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a  b  s  t  r  a  c  t

Water  is  a key  element  in building  and  maintaining  regional  ecosystems  functions,  particularly  in arid
and  semi-arid  regions,  in  which  ecosystem  productivity,  surface  energy  balance,  and  water  availability
are  closely  interconnected.  However,  the  effects  of differences  in  soil  moisture  levels  at  different  depths
and humidity  index  involved  MAT  and  MAP  on  plant  diversity  have  received  only  scant  attention.  To
determine  effects  of  soil  moisture  and  humidity  index  on  both  plant  productivity  and  diversity  of  native
grasslands  on  the  Loess  Plateau,  China,  a gradient  analysis  of  soil  moisture  and  above-  and  below-ground
properties  of plant  communities  showed  that  vegetation  cover  and  above-  and  below-ground  biomass
were  significantly  and  positively  correlated  to the  levels  of soil  moisture.  More  specifically,  the  below-
ground  biomass  was  significantly  and  positively  correlated  to  moisture  in  the top  10  cm layer  of  soil,
whereas  plant  height,  litter  biomass,  and  root-to-shoot  ratio  were  unrelated  to the  level  of soil  moisture.

Plant  diversity  (richness  index  and  the  Shannon–Wiener  diversity  index)  was significantly  and  positively
correlated  to  a greater  degree  with  moisture  in the  topsoil  (0–5  cm  layer)  than  in the  subsoil,  and  was
also  closely  correlated  to the  humidity  index.  Overall,  changes  in plant  diversity  in arid  and  semi-arid
grassland  ecosystems  are  closely  determined  by  soil  moisture  and  atmospheric  humidity,  and  that  higher
moisture  content  in  soil  and higher  atmospheric  humidity  favour  greater  plant  diversity.

©  2016  Elsevier  B.V.  All  rights  reserved.
. Introduction

Water is fundamental to the biophysical processes that sustain
cosystem functions, particularly in the arid and semi-arid regions
here tight coupling exists between ecosystem productivity, sur-

ace energy balance, and water source availability (Potts et al., 2006;
eisler-White et al., 2008; Yang et al., 2014). Water availability

s the primary constraint to plant communities in many terres-

rial ecosystems (Weltzin et al., 2003; Zhou and Shangguan, 2007).
oil water controls plant canopy cover, leaf area, transpiration, and
ommunity composition particularly in arid and semi-arid regions

∗ Corresponding author at: State Key Laboratory of Soil Erosion and Dryland Farm-
ng on the Loess Plateau, Northwest A&F University, Yangling, Shaanxi, 712100, PR
hina.

E-mail address: shangguan@ms.iswc.ac.cn (Z. Shangguan).

ttp://dx.doi.org/10.1016/j.ecoleng.2016.06.048
925-8574/© 2016 Elsevier B.V. All rights reserved.
(Cooper et al., 2006; Huang et al., 2013; Wu et al., 2016), The water
stored in different soil layers is recognized as an important driver
of productivity and sustainability of arid and semi-arid terrestrial
ecosystems (Deng et al., 2016), because vegetation strongly affects
the water cycle, soil erosion, and run-off, and interactions between
vegetation and soil water are fundamental to ecological processes
in arid and semi-arid regions.

The productivity and diversity of plant species within grassland
communities in arid and semi-arid regions have most often been
related to climatic, geographic and edaphic heterogeneity factors
(Enright et al., 2005; Chen et al., 2007; Vásquez-Méndez et al., 2010;
Sanchez-Mejia et al., 2014; Wu  et al., 2014a, b; Zhang et al., 2016).
Regional climate (precipitation and temperature) and soil mois-

ture can play decisive roles in shaping community structure and
large scale species distributions (Peters et al., 2012). The availabil-
ity of soil moisture may  affect species richness and distributions, as
only a few species are adapted to extremely water poor conditions

dx.doi.org/10.1016/j.ecoleng.2016.06.048
http://www.sciencedirect.com/science/journal/09258574
http://www.elsevier.com/locate/ecoleng
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ecoleng.2016.06.048&domain=pdf
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Wu et al., 2016). Moreover, soil water is the primary constraint to
lant communities (Heisler-White et al., 2008), and influences the
ptake of water by plants and species succession in a plant com-
unity. Variation in soil water can also influence grassland plant

ommunities and soil properties directly and indirectly (Wu  et al.,
013). Recent studies have focused mainly on the effects of soil
oisture on soil nutrients (Wu  et al., 2013), soil carbon storage

Deng et al., 2014), and soil microbial structure (Bell et al., 2014;
hang et al., 2014a). Some researchers have also worked on soil
oisture (Wu et al., 2016), but studies on its effect on plant pro-

uctivity and plant diversity have been somewhat limited (Kardol
t al., 2010), especially in large-scale regions (Wu  et al., 2014a).
n addition, among the factors influencing species distributions,
recipitation may  be an especially important limiting factor in the
rid and semi-arid regions; hence, changes in precipitation regimes
ay  lead to substantial alterations in community composition and

cosystem structure (Adler and Levine, 2007).
In the Loess Plateau in north-western China, with lower mean

nnual precipitation and higher evaporation, availability of soil
oisture is generally low (Shangguan, 2007); water stored at dif-

erent depths is critical to plant growth and serves as a key source of
ater for sustaining ecosystems in this region (Yang et al., 2014). In

ddition, lower soil moisture content also leads to land degradation
nd loss of plant diversity. Vegetation is important in regulating
ydrological processes in arid and semi-arid areas (Zhang et al.,
014b; Zhou and Shangguan, 2006). It is therefore necessary to
tudy the relationship between soil moisture and plant commu-
ity on the Loess Plateau. In addition, precipitation and climate can
ffect the spatial heterogeneity of soil moisture (Longobardi, 2008),
hich, in turn, affects plant diversity in ecosystems (Knapp et al.,

002; O’connor et al., 2001). Therefore, understanding how soil
ater heterogeneity and atmospheric humidity (climatic humid-

ty index, a bioclimatic index developed by Yang et al., 2007) affect
lant community structure in arid and semi-arid regions has sev-
ral major implications for both the scientific community and for
ecision makers (Wu et al., 2014a).

The present study covered 81 sites dominated by natural grass-
ands across the Loess Plateau to test the hypothesis that soil

oisture and atmospheric humidity are the main factors that influ-
nce plant productivity and plant diversity in arid and semi-arid
rasslands. The study sought answers to the following questions:
1) What is the relationship between soil moisture and properties of
he above- or below-ground structures of plant communities? (2)
ow does soil water heterogeneity affect plant diversity? (3) How
oes the humidity index affect plant diversity in natural grasslands
f the arid and semi-arid regions on the Loess Plateau?

. Materials and methods

.1. Characteristics of the study area

The Loess Plateau covers approximately 0.64 million square
ilometres. The region is a transition zone between sub-humid and
emi-arid to arid climate, characterized by a large south–north pre-
ipitation gradient. The mean annual temperature ranges from 3 ◦C
o 12 ◦C; mean annual precipitation, from 100 mm to 800 mm;  and
levation, from 500 m to 2500 m.  Except for the most humid south-
astern part, which is dominated by forests, over 80% of the Loess
lateau is covered by arid and semi-arid grassland ecosystems.
he main grassland species include Agropyron cristatum (Linn.)

aertn., Agriophyllum squarrosum (L.) Moq., Artemisia giraldii Pamp.,
rtemisia ordosica Krasch., Artemisia sacrorum Ledeb., Bothriochloa

schaemum (L.) Keng, Cleistogenes songorica, Lespedeza davurica
Laxm.) Schindl., Stipa bungeana Trin. and Stipa grandis P. Smirn.
Fig. 1. Location of sampling sites used in this study.

2.2. Arrangement of plots

In the summer (July–August) of 2011, when plant biomass
had reached its peak, we  sampled 81 grassland sites across the
Loess Plateau (Fig. 1). To elucidate the relationship between grass-
land biomass and climate, along with other natural factors, we
investigated and sampled natural grasslands that had been free
from any human interference. At each site, 10 plots (1 m × 1 m),
or quadrants, were established along a 100–200 m long linear
transect for surveying the plant community. The quadrants were
numbered, and the following observations were recorded for the
odd-numbered quadrants: canopy coverage and height, species
composition and height, abundance (number of individuals per
plot), and the above-ground biomass of individual species. In
the even-numbered quadrants, canopy coverage and height, and
above- and below-ground biomass in the 0–30 cm soil profile,
were recorded. Plant height was measured with a steel tape. Each
survey plot of 1 m × 1 m was divided into 100 small quadrants
(0.1 m × 0.1 m),  and canopy cover of the plant community within
the larger quadrants was estimated by extrapolating the data
from the smaller quadrants, retaining the proportions of different
species.

2.3. Sampling and measurements

In the odd-numbered plots, the above-ground parts of plants,
including both live biomass and standing dead biomass produced
in the current year, were cut, sorted by species, labelled, and
placed into envelopes. The majority of plant species were iden-
tified in the field; the unidentified specimens were dried in a
plant press and were later identified by plant taxonomists. In the
even-numbered plots, all the above-ground green plants were cut,
collected, labelled, and put into envelops. In addition, all litter was
also collected and put into envelopes and labelled. To measure
the below-ground biomass, 3–5 soil samples were collected from
four layers in each plot, namely 0–5 cm,  5–10 cm, 10–20 cm,  and
20–30 cm,  with a root corer 9 cm in diameter. Most of the roots
from the soil samples could be separated by using a 2 mm sieve. The
remaining finer roots were separated by spreading the samples in

shallow trays, filling them with water, and allowing the overflow
to pass through a 0.5 mm sieve. No attempt was made to distin-
guish between living and dead roots. All the roots thus collected
were oven-dried at 65 ◦C and weighed to within 0.01 g. The origi-
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Table  1
One-way ANOVA analysis of grassland community characteristics and soil properties among the sampling sites across the Loess Plateau. **indicates significant difference.

Community characteristics /soil properties Mean SE 95%CI F Df Sig. (P)

Lower Bound Upper Bound

Coverage (%) 42.90 1.19 40.57 45.24 59.91 80 <0.0001**
Height (cm) 39.29 2.14 35.08 43.49 3.32 80 <0.0001**
Above-ground biomass (g m−2) 167.00 6.43 155.07 180.33 25.57 80 <0.0001**
Litter  (g m−2) 115.29 6.88 101.78 128.79 14.74 80 <0.0001**
Below-ground biomass (g m−2) 415.52 27.57 361.33 469.71 3.32 80 <0.0001**
Total  biomass (g m−2) 582.52 34.00 516.40 650.04 16.43 80 <0.0001**
Root/Shoot ratio 2.49 3.78 2.33 3.60 4.56 80 <0.0001**
Richness index (R) 7.45 0.18 7.09 7.82 15.45 80 <0.0001**
Shannon-Wiener diversity index (H) 1.60 0.03 1.55 1.65 11.44 80 <0.0001**
Evenness index (E) 0.84 0.01 0.82 0.86 2.27 80 <0.0001**
0–30  cm soil water content (%) 7.64 0.35 6.94 8.33 16.55 80 <0.0001**
0–30  cm soil bulk density (g cm−3) 1.29 0.01 1.26 1.30 14.04 80 <0.0001**
0–30  cm soil water storage (mm)  26.61 1.16 24.32 28.90 13.40 80 <0.0001**

Table 2
Pearson correlation analysis of the relationships between the characteristics of plant community and soil water storage at different soil layers/depths. n = 81. Soil depths is
cumulative soil layers from top (0–5 cm)  to sub-soils (5–10, 10–20 and 20–30 cm,  respectively).

Plant community characteristics Soil water storage in four soil layers (cm)

0–5 5–10 10–20 20–30

Coverage (%) 0.280* 0.460** 0.414** 0.423**

Height (cm) 0.038 −0.087 −0.089 −0.004
Above-ground biomass (g m−2) 0.286** 0.269** 0.179 0.225*

Litter (g m−2) 0.201 0.102 −0.016 −0.002
Below-ground biomass (g m−2) 0.316** 0.279* 0.162 0.198
Total  biomass (g m−2) 0.358** 0.322** 0.194 0.239*

Root/Shoot ratio 0.078 0.081 −0.014 −0.011

Plant  community characteristics Soil water storage in four soil depths (cm)

0–10 0–20 0–30

Coverage (%) 0.407** 0.426** 0.439**

Height (cm) −0.031 −0.061 −0.044
Above-ground biomass (g m−2) 0.300** 0.249* 0.246*

Litter (g m−2) 0.161 0.075 0.046
Below-ground biomass (g m−2) 0.321** 0.252** 0.236*

Total biomass (g m−2) 0.367** 0.292** 0.278*

n
1
w
t
l
f
a

2

m

S

w
(
t
(

Root/Shoot ratio 0.086 

* Correlation is significant at the 0.05 level (P < 0.05) (2-tailed).
** Correlation is significant at the 0.01 level (P < 0.01) (2-tailed).

al volume of each soil core and its dry mass after oven-drying at
05 ◦C were measured. The moisture content of the soil samples
as determined gravimetrically and expressed as a percentage of

he dry weight of soil. Soil bulk density (g cm−3) of the four soil
ayers was measured (3 replicates) using a soil bulk sampler, in the
orm of a stainless steel cutting ring 5 cm in diameter and 5 cm tall,
t points adjacent to soil sampling points in each plot.

.4. Soil water storage

Soil water storage (SWs) was calculated using the following for-
ula:

Ws= BD × (1–fc(%)) × SW × D/10 (1)
here SWs is the soil water storage (mm);  BD is soil bulk density
g cm−3); fc is the coarse fraction (particles larger than 2 mm)  in
he soil; SW is the soil moisture content (%); and D is soil thickness
cm).
0.039 0.018

2.5. Species diversity

Species richness is a measure of the number of species in each
plot. The richness index (R) and Shannon–Wiener diversity index
(H) were calculated as follows:

Richness index (R) : R = S (2)

Shannon − Wiener diversity index (H) : H = −
s∑

i=1

(Pi ln Pi) (3)

Evenness index (E) : E = H

ln S
(4)

where S is the total number of species in the grassland commu-
nity; H is the Shannon–Wiener diversity index; and Pi is the density
proportion of i species

P = RHi + RAi + RBi (5)
i 3

where RHi, RAi, and RBi are the relative height, relative abundance,
and relative biomass of i species in each plot.
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Fig. 2. The linear regression analysis relationships between plant diversity
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.6. Humidity index

Because of the significant correlation between mean annual
emperature and mean annual precipitation (P < 0.05) in China, we
sed the humidity index (HI) (Yang et al., 2007) as a bioclimatic

ndex to explore the relationship between plant community struc-
ure (plant biomass and diversity) and climate.

I = MAP

MAT  + 10
(6)

here MAT  and MAP  are the mean annual temperature and mean
nnual precipitation, respectively, for 40 years (1970–2010), calcu-
ated from the data obtained from the China Meteorological Data
haring Service System.

.7. Data analysis

One-way analysis of variance (ANOVA) was used for identifying
he differences among the sites in terms of grassland commu-
ity biomass (above-ground biomass, below-ground biomass, litter
iomass, and total biomass), vegetation cover, height, richness

ndex, Shannon–Wiener diversity index, and evenness index. Linear
egression analysis was used for identifying correlations between
lant diversity and soil water storage or humidity index. The level
f significance was 0.05 unless otherwise stated, and SPSS ver. 16.0
SPSS, Chicago, Illinois, USA) was used for the ANOVA.

. Results

Sites across the Loess Plateau differed significantly (P < 0.0001)
n terms of vegetation cover, plant height, biomass of various kind,
oot-to-shoot ratio, plant diversity (all the three indices), soil mois-
ure, and bulk density (Table 1).

Overall, the relationships between vegetation cover, above- or
elow-ground biomass, and soil water storage were stronger in the
wo upper layers (0–5 cm and 5–10 cm)  than in the two  deeper
ayers (10–20 cm and 20–30 cm)  (Table 2). Vegetation cover and
bove- and below-ground biomass were significantly and posi-
ively correlated with soil water storage in the top layer (0–30 cm)
P < 0.05, Table 2) but none of the other parameters (plant height,
itter, and root-to-shoot ratio) showed any correlation with soil

ater storage in the top layer (P > 0.05, Table 2).
Plant diversity was significantly influenced by the differences in

oil water storage in the top layer (0–5 cm)  but not in the deeper
ayers (Fig. 2): plant richness index and Shannon–Wiener diver-
ity index showed very strong and significant correlation (P < 0.01)
ith soil water storage in the top layer but not in the other layers

Fig. 2) but the evenness index showed no such correlation (P > 0.05,
ig. 2). Richness index and Shannon–Wiener diversity index were
ignificantly and positively correlated with soil water storage in the
–30 cm layer as well (P < 0.05) (Fig. 3), whereas the evenness index
as not (P > 0.05, Fig. 3), although it was correlated with soil water

torage in the 0–20 cm layer (P < 0.05, Fig. 3). The first two  indices
ere closely correlated also with the humidity index (Fig. 4).

The below-ground biomass decreased with depth (Fig. 5),
hereas soil water storage increased with depth (Fig. 5). Correla-

ions between below-ground biomass and soil water storage varied,
epending on the depth (Fig. 5): the two were positively and sig-
ificantly (P < 0.01) correlated only in the top two layers (0–5 cm
nd 5–10 cm,  Fig. 5).

. Discussion
More extensive vegetation cover can protect the soil better
gainst erosion due to rainfall and increase the absorption of water
y the soil (Vásquez-Méndez et al., 2010). Our results showed
(Shannon–Winner index, evenness index, richness index) and soil water storage at
different soil layers. Note: R is correlation coefficient; **indicate P < 0.01, *indicate
P  < 0.05, NS indicates no significant correlation (P > 0.05).

that vegetation cover, above-ground biomass, and below-ground
biomass were significantly and positively correlated with water
storage in the top layer of the soil—results that are consistent with
those obtained in other areas such as the Qinghai-Tibetan Plateau in
China (Wu et al., 2013) and Oak Ridge in USA (Kardol et al., 2010).
These results point to positive interaction effects between vege-
tation cover and soil water storage in the grasslands of arid and
semi-arid regions. Deng et al. (2014) reported that the grassland
with higher retention of water by soil had more extensive vegeta-

tion cover and productivity compared to the grassland community
with lower soil water condition. The present study found that soil
water storage influenced not only the quantity of plant biomass but
also the distribution of below-ground biomass (Fig. 5), an obser-
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Fig. 3. The linear regression analysis relationships between plant diversity (Shannon–Winner index, evenness index, richness index) and soil water storage at different soil
depths.  Note: R is correlation coefficient; P > 0.05 indicates no significant correlation.

Table 3
Pearson correlation analysis of the relationships between the humidity index (HI) and soil water storage at different soil layers/depths. n = 81.

Soil layers (cm) Soil depths (cm)

0–5 5–10 10–20 20–30 0–10 0–20 0–30

v
f
r
i
t
t
s
e
(
p
s
e
t

c
t
A
m

HI 0.504** 0.415** 0.349**

** Correlation is significant at the 0.01 level (P < 0.01) (2-tailed).

ation that agrees with that of Zhou and Shangguan (2007), who
ound that soil water was a key factor in the distribution of fine
oots in the Loess Plateau. However, our study also found that it
s mainly the moisture in the top layer (0–10 cm)  that had a posi-
ive impact on below-ground biomass (P < 0.01), probably because
he vegetation cover influenced the moisture content of surface
oil (P < 0.05). Although we do not have data to test this hypothesis
xplicitly, earlier reports indicate that plant cover regulates run-off
Vásquez-Méndez et al., 2010) and that canopy coverage alters such
arameters of the micro-environment as the bulk density of soil,
oil infiltration rate, soil porosity, and oxygen concentration (Wu
t al., 2010), which, in turn, increase the amount of water available
o plants and thus biomass production (Bever, 2003).

Species richness or diversity is an essential characteristic of

ommunities and plays an important role in regulating the struc-
ure and function of an ecosystem (Howard and Lee, 2003).
lthough one study reported a negative correlation between soil
oisture and plant diversity (species richness) in an alpine wet-
0.456** 0.494** 0.436** 0.459**

land (Wu et al., 2013), our results show the opposite results in the
arid and semi-arid regions of the Loess Plateau and are consistent
with those obtained by Wu  et al. (2014a, b). The difference may
be attributed to differences in the threshold value of soil moisture
content. From the results reported by Wu  et al. (2013), we  esti-
mate that the average soil moisture content in the 0–20 cm layer
at the 15 sites in the alpine wetland ecosystem on the Qinghai-
Tibetan Plateau was 55%. In the present study, it was  7.64% in the
0–30 cm layer (Table 1). Soil moisture alters the growth and relative
superiority of dominating species (Wu  et al., 2013): in the alpine
wetland ecosystem, because species density was high, competi-
tion decreased plant diversity; in the arid and semi-arid grassland
ecosystem, species density was  low, and competition was therefore
limited (Wu et al., 2014a, b). Thus, plant diversity increased with

increasing levels of soil water storage in the arid and semi-arid
grasslands (Figs. 2 and 3), revealing a positive correlation between
species diversity and soil water storage in arid or semi-arid regions
with lower soil water content but a negative correlation between
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Fig. 4. The linear regression analysis relationships between plant diversity
(Shannon–Winner index, evenness index, richness index) and humidity index. Note:
n
N

t
t
p
a
a

d
h
r
f
w
2
o
s

cover/vegetation on soil water dynamic in the hilly area of the loess plateau,
s, no significant correlation. Note: R is correlation coefficient; **P < 0.01; *P < 0.05;
S,  no significant correlation.

he two in humid or semi-humid areas with higher soil water con-
ent. Soil water thus plays an important role in regulating plant
roductivity and plant diversity in semi-arid grassland ecosystems
nd generally, plant–soil feedback effects can alter the structure of

 plant community and soil properties (Bezemer et al., 2006).
Moreover, plant diversity (richness index and Shannon–Wiener

iversity index) was also closely and positively correlated with
umidity index (Fig. 4), which, in turn, is closely and positively
elated to mean annual precipitation. So far, many studies have
ound that changes in precipitation as a result of climate change

ere among the factors that alter plant composition (Kardol et al.,

010; Klanderud et al., 2015). Xi et al. (2015) found that the amount
f precipitation during the growing season plays a limited role in
haping the structure of the grassland community; Giladi et al.
Fig. 5. The vertical distribution of BGB (below-ground biomass) and SWS  (soil water
storage). The values are mean ± SE. Significant correlation between BGB and SWS
indicated by symbols, **P < 0.01; NS, no significant correlation.

(2011) reported that species richness was  affected mainly by the
precipitation gradient; and Fry et al. (2014) observed that decreased
rainfall lowers species richness in semi-arid grasslands. In fact,
precipitation influences plant diversity by changing the soil water
content as a result of infiltration, and soil water storage is closely
and positively related to the humidity index (Table 3).

5. Conclusions

Vegetation cover had a positive effect on the moisture content
of surface soil, and species diversity and productivity of plant com-
munities can be influenced by soil moisture. In particular, species
diversity in the present study was  greatly influenced by soil mois-
ture in the 0–10 cm layer. Changes in precipitation as a result of
climate change were among the important factors that alter plant
diversity. At the same time, it is soil moisture that affects the dis-
tribution of below-ground biomass and significantly affects the
quality of root biomass in the surface soil layers. Soil moisture
plays an important role in regulating plant productivity and plant
diversity in arid and semi-arid grassland ecosystems.

Acknowledgements

The study was sponsored by the Major Program of the National
Natural Science Foundation of China (41390463), the National Key
Technology R&D Program (2015BAC01B03), Science and Technol-
ogy Service Network Initiative of the Chinese Academy of Sciences
(KFJ-EW-STS-005).

References

Adler, P.B., Levine, J.M., 2007. Contrasting relationships between precipitation and
species richness in space and time. Oikos 116, 221–232.

Bell, C.W., Tissue, D.T., Loik, M.E., Wallenstein, M.D., Acoata-Martinez, V., Erickson,
R.A., Zak, J.C., 2014. Soil microbial and nutrient responses to 7 years of
seasonally altered precipitation in a Chihuahuan Desert grassland. Global
Change Biol. 20, 1657–1673.

Bever, J.D., 2003. Soil community feedback and the coexistence of competitors:
conceptual frameworks and empirical tests. New Phytol. 157, 465–473.

Bezemer, T.M., Lawson, C.S., Hedlund, K., Edwards, A.R., Brook, A.J., Lgual, J.M.,
Mortimer, S.R., Van der Putten, W.H., 2006. Plant species and functional group
effects on abiotic and microbial soil properties and plant–soil feedback
responses in two grasslands. J. Ecol. 94, 893–904.

Chen, L.D., Huang, Z.L., Gong, J., Fu, B.J., Huang, Y.L., 2007. The effect of land
China. Catena 70, 200–208.
Cooper, D.J., Sanderson, J.S., Stannard, D.I., Groeneveld, D.P., 2006. Effects of

longterm water table drawdown on evapotranspiration and vegetation in an
arid  region phreatophyte community. J. Hydrol. 325, 21–34.

http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0005
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0005
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0005
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0005
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0005
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0005
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0005
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0005
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0005
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0005
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0005
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0005
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0005
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0005
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0005
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0005
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0010
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0015
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0020
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0025
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0030
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0030


ngine

D

D

E

F

Z

G

H

H

H

K

K

K

L

O

P

P

determinants of plant species diversity in a temperate desert. J. Plant Ecol. 9,
124–131.
L. Deng et al. / Ecological E

eng, L., Zhang, Z.N., Shangguan, Z.P., 2014. Long-term fencing effects on plant
diversity and soil properties in China. Soil Tillage Res. 137, 7–15.

eng, L., Yan, W.M.,  Zhang, R.W., Shangguan, Z.P., 2016. Severe depletion of soil
moisture following land-use changes for ecological restoration: evidence from
the  Northern China. For. Ecol. Manage. 366, 1–10.

nright, N.J., Miller, B.P., Akhter, R., 2005. Desert vegetation and
vegetation–environment relationships in Kirthar National Park, Sindh,
Pakistan. J. Arid Environ. 61, 397–418.

ry, E.L., Manning, P., Power, S.A., 2014. Ecosystem functions are resistant to
extreme changes to rainfall regimes in a mesotrophic grassland. Plant Soil 381,
351–365.

hang, G.H., Liu, G.B., Zhang, P.C., Yi, L., 2014b. Influence of vegetation parameters
on  runoff and sediment characteristics in patterned Artemisia capillaris plots.
J.  Arid Land 6, 352–360.

iladi, L., Ziv, Y., May, F., Jeltsch, F., 2011. Scale-dependent determinants of plant
species richness in a semi-arid fragmented agro-ecosystem. J. Veg. Sci. 22,
983–996.

eisler-White, J.L., Knapp, A.K., Kelly, E.F., 2008. Increasing precipitation event size
increases aboveground net primary productivity in a semi-arid grassland.
Oecologia 158, 129–140.

oward, L.F., Lee, T.D., 2003. Temporal patterns of vascular plant diversity in
southeastern New Hampshire forests. For. Ecol. Manage. 185, 5–20.

uang, T.M., Pang, Z.H., Edmunds, W.M.,  2013. Soil profile evolution following
landuse change: implications for groundwater quantity and quality. Hydrol.
Processes 27, 1238–1252.

ardol, P., Campany, C.E., Souza, L., Norby, R.J., Weltzin, J.F., Classen, A.T., 2010.
Climate change effects on plant biomass alter dominance patterns and
community evenness in an experimental old-field ecosystem. Global Change
Biol. 16, 2676–2687.

landerud, K., Vandvik, V., Deborah, G., 2015. The importance of biotic vs: abiotic
drivers of local plant community composition along regional bioclimatic
gradients. PLoS One 10, e0130205.

napp, A.K., Fay, P.A., Blair, J.M., Collins, S.L., Smith, M.D., Carlisle, J.D., Harper, C.W.,
Danner, B.T., Lett, M.S., McCarron, J.K., 2002. Rainfall variability, carbon cycling,
and plant species diversity in a mesic grassland. Science 298, 2202–2205.

ongobardi, A., 2008. Observing soil moisture temporal variability under
fluctuating climatic conditions. Hydrol. Earth Syst. Sci. 5, 935–969.

’connor, T.G., Haines, L.M., Snyman, H.A., 2001. Influence of precipitation and
species composition on phytomass of a semi-arid African grassland. J. Ecol. 89,
850–860.

eters, D.P.C., Yao, J., Sala, O.E., Anderson, J.P., 2012. Directional climate change and
potential reversal of desertification in arid and semiarid ecosystems. Global

Change Biol. 18, 151–163.

otts, D., Huxman, T.E., Cable, J.M., English, N.B., Ignace, D.D., Eilts, J.A., Mason, M.J.,
Weltzin, J.F., Williams, D.G., 2006. Antecedent moisture and seasonal
precipitation influence the response of canopy-scale carbon and water
exchange to rainfall pulses in a semi-arid grassland. New Phytol. 170, 849–860.
ering 94 (2016) 525–531 531

Sanchez-Mejia, Z., Papuga, S., Swetish, J., Leeuwen, W.,  Szutu, D., Hartfield, K., 2014.
Quantifying the influence of deep soil moisture on ecosystem albedo: the role
of  vegetation. Water Resour. Res. 50, 4038–4053.

Shangguan, Z.P., 2007. Soil desiccation occurrence and its impact on forest
vegetation in the Loess Plateau of China. Int. J. Sustain. Dev. World 14, 299–306.

Vásquez-Méndez, R., Ventura-Ramos, E., Oleschko, K., Hernandez-Sandoval, L.,
Parrot, J.F., Nearing, M.A., 2010. Soil erosion and runoff in different vegetation
patches from semiarid Central Mexico. Catena 80, 162–169.

Weltzin, J.F., Loik, M.E., Schwinning, S., Williams, D.G., Fay, P.A., Haddad, B.M.,
Harte, J., Huxman, T.E., Knapp, A.K., Lin, G.H., 2003. Assessing the response of
terrestrial ecosystems to potential changes in precipitation. Bioscience 53,
941–952.

Wu,  G.L., Liu, Z.H., Zhang, L., Chen, J.M., Hu, T.M., 2010. Long-term fencing
improved soil properties and soil organic carbon storage in an alpline swamp
meadow. Plant Soil 332, 331–337.

Wu,  G.L., Ren, G.H., Wang, D., Shi, Z.H., Warrington, D., 2013. Above-and
belowground response to soil water change in an alpine wetland ecosystem on
the Qinghai-Tibetan Plateau, China. J. Hydrol. 476, 120–127.

Wu,  G.L., Zhang, Z.N., Wang, D., Shi, Z.H., Zhu, Y.J., 2014a. Interactions of soil water
content heterogeneity and species diversity patterns in semi-arid steppes on
the  Loess Plateau of China. J. Hydrol. 519, 1362–1367.

Wu,  T.N., Wu,  G.L., Wang, D., Shi, Z.H., 2014b. Soil-hydrological properties response
to grazing exclusion in steppe grassland of the Loess Plateau. Environ. Earth
Sci.  71, 745–752.

Wu,  G.L., Yang, Z., Cui, Z., Liu, Y., Fang, N.F., Shi, Z.H., 2016. Mixed artificial
grasslands with more roots improved mine soil infiltration capacity. J. Hydrol.
535,  54–60.

Zhang, X.M., Barberan, A., Zhu, X.Z., 2014a. Water content differences have
stronger effects than plant functional groups on soil bacteria in a steppe
ecosystem. PLoS One 9, e115798.

Xi, X.X., Carrere, P., Bloor, J.M.G., 2015. Plant community responses to precipitation
and spatial pattern of nitrogen supply in an experimental grassland ecosystem.
Oecologia 178, 329–338.

Yang, Y.H., Mohammat, A., Feng, J.M., Zhou, R., Fang, J.Y., 2007. Storage, patterns
and  environmental controls of soil organic carbon in China. Biogeochemistry
84, 131–141.

Yang, L., Wei, W.,  Chen, L.D., Chen, W.L., Wang, J.L., 2014. Response of temporal
variation of soil moisture to vegetation restoration in semi-arid Loess Plateau,
China. Catena 115, 123–133.

Zhang, R., Liu, T., Zhang, J.L., Sun, Q.M., 2016. Spatial and environmental
Zhou, Z.C., Shangguan, Z.P., 2007. Vertical distribution of fine roots in relation to
soil factors in Pinus tabulaeformis Carr forest of the Loess Plateau of China.
Plant Soil 291, 119–129.

http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0035
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0035
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0035
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0035
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0035
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0035
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0035
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0035
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0035
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0035
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0035
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0035
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0035
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0035
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0035
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0035
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0035
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0035
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0040
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0045
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0050
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0055
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0060
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0060
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0060
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0060
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0060
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0060
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0060
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0060
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0060
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0060
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0060
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0060
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0060
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0060
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0060
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0060
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0060
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0060
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0065
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0070
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0075
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0075
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0075
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0075
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0075
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0075
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0075
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0075
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0075
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0075
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0075
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0075
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0075
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0075
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0075
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0075
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0075
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0075
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0080
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0085
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0090
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0095
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0100
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0105
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0110
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0115
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0120
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0125
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0125
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0125
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0125
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0125
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0125
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0125
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0125
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0125
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0125
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0125
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0125
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0125
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0125
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0125
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0125
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0125
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0130
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0135
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0140
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0145
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0150
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0155
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0155
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0155
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0155
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0155
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0155
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0155
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0155
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0155
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0155
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0155
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0155
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0155
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0155
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0155
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0155
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0155
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0160
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0165
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0170
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0170
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0170
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0170
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0170
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0170
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0170
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0170
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0170
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0170
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0170
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0170
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0170
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0170
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0170
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0170
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0175
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0175
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0175
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0175
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0175
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0175
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0175
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0175
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0175
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0175
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0175
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0175
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0175
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0175
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0175
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0175
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0175
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0175
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0175
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0175
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0180
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0180
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0180
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0180
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0180
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0180
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0180
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0180
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0180
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0180
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0180
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0180
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0180
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0180
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0180
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0180
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0180
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0180
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0180
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0185
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0185
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0185
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0185
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0185
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0185
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0185
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0185
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0185
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0185
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0185
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0185
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0185
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0185
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0185
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0185
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0185
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0185
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0185
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0185
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0185
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0185
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0185
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0185
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0185
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0185
http://refhub.elsevier.com/S0925-8574(16)30373-1/sbref0185

	Effect of soil moisture and atmospheric humidity on both plant productivity and diversity of native grasslands across the ...
	1 Introduction
	2 Materials and methods
	2.1 Characteristics of the study area
	2.2 Arrangement of plots
	2.3 Sampling and measurements
	2.4 Soil water storage
	2.5 Species diversity
	2.6 Humidity index
	2.7 Data analysis

	3 Results
	4 Discussion
	5 Conclusions
	Acknowledgements
	References


