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Quantifying Direct N, O Emissions from Paddy Fields During Rice Growing Season
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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 20052007 and i other regions. In flooding rice paddies (F), N,O emission predicted by the model
was consistent with previous reports i other regions. Under the water regime of flooding midseason drainage-reflooding (F-D-F), the model
developed in th study was comparable to that established by using worldwide database. The models also well fited N,O emissions from rice
paddies under the water regime of flooding midseason drainage- reflood ng-moisture but without waterlogging (- D-E-M) in China Consistency
of rice production data derived from the database of this gudy with these reported in previous sudies 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 -D-F. Since the 1980s, abou 12%-16%, 77% and 7% 12% of paddy fields were under the water regimes of F, E-DF and
ED-EM, 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
kge hm™? 1o 48 2 kg* hm™ 2 during the 19505 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. Cwp residue N retained during the rice growing season has increased from 4. 9
kge hm™ > in the 1950s to 6. 3kg* hm™? in the 1980s. A high spatial variation of nitmgen 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 resulks 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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Table1 Observed and modeled N,O emissions from paddy fields under the water regime of F B-F-M during rice growing season
N N,O-N N,O-N
/kg*hm 2 /kg* hm™ 2 /kgehm™ 2
2003 31 33 3.20 [16, 17]
2002 133 L 66 1.76 [ 18]
2003 133 321 1.76 [ 18]
133 L6 1.76 [ 18]
133 L7 1.76 [ 18]
133 206 1.76 [ 18]
2003 90 274 1.45 [ 19]
180 27 2.10 [ 19]
360 35 3.42 [ 19]
2003 300 38 3.20 [ 20]
2004 300 319 3.20 [21]
2004 150 180 1.89 [2]
2004 0 L 21 0.79 [ 23]
150 1L 8 1. 89 [ 23]
2004 0 L 03 0.79 [24, 25]
0 020 0.79 [24, 25]
75 08 1.34 [24, 25]
90 L 6 1.45 [24, 25]
2004~ 2005 150 L & 1. 89 [ 26]
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Table 2 Organic and chanical nitrogen nputs during paddy rice gowing season from 1950s to 1990¢ kg*hm™ 2
N N N N
I 1.06 3.9 73.97 109 97
Il 3.68 6. 17 34.70 106 35
© 1 3.71 41. 79 28. 68 74 17
v 5.33 4. 61 37.17 97 12
\4 6.39 25. 63 35.56 67 58
4.8810.49 45.22t4 01 37 40+4.95 87 4916.70
I 2.26 4317 101 55 146 98
Il 4.09 58. 41 95.87 158 37
@ 1 3.51 4. 45 42.55 90 51
v 6.72 51. &2 64. 63 128 77
\4 7.27 21.25 71.45 105 97
5.62%0.47 46.651t3 91 69 6416.62 121 918 05
I 2.58 39. &8 132 83 175 ®8
Il 2.98 70. 25 155 72 228 95
o 1 3.48 46. 17 105 73 155 37
v 7.08 5. 4 115 97 179 &8
\4 8.64 21. 24 107. 88 143 76
6.03%0.48 481813 32 118 0*6.88 172 71£8 40
| 3.45 20. 78 157. 85 182 8
II 2.81 49. 06 179 96 231 83
0 1 4.24 2. 36 178 38 241 B
v 7.39 43. % 167. 70 219 05
\4 8.63 21.75 160 53 196 91
6.31£0.50 40.65%3 61 168 21+5.32 215 1616 98
| 3.87 14. 81 194 25 212 %
II 2.20 18.23 2700 247 43
® 1 3.32 21. 10 206 13 230 55
v 5.33 26. 27 197. 84 229 4
\4 7.41 16. 06 176 27 199 74
4.85%0.47 20.9912 2 198 80£7.23 224 41773
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Table 3 Consisency of rice production data in thi study with those reported in the literature
N N N N
F % EBF%  EDEM% | % /kg*hm=2  /kg hm™?
4.2 75.8 57.3 37.40 87 49
00 20. 6 79.4 43.3 69. 64 121. 91
70 19. 4 80.6 3.4 118. 50 172 71
80 15. 6 77.3 7.1 21.8 168. 21 215 16
20D 11. 8 76.9 12.0 11.5 198. 80 224 64
50 2.0~ 25.0 80.0~ 8.0 [ 28, 29] 6.0 [ 30] 36.12 85 31 4
60 18.8~ 2.8 77.2~ 81.2 [ 31] 45.0 [30] 57. 66 125 8 5
70 17. 5 82.5 [ 32] 18.9~ 32. 4 [ 33, 34| 117. 64 179 & 6
80 15.0 75.0 10.0 [35] 16. 6~ 21. 0 [36] 162. 96 215 74 7
) 10. 0 90.0 [5] 2.0~ 15 4 [37] 193.57 229 81 8
20. 0 80.0 [ 38] 12.0 [39]
2.0 75.0 [6]
12.0%, : N
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Table4 Chemical and total nitrogen application in rice paddies in 1950s E
N N % él-
/ kg* hm-2 / kg hm-2 B
1950 4. 0 [40] E
1952 31. 80 [41] BT
1953 90. 04 [42] g
1955 100. 53 [43] B2t
1956 120.01 [44]
1957 75.03 [45] " | , . .
1957 3. & [ 46] 0 2 4 6 8 10
1958 75.03 [47] AT O AR B i 2
1958 60. 03 [ 48]
1958 2.9 [49] 3 IRRI
1958 60. 00 [41] Fig. 3 Consisteny of rice yield derived from database
1959 76.50 [ 50] of this study with that reported by IRRI
1959 3. 0 [49]
1959 3L 8 [ 46] 6 20 0 N N
1959 36. 72 [51] Table 6  Chemical and total nitrogen application in rice paddies in 1970s
+ 3%6.12+3 8  85.31%7.54 N N
/kg*hnr 2 / ket hm~2
5 20 60 N N 1970 223. (2 [52]
, ‘ o o 1971 184. 04 [52]
Table 5 Chemical and total nitrogen application in rice paddies in 1960s 1971 150. 40 [52]
N N 1971 164. 09 [52]
/kg* hm~ 2 /kg* hm~ 2 1972 227. 92 [52]
19605 113.04 [ 52] 1972 148. O3 [52
1561 ». %0 53] 1972 139 53 [63]
1962 1250 ™ 1974 95 45 [ 64]
1974~ 1975 187. 50 [ 65]
1963 o o [55] 1975 187. 50 [ 66]
1963 41.73 [ 36] 1975~ 1977 127. 21 [67]
1963 122.30 [57] 1975~ 1978 119 25 [67]
1963 3. 60 [ 58] 1975~ 1979 188. 58 [ 68
1963 57. 24 [ 40] 1976 11170 [69]
1964 Q. 41 [ 40] 1976 195. 04 [66]
1964 120.02 [59] :;s iZ‘ 2 { 22}
1964 152. 90 [57] 1977 105 14 [71]
1965 6. 6 [ 60] 1977 187. 50 [72]
1965 120.90 [ 61] 1978 123 03 172. 18 [73]
1966 139. 30 [62] 1978 150. 00 [74]
1968 0. 75 [ 63] 1978 147. 65 [75]
1969 0. 75 [ &3] 1978 138 32 [75]
+ 5.66%3 66 125 85+5.62 1978 105 10 [76]
1978 123 8 156. 04 [77]
1978 126 21 [ 40]
1978~ 1979 21 25 [78]
3 1979 103 50 [79]
1979 119 34 [79]
N,O 1979 105 50 [ 80]
1979 150. 50 [40]
1979 118 60 [81]
N0 _ 1979 180. 03 [81]
1979 187. 50 [74]
1979 19. 82 [82]
.20 50~ 1979 225. 20 [81]
+ 117642312 179.82£5 25

90
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Table7 Chemical and total nitrogen application in rice paddies in 1980s Table 8 Chemical and total nirogen application in rice paddies in 1990s
N N N N
/ kg hm~ /kg* hm~ 2 / kg hm™2 /kg b~ 2
1980s 170. 80 [ 8] 19905 226. 00 [111]
1980s 195.05 [ 84] 199 158 25 237. 00 [112]
1980 161. 10 [ 8] 1990 177. 75 [112]
1980 175. 10 [ 8] 1990 195 00 [ 113]
1980 187.52 [ 8] 1991 120 00 [ 114]
1981 190.75 [87] 1991 162 15 [115]
1981 198. 80 [ 83] 1991 177. 50 [116]
1981 2261 [ 83] 1991 195 00 195. 00 [117]
1982 135.85 [89] 1992 165 00 [118]
1982 165.00 [90] 1992 187 50 187. 50 [119]
1982 187. 45 [ 90] 100 58 50 [120]
1982 171.00 z5.51 (o1 1992 260 00 260. 00 [ 119, 121]
1982 198.00 [92] 100 141. 40 [12]
1983 120.05 [93] 1993 157 50 [123]
1983 174.00 (o1 199 B7 35 337. 35 [ 40]
1984 211.52 259.48 [ 94] 199 150 00 195. 00 [124]
1985 165. 05 [95] 199 166 70 166. 70 [ 125]
1985 195. 05 [ %] 19% 167. 90 [ 126]
1985 180. 00 L97] 199 174 90 [127]
1984 20.45 [ 94] 199 177. 00 [128]
1985 273.00 [ 94] 199 25 00 300. 00 [129]
1986 150. 00 [ 9¢8] 199 270. 00 [120]
1986 150. 00 150.0 [ 9] 1995 150 00 [125]
1986 196. 45 [ 100] 1995 150 00 [ 100]
1986 149.92 [101] 1995 15 50 [124]
1987 180.05 [102] 1995 20 87 291. M [130]
1987 161. 50 22.65 [ 103] 1995 80 20 2580, 20 [131]
1987 150. 00 215.65 [ 104] 199% 150 00 [132]
1987 10.05 150.00 [9] 19% 180 00 180. 00 [133]
1987 120.05 [ 100] 19% 187 50 187. 50 [134]
1987 154.50 [101] 19% 276 00 [135]
1988 120. 00 168. 00 [ 105] 1997 135 00 [ 136]
1988 190. 82 225.00 [ 95] 1997 150. 00 [132]
1988 115.53 [ 106] 1997 153 80 [137]
1988 180.00 [107] 1997 195 00 248. 50 [ 138]
1988 240.00 240. 05 [ 108] 1997 172 50 [ 139]
1989 150.05 [ 100] 1997 25 00 225. 00 [ 140]
1989 283.45 [ 40] 1997 279 00 [135]
1989 122.45 [ 109] 199 140 10 [ 141]
1989 150.00 [ 106] 19% 140 10 [14]
1989 163.29 L 110] 199 26 30 23. 30 [143]
+ 162.96%5. 17 215 7419.83 198 205 00 305. 0 [135]
199 146 25 [144]
. 20 50~ 70 ’ 199 159 45 [ 144]
199 176 40 [144]
20% ~ 25%, 5%~ 80% 1009 . 0 L
- - . 20 80~ 90 1999 303 00 303. 00 [ 135]
’ _ _ _ + 193 57£8.32  229. 81X 11. 60
12%~ 16% 7% 1%~ 12%. 20 50 20 50
87. 49 kg* hm °, 43% 90 88% ,

-2

90 224. 4 keg*bm " , 20 50 52%
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