
A
d

S
a

b

a

A
R
R
A
E
A

K
O
S
E
P
P
C

1

m
1
o
a
t
i
a
o
i
a
A
2
s
o
b
(

t

h
0

Flora 224 (2016) 106–111

Contents lists available at ScienceDirect

Flora

journa l homepage: www.e lsev ier .com/ locate / f lora

ssociated  fungi,  symbiotic  germination  and  in  vitro  seedling
evelopment  of  the  rare  Andean  terrestrial  orchid  Chloraea  riojana

ebastián  Fracchia a,∗,  Adriana  Aranda-Rickert a,  Carolina  Rothen a, Silvana  Sede b

Centro Regional de Investigaciones Científicas y Transferencia Tecnológica, CRILAR- CONICET, Entre Ríos y Mendoza, 5301 Anillaco, La Rioja, Argentina
Instituto de Botánica Darwinion, Labardén 200, San Isidro, B1642HYD, Buenos Aires, Argentina

 r  t  i  c  l e  i  n  f  o

rticle history:
eceived 1 March 2016
eceived in revised form 27 May  2016
ccepted 18 July 2016
dited by Hermann Heilmeier
vailable online 21 July 2016

a  b  s  t  r  a  c  t

Chloraea  riojana  is  a rare terrestrial  orchid  from  the  Andean  region  of  Northwest  Argentina.  Here we
evaluate  the  mycorrhizal  status,  symbiotic  germination  and  protocorm  development  of  the  species.
Plant  material  including  capsules,  roots  and  whole  plant  were  collected  from  two  natural  populations.
Symbiotic  germination  was  tested  using  one  fungal  endophyte  isolated  from  C.  riojana  and  four  fungal
endophytes  previously  isolated  from  the  sympatric  orchid  species  Aa  achalensis.  Three isolates  were  able
to promote  seed  germination  and  further  development  into  plantlets  with 1–2 leaves  after  16  weeks  of
eywords:
rchid mycorrhiza
ymbiotic germination
ndophyte
rotocorm
eloton

in  vitro  dual  culture.  Moreover,  the  strain  isolated  from  C.  riojana  developed  intense  melanized  coilings
and  pelotons  inside  protocorms,  a rare feature  not  observed  before.  These  findings  contribute  to  the
general  knowledge  about  the  orchid  mycorrhiza  in the  subtribe  Chloraeinae,  and  open  an  opportunity
for  the  conservation  not  only  of this  particular  species,  but  also  of  other  rare  and  poorly  known  Andean
terrestrial  orchids.

© 2016  Elsevier  GmbH.  All  rights  reserved.

onservation

. Introduction

Orchids are well distributed along tropical and temperate cli-
ates, with an estimated number of 25,000 species (Dressler,

993). Among them, terrestrial orchids account for about one third
f all known species. They predominate in temperate climates,
nd represent the exclusive life-form in which orchids are able
o thrive at high latitudes (Rasmussen, 1995). In South Amer-
ca, the southernmost distribution limit of epiphytic orchids is
round the parallel 30◦, as beyond this latitude only terrestrial
rchids are found. Species belonging to six genera (Chloraea, Gav-

lea, Codonorchis, Brachystele, Habenaria and Bipinnula) are well
dapted to temperate and cold environments at both sides of the
ndean range (Correa, 1969; Buzatto et al., 2014; Novoa et al.,
015). Their abundance and distribution is highly variable, with
ome species restricted to small areas (i.e.  Gavilea australis is found
nly in Tierra del Fuego and Malvinas Islands) and others with a
road range of more than 2000 km along the Andean Mountains

i.e. Chloraea magellanica) (Schinini et al., 2008; Correa, 1969).

The genus Chloraea, with near 46 terrestrial species, has its cen-
er of diversity in southern South America (Correa, 1996; Correa

∗ Corresponding author.
E-mail address: sebafrac@yahoo.com.ar (S. Fracchia).

ttp://dx.doi.org/10.1016/j.flora.2016.07.008
367-2530/© 2016 Elsevier GmbH. All rights reserved.
and Sánchez, 2003). The genus is not well delimited, and there
are still controversies about its monophyletic status (Chemisquy
and Morrone, 2010; Cisternas et al., 2012). The Chloraea species
were historically separated into three major groups according to
their geographical distribution: the tropical Andean group (Peru,
Bolivia and Northwest Argentina), the Patagonian group (Chile and
South Argentina) and the Eastern South American group (Northeast
Argentina, Uruguay and South Brasil) (Correa, 1969).

In the Argentinian Northwest Andean Range and the associ-
ated Sierras Pampeanas (Famatina, Velasco and Ambato mountain
chains), a number of terrestrial orchid species are still waiting to be
described. Chloraea riojana is a recently discovered species (Sobral
and Novoa, 2013) that belongs to the tropical-Andean group. The
plant is 40–70 cm tall and has fragrant yellowish-green flowers
that bloom in a racemose single spike during November–December
(spring in the southern hemisphere). The species grows among
perennial grasses and low shrubs in the slopes of the Velasco Moun-
tains, at altitudes between 1500 and 3000 m a.s.l. To date only five
small populations of C. riojana have been recorded in the same loca-
tion, and it was not detected in neighboring mountains, which could
indicate a highly restricted distribution.

The study of mycorrhizae in orchid species is fundamental as

a first approach to elucidate not only the symbiotic fungal iden-
tity and plant symbiotic propagation, but also to understand the
role of the symbiosis as a potential driver of the species geograph-

dx.doi.org/10.1016/j.flora.2016.07.008
http://www.sciencedirect.com/science/journal/03672530
http://www.elsevier.com/locate/flora
http://crossmark.crossref.org/dialog/?doi=10.1016/j.flora.2016.07.008&domain=pdf
mailto:sebafrac@yahoo.com.ar
dx.doi.org/10.1016/j.flora.2016.07.008
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ig. 1. Chloraea riojana: (a) typical habitat of C. riojana, showing both sampled pop-
lations on the Velasco mountains (La Rioja Province, Argentina), (b) inflorescence
ith open flowers, (c) spike with capsules.

cal distribution, as well as to find out whether sympatric orchid
pecies can share fungal symbionts in early stages of development
Bonnardeaux et al., 2007; Swarts et al., 2010). Regarding the ter-
estrial orchids of Chile and Argentina, to date only a few studies
ave been carried out in relation to their symbiotic partners and
lant interactions (Steinfort et al., 2010; Fracchia et al., 2013, 2014;
ereira et al., 2014). In order to fill this gap, we set up as objectives
f this research to: (1) assess the mycorrhizal status of the species,
2) isolate protocorm and root endophytic fungi, and (3) assess the
ermination success of C. riojana using one isolated fungus from
heir roots and four orchid mycorrhizal fungi previously isolated
rom the sympatric orchid species Aa achalensis.

. Materials and methods

.1. Orchid populations

Whole plants (aerial and subterranean parts) were collected in
ovember 2013 from two closely located natural populations in

he Velasco Mountains, La Rioja Province of Northwest Argentina
2700 m a.s.l., 28◦ 46′ S, 66◦ 59′ W;  Fig. 1a–c). These mountains
orrespond to the Sierras Pampeanas system, with mountain tops
ver 4000 m a.s.l. The semi-arid eastern slopes are covered with

ow shrubs and perennial grasses, at high altitudes the landscape is
haracterized by a rocky terrain covered with grasslands (Cabrera,
976). The rainfall is strongly seasonal, concentrated almost exclu-
ively to the summer months of December and January. The average
nnual rainfall is about 300 mm and the annual average tempera-
ure is approximately 12 ◦C at 2000 m a.s.l.

Three plant individuals from two populations were collected,
tored in plastic bags and transported to the laboratory within 24 h.
he roots were used to assess the mycorrhizal status and to isolate
he fungal strains. Rhizospheric soil samples were also collected
rom the sampled plants, following Rasmussen and Whigham

1993) for an alternative fungal isolation procedure from proto-
orms. In January 2014 we collected mature capsules (n = 36) from
he same populations, and stored them in glass vials with silica
el. The viability of the seeds was determined within 48 h using
4 (2016) 106–111 107

the tetrazolium test (Van Waes and Bebergh, 1986). The remain-
ing seeds were kept in silica gel for 5 weeks at 5 ◦C in the dark
until used in the germination assay and the buried slide method
described below.

2.2. Fungal colonization assessment

To asses root colonization, orchid roots were rinsed in tap water
and cut into transverse segments of near 1 mm  section. These seg-
ments were cleared using 10% KOH solution, washed in 0.2 N HCl
and stained in 0.05% (w/v) trypan blue in lactic acid overnight,
following an adaptation of Phillips and Hayman (1970). Stained
root segments were observed under microscope (Leica DMLB)
at ×400–1000 magnification to assess fungal colonization, dis-
criminating between dark septate endophytes (DSE, brown) and
Rhizoctonia-like fungi (stained blue). A total of 15 random segments
were assessed for each plant sample (n = 3 for each population). Col-
onization level of target fungi was  obtained with the colonization
frequency formula F% (Fracchia et al., 2013).

2.3. Fungal isolation

To isolate C. riojana fungal endophytes we  followed two meth-
ods: (1) hypochlorite surface sterilized root fragments (1–2 mm,
15 fragments per plant) were plated in agar media (potato dex-
trose agar, PDA) and antibiotics as described elsewhere (Fracchia
et al., 2013), and (2) the procedure described by Rasmussen and
Whigham (1993), consisting of a double mesh (90 �m)  contain-
ing the orchid seeds in a slide, which were buried in pots with the
collected rhizospheric soil. We  buried two  slides per pot, each pot
containing soil from one sampled plant individual (n = 6). The slides
were removed periodically and checked for protocorm formation.
When the development of protocorms was evident under a binocu-
lar microscope, they were cleaned carefully with sterile water and
transferred to agar plates with PDA and antibiotics to allow fungi
to grow. Purified fungal strains were stored at 5 ◦C and included
with a strain number in the fungal collection at the CRILAR (Centro
Regional de Investigaciones Científicas y Transferencia Tecnológica,
La Rioja, Argentina).

2.4. Molecular characterization of fungi

DNA isolation, amplification, and sequencing – Total genomic
DNA was  extracted with the DNeasy Plant Mini Kit (Qiagen, Valen-
cia, California) and used as template for the PCR amplification of the
intergenic spacer region from the nuclear ribosomal DNA  (ITS here-
after), including ITS1, the 5.8S subunit and ITS2. Amplification and
sequencing were carried out using the primers ITS4 and ITS5 (White
et al., 1990). PCR reactions were performed in 25 �l final volume
with 50–100 ng of template DNA, 0.2 �M of each primer, 25 �M of
DNTPs, 4 mM MgCl2, 1X buffer and 1.5 units of Taq polymerase pro-
vided by Invitrogen. The reaction conditions were: a first period of
denaturation at 94 ◦C for 5 min, followed by 36 cycles of denatura-
tion at 94 ◦C for 30 s, annealing at 59 ◦C for 1 min, and extension at
72 ◦C for 1 min  30 s. Final extension at 72 ◦C for 7 min  terminated the
reactions. Automated sequencing was  performed by Macrogen, Inc.
(Korea). Sequence from fungal isolate CC38 (Table 1) was deposited
at GenBank.

2.4.1. Phylogenetic analysis
The new sequence was edited using BioEdit version 5.0.9 (Hall,

1999) and it was  submitted to a BLAST search for a first identi-

fication (http://blast.ncbi.nlm.nih.gov/Blast.cgi). ITS representative
sequences available in GenBank were selected from those 98% iden-
tical to CC38. The alignment was  performed using MAFFT program
version 6 (Katoh and Toh, 2008) available on-line (http://mafft.

http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://mafft.cbrc.jp/alignment/server/
http://mafft.cbrc.jp/alignment/server/
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Table 1
Fungi used in the symbiotic germination of Chloraea riojana.

Isolate Host Close relative GenBank accession

CC8 A. achalensis Gaeumannomyces cylindrosporus KF151198
CC26 A. achalensis Pezizaceae KF151200
CC28 A. achalensis Thanatephorus cucumeris KF151201
CC29 A. achalensis Thanatephorus cucumeris KF151202
CC38 C. riojana Rhizoctonia solani KX267766

Table 2
Developmental stages of in vitro symbioticlally cultured Chloraea riojana.

Stage Description

0 Ungerminated seed, testa intact
1  Enlarged embryo, testa ruptured
2 Appearance of rhizoids (=germination)
3  Appearance of protomeristem
4  Emergence of first leaf (seedling)
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after four weeks. Differential shapes in protocorm development
were observed between the promoting fungal strains. Notably, in
dapted from Stewart and Kane (2006).

brc.jp/alignment/server/). We  performed a phylogenetic analysis
o assign the isolate to a specific fungal group. Species of Cerato-
asidium/Ceratobasidiaceae were used as outgroup. Ceratobasidium
p. (GenBank Acc. number AF354089) was used to root the tree.

The phylogenetic analysis was performed under the parsimony
riterion using TNT version 1.1 (Goloboff et al., 2008). Parsimony-
ninformative characters were excluded and gaps were considered
s missing data. Search strategy consisted of heuristic searches
erformed using 1000 series of random addition sequences (RAS)

ollowed by TBR branch rearrangements, retaining 10 trees per
eries. Trees found were saved in memory and additionally TBR
wapped retaining a maximum 10,000 total trees. A strict con-
ensus tree was generated from the most parsimonious trees.
ranch support was calculated by bootstrapping, performing 1000
esampling iterations and a heuristic search strategy of 5 addition
equences swapped with TBR with 2 trees saved per replicate.

The ITS sequence from isolate CC38 was deposited at GenBank
Acc. Number KX267766).

.5. Symbiotic seed germination

Seeds were surface sterilized following Dutra et al. (2009). Once
terilized, seeds (200–250) were plated in 9-cm Petri dishes con-
aining 20 ml  of sterile oat meal agar (OMA) medium (2 g l−1 rolled
ats, agar 0.8%, pH 6.5 measured prior to autoclaving). The plates
ere previously (4–7 d) inoculated with a 1 cm × 1 cm plug of

ach fungal strain taken from fresh cultures on PDA. The fungi
elected for germination assay are listed in Table 1. We  selected a
hizoctonia-like strain (CC38), together with four previously myc-
rrhizal fungi from the sympatric orchid species Aa achalensis
Fracchia et al., 2013). Each treatment consisted of eight replicates
noculated with a single fungal strain. Uninoculated plates served
s a control. Petri plates were sealed with Parafilm® M and stored
n the dark at 25 ± 2 ◦C for three weeks. After this period the plates

ere exposed to a 14 h cool white fluorescent light photoperiod
22 ± 2 ◦C, 80 �mol  m−2 s−1 at the plate surface). Seed germination
nd protocorm development were monitored weekly and scored
n a scale of 0–5 (Table 2). Percentage seed germination and proto-
orm development was calculated by dividing the number of seeds
n each developmental stage by the total number of viable seeds.
isualization of the fungal structures inside protocorms (n = 10

or each treatment) was evaluated at week 6, after staining them

ith trypan blue (0.05% tripan blue-water solution) overnight and

bserved under microscope.
4 (2016) 106–111

2.6. Statistical analysis

Seed germination values were subjected to one-way analysis of
variance (ANOVA) and the means compared by Duncan’s multiple
range test (p = 0.05). Mean percent root fungal colonization values
were expressed with the corresponding standard error.

3. Results

3.1. Root colonization patterns

Pelotons and hyphal coils were observed in all C. riojana sam-
pling individuals, with a colonization mean of 21.8 ± 7.3% and
30.1 ± 14.8% for each population. Melanized hyphae were scarcely
observed in root samples from a few individuals (3.0 ± 1.1% and
2.6 ± 0.8%). These fungi colonized the first cell layers of the root
parenchyma without any necrotic tissue symptom; microsclerotia
were not detected.

3.2. Fungal isolation

Twenty-one fungal isolates were recovered from the roots of
C. reticulata,  but none of them were related to taxa belonging
to known orchid mycorrhizal fungi. The prevailing genera were
Alternaria-like (6 isolates), Penicillium (3), Trichoderma (3), sterile
septate fungi not related to Rhizoctonia-like morphology (3), and six
unidentified ascomycetous septate and hyaline isolates. In the seed
baits assay we  collected a few protocorms (stage 2, rhizoids) in two
slides from two different pots, after 8 weeks of incubation. From
only one set of protocorms (n = 3) we could recover a Rhizoctonia-
like fungus. Also several ascomycetous fungi grew associated to the
protocorms when plated in the Petri dishes, but were discarded for
the symbiotic germination assay as they were not related to known
mycorrhizal fungi.

3.3. Molecular characterization of fungi

BLAST analysis revealed that sequence from isolate CC38 was
similar (98–99%) to Rhizoctonia solani/Thanatephorus cucumeris.  The
ITS data set comprises 26 taxa and from a total of 748 charac-
ters, 126 were phylogenetically informative. The analysis of the
aligned matrix resulted in 38 trees (Length = 258; Consistency
Index (CI) = 0.65; Retention Index (RI) = 0.78). The strict consensus
is shown in Fig. 2.

The phylogenetic analysis revealed a highly supported group
(Bootstrap value (BS) = 100) which gathered isolates of Rhizoctonia
solani/Thanatephorus cucumeris.  Isolate CC38 was placed in a basal
polytomy within a subclade (BS = 73) (Fig. 2).

3.4. Symbiotic seed germination

The tetrazolium test revealed a viability of 21% for the harvested
C. reticulata seeds. In all treatments, control and symbiotic, the
embryos swelled breaking the testa within 15 days after sowing.
After five weeks, careful examination of protocorms after trypan
blue staining revealed intracellular pelotons in those treatments
inoculated with strains CC38, CC28 and CC29. The mycelium of the
strain CC38 became melanized when the protocorms reached stage
2, allowing us to observe dark pelotons and hyphal coilings with-
out staining (Fig. 3c). In the CC8 and CC26 treatments pelotons did
not develop and the protocorms (stage 1) decayed turning brown
stage 3 higher rhizoid density and a globose shape were evident in
the treatment inoculated with the CC38 strain (Fig. 3d), compared

http://mafft.cbrc.jp/alignment/server/
http://mafft.cbrc.jp/alignment/server/
http://mafft.cbrc.jp/alignment/server/
http://mafft.cbrc.jp/alignment/server/
http://mafft.cbrc.jp/alignment/server/
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Fig. 2. Strict consensus of the nine most parsimonious trees (length = 259, CI = 0.97, RI = 0
bootstrap values.

Fig. 3. Germinated seed and protocorm developmental stages: (a) 0–3 stages with
t
s
l

w
t

w
u
(
m
1
a
n

he CC28 strain, (b) stage 4 in the same treatment, (c) melanized pelotons inside
tage 2 protocorm inoculated with the CC38 strain, (d) globose protocorms inocu-
ated with the strain CC38, (e) stage 3 protocorm of the CC28 treatment.

ith lower hair density and an angular shape in the CC28 and CC29
reatments (Fig. 3a and e).

Seed germination and protocorm development until seedlings
ith two leaves (stage 5) were observed in the treatments inoc-

lated with the Thanatephorus related strains (CC28, CC29, CC38)
Figs. 4–5 ). The most effective strain (CC28) allowed the develop-
ent of nearly 13% of viable seeds into plantlets with leaves after
6 weeks of in vitro culture (Fig. 5). Seedlings with 2–3 leaves from
ll promoting strains were transplanted axenically (week 18) to
ew flasks with fresh oat-agar medium for further growth (data not
.99) resulting from the ITS data matrix analysis. Numbers above branches refer to

shown). Less than 20% of these seedlings survived after 20 weeks
of culture.

4. Discussion

In this study we present novel and valuable information directed
towards the biological knowledge and conservation of a rare and
poorly known terrestrial orchid from the Andean range. We  con-
tribute also to the general knowledge of the Chloraea genus, mainly
related to fruit formation, mycorrhizal symbiotic fungi, specificity
and early development stages.

All collected individuals of C. riojana harbor pelotons in the roots,
but only a very few DSE hyphae in the outer cortical cells. We
have already observed this pattern in other terrestrial orchids of
central Argentina, as well as in the sympatric species Aa achalen-
sis (Fracchia et al., 2008). Remarkably, we could not isolate any
Rhizoctonia-like fungi from the roots, despite they were colonized
and fresh pelotons were evident. We observed similar behavior in
other orchid species from central Argentina (Bipinnula pennicillata,
B. biplumata),  where it was  not possible to isolate fungal strains
from root fragments or excised pelotons (Pers. obs.). Possible causes
could be that recalcitrant isolates could not be adapted to grow in
the agarized media we utilized, or alternatively, that fast growing
saprotrophic fungi could inhibit the development of mycorrhizal

fungi in the plates. Numerous studies have shown remarkable dif-
ferences in the relative frequencies of genera of orchid mycorrhizal
fungi when using culture isolation methods and those detected by
direct amplification of DNA, suggesting that only a fraction of the
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Fig. 4. Effect of fungal isolates on protocorm development of Chloraea riojana 9 weeks after sowing. Histobars with the same letter in each graph are not significantly different
(ANOVA and means compared by Duncan’s multiple range test, p = 0.05).
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ig. 5. Effect of fungal isolates on protocorm development of Chloraea riojana 16
ifferent (ANOVA and means compared by Duncan’s multiple range test, p = 0.05).

oot endophytes has the ability to grow in the commonly used agar
edia (Kristiansen et al., 2001; Porras-Alfaro and Bayman, 2007).

Chloraea riojana seeds germinated and developed protocorms
ith its own fungal isolate (CC38) as well as with those related to

hizoctonia and isolated from Aa achalensis. Both ascomycetes (CC8
nd CC26) had no effect on protocorm development, and necro-
is and tissue disorganization was evident in contrast to what was
bserved in A. achalensis (Fracchia et al., 2013). In both sampled
opulations plus two other that were detected later in 2015, A.
chalensis was growing in the same patch. This shared occupa-
ion of the niche, at least for this habitat, could be determined
y the presence of compatible mycorrhizal fungi in both species.
he role of symbiotic fungi as drivers of orchid species distribu-

ion and plant recruitment was discussed by several authors in
he last years (Bonnardeaux et al., 2007; Swarts et al., 2010). How-
ver, it is more likely that other major variables involved in plant
s after sowing. Histobars with the same letter in each graph are not significantly

establishment and development (edaphic conditions, pollinators)
have different weight, depending on the taxonomical identity of
the species (Davis et al., 2015). Some authors have also discussed
the implication of using exclusively in vitro techniques to describe
orchid–fungi relationships, considering that it may  not always rep-
resent the symbiotic germination that occurs in the wild (Phillips
et al., 2011).

The isolate strain CC38 became dark and melanized, including
the pelotons inside protocorm cells from stage 3. Melanin is a nat-
ural component of most fungal walls that increase their rigidity,
and it is supposed to reduce permeability and metabolite exchange
in endophytic fungi (Money et al., 1998; Henson et al., 1999). In
orchids, pelotons and coils are considered the structures where the

fungi translocate nutrients to the protocorms in the early stages
of plant development (Dearnaley, 2007). Despite this particular
behavior, CC38 strain promoted efficiently symbiotic germination
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temperate forest. Biol. Invasions 4, 175–191.
White, T.J., Bruns, T., Lee, S., Taylor, J., 1990. Amplification and direct sequencing of
S. Fracchia et al. / F

n C. riojana, and a few protocorms were viable until stage 5, becom-
ng dark at the base without any necrosis symptom (see Fig. 2d).

The populations of C. riojana in the Velasco Mountains of North-
est Argentina described in this work represent the only record of

he species to date. There is a conservation risk of this and other
ympatric terrestrial orchid species in this and similar regions.
rgentinian and Chilean Andean plant communities are currently
everely impacted by introduced mammalian herbivores like hares,
ild boars, feral goats and cattle (Vázquez, 2002; Novillo and Ojeda,

008). Thus, we can expect that particularly the terrestrial orchids,
hich lack mechanical and chemical defenses but have highly

alatable leaves and fleshy tuberous roots, could be intensively
redated by these herbivores. Indeed, it has been demonstrated
hat Chloraea species are commonly grazed by introduced Euro-
ean boars (Sus scrofa)  in Chile (Skewes et al., 2007). In our study
ite, European boars and deers (Cervus elaphus) were introduced
n the nineties and are now well distributed together with feral
attle, goats and donkeys (Sobral and Fracchia, 2010). This could
xplain why the few C. riojana individuals we found in the valleys
t lower altitudes (<1700 m a.s.l.), were well protected by a shell of
horny plants. In contrast, both populations studied in this work are
ocated in steep slopes at higher altitudes, where the access for feral
attle is more difficult. However, in one of these sites we  recently
bserved soil disturbance and plant removal, apparently caused by
oars.

In current times, due to anthropogenic activities and climatic
hange, we are facing what some scientists have called a sixth mass
xtinction (Barnosky et al., 2011). Therefore, the study of the natu-
al biology of those species with restricted distribution represents

 valuable tool for conservation purposes and future restoration
rograms. We expect that this work, as well as others with focus
n Andean terrestrial orchids, contribute to a more comprehen-
ive picture about their ecological requirements before these rare
pecies become unnoticeable extinct.

cknowledgement

This research was financed by the CONICET (Consejo Nacional
e Investigaciones Científicas y Técnicas) PICT 0546.

eferences

arnosky, A.D., Matzke, N., Tomiya, S., Wogan, G.O., Swartz, B., Quental, T.B.,
Mersey, B., 2011. Has the Earth/’s sixth mass extinction already arrived?
Nature 471, 51–57.

onnardeaux, Y., Brundrett, M.,  Batty, A., Dixon, K., Koch, J., Sivasithamparam, K.,
2007. Diversity of mycorrhizal fungi of terrestrial orchids: compatibility webs,
brief encounters, lasting relationships and alien invasions. Mycol. Res. 111,
51–61.

uzatto, C.R., Sanguinetti, A., Romero-González, G.A., Van den Berg, C., Singer, R.B.,
2014. A taxonomic synopsis of Brazilian Chloraeinae (Orchidaceae:
Orchidoideae). Phytotaxa 158, 1–22.

abrera, A.L., 1976. Regiones fitogeográficas argentinas, vol. 1. Editorial Acme.
hemisquy, M.A., Morrone, O., 2010. Phylogenetic analysis of the subtrib

Chloraeinae (Orchidaceae): a preliminary approach based on three chloroplast
markers. Aust. Syst. Bot. 23, 38–46.

isternas, M.,  Salazar, G.A., Verdugo, G., Novoa, P., Calderón, X., Negritto, M.A.,
2012. Phylogenetic analysis of Chloraeinae (Orchidaceae) based on plastid and
nuclear DNA sequences. Bot. J. Linn. Soc. 168, 258–277.

orrea, M.N., Sánchez, M.,  2003. Chloraeeae. In: Pridgeon, A.M., Cribb, P.J., Chase,
M.W., Rasmussen, F.N. (Eds.), Genera Orchidacearum, vol 3. Orchidoideae (Part
Two). Oxford University Press, Oxford, pp. 5–16.

orrea, M.N., 1969. Chloraea, género sudamericano de Orchidaceae. Darwiniana
15, 374–500.

orrea, M.N., 1996. Orchidaceae. In: Zuloaga, F., Morrone, O. (Eds.), Catálogo de las

Plantas Vasculares de la República Argentina. Monographs in Systematic
Botanic from the Missouri Botanical Garden, pp. 242–270.

avis, B.J., Phillips, R.D., Wright, M.,  Linde, C.C., Dixon, K.W., 2015. Continent-wide
distribution in mycorrhizal fungi: implications for the biogeography of
specialized orchids. Ann. Bot. 116, 413–421.
4 (2016) 106–111 111

Dearnaley, J.D.W., 2007. Further advances in orchid mycorrhizal research.
Mycorrhiza 17, 475–486.

Dressler, R.L., 1993. Phylogeny and Classification of the Orchid Family. Dioscorides
Press, Portland, OR.

Dutra, D., Kane, M.E., Richardson, L., 2009. Asymbiotic seed germination and in vitro
seedling development of Cyrtopodium punctatum: a propagation protocol for
an  endangered Florida native orchid. Plant Cell Tissue Organ 96, 235–243.

Fracchia, S., Aranda-Rickert, A., Gopar, A., Silvani, V., Fernandez, L., Godeas, A.,
2008. Mycorrhizal status of plant species in the Chaco Serrano Woodland from
central Argentina. Mycorrhiza 19, 205–214.

Fracchia, S., Silvani, S., Flachsland, E., Terada, G., Sede, S., 2013. Symbiotic seed
germination and protocorm development of Aa achalensis Schltr., a terrestrial
orchid endemic from Argentina. Mycorrhiza 23, 1–9.

Fracchia, S., Aranda-Rickert, A., Flachsland, E., Terada, G., Sede, S., 2014.
Mycorrhizal compatibility and symbiotic reproduction of Gavilea australis, an
endangered terrestrial orchid from south Patagonia. Mycorrhiza 24, 627–634.

Goloboff, P.A., Farris, J.S., Nixon, K.C., 2008. TNT, a free program for phylogenetic
analysis. Cladistics 24, 774–786.

Hall, T.A., 1999. BioEdit: a user-friendly biological sequence alignment editor and
analysis program for Windows 95/98/NT. Nucl. Acids. Symp. Ser. 41, 95–98.

Henson, J.M., Butler, M.J., Day, A.W., 1999. The dark side of the mycelium: melanins
of  phytopathogenic fungi. Annu. Rev. Phytopathol. 37, 447–471.

Katoh, K., Toh, H., 2008. Recent developments in the MAFFT multiple sequence
alignment program. Brief. Bioinform. 9, 286–298.

Kristiansen, K.A., Taylor, D.L., Kjøller, R., Rasmussen, H.N., Rosendahl, S., 2001.
Identification of mycorrhizal fungi from single pelotons of Dactylorhiza majalis
(Orchidaceae) using single-strand conformation polymorphism and
mitochondrial ribosomal large subunit DNA sequences. Mol. Ecol. 10,
2089–2093.

Money, N.P., Caesar-TonThat, T.C., Frederick, B., Henson, J.M., 1998. Melanin
synthesis is associated with changes in hyphopodial turgor permeability, and
wall rigidity in Gaeumannomyces graminis var. graminis. Fungal Genet. Biol. 24,
240–251.

Novillo, A., Ojeda, R.A., 2008. The exotic mammals of Argentina. Biol. Invasions 10,
1333–1344.

Novoa, P., Espejo, J., Alarcón, D., Cisternas, M.,  Domínguez, E., 2015. Guía de Campo
de  las Orquídeas Chilenas, segunda edición. Corporación Chilena de la Madera,
Concepción, Chile.

Pereira, G., Romero, C., Suz, L.M., Atala, C., 2014. Essential mycorrhizal partners of
the  endemic Chilean orchids Chloraea collicensis and C. gavilu.  Flora 209, 95–99.

Phillips, J.M., Hayman, D.S., 1970. mproved procedures for clearing roots and
staining parasitic and vesicular–arbuscular mycorrhizal fungi for rapid
assessment of infection. Trans. Br. Mycol. Soc. 55, 158–161.

Phillips, R.D., Barrett, M.D., Dixon, K.W., Hopper, S.D., 2011. Do mycorrhizal
symbioses cause rarity in orchids? J. Ecol. 99, 858–869.

Porras-Alfaro, A., Bayman, P., 2007. Mycorrhizal fungi of Vanilla: diversity,
specificity and effects on seed germination and plant growth. Mycologia 99,
510–525.

Rasmussen, H.N., Whigham, D., 1993. Seed ecology of dust seeds in situ: a new
study technique and its application in terrestrial orchids. Am.  J. Bot.,
1374–1378.

Rasmussen, H.N., 1995. Terrestrial Orchids: From Seed to Mycotrophic Plant.
Cambridge University Press, United Kingdom.

Schinini, A., Waechter, J., Izaguirre, P., Lehnebach, C., 2008. Orchidaceae. In:
Zuloaga, F.O., Morrone, O., Belgrano, M.J. (Eds.), Catálogo de las Plantas
Vasculares del Cono Sur. vol. 1. Monocotyledoneae. Missouri Botanical Garden
Press, pp. 472–609.

Skewes, O., Rodríguez, R., Jaksic, F.M., 2007. Ecología trófica del jabalí europeo (Sus
scrofa)  silvestre en Chile. Rev. Chil. Hist. Nat. 80, 295–307.

Sobral, A., Fracchia, S., 2010. Aa achalensis Schltr (Orchidaceae) en la Sierra de
Velasco La Rioja, Argentina. Kurtziana 35, 19–21.

Sobral, A., Novoa, P., 2013. Chloraea riojana (Chloraeinae-Orchidaceae), una nueva
orquídea argentina. Boletín de la Sociedad Argentina de Botánica 48, 591–598.

Steinfort, U., Verdugo, G., Besoain, X., Cisternas, M.A., 2010. Mycorrhizal
association and symbiotic germination of the terrestrial orchid Bipinnula
fimbriata (Poepp.) Johnst (Orchidaceae). Flora 205, 811–817.

Stewart, S.L., Kane, M.E., 2006. Symbiotic seed germination and in vitro seedling
development of Habenaria macroceratitis (Orchidaceae), a rare Florida
terrestrial orchid. Plant Cell Tissue Organ 86, 147–158.

Swarts, N.D., Sinclair, E.A., Francis, A., Dixon, K.W., 2010. Ecological specialization
in  mycorrhizal symbiosis leads to rarity in an endangered orchid. Mol. Ecol. 19,
3226–3242.

Van Waes, J.M., Bebergh, P.C., 1986. Adaptation of the tetrazolium method for
testing the seed viability, and scanning electron microscopy study of some
Western European orchids. Physiol. Plant. 66, 435–442.

Vázquez, D., 2002. Multiple effects of introduced mammalian herbivores in a
fungal ribosomal RNA genes for phylogenetics. In: Innis, M.A., Gelfand, D.H.,
Sninsky, J.J., White, T.J. (Eds.), PCR protocols: A Guide to Methods and
Applications. Academic, New York, pp. 315–322.

http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0005
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0005
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0005
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0005
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0005
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0005
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0005
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0005
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0005
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0005
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0005
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0005
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0005
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0010
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0010
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0010
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0010
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0010
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0010
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0010
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0010
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0010
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0010
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0010
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0010
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0010
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0010
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0010
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0010
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0010
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0010
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0010
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0010
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0010
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0010
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0015
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0015
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0015
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0015
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0015
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0015
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0015
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0015
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0015
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0015
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0015
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0015
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0015
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0020
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0020
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0020
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0020
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0020
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0020
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0020
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0025
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0025
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0025
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0025
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0025
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0025
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0025
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0025
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0025
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0025
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0025
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0025
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0025
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0025
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0025
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0025
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0025
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0025
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0025
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0025
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0025
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0025
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0030
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0030
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0030
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0030
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0030
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0030
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0030
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0030
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0030
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0030
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0030
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0030
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0030
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0030
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0030
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0030
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0030
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0030
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0030
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0030
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0035
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0035
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0035
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0035
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0035
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0035
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0035
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0035
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0035
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0035
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0035
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0035
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0035
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0035
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0035
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0035
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0035
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0035
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0035
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0035
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0035
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0035
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0035
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0035
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0035
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0035
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0040
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0040
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0040
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0040
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0040
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0040
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0040
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0040
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0040
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0040
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0045
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0045
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0045
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0045
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0045
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0045
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0045
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0045
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0045
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0045
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0045
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0045
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0045
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0045
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0045
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0045
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0045
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0045
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0045
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0045
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0045
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0045
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0045
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0045
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0045
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0045
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0045
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0045
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0045
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0050
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0050
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0050
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0050
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0050
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0050
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0050
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0050
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0050
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0050
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0050
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0050
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0050
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0050
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0050
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0050
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0050
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0050
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0055
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0055
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0055
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0055
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0055
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0055
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0055
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0055
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0055
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0055
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0055
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0060
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0060
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0060
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0060
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0060
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0060
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0060
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0060
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0060
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0060
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0060
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0065
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0065
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0065
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0065
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0065
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0065
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0065
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0065
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0065
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0065
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0065
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0065
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0065
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0065
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0065
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0065
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0065
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0065
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0065
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0065
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0065
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0065
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0065
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0065
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0065
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0065
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0065
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0065
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0065
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0070
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0070
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0070
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0070
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0070
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0070
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0070
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0070
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0070
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0070
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0070
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0070
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0070
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0070
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0070
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0070
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0070
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0070
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0075
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0075
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0075
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0075
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0075
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0075
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0075
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0075
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0075
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0075
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0075
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0075
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0075
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0075
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0075
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0075
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0075
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0075
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0075
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0075
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0075
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0080
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0080
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0080
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0080
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0080
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0080
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0080
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0080
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0080
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0080
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0080
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0080
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0080
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0080
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0080
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0080
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0080
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0080
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0080
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0080
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0080
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0085
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0085
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0085
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0085
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0085
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0085
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0085
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0085
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0085
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0085
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0085
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0085
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0090
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0090
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0090
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0090
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0090
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0090
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0090
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0090
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0090
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0090
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0090
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0090
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0090
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0090
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0090
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0090
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0090
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0090
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0090
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0090
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0090
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0095
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0095
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0095
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0095
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0095
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0095
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0095
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0095
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0095
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0095
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0095
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0095
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0095
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0095
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0095
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0095
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0095
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0100
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0100
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0100
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0100
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0100
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0100
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0100
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0100
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0100
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0100
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0100
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0100
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0100
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0100
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0100
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0105
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0105
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0105
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0105
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0105
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0105
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0105
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0105
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0105
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0105
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0105
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0105
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0105
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0105
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0105
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0105
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0105
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0105
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0105
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0105
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0105
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0105
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0105
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0105
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0105
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0105
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0105
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0105
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0110
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0110
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0110
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0110
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0110
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0110
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0110
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0110
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0110
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0110
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0110
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0110
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0110
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0110
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0110
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0110
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0110
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0110
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0110
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0110
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0110
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0110
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0110
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0110
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0110
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0110
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0115
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0115
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0115
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0115
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0115
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0115
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0115
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0115
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0115
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0115
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0115
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0120
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0120
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0120
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0120
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0120
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0120
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0120
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0120
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0120
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0120
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0120
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0120
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0120
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0120
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0120
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0120
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0125
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0125
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0125
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0125
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0125
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0125
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0125
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0125
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0125
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0125
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0125
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0125
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0125
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0125
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0125
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0125
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0125
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0125
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0125
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0130
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0130
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0130
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0130
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0130
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0130
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0130
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0130
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0130
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0130
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0130
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0130
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0130
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0130
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0130
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0130
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0130
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0130
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0130
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0130
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0130
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0130
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0130
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0130
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0130
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0130
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0130
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0135
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0135
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0135
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0135
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0135
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0135
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0135
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0135
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0135
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0135
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0135
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0135
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0135
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0140
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0140
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0140
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0140
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0140
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0140
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0140
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0140
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0140
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0140
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0140
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0140
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0140
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0140
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0140
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0140
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0140
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0140
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0140
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0140
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0145
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0145
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0145
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0145
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0145
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0145
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0145
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0145
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0145
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0145
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0145
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0145
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0145
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0145
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0145
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0145
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0145
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0145
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0145
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0145
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0145
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0145
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0145
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0150
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0150
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0150
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0150
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0150
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0150
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0150
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0150
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0150
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0150
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0150
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0150
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0160
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0160
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0160
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0160
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0160
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0160
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0160
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0160
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0160
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0160
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0160
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0160
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0160
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0160
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0160
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0160
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0160
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0160
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0160
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0160
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0195
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0195
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0195
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0195
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0195
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0195
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0195
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0195
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0195
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0195
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0195
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0195
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0195
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0195
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0195
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0195
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30110-4/sbref0200

	Associated fungi, symbiotic germination and in vitro seedling development of the rare Andean terrestrial orchid Chloraea r...
	1 Introduction
	2 Materials and methods
	2.1 Orchid populations
	2.2 Fungal colonization assessment
	2.3 Fungal isolation
	2.4 Molecular characterization of fungi
	2.4.1 Phylogenetic analysis

	2.5 Symbiotic seed germination
	2.6 Statistical analysis

	3 Results
	3.1 Root colonization patterns
	3.2 Fungal isolation
	3.3 Molecular characterization of fungi
	3.4 Symbiotic seed germination

	4 Discussion
	Acknowledgement
	References


