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a  b s  t r a  c t

The use of dark septate fungi (DSE) to promote plant growth can be beneficial to agriculture,

and  these organisms are important allies in the search for sustainable agriculture practices.

This  study investigates the contribution of dark septate fungi to the absorption of nutrients

by  rice plants and their ensuing growth. Four dark septate fungi isolates that were  identi-

fied  by  Internal transcribed spacer phylogeny were inoculated in rice seeds (Cv. Piauí). The

resulting root colonization was estimated and the kinetic parameters Vmax and Km were

calculated from the nitrate contents of the nutrient solution. The macronutrient levels in

the  shoots, and the NO3
−-N, NH4

+-N, free amino-N and soluble sugars in the roots, sheathes

and leaves were measured. The rice roots were significantly colonized by all of the fungi, but

in  particular, isolate A103 increased the  fresh and dry biomass of the shoots and the number

of tillers per plant, amino-N, and soluble sugars as  well  as  the N,  P, K, Mg  and S  contents

in  comparison with the control treatment. When inoculated with isolates A103 and A101,

the  plants presented lower Km values, indicating affinity increases for NO3
−-N absorption.

Therefore, the A103 Pleosporales fungus presented the highest potential for the promotion

of rice plant growth, increasing the tillering and nutrients uptake, especially N  (due to an

enhanced affinity for N  uptake) and P.
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Introduction

Despite the increasing yields caused by genetic progress over
the last 30 years, improvements in crop yields have not been
very evident, especially for rice,1,2 which is  the most fre-
quently cultivated and consumed cereal in the world.3 That
said, farmers have to face the increased costs of seeds, chem-
icals, and fertilizers.2 In this scenario, increasing crop yields
at lower costs could be  achieved by increasing the root sur-
face provided by associations with fungi, culminating in better
nutrient uptake and plant health.4,5

Dark septate fungi (DSE) are ascomycetes, and they are
characterized by having dark pigmentation, microsclerotia
and melanized septate hyphae that colonize the root epider-
mis  and cortex inter- and intracellulary in the host roots.6–11

Many  of these fungi are able to colonize the root cells of plants,
promoting growth without causing pathologies.12,13

These fungi often inhabit oligotrophic soils that are asso-
ciated with the  roots of hundreds of plant species in all
climate regions and major biome types.12,14–20 Although DSE
research is  increasing, our knowledge of the diversity of
these fungi remains restricted.21 DSE classification is grad-
ually being improved and new species are being described,
but many  isolates do not yet have adequate taxonomic
positioning.21,22 For example, the three novel genera Dark-

sidea, Aquilomyces and Flavomyces belonging to  Lentitheciaceae,
Morosphaeriaceae and, Massarinaceae family were recently
documented.21 To date, approximately 40  DSE species have
been described.6,21,23–26

The ability of these fungi to promote plant growth has
attracted attention because of their potential use in differ-
ent species, such as conifers, grasses, and cabbages, among
others.6,22,27–29 Furthermore, because they readily grow in
culture media and are not biotrophic, DSEs have advan-
tages over other fungi because their inoculant production
can be easier.6,30 Newsham13 performed a  meta-analysis of
18 independent studies to assess the inoculation of DSE
in different crops, concluding that this practice raised the
nitrogen (N) and phosphorus (P) contents as well as the
plant biomass by 26–103%. Conversely, another meta-analysis
suggested negative to neutral effects from inoculating with
non-clavicipitaceous root fungal endophytes (including DSE)
on the plant biomass and N content.31 Although the influence
of DSE on its host is still under debate, the identification of
DSE with biotechnological potential expands the horizons for
its use in agriculture, as is  also the case for nitrogen-fixing
bacteria and other beneficial microorganisms.

In Brazil, recent studies have shown the presence of DSE
in the roots of healthy Oryza glumaepatula plants in  the  natu-
ral environment.32 In this study, some isolates were able to
colonize and contribute to the development of Oryza sativa

L. without causing disease symptoms.32–34 In the  same way,
based on intergenic spaces, Bonfim et  al.35 identified 35  DSE
groups representing 27  species that were isolated from 7 native
trees, indicating the high diversity of these fungi. Likewise,
a new dark septate fungus species from China (Harpophora

oryzae) was recently identified in the healthy roots of Oryza

granulata, which was able to increase the biomass of O. sativa,
also without triggering disease symptoms.22

The way in  which DSE establish their association with the
host is not fully understood, but studies have indicated that
growth promotion can be performed directly, by enhancing the
nutrient uptake; or indirectly, by protecting the plant against
abiotic stresses (drought, salinity, and high concentrations
of heavy metals) and the production of phytohormones or
analogous substances.27,36–38 In Brassica campestris L.,  a mutua-
listic association was found with the fungus Heteroconium

chaetospira, in which the fungus supplies N to  the  plant and
the plant provides carbon to the fungus, resulting in significant
increases in  plant biomass.27

The best growth promotion responses from DSE use have
been observed when organic sources of N are used.12,13,27,28

However, because of the generalized occurrence of dark sep-
tate fungi in a wide range of environments,20,39 there are likely
DSE species that are also able to assist in nutrient uptake from
inorganic sources.27

DSEs have been shown to form intraradical structures
resembling those formed during mycorrhizal symbioses. For
example, Acephala macrosclerotiorum formed ectomycorrhizae
in pine and spruce29 and H. chaetospira formed loose intracel-
lular hyphal loops that morphologically resembled the ericoid
mycorrhizae in Rhododendron obtusum var. kaempferi.40 How-
ever, the roles of these intraradical hyphal structures are still
at the hypothesis level.

In a  previous study, the compositional diversity of the DSE
that colonized native rice (O. glumaepatula)  in the Brazilian
Amazon was  investigated.33 Based on in  vitro tests, 32  non-
pathogenic isolates were considered as DSE fungi.33 This study
was performed to  address the phylogenetic position and to
assess the contribution of dark septate fungal isolates (A101,
A103, A104 and A105) obtained from O. glumaepatula33 to the
absorption of nutrients and the  growth of rice plants (O. sativa)
under controlled conditions.

Materials  and  methods

Fungal  isolates,  DNA  extraction,  and  phylogenetic
analyses

All of the  isolates investigated here are deposited in the
CRB-JD (Centro de Recursos Biológicos Joanna Döbereiner at
Embrapa Agrobiologia – www.embrapa.br/agrobiologia/crb-jd)
(A101, A103, A104, and A105). For the phylogenetic analy-
ses, genomic DNA was extracted from eight-day-old cultures
grown in  PDA medium. Five discs of 6 mm  each were trans-
ferred from the  plate to 2 mL  sterile microtubes, to which 0.2 g
of glass beads (106 �m;  Sigma) and 1 mL of sterilized ultrapure
water were added. The suspension was  vigorously agitated by
vortex and centrifuged (1.5 min; 13  000 rpm). The supernatant
was transferred to clean microtubes, and 600 �L of the cell
lysis solution from the kit Wizard

®
Genomic DNA Purification

(Promega) was added. The samples were vigorously agitated
by vortex (10 min) and subjected to three cycles of 95 ◦C/ice,
with 10 min  for each step. These cycles were followed by a
Wizard

®
Genomic DNA Purification protocol. The ITS1-5.8S-

ITS2 region of the rDNA fragment was amplified using primers
ITS1 and ITS4.41 PCR was  performed with 25 �L reactions con-
sisting of 14.63 �L of water, 1× buffer, 2.5 mM MgCl2,  0.25 �M

http://www.embrapa.br/agrobiologia/crb-jd
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dNTP, 0.2 �M  of each primer (ITS1 and ITS4), 1.25 U of Taq DNA
polymerase (5 U �L−1), and 1.0 �L of DNA template (approx.
50 ng). The amplification conditions from Maharachchikum-
bura et al.42 were used. DNA sequencing was  performed for
both DNA strands, and the sequences were assembled with
Bionumerics software v. 7.1.

The dataset used for the phylogenetic analysis contained
taxon belonging to dothideomycete orders and only Pleospo-

rales was represented by their known families. The order-level
dataset was  used to gain information about the phyloge-
netic position of A101, A104 and A105 isolates in Pleosporales

(Fig. 2). Alignments of our sequences together with sequences
from GenBank were performed using MUSCLE in MEGA v.
7.43 The sequences were edited using MEGA v. 7. Aligned
dataset of ITS was  analyzed using Maximum likelihood (ML).
The best model for  ML  was  selected based on the Akaike
Information Criterion (AIC), which was calculated in  MEGA
v. 7. ML  analysis was done by calculating an  initial tree
using BioNJ and the  subsequent Heuristic search done with
the Nearest-Neighbour-Interchange (NNI) option. Distance
matrices were calculated using the Kimura three-parameter
substitution model43 and the robustness of the tree nodes
was  evaluated by bootstrap analysis44 using 1000 replicates.
The software default parameters were considered in  all
analyses. The ITS region sequences were deposited in Gen-
Bank (KR817246 = A101, KR817248 = A103, KR817249 = A104,
and KR817250 = A105).

Experimental  design,  treatments,  and  conditions  of  the
incubator  room

This experiment was performed in an  incubator room at
Embrapa Agrobiologia, in Seropédica, Rio de Janeiro state. The
experimental design was completely randomized, with rice
plant treatments grown without (control) and with the inocu-
lation of dark septate endophytic fungi (DSE). Each treatment
including the control had 4 replications, and each replication
had four plants. The Piauí rice variety, a genotype adapted to
the natural low-fertility of Brazilian soil was  used, along with
the fungal isolates A101, A103, A104 and A105. The plants were
grown with a  13 h/11 h (light/dark) photoperiod, a luminosity
of 384 �mol  m−2 s−1 (photosynthetically active photon flux), a
relative humidity of 50–60% and a temperature of 28 ◦C/24 ◦C
(day/night).

Inoculation  and  growth  conditions

The rice plants were grown in  disposable Petri plates con-
taining sterilized agar-water (1% concentration), and they
were adapted to allow for the mycelial growth. Two plates
(one inverted) and one lid contained four equidistant holes
(approximately 8 mm  in diameter), and the holes on the bot-
tom were sealed with adhesive tape to hold the previously
autoclaved agar water (Fig. 1). The set of plates was  sealed
with high-resistance adhesive tape (Fig. 1)  and then exposed
to ultraviolet light for 20 min  in a laminar flow hood to prevent
contamination.

The fungal isolates were previously grown on PDA medium
for seven days at 28 ◦C. The rice seeds were washed in
70% alcohol for 5 min  and disinfested with 2.5% sodium

hypochlorite for 10  min, followed by successive washing in
autoclaved distilled water. The seeds were placed on the  agar-
water medium at the spots where each plate was perforated.
Additionally, one disk of PDA medium (approximately 8 mm)
in diameter containing mycelia was placed alongside of each
seed. The Petri plates for the  control plants were inoculated
with PDA plugs without fungal mycelium. After their sowing,
the plates were incubated for three days at 28 ◦C to favor fungal
germination and establishment.

After the seeds had germinated, four plates with uniformly
sized seedlings were selected for transfer to  glass pots contain-
ing only autoclaved, distilled water (120 ◦C for 1 h). After five
days, the water contained in the pots was  replaced by nutrient
solution that was formulated according to45 at 1/4 of the ionic
strength, which was  modified with 1.5 mmol  L−1 of  NO3

−-N
(KNO3 as source). After three days, this solution was  replaced
by another solution at 1/2 ionic strength, with 2.0 mmol  L−1

of NO3
−-N and 0.5 mmol  L−1 of NH4

+-N, with Ca(NO3)2 and
(NH4)2SO4,  respectively. This strategy was adopted to avoid
causing salt stress in  the  plantlets.46 Thereafter, the 1/2 ionic
strength solution was  replaced every three days.

Thirty-two days after germination (DAG), the plants were
deprived of nutrient solution NO3

−-N for a  period of 72 h to
increase the roots’ capacity to absorb N47 after which a  nutri-
ent solution containing 0.5 mmol  L−1 of NO3

−, again by using
KNO3 as  the source, was supplied. During 11 h, samples of the
solution were then collected every 30  min  by removing 0.5 mL
aliquots from each pot to plot the depletion curves and deter-
mine the kinetic parameters Vmax and Km.48,49 The samples
were placed in  microtubes and the  NO3

− concentration was
measured according to50 as  adjusted following Alves et al.51

The Vmax and Km values were determined by using the math-
ematical graphing method proposed by Cometti et al.52 with
the Cineticawin 1.0 program (Universidade Federal de Viçosa,
Minas Gerais, Brazil).

Soluble  fraction  and  colonization  measurement

Following the collection of the last nutrient solution sample,
the plants were cut and the heights and numbers of tillers
from each plant were determined. The fresh and dry masses
of the roots and shoots were measured, in the second case
after being dried in a  forced-air chamber at 65 ◦C  until reach-
ing a  constant weight. The fresh samples (one gram of root,
sheath and leaf tissue) were homogenized in 80% ethanol,
and after partitioning the samples with chloroform,53 the
levels of NO3

−-N,50 free amino-N,54 NH4
+-N,55 and soluble

sugars56 in the soluble fraction were measured. The remaining
shoot material was  used to determine the macronutrient
concentrations.57 After removing the  shoots, a  fresh root was
removed from each pot and kept on alcohol 50% to observe the
colonized roots. The diafanization and staining of the roots
were performed according to.58 The root sections (approx.
1  cm)  were placed in slides with glycerin and screened at
high magnifications (400× and 1000×) using an  Axioplan light
microscope (Carl Zeiss, Jena, Germany) equipped with an Axio-
cam MRC5 digital camera (Carl Zeiss). The microsclerotia and
intraradical hyphae were counted in 100 microscopic fields per
root system under 400× magnification using point-intercept
method.29,59,60 To  prepare cross-sections of colonized roots for



70  b  r  a z  i  l  i  a n j o  u r  n a l  o f m i c  r  o b  i  o l  o g y 4 9  (2 0 1 8) 67–78

A B

D

C

E F

G
Lid

Inverted plate

Holes

Plate

P
e

tr
i 
p

la
te

s

Pot

0.07

1.3

1.3

 ø 9.00cm

 ø 8.50cm

 ø 8.50cm

 8.50

 1
2

.0
0

Fig. 1 – Vessel used to study the NO3
−-N uptake kinetics in rice plants (var. Piauí) that were  inoculated with dark septate

fungi and subjected to 0.5 mM  of NO3
−-N  after 72 h of N nutrient deprivation. (A) Petri dishes containing agar-water with

seeds and mycelium discs; (B)  fungal biofilm of A103 (10  DAG); (C) fungal characteristics at the collection time (35  DAG); (D)

non-inoculated plant at 41 DAG; (E) the start of A103 establishment (3 DAG); (F) Pot used; (G) overview of vessel.

light microscopy, the samples were dehydrated twice in an
ethanol series of 70, 90 and 100% for 1 h each. After dehydra-
tion, the colonized roots were infiltrated with historesin (Leica,
Wetzlar, Germany) and 100% ethanol (1:1, v/v) for 12 h and then
with 100% historesin for 24 h before being embedded in his-
toresin. Sections (that were approximately 5 �m thick) were
sliced using a  rotary microtome (Leica). The samples were
observed and the images were analyzed as  described above.

Statistical  analyses

An analysis of variance and a  t-test for the comparison of
means were applied to the data (p < 0.05) with Assistat61 and
Sisvar software.62

Results  and  discussion

Phylogenetics  of  the  isolates  based  on  ITS

The sequences obtained from the isolated fungi were
first subjected to  a  BLAST search (http://www.ncbi.nlm.
nih.gov) and to pairwise sequence alignment (http://www.
fungalbarcoding.org). For the A101 fungus, only matches with
less than 88% similarity were found, indicating that it rep-
resented an unknown taxon. For the other three isolates, a
similarity to a fungus belonging to the Pleosporales order was

found; this is the largest order in the Dothideomycetes class and
encompasses some recognized dark septate fungal families.21

According to the results of the phylogenetic analyses,
the three isolates (A103, A104 and A105) belonged to the
Pleosporales order and are nested in  families of the suborder
Massarineae, near the Morosphaeriaceae (Fig. 2). Additionally,
the three new isolates are closely related to some genera
that were treated as incertae sedis (a genus not yet placed
within a  specific family/genus), such as  Massarina igniaria (CBS
845.96), Periconia macrospinosa (CBS 135663), Noosia bankssiae

(CPC 17282), Flavomyces fulophazii (CBS 135761) and Flavomyces

fulophazii (CBS 135664) (Fig. 2).21 Therefore, the ITS sequence
analysis indicated that our isolates represent new taxa that
will require a  proper polyphasic analysis in the  future, but at
least three isolates belong to the classical dark septate fungal
group, i.e., the  Pleosporales order.

Colonization

The inoculation of the rice plants with four different DSE
isolates did  not cause any disease symptoms, indicating the
compatibility of the association. Other studies also indicated
that DSE can colonize the root cortex of plants without caus-
ing any pathologies.13 In the same way,  the roots of all of the
plants that were inoculated with A103, A104 and A105 fungi
had intercellular melanized hyphae that formed structures
resembling anastomoses (Fig. 3B, J, and O) and intracellular

http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/
http://www.fungalbarcoding.org/
http://www.fungalbarcoding.org/
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Fig. 2 – ML  phylogenies of ITS sequences from Dothydeomycetes showing the phylogenetic placement of the dark septate

endophytes A103, A104 and A105 (labeled in pink). Schismatomma decolorans (DUKE 0047570 and S-F66053) was chosen as

the out-group. The numbers at the branching nodes represent bootstrap values (1000 replicates) of 70% and higher. Ex-type

and ex-epitype sequences are  in bold. Families highlighted in orange sections and blue are orders. Selected model: Tamura

3-parameter (T92) + K2 + G.
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Fig. 3 – Morphological aspects of rice (var. Piauí) roots at  35 DAG on control (non-inoculated) and colonized by A103, A105,

A104 and A101 fungi, unstained (d)  or stained with methyl blue (others). (A) Non-inoculated control; (B–H) intercellular

melanized hyphae forming structures resembling anastomoses (arrows) (B), a loose intracellular hyphal loop (arrow) (C),

melanized intracellular microsclerotia (arrows) (E and F), a cross-section showing melanized intracellular microsclerotium

(arrow) in the cortex region tissue of root (D), intracellular melanized septate hyphae (arrowhead) and a cell surrounded by

melanized septate hyphae (arrow) (G), an  intraradical chlamydospore-like structure (asterisk) in the vascular bundle region

(H) formed by  A103 fungus in the rice roots; (I–L) intracellular hyphae (arrowheads) (I), melanized intracellular microsclerotia

(arrows) (K and L) formed by A105 fungus in rice roots; (M–R) intracellular hyphae (arrowhead) stained with methyl blue (M

and N), intercellular melanized hyphae forming structures resembling anastomoses (arrows) (O), an  early developmental

stage of an intracellular microsclerotia (arrows) (P and Q), melanized microsclerotia (R) formed by A104 fungus in the rice

roots; (S) intracellular melanized septate hyphae (arrowhead) and melanized microsclerotia (white arrows) formed by A101

fungus (R). DAG (days after germination). Bar =  20 �m.
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Table 1 – Heights of the shoots, number of rice plant
tillers (Piauí variety) at  35 DAG, with and without
inoculation with different dark septate fungal isolates
and the percentage fungal colonization of rice roots.

Treatment Height of
shoots (cm)

Number of
tillers (pot−1)

Colonization (%)

Control 67.1 ± 1.6 b 2.0 ± 0.00 c –
A101 67.6 ± 0.9 b 3.13 ± 0.06 b 33.3 ±  6.0 b
A103 72.4 ± 1.1 a 4.06 ± 0.26 a  60.3 ±  10.6 a
A104 62.88 ±  1.0 c 3.25 ± 0.20 b 63.6 ±  9.0 a
A105 67.7 ± 1.0 b 3.44 ± 0.05 b 77.2 ±  5.4 a
CV (%) 3.90 10.85 23.79

Means ± SE  (n = 4) followed by the same lower-case letters in the
column do not  differ significantly (t-test  (LSD), p  < 0.05).  DAG, days
after germination. The means of  four composed repetitions (each
repetition had four plants per pot). SE, standard error.

microsclerotia in  the cortex root (Fig. 3E, D, F, K, L, P, Q and R).
A104 and A105 formed intracellular hyphae that were stained
with methyl blue in  the  roots of all of the inoculated rice
plants (Fig. 3I, M, and N). A103 and A101 formed intracellu-
lar melanized septate hyphae (Fig.  3G and S), and the A103
fungus also formed chlamydospore-like structures that sur-
rounded the vascular bundle region (Fig. 3H) as  well as a  loose
intracellular hyphal loop (Fig. 3C) and A101 formed microscle-
rotia (Fig. 3S) in the roots of all of the inoculated rice plants. In
addition, during the  experiment, the fungus was  found to be
growing abundantly all over the water-agar in the Petri dish
that had been tossed into the pot planted with rice (Fig. 1C).
Moreover, abundant fungal growth was directly observed over
the root surface, even when the roots were submerged in the
nutrient solution (Fig. 1B). The control plants did not display
any fungal colonization (Figs. 1D and 3A). However, in all of the
treatments with dark septate inoculation, abundant coloniza-
tions were  observed, varying from 33 to 77.2% (Table 1). The
percentage of colonized roots in the  plants inoculated with
A103, A104, A105 was  significantly higher than that of A101
fungus (Table 1). These results are similar to results obtained
recently by Lukešová et  al.,29 in which the authors observed
a loose intracellular hyphal loop formed by A. macrosclerotio-

rum in birch roots, with colonization varying from 51–61%
when the birches were inoculated with Acephala applanata

and A. macrosclerotiorum and 50–80% when blueberries were
inoculated with Phialocephala fortiniis s.l. – A. applanata species
complex (PAC).

Plant  biomass,  growth  and  nutrient  accumulation

An evaluation of the dry matter showed that the  plants that
were inoculated with isolate A103 had higher values for the
roots, sheathes, leaves and shoots, with increases of 44%, 43%,
25% and 32%, respectively, in comparison with the control,
indicating that this fungus contributes to  rice plant growth
(Fig. 4A). However, the inoculation with A104 caused reduc-
tions of 24%, 11% and 22% in  the  dry matter of the sheaths,
leaves and shoots, respectively (Fig. 4A), and isolates A101 and
A105 did not influence the plant dry matter (Fig. 4A). Like-
wise, the heights of the  plants were influenced positively by

A103 inoculation. However, A104 caused a negative effect, and
there was  no effect from A101 and A105 in comparison with
the control (Table 1). The higher root mass probably indicates
the greater presence of lateral and secondary roots and root
hairs, which is a  characteristic of roots that are  morphologi-
cally adapted for a  more  efficient uptake of nutrients. This trait
is desirable, primarily because it is  an  important attribute for
the absorption of nutrients such as N and P under low soil
fertility conditions.48,63,64

The results of the  dry matter and plant height evaluations
were widely variable among the fungal isolates. The A103
isolate promoted the greatest accumulation of biomass and
the greatest elongation of the shoot, which was previously
observed. For example, in  Dendrobium nobile65 and Saussurea

involucrata,66 DSE inoculation also  promoted greater plant
heights and biomasses in the shoots and roots in comparison
with the control plants. Moreover, the inoculation of the host
plants (blueberries) and birch seedlings with A. applanata and
A. macrosclerotiorum showed increasing dry shoot weights and
fresh root weights.29 However, the latter author observed neg-
ative effects when the blueberries were inoculated with PAC,
which is  in  accordance with.31

For the dry matter values and heights of the plants treated
with A103, there was  a larger number of tillers in the plants
inoculated with the fungal isolates, with the standout again
being the plants that were inoculated with A103, with an
increase of 100% compared with the  control (Table 1). This
more  intense tillering likely results from the greater plant
vigor that occurs when inoculating with this isolate because
other studies have shown a high correlation between the
nutritional state and supplementation of carbohydrates.67,68

Newsham69 found that the DSE fungus P.  graminicola,  which
is currently called Harpophora radicicola,  was  beneficial to  the
grass Vulpia ciliata because inoculated grasses had increased
tiller numbers, root lengths, and dry biomasses for the shoots
and roots, when compared with non-inoculated seedlings in
a  growth room and a glasshouse experiment.

An assessment of the  macronutrient contents in the  shoots
showed that the A103 treatment increased the  N, Mg  and S
contents in relation to the control (by 29, 19 and 30%, respec-
tively), and those levels were lower in  the inoculation with
A104; there were no differences with A101 and A105 (Table 2).
Therefore, A103 inoculation promoted a greater accumulation
of these nutrients while the other fungal isolates tended not
to produce effects.

The 30% higher accumulation of N found in this study
in the  A103-inoculated plants when ammonium nitrate was
applied as the N source appears to indicate that greater N
accumulation does not necessarily occur when the N source is
organic. This finding might result from the low availability of
this type of nitrogen source or  the specialization of this fungus
for the  absorption of mineral N in tropical soils, as previously
observed for mycorrhizal fungi.70–73

The P and K contents in the shoots of the plants that were
inoculated with A103 and A105 were higher than those of the
control plants (for increases of 48 and 32%  with A103 and 18
and 10%  with A105), and the levels in the  plants that were inoc-
ulated with A101 and A104 were equal to that of the control.
Increases in the P contents in the shoots of DSE-inoculated
plants were observed when they were supplemented with an
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Fig. 4 – Dry mass (A), the contents of free amino-N (B), free NH4
+-N (C) and soluble sugars (D) as determined at 35 DAG in

rice plants (Piauí variety) without inoculation (white bar) and those inoculated with the following different dark septate

fungal isolates: A101 (checkered bars), A103 (closed bars), A104 (grey bars) and A105 (striped bars). Different letters within a

given plant tissue (root or  sheath or  leaf or  shoot) indicate significant differences among the treatment at p < 0.05 (t-test

(LSD)). The error bars are standard error  (n = 4). The means of four composed repetitions (each repetition had four plants per

pot). The shoot biomass is the sum of the sheathes and leaves.

inorganic source of P.12,13 The Ca level was equal for all of the
treatments in comparison with the control, even though there
was a tendency for higher accumulation in the plants that
were inoculated with A103 and A105 (Table 2).

Nitrogen  absorption  kinetics

In  evaluating the  NO3
− exhaustion rate obtained from the

nutrient solution, inoculating with A101 and A103  increased
NO3

− consumption in comparison with the control treatment

(Fig. 5A  and B).  In general, the absorption speed was higher
during the first hours with A101, but in  the  plants inoculated
with A103, the highest absorption speed was observed approx-
imately 7 h after inoculation, and the NO3

− content of the
nutrient solution was  depleted 11  h after the start of the exper-
iment (Fig. 5B). However, inoculating with A104 and A105 did
not cause any change in relation to the  control.

Among the kinetic parameters of NO3
− absorption, there

was only a  significant effect for Km (Table 3). The A101 and
A103 inoculation led to lower Km values than the control.

Table 2 – Macronutrient contents in the rice plant shoots (Piauí variety), at  35 DAG, with and without inoculation with
different dark septate fungal isolates.

Treatment N P  K Ca Mg S

mg pot−1

Control 56.3 ±  3.1 b 13.1 ± 0.3 cd  49.2 ±  3.8 bc 7.9 ± 0.6 ab 8.0  ± 0.3 b 11.4  ± 0.6 b
A101 53.2 ±  1.7 b 13.7 ± 0.7 c 40.5 ±  1.3 c 6.4 ± 0.2 b 8.0  ± 0.2 b 10.3  ± 0.3 b
A103 72.8 ±  1.1 a  19.4 ± 0.4 a 65.0 ±  4.9 a  9.7 ± 1.2 a 9.5  ± 0.3 a 14.9  ± 0.5 a
A104 42.7 ±  3.2 c 11.6 ± 0.6 d 43.8 ±  2.3 c 6.8 ± 0.5 b 5.6  ± 0.3 c 8.6  ± 0.5 c
A105 53.9 ±  1.0 b 15.6 ± 0.4 b 54.6 ±  1.2 ab 9.6 ± 0.3 a 7.2  ± 0.2 b 11.4  ± 0.2 b
CV (%) 9.22 7.47 13.94 18.41 7.44 8.73

Means ± SE (n =  4) followed by the same lower-case letters in the  column do not differ significantly (t-test  (LSD), p  < 0.05).  DAG, days after
germination. Means of  four composed repetitions (each repetition had four plants per pot). SE, standard error; N, nitrogen; P, phosphorus; K,
potassium; Ca, calcium; Mg, magnesium; S, sulphur.
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Table 3 – Kinetic parameters Km and Vmax for NO3
−

absorption as determined at 35 DAG in rice plants (Piauí
variety) with and without inoculation with different
dark septate fungal isolates.

Treatment Vmax (�mol g−1 h−1) Km (�mol L−1)

Control 56.5 ±  4.4 a  88.6 ± 4.1 a
A101 55.1 ±  3.0 a  49.7 ± 10.8 bc
A103 46.8 ±  3.2 a  22.0 ± 3.4 c
A104 60.6 ±  16.5 a  76.4 ± 14.8 ab
A105 48.4 ±  2.7 a  96.1 ± 11.9 a
CV (%) 25.81 26.21

Means ± SE  (n = 4) followed by the same lower-case letters in the
column do not differ significantly (t-test (LSD), p  < 0.05). The means
of four composed repetitions (each repetition had four plants per
pot). SE, standard error.

Lower Km values were estimated for the A101 and A103
treatments (44 and 75% lower than the control, respectively),
indicating greater affinity for transporting the NO3

− of the
plants that were colonized by these two isolates in comparison
with the other treatments. In the same way, the better nitrate
uptake efficiency of the  colonized tomato root by arbuscular
mycorrhizal fungi (AMF) compared with a  non-inoculated con-
trol was preferentially mediated by a  higher expression of NRT
2.3, a member of the high-affinity transport system.74 Another
study showed that soil inoculation with AMF increased the
plant growth and N uptake of wheat when compared with a
non-inoculated control, and it  was attributed to upregulation
by the AMF  of nitrate transporter genes.75

Morphology, physiology and root system development,
among other aspects, determine the variations in  the absorp-
tion kinetics factors (Km, Vmax and Cmin) of plant species. This
variation is associated in turn with the  adaptation of plants to
different ecosystems.48 These morphophysiological traits of
the root system are influenced by the microorganisms that are
present in the rhizosphere.75,76 Therefore, it can be assumed
that the greater NO3

− absorption efficiency observed in the
A103-colonized plants is explained by the lower Km values
caused by the presence of this fungus. This greater efficiency
in acquiring NO3

− when there are low concentrations in  solu-
tion could be an indication of plant adaptations to nutritional
stress conditions in tropical regions, which are  caused by the
nitrogen dynamic of the  environment.49

Plant  soluble  fraction

The nitrate contents of the roots, sheathes, leaves and shoots
of the rice  plants were not influenced by the treatments, con-
firming the ability of the Piauí variety to accumulate nitrate,
along with amino-N in the sheathes, as already observed in
previous studies.49,64,77–79 However, the free amino-N content
varied depending on the given treatment (Fig. 4B). A103 stood
out from the others because the  sheathes, leaves and shoots
that were inoculated with this isolate presented a  20% increase
in the amino-N content in relation to the control (Fig. 4B). This
higher accumulation of amino-N indicates a  greater influx of
N and a  better potential to make proteins in the plants that
were inoculated with A103 compared with the other treat-
ments. For  the A104 and A105-inoculated plants, the  leaves
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and shoots presented lower contents of amino-N than the con-
trol plants, with respective reductions of 18% and 24%. The
amino-N decrease in the shoots could be  related to the trans-
port of amino acids from this part to the root, to  supply the
metabolic demands of the A104 and A105 fungi because there
are reports that some dark septate fungi use free amino acids
as their sole source of carbon and nitrogen.27 Other studies
have shown that the metabolic activity of mycorrhizal fungi
can cause considerable changes in the N metabolism, with a
reduced concentration of free amino-N.80–82

The NH4
+-N content was generally higher in  the leaves

than in the roots and sheathes (Fig. 4C). Similar results have
been observed in this variety by other authors.64,78,79,83 The
inoculation did not influence the  NH4

+-N contents in the roots
and sheathes (Fig. 4C). In contrast, there was lower NH4

+-
N accumulation in  the leaves for A104 and A105 treatments
compared with the control (Fig. 4C).  In the shoots, with the
exception of  the A105 treatment, which presented a  reduction
of 30% in the NH4

+-N content, all of the  treatments presented
NH4

+-N  contents equal to that of the control. Another study
found an NH4

+-N reduction in  transgenic carrot roots that
were inoculated with AMF.82

In general, the  soluble sugar contents of the roots were
lower than those of the sheathes, which in  turn contained
a lower content than the leaves (Fig. 4D). Similar results
were obtained by49 for the same rice variety. The soluble
sugar content of the roots was not influenced by the pres-
ence of the fungi (Fig. 4D). By contrast, there was a  difference
between the treatments in  the sheathes, leaves and shoots,
with the A103 inoculation causing the highest soluble sugar
contents, at an  increase of 46% compared with the  control.
This result indicates that inoculating rice plants (Piauí variety)
with A103 can enhance maintenance respiration and plant
growth. The higher observed sugar content is an indication of
more  efficient photosynthesis in  the A103-inoculated plants.
This finding can be explained by the fact that plants associ-
ated with DSE can present higher levels of chlorophyll and
better efficiency of photosystem II photochemistry.84 In this
case, the establishment of the association between the host
plant and DSE should be similar to the effect of mycorrhizae
formation, which results in changes in the host plant’s phys-
iology, with increases in  the chlorophyll levels in the leaves
and a consequently higher production of photoassimilates
and carbohydrates.85,86

The increases in  the root, sheath, leaf and shoot masses
along with the  greater height and number of tillers in the
plants treated with the  A103 fungal isolate is an  indication
of the better nutritional state of these plants as promoted by
an association with this fungus. This trend was  also evidenced
by the higher accumulations of soluble sugars and the more
efficient uptake of nutrients, especially nitrogen (as indicated
by the lower value of Km).

Concluding  remarks

There are important differences in rice plant benefits, depend-
ing on the associated fungi and ranging from the  promotion
of plant growth to no effect. The Pleosporales fungus A103 pre-
sented high potential for use in the promotion of rice  plant

growth, increasing the tillering and absorption of nutrients,
especially N (with an enhanced affinity for absorbing this ele-
ment) and P.

Conflicts  of  interest

The authors declare no conflicts of interest.

Acknowledgments

We  would like to  thank the Universidade Federal Rural do Rio
de Janeiro (UFRRJ), particularly for the Laboratory Nutrition of
Plants and Biochemical Plant, the Universidade Estadual do
Norte Fluminense Darcy Ribeiro (UENF), especially for LBCT,
the Empresa Brasileira de Pesquisa Agropecuária (Embrapa),
the Fundação Carlos Chagas Filho de Amparo à Pesquisa
do Estado do Rio de Janeiro (FAPERJ) and the Coordenação
de  Aperfeiçoamento de Pessoal de Nível Superior (CAPES)
for financial support. We  are grateful to Marcus Sperandio,
Marcela Jacques, Orlando Huertas, Peter Soares de Medeiros
and Guilherme Gomes for their support.

r e  f  e  r  e n c e  s

1. Finger R. Evidence of slowing yield growth—the example of
Swiss cereal yields. Food Policy. 2010;35:175–182.

2. Chardon F,  Noel V, Masclaux-Daubresse C. Exploring NUE in
crops and in Arabidopsis ideotypes to improve yield and seed
quality. J  Exp Bot.  2012;63:3401–3434.

3. Silva CM, Karasawa MMG, Vencovsky R, Veasey EA.  Elevada
diversidade genética interpopulacional em Oryza

glumaepatula Steud. (Poaceae) avaliada com microssatélites.
Biota Neotropica. 2007;7:165–172.

4. Hogberg P. Root symbioses of trees in savannas. In: Proctor J,
ed.  Mineral Nutrients in Tropical Forest and Savanna Ecosystems.
Oxford, UK: Blackwell Scientific Publishing House;
1989:121–136.

5. Finlay RD, Sodestrom B.  Mycorrhiza and carbon flow to  soil.
In:  Allen MF, ed. Mycorrhizal Functioning.  London: Chapman
and Hall; 1992:134–160.

6. Jumpponen A, Trappe JM. Dark septate root endophytes: a
review with special reference to facultative biotrophic
symbiosis. New Phytol. 1998;140:295–310.

7. Barrow JR, Aaltonen RE. Evaluation of the  internal
colonization of Atriplex canescens (Pursh) Nutt. roots by  dark
septate fungi and the influence of host physiological activity.
Mycorrhiza. 2001;11:199–205.

8. Addy HD, Piercey MM, Currah RS. Microfungal endophytes in
roots.  Can J  Bot. 2005;83:1–13.

9. Yu T, Nassuth A, Peterson RL.  Characterization of the
interaction between the  dark septate fungus Phialocephala

fortini and Asparagus officinalis roots.  Can J  Microbiol.
2001;47:741–753.

10. Mandyam K, Jumpponen A. Seasonal and temporal dynamics
of arbuscular mycorrhizal and dark septate endophytic fungi
in  a  tallgrass prairie ecosystem are minimally affected by
nitrogen  enrichment. Mycorrhiza. 2008;18:145–155.

11. Peterson RL, Wagg C, Pautler M. Associations between
microfungal endophytes and roots: do structural features
indicate function? Botany.  2008;86:445–456.

http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0430
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0430
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0430
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0430
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0430
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0430
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0430
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0430
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0430
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0430
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0430
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0430
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0430
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0430
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0430
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0430
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0430
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0430
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0430
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0430
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0430
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0430
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0430
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0430
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0430
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0430
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0430
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0430
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0430
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0430
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0435
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0440
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0445
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0450
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0450
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0450
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0450
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0450
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0450
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0450
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0450
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0450
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0450
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0450
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0450
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0450
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0450
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0450
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0450
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0450
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0450
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0450
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0450
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0450
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0450
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0450
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0450
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0450
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0450
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0450
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0450
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0450
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0450
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0450
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0455
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0460
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0465
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0465
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0465
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0465
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0465
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0465
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0465
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0465
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0465
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0465
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0465
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0465
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0465
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0465
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0465
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0465
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0465
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0465
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0465
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0465
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0465
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0465
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0465
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0465
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0465
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0465
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0465
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0470
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0475
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0480


b  r  a z  i  l  i  a n j o  u r  n a l  o f m i  c r  o b  i  o l o g y 4 9  (2 0 1 8) 67–78  77

12. Upson R, Read D, Newsham K.  Nitrogen form influences the
response  of Deschampsia antarctica to dark septate root
endophytes. Mycorrhiza. 2009;20:1–11.

13. Newsham KK. A  meta-analysis of plant responses to dark
septate root endophytes. New Phytol. 2011;190:
783–793.

14. Kovács GM, Szigetvári C. Mycorrhizae and other
root-associated fungal structures of the plants of a  sandy
grassland on the Great Hungarian Plain. Phyton.  2002;42:
211–223.

15. Mandyam K, Jumpponen A.  Seeking the elusive function of
root colonising dark septate endophytic fungi. Stud Mycol.
2005;53:173–189.

16. Rodriguez R, White J, Arnold A, Redman RS. Fungal
endophytes: diversity and functional roles. New Phytol.
2009;182:314–330.

17. Newsham KK, Upson R, Read DJ. Mycorrhizas and dark
septate endophytes in polar regions. Fungal Ecol.
2009;2:10–20.

18. Khidir HH, Eudy DM, Porras-Alfaro A,  Herrera J, Natvig DO,
Sinsabaugh RL. A general suite of fungal endophytes
dominate the  roots of two dominant grasses in a  semiarid
grassland. J Arid Environ. 2010;74:35–42.

19. Porras-Alfaro A,  Bayman P. Hidden fungi, emergent
properties: endophytes and microbiomes. Annu Rev

Phytopathol.  2011;49:291–315.
20. Sharma BB, Jha DK. Arbuscular mycorrhiza and dark septate

fungal  associations in medicinal and aromatic plants of
Guwahati. J  Microbiol Biotechnol Res.  2012;2:212–222.

21. Knapp DG, Kovacs GM, Zajta E, Groenewald JZ, Crous PW.
Dark septate endophytic pleosporalean genera from
semiarid areas. Persoonia. 2015;35:87–100.

22. Yuan ZL, Llin FC, Zhang CL,  Kubicek CP. A new  species of
Harpophora (Magnaporthaceae) recovered from healthy wild
rice  (Oryza granulata)  roots, representing a  novel member of a
beneficial dark septate endophyte. FEMS Microbiol Lett.
2010;307:94–101.

23. Wang CJK, Wilcox HE. New species of ectendomycorrhizal
and pseudomycorrhizal fungi: Phialophora finlandia,
Chloridium paucisporum,  and Phialocephala fortinii. Mycologia.
1985;77:951–958.

24. Knapp DG, Pintye A,  Kovács GM. The dark side is not
fastidious – dark septate endophytic fungi of native and
invasive plants of semiarid sandy areas. PLoS  ONE.
2012;7:e32570.

25. Andrade-Linares DR, Franken P. Fungal endophytes in plant
roots:  taxonomy, colonization patterns, and functions. In:
Aroca  R, ed. Symbiotic Endophytes.  Berlin: Springer-Verlag;
2013:311–334.

26. Walsh E, Luo J,  Zhang N. Acidomelania panicicola gen. et. sp.
nov. from switchgrass roots in acidic New Jersey Pine
Barrens. Mycologia. 2014;106:856–864.

27. Usuki F, Narisawa K. A  mutualistic symbiosis between a  dark
septate  endophytic fungus, Heteroconium Chaetospira,  and a
nonmycorrhizal plant, Chinese cabbage. Mycologia.
2007;99:175–184.

28. Mahmoud RS, Narisawa K. A  new fungal endophyte,
Scolecobasidium humicola, promotes tomato growth under
organic nitrogen conditions. PLoS ONE. 2013;8(11):
e78746.

29. Lukešová T, Kohout P, Větrovský T, Vohník M. The potential
of  dark septate endophytes to  form root symbioses with
ectomycorrhizal and ericoid mycorrhizal middle European
forest plants. PLoS ONE. 2015;10(4):e0124752.

30. Yuan ZL, Su ZZ, Mao LJ,  et al. Distinctive endophytic fungal
assemblage in stems of wild rice (Oryza granulata) in China
with special reference to  two species of Muscodor
(xylariaceae). J Microbiol. 2011;49:15–23.

31. Mayerhofer MS, Kernaghan G, Harper KA. The effects of
fungal root endophytes on plant growth: a  meta-analysis.
Mycorrhiza.  2013;23:119–128.

32. Pereira GMD, Ribeiro KG, Fernandes Junior PI, Vital MJS,
Kasuya MCM, Zilli JE. Ocorrência de fungos endofíticos dark
septate em raízes de Oryza glumaepatula na  Amazônia. Pesq

Agropec  Bras. 2011;46:331–334.
33. Ribeiro KG, Dissertation Fungos endofíticos dark septates em

arroz  silvestre Oryza glumaepatula Steund. Universidade
Federal de  Roraima; 2011.

34. Ribeiro KG, Pereira GMD, Mosqueira CA, et al. Isolamento,
armazenamento e determinação da colonização por fungos
dark septate a partir de plantas de  arroz. Agro@mbiente.
2011;5:97–105.

35. Bonfim JA, Vasconcellos RLF,  Baldesin LF, Sieber TN, Cardoso
EJBN. Dark septate endophytic fungi of native plants along
an altitudinal gradient in the Brazilian Atlantic forest. Fungal

Ecol.  2016;20:202–210.
36. Schulz B, Boyle C. The endophytic continuum. Mycol Res.

2005;109:661–686.
37. Reininger V, Dissertation Ecology of  fungal root endophytes in a

changing climate – a  case study with taxa of the Phialocephala

fortinii  s.l – Acephala applanata species complex. ETH Zurich;
2012.

38. Wei Y-F, Li T, Li  L-F, Wang J-L, Cao G-H, Zhao Z-W. Functional
and transcript analysis of a  novel metal transporter gene
EpNramp from a  dark septate endophyte (Exophiala

pisciphila).  Ecotoxicol Environ.  2006;124:363–368.
39. Gardes M, Dahlberg A. Mycorrhizal diversity in Arctic and

alpine tundra: an  open question. New Phytol.
1996;133:147–157.

40. Usuki F, Narisawa K. Formation of structures resembling
ericoid  mycorrhizas by the  root endophytic fungus
Heteroconium chaetospira within roots of Rhododendron obtusum

var. kaempferi. Mycorrhiza. 2005;15:61–64.
41. White TJ,  Bruns TD, Lee SB, Taylor JW. Amplification and

direct sequencing of fungal ribosomal RNA genes for
phylogenetics. In:  Innis MA, Gelfand DH, Sninsky JJ, White
T,J, eds. PCR Protocols: A  Guide to Methods and Applications.
United States: Academic Press; 1990:315–322.

42. Maharachchikumbura SSN, Guo LD, Cai L, et al. A
multi-locus backbone tree for Pestalotiopsis, with a
polyphasic characterization of 14  new species. Fungal Divers.
2012;56:95–129.

43. Kumar S, Stecher G, Tamura K. MEGA7: molecular
evolutionary genetics analysis version 7.0 for bigger
datasets. Mol Biol Evol. 2016;33:1870–1874.

44. Felsenstein J. Confidence limits on phylogenies: an approach
using the bootstrap. Evolution.  1985;39:783–791.

45. Hoagland DR, Arnon DI. The water-culture method for
growing  plants without soil. Calif Agric Exp Stn Bull.
1950;347:1–32.

46. Furlani AMC, Furlani PR. Composição  e pH de  soluções nutritivas

para estudos fisiológicos e  seleção de plantas em condições

nutricionais adversas.  Campinas: Instituto Agronômico; 1988
(IAC. Boletim técnico, 121).

47. Lee RB, Rudge RA.  Effects of nitrogen deficiency on the
absorption of nitrate and ammonium by barley plants. Ann

Bot.  1986;57:471–486.
48. Baptista JA, Fernandes MS, Souza SR. Cinética de  absorção de

amônio e crescimento radicular das cultivares de  arroz
Agulha e  Bico Ganga. Pesq Agropec Bras. 2000;35:
1325–1330.

49. Santos LA, Santos WA, Sperandio MVL, Bucher CA, Souza SR,
Fernandes MS. Nitrate uptake kinetics and metabolic
parameters in two rice varieties grown in high and low
nitrate. J  Plant Nutr.  2011;34:988–1002.

http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0485
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0490
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0490
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0490
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0490
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0490
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0490
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0490
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0490
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0490
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0490
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0490
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0490
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0490
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0490
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0490
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0490
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0490
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0490
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0490
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0490
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0490
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0490
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0490
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0490
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0490
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0490
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0490
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0495
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0500
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0500
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0500
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0500
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0500
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0500
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0500
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0500
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0500
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0500
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0500
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0500
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0500
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0500
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0500
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0500
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0500
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0500
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0500
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0500
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0500
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0500
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0500
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0500
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0500
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0500
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0500
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0500
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0500
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0500
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0505
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0505
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0505
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0505
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0505
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0505
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0505
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0505
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0505
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0505
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0505
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0505
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0505
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0505
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0505
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0505
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0505
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0505
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0505
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0505
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0505
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0505
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0505
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0505
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0505
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0505
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0505
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0505
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0505
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0510
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0510
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0510
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0510
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0510
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0510
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0510
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0510
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0510
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0510
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0510
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0510
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0510
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0510
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0510
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0510
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0510
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0510
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0510
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0510
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0510
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0510
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0510
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0510
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0510
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0510
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0510
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0515
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0520
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0520
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0520
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0520
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0520
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0520
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0520
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0520
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0520
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0520
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0520
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0520
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0520
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0520
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0520
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0520
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0520
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0520
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0520
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0520
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0520
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0520
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0520
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0520
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0520
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0520
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0520
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0520
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0520
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0520
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0525
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0530
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0535
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0540
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0545
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0550
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0555
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0560
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0565
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0570
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0575
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0580
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0585
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0590
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0590
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0590
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0590
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0590
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0590
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0590
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0590
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0590
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0590
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0590
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0590
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0590
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0590
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0590
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0590
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0590
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0590
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0590
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0590
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0590
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0590
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0590
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0590
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0590
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0590
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0590
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0590
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0590
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0590
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0590
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0595
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0600
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0605
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0605
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0605
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0605
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0605
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0605
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0605
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0605
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0605
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0605
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0605
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0605
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0605
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0605
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0605
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0605
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0605
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0605
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0610
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0615
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0620
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0620
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0620
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0620
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0620
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0620
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0620
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0620
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0620
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0620
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0620
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0620
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0620
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0620
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0620
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0620
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0620
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0620
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0620
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0620
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0620
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0620
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0620
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0620
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0620
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0620
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0620
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0620
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0625
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0855
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0630
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0635
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0640
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0640
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0640
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0640
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0640
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0640
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0640
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0640
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0640
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0640
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0640
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0640
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0640
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0640
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0640
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0640
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0640
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0640
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0640
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0640
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0640
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0640
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0640
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0640
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0640
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0640
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0645
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0645
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0645
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0645
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0645
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0645
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0645
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0645
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0645
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0645
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0645
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0645
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0645
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0645
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0645
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0645
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0645
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0645
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0645
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0645
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0645
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0645
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0645
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0645
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0645
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0645
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0645
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0650
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0655
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0660
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665
http://refhub.elsevier.com/S1517-8382(16)30971-6/sbref0665


78  b  r  a z  i  l  i  a n j o  u r  n a l  o f m i c  r  o b  i  o l  o g y 4 9  (2 0 1 8) 67–78

50. Miranda KM, Espey MG, Wink DAA.  Rapid, simple
spectrophotometric method for simultaneous detection of
nitrate and nitrite. Nitric Oxide: Biol Chem. 2001;5:62–71.

51. Alves LS, Torres-Junior CV, Fernandes MS, Santos AM, Souza
SR. Soluble fractions and kinetics parameters of nitrate and
ammonium uptake in sunflower (“Neon” Hybrid). Rev Ciênc

Agron. 2016;47:13–21.
52. Cometti NN, Furlani PR, Ruiz HA, Filho EIF. Nutrient

solutions: formulations and aplications. In: Fernandes MS,
ed. Nutrição Mineral de  Plantas [Mineral Nutrition of Plants].
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