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Abstract

Agricultural soil with fertilization is a main anthropogenic source for atmospheric
N,O. N,O fluxes from a maize-wheat, field in the North China Plain (NCP) were
investigated for four successive years using, static chamber method. The annual
N,O fluxes from, control (without fertilization) and fertilization plots were 1.5+0.2
and 9.4+1.7kgNha™" yr™' in 20082009, 2.0+0.01 and 4.0+0.03kgNha" Yyrtin
2009-2010, 1.3+£0.02 and 5.0+ 0.3kgNha™ yr “Tin 2010-2011, and 2.7 £ 0.6 and
12.5+0.1 ngha'1 yr'1 in 2011-2012, respectively. Fertilizer-indueeg, emission fac-
tors (EFg) in the corresponding years were 2—4—9—69—1—1—&Hd—2—9ﬁ6—,\respectlvely Slg
nificant linear correlation between fertilized-induced N,O emission (Y, kgNha™ yr
and rainfall 4 day before and, 10 days after fertilization (X, mm) was found as Y =
0:04767X — (N =4, R? =0 P =0:00253). Therefore, the remarkable
interannual varlatlons of N,O emissions and the EFs, from-the-agricuiturat-field were
mainly ascribed to the rainfall, Fhe-tetat N-ZO emission-from-the-agriculturatfield-inthe
NGP-was—estimated-to-be +4r4rGg-N-y'F based-en-the-averageflux-derivedfrom-the
¢ _and-the-fortilizer-induced N,O omissi »

1 Introduction

Emissions of nitrous oxide (N,O) to the atmosphere have attracted much attention be-
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
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
known that N, O is a by-product in microbial nitrification and an intermediate in denitrifi-
cation process (Firestone and Davidson, 1989). N,O emissions from soils are strongly
affected by many factors, e.g. soil temperature and moisture, soil aeration status and
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carbon availability (Smith 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 N, 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,O
emission from agricultural fields with the reported, emission factors (EFs) of 0-7 % for
mineral soils (Bouwman, 1996). Therefore, it is necessary to conduct long-term N,O
flux measurements from different agricultural field to reduce the uneertainty, of N,O
estimation (Barton et al., 2008; Scheer et al., 2008).

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—teﬁ,\re-
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ports on N,O emissions from the fields, nine-studies-conducted-one-yearand-only-the
study-of-Gai-et-ak{2013)-implemented-the N,O measurementfor-three-years(2004—
2007), According to these treatment-site-year data, large differences of N,O emissions
(ranging from 0.77 to 6.0 kgN ha™’ yr‘1) and EFs, (in the range of 6:10—4-%,) from the
agricultural fields in the NCP were obtained.

In this study, the N,O flux from, maize-wheat rotation system in the NCP was inves-
tigated from 2008 to 2012. The objectives of this study were: (1) to understand the
interannual variation eharaeters of N,O emissiony(2) to determine the key influence

factors on N,O emissior), and—{(3)-te-assess-the-total N,O emission-from-the-maize-
wheatfieldinthe- NGP.

2 Materials and methods
2.1 Field experiment

This study was conducted in a summer maize (Zea mays L.) and winter wheat ( Triticum
aestivum L.) rotation system in Wangdu County (38°71'N, 115°15’ E), Baoding City,
Hebei Province, China. The detail information about the experiment field had been
mentioned in our previous papers (Zhang et al., 2011, 2012).

The field experiment was conducted with two different treatments: control plet-(CK,
without fertilization) and chemical N fertilizer plet-(NP). Only with the exception of fer-
tilization, the two plots were identically managed. Each plot (6.5 x 3.5 m2) was sepa-
rated by a 1.2m broad zone to prevent nutrient transfer between treatments. Maize
and wheat were planted in June and October each year, respectively, and the field was
tilled before wheat sowing. Field managements including fertilization, irrigation, herbi-
cide and pesticide applications strictly followed the cultivating manner of local farmers.
The detail information about fertilizer management is listed in Table 1.
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2.2 N>O fluxes measurement

N, O fluxes were investigated in the summer maize-winter wheat field from June in 2008
to October in 2012. Static chambers (60 x 60 x 90 cm3) were adopted to monitor N,O
fluxes. Three stainless steel pedestals were inserted 10 cm into the soils of each plot
during the whole growing season. four maize seeds (in June) and about 280 wheat
seeds (|n October) were kept in each pedestal respectlvely,\NZO ﬂex—was—meaeuwd

deﬁng—eﬂeeiepeﬁeds—ef—eﬂaps—gmwmg—eeasehs—AOn each sampllng day, NZO qux was

measured at,9.30 a.m. (Beijing time)
N,O concentrations were determined using a gas eh%ema%eg%aphy,\ﬂ\/lodel SP3410,

Beijing Analytical Instrument Factory) equipped W|th N electron capture detector

(Zhang-et-al26112012). The N,O flux (F, ngNm~ 2s 1) was calculated by the fol-

lowing equation:

AC P
F = HxA—txﬁxMNx103. (1)
where H is the chamber headspace height (m), AC/At is the slope (ppbvs 1) of
the linear regression of N,O concentration in the chamber with time (R > 0.85),
P is the atmospheric pressure (atm) measured in the field, R is the gas constant
(0.082 atm LK™ mol‘1), T is the ambient air temperature (K) and My is the molecu-

lar weight of N,O-N (28 gmol ™).
2.3 Measurement of soil characteristics

Four soil samples in each plot were collected from 0—10 cm soil layer using a stainless
steel soil sampler and were mixed carefully for the analysis of soil mineral N (NH, -

N and NO;-N, concentrations), Seil-water-filled-pere-space(WFPS)-was-determined
at—&em—dep%h—by—a—mg—samp{eeﬁ-%cmi) (Zhang-et-al;—20+1-2012); Soil temper-

ature was recorded on each gas-sampling day at a depth of 10cm, while only the
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soil temperatures in CK plef, 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 Lab Corporation, USA) and
SPSS 13.0 software (SPSS Inc., Chicago, USA). Prior to analysis, rermat-distributions,
of N,O fluxes and driving factors were-tested-using-the-Shapiro—Wilk-test-and-data
were log-transformed as needed to normalize the distributions. Paired-samples T test
was adopted to analyze the difference between CK and NP treatments during the-ne

Stepwise linear regression analysis was performed to examine the
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 EFs,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
3.1 Environmental variables

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

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

could reach 80 % or above when precipitation happened just after irrigation (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 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 (WFPS) in the CK
and NP plots were 57 % and 65 %, 48 % and 64 %, 55 % and 55 %, 68 % and 69 % in
the 2008—2009, 2009-2010, 2010-2011 and 2011-2012 maize-wheat rotation years,
respectively. The average soil temperatures of the CK and NP plots were 26.7, 22.5,
26.4 and 25.5°C in the 2008, 2009, 2010 and 2011 maize growing seasons, and were
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

The temporal variations of N,O fluxes from the CK and NP plots during the four
years are illustrated in Fig. 2. N,O emissions from the CK plot were in the range
of —-37-70 ngNm'2 s™', and obvious emission pulses occasionally occur after irriga-
tion and rainfall events. As for the NP plot, the relatively high N,O emissions (75—
624 ngNm'2 '1) usually occurred after fertilization, and the N,O emission was from
-191t0 33ngNm™ 2s” durmg the periods of pre- and post-fertilizer application. Nega-
tive N,O fluxes (uptake, i.e. fluxes from the atmosphere to the soil) were occasionally
observed in the CK and NP plots in this study, which accounted for 4-10 % of total
investigation data in each maize-wheat seasen, FThe-lowest-deteetable-flux-of-the-GC-
EGD—&S—G:E?ﬁg-Nﬁis:" m—thrs—swdy,—aﬁd—thﬂs—the—e*’fremely—lew N,O uptakes—are
t&kes (_7—te 3¥ﬁg—N-FﬁiS: m—the—GK—plet— 7—te —1—9ﬁg—N-miS: in-the-NP-plot)

fisatl : NzO to N,

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
they delayed 1-2 days when rainfall events occurred just after fertilizations, e.g. on
21 August 2008, 5 July and 5 August 2009 (Fig. 2a and b). Generally, the N,O peaks
only lasted for one day and then decreased quickly, while the high N,O emissions
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The N2O concentrations were usually measured within 10 days, and the variation coefficient of N2O concentrations in gas bags during storage and transportation was less than 1%. Considering the flux detection limit was 1.6 ng N m-2 s-1 in this study, the negative fluxes close to the flux detection limit could be ascribed to the instable instrument signal, while the large uptakes (-37 ng N m-2 s-1 in the CK and -19 ng N m-2 s-1 in the NP treatments) were duo to the denitrification and nitrifier denitrification (Chapuis-Lardy et al., 2007). Many researches also reported evident negative N2O fluxes from agriculture fields (e.g. Yamulki et al., 1995; Mahmood et al., 1998; Cui et al., 2012; Yan et al., 2013).
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(about 550 ngNm‘2 s‘1) 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.

The N,O emission peaks from the NP plot were 294, 142, 503 and 558 ngNm'2 s
in 2008, 2009, 2010 and 2011 maize seasons, respectively, and were 75, 100, 147
and 624 ngNm‘Zs‘1 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-
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'2 s"1) from the
NP plot among the four investigated years appeared in the 2012 wheat season after
the supplemental fertilization, which was 4-8 times higher than those in other wheat
seasons. During the period of the N,O peak emission from the NP plot in the 2012
wheat season, the soil WFPS (78 %) was evidently higher than those in 2009 (66 %)
and 2011 (60 %) wheat seasons (Fig. 1a, ¢ and d). Although higher WFPS (82 %) was
observed after the supplemental fertilizer application in the wheat season of 2010, the
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
higher N,O emission in the wheat season of 2012 was due to the synergistic effect of
appropriate soil temperature (15.5°C) and WFPS (78 %), which could build the soil mi-
cro environment in favor of denitrification, and thus promote the N,O emission (Dobbie
and Smith, 2001).

To elucidate the influence of various influencing factors on N,O emission, the re-
gression analysis between N,O fluxes and important driving factors was conducted
as shown in Table 2. Evidently,-seil-mineral-N-temperature-and-\WFPS-were-pesitively
eorrelated-with N,Q emissien:;Soil temperature and WFPS could explain 27-52 % and
18-31 % of the tetal N,O em|SS|on respectively. However, not all inflaenee factors dis-
played the significant relationships-with the N,O emission in each year and treatment,

18344

Title Page
Abstract Introduction

Conclusions References

Tables Figures
1< |
] >
Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion


http://www.biogeosciences-discuss.net
http://www.biogeosciences-discuss.net/10/18337/2013/bgd-10-18337-2013-print.pdf
http://www.biogeosciences-discuss.net/10/18337/2013/bgd-10-18337-2013-discussion.html
http://creativecommons.org/licenses/by/3.0/
user
删划线

user
替换文本
Evidently, N2O emission positively correlated with soil mineral N, temperature and WFPS.

user
删划线

user
删划线

user
删划线

user
插入号
influences on

user
删划线


10

15

20

25

and the similar conclusion has been drawn by other studies (Wang et al., 2005; Rowl-
ings et al., 2012).

3.3 Cumulative NoO emissions and emission factors

The cumulative N,O emissions and EFs, are listed in Table 3. The lowest emissions
always occurred in the CK pie}, with the 4y, mean fluxes of 0.6 kgNha™ ! in the maize
season, 1.3kgNha™ ! in the wheat season and 1. 9kgNha™ ' in the whole year. The
annual cumulative N,O emissions from the NP plefin 2009-2010 and 2010-2011 were
close, and extremely high N,O emissions were observed in 2008-2009 and 2011-2012
maize-wheat seasong, Mean cumulative N,O emissions from the NP plot in the maize,
wheat growing seasons and the whole year were 4.4, 3.3 and 7.7kgNha™ ! with the
variation coefficients of 46, 90,and 51 %, respectively.

The annual EFs, were 2:4-%;-0:6%;—++%and-2:9%, in 2008-2012 maize-wheat
seaseng, respectively (Table 3). The mean 4y EF,in the maize season (2.2 %) was 1.8
times higher than that in the wheat season.

4 Discussion
4.1 Interannual variation of N,O emission

The above results well revealed evident interannual variation of N,O emissions from the
agricultural field during the four successive years. Considering the nearly identical N-
fertilization rates and similar irrigation operations in each year, the interannual variation
of N,O emissions was mainly ascribed to the changes of meteorological condition that
affected the soil temperature and moisture. The annual cumulative N,O emissions (F;,
ngha_1) from the CK plej, significantly correlated with the annual total rainfall (X,
mm), and the relationship fitted the following equation:

F;=56x107""X37, N=4, R?=0.754, P =0.013; (2)
18345
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It indicated that rainfall was a dominant factor for controlling N,O emission from the
agricultural field without fertilization. As—feHhe—NP—plet—thefe—was—n&ewdth—ee#elahen
between-the-annual-eumulative N,O emrssms—&nd—te%&l—r&m#aﬂ.—l%ewever,—there—was
a-significantinear-correlation (N=4, 72 —-9—99244—P—-—9—99258)—betweeﬁ—me—amual
fertilizer-indueced N,O emissions—{£; k)gc-z_N-ha——) during—the—perieds—ci10-days—after
fertilizationand-the-ameounts-ofrainfal-(X,, mm)-4-daysbefore-—and10-daysaftereach
fertilizationineach-year—The-equation-could-be-expressed-as:

E, = 0.04767X, — 1:06453: @\

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
fertilizer-induced N,O emissions during the periods of 10 days after fertilizations and
the amounts of rainfall around fertilization events in-each-year.

There werg, no significant differences between the CK and NP treatments during
the no-fertilization periods in-the, four years (T test, P-=0.656—-6-17%) and the yearly
management (fertilization rate and irrigation) of the agricultural field was almost the

same in recent years. Only-based-on-the—rainfall,—the-correlations-between-the N,O
emissions-and-the—rainfall-could-be-useful-to-estimate-the-eumulative N,O emissions

(F; kgNha=) from-the-agricultural-fields
F =56 x 10‘1°Xf'7+0704161/e(2 ~ 106453, (4)
It should be mentioned that the above estimation could be only applied to limit area

where the rainfall is nearly identical and fertilization rate-is, similar with this study. Be-
cause the cumulative N,O emissions usually linearly correlate with fertilization rates
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As for the NP treatment, there was no evident correlation between the annual cumulative N2O emissions and rainfall intensity. Signiﬁcant linear correlations were only observed between the fertilizer-induced N2O emissions (F, kg N ha−1) during the periods of 10 days after fertilization and the amounts of rainfall (X, mm) from 4 days before to 10 days after fertilization in the maize, wheat seasons and whole year. The equations could be orderly expressed as:
Fmaize=0.035Xmaize-0.48, N=4, R2=0.93, P<0.05;                            (3)
Fwheat=0.077Xwheat-0.11, N=4, R2=0.94, P<0.05;                            (4)
Fyear=0.048X2-1.1, N=4, R2=0.99, P<0.05.                              (5)
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(Henault et al., 1998; De Klein et al., 2006; Halvorson et al., 2008), the above expe-
riential algorithm for estimating the annual cumulative N,O emissions (Y, ngha‘1)
from agricultural fields could be expressed in more general form:

Y = AX] +F/BX, = C, (5)

where n, A, B and C are constants which can be derived-from-the-correlation-ef 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 yerified, the glebabannual cumulative N,O
emissions from agricultural fields could be easily estimated just based on fertilization
rates and rainfall in different regions.

4.2 Comparison with previous studies and assessing the total NoO emission in
the NCP

To check the possible influence of the soilg from different areas in the NCP on N,O
emission, soil samples were collected from four sampling sites (Fengqiu, Luancheng,
Yucheng and Beijing) where N,O emissions have been investigated. N,O emissions
from the four fields were simultaneously measured under the same fertilization and
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The empirical equation in this study was similar with that established by Lu et al. (2006), who investigated the  N2O emissions from upland soil between 1982 and 2003 in the literatures, and also deduced a model including background and fertilizer-induced N2O emissions based on annual precipitation and fertilizer N input. Nevertheless, unlike our result, Lu et al. (2006) reported a linear regression expression between participation and background N2O emission.
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The results of studies about maize-wheat rotation ﬁeld in the NCP are shown in Table 4. It is evident that there are very large temporal-spatial variations of the cumulative N2O emissions and EFd reported in the NCP. With only the exception of the data in 2009–2011 maize-wheat seasons, the cumulative N2O emissions from the NP treatment in this study were 33–108 % greater than the upper limit value reported in the literatures. The EFd value of 0.60 % in 2009–2010 was in good agreement with the values reported by Dong et al. (2000), Ding et al. (2007), Cui et al. (2012), Cai et al. (2013) and Yan et al. (2013), and of 1.1 % in 2010–2011 was in line with the values reported by Li et al. (2010), Wang et al. (2008), Cai et al. (2013) and Yan et al. (2013). The EFds from the NP treatment 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 Klein et al., 2006). In comparison with 2009-2010 and 2010-2011, as shown in Fig. 1 and Fig. 2, the higher N2O emissions in 2008-2009 and 2011-2012 were mainly ascribed to the rain events with relative high frequency or great intensity just around fertilization events. In addition, the relatively high sampling frequency conducted in this study may be partially responsible for the higher EFds. Smith and Dobbie (2001) investigated the impact of sampling frequency on cumulative N2O fluxes by manual chambers with sampling intervals of 3-7 days and auto-chambers with sampling intervals of 8 hours, and found that the short-lived N2O peaks after fertilization can not be detected by manual sampling under low sampling frequency. The sampling frequency in this study was everyday with duration at least 10 days after each fertilization event, whereas the sampling frequencies for most previous studies in the NCP were 1-2 times weekly. On the other hand, the very good linear (R2=0.9996) response to N2O concentration (0.093-1.97 ppm) of the GC-ECD improved by our group could make sure the accurate quantification of N2O in the air samples with remarkably different N2O concentrations. Most of commercial instruments of GC-ECD have been found to be non-linear response to N2O concentrations (Hall et al., 2007; Zheng et al., 2008; Fang et al., 2010; Wang et al., 2010), and thus the single point calibration for N2O flux measurements prevailing used by previous studies would result in relatively low EFds.


10

20

25

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
and EFsg, 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
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

5 Conclusions

Large interannual variations of N,O emissions were observed from the maize-wheat
field in the NCP during the four successive years. Precipitation was primarily respon-
sible for the temperal-spatiaj variation of N,O emission. The significant correlation be-
tween cumulative N,O emission and precipitation obtained in this study may be-tusee-tg,
estimate N,O emission from the area where the rainfall and fertilization ratg,are similar
with this study.
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Table 1. The amount, date and type of nitrogen fertilizer application in the experiment field.

Year Fertilization timing Fertilizer type  Fertilizer rate (kgN ha‘1)
B2 SQ B2 SQ B2 SQ TS

Maize

2008 25Jun 2008 16 Aug 2008 NPK? NK¢ 89 83 172
2009 29Jun2009 1Aug2009 NPK® Urea 99 69 168
2010 30Jun2010 6Aug2010 NPK? NK¢ 107 69 176
2011 30Jun 2011  8Aug2011 NPK? NK¢ 107 69 176
Wheat

2008-2009 18 Oct2008 4 Apr2009 NPK? Urea 75 88 163
2009-2010 13 0ct2009 20 Apr2010 NPK? NK¢ 60 105 165
2010-2011 17 Oct2010 14 Apr2011 NPK? NS¢ 60 105 165
2011-2012 19 0ct2011 18 Apr2012 NPK? Urea 60 105 165

aB fertili ,bS fertili ,e:F“” Hizati ; _dG | fortik tai | pi
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B–Basal fertilizer; S–Supplemental fertilizer; T–Total fertilization rate; NPK, NK, NS–Compound fertilizers contained nitrogen (N), phosphorus (P), potassium (K) and sulfur (S).


Table 2. Regression analysis between N,O flux and its eentre} factors in the maize-wheat field.

Treatment Factors B2 R? Equation
2009-2010 maize-wheat season
CK WFPS 0.021 06306, IgN,O =0.021WFPS + 0.052ST - 0:935,
ST? 0.052 051§ (N =17, R =6:81% P <0.001)
NP WFPS 0.012 0.184 IgN,O = 0.012WFPS + 0.3341gNH,, -N + 0-488,
IgNH,-N  0.334 0284 (N =20, R =0.684, P =0-005),
2010-2011 maize-wheat season
NP WFPS 0.018 6:225 IgN,O =0.018WFPS +0.041ST +0.011NO;-N
ST® 0.041 0.276 +0.599IgNH,-N - +413
NO;-N 0.011 0.067 (N =30,R =0.612, P =0-616),
IgNHZ-N 0599, ©:
2011-2012 mazie-wheat season
NP IgNH, -N 0767, ©-196, I1gN,O = 0.767gNH, -N + 0.87+
(N =28, R = 0475, P =001
a L ardi Hici £ b Seil
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Table 3. N,O, fluxes (mean + SE) and from different treatments in-¢li
A

Year Period Treatment N,O eumulative EF\(%)
fluxes, (kgNha™")
2008-2009 maize-wheat-seaser, Maize CK 0.6+0.2 -
NP 7.2+1.2 38
Wheat CK 0.9+ 0.001 -
NP 22+0.5 0-86,
Annual CK 1.5+£0.2 -
NP 9.4+17 24
2009-2010 maize-wheat-seaser, Maize CK 0.9+0.02 -
NP 2.8+0.02 1.4,
Wheat CK 1.1 £0.01 -
NP 1.3+0.03 013,
Annual CK 2.0+0.01 -
NP 4.0+0.03 6:60,
2010-2011 maize-wheatseasen, Maize CK 0.4 +£0.01 -
NP 3.0+£0.1 +5
Wheat CK 0.8+0.03 -
NP 2.0+0.1 673,
Annual CK 1.3+0.02 -
NP 5.0+0.3 4
2011-2012 maize-wheatseaser, Maize CK 0.5+0.3 -
NP 47+0.3 24
Wheat CK 2.3+0.3 -
NP 7.8+0.4 33
Annual CK 2.7+0.6 -
NP 125£0.1 29
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Lecation Jeotal-N Accumulative-fluxes EF(%%) References
N = —1) -1,.,.-1
Wangdu,-Hebei 335 9.4 2.4  This-study, 20082009
270 60 087
400 += 010
600 +4 013
312 44 1+4*  Sun-etal—2008)
500 45 OFF
300 30 095
300 29 088
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Table 4 is attached as a supplement.


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 seasens, Dash arrows show irrigation events.
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N2O emissions from the CK and NP treatments during the N2O measurement periods in the 2008–2009 (a), 2009–2010 (b), 2010–2011 (c) and 2011–2012 (d) maize-wheat rotations. Arrows show fertilizer applications.




