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Despite growing interest in using switchgrass (Panicum virgatum L.) as a biofuel, there are limited
data on the physiology of this species and its effect on stand water use and carbon (C) assimilation
when grown as a forest intercrop for bioenergy. Therefore, we quantified gas exchange rates of switch-
grass within intercropped plots and in pure switchgrass plots during its second growing season in an
intensively managed loblolly pine (Pinus taeda L.) plantation in North Carolina. Switchgrass physiol-
ogy was characterized over the growing season from June to October 2010 in terms of photosynthesis

ggﬁ ermds‘;irgmum (mmolm~2s-1), stomatal conductance (mmolm~2s-"), and assimilation responses to photosynthetic
Bioenergy photon flux density and intercellular carbon dioxide concentration (CO). We then used a process-
Pinus taeda based model of the soil-plant-atmosphere continuum to scale leaf-level gas exchange data to provide
Intercropping estimates of pine and switchgrass stand-level water use (mm) and carbon exchange (gCm~2) over a
Transpiration three-year period. Peak switchgrass photosynthesis (32.7 + 0.9 pmol m~2 s—!) and stomatal conductance

Gross primary productivity (252 + 12 mmol m~2 s~!) rates were measured in July, with minimum values (18.7 + 1.4 pmol m~2 s~! and
104 +6mmol m~2 s, respectively) recorded at the end of the growing season (October). Switchgrass
gas exchange and parameter estimates from the light- and CO, response curves did not vary between
treatments. However, gas exchange values differed significantly between measurement dates. Model
predictions of stand-level transpiration ranged from 287 to 431 mm year—! for pine and from 245 to
296 mm year—! for switchgrass. Annual C exchange for loblolly pine ranged from 1165 to 1903 gm~2
compared to 1386 to 1594 gm~2 for switchgrass. At this stage of stand development, no effect of inter-
cropping was evident and there was no effect of distance from the nearest pine row on any switchgrass
gas exchange variable measured. However, we anticipate that as this intercropped system develops over
time, competition for resources such as light, water or nitrogen may change, with the potential to impact
switchgrass physiology and biomass production.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Economic, environmental and national security concerns asso-
ciated with using fossil fuels have driven increasing interest in
the United States (U.S.) biofuel market and the search for renew-
able energy sources. Switchgrass (Panicum virgatum L.), a perennial,
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native warm-season grass, was chosen by the U.S. Department
of Energy as the model herbaceous species for development as
a biomass energy feedstock (Sanderson et al., 1996; Fuentes and
Taliaferro, 2002). Switchgrass has high productivity (Wright, 1994;
Downing et al., 1996; Tolbert and Schiller, 1996; McLaughlin et al.,
1999), and many positive environmental attributes which include
a low nutrient demand (Downing et al., 1996), soil and water con-
servation benefits (Downing et al., 1996; McLaughlin et al., 1999;
George et al., 2008), and increased below-ground C sequestration
compared to other herbaceous species (Sanderson et al., 1996;
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Vogel,2004; McLaughlinand Kszos, 2005). In addition, energy crops
such as switchgrass can contribute to the economic viability and
crop diversity of landowners (Sanderson et al., 1996; Tolbert and
Schiller, 1996).

One approach currently being investigated is intercropping,
where switchgrass is grown between rows of planted trees within
intensively managed forests. Switchgrass and any tree compo-
nents not traditionally used as forest products (e.g. thinning and
harvest residues) could be used as feedstocks for biofuel pro-
duction. Benefits of intercropping include a reduction in the fuel
versus food conflict, lower risks associated with entering a rela-
tively new biofuel market, increased yields by making optimum
use of available growing space (Blazier, 2009), and compatibility
with existing biomass handling procedures. Yields are driven by
resource availability and use efficiency, and physiological activity,
which in turn are governed by environmental and plant factors,
and their interactions (Kozlowski and Pallardy, 1997). Environ-
mental factors include photosynthetic photon flux density, air and
soil temperature, CO, concentration, water, humidity, and mineral
nutrients (Kozlowski and Pallardy, 1997; Long, 1999; Moore et al.,
2004). Plant factors include stomatal characteristics, leaf age and
source-sink relationships (Kozlowski and Pallardy, 1997). Stoma-
tal conductance, in turn, is driven mainly by photosynthetic photon
flux density, vapor pressure deficit (Thorpe et al., 1980; Whitehead
et al.,, 1981), temperature, leaf water potential and CO, concentra-
tion (Jarvis, 1976; Thornley, 1996).

Another advantage of intercropping is the potential to maxi-
mize site resource use efficiencies. For example, the inter-row area
between trees often contains competing vegetation that is tem-
porarily controlled mechanically or by herbicides, both requiring
additional costs (Fox et al., 2007). Intercropped switchgrass could
use resources in this area to produce a viable feedstock, providing
additional revenue, thereby improving soil water and nutrient use
efficiencies. Further, as physiology of trees (C3 species) and switch-
grass (C4 species) are temporally offset during the growing season
(Barnes et al., 1983; Davidson and Csillag, 2003), more water could
be available to trees as many species of competing vegetation are
C3 competitors and physiologically active at the same time as crop
trees. The C4 photosynthetic pathway has been well characterized
with respect to light, temperature, water, and nitrogen (N) (Black
et al., 1969; Downes, 1969; Hatch, 1976; Pearcy and Ehleringer,
1984; Long, 1999). Loblolly pine physiology has been extensively
documented (e.g. Maier et al., 2002; Tyree et al., 2009; Ellsworth
et al., 2012). However, there are virtually no data available on
switchgrass physiology when grown as a biofuel in an operationally
intercropped pine plantation system within a low pH environment,
and there are no data available on leaf-level physiology and water
relations of switchgrass and loblolly pine when intercropped. King
etal.(2013) performed a comparative analysis of water use by rep-
resentative lignocellulosic bioenergy species and concluded that
the data needed to design water-efficient bioenergy-cropping sys-
tems are currently not available. In order to design these types of
systems, and to improve future model parameterizations, detailed
knowledge of the ecophysiology and water relations of the major
bioenergy crops under realistic field conditions is crucially needed
(King et al., 2013).

A key uncertainty of the ecophysiological performance of pine-
switchgrass intercropping systems is that site preparation in
forestry is very different from that in agriculture. In forestry,
non-merchantable residual logging material from harvesting is
normally retained, and site preparation may involve chopping,
windrowing, broadcast burning, V-shearing, disking, herbicide use,
and/or bedding (Nilsson and Allen, 2003; Fox et al., 2007). In con-
trast, switchgrass is typically drilled in a conventional seedbed or
established by no-till seeding methods (e.g. broadcast). A seedbed
of exposed mineral soil is critical, and factors such as proper

planting depth and effective weed control strongly influence
switchgrass establishment success (Lewandowski et al., 2003;
George et al., 2008). Different levels of site preparation were
employed in the current study: some plots were V-sheared prior to
planting, whereas others were V-sheared and root raked, thereby
creating a more uniform seed bed, but also a higher level of disturb-
ance. Further, coarse woody material from harvesting the previous
rotation was either removed, or retained on site. As in forestry, dif-
ferences in site preparation can result in differences in resource
availability, specifically soil N, and therefore physiology and pro-
ductivity (Tamm, 1964; Lietal.,2003; Kimmins, 2004; Zerpa, 2010),
and soil moisture (Entry et al., 1987; Smethurst and Nambiar, 1990;
Roberts et al., 2005).

A long-term field study was established on the Lower Coastal
Plain of North Carolina, U.S.A., to determine effects of intercropping
loblolly pine (Pinus taeda L.), grown for solid wood products, with
switchgrass grown for biofuel production (Albaugh et al., 2012).
This multifunctional intercropped production system has poten-
tial to be broadly applicable throughout the southeast U.S. This
study provided an opportunity to examine switchgrass physiology
in an intercropped system and to provide baseline gas exchange
values for switchgrass grown as a biofuel in a forestry setting.
These data can serve as a basis for comparison to determine effects
of intercropping and harvest residue management which have
the potential to alter site resource availability during the timber
rotation. In addition, systematic measurements of physiological
processes across growing seasons and various environmental con-
ditions are needed as inputs, and for validation, of process-based
models (Constable and Friend, 2000; Sands, 2003; Dohleman et al.,
2009). One such model is the soil-plant-atmosphere (SPA) model
of Williams et al., (1996, 2001a), which has been tested and vali-
dated across a diverse range of species and ecosystems (Williams
et al.,, 1998, 2000, 2001b; Fisher et al., 2006; Zeppel et al., 2008;
Macinnis-Ng et al., 2011). This process-based model predicts gross
primary productivity, canopy water use, stomatal conductance and
leaf-level photosynthetic rate.

Our objectives were to (1) measure the seasonal trends in
switchgrass leaf-level gas exchange in terms of photosynthesis
and stomatal conductance, (2) determine how intercropping in
a loblolly pine plantation with forestry site preparation affects
switchgrass physiology, (3) quantify CO,-assimilation responses
to photosynthetic photon flux density and internal CO, concen-
tration, and (4) parameterize the SPA model for this specific site for
pine and switchgrass, and then use the model to scale leaf-level gas
exchange data to predict stand-level water use and C uptake.

2. Materials and methods

The long-term field study, termed the Lenoir 1 Intercrop-
ping Sustainability Study, was established to determine effects
of intercropping and biomass management on site productivity
and sustainability within the context of intensive forest manage-
ment for production of solid wood products and biofuel feedstock.
This study was established and is being maintained by Catch-
light Energy, LLC (a Chevron/Weyerhaeuser Joint Venture) and
Weyerhaeuser Company on forest land owned and managed by
Weyerhaeuser Company using standard industry practice for the
Southeast U.S.A.

2.1. Site description and experimental design

The field site was located in Lenoir County, on the Lower Coastal
Plain of North Carolina, U.S.A. (35°16’N, 77°28'W). Soils were classi-
fied as Pantego (fine, loamy, siliceous, semiactive, thermic Umbric
Paleaquults) or Rains (fine, loamy, siliceous, semiactive, thermic
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Typic Paleaquults) soil series which are deep, poorly drained, mod-
erately permeable soils. The previous stand was a 109 ha loblolly
pine plantation planted in 1974, with a site index of 21.3m at
age 25. The study was installed as a randomized complete block
design with four blocks (replications). Treatment plots were 0.8 ha
in size with 0.4 ha measurement plots. There was at least 15m
of buffer area between treatment plots. As the objective of our
study was to measure leaf-level gas exchange of switchgrass, the
following three treatments were selected from three out of the
four blocks: switchgrass-only, and two treatments where pine
was intercropped with switchgrass. The two treatments where
pine was intercropped with switchgrass were laid out in com-
bination with different biomass management options, either: (1)
Biomass retained (designated as ‘intercropped +biomass’), where
all non-merchantable logging material from harvesting the pre-
vious rotation remained on site (as is standard practice), or (2)
Biomass removed (designated as ‘intercropped-biomass’), where
any non-merchantable material that could potentially be used for
biofuel production (i.e. coarse woody debris >5cm in diameter)
was removed by a grapple-claw excavator and piled along the
sides of each treatment plot; remaining woody material was left
as groundcover within the plot boundary. See Albaugh et al. (2012)
and Leggett and Sucre (2012) for a full description of the study site
and respective treatments.

The pine-switchgrass intercropped treatments were V-sheared
and bedded with a bulldozer and pine trees were planted by
hand during winter 2008 on bedded rows spaced 6 m apart and
1.6 m apart within rows at 1075 stems ha~!. Weyerhaeuser’s lig-
uid suspension-based fertilizer with 3% N, 6.2% phosphorus (P),
2.5% potassium (K), 4.5% magnesium (Mg) and 2% calcium (Ca) was
incorporated into beds to promote seedling root development and
establishment. Prior to planting switchgrass, the inter-bed areas
between the pine tree rows were V-sheared. In the switchgrass-
only treatment, the entire plot area was V-sheared and root raked
(thereby removing most harvest residuals).

Coarse woody debris (CWD) mass (>5cm diameter), which
excluded sheared stumps, and corresponding C and N contents
removed during site preparation were quantified by Beauvais
(2010). There was 10.6 Mg CWD ha~! containing 5.1 Mg C ha~!
and 15.5kg N ha~! in the intercrop +biomass treatment versus
1.7 Mg CWD ha~! containing 0.8 Mg C ha~! and 2.7kg N ha~!
in the intercrop-biomass treatment at the beginning of the trial.
Removal of CWD did not affect inorganic soil N or potentially
mineralizable N when measured at the beginning of the trial:
extractable NH4* and NOs;~ concentrations were 26.0 + 2.2 kg ha~!
and 5.0+ 1.9kgha1, respectively, with potentially mineralizable
N of 66.8 £ 11.8kgha~! (see Albaugh et al., 2012).

2.2. Switchgrass establishment

Switchgrass (cultivar Alamo) seed was machine-planted in June
2009 at 9kg pure live seed ha~! in rows spaced 40 cm apart. Seed
was planted at a depth of 0.6 cm and covered with soil. These seed-
ing rates and planting depths were consistent with recommended
values (Wolf and Fiske, 1995; George et al., 2008). Simultaneous
with planting, the aforementioned liquid suspension fertilizer was
applied between each row of switchgrass. The combination of high
P and base cations in this fertilizer was intended to increase soil
pH, which was inherently very acidic (pH 3.9), and promote root
growth. In the switchgrass-only plots, the entire 0.8 ha plot was
planted to switchgrass in rows spaced 40 cm apart. In the inter-
cropped plots, switchgrass seed was planted between each pine
row in a swath approximately 2m wide; there were six 2m-
wide rows of intercropped switchgrass in each 0.4 ha measurement
plot. Switchgrass plots were sprayed with 2,4-D (4.68 Lha~1) and
a post-emergent herbicide (Basagran; 0.88Lha~') in May 2010.

Weyerhaeuser’s coated urea Arborite® fertilizer, supplying 65.6 kg
N ha-1, 6.6kg P ha~! and 0.2 kg boron ha~1, was applied in June
2010. Fertilizer levels were determined based on published lit-
erature, where typical recommendations of N applications for
switchgrass range from 50 to 112kg ha~! (Bredja, 2000; Lemus,
2004; Garland, 2008; Lemus et al., 2009).

2.3. Meteorological data

Meteorological data were collected from an automatic weather
station located on-site. Sensors recorded temperature (°C) and rel-
ative humidity (%) (HOBO Temp/RH Smart Sensor S-THB-M002),
photosynthetically active radiation (HOBO PAR Smart Sensor S-LIA-
MO003), rainfall (HOBO 0.2 mm tipping bucket Rain Gauge Smart
Sensor S-RGB-M002), and windspeed (HOBO Windspeed/Direction
Smart Sensor S-WCA-MO003; Onset Computer Corporation, Bourne,
MA, U.S.A.). A HOBO U30 NRC data logger (Onset Computer Cor-
poration, Bourne, MA, U.S.A.) was programmed to log data at
30 min intervals, which were averaged or totaled over a 24 h period
each day. Solar radiation (measured using a pyranometer; LI-200S,
LI-COR Inc., Lincoln, NE, U.S.A.) and any missing data from the on-
site meteorological station were obtained from a nearby weather
station (35°18’N and 77°34'W) located at a distance of 10.4 km from
the trial site, and with an altitude difference of 10 m.

2.4. Soil water and temperature

Volumetric soil water content (VSWC) and temperature data
were recorded on a daily basis from July to October 2010. Four
soil water and temperature probes (Decagon Devices, Inc., Pullman,
WA, U.S.A.) were installed per plot in the intercropped treatments:
probes were oriented horizontally at a depth of 10 and 30cm in
the bed and interbed locations. Two probes (one at each depth)
were installed in the pure switchgrass plots. All soil water and
temperature data presented for the intercropped treatments were
calculated from probes in the interbed location only, based on the
assumption that switchgrass had not rooted in the beds at this time.

2.5. Switchgrass seasonal gas-exchange measurements

Leaf-level gas exchange variables (photosynthesis (Amax,
wmol m~2 s~1)and stomatal conductance (gs, mmol m~2 s~1)) were
measured four times over the 2010 growing season on the
youngest, unshaded, fully expanded switchgrass leaf blade from six
individual tillers per plot, using an open-path portable photosyn-
thesis system (LI-6400, LI-COR, Inc., Lincoln, NE, U.S.A.) equipped
with a 6 cm? cuvette. Gas exchange rates were measured between
1000 and 1400 h under predominantly clear skies, with photosyn-
thetic photon flux density (PPFD) and reference CO, concentration
held constant at 1600 wmolm~2s~! and 380 wmol mol~!, respec-
tively. All other variables remained at ambient conditions. Cuvette
temperatures averaged 33.9°C in June, 37.5°C in July, 38.3°C in
August, and 32.2°C in October. Data were logged when chamber
conditions reached equilibrium. Calipers were used to measure the
mid-point width of each leaf enclosed in the cuvette, and all gas
exchange measurements were recalculated based on leaf area in
the cuvette.

Switchgrass gas exchange measurements in the intercrop treat-
ments were based on a stratified random sampling approach. The
2 m-wide planted switchgrass area between each pine row was
divided longitudinally into three zones and one measurement was
randomly collected from each zone within each of the six rows
of intercropped switchgrass (N=6 per plot). At each measurement
point, distance (m) to the nearest pine row was recorded to deter-
mine whether there was a significant effect of distance from a pine
row on any of the switchgrass gas exchange parameters. The same
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sampling design was used in the switchgrass-only plots for com-
parison across all treatments, i.e. in each switchgrass-only plot, six
2 m-wide permanent sampling areas were established; these areas
were divided into three longitudinal zones, and two measurements
were randomly collected from each zone.

2.6. Light-response and A-C; curves

We measured CO, assimilation responses of switchgrass to
photosynthetically active radiation (light-response curves) and
internal CO, concentrations (A-C; curves) on two days in July 2010.
Quantum yield parameters, carboxylation efficiency and maxi-
mum ribulose-1,5-bisphosphate carboxylase/oxygenase (Rubisco)
activity were estimated from these data to explore physiologi-
cal mechanisms underlying gas exchange patterns. Light-response
curves were measured on 1 and 28 July (Day of Year (DOY) 182
and 209, respectively), and A-C; curves were measured on 2 and 29
July (DOY 183 and 210, respectively), on the youngest unshaded
fully expanded leaf blade from two individual tillers per plot
using a LI-6400 (LI-COR, Inc., Lincoln, NE, U.S.A.). We adopted a
similar stratified random sampling approach outlined above for
gas exchange measurements; however, one measurement was
collected from the middle of the planted switchgrass area (i.e. rela-
tively further away from a pine row), and one from the edge of the
planted switchgrass area (i.e. relatively closer to a pine row; N=2
per plot).

Switchgrass light response curves were measured at a constant
CO, concentration of 380 pmolmol~! and photosynthetic photon
flux densities (PPFD) of 0, 200, 400, 600, 800, 1000, 1500 and
2000 pmol m~2 s~ The relationship between net assimilation and
intercellular CO, concentration was examined at a constant PPFD
of 1600 mol m~2 s~! and external CO, concentrations of 50, 100,
200, 300, 400, 600 and 800 wmol mol~!. Chamber conditions were
held constant for 2-3 min before all data were logged. Measure-
ments were made between 1000 and 1430 h. Cuvette temperature
was maintained at concurrent ambient temperature and averaged
32.7,32.4,36.6 and 37.0°C for DOY 182, 183, 209 and 210, respec-
tively. Leaf area enclosed in the cuvette was calculated as for the gas
exchange measurements. The response of A to changes in PPFD was
modeled using a non-rectangular hyperbola (Marshall and Biscoe,
1980) to determine the light saturated photosynthetic rate (Asat,
wmolm~2s-1), the apparent quantum yield of photosynthesis («,
wmol CO, wmol~! absorbed quanta), theta (6, a unit-less param-
eter which describes the sharpness of the transition from light
limitation to light saturation), and the rate of dark respiration (Ry,
wmolm~—2s~1), Parameters calculated from the A-C; curves were
the carboxylation efficiency (k, molm~2s-1), which was deter-
mined from the gradient of the slope of the linear portion of the
response of A against C; (Ku and Edwards, 1977; Collatz et al., 1992),
and maximum Rubisco activity (Vemax, pmolm=2s-1), calculated
from the Cj-saturated value of A, after the theory of Collatz et al.
(1992).

2.7. Soil-plant-atmosphere model

The soil-plant-atmosphere (SPA) model simulates ecosystem
photosynthesis, plant water use and stand water balance at fine
temporal and spatial scales (30min time-step, with multiple
canopy and soil layers; see Williams et al., 1996, 2001a for a full
description). The scale of parameterization (leaf-level) and pre-
diction (canopy-level) of this model were designed for scaling up
leaf-level processes to canopy and landscape scales.

The SPA model was parameterized for pine and switchgrass at
our site using local meteorological measurements, soil properties
and plant characteristics (Table 1). We compared model outputs
against measurements of leaf-level photosynthesis, gs and water

potential, and then used the model to predict stand-level water
use and C exchange over a three-year period (2010-2012). Simu-
lations commenced in January of each year and were terminated
for switchgrass in November prior to harvesting in December.
Methods used to derive model input and validation values are
briefly described in the following sections. Data for model param-
eterization were collected from pure pine and switchgrass, and
intercrop + biomass treatments. These data were collected during
2010, 2011 and 2012 for switchgrass, and 2011 and 2012 for pine.

2.7.1. Soil parameters

Soil particle size analysis (% sand, silt and clay) was measured in
the top 15 cm of the soil using the hydrometer method (Bouyoucos,
1962; Gee and Bauder, 1986), based on one soil sample collected
per plot. Volumetric soil water content at 10 and 30cm depths
was recorded at the start of the study period (see Soil water and
temperature section above).

2.7.2. Atmospheric variables

Atmospheric input variables were collected as part of routine
weather data measurements and are described above in the Mete-
orological data section.

2.7.3. Plant parameters

In addition to the physiological measurements detailed in earlier
sections (see Seasonal gas-exchange measurements), the following
data were collected and used for SPA model parameterization: leaf
and needle width (mm), foliar N concentration (gm~2), leaf area
index (m2m~2), leaf water potential (MPa), leaf-level transpira-
tion rates (mmol m~2 s~1), and whole-plant hydraulic conductance
(mmolm~2s~1MPa-1).

In 2010, switchgrass leaf width (mm) was measured with a ruler
at mid-point on three of the most recent fully-formed leaves per
plot on a monthly basis from May to August 2010. In June and
October 2011, switchgrass leaf width was measured on all leaves
from 18 tillers per plot, and 2012 leaf width was determined in
September on 12 of the most recent fully-formed leaves per plot.
Pine needle width (mm) was measured with a hand-held ocular
lens on individual needles from two fascicles collected from the
upper third of the crown from three trees per plot across two blocks
in June and October 2011 and April 2012, and from three trees per
plot across three blocks in September and October 2012.

Foliar N concentration was determined from aboveground
switchgrass biomass collected from three 0.25 m? quadrats per plot
in May, June, July and September 2010, three 1-m? quadrats per plot
in June and October 2011, and three 3-m?2 quadrats in September
2012. Pine foliar N concentration was determined from 10 fascicles
collected per tree from eight trees per plot across two blocks in July,
September and November 2011. Individual samples per species
were combined by plot, ground to pass through a 2.0-mm screen,
and N concentration was analyzed by combustion using a LECO
TruSpec CHN analyzer (LECO Corporation, St. Joseph, MI, U.S.A.).

Switchgrass LAI values for 2010 were obtained from Albaugh
et al. (2012). In 2011 and 2012, switchgrass LAI was determined
from biomass collected from three 1-m? quadrats per plot in
June and October 2011, and three 3-m? quadrats in September
2012. Approximately six tillers were randomly selected from each
quadrat, height (cm) was measured from the soil surface to the
collar of the tallest leaf blade, and then separated into leaf blades
and stalks. The remaining biomass was dried at 65 °C to a constant
weight (g). Leaf area of the six selected tillers was determined by
tracing each leaf blade, cutting these out by hand and scanning
using an Epson scanner (Epson America, Inc., Long Beach, CA, U.S.A).
The subsequentdigitalimage was analyzed for leaf area with Image]
software [http://rsb.info.nih.gov/ij/docs/]. Stalk area (cm?2) was cal-
culated from the area of a cylinder (2 pi x radius x height). Leaf and
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Parameter values and variables used in the soil-plant-atmosphere model to provide stand-level water use and carbon exchange estimates for switchgrass and loblolly pine

grown in a forested setting on the Lower Coastal Plain of North Carolina, U.S.A. from 2010 to 2012.

Parameter/variable Units Value Source?
Atmospheric variables (half-hourly range over 2010-2012)
Air temperature °C -11.5t039.5 Measured, this study
Dewpoint temperature °C —-17.8t026.8 Measured, this study
Relative humidity % 0-100 Measured, this study
Wind speed kmh-! 0.0-53.4 Measured, this study
Rainfall mm 0.0-40.4 Measured, this study
Solar radiation Wm2 0-651 Measured, this study
Photosynthetically active radiation pmolm—2s~! 0-2554 Measured, this study
Vapor pressure deficit kPa 0.0-3.5 Measured, this study
Parameter/variable Units Value Source?
Switchgrass Pine
Soil parameters
Sand content in top 15 % 68 64 Measured, this study
cm
Clay content in top 15 % 27 21 Measured, this study
cm
Silt content in top 15 % 5 14 Measured, this study
cm
Volumetric soil water m3>m—3 0.178-0.434 0.061-0.419 Measured, this study
content (half-hourly
range over 2010 to
2012, averaged over 10
and 30 cm depths)
Parameter/variable Units Value Source?
Switchgrass Pine
Plant parameters
Leaf area index m2 m—2 0.0-3.3 0.3-1.9 Albaugh et al. (2012); Measured,
this study
Belowground biomass gm2 399-518 320-417 Calculated as a ratio of
aboveground biomass (see Albaugh
etal, 2012), based on Garten et al.
(2010) (SG); Unpublished data
from nearby 6-year-old loblolly
pine site (P).
Fine root turnover % 60 119 Wilson (1998), Gill and Jackson
(2000), Gill et al. (2002) (SG); King
etal. (2002) (P)
Rooting depth m 0.6 0.6 Calculated using a logistic
dose-response curve (Schenk and
Jackson, 2002)
Foliar N concentration gm~2 44 23 Measured, this study
Leaf width mm 10 1.8 Measured, this study
Leaf-level photosynthesis pwmolm=2s-! 5.6-34.4 2.1-6.9 Measured, model output?
Leaf-level stomatal mmolm-2s-! 25-275 36-124 Measured, model output?
conductance
Leaf water potential MPa —0.08 to —1.68 -0.20to —1.88 Measured, model output?
Leaf-level transpiration rate mmolm-2s-! 0.2-5.4 0.5-4.9 Measured, this study
Minimum sustainable leaf MPa —1.68 —1.88 Measured, this study
water potential
Whole-plant hydraulic mmolm-2s-1 MPa! 3.7 13 Measured, this study
conductance
Part of whole-plant hydraulic % 50 50 Sperry et al. (1998), Domec et al.
conductance allocated (2009)
belowground
Vemax” pmolm=2s-! 26 51 Measured, this study (SG); Maier
et al. (2002); Tyree et al. (2009),
Ellsworth et al. (2012) (P)
Vpmax© pmolm=2s-! 52 N/A Calculated as Vemax*2 (von
Caemmerer, 2000)
Maximum electron transport pmolm=2s-! 145 95 Calculated as Vemax*5.5 (Kim et al.,
rate 2006; Massad et al., 2007;
Dohleman et al., 2009) (SG); Maier
et al. (2002), Tyree et al. (2009),
Ellsworth et al. (2012) (P)
Bundle-sheath conductance to mmolm-2s-! 3 N/A von Caemmerer (2000)

CO,

T o

Rubisco carboxylation capacity.

¢ Maximum phosphoenolpyruvate carboxylase activity.
Data used for validation purposes. N/A =not applicable.

Values sourced from the literature and specific to a species are indicated for switchgrass (SG) or pine (P).
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stalk samples used for area determination were dried at 65°C to a
constant weight to calculate specific leaf area (SLA), which was then
used to calculate the area of each quadrat based on the dry mass
and leaf: stalk ratio. Daily LAI for each year was calculated based
on the developmental pattern reported by Albaugh et al. (2012) for
this site.

Loblolly pine LAI was determined from phenological measure-
ments conducted in May, July, September, November 2011, and
March and August 2012. On each measurement date, tree height
(m), diameter at breast height (DBH, 1.3 m above the ground; cm),
and height to live crown (m) was measured on seven trees per
plot in pure pine and intercrop +biomass plots across two blocks.
Branch basal diameter (measured 2 cm from the stem insertion
point with caliper jaws parallel to the stem) and distance from
groundline was measured for each live branch on each tree. Eight
representative branches (covering the range in branch basal diam-
eter and distance from groundline) were collected per plot. Ten
fascicles were removed from each branch and placed on ice for
transport to the laboratory to determine SLA. Remaining fascicles
were dried at 65°C to a constant weight. Projected area of the
ten fascicles was determined by scanning. After scanning, needles
were dried at 65 °C to a constant weight (g), SLA was calculated as
the ratio of fascicle area to dry mass, and this value was applied
to the dry mass of the remaining fascicles to determine needle
area. These data were applied to seasonal dynamics of loblolly
pine leaf area development (Blinn et al., 2012) to calculate daily
LAL

Leaf-level photosynthesis and stomatal conductance, and leaf
water potential were used to validate the SPA model. Diurnal leaf
water potential was measured with a Scholander-type pressure
chamber (PMS Instrument Company, Albany, OR, U.S.A.) on three of
the most recent fully-formed switchgrass leaves and one pine fasci-
cle collected from the upper third of the crown from three trees per
plot from pure pine, pure switchgrass and intercropped + biomass
plots in two blocks in June and October 2011 and April 2012, and
from three blocks in September and October 2012.

Measurements commenced at predawn and were conducted
at regular intervals (approximately every two hours) throughout
the day. Leaf-level photosynthesis, stomatal conductance and tran-
spiration rates were measured under ambient conditions on the
most recent fully expanded leaf blade from three individual tillers
and two pine fascicles collected from the upper third of the crown
from three trees per plot using a LI-6400 (LI-COR, Inc., Lincoln, NE,
U.S.A.) at regular intervals throughout the day (times corresponded
to diurnal leaf water potential measurements except for predawn
values).

In the model, maximum flux rate of water through vegetation is
determined by the difference between soil and leaf water potential
and is controlled by whole-plant hydraulic conductance. Whole-
plant hydraulic conductance was calculated from the slope of the
curve of transpiration versus leaf water potential (Loustau et al.,
1998; Sperry et al., 2002). The root component was assumed to
comprise 50% of plant conductance (Sperry et al., 1998; Williams
et al., 2001a; Domec et al., 2009). In the SPA model, leaf-to-air
energy, water and CO, exchange consists of a stomatal conduc-
tance model coupled with a photosynthesis model (Williams et al.,
1996). As this photosynthesis model is based on C assimilation in
C3 plants (see Farquhar and Von Caemmerer, 1982), we used it
in its original form for pine simulations, but customized the SPA
model for use with switchgrass, a C4 species. The SPA model has
been used successfully with C4 plants (see Whitley et al.,2011). The
C4 biochemical model we used was based on the theory of Collatz
etal. (1992), von Caemmerer (2000) and Massad et al. (2007). Pho-
tosynthetic parameters used in the model were taken from von
Caemmerer’s (2000) Table 4.1, with site-specific parameters listed
in our Table 1. Allometric (leaf area index and plant size), hydraulic

and leaf nitrogen content data used to drive the model were mea-
sured directly as described above (see Table 1).

2.8. Statistical analyses

We used repeated measures analysis of variance (ANOVA) to
test the null hypothesis that switchgrass gas exchange during
the 2010 growing season did not differ among treatments using
photosynthesis and stomatal conductance as response variables,
treatment, day of year and treatment x day of year interactions
as fixed effects, block as a random effect, and day of year as the
repeated measure. We used a mixed model ANOVA (Proc Mixed,
SAS Institute, 2002) to examine these gas exchange data over the
growing season using a heterogeneous autoregressive model of
the variance/covariance matrix structure. The same mixed model
repeated measures ANOVA was used to test the null hypothesis
that VSWC and temperature did not differ between treatments. As
VSWC and temperature did not vary significantly with treatment,
these data were pooled, and comparisons were presented over the
growing season. We used the same basic mixed model repeated
measures ANOVA to test the null hypothesis that there was no effect
of distance from the nearest pine row on switchgrass gas exchange
parameters in the intercropped treatments. In this case, distance
from the nearest pine row and its interaction with treatment and
day of year were added as fixed effects.

Switchgrass light-response curves were fitted using Proc NLIN,
and the carboxylation efficiency was determined from the initial
slope of the A-C; curves using Proc GLM (SAS Institute, 2002).

We used an ANOVA (Proc GLM) to test the null hypothesis that
parameter estimates from the response curves would not differ by
measurement date. If there was no significant difference between
the two measurement dates within a treatment, parameter esti-
mates were pooled across dates and comparisons made between
the three treatments. Analyses of variance (Proc GLM) were per-
formed to test the null hypotheses that (i) there was no effect
of treatment on the parameter estimates of the light- and A-G;
response curves and (ii) there was no effect of distance from the
nearest pine row on switchgrass response curve parameters in the
intercropped treatments.

We used a repeated measures ANOVA to test the null hypoth-
esis that diurnal measurements of gas exchange (photosynthesis,
stomatal conductance and transpiration) and leaf water potential,
used for SPA model parameterization, did not differ between treat-
ments. The same mixed model was used as per the 2010 seasonal
gas exchange data, except time of day was used as the repeated
measure for each measurement date. Analyses of variance (Proc
GLM) were performed to test the null hypothesis that there was
no treatment effect on foliar nitrogen concentration, leaf or nee-
dle width, or whole-plant hydraulic conductance. In all cases, an
o =0.05 significance level was used. When effects were significant
in the ANOVA, least square means were compared using the Tukey-
Kramer adjustment method for multiple comparisons between
treatments. Dependent variables were checked for normality and
homoscedasticity.

Model performance was evaluated using the following out-
puts from a linear regression (Proc REG) between measured and
simulated gas exchange and water potential data: coefficient of
determination (R?), the intercept and slope of the regression, and
root mean square error.

3. Results

Data on loblolly pine physiology has been well represented in
the literature (see, for example Maier et al., 2002; Tyree et al.,
2009; Ellsworth et al., 2012). Therefore, we focused on presenting
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Table 2

Differences of the least square means for pairwise day of year (DOY) comparisons for volumetric soil water content (VSWC) and soil temperature, measured at depths of 10
and 30 cm (VSWC.10, Temp-10 and VSWC 30 and Temp-30, respectively) from July to October 2010 (DOY 195-279). The Tukey-Kramer adjustment method was used to
compute P-values which are presented for data pooled across pure and intercropped switchgrass treatments.

DOY comparison VSWC .10 VSWC 30 Temp_10 Temp_30
195 230 0.001 0.029 0.088 0.994
195 279 <.001 <.001 <.001 <.001
230 279 <.001 <.001 <.001 <.001
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Fig. 1. Average monthly minimum (Min.) and maximum (Max.) temperature and
rainfall data measured at the field site on the Lower Coastal Plain of North Carolina
from 2010 to 2012. The line graphs represent the temperature, and bars represent
the rainfall data.

switchgrass physiology and only present pine data (i) necessary to
characterize the site, (ii) used for input into the SPA model (see
Table 1), and (iii) used to validate model output.

3.1. Meteorological data

Historical (1966-2012) average annual precipitation at this site
is 1262 mm and average annual daily temperature is 16.5 °C. Instan-
taneous minimum and maximum temperatures of —6.0, —11.1,
—-11.5°C, and 39.5, 39.4 and 39.5°C were recorded in January
and July of each year (2010, 2011, and 2012), respectively. Mean
temperature measured during the growing season (1 April to 30
September) was 24.2, 22.9 and 22.5°C in 2010, 2011 and 2012,
respectively (Fig. 1). Annual precipitation was 1252 mm (2010),
1158 mm (2011) and 1232mm (2012). Precipitation measured
over the growing season was 840 mm (2010), 836 mm (2011) and
731 mm (2012). Minimum monthly rainfall was 26 mm in April

Table 4

Differences of the least square means for pairwise day of year (DOY) comparisons for
switchgrass gas exchange values measured over the 2010 growing season from June
to October (DOY 160-279, respectively). The Tukey-Kramer adjustment method was
used to compute P-values presented for maximum leaf-level photosynthesis (Amax)
and stomatal conductance (gs) data pooled across treatments.

DOY comparison Amax g

160 195 <.001 <.001
160 230 0.254 0.649
160 279 0.203 0.003
195 230 0.003 <.001
195 279 <.001 <.001
230 279 0.004 <.001

2010, 12mm in May 2011 and 59 mm in April 2012. Maximum
monthly rainfall over the three-year period occurred in September
2010 (389 mm compared to the long-term September average of
127 mm), August 2011 (406 mm compared to the long-term August
average of 146 mm) and July 2012 (289 mm compared to the long-
term July average of 165 mm).

3.2. Volumetric soil water content and temperature

Volumetric soil water content and soil temperature data were
pooled across treatments and pairwise DOY comparisons were
made (Table 2). Minimum VSWC (0.206 m3 m~3) was measured on
DOY 230 (August), compared to a maximum value of 0.423 m3 m—3
on DOY 279 (October), driven by high rainfall in September (Fig. 1
and 2). VSWC varied significantly between each measurement date
(Table 2). Soil temperature decreased from a maximum value of
27.8°Con DOY 195 and 230 (July and August, respectively) to a sig-
nificantly lower temperature of 18.3 °Con DOY 279 (Table 2; Fig. 2).

3.3. Seasonal gas exchange

Switchgrass gas exchange did not vary between treatments.
However, there were significant (p<0.001) DOY effects and a
significant (p=0.037) treatment by DOY interaction for pho-
tosynthesis (Tables 3 and 4; Fig. 3). Photosynthesis increased
significantly (p<0.001) from 22.0 4+ 0.7 wmolm~—2s~! on DOY 160

Differences of the least square means for pairwise comparisons between day of year (DOY) and DOY*treatment for switchgrass leaf-level photosynthesis. The Tukey-Kramer
adjustment method was used to compute P-values presented for pure switchgrass, switchgrass intercropped with loblolly pine where material from harvesting the previous
rotation was retained on site (intercrop +biomass), and where this harvesting material was removed (intercrop — biomass) for photosynthesis measured over the 2010

growing season from June to October (DOY 160-279, respectively).

DOY comparison Switchgrass

Intercrop +biomass Intercrop - biomass

160 195 <.001 <.001 <.001

160 230 0.542 0.295 0.970

160 279 0.843 0.994 1.000

195 230 0.758 1.000 0.012

195 279 <.001 0.004 0.013

230 279 0.018 0.025 1.000
DOY*Treatment comparison DOY 160 DOY 195 DOY 230 DOY 279
Switchgrass Intercrop + biomass 1.000 0.984 1.000 1.000
Switchgrass Intercrop — biomass 1.000 0.971 0.522 1.000
Intercrop +biomass Intercrop — biomass 1.000 1.000 0.394 1.000
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Fig. 2. Volumetric soil water content and soil temperature, measured at depths of
10 and 30 cm (VSWC.10, Temp-10 and VSWC_30, Temp-30, respectively) from July
to October 2010 (day of year (DOY) 195-279). Values presented are means from the
switchgrass-only and pine-switchgrass intercropped treatments; error bars indicate
the standard error of the mean.
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Fig. 3. (A) Maximum leaf-level switchgrass assimilation rates (Amax) and (B) sto-
matal conductance (gs;) measured over the 2010 growing season under ambient
temperature and relative humidity conditions, with photosynthetic photon flux
density of 1600 umolm~2s~! and CO, concentration of 380 wmol mol~'. Rates are
expressed as day of year (DOY) in the switchgrass-only treatments, and in the pine-
switchgrass intercropped treatments where material from harvesting the previous
rotation was retained (intercrop + biomass) or removed (intercrop-biomass). Values
presented are means (N =18); error bars indicate the standard error of the mean.
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Fig. 4. (A) Pine and switchgrass leaf-level assimilation rates (Anec) and (B) stoma-
tal conductance (gs) measured under ambient field conditions between 1000 and
1400 h from June 2011 to October 2012, and used to validate SPA model outputs.
Values presented are means (N ranged from 12-18); error bars indicate the standard
error of the mean.

(June) to maximum seasonal values of 32.7 +0.9 wmolm~—2s~! in
July (DOY 195), then decreased significantly (p<0.001) through
the remainder of the growing season to minimum rates of
18.7+1.4pumolm~2s~! in October (DOY 279) (Fig. 3). Photosyn-
thetic rates in the intercropped-biomass treatment decreased
significantly (p=0.012) from July to August (DOY 195-230)
(Table 4). Stomatal conductance showed a similar seasonal pattern,
reaching peak values in July (252 +12mmolm~2s-1; DOY 195),
and seasonal lows of 104+ 6 mmolm~2s-! in October (DOY 279;
Fig. 3).

3.4. Light and A-C; response curves

Significance tests of the parameter estimates of light- and
A-C; switchgrass response curves indicated there were no
treatment or DOY differences for Asa, o, 6, Rq, k or Vemax
(Table 5). Model estimates using all data for light-response
curves resulted in an estimated Asy;=28.7+2.1 wmolm—2s-1,
«=0.059+0.012 pmol CO, pmol! absorbed quanta,
6=0.74+0.18 and Ry=3.4+08umolm=2s-!. Estimates
of k and Vimax using all data from the A-C; curves were
0.31+0.02molm=2s-1,and 27.6 + 1.8 umol m~2 s~1, respectively.

3.5. Effect of proximity to a pine row on gas exchange parameters
There was no significant effect of distance from the nearest

pine row on switchgrass gas exchange parameters in the inter-
cropped treatments (p=0.246 and 0.152 for photosynthesis and
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Table 5

Mean, F-statistic and P-value of comparisons between pure switchgrass and switchgrass intercropped with pine where material from harvesting the previous rotation was
retained on site (intercrop + biomass) or removed (intercrop — biomass) for light saturated photosynthetic assimilation rate (Asa¢, mol m=2 s~1), the apparent quantum yield
of photosynthesis («, pmol CO, wmol~! absorbed quanta), a parameter theta () which describes the sharpness of the transition from light limitation to light saturation,
and the rate of dark respiration (R4, pumol m~2 s~1), calculated from light-response curves, and the carboxylation efficiency (k, molm~2 s~') and maximum Rubisco activity
(Vemax, pmol m—2 s—1), estimated from A-C; response curves. Data were collected during the 2010 growing season.

Parameter Switchgrass Intercrop + biomass Intercrop — biomass F-statistic P-value
Asat 25.6 32.6 283 0.91 0.534
o 0.059 0.058 0.057 2.86 0.166
% 0.79 0.73 0.73 0.83 0.571
Rq 3.6 3.2 3.2 2.48 0.200
k 0.28 0.29 0.37 1.20 0.381
Vemax 26.0 28.2 28.4 2.69 0.076
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Fig. 5. Measured (x-axis) versus SPA model-simulated (y-axis) pine and switchgrass net assimilation (Apet ), sStomatal conductance (gs), and leaf water potential (v/). Panels A,
C and E are pine data and panels B, D and F are switchgrass data. Data points represent individual diurnal measurements and modeled values, averaged across treatment for
each measurement date. 1:1 lines are indicated on the graphs. Summary statistics of model performance (R?, the intercept (int.) and slope of the linear regressions between
measured and simulated values, and the root mean square error (RMSE) are presented in each panel.
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Fig. 6. SPA-modeled daily pine and switchgrass transpiration for 2010-2012. Modeled annual transpiration (T) and evapotranspiration (ET, which is the sum of transpiration,

soil evaporation and canopy interception and evaporation rates) values are shown.
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Fig. 7. SPA-modeled daily pine and switchgrass gross primary productivity (GPP) for 2010-2012. Modeled annual GPP values are shown, and water use efficiency (WUE),
calculated as GPP/evapotranspiration. Pine WUE was calculated as the average annual GPP/evapotranspiration, whereas switchgrass WUE values were calculated over the

growing season from March to November each year.

stomatal conductance, respectively). In addition, proximity to the
nearest pine row did not affect switchgrass light-response param-
eters, carboxylation efficiency or maximum Rubisco activity in the
intercropped treatments (Table 6).

3.6. Pine and switchgrass seasonal gas exchange and SPA model
output

Seasonal pine and switchgrass gas exchange measured over
midday (1000-1400h) under ambient field conditions in 2011

and 2012 are presented in Fig. 4. The full range of diurnal gas
exchange values is listed in Table 1. Both species followed a simi-
lar seasonal pattern for net assimilation and stomatal conductance
(Fig. 4). On all measurement dates, switchgrass gas exchange rates
were higher, but more variable than loblolly pine. Minimum mid-
day leaf-level assimilation rates were measured in June 2011
(3.7 wumolm~2 s~1) for pine and October 2012 (10.2 umol m—2s~1)
for switchgrass. Maximum assimilation rates were recorded in
April 2012 (6.9 and 22.3 wmolm~2s~! for pine and switchgrass,
respectively). Midday stomatal conductance values ranged from 62
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Table 6

F-statistic and P-value results to determine whether distance from the nearest pine
row affected switchgrass light saturated photosynthetic assimilation rate (Asa¢), the
apparent quantum yield of photosynthesis (), a parameter theta (6) which describes
the sharpness of the transition from light limitation to light saturation, and the rate
ofdarkrespiration (Rq4), calculated from light-response curves, and the carboxylation
efficiency (k) and maximum Rubisco activity (Vemax ), estimated from A-C; response
curves. Data were collected during the 2010 growing season.

Parameter F-statistic P-value
Asat 291 0.708
o 1.79 0.882
0 0.70 0.519
R4 1.13 0.619
k 0.21 0.802
Vemax 0.17 0.808

to 124 mmolm~2 s~ for pine and from 82 to 129 mmol m—2s~! for
switchgrass.

As there were no significant treatment differences in gas
exchange, parameter estimates from the light- and CO, response
curves or other input variables used in the model (see Results sec-
tion and Albaugh et al., 2012), parameter values were pooled across
treatment and modeling estimates were based on pure pine, and
pure switchgrass treatments. The SPA model fit these data well for
leaf-level net assimilation, gs and water potential, as shown by the
high R? values, low root mean square error and slopes close to
1 (Fig. 5A-F). Simulated switchgrass transpiration and GPP were
low at the beginning and end of the growing season, but increased
with temperature and growth of switchgrass (Figs. 6 and 7). High-
est transpiration rates were recorded in June-August of each year,
with maximum daily values of 1.4-2.3 mm for pine and 2.1-2.3 mm
for switchgrass. The effect of Hurricane Irene is evident in our
data (Day 240 in 2011), where wind gusts up to 80kmh~! were
recorded and transpiration dropped to 0.03 mm (switchgrass) and
0.13mm (pine) (Fig. 6). Modeled annual pine transpiration rates
of 287, 360 and 431 mm were estimated for 2010, 2011 and 2012,
respectively, with corresponding ET values of 453,567 and 580 mm.
Modeled annual switchgrass transpiration rates of 278, 245 and
296 mm were estimated for 2010,2011 and 2012, respectively, with
associated ET values of 432, 439 and 450 mm. Pine transpiration
accounted for 63-74% of ET, whereas switchgrass transpiration was
56-66% of ET over the three-year simulation period. As we param-
eterized the SPA model for each species individually, we estimated
total stand water use by summing the ground area covered by
each species when intercropped, multiplied by the species-specific
water use rates derived from the SPA model. Transpiration of com-
peting vegetation growing in the area between the edge of the pine
beds and the planted switchgrass swath was not quantified. There-
fore, we used average understory transpiration (320 mm) reported
by Domec et al. (2012) for a nearby young loblolly pine stand on
the Lower Coastal Plain of North Carolina, as an estimate of compet-
ing vegetation water use in our stand. These calculations produced
annual water use estimates of 636, 712 and 770 mm, respectively,
for 2010, 2011 and 2012, in intercropped treatments.

Greatest simulated pine GPP was observed from June-August
each year, with annual values of 1165, 1361 and 1903 gCm~2 for
2010, 2011 and 2012, respectively (Fig. 7). Maximum switchgrass
GPP occurred later, from July-September, with annual values of
1425,1386 and 1594 g C m~2, respectively, for 2010,2011 and 2012.

Whole-stand  water use efficiency, calculated as
GPP/evapotranspiration, was 4.3 (2010), 3.8 (2011) and 4.5
(2012)gCmm-~"! for pine (calculated from January to December
each year), and 4.7 (2010), 5.4 (2011) and 4.8 gCmm~! (2012) for
switchgrass (calculated over the switchgrass growing season from
March to November each year).

4. Discussion and conclusions

Our objectives were to measure the seasonal course of switch-
grass gas exchange and to determine how intercropping with
pines affects switchgrass physiology. We also assessed switchgrass
photosynthesis response to changes in light intensity and CO, con-
centration, and parameterized the SPA model for pure pine and
switchgrass at this site. There were no significant treatment effects
on switchgrass gas exchange variables (photosynthesis and sto-
matal conductance). However, there were significant DOY effects
for these variables and a significant treatment by DOY effect for
photosynthesis.

It appears that the significant decrease in switchgrass photo-
synthetic rates in the intercropped-biomass treatment from July
to August (DOY 195-230; Fig. 3, Table 4) was driven mainly by
low VSWC (Fig. 2), caused by higher soil evaporation rates. Harvest
residue retention has been shown to result in higher VSWC during
the growing season and to act as a buffer against large fluctuations
in soil temperature (Entry et al.,, 1987; Smethurst and Nambiar,
1990; Roberts et al., 2005). In our study, soil VWC and temperature
ateachdepth (10 and 30 cm)were calculated from one soil moisture
probe per plot, and we were not able to detect a significant treat-
ment or treatment x DOY effect, possibly due to the limited number
of probes. Decreases in switchgrass photosynthesis due to limited
water availability have been demonstrated by Wullschleger et al.
(1996), who reported a 70% reduction in field photosynthetic rates
in the middle of the growing season in southeastern U.S., which
they attributed to a lack of precipitation. Furthermore, low soil
VWC significantly decreased switchgrass photosynthetic rates in
a lysimeter study in the southern U.S. (Sanderson and Reed, 2000).

Under conditions of non-limiting soil water in October (DOY
279), where VSWC measured 0.454 m3 m—3 (Fig. 2), we suggest that
switchgrass gas exchange was driven by other environmental or
plant variables, such as air and soil temperature, and leaf phen-
ology and ontogeny. According to Ku et al. (1978), the decline in
switchgrass photosynthetic rates as the growing season progresses
can be attributed to changes in stomatal conductance associated
with lower night temperatures. Ku et al. (1978) observed that cool
nights slowed the opening of stomata the following day, lead-
ing them to suggest that photosynthesis is strongly regulated by
stomatal resistance in this species. In addition, Sage et al. (2011)
reported that at cooler temperatures, Rubisco capacity is limited in
C4 plants. Rubisco has a Qq¢ near 2.2, therefore its turnover capacity
decreases rapidly with temperature (i.e. more than half for every
10°C decrease in temperature). At cooler temperatures, Rubisco
capacity declines below the capacity of the C4 cycle and ribulose-
1,5-bisphosphate regeneration, due to the low amount of Rubisco
in C4 versus Cs leaves (Sage et al., 2011). In our study, coldest aver-
age nighttime temperatures (15.3°C) were recorded in October
2010 (compared to 23.7, 23.5 and 23.5°C measured in June, July
and August, respectively), and more than 55% of the most recent
fully-formed leaves of measured switchgrass tillers across all treat-
ments were undergoing senescence, or had senesced at this time
(Albaugh et al., 2012). It is likely that leaf senescence combined
with cool temperatures led to the low switchgrass photosynthetic
rates measured at the end of the season.

To our knowledge, the current study is the first to report detailed
leaf gas exchange data for switchgrass grown as a forest biofuel
intercrop on an acidic soil. Previous physiological studies that have
reported leaf-level gas exchange data for switchgrass have been
mainly from upland varieties (predominantly Cave-in-Rock, com-
pared to the lowland ecotype Alamo used in this study), or from the
U.S. Midwest, mainly from pure switchgrass stands, some of which
were established for screening purposes only. There are some data
from field trials (e.g. Skeel and Gibson, 1996; Wullschleger et al.,
1996; Dohleman et al., 2009), but gas exchange data have not been
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documented on this ecotype grown on the Lower Coastal Plain
of North Carolina, nor when intercropped as a biofuel with pine.
Importantly, our study was on an intensively managed forest plan-
tation site with low soil pH, less uniform seed bed conditions, and
history of minimal management compared to an agricultural set-
ting. Switchgrass gas exchange data were consistent with values
reported in the literature, where maximum photosynthetic rates
of up to 34.9 umolm~—2s-! have been reported (e.g. Skeel and
Gibson, 1996; Wullschleger et al., 1996; anderson and Reed, 2000;
Dohleman et al., 2009), compared to 32.7 wmolm—2s~! in our
study. Stomatal conductance ranged from 104 to 252 mmol m~2 s~!
which is within the range of 33 to 356 mmolm~2s-! reported in
the literature (Skeel and Gibson, 1996; Dohleman et al., 2009).

Parameter estimates from the switchgrass light response curves
were not affected by treatment (Table 5). The initial slope of the
light response curve of CO, fixation may be described as the appar-
ent quantum yield or efficiency of light use by photosynthesis
(Collatz et al., 1992von Caemmerer, 2000). Quantum yields of Cy4
plants are constant at different light intensities, and are indepen-
dent of temperature regimes and CO, concentrations (Ehleringer
and Bjorkman, 1977; Bjorkman, 1981). The quantum yield esti-
mated in our study was 0.059 wmol CO, pmol~! absorbed quanta
compared to literature values for C4 species which range from
0.045-0.061 wmol CO, wmol~! absorbed quanta (Ehleringer and
Bjorkman, 1977; Ehleringer and Pearcy, 1983; Monson et al., 1982;
Ehleringer et al., 1997). The initial slope of the CO, response curve
is proportional to phosphoenolpyruvate (PEP) carboxylase activity
(referred to as carboxylation efficiency, k), whereas the saturated
rate is proportional to Rubisco activity (Vemax) (von Caemmerer,
2000). Analysis of switchgrass A-C; curves revealed there were
no treatment effects (Table 5). Pooling data across all treatments
yielded k and V¢max estimates of 0.31+0.02molm=2s~!, and
27.6+ 1.8 wmolm~2s~1, respectively. PEP carboxylase and Rubisco
activity vary with leaf age, nitrogen nutrition, temperature, leaf
water potential and light environment during growth (Usada, 1984;
Hunt et al., 1985; Wong et al., 1985; Sage et al., 1987; Polley
et al., 1992; Massad et al., 2007). Reported values of k and V¢max
for C4 species range from 0.11 to 1.02molm~2s~!, and 16.0 to
42.5 pmol m—2s~1, respectively, over a wide range of growing con-
ditions, leaf temperatures and nitrogen concentrations (Collatz
et al,, 1992; Polley et al., 1992; Akkasaeng, 1993; Massad et al.,
2007; Ripley et al., 2010).

No significant treatment effects were observed in switchgrass
gas exchange, VSWC or temperature, or parameter estimates
from the light- and CO, response curves during 2010. Similarly,
switchgrass biomass production did not differ between treat-
ments (Albaugh et al., 2012). However, this study was a large field
experiment, with a high variance in gas exchange measurements
(Figs. 3 and 4). A field experiment of this size is limited by sampling
replication for practical reasons.

Analyses based on the stratified random sampling approach
used in the intercropped treatments revealed that at this stage
of stand development, proximity to a pine row did not affect
any switchgrass gas exchange variable or parameter estimates
derived from the light- and CO, response curves (Table 6). How-
ever, we anticipate that as this intercropped system develops over
time, availability of resources such as light, water or nitrogen may
change, with the potential to impact switchgrass physiology, espe-
cially k and V¢max values.

Evaluation of SPA model outputs against field measurements of
leaf-level physiology indicated generally good agreement (Fig. 5).
Modeled annual stand-level water use for pine ranged from 287 to
431 mm (transpiration) and 453 to 580 mm (evapotranspiration),
and for switchgrass, from 245 to 296 mm (transpiration), and 432
to 450 mm (evapotranspiration) over the three-year period (Fig. 6).
Model-simulated pine water use is similar to transpiration rates

of 223 and 357 mm reported by Samuelson and Stokes (2006) and
Samuelson et al. (2008) for four- and five-year old loblolly pine
stands. Annual simulated pine GPP ranged from 1165 to 1903 g C
m~2 (Fig. 7), which is comparable to the 1220-2550¢g C m~2 range
reported for loblolly pine aged 8-14 years growing in southeast-
ern U.S. (Lai et al., 2002; Gough et al., 2004; Maier et al., 2004).
Annual simulated switchgrass GPP ranged from 1386 to 1594¢g C
m~2. No information could be found in the literature on stand-level
water use or GPP for switchgrass in the southeast U.S. However,
SPA model outputs from our study are comparable to literature
values from the midwest and northeast U.S., where evapotranspi-
ration rates of 300 mm (Mclsaac et al., 2010), 474 mm (Skinner
and Adler, 2010), 498 mm (Le et al., 2011) and 764 mm (Hickman
et al., 2010) were reported for Cave-in-Rock switchgrass variety
(as opposed to Alamo used here). In addition, Wagle and Kakani
(2012) measured 450 mm evapotranspiration in Alamo switchgrass
in the southwest-U.S. from May to mid-November. Annual GPP
rates quantified by Skinner and Adler (2010) ranged from 914 to
940 ¢ C m2 for the first four years after establishment of Cave-in-
Rock switchgrass variety in northeast U.S. The higher GPP rates in
our study were likely due to the high-producing lowland Alamo
ecotype compared to the upland Cave-in-Rock (McLaughlin et al.,
1999), and the warmer temperatures and longer growing season
at our site. Wagle and Kakani (2012) reported GPP of 1139 g C m—2
over the period May to mid-November for Alamo switchgrass in
southwest U.S. Whole-stand water use efficiency (WUE), calculated
as GPP/evapotranspiration over the period March to November
each year, ranged from 4.7 to 5.4gCmm~!. These values are com-
parable to maximum WUE reported by Skinner and Adler, 2010,
which ranged from 3.3 to 4.1gCmm-~"! for Cave-in-Rock switch-
grass in northeast U.S., and 2.9 to 3.3gCmm~! for Alamo variety
growing under drought conditions in southwest U.S. (Wagle and
Kakani, 2012). The close match between literature values and SPA
model predictions of water use and GPP is encouraging as the model
provides realistic estimates of water use and C exchange for young
loblolly pine and a C4 species. This suggests the model may have
utility to aid in climate change scenario analyses by manipulat-
ing inputs of environmental conditions such as CO, concentration,
temperature and rainfall amount and distribution.

We parameterized an ecosystem model for pine and switchgrass
and used this model to provide estimates of water use over a three-
year period. Our calculations produced annual water use estimates
of 636, 712 and 770 mm for intercropped treatments in 2010, 2011
and 2012, respectively. Acomparison of these values against rainfall
totals of 1252, 1158 and 1232 mm for each year yielded respective
surplus water amounts of 616, 446 and 462 mm, for 2010, 2011 and
2012. This indicates that at the time, there was sufficient water at
this site to support growth of both species. Over the three-year
period, intercropped treatments used 21% more water than pine
grown alone, and 60% more water than where switchgrass was
grown alone.

This study is the first to characterize switchgrass physiology
when grown as a biofuel intercrop in experimental forested settings
on the Lower Coastal Plain of North Carolina, and the first to provide
stand-level estimates of water use and C exchange of switchgrass
in the southeast U.S.

Acknowledgements

We gratefully acknowledge Weyerhaeuser NR Company and
Catchlight Energy LLC for establishing this field experiment and for
providing research support. Additional funding for research was
provided by USDA NIFA-AFRI Sustainable Bioenergy grant number
2011-67009-20089 and USDA Forest Service Eastern Forest Envi-
ronmental Threat Assessment Center grant JVA. Additional support



J.M. Albaugh et al. / Agricultural and Forest Meteorology 192-193 (2014) 27-40 39

for J-C. Domec was provided by the DOE-BER Terrestrial Ecosys-
tem Sciences program, grant 11-DE-SC-0006700, -ER65189. We are
grateful to Samuel Honeycutt and Daniel McInnis for help in the
field, and to Aletta Davis for assistance in the laboratory. Weyer-
haeuser employees (Drs. Eric Sucre and Zakiya Leggett) worked as
Catchlight Energy, LLC Service Providers under a Statement of Work
during this research.

References

Akkasaeng, R., 1993. Relationship of nitrogen fertility to photosynthetic efficiency
and morphology of Panicum virgatum L. Unpublished PhD thesis. North Carolina
State University, North Carolina, USA, 90 pp.

Albaugh, J.M.,, Sucre, E.B., Leggett, Z.H., Domec, J.-C., King, J.S., 2012. Establishment
success of switchgrass in an intercropped forestry system on the Lower Coastal
Plain of North Carolina, U.S.A. Biomass Bioenerg. 46, 673-682.

Barnes, P.W., Tieszen, L.L., Ode, D.J., 1983. Distribution, production, and diversity
of C3- and C4-dominated communities in a mixed prairie. Can. J. Botany 61,
741-751.

Beauvais, C., 2010. Coarse woody debris in a loblolly pine plantation managed for
biofuel production. Unpublished MSc thesis. Duke University, North Carolina,
USA, 62 pp.

Bjorkman, O., 1981. Responses to different quantum flux densities. In: Lange, O.L.,
Nobel, P.S., Osmond, C.B., Ziegler, H. (Eds.), Berlin, vol. 12A. Springer, pp. 57-107.

Black, C.C., Chen, T.M., Brown, E.H., 1969. Biochemical basis for plant competition.
Weed Sci. 17, 338-344.

Blazier, M., 2009. Perfect pair for biofuel: switchgrass and trees. In: Benedict,
L.F. (Ed.), Louisiana Agriculture Magazine. Louisiana Agricultural Experiment
Station, USA, pp. 22-23.

Blinn, C.E., Albaugh, TJ., Fox, T.R., Wynne, R.H., Stape, ].L., Rubilar, R.A., Allen, H.L.,
2012. A method for estimating deciduous competition in pine stands using
Landsat. South. . Appl. For. 36, 71-78.

Bouyoucos, GJ., 1962. Hydrometer method improved for making particle size anal-
ysis of soil. Agron. J. 54, 464-465.

Bredja, J.J., 2000. Fertilization of native warm-season grasses. In: Moore, K.J., Ander-
son, B.E. (Eds.), Native Warm-season Grasses: Research Trends and Issues. CSSA
Spec. Publ. 30, American Society of Agronomy, Inc., Crop Science Society of
America, Inc., Madison, Wisconsin, pp. 177-200.

Collatz, GJ., Ribas-Carbo, M., Berry, J.A., 1992. Coupled photosynthesis-stomatal
conductance model for leaves of C4 plants. Aust. J. Plant Physiol. 19, 519-538.

Constable, J.V.H., Friend, A.L., 2000. Suitability of process-based tree growth models
for addressing tree response to climate change. Environ. Pollut. 110, 47-59.

Davidson, A., Csillag, F., 2003. A comparison of three approaches for predicting C4
species cover of northern mixed grass prairie. Remote Sens. Environ. 86, 70-82.

Dohleman, F.G., Heaton, E.A., Leakey, A.D.B., Long, S.P., 2009. Does greater leaf-
level photosynthesis explain the larger solar energy conversion efficiency of
Miscanthus relative to switchgrass? Plant Cell Environ. 32, 1525-1537.

Domec, J.-C., Noormets, A., King, ].S., Sun, G., McNulty, S.G., Gavazzi, M.J., Boggs,
J.L., Treasure, E.A., 2009. Decoupling the influence of leaf and root hydraulic
conductances on stomatal conductance and its sensitivity to vapour pressure
deficit as soil dries in a drained loblolly pine plantation. Plant Cell Environ. 32,
980-991.

Domec, J.-C., Sun, G., Noormets, A., Gavazzi, M.J., Treasure, E.A., Cohen, E., Swenson,
JJ., McNulty, S.G., King, ].S., 2012. A comparison of three methods to estimate
evapotranspiration in two contrasting loblolly pine plantations: age-related
changes in water use and drought sensitivity of evapotranspiration components.
Forest Sci. 58, 497-512.

Downes, R.W., 1969. Differences in transpiration rates between tropical and tem-
perate grasses under controlled conditions. Planta 88, 261-273.

Downing, M., Walsh, M., McLaughlin, S., 1996. Perennial grasses for energy and
conservation. In: Lockeretz, W. (Ed.), Environmental Enhancement through Agri-
culture. Tufts University, Massachusetts, pp. 217-224.

Ehleringer, J., Bjorkman, O., 1977. Quantum yields for CO, uptake in C3 and C4
plants, dependence on temperature, CO,, and O, concentration. Plant Physiol.
59, 86-90.

Ehleringer, J., Pearcy, RW., 1983. Variation in quantum yield for CO, uptake among
Cs and C4 plants. Plant Physiol. 73, 555-559.

Ehleringer, J.R., Cerling, T.E., Helliker, B.R., 1997. C4 photosynthesis, atmospheric
COy, and climate. Oecologia 112, 285-299.

Ellsworth, D.S., Thomas, R., Crous, K.Y., Palmroth, S., Ward, E., Maier, C., Delucia, E.,
Oren, R,, 2012. Elevated CO, affects photosynthetic responses in canopy pine
and subcanoy deciduous trees over 10 years: a synthesis from Duke FACE. Glob.
Change Biol. 18, 223-242.

Entry, J.A., Stark, N.M., Loewenstein, H., 1987. Timber harvesting: effects on degra-
dation of cellulose and lignin. Forest Ecol. Manag. 22, 79-88.

Farquhar, G.D., Von Caemmerer, S., 1982. Modelling of photosynthetic response to
the environment. In: Lange, O.L., Nobel, P.S., Osmond, C.B., Ziegler, H. (Eds.),
Physiological Plant Ecology II. Enc. Plant Physiol. New Series, vol. 12B. Springer-
Verlag, Berlin, pp. 549-587.

Fisher, R.A., Williams, M., Lobo do Vale, R., Costa, A., Meir, P., 2006. Evidence from
Amazonian forests is consistent with isohydric control of leaf water potential.
Plant Cell Environ. 29, 151-165.

Fox, T.R. Jokela, EJ.,Allen, H.L.,,2007. The development of pine plantation silviculture
in the southern United States. J. Forest. 105, 337-347.

Fuentes, R.G., Taliaferro, C.M., 2002. Biomass yield stability of switchgrass cultivars.
Trend. New Crop. New Uses. 2002, 276-282.

Garland, C.D., 2008. Growing and Harvesting Switchgrass for Ethanol Production in
Tennessee. Ext. Bull. SP701-A. Available at: http://utextension.tennessee.edu/
publications/spfiles/SP701-A.pdf

Garten Jr., C.T., Smith, J.L., Tyler, D.D., Amonette, J.E., Bailey, V.L., Brice, D.J., Castro,
H.F., Graham, R.L., Gunderson, C.A,, Izaurralde, R.C,, Jardine, P.M., Jastrow, J.D.,
Kerley, M.K., Matamala, R., Mayes, M.A., Metting, F.B., Miller, R.M., Moran, K.K,,
Post III, W.M,, Sands, R.D., Schadt, C.W., Phillips, J.R., Thomson, A.M., Vugteveen,
T., West, T.O., Wullschleger, S.D., 2010. Intra-annual changes in biomass, carbon,
and nitrogen dynamics at 4-year old switchgrass field trials in west Tennessee,
USA. Agr. Ecosyst. Environ. 136, 177-184.

Gee, G.W.,Bauder,].W., 1986. Particle-size analysis. In: Klute, A. (Ed.), Methods of Soil
Analysis Part 1, Physical and Mineralogical Methods. Agron. Monogr. No., vol.
9, 2nd edition. American Society of Agronomy/Soil Science Society of America,
Madison, Wisconsin, pp. 383-411.

George, N., Tungate, K., Hobbs, A, Fike, J., Atkinson, A., 2008. A Guide for Growing
Switchgrass as a Biofuel Crop in North Carolina North Carolina Solar Center.
North Carolina State University, Raleigh, USA.

Gill, R.A., Jackson, R.B., 2000. Global patterns of root turnover for terrestrial ecosys-
tems. New Phytol. 147, 13-31.

Gill,R.A., Kelly, R.H., Parton, W.J., Day, K.A., Jackson, R.B., Morgan, ].A., Scurlock, ]. M.O.,
Tiezen, L.L, Castle, J.V., Ojima, D.S., Zhang, X.S., 2002. Using simple environmen-
tal variables to estimate below-ground productivity in grasslands. Global Ecol.
Biogeogr. 11, 79-86.

Gough, C.M,, Seiler, ].R., Johnsen, K.H., Sampson, D.A., 2004. Seasonal photosynthesis
in fertilized and nonfertilized loblolly pine. Forest Sci. 50, 1-9.

Hatch, M.D., 1976. The C4 pathway of photosynthesis: mechanism and function. In:
Burris, R.H., Black, C.C. (Eds.), CO, Metabolism and Plant Productivity. University
Park Press, Baltimore, Maryland, pp. 59-81.

Hickman, G.C., Vanloocke, A., Dohleman, F.G., Bernacchi, CJ., 2010. A comparison
of canopy evapotranspiration for maize and two perennial grasses identified as
potential bioenergy crops. GCB Bioenergy 2, 157-168.

Hunt, E.R., Weber, J.A., Gates, D.M., 1985. Effects of nitrate application on Amaran-
thus powellii Wats III. Optimal allocation of leaf nitrogen for photosynthesis and
stomatal conductance. Plant Physiol. 79, 619-624.

Jarvis, P.G., 1976. The interpretation of the variations in leaf water potential and
stomatal conductance found in canopies in the field. Philos. T. R. Soc. B 273,
593-610.

Kim, S.-H., Sicher, R.C., Bae, H., Gitz, D.C., Baker, ].T., Timlin, D.J., Reddy, V.R., 2006.
Canopy photosynthesis, evapotranspiration, leaf nitrogen, and transcription
profiles of maize in response to CO, enrichment. Glob. Change Biol. 12, 588-600.

Kimmins, J.P., 2004. Forest Ecology: A Foundation for Sustainable Forest Manage-
ment and Environmental Ethics in Forestry , 3rd ed. Prentice Hall, New Jersey,
p.611.

King,].S., Albaugh, TJ., Allen, H.L., Buford, M., Strain, B.R., Dougherty, P.,2002. Below-
ground carbon input to soil is controlled by nutrient availability and fine root
dynamics in loblolly pine. New Phytol. 154, 389-398.

King,].S., Ceulemans, R., Albaugh, ].M,, Dillen, S.Y., Domec, ].-C., Fichot, R., Fischer, M.,
Leggett, Z., Sucre, E., Trnka, M., Zenone, T., 2013. The challenge of ligno-cellulosic
bioenergy in a water-limited world. BioScience 63, 102-117.

Kozlowski, T.T., Pallardy, S.G.,1997. Physiology of Woody Plants. Academic Press,
San Diego, p. 411.

Ku, S.-B., Edwards, G.E., 1977. Oxygen inhibition of photosynthesis: II kinetic char-
acteristics as affected by temperature. Plant Physiol. 59, 991-999.

Ku, S.-B., Edwards, G.E., Smith, D., 1978. Photosynthesis and nonstructural carbo-
hydrate concentration in leaf blades of Panicum virgatum as affected by night
temperature. Can. J. Botany 56, 63-68.

Lai, C.-T., Katul, G., Butnor, ]., Siqueira, M., Ellsworth, D., Maier, C., Johnsen, K., McK-
eand, S., Oren, R., 2002. Modelling the limits on the response of net carbon
exchange to fertilization in a south-eastern pine forest. Plant Cell Environ. 25,
1095-1119.

Le, P.V.V,, Kumar, P., Drewry, D.T., 2011. Implications for the hydrologic cycle under
climate change due to the expansion of bioenergy crops in the Midwestern
United States. P. Natl. Acad. Sci. U.S.A. 108, 15085-15090.

Leggett, Z., Sucre, E., 2012. Lenior 1 Intercropping Sustainability Study Site Descrip-
tion. Technical Note. Available from Weyerhaeuser Library and Information
Resources.

Lemus, R.W., 2004. Switchgrass as an energy crop: fertilization, cultivar, and cutting
management. Unpublished PhD thesis. Virginia Polytechnic Institute and State
University, Virginia, USA.

Lemus, R., Parrish, D.J., Wolf, D.D., 2009. Nutrient uptake by ‘Alamo’ switchgrass used
as an energy crop. Bioenerg. Res. 2, 37-50.

Lewandowski, ., Scurlock, ].M.O., Lindvall, E., Christou, M., 2003. The development
and current status of perennial rhizomatous grasses as energy crops in the US
and Europe. Biomass Bioenerg. 25, 335-361.

Li, Q.C., Allen, H.L., Wilson, C.A., 2003. Nitrogen mineralization dynamics following
the establishment of a loblolly pine plantation. Can. ]. Forest Res. 33, 364-374.

Long, S.P., 1999. Environmental responses. In: Sage, R.F., Monson, R.K. (Eds.), C4 Plant
Biology. Academic Press, New York, pp. 215-249.

Loustau, D., Domec, J.-C., Bosc, A., 1998. Interpreting the variations in xylem sap flux
density within the trunk of maritime pine (Pinus pinaster Ait.): application of a
model for calculating water flows at tree and stand levels. Ann. Sci. Forest. 55,
29-46.


http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0010
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0010
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0010
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0010
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0010
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0010
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0010
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0010
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0010
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0010
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0010
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0010
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0010
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0010
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0010
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0010
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0010
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0010
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0010
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0010
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0010
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0010
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0010
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0010
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0015
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0015
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0015
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0015
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0015
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0015
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0015
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0015
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0015
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0015
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0015
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0015
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0015
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0015
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0015
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0015
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0015
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0015
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0015
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0015
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0015
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0015
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0015
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0015
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0025
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0025
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0025
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0025
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0025
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0025
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0025
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0025
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0025
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0025
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0025
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0025
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0025
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0025
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0025
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0025
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0025
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0025
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0025
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0025
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0025
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0025
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0025
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0025
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0030
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0030
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0030
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0030
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0030
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0030
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0030
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0030
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0030
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0030
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0030
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0035
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0035
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0035
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0035
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0035
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0035
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0035
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0035
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0035
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0035
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0035
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0035
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0035
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0035
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0035
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0035
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0035
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0035
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0035
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0035
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0035
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0035
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0035
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0040
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0040
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0040
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0040
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0040
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0040
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0040
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0040
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0040
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0040
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0040
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0040
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0040
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0040
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0040
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0040
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0040
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0040
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0040
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0045
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0045
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0045
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0045
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0045
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0045
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0045
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0045
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0045
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0045
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0045
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0045
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0045
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0045
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0045
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0045
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0045
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0055
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0055
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0055
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0055
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0055
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0055
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0055
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0055
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0055
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0055
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0055
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0055
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0055
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0055
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0055
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0055
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0055
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0055
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0060
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0060
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0060
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0060
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0060
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0060
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0060
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0060
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0060
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0060
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0060
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0060
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0060
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0060
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0060
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0060
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0060
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0060
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0060
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0065
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0065
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0065
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0065
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0065
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0065
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0065
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0065
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0065
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0065
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0065
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0065
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0065
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0065
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0065
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0065
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0065
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0065
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0065
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0065
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0065
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0065
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0065
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0070
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0070
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0070
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0070
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0070
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0070
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0070
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0070
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0070
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0070
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0070
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0070
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0070
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0070
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0070
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0070
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0070
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0070
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0070
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0070
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0070
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0070
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0070
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0070
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0075
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0080
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0080
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0080
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0080
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0080
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0080
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0080
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0080
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0080
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0080
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0080
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0080
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0080
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0080
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0080
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0080
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0080
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0080
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0080
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0080
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0080
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0080
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0080
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0080
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0080
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0080
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0080
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0080
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0080
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0080
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0080
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0085
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0085
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0085
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0085
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0085
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0085
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0085
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0085
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0085
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0085
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0085
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0085
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0085
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0085
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0085
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0085
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0085
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0085
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0090
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0090
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0090
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0090
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0090
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0090
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0090
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0090
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0090
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0090
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0090
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0090
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0090
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0090
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0090
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0090
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0090
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0090
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0090
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0090
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0090
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0090
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0095
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0095
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0095
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0095
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0095
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0095
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0095
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0095
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0095
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0095
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0095
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0095
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0095
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0095
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0095
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0095
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0095
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0095
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0095
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0095
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0095
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0095
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0095
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0095
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0095
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0095
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0095
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0095
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0095
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0100
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0100
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0100
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0100
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0100
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0100
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0100
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0100
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0100
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0100
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0100
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0100
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0100
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0100
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0100
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0100
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0100
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0100
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0100
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0100
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0100
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0105
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0105
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0105
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0105
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0105
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0105
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0105
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0105
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0105
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0105
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0105
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0105
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0105
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0105
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0110
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0110
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0110
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0110
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0110
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0110
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0110
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0110
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0110
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0110
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0110
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0110
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0110
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0110
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0110
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0110
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0110
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0110
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0110
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0110
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0110
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0110
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0110
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0110
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0110
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0110
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0110
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0110
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0115
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0115
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0115
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0115
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0115
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0115
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0115
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0115
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0115
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0115
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0115
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0115
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0115
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0115
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0115
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0115
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0115
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0120
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0125
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0125
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0125
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0125
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0125
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0125
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0125
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0125
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0125
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0125
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0125
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0125
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0125
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0125
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0125
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0125
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0125
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0125
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0125
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0125
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0130
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0130
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0130
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0130
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0130
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0130
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0130
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0130
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0130
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0130
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0130
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0130
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0130
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0130
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0130
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0130
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0130
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0135
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0135
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0135
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0135
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0135
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0135
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0135
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0135
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0135
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0135
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0135
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0135
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0135
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0135
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0135
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0145
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0145
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0145
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0145
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0145
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0145
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0145
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0145
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0145
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0145
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0145
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0145
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0145
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0145
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0145
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0145
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0145
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0145
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0145
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0145
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0145
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0145
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0145
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0145
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0145
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0150
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0155
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0155
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0155
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0155
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0155
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0155
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0155
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0155
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0155
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0155
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0155
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0155
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0155
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0155
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0155
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0155
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0155
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0155
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0155
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0155
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0155
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0155
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0160
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0160
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0160
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0160
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0160
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0160
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0160
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0160
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0160
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0160
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0160
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0160
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0160
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0160
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0160
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0165
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0165
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0165
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0165
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0165
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0165
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0165
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0165
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0165
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0165
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0165
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0165
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0165
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0165
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0165
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0165
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0165
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0165
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0170
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0170
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0170
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0170
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0170
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0170
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0170
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0170
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0170
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0170
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0170
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0170
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0170
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0170
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0175
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0175
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0175
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0175
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0175
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0175
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0175
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0175
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0175
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0175
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0175
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0175
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0175
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0175
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0175
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0175
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0175
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0175
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0175
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0175
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0175
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0175
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0175
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0175
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0175
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0175
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0175
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0175
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0175
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0175
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0180
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0180
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0180
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0180
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0180
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0180
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0180
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0180
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0180
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0180
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0180
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0180
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0180
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0180
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0180
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0180
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0180
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0180
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0180
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0180
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0180
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0180
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0185
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0185
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0185
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0185
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0185
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0185
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0185
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0185
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0185
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0185
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0185
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0185
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0185
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0185
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0185
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0185
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0185
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0185
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0185
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0185
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0185
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0185
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0185
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0185
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0185
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0185
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0190
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0190
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0190
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0190
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0190
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0190
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0190
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0190
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0190
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0190
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0190
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0190
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0190
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0190
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0190
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0190
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0190
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0190
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0190
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0190
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0190
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0190
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0190
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0190
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0190
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0190
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0190
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0195
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0195
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0195
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0195
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0195
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0195
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0195
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0195
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0195
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0195
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0195
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0195
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0195
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0195
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0195
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0195
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0195
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0195
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0195
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0195
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0195
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0195
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0195
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0200
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0200
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0200
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0200
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0200
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0200
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0200
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0200
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0200
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0200
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0200
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0200
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0200
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0200
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0200
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0200
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0200
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0200
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0200
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0200
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0200
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0200
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0200
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0205
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0205
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0205
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0205
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0205
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0205
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0205
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0205
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0205
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0205
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0205
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0205
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0205
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0205
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0205
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0205
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0205
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0205
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0205
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0205
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0205
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0205
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0205
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0205
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0210
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0210
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0210
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0210
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0210
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0210
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0210
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0210
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0210
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0210
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0210
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0210
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0210
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0210
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0215
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0215
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0215
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0215
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0215
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0215
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0215
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0215
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0215
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0215
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0220
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0220
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0220
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0220
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0220
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0220
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0220
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0220
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0220
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0220
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0220
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0220
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0220
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0220
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0220
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0220
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0220
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0220
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0225
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0225
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0225
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0225
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0225
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0225
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0225
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0225
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0225
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0225
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0225
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0225
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0225
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0225
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0225
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0225
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0225
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0225
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0225
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0225
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0225
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0225
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0225
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0225
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0230
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0230
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0230
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0230
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0230
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0230
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0230
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0230
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0230
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0230
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0230
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0230
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0230
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0230
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0230
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0230
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0230
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0230
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0230
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0230
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0230
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0230
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0230
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0230
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0235
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0235
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0235
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0235
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0235
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0235
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0235
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0235
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0235
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0235
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0235
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0235
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0235
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0235
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0235
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0235
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0235
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0235
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0235
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0235
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0235
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0235
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0235
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0235
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0235
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0235
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0235
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0235
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0235
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0250
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0250
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0250
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0250
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0250
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0250
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0250
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0250
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0250
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0250
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0250
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0250
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0250
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0250
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0250
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0250
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0255
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0255
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0255
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0255
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0255
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0255
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0255
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0255
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0255
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0255
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0255
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0255
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0255
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0255
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0255
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0255
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0255
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0255
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0255
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0255
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0255
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0255
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0255
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0260
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0260
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0260
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0260
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0260
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0260
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0260
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0260
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0260
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0260
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0260
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0260
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0260
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0260
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0260
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0260
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0260
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0260
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0260
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0265
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0265
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0265
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0265
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0265
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0265
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0265
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0265
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0265
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0265
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0265
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0265
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0265
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0265
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0265
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0265
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0265
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0265
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0265
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0265
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0270

40 J.M. Albaugh et al. / Agricultural and Forest Meteorology 192-193 (2014) 27-40

Macinnis-Ng, C., Zeppel, M., Williams, M., Eamus, D., 2011. Applying a SPA model
to examine the impact of climate change on GPP of open woodlands and the
potential for woody thickening. Ecohydrology 4, 379-393.

Maier, C.A., Johnsen, K.H., Butnor, ]., Kress, LW., Anderson, P.H., 2002. Branch growth
and gas exchange in 13-year-old loblolly pine (Pinus taeda) trees in response
to elevated carbon dioxide concentration and fertilization. Tree Physiol. 22,
1093-1106.

Maier, C.A., Albaugh, T.J., Allen, H.L., Dougherty, P.M., 2004. Respiratory carbon use
and carbon storage in mid-rotation loblolly pine (Pinus taeda L.) plantations:
the effect of site resources on the stand carbon balance. Glob. Change Biol. 10,
1335-1350.

Marshall, B., Biscoe, P.V., 1980. A model for C5 leaves describing the dependence of
net photosynthesis on irradiance I. Derivation. J. Exp. Bot. 31, 29-39.

Massad, R.-S., Tuzet, A., Bethenod, O., 2007. The effect of temperature on C4-type
leaf photosynthesis parameters. Plant Cell Environ. 30, 1191-1204.

Mclsaac, G.F., David, M.B., Mitchell, C.A., 2010. Miscanthus and switchgrass produc-
tion in central Illinois: impacts on hydrology and inorganic nitrogen leaching. J.
Environ. Qual. 39, 1790-1799.

McLaughlin, S., Bouton, J., Bransby, D., Conger, B., Ocumpaugh, W., Parrish, D., Talia-
ferro, C., Vogel, K., Wullschleger, S., 1999. Developing switchgrass as a bioenergy
crop. Perspect. New Crops New Uses 1999, 282-299.

McLaughlin, S.B., Kszos, L.A., 2005. Development of switchgrass (Panicum virga-
tum) as a bioenergy feedstock in the United States. Biomass Bioenerg. 28,
515-535.

Monson, RK, Littlejohn, R.O., Williams III, G.J., 1982. The quantum yield for CO,
uptake in C3 and C4 grasses. Photosynth. Res. 3, 153-159.

Moore, KJ., Boote, K.J., Sanderson, M.A., 2004. Physiology and developmental mor-
phology. In: Moser, L.E., Burson, B.L., Sollenberger, L.E. (Eds.), Warm-Season (C4)
Grasses. Agron. Monogr. no. 45, American Society of Agronomy, Inc., Crop Sci-
ence Society of America, Inc., Soil Science Society of America, Inc., Madison,
Wisconsin, pp. 179-216.

Nilsson, U., Allen, H.L., 2003. Short- and long-term effects of site preparation, fer-
tilization and vegetation control on growth and stand development of planted
loblolly pine. Forest Ecol. Manag. 175, 367-377.

Pearcy, RW., Ehleringer, J., 1984. Comparative ecophysiology of C3 and C4 plants.
Plant Cell Environ. 7, 1-13.

Polley, HW., Norman, J.M., Arkebauer, T.J., Walter-Shea, E.A., Greegor, D.H., Bramer,
B., 1992. Leaf gas exchange of Andropogon gerardii Vitman, Panicum virgatum
L., and Sorghastrum nutans (L.) Nash in a tallgrass prairie. ]. Geophys. Res. 97,
18,837-18,844.

Ripley, B., Frole, K., Gilbert, M., 2010. Differences in drought sensitivities and pho-
tosynthetic limitations between co-occuring C3 and C4 (NADP-ME) Panicoid
grasses. Ann. Bot. 105, 493-503.

Roberts, S.D., Harrington, C.A., Terry, T.A., 2005. Harvest residue and competing
vegetation affect soil moisture, soil temperature, N availability, and Douglas-fir
seedling growth. Forest Ecol. Manag. 205, 333-350.

Sage, R.F., Pearcy, W.R,, Seemann, J.R., 1987. The nitrogen use efficiency of C3 and
C4 plants III. Leaf nitrogen effects on the activity of carboxylating enzymes in
Chenopodium album (L.) and Amaranthus retroflexus (L.). Plant Physiol. 85,
355-359.

Sage, R.F.,, Kocacinar, F., Kubien, D.S., 2011. C4 Plants and temperature with spe-
cial reference to low temperature adaptations. In: Raghavendra, A., Sage, R.F.
(Eds.), C4 Photosynthesis and Related CO, Concentrating Mechanisms. Springer,
Berline, pp. 161-195.

Samuelson, L., Stokes, T.A., 2006. Transpiration and canopy stomatal conductance
of 5-year-old loblolly pine in response to intensive management. Forest Sci. 52,
313-323.

Samuelson, LJ., Farris, M.G., Stokes, T.A., Coleman, M.D., 2008. Fertilization but not
irrigation influences hydraulic traits in plantation-grown loblolly pine. Forest
Ecol. Manag. 255, 3331-3339.

Sanderson, M.A., Reed, R.L., McLaughlin, S.B., Wullschleger, S.D., Conger, B.V., Par-
rish, D.J., Wolf, D.D., Taliaferro, C., Hopkins, A.A., Ocumpaugh, W.R., Hussey,
M.A, Read, ].C,, Tischler, C.R., 1996. Switchgrass as a sustainable bioenergy crop.
Bioresource Technol. 56, 83-93.

Sanderson, M.A., Reed, R.L, 2000. Switchgrass growth and development: water,
nitrogen, and plant density effects. J. Range Manage. 53, 221-227.

Sands, P.J., 2003. Process-Based Models for Forest Management-Integrating Deter-
minants of Growth into Practical Management Systems. Cooperative Research
Centre for Sustainable Production Forestry Technical Report 126. CSIRO,
Australia. 16 pp.

SAS Institute, 2002. SAS Software Version 8.2. Cary, NC, U.S.A.

Schenk, H.J., Jackson, R.B., 2002. The global biogeography of roots. Ecol. Monogr. 72,
311-328.

Skeel, V.A., Gibson, D.J., 1996. Physiological performance of Andropogon gerardii Pan-
icum virgatum, and Sorghastrum nutans on reclaimed mine spoil. Restor. Ecol.
4,355-367.

Skinner, R.H., Adler, P.R., 2010. Carbon dioxide and water fluxes from switchgrass
managed for bioenergy production. Agr. Ecosyst. Environ. 138, 257-264.

Smethurst, P.J., Nambiar, E.K.S., 1990. Distribution of carbon and nutrients and fluxes
of mineral nitrogen after clearfelling a Pinus radiata plantation. Can. J. Forest Res.
20, 1490-1499.

Sperry, J.S., Adler, F.R., Campbell, G.S., Comstock, J.P., 1998. Limitation of plant water
use by rhizosphere and xylem conductance: results from a model. Plant Cell
Environ. 21, 347-359.

Sperry, J.S., Hacke, U.G., Oren, R., Comstock, ].P., 2002. Water deficits and hydraulic
limits to leaf water supply. Plant Cell Environ. 25, 251-263.

Tamm, C.0., 1964. Determination of nutrient requirements of forest stands. Int. Rev.
Forest. Res. 1, 115-170.

Thornley, ].H.M., 1996. Modelling water in crops and plant ecosystems. Ann. Bot. 77,
261-275.

Thorpe, M.R., Warrit, B., Landsberg, J.J., 1980. Responses of apple leaf stomata: a
model for single leaves and a whole tree. Plant Cell Environ. 3, 23-27.

Tolbert, V.R., Schiller, A., 1996. Environmental enhancement using short-rotation
woody crops and perennial grasses as alternatives to traditional agricultural
crops. In: Lockeretz, W. (Ed.), Environmental Enhancement through Agriculture.
Tufts University, Massachusetts, pp. 209-216.

Tyree, M.C,, Seiler, ].R., Maier, C.A., 2009. Short-term impacts of nutrient manipula-
tions on leaf gas exchange and biomass partitioning in contrasting 2-year-old
Pinus taeda clones during seedling establishment. Forest Ecol. Manag. 257,
1847-1858.

Usada, H., 1984. Variations in the photosynthesis rate and activity of photosynthetic
enzymes in maize leaf tissue of different ages. Plant Cell Physiol. 25, 1297-1301.

Vogel, K.P., 2004. Switchgrass. In: Moser, L.E., Burson, B.L., Sollenberger, L.E. (Eds.),
Warm-season (C4) Grasses. American Society of Agronomy Inc., Wisconsin, pp.
561-588.

von Caemmerer, S.,2000. Biochemical Models of Leaf Photosynthesis. CSIRO Pub-
lishing, Collingwood, Australia, p. 165.

Wagle, P., Kakani, V.G., 2012. Growing season variability in evapotranspiration,
ecosystem water use efficiency, and energy partitioning in switchgrass. Eco-
hydrology (wileyonlinelibrary.com) doi:10.1002/eco.1322.

Whitehead, D., Okali, D.U.U., Fasehun, F.E., 1981. Stomatal response to environmen-
tal variables in two tropical forest species during the dry season in Nigeria. ].
Appl. Ecol. 18, 571-587.

Whitley, R.J., MacInnis-Ng, C.M.O., Hutley, L.B., Beringer, ]., Zeppel, M., Williams, M.,
Taylor, D., Eamus, D., 2011. Is productivity of mesic savannas light limited or
water limited? Results of a simulation study. Glob. Change Biol. 17, 3130-3149.

Williams, M., Rastetter, E.B., Fernandes, D.N., Goulden, M.L., Wofsy, S.C., Shaver, G.R.,
Melillo, .M., Munger, ].W., Fan, S.-M., Nadelhoffer, K.J., 1996. Modelling the soil-
plant-atmosphere continuum in a Quercus-Acer stand at Harvard Forest: the
regulation of stomatal conductance by light, nitrogen and soil/plant hydraulic
properties. Plant Cell Environ. 19, 911-927.

Williams, M., Malhi, Y., Nobre, A.D., Rastetter, E.B., Grace, ]., Pereira, M.G.P., 1998.
Seasonal variation in net carbon exchange and evapotranspiration in a Brazilian
rain forest: a modelling analysis. Plant Cell Environ. 21, 953-968.

Williams, M., Eugster, W., Rastetter, E.B., McFadden, J.P., Chapin III, F.S., 2000. The
controls on net ecosystem productivity along an Arctic transect: a model com-
parison with flux measurements. Glob. Change Biol. 6, 116-126.

Williams, M., Bond, B.J., Ryan, M.G., 2001a. Evaluating different soil and plant
hydraulic constraints on tree function using a model and sap flow data from
ponderosa pine. Plant Cell Environ. 24, 679-690.

Williams, M., Law, B.E., Anthoni, P.M., Unsworth, M.H., 2001b. Use of a simula-
tion model and ecosystem flux data to examine carbon-water interactions in
ponderosa pine. Tree Physiol. 21, 287-298.

Wolf, D.D., Fiske, D.A., 1995. Planting and Managing Switchgrass for Forage, Wildlife,
and Conservation. Virginia Cooperative Extension Pub. No. 418e013, Blacksburg,
VA, USA.

Wong, S.-C., Cowan, LR., Farquhar, G.D., 1985. Leaf conductance in relation to
rate of CO, assimilation I. Influence of nitrogen nutrition, phosphorus nutri-
tion, ontogeny, photon flux density, and ambient partial pressure of CO,. Plant
Physiol. 78, 821-825.

Wright, L.L., 1994. Production technology status of woody and herbaceous crops.
Biomass Bioenerg. 6, 191-209.

Woaullschleger, S.D., Sanderson, M.A., McLaughlin, S.B., Biradar, D.P., Rayburn, A.L,
1996. Photosynthetic rates and ploidy levels among populations of switchgrass.
Crop Sci. 36, 306-312.

Zeppel, M., Macinnis-Ng, C., Palmer, A., Taylor, D., Whitley, R., Fuentes, S., Yunusa,
L., Williams, M., Eamus, D., 2008. An analysis of the sensitivity of sap flux to
soil and plant variables assessed for an Australian woodland using a soil-plant-
atmosphere model. Funct. Plant Biol. 35, 509-520.

Zerpa, ].L., 2010. Effects of forest floor retention and incorporation on soil nitrogen
availability in a regenerating pine plantation. Unpublished PhD thesis. North
Carolina State University, North Carolina, USA.


http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0275
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0275
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0275
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0275
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0275
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0275
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0275
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0275
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0275
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0275
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0275
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0275
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0275
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0275
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0275
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0275
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0275
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0275
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0275
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0275
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0275
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0275
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0275
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0275
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0275
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0275
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0275
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0280
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0280
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0280
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0280
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0280
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0280
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0280
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0280
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0280
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0280
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0280
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0280
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0280
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0280
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0280
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0280
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0280
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0280
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0280
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0280
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0280
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0280
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0280
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0280
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0280
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0280
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0280
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0280
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0280
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0285
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0285
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0285
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0285
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0285
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0285
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0285
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0285
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0285
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0285
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0285
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0285
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0285
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0285
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0285
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0285
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0285
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0285
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0285
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0285
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0285
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0285
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0285
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0285
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0285
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0285
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0285
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0285
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0285
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0285
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0285
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0285
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0290
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0290
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0290
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0290
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0290
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0290
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0290
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0290
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0290
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0290
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0290
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0290
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0290
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0290
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0290
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0290
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0290
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0290
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0290
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0290
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0290
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0290
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0290
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0295
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0295
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0295
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0295
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0295
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0295
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0295
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0295
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0295
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0295
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0295
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0295
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0295
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0295
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0295
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0295
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0295
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0295
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0300
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0300
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0300
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0300
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0300
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0300
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0300
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0300
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0300
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0300
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0300
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0300
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0300
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0300
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0300
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0300
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0300
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0300
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0300
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0300
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0300
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0300
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0305
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0305
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0305
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0305
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0305
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0305
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0305
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0305
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0305
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0305
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0305
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0305
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0305
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0305
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0305
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0310
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0310
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0310
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0310
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0310
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0310
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0310
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0310
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0310
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0310
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0310
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0310
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0310
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0310
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0310
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0310
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0310
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0310
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0310
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0310
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0310
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0310
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0315
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0315
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0315
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0315
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0315
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0315
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0315
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0315
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0315
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0315
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0315
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0315
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0315
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0315
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0315
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0315
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0315
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0315
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0315
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0315
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0325
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0325
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0325
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0325
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0325
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0325
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0325
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0325
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0325
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0325
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0325
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0325
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0325
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0325
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0325
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0325
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0325
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0325
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0325
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0325
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0325
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0325
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0325
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0325
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0325
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0325
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0325
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0325
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0330
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0330
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0330
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0330
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0330
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0330
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0330
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0330
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0330
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0330
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0330
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0330
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0330
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0330
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0330
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0330
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0335
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0335
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0335
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0335
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0335
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0335
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0335
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0335
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0335
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0335
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0335
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0335
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0335
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0335
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0335
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0335
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0335
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0335
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0335
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0335
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0335
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0335
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0335
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0335
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0335
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0335
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0340
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0340
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0340
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0340
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0340
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0340
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0340
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0340
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0340
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0340
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0340
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0340
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0340
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0340
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0340
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0340
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0340
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0340
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0340
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0340
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0340
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0340
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0340
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0340
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0345
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0345
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0345
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0345
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0345
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0345
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0345
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0345
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0345
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0345
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0345
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0345
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0345
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0345
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0345
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0345
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0345
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0345
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0345
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0345
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0345
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0345
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0345
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0350
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0355
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0360
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0360
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0360
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0360
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0360
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0360
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0360
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0360
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0360
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0360
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0360
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0360
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0360
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0360
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0360
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0360
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0360
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0360
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0360
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0360
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0365
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0365
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0365
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0365
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0365
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0365
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0365
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0365
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0365
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0365
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0365
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0365
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0365
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0365
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0365
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0365
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0365
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0365
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0370
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0370
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0370
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0370
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0370
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0370
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0370
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0370
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0370
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0370
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0370
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0370
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0375
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0375
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0375
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0375
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0375
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0375
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0375
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0375
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0375
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0375
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0375
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0375
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0375
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0375
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0375
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0375
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0375
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0390
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0390
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0390
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0390
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0390
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0390
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0390
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0390
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0390
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0390
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0390
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0395
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0395
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0395
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0395
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0395
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0395
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0395
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0395
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0395
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0395
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0395
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0395
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0395
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0395
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0395
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0395
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0395
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0395
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0395
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0395
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0395
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0400
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0400
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0400
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0400
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0400
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0400
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0400
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0400
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0400
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0400
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0400
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0400
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0400
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0400
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0400
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0400
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0400
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0400
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0405
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0405
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0405
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0405
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0405
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0405
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0405
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0405
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0405
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0405
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0405
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0405
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0405
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0405
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0405
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0405
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0405
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0405
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0405
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0405
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0405
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0405
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0405
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0405
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0410
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0410
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0410
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0410
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0410
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0410
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0410
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0410
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0410
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0410
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0410
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0410
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0410
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0410
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0410
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0410
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0410
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0410
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0410
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0410
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0410
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0415
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0415
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0415
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0415
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0415
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0415
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0415
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0415
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0415
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0415
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0415
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0415
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0415
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0415
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0415
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0415
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0420
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0420
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0420
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0420
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0420
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0420
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0420
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0420
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0420
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0420
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0420
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0420
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0420
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0420
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0420
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0425
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0425
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0425
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0425
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0425
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0425
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0425
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0425
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0425
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0425
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0425
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0425
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0425
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0430
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0430
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0430
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0430
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0430
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0430
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0430
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0430
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0430
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0430
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0430
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0430
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0430
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0430
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0430
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0430
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0430
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0430
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0430
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0430
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0430
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0435
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0435
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0435
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0435
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0435
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0435
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0435
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0435
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0435
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0435
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0435
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0435
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0435
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0435
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0435
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0435
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0435
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0435
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0435
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0435
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0435
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0435
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0435
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0435
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0435
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0435
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0435
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0435
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0435
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0435
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0440
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0440
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0440
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0440
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0440
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0440
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0440
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0440
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0440
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0440
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0440
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0440
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0440
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0440
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0440
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0440
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0440
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0440
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0440
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0440
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0440
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0440
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0440
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0440
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0440
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0440
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0440
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0440
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0440
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0445
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0445
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0445
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0445
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0445
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0445
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0445
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0445
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0445
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0445
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0445
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0445
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0445
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0445
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0445
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0445
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0445
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0445
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0445
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0445
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0445
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0445
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0445
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0445
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0450
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0450
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0450
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0450
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0450
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0450
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0450
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0450
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0450
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0450
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0450
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0450
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0450
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0450
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0450
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0450
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0450
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0450
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0450
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0450
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0450
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0450
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0450
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0450
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0455
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0455
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0455
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0455
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0455
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0455
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0455
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0455
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0455
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0455
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0455
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0455
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0465
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0465
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0465
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0465
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0465
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0465
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0465
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0465
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0465
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0465
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0465
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0465
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0465
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0465
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0465
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0465
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0465
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0465
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0465
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0465
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0465
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0465
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0465
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0465
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0470
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0470
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0470
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0470
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0470
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0470
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0470
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0470
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0470
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0470
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0470
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0470
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0470
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0470
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0470
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0470
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0470
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0470
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0470
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0470
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0470
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0470
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0475
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0475
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0475
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0475
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0475
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0475
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0475
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0475
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0475
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0475
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0475
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0475
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0475
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0475
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0475
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0475
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0475
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0475
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0475
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0475
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0475
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0475
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0475
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0475
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0475
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0475
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0475
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0475
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0475
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0475
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0475
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0480
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0480
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0480
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0480
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0480
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0480
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0480
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0480
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0480
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0480
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0480
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0480
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0480
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0480
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0480
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0480
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0480
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0480
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0480
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0480
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0480
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0480
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0480
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0485
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0485
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0485
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0485
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0485
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0485
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0485
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0485
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0485
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0485
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0485
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0485
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0485
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0485
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0485
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0485
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0485
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0485
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0485
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0485
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0485
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0485
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0485
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0485
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0490
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0490
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0490
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0490
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0490
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0490
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0490
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0490
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0490
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0490
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0490
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0490
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0490
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0490
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0490
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0490
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0490
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0490
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0490
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0490
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0490
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0490
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0490
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0490
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0490
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0490
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0490
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0495
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0495
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0495
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0495
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0495
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0495
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0495
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0495
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0495
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0495
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0495
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0495
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0495
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0495
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0495
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0495
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0495
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0495
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0495
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0495
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0495
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0495
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0495
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0500
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0500
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0500
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0500
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0500
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0500
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0500
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0500
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0500
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0500
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0500
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0500
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0500
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0500
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0500
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0500
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0500
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0500
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0505
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0510
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0510
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0510
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0510
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0510
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0510
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0510
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0510
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0510
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0510
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0510
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0510
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0510
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0510
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0515
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0515
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0515
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0515
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0515
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0515
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0515
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0515
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0515
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0515
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0515
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0515
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0515
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0515
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0515
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0520
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0520
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0520
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0520
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0520
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0520
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0520
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0520
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0520
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0520
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0520
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0520
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0520
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0520
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0520
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0520
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0520
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0520
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0520
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0520
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0520
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0520
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0520
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0520
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0520
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0520
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0520
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0520
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0520
http://refhub.elsevier.com/S0168-1923(14)00060-4/sbref0520

	Gas exchange and stand-level estimates of water use and gross primary productivity in an experimental pine and switchgrass...
	1 Introduction
	2 Materials and methods
	2.1 Site description and experimental design
	2.2 Switchgrass establishment
	2.3 Meteorological data
	2.4 Soil water and temperature
	2.5 Switchgrass seasonal gas-exchange measurements
	2.6 Light-response and A–Ci curves
	2.7 Soil–plant–atmosphere model
	2.7.1 Soil parameters
	2.7.2 Atmospheric variables
	2.7.3 Plant parameters

	2.8 Statistical analyses

	3 Results
	3.1 Meteorological data
	3.2 Volumetric soil water content and temperature
	3.3 Seasonal gas exchange
	3.4 Light and A–Ci response curves
	3.5 Effect of proximity to a pine row on gas exchange parameters
	3.6 Pine and switchgrass seasonal gas exchange and SPA model output

	4 Discussion and conclusions
	Acknowledgements
	References


