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a  b  s  t  r  a  c  t

The  aim  of  this  work  was  to investigate  the response  of  the  structure,  abundance  and  potential  activity
of  denitrifiers  to contrasting  agricultural  management  in  no-till  production  fields,  across  a  regional  scale
within  the highly  productive  Argentine  northern  Pampas.  Treatment  categories  were  grouped  according
to  the sustainability  of  the soil  management,  in terms  of  crop  rotation,  fertilization,  agrochemicals  use
and  pest  control,  as good  no-till  agricultural  practices  (GAP)  and  poor  no-till  agricultural  practices  (PAP).
Non-cultivated  soils  in each  geographic  location  were  also  evaluated  as  reference  groups.

Mixed  models,  with  sites  treated  as random  factors,  indicated  that  the  potential  denitrification  activity
and  the  size  of the  nirS  community  differed  significantly  between  non-cultivated  and  PAP  soils.  Soil
properties  were  separated  into  dynamic  and  inherent  according  to their  variance  components.  The  former
ustainable agriculture
ollisols and Vertisols

had the  largest  part of  their  variances  explained  by  agricultural  management,  while  the  latter  were  more
affected  by  edaphic–climatic  differences  between  sites.  Both  inherent  and  dynamic  properties  could
explain  the  changes  in  potential  denitrification  activity,  whereas  changes  in  the  abundance  of denitrifiers
were  only  related  to inherent  soil properties.  Results  from  principal  components  analysis  suggested  site-
specific  response  of most  dynamic  soil properties.  Among  the  latter,  only  aggregate  stability  indices  were

poten
strongly  associated  with  

. Introduction

Reduction of tillage, which has been increasingly established
n the last decades, aims to prevent soil erosion, reduce labour
nd machinery use and increase soil carbon sequestration (Pierce
t al., 1994; Kirkegaard and Hunt, 2010). However, reduced soil dis-
urbance does not entail sustainability if it is not accompanied by
ther measures. No-till needs to be coupled with crop rotation for
ffective control of residue-borne pathogens (Bockus and Shroyer,
998), and permanent organic soil cover is required to offset some

egative aspects of no-till farming on soil architecture (Vazquez
t al., 1989; Bonel et al., 2005), which could have detrimental conse-
uences on water infiltration (Pierce et al., 1994; Sasal et al., 2006).

∗ Corresponding author. Tel.: +54 11 4783 2871; fax: +54 11 4786 8578.
E-mail addresses: erijman@dna.uba.ar, erijman@gmail.com (L. Erijman).
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tial  denitrification  activity  after  removing  the  geographical  effect.
© 2013 Elsevier B.V. All rights reserved.

Argentina is an early adopter of no-till management prac-
tices, first for soybean production and later for other crops,
and their application has been growing steadily (Viglizzo et al.,
2011). An estimated 80% of the soybean, corn, sunflower, wheat
and sorghum are grown by this mode of agriculture, covering
at present a total area of about 27 million hectares (source:
Argentine No Till Farmers Association (AAPRESID); http://www.
aapresid.org.ar/wp-content/uploads/2013/02/aapresid.evolucion
superficie sd argentina.1977 a 2011.pdf, last visited august 11,
2013). Regrettably, the widespread use of no-till in the Argentine
Pampas, the central region of agricultural production, has not
been always implemented in conjunction with the other recom-
mendations included in the concept of conservation agriculture,
especially regarding to crop rotation and fertilization (Austin et al.,

2006).

Sustainability of soil resource management practices can be
evaluated using the soil quality concept, defined as the capacity
of a soil to function, i.e. to sustain plant and animal productivity,

dx.doi.org/10.1016/j.apsoil.2013.11.012
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romote plant and animal health and maintain environmental
uality (Karlen et al., 1997). In this context, it is essential to rec-
gnize that soil quality depends on both inherent and dynamic
roperties and processes (Karlen et al., 2001). Inherent charac-
eristics are determined by basic soil forming factors that show
ittle change over time, such as mineralogy, texture and particle
ize distribution (Karlen et al., 2003). On the other hand, dynamic
oil properties refer to soil attributes, such as organic matter, soil
tructure and macroporosity, which can change considerably over
elatively short time periods in response to human use and are
trongly affected by agronomic activities (Carter, 2002). As the
nfluence of land use in soil properties is not independent of soil
ype, topography, vegetation, and climate, and soil attributes are
trongly interrelated (Blanco and Lal, 2008), some soils properties
ay  be both, dynamic and inherent. That is, for instance, the case of

oil organic matter, which is not only related to continuous inputs
f organic material to the soil but also to particle size distribution
Carter, 2002).

Denitrification is an alternative respiration pathway used by
acteria in the absence of oxygen. During denitrification, nitrate is
educed to dinitrogen gas by four reaction steps catalyzed by nitrate
eductase, nitrite reductase, nitric oxide reductase and nitrous
xide reductase (Bothe et al., 2007). The reduction of nitrite to nitric
xide is the key reaction of the denitrifying pathway (Philippot,
002). This reaction is catalyzed by two different types of nitrite
eductases (Nir), a cytochrome cd1 enzyme, encoded by the nirS
ene, or by a Cu-containing enzyme encoded by the nirK gene. These
wo genes, nirK and nirS, are commonly selected as functional mark-
rs to survey denitrifying community diversity and composition in
nvironmental samples, including soils (Throback et al., 2004).

Potential denitrification activity has been widely used to exam-
ne denitrification in soils as a function of environmental conditions
nd management (Qin et al., 2012). Because the ability to denitrify
s widespread among phylogenetically unrelated organisms, it is
onsidered that the denitrifying community structure might serve
s proxies of the soil microbial diversity (Throback et al., 2004;
hilippot and Hallin, 2005; Falcão Salles et al., 2012).

Several studies have improved our understanding of the rela-
ionships between the ecology of denitrifiers and N loss from
groecosystems by analyzing the effect of agricultural practices
n soil denitrifying communities (Philippot et al., 2007), and the
patial distribution of denitrifiers in relation to abiotic parame-
ers and land management (Baudoin et al., 2009; Enwall et al.,
010; Attard et al., 2011). However, most studies are conducted
nder highly contrasting farming practices, such as conventional
ersus no-till farming, within a limited local scale (Baudoin et al.,
009; Attard et al., 2011). The objective of this study was to com-
are the community structure and the abundance of denitrifiers in
roduction agricultural soils on a regional scale. We  investigated
oils with a documented history of different management prac-
ices under no-till, located along an edaphic-climatic gradient in
orthern Argentinean Pampas.

. Materials and methods

.1. Study sites and soil sampling

The sites and managements of soils for this study were selected
etween scientists and farmers participants of the BIOSPAS con-
ortium (www.biospas.org), an interdisciplinary project, whose
ong term goal is to define ecological indicators of sustainability
nder no-till farming (Wall, 2011). Because of the difficulty in

stablishing strict replication of management practices in actual
roduction fields, we have adopted the criteria described by the
rogram of Certification in Good Agricultural Practices of AAPRESID
http://www.aapresid.org.ar/ac/buenas-practicas-agricolas/, last
logy 75 (2014) 172– 180 173

visited August 11, 2013) and the guidelines of Good Agricultural
Practices developed by the Food and Agricultural Organization of
the United Nations (www.fao.org/prods/GAP/index en.htm, last
visited August 11, 2013). Hence, soils from production fields were
selected in accordance to the definition of the following three
treatments (Figuerola et al., 2012): (1) “Good no-till Agricultural
Practice” (GAP): Sustainable agricultural management under no-
till, subjected to crop rotation, and minimum use of agrochemicals
(herbicides, insecticides and fungicides); (2) “Poor no-till Agricul-
tural Practice” (PAP): Non-sustainable agricultural management
under no-till with crop monoculture, low nutrient addition and
high agrochemical use; (3) “Natural Environment” (NE): grasslands
or xerophytic forest situated in an area of approximately 1 ha close
to the cultivated soils (less than 5 km). The type of agricultural
management of the fields under production compared in this
work had been managed under no-till for the previous 6 years
before sampling, with the exception of a single year (2004/2005)
in Bengolea, where the PAP site was  chisel-plowed. Under this
framework, the principal difference between both agricultural
managements was the predominance of soybean in the crops
succession in the PAP and a more balanced proportion of corn,
wheat and soybean in the rotation in the GAP management, which
resulted in higher crop yields. Other agronomic practices that
distinguished GAP soils from PAP soils were the incorporation of
cover crops and the lower amount of herbicides used. Details are
given in Figuerola et al. (2012), including the farming practices,
crop sequences and yields in each production site.

Production soils managed under the indicated contrasting
practices were sampled in 4 locations across a west-east tran-
sect in the northern part of the Argentinean Pampas (Fig. 1):
Bengolea (33◦01′31′′S; 63◦37′53′′W),  Monte Buey (32◦58′14′′S;
62◦27′06′′1W), Pergamino (33◦56′36′′S; 60◦33′57′′W)  and Viale
(31◦52′59.6′′S; 59◦40′07′′W)  (Fig. 1). The annual precipitation
declines to the west (1023 mm to 795 mm;  source: Servicio
Meterológico Nacional (SMN), http://www.smn.gov.ar, retrieved
November 2012) and the temperature falls with the same trend
(mean annual temperature 18.0 ◦C to 16.3 ◦C; source: SMN,
http://www.smn.gov.ar, retrieved November 2012). Precipitation
varies with season; rainfall is concentrated during spring and sum-
mer  periods.

The soil in Bengolea is a sandy loam Entic Haplustoll located in
the Piedmont Pampa, where the moisture regime is mostly ustic
and where fluviatile sands and silts are found together with the
loessial sediments. The soil in Monte Buey is in a flat area in the
limit between the Piedmont Pampa and the Rolling Pampa; it is a
silty loam Typic Argiudoll with a moderately developed illuvial Bt
horizon and an increased proportion of the silt fraction. The soil
in Pergamino is a silty loam Typic Argiudoll with a well developed
Bt horizon, representative of the Rolling Pampa; the precipitation
is slightly higher than in the previous location, the drainage net-
work is well defined and the relief is gently undulating (slopes of
about 2% and up to 5%). The soil in Viale is a silty clay loam Haplud-
ert; the precipitation is the highest in the transect, the landscape
is also gently undulating and the drainage system is well devel-
oped. The clay mineralogy of the soil surface horizons of Bengolea,
Monte Buey and Pergamino is rather similar, consisting of 2:1 clays,
mainly illites with a small proportion of irregular interstratified
illite-smectite minerals, and traces of kaolinite. Contrarily, the soil
in Viale is characterized by a considerable proportion of smectite
together with lower proportions of the previously mentioned clay
minerals (Kraemer et al., 2012).

Field measurements and soil sampling were carried out in win-

ter 2011. Samples were taken as triplicate for each treatment-site in
three 5 m2 sampling points separated at least 50 m from each other,
taking care not to follow the sowing line in the field. Each sample
of the top 10 cm of mineral soil was collected as a composite of

http://www.biospas.org/
http://www.aapresid.org.ar/ac/buenas-practicas-agricolas/
http://www.fao.org/prods/GAP/index_en.htm
http://www.smn.gov.ar/
http://http//www.smn.gov.ar


174 S.M. Rosa et al. / Applied Soil Ecology 75 (2014) 172– 180

thern

2
n
3
r
D

2

(
S
d
S
a

T

w
(

m
1
u
k
S
u
9
1
b
i
fi
t
v
w
l
u
m
p
1
)
(
a
t
a
t
a
a
c

Fig. 1. Localization of sampling sites located across in the nor

5–35 randomly selected subsamples. Soil samples were homoge-
ized in the field and transported to the laboratory at 4 ◦C. Within

 days after collection, samples were sieved through 2 mm mesh to
emove roots and plant detritus. Soils were stored at −20 ◦C until
NA extraction.

.2. Soil physical and chemical characterization

Soil bulk density (BD) was determined by the core method
Blake and Hartge, 1986a) using 138.5 cm3 volume cores (n = 9).
oil penetration resistance (PR) from 0.0 to 0.10 m depth was
etermined (n = 10) using a static digital penetrometer (Fieldscout
C-900®) with 30◦ tip angle. Total soil porosity (TP) was  calculated
ccording Danielson and Sutherland (1986) as follows:

P (%) = 100 × (1 − BD/PD)

here PD means particle density (Mg  m−3) and BD is bulk density
Mg  m−3).

Particle density was measured in all combination (treat-
ent/sites) according the picnometer method (Blake and Hartge,

986b). Aggregate density (AggD) and Aggregate specific vol-
me  (AggV) were measured in 3–5 mm diameter aggregates with
erosene as non polar liquid with the methodology described by
tengel (1979). The soil water retention curve was measured in
ndisturbed soil samples (cores: at matric suctions of 10, 30, 60,
0, 330, 2.000 and 15,000 cm)  in a pressure plate apparatus (Klute,
986). Plant available water (PAW) was considered as the difference
etween field capacity (330 cm)  and wilting point (15,000 cm), eas-

ly available water (EAW) was considered as the difference between
eld capacity and 2.000 cm.  Air capacity (AC) was determined by
he difference between water saturation and 60 cm suction. The
an Genuchten–Mualem (VG–M) model was fitted with the soil
ater retention curve data using RETC program in order to calcu-

ate Dexter’s index of soil physical quality (S) (Dexter, 2004). Three
ndisturbed samples were taken from the first 0.20 m to deter-
ine their aggregate stability index (AS) according to the three

retreaments proposed by Le Bissonnais method (Le Bissonnais,
996) (AS1—fast wetting-; AS2—stir wetting-; AS3—slow wetting-
. Soil temperature at 5 cm depth was measured with a pirometer
Rapitemp Soft 4) and was later corrected by comparison with the
ir temperature along the measurement period (Soil-Air tempera-
ure). The following parameters were determined in the crushed
nd 2 mm sieved soil samples: pH (1:2.5 soil:water) by poten-

iometry, organic carbon (OC) by dry combustion method using

 LECO CR12 19 equipment, and electric conductivity (EC) with
 conductimeter. Exchangeable (Exch) ions and cation exchange
apacity (CEC) were determined by the ammonium acetate 1 N
 part of the Argentinean Pampas (see text for further details).

method. Exch Na+ and K+ were measured by means of flame pho-
tometry, whereas Exch Mg2+ and Ca2+ were measured by atomic
absorption spectrometry. Particle size distribution was  measured
by means of the Robinson’s pipette method for the clay and silt
fractions and by sieving for the sand fractions (Soil Conservation
Service, 1972). Total Nitrogen (TN) was measured by the Kjeldahl
method (Bremner, 1996). NO3

− and NH4
+ were extracted according

Wheatley et al. (2001) , incubating 5 g of soil with 20 ml  1 M KCl in
Erlenmeyer flasks at 250 rpm for 1 h. After centrifuging (4000 rpm
for 30 min), supernatants were filtered. NH4

+–N and NO3
−–N were

determined spectrophotometrically using the indophenol method
and by reduction by vanadium(III) followed by Griess reaction
(Miranda et al., 2001), respectively.

2.3. Potential denitrification rates

Denitrification enzyme activity, i.e., potential denitrification
(PD), was  measured in duplicate using the acetylene inhibition
technique described by Patra et al. (2005). Shortly, fresh soil (10 g)
was placed into 150 ml  erlenmeyer flasks sealed with rubber stop-
pers, whose atmosphere was evacuated and replaced by a 90:10
He:C2H2 mixture. Substrate solution (10 ml)  was added to reach a
final concentration of 1 mM glucose and 1 mM KNO3. The soil slur-
ries were incubated on a rotary shaker at 25 ◦C and 120 rpm. Gas
samples (0.5 ml)  were taken at 1–6 h and analyzed immediately
for N2O using a gas chromatograph (Agilent Technologies 6890N)
equipped with an HP-Plot Molesieve column and a 63Ni electron
capture detector (Agilent Network GC System (�ECD)). Potential
denitrification was expressed as �g N2O–N h−1 g−1 dry soil.

2.4. Denitrifying community structure and size

Total DNA was extracted from a 0.5 g of each soil sample by
use of Fast-DNA spin kit for soil extraction kit (MPbio), following
the manufacturer’s instructions. In order to reduce the presence
of humic substances that inhibited the subsequent PCR reaction,
an additional purification step was  performed on the DNA sam-
ple using polyvinyl polypyrrolidone (PVPP) (Carter and Gregorich,
2008)

The size of denitrifying community was estimated by quantita-
tive PCR (qPCR) of nirK and nirS using the primer combinations
nirK876/nirK1040 and nirSCd3aFm/nirSR3cdm, and the thermal
conditions described by Hallin et al. (2009). Quantification was

based on the increasing fluorescence intensity of the SYBR Green
dye during amplification. The qPCR assays were carried out in trip-
licate in 20 �l reaction volume, containing the SYBR green PCR
Master Mix  (Applied Biosystems), 1 �M of each primer, 0.4 �g �l−1
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Table 1
Regression coefficients, standard error (SE) and contrasts of the mixed linear models
(MLM) for potential denitrification (PD), nirK and nirS gene copy number.

Regression coefficient SE Contrasts

Log (PD) NE 1.206 0.122 a
GAP 1.019 0.122 a
PAP 0.678 0.122 b

Log (nirK) NE 7.459 0.086 a
GAP 7.350 0.086 a
PAP 7.394 0.086 a

Log (nirS) NE 5.868 0.102 a
GAP 5.947 0.102 a,b
PAP 6.121 0.102 b

Identical letters indicates non-significant differences (P < 0.05). The models were
S.M. Rosa et al. / Applied S

f BSA and 10 ng of soil DNA. Standard curves were obtained using
erial dilutions of purified PCR products amplified under the same
onditions.

The structures of denitrifying communities were characterized
y DGGE analysis of nirK and nirS as described by Throback et al.
2004), with modifications. Equal amounts of DNA extracts from
he three subsamples of each site/treatment were pooled resulting
n a total of 12 DNA samples. PCR amplification was performed in a
olume of 50 �l containing 5 �l of 10X PCR buffer, 1.5 mM MgCl2,
0 �M of each deoxynucleotide triphosphate, 1 �M of each primer,
.4 �g �l−1 of BSA, 0.75 U of Platinum® Taq DNA Polymerase (Invi-
rogen) and 20 ng of soil DNA. The nirK fragments (ca. 500 bp) were
mplified using nirK1F and GCR3Cu primers with an initial dena-
uration of the DNA at 94 ◦C for 5 min, followed by 35 cycles of
5 s at 94 ◦C, 45 s at 58 ◦C and 1 min  at 72 ◦C, plus a final elon-
ation step at 72 ◦C for 10 min. For nirS, a semi-nested PCR was
arried out. In this case, the number of cycles and annealing tem-
erature were adjusted to avoid unspecific amplification: 35 cycles
nd 57 ◦C in the first reaction, using primers nirSCd3aF/nirSR3cdm,
nd 20 cycles and 58 ◦C in the second reaction, using primers
irSCd3aF/GCR3Cd. As in some samples a non-specific amplicon
ersisted, the fragment of the expected size of 500 bp obtained in
he first PCR was loaded into an agarose gel, eluted in 50 �l of dis-
illed water, and used as substrate for the second PCR. DGGE was
erformed in 7% (wt/v) acrylamide gels containing a linear gradient
anging from 55% to 70% denaturant (100% denaturant was  defined
s 7 M urea and 40% (vol/vol) formamide). The gels were run in
X TAE at 105 V and 60 ◦C for 17 h. Migration patterns were visu-
lized by staining with 1: 10,000 SYBR Gold for 40 min  followed
y UV transillumination in a G:BOX Chemi HR16 (Syngene). These
nalyses were repeated in three independent experiments for each
ene.

.5. Data analysis and statistical tests

Mixed models were constructed to study the effect of treatments
sustainable or unsustainable agricultural practice, or undisturbed
oil) on biological variables (Zuur et al., 2009). A reduction strat-
gy was applied whenever possible to build compact models:
e started with complete models and in a step-wise fashion
on-informative factors and interactions were removed. All sta-
istical analyses were performed using the R statistical software (R
evelopment Core Team, 2011). The four sites were considered as

 random sample of possible sites, and in some models the ran-
om structure included the treatments nested within sites. Linear
ixed model were built and analyzed with the nlme library of R

Zuur et al., 2009). Biological data (PD, nirS and nirK copy number
alues) were log transformed to achieve normal distribution.

In order to analyze matrices obtained from DGGE fingerprints,
luster analysis of nirS and nirK banding profiles were performed
ith Ward’ minimum variance algorithm. The bootstrap val-
es (approximately unbiased p-values) were obtained from 1000
esamplings with the pvclust library of R (Suzuki and Shimodaira,
006).

Relationships between PD, nirS and nirK copy number and
hysicochemical variables were analysed by both Pearson correla-
ions and mixed models (using treatments as fixed effect and sites
s random effect representing the nested structure of the experi-
ental design, as explained above); the P-values were corrected for
ultiple inference using Holm’s method. The degree of association

etween the genetic structure of the denitrifying community and
otential denitrification was tested by quantifying the correlation

etween the rank similarity matrices obtained for genetic structure
nd activity, using Spearman correlation coefficient and associated
ignificance level by a permutation test with 5000 permutations
Clarke and Ainsworth, 1993). A variance components analysis was
built based on log-transformed values of PD, nirK and nirS gene copy number, using
treatments as fixed effect (NE, Natural Environment; GAP, Good no-till Agricultural
Practice; PAP, Poor no-till Agricultural Practice) and sites as random effect.

used to determine the variance proportions attributable to treat-
ments and sites in soil properties as a proxy to discriminate the
dynamic and inherent behaviour of each soil feature.

3. Results

3.1. Effect of agricultural management on the potential activity,
the size and the structure of denitrifier communities

Potential denitrification (PD) rates exhibited large variations,
and ranged from 0.14 to 113.36 �g N2O–N h−1 g−1 dry soil, depend-
ing on the location and the agricultural management (Table S1).
There was a strong site effect on PD, with differences spanning
more than one order of magnitude between the values registered
in Bengolea and the rest of the locations. Given that the influence
of edaphic-climatic gradient on denitrifiers is not a central theme
of this work, a detailed analysis of these responses is not reported.
Yet different locations provide the context for analyzing the effects
of agricultural practices at a regional scale, and thus the four sites
were treated in mixed models as random factors (Table 1). Soils
subjected to poor no-till agricultural practices (PAP) had signifi-
cantly lower PD values than the same soils under GAP treatment
(P = 0.009) and NE control (P < 0.001), whereas no significant differ-
ences were found between the two latter groups (Table 1).

Concerning the size of denitrifier communities, estimated by
qPCR of nirK and nirS gene copies, copies of nirK per gram of soil
(1.6 × 107 to 4.9 × 107) were at least one order of magnitude more
abundant than nirS (1.2 × 105 to 6.2 × 106) (Table S1). For both
genes, Viale and Pergamino had higher copy numbers than Ben-
golea and Monte Buey (Table S1). Agricultural management did not
have a significant effect on the size of nirK community (Table 1).
In contrast, the abundance of nirS in NE was significantly lower
than the abundance of nirS in PAP (P = 0.020), but comparable to
the abundance of nirS in GAP, whereas no statistical differences
were detected between GAP and PAP (Table 1).

Differences in denitrifier community structure were analyzed
by DGGE (Fig. S1). Clustering analysis indicated a clear separation
based on geographic location for the nirS community structure.
Interestingly nirS banding patterns of agricultural soils under good
no-till practices were more closely related to natural environments
than to agricultural soils under poor no-till practices in three of the
four locations (Fig. 2), a grouping supported by high bootstrap val-
ues. In opposition, the highly variable fingerprints did not enable to
find any association between nirK community structure and geo-
graphical position or agricultural managements (Fig. S2).
Potential denitrification activity was  significantly correlated
with both nirS abundance (Pearson coefficient = 0.764, P < 0.001),
and nirK abundance (Pearson coefficient = 0.547, P < 0.001). How-
ever, a graphical inspection of the relationship between PD and
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irS copy revealed that the correlation was forced by a site-specific
ffect (Fig. S3). Accordingly, the association between PD and nirS
bundance (as well as nirK abundance) was no longer significant
fter it was analyzed using mixed models, which took into account
he nested structure determined by sites (P = 0.909 and P = 0.343).

When evaluating the correlation between dissimilarity matrices
rom DGGE fingerprintings and denitrification potential by Mantel
ests, only the nirS community structure exhibited an association,
lbeit weak, with potential denitrification activity (P = 0.050).

.2. Relationship between denitrifier community changes and soil
roperties

The main physical and chemical properties of soils are
ummarized in Table S2. In order to determine which soil char-
cteristics could explain the changes in denitrifier communities,
n exploratory analysis was initially performed using all data sets.
ext, soil parameters that did not vary significantly with manage-
ent or site were discarded. Finally, in order to obtain a proxy for

iscriminating between the dynamic and inherent nature of each
f the remaining 25 soil properties, we used a variance components

nalysis to determine the contribution of land management and site
o the total variation. Table 2 shows that a higher percentage of the
ariance of seven soil properties was largely explained by agricul-
ural practices, and to a lesser extent by soil geographical location.
ology 75 (2014) 172– 180

These properties, referred hereafter as dynamic, are mostly related
to soil structure, including three measurements of soil stability
(AS1, AS2 and AS3), total porosity (TP), bulk density (BD), and an
index of soil physical quality (S). Exchangeable Potassium level
(Exch K+), which had similar values in all sites, was also included
in this category due to the differences between non-cultivated and
agricultural soils found in Monte Buey and Pergamino (Table S2).
Soil organic carbon (OC) and total nitrogen (TN) were highly influ-
enced by geographical location, and hence classified as inherent
(Table 2). Nevertheless both properties were also influenced by
treatments, showing higher values in GAP than PAP fields at the
four sites (Table S2).

Potential denitrification activity was significantly correlated
with several inherent soil properties (Table 2). PD also corre-
lated with two  dynamic properties, the aggregate stability indices
AS1 and AS3. On the other hand, nirS and nirK abundance were
almost exclusively related to those properties considered inher-
ent (Table 2). Whereas nirS abundance was related with several
inherent soil features (sand, clay, cation exchange capacity, aggre-
gate density, aggregate specific volume and exchangeable Na+

and Ca2+ contents), nirK only showed significant associations with
exchangeable Ca2+ and sand content. Again, when the treatments
in the mixed models were nested within sites to eliminate the
associations forced by geographical locations, the correlations that
remained significant were those between potential denitrifica-
tion and soil stability indices, soil organic carbon and nitrogen,
exchangeable potassium content, electrical conductivity and sand
content (Table 2). Unexpectedly, the latter correlated significantly
with nirS abundance as well (Table 2).

Principal components analysis of the dynamic soil parameters,
organic carbon and potential denitrification showed that differ-
ences in agricultural management were captured largely by the
first axis, which accounted for 41.2% of all variability between sam-
ples (Fig. 3). However, different variables influenced the separation
of agricultural management within sites, suggesting a site-specific
response of dynamic soil properties. For instance, separation of
samples subjected to different management in Viale soils are
mostly influenced by porosity, whereas in Pergamino different
agricultural practices are separated along a gradient of aggregate
stability indices (AS1 and AS3). Remarkably, a measurement of soil
stability (AS2) was  the soil feature most strongly associated with
potential denitrification.

4. Discussion

Key factors controlling denitrification in soil, such as pH, organic
carbon, nitrate, and nitrite availability, soil moisture, porosity,
aeration, temperature and drying–wetting events, are influenced
not only by soil inherent characteristics and climatic conditions,
but also by land use (Philippot et al., 2007). The aim of this
work was  to investigate the response of denitrifying communi-
ties to the changes in soil properties exerted by no-till agricultural
management, i.e. dynamic soil properties, across an ecological gra-
dient. We  were able to find strong relationships between potential
denitrification activity and selected parameters of soil structure,
particularly soil stability, in actual commercial farms located at
distances exceeding 400 km.  Understandably, because of the dif-
ference in soil types along the gradient, inherent properties had
significant effects on the denitrification potential and on the abun-
dance of denitrifier communities as well.
4.1. Influence of inherent soil characteristics on denitrifiers

Shifts in microbial community composition across a given land-
scape may  be more influenced by soil inherent properties than
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Table  2
Soil properties ordered by decreasing contribution of land management (treatment) to their variance (a), and their relationship with potential denitrification rates (PD), nirK
and  nirS gene copy number, evaluated by multiple correlations (b) or mixed linear models (c).

Soil property (a) Variance Comp (%) (b) Correlations coefficients (c) MLM  coefficients

Site Treatment Residual nirK nirS PD nirK nirS PD

AS1 15.7 65.7 18.6 0.33 −0.04 0.65*** 0.07 −0.11 0.32**
BD  10.3 64.7 25.0 −0.24 −0.09 −0.33 −0.47 0.20 −0.42
AS3  24.4 56.3 19.3 0.29 −0.03 0.65*** 0.07 −0.06 0.33***
Exch  K+ 26.9 51.8 21.3 −0.36 −0.52* −0.15 −0.01 −0.08 0.46**
AS2  41.1 42.0 17.0 0.23 −0.15 0.41 0.07 −0.08 0.43***
TP  28.7 35.3 35.9 0.16 −0.01 0.21 0.01 −0.01 0.03
S  14.5 28.3 57.3 −0.32 −0.43 −0.14 −1.88 −1.55 6.57

OC  63.2 15.7 21.2 0.48 0.37 0.81*** 0.09 −0.09 0.35***
TN  56.3 14.6 29.2 0.47 0.26 0.74*** 1.16 −1.35 3.78**
EC  65.6 14.4 20.0 0.22 0.51* 0.68*** 0.06 0.08 1.94***
PAW  43.1 8.6 48.2 0.17 −0.14 −0.21 0.31 −1.88 0.33
PR  76.1 7.4 16.6 −0.56** −0.51* −0.60** −0.01 0.01 −0.01
Exch  Mg2+ 78.7 6.2 15.2 0.35 0.51* 0.66*** 0.04 −0.07 0.10
Exch  Ca2+ 64.3 6.0 29.8 0.51* 0.70*** 0.51* 0.02 0.01 −0.01
CEC  91.6 5.0 3.4 0.38 0.69*** 0.72*** 0.01 0.01 0.05
AggV 85.3 2.2 12.6 −0.35 −0.74*** −0.52* 0.11 −3.20 0.88
AggD 85.3 1.8 12.9 0.35 0.75*** 0.51* 0.02 1.40 −0.35
AC  42.8 0.8 56.5 −0.07 −0.26 0.12 0.01 −0.01 0.03
Clay  (<2 �m)  95.6 0.6 3.8 0.48 0.79*** 0.66*** 0.01 0.03 0.03
Silt  (2–50 �m)  96.5 0.6 3.0 0.37 0.34 0.48* 0.01 0.01 −0.01
Sand  (>50 �m) 99.8 0.0 0.2 −0.50* −0.66*** −0.68*** −0.01 0.02*** −0.04***
Exch  Na+ 74.5 0.0 25.5 0.19 0.53* 0.40 −0.18 0.15 0.30
ESP  90.5 0.0 9.5 −0.15 −0.21 −0.36 −0.04 0.03 −0.06
EAW  66.7 0.0 33.4 0.27 −0.07 −0.03 −0.03 −0.42 −0.93
BS  33.3 0.0 66.7 0.05 −0.11 −0.51* 0.01 0.01 −0.02

Dashed line indicates limit between soil properties termed dynamic (above) and inherent (below), defined in base of which factor explained mainly their variances (higher
variance  percentage attributable to treatments for those classified as dynamic properties and higher variance percentage attributable to sites for those classified as inherent
properties. Aggregate Stability 1—Fast wetting—(AS1), Bulk Density (BD), Aggregate Stability 3—Slow Wetting—(AS3), Exchangeable K+ (Exch K+), Aggregate Stability 2—Stir
wetting—(AS2), Total Porosity (TP), S—Dexter (S), Organic Carbon (OC), Total Nitrogen (TN), Electrical conductivity (EC), Plant Available Water (330–15,000 cm) (PAW),
Penetration Resistance (PR), Exchangeable Mg2+ (Exch Mg2+), Exchangeable Ca2+(Exch Ca2+

Density (AggD), Air Capacity (AC), Clay, Silt, Sand, Exchangeable Na+ (Exch Na+), Exchang
Saturation (BS). Asterisks represent P values (*P  < 0.05, **P < 0.01, ***P < 0.001).

Fig. 3. Principal component analysis (PCA) of dynamic soil parameters. Organic
carbon (OC), potential denitrification (PD), bulk density (BD), total porosity (TP),
Dexter’s index of soil physical quality (SDexter), exchangeable K+ (Exch K+), struc-
tural stability indices (AS1—fast wetting-; AS2—stir wetting-; AS3—slow wetting-).
Amount of variability explained by each axis is presented in parenthesis. Geometric
shapes indicate sites (Bengolea, diamond; Monte Buey, circle; Pergamino, triangle;
Viale, square) and colours indicate agricultural treatments (NE, green; GAP, blue;
PAP, red). (For interpretation of the references to color in this figure legend, the
reader is referred to the web  version of this article.)
), Cation Exchangeable Capacity (CEC), Aggregate Specific Volume (AggV), Aggregate
eable Sodium Percentage (ESP)Easily Available Water (330–2000 cm) (EAW), Base

by land-use (Lauber et al., 2008). Our results indicated that sev-
eral inherent soil features that influence the development of
soil aggregation, such as texture, cation exchange capacity and
exchangeable Ca2+ (Bronick and Lal, 2005) exhibited a tight rela-
tionship with the variations of both denitrification potential and
abundance of denitrifiers along the ecological gradient. This is a
likely consequence of denitrification occurring within the anaer-
obic microsites (Parkin, 1987) at the interior of soil aggregates.
Accordingly, the soil from Viale, which contained the highest values
of clay, cation exchange capacity and exchangeable Ca2+ displayed
higher potential denitrification rates, whereas the lowest values
of PD were observed in Bengolea soil. Soils from Pergamino and
Monte Buey, having a more balanced texture and intermediate
exchangeable Ca2+ values, expressed intermediate denitrification
potentials. The significant associations of sand content with poten-
tial denitrification, and also with nirS abundance, persisted even
after modelling the nested structure determined by multiple sites.
These results are consistent with a previous case, in which deni-
trification rates were higher in poorly-drained clay loam forest
soils, than in well-drained sandy soils (Groffman and Tiedje,
1989).

4.2. Influence of dynamic soil properties on denitrification
potential

Potential denitrification activity has been widely used to exam-
ine the effect of environmental conditions and management on
soils (Qin et al., 2012). Our results agree with previous findings

showing that PD is lower in crop soils than in grasslands (Bijay et al.,
1989; Lensi et al., 1995), and also support the idea that conserva-
tive land-use practices tend to increase the potential denitrification
activity (Baudoin et al., 2009; Attard et al., 2011).
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It has recently been suggested that changes in potential deni-
rification activity are driven by soil environmental conditions
ather than by denitrifier abundance or diversity (Attard et al.,
011). Among a wide variety of chemical and physical soil param-
ters, we have found that soil structural properties are the most
ffected by unsustainable agricultural management. In particu-
ar, the three aggregate stability indices evaluated here presented
he most significant associations with PD. Aggregate stability is
nvolved in maintaining important ecosystem functions in soil
ncluding organic carbon accumulation, infiltration capacity, move-

ent and storage of water, and root and microbial community
ctivity (Allen et al., 2011), and has been proposed as a main
ndicator of soil quality (Arshad and Coen, 1992) regarding dif-
erent managements (Orellana and Pilatti, 1984; Lacerda et al.,
005). A more structured soil favours bacterial survival by offering
hem a higher diversity of physical habitats (Chenu and Cosentino,
011).

Organic carbon and total nitrogen availability are critical
ttributes of soil health that drive the majority of the soil func-
ions (Allen et al., 2011). Correspondingly, organic carbon has been
ighlighted as one of the most important factors affecting poten-
ial denitrification in soils (Beauchamp et al., 1989; Attard et al.,
011). The dependence of organic carbon and total nitrogen on
oth inherent and dynamic soil properties, and the significant cor-
elation of these two parameters with the denitrification potential
atified here, exemplify the strong linkage among heterotrophic
icroorganisms activity, carbon input and soil structure, whose

nteractions are key to implement favourable management prac-
ices (Chenu and Cosentino, 2011).

Unexpectedly, agricultural management influenced potassium
evels in two of the four sites examined. Although this property is
ot commonly used as a basic indicator for assessing soil quality,
he rapid depletion of K+ in soil is a well-known problem, which

ay  become a constraint for crop production (Cakmak, 2010).
ignificant relationships between PD and electrical conductivity
nd potassium levels have not been reported previously, although
dviento-Borbe et al. (2006) did find direct effects of electrical
onductivity on microbial respiration and N2O emissions in soils
nder intensive cropping. Electrical conductivity is a measurement
f salt concentration, which can reveal trends in salinity, crop per-
ormance, nutrient cycling and biological activity (Arnold et al.,
005). Understanding the influence of salt concentration on the
ctivity of denitrifying needs more experimental evidence as soil
roperties are interdependent and do not respond independently
o management changes (Blanco and Lal, 2008).

.3. Relationship between the potential denitrification,
bundance and structure of the denitrifying community

Denitrifying bacteria may  serve as model systems for under-
tanding the relationship between community structure and
ctivity (Philippot and Hallin, 2005). Yet whereas some studies
howed that in agroecosystems denitrification enzyme activity was
orrelated with the size (Hallin et al., 2009; Philippot et al.,  2009;
ttard et al., 2011) and the structure (Wertz et al., 2009) of denitri-

ying communities, in other cases potential denitrification activity
as uncoupled from community composition (Dandie et al.,  2008,

011; Henderson et al., 2010). We  have found that only the den-
trifier communities harbouring the nirS gene, but not nirK gene,
orrelated with PD, a finding similar to the one observed in a pre-
ious study (Enwall et al., 2010).

Although not a universal occurrence (Hallin et al., 2009; Enwall

t al., 2010; Attard et al., 2011), the dominance of nirK denitrifiers
ver nirS denitrifiers found in these soils appears to be a common
eature of agroecosystems (Dandie et al., 2008, 2011; Yoshida et al.,
010; Baudoin et al., 2009; Pastorelli et al., 2011). Nonetheless, the
ology 75 (2014) 172– 180

response of denitrifier communities to agricultural management
reported in the literature varied greatly, ranging from the absence
of change (Hallin et al., 2009) to a differential change in the size of
nirK, but not nirS communities (Yoshida et al., 2010; Attard et al.,
2011). We do not think that the lack of association between nirK
gene copy and most of the variables analyzed here, including soil
properties, agricultural practices and potential denitrifying activity
denotes a lack of response to perturbations. Rather, it seems to be
related with the high variability of nirK denitrifiers between and
within geographical locations. Since denitrifying bacteria possess
either NirS or NirK, but not both enzymes (Glockner et al., 1993),
the different distribution of the nirS and nirK gene abundance, sug-
gests habitat selection on the nirS and nirK denitrifiers (Enwall et al.,
2010). Interestingly, niche differentiation between denitrifiers can
be inferred in this study from the fact that nirS community size and
structure changed according to agricultural management but this
effect was not apparent for nirK community. Based on the results
presented here, it would be interesting to see whether changes
in the smaller and less variable nirS community could be a more
tractable marker at the regional scale.

4.4. Conclusions

The structure of denitrifying bacterial communities and the
denitrification potential exhibited strong site effects along an
edaphic-climatic gradient of the northern Argentinean Pampas.
Mixed models were used to determine the effect of agricultural
management on the potential of denitrification and on the abun-
dance and structure of the denitrifier community structure across
such gradient. In general, PD values of agricultural soils managed
under good no-till practices were closer to those from natural envi-
ronments than to agricultural soils under poor no-till practices, an
observation that also applied to the structure and abundance of
nirS communities. We  found that both inherent and dynamic prop-
erties could explain the changes in potential denitrification activity,
whereas changes in the abundance of denitrifiers were only related
to inherent soil properties. After removing the geographical effect,
the dynamic property most strongly associated with potential deni-
trification was  an index of soil structural stability.
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ustin, A.T., Piñeiro, G., Gonzalez-Polo, M.,  Martinelli, L.A., Howarth, R.W., 2006.
More is less: agricultural impacts on the N cycle in Argentina. Biogeochemistry
79,  45–60.

audoin, E., Philippot, L., Cheneby, D., Chapuis-Lardy, L., Fromin, N., Bru, D., Rabary,
B., Brauman, A., 2009. Direct seeding mulch-based cropping increases both the
activity and the abundance of denitrifier communities in a tropical soil. Soil Biol.
Biochem. 41, 1703–1709.

eauchamp, E.G., Trevors, J.T., Paul, J.W., 1989. Carbon sources for bacterial denitri-
fication. Adv. Soil Sci. 10, 113–142.

ijay, S., Ryden, J.C., Whitehead, D.C., 1989. Denitrification potential and actual rates
of  denitrification in soils under long-term grassland and arable cropping. Soil
Biol. Biochem. 21, 897–901.

lake, G.R., Hartge, K.H., 1986a. Bulk density. In: Klute, A. (Ed.), Methods of Soil Anal-
ysis, Part 1. Physical and Minerological Methods. American Society of Agronomy,
Madison, pp. 363–376.

lake, G.R., Hartge, K.H., 1986b. Particle density. In: Klute, A. (Ed.), Methods of Soil
Analysis, Part 1. Physical and Minerological Methods. Agronomy Monograph No.
9. American Society of Agronomy, Madison, pp. 377–382.

lanco, H., Lal, R., 2008. Principles of Soil Conservation and Management, first ed.
Springer, New York.

ockus, W.W.,  Shroyer, J.P., 1998. The impact of reduced tillage on soilborne plant
pathogens. Annu. Rev. Phytopathol. 36, 485–500.

onel, B.A., Morrás, H.J.M., Bisaro, V., 2005. Modificaciones de la microestructura
y  la materia orgánica en un Argiudol bajo distintas condiciones de cultivo y
conservación. Cienc. Suelo 23, 1–12.

othe, H., Fergurson, S.J., Newton, W.E., 2007. Biology or the Nitrogen Cycle, first ed.
Elsevier, Amsterdam.

remner, J.M., 1996. Nitrogen—total. In: Sparks, D.L., Page, A.L., Helmke, P.A., Loep-
pert, R.H., Soltanpour, P.N., Tabatabai, M.A., Johnston, C.T., Sumner, M.E. (Eds.),
Book Methods of Soil Analysis. Part 3—Chemical Methods. Soil Science Society
of  America–American Society of Agronomy, Madison, pp. 1085–1121.

ronick, C.J., Lal, R., 2005. Soil structure and management: a review. Geoderma 124,
3–22.

akmak, I., 2010. Potassium for better crop production and quality. Plant Soil 335,
1–2.

arter, M.R., 2002. Soil quality for sustainable land management. Agron. J. 94, 38–47.
arter, M.R., Gregorich, E.G., 2008. Soil Sampling and Methods of Analysis, second

ed. Canadian Society of Soil Science, Boca Ratón.
henu, C., Cosentino, D., 2011. Microbial regulation of soil structural dynamics. In:

Ritz, K., Young, I. (Eds.), The Architecture and Biology of Soils: Life in Inner Space.
CABI Publishing, Cambridge, pp. 37–70.

larke, K.R., Ainsworth, M.,  1993. A method of linking multivariate community struc-
ture to environmental variables. Mar. Ecol. Prog. Ser. 92, 205–219.

andie, C.E., Burton, D.L., Zebarth, B.J., Henderson, S.L., Trevors, J.T., Goyer, C., 2008.
Changes in bacterial denitrifier community abundance over time in an agri-
cultural field and their relationship with denitrification activity. Appl. Environ.
Microbiol. 74, 5997–6005.

andie, C.E., Wertz, S., Leclair, C.L., Goyer, C., Burton, D.L., Patten, C.L., Zebarth, B.J.,
Trevors, J.T., 2011. Abundance, diversity and functional gene expression of deni-
trifier communities in adjacent riparian and agricultural zones. FEMS Microbiol.
Ecol. 77, 69–82.

anielson, R.E., Sutherland, P.L., 1986. Porosity. In: Klute, A. (Ed.), Methods of Soil
Analysis, Part 1. Physical and Minerological Methods. American Society of Agron-
omy, Madison, pp. 443–461.

exter, A.R., 2004. Soil physical quality. Part I. Theory, effects of soil texture, density
and organic matter, and effects on root growth. Geoderma 120, 201–214.

nwall, K., Throback, I.N., Stenberg, M.,  Soderstrom, M.,  Hallin, S., 2010. Soil resources
influence spatial patterns of denitrifying communities at scales compatible with
land management. Appl. Environ. Microbiol. 76, 2243–2250.

alcão Salles, J., Le Roux, X., Poly, F., 2012. Relating phylogenetic and functional diver-
sity  among denitrifiers and quantifying their capacity to predict community
functioning. Front. Microbiol. 3, 209.

iguerola, E.L., Guerrero, L.D., Rosa, S.M., Simonetti, L., Duval, M.E., Galantini, J.A.,
Bedano, J.C., Wall, L.G., Erijman, L., 2012. Bacterial indicator of agricultural man-
agement for soil under no-till crop production. PLoS One 7, e51075.

lockner, A.B., Jungst, A., Zumft, W.G., 1993. Copper-containing nitrite reductase
from Pseudomonas aureofaciens is functional in a mutationally cytochrome
cd1-free background (NirS-) of Pseudomonas stutzeri. Arch. Microbiol. 160,
18–26.

roffman, P.M., Tiedje, J.M., 1989. Denitrification in north temperate forest soils:

relationships between denitrification and environmental factors at the land-
scape scale. Soil Biol. Biochem. 21, 621–626.

allin, S., Jones, C.M., Schloter, M.,  Philippot, L., 2009. Relationship between N-
cycling communities and ecosystem functioning in a 50-year-old fertilization
experiment. ISME J. 3, 597–605.
logy 75 (2014) 172– 180 179

Henderson, S.L., Dandie, C.E., Patten, C.L., Zebarth, B.J., Burton, D.L., Trevors,
J.T., Goyer, C., 2010. Changes in denitrifier abundance, denitrification gene
mRNA levels, nitrous oxide emissions, and denitrification in anoxic soil micro-
cosms amended with glucose and plant residues. Appl. Environ. Microbiol. 76,
2155–2164.

Karlen, D.L., Andrews, S.S., Doran, J.W., 2001. Soil quality: current concepts and
applications. Adv. Agron. 74, 1–40.

Karlen, D.L., Ditzler, C.A., Andrews, S.S., 2003. Soil quality: why and how? Geoderma
114,  145–156.

Karlen, D.L., Mausbach, M.J., Doran, J.W., Cline, R.G., Harris, R.F., Schuman, G.E., 1997.
Soil quality: a concept, definition, and framework for evaluation. Soil Sci. Soc.
Am.  J. 61, 4–10.

Kirkegaard, J.A., Hunt, J.R., 2010. Increasing productivity by matching farming sys-
tem management and genotype in water-limited environments. J. Exp. Bot. 61,
4129–4143.

Klute, A., 1986. Water retention. In: Klute, A. (Ed.), Methods of Soil Analysis, Part 1.
Physical and Minerological Methods. American Society of Agronomy, Madison,
pp. 635–662.

Kraemer, F.B., Fernández, P.L., Castiglioni, M.G., Morrás, H., 2012. Evaluación del
tiempo de inmersión de los agregados en el tratamiento de humedecimiento
rápido de la técnica de Le Bissonnais, XIX Congreso Latinoamericano de laCiencia
del Suelo. Mar del Plata, Buenos Aires, Argentina.

Lacerda, N.B., Zero, V.M., Barilli, J., Moraes, M.H., Bicudo, S.J., 2005. Effect of manage-
ment systems on the aggregate stability of an Alfisol. Eng. Agric. 25, 686–695.

Lauber, C.L., Strickland, M.S., Bradford, M.A., Fierer, N., 2008. The influence of soil
properties on the structure of bacterial and fungal communities across land-use
types. Soil Biol. Biochem. 40, 2407–2415.

Le Bissonnais, Y., 1996. Aggregate stability and assessment of soil crustability and
erodibility: I. Theory and methodology. Eur. J. Soil Sci. 47, 425–437.

Lensi, R., Clays-Josserand, A., Jocteur Monrozier, L., 1995. Denitrifiers and deni-
trifying activity in size fractions of a mollisol under permanent pasture and
continuous cultivation. Soil Biol. Biochem. 27, 61–69.

Miranda, K.M., Espey, M.G., Wink, D.A., 2001. A rapid, simple spectrophotometric
method for simultaneous detection of nitrate and nitrite. Nitric Oxide 5,
62–71.

Orellana, J., Pilatti, M.,  1984. La estabilidad de agregados como indicador edáfico de
sostenibilidad. Cienc. Suelo 12, 75–80.

Parkin, T.B., 1987. Soil microsites as a source of denitrification variability. Soil Sci.
Soc.  Am.  J. 51, 1194–1199.

Pastorelli, R., Landi, S., Trabelsi, D., Piccolo, R., Mengoni, A., Bazzicalupo, M.,  Pagliai,
M.,  2011. Effects of soil management on structure and activity of denitrifying
bacterial communities. Appl. Soil Ecol. 49, 46–58.

Patra, A.K., Abbadie, L., Clays-Josserand, A., Degrange, V., Grayston, S.J., Loiseau, P.,
Louault, F., Mahmood, S., Nazaret, S., Philippot, L., Poly, F., Prosser, J.I., Richaume,
A.,  Le Roux, X., 2005. Effects of grazing on microbial functional groups involved
in  soil N dynamics. Ecol. Monogr. 75, 65–80.

Philippot, L., 2002. Denitrifying genes in bacterial and archaeal genomes. Biochim.
Biophys. Acta 1577, 355–376.

Philippot, L., Cuhel, J., Saby, N.P., Cheneby, D., Chronakova, A., Bru, D.,  Arrouays,
D.,  Martin-Laurent, F., Simek, M.,  2009. Mapping field-scale spatial patterns
of  size and activity of the denitrifier community. Environ. Microbiol. 11,
1518–1526.

Philippot, L., Hallin, S., 2005. Finding the missing link between diversity and activ-
ity using denitrifying bacteria as a model functional community. Curr. Opin.
Microbiol. 8, 234–239.

Philippot, L., Hallin, S., Schloter, M.,  Donald, L.S., 2007. Ecology of denitrifying
prokaryotes in agricultural soil. Adv. Agron. 96, 249–305.

Pierce, F.J., Fortin, M.C., Staton, M.J., 1994. Periodic plowing effects on soil properties
in  a no-till farming system. Soil Sci. Soc. Am. J. 58, 1782–1787.

Qin, S., Hu, C., Oenema, O., 2012. Quantifying the underestimation of soil denitri-
fication potential as determined by the acetylene inhibition method. Soil Biol.
Biochem. 47, 14–17.

R Development Core Team, 2011. R: A Language and Environment for Statistical
Computing. R Foundation for Statistical Computing, Vienna.

Sasal, M.C., Andriulo, A.E., Taboada, M.A., 2006. Soil porosity characteristics and
water movement under zero tillage in silty soils in Argentinian Pampas. Soil
Tillage Res. 87, 9–18.

Soil Conservation Service, 1972. Soil Survey Laboratory Methods and Procedures
for  Collecting Soils Samples, Soil Survey, Report 1. United States Department of
Agriculture, Washington.

Stengel, P., 1979. Utilisation de l’analyse des systémes de porosité pour la caractéri-
sation de l’état physique du sol in situ. Ann. Agric. 30, 27–51.

Suzuki, R., Shimodaira, H., 2006. Pvclust: an R package for assessing the uncertainty
in hierarchical clustering. Bioinformatics 22, 1540–1542.

Throback, I.N., Enwall, K., Jarvis, A., Hallin, S., 2004. Reassessing PCR primers targeting
nirS,  nirK and nosZ genes for community surveys of denitrifying bacteria with
DGGE. FEMS Microbiol. Ecol. 49, 401–417.

Vazquez, L., Myhre, D.L., Gallaher, R.N., Hanlon, E.A., Portier, K.M., 1989. Soil com-
paction associated with tillage treatments for soybean. Soil Tillage Res. 13,
35–45.

Viglizzo, E.F., Frank, F.C., Carreño, L.V., Jobbágy, E.G., Pereyra, H., Clatt, J., Pincén,

D.,  Ricard, M.F., 2011. Ecological and environmental footprint of 50 years of
agricultural expansion in Argentina. Global Change Biol. 17, 959–973.

Wall, L.G., 2011. The BIOSPAS consortium: soil biology and agricultural production.
In: de Bruijn, F.J. (Ed.), Handbook of Molecular Microbial Ecology I. John Wiley
&  Sons, Inc, Hoboken, pp. 299–306.

http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0010
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0010
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0010
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0010
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0010
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0010
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0010
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0010
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0010
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0010
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0010
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0010
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0010
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0010
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0010
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0015
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0015
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0015
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0015
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0015
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0015
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0015
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0015
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0015
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0015
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0015
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0015
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0015
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0015
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0015
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0015
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0015
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0015
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0015
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0015
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0015
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0020
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0020
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0020
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0020
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0020
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0020
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0020
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0020
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0020
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0020
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0020
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0020
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0020
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0020
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0020
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0020
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0020
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0025
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0025
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0025
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0025
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0025
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0025
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0025
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0025
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0025
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0025
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0025
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0025
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0025
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0025
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0025
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0025
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0025
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0025
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0025
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0025
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0025
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0025
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0025
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0025
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0030
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0030
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0030
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0030
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0030
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0030
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0030
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0030
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0030
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0030
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0030
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0030
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0030
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0030
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0030
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0030
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0035
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0035
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0035
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0035
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0035
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0035
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0035
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0035
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0035
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0035
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0035
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0035
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0035
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0035
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0035
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0035
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0035
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0035
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0035
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0035
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0035
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0035
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0035
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0035
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0035
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0040
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0040
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0040
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0040
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0040
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0040
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0040
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0040
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0040
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0040
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0040
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0040
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0040
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0045
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0045
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0045
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0045
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0045
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0045
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0045
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0045
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0045
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0045
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0045
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0045
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0045
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0045
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0045
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0045
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0045
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0045
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0045
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0045
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0045
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0045
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0050
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0050
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0050
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0050
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0050
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0050
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0050
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0050
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0050
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0050
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0050
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0050
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0050
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0050
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0050
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0050
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0050
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0050
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0050
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0050
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0050
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0050
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0050
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0050
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0050
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0050
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0055
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0055
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0055
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0055
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0055
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0055
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0055
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0055
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0055
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0055
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0055
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0055
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0055
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0055
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0055
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0055
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0055
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0055
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0055
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0055
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0055
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0055
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0055
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0055
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0055
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0055
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0055
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0055
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0055
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0060
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0060
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0060
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0060
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0060
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0060
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0060
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0060
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0060
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0060
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0060
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0065
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0065
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0065
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0065
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0065
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0065
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0065
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0065
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0065
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0065
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0065
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0065
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0065
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0065
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0065
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0065
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0070
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0070
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0070
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0070
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0070
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0070
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0070
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0070
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0070
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0070
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0070
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0070
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0070
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0070
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0070
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0070
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0070
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0070
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0070
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0070
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0070
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0070
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0070
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0070
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0075
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0075
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0075
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0075
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0075
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0075
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0075
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0075
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0075
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0080
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0085
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0085
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0085
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0085
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0085
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0085
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0085
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0085
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0085
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0085
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0085
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0090
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0090
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0090
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0090
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0090
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0090
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0090
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0090
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0090
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0090
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0090
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0090
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0090
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0095
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0095
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0095
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0095
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0095
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0095
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0095
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0095
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0095
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0095
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0095
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0095
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0100
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0100
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0100
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0100
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0100
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0100
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0100
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0100
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0100
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0100
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0100
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0100
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0100
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0100
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0100
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0105
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0105
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0105
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0105
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0105
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0105
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0105
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0105
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0105
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0105
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0105
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0105
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0105
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0105
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0105
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0105
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0105
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0105
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0105
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0105
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0105
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0105
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0105
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0105
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0105
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0105
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0105
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0105
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0105
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0110
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0110
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0110
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0110
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0110
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0110
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0110
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0110
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0110
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0110
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0110
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0110
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0110
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0110
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0110
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0110
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0110
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0110
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0110
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0115
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0115
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0115
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0115
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0115
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0115
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0115
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0115
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0115
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0115
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0115
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0115
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0115
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0115
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0115
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0115
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0115
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0115
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0115
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0115
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0115
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0115
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0115
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0115
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0115
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0115
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0120
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0120
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0120
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0120
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0120
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0120
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0120
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0120
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0120
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0120
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0120
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0120
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0120
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0120
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0120
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0120
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0120
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0120
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0120
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0120
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0120
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0120
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0120
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0125
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0125
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0125
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0125
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0125
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0125
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0125
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0125
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0125
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0125
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0125
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0125
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0125
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0125
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0125
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0125
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0125
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0125
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0125
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0125
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0125
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0125
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0125
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0125
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0125
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0130
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0130
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0130
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0130
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0130
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0130
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0130
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0130
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0130
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0130
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0130
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0130
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0130
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0130
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0130
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0130
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0130
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0130
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0130
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0130
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0130
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0130
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0130
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0130
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0135
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0135
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0135
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0135
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0135
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0135
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0135
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0135
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0135
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0135
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0135
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0135
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0135
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0135
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0135
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0135
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0135
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0135
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0135
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0135
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0135
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0140
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0140
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0140
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0140
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0140
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0140
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0140
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0140
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0140
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0140
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0140
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0140
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0140
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0140
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0140
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0140
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0140
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0140
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0140
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0140
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0145
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0145
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0145
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0145
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0145
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0145
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0145
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0145
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0145
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0145
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0145
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0145
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0145
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0145
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0145
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0145
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0150
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0150
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0150
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0150
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0150
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0150
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0150
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0150
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0150
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0150
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0150
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0150
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0150
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0150
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0150
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0150
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0150
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0150
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0150
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0150
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0150
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0150
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0150
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0150
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0150
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0155
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0155
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0155
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0155
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0155
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0155
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0155
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0155
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0155
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0155
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0155
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0155
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0155
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0155
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0155
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0155
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0155
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0155
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0155
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0155
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0155
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0155
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0155
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0155
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0160
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0160
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0160
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0160
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0160
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0160
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0160
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0160
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0160
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0160
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0160
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0160
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0160
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0160
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0160
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0160
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0160
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0160
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0160
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0165
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0165
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0165
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0165
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0165
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0165
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0165
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0165
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0165
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0165
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0165
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0165
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0165
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0165
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0165
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0165
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0165
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0165
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0165
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0165
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0165
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0165
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0165
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0165
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0165
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0165
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0165
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0165
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0165
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0165
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0165
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0170
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0170
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0170
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0170
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0170
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0170
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0170
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0170
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0170
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0170
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0170
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0170
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0175
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0175
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0175
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0175
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0175
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0175
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0175
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0175
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0175
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0175
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0180
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0180
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0180
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0180
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0180
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0180
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0180
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0180
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0180
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0180
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0180
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0180
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0180
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0180
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0180
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0180
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0180
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0180
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0185
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0185
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0185
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0185
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0185
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0185
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0185
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0185
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0185
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0185
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0185
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0185
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0185
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0185
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0185
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0185
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0185
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0185
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0185
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0185
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0190
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0190
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0190
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0190
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0190
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0190
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0190
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0190
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0190
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0190
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0190
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0190
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0190
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0190
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0190
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0190
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0190
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0190
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0190
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0190
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0190
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0190
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0190
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0190
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0190
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0195
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0195
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0195
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0195
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0195
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0195
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0195
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0195
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0195
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0195
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0195
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0195
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0195
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0195
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0195
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0195
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0195
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0195
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0195
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0195
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0195
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0195
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0195
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0195
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0195
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0195
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0195
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0195
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0195
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0195
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0195
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0195
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0195
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0200
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0200
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0200
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0200
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0200
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0200
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0200
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0200
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0200
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0200
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0200
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0200
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0200
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0200
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0200
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0200
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0200
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0200
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0205
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0205
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0205
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0205
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0205
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0205
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0205
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0205
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0205
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0205
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0205
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0205
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0205
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0205
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0205
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0205
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0205
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0205
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0205
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0205
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0205
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0205
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0205
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0210
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0210
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0210
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0210
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0210
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0210
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0210
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0210
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0210
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0210
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0210
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0210
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0210
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0210
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0210
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0210
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0210
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0210
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0210
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0210
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0210
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0215
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0215
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0215
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0215
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0215
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0215
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0215
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0215
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0215
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0215
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0215
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0215
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0215
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0215
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0215
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0215
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0215
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0215
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0215
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0215
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0215
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0215
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0215
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0215
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0220
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0220
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0220
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0220
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0220
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0220
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0220
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0220
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0220
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0220
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0220
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0220
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0220
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0220
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0220
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0220
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0220
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0220
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0225
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0225
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0225
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0225
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0225
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0225
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0225
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0225
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0225
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0225
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0225
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0225
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0225
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0225
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0225
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0230
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0230
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0230
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0230
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0230
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0230
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0230
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0230
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0230
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0230
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0230
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0230
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0230
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0230
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0230
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0230
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0230
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0235
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0235
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0235
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0235
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0235
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0235
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0235
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0235
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0235
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0235
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0235
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0235
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0235
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0235
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0235
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0235
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0235
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0235
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0235
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0240
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0240
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0240
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0240
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0240
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0240
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0240
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0240
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0240
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0240
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0240
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0240
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0240
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0240
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0240
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0240
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0240
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0240
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0245
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0245
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0245
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0245
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0245
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0245
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0245
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0245
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0245
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0245
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0245
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0245
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0245
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0245
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0250
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0250
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0250
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0250
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0250
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0250
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0250
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0250
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0250
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0250
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0250
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0250
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0250
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0250
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0250
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0250
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0250
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0250
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0255
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0255
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0255
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0255
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0255
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0255
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0255
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0255
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0255
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0255
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0255
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0255
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0255
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0255
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0255
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0255
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0255
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0255
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0255
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0255
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0255
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0255
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0255
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0255
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0260
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0260
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0260
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0260
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0260
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0260
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0260
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0260
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0260
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0260
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0260
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0260
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0260
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0265
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0265
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0265
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0265
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0265
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0265
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0265
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0265
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0265
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0265
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0265
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0265
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0265
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0265
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0265
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0265
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0265
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0265
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0265
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0265
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0270
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0270
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0270
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0270
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0270
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0270
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0270
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0270
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0270
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0270
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0270
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0270
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0270
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0270
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0270
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0270
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0270
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0270
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0270
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0270
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0270
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0270
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0275
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0275
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0275
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0275
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0275
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0275
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0275
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0275
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0275
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0275
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0275
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0275
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0275
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0275
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0280
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0280
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0280
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0280
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0280
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0280
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0280
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0280
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0280
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0280
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0280
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0280
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0280
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0280
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0280
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0280
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0280
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0280
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0280
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0280
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0280
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0280
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0285
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0285
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0285
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0285
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0285
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0285
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0285
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0285
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0285
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0285
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0285
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0285
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0285
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0285
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0285
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0285
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0285
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0285
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0285
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0285
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0290
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0290
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0290
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0290
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0290
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0290
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0290
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0290
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0290
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0290
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0290
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0290
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0290
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0290
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0290
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0290
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0290
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0290
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0290
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0290
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0290
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0290
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0290
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0290
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0295
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0295
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0295
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0295
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0295
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0295
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0295
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0295
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0295
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0295
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0295
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0295
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0295
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0295
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0295
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0295
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0300
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0300
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0300
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0300
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0300
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0300
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0300
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0300
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0300
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0300
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0300
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0300
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0300
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0300
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0300
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0300
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0300
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0300
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0300
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0300
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0300
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0300
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0300
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0300
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0300
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0305
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0305
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0305
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0305
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0305
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0305
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0305
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0305
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0305
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0305
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0305
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0305
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0305
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0305
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0305
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0305
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0310
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0310
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0310
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0310
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0310
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0310
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0310
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0310
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0310
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0310
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0310
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0310
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0310
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0310
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0310
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0310
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0310
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0310
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0310
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0315
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0315
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0315
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0315
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0315
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0315
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0315
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0315
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0315
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0315
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0315
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0315
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0315
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0315
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0315
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0315
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0315
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0315
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0315
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0315
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0315
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0315
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0315
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0315
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0315
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0315
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0315
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0315
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0315


1 oil Ec

W

W

80 S.M. Rosa et al. / Applied S

ertz, S., Dandie, C.E., Goyer, C., Trevors, J.T., Patten, C.L., 2009. Diversity of nirK den-

itrifying genes and transcripts in an agricultural soil. Appl. Environ. Microbiol.
75, 7365–7377.

heatley, R.E., Ritz, K., Crabb, D., Caul, S., 2001. Temporal variations in potential
nitrification dynamics in soil related to differences in rates and types of carbon
and nitrogen inputs. Soil Biol. Biochem. 33, 2135–2144.
ology 75 (2014) 172– 180

Yoshida, M.,  Ishii, S., Otsuka, S., Senoo, K., 2010. nirK-harboring denitrifiers are more

responsive to denitrification- inducing conditions in rice paddy soil than nirS-
harboring bacteria. Microbes Environ. 25, 45–48.

Zuur, A.F., Ieno, E.N., Walker, N., Saveliev, A.A., Smith, G.M., 2009. Mixed Effects
Models and Extensions in Ecology with R, first ed. Springer Science Business
Media LLC, New York.

http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0320
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0320
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0320
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0320
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0320
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0320
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0320
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0320
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0320
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0320
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0320
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0320
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0320
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0320
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0320
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0320
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0320
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0320
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0320
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0325
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0325
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0325
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0325
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0325
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0325
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0325
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0325
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0325
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0325
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0325
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0325
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0325
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0325
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0325
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0325
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0325
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0325
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0325
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0325
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0325
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0325
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0325
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0325
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0325
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0325
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0325
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0330
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0330
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0330
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0330
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0330
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0330
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0330
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0330
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0330
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0330
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0330
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0330
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0330
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0330
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0330
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0330
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0330
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0330
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0330
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0330
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0330
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0330
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0330
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0330
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0330
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0335
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0335
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0335
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0335
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0335
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0335
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0335
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0335
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0335
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0335
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0335
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0335
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0335
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0335
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0335
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0335
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0335
http://refhub.elsevier.com/S0929-1393(13)00297-7/sbref0335

	The influence of soil properties on denitrifying bacterial communities and denitrification potential in no-till production...
	1 Introduction
	2 Materials and methods
	2.1 Study sites and soil sampling
	2.2 Soil physical and chemical characterization
	2.3 Potential denitrification rates
	2.4 Denitrifying community structure and size
	2.5 Data analysis and statistical tests

	3 Results
	3.1 Effect of agricultural management on the potential activity, the size and the structure of denitrifier communities
	3.2 Relationship between denitrifier community changes and soil properties

	4 Discussion
	4.1 Influence of inherent soil characteristics on denitrifiers
	4.2 Influence of dynamic soil properties on denitrification potential
	4.3 Relationship between the potential denitrification, abundance and structure of the denitrifying community
	4.4 Conclusions

	Acknowledgements
	Appendix A Supplementary data
	Appendix A Supplementary data


