
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 S (2 0 1 8) 236–245

ht t p: / /www.bjmicrobio l .com.br /

Bacterial, Fungal and Virus Molecular Biology

Biocontrol  potential  of  saline-  or  alkaline-tolerant
Trichoderma asperellum  mutants  against  three
pathogenic fungi  under  saline  or alkaline  stress
conditions

Ruiting Guo, Zhiying Wang, Ying Huang, Haijuan Fan, Zhihua Liu ∗

Northeast Forestry University, School of Forestry, Harbin, China

a  r  t  i  c  l  e  i  n  f  o

Article history:

Received 24 September 2017

Accepted 14 February 2018

Available online 13 April 2018

Associate Editor: Vânia Melo

Keywords:

Biocontrol

Trichoderma asperellum

Mutant library

Salinity and alkalinity

Fungal disease

a  b  s  t  r  a  c  t

Salinity and alkalinity are major abiotic stresses that limit growth and development of

poplar. We  investigated biocontrol potential of saline- and alkaline-tolerant mutants of

Trichoderma asperellum to mediate the effects of salinity or alkalinity stresses on Populus david-

iana  × P. alba var. pyramidalis (PdPap poplar) seedlings. A T-DNA insertion mutant library of

T.  asperellum was constructed using an Agrobacterium tumefaciens mediated transformation

system; this process yielded sixty five positive transformants (T1–T65). The salinity tolerant

mutant, T59, grew in Potato Dextrose Agar (PDA) containing up to 10% (1709.40 mM) NaCl.

Under NaCl-rich conditions, T59 was most effective in inhibiting Alternaria alternata (52.00%).

The  alkalinity tolerant mutants, T3 and T5, grew in PDA containing up to 0.4% (47.62 mM)

NaHCO3. The ability of the T3 and T5 mutants to inhibit Fusarium oxysporum declined as

NaHCO3 concentrations increased. NaHCO3 tolerance of the PdPap seedlings improved fol-

lowing treatment with the spores of the WT, T3, and T5 strains. The salinity tolerant mutant

(T59) and two alkalinity tolerant mutants (T3 and T5) generated in this study can be applied

to  decrease the incidence of pathogenic fungi infection under saline or alkaline stress.
©  2018 Sociedade Brasileira de Microbiologia. Published by Elsevier Editora Ltda. This is

an  open access article under the CC BY-NC-ND license (http://creativecommons.org/
Introduction

Trichoderma sp. is an important biocontrol agent against
pathogenic fungi.1 However, growth and physiological state

of Trichoderma sp. is affected by both biotic and abiotic stress
factors in the natural environment. For example, salinity and
alkalinity are major abiotic stresses that limiting growth of
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Trichoderma.2,3 Thus, we  constructed a Trichoderma sp. mutant
library to obtain saline- or alkaline-tolerant mutants and then
tested their effectiveness as antifungal agents under both
saline and alkaline conditions.

Most existing Trichoderma mutant libraries have been
focused on cellulases in efforts to generate commercially
applicable cellulolytic strains. For example, Trichoderma ree-
sei mutants MCG77 (ATCC 56764) and QM9414 (ATCC 26921)

produce more  cellulase than the parent strain.4 T. reesei
mutant NG-14 has increased filter paper-degrading activity
(five times higher) and specific activity (two times higher)
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ompared with T. reesei mutant QM9414.5 Trichoderma viride
utant strain QM9123 secretes twice as much cellulase as the

arent strain.6 T. viride mutant T100-14 has better conversion
f cellobiose to glucose than the parent strain.7 Trichoderma
troviride mutant TUB F-1505 and T. citrinoviride mutant EB-104
oth produce higher levels of cellulases than their respec-
ive parent strains.8,9 There are a few previous studies on
iocontrol of Trichoderma in regards to isonitrile antibiotic,
yanide hydratase, Cd resistance, and salinity tolerance.10–13

ne example is that a T. harzianum mutant can excrete isoni-
rile antibiotic.11 Trichoderma koningii mutant T21 has higher
yanide hydratase activity than the wild type.13 Ten of 200 T.
oningii mutants have higher Cd tolerance and can be used
o remediate Cd-contaminated soils.14 Four Trichoderma iso-
ates have been identified as stable mutants. Two of these
re salt-tolerant mutants (Th50M6 and Th50M11), both of
hich are significantly more  effective than the wild type strain

t inhibiting Fusarium oxysporum and improving the yield of
omato plants under saline conditions.3 Seedlings raised from
alinity tolerant Trichoderma isolates had higher levels of total
henols and superoxide dismutase activity. Saline tolerant
richoderma mutants can effectively reduce the physiological
amage caused by salt stress10,15; however, there are few stud-

es regarding T. asperellum or alkanity tolerant mutants.
Poplar is a model organism for the application of genetic

ngineering to forestry. Furthermore, poplar species are
idely used for wood production in short-rotation forestry,16

nd are cultivated worldwide.17 Popular is also used to elu-
idate the physiological and molecular mechanisms of stress
olerance in Trees.18 There are many  stressors, such as salinity
nd alkalinity, that can cause damage to poplars and decrease
heir productivity.19 Trichoderma treatments have been shown
o alleviate NaCl stress (70, 150 and 240 mM NaCl) and sig-
ificantly increase the length and fresh weight of the shoot
nd root, number of leaves, leaf area, and chlorophyll con-
ent compared with the control.20 Trichoderma asperellum Q1
an enhance cucumber growth by inducing physiological pro-
ection under salinity stress.21 It is possible that salinity or
lkalinity tolerant T. asperellum mutants can improve the resis-
ance of poplar seedlings to saline or alkaline stressors.

In this study, a T-DNA insertional mutant library of
. asperellum was constructed by Agrobacterium tumefaciens
ediated transformation system (ATMT). Some salinity or

lkalinity tolerant mutants of T. asperellum were obtained.
hen, the biocontrol potential of the mutant strains under
aCl or NaHCO3 stress was tested. And, the function of alle-
iating saline or alkaline stress to the poplar seedlings of
he mutant strains under NaCl or NaHCO3 stress was tested.
ur results provide theoretical support and a practical refer-
nce for the development of Trichoderma strains for alleviating
aline or alkaline stress and managing fungal diseases in
aline or alkaline soils.

aterials  and  methods
trains,  plant  materials  and  primers

. asperellum ACCC30536 was obtained from the Agricultural
ulture Collection of China. Alternaria alternata CFCC82114
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(poplar leaf wither), Rhizoctonia solani CFCC86328, and F. oxyspo-
rum CFCC86068 were obtained from the China Forestry Culture
Collection Center. A. tumefaciens AGL-1, which contains the
binary vector pBHt22 and a hygromycin B-resistance gene
(hph), was provided by Prof. Fucong Zheng (South China Uni-
versity of Tropical Agriculture, China).

Populus davidiana × P. alba var. pyramidalis Louche (PdPap
poplar) seedlings were cultured aseptically for 15 d in Liq-
uid Rooting Medium (MS medium with NAA 0.25 mg/L and
Sucrose 20 g/L) or Differential Medium (MS  medium with NAA
0.05 mg/L, 6-BA 0.5 mg/L, Sucrose 20 g/L, and Agar 8 g/L) at
25 ◦C23,24; they all had similar heights (about 5 cm)  and a sim-
ilar number of leaves (6–8 leaves).24

The primers Hph-L (5′-GAAACCGACGCCCCAGCACT-3′) and
Hph-R (5′-AGTGCTGGGGCGTCGGTTTC-3′) were designed to
detect the hygromycin B-resistance gene (hph) using the
Primer 6.0 software (PREMIER Biosoft, USA) and synthesized
by Sangon Biotech (Shanghai, China) Co., Ltd.

Construction  of  the  T-DNA  insertional  mutant  library  for
T. asperellum  and  analysis  of  the  mutants  genetic  stability

T. asperellum was transformed using the ATMT method.24

200 �M of 3′5′-Dimethoxy-4-Hydroxy Acetophenone (AS) was
added to the induced and co-cultivated (pH 5. 0) media, and
the concentration of T. asperellum was 106 spores/mL.25,26

To determine mitotic stability, 80 putative transformants
were selected randomly, cultured five consecutive times on
Potato Dextrose Agar (PDA) without hygromycin B, and trans-
ferred to PDA containing 300 �g/mL hygromycin B.24

The hph gene was assayed using PCR in the putative trans-
formants which had mitotic stability. The sense primer was
Hph-L (5′-GAAACCGACGCCCCAGCACT-3′) and the antisense
primer was Hph-R (5′-AGTGCTGGGGCGTCGGTTTC-3′).25

Growth  conditions  of  the  WT  and  mutant  strains  in  PDA
with  differing  concentrations  of  NaCl  or  NaHCO3

The WT and mutant strains were cultured at 28 ◦C for 5 d in
PDA. Mycelium discs (5 mm diameter) were obtained from the
edges of the PDA plates with a hole punch, inoculated into new
PDA, and cultured at 28 ◦C for 5 d. Finally, mycelium discs of
5 mm diameter were obtained from the edges of PDA plates,
inoculated into the PDA with different concentrations of NaCl
or NaHCO3, and cultured at 28 ◦C for 3–5 d. The concentra-
tions of NaCl were 2, 4, 6, 8, and 10%, and the concentrations
of NaHCO3 were 0.1, 0.2, 0.3, and 0.4%. The colony diameters
were recorded every day during culturing. The experiment was
completely randomized with three replicates.

The  biocontrol  potential  of  the  WT  and  mutant  strains  in
PDA with  different  concentrations  of  NaCl  or  NaHCO3

The WT and mutant strains were challenged with the phy-
topathogens A. alternata, R. solani, and F. oxysporum.  PDA with
different concentrations of NaCl or NaHCO3 were used in the

challenge experiments, and PDA was used as control. The
concentrations of NaCl were 2, 4, 6, 8, and 10%, and the concen-
trations of NaHCO3 were 0.1, 0.2, 0.3, and 0.4%. Symmetrical
positions were marked on the plates. Mycelium discs (5 mm
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diameter) were obtained from the same part of the PDA plates,
inoculated onto new PDA on the symmetrical positions, and
cultured at 28 ◦C for 5–10 d. The experiment was completely
randomized with three replicates. IR = (DC − DE)/(DC) × 100%,
where: “IR” is the abbreviation of inhibition rate; “DC” is abbre-
viation of the diameter of the control group, and; “DE” is
abbreviation of the diameter of the experiment group.27

The  NaCl  or  NaHCO3 tolerance  of  the  PdPap  seedlings
co-cultured  with  the  WT,  T3,  and  T5  strains

The PdPap seedlings were co-cultured with spores of the WT,
T3, and T5 strains under NaCl (1 and 2%) and NaHCO3 (0.05, 0.1
and 0.2%) stress. The cell concentrations were 106 spores/mL.
Leaves from the PdPap seedlings were assayed for SOD, CAT,
and POD after co-culturing for 0, 1, 3, 5, 7, and 15d using
commercially available kits (Nanjing Jiancheng Bioengineer-
ing Institute).

Results

The  T-DNA  insertional  mutant  library  of  T.  asperellum
and the  genetic  stability  of  the  putative  transformants

The transformation efficiency of ATMT is about 60 mutants per
106 spores. To investigate the mitotic stability of the integrated
T-DNA, eighty putative transformants with the vector pBHt1
were transferred repeatedly to PDA. After five rounds of growth
on PDA, mycelium discs were transferred to selective PDA with
300 �g/mL hygromycin B. All transformants that grew under
these conditions had high mitotic stability.

Sixty five positive transformants were obtained. PCR detec-
tion of the target gene was performed on the 80 selected
putative transformants. Presence of the hph gene in the
hygromycin B resistant colonies was confirmed with the Hph-
L and Hph-R primers. The 1005 bp PCR product was found in all
65 putative transformants; this suggests that the hph gene was
successfully integrated into the T. asperellum genome (Fig. 1).

Growth  conditions  of  the  WT  and  mutant  strains,  as  well
as their  biocontrol  potential,  under  different  NaCl
concentrations

Growth of the WT  strain can be promoted by 2% NaCl dur-

ing the early stages of growth. However, in the later stages of
growth, this effect gradually decreases and then disappears.
The growth of the WT  strain was completely inhibited at a
NaCl concentration of 10% (Fig. 2).

1005bp

1 2 3 4 5 6 7 8 9 10 11

Fig. 1 – PCR detection of the hph gene in assumed transformants
primers. Partial agar gel electrophoresis. Lanes 1–18: 18 putative
DL2000 DNA marker (TaKaRa Co.).
 i o l o g y 4 9 S (2 0 1 8) 236–245

The mutant strains were screened for NaCl tolerance using
PDA with 10% NaCl. Of the 65 mutant strains, only one
(T59) grew on PDA with 10% NaCl (Fig. 2). Although the T59
mutant grew quickly under different NaCl concentrations, the
mycelium growth condition did not change; however, its abil-
ity to produce spores was inhibited under NaCl stress. The
NaCl tolerance of the T59 strain was higher than that of the
WT  strain.

On day three of culture, the T59 strain was exposed to
the pathogenic fungi. On the fifth of culture, the T59 mutant
totally covered all three fungal phytopathogen fungi (Fig. 2).
The T59 strain had the highest inhibition rate (52.00%) against
Alternaria alternata under 10% NaCl conditions. Meanwhile, the
WT strain grew slowly under NaCl stresses. The T59 strain had
a better biocontrol potential than the WT  under NaCl stress.

Growth  conditions  of  the  WT  and  mutant  strains,  as  well
as their  biocontrol  potential,  under  different
concentrations  of  NaHCO3

In later stages of growth, the inhibition of the WT  strain
was weaker under 0.05, 0.1, and 0.2% NaHCO3 concentrations;
thus, under these conditions NaHCO3 does not inhibit the
growth of the WT strain. The growth of the WT strain was
completely inhibited under 0.4% NaHCO3.

After 3 d culturing the T3 and T5 mutants grew on the PDA
with 0.4% NaHCO3. The growth of the T5 mutant was faster
than that of the T3 mutant (Fig. 3). The NaHCO3 tolerances of
the T3 and T5 mutants are higher than that of the WT strain.

The T5 mutant was exposed to R. solani, and after 4 d the T5
mutant inhibited the growth of R. solani under 0.1% NaHCO3

conditions. The T5 mutant is sensitive to higher NaHCO3 lev-
els; however, R. solani exhibited similar growth under 0.2, 0.3,
and 0.4% NaHCO3, which was higher than under 0.1% NaHCO3.
The T5 mutant was exposed to R. solani after 6 d of exposure
to both 0.2% and 0.3% NaHCO3, and exposed to R. solani after
7 d of exposure to 0.4% NaHCO3. However, the T5 mutant did
not completely inhibit R. solani at 0.4% NaHCO3 after 10 d of
exposure (Fig. 4A and D).

The T5 mutant inhibited A. alternata after 5 d of growth;
however, after 10 d of growth the mutant did not completely
inhibit A. alternata at 0.1% NaHCO3. At 0.2% NaHCO3, the
growth of A. alternata was slower than at other NaHCO3 con-
centrations. The T5 mutant inhibited A. alternata after 6 d of

growth; however, after 10 d of growth the T5 mutant did not
covered inhibit A. alternata. At 0.3% NaHCO3, the T5 mutant
inhibited A. alternata after 5 d of growth; however, after 10 d of
growth the T5 mutant did not completely inhibit A. alternata.

100bp
250bp

750bp
1000bp

2000bp

12 13 14 15 16 17 18 19

500bp

20

. The Hph gene was amplified with the Hph-L and Hph-R
 transformants; lane 19: wild-type T. asperellum; lane 20:
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6% NaCl

8% NaCl

e f g

4% NaCl

10% NaCl

a b

c d

Fig. 2 – Biocontrol potential of the T59 mutant under NaCl stress after 6 d: the growth of the WT  and T59 strains in PDA (A
and C); the growth of the WT and T59 strains in PDA with 10% NaCl (B and D), and; confrontation of the T59 mutant with
Alternaria alternata,  Fusarium oxysporum, or Rhizoctonia solani under different NaCl concentrations (E–G).

a

d

gb c

fe

Fig. 3 – Growth of the WT  and mutant strains under NaHCO3 stress after 4 d: the WT, T3, and T5 strains in PDA (A–C); the
WT, T3, and T5 strains in PDA with 0.4% NaHCO3 (D–F), and; challenge of the T3 strain with the T5 strain in PDA with 0.4%
NaHCO3 (G).

da

0.2%NaHCO3 

0.1%NaHCO3

0.3%NaHCO3

0.4%NaHCO3

b c e f

Fig. 4 – Confrontation of the T5 mutant with R. solani, F. oxysporum, or A. alternata after 10 d: challenge of the T5 mutant
with R. solani,  F. oxysporum, or A. alternata under different NaHCO3 stresses (A–C, the reverse side); challenge of the T5
mutant with R. solani,  F. oxysporum, or A. alternata under different NaHCO3 stresses (D–F, the obverse side).
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At 0.4% NaHCO3, the T5 mutant did not completely inhibit A.
alternata after 7 d or 10 d of growth (Fig. 4B and E).

The T5 mutant inhibited F. oxysporum after 5 d of growth;
however, it did not completely inhibit F. oxysporum after 10 d of
growth at 0.1% NaHCO3. The growth of F. oxysporum increased
with NaHCO3 concentrations in the PDA. It turns out that the
growth of F. oxysporum is promoted by NaHCO3 and the T5
mutant was unable to inhibit F. oxysporum at 0.2, 0.3, or 0.4%
NaHCO3 (Fig. 4C and F).

The T3 mutant had similar abilities to inhibit the three
pathogenic fungi under different NaHCO3 levels. However,
since the growth of the T3 mutant was slower than that of
the T5 mutant under higher NaHCO3 conditions, the ability of
the T3 mutant to inhibit A. alternata at 0.3% and 0.4% NaHCO3

was lower than that of the T5 mutant (Fig. 5).

Growth  of  PdPap  seedlings  under  NaCl  or  NaHCO3 stress

The PdPap seedlings withered in MS  with 1 or 2% NaCl (espe-
cially 2% NaCl), and the seedlings died after 4 d. In the later
stages of culture, the inhibition of the pathogenic fungi was
weaker under NaCl stress.

At 0.05% NaHCO3, the leaves, stems, and roots of the PdPap
seedlings did not change after 15 d of culture. At 0.1% NaHCO3,
the roots began to brown after 15 d culture. At 0.2% NaHCO3,
the roots were brown after 3 d of culture, but the leaves and
stems were normal. At 0.3% NaHCO3, the roots were brown
after 2 d of culture, and the leaves and the stems were with-
ered.

NaCl  and  NaHCO3 tolerance  of  PdPap  seedlings  treated
with  the  WT,  T59,  T3,  or  T5  spores

After 2 d of co-culture, the spores of the WT  and T59 strains
germinated under NaCl stress and gathered around the roots

of the PdPap seedlings. The NaCl tolerance of the PdPap
seedlings did not change, but the PdPap seedlings withered.
Thus, the NaCl tolerance of the PdPap seedlings cannot be
improved by treatment with WT or T59 spores.

a

0.4%NaHCO3

0.3%NaHCO3

0.2%NaHCO3

0.1%NaHCO3

b c 

Fig. 5 – Confrontation of the T3 mutant with R. solani, F. oxysporu
with R. solani, F. oxysporum, or A. alternata under different NaHC
mutant with R. solani,  F. oxysporum, or A. alternata under differen
 i o l o g y 4 9 S (2 0 1 8) 236–245

In the early stage of culture, the PdPap seedlings were seri-
ously damaged at 0.3% NaHCO3; however, following treatment
with WT, T3, or T5 spores, the roots, leaves, and stems were
normal after 2 d. After 5 d of culture, the leaves and the stems
in the groups treated with spores were in better conditions
than those in the groups not treated with spores. Thus, the
tolerance of the PdPap seedlings to NaHCO3 can be enhanced
by WT, T3, or T5 spores.

Enzymatic  activity  of  the  PdPap  seedlings  treated  with
WT, T3,  or  T5  spores  under  NaHCO3 conditions

At 0.05% NaHCO3, the SOD, CAT, and POD activities in the
control group increased, decreased, and slightly increased,
respectively, compared to the control. The SOD and CAT activi-
ties of the PdPap seedlings treated with WT,  T3, and T5 spores
was maintained during 3–7 d of treatment. The SOD activity
was increased after treatment, and then remained constant
(Fig. 6C). The WT, T3, and T5 spores all had similar impacts
on SOD, CAT, and POD activities in the PdPap seedlings (no
significant differences at p ≤ 0.05). There were no differences
in the conditions of the leaves, stems, and roots of the PdPap
seedlings following the four different treatments (Fig. 6D).

At 0.1% NaHCO3, the SOD and POD activities was increased,
decreased, and then increased compared with the control
group. The SOD activity of the PdPap seedlings treated with
WT, T3, and T5 spores remained constant during 1–15 d of cul-
ture (Fig. 7C). The POD activity of the PdPap seedlings treated
with WT, T3, and T5 spores remained constant during 3–5 d of
culture and then decreased (Fig. 7A). The CAT activities of the
PdPap seedlings treated the WT, T3, and T5 spores remained
constant from 3–7 d of culture, then decreased rapidly on the
15th day of culture (Fig. 7A). The WT, T3, and T5 spores had
similar impacts on the SOD, CAT, and POD activities of the
PdPap seedlings, and there were no significant differences
(p ≤ 0.05). The biomass of the PdPap seedlings treated with the

WT spores were higher than those treated with spores of the
other strains (Fig. 7D).

At 0.2% NaHCO3, the SOD and POD activities first increased,
then decreased rapidly, and then increased again compared

e fd

m, or A. alternata after 10 d: challenge of the T3 mutant
O3 stresses (A–C, the reverse side); challenge of the T3
t NaHCO3 stresses (D–F, the obverse side).
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 ≤ 0.05).

iscussion

oil salinization is a worldwide problem caused by the long-
erm use of drip irrigation. It has become a major factor
imiting agricultural and forestry production.2 We  found that
he growth of the WT strain of T. asperellum can be pro-

oted by 2% NaCl. However, as incubation time increased
he promotion effect gradually weakened and eventually dis-
ppeared. The WT strain has powerful NaCl tolerance, but

t cannot grow in PDA containing 10% (1709.40 mM)  NaCl.
he T59 mutant had best NaCl tolerance of all the mutants,
nd can grow in PDA containing 10% (1709.40 mM)  NaCl. Two
. harzianum salt-tolerant mutants (Th50M6 and Th50M11)
3

 not significantly different (p ≤ 0.05).

which can grow in PDA containing up to 69 mM NaCl were
obtained.3 Five of forty-five T. harzianum wild-type strains
(Th-13, Th-14, Th-19, Th-33, and Th-50) can grow and form
spores in growth containing up to 240 mM NaCl.20 The T.
asperellum wild-type strains (TaDORS3 and TaDOR693) can
grow on PDA with 1000 mM NaCl.27 Meanwhile, the NaCl tol-
erance of the T59 mutant is 25 times higher than the Th50M6
and Th50M11 mutants,3 seven times higher than the wild-
type strains Th-13, Th-14, Th-19, Th-33, and Th-50,20 and
1.7 times higher than the wild-type strains TaDORS3 and
TaDOR693.27

The Trichoderma WT strain was very sensitive to NaHCO3;
meanwhile, the T3 and T5 mutants had best NaHCO3 toler-
ance of all the mutants (T1-T65). There are a few previous
studies that report the NaHCO3 tolerance of Trichoderma sp.
Under NaCl or NaHCO3 culture conditions, the mutants still
exhibited antagonistic abilities towards R. solani,  F. oxyspo-
rum, or A. alternata. The mutant T59 grows quickly under
four different NaCl concentrations, and was more  protective
against the three kinds of pathogenic fungi than the WT  strain.
The Th50M6 mutant had better antagonistic activity than the
wild-type strain, and had a maximum inhibition rate of 60%
against F. oxysporum in saline media.3 The saline-tolerant T.
harzianum strain Th-14 significantly reduced the incidence of

20
F. oxysporum-induced wilt disease in chickpea plants. The
T5 mutant also had antagonistic abilities towards R. solani
and A. alternata under NaHCO3 stress. The T5 mutant has
a maximum inhibition rate of 45.0% against A. alternata in
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Fig. 7 – Enzymatic activities of the PdPap seedling interacted with the Trichoderma spores under 0.1% NaHCO3 stress: SOD,
CAT, and POD activities from the PdPap seedlings treated with spores of the WT, T3, and T5 strains under 0.1% NaHCO3

stress (A–C, respectively); PdPap seedlings treated with spores of the WT, T3, and T5 mutants under 0.1% NaHCO3 stress (D).
ignifi
Values in each column followed by the same letter are not s

0.2% (23.81 mM)  NaHCO3 conditions. Ragazzi et al. reported
that different Fusarium species, including F. oxysporum,  were
promoted under salt stress conditions.28 Our results agree
with this report, as the antagonistic abilities of the T5 mutant
against F. oxysporum decreased as NaHCO3 concentrations
increased. The antagonistic abilities of the T3 mutant were
nearly the same as those of the T5 mutant. The antagonis-
tic abilities of the T3 mutant towards A. alternata under 0.3%
(35.71 mM)  and 0.4% (47.62 mM)  NaHCO3 culture conditions
were weaker than these of the T5 mutant.

Salt represses plant growth and root development.29 In a
previous study, tomato plants were able to grow while irri-
gated daily with a 2800 ppm (2.8 mg/L) NaCl solution.3 Grey
poplar (Populus tremula × alba, syn. Populus canescens) can grow
in moderate levels of NaCl (75 mM).16 The shoot growth of P.
euphratica was not reduced even in media containing 100 mM
NaCl. However, the shoot growth of Chinese poplars (Populus
tomentosa and P. alba cv. pyramidalis) was markedly reduced in
10 mM NaCl.30 Photosynthesis, leaf area, height, and growth
diameter of poplars declined rapidly as salinity increased.
Some plant mortality has been observed after 14 days at 1%
(170.94 mM)  NaCl.31 In this study, the concentration of NaCl
in the MS media was 1% (170.94 mM)  or 2% (341.88 mM). The
PdPap seedlings became withered under 1% (170.94 mM)  or 2%

(341.88 mM)  NaCl conditions, and they died after 4 d of culture.
The NaCl tolerance of the PdPap seedlings was not improved
by treatment with WT  or T59 spores. The spores grew under
cantly different (p ≤ 0.05).

NaCl conditions. However, the PdPap seedlings were cultured
in MS so there was a difference between the experimental and
natural conditions.

Alkaline salts have been shown to have much stronger
destructive effects on plants than neutral salts. When a saline
soil contains HCO3

−, plants are subject to the damaging effects
of both salt and alkali stress.32 Of 12 halophytes, most had
lower germination percentages in NaHCO3 than in NaCl.33

Saline-alkaline stress can cause an increase antioxidant
enzyme activity.34 Superoxide dismutases (SODs) catalyze
the dismutation of the superoxide anion to hydrogen and
molecular oxygen; this is the first step in active oxygen-
scavenging systems. CAT and POD are also very important
for oxygen-scavenging systems.35 They play an important role
in protecting cells against various environmental stresses,
including salinity and alkalinity stress.36 They can be used to
evaluate salinity and alkalinity resistance. In this study, the
impact of the WT, T3, and T5 strains on SOD, CAT, and POD
activities in the PdPap seedlings were similar under NaHCO3

stress (no significant differences at p ≤ 0.05). Under the 0.05%
NaHCO3 condition, the SOD activity of PdPap seedlings treated
with the WT, T3, and T5 spores increased significantly fol-
lowing 3–5 d of co-culturing. This is consistent with previous
studies showing that T. asperellum treatment increased SOD

activity of ‘XY335’ and ‘JY417’ maize seedlings in saline soil
and increased the activity of antioxidant enzymes under
NaCl stress in cucumbers.10,37 In this study, CAT activity
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tress (D). Values in each column followed by the same lette

ncreased; these differs from a previous report showing that
AT activity was reduced in leaves and roots following T.
sperellum treatment.37 POD activity was decreased following
reatment. Previous studies have shown that saline–alkaline
tress increases the activity of some, but not all, antioxidant
nzymes.12,38,39 Under 0.1% NaHCO3 conditions, SOD, CAT,
nd POD activities in the PdPap seedlings treated with the
T, T3, or T5 spores were lower than from plants under the

ame conditions but subjected to 0.05% NaHCO3 stress. How-
ver, biomass of the PdPap seedlings treated with WT, T3,
r T5 spores were higher than those of the PdPap seedlings
reated with the spores under 0.05% NaHCO3 stress. Under
.2% NaHCO3 stress, the SOD and POD activities of the PdPap
eedlings treated with WT, T3, and T5 spores was higher
han in the control group; however, CAT activity was lower
han in the control group. High CAT activity indicates that
he plants are under oxidative stress.37 Our results support
his conclusion. Efficient antioxidant activity does not neces-
arily lead to the up-regulation of all antioxidant enzymes.40

he demand of the oxygen-scavenging enzyme decreased
nder 0.2% NaHCO3 stress. It is possible that the activities
f other antioxidant enzymes in the PdPap seedlings were

mpacted by the spores of the WT, T3, or T5 strains, lead-
ng to improvements in the NaHCO3 tolerance of the PdPap

eedlings. Thus, the NaHCO3 tolerance of the PdPap seedlings
an be improved by treating with spores from the WT, T3,
nd T5 strains grown under 0.05, 0.1, and 0.2% NaHCO3

tress.
 not significantly different (p ≤ 0.05).

We  generated a saline- and two alkaline-tolerant T. asperel-
lum mutants (T59, and T3 and T5, respectively); these mutants
had better biocontrol potential under NaCl or NaHCO3

stresses. We introduce a new approach for the biocontrol of T.
aspellum by generating saline- or alkaline-tolerant strains by
mutation selection. This approach could be useful for enhanc-
ing salt and/or alkaline-salt tolerance, as well as the ability
to biocontrol for R. solani, A. alternata, and F. oxysporum under
saline or alkaline stress conditions.

Ethical  approval

The manuscript does not contain experiments using animal
or human studies.

Conflicts  of  interest

The authors declare no conflicts of interest.

Acknowledgments

This work was supported by the National High Technology

Research and Development Program (the 13th Five-Year Plan
Program) [Grant Number 2016YFC0501505] and the Funda-
mental Research Funds for the Central Universities, China
[Grant Number 2572017AA03].



 c r o b

r

244  b r a z i l i a n j o u r n a l o f m i

 e  f  e  r  e  n  c  e  s

1. Druzhinina IS, Seidl-Seiboth V, Herrera-Estrella A, et al.
Trichoderma:  the genomics of opportunistic success. Nat Rev
Microbiol. 2011;9(10):749–759.

2. Bheemaraya, Patil MB, Ramesh, et al. Salinity stress tolerance
in native Trichoderma isolates. Environ Ecol. 2013;31:727–729.

3. Mohamed HAA, Wafaa, Haggag M, et al. Biocontrol potential
of  salinity tolerant mutants of Trichoderma harzianum against
wilt of tomato. Braz J Microbiol. 2006;37(2):181–191.

4. Latifian M, Hamidiesfahani Z, Barzegar M, et al. Evaluation of
culture conditions for cellulase production by two
Trichoderma reesei mutants under solid-state fermentation
conditions. Bioresource Technol. 2007;98(18):3634–3637.

5. Bailey MJ, Nevalainen KMH. Induction, isolation and testing
of stable Trichoderma reesei mutants with improved
production of solubilizing cellulase. Enzyme Microb Technol.
1981;3(2):153–157.

6. Mandels M, Weber J, Parizek R, et al. Enhanced cellulase
production by a mutant of Trichoderma viride. Appl Microbiol.
1971;21(1):152–154.

7. Zhou J, Wang YH, Chu J, et al. Identification and purification
of  the main components of cellulases from a mutant strain
of Trichoderma viride T 100-14. Bioresource Technol.
2008;99(15):6826–6833.

8. Jalón JGD, Gutiérrez-López MD. Development of a mutant of
Trichoderma citrinoviride for enhanced production of
cellulases. Bioresour Technol. 2009;100(4):1659–1662.

9. Kovács K, Megyeri L, Szakacs G, et al. Trichoderma atroviride
mutants with enhanced production of cellulase and
�-glucosidase on pretreated willow. Enzyme Microb Technol.
2008;43(1):48–55.

10. Brotman Y, Landau U, Cuadros-Inostroza Á, et al.
Trichoderma-plant root colonization: escaping early plant
defense responses and activation of the antioxidant
machinery for saline stress tolerance. PLOS Pathog.
2013;9(3):e1003221.

11. Faull JL, Graemecook KA, Pilkington BL, et al. Production of
an  isonitrile antibiotic by an UV-induced mutant of
Trichoderma harzianum. Phytochemistry. 1994;36(5):1273–1276.

12. Wang WB, Kim YH, Lee HS, et al. Analysis of antioxidant
enzyme activity during germination of alfalfa under salt and
drought stresses. Plant Physiol Biochem PPB.
2009;47(7):570–577.

13. Zhou X, Xu S, Liu L, et al. Degradation of cyanide by
Trichoderma mutants constructed by restriction enzyme
mediated integration (REMI). Bioresource Technol.
2007;98(15):2958–2962.

14. Wang B, Liu L, Gao Y, et al. Improved phytoremediation of
oilseed rape (Brassica napus) by Trichoderma mutant
constructed by restriction enzyme-mediated integration
(REMI) in cadmium polluted soil. Chemosphere.
2009;74(10):1400–1403.

15. Rawat L, Singh Y, Shukla N, et al. Salinity tolerant
Trichoderma harzianum reinforces NaCl tolerance and reduces
population dynamics of Fusarium oxysporum f.sp. ciceri in
chickpea (Cicer arietinum L.) under salt stress conditions. Arch
Phytopathol Plant Prot. 2013;46(12):1442–1467.

16. Ehlting B, Dluzniewska P, Dietrich H, et al. Interaction of
nitrogen nutrition and salinity in Grey poplar (Populus
tremula × alba). Plant Cell Environ.  2007;30(7):796–811.

17. Fernàndez-Martínez J, Zacchini M, Elena G, et al. Effect of
environmental stress factors on ecophysiological traits and
susceptibility to pathogens of five Populus clones throughout

the growing season. Tree Physiol.  2013;33(6):618–627.

18. Chen S, Polle A. Salinity tolerance of Populus.  Plant Biol.
2010;12(2):317–333.
 i o l o g y 4 9 S (2 0 1 8) 236–245

19. Wang YL, Lu Q, Decock C, et al. Cytospora species from
Populus and Salix in China with C. davidiana sp. nov. Fungal
Biol-UK.  2015;119(5):420–432.

20. Rawat L, Singh Y, Shukla N, et al. Seed biopriming with
salinity tolerant isolates of Trichoderma harzianum alleviates
salt stress in rice: growth, physiological and biochemical
characteristics. J Plant Pathol. 2012;94(2):353–365.

21. Qi W,  Zhao L. Study of the siderophore-producing
Trichoderma asperellum Q1 on cucumber growth promotion
under salt stress. J Basic Microb. 2013;53(4):355–364.

22. Mullins ED, Chen X, Romaine P, et al. Agrobacterium-mediated
transformation of Fusarium oxysporum: an efficient tool for
insertional mutagenesis and gene transfer. Phytopathology.
2001;91(2):173–180.

23. Ji SD, Wang ZY, Fan HJ, et al. Heterologous expression of the
Hsp24 from Trichoderma asperellum improves antifungal
ability of Populus transformant Pdpap-Hsp24 s to Cytospora
chrysosperma and Alternaria alternata. J Plant Res.
2016;129(5):921–933.

24. Huang Y, Mijiti G, Wang Z, et al. Functional analysis of the
class II hydrophobin gene HFB2-6 from the biocontrol agent
Trichoderma asperellum ACCC30536. Microbiol Res.
2015;171:8–20.

25. Sun WL,  Liu LX, Hu XL, et al. Generation and identification of
DNA sequence flanking T-DNA integration site of Trichoderma
atroviride  mutants with high dichlorvos-degrading capacity.
Bioresource Technol.  2009;100(23):5941–5946.

26. Tsuji G, Fujii S, Fujihara N, et al. Agrobacterium
tumefaciens-mediated transformation for random insertional
mutagenesis in Colletotrichum lagenarium. J Gen Plant Pathol.
2003;69(4):230–239.

27. Poosapati S, Ravulapalli PD, Tippirishetty N, et al. Selection
of  high temperature and salinity tolerant Trichoderma
isolates with antagonistic activity against Sclerotium rolfsii.
Springerplus.  2014;3(1):1–11.

28. Ragazzi A, Vecchio V, Dellavalle I, et al. Variations in the
pathogenicity of Fusarium oxysporum f. sp. vasinfectum in
relation to the salinity of the nutrient medium. J Plant Dis
Prot.  1994;101(3):263–266.

29. Contrerascornejo HA, Macíasrodríguez L, Alfarocuevas R,
et  al. Trichoderma spp. improve growth of Arabidopsis
seedlings under salt stress through enhanced root
development, osmolite production, and Na+ elimination
through root exudates. Mol Plant Microbe Interact.
2014;27(6):503–514.

30. Kang JM, Kojima K, Ide Y, et al. Growth response to the stress
of  low osmotic potential, salinity and high pH in cultured
shoot of Chinese poplars. J Forest Res Jpn.  1996;1(1):
27–29.

31. Fung LE, Wang SS, Altman A, et al. Effect of NaCl on growth,
photosynthesis, ion and water relations of four poplar
genotypes. Forest Ecol Manag.  1998;107(1–3):135–146.

32. Tang C, Turner NC. The influence of alkalinity and water
stress on the stomatal conductance, photosynthetic rate and
growth of Lupinus angustifolius L. and Lupinus pilosus Murr.
Anim Prod Sci.  1999;39(4):457–464.

33. Zhang H, Zhang G, Lü X, et al. Salt tolerance during seed
germination and early seedling stages of 12 halophytes. Plant
Soil.  2015;388(1–2):229–241.

34. Mittler R. Oxidative stress, antioxidants and stress tolerance.
Trends Plant Sci.  2002;7(9):405–410.

35. Amako K, Chen GX, Asada K, et al. Separate assay specific for
ascorbate peroxidase and guaiacol peroxidase and for
chloroplastic and cytosolic isoenzymes of ascorbate
peroxidase in plants. Plant Cell Physiol.  1994;35(3):
497–504.
36. Mccord JM, Fridovich I. Superoxide dismutase. An enzymic
function for erythrocuprein (hemocuprein). J Biol Chem.
1969;244(22):6049–6055.

http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0380


 o b i o

Vasing and Setaria virdis (L.) Beauv. Plant Growth Regul.
2004;44(1):87–92.
b r a z i l i a n j o u r n a l o f m i c r

37. Fu J, Liu Z, Li Z, et al. Alleviation of the effects of
saline-alkaline stress on maize seedlings by regulation of
active oxygen metabolism by Trichoderma asperellum. PLOS
ONE.  2017;12(6):e179617.
38. Kim SY, Lim JH, Park MR, et al. Enhanced antioxidant
enzymes are associated with reduced hydrogen peroxide in
barley roots under saline stress. J Biochem Mol Biol.
2005;38(2):218–224.
 l o g y 4 9 S (2 0 1 8) 236–245 245

39. Kim Y, Arihara J, Nakayama T, et al. Antioxidative responses
and their relation to salt tolerance in Echinochloa oryzicola
40. Abogadallah GM. Antioxidative defense under salt stress.
Plant Signal Behav. 2010;5(4):369–374.

http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30915-2/sbref0400

	Biocontrol potential of saline- or alkaline-tolerant Trichoderma asperellum mutants against three pathogenic fungi under s...
	Introduction
	Materials and methods
	Strains, plant materials and primers
	Construction of the T-DNA insertional mutant library for T. asperellum and analysis of the mutants genetic stability
	Growth conditions of the WT and mutant strains in PDA with differing concentrations of NaCl or NaHCO3
	The biocontrol potential of the WT and mutant strains in PDA with different concentrations of NaCl or NaHCO3
	The NaCl or NaHCO3 tolerance of the PdPap seedlings co-cultured with the WT, T3, and T5 strains

	Results
	The T-DNA insertional mutant library of T. asperellum and the genetic stability of the putative transformants
	Growth conditions of the WT and mutant strains, as well as their biocontrol potential, under different NaCl concentrations
	Growth conditions of the WT and mutant strains, as well as their biocontrol potential, under different concentrations of N...
	Growth of PdPap seedlings under NaCl or NaHCO3 stress
	NaCl and NaHCO3 tolerance of PdPap seedlings treated with the WT, T59, T3, or T5 spores
	Enzymatic activity of the PdPap seedlings treated with WT, T3, or T5 spores under NaHCO3 conditions

	Discussion
	Ethical approval
	Conflicts of interest
	Acknowledgments
	References


