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Little is known about the effects of either long-term cutting with herbage removal or no management
on the nutritional status of Agrostis capillaris and Festuca rubra meadows. We asked how management
affected soil and herbage chemical properties, herbage yield and sward height. The experiment with
cutting (C) and unmanaged (U) treatments was undertaken from 1999 to 2009 in the Jizera Mts., Czech
Republic. Soil and herbage samples were taken from 2003 to 2009.

Potassium was the only nutrient for which the soil concentration decreased under the C treatment.
Soil K concentration was 175 and 210 mgkg~! in the C and U treatments, respectively, in the last year of
the experiment. Herbage yield as well as sward height were significantly higher in the unmanaged than
in the cutting treatment in all years. Concentrations of P and K in the herbage biomass were lower in
the cutting than in the unmanaged treatment, but concentrations of N were lower only in some years.
Concentrations of Ca and Mg were not affected by the different treatments. A strong positive relationship
between concentration in soil and herbage was recorded only for K.

In contrast to K, ten years of contrasting management was too short a period to affect plant-available
(Mehlich III) P, Ca and Mg concentrations, but it was long enough to affect herbage chemical properties

and yield.

© 2013 Elsevier GmbH. All rights reserved.

Introduction

Contrasting grassland management causes changes in plant
species composition and species diversity (Bakker et al., 2002;
Eler et al., 2005; Gaisler et al., 2004; Hejcman et al., 2010c; Pavla
et al., 2011b; Ryser et al., 1995; Valko et al., 2012), but may also
highly affect nutrient availability. In abandoned grasslands where
nutrients are not exported by the harvested herbage, nutrient avail-
ability in the soil may increase because of the input of nutrients
from atmospheric deposition, mineralization of soil organic matter
or by weathering of soil minerals (Kohler et al., 2001). On the other
hand, regular cutting with herbage removal can cause depletion
of nutrients from the soil (Schnitzler and Muller, 1998). However,
only a small percentage of the total nutrient pool is removed by
the harvested herbage (Bakker, 1989, and citations therein). Nev-
ertheless, several authors recorded a substantial decrease in the
pool of plant-available K in the soil following long-term herbage
removal (Alfaro et al., 2004; Hejcman et al.,, 2010b; @ien and
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Moen, 2001). In the case of N and P, it is not possible to detect
the effect of herbage removal performed over several years by
analysis of total N or plant-available P in the soil (Bakker, 1989)
and therefore the soil nutrient status may be better indicated by
herbage chemical properties rather than by soil analysis (Oomes,
1990).

According to Schaffers (2002), K is the only nutrient which
shows a strong relationship between plant-available soil and
biomass concentrations. On the other hand, N and P herbage con-
centrations do not depend predominantly on their availability in
the soil but are also affected by other factors such as shading inten-
sity, soil pH and moisture. In addition, N and P concentrations in the
plant herbage are also affected by the supply N and Pratio (Hejcman
et al,, 2010d; Janssens et al.,, 1998; Koerselman and Meuleman,
1996). Herbage removal does not accelerate depletion of soil P if
performed only for a few years, but long-term herbage removal
can substantially reduce concentrations of plant-available P in the
soil (Perring et al., 2009).

To evaluate how the management regime affects nutrient avail-
ability, it is necessary to determine which nutrient limits herbage
production because the limiting nutrient is taken up by plants
as soon as it becomes available (Kohler et al., 2001). Limitation
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Fig. 1. Location of the Jizera Mountains within the Czech Republic and an aerial view of the study area.

Source: ©Geodis Brno s.r.o.

of herbage growth by N, P and K supplies can be estimated
from their concentrations in the herbage and also from their
N:P, N:K and K:P ratios, but the results of such studies are fre-
quently not straightforward (Giisewell, 2004; Lawniczak et al.,
2009; Qien and Moen, 2001; Tessier and Raynal, 2003).The man-
agement regime influences not only soil and herbage nutrient
properties and plant species composition but also sward height
and standing biomass production (Hejcman et al., 2010a; Klime$
and KlimeSova, 2002; Koéhler et al., 2001; @ien and Moen, 2001;
Pavli et al., 2011a). Lower sward height and standing biomass are
influenced by disturbance rather than by stress due to nutrient
depletion (@ien and Moen, 2001), and it seems that plant species
composition is more influenced by competitive relationships in dif-
ferent light conditions and under different management regimes
(Ilmarinen and Mikola, 2009; Kohler et al., 2001).The relationship
between plant-available nutrients in the soil and their concentra-
tions in the herbage under different management regimes have
been studied, especially in wet meadows (e.g. Giisewell et al.,
2003; Olde Venterink et al., 2003; Wassen et al., 1995), but lit-
tle attention has been paid to mountain meadows (Hejcman et al.,
2010a).

In order to study the effects of either cutting or no manage-
ment, respectively, on plant species composition of species-rich
mountain hay meadows (Polygono-Trisetion), we established a
long-term experiment in the Bukovec Nature Reserve in the Jiz-
era Mts., at the border of the Czech Republic and Poland in 1999.
Over the following ten years, forbs cover substantially increased
and grass cover decreased in the unmanaged treatment; the out-
come was vice versa for the cutting treatment (for details see Pavl
etal., 2011a).

The objective of this paper was to analyze the effects of long-
term cutting with herbage removal in comparison with the effects
of no management on soil and herbage chemical properties (N, P,
K, Ca and Mg), herbage yield and sward height. Within this context,
we aimed to answer the following research questions: (i) how are
related soil and herbage chemical properties? (ii) how are herbage
chemical properties related to herbage yield? (iii) how do different
management regimes affect N:P, N:K and P:Kratios in the herbage?
(iv) how does nutrient depletion by herbage removal affect nutri-
ent limitation? (v) can be nutrient depletion by herbage removal
detectable better according to the soil or the herbage chemical
properties?

Material and methods
Study site

The experiment was carried out from 1999 to 2009 in a
mountain hay meadow in the Bukovec Nature Reserve in the
north-eastern part of the Jizera Mts. (Jizerské hory, Géry Izer-
skie, Isergebirge in Czech, Polish and German, respectively), Czech
Republic (50° 48" 42” N, 15° 21’ 21” E; Fig. 1). The altitude of
the study site is 910 m a.s.l., the average annual precipitation is
1500 mm and the mean annual temperature is 4.5 °C. The bedrock
of the Jizera Mts. is mainly granite, but patches of basalt occur at
the study site. The soil type is Cambisol. The following soil chemical
properties were recorded in the upper 0-10 cm at the beginning of
the study (2004): pH/KCl, 4.4; concentration of plant-available P,
15mgkg~1 (very low); plant-available K, 198 mgkg~! (good); and
plant-available Mg, 300 mgkg~! (good) - extracted by Mehlich III
reagent (Mehlich, 1984). The experimental meadow was cut once
per year and herbage had been removed each year since at least 50
years before the start of the experiment.

The experimental grassland was classified as a Polygono
bistortae-Trisetion flavescentis (short name Polygono-Trisetion)
alliance. The dominant species at the beginning of the experiment
were Festuca rubra, Agrostis capillaris, Trisetum flavescens, Cirsium
heterophyllum and Geranium sylvaticum. The mean cover of the
main grasses, legumes and forbs in both treatments for the years
2003-2009 is given in Table 1.

Experimental design

The experiment was established in five completely randomized
blocks with an individual experimental plot of size 5m x 5m. The
treatments investigated were: one cut per year with removal of the
cut biomass in mid-July (cutting treatment); and unmanaged grass-
land (unmanaged treatment). Cutting treatment was considered as
the control because the grassland was cut before establishment of
the experiment.

Soil chemical properties

Soil samples were collected in July in the years 2004-2009.
Three soil sub-samples were collected from the upper 10cm of
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Table 1

Cover (in %) of grasses, legumes and forbs and cover of the most abundant species in
each functional group. Numbers represent mean values in cutting (C) and unman-
aged (U) treatments for the years 2003-2009 (for detail see Pavli et al., 2011a).

Species Treatment
C U

Total cover of grasses 53.2 32.7
Agrostis capillaris 174 10.2
Briza media 49 1.8
Festuca rubra 19.9 7.1
Luzula luzuloides 4.6 6.8
Trisetum flavescens 6.4 6.8
Total cover of legumes 13.3 3.2
Trifolium repens 9.3 0.7
Trifolium pratense 2.0 0.1
Vicia cracca 2.0 2.5
Total cover of forbs 63.9 98.5
Alchemilla sp. 6.8 8.4
Bistorta major 4.4 5.7
Cirsium heterophyllum 17.9 32.6
Crepis mollis 5.3 4.8
Geranium sylvaticum 12.2 181
Hypericum maculatum 34 18.7
Meum athamanticum 9.5 6.7
Potentilla erecta 4.4 35

the soil profile per each 5 x5m monitoring plot. The soil sam-
ples were air-dried, biomass residues and roots were removed
and the sample was then ground in a mortar and sieved to 2 mm.
All chemical analyses were performed in an accredited laboratory
Ekolab Zamberk (www.ekolab.cz); plant-available P, K, Ca and Mg
were extracted by Mehlich III (Mehlich, 1984) reagent (composi-
tion: 0.2M CH3COOH +0.25M NH4NO3 +0.013 M HNO3 +0.015M
NH4F +0.001 M EDTA, usage: 25 cm? reagent per 2.5 cm? soil) and
then determined by inductively coupled plasma-optical emission
spectrometry (ICP-OES). Total N was analyzed by the Kjeldahl
method and organic C by means of colorimetry (AOAC, 1984). The
mean of three sub-samples per monitoring plot was used for sta-
tistical analyses.

Herbage chemical properties, yield and sward height

Herbage samples were taken in the years 2003-2009. Dry mat-
ter herbage yield in both the cutting and unmanaged treatment
was measured in three sub-plots each of 50cm x 25 cm within
each 5m x5m experimental plot at a stubble height of 3cm.
The sampling site in the unmanaged treatment was a 1-m wide

Table 2

unmanaged strip in the 5m x 5m experimental plots. Herbage
was collected from different sub-plots in each year in order to
avoid any residual effect of herbage collection from the previous
year. The harvested herbage was dried until totally desiccated at
85°C and dry matter yield was then determined. The mean of
three sub-samples per experimental plot was used for statistical
analyses.

Compressed sward height was measured using a rising plate
meter (Castle, 1976). We performed ten measurements per each
experimental plot before vegetation sampling in each vegetation
season.

N, P, K, Ca and Mg concentrations were determined from the
herbage samples collected for analysis of dry matter herbage yield
after digestion in aqua regia by ICP-OES in the accredited lab-
oratory, Ekolab Zamberk. The amount of N, P, K, Ca and Mg in
the herbage was determined by multiplying the herbage dry mat-
ter yield by the concentrations of N, P, K, Ca and Mg in the
herbage.

Data analysis

A repeated-measures ANOVA was used to evaluate the effect
of year, treatment and the year*treatment interaction on soil and
biomass chemical properties, herbage yield, sward height and on
the amount of nutrients in the herbage. To identify significant dif-
ferences between treatments in individual years, a one-way ANOVA
was used. We used ANOVA as all the required assumptions were
met.

The relationships between herbage yield, sward height, soil and
biomass chemical properties were analyzed by linear regression
analysis. All analyses were performed in Statistica 9.0 program
(www.statsoft.cz).

Results
Soil chemical properties

Calculated by repeated-measures ANOVA, a significant effect of
year on total N content, plant-available concentrations of Ca and
Mg and on pH/KCl was recorded (Table 2). There was no signifi-
cant effect of treatment or the year*treatment interaction on any
of the measured soil chemical properties. The highest total nitro-
gen content of 9000 mg kg~! was recorded in 2008; this value was
very different from the mean value of 7300 mg kg~ recorded in all

Results of repeated measures ANOVA (year, treatment, year x treatment) of soil and herbage chemical properties.

Year Treatment Year x Treatment
F-ratio P-value F-ratio P-value F-ratio P-value
Soil pH/KCl 16.46 <0.001 0.04 0.842 0.30 0.909
Corg 2.09 0.083 0.13 0.724 0.20 0.962
Niot 5.08 0.001 0.28 0.602 0.18 0.970
P 2.40 0.066 0.01 0.935 0.55 0.703
K 1.04 0.398 2.65 0.112 0.82 0.523
Ca 2.96 0.031 0.93 0.342 0.67 0.615
Mg 8.35 <0.001 2.39 0.130 0.63 0.642
Herbage Yield 67.94 <0.001 124.39 <0.001 1.87 0.101
Sward height 5.08 <0.001 331.33 <0.001 1.84 0.107
N 31.97 <0.001 3.85 0.056 4.59 0.002
P 2.78 0.028 5.63 0.022 0.64 0.672
K 3.39 0.011 87.31 <0.001 0.49 0.784
Ca 2.25 0.065 0.39 0.536 1.63 0.171
Mg 1.73 0.147 0.54 0.467 0.74 0.595
N:P 1.30 0.281 2.83 0.099 0.40 0.085
N:K 3.02 0.019 55.56 <0.001 1.34 0.264
K:P 137 0.253 19.62 <0.001 0.65 0.666

F represents the value derived from F statistics in repeated measurements ANOVA and P represents the related probability value.
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Fig. 2. (a) Sward height, (b) dry matter herbage yield, (c) relationship between sward height and dry matter herbage yield, (d) concentration of total nitrogen in the soil, (e)
concentration of Mehlich Il phosphorus and (f) potassium in the soil. C - cutting treatment, U - unmanaged treatment. Significant differences between treatments within
each year calculated by a one-way ANOVA are indicated by asterisks (* - significant at a 0.05, ** - significant at o 0.01, *** - significant at « 0.001). Error bars represent

standard error of the mean (SE).

other years (Fig. 2d) The concentration of plant-available P ranged
from 12 to 22mgkg~!, with the highest values recorded in 2008
(Fig. 2e). The concentration of plant-available K clearly decreased
in the cutting treatment, from 220 mg kg~! in 2004 to 175 mg kg~!
in 2009 (Fig. 2f). No decrease was recorded in the unmanaged treat-
ment and differences between treatments were significant in 2008
and 2009. Mean values of pH/KCI, organic C, C:N ratio, total N con-
tent and plant-available concentrations of P, K, Ca and Mg in both
treatments for all years are given in Table 3.

Herbage yield and sward height

Calculated by repeated-measures ANOVA, a significant effect
of year and treatment on herbage yield and sward height was
recorded. A significant effect of the year*treatment interaction
was recorded only in the case of herbage yield (Table 2). Herbage
yield and sward height were significantly higher in the unman-
aged than in the cutting treatment in all years (Fig. 2a and b).
For the years 2003-2008, the mean herbage yield was 231 and
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Table 3
Soil and herbage chemical properties.
Treatment
C U

Soil pH/KCI 44 44
Corg mgkg™! 102758 100959
Niot mgkg™! 7602 7467
Pmgkg! 15.8 16.1
K mgkg! 196 210
Camgkg™! 1177 1242
Mg mgkg! 348 378
C:N 13.6 13.6

Herbage Ngkg! 16.0 16.5
Pgkg! 1.7 1.8
Kgkg! 11.1 14.6
Cagkg! 10.1 10.3
Mg gkg! 4.2 4.1
N:P 9.7 9.2
N:K 1.5 1.1
K:P 6.8 8.2

Numbers represent mean values in cutting (C) and unmanaged (U) treatments for
the years 2003-2009.

331gm~2 and mean sward height was 13 and 24cm in the cut-
ting and unmanaged treatments, respectively. Herbage yield was
significantly positively correlated with sward height regardless of
treatment (Fig. 2c).

Herbage chemical properties

Calculated by repeated-measures ANOVA, a significant effect of
year on concentrations of N, P and K was recorded. A significant
effect of treatment on the concentrations of P and K was recorded;
a significant effect of the year*treatment interaction was recorded
only for N concentrations (Table 2). The concentrations of N ranged
from 13 to 19gkg~! and were significantly higher in the unman-
aged treatment only in 2003 and 2007 (Fig. 3a) The concentration
of P ranged from 1.5 to 2.0 gkg~! and was generally slightly higher
in the unmanaged treatment, but differences between treatments
were not significant in individual years (Fig. 3b). The concentration
of K was significantly higher in the unmanaged than in the cutting
treatment in all years (Fig. 3c). The mean K concentration over all
years was 11 and 15gkg~! in the cutting and unmanaged treat-
ments, respectively. The mean concentrations of Ca and Mg over
all years are given in Table 3.

The mean N:P ratio for all years was 9.7 and 9.2 in the cutting
and unmanaged treatments, respectively, and differences between
treatments were not significant in individual years (Fig. 3d). The
mean N:K ratio for all years was 1.5 and 1.1 in the cutting
and unmanaged treatments, respectively, and differences between
treatments were significant in all years (Fig. 3e). The mean K:P
ratio for all years was 6.8 and 8.2 in the cutting and unmanaged
treatments, respectively, and differences between treatments were
significant only in 2007 and 2008 (Fig. 3f).

In both treatments, the concentration of N in the herbage
decreased with increasing herbage yield (Fig. 4a) Concentrations
of P and K decreased with increasing herbage yield only in the
cutting treatment (Fig. 4b and c). In both treatments, a negative
relationship between total soil N content and concentration of
N in the biomass was recorded (Fig. 4d). The concentration of
P in the herbage was positively related to the concentration of
plant-available P in the soil only in the cutting treatment (Fig. 4e).
Concentrations of K in the herbage were positively related to the
concentration of plant-available K in the soil in both treatments
(Fig. 4f).

Amount of nutrients in the herbage

Calculated by repeated-measures ANOVA, a significant effect of
year and treatment on the amount of N, P, K, Ca and Mg in the har-
vestable herbage was recorded. The interaction of year*treatment
was significant only in the case of K (Table 4). With the exception
of Ca and Mg in 2003, the quantity of nutrients in the herbage was
significantly higher in the unmanaged than the cutting treatment.

Discussion
Soil chemical properties

Ten years of observing different management regimes was too
short a period to affect significantly total N content and plant-
available concentrations of P, Ca and Mg in the soil. The result of
there being almost no effect over the ten years of the cutting regime
on plant-available concentrations of P, Ca and Mg is in agreement
with other grassland management studies (Hansson and Fogelfors,
2000; Hejcman et al., 2010a; Ilmarinen and Mikola, 2009; Kéhler
et al., 2001; Qien and Moen, 2001; Perring et al., 2009; Schaffers
et al,, 1998). A decrease in plant-available concentrations of P, Ca
and Mg by cutting and herbage removal management is a long-
term process, as the amount of annually removed P, Ca and Mg is
relatively low (Pavlu et al., 2011b). It seems that it was the type
of management regime rather than nutrient depletion that could
have been the key factor for vegetation changes in the mountain hay
meadow, atleastin the initial period after the contrast management
regimes were introduced.

Furthermore, the soils under the cutting management regime,
where plant-available P concentrations in the soil were reduced by
biomass removal, are more exposed to freezing and thawing. These
soils therefore freeze earlier in the autumn and frost penetrates
deeper than it does under unmanaged grassland, so the availabil-
ity of P in these soils can be increased (@ien and Moen, 2001); this
results in there being a similar amount of plant-available P in the
soil under the cutting and as well as under the unmanaged treat-
ments. As recorded in this study and also by other authors (Novak
etal.,2013; Pavlt etal.,2012), a high cover of the short grass A. cap-
illaris is a very good indicator of low P availability in the grassland
soil.Ten years of cutting and herbage removal management was
sufficient significantly to decrease plant-available concentrations
of K in the soil. The decrease in K availability under the regime of
regular cutting and biomass removal is in accordance with results
obtained from several other grassland studies (Alfaro et al., 2003,
2004; Koerselman et al., 1990; Schaffers et al., 1998). A possi-
ble explanation for this is that soil with high organic matter and
low clay content was not able to release enough K by weather-
ing of clay minerals in order to compensate for the K removed by
the harvested herbage (Kayser and Isselstein, 2005). A substantial
decrease in plant-available concentrations of K in our experiment
was recorded despite the K concentration being evaluated as “good”
for productive grasslands (Budnakova et al., 2004). The same result
of a substantial decrease in the concentration of K under the cut-
ting management regime, despite “very high” K concentrations in
the soil, was recorded by Hejcman et al. (2010a) after six years
of cutting and herbage removal management in mountain grass-
land of low productivity on organic soil. It seems that the Mehlich
[l extraction procedure does not correctly predict the amount of
plant-available Kin soils with high organic matter content.

Herbage yield and sward height

The studied grassland was classified as being of low productiv-
ity, as the mean dry matter herbage yield in both treatments over
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Fig. 3. Concentration of (a) N, (b) P, (c) K in the herbage and (d) N:P, (e) N:K and (f) K:P rations in the herbage. C - cutting treatment, U - unmanaged treatment. Significant
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at a 0.001). Error bars represent standard error of the mean (SE).

all years was below 300 g m~2, the limit for low productive grass-
lands in Central Europe (Hejcman et al., 2010d). The low production
potential of the grassland was also in accordance with the C:N ratio
in the soil, which was 13.6, and this is in accordance with the con-
clusions of Hejcman et al. (2010b), that is, that a C:N ratio below
10 is characteristic for highly productive and above 10 for less pro-
ductive grasslands. Low biomass production was also indicated by
the dominance of low productive A. capillaris in the sward because
of the generally low nutrient availability. Another typical feature

of this mountain grassland was the very high year-to-year variabil-
ity in herbage production, similar to other mountain grasslands in
the borderland between the Czech Republic and Poland (Hejcman
et al., 2009, 2010a).

The positive correlation between the compressed sward height
and herbage yield (r=0.53) was lower than the correlation recorded
in monoculture stands of Medicago sativa (r=0.85; Hakl etal.,2012).
This relatively weak correlation can be explained by the heteroge-
neous vegetation structure that occurred due to the presence of
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phosphorus and (c) potassium concentrations in the soil and in the herbage. C - cutting treatment, U - unmanaged treatment. Significant differences between treatments
within each year calculated by a one-way ANOVA are indicated by asterisks (* - significant at o 0.05, ** - significant at o 0.01, *** — significant at e 0.001). Error bars represent

standard error of the mean (SE).

species with different heights (Pavll et al., 2011a). Therefore, the
use of the compressed sward height in the precise prediction of
herbage yield could be problematic in semi-natural species rich
grasslands.

Herbage chemical properties

The forage quality of the herbage was generally low, and the
herbage from this low productivity grassland was not suitable for

feeding high yielding milk cows. This is because the recorded con-
centrations of N (16 to 16.5gNkg~1) and P (1.7 to 1.8g Pkg~1)
were far below the optimal N and P concentrations for dairy cow
nutrition, which range from 19 to 25.8gNkg~! and from 2.3 to
3.7g Pkg~! (Whitehead, 2000). In addition, the low forage qual-
ity of the herbage was also indicated by the above-optimum K, Ca
and Mg concentrations. The concentration of Kranged from 11 to
14gKkg~! compared to the optimum 3 to 8 gKkg~1, the concen-
tration of Ca ranged from 10.1 to 10.3 g Cakg~! with an optimum of



606 L. Pavlii et al. / Flora 208 (2013) 599-608

Table 4
Nutrient content in the above-ground herbage per m?, results of one-way ANOVA for each year from 2003 to 2008, and ANOVA repeated measures.
Year Treatment Nutrient
Kgm2 Cagm2 Mg g m—2 Pgm2 Ngm2

2003 C 3.66 3.34 1.45 0.53 4.75

U 5.93 4.70 1.73 0.74 6.61
o n.s. n.s. * *

2004 C 1.83 1.72 0.68 0.29 2.77
U 4.40 3.09 1.25 0.58 5.39

2005 C 1.09 0.99 0.40 0.16 1.63
U 233 1.46 0.61 0.30 2.75

2006 C 297 2.34 1.02 0.38 3.74
U 5.84 3.61 1.48 0.68 6.03

2007 C 2.96 243 1.02 0.45 4.48
§) 5.05 3.34 1.36 0.59 5.85

2008 C 2.56 2.82 1.23 0.45 4.16
U 5.26 4.58 1.74 0.65 5.60

Effect of ANOVA T - P . sk -

repeated measures Y o . e . o
TxY * n.s. n.s. n.s. n.s.

Numbers represent average of five replicates; n.s. - result of ANOVA was not significant, * - result significant at o 0.05 and ** - result significant at & 0.01,** - result significant

at a 0.001; C - cutting and U - unmanaged treatments; Y - year, T - treatment.

2.9t05.8gCakg ! and, finally, the concentration of Mg ranged from
4.2to4.1gkg ! withanoptimum of 1.6 to 2 g Mgkg~! (Whitehead,
2000). Herbage from this A. capillaris and F. rubra dominated grass-
land can rather be used for feeding beef cattle or sheep, which have
lower forage quality requirements than have a high milk yielding
dairy cattle.

Concentrations of N and P in the herbage were comparable
with values recorded in F. rubra-dominated grasslands by Pavll
et al. (2012) or with those for low productivity wetlands (Wassen
et al.,, 1995). According to Wassen et al. (1995), concentrations of
N in wetlands of below 14gkg~! and concentrations of P below
0.7gkg™! at the peak of growing season are indicators of N and P
limitation. The importance of N, P co-limitation for the existence
of low productive grasslands was demonstrated also in grassland
landscape studies by Klaus et al. (2011,2013) or by a long-term fer-
tilizer experiment by Oelmann et al. (2009). Regional differences
preclude generalization, but the regional replication is of major
importance for studies seeking general insights into productivity-
diversity relationships (Klaus et al., 2013).

The similar concentrations of N found in the herbage in both
treatments were probably a result of the N removed in the har-
vested herbage being compensated by N, fixation, as the cover of N,
fixing legumes (Trifolium repens and T. pratense) was substantially
higher in the cutting than in the unmanaged treatment. For exam-
ple, the apparent transfer of N from legumes to grasses can exceed
100kgNha~! per year (Elgersma and Hassink, 1997). In addition,
a higher proportion of N-rich legumes, together with a lower pro-
portion of N-poor stems in the cutting compared to the unmanaged
treatment is another possible explanation for there being similar
concentrations of N in the herbage from both treatments.

High year-to-year fluctuations in N concentrations can be
explained by the different herbage production in particular years
and also by year-to-year differences in plant species composi-
tion. Generally, in years with a high herbage production, lower
concentrations of N in the herbage were recorded. This negative
relationship between herbage yield and herbage N concentration
is called the dilution effect; it indicates that the N concentration in
the herbage must be evaluated with respect to the herbage yield,
which is in turn directly related to the phenological stage of the
individual species (Duru and Ducrocq, 1997; Hejcman et al.,2010d).

The existence of a negative relationship between total soil N con-
tent and the concentration of N in the herbage, means that the total
content of N is a negative indicator of N availability in the soil in our
experiment. High total N content in the soil is connected with poor
soil quality, resulting in an accumulation of soil organic matter and
its slow mineralization.

The slightly higher concentration of P in the herbage from the
unmanaged compared to the cutting treatment could be explained
by the continuous removal of P from the grassland in latter treat-
ment. This removal was not reflected in the concentration of
plant-available P in the soil extracted by a relatively strong Mehlich
III solution. Ten years under different management was not a suffi-
ciently long period of time to detect these small changes in the soil
P status; this observation is in accordance with several other long-
term studies using CAL extraction (Hejcman et al., 2010c; Pavla
et al., 2011b). Moreover, small differences in plant-available con-
centrations of P in the soil extracted by Mehlich III solution can
result in very high differences in herbage P concentrations, as was
also recorded in mountain grasslands by Hejcman et al. (2007) and
Semelova et al. (2008). Higher P concentrations in the herbage from
the unmanaged treatment can at least partly be explained by the
higher forb cover there (Pavll et al., 2011a), with forbs generally
being more P-rich than are grasses (Pirhofer-Walzl et al.,2011). The
negative relationship between herbage yield and P concentration
was explained by the dilution effect described for P by Duru and
Ducrocq (1997).

The significantly higher concentration of K found in the herbage
from the unmanaged compared to the cutting treatment is consis-
tent with a gradual decrease in the concentration of plant-available
Kin the soil. The decrease in herbage K concentrations was recorded
substantially earlier than the decrease in plant-available K concen-
trations in the soil. It seems that soil analyses of plant-available K
are not as sensitive as analyses of herbage K concentrations, and soil
K status can be better predicted by the herbage K analysis: this was
also noted by Oomes (1990). This result is consistent with the con-
clusion of Schaffers (2002), who found K to be the nutrient with the
strongest relationship between the soil and herbage concentration.

In addition to the low N concentration in the herbage, a rel-
atively low availability of N in the studied grassland was also
indicated by the N:P ratio in the herbage, which was below 11 in
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both treatments over all years, indicating that the herbage pro-
duction was N-limited. According to the experience of Koerselman
and Meuleman (1996), Olde Venterink et al. (2003) and Giisewell
(2004), N-limitation of herbage production is to be expected if the
N:P ratio is below 14 in wet grasslands. Klaus et al. (2011) con-
firmed validity of this threshold also for mesic managed grasslands
Nitrogen limitation of herbage production was also indicated by the
biomass N:Kratios, which were lower than 2.1, a threshold value for
harmonic nutrition in wet grasslands (Olde Venterink et al., 2003).

Conclusion

Despite ten years of nutrient depletion by herbage removal,
K was the only nutrient of which the plant-available concentra-
tion significantly decreased. Likewise, K was the only nutrient with
strong relationship between the soil and herbage concentration.
Long-term cutting management can induce N, P and K limitation in
herbage production, which can be better analyzed using biomass
rather than soil chemical properties.

Acknowledgments

This research was supported financially by the Ministry
of Agriculture of the Czech Republic (0002700604), the
Czech Science Foundation (521/08/1131) and by ESF & MEYS
(CZ.1.07/2.3.00/30.0040). We are grateful to Vlastislav Cerny, Véra
Ismanicka, Irena JonaSova and FrantiSek Paska for their help with
fieldwork.

References

Alfaro, M.A,, Jarvis, S.C., Gregory, P.J., 2003. Potassium budgets in grassland systems
as affected by nitrogen and drainage. Soil Use Manage. 19, 89-95.

Alfaro, M.A,, Jarvis, S.C., Gregory, P.J., 2004. Factors affecting potassium leaching in
different soils. Soil Use Manage. 20, 182-189.

AOAC, 1984. Official Methods of Analysis, 14 ed. Association of Official Analytical
Chemists, Washington.

Bakker, J.P., 1989. Nature Management by Grazing and Cutting. Kluwer, Dordrecht,
The Netherlands.

Bakker, J.P., Elzinga, J.A., de Vries, Y., 2002. Effects of long-term cutting in a grass-
land system: perspectives for restoration of plant communities on nutrient-poor
soils. Appl. Veg. Sci. 5, 107-120.

Budiiakova, M., Cermak, P., Hauerland, M., KIir, J., 2004. Fertilizers Act and Related
Regulations. Ministry of Agriculture, Prague (in Czech).

Castle, M.E., 1976. A simple disc instrument for estimating herbage yield. ]J. Brit.
Grassland Soc. 31, 37-40.

Duru, M., Ducrocq, H., 1997. A nitrogen and phosphorus herbage nutrient index
as a tool for assessing the effect of N and P supply on the dry matter yield of
permanent pastures. Nutr. Cycl. Agroecosys. 47, 59-69.

Eler, K., Vidrih, M., Bati¢, F., 2005. Vegetation characteristics in relation to different
management regimes of calcareous grassland: a functional analysis using plant
traits. Phyton-Ann. Rei Bot. A45, 417-426.

Elgersma, A., Hassink, J., 1997. Effects of white clover (Trifolium repens L.) on plant
and soil nitrogen and soil organic matter in mixtures with perennial ryegrass
(Lolium perenne L.). Plant Soil 197, 177-186.

Gaisler, J., Hejcman, M., Pavla, V., 2004. Effect of different mulching and cutting
regimes on the vegetation of upland meadows. Plant Soil Environ. 50, 324-331.

Giisewell, S., 2004. Responses of wetland graminoids to the relative supply of nitro-
gen and phosphorus. New Phytol. 164, 243-266.

Glisewell, S., Koerselman, W., Verhoeven, J.T.A., 2003. Biomass N P ratios as indi-
cators of nutrient limitation for plant populations in wetlands. Ecol. Appl. 13,
372-384.

Hakl, J., HrevuSova, Z., Hejcman, M., Fuksa, P., 2012. The use of a rising plate meter
to evaluate lucerne (Medicago sativa L) height as an important agronomic trait
enabling yield estimation. Grass Forage Sci. 67, 589-596.

Hansson, M., Fogelfors, H., 2000. Management of a semi-natural grassland; results
from a 15-year-old experiment in southern Sweden. J. Veg. Sci. 11, 31-38.

Hejcman, M, et al., 2007. Revisiting a 37 years abandoned fertilizer experiment on
Nardus grassland in the Czech Republic. Agric. Ecosyst. Environ. 118, 231-236.

Hejcman, M., Klaudisova, M., Hejcmanova, P., Pavld, V., Jones, M., 2009. Expansion of
Calamagrostis villosa in sub-alpine Nardus stricta grassland: cessation of cutting
management or high nitrogen deposition? Agric. Ecosyst. Environ. 129, 91-96.

Hejcman, M., Ceskova, M., Pavld, V., 2010a. Control of Molinia caerulea by cutting
management on sub-alpine grassland. Flora 205, 577-582.

Hejcman, M., Klaudisova, M., Schellberg, ]., Pdtzold, S., 2010b. The Rengen Grass-
land Experiment: effect of soil chemical properties on biomass production plant
species composition and species richness. Folia Geobot. 45, 125-142.

Hejcman, M., Schellberg, J., Pavl(, V., 2010c. Long-term effects of cutting frequency
and liming on soil chemical properties biomass production and plant species
composition of Lolio-Cynosuretum grassland after the cessation of fertilizer
application. Appl. Veg. Sci. 13, 257-269.

Hejcman, M., Szakova, J., Schellberg, J., Tlusto$, P., 2010d. The Rengen Grass-
land Experiment: relationship between soil and biomass chemical properties,
amount of elements applied, and their uptake. Plant Soil 333, 163-179.

IImarinen, K., Mikola, J., 2009. Soil feedback does not explain mowing effects on
vegetation structure in a semi-natural grassland. Acta Oecol. 35, 838-848.

Janssens, F., Peeters, A., Tallowin, J.R.B., Bakker, ].P., Bekker, R.M,, Fillar, F., Oomes,
M.J.M., 1998. Relationship between soil chemical factors and grassland diversity.
Plant Soil 202, 69-78.

Kayser, M, Isselstein, ]., 2005. Potassium cycling and losses in grassland systems: a
review. Grass Forage Sci. 60, 213-224.

Klaus, V.H,, et al., 2011. Nutrient concentrations and fibre contents of plant commu-
nity biomass reflect species richness patterns along a broad range of land-use
intensities among agricultural grasslands. Persp. Plant Ecol. Evol. Syst. 13,
287-295 (9 authors).

Klaus, V.H,, et al., 2013. Direct and indirect associations between plant species
richness and productivity in grasslands: regional differences preclude sim-
ple generalization of productivity-biodiversity relationships. Preslia 85,
97-112.

Klimes, L., KlimeSova, J., 2002. The effect of mowing and fertilisation on carbohydrate
reserves and regrowth of grasses: do they promote plant coexistence in species-
rich meadows? Evol. Ecol. 15, 363-382.

Koerselman, W., Bakker, S.A., Blom, M., 1990. Nitrogen, phosphorus and potassium
budgets for two small fens surrounded by heavily fertilized pastures. J. Ecol. 78,
428-442.

Koerselman, W., Meuleman, A.F.M., 1996. The vegetation N:P ratio: a new tool to
detect the nature of nutrient limitation. J. Appl. Ecol. 33, 1441-1450.

Kohler, B., Ryser, P., Giisewell, S., Gigon, A., 2001. Nutrient availability and limita-
tion in traditionally mown and in abandoned limestone grasslands: a bioassay
experiment. Plant Soil 230, 323-332.

Lawniczak, A.E., Giisewell, S., Verhoeven, ].T.A., 2009. Effect of N:K supply ratios on
the performance of three grass species from herbaceous wetlands. Basic Appl.
Ecol. 10, 715-725.

Mehlich, A., 1984. Mehlich 3 soil test extractant: a modification of Mehlich 2 extrac-
tant. Commun. Soil Sci. Plant Anal. 15, 1409-1416.

Novak, J., Pavl(, V., Ludvikova, V., 2013. Reintroduction of grazing management
after deforestation of formerly abandoned grassland and its effect on early veg-
etation changes in the Western Carpathians (Slovakia). Grass Forage Sci. 68,
448-458.

Oelmann, Y., Broll, G., Holzel, N., Kleinebecker, T., Vogel, A., Schwartze, P., 2009.
Nutrientimpoverishment and limitation of productivity after 20 years of conser-
vation management in wet grasslands of north-western Germany. Biol. Conserv.
142,2941-2948.

Qien, D.I, Moen, A., 2001. Nutrient limitation in boreal plant communities and
species influenced by scything. Appl. Veg. Sci. 4, 197-206.

Olde Venterink, H., Wassen, M.]., Verkroost, A.W.M., De Ruiter, P.C., 2003. Species
richness-productivity patterns differ between N-, P-, and K-limited wetlands.
Ecology 84,2191-2199.

Oomes, M.J.M., 1990. Changes in dry matter and nutrient yields during the restora-
tion of species-rich grasslands. J. Veg. Sci. 1, 333-338.

Pavld, L., Pavlg, V., Gaisler, J., Hejeman, M., Mikulka, J., 2011a. Effect of long-term
cutting versus abandonment on the vegetation of a mountain hay meadow
(Polygono-Trisetion) in Central Europe. Flora 206, 1020-1029.

Pavlt, V., Schellberg, ]J., Hejcman, M., 2011b. Cutting frequency vs N application:
effect of a 20-year management in Lolio-Cynosuretum grassland. Grass Forage
Sci. 66, 501-515.

Pavld, V., Gaisler, J., Pavli, L., Hejcman, M., Ludvikovd, V., 2012. Effect of fertiliser
application on plant species composition of Festuca rubra grassland under cut-
ting management and its after effect under abandonment. Acta Oecol. 45,
42-49.

Perring, M.P., Edwards, G., de Mazancourt, C., 2009. Removing phosphorus from
ecosystems through nitrogen fertilization and cutting with removal of biomass.
Ecosystems 12, 1130-1144.

Pirhofer-Walzl, K., Seegaard, K., Hogh-Jensen, H., Eriksen, J., Sanderson, M.A., Ras-
mussen, J., Rasmussen, ., 2011. Forage herbs improve mineral composition of
grassland herbage. Grass Forage Sci. 66, 415-423.

Ryser, P., Langenauer, R., Gigon, A., 1995. Species richness and vegetation structure
in a limestone grassland after 15 years management with six biomass removal
regimes. Folia Geobot. Phytotax. 30, 157-167.

Schaffers, A.P.,2002. Soil biomass, and management of semi-natural vegetation. Part
I. Interrelationships. Plant Ecol. 158, 229-246.

Schaffers, A.P., Vesseur, M.C., Sykora, K.V., 1998. Effect of delayed hay removal
on the nutrient balance of roadside plant communities. J. Appl. Ecol. 35,
349-364.

Schnitzler, A., Muller, S., 1998. Towards an ecological basis for the conservation
of subalpine heath-grassland on the upper ridges of the Vosges. J. Veg. Sci. 9,
317-326.

Semelova, V., Hejcman, M., Pavl(, V., Vacek, S., Podrazsky, V., 2008. The Grass Garden
in the Giant Mts (Czech Republic): residual effect of long-term fertilization after
62 years. Agric. Ecosyst. Environ 123, 337-342.


http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0005
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0005
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0005
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0005
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0005
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0005
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0005
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0005
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0005
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0005
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0005
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0005
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0005
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0005
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0005
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0005
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0005
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0005
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0010
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0010
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0010
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0010
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0010
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0010
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0010
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0010
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0010
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0010
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0010
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0010
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0010
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0010
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0015
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0015
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0015
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0015
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0015
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0015
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0015
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0015
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0015
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0015
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0015
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0015
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0020
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0020
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0020
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0020
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0020
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0020
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0020
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0020
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0020
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0020
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0025
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0025
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0025
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0025
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0025
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0025
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0025
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0025
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0025
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0025
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0025
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0025
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0025
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0025
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0025
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0025
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0025
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0025
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0025
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0025
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0025
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0025
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0025
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0025
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0025
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0030
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0030
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0030
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0030
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0030
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0030
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0030
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0030
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0030
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0030
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0030
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0035
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0035
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0035
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0035
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0035
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0035
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0035
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0035
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0035
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0035
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0035
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0035
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0035
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0035
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0035
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0035
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0040
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0045
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0045
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0045
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0045
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0045
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0045
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0045
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0045
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0045
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0045
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0045
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0045
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0045
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0045
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0045
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0045
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0045
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0045
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0045
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0045
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0045
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0045
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0045
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0045
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0050
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0050
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0050
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0050
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0050
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0050
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0050
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0050
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0050
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0050
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0050
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0050
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0050
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0050
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0050
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0050
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0050
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0050
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0050
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0050
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0050
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0050
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0050
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0050
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0050
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0050
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0050
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0050
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0050
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0050
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0050
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0050
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0055
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0055
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0055
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0055
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0055
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0055
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0055
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0055
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0055
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0055
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0055
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0055
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0055
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0055
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0055
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0055
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0055
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0055
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0055
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0055
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0060
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0060
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0060
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0060
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0060
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0060
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0060
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0060
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0060
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0060
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0060
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0060
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0060
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0060
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0060
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0060
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0060
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0060
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0060
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0065
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0065
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0065
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0065
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0065
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0065
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0065
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0065
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0065
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0065
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0065
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0065
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0065
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0065
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0065
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0065
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0065
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0065
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0065
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0065
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0065
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0070
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0070
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0070
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0070
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0070
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0070
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0070
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0070
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0070
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0070
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0070
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0070
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0070
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0070
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0070
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0070
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0070
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0070
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0070
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0070
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0070
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0070
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0070
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0070
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0070
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0070
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0070
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0070
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0070
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0070
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0075
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0075
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0075
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0075
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0075
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0075
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0075
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0075
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0075
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0075
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0075
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0075
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0075
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0075
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0075
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0075
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0075
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0075
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0075
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0075
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0080
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0080
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0080
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0080
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0080
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0080
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0080
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0080
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0080
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0080
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0080
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0080
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0080
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0080
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0080
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0080
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0080
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0080
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0080
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0080
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0080
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0085
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0085
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0085
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0085
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0085
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0085
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0085
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0085
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0085
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0085
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0085
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0085
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0085
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0085
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0085
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0085
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0085
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0085
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0085
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0085
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0085
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0085
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0085
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0085
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0090
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0090
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0090
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0090
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0090
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0090
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0090
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0090
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0090
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0090
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0090
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0090
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0090
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0090
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0090
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0095
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0095
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0095
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0095
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0095
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0095
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0095
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0095
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0095
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0095
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0095
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0095
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0095
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0095
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0095
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0095
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0095
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0095
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0095
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0095
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0095
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0095
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0095
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0095
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0095
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0100
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0100
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0100
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0100
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0100
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0100
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0100
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0100
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0100
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0100
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0100
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0100
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0100
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0100
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0100
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0100
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0100
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0100
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0100
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0100
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0100
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0100
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0100
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0100
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0100
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0100
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0100
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0100
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0100
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0100
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0100
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0100
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0100
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0105
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0105
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0105
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0105
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0105
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0105
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0105
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0105
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0105
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0105
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0105
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0105
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0105
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0105
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0105
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0105
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0105
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0105
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0105
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0105
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0105
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0105
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0105
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0105
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0105
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0110
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0110
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0110
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0110
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0110
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0110
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0110
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0110
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0110
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0110
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0110
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0110
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0110
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0110
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0110
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0110
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0110
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0110
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0110
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0110
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0115
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0115
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0115
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0115
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0115
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0115
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0115
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0115
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0115
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0115
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0115
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0115
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0115
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0115
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0120
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0120
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0120
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0120
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0120
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0120
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0120
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0120
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0120
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0120
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0120
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0120
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0120
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0120
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0120
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0120
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0125
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0130
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0130
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0130
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0130
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0130
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0130
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0130
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0130
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0130
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0130
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0130
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0130
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0130
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0130
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0130
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0130
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0130
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0130
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0130
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0130
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0130
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0130
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0130
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0130
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0130
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0130
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0135
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0135
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0135
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0135
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0135
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0135
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0135
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0135
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0135
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0135
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0135
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0135
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0135
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0135
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0135
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0135
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0135
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0135
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0135
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0135
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0135
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0135
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0135
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0135
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0135
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0135
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0135
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0135
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0140
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0140
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0140
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0140
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0140
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0140
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0140
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0140
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0140
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0140
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0140
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0140
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0140
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0140
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0140
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0140
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0140
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0140
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0140
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0140
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0145
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0145
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0145
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0145
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0145
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0145
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0145
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0145
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0145
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0145
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0145
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0145
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0145
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0145
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0145
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0145
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0145
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0145
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0145
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0145
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0145
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0150
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0150
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0150
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0150
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0150
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0150
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0150
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0150
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0150
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0150
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0150
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0150
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0150
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0150
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0150
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0150
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0150
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0150
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0150
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0150
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0150
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0150
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0155
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0155
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0155
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0155
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0155
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0155
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0155
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0155
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0155
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0155
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0155
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0155
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0155
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0155
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0155
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0155
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0155
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0155
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0155
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0155
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0155
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0155
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0160
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0160
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0160
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0160
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0160
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0160
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0160
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0160
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0160
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0160
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0160
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0160
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0160
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0160
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0160
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0160
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0160
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0160
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0160
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0160
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0160
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0165
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0165
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0165
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0165
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0165
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0165
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0165
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0165
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0165
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0165
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0165
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0165
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0165
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0165
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0165
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0165
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0165
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0165
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0165
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0165
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0165
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0165
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0165
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0165
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0165
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0165
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0165
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0165
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0165
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0165
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0170
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0170
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0170
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0170
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0170
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0170
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0170
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0170
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0170
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0170
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0170
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0170
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0170
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0170
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0170
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0170
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0170
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0170
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0170
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0170
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0170
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0170
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0170
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0170
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0170
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0175
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0175
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0175
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0175
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0175
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0175
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0175
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0175
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0175
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0175
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0175
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0175
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0175
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0175
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0175
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0175
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0175
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0175
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0180
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0180
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0180
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0180
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0180
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0180
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0180
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0180
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0180
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0180
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0180
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0180
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0180
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0180
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0180
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0185
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0185
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0185
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0185
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0185
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0185
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0185
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0185
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0185
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0185
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0185
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0185
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0185
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0185
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0185
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0185
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0185
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0185
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0185
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0185
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0185
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0190
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0190
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0190
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0190
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0190
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0190
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0190
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0190
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0190
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0190
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0190
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0190
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0190
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0190
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0190
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0190
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0190
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0190
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0190
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0190
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0190
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0190
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0190
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0190
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0190
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0190
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0190
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0195
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0195
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0195
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0195
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0195
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0195
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0195
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0195
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0195
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0195
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0195
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0195
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0195
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0195
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0195
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0195
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0195
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0195
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0195
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0195
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0200
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0200
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0200
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0200
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0200
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0200
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0200
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0200
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0200
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0200
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0200
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0200
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0200
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0200
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0200
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0200
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0200
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0200
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0200
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0200
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0200
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0200
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0200
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0200
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0200
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0200
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0200
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0200
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0205
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0205
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0205
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0205
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0205
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0205
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0205
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0205
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0205
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0205
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0205
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0205
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0205
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0205
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0205
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0205
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0205
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0205
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0210
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0210
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0210
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0210
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0210
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0210
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0210
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0210
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0210
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0210
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0210
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0210
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0210
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0210
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0210
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0215
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0215
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0215
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0215
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0215
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0215
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0215
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0215
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0215
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0215
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0215
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0215
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0215
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0215
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0215
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0215
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0215
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0215
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0215
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0215
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0215
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0215
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0215
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0215
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0215
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0220
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0220
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0220
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0220
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0220
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0220
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0220
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0220
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0220
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0220
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0220
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0220
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0220
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0220
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0220
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0220
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0225
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0225
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0225
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0225
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0225
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0225
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0225
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0225
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0225
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0225
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0225
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0225
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0225
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0225
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0225
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0225
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0225
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0225
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0225
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0225
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0230
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0230
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0230
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0230
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0230
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0230
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0230
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0230
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0230
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0230
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0230
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0230
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0230
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0230
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0230
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0230
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0230
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0230
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0230
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0230
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0230
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0230
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0230
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0230
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0235
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0235
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0235
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0235
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0235
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0235
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0235
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0235
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0235
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0235
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0235
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0235
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0235
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0235
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0235
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0235
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0235
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0235
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0235
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0235
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0235
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0235
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0235
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0235

608 L. Pavlii et al. / Flora 208 (2013) 599-608

Tessier, ].T., Raynal, D.J., 2003. Use of nitrogen to phosphorus ratios in plant tissue
as an indicator of nutrient limitation and nitrogen saturation. J. Appl. Ecol. 40,
523-534.

Valké, 0., Torék, P., Matus, G., Téthmérész, B., 2012. Is regular mowing the most
appropriate and cost-effective management maintaining diversity and biomass
of target forbs in mountain hay meadows? Flora 207, 303-309.

Wassen, M J., Olde Venterink, H.G.M., de Swart, E.0.A.M., 1995. Nutrient concentra-
tions in mire vegetation as a measure of nutrient limitation in mire ecosystems.
J. Veg. Sci. 6, 5-16.

Whitehead, D.C., 2000. Nutrient Elements in Grasslands: Soil-Plant-Animal Rela-
tionships. CABI Publishing, Wallingford.


http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0240
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0240
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0240
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0240
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0240
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0240
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0240
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0240
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0240
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0240
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0240
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0240
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0240
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0240
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0240
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0240
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0240
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0240
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0240
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0240
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0240
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0240
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0240
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0240
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0240
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0245
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0245
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0245
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0245
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0245
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0245
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0245
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0245
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0245
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0245
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0245
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0245
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0245
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0245
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0245
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0245
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0245
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0245
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0245
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0245
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0245
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0245
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0245
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0245
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0245
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0250
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0250
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0250
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0250
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0250
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0250
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0250
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0250
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0250
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0250
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0250
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0250
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0250
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0250
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0250
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0250
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0250
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0250
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0250
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0250
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0250
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0250
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0255
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0255
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0255
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0255
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0255
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0255
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0255
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0255
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0255
http://refhub.elsevier.com/S0367-2530(13)00100-X/sbref0255

	Relationship between soil and biomass chemical properties, herbage yield and sward height in cut and unmanaged mountain ha...
	Introduction
	Material and methods
	Study site
	Experimental design
	Soil chemical properties
	Herbage chemical properties, yield and sward height
	Data analysis

	Results
	Soil chemical properties
	Herbage yield and sward height
	Herbage chemical properties
	Amount of nutrients in the herbage

	Discussion
	Soil chemical properties
	Herbage yield and sward height
	Herbage chemical properties

	Conclusion
	Acknowledgments
	References


