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Abstract. Bautista NS, Valentino MJG. 2023. Symbiotic propagation of Dendrobium bigibbum Lindl. with selected saprophytic
Basidiomycota. Biodiversitas 24: 3519-3527. Compatible mycorrhizal association of orchids with fungi is required for the germination
and seedling development. In the present study, the mycorrhizal association of Dendrobium bigibbum with three species of saprophytic
Basidiomycota, in particular, Volvariella volvacea, Lentinus tigrinus, and Pleurotus florida were evaluated. Co-culture technique was
carried out during rhizoid and seedling development of D. bigibbum. Results revealed that the growth of D. bigibbum in rhizoid and
seedling stages was enhanced when symbiotically grown with V. volvacea and L. tigrinus. D. bigibbum grown with V. volvacea had the
highest mean length of the 1%t leaf during the rhizoid stage. In seedling stage, V. volvacea and L. tigrinus significantly increased the
growth of D. bigibbum in terms of length of 2" leaf and fresh weight of the seedlings. For the length of root, increase in mean length
was observed only in D. bigibbum co-cultured with L. tigrinus. In addition, the presence of peloton colonization was observed both in
rhizoid and seedling stages. Thus, both V. volvacea and L. tigrinus formed compatible mycorrhizal association with D. bigibbum.
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INTRODUCTION

In the Philippines, Orchidarium is one of the well-
known industries of ornamental plants wherein orchids are
cultivated for its aesthetic value. Some species of orchids
which include Dendrobium are known in Asian countries.
They are being explored for the production of secondary
metabolites with pharmaceutical potentials such as
alkaloids, stilbenoids, flavonoids and triterpenoids
(Rasmussen and Rasmussen 2014; Dearnaley et al. 2016;
Cakova et al. 2017; Aswandi and Kholibrina 2021). As
reported by Aswandi and Kholibrina (2021), in Indonesia,
the entire parts of the orchid plants are used in traditional
medicine to cure several diseases including diabetes, liver
disease, lung disorder and anti-malarics. With the
aforementioned benefits of orchids demands to develop
conservation and propagation strategies are being
developed.

Orchids are one of the most diverse groups of flowering
plants with ecological and evolutionary importance. They
constitute an advanced and taxonomically intricate group
that is highly specialized and with complex biological
interactions (Chen et al. 2020; Chen et al. 2022). However,
due to habitat loss they are considered as threatened and are
highly vulnerable to biodiversity loss (Cardoso et al. 2016;
Fay 2016; Yeh et al. 2019). Seed capsules of orchids
contain about 1,300-4 million very tiny seeds that are
dispersed by air or floating on water until germination
takes place. In addition, the seeds do not contain
endosperm, which hinders natural and rapid propagation of

orchids. According to Seaton et al. (2013) and Rasmussen
et al. (2015), mycorrhizas or compatible symbiotic
association of orchids with fungal organism such as
Rhizoctonia, Tulasnella, Ceratobasidium, and Serendipita
is necessary to complete their life cycle specifically in the
process of seed germination and protocorm development,
as they rely on fungi as source of carbon, nitrogen,
phosphorus, and other elements. In addition, fungi aid in
the breaking down of complex starch into simple sugars
with the enzyme amylase, facilitates nutrient availability
from the substrates, and provide nutrient support during
post-germination (Prutsch et al. 2000). The formation of
mycorrhizal association of orchids and fungi occurs at
different stages such as the attraction of the symbiont,
initial contact, initial fungal colonization, proliferation of
the fungal hyphae within the orchid tissues, and
colonization of the cortical cells. The entire process
continues until late development in some orchids, while in
some it occurs for their entire life cycle. Mycorrhizal fungi
can be orchidaceous or non-orchidaceous, which include
Glomeromycota, Basidiomycota and Ascomycota (Trivedi
et al. 2020). Also, some endophytes and saprophytes of
non-orchid plants could form potential orchidaceous
mycorrhizal association (Selosse and Martos 2014).
Orchidaceous fungi promote seed germination and seedling
development through the formation of peloton in the
orchids’ cortical cells, while non-orchidaceous fungi do not
support seedling development (Chen et al. 2022).
Meanwhile, orchids obtain their nutrients by digesting the
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pelotons and about 80% of its nutritional requirements are
derived from them (Yeh et al. 2019).

Evolutionary histories and mycorrhizal associations of
mycoheterotrophic plants dependent on saprotrophic fungi
have been studied by Ogura-Tsujita et al. (2021), and some
of the mycoheterotrophic plants are highly specific to
particular fungal family (Pradhan 2015). This study
provides preliminary information on the potential
mycorrhizal association of the selected saprophytic
Basidiomycota, namely Volvariella volvacea (Bull.) Singer
[Pluteaceae], Lentinus tigrinus (Bull.) Fr. [Polyporaceae],
and Pleurotus florida [Agaricales] with Dendrobium
bigibbum Lindl. [Orchidaceae]. D. bigibbum was
specifically selected since it is among the few pure-bred
species of orchids in the country and it is listed as one of
the vulnerable plant species due to illegal collection and
settlement (Vallee et al. 2004). Thus, there is a need to
explore ways to propagate them, of which is the
mycorrhizal association with Basidiomycota. Two of the
selected Basidiomycota, V. volvacea and P. florida are
widely cultivated as sources of protein and their
pharmaceutical potentials are also being explored (Dutta et
al. 2011). On the other hand, L. tigrinus is also being
studied for its antioxidant properties (Zmitrovic and
Kovalenko 2016). These three Basidiomycota were
selected since they are rampant during rainy seasons in
paddy and on decaying logs and none has explored yet their
mycorrhizal potentials which could aid in seed germination
and propagation of orchids. Hence, the study was

conducted to screen and elucidate the potential
orchidaceous mycorrhizal association of  the
aforementioned species of Basidiomycota through

morphological and anatomical characters of D. bigibbum
during the seedling and rhizoid stages.

MATERIALS AND METHODS

Preparation of culture medium for Dendrobium bigibbum

Knudson Orchid Medium (Morel Modification) was
used as the growth medium for the germinating orchid.
About 21.61 g of powdered Knudson medium was
dissolved in  one liter of distilled  water
(www.sigmaaldrich.com). It was enhanced by adding 150
ml of coconut water, 100 g of tomato extracts, 30 g of
banana powder, and 5 g of peptone (optimization was done
prior to the study where D. bigibbum had the best response
in terms of germination to the aforementioned amount of
organic additives). Also, 1ppm of vitamins such as
thymine, pyridoxine, nicotinic acid, and glycine were
added. The pH of the medium was adjusted to pH of 5.8
and was then sterilized for 30 minutes at 121°C, 15 psi
(Vilcherrez-Atoche et al. 2020).

Source of fungal inocula

Pure culture of fungal inocula were obtained from the
Center for Tropical Mushroom Research Center (CTMRD),
CLSU, Science City of Munoz, Nueva Ecija. The fungal
isolates were part of the culture collection of the CTMRD
which were collected from various provinces of the
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Philippines, rescued, pure cultured and identified by the
experts in the field of mycology. The scientific names and
the common names of V. volvacea and P. florida are also
listed in the Philippine National Standard (Mushroom-
specifications) of PNS/BAFS 195:2017.

Maintenance of fungal inocula

Pure cultures of fungi were grown in a Potato Dextrose
Agar (PDA). Then, the fungal inocula were incubated at
25°C until the plates were fully colonized with mycelia.

Observation of different stages of D. bigibbum
germination

Matured green orchids pod was surface sterilized using
10% hypochlorite solution for two minutes and rinsed with
sterile distilled water thrice. To observe the different stages
of D. bigibbum germination, 10 pl of orchids seeds
suspended in sterile distilled water were inoculated in
Knudson medium. These were incubated at 25+2°C. The
culture plates were viewed under stereo microscope every
15 days. The growth of D. bigibbum was recorded until
seedling stage, where the second leaf and root were
observed (Papenfus et al. 2016).

Co-culture technique

Co-culture technique was carried out to evaluate the
potential  orchidaceous mycorrhizal association of
Basidiomycota (Volvariella volvacea, Lentinus tigrinus,
and Pleurotus florida) with D. bigibbum during the rhizoid
and seedling stages. Fungal inocula were grown
individually in PDA for 5-7 days until the culture plates
were fully colonized with mycelia. Then, filter paper strips
were placed in the plates fully colonized with individual
fungal inoculum. To observe their effect during the rhizoid
germination stage, twenty D. bigibbum protocorm (with
enlarged green embryo completely separated from testa)
were seeded in sterile filter paper strips. The culture plates
were then incubated for 30 days at 25+2°C with a
photoperiod of 16/8-hours light/dark (Utami et al. 2017,
Chen et al. 2020).

For the seedling stage, twenty D. bigibbum protocorms
with first leaves were selected. These were seeded in plates
fully colonized with fungal mycelia. Cultures were
incubated for 45 days at 25 + 2°C with a photoperiod of
16/8-hours light/dark (Chen et al. 2020; Zhang et al. 2020).
Based on the study of Meng et al. (2019), the 2" leaves of
orchids seedlings developed in an average of 45 days after
the formation of the 1% true leaf.

Evaluation of growth performance

Growth was evaluated after the incubation periods (30
days for rhizoid stage and 45 days for seedlings). The
evaluation of morphological parameters was based on the
study of Utami et al. (2017) and Meng et al. (2019). The
rhizoid stage of D. bigibbum was characterized based on
the size of the protocorm and length of the first leaf.
Meanwhile for the seedling stage, the length of the second
leaf and length of the roots were measured. Moreover, the
fresh weight of the seedlings after 45 days of incubation
was recorded.
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Detection of the colonization features of Basidiomycota

To confirm colonization/interaction of D. bigibbum and
Basidiomycota, semi-thin cross sections of D. bigibbum
protocorm for rhizoid stage and roots for seedling stage
were made through free-hand sectioning using razor blade,
and were treated with plant fixative FAA (Formaldehyde
(10%), Alcohol (50%), Acetic Acid (5%), water (35%)) for
24 hrs and washed with 95% ethanol. The cross sections
were placed in glass slides and were stained with 0.05%
toluidine blue (Wilkinson and Tucker 2017; Zhang et al.
2020). Then, they were observed under the microscope.
Peloton formation was noted and characterized. Scanning
electron microscopy was also done.

RESULTS AND DISCUSSIONS

Prior to symbiotic cultivation of D. bigibbum with the
selected Basidiomycota, matured seeds were grown in
Modified Knudson C orchids medium, and the different
stages of germination based on the study of Yamazaki and
Miyoshi (2006) were observed. The different stages of D.
bigibbum are shown in Figure 1. During the inactive stage
of germination (Figure 1.A), no imbibition of water and
enlargement of the embryo occurred. The embryo ranged
from 30.5- 40.25 um in diameter, surrounded by single
celled layer of intact testa. Imbibition and enlargement of
the embryo were observed 20 days after inoculation (Figure
1.B). The rupture of testa was visible at 30 days of
incubation following the embryo's enlargement, ranging
from 55.10-70.89 um (Figure 1.C). The complete rupture
and discharge of the embryo from the testa was observed
after 45 days of incubation (Figure 1.D). A noticeable
change in color of the protocorm from translucent to green
as well as the formation of rhizoids were recorded at 60
days of incubation (Figure 1.E). At 90 days of incubation,
the emergence of the shoot apical meristem (SAM) was
recorded (Figure 1.F). The development of the 1% leaf,
which is the main sign of transition from protocorm to
seedling stage was observed after 120 days of incubation
(Figure 1.G). Finally, after 135 days of incubation the
second leaf and one root were formed (Figure 1.H).

In previous studies of Hynson et al. (2013) and Santos
et al. (2016), it was observed that during seed germination
of several species of orchids, such as Dendrobium,
imbibition of water, embryo expansion, and rupture of testa
occurred through in vitro culture without any fungal
symbiont. This happened when the mature and viable seeds
absorb water from the medium and the growth continues in
the presence of exogenous carbon supply. Meanwhile, in
the absence of exogenous carbohydrates compatible
mycorrhizal association is necessary for protocorm
formation and seedling growth. In addition, seeds are
considered to have successfully germinated when the
protomeristem has emerged from the protocorm. The
development of the protocorm is a transition stage where
the leaves and roots will be formed. Protocorm stage will
end as soon as the first leaf is formed (Ferreira et al. 2018).
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Rhizoid stage

For the rhizoid stage, protocorm that are green in color
with visible rhizoids were selected. The mean lengths of
the first leaf and the diameter of protocorm for rhizoid
stage after 30 days of symbiotic propagation are presented
in Table 1. The highest mean length of the first leaf was
recorded when grown symbiotically with V. volvacea,
followed by asymbiotically grown D. bigibbum and the
least when co-cultured with P. florida. Statistical analysis
revealed that the length of the first leaf of D. bigibbum co-
cultured with V. volvacea was significantly higher
compared to all the treatments, while D. bigibbum co-
cultured with P. florida was significantly lower compared
to all the treatments. Meanwhile, the mean diameter of D.
bigibbum protocorm ranged from 2.39 mm (D. bigibbum
co-cultured with P. florida) to 2.62mm (D. bigibbum co-
cultured with V. volvacea) and was not significantly
different with one another. This suggests that co-culture of
D. bigibbum with V. volvacea and L. tigrinus can cause
growth promotion during rhizoid stage of D. bigibbum in
terms of 1% leaf elongation only.

Similarly, in a Yamamoto et al. (2017) study,
synchronous growth of protocorm in symbiotically and
asymbiotically grown orchid Bletilla striata was observed.
However, further incubation resulted to a smaller
protocorm diameter of symbiotically grown orchids, which
is not evident in the present study. In addition, according to
Meng et al. (2019), most of mycorrhizal fungi can promote
protocorm development, but their effect on different stages
of germination varies, which is greatly associated with their
compatibility with the orchids. Meanwhile, protocorm
development does not suggest increase in size but rather
the formation of SAM followed by seedling formation. In
addition, Yeung (2017) mentioned that two of the
protocorm functions are establishing symbiotic mycorrhizal
association and the development of SAM. Mycorrhizal
association depicts high compatibility, which will induce
seedling formation. In addition, compatibility and
specificity of mycorrhizal association that it may cause
seed germination but cannot support further growth and
development of the orchids (Zhao et al. 2021). In the
process of symbiotic association, mycorrhizal fungus
provides complete carbon and mineral nutrients until the
first green leaf emerges, wherein during the process the
protocorm aids in the establishment of symbiotic
association and development of the apical meristems (Fang
et al. 2016; Herrera et al. 2017; McCormick et al. 2021).

This finding is also in line with the studies of Vichiato
et al. (2007) and Cardoso et al. (2012), wherein the
increase in length and diameter of leaves in Phalaenopsis
was observed in the presence of fungal symbiont. This can
also be due to gibberellic acid, which activates hydrolytic
enzymes, increasing the length of the cells. It was also
revealed in a study by Novak and Whitehouse (2013) that
auxin has the ability to regulate the 1% leaf development,
promotes trichomes in protocorm, and the development of
rhizomes during seedling stage.

After 30 days of incubation, all protocorms with
rhizoids grown both symbiotically and asymbiotically
developed into seedling stage. Most of the D. bigibbum
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protocorms had one leaf, while those co-cultured with V.
volvacea already developed their second leaf. Numerous
rhizoids were present but true roots were still lacking.
Figure 2 (A-D) shows the protocorms of D. bigibbum
observed under stereomicroscope, while Figure 2 (E-L)
shows the same under SEM. During this stage, fungal
hyphae were found attached in the protocorms of D.
bigibbum co-cultured with the fungal symbiont (Figure 2.
J-K). In addition, depression on the protocorm could be
observed, which is a visible sign of fungal infection.
Meanwhile, for the asymbiotically grown D. bigibbum, an
intact protocorm can be seen surrounded by growing
rhizoids.

As reported by Zhang et al. (2020), during
establishment of mycorrhizal association, fungi secrete
degradative enzymes towards the plant cell wall
components, wherein the hyphal coil degrade cellulose and
pectin in the orchid-fungus interface. On the other hand,
Chen et al. (2020), phytoalexins, chitinase, and glucanase
are activated in plants to recognize microbial infections and
for other defense responses. They also hydrolyze the fungal
pathogens' cell wall, wherein glucanase degrade the
glucans and chitinases attack the chitins in the fungal cell
walls. These enzymatic changes caused discolorations and
deformation on the outer surface of the developing orchids.

Seedling stage

For the seedling stage, the length of second leaf, root
length, and the fresh weight of the D. bigibbum seedlings
were measured. As shown in Table 2, D. bigibbum co-
cultured with V. volvacea had the highest mean length of
the second leaf and fresh weight, followed by D. bigibbum
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co-cultured with L. tigrinus. Both were significantly higher
than the asymbiotically grown D. bigibbum, which indicate
their ability to enhance the growth of D. bigibbum during
seedling stage. For the length of the roots, only the mean
length of roots co-cultured with D. bigibbum was
significantly higher compared to all the treatments.

The results of the present study coincide with the
previous studies of Ye et al. (2014) and Zhao et al. (2014),
wherein an increase in growth of the developing orchid
seedling was observed when symbiotically grown with
compatible fungal symbionts. This can be attributed to the
exchange of chemical signals and upregulation of genes
involved in plant growth. This includes genes involved in
production of auxins. Auxins as by-product of L-
tryptophan metabolism act as carrier signal molecules for
plant-microbes interaction in the root, function for the
elongation of the roots and development of the leaves
(Widowati et al. 2018; Lestari et al. 2021).

The morpho-anatomical characters of D. bigibbum were
observed through stereomicroscope and SEM (Figure 3). In
the seedling stage, the 1% and 2" leaves and the 1* true root
were already present. The 1% true root of symbiotically
cultured D. bigibbum was covered with hyphae (Figure 3I-
K). Changes in the protocorm were also noted. In D.
bigibbum co-cultured with V. volvacea as indicate in Figure
(3A), brown discoloration was present in some portion of
the protocorm, while in D. bigibbum co-cultured with L.
tigrinus and P. florida (Figure 3B and 3C), the protocorms
were already withered. However, the protocorm of the
asymbiotically cultured D. bigibbum remained intact
(Figure 3. D, H, L).

Table 1. Mean length of the first leaf and the diameter of protocorm of D. bigibbum in mm during rhizoid stage after 30 days of

incubation

Treatments Length of first leaf Diameter of protocorm
(mm) (mm)

D. bigibbum co-cultured with V. volvacea 4.27 £0.51836% 2.62+1.58215%

D. bigibbum co-cultured with L. tigrinus 3.33 £0.58423° 2.40+0.43521°

D. bigibbum co-cultured with P. florida 2.91+0.49027¢ 2.39+0.34074°

Asymbiotically grown in PDA 3.36+0.46471° 2.40£0.373432

Note: Values are the Mean + SD. Means within a column having the same letter of superscript is insignificantly different from each

other at 0.05 level of significance using Tukey’s

Table 2. Mean lengths of the second leaf and roots and fresh weight of D. bigibbum during seedling/ plantlet stage after 45 days of

incubation

Length of second leaf

Length of roots Fresh weight

Treatments
(mm) (mm) (mg)
D. bigibbum co-cultured with V. volvacea 7.04+0.90893% 2.15+0.56893% 30.63+9.244342
D. bigibbum co-cultured with L. tigrinus 5.35+0.64662° 2.74+0.92952? 23.02+4.02628°
D. bigibbum co-cultured with P. florida 5.13+0.62552 2.18+0.69808% 21.35+5.92353%
Asymbiotically cultured in PDA 4.83+0.84318° 1.86+0.47376" 19.07+4.48606°

Note: Values are the Mean + SD. Means within a column having the same letter of superscript is insignificantly different from each

other at 0.05 level of significance using Tukey’s
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Figure 1. Stages of germination of Dendrobium bigibbum. A. Inactive stage, B-C. pre-germination stage, D-E. protocorm F. rhizoid
stage with emergence of protomeristem G. shoot stage, emergence of 1%t leaf H. seedling/plantlet stage; EM-embryo, T-testa, P-
protocorm, RZ-rhizoid, SAM-Shoot Apical Meristem, FL-first leaf, SL-second leaf, R-root. (A-D, light microscope; E-H-stereo

microscope)

Figure 2. Dendrobium bigibbum (rhizoid stage) co-cultured with V. volvacea (A,E,l), L. tigrinus (B,FJ), P. florida (C,G,K), without
fungal inoculant (D,H,L) after 30 days of incubation under stereomicroscope (A-D) scanning electron microscope (E-L); SL-second
leaf, FL-first leaf, P-protocorm, HY-hyphae, RZ-rhizoid
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As suggested by Yeung et al. (2017), once the shoot
apical meristem is formed, the protocorm stage ends and
the seedling stage commences. During this the protocorm will
start to degenerate into varied forms. In addition, the
discoloration can be attributed to the release of active
metabolites though expression of secondary metabolite
biosynthesis that aid the hyphae in penetrating the embryo
(Zhai et al. 2017). Thus, this might indicate that D. bigibbum
grown symbiotically with the three Basidiomycota have
developed faster as compared to asymbiotically grown D.
bigibbum. In addition, it may also reflect the compatibility
of the three fungi with the D. bigibbum. A high degree of
compatibility of the fungi can be shown in their ability to
promote seedling formation, wherein many fungal
symbionts can promote seed germination but are not able to
support advanced phase of development, which resulted in
seedling mortality (Meng et al. 2019; Shao et al. 2020).

Cross-sections of root and protocorm of D. bigibbum
are presented in Figure 4. Peloton was observed both in
rhizoid (Figure 4A, D, G) and seedling stages (Figure 4B-
C, E-F, H-I) of D. bigibbum co-cultured with Basidiomycota
(V. volvacea, L. tigrinus, and P. florida). Pelotons or
coiled- hyphae were stained dark blue to black due to the
presence of chitin in the fungal hyphae. They function for
the exchange of nutrients, water and carbon between
symbionts (Valadares et al. 2012). In the rhizoid stage
(Figure 4. A, D, G), the colonization zone of peloton is
mostly found in the inner cortex of the protocorm when co-
cultured with V. volvacea (Figure 4.A.). On the other hand,
pelotons were found in the epidermal cells of the
protocorm when co-cultured with P. florida (Figure 4G),
while only few pelotons in the protocorm were present
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when co-cultured with L. tigrinus (Figure 4D).
Accordingly, the protocorm responds to the fungal hyphae
that enters the embryo at the basal end by further
development of rhizoid and epidermal cells, which act as a
site of hyphal entry (Wright et al. 2005; Yeung 2017),
during which the enzymatic process takes place without
alteration or degradation of the plant cell wall.

In the seedling stage, when co-cultured with V.
volvacea (Figure 4.B, C), profuse and uneven distribution
of pelotons was formed. The colonization zone of peloton
was distributed on one side of the inner cortex of the root.
Meanwhile, in roots of D. bigibbum co-cultured with L.
tigrinus (Figure 4E-F) and P. florida (Figure 4H-1), hyphae
surround the epidermal cells of the roots and the inner cortex
is sparsely infected with fungal hyphae- forming peloton.

The process of colonization of the cortical cells by
peloton involves invagination of plant plasma membrane,
cytoskeletal rearrangements, nuclear change, other organelles
change, peloton formation, and interfacial matrix formation
(Martin 2017). The peloton will then function for nutrient
transfer for the developing seedling. In addition, the
number of pelotons provide correlation with the protocorm
growth (Fuji et al. 2020). However, pelotons are short lived
and the transfer of nutrients will only occur as the pelotons
are lysed. In addition, very little is known about the
physiological mechanisms behind compartmentalization of
infection and rejection at the tissue and cell scale, which
can be regulated positively by stimuli for fungi to
proliferate within a plant cell and rejective signals to
prevent entry (Rasmussen and Rasmussen 2009; Li et al.
2021).

{ i N
W Aad 290

Figure 3. Dendrobium bigibbum (seedling stage) co-cultured with V. volvacea (A, E, I), L. tigrinus (B, F, J), P. florida (C, G, K),
without fungal inoculant (D, H, L) after 45 days of incubation under stereomicroscope (A-D), scanning electron microscope (E-L); SL-

second leaf; FL-First Leaf; P-Protocorm; HY-Hyphae; R-Root
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Figure 4. Cross section of D. bigibbum protocorm at rhizoid stage co-cultured with A. V. volvacea (A), L. tigrinus (D), P. florida (G);
cross section of root of D. bigibbum at seedling stage co-cultured with V. volvacea (B, C), L. tigrinus (E, F), P. florida (H,I); without
fungal inoculant J. rhizoid stage, K. seedling stage (pelotons are stained darkly by 0.5% toluidine blue)
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Based on the results of the present study, though
peloton formation was observed in the three Basidiomycota
used, growth promoting activity was only significant when
the D. bigibbum was co-cultured with V. volvacea and L.
tigrinus. According to Yeh et al. (2019), the presence of
peloton and suspensors in orchid development as the site of
fungal entry affects the specificity and compatibility of
mycorrhizal association. According to Zhang et al. (2020)
mechanisms of the compartmentation of infection and
resistance to infection can be due to positive regulation of
stimuli to fungal symbionts which proliferate in the plant
host, and signals to prevent hyphal penetration are also
activated.

Moreover, different species of orchids may interact
with mycorrhizal association at different phases causing
bottleneck effect from seed germination to protocorm stage
and a more varied yet specific association from protocorm
to seedling stage (Zhang et al. 2022). There are also non-
compatible fungal mycosymbionts that could act on orchid
germination but are not capable of supporting seedling
development (Rasmussen et al. 2015). Finally, different
fungal symbionts also have different effects on growth and
development of which can be attributed mainly due to
development-dependent specificity (Chen et al. 2020).

Therefore, it can be concluded that compatible
mycorrhizal association of Volvariella volvacea and
Lentinus tigrinus with D. bigibbum is evident via the
formation of peloton both in rhizoid and seedling stages
which resulted to an increase in length of 1% and 2" leaf,
length of roots, and fresh weight of D. bigibbum.
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