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

in China: Model Establishment
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Abstract: Various water management regimes, such as continuous flooding ( F), flooding midseason drainage-reflooding (DB F), and
floodingmidseason drainage-reflooding- moist ntermittent irrigation but without water logging (1= D-=M) , are cuwently practiced in paddy rice
production in China. These water regimes have incurred a senstive change in direct N, O emission from rice paddy fields. In order to esablish
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 peerreviewed
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,O was, on average, equivalert to 0. 02% of the nitrogen applied inthe continuous flooding rice paddies. Under the water regime of E-D-F

or the -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, O, and in unpronounced background N,O emission under the water regime of
ED-F. Under the D= M water regine, 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,0-N backgound emission averaged 0.54% and 0. 43 kg hm™>. The results of this sudy 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.
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Table 1 Direct N>O emissions from continuous flooding paddy fields during rice growing season
N kg* hm™ 2 N kgt hm™ 2 N>O-N
! 2 /kg® hmr 2
1992 o 0 no 0 0 [ 19]
1992 U 374 no 0 0 [ 19]
199 U 374 M 42 0. 04 [ 10]
2000 CF+ U 277 no 0 0. 06 [7]
2000 CF+ U 277 WR 18 0. 03 [7]
1995 U 306 0 0. 16 [20]
1) : CF ,U 5 2 1M ,WR
2 - - (EBF N N O
Table 2 Direct NoO emissions from paddy fields under the water regime of F-D-F during rice growing season
N kg* hm™ 2 N kg hm™ 2 N,O-N
1 2 /kg*hm™ 2
19% o 0 no 0 0. 14 [4]
19% U 100 no 0 0.17 [4]
19% AS 100 no 0 0.17 [4]
19% U 300 no 0 0.62 [4]
19% AS 300 no 0 0.98 [4]
2000 U 277 no 0 1.55 [7]
2000 U 277 no 18 1.43 [7]
1995 o 0 no 0 0.62 [21]
1995 U 100 no 0 0. 86 [21]
1995 U 200 no 0 0.82 [21]
1995 U 200 no 0 0.74 [21]
1995 U 300 no 0 0.93 [21]
2000 o MV 124 0.26 [11,22]
2000 o MV 124 0.30 [11,22]
2000 o no 0 0.18 [11,22]
2000 o no 0 0.23 [11,22]
2000 U 276 no 0 0.35 [11,22]
2000 U 276 no 0 0.28 [11,22]
2000 U 276 MV 0 0.34 [11,22]
2000 U 276 MV 124 2.81 [11,22]
19% U 162 PM 64 0.49 [23]
19% U 287 no 0 3.14 [23]
1995 U 140 MR 10 0.24 [15]
1995 U 140 PM 82 0.40 [15]
1995 U 280 no 0 3.14 [15]
1995 U 306 no 0 0.28 [20]
1995 U 306 no 0 1.32 [20]
1) :AS ,U ;2 :MR , MV , PM
1.2 N N20
. 2 30
Eichner'”  Bouwman' ™ N20
N:20 , IPCC N:20 (
N,O (.emission factor, EF) ) IPCC
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Table 3 Direct N,O emisions fran paddy fields under the water regime of I~D-EM during rice growing season
N kg* hm™ 2 Nkg hm™? N,O-N
1) 2 /kg*hm™ 2
1992 AB 125 no 0 1.32 [ 18]
1993 AB 125 no 0 1.21 [ 18]
19% AB+ U 364.5 &1 67 4.42 [24]
19% AB+ U 364.5 &1 67 2.01 [24]
19 AB+ U 364.5 M 67 1.71 [ 24]
2001 CF+ AB 33 M 29 3.26 [25]
2001 CF+ AB 33 &1 50 3.38 [25]
2001 CF+ AB 33 no 0 4.11 [7]
2001 CF+ AB 33 RC 146 4.83 [7]
2001 CF+ AB 33 WR 18 3.33 [7]
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 25 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]
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 o 0 no 0 0. 86 [27]
1993 U 210 no 0 2.57 [27]
1993 AS 20 no 0 3.27 [27]
1993 U 210 &1 68 3.01 [27]
1993 U 310 no 0 2.82 [27]
19% no 0 no 0 0.46 [5]
19% AB 191 no 0 1.24 [5]
1994 AB 191 no 0 1.72 [5]
1994 AB 191 no 0 1.52 [5]
19% no 0 no 0 0.50 [5]
199 U 161 RS 30 1.01 [5]
199 AB 91 no 0 3.45 [5]
199 U 191 no 0 1.92 [5]
2002 o 0 no 0 0.93 [ 28]
2002 U 180 no 0 2.45 [ 28]
1) AB , AS ,CF ,U 5 2) : CM , M ,RC , RS , WR
Nz O NZO
, ( OLS- Ordinary (one-way
Least Square) (N2O-N= EF*N+ B+ ¢ ANOVA) JMP
NoO e IN5. 1(SAS INC., 2003)
; EF B N ’
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Table 4 ANOVA F-tests for the simulated OLS models in rice paddies wih midseason drainage
F P Power r2
EDE1 1 59 10.4 0 004 0.87 0.293
25 14 4
EDE2 1 252 45.6 < 00001 1. 00 0.293
26 14 4
EDEM 1 36 2 45.3 < 00001 1. 00 0.557
36 28 8
VSD Akiyamal®! 1 131 18. 8 < 00001 0.99 0.280
44 305
5 OLS t
Table 5 The #teds for paraneter esimates in the simulated models in rice paddies with midseason drainage
t p 14 p
ED-E1 0.004 2 0 001 3 3.22 0. 004 0.008 7 0.30 0.03 0.98
ED-E2 0.004 2 0 000 6 6.75 < 0.000 1
ED-EM 0.007 3 0001 1 6.73 < 0.0001 0.79 0.28 2.82 0.008
MSB- Akiyamal ! 0.004 3 0 001 4.34 < 0.0001 0.20 0.19 1. 06 0.30
(a) #EIF-D-F-1 (b) #EIF-D-F-2
e et I B S | e B O
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
(¢) BiMF-D-F-M (d) KB MSD-Akiyamal’!
N
| | | = I
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Fig. 2 Disribution pattem of residuak for the simulated Ordinary Least Square linear regression models
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