 2R FF) UAl I ANl 1A 1 1 1 A&
G TR 2 A A ACREY W 2D B
71N s MSD- Akimam #2784 (1) 5% 72 #2300 T LA“ 07 4 o 1)
PR IE AR 20T . RURE 3BT AR 3% B MRS 2R 0 B4 1) 1
DI . Bk, Sh T 8 K PR Bk D K R A K R
N, O HEFBCREAG 51 AN 58 1, OLS #5284 mT R bE 3¢
BRL3 I R 1 ML A5 20 B A 5 H 152 7K 90 B
75 S AR N, O HERCRAG

3.2 N0 ISR

AM L RN, AT A5 W 7K - H - 7K -1
VWK 4355 #7 XF RG A A2 W2 11 N,0 15 5%
HE TAERF LA ACIR A F KR AE K Z=T N,0 T 5t
HOA I 2 (K 5D, 4E F-D-F K8 27 0F,
N, O-NT5 5t HE SO Al 5L 0.009 kg hm ™2, 51
RUB AR« 0T 35 25 5 (R 5) . VS /K% T /K1)
KA AR R AR A N0 1 S HE T e R
KB LG, BT AMBRC—EK7~10D
(1) ep S48 B A, KRG A K R A T ACIRES
FEF-D-F/K /3 & B 7 50 K E 1 N, 0 HE AU & A
TERE . AT I & 7 F-D-F-M K73 & 8 07 K
KAEAE K= N,O-N 1 st HF s 8 ik 0.79
kgehm ™2 . AR A5 $5 S K R TR) BB TR (¥ % 1 o BT
EENE 7 A E LR, Yan S0 55 R H N,0-N
T SCHEREE PN 0.26 kgehm ™2, 1E W01 STk Tk,
FEH N, O 5 550 Hi B0 (1 il 550 A7 76 38 1RO I A ff
PE. s b, 15 s M C o &k N, 0
JHCTT BRG] e U IR S M PR 3 2 —

3.3 KA AR N, 0 HEBUR R

IKFEAE K ZE N, O HEBI) K/ 32 ZEE P T F7 H
KONG5 RS KRR 32 AR KRR ) i
(R17K 53 9% T W4 W3 10 N, O HERC ™™ | 5 R K
FEHARLE , F-D-F 7K 4345 817 30 F (10 F8 1 ep 3919
BT R N, 0172 AT 5T 45 N 24 R 1 e
N #4150 kgehm > I, FELEHE K FG B N,0-N Z= 715 HE
AN 0.03 kgohm ™2, X — 45 3 5 FA7E ¢ X
SRR TR T AR A TS AR, AE F-D-F-M 7K 40 5
70N N,ON F AR m s 1.87
kg*hm 7, JLF & F-D-F /K8 377 :0F N,0 =15 4F
JECHEE 1) 3 A%

— i 5, L3 N,0 PR A R B L N
BP0 PR SRS A A P 10 2B 4 R AH 2% 1L R 1T N
(13K Be e Ak ot FRAR KRR b 52 3K - RS 1 3
M. 55 F-D-F /K38 35 AN R B By P Rt
/KRG AR EG, o 3008 F S 08 A8 B 1 K 43 8 B
A N I AR S A ok B2 )3 T R A IR R R IR
BE, S & P EUT WK -0 H - 7K - 10 JEE R A 7 5
NFEH N, O HEBOR B I 7R R S K 4 A
N, s rbol i SR A AR P AR IR 4 N, O BRI E
KA e St — b 0e 5k N, 55—,
T3 HH K 4 21 0] g4 e s A AL B N, 0



320 7N 58

B 30 %

FEAR IR DR DR - G R N O S B o A A
SRS A A DT R TR TR AT R R
Fein AR PR g8 b A LB 3 i, Xk H AR
PHRAEE 2 1) oW N I, B R N0 A
HEHL.

H 20 &l 50 ALK, T B KRS A2 = 1 7K 43
FHT AR A TR KA AL . 7 20 THED 80 44X - 1]
AR, e ] 1) LA FH 22 DLRF R /K 0 32, 1 20
40 80 AFARLAJG , A H v J10e5 FH A by — T4 vy 7K R
o PR AR b R It e T R K o DX 3k R B
55 3 ] AR b 7K Y5 P R SR T KR R 3 B R R
VAT 7K -6 T - 7K -3 VR 1 7K e B X AR 3R
IKFEAE P A Ky — TS K HE R B AR HE ) I2 .
T K 7 T (R A b S M X2 o e [ 1
(1) 26 % » HEBETHI AR 30% , AW 7= Ba 4
249 L AT | 7KK FH S 7K T VEE R 1K) 7K 3 B
B W LY (Y P R (S E & A ARG R (5 N
IEAEZ DA I, 386 20 AR 24 1 R 4 /K R
FH DA e 7K R A 77 R K B8 8 R ke R I . Ao, i
T L £ 00 AR5 52 8 7K (10 7K 43 B 7 AR Ay o S
FH AR 7K o3 A B 7 3025 3 B0 E G BN, 0-N HE il
BN 0.13 ~0.20 Tgea ™78k 0.15 Tgea '™ . B4t
s /KRG A B, 7K F8 AR S i O M3 n /8 BN, O
HEBCEDT DR, 3 e 16 SR 4 5 B0k A
N, O FIFIBCER 1) Wl 2 38
3.4 N,O HEfh AN & 1k

TRBAR, B T 7K 43 85 B 5 X 46, B8 W N, 0 FEJK
RN e R ZE 5w, - 3 5 P 7 5
AR ST b T R R KR AR X o
RS K, M7 AR5 R T 38R ], ALK R AR K
U A AE — 58 22 e, AR o 2R 78 4 5 TE X A K]
oo AR N, O HEBUR 52, PR, ASHIF ST A A AR Ak
A R TR . A, B T IR ] =
Ab, KB 5E R W IR RS T A S A N, O HETK
5 — 2N RS R R N0 HER R — e
Wt 2N e P 5 P 3 0 T 39 m AH e B S Bl A IR R
KA AL AL . AEAHIR B F-D-F 81 F-D-F-M 7K
ST IR, 5 R FEA L, it A e sl e AR 1
FOH R N, 0 HEBCRNS S — T, — e 5T
F WA 55 B ali it FE A JEAH EL L A7 0L 28 DR RN AR 4 5% A4 4
SR it FE A1 0 N, O ZE AT HEBCRD Y, i 5y — Le
FUGE JE WA B S I 0 A 0 5 1k S it R vk 2D 7
N, O ZE e

FEE N, O 38 2500 58 A0 R AN /) 4 1T BB 30 N, 0
N HECEANE A . B B, R
N, O HEJBOH 2 100 72 A7 R ] 58 2 (1 8 LUE g
WU B4 75 1) N, O HE O S0 (E, M 5¢ 28 1 s ke
N, O H (1 I 18] A8 A B AES . K R HH I JAr 1 5%
FEULIN 2 48 18 A B 4 £ 2088 FH N, O HF 550 5 (1 ik
MRS AR 1 WO L, R 2 YO0 E
B2 FE N, O HEOE 50E AR, R B E At
Je B — BERF IR ST AR, K BOF ST N, O HETK
T AU — AR R 1 Uk DR, X R B S nT
REZ IR 2% N, O HEFBU —LL 0, AR AG FE I N,0 22795
L

4 it

IKFEAERZE N, O HEBCRAR KRE BE Bk T4

HH AR BRI AR 7K 23 B 5K AR SRS T 17 B S

BRIRAE 1) 71 41 N, 0 HEBOH & 45 R, Rl b —

FLCOLS) LMk (B H 73 M AR, 2 57 1 A F AN [ 7K

BT AR KRR A KT N,0 HAHEBCR A 5

B BEAAU 5 45 R W], FR 8 KRG N, 0 ZF°1Y

FIR T L it 2 AR O O8RS BT, 10 K-8 -

VR 7K A 7K -5 8 7K 30t V1) 3R 110 7K 73 B 77 5

T EA R R ER KRR, PRI, FFemK

TN, O 20 BRI 9 0.029% .

VAR 7K 06 T A8 7K AR VA 7K - T - 70 -3 30 SRR 1 7K 2

BT AUR, IERE NN, 0 HETSCR v 28 23 0

0.42%F10.73% . /K- H-4E /K 1) 7K 3 27 5K

TNUKRBE KT N0 1 SHEBOR AW S, (HME K1 H

VA K T R 1 2K 23 A BT AR KRR AR KR N, O-

N B SeHE SR =k 0.79 kgohm 2. X — 45 LR WK

FEARKZICE N # N0 HBCR S8 8T FAE A&

FH , SRR A KR AR 77 A0 AR ) vl e S A ) T D

e F A N, 0 FFi.

S 3

[ 1] IpCC. Agriculture[ A]. In: Climate Change 2007: Mitigation,
Contribution of Working Group Il to the Fourth Assessment Report of
the Intergovernmental Panel on Climate Change[ CJ1. Cambridge:
Cambridge University Press, 2007. 499-533.

[2] Zheng X, Han S, Huang Y, et al. Re-quantifying the emission
factors based on field measurements and estimating the direct N, O
emission from Chinese croplands[ JJ. Global Biogeochem Cycles,
2004, 18: GB2018, doi: 10.1029/2003GB002167.

[ 3] Akiyama H, Yagi K, Yan X. Direct N, O emissions from rice paddy
fields: Summary of available datal J1. Global Biogeochem Cycles,
2005, 19: GB105, doi: 10.1029/2004GB002378.



2

A 5 A R K O3 B R KRR AR KGR N, O HEISCR Al B B ST 321

[4]

[6]

[7]

[8]

[9]

L10]

[11]

[12]

[13]

[14]

L15]

L16]

[17]

L18]

[19]

[20]

[21]

[22]

Cai Z> Xing G> Yan X, et al. Methane and nitrous oxide emissions
from rice paddy fields as affected by nitrogen fertilizers and water
management[ J1. Plant Soil, 1997, 196: 7-14.

Zheng X, Wang M> Wang Y, et al. Impacts of soil moisture on
nitrous oxide emission from croplands: A case study on rice-based
agro-ecosystem in Southeast Chinal J1. Chemos Global Change Sci,
2000, 2: 207-214.

FEEHEE, BORE, o R KA B DR AT b ARG D cH, AN
N, O FEB S mALT]. A PR BERLE, 2003, 23 (5): 552-556.

Zou ), Huang Y, Jiang J» et al. A 3-year field measurement of
methane and nitrous oxide emissions from rice paddies in China:
Effects of water regime, crop residue, and fertilizer application[ JJ.
Global Biogeochem Cycles; 2005, 19: GB2021, doi: 10.1029/
2004GB002401 .

Yan X, Akimoto H, Ohara T. Estimation of nitrous oxides nitric
oxide and ammonia emissions from croplands in East> Southeast and
South Asial J1. Global Change Biol, 2003, 9: 1080-1096.

Chen G» Huang G, Huang B, et al. Nitrous oxide and methane
emissions from soil-plant systems[ J1. Nutr Cycl Agroecosyst, 1997,
49: 41-45.

Hou A; Chen G» Wang Z,
emissions from a rice field in relation to soil redox and microbiological

processes. J1. Soil Sci Soc Am J» 2000, 64: 2180-2186.

et al. Methane and nitrous oxide

Xiong Z» Xing G» Tsuruta H» et al. Measurement of nitrous oxide
emissions from two rice-based cropping systems in Chinal J1. Nutr
Cycl Agroecosyst> 2002, 64: 125-133.

RAE, TRIGEE, FROOHE . RWIHLIX K B 48 N, O HE G &
Hm R ], HHAR, 1995, 32 EHD: 144-149.
ARIEEE, JOGE:, JEHE, &5 RV BN AR A K =0 A
A AR R R L], N A2 4 22 4, 2003, 14 (100:
1761-1764.

Bipese, MASEE, FLughs, 5. KRB K H L3 N0
Bt mALY]. 2R, 2000, 37 (4): 482-489.

WZE, BRESF, B1K, &8 )TN IK FLRE H I N, O HE
SR HEELT). AR AR K2 254, 1996, 17 (4): 52-
57.

BITHG BB, XDT, 4 PR IRL RS H A T R UHE IR
UALT]. A, 2004, 15 (1D 21702174,

Xu Y; Shen Q> Li M» et al. Effect of soil water status and mulching
on N, O and CH, emission from lowland rice field in Chinal J1. Biol
Fertil Soils, 2004, 39: 215-217.

Khalil M> Rasmussen R» Shearer Ms et al. Emissions of methane,
nitrous oxide, and other trace gases from rice fields in Chinal J1. J
Geophys Res> 1998, 103: 25241-25250.

WRAIE, 028, Aesete, 5 JRE il FRORE Ao 40 1070 6 bk )
PEFIXT 3R AL Ny 0 HEBCRI LT, M ZE 2240
1995, 6 (4): 368-372.

FHERE, TR, B, T HMBXEAS I CH, AN, O BOHEIL
W S MR L), MR, 1997, 8 (3): 275-278.
W, AL, MR, S5 ORES R X A U
JeRE L] RS, 1999, 18 (3): 6-9.

REIESS, JOGE, #mGME, &5, SRR I E R T
T FH AL R RTR WE Sl 1. B33, 2003, 40 (5):
704-710.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

W%, BUmRE, Mgk, A5 )TNIX IR CH, . N0 HFK
BEFHIRLT]. SRR AR F 4R, 1997, 18 (3D: 62-66.

Cai Z, Xing G» Yan X; et al. Measurements of CHy and N,O
emissions from rice paddies in Fengqiu, Chinal J1. Soil Sci Plant
Nutr; 1999, 45: 1-13.

Zou J, Huang Y> Zong Ls et al. Carbon dioxides nitrous oxide and
methane emissions from a rice-winter wheat rotation system as affected
by crop residue incorporation and temperaturel J1. Adv Atmos Sci,
2004, 21: 691-698.

Zou J» Huang Y> Lu Y, et al. Direct emission factor for N, O from
rice-winter wheat rotation systems in southeast Chinal J]1. Atmos
Environ, 2005, 39: 4755-4765.

Xing G» Zhu Z. Preliminary studies on N, O emission fluxes from
upland soils and paddy soils in Chinal J]. Nutr Cycl Agroecosys
1997, 49: 17-22.

TG BN, X0DT, A ESREIREX AR H U I EHE R
UALT]. AR, 2004, 15 (1D 21702174,

Eichner M. Nitrous oxide emissions from fertilized soils: summary of
available data JJ. J Environ Qual, 1990, 19: 272-280.

Bouwman A. Direct emission of nitrous oxide from agricultural soils
LJ]. Nutr Cycl Agroecosys: 1996, 46: 53-70.

Quinn G» Keough M. Experimental design and data analysis for
biologistsL M]. Cambridge: Cambridge University Press, UK, 2004.
Scott A, Wild C. Transformations and R*[J]. Am Statist, 1991,
45: 127-129.

IPCC. Greenhouse gas emissions from agricultural soilsL AJ. Tn:
Greenhouse Gas Inventory Reference Manual Revised 1996, IPCC
Guidelines for national greenhouse gas inventories[ CJ. Bracknell:
IPCC/OECD/IGES, UK, 1997.

IPCC.
[M]. Kanagawa: IGES, Japan, 2006.

Smith C; Brandon M, Partrick Jr W. Nitrous oxide emission following
urea-N fertilization of wetland ricel J1. Soil Sci Plant Nutr, 1982,
28: 161-171.

Granli T> Bgckman O. Nitrous oxide from agriculture. In: Norwegian

IPCC Guidelines for National Greenhouse Gas Inventories

Journal of Agricultural Sciences vol. 12. Advisory Servicel CJ. As:
Agriculture University of Norways Norways 1994.

Firestone M K, Davidson E A. Microbial basis of NO and N,0O
production and consumption in soilsL AJ. In: Andreae M O, Schimel
D SCEds). Exchange of Trace Gases between Terrestrial Ecosystems
and the Atmospherel C]. New York: John Wiley, 1989. 7-21.
Geng S; Zhou Y, Zhang M, et al. A sustainable agroecological
solution to water shortage in the North China Plain ( Huabei Plain)
[1]. J Environ Plann Manage, 2001, 44: 345-355.

Li C» Mosier A» Wassmann R> et al. Modeling greenhouse gas
emissions from rice-based production systems[ J]. Global Biogeochem
Cycless 2004, 18: GB1043, doi: 10.1029/2003GB002045.

Li C5 Frolking S, Xiao X5 et al. Modeling impacts of farming
management alternatives on CO,» CH,; and N, O emissions: A case
study for water management of rice agriculture of Chinal J]. Global
Biogeochem Cycles, 2005, 19: GB3010, doi: 10.1029/
2004GB002341 .

Bouwman A; Boumans L, Batjes N. Emissions of N, O and NO from
fertilized fields: Summary of available measurement datal J1. Global
Biogeochem Cycles, 2002, 16 (4): 1058-1070.





