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Abstract: The models on direct N, O emissions from rice paddies under different water regimes developed by the authors were validated against
field measurements in China reported in 2005-2007 and in other regions. In flooding rice paddies (F), N, O emission predicted by the model
was consistent with previous reports in other regions. Under the water regime of flooding-midseason drainage-reflooding (F-D-F), the model
developed in this study was comparable to that established by using worldwide database. The models also well fitted N, O emissions from rice
paddies under the water regime of flooding-midseason drainage-reflooding-moisture but without waterlogging (F-D-F-M) in China. Consistency
of rice production data derived from the database of this study with those reported in previous studies suggests that the model input data of rice
production had high reliability. The input data showed that water management and nitrogen input regimes have greatly changed in rice paddies
since the 1950s. During the 1950s-1970s, about 20%-25% of the rice paddy was continuous water logging, and 75%-80% under the water
regime of F-D-F. Since the 1980s; about 12%-16%, 77% and 7%-12% of paddy fields were under the water regimes of F» F-D-F and
F-D-F-M, respectively. Total N input during the rice growing season averaged 87.49 kg*hm™ in the 1950s and 224.64 kg*hm™ in the
1990s. Chemical N input during the rice growing season has increased from 37.4 kg*hm™> in the 1950s to 198.8 kg*hm™ in the 1990s,
accounting for 43% and 88% of the seasonal total N inputs, respectively. Manure N input was applied at stable rate, ranging from 45.2
kg*hm™? 10 48.2 kg*hm ™ during the 1950s-1970s, but thereafier it decreased over time. The contribution of manure N to total N inputs has
decreased from 52% in the 1950s to 9% in the 1990s. Crop residue N retained during the rice growing season has increased from 4.9
kg*hm™ in the 1950s to 6.3 kg*hm™> in the 1980s. A high spatial variation of nitrogen inputs during the rice growing season was found in the
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1950s-1970s> while it was not pronounced in the 1980s-1990s. Overall; the results of this study suggest that the models could be used to
quantify direct N, O emissions from rice paddies under various water regimes in China.

Key words: rice paddies; model validation; input data verification; nitrous oxide; water regime; nitrogen fertilizer
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Fig. 1 Shifts in water regime of rice paddies for the 5 crop-zone
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Table 1

Observed and modeled N, O emissions from paddy fields under the water regime of F-D-F-M during rice growing season

N N

N, O- NI L N, O-N#UA1H

oY 7AN e
e ) /kg*hm > /kg*hm™?2 /kg*hm™?2 X
I ERE 2003 331 3.32 3.20 L16, 17]
Py i hee 2002 133 1.66 1.76 [18]
2003 133 3.21 1.76 [18]
133 1.62 1.76 [18]
133 1.75 1.76 [18]
133 2.06 1.76 L18]
WL FE 2003 90 2.74 1.45 L19]
180 2.78 2.10 [19]
360 3.54 3.42 [19]
WINPT 2003 300 3.80 3.20 [20]
2004 300 3.19 3.20 [21]
ST/ B 2004 150 1.80 1.89 [22]
2004 0 1.21 0.79 [23]
150 1.80 1.89 [23]
1A I 2004 0 1.03 0.79 [24, 25]
0 0.20 0.79 [24, 25]
75 0.83 1.34 [24, 25]
90 1.60 1.45 [24, 25]
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4 13% ZiA7 (L 20 . AR RS T 5, 8= N, 0
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Fig. 2 Comparison of simulated with measured seasonal N, O

emissions from rice paddies under the water regime of F-D-F-M
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Table 2 Organic and chemical nitrogen inputs during paddy rice growing season from 1950s to 1990s/kg* hm =2

i) T X YEWR A N HHLN fEAE N MEIA N

1 1.06 34.95 73.97 109.97
1l 3.68 68.17 34.70 106.55
S0 AL m 3.71 41.79 28.68 74.17
I\ 5.33 54.61 37.17 97.12
i 6.39 25.63 35.56 67.58

A 4.88+0.49 45.22+4.01 37.40 +4.95 87.49+6.70
1 2.26 43.17 101.55 146.98
I 4.09 58.41 95.87 158.37
60 F AL m 3.51 44.45 42.55 90.51
\l 6.72 57.42 64.63 128.77
V 7.27 27.25 71.45 105.97

4 [E 5.62+0.47 46.65+3.91 69.64 £ 6.62 121.91 +8.05
I 2.58 39.68 132.83 175.08
I 2.98 70.25 155.72 228.95
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Il 2.20 18.23 227.00 247 .43
00 A m 3.32 21.10 206.13 230.55
\l 5.33 26.27 197.84 229.44
v 7.41 16.06 176.27 199.74

41 4.85+0.47 20.99 +2.02 198.80 +7.23 224.64+7.73
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Table 3 Consistency of rice production data in this study with those reported in the literature
.- KA H T HHLN A N L) 1EIE N BN it

F/ % F-D-F/%  F-D-F-M/% Sk A4/ % ik /kg*hm ™2 /kg*hm~2
50 4FAR 24.2 75.8 EN TN 57.3 PN/ 37.40 87.49 AHFF
60 AN 20.6 79.4 EN TP 43.3 BN 69.64 121.91 ES TP
70 AR 19.4 80.6 EN TN 31.4 EN T 118.50 172.71 EN T
80 FE AR 15.6 71.3 7.1 EN I 21.8 EN IS 168.21 215.16 AHFF
90 AR 11.8 76.9 12.0 E NG 11.5 E NI 198.80 224.64 ENGIS
50 AR 20.0~25.0 80.0~85.0 [28, 29] 63.0 [30] 36.12 85.31 *4
60 A 18.8~22.8 77.2~81.2 [31] 45.0 [30] 57.66 125.85 #5
70 FEAR 17.5 82.5 [32] 18.9~32.4  [33, 34] 117.64 179.82 %6
80 EAR 15.0 75.0 10.0 [35] 16.6~21.0 [36] 162.96 215.74 *7
90 X 10.0 90.0 [5] 12.0~15.4 [37] 193.57 229.81 #*8

20.0 80.0 [38] 12.0 [391]

25.0 75.0 6]

AHIE T LA EL Ky 1 A A A5 2 (1 4 (5 5 8 ZK R
i 55 [ bRk G BT i) 4 45 AR — B 3D, Bk
H R A AR e B R A R A
B AR FE L KR AR = oA LA 2 T AU
NS EEA N 20 42 50 4R 57.39% F % E] 90
AR 11.5%, DFER—2efhi 45 3R, 20 HAD
50 1 90 AR AT LA F EL 1 23 3 A 63.09% il

12.0%, KL, AHFFEA A HLUEEH &S N i H]
el it 3 5 AT B IR A AT (R 3D, Sk
TR SCHRARE A R R A (R 4~ 8), 20 HAD
50 AR AT AR A= 7= v A 27 U R 2= 1 U N 5
M 36.12 kg*hm > A1 85.31 kg*hm >, %2 90 4
AP 53 5 38 n 2 T 193.57 kgehm™> Al 229.81
kg*hm ™, XAUAKIT T HE P B8 RE 2 120 BT 1)
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BRSO P8 6 S\ AL i
FESCHR P R R IE 25 R IR AR — (K 3). ¥ —1.014x - 0.443
F4 20 12 50 FRIBELY NBIMEE N 8 sk E=DE0 P00, -8
Table 4 Chemical and total nitrogen application in rice paddies in 1950s _E
LI N BN \ L4
7AN Y
) /g b2 /g b2 ik S
1950 41.04 [40] §
1952 31.80 [41] § ®e
1953 90.04 [42] i
1955 100.53 [43] 2
1956 120.01 [44]
1957 75.03 [45] g : : :
1957 31.84 [46] 0 2 4 & 8 10
1958 75.03 [47] Ao B K R B hm 2
1958 60.03 (48]
1958 23.90 [49] 3 AREEEKEESS IRRIEUEEKEE LR
1958 60.00 [41] Fig. 3 Consistency of rice yield derived from database
1959 76.50 [50] of this study with that reported by IRRI
1959 31.80 [49]
1959 31.83 [46] %%6 20 ﬂi‘éE 70 fH’éfEEﬂﬂ’ﬁ-‘ NEE*HE&HI@ N%
1959 36.72 [51] Table 6  Chemical and total nitrogen application in rice paddies in 1970s
SEYME « FRAEDE 36.12+£3.83  85.31+7.54 o IAE N BHIN i
/kg*hm ™2 /kg*hm ™2
£5 20 42 60 FRIBALE N BAAMN N B 1970 223.02 [52]
Table 5 Chemical and total ni lication in rice paddies in 1960 o7l 184.04 (2]
e emical and total nitrogen application in rice p: les In s 1971 150.40 [ 52]
. 1RAE N RN N . 1971 164.09 [52]
S N T
R /kg*hm ™2 /kg*hm ™2 S 1972 227.92 [52]
1960s 113.04 [52] 1972 148.03 [52]
1961 19,80 [53] 1972 139.53 [63]
1962 112.50 [54] 17 95.45 [64]
) 1974 ~ 1975 187.50 [65]
1963 45.04 [55] 1975 187.50 Le6]
1963 47.73 [s6] 1975 ~ 1977 127.21 L67]
1963 122.30 [57] 1975 ~ 1978 119.25 L67]
1963 63.60 [58] 1975 ~ 1979 188.58 [68]
1963 57.24 [40] 1976 111.70 Le9]
1964 62.41 [40] 1976 195.04 Le6]
1964 120.02 [59] 1976 187.50 [70]
1964 152.90 [57] 1977 164.93 L6s]
: 1977 105.14 [71]
1965 63.60 Le0] 1977 187.50 [72]
1965 120.90 Lo1] 1978 123.03 172.18 [73]
1966 139.30 [62] 1978 150.00 [74]
1968 69.75 [63] 1978 147.65 [75]
1969 69 75 [63] 1978 138.32 [751]
T + bR 57.66+3.66  125.85+5.62 1978 105.10 76
1978 123.08 156.04 [77]
1978 126.21 [40]
1978 ~ 1979 121.25 [78]
3 it 1979 103.50 (797
1979 119.34 [79]
BRI AR K 35 X FRE NO ) 199 105.50 [50]
N N ‘ e - 1979 150.50 [40]
ﬁFbﬁ%ﬁ%n%%ﬁFJﬂEXﬁﬁlﬁ&%E,Eﬂ{%ég:&é 1979 118.60 [s1]
N,O HECE AT BF AT I . LASLY 2 o gl 1m0 180.03 o)
1979 187.50 74
(R ] KR A = i e P S DA SR E 45 R B 1979 190.82 [82]
LS. B A S B, 20 Al S0~ 19 2520 (8]

SPIME + bRAER 117.64£3.12  179.82+5.25

90 4 A T) B FE R 7K 2 4 By 3 ORT I ) i A A=
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Table 7 Chemical and total nitrogen application in rice paddies in 1980s

1RAE N BHIAN

i /kg'hm’2 /kg‘hm’2 LR
1980s 170.80 [83]
1980s 195.05 [84]
1980 161.10 [85]
1980 175.10 [86]
1980 187.52 [85]
1981 190.75 [87]
1981 198.80 [8s]
1981 222.61 [8s]
1982 135.85 [89]
1982 165.00 [90]
1982 187.45 [90]
1982 171.00 235.51 [o1]
1982 198.00 [92]
1983 120.05 (93]
1983 174.00 Lo1]
1984 211.52 259.48 [94]
1985 165.05 [95]
1985 195.05 [96]
1985 180.00 Lo97]
1984 220.45 [94]
1985 273.00 [94]
1986 150.00 98]
1986 150.00 150.0 [99]
1986 196.45 L100]
1986 149.92 L1o01]
1987 180.05 L102]
1987 161.50 222.65 [103]
1987 150.00 215.65 L104]
1987 100.05 150.00 [99]
1987 120.05 L100]
1987 154.50 L101]
1988 120.00 168.00 L105]
1988 190.82 225.00 [95]
1988 115.53 L106]
1988 180.00 L107]
1988 240.00 240.05 L108]
1989 150.05 L100]
1989 283.45 [40]
1989 122.45 L1090]
1989 150.00 L106]
1989 163.29 L110]
SPME = bRUER 162.9625.17  215.74%9.83

TIRKAEA . 1E 20 AL 50 ~ 70 FFEAR ], FFLlE K
FEH N 20% ~25%, K2 75% ~ 80% IFE HI K FH v
IR K5 TH A 7K 1 7K 43 % B 7 5. 7E 20 tH 42 80 ~ 90
SEARIAY, SR 8 SR8 7K 8 7K -5 HH -8 7K FH S 7K =05
FH -4 7K - 1] VR S 1) 7K 4 3 7 1R A HE 20 oty
12% ~ 16%~ T7% M 7% ~ 12% . 20 22 50 F-AK
T KT 5 2= M A &8 87.49 kgohm ™, 1M
90 “FAR T34 224.64 kgehm 2. M, fb2EE i

£8 202 o0 FRBANLE NREFSIENE
Table 8 Chemical and total nitrogen application in rice paddies in 1990s

fbIE N BN .
i /kg*hm™2 /kg*hm™2 X
1990s 226.00 C111]
1990 158.25 237.00 [112]
1990 177.75 [112]
1990 195.00 [113]
1991 120.00 [114]
1991 162.15 L115]
1991 177.50 L116]
1991 195.00 195.00 [117]
1992 165.00 [118]
1992 187.50 187.50 L119]
1992 238.50 L120]
1992 260.00 260.00 [119,121]
1993 141.40 [122]
1993 157.50 [123]
1993 337.35 337.35 [40]
1994 150.00 195.00 [124]
1994 166.70 166.70 [125]
1994 167.90 L126]
1994 174.90 [127]
1994 177.00 [128]
1994 225.00 300.00 [129]
1994 270.00 L120]
1995 150.00 [125]
1995 150.00 L100]
1995 159.50 [124]
1995 220.87 291.00 L130]
1995 280.20 280.20 [131]
1996 150.00 [132]
1996 180.00 180.00 [133]
1996 187.50 187.50 [134]
1996 276.00 [135]
1997 135.00 [136]
1997 150.00 [132]
1997 153.80 [137]
1997 195.00 248.50 [138]
1997 172.50 [139]
1997 225.00 225.00 L140]
1997 279.00 [135]
1998 140.10 L141]
1998 140.10 [142]
1998 236.30 236.30 [143]
1998 305.00 305.00 [135]
1999 146.25 [144]
1999 159.45 [144]
1999 176.40 [144]
1999 185.40 [144]
1999 303.00 303.00 [135]

THME + FRAELR 193.57 £8.32  229.81 + 11.60

FHE KR A KR N B 1 EE ) A 20 42 50
AR 43% 34 N2 T 90 AL 88%, 1A HLE AL
U N B Ee A A 20 TS 50 FEARET 529 B
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