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SUMMARY

Coelogyne is one of the orchid genera that grows in the Liwa Botanical Garden, Lampung, Indonesia.
The subsequent study aimed to characterize the Coelogyne different species samples based on the
morpho-anatomical characteristics of the stomata. Six leaf samples of the different species, as
collected, had the paradermal sections examined microscopically to observe their stomata. The key
stomatal traits studied included their aperture width, stomatal length, width, density, and index, and
the number of stomata. The results indicated that overall, the epidermal cell width was 9.25 um,
stomata length was 19.65 ym, stomata width was 17.09 pm, stomata density was 17.67 mm?, and
stomatal index was 1.045%. The phenetic analysis based on the dendrogram divided the Coelogyne
different species samples into two clusters (A and B), with similarity indices of 1.60 and 0.90,
respectively. Meanwhile, the PCA values (2.4 and 0.093) emerged as greater than 0.02, which shows
the contribution value of each group. The presented results provide a sound genetic base for the
identification and conservation of different Coelogyne species at the Liwa Botanical Garden, Indonesia,
and the potential applicative value of stomatal characteristics in ex situ conservation and taxonomic
classification of Coelogyne.
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Key findings:

The different Coelogyne species samples showed varied morpho-anatomical

characteristics. The most influential characters were the stomata density, stomatal opening width, and
stomatal index. The phenetic analysis divided the Coelogyne species samples into two clusters (A and
B), with similarity indices of 1.60 and 0.90 and PCA values of 2.4 and 0.093, respectively, emerging

greater than 0.02.

INTRODUCTION

Coelogyne is one of the epiphytic orchid genera
characterized by growing in clumps and having

broad, elliptical leaves with bright green
coloration, which exists in the Liwa Botanical
Garden, Lampung, Indonesia (Esti et al.,
2023). Coelogyne has around 200 species

worldwide, spread throughout the tropical Asia
region, including India, Indochina, Southeast
Asia, and the Pacific Islands, with the largest
centers of diversity in Borneo (Serawak,
Kalimantan, Sabah, Brunei), Sumatra, and the
Himalayas (Mahfut, 2020; 2021). In Indonesia,
Coelogyne species has an estimate of less than
100 (Wahyudiningsih et al., 2018), with a
classification of a threatened species, according
to the IUCN Red List. Coelogyne species face
increasing threats in their natural habitats,
which underscores the need for conservation
efforts. Stomata are an important feature for
species identification, as the morpho-
anatomical characteristics of stomata provide
valuable information on species differentiation.
Therefore, stomatal morpho-anatomical
analysis is crucial for the development and
conservation of Coelogyne in the future (Besi
et al., 2023).

The species kinship detection can take
place through both phenotypic and genotypic
approaches. Phenotypic kinship assessment
can proceed through observations of plant
morpho-anatomical characters, such as
variations in the shape and size of epidermal
cells and stomata on leaves (Asadudin et al.,
2024; Putera et al., 2024), and observations of
morphological features, including the
morphology of stems (Mahfut et al., 2025b),
leaves (Putra et al., 2024), and flowers
(Mahfut et al., 2025e), as well as knowledge
about species relationships. The study of
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genotypic kinship can be dependent on
molecular observations using the plant’s DNA
(Mahfut et al., 2024b; 2025a). The
examinations based on morpho-anatomical
characteristics play an important role in the
analysis of genetic diversity and kinship. The
stomata morpho-anatomical diversity interacts
with the environment where it grows, through
which the selection can be successful for the
best accessions in ornamental plants, and
later, being developed as new cultivars for
cultivation (Asadudin et al., 2025).

Previous research on stomata morpho-
anatomy has taken place in various anatomical
features. Field observations of nine morpho-
anatomical characters on both upper and lower
surfaces of the leaves showed four out of five
Dendrobium accessions native to the Liwa
Botanical Garden had stomata only on the
lower surface. Meanwhile, one accession
exhibited stomata on both surfaces
(Wahyuningsih et al., 2026). The observed
stomatal types are predominantly tetracytic,
characterized by four neighboring cells
surrounding each stoma. The stomata are
kidney-shaped, which display irregular,
pentagonal, and hexagonal epidermal cells.
These findings are relevant to this study, as
understanding stomatal morpho-anatomy in
different orchid species provides insights into
genetic and environmental factors, crucial for
the conservation and identification of
Coelogyne species in Liwa Botanical
Garden.

Stomata characterization has been
successful in its conduct in various orchid
species and mutant plants, such as in
Dendrobium accessions native to the Liwa
Botanical Garden (Mahfut, 2023). Likewise, it
succeeded in 24 mutant varieties of GMP6
(Asadudin et al., 2024), 24 mutant varieties of

the
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RGM-869 (Putera et al., 2024), and 21 mutant
cultivars of GMP6 (Mahfut et al., 2024a). These
studies revealed notable variations in stomatal
traits, including stomatal size and type, such
as grass-type stomata (dumbbell-shaped)
observed in the GMP mutants. Mutant cultivars
exhibited larger stomatal dimensions than their
parental genotypes, and phenetic analysis
based on the similarity index (0.20) indicated

an increasingly close relationship between
mutants and parental genotypes. Principal
component analysis also highlighted a

significant variation through axis I and axis II.
These successful studies on stomatal morpho-
anatomy identification in both local orchid
species, such as Dendrobium, and mutant
plants offer valuable methods and insights that
can be applicable directly to the study of
Coelogyne. Hence, it enhances our
understanding of its morpho-anatomical
diversity and supports its conservation efforts.
Conservation efforts at the Liwa
Botanical Garden have focused on protecting
native orchids from disease infections (Mahfut
et al., 2020; 2021a; 2021b; 2021c; 2025c;
Septiana et al., 2024; Anbiya et al., 2024) as
well as identifying native orchids through
detailed morpho-anatomical characterization of
stomata. These studies emphasized the
importance of stomatal morpho-anatomy as a
key factor in plant taxonomy and systematics.

The morpho-anatomical traits include leaf
stomatal features, such as epidermal cell
width, stomatal length and width, stomatal

count and density, and stomatal index. Given
the enormous difficulties in accurately
identifying orchid species based on morphology
alone, this type of research is crucial and can
help in species identification. This study sought
to characterize the stomatal morpho-
anatomical traits of native Coelogyne species
from the Liwa Botanical Garden and analyze
their phenetic relationships to support species
identification and conservation efforts. Stomata
are vital indicators in plant taxonomy and
adaptation studies. Variations in stomatal traits
often gain influences from abiotic factors that
can shape genetic and phenotypic relationships
among plant species (Mahfut, 2023).
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MATERIALS AND METHODS
Plant material

The Coelogyne survey and sample collection
commenced in the greenhouse of the Liwa
Botanical Garden, Lampung, Indonesia. The
collection of six different Coelogyne species
leaf samples (C1, C2, C3, C4, C5, and C6)
followed the methodology described by Mahfut
(2023).

Morpho-anatomical characterization

Observations of the stomatal characteristics of
leaves continued by making a paradermal
section under a light microscope (Setiawan et
al., 2020). Leaf samples underwent initial
cleaning with 70% alcohol. Then, the lower
surface of the leaf sustained coating with a thin
layer of nail polish and entailed drying. Once
dried, gently pressing transparent adhesive
tape onto the nail polish layer helped lift the
epidermal imprint before its transfer to a glass
slide. The preparation received staining with
safranin dye to make it easier to observe the
stomata structure. Microscopic observations
ensued toward the specimen (Tuasamu, 2018).
The stomatal characters observed included
both quantitative traits, such as epidermal cell
width, stomatal length and width, the number
of stomata, and stomatal density and index,
and qualitative traits, such as stomata type.
Each measurement reached three replications.

Statistical analysis

Quantitative and qualitative data on the
stomatal characteristics underwent descriptive
analysis to assess variations (Cambaba et al.,
2021). The study used the multivariate
statistical package (MVSP) software version 3.2
to construct a phenetic dendrogram and
perform the principal component analysis
(PCA). The generation of the dendrogram
utilized the Jaccard index, and for similarity
index and genetic distance analysis, the study
applied the unweighted pair-group method
with arithmetic mean (UPGMA). Stomatal
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density and stomatal index calculations
employed the methodology of Tambaru
(2015). All microscopic observations transpired
at 400x magnification.

RESULTS AND DISCUSSION
Stomata characterization

Microscopic observations of the six Coelogyne
samples (C1, C2, C3, C4, C5, and C6) had an
anomocytic stomata type (Figure 1). This type
is characteristic of guard cells surrounded by
indistinct subsidiary cells that are
morphologically similar to adjacent epidermal
cells. Anomocytic stomata are common among
monocotyledons, including orchids, and seem
to facilitate physiological adaptation to
fluctuating environmental conditions (Mahfut et
al., 2024c). Supporting these observations,
Asadudin et al. (2024) and Putra et al. (2024)
demonstrated that anomocytic stomata play a
crucial role in optimizing gas exchange and

transpiration in epiphytic orchids, particularly
in habitats with variable humidity and climatic
conditions (Aritonang et al., 2024; Nuraini et
al., 2024; Simamora et al., 2024). These
findings align with this study’s results,
indicating the stomatal morpho-anatomy of
Coelogyne to its ecological adaptability in the
tropical climate of the Liwa Botanical Garden.

The six Coelogyne species revealed
varying values in stomatal characters (Table
1). On average, the largest epidermal cell
width resulted in sample C1 (23.62 pm).
Stomatal aperture width ranged from 0.95 to
3.58 ym, with an average of 2.09 pym, and the
highest value appeared in the Coelogyne
sample C2, while the lowest was evident in the
sample C5. Stomatal length ranged from 16.50
to 23.62 ym, with an average of 19.65 um.
The Coelogyne sample C1 exhibited the
ultimate value, with sample C6 recorded with
the lowest value. Overall, the stomatal width
ranged from 12.09 to 20.39 pm, with an
average value of 17.09 pm.

Figure 1. Stomatal structure of the Coelogyne six samples: 1A - D16, 1B - D23, 1C - D24, 1D - D25,

1E - D26, and 1F - D27.
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Table 1. Average value of stomata characters in the Coelogyne species six samples at the Liwa

Botanical Garden, Lampung, Indonesia.

Coelogyne Stomata Stomata Stomata Number of Stomata Stomata
No. sample code aperture length (um)  width (um) stomata density index (%)
P width (pm) gt H H (mm) °
1. C1 1.41 23.62 15.04 12.67 25.34 0.182
2. Cc2 3.58 21.62 17.59 9.00 18.00 0.172
3. C3 1.12 18.09 20.39 8.00 16.00 0.172
4, c4 1.10 19.45 20.31 6.00 12.00 0.171
5. C5 0.95 18.61 12.09 6.33 12.67 0.171
6. C6 1.09 16.50 17.14 11.00 22.00 0.177
Means 9.25 19.65 17.09 8.83 17.67 1.045
UPGMA C 1
\
| c2
| CcC3
Cc4a
C5
Co6
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T T ]
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Figure 2. Dendrogram of the kinship tree for the Coelogyne six samples based on stomatal morpho-

anatomical characters.

The presented results agreed with past
findings, which reported stomatal
morphometric variations in orchids influence
the transpiration efficiency and environmental
adaptation (Cambaba et al., 2021). For
instance, sample C1, which exhibited the
highest stomatal length of 23.62 pm, may
indicate higher transpiration efficiency, as
larger stomata often showed an association
with greater gas exchange and water loss.
Conversely, sample C5, with the smallest
stomatal aperture width, could represent an
ecological adaptation to a high-humidity
environment, where reduced stomatal size
helps minimize water loss. These findings are
relevant to the habitat conditions of Coelogyne,
as similar adaptations have been notable in
epiphytic plants (Mahfut et al., 2024a; 2025d).
However, it is important to compare these
measurements with other species to determine
whether these values are unusually high or low
or if they represent typical traits of tropical
epiphytes. Therefore, in the concerned study,
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the observed stomatal characteristics may
serve as crucial indicators for understanding
the physiological adaptations of Coelogyne in
the Liwa Botanical Garden.

Phenetic analysis

Based on the dendrogram analysis of stomata
morpho-anatomical characters, two main
clusters were distinct, namely, clusters A and B
(Figure 2). Cluster A consists of two Coelogyne
samples, C2 and C1, which exhibited the
highest degree of similarity based on stomatal
length and width. However, other parameters,
such as stomatal density, stomatal index, and
epidermal cell width, may also contribute to
the clustering pattern, and further analysis
could clarify their impact on the grouping.
Cluster B positioning was at the similarity level
of 1.60 line, which further divided into two
subclusters—subcluster I comprised samples
C3 and C4, and subcluster II only contained
the Coelogyne sample C6. The separation of
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sample C6 from the other samples could refer
to its lower stomatal length, as it exhibited the
smallest value for this parameter, which might
explain why it moved away from the other
samples. This dendrogram grouping pattern
revealed obvious differentiation among the
Coelogyne species samples, and sample C4 has
a very close kinship with Coelogyne sample C3.
Samples within the same cluster, such as C3
and C4, demonstrated closer kinship based on
the similarity of their stomatal characters,
while samples in different clusters, such as C6
and the others, exhibited a more distant
kinship. The similarity index ranges from 0 to
1, indicating that the closer the index is to 1,
the more similar the species.

According to morpho-anatomical
features, the plant samples emerged with
relatively the same similarity indices and close
kinship relationships (Asadudin et al., 2024;
Putera et al., 2024). The analysis of kinship
relationships aims to group the plant
populations based on their morpho-anatomical
traits. Relationships based on the same
characteristics served to determine whether
the plant species studied have a close or
distant relatedness. In cluster analysis,
variables such as stomatal length, stomatal
width, and stomatal density likely contributed
the most to the grouping pattern. The closer
the kinship relationship between species, the
lower the genetic distance and the greater the
similarity coefficient value (Sukmawati et al.,
2021).

These findings were consistent with
previous studies by Mahfut et al. (2024a;
2025c), who reported grouping based on
stomatal morphological characters can reflect
genetic kinship among the plant species.
Additionally, Sari et al.'s (2025) findings
revealed that variations in stomatal size and
shape serve as vital indicators in phylogenetic
and taxonomic analyses of crop plants.
Therefore, in the presented study, the
dendrogram provided preliminary evidence of
kinship relationships among the Coelogyne
samples based on stomatal morpho-anatomical
characteristics.
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Principal component analysis

Based on the cluster analysis, it showed the
division of Coelogyne species samples into two
clusters (Figure 3). Cluster I comprised the
samples C2, C1, and C6, which exhibited
similarities in epidermal cell width, stomata
density, and stomata index. Although C6
displayed a previous separation in the
dendrogram, its inclusion in Cluster I with C1
and C2 may be due to the similar values it
shared with these samples in stomatal density
and epidermal cell width (Table 1). Cluster II
consisted of the Coelogyne samples C3, C4,
and C5. Sakurai and Miklavcic (2022)
mentioned the length and direction of the
arrow indicated the stomatal character that
mostly affected the grouping. The arrow
pointing to a particular group indicates the
most influential stomatal character, and the
arrow length was directly proportional to the
stomatal characters.

From the significant results, the
characteristics that influence the separation of
Coelogyne samples between cluster analysis
and PCA analysis have similarities apart from
the cluster grouping pattern (I and II).
However, the results of both analyses are
consistent, as they both successfully separate
species with  similar morpho-anatomical
characteristics. The match between the two
methods indicates that both cluster analysis
and PCA can be effectively helpful in
determining the cluster structures in
taxonomy. The key characters that contribute
to the separation of Coelogyne samples are
available in Table 2, which includes relevant
morphological and anatomical traits.

The findings further revealed that in
cluster I, the characters that play a positive
role were the epidermal cell width, stomatal
index, stomatal density, and stomatal area,
with an eigenvalue of 0.604 (54.9%).
However, in cluster II, the characters with a
vital role were the epidermal cell width and
stomatal area, with an eigenvalue of 0.377
(34.3%) (Table 3). In this analysis, the
eigenvalues showed the percentage value of
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Table 2. Similarity index (%) of stomatal morpho-anatomical characters in the Coelogyne six samples
at the Liwa Botanical Garden, Lampung, Indonesia.

Coelogyne samples C1 Cc2 C3 c4 C5 C6
Cc1 1.00
Cc2 0.75 1.00
C3 0.25 0.33 1.00
c4 0.25 0.33 1.00 1.00
C5 0 0 0 0 1.00
Ccé 0.50 0.25 0 0 0 1.00
P A T re
=T STOMATA WDTH
T ETONMATA APERTLRE WDTH
:
F 3
Vet scadinor 0.3 - ﬂt. Cé ,"

Figure 3. Results of PCA analysis on
anatomical characters.

the Coelogyne six samples based on stomatal morpho-

Table 3. Characters that play a vital role in the grouping of Coelogyne species samples.

Coelogyne characters PC1 PC 2
Stomata aperture width 0.543 0.411
Stomata index 0.484 -0.463
Stomata density 0.676 -0.135
Stomata area 0.119 0.774
Eigenvalues 0.604 0.377
Percentage (%) 54.919 34.296
Percentage Cum. 54.919 89.215
the contribution in each grouping. An CONCLUSIONS

eigenvalue (>0.02) indicates the most

influential character in cluster grouping (Elhaik,
2022). The eigenvalue value implies the level
of influence of each character, which can be
visible from the length of the projection
formed. The consistency between the
dendrogram and PCA results further supports
the use of stomatal characters as reliable
taxonomic markers in Coelogyne.
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Characterization of different Coelogyne species
samples revealed various morpho-anatomical
characteristics concerning stomata. Overall,
the results disclosed average values for
epidermal cell width (9.25 pm), stomata length
(19.65 pm), stomata width (17.09 pm),
stomata density (17.67 mm), and stomata
index (1.045%). The phenetic analysis divided
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Coelogyne samples into two clusters (A and B),
with similarity indices of 1.60 and 0.90, and
PCA values (2.4 and 0.093) greater than 0.02
indicate the contribution value of each
grouping. The valuable findings provide
essential data for conservation practices, such
as species prioritization, genetic diversity
assessment, and the development of
conservation strategies for Coelogyne at the
Liwa Botanical Garden, Lampung, Indonesia.
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