+ & (Soils), 2013, 45(5): 830-837

78 PR RS R I 70 ie FA X4 8 N,O HE RS2 M

1,3 2 1 1% 2 2
(1 ( ) 210008
2 610066 3 100049)
- (Hydroquinone, HQ) (Dicyandiamide,
DCD) (HQ/DCD) N,O
N0 41.8 mg/m*>  506.9 mg/m’> HQ/DCD
N>O 252%  48.5%
N,0 03%  3.4% HQ DCD N,O 0.2%
1.7% HQ/DCD N,O N,O 5 cm
Eh
N0
X511
N,O NH;-N
CO, 100 N,O N,O [16]
co, 298 W N,O
N,O (17
(Ozone depletion N,O [18-23] N,O
potential, ODP) 0.017%! 2010 N,O (21-22]
270 nl/L 322 nl/LP ( N,O
0.25% X ( N,O [21-22]
N,O 28 TgN 42%" N,O
N,O [6-7]
N,O [8-10]
N,O 88 Gg (
N 57% )
Nzo [12] [24]
(3 70 000 hm?
[14] 3.4%[25]
N,O
N,O [15] [24] N,O
N,O
(XDA05020200) (S2012GR0080) « )
(201103039)
* (hxu@issas.ac.cn)

(1988—) E-mail: yzhang@issas.ac.cn



N,O 831

N,O
N,O
(Hydroquinone, HQ) (Dicyandi-
amide, DCD) (HQ/DCD) N,O
N,O
N,O
1
1.1
2011
(104°34'E  30°05'N)
16.8°C 965.8 mm
29.8 g/kg
1.9 g/kg pH 82
HQ/DCD
N,O 4
(TF) N 150 kg/hm?
7:3 ( 4 28 5 20 )
HQ/DCD(TF+HQ/DCD)
TF HQ/DCD HQ DCD
03% 5%
(PM) 4 3
4 m 12.5 cm 15 cm 2
1.5m N 150 kg/hm* 4
28
HQ/DCD(PM+HQ/
DCD) PM HQ/DCD
HQ DCD 0.3%
5% 20 m*(4 mx5 m) 3
1.2
10 4 4 5
2 8 31 TF  TF+HQ/DCD
30cm X 15 cm
25 /m* PM  PM+HQ/DCD
40 cm % 40 cm
3 12 cm
18 /m®> TF TF+HQ/DCD
4 28 —6 4 )
6 5—22 ) 6 23 —8
31 ) PM  PM+HQ/DCD (241

4 28
0.004 mm 6 5 —7 5
525 kg/hm?
150 kg/hm’ 3 kg/hm’ 2.3 kg/hm’
1.3
N,O ,
TF  TF+HQ/DCD
2 60cm 70 cm

40 cm x 40 cm
PM  PM+HQ/DCD
2 A
TF  TF+HQ/DCD
B 70 cm 40 cm % 10 cm
4~7
8:00—12:00
15 cm
18 ml 15 min
10 cm
Eh S5cm
1.4
N,O (Shimadzu
GC-12A, Kyoto, Japan) 5Nj
(ECD) 80/100  PorapakQ
65°C 300C 95%
+5% 40 ml/min N,O

1.5
N2O Nzo

N,O [26]
F =p x VIA x dcldt x 273/T (1)
F N0 (N,O-N pg /(m*h)) p
N,O (125 kg/m®) ¥V
(m’) 4 (m?)
de/dt N,O (nl/(L-h))
T (K)
PM  PM+HQ/DCD A
(Fa) B
(FB) PM
PM+HQ/DCD

Fo=(FaXxSx + FpxSp)/S 2)
N



832 45
N,O
N,O 3 TF
N,O 84.9 ug/(m*h)  13.7 pg/(m*h) TF+ HQ/DCD
3 N,O TF (
3 77.8 ug/(m*h)  26.0 pg/(m*h))
TF TF+HQ/ DCD N,O
2
( la,¢)
2.1 N,O 2.2 N,O
TF  TF+HQ/DCD N,O 1b PM PM+HQ/DCD
la TF N,O 3 PM
N,O 44.9 ug/(m*h) N,O 10
54.2 pg/(m*h) TF+HQ/DCD N,O 1 547.2 pg/(m*h)
N,O N,O PM+HQ/DCD N,O
20.7 pg/(m*h) TF  TF+HQ/DCD 38 N,O
708.4 pg/(m*h) PM PM+HQ/DCD
150 —TF
(@) N,O
10 -~ TF+DCD
1] = N,O PM
EE 90 LA K51 PM+HQ/DCD N,O
o] :
S 607 N,O
Z'O, ( 1b,c) PM
30 |
= 71.4 pg/(m*h)  129.2 pg/(m*h) PM+HQ/DCD
0 & 1193 pg/(m*h)
G2 IEPN () 118.9 pg/(m*h)
2100 - PMIiYY 2.3 N0
1800 F —A—PMJ’FHm N O
=2 -~PM-+HQ/DCDJfi?4 2
g 15007 ¥ e~ PM+HQ/DCDJ i 0 35  PM N,O
£31200 TF  (P<0.05)
L2 )
Z
& o0 ( 2 PM
£ 600 ] TF PM N,O
300 |
() o8 B 2 R Ea-h
0 30 60 90 120 1600 ¢ TF apM
) e
1201 i = 1200
= E
100 | =<
~ # = 800
g 80 o Z: %M
j% Z3 400 l
H 60 £ I
it
é‘ 40 + o U=l " .m.ﬂ.if_t e F o B
20 0 11 23 35 52 66 78 93 105 121
I I J|. I i .[ | | B RE(d)
L L I 1 ] L L L L .
L " " o0 20 2 TF 5 PM BT N,0 HEMEH T LA L
Ak KE(d) Fig.2  Comparison of N,O fluxes from paddy field between

1 EHRBEART(E5BETHKSERIZT(b)MEH
NO B ERERE(C)FTEL
Fig. 1 Temporal variation of N,O flux under traditional flooding
cultivation (a) and no-flooding with plastic mulching cultivation (b)
and precipitation (c) during the rice growing season

treatment TF and PM

N,O
65% ~ 75%*7 (28]



5 N,O 833
45% ~ 75% HQ/DCD 0~27
N,O 65.1% N,O (P>0.05)( 3a)
137]
NH, NO; HQ/DCD N,O 28 ~ 121
NH;  NOj 27 NH; TF+HQ/DCD N,O TF
NO; 11.9% (P>0.05)
[26]
N0 60, , oTEmTF+HQ/DCD 500 oPM= PM+HQ/DCD
(f‘) a 450 _(h)a
50+
[30] o R 400
N.0 TF EE E 350t
N,O Bhatia " SE D 300t
L = - L
TF %é ¥ oF 00| -
N,O N, z 201 “Z 150l .
10l 100 g -
PM TF N,O ol |- "
[21] 0 0 L1k -
N0 0~27  28~121 0~27 28~121
AT KB
(0~27 HQ/DCD
N,O [33] TF )
N.O 3 HQ/DCD H3tiE A A E N0 Hil =
2 Fig.3 Cumulative emission of N,O in all treatments during
PM HQ/DCD effective time
N,O N,O
(26] HQ/DCD
N,O (34] 0~27 N,O (P<0.05) 95.4%,
N.O 28 ~ 121 PM+HQ/DCD N,O
? PM (P<0.05)(  3b)
1 TF PM
PM+HQ/DCD 27 ~ 48 N,O
N,O (P<0.05) 498.5%
[18.23] ( 1b) DCD
NH; NH;-N
£1 BRE N0 ZHHKAEN, mg/m’) N,O 2012
Table 1 Cumulative emission of N,O in all treatments during the
rice growingzseason DCD 30 PM+DCD
NH. PM (P<0.05) PM
+HQ/DCD PM+HQ/DCD N,O
418 +246bA 312+ 63bA 28 54.1% (381
506.9 = 35.2aA 2612+ 53.4aB NH;-N NO; -N
N,O
P 0.05 [21]
P 0.05
24 HQ/DCD N,O (Nitrosomonas)
HQ/DCD NH;-N NO>-N
N,O HQ N,O NO; -N
10 B9 DCD N,O 139
4 B DCD HQ/DCD TF
( 0 27 0~27 ) N,O 25.2% PM N,O
HQ/DCD 48.5% Menendes ¥
N,O DCD N,O



45

834
HQ/DCD HQ/DCD Eh N,O (
TF PM N,O la 4) N,O
(HQ/DCD 0~ 27 TF (26] 42 pm
PM N,O 65.1% 95.4%) TF PM+HQ/DCD
N,O HQ/DCD N,O Eh
PM N,O HQ/DCD
( 3 N,O
HQ/DCD N,O F2 KIEEKE N0 HFﬁﬁFiﬁ%'—ﬁiiﬁ Eh #1 +1EBE R
HXRH
Table 2 Correlation coefficients between N,O flux, soil Eh and soil
TF TF+ HQ/DCD PM PM+ HQ/DCD temperature during the rice growing period
N,O 0.3% 0.2%
34%  1.7% HQ/DCD 333%  TF o - Eh WO
50.0%  PM TF —0.186 —0.092
TF+HQ/DCD -0.097 0.033
2.5 Eh N:0 PM 0.157 0.251
Eh N0 PM -0.107 0.036
35 PM PM-+HQ/DCD ~0.045 ~0.172
PM+HQ/DCD Eh PM+HQ/DCD -0.145 0.062
-150 mV
( 49 PM PM+HQ/DCD TF 5cm (95
TF+HQ/DCD TF  TF+HQ/DCD 5 cm
Eh Eh 17.0°C ~26.5°C 22.4°C
0 mV TF  TF+HQ/DCD PM PM+HQ/DCD 5 cm
Eh TF 18.5°C ~32.2°C 24.6°C
TF+HQ/DCD PM  PM+HQ/DCD TF TF+HQ/DCD 22°C
Eh ~116 -105 -123  -126 mV (4344 PM PM+HQ/DCD 5cm
Eh 17.5°C ~ 27.2°C
[41] NO; -N 23.5C N,O
[29, 38] HQ/DCD ( 2 [45] 5cm
NOj; -N Eh 15°C N,O
—TF ——TF+HQ/DCD -~ PMIE N0
- ~&PMifi —e— PM+HQ/DCDJi ~o— PM+HQ/DCDJ 461
35 —— LA

200
100

-3 Eh(mV)
|
S

PG FE(d)

4 TIEEWNHEHTK

Fig. 4 Temporal variation of soil Eh during the rice growing season

N,O Eh
( 2 TF TF+HQ/DCD PM  PM+HQ/DCD
N,O Eh

TF  TF+HQ/DCD

e KRR K 57 R T
- KR K 7 RSV EC R

o
uc|
B
‘_|
15 ; : ; :
0 30 60 90 120
AR5 KE(d)
( TF TF+HQ/DCD
/ PM
PM+HQ/DCD / )

5 TREEMEDTN
Fig. 5 Temporal variation of soil temperature during
the rice growing season



N,O 835

HQ/DCD

HQ/DCD

N,O

HQ/DCD
N,O

N,O PM

HQ/DCD

N,O TF

HQ/DCD

N,O

5 cm Eh

N.O

48.5% N,O

N,O

N,O

CH, HQ

DCD

N,O

HQ/DCD

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

IPCC. Climate change 2007: Changes in atmospheric constit-
uents and in radiative forcing[EB/OL]. http://www.ipcc.eh/pdf/
assessment-report/al4/gl/ap4-wgl-chapter2.pdf.

Ravishankara AR, John SD, Robert WP. Nitrous oxide: The
dominant ozone-depleting substance emitted in the 21%
century[J]. Science, 2009, 326(5949): 123—-125

WMO. Greenhouse Gas Bulletin No.7. The state of
greenhouse gases in the atmosphere based on global
observation through 2010[EB/OL]. http://www.wmo.int/pa-
ges/ prog/arep/gaw/ghg/documents/GHGbulletin7en.pdf.
Prinn R, Cunnold D, Rasmussen R, Simmonds P, Alyea F,
Crawford A, Fraser P, Rosen R. Atmospheric emission and
trends of nitrous oxide deduced from 10 years of ale-gauge
data[J]. Journal of Geophysical Research Atmospheres,
1990, 95: 18 369-18 385

IPCC. Climate Change 2001: The Scientific Basis[M].
Cambridge, United Kingdom and New York, NY, USA:
Cambridge University Press, 2001

Buresh RJ, Austin ER. Direct measurement of dinitrogen
and nitrous oxide flux in flooded rice fields[J]. Soil Science
Society of America Journal, 1988, 52: 681-687

Smith CJ, Brandon M, Patrick Jr WH. Nitrous oxide
emission following urea-N fertilization of wetland rice[J].
Soil Science and Plant Nutrition, 1982, 28: 161-171

Zhang AF, Cui LQ, Pan GX, Li LQ, Hussain Q, Zhang XH,
Zheng JW, Crowley D. Effect of biochar amendment on
yield and nitrous oxide emission from a rice paddy from
Tai Lake plain, China[J]. Agriculture, Ecosystems &
Environment, 2010, 139(4): 469-475

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[J1. , 2009, 41(1): 1-7

. N,O 1. ,
2011, 31(21): 6 606—6 615
Xing GX. N,O emission from cropland in China[J].
Nutrient Cycling 1998, 52(2/3):
249-254

Xing GX, Zhu ZL. Preliminary studies on N,O emission

in Agroecosystems,

fluxes from upland soils and paddy soils in China[J].
Nutrient Cycling in Agroecosystems, 1997, 49: 17-22

[J1. ,2012(1): 98-101
Galloway JN, Aber JD, Erisman JW, Seitzinger SP,
Howarth RW, Cowling EB, Cosby BJ. The nitrogen
cascade[J]. BioScience, 2003, 53(4): 341-356
McSwiney CP, Robertson GP. Non-linear response of N,O
flux to incremental fertilizer addition in a continuous maize
(Zea mays sp.) cropping system[J]. Global Change Biology,
2005, 11: 1 712-1 719

5 s

[J1. , 2009, 46(5):
917-924
) > , , . DCD
CH, N0 [J1. ,
2008, 28(8): 3 675-3 681
> s , R , Gullino ML.
N,O [J1.

, 2009, 28(6): 1 319—1 324
Nzo
[J1. , 2011, 27(30): 82-87
Nishimura S, Komada M, Takebe M, Yonemura S, Kato N.
Nitrous oxide evolved from soil covered with plastic mulch
film in horticultural field[J]. Biology and Fertility of Soils,
2012, 48: 787-795
, Dittert K. CH; N,O
[J1. , 2003, 40(6): 864—-869

Xu YC, Shen QR, Li ML, Dittert K, Sattelmacher B. Effect
of soil water status and mulching on N,O and CH,4 emission
from lowland rice field in China[J]. Biology and Fertility of
Soils, 2004, 39: 215-217

. . . Nzo
1. , 2002, 22(3): 286-288
0. ,2009(2): 23-24
. 2004—2008 ( )
1. ,2010(6): 7375
, . CH, N,0  [M].

,2008: 106-112

7. , 1999, 10(3): 305-308
Hansen S, Mahlum JE, Bakken LR. N,O and CHy fluxes in
soil influenced by fertilization and tractor traffic[J]. Soil
Biology and Biochemistry, 1993, 25: 621-630



836 45
[29] ) ) ) , [38] ) . 1.
[J1. , 2003, 15(1): 8-12
, 2007, 23(2): 207-210 [39] Ball BC, Cameron KC, Di HJ, Moore S. Effects of
[30] , . trampling of a wet dairy pasture soil on soil porosity and on
[1]. , 2005, 16(1): 100-104 mitigation of nitrous oxide emissions by a nitrification
[31] Bhatia A, Sasmal S, Jain N, Pathak, H, Kumar R, Singh A. inhibitor, dicyandiamide[J]. Soil Use and Management,
Mitigating nitrous oxide emission from soil under 2012, 28(2): 194-201
conventional and no-tillage in wheat using nitrification [40] Menendes S, Barrena I, Setien I, Gonzalez-Nurua C,
inhibitors[J]. Agriculture, Ecosystems & Environment, Estavillo JM. Efficiency of nitrification inhibitor DMPP to
2010, 136(3): 247-253 reduce nitrous oxide emissions under different temperature
[32] Cai ZC, Laughlin RJ, Steven RJ. Nitrous oxide and and moisture conditions[J]. Soil Biology & Biochemistry,
dinitrogen emissions from soil under different water 2012, 53: 82-89
regimes and straw amendment[J]. Chemosphere, 2001, 42: [41] Xu XK, Boeckx P, Oswald VC, Zhou L. Urease and
113-121 nitrification inhibitors to reduce emissions of CH4 and N,O
[33] s R s s . in rice production[J]. Nutrient Cycling in Agroecosystems,
CHs N;O [J1. 2002, 64: 203-211
, 2008, 27(2): 535-541 [42] s , .
[34] Chapuis-lardy L, Wrage N, Metay A, Chotte JL, Bernoux [J]. , 2013, 29(3):
M. Soils, a sink for N,O? A review[J]. Global Change 17-23
Biology, 2007, 13(1): 1-17 [43] Li FM, Song QH, Jjemba PK, Shi YC. Dynamics of soil
[35] , R . microbial biomass C and soil fertility in cropland mulched
[J1. ( with plastic film in a semiarid agroecosystem[J]. Soil
), 2009, 28(6): 1 021-1 025 Biology & Biochemistry, 2004, 36: 1 893—1 902
[36] , , s , . DCD [44] , . [J1. ,
[J1. 2010, 24(001): 52-55
, 2011, 19(4): 765-770 [45] , , , ) > )
[37] Zhou S, Sakiyama Y, Riya S, Song X, Terada A, Hosomi M. s s . N,O
Assessing nitrification and denitrification in a paddy soil [J]. , 1997, 8(5): 495-499
with different water dynamics and applied liquid cattle [46] s S R s S .
waste using the 5N isotopic technique[J]. Science of the N,O [1].

Total Environment, 2012, 430: 93—-100

,2011, 22(8): 2 031-2 037



5 N,O 837

Effects of Cultivation Pattern and Inhibitor Application on Nitrous
Oxide Emission from Paddy Fields

ZHANG Yi"?, LV Shi-hua®, MA Jing', XU Hua'", YUAN Jiang?, DONG Yu-jiao®

(1 State Key Laboratory of Soil and Sustainable Agriculture (Institute of Soil Science, Chinese Academy of Sciences), Nanjing
210008, China; 2 Institute of Soil Fertilizer, Sichuan Agriculture Sciences Academy, Chengdu 610066, China; 3 University of
Chinese Academy of Sciences, Beijing 100049, China)

Abstract: A field experiment was conducted to assess the mitigation of N,O emission using urease inhibitor (Hydroquinone,
HQ) and nitrification inhibitor (Dicyandiamide, DCD) under traditional flooding cultivation (TF) and no flooding with plastic
mulching cultivation (PM). In the rice growing season, cumulative emission of N,O of treatment TF and PM was 41.8 mg/m*and
506.9 mg/m?, respectively. The use of HQ/DCD decreased the total N,O emission 25.2% under traditional flooding cultivation
and 48.5% under no flooding with plastic mulching cultivation. Under traditional flooding cultivation, total emission of N,O
reduced from 0.3% of applied N with urea to 0.2% of applied N with HQ/DCD treatment, and under no flooding with plastic
mulching cultivation, the use of HQ/DCD decreased the total emission of N,O from 3.4% to 1.7% of the applied N. Applying the
HQ/DCD mitigated the N,O emission more effectively under the no flooding with plastic mulching cultivation compared with the
traditional flooding cultivation. No significant correlation was observed between N,O flux, soil Eh or soil temperature in all the
treatment.

Key words: Plastic mulching, N,O emission, Paddy field, Urease inhibitor, Nitrification inhibitor
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