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Excessive nitrogen (N) fertilization is widespread inintensive double cropping system in China and assess-
ment of changes in soil quality and crop production under various N application rates is important for
N fertilizer management. A wheat (Triticum aestivum L.)-maize (Zea mays L.) rotation experiment was
conducted from 2009 to 2012 in north-central China to study the effects of high N fertilization rates on
soil chemical properties and microbial community, and to evaluate soil sustainability under reduced N
inputs. The N rates tested were 0 (NO), 70 (N1), 140 (N2), 210 (N3), 280 (N4) and 350 kg Nha~! (N5) in
the maize season, and 0 (NO), 60 (N1), 120 (N2), 180 (N3), 240 (N4) and 300 kg Nha~! (N5) in the wheat
season, respectively. Soil NO3~-N in the 0-100 cm depth, and soil electrical conductivity (EC) and nitri-
fication potential in the 0-20 cm were significantly increased, whilst pH in the 0-20 cm was decreased
with increasing N application rates. In addition, the high rates of N fertilization (N4 and N5) increased
soil fungal abundance and the ratio of fungi to bacteria compared with lower N rates and the N control;
however, N rates did not influence abundance of soil bacteria and actinomycetes, and total phospholipid
fatty acid (PLFA). The application of N at 180 and 210kgNha~! during the wheat and maize seasons,
respectively, sustained high yields and enhanced accumulated N recovery efficiency (REnac) compared
with higher N rates. Our results indicated that the high N inputs degraded soil quality and changed
microbial community structure. A 12.5-40% reduction in the farmers’ conventional N application rates
was practical to reduce excess N input while maintaining the sustainability of the wheat-maize cropping
system in north-central China.
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1. Introduction

North-central China is dominant with intensive winter
wheat-summer maize cropping system, accounting for about 61%
of wheat and 39% of maize production in China (Ministry of
Agriculture PRC, 2012). To ensure high grain yield, farmers have
been applying excessive N fertilizer (300 and 240kgNha~! in the
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wheat and maize seasons, respectively) in this region over the last
three decades (Cui et al., 2008; Ju et al., 2009). Since high N fer-
tilizer inputs exceed the demand of the potential yield, significant
amount of inorganic N accumulated in the subsoil and the N use
efficiency (NUE) is low in this region (Ju et al., 2009). This N man-
agement practice is associated with significant N losses which have
led to several negative environmental effects, such as nitrate con-
tamination in water systems and emission of nitrous oxide to the
atmosphere (Fang et al., 2006; Zhang et al., 2008; Ju et al., 2009).
High N fertilization rates generally maintain high grain yield
and plant biomass; however, excessive N application could lead to
soil acidification due to the massive crop uptake of base cations
together with removal of economic yields, with equivalent H*
to be released from crop to the soil, while abundant H* also
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generated during the oxidation of NH4*-N to NO3~-N (Guo et al.,
2010; Schroder et al., 2011; Liang et al., 2013). High N application
also resulted in substantial soil mineral N accumulation, increased
soil electrical conductivity (EC) and induced soil secondary salin-
ization in cereal systems or greenhouse conditions (Cui et al., 2008;
Shi et al., 2009; Shen et al., 2010). These changes in soil chemical
properties degraded soil quality and would affect soil sustainability.

Soil microorganisms play important roles in organic matter
decomposition and soil nutrient biogeochemical cycling, particu-
larly in N transformation and cycling (Leininger et al., 2006; Cusack
et al,, 2011). Different microbial communities are responsible for
specific ecosystem functions, and soil microbial diversity is also
important in maintaining soil health and quality (Garbeva et al.,
2004; Janvier et al., 2007). In addition, soil microbial community
structure varies with fertilizer management practices, especially N
fertilization (Chu et al., 2007; He et al., 2007; Zhong et al., 2010;
Zechmeister-Boltenstern et al., 2011). It was reported that long-
term application of chemical N fertilizer increased total microbial
biomass and fungal abundance, but decreased bacterial abundance
inafluvo-aquicsoilin Northern China (Aietal.,2012). N fertilization
did not impact total bacterial abundance, but increased the popula-
tion sizes of ammonia-oxidizing bacteria and ammonia-oxidizing
archaea compared with the check in a Chinese upland red soil (He
et al., 2007). Other studies also found that long-term N addition to
temperate ecosystems decreased microbial biomass and fungi to
bacteria ratio (Frey et al., 2004; Wallenstein et al., 2006; Demoling
et al., 2008). Moreover, the change in microbial community struc-
ture resulted from N addition influenced the carbon (C) and N
cycling in soil ecosystem (Grandy et al., 2008, 2013; Cusack et al.,
2011), and these kinds of changes are likely to negatively impact
future sustainable crop production in China. However, information
about the effects of continuous higher N inputs on soil microbial
community is limited in the agricultural ecosystem in north-central
China.

High N application was necessary to obtain high crop yield
because of poor soil fertility and crop residues were removed from
fields in the past. In recent decades, crop residues have been incor-
porated into soils (Li and Jin, 2011), this makes it necessary and
possible to lower the N input in this region. To reduce exces-
sive N fertilizer inputs and maintain soil sustainability, many N
management strategies based on plant or soil nutrition diagno-
sis significantly decreased N fertilization rates and enhanced NUE
while maintaining high grain yields (Zhao et al., 2006; Cui et al.,
2008; Chuan et al., 2013), but these studies mainly focused on in-
season effects of optimal N fertilizer management on crops and
soils, rarely considering the sustainability of crop production. We
conducted a successive seven-season winter wheat-summer maize
rotation experiment in north-central China, and our objective was
to examine the effects of different N application rates on (1) soil
chemical properties (pH, EC and mineral N); (2) soil nitrification
capacity and microbial community structure; (3) crop grain yield
and N recovery efficiency (REy).

2. Materials and methods
2.1. Experimental site

The field experiment was conducted from 2009 to 2012 at Heng-
shui Dryland Farming Experimental Station (37°53’N, 115°42E),
Hebei province, north-central China. This region has a warm tem-
perate, sub-humid continental monsoon climate. The annual mean
temperature and precipitation are 12.4°C and 550 mm, respec-
tively, and about 70-80% of the annual precipitation occurs during
the summer maize growing season. The monthly mean temper-
ature and monthly precipitation during the experimental period

are shown in Fig. S1. The soil is Calcaric Cambisols with the tex-
ture of clay loam (Ma et al., 2007), and the chemical properties
of tested soil (0-20 cm) when the study was initiated were as fol-
lows: pH 8.6 (soil: water=1:2.5), EC 2.3 dSm~! (soil: water=1:5),
organic matter 15.8 gkg~1, Olsen-P 20.1 mgkg~!, and exchange-
able K 141 mgkg~!. The NH,4*-N in the 0-20, 20-40, 40-60, 60-80
and 80-100 cm soil layers were 1.7, 4.1, 3.6, 8.4 and 10.2mgkg !,
and NO3~-N were 36.2, 30.4, 21.8, 22.1 and 15.6mgkg~! in the
corresponding soil layers, respectively.

Supplementary Fig. 1 can be found, in the online version, at
http://dx.doi.org/10.1016/j.agee.2014.05.006.

2.2. Experimental design

The experiment, a typical winter wheat-summer maize rota-
tion, started from the summer maize season of June 2009, and
ended after the summer maize harvest in October 2012, cover-
ing seven successive seasonal crops in the same experimental plot.
Summer maize was generally planted in middle of June after win-
ter wheat harvest, with a row spacing of 55cm and density of
60,000-65,000 plantha~!, and was harvested in late September or
early October. Winter wheat was planted after maize harvest with a
row spacing of 17 cm and seeding rate of 180-225kgha~!, and was
harvested in early or mid-June of the following year. The treatments
were arranged in a randomized complete block design with three
replications, and the plot size was 35m?2 (5 m x 7m). Six N rate
treatments [60 (N1), 120 (N2), 180 (N3), 240 (N4), 300kgNha~!
(N5) and no-N control (NO)] were applied in the wheat season,
and 6N rate treatments [70 (N1), 140 (N2), 210 (N3), 280 (N4),
350kgNha-! (N5) and no-N control (NO)] were applied in the
maize season. Starter N (one half of total N amount, urea) was
surface broadcast-applied by hand before sowing and incorpo-
rated into the 0-15cm topsoil by rotary tiller, while topdressing
N (the other half of total N amount, urea) was broadcast-applied
at shooting stage followed by an irrigation of 60 mm water in the
wheat season. In the maize season, starter N (one third of total N
amount, urea) was band-applied at three-leaf stage, and topdress-
ing N (two third of total N amount, urea) was applied at ten-leaf
stage in the same way as in the wheat season. Superphosphate
(90kg P,0sha=') and potassium chloride (90kgK,0ha~!) were
used together with starter N in both crop seasons. Wheat residues
were crushed and preserved in the field, and maize residues were
crushed into 3-6 cm pieces and incorporated into the 0-15 cm soil
by rotary tiller. The cultivars of wheat and maize were Hengguan
35 and Zhengdan 958, respectively. The amount of water irrigated
each time was 60 mm. Other field management practices including
pest control followed standard practices.

2.3. Crop harvest, and plant and soil sampling

At maturity, maize ears were hand harvested from an area of
7.7 m? (two rows, 7 mlength) in the middle of each plot and shelled,
air-dried grains were weighed, and moisture content was mea-
sured with a Dickey-John Tri-Grain moisture meter. Grain yield was
reported at standard moisture of 15.5%. Six plants were randomly
selected from each plot for a separate harvest that was used for
biomass determination, and dry weights of grain and stover were
determined after separation and oven-dried at 60 °C. For the wheat,
three separate areas (each 2 m?2) in the middle of each plot were har-
vested, the dry weights of grain and straw were determined after
separation and oven-dried at 60°C, and grain yield was reported
at standard moisture of 13.5%. For both crops, subsamples of grain
and stover/straw were ground and analyzed for N content using the
Kjeldahl method (Douglas et al., 1980).

After crop harvest, five soil cores (2 cm in diameter) were col-
lected in each plot to a depth of 100 cm with 20 cm increments.
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Table 1

Analysis of variance (p values) of soil chemical properties, nitrification potential, crop grain yield, N uptake, and accumulated N recovery efficiency (REn,c) for different N

treatments and Crop seasons.

Source of variation pH EC NH4*-N NO3;~-N SNP Grain yield Crop N uptake RENac
Maize Wheat Maize Wheat

Treatment (T) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.001 <0.0001 <0.0001 <0.0001 <0.0001

Season (S) <0.0001 <0.0001 0.084 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

TxS 0.355 0.388 <0.0001 <0.0001 <0.0001 0.121 <0.0001 <0.0001 <0.0001 <0.0001

EC, electrical conductivity; SNP, soil nitrification potential.

Fresh soil samples of the same soil depth per plot were mixed
as a composite sample and sieved to pass a 2 mm mesh, and soil
samples were immediately analyzed for mineral N (NH4*-N and
NO3;~-N). In 2012, fresh soil samples in the 0-20 cm depth were
immediately analyzed for soil nitrification potential, one part of
subsamples was stored at —70 °C for microbiological phospholipid
fatty acid (PLFA) analysis, and the other subsamples were air-dried
for chemical analyses.

2.4. Soil chemical analyses

Soil NO3;~-N and NH,4*-N were extracted with 0.01 mol L~ CaCl,
and analyzed using a flow injection analyzer (FIAstar 5000, Foss,
Denmark) (Cui et al., 2008); mineral N (kg Nha~1) was calculated
for the 0-20, 20-40, 40-60, 60-80 and 80-100 cm depths with the
bulk density values of 1.35, 1.38, 1.35, 1.36 and 1.35gcm3. Soil
water content was measured by oven drying at 105 °C. Soil EC was
measured with an electrolytic conductivity meter (soil: water=1:5)
and pH with a glass electrode (soil: water=1:2.5).

2.5. Soil nitrification potential analysis

Soil nitrification potential (soil microbial potential to nitrify
added NH4*-N) was determined as described by Hart et al. (1994).
Briefly, fresh soil samples (15 g) were placed in Erlenmeyer flasks
with 100ml mixture of 1mM phosphate buffer (pH 7.2) and
0.75mM (NHg4);SO4. The slurry was shaken on an orbital shaker
(180 rpm)for 24 h at 25 °C to maintain aeration in the dark. Aliquots
of 10ml were subsequently taken at 2, 6, 12, 22 and 24h after
the start of the incubation. The aliquots were centrifuged, and the
supernatant was filtered and stored at —20°C until analysis. The
NO5;~-N concentrations were measured by flow injection analyzer,
the nitrification potential was calculated from the slope of lin-
ear regression of nitrate concentrations over time (ug NO3 - Ng~!
DWh-1).

2.6. PLFA determination

Differences in microbial community structure and microbial
biomass among N treatments were determined by PLFA analy-
sis following the procedure of Wu et al. (2009). Briefly, PLFAs
were extracted in a single-phase mixture of chloroform: methanol:
citrate buffer (15.2ml at a 1:2:0.8 volume ratio). The extracted
fatty acids in the chloroform were fractionated into neutral lipids,
glycolipids, and polar lipids using a silica-bonded phase col-
umn (SPE-Si, Supelco, Poole, UK) with chloroform, acetone and
methanol, respectively. The recovered polar lipids were trans-
esterified to the fatty acid methyl esters (FAMES) by a mild
alkaline methanolysis. FAMES were quantified by gas chromato-
graph (N6890, Agilent) and identified with an MIDI SHERLOCKS
microbial identification system (Version 4.5, MIDI, Inc., Newark,
DE, USA). Nonadecanoic acid methyl ester (19:0) was added as the
internal standard. PLFA concentrations were expressed in units of
nmol g~ soil. The abundance of individual PLFAs was indicated by
their % mol abundance in each sample.

PLFAs were divided into various taxonomic groups based on pre-
viously published PLFA biomarker data (Zelles, 1997; Bossio et al.,
1998; Green and Scow, 2000; Turpeinen et al., 2004). Specifically,
15:0,16:0,17:0,a15:0,a17:0,cy17:0,cy19:0,i14:0,i15:0,i16:0 and
i17:0 were used to represent bacterial biomarkers. The polyunsatu-
rated PLFAs 18:1w9c and 18:2w6,9c were chosen to indicate fungal
biomarkers. The fatty acids 10Me 16:0, 10Me 17:0 and 10Me 18:0
were considered the biomarkers of actinomycetes.

2.7. Calculations

Crop N uptake was calculated based on crop N concentration
and weights of grain and straw/stover.

The accumulated N recovery efficiency (REnac) was calculated
according to He et al. (2013) using the following equation:

n n
MX]OO

=

where Uy and Up is the total N uptake by crops (grain and
stover/straw) in plots with and without N application (kgNha~1),
respectively, Nr is the amount of N applied (kgNha~1), and i is the
number of cultivation seasons (seven seasons in the present study).

REnac(%) = (1)

2.8. Statistical analyses

Data were analyzed following analysis of variance using SPSS
13.0 (SPSS, Inc., Chicago, IL, USA), and the treatment means were
compared using least significant difference (LSD) at the 0.05 level
of probability when the main effect was significant. Student’s t-test
was used to illustrate the differences between two crop seasons in
2012. PLFA profiles were compared and analyzed by principal com-
ponent analysis (PCA), using Minitab 16.0 (Minitab, State College,
PA, USA). Stepwise multiple regression analysis (using a probability
of p<0.05 to accept) was applied to detect the factors influencing
microbial groups.

3. Results
3.1. Soil mineral N in 0-100 cm depth

N application rate affected soil NH4*-N and NO3~-N in the
0-100cm depth (Tables 1 and 2). The variations in NH4*-N among
N treatments were inconsistent across all seasons, and crop sea-
son did not affect NH4*-N. Soil NO3 ~-N increased with increasing N
rates in each season, and NO3 ~-N in N5 treatment have highest val-
ues ranging from 307.9 to 511.6 kg Nha~! during the experiment.
For the NO, N1 and N2 treatments, NO3~-N showed a gradually
decreased trend with increasing of experimental time. The NO3~-
N showed an increased trend for the N4 and N5 treatments from
2009 to 2011; however, a significant decrease was observed in the
2012 maize season. For the N3 treatment, the NO;~-N fluctuation
among seasons was lower relative to other N treatments.
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Table 2

Soil mineral N (NH4*-N and NO3;~-N) contents (kg N ha~!) under different N treatments (0-100 cm).
Treatment 2009 2010 2011 2012

Maize Wheat Maize Wheat Maize Wheat Maize

NH4*-N
NO 79.0 £ 3.9b 86.9 + 6.8b 91.1 £87a 90.9 + 2.3b 70.8 £ 4.3b 68.7 £ 1.7b 819 £ 1.3b
N1 93.1 +9.8a 101.5 + 5.7a 97.4 + 4.7a 102.1 &+ 1.4a 719 + 2.2b 80.3 + 9.5ab 89.5 + 4.8ab
N2 82.7 £ 49b 102.7 £ 9.0a 89.0 £ 15.1a 104.5 £ 44a 90.9 £ 6.4a 70.8 £ 7.4b 88.0 £ 4.4ab
N3 75.3 £ 3.8b 102.3 £ 4.0a 79.3 £ 3.4b 106.3 £ 6.6a 96.8 £ 9.4a 90.1 £ 2.5a 86.6 + 3.5b
N4 74.2 +7.9b 76.4 £+ 3.9b 88.1 &+ 5.5a 104.2 + 7.2a 95.0 + 9.9a 77.2 + 6.2b 94.7 + 4.0a
N5 76.2 + 3.2b 99.7 + 2.8a 92.7 + 7.9a 92.9 + 7.9b 88.1 + 5.8a 92.7 + 4.3a 96.1 + 7.8a
NO3~-N
NO 120.5 + 11.6e 87.0 + 10.3f 75.5 + 3.7e 26.5 + 2.3f 22.1 + 1.6f 29.0 + 1.9e 25.0 + 11.0f
N1 1494 £ 5.7d 1304 £ 6.1e 130.2 £ 8.9d 85.0 £ 5.6e 57.2 £ 54e 51.5 £ 1.8e 61.4 £ 20.1e
N2 194.5 £ 11.7¢ 188.5 £ 7.3d 202.9 + 3.0c 180.8 + 6.5d 150.7 £ 3.7d 160.9 + 9.6d 152.7 £ 14.4d
N3 188.5 + 6.8¢c 2255 + 12.7¢ 233.6 + 9.2¢ 249.1 + 13.8¢ 217.8 + 7.4c 213.2 + 12.9¢ 215.7 + 6.3¢c
N4 232.4 4+ 13.6b 308.1 + 8.8b 426.6 + 23.5b 379.8 £ 9.7b 363.1 £ 5.9b 354.5 + 10.5b 266.8 &+ 26.7b
N5 307.9 + 16.2a 378.8 + 18.3a 487.1 £ 13.3a 511.6 + 26.7a 4547 £ 22.1a 4915 + 11.6a 3254 +25.2a

The values are means =+ standard error (n=3). Different letters indicate significant differences among N treatments (p <0.05) for individual crops.
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Fig. 1. Soil pH (A) and EC (B) under different N treatments in 2012 (0-20 cm). Error bars are standard error (n=3). Different letters indicate significant differences among N

treatments (p < 0.05) for individual crops.

3.2. Soil pH and EC in the 0-20 cm depth

In 2012, N application rate and crop season significantly affected
soil pH and EC (Table 1). Soil pH decreased with increasing N rates
in both crop seasons (Fig. 1A). By the end of the experiment, soil
pH in the N5 treatment decreased by 0.31 as compared to the
NO treatment. On the contrary, soil EC increased with increas-
ing N rates, and the N5 treatment increased soil EC by 0.85 and
0.86dSm~! compared with the NO treatment in the wheat and
maize seasons, respectively (Fig. 1B). The soil EC was higher for the
NO, N4 and N5 treatments in the wheat season than in the maize
season.

3.3. Soil nitrification potential

Soil nitrification potential increased with increase in N rates for
both crops, and the nitrification potential was 7-9 times greater for
the N5 treatment than for the NO treatment (Fig. 2). The impacts of
crop season on soil nitrification potential occurred only in the N4
and N5 treatments.

3.4. Microbial community structure based on PLFA analysis

PLFA analysis was used to determine the microbial commu-
nity structure. A total of 40 PLFAs in the wheat season soil and 35

PLFAs in the maize season soil were detected and used as measures
of total PLFA and the abundance of microbial groups. N applica-
tion rate or crop season affected total PLFA and different microbial
groups, but there were no interaction affects (Table 3). There were
no differences in the abundances of total PLFA, bacterial and acti-
nomycetes among N treatments in each crop season except that the

4.5
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~ 3.6 1 b
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S
28 27 b a
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25 c b
S 1.8 1
Z o
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€ d
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Fig. 2. Soil nitrification potential under different N treatments in 2012 (0-20 cm).
Error bars are standard error (n = 3). Different letters indicate significant differences
among N treatments (p <0.05) for individual crops.
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Table 3

Analysis of variance (p values) of the effects of N treatment and crop season on microbial groups.
Source of variance Total PLFA Bacteria Fungi Actinomycetes Fungi/Bacteria
Treatment (T) 0.309 0.952 <0.0001 0313 <0.0001
Season (S) <0.0001 0.012 0.305 0.037 0.544
TxS 0.965 0.93 0.972 0317 0.911

actinomycetes was higher in the N1 treatment than in the NO treat-
ment in the maize season (Fig. 3A-C). Crop season influenced the
abundances of total PLFA, bacterial and actinomycetes, but there
were no consistent results in these three indexes across all N treat-
ments. The N4 and N5 treatments enhanced fungal abundance

compared with the NO-N3 treatments in the wheat season, and
increased fungal abundance compared with the NO-N2 treatments
in the maize season (Fig. 3D). The ratio of fungi to bacteria followed
a similar trend to that observed for fungi among N treatments or
seasons (Fig. 3E).
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are standard error (n = 3). Different letters indicate significant differences among N treatments (p <0.05) for individual crops.
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Fig. 4. Principal component analysis (PCA) of phospholipid fatty acids (PLFAs) (A)
and loading values (B) for individual PLFA from the PCA of different N treatments
for both winter wheat and summer maize seasons in 2012. W- and M- represent the
data from the wheat and maize seasons, respectively.

The PCA was conducted with 35 PLFAs that were present either
in wheat season or in maize season soils. The PC1 and PC2 explained
25.0% and 16.3% of the overall variance, respectively (Fig. 4A). N
application rate and crop season significantly affected PC1 and PC2
scores for all N treatments (Table 4). PLFA profiles showed a sig-
nificant separation of the N4 and N5 treatments from the NO to N3
treatments in both crop seasons along PC1, and the score for the NO
and N1 treatments was higher in maize season than in wheat season
(Fig. 4A). Along PC2, PLFA profiles for all N treatments in the maize
season showed negative scores, but four of the five treatments in
the wheat season showed positive scores with the exception of the

Table 4
Analysis of variance (p values) of principal component (PC) scores for PLFAs among
different N treatments and crop seasons.

Treatment (T) Season (S) TxS
PC1 <0.0001 0.012 0.003
PC2 <0.0001 <0.0001 0.0045

Table 5
Stepwise regression of microbial properties (dependents variable Y) and soil prop-
erties (independent variable X) in soil (p <0.05).

Dependents (y) Independents (x) R?
Total PLFA ns -
Bacteria NH4*-N 0.378
Fungi pH -0.529
Nmin 0.369
Actinomycetes ns -
Fungi/bacteria Nmin 0.356

Nmin, mineral N (NH4*-N+NO3~-N).
ns, no variable was detected by stepwise regression analysis to be correlated with
a corresponding microbial property.

negative score in the NO treatment. PLFA profile scores for the NO,
N1, and N5 treatments were higher in the wheat season than in the
maize season along PC2.

PC loadings for individual PLFAs are shown in Fig. 4B. These data
and PC scores indicate that higher N application rates increased
the proportion of saturated fatty acids (18:0, a16:, a17:0, i13:0,
i16:0 and i17:0), polyunsaturated fatty acids [18:2w6,9¢, 18:3w6¢
(6,9,12)and 20:2w6,9c], cyclopropyl fatty acids (cy17:0 and cy19:0)
and methyl branched fatty acids (10 Me16:0 and 10 Me18:0)
(biomarkers of actinomycetes), and the fatty acid 18:20w6,9¢c was
detected only in the N4 and N5 treatments. Lower N rates enhanced
the proportion of saturated fatty acids (14:0, 17:0, i10:0, i15:0
and i20:0) and monounsaturated fatty acids (i15:1G, a17:1 Bfi [,
14:1w5c and 18:1w9c).

3.5. Stepwise multiple regression analysis

Stepwise multiple regression analyses showed that soil proper-
ties did not affect total PLFA and actinomycetes; however, bacterial
abundance was significantly positively correlated with NH4*-N,
fungal abundance was significantly negatively correlated with pH,
and soil mineral N was an important factor that significantly influ-
enced fungi and the ratio of fungi to bacteria (Table 5).

3.6. Crop grain yield, N uptake and REnqc

Analysis of variance indicated that N application rate and crop
season significantly affected grain yield (for the same crop) except
that no yield differences were found among N treatments in the
first maize season in 2009 (Tables 1 and 6). From the second season
of wheat in 2010, the NO and N1 treatments in both 2010 and 2011
and the NO, N1 and N2 treatments in 2012 were associated with low
wheat yields, and the N3, N4 and N5 treatments generally resulted
in similarly higher wheat yields in the same period. For the maize,
the NO treatment decreased yield than the N3 and N4 treatments in
2010. General, the N2, N3, N4 and N5 treatments resulted in similar
high maize yields from 2009 to 2012. There were no differences in
total crop yield among the N3, N4 and N5 treatments, but the total
crop yield was significant lower in the N2 treatment compared with
that in the N4 treatment.

N application rate, crop season, and their interaction all signif-
icantly influenced crop N uptake (for the same crop) and REyac
(Table 1 and Table S1). Crop N uptake increased with increasing
N rates in each crop season. The variations in wheat or maize
N uptake among seasons were inconsistent for different N treat-
ments, the higher maize N uptake in 2009 relative to other seasons
likely result from higher soil residual N. There was no distinct
trend in REy,;c among N treatments in 2009. From 2010 to 2012,
the REn,c decreased with increasing N rates in each crop season,
and increased with increasing experimental seasons for the same
N treatment.
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Table 6

Crop grain yields (kgha~!) of summer maize and wheat under different N treatments.
Treatment 2009 2010 2011 2012 Total yield

Maize Wheat Maize Wheat Maize Wheat Maize

NO 9894 + 239a 3692 + 279c 7804 + 17b 4369 + 111d 8887 + 165c¢ 3426 + 222d 8845 + 107¢ 46,919 + 159d
N1 9614 + 518a 4766 + 56b 8367 + 362ab 5771 + 47c 9336 + 81bc 6059 + 159c 9483 + 61b 53,397 + 756¢
N2 9529 + 423a 4949 + 121ab 8463 + 156ab 6164 + 208ab 9628 + 72abc 7016 + 197b 10,085 =+ 243a 55,834 + 925b
N3 9963 =+ 399a 5246 + 134ab 8680 + 193a 6274 £ 83a 10,026 + 389ab 7597 £+ 123a 10,249 + 168a 58,016 + 427ab
N4 9488 + 476a 5506 + 297a 8971 + 331a 6566 + 183a 10,251 £+ 315a 7742 + 59a 10,412 + 237a 58,942 + 1330a
N5 9352 + 156a 5537 + 160a 8054 + 58ab 6367 + 152a 10,046 + 378ab 7633 + 83a 9930 + 48a 56,921 + 332ab

Total yield, total grain yield of maize and wheat in seven crop seasons.

The values are means =+ standard error (n = 3). Different letters indicate significant differences among N treatments (p <0.05) for individual crops.

Supplementary Table 1 can be found, in the online version, at
http://dx.doi.org/10.1016/j.agee.2014.05.006.

4. Discussion
4.1. Soil chemical properties

In dryland soils, NH4*-N from chemical N fertilizers could be
quickly oxidized to NO3~-N, and different N fertilization rates and
crop stages had no effects on NH4*-N but NO3~-N increased with
increasing N rates as the main form of mineral N (Ju et al., 2003; Wu
et al., 2008). Our results showed that crop season did not affect soil
NH4*-N in the 0-100 cm depth, but residual NH4*-N was slightly
higher compared with that reported by Ju et al. (2003) in north-
central China and by Yang et al. (2013) in the Loess Plateau of
China, and a possible explanation for this discrepancy could be
related to high NH4* sorption in clay soil texture in this study which
decreased the nitrification of NH4*-N (Dempster et al., 2012). How-
ever, NO3~-N significantly increased with increasing N application
rates. While, in despite of crop residues retention, the NO3 ~-Nin the
low N rate treatments (N1 and N2) showed a decreased trend across
the whole experimental period because the crop N depletions were
higher than the N inputs, and the decline would be continued with
increasing experimental times. However, the NO3;~-N in the high
N rate treatments (N4 and N5) showed an increased trend from
2009 to 2011 due to the N inputs significantly exceed the crop N
uptakes, and a significant decrease in 2012 maize season possible
due to high precipitation which leached excess NO3~-N below the
100 cm. The NO3~-N had no great change in the N3 rate treatment
from 2009 to 2012 because of better balance between N inputs
and crop N uptakes. These results are consistent with previous
studies in this region (Fang et al., 2006; Ju et al., 2003) and in the
Loess Plateau of China (Gao et al., 2009), indicating that excessive
N fertilization resulted in high soil residual NO3~-N. The high sub-
soil residual NO3~-N could be easily leached into ground water,
and causes severe environment problems (Beaudoin et al., 2005;
Ju et al.,, 2009). It is uncontentious that N fertilization lower soil
pH (Blake et al., 1999; Guo et al., 2010; Schroder et al., 2011; Liang
etal.,2013).Schroderetal.(2011) found that 32-year N fertilization
resulted in a pH decline of 0.3-1.1 compared to the CK, which was
associated with a decrease of wheat yield in the Great Plain, US. Guo
et al. (2010) also reported that the use of N fertilizer decreased pH
by 0.34 and 0.55 under cereals and cash crops in major China crop-
lands from the 1980 to 2000s, respectively. Similarly, we also found
that the N fertilization decreased soil pH, and the high N rate (N5
rate) decreased pH by 0.31 relative to the N control (NO) after seven
successive seasons of cropping. Compared with the results above,
the decline rate of pH was greater in high N fertilization treatment
after seven-season cropping in our study, indicating that high N
inputs intensified soil acidification.

Soil EC has traditionally been used to indicate the magnitude of
salts in soil that are harmful to plant growth. The increased soil EC

observed in high N rate treatments relative to the non-N control
suggested that higher N inputs induced soil secondary salinization.
Other researches also demonstrated that high N inputs enhanced
EC in soils from greenhouse vegetable production in Eastern China
(Shen et al., 2010). From the above, it was indicated that high
rates of N fertilization resulted in greater soil NO3~-N accumula-
tion, induced soil acidification and secondary salinization. These
changes in soil properties would degrade soils and environmen-
tal quality in this region, furthermore, these degradations might
be expected to accelerate under high N fertilization in the future.
Therefore, great attention should be paid in high N application area
and optimized N management strategies should be taken to sustain
soil quality and productivity in this highly intensified region.

4.2. Soil nitrification potential and microbial community
structure

Successive high N inputs (N4 and N5 rates) significantly
increased soil nitrification potential compared with the treatments
with lower N rates and the control. Studies also found that long-
term application of chemical N fertilizer increased soil nitrification
potential in an alkaline soil in Northern China, because the decrease
of soil pH increased the abundance of ammonia-oxidizing bacteria
(Chu et al., 2007; Shen et al., 2008). In addition, higher nitrification
potential also explained higher soil NO3~-N accumulation in the
high N rate treatments. However, the N fertilization decreased soil
nitrification potential in spite of a significant reduction in pH in a
Chinese upland red soil (He et al., 2007). This inconsistency may be
due to the different soil types and pH ranges (Girvan et al., 2003;
He et al., 2007).

N fertilization rate did not influence abundance of soil bacte-
ria although higher soil nitrification potential may result from
increased ammonia-oxidizing bacteria, which is only a small frac-
tion of the total bacterial population (He et al., 2007). N fertilization
did not alter total PLFA and actinomycetes abundance as well, but
high N application (N4 and N5) increased fungal abundance and
the ratio of fungi to bacteria. Zhong et al. (2010) indicated that
soil bacteria were sensitive to organic manure application and soil
fungi were sensitive to mineral fertilizer; however, actinomycetes
were not affected by the fertilization. Stepwise regression anal-
ysis showed that soil pH and N nutrient were the key factors
affecting the microbial properties, and the pH was more corre-
lated with fungi abundance than soil nutrients. Because soil fungi
prefer an acid soil environment (Gong et al., 2009; Rousk et al.,
2011), the lower soil pH resulted in a high proportion of fungi and
increased the ratio of fungi to bacteria for high N rate treatments
in the current study. Analyses from PCA displayed that crop sea-
sons also influenced soil microbial community structure, because
different crop residual qualities and soil temperatures regulated
growth and population of specific microbial communities (Cusack
et al.,, 2011; Tiemann and Billings, 2011), but the effects of crop
season on soil microbial community was less than the higher N
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fertilization. Our data demonstrated that high N application
changed the soil microbial community structure through affect-
ing soil chemical properties in spite of the fact that N rates did not
influence total PLFA. These changes in soil microbial community
structure may alter soil ecosystem function, such as organic matter
decomposition and soil nitrification capacity, and then affect soil C
and N cycles in agricultural ecosystem.

4.3. Crop grain yield and N recovery efficiency

N application had no effect on grain yield in the first maize
season in 2009, indicating that residual soil available N meet or
exceed the crop N demand for high yield (the mineral N in the
0-100cm at the beginning of this experiment was 428 kg Nha~1)
and a reduction in N fertilizer inputs was necessary and possible
in this region. The N2 rate sustained similar high maize yield to
the N3, N4 and N5 rates treatments during this experiment, how-
ever, the gradual decrease in soil mineral N resulted from crop N
depletion would limit high crop yield with the increase in exper-
imental time. Compared with the high N rates (N4 and N5), the
N3 rate (180 and 210kgNha~! in the wheat and maize seasons,
respectively) decreased subsoil NO3~-N accumulation, increased
NUE, and sustained high total crop yield during the experimental
seasons. The crop residues N retention played a great role in sus-
taining sufficient soil N supply (Ju and Christie, 2011). The optimal
N rates applied here were 40% and 12.5% lower in the wheat and
maize seasons, respectively, compared with local farmers’ practices
(300 and 240kgNha~! in the wheat and maize seasons, respec-
tively), and was practical to ensure sustainable soil quality and crop
productivity in this successive seven-season rotation experiment.

5. Conclusions

Our study indicated that high N fertilization rates increased
NO3~-N accumulation in the subsoil, caused soil acidification and
secondary salinization, and altered microbial community structure
and increased soil nitrification capacity. Compared with high N
fertilization, the application of N fertilizer at 180 and 210 kgha~!
in the wheat and maize seasons, respectively, reduced soil resid-
ual NO3~-N, enhanced NUE, and alleviated the degradation in soil
quality, while sustaining high crop yields. Therefore, by preserving
crop residues in field, the optimal N application rates are 12.5-40%
lower than the local farmers’ practice, which are practical to main-
tain the sustainable soil quality and productivity in the intensive
wheat-maize cropping system in north-central China.

Acknowledgements

This project was supported by the National Basic Research Pro-
gram of China (973 Program) (2013CB127404 and 2013CB127405),
the National Natural Science Foundation of China (31272245 and
31272243), the Funding from Institute of Agricultural Resources
and Regional Planning, Chinese Academy of Agricultural Sciences
(202-1 and 2014-41 RARRP).

References

Ai, C, Liang, G.Q., Sun, J.W., Wang, X.B., Zhou, W., 2012. Responses of extracellular
enzyme activities and microbial community in both the rhizosphere and bulk
soil to long-term fertilization practices in a fluvo-aquic soil. Geoderma 173-174,
330-338.

Beaudoin, N., Saad, J.K., Van Laethem, C., Machet, ].M., Maucorps, J., Mary, B., 2005.
Nitrate leaching in intensive agriculture in Northern France: effect of farming
practices, soils and crop rotations. Agric. Ecosyst. Environ. 111, 292-310.

Blake, L., Goulding, KW.T., Mott, C.J.B., Johnston, A.E., 1999. Changes in soil chemistry
accompanying acidification over more than 100 years under woodland and grass
at Rothamsted Experimental Station, UK. Eur. J. Soil Sci. 50, 401-412.

Bossio, D.A., Scow, K.M., Gunapala, N., Graham, KJ., 1998. Determinants of soil micro-
bial communities: effects of agricultural management, season, and soil type on
phospholipid fatty acid profiles. Microbial Ecol. 36, 1-12.

Chu, H.Y., Fujii, T., Morimoto, S., Lin, X.G., Yagi, K., Hu, J.L., Zhang, ].B., 2007. Com-
munity structure of ammonia-oxidizing bacteria under long-term application
of mineral fertilizer and organic manure in a sandy loam soil. Appl. Environ.
Microbiol. 73, 485-491.

Chuan, L.M,, He, P., Pampolino, M.F., Johnston, A.M,, Jin, J.Y., Xu, X.P., Zhao, S.C., Qiu,
S.J.,Zhou, W., 2013. Establishing a scientific basis for fertilizer recommendations
for wheat in China: Yield response and agronomic efficiency. Field Crops Res.
140, 1-8.

Cui, Z.L., Chen, X.P., Miao, Y.X,, Li, F,, Zhang, F.S., Li, ].L,, Ye, Y.L, Yang, Z.P., Zhang, Q.,
Liu, C.S., 2008. On-farm evaluation of winter wheat yield response to residual
soil nitrate-N in North China Plain. Agron. J. 100, 1527-1534.

Cusack, D.F,, Silver, W.L,, Torn, M.S., Burton, S.D., Firestone, M.K., 2011. Changes
in microbial community characteristics and soil organic matter with nitrogen
additions in two tropical forests. Ecology 92, 621-632.

Demoling, F., Nilsson, L.O., Baath, E., 2008. Bacterial and fungal response to
nitrogen fertilization in three coniferous forest soils. Soil Biol. Biochem. 40,
370-379.

Dempster, D.N., Jones, D.L., Murphy, D.V., 2012. Clay and biochar amendments
decreased inorganic but not dissolved organic nitrogen leaching in soil. Soil.
Res. 50, 216-221.

Douglas, LA, Riazi, A., Smith, CJ., 1980. A semi-micro method for determining total
nitrogen in soils and plant material containing nitrite and nitrate. Soil Sci. Soc.
Am. ]. 44, 431-433.

Fang,Q.X.,Yu,Q.,Wang,E.L.,Chen, Y.H.,Zhang, G.L., Wang, J., Li, L.H., 2006. Soil nitrate
accumulation, leaching and crop nitrogen use as influenced by fertilization and
irrigation in an intensive wheat-maize double cropping system in the North
China Plain. Plant Soil 284, 335-350.

Frey, S.D., Knorr, M., Parrent, ].L., Simpson, R.T., 2004. Chronic nitrogen enrichment
affects the structure and function of the soil microbial community in temperate
hardwood and pine forests. Forest Ecol. Manag. 196, 159-171.

Gao, YJ., Li, Y., Zhang, J.C, Liu, W.G., Dang, Z.P., Cao, W.X,, Qiang, Q., 2009. Effects
of mulch, N fertilizer, and plant density on wheat yield, wheat nitrogen uptake,
and residual soil nitrate in a dryland area of China. Nutr. Cycl. Agroecosyst. 85,
109-121.

Garbeva, P., Veen, J.A.V., Elsas, ].D.V., 2004. Microbial diversity in soil: selection of
microbial populations by plant and soil type and implications for soil suppres-
siveness. Annu. Rev. Phytopathol. 42, 243-270.

Girvan, M.S., Bullimore, ]., Pretty, ].N., Osborn, A.M., Ball, A.S., 2003. Soil type is
the primary determinant of the composition of the total and active bacterial
communities in arable soils. Appl. Environ. Microbiol. 69, 1800-1809.

Gong, W., Yan, X.Y., Wang, ].Y., Hu, T.X,, Gong, Y.B., 2009. Long-term manure and fer-
tilizer effects on soil organic matter fractions and microbes under a wheat-maize
cropping system in northern China. Geoderma 149, 318-324.

Grandy, A.S., Sinsabaugh, R.L., Neff, ].C., Martina, S., Zak, D.R., 2008. Nitrogen deposi-
tion effects on soil organic matter chemistry are linked to variation in enzymes,
ecosystems and size fractions. Biogeochemistry 91, 37-49.

Grandy, A.S., Salam, D.S., Wickings, K., McDaniel, M., Culman, S.W., Snapp, S.S., 2013.
Soil respiration and litter decomposition responses to N fertilization rate in no-
till corn systems. Agric. Ecosyst. Environ. 179, 35-40.

Green, C., Scow, K., 2000. Analysis of phospholipid fatty acids (PLFA) to characterize
microbial communities in aquifers. Hydrogeol. J. 8, 126-141.

Guo, J.H,, Liu, XJ., Zhang, Y., Shen, J.L.,, Han, W.X., Zhang, W.F,, Christie, P., Goul-
ding, KW.T,, Vitousek, P.M., Zhang, F.S., 2010. Significant acidification in major
Chinese croplands. Science 327, 1008-1010.

Hart, S.C,, Stark, ].M., Davidson, E.A., Firestone, M.K., 1994. Nitrogen mineralization,
immobilisation and nitrification. In: Weaver, RW., Angle, ].S., Bottomley, P.S.
(Eds.), Methods of Soil Analysis. Part 2. Microbial and Biogeochemical Properties.
Soil Science Society of America, Madison, pp. 985-1018.

He,].Z.,Shen, ].P.,Zhang, L.M., Zhu, Y.G., Zheng, Y.M., Xu, M.G., Di, H.J.,2007. Quantita-
tive analyses of the abundance and composition of ammonia-oxidizing bacteria
and ammonia-oxidizing archaea of a Chinese upland red soil and long-term
fertilization practices. Environ. Microbiol. 9, 2364-2374.

He, P., Sha, Z.M,, Yao, D.W,, Xing, S.L., Zhou, W., 2013. Effect of nitrogen management
on productivity, nitrogen use efficiency and nitrogen balance for a wheat-maize
system. J. Plant. Nutr. 36, 1258-1274.

Janvier, C., Villeneuve, F., Alabouvette, C., Edel-Hermann, V., Mateille, T., Steinberg, C.,
2007. Soil health through soil disease suppression: which strategy from descrip-
tors to indicators? Soil Biol. Biochem. 39, 1-23.

Ju, X.T., Christie, P., 2011. Calculation of theoretical nitrogen rate for simple nitrogen
recommendations in intensive cropping systems: a case study on the North
China Plain. Field Crops Res. 124, 450-458.

Ju, X.T,, Liu, XJ., Zhang, F.S., 2003. Accumulation and movement of NO3 -N in soil
profile in winter wheat-summer maize rotation system. Acta. Pedol. Sin. 40,
539-546 (in Chinese).

Ju, X.T,, Xing, G.X., Chen, X.P., Zhang, S.L., Zhang, L., Liu, X J., Cui, Z.L,, Yin, B., Christie,
P.,Zhu, Z.L.,Zhang, F.S.,2009. Reducing environmental risk by improving N man-
agement in intensive Chinese agricultural systems. Proc. Natl. Acad. Sci. U.S.A.
106, 3041-3046.

Leininger, S., Urich, T., Schloter, M., Schwark, L., Qi, J., Nicol, G.W., Prosser, J.1., 2006.
Archaea predominate among ammonia-oxidizing prokaryotes in soils. Nature
442, 806-809.

Li, S.T., Jin, J.Y., 2011. Characteristics of nutrient input/output and nutrient balance
in different regions of China. Sci. Agric. Sin. 44, 4207-4229 (in Chinese).


http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0005
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0005
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0005
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0005
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0005
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0005
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0005
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0005
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0005
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0005
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0005
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0005
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0005
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0005
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0005
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0005
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0005
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0005
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0005
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0005
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0005
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0005
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0005
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0005
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0005
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0005
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0005
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0005
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0005
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0005
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0010
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0010
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0010
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0010
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0010
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0010
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0010
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0010
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0010
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0010
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0010
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0010
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0010
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0010
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0010
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0010
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0010
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0010
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0010
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0010
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0010
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0010
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0010
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0015
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0015
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0015
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0015
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0015
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0015
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0015
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0015
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0015
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0015
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0015
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0015
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0015
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0015
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0015
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0015
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0015
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0015
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0015
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0015
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0015
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0015
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0015
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0015
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0015
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0015
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0015
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0015
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0020
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0020
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0020
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0020
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0020
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0020
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0020
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0020
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0020
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0020
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0020
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0020
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0020
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0020
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0020
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0020
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0020
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0020
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0020
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0020
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0020
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0020
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0020
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0020
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0020
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0025
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0025
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0025
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0025
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0025
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0025
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0025
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0025
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0025
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0025
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0025
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0025
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0025
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0025
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0025
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0025
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0025
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0025
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0025
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0025
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0025
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0025
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0025
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0025
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0025
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0025
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0025
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0030
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0030
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0030
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0030
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0030
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0030
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0030
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0030
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0030
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0030
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0030
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0030
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0030
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0030
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0030
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0030
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0030
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0030
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0030
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0030
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0030
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0030
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0030
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0035
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0035
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0035
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0035
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0035
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0035
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0035
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0035
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0035
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0035
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0035
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0035
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0035
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0035
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0035
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0035
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0035
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0035
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0035
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0035
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0035
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0040
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0040
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0040
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0040
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0040
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0040
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0040
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0040
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0040
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0040
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0040
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0040
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0040
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0040
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0040
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0040
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0040
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0040
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0040
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0040
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0040
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0045
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0045
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0045
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0045
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0045
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0045
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0045
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0045
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0045
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0045
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0045
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0045
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0045
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0045
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0045
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0045
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0045
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0045
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0045
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0050
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0050
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0050
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0050
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0050
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0050
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0050
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0050
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0050
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0050
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0050
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0050
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0050
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0050
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0050
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0050
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0050
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0050
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0050
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0050
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0055
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0055
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0055
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0055
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0055
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0055
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0055
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0055
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0055
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0055
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0055
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0055
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0055
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0055
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0055
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0055
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0055
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0055
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0055
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0055
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0055
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0055
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0055
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0055
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0055
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0060
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0065
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0065
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0065
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0065
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0065
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0065
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0065
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0065
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0065
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0065
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0065
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0065
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0065
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0065
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0065
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0065
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0065
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0065
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0065
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0065
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0065
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0065
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0065
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0065
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0065
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0065
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0070
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0070
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0070
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0070
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0070
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0070
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0070
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0070
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0070
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0070
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0070
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0070
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0070
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0070
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0070
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0070
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0070
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0070
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0070
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0070
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0070
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0070
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0070
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0070
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0070
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0070
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0070
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0070
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0070
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0070
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0070
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0075
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0075
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0075
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0075
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0075
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0075
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0075
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0075
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0075
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0075
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0075
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0075
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0075
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0075
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0075
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0075
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0075
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0075
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0075
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0075
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0075
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0075
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0075
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0075
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0075
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0075
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0080
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0080
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0080
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0080
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0080
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0080
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0080
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0080
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0080
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0080
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0080
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0080
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0080
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0080
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0080
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0080
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0080
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0080
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0080
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0080
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0080
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0080
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0080
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0080
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0080
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0080
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0085
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0085
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0085
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0085
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0085
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0085
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0085
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0085
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0085
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0085
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0085
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0085
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0085
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0085
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0085
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0085
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0085
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0085
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0085
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0085
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0085
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0085
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0085
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0085
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0085
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0085
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0085
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0085
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0090
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0090
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0090
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0090
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0090
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0090
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0090
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0090
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0090
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0090
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0090
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0090
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0090
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0090
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0090
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0090
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0090
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0090
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0090
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0090
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0090
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0090
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0090
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0090
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0095
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0095
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0095
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0095
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0095
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0095
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0095
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0095
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0095
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0095
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0095
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0095
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0095
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0095
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0095
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0095
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0095
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0095
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0095
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0095
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0095
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0095
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0100
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0100
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0100
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0100
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0100
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0100
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0100
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0100
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0100
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0100
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0100
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0100
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0100
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0100
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0100
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0100
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0100
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0100
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0105
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0105
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0105
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0105
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0105
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0105
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0105
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0105
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0105
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0105
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0105
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0110
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0110
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0110
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0110
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0110
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0110
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0110
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0110
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0110
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0110
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0110
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0110
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0110
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0110
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0110
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0110
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0110
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0110
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0110
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0110
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0110
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0110
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0110
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0110
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0110
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0110
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0110
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0110
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0110
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0110
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0110
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0110
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0110
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0115
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0115
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0115
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0115
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0115
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0115
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0115
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0115
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0115
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0115
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0115
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0115
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0115
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0115
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0115
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0115
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0115
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0115
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0115
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0115
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0115
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0115
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0115
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0115
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0115
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0115
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0115
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0115
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0115
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0115
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0120
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0120
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0120
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0120
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0120
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0120
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0120
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0120
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0120
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0120
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0120
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0120
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0120
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0120
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0120
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0120
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0120
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0120
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0120
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0120
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0120
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0120
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0120
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0120
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0120
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0125
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0125
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0125
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0125
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0125
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0125
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0125
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0125
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0125
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0125
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0125
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0125
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0125
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0125
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0125
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0125
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0125
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0125
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0125
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0125
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0130
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0130
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0130
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0130
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0130
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0130
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0130
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0130
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0130
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0130
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0130
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0130
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0130
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0130
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0130
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0130
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0130
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0130
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0130
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0130
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0130
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0130
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0130
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0130
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0130
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0130
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0130
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0130
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0135
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0135
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0135
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0135
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0135
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0135
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0135
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0135
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0135
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0135
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0135
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0135
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0135
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0135
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0135
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0135
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0135
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0135
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0135
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0135
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0135
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0135
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0135
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0135
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0135
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0135
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0135
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0135
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0140
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0140
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0140
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0140
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0140
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0140
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0140
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0140
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0140
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0140
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0140
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0140
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0140
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0140
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0140
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0140
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0140
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0140
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0140
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0140
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0140
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0140
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0145
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0145
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0145
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0145
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0145
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0145
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0145
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0145
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0145
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0145
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0145
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0145
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0150
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0150
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0150
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0150
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0150
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0150
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0150
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0150
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0150
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0150
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0150
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0150
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0150
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0150
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0150
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0150
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0150
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0150
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0150
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0150
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0150

S. Zhao et al. / Agriculture, Ecosystems and Environment 194 (2014) 29-37 37

Liang, L.Z.,, Zhao, X.Q., Yi, X.Y., Chen, Z.C,, Dong, X.Y., Chen, R.F,, Shen, RF., 2013.
Excessive application of nitrogen and phosphorus fertilizers induces soil acid-
ification and phosphorus enrichment during vegetable production in Yangtze
River Delta, China. Soil Use Manage. 29, 161-168.

Ma, J.Y., Li, KJ., Cao, C.Y., Zheng, C.L,, 2007. Effect of long-term located organic-
inorganic fertilizer application on fluvo-aquic soil fertility and crop yield. Plant
Nutr. Fert. Sci. 13, 236-241 (in Chinese).

Ministry of Agriculture PRC, 2012. China Agriculture Statistical Report. China Agri-
culture Press, Beijing (in Chinese).

Rousk, ]., Brookes, P.C., Baath, E., 2011. Fungal and bacterial growth responses to
N fertilization and pH in the 150-years ‘Park Grass’ UK grassland experiment.
FEMS Microbiol. Ecol. 76, 89-99.

Schroder, ].L., Zhang, H.L., Girma, K., Raun, W.R,, Penna, CJ., Payton, M.E., 2011. Soil
acidification from long-term use of nitrogen fertilizers on winter wheat. Soil Sci.
Soc. Am. J. 75, 957-964.

Shen, J.P., Zhang, LM., Zhu, Y.G., Zhang, ].B.,, He, ].Z, 2008. Abundance and
composition of ammonia-oxidizing bacteria and ammonia-oxidizing archaea
communities of an alkaline sandy loam. Environ. Microbiol. 10, 1601-1611.

Shen, W.S,, Lin, X.G., Shi, W.M,, Min, J., Gao, N., Zhang, H.Y., Yin, R,, He, X.H., 2010.
Higher rates of nitrogen fertilization decrease soil enzyme activities, microbial
functional diversity and nitrification capacity in a Chinese polytunnel green-
house vegetable land. Plant Soil 337, 137-150.

Shi, W.M,, Yao, ]J., Yan, F., 2009. Vegetable cultivation under greenhouse conditions
leads to rapid accumulation of nutrients, acidification and salinity of soils and
groundwater contamination in South-Eastern China. Nutr. Cycl. Agroecosyst. 83,
73-84.

Tiemann, LK., Billings, S.A.,2011.Indirect effects of nitrogen amendments on organic
substrate quality increase enzymatic activity driving decomposition in a Mesic
Grassland. Ecosystems 14, 234-247.

Turpeinen, R., Kairesalo, T., Higgblom, M.M., 2004. Microbial community struc-
ture and activity in arsenic-, chromium- and copper-contaminated soils. FEMS
Microbiol. Ecol. 47, 39-50.

Wallenstein, M.D., McNulty, S., Fernandez, L]., Boggs, J., Schlesinger, W.H., 2006.
Nitrogen fertilization decreases forest soil fungal and bacterial biomass in three
long-term experiments. Forest Ecol. Manag. 222, 459-468.

Wu, T.Y., Ma, B.L, Liang, B.C., 2008. Quantification of seasonal soil nitrogen min-
eralization for corn production in eastern Canada. Nutr. Cycl. Agroecosyst. 81,
279-290.

Wu, Y.P,, Ding, N., Wang, G., Xu, ].M., Wu, ].J., Brookes, P.C., 2009. Effects of different
soil weights, storage times and extraction methods on soil phospholipid fatty
acid analyses. Geoderma 150, 171-178.

Yang, X.L., Lu, X.L., Tong, Y.A.,, Lin, W,, Liang, T., 2013. Effects of long-term N appli-
cation and straw returning on N budget under wheat-maize rotation system.
Plant Nutr. Fert. Sci. 19, 65-73 (in Chinese).

Zechmeister-Boltenstern, S., Michel, K., Pfeffer, M., 2011. Soil microbial commu-
nity structure in European forests in relation to forest type and atmospheric N
deposition. Plant Soil 343, 37-50.

Zelles, L., 1997. Phospholipid fatty acid profiles in selected members of soil microbial
communities. Chemosphere 35, 275-294.

Zhang, F.S., Wang, J.Q.,, Zhang, W.F,, Cui, Z.L., Ma, W.Q., Chen, X.P.,, Jiang, RF.,
2008. Nutrient use efficiencies of major cereal crops in China and measures for
improvement. Acta. Pedol. Sin. 5, 913-933 (in Chinese).

Zhao, R.F,, Chen, X.P., Zhang, F.S., Zhang, H.L., Schroder, J., Romhe, V., 2006. Fertil-
ization and nitrogen balance in a wheat-maize rotation system in North China.
Agron. J. 98, 938-945.

Zhong, W.H., Gu, T., Wang, W., Zhang, B., Lin, X.G., Huang, Q.R,, Shen, W.S., 2010. The
effects of mineral fertilizer and organic manure on soil microbial community
and diversity. Plant Soil 326, 511-522.


http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0155
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0155
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0155
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0155
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0155
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0155
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0155
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0155
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0155
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0155
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0155
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0155
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0155
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0155
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0155
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0155
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0155
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0155
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0155
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0155
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0155
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0155
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0155
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0155
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0155
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0155
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0155
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0155
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0155
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0160
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0160
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0160
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0160
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0160
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0160
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0160
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0160
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0160
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0160
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0160
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0160
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0160
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0160
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0160
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0160
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0160
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0160
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0160
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0160
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0160
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0160
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0160
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0160
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0160
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0165
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0165
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0165
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0165
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0165
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0165
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0165
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0165
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0165
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0165
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0165
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0170
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0170
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0170
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0170
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0170
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0170
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0170
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0170
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0170
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0170
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0170
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0170
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0170
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0170
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0170
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0170
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0170
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0170
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0170
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0170
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0170
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0170
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0170
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0170
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0170
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0175
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0175
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0175
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0175
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0175
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0175
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0175
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0175
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0175
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0175
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0175
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0175
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0175
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0175
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0175
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0175
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0175
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0175
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0175
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0175
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0180
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0180
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0180
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0180
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0180
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0180
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0180
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0180
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0180
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0180
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0180
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0180
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0180
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0180
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0180
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0180
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0180
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0180
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0180
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0180
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0180
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0185
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0185
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0185
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0185
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0185
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0185
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0185
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0185
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0185
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0185
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0185
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0185
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0185
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0185
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0185
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0185
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0185
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0185
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0185
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0185
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0185
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0185
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0185
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0185
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0185
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0185
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0185
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0185
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0185
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0190
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0190
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0190
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0190
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0190
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0190
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0190
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0190
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0190
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0190
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0190
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0190
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0190
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0190
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0190
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0190
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0190
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0190
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0190
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0190
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0190
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0190
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0190
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0190
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0190
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0190
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0190
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0190
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0190
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0195
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0195
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0195
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0195
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0195
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0195
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0195
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0195
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0195
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0195
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0195
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0195
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0195
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0195
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0195
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0195
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0195
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0195
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0195
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0195
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0195
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0195
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0195
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0200
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0200
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0200
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0200
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0200
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0200
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0200
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0200
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0200
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0200
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0200
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0200
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0200
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0200
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0200
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0200
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0200
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0200
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0200
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0205
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0205
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0205
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0205
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0205
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0205
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0205
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0205
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0205
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0205
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0205
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0205
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0205
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0205
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0205
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0205
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0205
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0205
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0205
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0205
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0210
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0210
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0210
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0210
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0210
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0210
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0210
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0210
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0210
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0210
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0210
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0210
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0210
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0210
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0210
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0210
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0210
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0210
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0210
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0210
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0215
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0215
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0215
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0215
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0215
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0215
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0215
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0215
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0215
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0215
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0215
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0215
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0215
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0215
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0215
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0215
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0215
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0215
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0215
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0215
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0215
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0220
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0220
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0220
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0220
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0220
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0220
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0220
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0220
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0220
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0220
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0220
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0220
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0220
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0220
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0220
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0220
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0220
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0220
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0220
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0220
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0220
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0220
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0220
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0220
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0220
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0220
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0220
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0220
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0225
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0225
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0225
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0225
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0225
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0225
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0225
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0225
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0225
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0225
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0225
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0225
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0225
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0225
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0225
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0225
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0225
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0225
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0225
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0225
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0225
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0225
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0225
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0230
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0230
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0230
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0230
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0230
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0230
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0230
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0230
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0230
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0230
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0230
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0230
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0230
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0230
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0230
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0230
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0235
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0235
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0235
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0235
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0235
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0235
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0235
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0235
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0235
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0235
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0235
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0235
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0235
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0235
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0235
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0235
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0235
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0235
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0235
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0235
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0235
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0235
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0240
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0240
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0240
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0240
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0240
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0240
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0240
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0240
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0240
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0240
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0240
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0240
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0240
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0240
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0240
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0240
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0240
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0240
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0240
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0240
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0240
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0245
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0245
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0245
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0245
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0245
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0245
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0245
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0245
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0245
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0245
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0245
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0245
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0245
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0245
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0245
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0245
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0245
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0245
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0245
http://refhub.elsevier.com/S0167-8809(14)00283-7/sbref0245

	Responses of soil properties, microbial community and crop yields to various rates of nitrogen fertilization in a wheat–ma...
	1 Introduction
	2 Materials and methods
	2.1 Experimental site
	2.2 Experimental design
	2.3 Crop harvest, and plant and soil sampling
	2.4 Soil chemical analyses
	2.5 Soil nitrification potential analysis
	2.6 PLFA determination
	2.7 Calculations
	2.8 Statistical analyses

	3 Results
	3.1 Soil mineral N in 0–100cm depth
	3.2 Soil pH and EC in the 0–20cm depth
	3.3 Soil nitrification potential
	3.4 Microbial community structure based on PLFA analysis
	3.5 Stepwise multiple regression analysis
	3.6 Crop grain yield, N uptake and RENac

	4 Discussion
	4.1 Soil chemical properties
	4.2 Soil nitrification potential and microbial community structure
	4.3 Crop grain yield and N recovery efficiency

	5 Conclusions
	Acknowledgements
	References


