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ARTICLE INFO ABSTRACT

Edited by: Dr Teresa Terrazas Dendrobium Sw. is one of the three largest genera in Orchidaceae, which has been disputed due to controversial
taxonomy and difficult species identification. Leaf morpho-anatomy of five sect. Stachyobium species from China
were investigated using microscope and paraffin section to provide anatomic evidence for taxonomic signifi-
cance. (1) Leaf size and apex of blade were varied among species and could be used for species delimitation. (2)
Two shapes of ordinary epidermal cell were recognized, consisting of narrow-polygonal cell and broad-polygonal

cell. The adaxial ordinary epidermal cells were conspicuously larger than the abaxial epidermal cell. The anti-
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Vascular bundles clinal wall of ordinary epidermal cells was straight-arched, with obvious thickenings. Peltate glandular trichomes
Crystals occurred on both sides of leaf blade, with higher density on the abaxial surface. (3) Tetracytic stomata was
Taxonomy observed only in D. compactum, while co-occurrence of tetracytic and anomocytic stomata was found in other

Species identification four species. (4) Two types of outlines of leaf midrib were recognized, including flat type and carinate type. (5)
The bicollateral vascular bundle was only observed in D. strongylanthum, but the amphivasal vascular bundle was
commonly observed in the rest four species. (6) Two types of peltate trichome were firstly described anatomi-
cally, including a uni-celled stalk type and a bi-celled stalk type. Two types of crystals were present in idioblasts,
including the spherical silica body in D. sinominutiflorum, and prismatic crystal in the rest four species. The
monophyletic sect. Stachyobium was strongly supported by a comparative morpho-anatomy of leaf. Some
morpho-anatomic features were selected and used for species discrimination and taxonomy of Dendrobium,
including leaf size, leaf shape, apex of blade, the ordinary epidermal cell shape, stomatal density, leaf midrib
outline, type of vascular bundle, anatomic type of peltate trichome, and crystals. Additionally, a key to five sect.
Stachyobium species from China was proposed based on leaf morpho-anatomical features.

1. Introduction further investigations (National Forestry and Grassland Administration

of China, 2021).

Dendrobium Sw. is one of the three largest genera in Orchidaceae
with approximately 1 100 - 1 500 species worldwide, widely distributed
in tropical and subtropical regions of Asia to Oceania (Schuiteman and
Adams, 2014). There were about 74 - 110 species recorded in China
occurred from tropical and subtropical to Qinling Mountains regions
(Chen et al., 1999; Zhu et al., 2009; Jin et al., 2019; Li, 2023). Most
Dendrobium members have been valued greatly as medicinal and horti-
cultural resources, and listed as endangered wild orchids, which needed
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The taxonomy of Dendrobium is considered to be one of the most
intricate problems in Orchidaceae, mainly focusing on infrageneric re-
lationships, species identification, and conservation and utilization, due
to the wide distribution range, the large number of species, the diverse
morphology, and some overlapping features between species (Clements,
2003, 2006; Adams, 2011). Since the establishment of Dendrobium by
Swartz (1799), a number of intergeneric and infrageneric systems have
been proposed based on morphological characters. It was initially
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recognized that there were four sections in Dendrobium, which were later
expanded to ten sections (Lindley and Paxton, 1851). Kranzlin (1910)
divided Dendrobium into ten subgenera and 27 sections with about 600
species. Schlechter (1982) proposed an infrageneric system of Den-
drobium with four subgenera and 41 sections, which was followed by
latter scholars (Ji et al., 1999). Recently, Dendrobium s.l. was proposed
by adding of Epineneium Gagnep. and Flickingeria Hawkes, based on
molecular phylogenetic data (Burke et al., 2008; Xiang et al., 2013). The
taxonomy of Dendrobium in China has undergone similar revisions. They
were grouped into 12 sections with 74 species and two varieties (Ji et al.,
1999) and later expanded to 14 sections containing 78 species, with a
new establishment of sect. Holochrysa Lindl. and sect. Calcarifera J. J.
Smith. (Zhu et al., 2009). Up to now, the number of species in Den-
drobium s.l. increased to around 110 (Jin et al., 2019). However, the
species delimitations and taxonomy in Dendrobium had been still
controversial and needed more evidences (Zhu et al., 2009; Xiang et al.,
2013; Li, 2023).

Leaf morpho-anatomy in Dendrobium varied greatly, which played a
key role in species identification and taxonomy (Stern et al., 1994;
Morris, 1996; Zhu et al., 2009). The unifacial-leaved species of sect.
Rhizobium Lindl. constituted a distinctive clade based on leaf anatomy
(Stern et al., 1994). Sect. Aporum (Bl.) Lindl. and sect. Rhizobium of
Dendrobium should be regarded as sister taxa because of synapomorphies
in their leaf morphology and anatomy (Carlsward et al., 1997). Some
leaf morpho-anatomic features have been selected as significant roles in
taxonomy and phylogeny in Dendrobium, such as trichomes, shape and
size of epidermal cell, number of epidermal cell of stomata (subsidiary
and neighboring), stomatal index, size of stomatal pore, and the thick-
ness of cuticle and cross section of a midrib (Yukawa et al., 1992; Stern
et al., 1994; Morris, 1996; Carlsward et al., 1997; Pradhan and Bajra-
charya, 2018, 2020). In addition, leaf anatomic features of Dendrobium
could be related with potential adaption to water storage and drought
(Sun et al., 2014; Metusala et al., 2017; Yang et al., 2016; Qi et al.,
2020).

There were about 44 species of Dendrobium sect. Stachyobium Lindl.,
distributed in mountainous regions in mainland Asia (Prommanut,
2017). The monophyly of sect. Stachyobium was strongly supported
based on five DNA markers (Xiang et al., 2013), which were charac-
terized well by its tufted growth habit, fleshy stems enclosed by leaf
sheath, lip trilobed, column foot well-developed, and small pollinia
covered by a shallow helmet-shaped anther cap (Zhu et al., 2009; Wang
etal., 2021a; Wang et al., 2021b). Five species of sect. Stachyobium were
found in China (Zhu et al., 2009), including Dendrobium compactum
Rolfe. ex W. Hackett, D. monticola P. F. Hunt et Summerh,
D. porphyrochilum Lindl., D. strongylanthum Rchb. F., and a Chinese
endemic species of D. sinominutiflorum S. C. Chen. The last one is only
found in Southern Yunnan, China (Zhu et al., 2009). Most of them have
been mistaken or misused as ornamental or medicinal resources in
Chinese market due to their similar morphology and problems of iden-
tification (Chen et al., 1999). Only certain members of sect. Stachyobium
have been investigated or mentioned anatomically, these usually as part
of broad investigations of particular features rather than as compre-
hensive studies of specific taxa (Morris et al.,1996; Pradhan and Bajra-
charya, 2018; Prommanut et al., 2018). There is no systematically based
body of information on sect. Stachyobium.

Therefore, leaf morpho-anatomic investigation of five sect. Sta-
chyobium species from China was carried out and aimed to: (1) observe
leaf morpho-anatomic features of these five species in detail; (2) select
some taxonomic traits for species identification based on a comparative
leaf morpho-anatomy; (3) provide a better understanding of taxonomy
of Dendrobium based on leaf morpho-anatomic data.

2. Materials and methods

Plants of five Dendrobium sect. Stachyobium species have been culti-
vated for many years and bloom in summer and autumn every year in
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the Orchid Germplasm Resource Nursery of Yunnan Fengchunfang
Biotechnology Company Limited, the Teaching Practice Base of South-
west Forestry University, located in Fumin County, Yunnan Province,
China (N 25° 20' 01", E 102° 27’ 26").

The length and width of fully expanded leave were measured in the
field with the help of a glass scale ruler and graph paper. All observa-
tions of leaf morphological features were taken from three fully
expanded leaves from each of ten plants per species as sample. Mature
leaves were collected and fixed in FAA (Johasen, 1940) and then pre-
served in 50% ethanol.

To observe leaf epidermal characteristics, samples were prepared
following Sun and Jiang (2009). Five leaves of each species were cut into
small fragments approximately 1 cm x 1 cm from an area between the
midvein and leaf edge, immersed in 30% Hy02—CH2COOH for 12 - 24 h,
and stained with 1% Safranin for 2 - 3 min. Transverse sections of five
leaves of each species were investigated for anatomical features. Frag-
ments about 0.5 cm x 0.5 cm from an area between the midvein and
edge of leaf were dehydrated using ethanol, embedded in paraffin wax
(melting point = 57 °C), and cut at a thickness of 8 pm using a Leica
RM2235 Rotary Microtome. Sections were stained with (1%) safranin
and (1%) fast green (Gerlach, 1977). Samples of the dissociated
epidermis and sections were mounted on glass slides using Canada
balsam. The samples were observed and photographed using a Leica DM
750 microscope. 30 measurements were taken for each documented
value of the lengths and widths of leaf ordinary epidermal cells, stomata,
and the thickness of leaf by ImagelJ software. Stomatal index = number
of stomata / (number of stomata + number of ordinary epidermal cells)
x 100%. The terminologies used for stomatal complex types were fol-
lowed by Patel (1979).

The morphological and anatomical features were statistically
analyzed using SPSS 25.0 software, and mean values and standard errors
were obtained. To evaluate the significant differences in morpho-
anatomical features among five species of sect. Stachyobium, the data
were tested separately using one way analysis of variance (ANOVA). The
means were separated using Duncan’s multiple range test, and differ-
ences between mean were considered significant with p < 0.05.

3. Results
3.1. Leaf morphology

Five Dendrobium sect. Stachyobium species have simple leaves with
parallel venations like other monocots. They showed alternate phyllo-
taxy and were exstipulate (Fig. 1). Leaf size, leaf shape, and apex of
blade were varied from species to species (Table 1, Fig. 1). The smallest
leaf occurred in D. compactum (1 - 2.5 cm x 0.4 - 0.6 cm, L x W), that was
oblong, papery, with apex obtuse and unequally bifid (Fig. 1A). The
largest leaf was featured in D. strongylanthum (4 - 10 cm x 1.7 cm, L X
W), that was long lanceolate (Fig. 1E). The smaller leaves were observed
in D. sinominutiflorum (1.5 - 5.5 cm x 0.4 - 0.7 cm, L x W) (Fig. 1B),
D. monticola (2.5 - 45 cm x 0.5 - 0.6 cm, L x W) (Fig. 1C), and
D. porphyrochilum (4.5 cm x 0.6 - 1 cm, L x W) (Fig. 1D). Two types of
leaf texture were found: leathery leaves in D. strongylanthum and
D. monticola, and papery leaves in other three species. Two shapes of leaf
apex were observed, containing apex obtuse in D. compactum and
D. sinominutiflorum, and acute apex in other three species.

3.2. Leaf surface

Ordinary epidermal cells: Epidermal cells on both leaf surfaces
were polygonal, arranged in longitudinal rows parallel to leaf veins
(Figs. 2 and 3). The adaxial epidermal cell were conspicuously larger
than the abaxial epidermal cell. Anticlinal walls of ordinary epidermal
cells were straight-sided and thickened significantly. Two shapes of
epidermal cells were recognized (Table 2), consisting of narrow-
polygonal cells (1.40 - 2.10 pm, L/W) and broad-polygonal cells (0.90



Y. Xie et al.

Flora 317 (2024) 152560

Fig. 1. Plants of five Dendrobium sect. Stachyobium species, indicating leaf morphology. A: D. compactum. B: D. sinominutiflorum. C: D. monticola. D: D. porphyrochilum.

E: D. strongylanthum.

Table 1
Leaf morphology of five Dendrobium sect. Stachyobium species.

Number  Species Size (L x Shape Texture Apex
W)/cm

1 D. compactum 1-25x% Oblong Papery Obtuse
0.4-0.6

2 D. sinominutiflorum  1.5-5.5 Oblong Papery Obtuse
x 0.4 -
0.7

3 D. monticola 25-45 Oblong Leathery  Acute
x 0.5 -
0.6

4 D. porphyrochilum 4.5 x 0.6 Oblong Papery Acute
-1

5 D. strongylanthum 4-10 x Long Leathery  Acute

1.7 lanceolate

- 1.40 pm, L/W). Accordingly, the narrow-polygonal epidermal cells on
both leaf surface were observed in D. compactum (Fig. 2A-B and 3A) and
D. sinominutiflorum (Fig. 2C-D and 3D), while the broad-polygonal
epidermal cells on both leaf surface were present in D. porphyrochilum
(Fig. 2G-H and 3 G), and co-occurrence of both shapes were found in
D. monticola (Fig. 2E-F and 3F) and D. strongylanthum (Fig. 2I-J and 3I).

Stomata: Elliptic stomata was observed only abaxial surface, in
which the long axis of the stomatal apparatus parallel to the veins and
scattered randomly in five species. Tetracytic stomata was found in
D. compactum (Fig. 3B), mostly tetracytic with occasionally anomocytic
stomata was mixed in D. sinominutiflorum (Fig. 3D), D. monticola
(Fig. 3F), D. porphyrochilum (Fig. 3H) and D. strongylanthum (Fig. 3J).
There were significant differences in stomatal size (mean + SE of polar
axis and equatorial axis. The stomatal index remained around 21, while
stomatal density was different between species (Table 3, Fig. 3). The
highest stomatal density was found in D. monticola (Fig. 3E), and the
lowest stomatal density in D. strongylanthum (Fig. 3I).

Trichomes: Trichomes occurred on both leaf surfaces, with higher
density on the abaxial. (Fig. 2 and 3). The trichomes was peltate, which
was swollen and morphologically obvious different from other
epidermal cells and stomata (Fig. 2 and 3).

3.3. Leaf section

Leaf showed common monocot anatomical features, consisting of
cuticle, epidermis, mesophyll, and vascular bundles. Leaf lamina of all
five species had a single layer cuticle and an epidermis on both surfaces.

Leaf midrib outline: The leaf midrib outline demonstrated varied
shapes in transversal sections, and could be recognized as flat and
carinate types. Flat type had an angle of 120° - 180° found in
D. sinominutiflorum (Fig. 4A) and D. monticola (Fig. 4C). Carinate type
possessed an angle of 0°—120°, found in D. compactum (Fig. 4E),
D. porphyrochilum (Fig. 4G), and D. strongylanthum (Fig. 41).

Cuticle: Thin, smooth, inconspicuous on both adaxial and abaxial
surfaces (Fig. 4).

Trichomes: There were two types of peltate trichome that could be
characterized by number of stalk cells. One type of uni-celled stalk was
composed by a single celled stalk and a peltate head. The uni-celled stalk
trichome was observed and varied in four species, which could be
further divided into two subtypes. The apex of stalk cell was peltate-like
in D. sinominutiflorum (Fig. 5A), D. monticola (Fig. 5B), D. porphyrochilum
(Fig. 5C), while the apex of stalk cell was capitate-like in
D. strongylanthum (Fig. 5D). On the contrary, the other type of bi-celled
stalk was comprised by two-celled stalk with a peltate head, which was
observed only in D. compactum (Fig. 5E).

Epidermis: Leaf lamina of all five species had a single layer
epidermis on both surfaces. All of the species had a uniseriate epidermis
composed of square to rectangular ordinary epidermal cells with
external periclinal walls thicker than their internal walls. Ordinary
epidermal cells of the adaxial surface were conspicuously larger than
ordinary epidermal cells of the abaxial surface, up to 1/3 the height of
the abaxial epidermal cells in D. compactum (Table 4, Fig. 4E), or up to
1/2 the height of the abaxial epidermal cells in the other four species
(Table 4, Fig. 4A, C, G, D).

Vascular bundles: The vascular bundles were always arranged in
one row across the width of a blade. The midvein vascular bundle was
large with smaller vascular bundles to either side. The midvein vascular
bundle was partially surrounded by bundle sheath. The amphivasal
vascular bundle was observed in D. sinominutiflorum (Fig. 4B),
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Fig. 2. Micro-morphology of leaf adaxial epidermis of five Dendrobium sect. Stachyobium species. A - F: Narrow polygonal type of ordinary epidermal cells,
D. compactum (A, B), D. sinominutiflorum (C, D), D. monticola (E, F). G - J. Broad polygonal type of ordinary epidermal cells, D. porphyrochilum (G, H),

D. strongylanthum (I, J). pgt = peltate glandular trichome.

D. monticola (Fig. 4D), D. compactum (Fig. 4F) and D. porphyrochilum
(Fig. 4H). However, the vascular bundle has a bicollateral organization
in D. strongylanthum (Fig. 4J), differing from those of other four species.

Mesophyll: Undifferentiated. The mesophyll was homogeneous,
composed of 5 - 8 layers of elliptic and rounded parenchyma cells with
varied shapes (Fig. 4).

Crystals: Crystals in idioblasts were observed and varied morpho-
logically in five species. Two types of crystals were characterized,
including the spherical silica body crystals in D. sinominutiflorum
(Fig. 5F) and the prismatic crystals in D. compactum (Fig. 5G),
D. monticola (Fig. 5H), D. porphyrochilum (Fig. 5I), D. strongylanthum
(Fig. 5J).
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Fig. 3. Micro-morphology of leaf abaxial epidermis of five Dendrobium sect. Stachyobium species. A - B: Tetracytic stomata, D. compactum. C - J: Mostly tetracytic
with few anomocytic stomata, D. sinominutiflorum (C, D), D. monticola (E, F), D. porphyrochilum (G, H) and D. strongylanthum (I, J). as= anomocytic stomata. ts =
tetracytic stomata. pgt = peltate glandular trichome.

Leaf thickness: Leaf thickness was almost consistent in the five 4. Discussion
species observed, with minor variations (Table 4). The smaller thickness,
less than and around 300 pm, was observed in the papery leaves of 4.1. Leaf morpholoy
D. compactum, D. sinominutiflorum, and D. monticola. The larger thickness
between 320 - 350 pm was found in the leathery leaves of Leaf morphology was used as a key to classification of Chinese
D. porphyrochilum and D. strongylanthum. Dendrobium members, including trichomes, leaf shape, leaf size, and leaf
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Leaf epidermal features in five Dendrobium sect. Stachyobium species (Mean =+ SE, n = 30).

Adaxial epidermis

Abaxial epidermis

Species Ordinary Ordinary L/W  Shape of Anticlinal Ordinary Ordinary L/W  Shape of Anticlinal
epidermal cells epidermal cells epidermal wall epidermal cells epidermal cells epidermal wall
length (pm) width (pm) cells length (um) width (pm) mcells

D. compactum 86.14 + 2.68% 54.27 + 1.81°¢ 1.59 Narrow - Straight - 83.49 + 3.55% 41.21 + 1.44° 2.03 Narrow - Straight -

polygon sided polygon sided

D. sinominutiflorum  84.41 + 2.81% 60.23 + 1.63" 1.40  Narrow - Straight - 50.84 + 2.33° 37.32 + 0.99¢ 1.36  Narrow - Straight -

polygon sided polygon sided

D. monticola 87.23 +1.78% 52.25 + 1.32¢ 1.67  Narrow - Straight - 54.38 + 1.84° 39.95 + 1.34> 1.36  Broad - Straight -

polygon sided polygon sided

D. porphyrochilum 81.90 + 2.2° 83.34 £+ 2.15% 0.98  Broad - Straight - 58.28 + 2.34" 45.81 + 1.07° 1.27  Broad - Straight -

polygon sided polygon sided

D. strongylanthum 84.02 + 2.28% 83.01 + 1.23% 1.01  Broad - Straight 90.12 + 2.56% 43.13 + 1.44%° 2.09  Narrow - Straight -

polygon -sided polygon sided

Different letters in the same column indicating statistical difference P < 0.05 (ANOVA).

Table 3

Stomatal characteristics and their variations in five Dendrobium sect. Stachyobium species. (Mean =+ SE, n = 30).

Species Stomata size (pm) Shape Stomatal index (%) SI Stomatal density (mm2) SD Stomatal type

Polar axis(P) Equatorial axis(E) P/E
D. compactum 38.58 + 0.63" 38.05 + 0.56% 1.01 elliptic 19.40 + 0.95° 23 +1.92° tetracytic
D. sinominutiflorum 34.03 + 0.55¢ 30.05 + 0.58° 1.13 elliptic 20.79 + 0.54° 34 + 1.64° tetracytic and anomocytic
D. monticola 36.72 + 0.51° 31.57 + 0.38" 1.16 elliptic 23.54 + 0.46° 39 + 1.30¢ tetracytic and anomocytic
D. porphyrochilum 31.79 + 0.32¢ 29.97 + 0.28° 1.06 elliptic 22.61 + 0.44° 34 + 0.58°¢ tetracytic and anomocytic
D. strongylanthum 51.66 + 0.96% 37.47 + 0.52% 1.38 elliptic 18.52 + 0.60% 18 + 0.387 tetracytic and anomocytic

Different letters in the same column indicating statistical difference P < 0.05 (ANOVA).

texture (Zhu et al., 2009; Li, 2023). Sect. Stachyobium is strongly sup-
ported as monophyletic by plastid and nuclear sequences (Xiang et al.,
2013). This section had tufted growth habit, small grassland-like plants
with leathery or papery, oblong, dorsiventral, and glabrous leaves from
the current year’s and usually immature stem (Zhu et al., 2009). The
papery, smooth and dorsoventral leaf in sect. Stachyobium could be
distinguished from those in other Dendrobium sections, such as bi-facial
leaf with black hairs in sect. Formosae (Benth. & Hook. f.) Hook. f., leaf
laterally compressed and shortly ensiform in sect. Aproum, leaf
subulate-cylindric or subcylindric in sect. Strongyle Lindl. (Zhu et al.,
2009). Moreover, leaf morphology of sect. Stachyobium were similar to
those of sect. Grastidium (BL) J. J. Smith, including leathery and
grass-like leaves (Zhu et al., 2009). Notably, D. strongylanthum were
greatly distinct from the rest four species by the largest leaf, which was
long lanceolate and leathery.

4.2. Leaf micro-morphology

Five species observed shared some common leaf morpho-anatomical
features, including the ordinary epidermal cells with polygonal to
irregular and straight-sided anticlinal walls, the parallel arrangement,
the adaxial ordinary epidermal cells larger than the abaxial ordinary
epidermal cells, the hypodermis absent. These features could be used as
diagnostic characters of sect. Stachyobium from other Dendrobium sec-
tions. The polygonal epidermal cells with straight-sided anticlinal walls
were different from those in sect. Formosae and sect. Aporum, which
appeared to be irregular cells with curved anticlinal walls (Morris et al.,
1996; Sathapatayanon, 2008; Carlward et al.,1997). Hypodermis was
absent, like those observed on the leaves of sect. Monanthos C. Y. Wu et
R. C. Fang and sect. Grastidium, but different from those in sect. Rhizo-
bium and sect. Aporum, because the latter had hypodermis on abaxial
surface (Stern et al. 1994; Carlward et al.,1997). The epidermal cell
shape was varied between the five species observed here. The
narrow-polygonal epidermal cells were observed in D. compactum and
D. sinominutiflorum, while the broad-polygonal type was present in
D. porphyrochilum, and co-occurrence of both shapes were found in

D. monticola and D. strongylanthum.

The stomata occurred on the abaxial surface, which varied in shape,
size and density among the five species. Their stomatal pore was mostly
elliptic rather than round, and stomatal type was mostly tetracytic and
occasionally anomocytic, which was consistent with other data on
representative of sect. Stachyobium (Morris et al., 1996; Pradhan and
Bajracharya, 2018). Stomata tetracytic occurred only in D. compactum,
but co-occurrence of tetracytic and anomocytic type was observed in
other four species. Meanwhile, D. strongylanthum could be discriminated
from the rest four species by possessing the lowest stomatal density with
the larger stomata.

4.3. Leaf anatomical features

Anatomically, there were some distinct features among five species,
including the outline of cross sections of midrib leaf, the thickness of a
blade, vascular bundle, trichome type, and crystals.

Two types of leaf midrib outline were observed, which could be used
in discrimination of two similar species, such as carinate type in
D. compactum, but flat type in D. sinominutiflorum. These two species
often have been mistaken and misused because both have small grass-
like plants (Zhu et al., 2009; Jin et al., 2019).

The thickness of the adaxial ordinary epidermal cells and abaxial
ordinary epidermal cells could be used to distinguish D. compactum from
five species of sect. Stachyobium observed. The adaxial ordinary
epidermal cells up to 1/3 the height of the abaxial ordinary epidermal
cells in D. compactum, were greatly distinguished from those of the
others four species that adaxial ordinary epidermal cells up to 1/2 the
height of the abaxial ordinary epidermal cells.

The vascular bundles of the five species investigated here were
embedded in the middle of mesophyll tissues, with primary xylem ori-
ented toward leaf axis, which conformed to the relevant data (Morris
et al., 1996; Pradhan and Bajracharya, 2020). Vascular bundles
arrangement in one row in the mesophyll in five sect. Stachyobium
species observed here, could be distinguished from those of sect. Aporum
and sect. Rhizobium, that were symmetrically arranged within the
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Fig. 4. Transverse section of a leaf midrib in five Dendrobium sect. Stachyobium species. A - B: D. sinominutiflorum. C - D: D. monticola. E - E: D. compactum. G - H:
D. porphyrochilum. I - J: D. strongylanthum. ab = abaxial surface. ad = adaxial surface. p = phloem. vb = vascular bundle. x = xylem.

mesophyll (Carlsward et al., 1997). In present study, arrangement of
xylem and phloem could be used for distinction of D. strongylanthum
from other four species. The vascular bundle possessed a bicollateral
organization in D. strongylanthum, but the amphivasal vascular bundle in
other four species.

Peltate trichomes occurred on both sides of a blade in five species,
with higher density on the abaxial surface, which was observed also in

certain members of sect. Stachyobium (Morris et al., 1996; Prommanut
et al., 2018). Peltate trichome was featured by a bi-celled stalk in
D. compactum, but peltate trichome with a uni-celled stalk was charac-
terized in the rest four species. Moreover, the apex of stalk cell was
capitate-like in D. strongylanthum, but peltate-like in the rest four
members. Peltate trichomes were ever investigated in detail by micro-
scope and SEM (scanning electronic microscope) and varied in two sect.
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Fig. 5. Two types of peltate trichomes and crystals observed in five Dendrobium sect. Stachyobium species. A — D: Uni-celled stalk type, indicating the apex of stalk cell
was peltate-like in D. sinominutiflorum (A), D. monticola (B), D. porphyrochilum (C) and the apex of stalk cell was capitate-like in D. strongylanthum (D). E: Bi-celled
stalk type in D. compactum. F - J: Two types of crystals, spherical silica body crystals in D. sinominutiflorum (F) and prismatic crystals in D. compactum (G), D. monticola
(H), D. porphyrochilum (1), and D. strongylanthum (J). be = basal cell. sc = stalk cell.

Table 4
Leaf anatomic features of five Dendrobium sect. Stachyobium species. (Mean + SE, n = 30).
Spaces TL/pm TDE/pm TBE/pm TUE/TLE Types of trichomes Type of crystals
D. compactum 273.22 + 2.38¢ 54.44 +1.19° 20.14 + 0.57¢ 2.70 Uni-celled stalk cell prismatic
D. sinominutiflorum 280.35 + 0.87¢ 73.36 + 1.27° 30.66 + 1.57° 2.39 Bi-celled stalk cell spherical silica body
D. monticola 300.55 + 2.61°¢ 55.23 + 1.65° 34.24 £+ 1.35% 1.61 Bi-celled stalk cell prismatic
D. porphyrochilum 324.22 + 6.08° 47.65 + 2.12%¢ 29.55 + 1.61° 1.61 Bi-celled stalk cell prismatic
D. strongylanthum 346.66 + 3.03% 52.39 + 3.84" 23.96 + 0.89¢ 2.18 Bi-celled stalk cell prismatic

Note: TL. Thickness of leaf blade; TDE. Thickness of adaxial epidermal cells; TBE. Thickness of abaxial epidermal cells.
Different letters in the same column indicating statistical difference P < 0.05 (ANOVA).

Stachyobium species, which was useful in species delimitation (Prom- stalk, and the other by a flat and rough head and a single-celled stalk.
manut et al., 2018). Two types of peltate trichome were described, These two types of peltate trichomes could distinguish D. obchantiae
including one composed by a swollen, smooth head and a muti-celled Promm., Suddee & Kidyoo from D. incurvum Lindl. (Prommanut et al.,
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2018). Therefore, anatomic and ultrastructure data on peltate trichomes
sect. Stachyobium needed more investigation for further taxonomic
significance.

Two types of crystals were observed in the five species investigated
here, including the spherical silica body in D. sinominutiflorum and
prismatic crystal in the rest four species. The calcium oxalate crystals
were widely spread in monocotyledons, but silicate crystals occasionally
presented (Prychid, 1999). The crystals were mostly raphide bundles in
leaf of Orchidacaeae (Holtzmeier et al., 1998; Senel et al., 2019).
Raphides crystal were observed in Dendrobium sect Rhizobium and sect
Aporum, and druse-like structures also were found in D. aloifolium
(Blume) Rchb. f. (Stern et al., 1994; Carlsward et al., 1997). In this study,
prismatic crystals were observed in the four species, which was different
from raphides in sect Rhizobium and druse-like structure in sect Aporum
(D. aloifolium). In addition, the spherical silica body crystals were only
observed in D. sinominutiflorum, which was seldom recorded in
Dendrobium.

4.4. Species identification

For a long time, species delimitation within Dendrobium has been
based mainly on inflorescence and flower morphology, and variation in
anther cap or pollinia features (Chen et al., 1999; Zhu et al., 2009; Wang
et al., 2021a, Wang et al., 2021b; Li, 2023). However, leaf morphology
was rarely used in species delimitation (Zhu et al., 2009). Some leaf
morpho-anatomic features were emphasized for species delimitation of
Dendrobium from Laos, including shape, reinforcement, arrangement,
texture, symmetry, and some anatomic characters (Mahfut et al., 2021).
It was proposed that D. strongylanthum was well supported within sect.
Stachyobium by molecular data (Xiang et al., 2013). D. strongylanthum
was greatly distinguished from the other four species, by possessing the
largest size of a leaf and ordinary epidermal cells, broad polygonal or-
dinary epidermal cells in adaxial epidermis and long polygonal in the
abaxial epidermis, the lowest stomatal index and stomatal density, the
capitate-like in apex of stalk cell, and a bicollateral organization of
vascular bundle. These features were not observed in the other four
species.

D. compactum and D. sinominutiflorum could be considered as
confused species by sharing pale green flower and small and grass-like
leaf (Zhu et al., 2009). However, leaf of D. compactum was nearly thin
and papery, with large stomata, and low stomatal density, while the
leaves of D. sinominutiflorum were thin and leathery, with small stomata,
and high stomatal density. Moreover, the carinate type, two-celled stalk
cell, and prismatic crystals were observed in D. compactum, the flat type,
one-celled stalk cell, and spherical silica body crystals were only found
in D. sinominutifiorum. The adaxial ordinary epidermal cells in
D. compactum were found to be up to 1/3 the height of the abaxial cells.
However, the adaxial ordinary epidermal cells in D. strongylanthum were
found to be up to 1/2 the height of the abaxial cells. Therefore, these two
species could be clearly distinguished by the stomatal size and density,
the leaf midrib outline, and the different thicknesses between the
adaxial and abaxial epidermis of leaf.

In summary, sect. Stachyobium was strongly supported as a stable
monophyly by leaf morpho-anatomical features investigated here. Some
morpho-anatomical characters could be selected and used for species
discrimination in Dendrobium sect. Stachyobium, such as stomatal type,
leaf midrib outline in transversal section, type of vascular bundles,
anatomic type of peltate trichome, and crystals. Accordingly, a taxo-
nomic key to the five species of Dendrobium in sect. Stachyobium in China
was given as below, in order to provide a better understanding of tax-
onomy of Dendrobium based on leaf morpho-anatomical features.
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Key to five Dendrobium sect. Stachyobium species from China
based on leaf morpho-anatomic features

1. The size of fully expanded leaves is small (1 - 5.5 cm x 0.4 —0.7
cm, L x W), and the apex of leaves is obtuse. The narrow-polygonal
epidermal cells (1.40 - 2.10 pm, L/W) on both leaf surface.
2. The leaf midrib outline was carinate (0° - 120°), with tetracytic
stomata and low stomatal density (< 25 mm2). The stalk cell of
trichomes had two cells, with prismatic crystals in idioblasts.
Ordinary epidermal cells of the adaxial surface conspicuously
larger than ordinary epidermal cells of the abaxial surface,
up to 1/3 the height of the abaxial epidermal
CEIIS. ettt D. compactum
2. The leaf midrib outline was flat (120° - 180°), with tetracytic
and anomocytic stomata and higher stomatal density (> 30 mm~
2). The stalk cell of trichomes had a single cell, with spherical
silica body crystals in idioblasts. Ordinary epidermal cells of the
adaxial surface conspicuously larger than ordinary epidermal
cells of the abaxial surface, up to 1/3 the height of the abaxial
epidermal cells........ccoceeeieiniiiiiniiiieniceeene D. sinominutiflorum
1. The size of fully expanded leaves is larger (2.5 - 10 cm x 0.5 —1.7
cm, L x W), and the apex of leaves is acute. The narrow-polygonal
epidermal cells (1.40 - 2.10 pm, L/W) not on both leaf surface.
3. Stomatal density is lower (< 20 mm2). The apex of stalk cell
was capitate-like and the vascular bundle has a bicollateral or-
GANIZAtION. c..eeeuvieiieiiieciie et e D. strongylanthum
3. Stomatal density is higher (> 20 mm2). The apex of stalk cell
was peltate-like and the organization type of the vascular bundle
was amphivasal vascular bundle.
4. The narrow-polygonal epidermal cells (1.40 - 2.10 pm, L/
W) and the broad-polygonal epidermal cells (0.90 - 1.40 pm,
L/W) on both leaf surface, and the leaf midrib outline was flat
(120° = 180°) wereeriieeieeeeeeeeeeeeeeeeeeeeeeeees ceeeeeeens D. monticola
4. The broad-polygonal epidermal cells (0.90 - 1.40 pm, L/W)
on both leaf surface, and the leaf midrib outline was carinate
(0° - 120°) coviereeieriiereeeeeee e D. porphyrochilum
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