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Abstract: Orchidaceae is a highly dependent group on the Rhizoctonia complex that includes Ceratorhiza,
Moniliopsis, Epulorhiza and Rhizoctonia, for seed germination and the development of new orchid plants. Thus,
the isolation and identification of orchid mycorrhizal fungi are important to understand the orchid-fungus rela-
tionship, which can lead to the development of efficient conservation strategies by in vivo germination of seeds
from endangered orchid plants. The aim of our work was to isolate and characterize the different mycorrhizal
fungi found in roots of terrestrial orchids from Coérdoba (Argentina), and, to learn about the natural habit and
fungal associations in the Chaco Serrano woodland pristine region. In this study, bloomed orchid root and rhizo-
sphere soil samples were obtained in two times from Valle de Punilla during spring of 2007; samples were kept
in plastic bags until processed within 48 hours, and mycorrhizal condition confirmed assessing peloton pres-
ence. A total of 23 isolates of the orchideous mycorrhizal Rhizoctonia complex were obtained. The isolates were
studied based on morphological characters and ITS-rDNA sequences. Morphological characteristics as color of
colonies, texture, growth rate, hyphal diameter and length and presence of sclerotia were observed on culture
media. To define the number of nuclei per cell, the isolates were grown in Petri dishes containing water-agar
(WA) for three days at 25°C and stained with Safranine-O solution. The mycorrhizal fungi were grouped into
binucleate (MSGib, 10 isolates) and multinucleate (MSGim, 13 isolates) based on morphological characteristics
of the colonies. We obtained the ITS1-5.8s-1TS4 region that was amplified using primers ITS1 and ITS4. Based
on DNA sequencing, isolates Q23 and Q29 were found to be related to species of Ceratobasidium. Isolates
Q24 and Q4 were related to the binucleated anastomosis group AG-C of Rhizoctonia sp. The rest of the isolates
grouped in the Ceratobasidium clade without grouping. From our knowledge this is the first report of the asso-
ciation of the AG-C testers with terrestrial orchids. A high specificity was observed in the symbiotic relationship.
As the mycorrhizal fungal isolates were obtained from native orchids, they could be incorporated in conservation
programes of endangered orchids in Argentina. Rev. Biol. Trop. 63 (1): 275-283. Epub 2015 March 01.

Key words: Rhizoctonia, Epulorhiza, terrestrial orchids, mycorrhiza, ITS-rDNA.

Terrestrial orchids have mutualistic asso-
ciations with mycorrhizal fungi that are con-
sidered necessary for seed germination and
growth of orchid plants (Batty, Dixon, Brun-
drett, & Sivasithamparam, 2001; Jones, 2006).

Five native species of photosynthetic terres-
trial orchids are known in Chaco Serrano forest
(Cordoba province, Argentina): Aa achalensis
Schitr. 1920, Cyclopogon elatus (Sw.) Schiltr.
1919, Sacoila lanceolata var. australis (Lindl.)
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Szlach. 1994, Habenaria hexaptera Lindl.
1835 and Pelexia bonariensis (Lindl.) Schltr.
1920. They have been previously studied for
fungal colonization in roots (Richardson, Cur-
rah, & Hambleton,1993; Girlanda et al., 2011).
The habitat of these species is the forest, usual-
ly degraded because of the high level of human
impact through slash and burn agriculture in
the uplands. In addition to these environmental
modifications, over-exploitation of forests for
commercial timber use also reduces the pos-
sibilities of establishing mycorrhizal interac-
tions, and thus affecting the distribution pattern
of orchid species (Waterman, & Bidartondo,
2008). Moreover, A. achalensis is an endemic
species which has been recently included in
the red list of the International Union for
Conservation of Nature (Vischi, Natale, &
Villamil, 2004).

Mycorrhizal fungi of orchids form sep-
tate hyphae and coiled structures in the roots
known as pelotons within cortical cells (Urce-
lay, Pasquin, Canovas, & Liébana, 2005). The
fungal species mycorrhizal associations have
been classified as Rhizoctonia (Vilgalys, &
Cubeta, 1994; Otero, Bayman, & Ackerman,
2005; Shan, Liew, Weatherhead, & Hodgkiss,
2002), Ceratorhiza, Moniliopsis and Epulorhi-
za (Ma, Tan, & Wong, 2003). This last genus,
Epulorhiza, is one of the most common genera
forming mycorrhizas with terrestrial orchids
(Zelmer, & Currah, 1997).

Since it is difficult to morphologically
identify genera and species of these anamorphs,
the morphological characteristics were comple-
mented with molecular biological informa-
tion to clarify better the differences between
fungal isolates.

The area of Chaco Serrano Woodland
in Central Argentina has been dramatically
reduced during the past 30 years. Fragmenta-
tion of the woodland has reached a dramatic
scale, affecting plant reproduction and impair-
ing the regeneration of various plant species,
which affects the biodiversity, the multitrophic
interactions with other organisms like mycor-
rhizal fungi, and ultimately ecosystem func-
tioning (Cagnolo, Cabido, & Valladares, 2006).

In this context, the aim of our work was to
isolate and characterize the mycorrhizal fungi
isolated from terrestrial orchids from Coérdoba
(Argentina), and to learn about the natural habi-
tat and fungal associations in a region with no
human intervention.

MATERIAL AND METHODS

Area of study and plant source: The study
sites were located at approximately 30°50" S -
64°30" W (site A) and 30°51" S - 64°33" W (site
B) at the Valle de Punilla in Cérdoba Province.
Overall, the region is classified as subtropical
with annual average air temperature of 16°C
(10°C in winter and 22°C during summer) and
total annual precipitation between 700 and
800mm, falling mainly in the warm season
(November-March). Roots of orchid species
were collected between November-December
2007, when the plants were in bloom. Rhi-
zosphere soil and whole orchid plants were
collected from Huerta Grande, Villa Giardino,
La Falda and Capilla del Monte at the Valle de
Punilla in Cérdoba Province. The samples were
kept in plastic bags and later processed within
48h (Fracchia et al., 2009).

Mycorrhizal colonization: In order to
confirm mycorrhization, presence of peloton
structure was assessed. Orchid roots were
washed with tap water and cleared using 10%
(w/v) KOH solution. Roots with fungal struc-
tures were subsequently stained with 0.05%
(w/v) trypan blue in lactoglycerol (1:1:1 lac-
tic acid, glycerol, and water) following pro-
cedures described by Phyllips and Hayman
(1970). Finally, transversal sections of roots
were prepared and observed under a Nikon
(Optiphot-2) light binocular microscope at a
100X magnification.

Fungal isolation: Mycorrhizal fungi were
isolated from roots of 23 different orchid
plants. The roots were rinsed with tap water to
remove debris, and were cut into lcm length
segments. The surfaces of these root segments
were sterilized in 10% sodium hypochlorite
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solution for 3min; then segments were rinsed
three times with sterile distilled water. The
segments were placed on potato dextrose agar
(PDA) in Petri dish plates. The plates were
incubated in the dark at 25°C, and microscopic
observations were made daily during seven
days (Fracchia, Silvani, Flachsland, Terada, &
Sede, 2014). Fungal hyphal tips emerging from
root tissues and cells containing peloton struc-
ture were transferred to fresh PDA and were
further cultivated.

The pure cultures were kept, for further
use, on PDA and malt extract-agar (MEA) in
tubes containing soil: oat bran (1:2) at 4°C, and
in eppendorf tubes with wheat seeds at -20°C.
All isolates were included in the collection of
the Instituto de Microbiologia y Zoologia Agri-
cola (IMyZA-INTA).

Morphological and cytological obser-
vations: Morphological characteristics deter-
mined in the cultures were: the color of
colonies, texture, growth rate, number of nuclei
per cell, hyphal diameter and length and pres-
ence of sclerotia on PDA and MEA. In order
to observe the number of nuclei per cell, the
isolates were grown in Petri dishes containing
water-agar (WA) for three days at 25°C and
nuclei were stained with Safranine-O solution
(Bandoni, 1979).

Growth rates were determined on PDA
by measuring the colony diameter in two per-
pendicular directions every 24h for eight days.
The colony diameter includes the diameter of
the initial inoculum (Smm). The measurements
were carried out in triplicate. Growth data were
analyzed with ANOVA and means of different
subgroups were compared by Tukey's test on
days four and six. All statistical analyses were
performed using the Infostat statistical software
(Di Rienzo et al., 2013).

The potential relationship between the
mycorrhizal fungal isolates and orchid species
was compared by Fisher's Exact Test, accord-
ing to data shown in Table 1.

Molecular analysis: Mycelia grown in
potato broth (2mL) was placed in a -80°C

freezer for two minutes, then transfered to
a water bath at 95°C for one minute and
macerated with glass beads three times to
homogenization. DNA was precipitated with
100% chloroform solution (Harju, Fedosyuk,
& Peterson, 2004). The genomic DNA was
quantified with a spectrophotometer at 260nm
and at 280nm to check interfering substances.

The ITS1-5.8s-1TS4 region was amplified
using primers ITS1 and ITS4 (White, Bruns,
Lee, & Taylor, 1990). In a 50uL total volume,
10-100ng genomic DNA was used as tem-
plate, using 20mM Tris-HCI (pH 8.4), SOmM
KCl, 0.2mM dNTPs, 0.2uM primer, 3mM
MgCl,, and 0.2U/pL High Fidelity Platinum
taq polymerase (Invitrogen). The amplifica-
tion program was as follows: 1min at 94°C, 1
cycle; 15s at 94°C, 15s at 58°C, 15s at 68°C,
30 cycles; 7min at 72°C, 1 cycle. Aliquots of
the corresponding amplification products were
separated by electrophoresis in 1.5% agarose
and stained with ethidium bromide and visual-
ized using an UV transilluminator.

The PCR products were purified using the
Geneclean Spin kit (Qbiogene), eluted in 30uL
ultrapure water. Sequencing was conducted
under BigDyeTM Terminator v 3.1 (Applied
Biosystems) based on Sanger’s method. The
reacted products were purified using ethanol
precipitation and run with Genetic Analyzer
3130x1 at Unidad de Genomica - Instituto de
Biotecnologia - CICVyA.

For the phylogenetic analysis the multiple
alignments were performed with ClustalW in
MEGA version 4.0 (Tamura, Dudley, Nei, &
Kumar, 2007) among 11 rDNA-ITS sequences
from our isolates and the following sequenc-
es retrieved from GenBank: Waitea circinata
(EF429315); Rhizoctonia zeae (AB213595);
Epulorhiza albertensis (AF345563); Epulorhi-
za anaticula (EU218891); Tulasnella calospo-
ra (DQ388045); Rhizoctonia solani AG6-HG-1I
(AF354102); AG-8 (AF153795); AG-3
(AF153771); AG-10 (AF153800); Ceratoba-
sidium albasitensis (HQ680963); Ceratobasi-
dium sp. (JF912482); AG-B(0) (DQ102430);
AG-H (AF354089); AG-C (AB290021);
AG-12 (AF153805); AG-4 (DQ102449);
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TABLE 1
Morphological characteristics of the colonies, location and accession number to the GeneBank

Host Site! Fungal Colony Nuclei number Sc.lerotia Morphological Accesion
isolate morphology percell>  formation (yes/no)  subgroup®  Number GenBank
Sacoila australis HG Ql Dark brown BN No MSG4b
VG Q7 Dark brown BN No MSG4b
HG Q20 Dark brown BN No MSG4b
CM Q22 Dark brown BN No MSG4b
HHG Q28 Dark brown BN Yes MSG4b HQ713496
VG Q10 Light brown BN Yes MSGl1b HQ713498
VG Ql6 Light brown BN No MSG2b
VG Q6 Light brown MN Yes MSG4m HQ713506
VG Q8 Light brown MN Yes MSG4m HQ713501
HG Qs Dark brown MN No MSG3m
VG Q9 Dark brown MN Yes MSG3m HQ713500
VG Q15 Dark brown MN No MSG3m
VG Q25 Golden yellow MN No MSG5m
Pelexia bonariensis HG Q21 Dark brown BN Yes MSG4b HQ713497
Aa achalensis HG Q23 Golden yellowish BN Yes MSG5b HQ713403
HG Q24 White BN No MSG3b HQ713499
LF Q2 White MN No MSGIm
LF Q13 Light brown MN Yes MSG4m HQ713505
Cyclopogon elatus HG Q26 Golden yellow MN No MSG5m
HG Q29 Golden yellow MN Yes MSG5m HQ713504
Habenaria hexaptera VG Q4 White MN No MSGIm HQ713502
VG Q30 White MN No MSGIm
HG Q27 Dark brown MN No MSG2m

1. Locations: HG: Huerta Grande, VG: Villa Giardino, CM: Capilla del Monte; LF: La Falda.
2. Number of nuclei per cell: BN: binucleated, MN: multinucleated.
3. MSGij: i=subgroup number; j=binucleated or multinucleated.

AG-F (DQ102440); AG-Fb (AB219145.1);
AG-L (AF354093); AG-O (AF354094); AG-G
(AB196646); AG-A (DQ102417). Cladogram
construction was done with NONA (Goloboff,
1999) in Winclada (Nixon, 2002). Heuristic
search strategy was performed using Mul-
tiple TBR + TBR with 10000 hold and 1000
replicates in a matrix of 35 taxa with 397
informative characters. Bootstrap values were
calculated from 1000 replicates; they will be
shown as a number above branches and abbre-
viated as “bv”.

RESULTS

Isolation of mycorrhizal fungi from
orchid roots: All the orchid roots were of

characteristic coarse appearance (Fig. 1A,
example of Sacoila australis). All roots were
colonized by mycorrhizal fungi, evidenced by
the presence of mycorrhizal structures (Fig
1B) and of peloton structures in cells (Fig.
1C). A total of 23 strains were obtained with
characteristic morphology resembling the Rhi-
zoctonia group. Ten isolates showed two nuclei
per cell, whereas 13 showed multinucleate cells
(Table 1).

Morphological identification: The iso-
lated fungi were grouped into morphological
subgroup binucleate (MSG,b) and multinucle-
ate (MSG;m) isolates. Further grouping was
by colour of the colonies (Table 1). One-factor
ANOVA and Tukey contrasts showed that there
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Fig. 1. A. Sacoila australis; B. Transversal section of S. australis root (A10X); C. Intraradical structures (pelotons) in S.
australis root (A:40X).

were no significant differences were found in
the length and width of hyphae among all the
isolates of mycorrhizal fungi Sclerotia forma-
tion on PDA was observed in the isolates: Q23,
Q9, Q8, Q28, Q21, Q10, Q13, Q6 and Q29.

Growth rate was analysis with one-factor
ANOVA and Tukey contrasts showed signifi-
cant different among binucleate morphological
subgroups on days four and six (F , ,=13.94,
p<0.01). Also, in the multinucleate subgroups
the one-factor ANOVA and Tukey contrasts
showed significant differences among sub-
groups on days four (F4,1= 8.19, p<0.01) and
six (F 4= 6.39, p<0.05) (Table 2).

Molecular data analysis: Amplification
products 600 to 800bp size from ITS1-5.8s-
ITS4 region were obtained from one isolate
of each subgroup. The sequences of the fungi
obtained during this study were deposited at
GenBank (Table 1).

TABLE 2
Growth kinetics of isolates

Morphological

subgroup Day 4 (cm)! Day 6 (cm)!
MSGl1b 44402 8.6+0P
MSG2b 49+0°¢ 86+0°
MSG3b 5.8+00b 8.6+0"
MSG4b 55+0449 8.6+0"be
MSGS5b 6.1+0bd 8.6+ 0bd
MSGIm 45+04¢% 7.8+0.3°2
MSG2m 4+02 73+0¢
MSG3m 55+0.3bc 8.6+£0bd
MSG4m 51+14%° 78+1.54d
MSG5m 5+05°P 8.2+0.3d

1. Mean values, from isolates belonging to the same
morphological subgroup, of colony diameter in cm,
including the diameter of initial inoculum, with their
respective standard deviation, measured on days 4 and 6
for the morphological subgroups. The mean values were
obtained from three independent experiments. Different
letter indicates significantly differences (p<0.05) according
to one-factor ANOVA and Tukey test.
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Fig. 2. Genetic relationships among the isolates from terrestrial orchid’s roots based on the internal transcribed spacer

sequences.

The Parsimony Analysis gave six most
likely parsimonious trees, length 1 218 steps
with Consistency Index = 60 and Retention
Index = 68; 108 suboptimal trees were gener-
ated. The strict consensus analysis (Fig. 2)
generated 12 clades. The topology shows two
main clades: one corresponds to fungal isolates
of Epulorhiza/Waitea (65%bv) and the other to
isolates of the Rhizoctonia | Ceratobasidium
group (100% bv).

The native isolates grouped within the
second clade. The isolate Q29 grouped with
C. albasitensis with 100%bv. The isolate Q23
grouped (77%bv) with Ceratobasidium sp.
EE-2011 isolate OP7. The isolates Q24 and Q4
grouped with high bootstrap value (100%) with
Ceratobasidium sp. AG-C reference sequence.

280

The rest of the isolates grouped in the Cerato-
basidium clade without grouping.

The AG-Bo, AG-A, and AG-12 were
found in separate clades and none of them were
related with our isolates.

Relationship among different isolates
and their corresponding hosts: Fisher’s test
showed significant differences (p<0.0001) for
the MSG,b and MSG.m associated to different
species of orchids. The specificity among the
orchid species collected at the Valle de Punilla
and the strains isolated showed the follow-
ing distribution: H. hexaptera and C. elatus
were colonized by only one group, AG-C
(AB290021) and C. albasitensis (HQ680963),
respectively. On the other hand, A. achalensis
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roots were colonized by AG-C and Ceratobasi-
dium sp. (JF912482).

DISCUSSION

Based on the morphological description
of the colonies and the growth rate in PDA,
it was possible to classify the isolates in ten
subgroups. Both binucleate and multinucle-
ate groups showed significant differences in
growth rates among subgroups. Isolates belong-
ing to the same binucleate subgroup, show no
significative differences in growth rates. On the
other hand, the multinucleate growth kinetics
was variable for each isolate belonging to the
same subgroup.

The phylogenetic analysis of the ITS
sequences showed that the native isolates were
grouped within the Ceratobasidium/Rhizocto-
nia Clade, independently of the nuclear num-
ber. The isolate Q29 is highly similar to C.
albasitensis showing that it could belong to that
species. Eisold and Grosch (2010) obtained C.
albasitensis, identified as isolate 26/5, from
root tips of Dactylorhiza purpurella, so this
species is related to orchid’s species (http:/
dpg.phytomedizin.org/fileadmin/daten/04 Ver-
lag/03 JB/Jahresbericht 2010.pdf).

The isolate Q23 is similar to the Ceratoba-
sidium strain EE-2011 OP7 isolated from roots
of Orchis purpurea (Girlanda et al., 2011).
Only isolates Q24 and Q4 were related to
known binucleate AG, corresponding to AG-C
(AB290021). Although one of them (Q4) is a
multinucleate strain, they both present similar
morphological characteristics.

It is important to highlight that none of
the isolates correspond to the anastomosis
groups that are associated with orchids (AG-
A; AG-B(0), AG-6 and AG-12). We want to
point out that this is the first report about the
association between the AG-C and terrestrial
orchids. The only report we found is in straw-
berry (Fang, Finnegan, & Barbetti, 2013). As
the strains were isolated from native orchids,
we suggest including them as new testers for
terrestrial orchids in Argentina.

On the other hand, the rest of our strains
did not form a consolidated clade among them
and with known tester strains of Rhizoctonia
sp. This result indicates that our isolates may
represent a polyphyletic group. However, most
AGs have been reported as representing mono-
phyletic units (Vilgalys, & Cubeta, 1994; Shan
et al., 2002).

In agreement with the results reported by
Bonnardeaux et al. (2007), we observed differ-
ent behavior (Bonnardeaux et al., 2007). While
some orchid species, such as C. elatus and P.
bonariensis, established associations with only
one subgroup, others such as S. australis were
colonized by more than one subgroup. The dif-
ferences among the subgroups of Rhizoctonia
indicate a preference for the colonization of
some orchid species. S. australis is the spe-
cies that mainly contributed to this difference.
Although in other species this behavior cannot
be ruled out, these results must be confirmed
with a larger number of isolates.

McCormick, Whigham, and O’Neill,
(2004), Otero et al. (2005), McCormick
Whigham, Sloan, O'Malley, and Hodkinson
(2006) and Dearnaley (2007) have established
that there is a considerable variation in the col-
onization of terrestrial orchid roots (Dearnaley,
2007; McCormick et al., 2004; Otero et al.,
2005, McCormick et al., 2006). Some species
are associated with different fungi along their
life cycles. McCormick et al. (2006) reported
that Goodyera pubescens is able to change
the symbiont under unfavorable environmen-
tal conditions, in particular, those that lead to
alterations in the soil microbial communities
(McCormick et al., 2006). In cases where a
specific mycorrhizal association is required,
the availability of the appropriate symbiont
and critical environmental factors needed for
orchid survival are important in their distribu-
tion as well as in the population size. Species
associated with a reduced number of AG are
more susceptible to changes in the environment
that can lead to the disappearing of the suitable
mycorrizal fungi.

The results of this study will contrib-
ute to the understanding of the orchid-fungus
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relationship and consequently to the develop-
ment and improvement of conservation strate-
gies for endangered orchid species in pristine
regions, currently degraded after the high
human impact level.

ACKNOWLEDGMENTS

The authors wish to thank to University of
Buenos Aires (UBA) and the Consejo Nacio-
nal de Investigaciones Cientificas y Técnicas
(CONICET) for their financial support.

RESUMEN

Hongos micorrizicos aislados de orquideas terres-
tres nativas de regiones pristinas en Cordoba (Argenti-
na). La Familia Orchidaceae se encuentra estrechamente
relacionada con hongos micorrizicos que pertenecen al
complejo Rhizoctonia, e incluyen los géneros Ceratorhiza,
Moniliopsis, Epulorhiza y Rhizoctonia. Esta asociacion
es esencial para el desarrollo de nuevas plantas ya que
favorecen el proceso de germinacion de las semillas. Por lo
tanto, el conocimiento de la naturaleza de esta interaccion
es importante para que los resultados de los programas de
conservacion de orquideas sean efectivos. La fragmenta-
cion del bosque Chaquefio Serrano en el centro de Argen-
tina, ha alcanzado un punto critico en los ultimos afios,
afectando el funcionamiento del ecosistema. El objetivo
de este trabajo fue: a) aislar y caracterizar hongos mico-
rrizicos presentes en orquideas terrestres de la provincia
de Cordoba (Argentina) y b) conocer el habitat natural y
las asociaciones fungicas que se establecen en esta region
pristina. A partir de las raices de orquideas terrestres, se
obtuvieron 23 aislamientos de hongos micorrizicos que
pertenecen al complejo Rhizoctonia. Estos aislamientos
fueron caracterizados con base en caracteres morfologicos
y moleculares. Las caracteristicas morfologicas (color y
textura de las colonias, cinética de crecimiento, diametro
y largo de la hifa y presencia de esclerocios) fueron obser-
vados en PDA y MEA a 25°C. El numero de nucleos por
célula se observo en cultivos crecidos en AA (agar-agua) y
tefiidos con una solucion de Safranine-O. La region ITS se
amplifico usando los primers ITS1 e ITS4. Con base en las
caracteristicas morfoldgicas de la colonia, los aislamientos
fueron agrupados en binucleados (MSGib) y multinuclea-
dos (MSGim). De acuerdo al cladograma obtenido con las
secuencias de ADN, los aislamientos Q23 y Q29 estan rela-
cionados a especies de Ceratobasidium, aisladas de raices
de orquideas. Los aislamientos Q24 y Q4 se asocian con el
grupo de anastomosis de Rhizoctonia AG-C. Finalmente, se
observo una alta variabilidad en el grado de especificidad
existente en la simbiosis que se establece entre las raices
de estas orquideas terrestres y los aislamientos obtenidos

a partir de ellas. Este es el primer reporte de la asociacion
entre el grupo de anastomosis AG-C y orquideas terrestres.
Dado que estos aislamientos se obtuvieron de orquideas
terrestres nativas, podrian ser incorporados como nuevos
patrones para micorrizas de orquideas terrestres en Argen-
tina. Este trabajo contribuye al conocimiento de la relacion
simbidtica que se establece entre orquideas y hongos
micorrizicos, asi como también al desarrollo de estrategias
de conservacion de orquideas terrestres nativas del bosque
Chaco Serrano.

Palabras clave: Rhizoctonia, Epulorhiza, orquideas terres-
tres, micorrizas, ITS-rDNA.
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