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1 Introduction

/ Emissions of nitrous oxide (N,O) to the atmosphere have attracted much attention be- Back CCise . o L e W &
| 20 cause of its significance for greenhouse effect and depletion of stratospheric ozone ; _ ; .
| (Crutzen, 1970; Bolle et al., 1986). Agricultural soil has been recognized as a main D il ok a S vﬁ’eﬂ

source of anthropogenic N,O emissions to the atmosphere (Khalil et al., 2006) and .

contributes about 65 % of total anthropogenic N,O emission (Smith, 1997). It is well P""‘"ﬁ””ﬁ‘m‘?‘,@m’m SR

known that N,Q is a by-product in microbial nitrification and an intermediate in denitrifi- e

25 cation process (Firestone and Davidson, 1989). N,O emissions from soils are strongly o i
affected by many factors, e.g. soil temperature and moisture, soil aeration status and
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carbon availability (Srith et al., 2003; Ruser et al., 2006), crop type and residue man-
agement (Raich and|Tufekcioglu, 2000; Huang et al., 2004; Chen et al., 2008), and
the management of (Y fertilizer (Hao et al., 2001; Bouwman et al., 2002). Among the
various influence factors, fertilization, soil temperature and moisture play important
roles on N,O emission. Fertilization directly provides substrate for soil nitrifying and
denitrifying microbes, and soil temperature and moisture have major impacts on soil
microorganisms (Smith et al., 2003). The microbial process generally increases expo-
nentially with soil temperature when other factors are not limiting (Meixner and Yang,
2006). Soil water content plays important roles not only on the substrate supply for
the microorganisms (Meixner and Yang, 2006) but also on gas diffusivity (Smith et al.,
2003). Increasing soil moisture is conducive to produce anaerobic condition and thus
promotes N, O formation via denitrification (Dobbie and Smith, 2001). Large temporal-
spatial variation of N,O emission from agricultural fields could be expected due to
the changes of the various influence factors, e.g. there are great uncertainties in N

emission from agricultural fields with the reported femission factors =7 % for //

mineral soils (Bouwman, 1996). Therefore, it is necessary to conduct Ioﬁg-term N,O
flux_ measurements from different agricultural field to reduce the uncertaintjfsof N,O

@qlr-\m,@estimatio (Barton et al., 2008; Scheer et al., 2008).

20

25

North China Plain (NCP) is one of the greatest grain production areas in China.
Maize and wheat, the main grain crops in this region, provide 39 % and 48 % of the
total maize and wheat yields in China, respectively (Liu and Mu, 1993). The NCP has
a cultivated land area of 17.95 million ha, which accounts for 18.6 % of the total agri-
cultural area in China (Liu et al., 2001), and consumes about 30 % of the total national
N-fertilizer (Zhang et al., 2004). As N-fertilizer is the necessary substrate for soil nitrifi-
cation and denitrification, the huge amounts of N-fertilizer applications in this region can
greatly stimulate N,O emission. Therefore, N,O emissions from the agricultural fields
in the NCP have been investigated intensively (Zeng et al., 1995; Dong et al., 2000;
Meng et al., 2005; Ding et al., 2007; Sun et al., 2008; Wang et al., 2008; Wang et al.,
2009; Li et al., 2010; Cui et al., 2012; Cai et al., 2013). However, among the ten re-
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ports on N,O emissions from the fields, nine studies conducted one year, and only the

study of Cal et al. (2013) implemented the N20 measurement for three years (2004—
2007). According to these treatment site-year data, large differences of N,O emissions

(ranging from 0.77 to 6.0kgNha " yr‘1) and EE@ (in the range of 0.10-1.4 %) from the gk‘D o,
agricultural fields in the NCP were obtained. = &8z & e M 076[ /‘éf— L
In this study, the N,O flux frommaize-wheat rotation system in the NCP was inves- // .
f 2008 to 2012. The dbjectives of this study were: (1) to understand the 7[“‘”‘ sto [{af %ln
interannual variation 3 of N,O emission’ (2) to determine the key influence //
factors on N,O emission'and7(3 ) to assess the {otal N,O emission from the maize- // Q_
wheat field in the NCP. ’
2 Materials and methods ; T Twerse
2.1 Field experiment P o B

, ) _ ) B Conclusions Referén_céé’ J—

This study was conducted in a summer maize/{Zea mays L.) and winter wheat (Triticum : ; t‘ef 1 ('4,{.@
aestivum L.) rotation system in Wangdu Gounty (38°71'N, 115°15"E), Baoding City, . Tebles ~ Figures
Hebei Province, China. The detail information about the experiment field had been

mentioned in our previous papers (Zhang et al., 2011, 2012). L =
The field experiment was conducted Wi i ot /( -
without fertilization) and chemical N fertilkzer . [ = i an//

: Bw‘ Ye l:[;cw{‘ﬁ9 —Fov

: Close
rated by a 1.2m broad zone to prevent nutrient transfer between treatments. '

and wheat were planted in June and October each year, respectively, and the field was - _”'ft"i" Screen/Esc
tilled before wheat sowing. Field managements including fertilization, irrigation, herbi- fmeL %

: - L . . R—— — *:ei#m.wv{-r,
cide and pesticide applications strictly followed the cultivating manner of local farmers. - Printer-friendly Version

The detail information about fertilizer management is listed in Table 1. s o s
i Interactive Discussion :
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N, fluxes were investigatgafn the summer maize-winte heat field froprJune in 2008 b Pl ieale /3 ot
to October in 2012. Stati€ chambers (60 x 60 x 90cm’ y were adopted to monitor N,O -
steel pedestals were inserteg/10cm into

s during the whole growing seag,on. Four maize segds (lrj Juney and ati%l, 0 wheat /W‘Gt;’IX F‘ ,VJ,\QV\ JE?/ wexe
seeds (in Octgper) were kept in each pedestal, fespectivelyfN,O fluxiwas measured W, clavt b€T$ ?
every day duration of at least 10 days after fertilization, then once or twice weeklx ‘WTGB“““ : é ke
_‘_h_,_—._— N S e —= " o Tr—— - Q% %‘( é Wgre ﬂﬁ l/l.
Jurind other periods of crops’ growing.seasons. On each sampling day, NzS-a®y > 9 @

Freasuredat]d.30 a.m. (Beijing time). X oy OUIAG :
N..O concentrationsywere determined using a gas chromatography (Model SP3410,

Beijing Analytical Instrument Factory) equipped with 83N electron capture detector

(Zhang et al., 2011, 2012). The N,O flux (F, ngNm™s"") was calculated by the fol- e Qc?p le; y
lowing equation: — concenyiokions and - 1lp Absiet inbiducon ere
W B [_ow‘(' 1 b(  ave Xuch—-uavm — o{e..e,(. ‘
F=Hx—x—xMyx 10°. gﬁx_ i me o SO ( Conclusions  References’ M hg ‘i’ﬂr«g
A B o ok o datemive U flog T T
. . , -1 . Tables Figurés’
where H is the chamber headspace height (m), AC/At is the slope (ppbvs ) of Ra
\e5 the linear regression of N,O concentration_in the chamber with time R® > 0.85 2 =
CWF P is the atmospheric pressure (atm) measured in the Tield, 7 e gas constant : —
(0.082atmLK~'mol™"), T is the ambient air temperature (K) and My is the molecu- iy ST (’U[/\ N4
. lar weight of N,O-N (28 gmol ™). o4

2.3 Measurement of soil characteristics

Four soil samples in each plot wer acted from 0—10 cm soil layer using a stainless
steel soil sampler and were mixéd carefully for the analysis of soil mineral N (NH-
N and NO;-rr\}oncentration ’ Soil water-filled pore space (WFPS) was determined

s at 5¢cm depth by a ring sampler (100 oma) (Zhang et al., 2011, 2012). Soil temper-
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q\,(Of N,O fluxes and driving factors

20
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s

soil temperatures inY\CK plo!§were record in 2008. The data of precipitation were from
http://www.wunderground.com.

2.4 Date calculation and statistical analysis

The statistical analysis was conducted by Origin 8.0 (Origin lLab Corporation
SPSS 13.0 software (SPSS Inc., Chicago, USA). Prior to apalysis, Grmal distribut
fested using the Shapiro-Wilk test and/ dat
were log-transformed as needed to normalize the distributions. Paired-samples 7 test
was adopted to analyze the difference between CK and NP treatments during the no
Tertilization periods. Stepwise linear regreWMm
relationships between N, O fluxes and important driving factors, and only the regression
equations that have statistical significance are listed in this study. Significance of all
tests was accepted at P < 0.05.

The N,O fluxes presented in the figures are the arithmetic means of the replications
in each treatment. The cumulative N,O emission from each treatment was estimated
by linear interpolations between the sampling days. The EFp during the investigation
periods were calculated as the difference between the cumulative N,O-N emission in
the fertilized plot and control plot divided by the amount of N fertilizer applied.

3 Results

cotodhous

3.1 Environmental variables

The variations of soil moisture were mainly regulated by precipitatio and irrigation.

Generally, soil moisture would increase quickly after irrigation (WFP$ > 60 %), and it

could reach 80% or above when precipitation happened just after ir gation (Fig. 1a—

d). The annual precipitation was 352, 356, 306 and 383 mm during|the 2008-2009,

2009-2010, 2010-2011 and 2011-2012 maize-wheat Geasond respectively, and the

precipitation in the maize season accounted for 75%, 62 %, 64 % and 79 % of the
18342
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total amount in each year, respectively. The mean soil moistures FPS) in the CK ) ; j W
and NP plots were 57 % and 65 %, 48 % and 64 %, 55% and 55 /e, 68 % and 69 % In anol Foms /’ rotaton

the 2008—2009, 2009—2010, 20102011 and 2011-2012 maize, heat rotatiorg > 30‘9 /)a g -
respectively. The average soil temperatures of the CK and NP/plots were 26.7, 22.5, J m

. 26.4 and 25.5°C in the 2008, 2009, 2010 and 2011 wiaize-groding-seasoms, and were / . ( -
[gNoy € Q.08 N 1
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12.9.11.0, 11.0 and 9.3°C in the corresponding wheat seasons, respectively.

3.2 N,O fluxes and key influence factors o[c-l»i’zf»‘f—«'m [,'M i (oo{-
The t#tmporal variations of N,O fluxes from the CK and NP plots during the four QCZ Lo nf; ollhdce
years are illustrated in Fig. 2. N,O emissions from the CK plot were in the range - o i
o of —37-70ngNm~2s™", and obvious emission pulses occasionally occur after irriga- i I"‘A'?'\“’_% > by "y"’”&
tion and rainfall events. As for the NP plot, the relatively high N,O emissions (75— Lo e Page o 7
624ngNm~2s~") usually occurred after fertilization, and the N,O emission was from P mﬁ SE8E e NS
__—_l?ﬂto 33 ngNm'2 s~' during the periods of pre- and post-fertilizer application. Nega- i : . o vhl,
tive N,O fluxes (uptake, i.e. fluxes from the atmosphere to the soil) were occasionally Conclusions ~ References Cpw e\ ada o1,
15 pbseryed_in the C'K and NP plots in this study, which accounted for 4-10 % of total Jikit Figiines M 14_0 5 di 5
investigation data in each maize-wheat season. The lowest detectable flux of the GC- o j 5
ECD is 0.57 ngl‘\lm'2 s in this study, and thus the extremely low N,O uptakes are ey QV‘C‘/( Qua(/z.'u (q,(q-
probably caused by the fluctuations of instrument. Nevertheless, the larger N,O up- Mgt o ] /
> takes WWW ? IR G or USG more
can be ascribed to denitrification fifier denitrification by reductio ,0 to N, . g A .
(Chapuis-lardy et al., 2007). Yamulki et al. (1995) and Mahmood et al. (1998) also L Cose ol b e riteXa
reported evident negative N,O fluxes from agricultural fields. ; _'Fu;;-séré&ﬂ_,gsc 4,0 accept &
As shown in Fig. 2, N,O emission peaks induced by fertilization usually occurred .
at the 1st-5th day after fertilization following irrigation in each growing season, while Brinterriendly Version ]/\QJ ot € 7[[“)( "
.5 they delayed 1-2 days when rainfall events occurred just after fertilizations, e.g. on ' sam—
21 August 2008, 5 July and 5 August 2009 (Fig. 2a and b). Generally, the N,O peaks Interactive Discussion
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(about 550ngNm~“s™") sustained 3 days after basal fertilization following showers

(from 1 July to 2 July) in 2011 maize season (Fig. 2d). Therefore, precipitation coincided
with the fertilization would probably promote N,O emission because of the substrate
supplement and development of anaerobic soil condition.

5 The N,O emission peaks from the NP plot were 294, 142, 503 and 558 ngN m2s”
in 2008, 2009, 2010 and 2011 maize seasons, respectively, and were 75, 100, 147
and 624 ngNm"'2 s~ ' in 2008-2009, 2009-2010, 2010-2011 and 2011-2012 wheat
seasons, respectively. The N,O emission peaks after basal or supplemental fertilizer
application were usually higher during the maize seasons than during the wheat sea-

w0 sons, which might be due to the relatively low soil temperature in the wheat seasons
(Fig. 1e—h). However, the maximal peak of N,O emission (624 ngNm~>s™") from the
NP plot among the four investigated years appeared in the 2012 wheat season after

1

the supplemental fertilization, which was 4-8 times higher than those in other wheat - :_._.m_|e T
seasons. During the period of the N,O peak emission from the NP plot in the 2012 Abstract  Introduction
s wheat season, the soil WFPS (78 %) was evidently higher than those in 2009 (66 %) BRI I
; ; Conclusions  References
and 2011 (60 %) wheat seasons (Fig. 1a, c and d). Although higher WFPS (82 %) was BiERE .
observed after the supplemental fertilizer application in the wheat season of 2010, the _ Tables Eig@;‘eg_;""
obvious low soil temperature (10°C) compared with that (15.5°C) in 2012 greatly re- '
stricted the activities of soil microorganisms (Meixner and Yang, 2006). Therefore, the it a0
2 higher N,O emission in the wheat season of 2012 was due to the synergistic effect of o B
appropriate soil temperature (15.5°C) and WFPS (78 %), which could build the soil mi- 2 e
cro environment in favor of denitrification, and thus promote the N,O emission (Dobbie Back Close
and Smith, 2001). SRR
To elucidate the influence of various influencing factors on N,O emission, the re- . FullScreen/Esc
25 gression analysis between N,O fluxes and important driving factors was conducted %
as shown in Table 2. Evidently, lsoil mineral N, temperature and WFPS mm -  Printer-friendly Version
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ings et al., 2012).

3.3 Cumulative N,O emissions and emisgion fa

re listed/In Table 3. The lowest emissions /
always occurred in the CK plof with the meanffluxes of 0.6 kgNha™" in the maize //
season, 1.3kg ha~! in the wheat season and 1.9kgNha™' in the whole year. The
annual cumulative N,O emissions from the NP plotjin 20092010 and 2010-2011 were //
close, and extremely high N,O emissions were observed in2008-2009 and 2011-2012 54
maize-wheat . Mean cumulative N,O emissions fr the NP piot()'in the maize, // '
wheat growing seasons and the whole year were 44,33and 7.7 ngha", with the 7
variation coefficients of 46} 907and 51 %, respectively. Title Page 1, |
g . _ esYoY ot

The annual ERS were®.4%, 0.6%, 1.1% and 2.9% h 2008-2012 maize-wheat ST Tiaticion 3
_seasorg, respectively (Table 3). The mean 4y EFjin the maize season (2.2 %) was 1.8 " - e Cl q C’"‘{'M :4[
times higher than that in the wheat season. \ Conklusions  References ©
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4 Discussion
4.1 Interannual variation of N,O emission (

The above results well revealed evident interannual vafiation of N,O emissions from the
agricultural field during the four successive years onsidering the nearly identical N-
fertilization rates and similar irrigation operationg’in each year, the interannual variation
of N,O emissions was mainly ascribed to the £hanges of meteorological condition that

affected the soil temperature and moisture Z'he annuafgumulative N,O emissions (F;. //
ngha”) from the CK plot‘significantl correlated with the annual total rainfall (X,
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It indicated t at'rainfall was a domirtant factor for controllin

agricultural field without fertilizatién. As for the NP plot] th i correlation //
between the annual cumulative N,O emissions an i owever, there was

a significant linear correlation (N = 4, R? =0.99 ) between theﬂrw‘
fertilizer-induced N,Q~emissions (F,, kgNha" 1) dunng the periods of 10 days a

fertilization and the €mounts of rainfall (X}, mm{days before€ang 10 days after each

zo0]

excLMJf"j
JR‘Z [o- 0#{)//7%:0::&-

fertilization in each year. The equation could bejexpressed as:

a4
Fa = 0.04767X} - 1.06‘%33./’6(/\4_ ’((“’ " (3)

S—

Because the cumulative N,O emission from the NP plot during the periods of 10 days

after fertilization accounted for ~ 50 % of the total cumulative N,O emissions, the rain-

fall events far from fertilization events only made modest contribution to the total cumu-

lative N,O emissions. The rainfall events just before and after fertilization might favor

fostering the community of microorganism and promoting N,O formation. Therefore,

it is easy to understand why the strong correlation only limited between the yearly{m ewn

fertilizer-induced N,O emissions during the periods of 10 days after fertilizations and '

the amounts of ralnfall around fertilization events

There were no significant differences between the CK and NP treatments durin — ;

periods in the four years (T test, P = 0.056-0.177)fand the yearly // s bt : @ L\ regav )t

management (fertilization rate and irrigation) of the agricultural field was almost the 2ol e Pr F

same in recent years{Only based on the rainfall, the correlations between the N,O : S ‘rk-g p *
Close | = {‘ T}' !
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emissions and the rainfall could be useful to estimate the cumulative N,O emissions ~ Back

(F, kgNha™") from the agricultural field:

F= 56x10“0)ﬁ7+004767)(*—1064‘5.3’)/\/[)4 t, R () F¢7

It should be mentioned that the above estimation could be only applied to limit area
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where the rainfall is nearly identical and fertilization similar with this study. Be-
cause the cumulative N,O emissions usually linearly carrelate with fertilization rates
18346 .
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from agricultural fieldg’could be expresse? in more general form: -Zﬁ
Y = AX) + F/BX ' B
where n, A, Band C areﬁonstants which ¢ field
measurements, and F is the application rate of N-fertilizer. To verify the applicability
of the above algorithm, more field studies in various agricultural fields are needed. If

the applicability of the above algorithm was)verified, the annual cumulative N,O
0 emissions from agricultural fields could be [easil estimated|just based on fertilization

rates and rainfall in different regions. Wi el’Z Tej:OV\‘bQ, oY el (ah[o& L-
4.2 Comparison with previous studies and as$essing the total NoO emission in THgrme. .
the NCP . R
‘GW SN Abstract Introduction

The results of studies from maize-wheatffields in the NCP are shown in Table 4. It Conclusions  References

- is evident that there are very large temporal-spatial variations of the cumulative N,O s
/[ emissions and Elis reported in the NCP. With only the exception of the data in 2009~ T Hoes
2011 maize-wheat seasons, the cumulative N,O emissions from the NP plot in this
study were 33—108 % greater than the upper limit value reported in the literatures. The " .
// Ef value of 0.60 % in 2009-2010 was in good agreement with the values reported by . P
2 Dong et al. (2000) and Ding et al. (2007), and of 1.1 % in 2010-2011 was in line with _
Back Close

the values reported by Li et al. (2010), Sun et al. (2008) and Cai et al. (2013). The Efys/7
from the NP plot in 2008-2009 and 2011-2012 were two times greater than the upper
limit value reported in the NCP, but were still within the uncertainty range recommended
by the IPCC (0.3-3 %, De Kilein et al., 2006). '

»  To check the possible influence of the soils from different areas in the NCP on N,O
emission, soil samples were collected from four sampling sites (Fenggiu, Luancheng, Interactive Discussion
Yucheng and Beijing) where N,O emissions have been investigated. N,O emissions .
from the four fields were simultaneously measured under the same fertilization an
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irrigation at the agricultural field of this study (data not shown), and no remarkable dif-
ference of N,O emissions from the four agricultural soils was found in comparison with
the uncertainty of the triplet treatments for the agricultural soil investigated in this study.
Therefore, the very large temporal-spatial variations of the cumulative N,O emissions
s and Efs from the agricultural fields in the NCP might also be partially ascribed to the
different weather conditions (especially rainfall as mentioned above) in different areas
and years during the investigations. To some extent, the field simulation experiment
confirmed that the results investigated at any agricultural fields in the NCP could be
applied for estimating the annual cumulative N,O emission and the fertilizer-induced
0 N,O emission from the agricultural field in the NCP. The estimation would be more
representative based on the average value of many years’ investigations, because the
multi-years rainfall in one small region might partially reflect the uneven distribution of
rainfall in different areas of the NCP.
The NCP has a cultivation area of 17.95 million ha (Liu et al., 2001) and the average Abstact  Introdugtion
15 fertilization rate is about 350 kg Nha™' yr‘1 (Table 4). Based on the four years’ average :
cumulative N,O emission from the Clgplotsand EF obtained by this study, the annual
total N,O emission and fertilizer-induced N,O emission from the agricultural fields in e s
the NCP were estimated to be 144 Gg N and 110 Gg N, respectively. a;‘f'd«'ﬁ qsf
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Table 2. Regression analysis between N,O flux and\its c&qtrdl factors in the maize<wheat field.

Treatment Factors  B® \(ﬁ Equatior‘

2009-2010 maize-whegat season
CK WFPS  0.021 0.306 IgN,O =%021WM28T—0.935 _
ST” 0.052 0516 (N=17,@=08{, P <0.001) . TillePage
NP WFPS  0.012 0.184 IgN,O = 0.012WFPS + 0.334IgNH;; —— o
 Abstract Introduction

IgNH:(N) 0.334 0.287 (N =20, R =0.688, P ¢ 0:005) ‘
(;9 2010-2011 maize-wheat seasow. AR i
NP ANFPS ; 0.018 0.225 IgN,O = 0.018WFPS +0.041ST +0.011NO, s 2
T (gf 0.041 0270 +0.599IgNH;{—1.412 ——=R e _
NO, 0.011 0.067 (N =30,R=061f, P £001Y)
gNH: @D 0599 0.118 Qm oy
‘% 2011-2012 mazie-wheat season MRRRASE s
NP IgNH;(R) 0.767 0.196 IgN,0 = 0.767IgNH; (R +0.871 o Ar—" L o
(N=28R=048RPEOTTS) — ool

# Unstandardized coefficient; ° Soil temperature"'— "\}LM’A‘ JQPdﬁ(f
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Table 3. N, fluxes (mean + SE) and @rom different treatments .

¥:3M <o Yakonb

Period Treatment W EF,((%)\_,,,//OL/L/

Fuxes (kgNha™")

2008-2009 rraizeswheat-ceasen
Yo

<o M\W
2009-2010 w@n

\ngw

2010-2011 maize-whe at-S6aSOP

2011-2012 maize-wheal seasen

Maize

Wheat

Annual

Maize

Wheat

Annual

Maize

Wheat

Annual

Maize

Wheat

Annual

CK
NP
CK
NP
CK
NP
CK
NP
CK
NP
CK
NP
CK
NP
CK
NP
CK
NP
CK
NP
CK
NP
CK
NP

06+£0.2
72+12
0.9 +£0.001
2.2:+0.5
1.5+0.2
9.4+1.7
0.9+0.02
2.8+0.02
1.1 +£0.01
1.3+0.03
2.0+0.01
4.0+ 0.03
0.4+0.01
3.0+0.1
0.8 +0.03
2.0+0.1
1.3+0.02
5.0+0.3
05+03
47+0.3
2.3+£0.3
7.8+04
27+06
12.5+0.1

3.8

0.80

2.4
r
0.12
O._BO

1:5
0;/'3
.4
2.4
3.3

2.9
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Table 4. Summary of N,O/£&missions from maize-wheat soils in the NCP.

Total N
}w‘f (kgNha "yr™)

Location

Accumulative fluxes
(kgN ha 'yr™")

EF (%) References /

Wangdu, Hebei X 335 9.4 2.4 This study; 2008-200
oo 333 4.0 0.60  This study, 2009-2010
- 341 50 10 This study, 2010-2011
) 341 125 29 This stud
Quzhou, Heibei 270 4.9 096 Lietal (2010)p @ s
135 5.0 10  Wangetal. (2008) ' . mae.
el - 6.0 457 Abstract  Introduction
Luancheng, Hebei --- 200 0.89 0.12  Wang et al. (2009) S Riktatcanias
o 400 1.1 0.10 Conclusions  References
e 600 1.4 0.13 S -
Yucheng, Shandong - 420 29 0. Dong et al. (2000) o
g
S - 4.4 Sun et al. (2008) R —
Huantai, Shangdong -~ 600 4.0 059 Cuietal (2 - B
Fenggiu, Henan " 300 Q7T 0.21 Meng et al. (2005) s
300 25 0.61  Ding etal. (2007) z e
500 4.5 O.77 e i
Back =  Close
300 2.4 0.63 Cai et al. (2013) o A
300 a0 0.95 : .F:U'ﬂ. SC!’G&E/ESC :
300 2.9 0.88 e o
* Background N,O emission wasn't subtracted. s {L“ o _H: J/E:\ ¢ l Pfiﬁié_r-ffi’;aﬂéiifﬂé&giéﬁ
e e S T ETo value g ¢ o Bt

v
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Fig. 1. Precipitation, soil WFPS (a, b, ¢, d) and soil temperatures (e, f, g, h) in the CK and NP
plots during 2008-2012 maize-wheat. Dash arrows show irrigation events.
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Fig. 2. N,O emissions from the CK and NP plots during the N,O measurement periods (i 2008— LR Yorsen
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