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Presence of orchid mycorrhizal fungi at two developmental
stages under different climatic conditions in
Rhynchostele cervantesii (Orchidaceae)

Presencia de hongos micorrizicos orquideoides en
dos estados de desarrollo bajo diferentes condiciones
climaticas en Rhynchostele cervantesii (Orchidaceae)
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Abstract:

Background and Aims: Mycorrhizal symbiosis is important for orchids during early stages of development. This association in subsequent develop-
mental stages is scarcely documented, specifically in epiphytic orchids. The objective of this work was to evaluate the mycorrhization of Rhynchostele
cervantesii in two developmental stages under contrasting weather conditions.

Methods: The mycorrhization was evaluated in situ in 50 adult plants and 50 juvenile plants during wet and dry seasons for two years. We collected
one or two roots per plant. The mycorrhization percentage was registered, and digestion state of pelotons as: a) intact, b) digestion process and c)
digested. The type of root attachment was registered as in contact with the substrate or aerial, and the root zone as basal, medium and apical.

Key results: The average mycorrhization percentage between juvenile and adult plants was not significantly different, while between seasons, it was
higher in wet season 1, followed by wet season 2. The lowest percentages of mycorrhization were registered for dry seasons 1 and 2. Intact peloton
average during average wet season (18 pelotons) was significantly higher than in the dry season (0.5 pelotons), while digested pelotons were more
abundant in dry season (10.5 pelotons) than in the wet season (0.5 pelotons), with no differences between juvenile and adult plants. Mycorrhization
percentage was significantly higher in roots in contact with substrate (32%) than in aerial roots (28%), and higher in basal roots (55%) than in apical
roots (2%).

Conclusions: Functional mycorrhization (with degraded pelotons) is present in two orchid developmental stages, suggesting that this association is
important during the complete life cycle of R. cervantesii. Dry season negatively impacts the mycorrhization percentage and positively the digestion
of pelotons. Therefore, we consider that the prevalence of droughts could have an adverse effect on this association.
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Resumen:

Antecedentes y Objetivos: La simbiosis micorrizica es importante para las orquideas durante sus primeras etapas de vida. Esta asociacién en estados
de desarrollo posteriores estd escasamente documentada, especialmente en las orquideas epifitas. El objetivo de este trabajo fue evaluar la micorri-
zacién de Rhynchostele cervantesii en dos categorias de desarrollo en condiciones climaticas contrastantes.

Métodos: La micorrizacidn se evalud in situ en 50 plantas adultas y 50 juveniles, durante épocas himeda y seca por dos afios. Se colectaron una o dos
raices por planta. Se registro el porcentaje de micorrizacidén y también el estado de digestién de los pelotones: a) intactos, b) en estado de digestion
y ¢) digeridos. El tipo de raiz se registr6 como en contacto con el sustrato o aérea; y la zona de la raiz como basal, media y apical.

Resultados clave: El promedio de micorrizacidn entre plantas juveniles y adultas no fue significativamente diferente, mientras que entre estaciones
fue mayor en época humeda 1, seguido por época humeda 2. Los porcentajes mas bajos se registraron en las épocas secas 1y 2. El nimero de pe-
lotones promedio intactos en época hiumeda (18 pelotones) fue mayor que en época seca (0.5 pelotones), mientras que los digeridos fueron mas
abundantes en época seca (10.5 pelotones) que en la himeda (0.5 pelotones), sin diferencias entre plantas juveniles y adultas. El porcentaje de
micorrizacién fue mayor en raices en contacto con el sustrato (32%) que en aéreas (28%), y mayor en la base de las raices (55%) que en el apice (2%).
Conclusiones: La micorrizacion funcional (con pelotones degradados) en R. cervantesii esta presente en dos categorias de desarrollo, sugiriendo que
esta asociacion es importante durante todo su ciclo de vida. Las estaciones secas impactan negativamente el porcentaje de micorrizacion y positi-
vamente la digestién de los pelotones. Por lo tanto, consideramos que la prevalencia de sequias puede tener un efecto adverso en esta asociacion.
Palabras clave: categorias de desarrollo, hongos micorrizicos, pelotones.
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Introduction

One of the most important characteristics of orchids is the
tiny size of their seeds lacking reserve substances. Hence,
orchids rely on colonization by compatible mycorrhizal fun-
gi for their germination and seedling development (Selosse
et al., 2002; Cozzolino and Widmer, 2005; Otero et al.,
2005, 2011; Smith and Read, 2010; Avila-Diaz et al., 2013;
Dearnaley et al., 2016; Khamchatra et al., 2016; Parthibhan
et al., 2017; Shubha and Srinivas, 2017; Qin et al., 2019).
Orchid mycorrhiza are characterized by a colonization pat-
tern in which hyphae penetrate the cortical cells, forming
intracellular hyphal coils, known as pelotons (Hagsater
et al., 2005; Selosse et al., 2011; Zettler and Corey, 2018;
Yeh et al.,, 2019). This association has been considered
asymmetric, as it appears to be more important for or-
chids than for the fungi (McCormick and Jacquemyn, 2014;
Selosse and Martos, 2014; McCormick et al., 2018). These
fungi provide carbon and minerals during the early stages
of development (Dearnaley et al., 2016).

Orchid mycorrhizal fungi mainly belong to two ma-
jor divisions: Basidiomycota and Ascomycota (Martos et al.,
2012; Egidi et al., 2018; Novotna et al., 2018). Basidiomy-
cota are grouped within Rhizoctonia DC. (Tulasnellaceae,
Ceratobasidiaceae, and Serendipitaceae) (Dearnaley, 2007
Jacquemyn et al., 2017). Within the Ascomycota, the order
Helotiales is the most frequently reported as putative or-
chid mycorrhizal fungus (Avila-Diaz et al., 2013; Khamchatra
et al., 2016).

There is a controversy about the importance of this
association in subsequent stages of orchid development.
Some authors report a greater diversity of fungi in the ger-
mination stage, while this diversity decreases in seedlings
(Waud et al., 2017). For example, in Liparis loeselii (L.) Rich.,
soil samples, protocorms, seedlings, and roots of adult
plants were collected to identify associated mycorrhizal
fungi. It was reported that the family Thelephoraceae exhi-
bited high prevalence, accounting for approximately 25 to
65% of the recovered sequences, whereas Sebacinaceae
showed a broader distribution but lower relative abun-
dance, representing about 10 to 20% of the identified se-
quences (Waud et al., 2017). Mycorrhizal fungal commu-
nities varied across plant developmental stages: in soil,

Acta Botanica Mexicana 133: e2432 | 2026 | https://doi.org/10.21829/abm133.2026.2432

taxa showed high penetrance, with Inocybaceae being
particularly prominent (90% of samples; 11% of sequen-
ces) (Waud et al., 2017). Protocorms harbored the highest
abundances and penetrance values (75-100%), notably
Thelephoraceae (100-64%) and Inocybaceae (100-40%)
(Waud et al., 2017). In seedlings and adult plants, a ge-
neral decline in fungal prevalence was observed, with the
exception of Inocybaceae, which reached a penetrance of
100% and a prevalence of 50% in adult roots (Waud et al.,
2017). In Cephalanthera damasonium (Mill.) Druce and C.
longifolia (L.) Fritsch, the diversity of mycorrhizal fungi was
lower at the seedling stage (one taxon) than during germi-
nation (five taxa) and in adult plants (six taxa) (Bidartondo
and Read, 2008).

Other authors mention that, in natural conditions,
terrestrial and epiphytic juvenile orchids have variable
dependence on these fungi, while in adult plants the my-
corrhiza become intermittent, and disappears (Bertolini
et al., 2014). It has been found that mycorrhizal fungi are
not only present in orchid germination but can also re-
main up to adult stages in terrestrial and epiphytic spe-
cies (Rasmussen, 2002; Rasmussen and Whigham, 2002;
Rasmussen et al., 2015; Dearnaley et al., 2016; Favre-Godal
et al., 2020; Rammitsu et al., 2020).

Epiphytic habitat varies due to the existence of a
strong water and nutrient limitation as well as changes in
physical-chemical characteristics of substrate (phorophyte)
(Zotz and Hietz, 2001). Under these conditions, mycorrhi-
zation has a significant role in the establishment and sur-
vival of epiphytic plants during their life cycle and their
spatial distribution (Martos et al., 2012; Avila-Diaz et al.,
2013; McCormick and Jacquemyn, 2014; Cevallos et al.,
2017; Rasmussen and Rasmussen, 2018). Indeed, some
research on adult orchids demonstrates that most orchids
present mycorrhization. Sathiyadash et al. (2012) studied
mycorrhization in 31 species (22 epiphytes, 8 terrestrial
and 1 both epiphytic and lithophytic) noticing mycorrhi-
zation in all species, mainly in the roots in contact with
substrate. Root colonization by orchid mycorrhizal fungi
varied among growth forms. Epiphytic species generally
showed moderate to high colonization, with some species
such as Acampe praemorsa (Roxb.) Blatt. & McCann being
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more extensively colonized than others, like Luisia zeylanica
Lindl. Terrestrial orchids tended to exhibit higher coloniza-
tion overall, while the lithophyte Oberonia ensiformis (Sm.)
Lindl. displayed intermediate levels (Sathiyadash et al.,
2012).

The presence and intensity of mycorrhization
was evaluated in Laelia autumnalis (Lex.) Lindl. and L.
furfuracea Lindl., two epiphytic species, comparing roots
in contact with substrate and aerial roots, and comparing
the zone of mycorrhizal root (basal, medium and apical)
(Jiménez-Pefia et al.,, 2018; Garcia-Sanchez et al., 2024).
Both species showed significantly higher mycorrhization
in roots in contact with substrate; L. furfuracea exhibited
38% mycorrhization in roots in contact with the substrate
and 1% in aerial roots (Garcia-Sanchez et al., 2024). Laelia
autumnalis showed higher mycorrhization in the basal root
zone and L. furfuracea in the medium root zone (Jiménez-
Pefia et al., 2018; Garcia-Sanchez et al., 2024).

The number of pelotons in orchid roots can vary
among individuals and seasonality plays a key role in my-
corrhization percentage (Zettler and Corey, 2018). In the
epiphytic species Epidendrum stamfordianum Bateman,
Stelis quadrifida (Lex.) Solano & Soto Arenas, and Erycina
crista-galli (Rchb.f.) N.H.Williams & M.W.Chase, both the
percentage of mycorrhization and that of intact pelotons
were higher in the wet season than in the dry season (Ber-
tolini et al., 2014). A major quantity of pelotons in autumn
and a higher quantity of digested pelotons in spring was
registered in Gavilea araucana (Phil.) M.N.Correa, a terres-
trial species (Duran et al., 2007).

Understanding the relationships between mycorrhi-
zation and orchid life cycle and fitness is the baseline to
inform better management practices. For example, it has
been reported that mycorrhizal fungi boost the growth and
development of in vitro orchids, increase the survival and
development rates of ex vitro orchids, and enhance the de-
velopment of stems and flowers (Chang, 2008; Wu et al.,
2011; Teixeira da Silva et al., 2014).

Rhynchostele cervantesii (La Llave & Lex.) Soto Are-
nas & Salazar is an endemic orchid from Mexico distrib-
uted in the states of Guerrero, Jalisco, Mexico State, Mi-
choacan, Morelos, Oaxaca, and Veracruz (SNIB, 2016). This
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species is included in NOM-059-SEMARNAT-2010 (SEMAR-
NAT, 2010) as endangered for being a highly valued species
for ornamental use worldwide; because of the beauty of
its flowers, its populations are under great extraction pres-
sure. Even in some regions of Mexico it is sold during holi-
day season to decorate churches and nativities (Soto-Are-
nas y Solano-Gémez, 2007). The only study about the
endophyte fungi of R. cervantesii is that of Cruz-Higareda
et al. (2015), where nine fungal strains were isolated but
not identified. Three of them (RC062.4EFIM, RC062.4EFIM,
and RCRPTC6.3FIM) promoted germination; however, pro-
tocorm development was not successful. There are no
studies about R. cervantesii mycorrhizal associations, and
this information is needed to promote the conservation of
this endangered orchid.

Our hypotheses were:a) mycorrhizal fungiare present
in both juvenile and adult plants, playing an important role
throughout the entire life cycle of R. cervantesii; b) the per-
centage of mycorrhization and the digestion state of pelo-
tons are influenced by seasonality (humidity vs. drought),
root type (in contact with substrate or aerial), and root
zone (basal, medium and apical parts). Therefore, the ob-
jective of this research was to understand the importance
of R. cervantesii mycorrhization by evaluating the mycorrhi-
zation in different developmental stages under contrasting
weather conditions.

Materials and Methods

Study system and site

Rhynchostele cervantesii is an epiphytic orchid with
pseudobulbs that have ovoid to globular shape, dark green
with black spots, its flowers are white with concentric
brown-reddish lines on the tepal base, occasionally on the
labellum (Espejo et al., 2002) (Fig. 1A). This species is dis-
tributed in Mexico throughout the forests of the Eastern
Sierra Madre, the Trans-Mexican Volcanic Belt and part of
the Southern Sierra Madre (SNIB, 2016). In our research
site it has been reported mainly as epiphytic both in the hu-
mid montane forest (HMF) and the oak-pine forest (OPF).
In this zone its main phorophytes are Ternstroemia lineata,
Quercus rugosa and Styrax argenteus (Dominguez-Gil,
2015; Cervantes-Uribe, 2018).
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Figure 1: A. flower of Rhynchostele cervantesii (La Llave & Lex.) Soto Arenas & Salazar; B. root without mycorrhization at 20x; C. mychorrizated
root at 20x; D. black arrow: intact peloton, green arrow: in digestion process peloton, blue arrow: digested peloton at 40x; E. intact peloton at 40x.

Photographs: Rosa Elia Magaia Lemus.

The sampling area is found inside the voluntary
conservation area of the indigenous community of San-
tiago Tingambato, on the property of Tenderio, Micho-
acdn, Mexico (Fig. 2). This area covers approximately 360
hectares (INEGI, 2005), is located at 19°30'N and 101°51'W,
with an average elevation of 1980 m (INAFED, 2010). Its
main vegetation is humid montane forest (HMF), as well
oak-pine forest (OPF), pine-oak forest (POF), and pine for-
est (PF) (Dominguez-Gil, 2015). Our sampling was made
in HMF, starting in the summer of 2021 and ending in the
spring of 2023.

The municipality of Tingambato has mild weather
with rainfall in summer and a historical average annual
precipitation of 1100 mm, while the average annual mini-
mum and maximum temperatures are 8 and 27 °C (INAFED,
2010). During the sampling period, the average annual pre-
cipitation decreased from 626.3 to 275.9 mm (Fig. 3) (Me-
teostat, 2024).
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Mycorrhization state of Rhynchostele cervantesii

Development categories

Field trips were conducted in October-November of 2021
where 100 plants in two development categories (50 adult
plants, 50 juvenile plants) were marked and labelled. The
juvenile plants had more than one year of development,
with visible pseudobulbs, and showed no reproductive ac-
tivity, whereas adult plants had experienced at least one
reproductive event (Tremblay, 2000; Tremblay and Acker-
man, 2001; Bayman et al., 2002). It is important to mention
that it was also planned to mark seedlings. However, only
four seedlings were located and were not included in the
analysis.

Contrasting weather conditions
Four samplings were performed in different seasons: wet
season 1 (WS1) (October 2021), dry season 1 (DS1) (May
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Figure 2: Location of the study site: A. municipality of Tingambato, outlined in blue, in Michoacan, Mexico; B. sampling area found inside the voluntary
conservation area of the indigenous community of Santiago Tingambato, on the property of Tenderio, Michoacén, Mexico. Modified from Avila-Diaz

and Chavez Melitén (2022).
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Figure 3: Mean annual precipitation for the period 2000-2023 in the voluntary conservation area of the indigenous community of Santiago Tingambato,
on the property of Tenderio, Michoacan, Mexico. Data were sourced from the Zirahuén meteorological station via Meteostat (2024). Coordinates:

19.4533°N, 101.7317°W; elevation approximately 2094 m (Meteostat, 2024).
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2022), wet season 2 (WS2) (September 2022), and dry
season 2 (DS2) (May 2023). Each time, one root in contact
with the substrate was randomly collected per plant, and
an aerial root was also collected when present, and placed
in a sterilized vial containing previously moisten sterile
cotton. The vials were placed in a cooler to avoid direct
light and to maintain a temperature of 15-25 °C until they
arrived in the laboratory (Zettler et al., 2017, modified).

Mycorrhization percentage and pelotons digestion

The root washing was made with distilled water with-
drawing the substrate excess. The mycorrhization per-
centage was evaluated by dyeing the roots with Trypan
Blue (Currah et al., 1997; Avila-Diaz, 2007). Afterwards,
each root was measured and longitudinal sections were
made every 5 mm along the root (Fig. 1 B,C). At each sec-
tion, mycorrhization percentage was recorded based on
the area occupied by pelotons. We established the follow-
ing categories for mycorrhization percentage according
to Rasmussen and Whigham (2002): 0%-11%, 12%-24%,
25%-49%, 50%-74%, 75%-99% and 100%. Mycorrhiza-
tion percentages per plant were calculated by summing
the percentages of each section and dividing by the total
number of sections. The presence of pelotons was also
recorded, and the average was calculated dividing the to-
tal number of pelotons by the number of sections made
and analyzed roots. In addition, the pelotons’ digestion
grade was registered with the following categories: in-
tact pelotons (with intact hyphae), pelotons in digestion

process (with intact and digested hyphae), and digested
pelotons (with hyphae completely digested) (Fig. 1D, E).
All parameters were recorded across the four sampling
periods (WS1, DS1, WS2, and DS2).

Type of root (aerial or in substrate) and root zone

We also analyzed the effect of substrate on mycorrhization.
For this, we categorized roots according to their substrate
(phorophyte’s bark or aerial) and their root zone (apical,
medium, and basal). The number of collected root samples
according to orchid development, substrate and season are
shown in Table 1.

Statistical analysis

Statistical analyses were made with the program JMP® v.
11 (SAS Institute Inc., 2013). To test our first hypothesis,
mycorrhization state was analyzed with the Kruskal-Wallis
non-parametric test, with the seasons and the develop-
ment categories as the variation factor, and the mycorrhi-
zation percentage as the response variable. In case of sig-
nificant differences, the Mann-Whitney pairwise test was
carried out to identify groups with differences. To prove
our second hypothesis, significant differences were deter-
mined by the average number of pelotons per plant and
their digestion state with a one-way ANOVA, followed by
Tukey’s HSD test when appropriate. To evaluate the differ-
ences in mycorrhization percentage according to root sub-
strate and root zones a Kruskal-Wallis non-parametrical
test was conducted.

Table 1: Number of root samples collected from Rhynchostele cervantesii (La Llave & Lex.) Soto Arenas & Salazar, categorized by type of root, weather
conditions and orchid development categories. Su=roots in contact with the substrate, Ae=aerial roots, WS1=Wet season 1, DS1=Dry season 1,

WS2=Wet season 2, DS2=Dry season 2.

Adults Juveniles Total roots Total cuts
Season
Su Ae Su Ae
WS1 67 32 51 35 185 1254
DS1 38 36 26 30 130 705
WS2 50 23 46 24 143 794
DS2 41 32 26 24 123 763
Total 196 123 149 113 581 3516
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Results

Mycorrhization percentage and average number
of pelotons

Mycorrhization percentage among the different develop-
ment categories (juvenile and adults) was not significant-
ly different (W=2.793, df=1 p=0.095). The mycorrhization
percentage between seasons was significantly different
(W=23.885, df=3, p<0.001) with higher percentages of my-
corrhization in WS1 (41% in adult plants and 35% in juvenile

plants) followed by WS2 and lastly DS1 and DS2 (32% and
26% in adult plants and 29% y 23% in juveniles) (Fig. 4A).

It is interesting to point out that between WS1 and
WS2 a higher mycorrhization percentage was observed in
WS1 (W=19.159, df=1, p<0.001). Comparing between DS1
and DS2, no significant differences in mycorrhization per-
centage were registered (Fig. 4A).

Rhynchostele cervantesii showed peloton average
ranging between 5 and 9 per cut per plant. In development
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Figure 4: A. Mean percentage of mycorrhizal colonization in Rhynchostele cervantesii (La Llave & Lex.) Soto Arenas & Salazar, in different development
categories, in wet and dry season; B. average number of pelotons per development categories, in R. cervantesii roots. WS1=Wet season 1, DS1=Dry
season 1, WS2=Wet season 2, DS2=Dry season 2. Letters (a, b, c) represent significant differences a=0.05 between seasons; the asterisk (*) represents

differences in development categories.
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categories, in WS1 a higher quantity of pelotons was ob-
served in adults than in juveniles (F1=5.02, p=0.028). The
average of pelotons per plant registered in DS1, WS2 and
DS2 was not significantly different between development
categories (Fig. 4B).

Pelotons digestion state

Without considering development categories (adults and
juveniles), the average of intact pelotons was significantly
higher in WS1 (F1=139.42, p<0.001) and WS2 (F1=145.31,
p<0.001), than in DS1 and DS2. There were no significant
differences in the average of intact pelotons between WS1
and WS2 (F1=1.40, p=0.239). Meanwhile, between DS1
and DS2 the average of intact pelotons was significantly
different (F1=10.75, p=0.001), being higher in DS1.

The average of digested pelotons differed significant-
ly in different seasons with higher average in DS1 (F1=98.56,
p<0.001) and DS2 (F1=107.72, p<0.001) compared to WS1
and WS2. Between WS1 and WS2 there were no significant
differences in the average of digested pelotons (F1=1.87,
p=0.173). In contrast, significant differences were observed
between DS1 and DS2 (F1=29.59, p<0.001) with a higher
average in DS2.

Considering the development categories, the average
(x standard error) of intact pelotons in adult plants oscillat-
ed between 18 (+2.11) in WS2 and zero in DS2. The average
of pelotons in digestion process was 11 (+1.06) in DS1 and
one (+1.63) in WS2, and the average of digested pelotons
varied between 14 (+1.01) in DS2 and zero in WS2 (Fig. 5A).
For juvenile plants, the average number of intact pelotons
in WS2 was 13 (£3.24) and zero in DS2. The average number
of pelotons in digestion process was 10 (+1.15) in WS1 and
DS2 and one (+1.73) in WS2. Lastly, the average number of
digested pelotons differed in DS2 with 13 (£1.07) and zero
in WS2 (Fig. 5B).

In reference to the digestion state of pelotons in
different development categories, in WS1 a higher aver-
age of intact pelotons was observed in adult plants than in
juveniles (F1=6.18, p=0.015). On the other hand, the aver-
age number of pelotons in digestion process and digested
pelotons was not significantly different between develop-
ment categories in this season. In DS1, WS2 and DS2 the
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average of pelotons between adult and juvenile plants was
not significantly different in any of the pelotons digestion
states.

Type of root (aerial or on substrate)

As for the type of root, the mycorrhization percentage was
significantly higher in roots in contact with the substrate
than in aerial roots (W=20.447, df=1, p<0.001) for all sea-
sons. Mycorrhization percentage in roots in contact with
substrate was 35% in DS2 and 26% in WS2. Aerial roots pre-
sented mycorrhization percentages of 32% in DS2 and 22%
in WS2 (Fig. 6).

Mycorrhization in basal, medium and apical part
of the root

The highest mycorrhization percentage was recorded in
the basal part of the root (W=730.0067, df=2, p <0.001)
at 49%, followed by the medium part at 38% and the api-
cal part at 5%. Considering the different seasons, a higher
mycorrhization percentage was observed in the basal part
of the roots of R. cervantesii. In WS1, the mycorrhization
percentage was 49%, it was 50% in DS1, 41% in WS2, and
55% in DS2. In contrast, the apical part of the root showed
a lower mycorrhization percentage, with 7% in WS1, 5% in
DS1, 2% in WS2, and 7% in DS2 (Fig. 7).

A higher average of intact pelotons in the basal part
and medium part was recorded (F2=94.36, p<0.001) com-
pared to the apical part of the root. Similarly, the average
of pelotons in digestion process (F2=166.75, p<0.001) and
digested pelotons (F2=87.36, p<0.001) was higher in the
basal part, followed by the medium part and finally the api-
cal root, which has the lowest average.

Discussion

Mycorrhization percentage

The average of mycorrhization percentages of R. cervantesii
in the different seasons does not exceed 41% considering
adult plants and juveniles. This matches the results ob-
tained for Bletia roezlii Rchb.f., B. punctata La Llave & Lex.,
and B. purpurata A.Rich. & Galeotti, three species of ter-
restrial orchids, where the mycorrhization percentage did
not exceed 40% in any case (Beltran-Nambo et al., 2010).
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In contrast, for Laelia autumnalis, an epiphytic orchid,
mycorrhization percentages of up to 76% were reported
(Jiménez-Pefa et al., 2018). Meanwhile, mycorrhization
percentages of 22 epiphytic species ranged from 34% in
Luisia zeylanica to 79% in Acampe praemorsa (Sathiya-
dash et al., 2012).

In this research, the mycorrhizal colonization in R.
cervantesii presents seasonal fluctuations similar as re-
ported for other epiphytic orchids (Pereira et al., 2005;
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Bertolini et al., 2014). Osorio-Gil et al. (2008) suggested
that fluctuation in colonization in lonopsis utricularioides
(Sw.) Lindl. may be influenced by factors such as humidity,
temperature, pH and substrate, which vary both in space
and time, creating small microhabitats that affect distribu-
tion of fungal communities surrounding the plant.

For R. cervantesii, seasonal fluctuations in coloni-
zation could be related to decreases in annual precipi-
tation, which was 626.3 mm in 2021, 586.7 mm in 2022
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and 275.9 mm in 2023 (Meteostat, 2024). This reduction
in water availability suggests a potential effect of climatic
variability on the dynamics of mycorrhizal colonization in
this species.

There were no differences in the mycorrhization
percentage of R. cervantesii between adult and juvenile
plants, similar to the results obtained for Masdevallia
coccinea Linden ex Lindl., another epiphytic orchid, with
juveniles at 67.8% and adults at 63.4% of mycorrhization
percentages (Ordodfez et al.,, 2015). Mycorrhizal fungi
were present in all development categories in these or-
chids, suggesting that this relationship is important during
their whole life cycle and not only in the first stages of
development. These results are consistent with those
mentioned by Favre-Godal et al. (2020), who noted that in
species such as Arundina graminifolia (D. Don) Hochr. and
Dendrobium exile L.O. Williams, fungi isolated from adult
roots do not promote seed germination but are associated
with adult plants. This suggests that orchids in adult stages
could depend on mycorrhizal association to obtain water
and nutrients.

Average number of pelotons
In this research, the average number of pelotons per
cut per plant for R. cervantesii oscillated between five
and nine pelotons, similarly to the average reported for
Vanilla planifolia Jacks., in Western Ghats (India) with an
average of nine (Sathiyadash et al., 2012). In the present
study a significantly higher average number of pelotons
was observed in adult plants of R. cervantesii compared
to juveniles in WS1. In the other seasons, there were no
significant differences observed. Nonetheless, the same
tendency of a higher number of pelotons in adult plants
than in juveniles was registered. This contrasts with the
results obtained for Masdevallia coccinea, with no sig-
nificant differences between age categories (adults at
53.5% and juveniles at 60.05%), but a tendency of a higher
average number of pelotons in the roots of juvenile plants
(Ordoiiez et al., 2015).

The average number of pelotons per cut per plant,
as well as the average percentage of mycorrhization, were
higher in WS1 compared to the other seasons. Probably,
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this was due to higher precipitation in WS1 than in WS2,
while in both dry seasons, the humidity in the forest was
low. The decrease in precipitation and a slight increase in
temperature could be affecting this mycorrhizal relation-
ship. This means that given the expected impact of con-
tinuing global warming, the future of R. cervantesii, like
that of other orchids, will be uncertain.

It is important to note that mycorrhization occurs
across all development categories of this epiphytic orchid.
This underscores the critical role of mycorrhizal fungi in
every stage of development. This reliance is particularly
significant considering the inherent instability of water
supply and nutrient availability in the epiphytic habitat
(Avila-Diaz et al., 2013; Zhang et al., 2016).

Pelotons in digestion process

Orchids obtain nutrients from mycorrhizal fungi by hyphae
digestion (Sathiyadash et al., 2020). In this context, in R.
cervantesii we found a higher quantity of intact pelotons
(18) in wet seasons than in dry seasons (0), while digested
pelotons were more abundant in dry seasons. This could
be explained because in dry seasons, when conditions
are more adverse, plants could be using more mycorrhizal
fungi to obtain water and nutrients. Such results coincide
with the ones reported for the terrestrial orchid Gavilea
araucana and the epiphytes Epidendrum stamfordianum,
Erycina crista-galli and Stelis quadrifida with higher quan-
tity of intact pelotons in wet seasons compared to dry
seasons (in E. stamfordianum and S. quadrifida, no intact
pelotons were observed during the dry season (Duran et
al., 2007; Bertolini et al., 2014)). Only Erycina crista-galli
presented intact pelotons during this period, although
in significantly lower quantities than in the wet season
(Duran et al., 2007; Bertolini et al., 2014). Sathiyadash et
al. (2012), in the Western Ghats (India), also reported a
higher percentage of intact pelotons in epiphytic orchids
from November to January (wet season), ranging from 12%
in Oberonia ensiformis to 78% in Acampe praemorsa, than
digested pelotons, which ranged from 6% in Gastrochilus
acaulis (Lindl.) Kuntze to 45% in Oberonia ensiformis.
The average number of digested pelotons indicates that
R. cervantesii relies on mycorrhizal fungi for nutrition.




Magana-Lemus et al.: Mycorrhizal fungi of Rhynchostele cervantesii (Orchidaceae)

Furthermore, the absence of significant differences across
development categories suggests that this symbiotic asso-
ciation is important in both juvenile and adult plants of the
orchid.

This research determined that there were no signif-
icant differences between juvenile and adult plants in the
average of pelotons in digestion process in R. cervantesii
(10 and 11, respectively). These results are similar to those
reported for the terrestrial orchid Masdevallia coccinea in
which there were also no significant differences between
juvenile and adult plants regarding pelotons in digestion
process in juvenile (6.86%) and adult plants (3.03%). It is
important to mention that these results support the hy-
pothesis that mycorrhization plays a relevant role not only
in the first development stages, but also in adult stages of
epiphytic orchids (Meng et al., 2019; Sathiyadash et al.,
2020; Petrolli et al., 2022).

Type of root (aerial or in substrate)

Rhynchostele cervantesii showed higher mycorrhization
percentages in roots in contact with substrate (35%) than
in aerial roots (22%). Similar results are reported for the
epiphytic orchid Laelia autumnalis, which showed high
colonization rates in roots embedded in organic matter,
ranging from 6.94 to 100% (Jiménez-Peiia et al., 2018). In
Erycina crista-galli and Stelis quadrifida, both character-
ized by thin roots entirely in contact with the substrate,
mycorrhizal colonization was reported to approach 100%
(Bertolini et al., 2014). Epidendrum stamfordianum, which
possesses thick roots with a significant proportion exposed
to the air, exhibited 60% mycorrhizal colonization (Bertoli-
ni et al., 2014).

In addition, Aerides ringens Lindl., Bulbophyllum
tremulum Rchb.f., Epidendrum ibaguense Kunth, Pinalia
polystachya (L.) Kuntze (syn. Eria polystachya A. Rich.),
Gastrochilus calceolaris (Rchb. f.) Kuntze, Luisia birchea
Lindl., Polystachya concreta (Jacq.) Garay & H.R. Sweet and
22 other epiphytic species of Western Ghats (India) report-
ed colonization in roots in contact with substrate, whereas
in aerial roots no mycorrhization was found (Murugan et
al., 2010; Sathiyadash et al., 2012). This is explained by the
fact that colonization commonly begins at the apex of root
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hairs in contact with the substrate, where mycorrhizal fungi
are found (Murugan et al., 2010; Sathiyadash et al., 2012).

Mycorrhization in basal, medium and apical part
of the root

Higher mycorrhization percentages were found in the basal
root of R. cervantesii, with an average of 49%. These re-
sults are similar to the ones reported for Laelia autumnalis,
an epiphytic orchid with higher colonization in the basal
part of the roots, showing a higher presence of digested
pelotons ranging from 8.3% to 90.7% (Jiménez-Pefia et
al., 2018). Similarly, for Rodriguezia granadensis Rchb.f. a
higher mycorrhization percentage (70%) was recorded in
the basal part of the root, compared to the medium part
(60%) and apical part (35%) (Romero-Salazar et al., 2022).
In contrast, for Cephalanthera falcata (Thunb.) Blume and
C. erecta (Thunb.) Blume, higher colonization percentages
(41 and 72% respectively) were recorded in the apical part
of the root. Meanwhile, for Bletia punctata La Llave & Lex.,
Bletia roezlii, Bletia purpurata A.Rich. & Galeotti and Laelia
furfuracea Lindl. a higher mycorrhization percentage has
been reported in the medium part (27.8, 37.0, 28.0, and
50%, respectively) (Matsuda et al., 2009; Beltran-Nambo
et al.,, 2010; Garcia-Sanchez et al., 2024). This indicates
that colonization of mycorrhizal fungi in orchid roots does
not have the same pattern in all species. It has been sug-
gested that the distribution pattern in the different root
zones could be partly attributed to the stable growth in
the basal and medium parts of the root, while the apical
part is considered to be a zone of active growth (Bertolini
et al., 2014).

Conclusions

In R. cervantesii mycorrhizal fungi were present under
contrasting weather conditions and across development
categories, suggesting that this symbiotic association is
important throughout seasons and across two develop-
mental stages. Mycorrhization in R. cervantesii was related
to precipitation, as the percentage of mycorrhization and
the quantity of intact pelotons were higher in wet seasons
than in dry seasons. Digested pelotons presented high-
er values in dry seasons than in wet seasons suggesting
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that, in adverse conditions, plants could rely more on
mycorrhizal fungi to obtain nutrients. Mycorrhization per-
centages were higher in roots in contact with substrate
than in aerial roots, similar to what has been observed in
other species. Mycorrhization distribution throughout the
roots in R. cervantesii presented higher percentages in the
basal part, followed by the medium part and finally in the
apical part.

Based on the results of this research, including the
percentage of mycorrhization and the quantity and type of
pelotons in R. cervantesii, it can be inferred that the avail-
ability of water has an impact on the mycorrhizal associa-
tion, suggesting that climate change will likely affect this as-
sociation, with potential implications for the conservation
of this orchid.
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