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Supplemental irrigation with low-quality water will be paramount in Mediterranean agriculture in the
future, where durum wheat is a major crop. Breeding for salinity tolerance may contribute towards
improving resilience to irrigation with brackish water. However, identification of appropriate phenotyp-
ing traits remains a bottleneck in breeding. A set of 25 genotypes, including 19 landraces and 6 improved
varieties most cultivated in Tunisia, were grown in the field and irrigated with brackish water (6, 13 and
18dSm~'). Improved genotypes exhibited higher grain yield (GY) and water use efficiency at the crop

giyr ‘:ngc\i/\szheat level (WUE,jeiq o1 ‘water productivity’), shorter days to flowering (DTF), lower N concentration (N) and
Grain yield carbon isotope composition (8'3C) in mature kernels and lower nitrogen isotope composition (8'°N) in
Salinity the flag leaf compared with landraces. GY was negatively correlated with DTF and the 8'3C and N of
Water use efficiency mature kernels and was positively correlated with the 8'°N of the flag leaf. Moreover, 3!3C of mature
d313C kernels was negatively correlated with WUEy;ciq. The results highlight the importance of shorter phe-
315N nology together with photosynthetic resilience to salt-induced water stress (lower 8'3C) and nitrogen

metabolism (higher N and 8'>N) for assessing genotypic performance to salinity.

© 2016 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Durum wheat is one of the most cultivated herbaceous crops
in the southern and eastern Mediterranean basin (www.fao.org/
statistics/yearbook). These environments are characterized by ‘ter-
minal stress’ in the sense that drought develops during the last
part of the crop cycle. One of the ways of increasing productivity
in these semiarid environments is irrigation; however, this may
expose soils to progressive salinization as a consequence of inap-
propriate irrigation practices [1,2]. At the same time, competition
for water resources among different social and economic sectors is
growing, with agriculture being progressively forced to use lower
quality water [3], and this may compromise yield and critically
expose soils to progressive salinization [4]. In arid and semi-arid
regions, water and soil salinity are among the main factors limiting
plant productivity. Tunisia is a Mediterranean country burdened

7 This article is part of a special issue entitled “Water-use Efficiency in plants”,
published in Plant Science 251, 2016.
* Corresponding author.
E-mail address: jaraus@ub.edu (J.L. Araus).
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by this salinity problem. It is estimated that saline soils cover over
1800,000 ha [5], representing 11.6% of the total surface of the coun-
try. In Tunisia, most durum wheat is commonly grown on marginal
soils under rainfed conditions [6]. While supplemental irrigation
may be a method to increase yield in durum wheat it might also
expose the crop to additional salinity. In that context, selecting
more salt tolerant genotypes is a way of improving durum wheat
performance in the Mediterranean and other dry areas [2].

The use of stable isotope variation in plant research has grown
steadily during the past two decades. This trend will continue as
researchersrealize that stable isotopes can serve as time-integrated
indicators of how plants interact with and respond to their abiotic
and biotic environments [7]. In that context, analysis of the natural
abundances of the stable isotopes of carbon (12C, 13C) and nitrogen
(%N, °N) in plants is of potential interest for studies on salinity
resilience [8-10].

The stable carbon isotope fractionation (313C) by plant mat-
ter (frequently expressed as discrimination from the surrounding
air, A13C) integrates over time the ratio of intercellular to atmo-
spheric CO, concentration and thus the balance between the net
photosynthetic assimilation and the stomatal conductance (i.e. the
intrinsic water use efficiency) in C53 species such as wheat [11-13].
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Conditions inducing stomatal closure, such as water stress and
salinity, restrict the CO, supply to carboxylation sites, which then
increases 813C (or decreases A13C) and the intrinsic water use effi-
ciency of the plant [9,12,14,15]. Moreover, genotypic variability for
d13C in wheat under drought and salinity has also been reported,
with resilient genotypes exhibiting lower 8!3C in kernels (or other
organs developed during the last part of the crop cycle) and thus
lower intrinsic water use efficiency [8,16-19]. However, the con-
cept of water use efficiency is diverse [20] which implies that time
integrated intrinsic water use efficiency not necessarily parallels
the water use efficiency at the crop level (or ‘water productivity’)
formulated as the ratio of total crop biomass or grain yield per unit
of water used (evapotranspired).

Natural variation in the plant N isotope signature (commonly
expressed as a composition, 31°N) as response to water stress
and salinity has been reported. Moreover, 8'°N has been pro-
posed for genotypic screening under drought [21,22] or salinity
[8,23] because it is linked to N metabolism [10]. The frac-
tionation of nitrogen (N) occurs during N uptake, assimilation,
recycling and redistribution within the plant [24,25]. A change
in the environmental conditions that impact on metabolism can
cause a substantial change in the isotopic content of metabolites
[26,27]. However, reported environmental and genotypic effects
are diverse, including increases and decreases in plant 8!°N as
response to growing conditions or related with genotypic resilience
[10,27].

A previous study on durum wheat under field conditions in
Tunisia has shown the value of carbon and nitrogen isotope com-
positions in assessing the genotypic performance of durum wheat
under different water regimes [28]. However, to the best of our
knowledge there are few studies evaluating the genotypic tolerance
and the related physiological traits of field-grown durum wheat to
salinity. In this study we compared the response of a set of Tunisian
landraces and several of the modern (i.e. improved) durum wheat
genotypes most cultivated in this country to different levels of
salinity imposed by irrigating with brackish water under field con-
ditions. Main objective was to determine which physiological traits
are potentially useful as a phenotypic indicator to assess genotypic
tolerance toirrigation with different levels of salinity. Second objec-
tive was to determine what differences exist between landraces and
modern varieties in adaptation to salinity. To that end crop yield
and water use efficiency at the crop level (WUEy;e|q Or ‘water pro-
ductivity’, formulated as the ratio between grain yield and water
evapotranspired) were assessed together with some agronomical
yield components, the 83C and the 8'°N and nitrogen content of
flag leaves and grains, the chlorophyll content of the flag leaves
and the number of days from sowing to anthesis. This study ana-
lysed samples collected from a recent field work, where genotypic
variability in grain yield and it agronomical components have been
evaluated [29].

2. Materials and methods
2.1. Plant material and growth conditions

The durum wheat [ Triticum turgidum L. ssp. durum (Desf.) Husn.]
genotypes used in this study consisted of 19 landraces and 6
improved cultivars (Supplemental Table S1). These genotypes were
chosen on the basis of the available information about genetic
diversity and tolerance of landraces to salinity [30] and the current
commercial varieties most cultivated in Tunisia [29]. Main study
was undertaken during the 2011 crop season at three irrigated sites
in central Tunisia characterized by water supplies with different
levels of salinity: Echbika (35° 37" N, 9° 56’ E) exposed to medium
saline conditions (irrigation water of 6 dSm~1), Barrouta (35° 34'N,

10° 02’ E) exposed to medium/severe saline conditions (irrigation
water of 13dSm~1) and Sidi Bouzid (35° 02’ N, 9° 33’ E) exposed
to very severe salinity (irrigation water of 18dSm~1). Precipita-
tion and temperatures during the growing season were collected
from the weather station of the National Institute of Meteorology
of Tunisia closest to the site. Given their proximity, for Echbika and
Barrouta sites the same weather station was used (Supplemental
Fig. S1). Seeding was carried out in the 19 and 21 November 2011
in the Echbika and Barrouta and at 23 November in the Sidi Bouzid
at a seeding rate of 300 viable seeds m2. A completely randomized
design was used to accommodate the two-way factorial experi-
ment, with genotype and salinity as the main factors. Twenty-five
genotypes and three replicates per genotype were used in each
site totalling 75 plots per site and 225 plots for the total study.
Each plot was 2 m?, with 20 cm between rows, and 50 cm between
plots. Irrigation was supplied via a drip system. In order to ensure a
homogeneous water supply, line-source emitters were installed in
each sowing row. The emitter discharge was 41h~1at 1.0 bar oper-
ating pressure and there was 30 cm spacing between emitters of
the same line. Irrigation water was provided from sowing to the
grain filling stage. Physiological maturity was achieved during the
second half of May and harvest was performed about 1 month later.
The three experimental sites exhibited very similar climate condi-
tions in terms temperature, photothermal quotient, radiation and
vapor pressure deficit (Supplemental Fig. S1). For the analysis of soil
salinity, five soil cores of 100 cm depth were collected per trial. Each
core was divided into five different sections (0-20, 20-40, 40-60,
60-80, and 80-100 cm). For each soil depth, the corresponding sec-
tions of the five cores were mixed, dried and sieved at 2 mm. Then,
5 g of soil was suspended with 25 ml of distilled water and agitated
during 1 h. Subsequently, soil salinity was measured using an elec-
trical conductivity meter (dSm~1). The analyses of stable isotopes
and other physiological traits used in this study were performed
in samples from 2011. In addition, the grain yield of the 2010 and
2012 crop seasons, from the same set of genotypes and experimen-
tal conditions, and reported in a previous publication [29], were also
used in this study.

2.2. Crop phenology, leaf chlorophyll and ion content

The number of days from sowing to flowering (DTF) was
recorded when approximately 50% of the spikes at each plot exhib-
ited extruded anthers. The chlorophyll content of the flag leaf was
measured in 10 plants per plot at anthesis. Measurements were per-
formed using a portable meter (Minolta SPAD 502 meter, Plainfield,
IL, USA). Plant height was measured around one week after anthesis
as the distance from ground to the spike tip. The blade area was then
measured from five flag leaves per plot using a portable laser leaf
area meter (CID Bio-Science, CI-202, USA). For the analysis of ions
content, ten flag leaves per plot were sampled just after flowering
in each experimental site. The three replicates of each genotype in
each experimental site were pooled together, oven-dried at 70°C
for 48 h and finely ground. Samples of 0.5 g were incubated for 12 h
with 10ml concentrated nitric acid (HNO3) and 3 ml of chlorate
acid (HCIO3) and then digested at 300 °C for 6 h. The amount of Na*
and K* was then determined with an Inductively Coupled Plasma
Emission Spectrometer (ICPES, Flame Photometer 410, Sherwood,
UK).

2.3. Grain yield, agronomical components and water use
efficiency

Harvest was performed during the second half of June, with 1 m?
of each plot being hand harvested and the number of spikes per
unit area counted and the total shoot biomass (including kernels)
weighed. Grains were collected using a shredder (Wentersteiger,
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LD-180, Germany) and the grain number per unit area and thousand
kernel weight were estimated. Harvest index was then calculated as
the ratio of grain yield to total shoot biomass. Additional informa-
tion about plant sampling along with determination of grain yield
and agronomical components are detailed in [29]. Crop water use
in each trail was calculated as the initial (i.e. at planting) soil water
content (mm) plus the accumulated precipitation (mm) and accu-
mulated irrigation (mm) from planting to maturity minus the soil
water content at maturity (mm). Water use efficiency (WUEyjejq)
was then estimated as the ratio between grain yield and water use.
Gravimetric water content was measured before sowing and again
at maturity in order to calculate water use and WUEy;e14. The gravi-
metric water content was measured in 6 plots per block, on the
same six genotypes across the three repetitions of each trial and
values were averaged. For this purpose, soil samples were obtained
from the upper 40 cm of the soil profile, samples were weighted
fresh and later placed in a forced-air oven at 70 °C during a mini-
mum of 48 h and weighted again to assess the humidity content.
The volumetric water content was obtained using the gravimetric
soil water content and soil bulk density.

2.4. Total nitrogen and stable carbon and nitrogen isotope
analyses

For each plot, the five flag leaves used for blade area deter-
mination as well as mature grains were dried at 70°C for 24h
and finely ground for further stable carbon and nitrogen isotope
analysis. The total nitrogen concentration and the stable carbon
(13¢/12C) and nitrogen (1°N/14N) isotope ratios were analysed in
flag leaves and mature grain samples of the 6dSm~! and 13dSm™!
experimental sites using an elemental analyser (Flash 1112 EA;
Thermo-Finnigan, Bremen, Germany) coupled with an isotope ratio
mass spectrometer (EA-IRMS, Delta C IRMS, Thermo-Finnigan)
operating in continuous flow mode. Samples of ~1 mg and refer-
ence materials were weighed into tin capsules, sealed, and then
loaded into an automatic sampler (Thermo-Finnigan) before EA-
IRMS analysis. Measurements were conducted at the Scientific
Facilities of the University of Barcelona. Nitrogen was expressed
as a concentration (g N per g dry weight). The 13C/12C ratios were
expressed ind notation [31]: 313C=(13C/C'2)symp1e /(13 C/12C)standard
—1 [13], where ‘sample’ refers to plant material and ‘standard’ to
Pee Dee Belemnite (PDB) calcium carbonate. The same & nota-
tion was used for the >N/14N ratio (31°N), but in this case the
standard referred to N, in air. Atropine was used as a system
check in the elemental analyses of nitrogen. International isotope
secondary standards of known '3C/12C ratios (IAEA CH7 polyethy-
lene foil, IAEA CH6 sucrose, and USGS 40 L-glutamic acid) were
used for calibration to a precision of 0.1%.. For nitrogen, isotope
secondary standards of known 15N/14N ratios (IAEAN; and IAEA
N, ammonium sulphate and IAEA NO3 potassium nitrate) were
used. Samples of mature kernels from 18dSm~! were grounded,
weighted in tin capsules and the 8'3C further analysed with a
—IRMS (Delta V advantage, Thermo Scientific, USA) coupled with an
elemental analyzer (Flash EA1112 HT) in the facilities of the Centre
National des Sciences et Technologies of Tunisia. Secondary stan-
dards used were again IAEA CH6 and CH7. In the case of 18dSm™1!,
for each genotype and growing condition samples from the three
replications were pooled, grounded and two analytical replications
done.

2.5. Statistical analyses

Analysis of variance (ANOVA) was performed using the GLM
procedure to calculate the effects of salinity level and genotype. A
bivariate correlation procedure was used to calculate the Pearson
correlation coefficients. Multiple linear regression analysis (step-

wise) was used to analyse the relationship between the variables
studied. Data were analysed using the SPSS statistical package (SPSS
Inc., Chicago, IL, USA). Figures were created using a Sigma-Plot 11.0
program for Windows (Systat Software Inc., Point Richmond, CA,
USA).

3. Results

Soil salinity (measured as electrical conductivity, EC) increased
at harvest, with the most stressed site (18dSm~1) showing the
highest EC (Supplemental Fig. S2) and Na* concentration values
and the lowest K* concentrations [29]. The concentrations of Na*
and K* and the K*/Na* ratio in the dry matter of shoots sampled at
flowering exhibited significant differences across the three trials.
Thus Na* concentration increased from 90.9 umolg~! at 6dSm™1,
to 131.3 wmolg~! at 13dSm~! and reaching 144.3 wmolg-! at
18dSm~! (pooled values across all the genotypes within a
trail), whereas K* concentration decreased from 24.1 wmolg-!
at 6dSm~! to 16.7 wmolg~! at 13dSm~! and 8.2 umolg~! at
18dSm~'. Consequently, the K*/Na* ratio decreased from 0.265 to
0.057 as the level of salinity in the irrigation water increased from
6dSm~! to 18dSm~!. The shoot ion concentrations under distinct
salinity irrigations were in the range reported in previous studies
of durum and bread wheat [2,9,32,] exposed to salinity stress.

3.1. Effect of salinity on grain yield, growth parameters and
water use efficiency

The increase in salinity significantly affected all the growth traits
studied (Table 1). The effect of salinity in decreasing plant growth
through a water stress effect has been extensively reported [2,33].
An increase in the salinity of the irrigation water from 6dSm~! to
18dSm~! significantly decreased grain yield (GY), total biomass at
harvest, the number of kernels per m? and the thousand kernel
weight (TKW), whereas the pattern for the harvest index was less
clear. Decreases in GY and agronomical components, such as spike
length, number of spikelets per spike, number of grains per spikelet
and TKW have been reported in the past in response to increases
in salinity [34-36]. Plant height, flag leaf blade area and the leaf
chlorophyll content were also affected significantly by salinity, with
blade area being the trait most affected. While such a decrease
in chlorophyll content may be the consequence of salt [2,33] it
was small in relative terms, which agrees with previous studies
in durum wheat [8] and suggests the existence of compensatory
mechanisms such as an increase in leaf thickness and compaction
as aresponse to salinity. Moreover, the number of days from sowing
to anthesis (DTF) also decreased as salinity increased. Crop dura-
tion was strongly reduced in response to salinity, which agrees with
previousreports [37]. Crop water use efficiency (WUEy;eq), in terms
of GY per unit of water evapotranspired also decreased as the level
of salinity in the irrigation water increased (Fig. 1), with the values
achieved being in general comparable [38-40] or somewhat lower
[41,42] than those reported for durum and bread wheat irrigated
with non-saline water.

3.2. Effects of salinity on 813C, 1°N and nitrogen concentration

The salinity levels significantly affected the stable nitrogen iso-
tope composition (31°N) as well as the N concentration on both
the flag leaf and the mature grains (Table 2). Salinity and water
stress usually increase 8'3C, as reported elsewhere [8,9,43-45].
Contrarily, in the current work, the flag leaves at the site irri-
gated with 13 dSm~1 exhibited a slightly lower (i.e. more negative)
813C than the site with the less brackish water (with 6dSm~1)
(Table 2) and a decrease was also observed for the 813C of grains
from the less (6dSm~1) to the most saline condition (18dSm~1)
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Table 1

47

Genotypic groups and environment effects on the number of days to flowering (DTF), plant height, flag leaf area (FLA), leaf chlorophyll content (LC), number of kernels
per square meter (Kernel m~2), thousand kernels weight (TKW), total aerial biomass (TB) at harvest, grain yield (GY) and the harvest index (HI) of the set of landraces
and improved cultivars of durum wheat genotypes grown under different levels of salinity (6dSm~'; 13dSm~! and 18dSm~"). Genotypic groups values are the means of
171 measurements for the landraces (19 genotypes, 3 environments and 3 replicates per regime) and 54 measurements in the case of improved cultivars (6 cultivars, 3
environments and 3 replicates per regime), while environment values are the means of the 75 measurements (25 genotypes and 3 replicates per genotype). F values are
presented. Levels of significance are as follows: **P<0.01 and ***P<0.001. ns, not significant.

DTF Plant FLA (cm?) LC Kernels m—2 TKW (g) TB at harvest GY(tha=') HI
height (cm) (tha 1)
Genotypic groups
Landraces 147.67 124.28 11.45 51.65 4971.46 46.74 10.24 2.51 0.26
Improved cultivars 136.61 90.6 8.77 53.23 7175.81 45.57 10.01 3.59 0.37
Environments
Echbika 6dSm™! 153.28 122.7 12.90 54.31 5885.51 55.87 12.47 3.32 0.27
Barrouta 13dSm~! 144.00 1229 11.71 53.02 5382.14 43.72 11.56 2.87 0.26
Sidi Bouzid 18dSm~! 137.78 103.0 7.81 48.77 5233.87 39.76 6.52 2.23 0.32
Level of significance
G, Genotypic groups (df=1)  5022.78""  636.01"" 68.60™" 12.027 8739 2.01m 0.52" 176.78™" 158.12"
E, Environment (df=2) 505.60"" 110.18™ 49,50 38867 8507 11897 131.26™ 89.96™" 21,60
G x E interaction (df=2) 0.28"s 462 23.18™ 472" 5.95" 3.94° 290" 2.95 3.00°

Table 2

Genotypic groups and environment effects on carbon (3'3C) and nitrogen (8'°N) isotope composition and on nitrogen concentration of flag leaves and grains of the set of
landraces and improved cultivars of durum wheat grown under different levels of salinity (6 dSm~"; 13 dSm~"). Genotypic groups values are the means of 114 measurements
for the landraces (19 genotypes, 2 environments and 3 replicates per salinity regime) and 36 measurements for the improved cultivars (6 genotypes, 2 environments and 3
replicates per environment), while environment regime values are the means of the 75 measurements (25 genotypes and 3 replicates per genotype). F values are presented.

Levels of significance are as follows: **P<0.01 and ***P<0.001. ns, not significant.

613Cﬂagleaf(%a) 813Cg|’ain(%o) Nﬂagleaf (%) Ngrain (%) 8]SNﬂagleaf (%0) ]SNgram (%0)

Genotypic groups

Landraces -28.41 —25.96 3.66 2.73 3.24 4.27

Improved cultivars —28.51 —26.82 3.81 2.11 2.11 3.76
Environments

Echbika 6dSm~! -28.18 —26.26 3.80 2.75 3.54 4.87

Barrouta 13dSm™! —28.69 —26.05 3.59 241 2.39 3.42
Level of significance
G, Genotypic groups (df=1) 2.06" 46,14 476" 8436 16.32" 7.97"
E, Environment (df=2) 1838 2.10m 15.61° 23.017" 7.87" 54.48"
G x E interaction (df=2) 0.31"s 0.15ns 2.38ns 0.06 " 6.40"" 1.67 s
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Fig.1. Crop water use efficiency (WUEy;eiq) of the set of 19 landraces and 6 improved
genotypes under the three different growing conditions assayed. Values were cal-
culated as the ratio between the grain yield achieved for each genotype divided by
the total amount of water received from November to May of the next year for the
landraces (6561, 6036 and 5081 m*ha~"! in Echbika [6dSm~'], Barrouta [13dSm~!]
and Sidi Bouzid [18dSm~'], respectively) and one week before for the improved
cultivars (5676,5151 and 4879 m>ha~" in Echbika, Barrouta and Sidi Bouzid, respec-
tively).

(Supplemental Fig. S3). In addition, we found a decrease in the
815N and the N concentration in both the flag leaves and mature
grains under 13dSm~! compared to 6dSm~!. Decreases in shoot
N concentration and 8!°N have been reported in cereals as a con-
sequence of salinity [8,9] and deficit irrigation [21,46] and suggest
that these stress conditions influence N uptake and/or assimilation
[8,9,22,23].

3.3. Genotypic effect on plant growth, grain yield, WUE, §13C,
81°N and nitrogen concentration

The genotypic effect was highly significant for all the growth
traits studied, except thousand kernel weight (TKW) and total
biomass at harvest (Table 1). Improved genotypes exhibited lower
plant height but higher grain yield and number of kernels per m?
regardless of the level of salinity considered (Table 3). Except for
the most severe salinity (18dSm~1), landraces exhibited slightly
higher TKW values than improved genotypes (Table 3). In addition,
the landraces showed a greater number of days from sowing to
anthesis regardless of the level of salinity (Table 3). Leaf chloro-
phyll content exhibited significant genotypic effects only under
the severe salinity (18dSm~1), with landraces showing lower val-
ues compared to the improved cultivars (Table 3). The genotypic
groups by environment (G x E) interaction was not significant only
for DTF (Table 1). Moreover, modern genotypes exhibited higher
WUE compared with landraces regardless of the salinity condition
(Fig. 1).
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Table 3

Effect of growing environment on the growth parameters, the grain yield and the different stable isotope compositions and nitrogen concentration analysed in the two durum
wheat genotypic groups (df=1). Data shown are means of 19 landraces and 6 modern varieties. Means are significantly different (P <0.05) according to the factorial analysis
of variance (ANOVA). F values are presented. Levels of significance are as follows: **P<0.01; ***P<0.001. ns, not significant.

Echbika 6dSm~!

Barrouta 13dSm~!

Sidi Bouzid 18dSm™!

Landraces  Improved F Landraces  Improved F Landraces  Improved F
cultivars cultivars cultivars

DTF 155.84 145.18 231.39"**  146.73 135.33 199.46***  140.45 129.33 378.82%**
Plant height (cm) 129.37 101.44 157.89***  131.70 95.22 212.66"*  111.78 75.19 276.58***
FLA (cm?) 13.96 9.57 52.84™* 12.70 8.61 40.90*** 7.71 8.14 1.09m
LC 54.22 54.62 0.310s 52.82 53.61 0.44ns 47.92 51.46 6.72**
TB at harvest (tha™') 1233 12.90 1.07ns 11.87 10.59 3.50m 6.52 6.54 0.002"s
Kernels m—2 5080.76 8433.86 64.88"" 5002.09 6585.62 23.86™** 4831.52 6507.94 12.65"*
TKW (g) 56.79 53.00 6.52** 44.08 42.57 1.01%** 39.33 41.14 2.09ns
GY (tha™!) 3.02 428 137.52%** 2.58 3.78 77.42%* 1.92 2.73 21.64*
813 Chagleat (%0) -28.13 -28.35 1.40m —28.67 —28.77 0.66" / / /
313 Cgrain (%0) —26.07 —26.89 21.49" —25.84 —26.75 24.65"** / / /
85 Nfagleat (%0) 3.99 2.15 26.32"* 2.50 2.07 0.96™ / / /
815 Ngrain (%0) 5.05 431 8.02** 349 3.22 1.24"s / / /
Niagiear (%) 3.74 3.99 9.96™* 3.57 3.62 0.15m / / /
Ngrain(%) 2.90 2.27 44.20%* 2.56 1.96 40.19"* / / /

DTF, the number of days to flowering; FLA, flag leaf area; LC, leaf chlorophyll content; TB, total aerial biomass at harvest; Kernel m~2 number of kernels per square meter; TKW,
thousand kernels weight; GY, grain yield; 8'>C, stable carbon isotope composition of flag leaves (8! Cqaglear) and grains (8! Cgryin); 8'°N, stable nitrogen isotope composition
of flag leaves (8'°Nagiear) and grains (8'°Ngyain ); N, concentration of flag leaves (Ngagiear) and grains (Ngrain)-

The genotypic groups effect was significant for the 81°N as
well as the N concentration on both flag leaves and mature
grains (Table 2), and for the 813C only in mature grains (Table 2),
with values for all these traits being higher in landraces than
in improved genotypes. The same pattern of a lower 313C of
grains in improved genotypes compared with landraces was also
found at 18 d Sm~! (Supplemental Fig. S3). Moreover, the genotypic
groups x environment interaction (G x E) was only significant for
815N of the flag leaves (Table 2). Genotypic differences between
landraces and improved cultivars for the set of stable isotope sig-
natures and N concentrations were also examined within each
growing condition (Table 3). Except for the 813C of flag leaves, there
were significant differences for all traits studied (313C of grains and
815N and N of the flag leaves and grains) under 6dSm~!, but only
for 813Cgpain and Ny, under 13dSm~1.

3.4. Relationships of grain yield to growth, §'3C, §°N and N
concentration

Grain yield was strongly negatively correlated across genotypes
and within each growing condition with DTF as well as with flag leaf
area and plant height (Fig. 2A-C), whereas TKW did not correlate
with GY (data not shown). In addition, GY was negatively correlated
with the 8'3C and N concentration of the kernels at both 6dSm™!
and 13dSm~! (Fig. 3A, C). In addition, the three salinity levels
showed a similar pattern of negative correlation between 813Cgrain
and the average GY across the three years and across the 25 geno-
types (Supplemental Fig. S3). All the three salinity levels (6dSm™1,
13dSm~! and 18dSm~") showed similar patterns in their nega-
tive relationship between GY and the 8'3C of grains, which suggests
that 813C is a powerful trait in terms of monitoring the genotypic
response to the osmotic stress associated with salinity [8,45]. GY
did not correlate with N concentration or the 8'3C of the flag leaves
at any of the two salinity levels tested (data not shown). Finally,
GY was significantly correlated with 81°N only at 6dSm~! and
with flag leaves (Fig. 3B). Moreover, GY was negatively correlated
with the 813C of kernels within landraces and improved cultivars
separately when both saline conditions (6dSm~! and 13dSm™1)
were combined, but the correlation across improved cultivars was
much stronger than across landraces (Fig. 4A). However, GY was
correlated positively with 81°N of grains only within landraces
(Fig. 4B). A positive relationship across genotypes between 81°N

Table 4

Pearson correlation coefficients of the relationships between crop duration, mea-
sured as number of days from sowing to flowering (DTF) and the different stable
isotope compositions and the total N concentrations. Data are the means of all
genotypic groups and repetitions in each environment. Levels of significance are
as follows: ns, not significant; **P<0.01 and ***P <0.001. Abbreviations for variables
as defined in Table 2.

Echbika 6dSm™! Barrouta 13dSm !

DTF versus 8'3Cagiea 0.47"s 0.23s
DTF versus 8" Cgrain 0.71%** 0.77***
DTF versus 8'>Npagjeaf 0.74*** 0.26™
DTF versus 8> Ngpain 0.51** 0.32m
DTF versus N gagleaf —0.35m —0.06"
DTF versus Ngrain 0.73*** 0.71***

and biomass has already been reported in durum wheat grow-
ing under different salinity conditions in a hydroponic system [8].
In addition, 813C was negatively correlated with WUEyjelq across
genotypic groups within each of the three saline conditions (Fig. 5).

3.5. Relationships of N concentration with §13C and §°N

The nitrogen concentration of mature grains was positively cor-
related with the 8'3C of kernels across genotypes at both 6dSm~!
and 13dSm~! (Supplemental Fig. S4A), while the 813C and §1°N
of the flag leaves only correlated with N concentration in mature
grains at 6dSm~! (Supplemental Fig. S4B, C), and the 81°N of ker-
nels did not correlate (data not shown). In addition, the nitrogen
concentration of mature grains was correlated positively with the
315N of kernels within both landraces and improved cultivars when
both saline conditions were combined (Supplemental Fig. S5C),
while the 8'3C of the flag leaves only correlated with the N con-
centration of mature grains for landraces (Supplemental Fig. S5B).

3.6. Relationships of days from sowing to flowering with §13C,
815N and N concentration

DTF was positively correlated with the 8'3C and N of kernels at
both the lower and medium salinity levels (Table 4). However, for
the 31°N of the flag leaves and the grains had a significant posi-
tive correlation with DTF only at 6dSm~". In addition, the nitrogen
concentration of mature grains was correlated positively with DTF
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Fig. 2. Relationships of grain yield (GY) to (A) days from sowing to flowering, (B)
plant height and (C) flag leaf area within 6dSm~!, 13dSm~! and 18dSm~"'. Each
point represents the averaged value of one genotype. Levels of significance: ns, not
significant; **P<0.01; ***P<0.001.

within both landraces and improved cultivars when both saline
conditions were combined (Supplemental Fig. S5A).

3.7. Stepwise analysis of grain yield across genotypes

A multiple linear regression (stepwise) was performed that
explained GY variations as the dependent variable across the set
of 25 genotypes at the lower (6dSm~') and medium (13dSm1)
saline conditions assayed. Phenology together with the growth
parameters (other than total biomass and the agronomical yield
components),313C,3'°N and N concentration of both the flag leaves
and the grains were used as independent variables (Table 5). The
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Fig. 3. Relationships of grain yield (GY) to (A) carbon isotope composition of mature
grains (8'3Cgpain), (B) nitrogen isotope composition of the flag leaf (8'5Ngagiear) and
(C) nitrogen concentration of mature grains (Ngyin ), within 6dSm~! and 13dSm~'.
Each point represents the averaged value of one genotype. Levels of significance: ns,
not significant; **P<0.01; ***P<0.001.

DTF was the first variable selected by the model in both growing
conditions. It alone accounted for around 78% and 72% of the geno-
typic variation in grain yield at 6dSm~' and 13 dSm~1, respectively.
The N concentration of grains was the second variable chosen by
the model to explain GY in both salinity conditions. Leaf chlorophyll
content and the 1°N of kernels were also selected by the model but
with a minor role in accounting for the differences in GY (Table 5).

Stepwise analyses were also performed for the two subsets of
genotypes (Supplemental Table S2). For landraces, only the N of the
flag leaves was chosen at 6dSm~" to explain 30% of the variability
of GY, whereas at 13dSm~!, the N concentration in mature grains
was the first variable chosen by the model (33% of the variability),
followed by leaf chlorophyll, the 813C of kernels and plant height.
Regarding the improved cultivars, only the 813C of kernels was cho-
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Table 5

Multiple linear regressions (stepwise) explaining grain yield (GY) variation across genotypic groups in each environment as a dependent variable, and all the growth traits
(excluding total biomass and agronomical yield components), number of days to flowering, leaf chlorophyll content, nitrogen concentration and stable isotope signatures in
the same particular growing condition as independent. Levels of significance: ***P <0.001. Abbreviations for variables as defined in Tables 1 and 2.

Dependent Variable Environment Variable chosen R? Final stepwise model
GY Echbika 6dSm™! DTF 0.78*** GY=-0.08 DTF —0.38 Ngpais +18.46
DTF; N grain 0.80"**
GY Barrouta DTF 0.72%** GY =—0.05 DTF — 0.68 Ngrain— 0.07 LC
13dSm™! DTF; Ngrain 0.76"* —0.16 815 Ngpyin +9.23
DTF; Ngpain: LC 0.79***
DTF; Ngpain; LC; 0.81%*
6ISNgrain
-24 -24
A @ Landraces ® s dSm"J
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O 18dsm’
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§ Fig. 5. Relationship between carbon isotope composition (8'3C) of mature kernels
£ 4 and crop water use efficiency (WUEy;eq) under the three different growing condi-
g tions assayed: (6dSm~',13dSm~" and 18 dSm~"). Levels of significance: **P<0.01.
=
)
-
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2 4
0 ‘ , [49], which somehow may still translate to a higher yield under
0 2 4 6 stress conditions. Moreover, plants with smaller leaves may have

Grain yield (Vha)

Fig.4. Relationships of grain yield (GY) to (A) carbon isotope composition (8'3C) and
(B) nitrogen isotope composition (8'°N) of mature grains within landraces (filled
symbols) and improved genotypes (open symbols) across 6dSm~! and 13 dSm~!
together. Each point represents the averaged value of one genotype and growing
condition. Levels of significance: ns, not significant; *P<0.05; **P<0.01.

sen by the model at 13dSm~! to explain 60% of the variability of
GY, whereas at 6dSm~"! no variable was chosen.

4. Discussion

4.1. Growth, crop duration and grain yield as genotypic
indicators of tolerance to salinity

Salinity of irrigation water and genotypes both significantly
affected plant height and leaf area, traits that can be considered
useful for screening durum wheat germplasm under salinity and
water stress [33,47,48]. Within a given salinity level genotypes
with smaller flag leaf and plant height were the more yielding.
These morphological traits are characteristics of improved (i.e. post
Green Revolution) cultivars that possess a higher yield potential

reduced transpirative surfaces and thus a lower accumulation of
toxic ions in the shoot, which is one of the mechanisms plants
use to tolerate the reduced ion uptake effects under soil salinity
[50]. Leaf chlorophyll content, has been proposed as a screening
criterion for wheat tolerance to salinity [33]. However, in our study
it only correlated (positively) with GY at the most severe salinity
level, corresponding to the treatment with the lowest chlorophyll
content in the flag leaves. Previous studies in durum wheat under
controlled conditions have failed to find any correlation between
leaf chlorophyll content and plant growth [8].

In our study salinity decreased GY, mainly through a decrease
in TKW and to a lesser extent in the number of kernels per m~2. In
this context, it has been reported that the effect of salinity was
most pronounced on the yield components, which were under-
going development at the time of the salt stress [51]. Conversely
the yield components, which were stressed by salinity during their
development, made less of a contribution to grain yield [52]. Our
results also showed that within each growing condition GY cor-
related highly and negatively with days to flowering (DTF) with
shorter duration genotypes having a greater yield. In this context, it
has been reported that under salt stress, phenological escape is one
of the strategies employed by plants to survive such environmental
conditions [37].
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4.2. Genotypic tolerance to salinity, stable isotope composition
and N content

The study reported genetic variability in GY, 813C, 81°N and N
concentration for durum wheat under different salinity conditions.
Genetic variability to salinity for these traits has been reported
before for durum wheat under controlled pot conditions [8]. Stud-
ies on other cereals like barley and wheat under field conditions
have also reported genetic variability in GY and 813C under salinity
[19,43]. As in the case of water stress under Mediterranean condi-
tions [28], the genotypic tolerance of Tunisian durum wheat was
associated with alower (i.e. more negative) 313Cin grains. The more
productive genotypes are those with lower 8'3C in grains, which
suggests they exhibit higher stomatal conductance (because a bet-
ter water status) and lower intrinsic water use efficiency than the
more susceptible genotypes [53]. However, the more productive
genotypes also exhibited the highest WUEy;ejq.

Moreover, genotypic differences in plant 8!1°N seem to reflect
the extent to which plants acquire and retain N in their tissues
[21]. Thus the positive relationship between the 8'°N of grains
and both GY and the N concentration of grains across treatments
might be due to differences in 8!°N being associated with the
effect of assimilation capacity and N demand on this isotopic sig-
nature [54-57]. Alternatively, it has been suggested that salt stress
decreases the 31°N and N concentration compared with control
conditions due to down-regulation of assimilating enzymes [23]
such as nitrate reductase or ammonium assimilation by glutamine
synthetase [58-60] as response to salinity in wheat [61]. However,
within a given salinity level 8'°N did not correlate (13dSm~1) or
correlated negatively (6dSm~1) with GY across genotypes. More-
over, the N concentration in kernels had a stronger relation with
GY than 313C or 81°N. Such a strong negative relationship with GY
may be the consequence of a low N concentration in kernels being
the result of a “dilution” effect caused by a high kernel weight per
spike [17,62,63].

4.3. Differences between landraces and improved varieties

The greater crop duration, plant height and leaf area and
lower grain yield of landraces compared to improved (post Green-
Revolution) varieties has been extensively reported for durum
wheat [49,64]. Moreover, the TKW tended to decrease in the
improved varieties, which also agrees with previous studies [49]
and does not support the higher N concentration of kernels of lan-
draces being the consequence of smaller kernels. The higher GY
of modern varieties is due to a larger number of kernels per m?2
compared with the landraces and occurs regardless of the salinity
conditions. It has been stated that the wheat landraces are better
adapted than modern cultivars to changing climate conditions and
to stress environments due to their population genetic structure,
buffering capacity, and a combination of morpho-physiological
traits conferring adaptability to stress environments [65]. However,
our study clearly shows that modern varieties outyielded the lan-
draces irrespective of the salinity conditions. On the other hand,
total aerial biomass at maturity (including weight of grains) was
comparable in landraces and advanced lines, which agrees with
the majority of reports indicating that total biomass has not (or
has only marginally) increased in the improved varieties compared
to the landraces [64]. Moreover, the modern genotypes clearly
showed higher WUEy¢q than landraces in spite their lower 8'3C
in kernels. The higher WUEy;ej¢ Was mainly the consequence of a
higher grain yield, whereas the effect of a shorter cycle duration
(and thus less water evapotranspirated) appears as minor. Overall,
our results do not support the landraces as being, in general, more
salinity tolerant than the improved varieties, which has been the
conventional view. Moreover, landraces also exhibited higher 813C

compared with improved varieties, which has been reported in the
past for durum wheat under different water regimes [17,66,67]. It
has been reported that the genotypic tolerance of Tunisian durum
wheat to different water regimes was associated with a lower (i.e.
more negative) 813C in the flag leaves and the grains [28]. These
results suggest that the most salinity tolerant genotypes are those
that maintain more open stomata [8], which is the case for the
improved varieties. However, whether the lower 3!3C of improved
genotypes compared to the landraces is the consequence of a con-
stitutive higher stomatal conductance, the capacity to keep higher
stomatal conductance under osmotic stress conditions or just the
consequence of differences in phenology (a shorter cycle in mod-
ern varieties), remains to be elucidated. Even so, in our study a
shorter duration seems to be the main factor responsible for the
lower grain §13C of improved genotypes because days to flower-
ing correlated positively with 813C and this phenological trait was
the first chosen in the stepwise analysis to explain differences in
GY. Nevertheless, phenology is not the only factor involved as sug-
gested from the stronger negative relationship between $13C and
GY of modern cultivars compared with the landraces. Concerning
815N, a higher shoot 81°N has been reported as a favourable trait in
terms of genotypic differences in biomass under different salinity
levels and hydroponics [8,10]. However, it does not translate nec-
essarily to a higher grain yield. This is the case of our study under
field conditions, where the improved varieties exhibited lower flag
leaf 31°N than the landraces.

4.4. Flag leaves or mature grains, which is the most informative
organ?

Our results showed that both the 8'3C and N of mature grains
were highly correlated with GY within each salinity level, whereas
correlations between the same traits in the flag leaves against
GY were absent. The 8'3Cgpaip and Ny, Were also the traits that
best separated the landraces from the improved cultivars under
6dSm~! and 13dSm~". In addition, 8'3Cgyy, was the only vari-
able chosen by the model in the stepwise analysis and explained
60% of the GY variability within improved cultivars, while the N of
mature grains was the first variable chosen by the model to explain
the GY variability within the landraces. Previous work on durum
wheat subjected to different water regimes under Mediterranean
conditions [17,28,68] has shown that grains perform better than
leaves when using the §13C and the N concentration as traits to
assess the genotypic performance in terms of GY. However, to the
best of our knowledge this is the first study showing that samples
from kernels perform better than those from leaves when assess-
ing genotypic variability under salinity. The progressive effect of
salinity in terms of increasing water stress and ion toxicity of the
crop may account for the better performance of traits analysed in
the kernels, these being the last parts of the plant to develop. More-
over, 813C of mature grains also was well correlated with WUEyjield
but opposite (i.e. negatively) to the predicted relationship between
313C and WUE.

4.5. Implications for breeding

This study highlights the importance of phenology in adapta-
tion of durum wheat to salinity conditions, whereas it does not
support any advantages of landraces compared with improved vari-
eties under this form of stress. Moreover, leaf chlorophyll content
has not proven to be an adequate trait for selection, at least under
moderate-medium salinity conditions. On the other hand, the study
shows the suitability of the stable C isotope signature together with
N concentration, particularly when analysed in mature kernels, for
assessing the genotypic performance of landraces and improved
cultivars under salinity. However, the use of 813C (or A13C) as a
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selection proxy for water use efficiency have to take into considera-
tion what is the nature of WUE targeted. Whereas 813C in plants has
been proved for long as an indicator of “intrinsic or physiological”
water use efficiency in terms of photosynthetis per transpiration
it may actually correlate in an opposite direction with “agronom-
ical” WUE evaluated as GY or biomass per unit of water received,
since water losses include, despite water transpired by the plant,
the direct evaporation from the soil. Thus, the estimation of WUE
in experiments carried out in pots (where soil evaporation is com-
monly eliminated) may be substantially different with respect to
plants grown in the field [20,39]. In fact, most of the studies on the
positive relationship between 8'3C and WUE based on plant growth
or grain yield versus water used have been performed in pots or in
conditions where soil evaporation has been prevented.

Acknowledgements

We acknowledge the Spanish AGL2013-44147 and the European
EuropeAid/131046/C/ACT/Multi. PI projects.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.plantsci.2016.07.
005.

References

[1] R. Munns, Comparative physiology of salt and water stress, Plant Cell Environ.
25 (2002) 239-250.

[2] R. Munns, M. Tester, Mechanisms of salinity tolerance, Annu. Rev. Plant Biol.
59 (2008) 651-681.

[3] J.L. Araus, The problem of sustainable water use in the Mediterranean and
research requirements for agriculture, Ann. Appl. Biol. 144 (2004) 259-272.

[4] World Bank, World development report, Agriculture for Development, 2008,
vailable at http://siteresources.worldbank.org/INTWDR2008/Resources/
WDR_00-book.pdf.

[5] F.Slama, Modélisation Des Ouvrages De Drainage Dans Le périmétre Irrigué
De Kaldat Landelous. Modélisation En Hydraulique Et Environnement,
Mémoire de DEA, ENIT Tunisie, 2003.

[6] R. Sayar, H. Bchini, M. Mosbahi, M. Ezzine, Effects of salt and drought stresses
on germination emergence and seedling growth of Durum wheat (Triticum
durum Desf.), ]. Agric. Res. 5 (2010) 2008-2016.

[7] T.E. Dawson, S. Mambelli, H. Agneta, A.H. Plamboeck, P.H. Templer, P. Kevin, K.
Tu, Stable isotopes in plant ecology, Annu. Rev. Ecol. Syst. 33 (2002) 507-559.

[8] S. Yousfi, M.D. Serret, J.L. Araus, 8'>N gives a better indication than ion
concentration or A'3C of genotypic differences in the response of durum
wheat to salinity, Funct. Plant Biol. 36 (2009) 144-155.

[9] S. Yousfi, M.D. Serret, J. Voltas, ].L. Araus, Effect of salinity and water stress
during the reproductive stage on growth ion concentrationsA'>C and 8'°N of
durum wheat and related amphiploids, J. Exp. Bot. 61 (2010) 3529-3542.

[10] S.Yousfi, M.D. Serret, A.J. Marquez, ]. Voltas, J.L. Araus, Combined use of 3'3C,
880 and 8'°N tracks nitrogen metabolism and genotypic adaptation of
durum wheat to salinity and water deficit, New Phytol. 194 (2012) 230-244.

[11] G.D. Farquhar, M.H. O’Leary, ].A. Berry, On the relationship between carbon
isotope discrimination and the intercellular carbon dioxide concentration in
leaves, Aust. . Plant Physiol. 9 (1982) 121-137.

[12] G.D.Farquhar, R.A. Richards, Isotopic composition of plant carbon correlates
with water-use efficiency of wheat genotypes, Aust. J. Plant Physiol. 11 (1984)
539-552.

[13] G.D.Farquhar, J.R. Ehleringer, K.T. Hubick, Carbon isotope discrimination and
photosynthesis, Annu. Rev. Plant Physiol. Plant Mol. Biol. 40 (1989) 503-537.

[14] G. Tcherkez, A. Mahé, M. Hodges, '2C/'3C fractionations in plant primary
metabolism, Trends Plant Sci. 16 (2011) 499-506.

[15] A.R.Rivelli, R.A. James, R. Munns, A.G. Condon, Effects of salinity on water
relations and growth of wheat genotypes with contrasting sodium uptake,
Funct. Plant Biol. 29 (2002) 1065-1074.

[16] J.L. Araus, H.R. Brown, A. Febrero, J. Bort, M.D. Serret, Ear photosynthesis,
carbon isotope discrimination and the contribution of respiratory CO, to
differences in grain mass in durum wheat, Plant Cell Environ. 16 (1993)
383-392.

[17] J.L. Araus, L. Cabrera-Bosquet, M.D. Serret, J. Bort, M.T. Nieto-Taladriz,
Comparative performance of 3'3C 880 and 8'°N for phenotyping durum
wheat adaptation to a dryland environment, Funct. Plant Biol. 40 (2013)
595-608.

[18] ].S. Pate, Carbon isotope discrimination and plant water-use efficiency, in: M.J.
Unkovich, J.S. Pate, A. McNeill, . Gibbs (Eds.), Stable Isotope Techniques in the

Study of Biological Process and Functioning of Ecosystems, Kluwer Academic
Publishers, The Netherlands, 2001, pp. 19-36.

[19] R. Shaheen, R.C. Hood-Nowotny, Effect of drought and salinity on carbon
isotope discrimination in wheat cultivars, Plant Sci. 168 (2005) 901-909.

[20] E.A. Tambussi, J. Bort, J.L. Araus, Water use efficiency in C3 cereals under
Mediterranean conditions: a review of physiological aspects, Ann. Appl. Biol.
150(2007) 307-321.

[21] D. Robinson, L.L. Handley, C.M. Scrimgeour, C. Gordon, B.P. Forster, R.P. Ellis,
Using stable isotope natural abundances (8'°N and §'3C) to integrate the
stress responses of wild barley (Hordeum spontaneum C. Koch.) genotypes, J.
Exp. Bot. 51 (2000) 41-50.

[22] R.P. Ellis, B.P. Forster, D.C. Gordon, L.L. Handley, R.P. Keith, P. Lawrence, R.
Meyer, W. Powell, D. Robinson, C.M. Scrimgeour, G. Young, W.T. Thomas,
Phenotype/genotype associations for yield and salt tolerance in a barley
mapping population segregating for two dwarfing genes, J. Exp. Bot. 53 (2002)
1163-1176.

[23] L.L. Handley, D. Robinson, B.P. Forster, R.P. Ellis, C.M. Scrimgeour, D.C. Gordon,
E. Nero, J.A. Raven, Shoot (>N correlates with genotype and salt stress in
barley, Planta 201 (1997) 100-102.

[24] P. Hogberg, >N natural abundance in soil-plant systems, New Phytol. 137
(1997) 179-203.

[25] D. Robinson, L.L. Handley, C.M. Scrimgeour, A theory for '>N/'N fractionation
in nitrate-grown vascular plants, Planta 205 (1998) 397-406.

[26] R.A. Werner, H.L. Schmidt, The in vivo nitrogen isotope discrimination among
organic plant compounds, Phytochemistry 61 (2002) 465-484.

[27] G. Tcherkez, Natural >N/'“N isotope composition in C; leaves: are enzymatic
isotope effects informative for predicting the '>N-abundance in key
metabolites? Funct. Plant Biol. 38 (2011) 1-12.

[28] J. Bort, M. Belhaj, K. Latiri, Z. Kehel, ].L. Araus, Comparative performance of the
stable isotope signatures of carbon nitrogen and oxygen in assessing early
vigour and grain yield in durum wheat, J. Agric. Sci. 152 (2014) 408-426.

[29] Z. Chamekh, C. Karmous, S. Ayadi, A. Sahli, Z. Hammami, M. BelhajFraj, N.
Benaissa, Y. Trifa, H. Slim-Amara, Stability analysis of yield component traits
in 25 durum wheat (Triticum durum Desf.) genotypes under contrasting
irrigation water salinity, Agric. Water Manag. 152 (2015) 1-6.

[30] M. Ben Salem, H. Boussen, A. Slama, Evaluation de la résistance  la contrainte
hydrique et calorique d’'une collection de blé dur: recherche de paramétres
précoces de sélection. In: 6emes J. Scientifiques du Réseau Biotechnologies
Végétales AUPELF-UREF Orsay, 1997, pp. 316-326.

[31] T.B. Coplen, Explanatory Glossary of Termsusedinexpressionof Relative
Isotoperatiosandgasratios. [IUPAC Provisional Recommendations. Inorganic
Chemistry Division. Commission on Isotopic Abundances and Atomic
Weights, 2008 http://old.iupac.org/reports/provisional/abstract08/coplen-
310508.html/.

[32] S.Husain, S. von Caemmerer, R. Munns, Control of salt transport from roots to
shoots of wheat in saline soil, Funct. Plant Biol. 31 (2004) 1115-1126.

[33] R. Munns, R.A. James, Screening methods for salinity tolerance: a case study
with tetraploid wheat, Plant Soil 253 (2003) 201-218.

[34] M. Akram, M. Hussain, S. Akhtar, E. Rasul, Impact of NaCl salinity on yield
components of some wheat accession/variety, Int. J. Agric. Biol. 4 (2002)
156-158.

[35] H.R. Asgari, W. Cornelisb, P. Van Dammeb, Effect of salinity on wheat
(Triticumaestivum L.) grain yield components and ion uptake, Desert 16
(2011) 169-175.

[36] C.M. Grieve, S.M. Lesch, L.E. Francois, E.V. Maas, Analysis of main spike and
yield components in salt stressed wheat, Crop Sci. 32 (1992) 697-703.

[37] AY. Amin, G. Safwat, G. El-Emary, Development of doubled haploid wheat
genotypes using chromosome eliminating technique and assessment under
salt stress, J. Am. Sci. 6 (2010) 139-148.

[38] J.L. Hatfield, T.J. Sauer, J.H. Prueger, Managing soil to achieve greater water use
efficiency, a review, Agron. J. 93 (2001) 271-280.

[39] T. Oweis, H. Zhang, M. Pala, Water use efficiency of rainfed and irrigated bread
wheat in a Mediterranean environment, Agron. J. 92 (2000) 231-238.

[40] LS. Pereira, T. Oweis, A. Zairi, Irrigation management under water scarcity,
Agric. Water Manag. 57 (2002) 175-206.

[41] A.R. Tavakkoli, T.Y. Oweis, The role of supplemental irrigation and nitrogen in
producing bread wheat in the highlands of Iran, Agric. Water Manag. 65
(2004) 225-236.

[42] B. Zhang, F.M. Li, G. Huang, Z.Y. Cheng, Y. Zhang, Yield performance of spring
wheat improved by regulated deficit irrigation in an arid area, Agric. Water
Manag. 79 (2006) 28-42.

[43] R.Isla, R. Aragues, A. Royo, Validity of various physiological traits as screening
criteria for salt tolerance in barley, Field Crops Res. 58 (1998) 97-107.

[44] A.G. Condon, R.A. Richards, G.T. Rebetzke, G.D. Farquhar, Improving intrinsic
water use efficiency and crop yield, Crop Sci. 42 (2002) 128-133.

[45] J.L. Araus, D. Villegas, N. Aparicio, L.F. Garcia del Moral, S. El Hani, Y. Rharrabti,
]J.P. Ferrio, C. Royo, Environmental factors determining carbon isotope
discrimination and yield in durum wheat under Mediterranean conditions,
Crop Sci. 43 (2003) 170-180.

[46] 1. Raimanova, J. Haberle, The effects of differentiated water supply after
anthesis and nitrogen fertilization on 8'°N of wheat grain, Mass Spectrom. 24
(2010) 261-266.

[47] T.M.T. Islam, R.H. Sedgley, Evidence for a ‘uniculm effect’ in spring wheat
(Triticumaestivum L.) in a Mediterranean environment, Euphytica 30 (1981)
277-282.


ICC
Highlight

ICC
Highlight

http://dx.doi.org/10.1016/j.plantsci.2016.07.005
http://dx.doi.org/10.1016/j.plantsci.2016.07.005
http://dx.doi.org/10.1016/j.plantsci.2016.07.005
http://dx.doi.org/10.1016/j.plantsci.2016.07.005
http://dx.doi.org/10.1016/j.plantsci.2016.07.005
http://dx.doi.org/10.1016/j.plantsci.2016.07.005
http://dx.doi.org/10.1016/j.plantsci.2016.07.005
http://dx.doi.org/10.1016/j.plantsci.2016.07.005
http://dx.doi.org/10.1016/j.plantsci.2016.07.005
http://dx.doi.org/10.1016/j.plantsci.2016.07.005
http://dx.doi.org/10.1016/j.plantsci.2016.07.005
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0005
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0005
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0005
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0005
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0005
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0005
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0005
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0005
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0005
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0005
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0005
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0005
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0005
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0005
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0005
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0005
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0005
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0010
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0010
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0010
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0010
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0010
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0010
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0010
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0010
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0010
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0010
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0010
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0010
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0010
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0010
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0010
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0010
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0010
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0015
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0015
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0015
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0015
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0015
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0015
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0015
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0015
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0015
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0015
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0015
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0015
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0015
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0015
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0015
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0015
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0015
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0015
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0015
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0015
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0015
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0015
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0015
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0015
http://siteresources.worldbank.org/INTWDR2008/Resources/WDR_00_book.pdf
http://siteresources.worldbank.org/INTWDR2008/Resources/WDR_00_book.pdf
http://siteresources.worldbank.org/INTWDR2008/Resources/WDR_00_book.pdf
http://siteresources.worldbank.org/INTWDR2008/Resources/WDR_00_book.pdf
http://siteresources.worldbank.org/INTWDR2008/Resources/WDR_00_book.pdf
http://siteresources.worldbank.org/INTWDR2008/Resources/WDR_00_book.pdf
http://siteresources.worldbank.org/INTWDR2008/Resources/WDR_00_book.pdf
http://siteresources.worldbank.org/INTWDR2008/Resources/WDR_00_book.pdf
http://siteresources.worldbank.org/INTWDR2008/Resources/WDR_00_book.pdf
http://siteresources.worldbank.org/INTWDR2008/Resources/WDR_00_book.pdf
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0025
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0025
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0025
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0025
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0025
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0025
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0025
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0025
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0025
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0025
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0025
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0025
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0025
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0025
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0025
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0025
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0025
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0025
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0025
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0025
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0025
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0025
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0025
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0025
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0025
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0030
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0035
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0035
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0035
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0035
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0035
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0035
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0035
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0035
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0035
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0035
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0035
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0035
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0035
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0035
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0035
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0035
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0035
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0035
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0035
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0035
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0035
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0035
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0035
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0035
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0035
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0035
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0035
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0035
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0040
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0045
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0050
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0055
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0055
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0055
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0055
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0055
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0055
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0055
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0055
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0055
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0055
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0055
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0055
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0055
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0055
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0055
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0055
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0055
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0055
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0055
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0055
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0055
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0055
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0055
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0055
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0055
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0055
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0055
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0055
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0055
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0055
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0060
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0060
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0060
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0060
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0060
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0060
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0060
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0060
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0060
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0060
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0060
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0060
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0060
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0060
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0060
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0060
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0060
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0060
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0060
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0060
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0060
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0060
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0060
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0060
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0060
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0065
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0065
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0065
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0065
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0065
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0065
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0065
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0065
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0065
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0065
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0065
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0065
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0065
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0065
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0065
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0065
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0065
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0065
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0065
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0065
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0065
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0065
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0065
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0070
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0070
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0070
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0070
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0070
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0070
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0070
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0070
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0070
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0070
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0070
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0070
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0070
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0070
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0070
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0070
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0070
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0070
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0070
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0070
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0070
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0070
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0070
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0075
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0075
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0075
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0075
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0075
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0075
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0075
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0075
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0075
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0075
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0075
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0075
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0075
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0075
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0075
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0075
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0075
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0075
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0075
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0075
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0075
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0075
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0075
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0075
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0075
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0075
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0075
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0075
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0075
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0075
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0075
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0080
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0085
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0090
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0095
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0095
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0095
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0095
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0095
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0095
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0095
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0095
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0095
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0095
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0095
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0095
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0095
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0095
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0095
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0095
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0095
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0095
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0095
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0095
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0095
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0095
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0095
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0100
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0100
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0100
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0100
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0100
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0100
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0100
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0100
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0100
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0100
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0100
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0100
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0100
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0100
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0100
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0100
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0100
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0100
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0100
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0100
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0100
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0100
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0100
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0100
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0100
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0100
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0100
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0100
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0100
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0105
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0110
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0115
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0120
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0120
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0120
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0120
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0120
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0120
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0120
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0120
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0120
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0120
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0120
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0120
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0120
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0120
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0120
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0120
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0120
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0120
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0125
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0125
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0125
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0125
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0125
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0125
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0125
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0125
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0125
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0125
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0125
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0125
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0125
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0125
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0125
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0125
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0125
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0125
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0125
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0125
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0125
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0125
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0125
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0125
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0130
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0130
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0130
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0130
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0130
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0130
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0130
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0130
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0130
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0130
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0130
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0130
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0130
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0130
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0130
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0130
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0130
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0130
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0130
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0130
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0135
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0140
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0145
http://old.iupac.org/reports/provisional/abstract08/coplen_310508.html/
http://old.iupac.org/reports/provisional/abstract08/coplen_310508.html/
http://old.iupac.org/reports/provisional/abstract08/coplen_310508.html/
http://old.iupac.org/reports/provisional/abstract08/coplen_310508.html/
http://old.iupac.org/reports/provisional/abstract08/coplen_310508.html/
http://old.iupac.org/reports/provisional/abstract08/coplen_310508.html/
http://old.iupac.org/reports/provisional/abstract08/coplen_310508.html/
http://old.iupac.org/reports/provisional/abstract08/coplen_310508.html/
http://old.iupac.org/reports/provisional/abstract08/coplen_310508.html/
http://old.iupac.org/reports/provisional/abstract08/coplen_310508.html/
http://old.iupac.org/reports/provisional/abstract08/coplen_310508.html/
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0160
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0160
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0160
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0160
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0160
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0160
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0160
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0160
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0160
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0160
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0160
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0160
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0160
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0160
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0160
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0160
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0160
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0160
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0160
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0160
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0160
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0160
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0160
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0160
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0160
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0160
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0160
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0160
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0165
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0165
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0165
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0165
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0165
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0165
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0165
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0165
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0165
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0165
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0165
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0165
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0165
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0165
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0165
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0165
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0165
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0165
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0165
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0165
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0165
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0165
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0170
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0170
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0170
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0170
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0170
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0170
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0170
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0170
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0170
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0170
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0170
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0170
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0170
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0170
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0170
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0170
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0170
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0170
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0170
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0170
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0170
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0170
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0170
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0170
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0170
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0170
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0170
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0170
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0175
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0175
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0175
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0175
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0175
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0175
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0175
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0175
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0175
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0175
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0175
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0175
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0175
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0175
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0175
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0175
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0175
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0175
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0175
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0175
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0175
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0175
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0175
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0175
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0175
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0175
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0175
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0180
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0180
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0180
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0180
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0180
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0180
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0180
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0180
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0180
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0180
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0180
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0180
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0180
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0180
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0180
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0180
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0180
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0180
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0180
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0180
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0180
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0180
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0180
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0180
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0180
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0180
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0185
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0185
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0185
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0185
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0185
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0185
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0185
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0185
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0185
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0185
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0185
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0185
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0185
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0185
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0185
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0185
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0185
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0185
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0185
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0185
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0185
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0185
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0185
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0185
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0185
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0185
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0185
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0185
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0185
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0190
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0190
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0190
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0190
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0190
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0190
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0190
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0190
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0190
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0190
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0190
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0190
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0190
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0190
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0190
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0190
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0190
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0190
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0190
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0190
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0190
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0190
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0190
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0195
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0195
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0195
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0195
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0195
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0195
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0195
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0195
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0195
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0195
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0195
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0195
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0195
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0195
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0195
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0195
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0195
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0195
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0195
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0195
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0195
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0195
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0195
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0195
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0195
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0195
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0200
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0200
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0200
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0200
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0200
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0200
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0200
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0200
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0200
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0200
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0200
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0200
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0200
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0200
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0200
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0200
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0200
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0200
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0200
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0205
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0205
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0205
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0205
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0205
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0205
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0205
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0205
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0205
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0205
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0205
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0205
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0205
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0205
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0205
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0205
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0205
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0205
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0205
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0205
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0205
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0205
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0205
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0205
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0205
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0205
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0205
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0205
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0210
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0210
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0210
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0210
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0210
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0210
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0210
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0210
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0210
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0210
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0210
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0210
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0210
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0210
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0210
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0210
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0210
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0210
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0210
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0210
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0210
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0210
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0210
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0210
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0210
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0210
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0210
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0210
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0210
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0210
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0210
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0210
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0215
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0215
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0215
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0215
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0215
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0215
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0215
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0215
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0215
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0215
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0215
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0215
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0215
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0215
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0215
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0215
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0215
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0215
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0215
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0215
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0215
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0215
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0215
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0215
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0215
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0215
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0215
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0220
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0220
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0220
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0220
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0220
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0220
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0220
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0220
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0220
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0220
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0220
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0220
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0220
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0220
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0220
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0220
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0220
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0220
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0220
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0220
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0220
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0220
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0220
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0225
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0230
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0230
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0230
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0230
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0230
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0230
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0230
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0230
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0230
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0230
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0230
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0230
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0230
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0230
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0230
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0230
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0230
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0230
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0230
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0230
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0230
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0230
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0230
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0230
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0230
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0230
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0230
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0230
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0230
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0235
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0235
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0235
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0235
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0235
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0235
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0235
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0235
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0235
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0235
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0235
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0235
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0235
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0235
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0235
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0235
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0235
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0235
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0235
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0235
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0235
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0235
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0235
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0235
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0235

Z. Chamekh et al. / Plant Science 251 (2016) 44-53 53

[48] M.E. Nicolas, R. Munns, A.B. Samarakoon, R.M. Gifford, Elevated CO, improves
the growth of wheat under salinity, Aust. J. Plant Physiol. 20 (1993) 349-360.

[49] A. Del Pozo, I. Matus, M.D. Serret, J.L. Araus, Agronomic and physiological
traits associated with the breeding advance of Chilean wheats under
high-productive Mediterranean conditions, Environ. Exper. Bot. 103 (2014)
180-189.

[50] T.J. Flowers, A.R. Yeo, Effect of salinity on plant growth and crop yield, in:

Environmental Stress, Springer, Verlag, Berlin, Heidelberg, 1989, pp. 101-119.

[51] LU.H. Javed, S. Akhtar, M. Akram, M. Arfan, Y. Shazia, Differential yield
responses of barley genotypes to NaCl salinity, Int. J. Agric. Biol. 5 (2003)
233-235.

[52] L.E. Francois, C.M. Grieve, E.V. Maas, S.M. Lesch, Time of salt stress affects
growth and yield components of irrigated wheat, Agron. J. 86 (1994) 100-107.

[53] L. Cabrera-Bosquet, R. Albrizio, S. Nogués, ].L. Araus, Dual A'3C/3'80 response
to water and nitrogen availability and its relationship with yield in
field-grown durum wheat, Plant Cell Environ. 34 (2011) 418-433.

[54] A. Mariotti, F. Martiotti, M.L. Champigny, N. Amarger, A. Moyse, Nitrogen
isotope fractionation associated with nitrate reductase activity and uptake of
nitrate by pearl millet Pennisetum spp, Plant Physiol. 69 (1982) 880-884.

[55] P.M. Vitousek, G. Shearer, D.H. Kohl, Foliar >N natural abundances in
Hawaiian rainforest: patterns and possible mechanisms, Oecologia 78 (1989)
383-388.

[56] E.S. Pritchard, R.D. Guy, Nitrogen isotope discrimination in white spruce fed
with low concentrations of ammonium and nitrate, Trees 19 (2005) 89-98.

[57] M. Coque, P. Bertin, B. Hirel, A. Gallais, Genetic variation and QTLs for >N
natural abundance in a set of maize recombinant inbred lines, Field Crops Res.
97 (2006) 310-321.

[58] R.D. Evans, Physiological mechanism influencing plant nitrogen isotope
composition, Trends Plant Sci. 6 (2001) 121-126.

[59] S.F.Ledgard, K.C. Woo, F.J. Bergersen, Isotopic fractionation during reduction
of nitrate and nitrite by extracts of spinach leaves, Aust. J. Plant Physiol. 12
(1985) 631-640.

[60] T. Yoneyama, K. Kamachi, T. Yamaya, T. Mae, Fractionation of nitrogen
isotopes by glutamine synthetase isolated from spinach leaves, Plant Cell
Physiol. 34 (1993) 489-491.

[61] P. Carillo, G. Mastrolonardo, F. Nacca, A. Fuggi, Nitrate reductase in durum
wheat seedlings as affected by nitrate nutrition and salinity, Funct. Plant Biol.
32(2005) 209-219.

[62] J.L. Araus, G.A. Slafer, C. Royo, M.D. Serret, Breeding for yield potential and
stress adaptation in cereals, critical reviews, Plant Sci. 27 (2008) 377-412.

[63] M.D. Serret, I. Ortiz-Monasterio, A. Pardo, J.L. Araus, The effect of urea
fertilization and genotype on yield, NUE, 8'°N and 8'3C in wheat, Ann. Appl.
Biol. 153 (2008) 243-257.

[64] C.Royo, F. Alvaro, V. Martos, A. Ramdani, ]. Isidro, D. Villegas, L.F. Garcia del
Moral, Geneticchanges in durumwheatyieldcomponents andassociated traits
in Italian and Spanish varieties duringthe 20th century, Euphytica 155 (2007)
259-270.

[65] A.Jaradat, M. Shahid, How diverse a farmer-managed wheat landrace can be?
Emir. J. Food Agric. 26 (2014) 93-118.

[66] J.L. Araus, J.P. Ferrio, R. Bux®, ]. Voltas, The historical perspective of dryland
agriculture: lessons learned from 10000 years of wheat cultivation, J. Exp. Bot.
58 (2007) 131-145.

[67] C.Royo, V. Martos, A. Ramdani, D. Villegas, Y. Rharrabti, L.F. Garcia del Moral,
Changes in yield and carbon isotope discrimination of Italian and Spanish
durum wheat during the 20th century, Agron. J. 100 (2008) 352-360.

[68] J.L. Araus, T. Amaro, ]. Casadesus, A. Asbati, M.M. Nachit, Relationships
between ash content carbon isotope discrimination and yield in durum
wheat, Aust. J. Plant Physiol. 25 (1998) 835-842.


http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0240
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0240
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0240
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0240
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0240
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0240
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0240
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0240
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0240
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0240
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0240
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0240
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0240
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0240
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0240
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0240
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0240
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0240
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0240
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0240
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0240
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0240
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0240
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0240
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0240
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0240
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0240
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0245
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0245
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0245
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0245
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0245
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0245
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0245
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0245
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0245
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0245
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0245
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0245
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0245
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0245
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0245
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0245
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0245
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0245
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0245
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0245
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0245
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0245
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0245
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0245
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0245
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0245
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0245
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0245
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0245
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0245
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0245
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0245
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0245
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0250
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0250
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0250
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0250
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0250
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0250
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0250
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0250
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0250
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0250
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0250
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0250
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0250
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0250
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0250
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0250
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0250
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0250
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0250
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0250
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0250
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0250
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0250
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0250
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0250
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0255
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0255
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0255
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0255
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0255
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0255
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0255
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0255
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0255
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0255
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0255
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0255
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0255
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0255
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0255
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0255
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0255
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0255
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0255
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0255
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0255
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0255
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0255
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0255
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0255
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0255
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0255
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0255
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0260
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0260
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0260
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0260
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0260
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0260
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0260
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0260
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0260
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0260
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0260
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0260
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0260
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0260
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0260
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0260
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0260
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0260
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0260
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0260
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0260
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0260
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0260
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0260
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0260
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0260
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0260
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0265
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0270
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0275
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0275
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0275
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0275
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0275
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0275
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0275
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0275
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0275
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0275
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0275
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0275
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0275
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0275
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0275
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0275
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0275
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0275
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0275
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0275
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0275
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0275
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0275
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0275
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0280
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0280
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0280
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0280
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0280
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0280
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0280
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0280
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0280
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0280
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0280
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0280
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0280
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0280
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0280
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0280
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0280
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0280
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0280
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0280
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0280
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0280
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0280
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0280
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0285
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0285
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0285
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0285
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0285
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0285
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0285
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0285
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0285
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0285
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0285
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0285
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0285
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0285
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0285
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0285
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0285
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0285
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0285
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0285
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0285
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0285
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0285
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0285
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0285
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0285
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0285
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0285
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0285
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0285
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0285
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0285
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0285
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0290
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0290
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0290
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0290
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0290
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0290
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0290
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0290
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0290
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0290
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0290
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0290
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0290
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0290
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0290
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0290
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0290
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0295
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0295
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0295
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0295
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0295
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0295
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0295
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0295
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0295
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0295
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0295
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0295
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0295
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0295
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0295
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0295
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0295
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0295
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0295
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0295
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0295
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0295
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0295
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0295
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0295
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0295
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0295
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0295
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0300
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0300
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0300
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0300
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0300
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0300
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0300
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0300
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0300
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0300
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0300
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0300
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0300
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0300
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0300
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0300
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0300
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0300
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0300
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0300
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0300
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0300
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0300
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0300
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0300
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0300
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0300
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0305
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0305
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0305
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0305
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0305
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0305
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0305
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0305
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0305
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0305
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0305
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0305
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0305
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0305
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0305
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0305
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0305
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0305
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0305
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0305
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0305
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0305
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0305
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0305
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0305
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0305
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0305
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0305
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0305
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0310
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0310
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0310
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0310
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0310
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0310
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0310
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0310
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0310
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0310
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0310
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0310
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0310
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0310
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0310
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0310
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0310
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0310
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0310
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0310
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0310
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0310
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0310
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0310
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0310
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0310
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0315
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0320
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0325
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0325
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0325
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0325
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0325
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0325
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0325
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0325
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0325
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0325
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0325
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0325
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0325
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0325
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0325
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0325
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0325
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0325
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0325
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0325
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0325
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0330
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0330
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0330
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0330
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0330
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0330
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0330
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0330
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0330
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0330
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0330
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0330
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0330
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0330
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0330
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0330
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0330
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0330
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0330
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0330
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0330
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0330
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0330
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0330
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0330
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0330
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0330
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0330
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0330
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0330
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0335
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0340
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0340
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0340
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0340
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0340
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0340
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0340
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0340
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0340
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0340
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0340
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0340
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0340
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0340
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0340
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0340
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0340
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0340
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0340
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0340
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0340
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0340
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0340
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0340
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0340
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0340
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0340
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0340
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0340
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0340
http://refhub.elsevier.com/S0168-9452(16)30188-1/sbref0340

	Comparative effect of salinity on growth, grain yield, water use efficiency, δ13C and δ15N of landraces and improved durum...
	1 Introduction
	2 Materials and methods
	2.1 Plant material and growth conditions
	2.2 Crop phenology, leaf chlorophyll and ion content
	2.3 Grain yield, agronomical components and water use efficiency
	2.4 Total nitrogen and stable carbon and nitrogen isotope analyses
	2.5 Statistical analyses

	3 Results
	3.1 Effect of salinity on grain yield, growth parameters and water use efficiency
	3.2 Effects of salinity on δ13C, δ15N and nitrogen concentration
	3.3 Genotypic effect on plant growth, grain yield, WUE, δ13C, δ15N and nitrogen concentration
	3.4 Relationships of grain yield to growth, δ13C, δ15N and N concentration
	3.5 Relationships of N concentration with δ13C and δ15N
	3.6 Relationships of days from sowing to flowering with δ13C, δ15N and N concentration
	3.7 Stepwise analysis of grain yield across genotypes

	4 Discussion
	4.1 Growth, crop duration and grain yield as genotypic indicators of tolerance to salinity
	4.2 Genotypic tolerance to salinity, stable isotope composition and N content
	4.3 Differences between landraces and improved varieties
	4.4 Flag leaves or mature grains, which is the most informative organ?
	4.5 Implications for breeding

	Acknowledgements
	Appendix A Supplementary data
	References




