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This study focused on five species of Hoya, namely H. mcgregorii Schltr, H. ischnopus
Schltr., H. pubicalyx Merr., H. flavescens Schltr and H. micrantha Hook.f. The objective
of this study was to list common, variations and diagnostics characteristics of the
anatomical and micromorphological characteristics of the veins, lamina and epidermis
of the Hoya species studied and to construct a dichotomous key for species
identification based on the characteristics obtained. Methods applied in this
anatomical study involved sample preservation with AA solution, sliding microtome
sections, leaf epidermal sections, leaf clearing and observation under a light
microscope. The study of leaf micromorphological characteristics involved critical
drying point, gold plating and observation under a scanning electron microscope. The
results of this study showed that there are similarities and differences between the
studied species. Common features observed in this study are the presence of latex, the
layer and size of epidermal cells, the anticlinal wall pattern of epidermal cells and the
type of wax on the leaf surface. The variation characteristics observed were leaf
margins and lamina, stomatal index, type of stomata and trichomes that present in
species studied. Several diagnostic features were observed in certain species. A
dichotomous key for species identification has been constructed from the leaf
anatomy and micromorphology characteristics found in this study, which then has
taxonomic value.

1. Introduction

In Peninsular Malaysia, there are more than 1200 species of medicinal plants that have the
potential to be commercialized including Hoya R.Br. (Apocynaceae: Asclepiadoideae) [13]. Hoya has
also gained attention as an ornamental plant and has become one of the most famous plants in
Europe and is now becoming famous in Malaysia and Singapore [23]. As many as 300 Hoya species
have been found in tropical and subtropical regions of Asia, Oceania and the Pacific islands [19-21].
However, this number will always increase according to new studies and discoveries.
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This climbing plant can grow up to 18 meters high and is famous as an ornamental plant because
its flowers have a variety of interesting colours and a unique smell [12]. Hoya flower colours include
white, pink, yellow, blackish purple, green and orange [18]. The demand for this genus is increasing
because many hybrids produce interesting and unique flowers. The diversity and uniqueness of
Hoya's scent have the potential to be commercialized as a new fragrance [25]. The anatomical and
micromorphological characteristics of a species have been proven to be used to produce herbal
products [4,6,7,26]. Research on Hoya is still meagre even though Hoya has medicinal values that can
potentially be used as herbal medicine. This study was conducted because there has not yet been a
comprehensive anatomical and micromorphological study done on the five selected Hoya species in
this study.

2. Methodology
2.1 Materials

A total of five species from the Hoya genus were selected for this study, namely H. mcgregorii, H.
ischnopus, H. pubicalyx, H. flavescens and H. micrantha. Specimens were obtained from the Bangi
Botanical Garden Nursery, Rumah Tumbuhan Complex, UKM Bangi, Selangor.

2.2 Methods

The research method was carried out according to [16,17]. Leaf specimens were preserved in AA
fixing solution (30 % Acetic Acid: 70 % Alcohol) with a ratio of 1:3, for 48 hours. Slice method using a
sliding microtome (Reichert) for the leaf lamina and margin. A disposable knife was used for slices at
a thickness of 20-30 um, the slices were transferred to a petri dish, the clarification process was done
with Clorox bleach, staining using Safranin and Alcian green solutions, and dehydration involved a
series of alcohols. For epidermal sections, specimens were soaked with Jeffrey's solution until clear,
stained with HCL, dehydrated, dried at 60°C and observed under a light microscope (Olympus BX43)
connected to a camera (Olympus DP72) and (Canon EOS 700D), using Analysis DoCu software and
EOS Utility 2 software. Micromorphological studies involve fresh leaf samples being cleaned,
dehydrating process, cleaning using Phosphate Buffer Solution, and dehydrating in an acetone series,
at 99 % acetone concentration, the sample is placed in a specimen container and inserted into a
critical dryer (Critical Dryer, Model RF-10) for 30 minutes, the plating process involves the sample
being mounted on a stab using double-sided adhesive and then transferred into a gold plating
(Sputter coater, Model SC 500). The abaxial and adaxial epidermal surfaces of the leaves were
observed using an electron scan (Philips XL Series XL 30) at 200x, 500x, 1500x and 3000x
magnification. All features that have taxonomic value were used for the construction of dichotomous
keys for the identification of Hoya species study.

3. Results
3.1 Common Characters

The presence of crystals is a common feature of most dicotyledonous plants [6] especially woody
plants [28]. Crystals are present in palisade cells and spongy mesophyll cells but are more often found
in epidermal cells and mesophyll cells in various shapes such as diamonds, cubes, rods, aciculars and
druses [16]. The results of the study found that drusen-type crystals were present in all five species
studied, especially in the epidermal cells of the leaf lamina. The presence of crystals can be used as a
taxonomic feature that can distinguish the genus [9]. Crystals are also associated with protection for

18



Semarak International Journal of Agriculture, Forestry and Fisheries
Volume 3, Issue 1 (2024) 17-23

plants and are important for removing oxalate from the plant's metabolic system and helping in the
photosynthesis process of plants in the shade [1,2].

Latex cells or laticifiers also known as plant rubber are usually present in certain families such as
Euphorbiaceae, Moraceae, Apocynaceae and Musaceae [16]. In this study, the latex cells present are
non-joint latex. The presence of latex cells is a general feature of the Apocynaceae family [5]. Latex
cells have a secondary metabolism and act as a defense mechanism for plants from being eaten by
herbivorous animals [3,7]. There is a study that found that latex from the Apocynaceae has medicinal
value such as anti-inflammatory, analgesic and able to treat wounds [29].

3.2 Variations in the Leaf Anatomical and Micromorphological Characteristics
3.2.1 Venation

The vascular system is important for the transport process of water, solutes, hormones and
carbohydrates through xylem and phloem. The tissue also functions as a mechanical defense
mechanism [3,21]. In plant taxonomy, veins play a very important role as a distinguishing and
diagnostic feature of a plant species. Leaf thickness can adapt to environmental changes, but leaf
veins remain genetically fixed [21]. The leaf margins of H. ischnopus and H. flavescens are incomplete,
H. pubicalyx and H. micrantha are looped, while H. mcgregorii is complete. As for the leaf lamina
veins arrangement, H. mcgregorii, H. ischnopus and H. pubicalyx have open veinlets, while H.
flavescens and H. micrantha have closed veinlets. This feature definitely has taxonomic value for the
differentiation of the studied Hoya species.

e o 2 .

leaf r.na.rgin_i‘é, Fig. 2. The venation of the leaf margin is

Fig. 1. The venation of the
complete and the areolar is open veinlets incomplete and the areolar is open veinlets
H. mcgregorii in H. ischnopus
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Fig. 3. The venation of leaf margin is Fig. 4 Thevenatin of leaf margin is
looped and the areolar is open veinlets H. incomplete and closed veinlets in H.
pubicalyx flavescens

Fig. 5. The venation of leaf margin is
looped and the areolar is closed H.
micrantha

3.2.2 Index stomata

The lamina surface has been preferred in taxonomic studies because the leaf surface has stable
and constant characteristics [22,24]. On the surface of the lamina, there are also stomata, trichomes,
wax, cuticle decoration, pericline and anticline walls, stomata are the features with the highest
taxonomic value [16]. Stomatal index values for example are not influenced by the habitat
environment in which the tree is located [27]. A study by [14] showed that the value of the stomatal
index is influenced by the density of stomata and the number of epidermal cells. High epidermal cells
and low stomatal density will show low stomatal index values, on the other hand low epidermal cells
and high stomatal density will show high stomatal index values. There are also studies that say
stomatal index values can be influenced by various environmental factors [1,2]. Nevertheless,
stomatal density has been considered an important taxonomic trait although it is often linked to the
environment [24]. The stomatal index is calculated using the following Eq. (1),

SI

= x 100 1
S+E 1)

Where, SI = Stomatal Index, S = number of stomata per unit area (mm?) and E = number of epidermal
cells per unit area (mm?) [16].

The results of this study found that the stomatal index for all species is different. H. micrantha
recorded the highest stomatal index value of 16.53 % while H. ischnopus recorded the lowest
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stomatal index value of 4.18 %. Stomatal index values for H. mcgregorii could not be calculated due
to the high density of trichomes on the abaxial surface, covering the stomata. H. pubicalyx and H.
flavescens recorded values of 14.58 and 11.54 % respectively. Overall, the stoma index for all species
studied is in the low range of 4.18 to 16.53 %. This may be due to the distribution of species around
Southeast Asia such as Malaysia, Indonesia and the Philippines which have hot weather, less stomata
will reduce the rate of water loss.

3.2.3 Presence and type of Trichomes

Diverse trichome features such as shape, distribution, type and pattern are the most easily
observed features and have been successfully used for additional classification of genus and species
as well as interspecies hybrids within certain plant families. The presence of papillae as a diagnostic
feature has been reported by [10,15,16]. Some species of Hoya such as H. caudata and H. verticillata
are also recorded as having papillae and there is also a species that has simple unicellular trichomes
namely H. coronaria [11].

The results of this study found simple multicellular type trichomes in H. ischnopus and H.
micrantha, with echinate ornamentation in H. micantha. On the abaxial surface of the leaf, all species
have trichomes except H. pubicalyx. The abaxial surface of the leaf epidermis of H. mcgregorii (Figure
6) and H. flavescens (Figure 8) is filled with papillae trichomes. Lithops-type papillae, which are dome-
shaped papillae, are present on the abaxial epidermal surface cells of H. ischnopus (Figure 7). Both
species H. flavescens (Figure 8) and H. micrantha (Figure 9) have multicellular glandular trichomes on
the abaxial surface of the leaf epidermis.

Fig. 6. Papillae trichomes- H. Fig. 7. Papillae lithops trichomes - H.
mcgregorii ischnopus

Fig. 8. Simple multicellular and

Simple multicellular with
papillae trichomes - H. flavescens echinate ornamentation trichomes-
H. micrantha

Fig.'
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3.3 Dichotomous Key

Based on the combination of anatomical and leaf micromorphological characteristics obtained
from the study, a dichotomous key for the identification of the study species is constructed.

1.  The venation of leaf margin is incomplete and looped, the outline shape of the leaf margin is

pointed and tapering, have stomatal index Value...........cueeveeeieeiiiiiici e 2
1.  The venation of leaf margin is complete, the external shape of the edge of the leaf is rounded,
NO StOMALAl INAEX VAIUE.....c.eeeece et st e e er e H. mcgregorii
2.  Areolar venation is closed and unbranched, stomata present hypostomically .........c.ccceennn. 3
2.  Areolarvenation is open and branched, stomata present amphistomically............... H. ischnopus

3.  The anticlinal walls on the adaxial and abaxial epidermal surfaces are straight to curved,

stomatal index value more than 14.58% or less than 14.58%........ccccceeecuveeeeeieieneieceeeseereees 4
3.  The anticlinal walls on the adaxial epidermal surface is straight and on the abaxial epidermal
surface is straight to curved, stomatal index value at 14.58 %........ccccceecuvvvveeeernnnnen. H. pubicalyx

4.  Multicellular simple trichomes with echinate ornamentation, and papillae on the abaxial

epidermal surface, stomatal index value of 11.54 %........cccoeececvirrrrierreeeeeeeeeeeeeeeeee, H. flavescens
4.  Simple multicellular trichomes with echinate ornamentation only on the abaxial epidermal
surface, stomatal iINAeX Value OFf 16.53 D.uuuuueiiiiiiiiiieeiieiiiieeeeeeetiee ettt reeea s H. micrantha

4. Conclusion

The results of the study have proven that the anatomical and micromorphological features of the
leaves have taxonomic value for differentiation and identification of Hoya species through the
construction of a dichotomous key. This leaf anatomy study on Hoya species in Peninsular Malaysia
has contributed in adding information to the Hoya species anatomical database in Malaysia. The
information obtained can be used for reference by the horticultural sector as well as the medicine
and fragrance industry based on Hoya species in Malaysia.

Acknowledgement
This research was funded by ST-2023-052, Program Inventori Koleksi Saintifik Biodiversiti Kebangsaan
(PIKS-BioD).

References

[1] Adegbite, A. E. "Leaf anatomical studies in some species of the tribe Cichorieae (Asteraceae) in Nigeria." Comp.
Newsl 46 (2008): 49-58.

[2] Aworinde, D. O., B. O. Ogundairo, K. F. Osuntoyinbo, and O. A. Olanloye. "Foliar epidermal characters of some
Sterculiaceae species in Nigeria." Bayero Journal of Pure and Applied Sciences 5, no. 1 (2012): 48-56.
https://doi.org/10.4314/bajopas.v5i1.10

[3] Agrawal, Anurag A., and Kotaro Konno. "Latex: a model for understanding mechanisms, ecology, and evolution of
plant defense against herbivory." Annu. Rev. Ecol. Evol. Syst. 40 (2009): 311-331.
https://doi.org/10.1146/annurev.ecolsys.110308.120307

[4] Carlquist, Sherwin John. "Comparative plant anatomy: a guide to taxonomic and evolutionary application of
anatomical data in angiosperms." (No Title) (1962).

[5] da Silva Menecucci, Carolina, Kathiele Luiza Mucellini, Marcia Machado de Oliveira, Bruna Higashi, Rafaela Takako
Ribeiro de Almeida, Carla Porto, Eduardo Jorge Pilau, José Eduardo Gongalves, Regina Aparecida Correia Gongalves,

22



Semarak International Journal of Agriculture, Forestry and Fisheries
Volume 3, Issue 1 (2024) 17-23

(6]
(7]
(8]

(9]

(10]
(11]
(12]
(13]
(14]
[15]
(16]
(17]

(18]

(19]

[20]
[21]

[22]
[23]

(24]

[25]

[26]

(27]
(28]

[29]

and Arildo José Braz de Oliveira. "Latex from Tabernaemontana catharinensis (A. DC)—Apocynaceae: An
alternative for the sustainable production of biologically active compounds." Industrial Crops and Products 129
(2019): 74-84. https://doi.org/10.1016/j.indcrop.2018.11.036

Dickison, William C. Integrative plant anatomy. Elsevier, 2000.

Esau, K. 1965. Plant Anatomy. Edition-2. New York: John Wiley and Sons. Inc.

Franceschi, Vincent R., and Paul A. Nakata. "Calcium oxalate in plants: formation and function." Annu. Rev. Plant
Biol. 56, no. 1 (2005): 41-71. https://doi.org/10.1146/annurev.arplant.56.032604.144106

Ghazalli, Mohd Norfaizal, Muhammad Shafie Md Sah, Mazidah Mat, Khadijah Awang, Mohd Azwan Jaafar, Razali
Mirad, Ahmad Zaki Zaini et al. "Leaf anatomy and micromorphology characteristics of ketum [Mitragyna speciosa
(Korth.)  Havil.](Rubiaceae)." Tropical  life  sciences  research 32, no. 1 (2021): 107.
https://doi.org/10.21315/tlsr2021.32.1.7

Stevens, Donohue. Plant systematics a phylogenertic approach. 2008.

Ridzuan, Khaleeda, and Meekiong Kalu. "Comparative Micromorphology Leaf Surface Of Selected Hoya
Spp.(Apocynaceae) From Sarawak." REINWARDTIA 22, no. 2 (2023): 69-77.
https://doi.org/10.55981/reinwardtia.2023.4504

Lamb, Anthony, Michele Rodda, Linus Gokulsing, Steven Bosuang, and Sri Rahayu. A guide to Hoyas of Borneo.
Natural History Publications (Borneo), 2016.

Mat-Salleh, Kamarudin, and A. Latiff. "Tumbuhan Ubatan Malaysia." (2002).

Mulyani, Sri. "Anatomi tumbuhan." Yogyakarta: Kanisius (2006).

Navarro, Teresa, and Jalal El Qualidi. "Trichome morphology in Teucrium L.(Labiatae). A taxonomic review."
In  Anales del Jardin Botdnico de Madrid, vol. 57, no. 2, pp. 277-297. 1999.
https://doi.org/10.3989/ajbm.1999.v57.i2.203

Noraini, T., A. R. Ruzi, and A. J. Amirul-Aiman. "Anatomi dan mikroskopik tumbuhan." Bangi: Universiti Kebangsaan
Malaysia (2019).

Noraini, T., M. Nur Syahirah, and A. R. Mohamad Ruzi. "Histologi dan Teknik Pengawetan Tumbuhan." Bangi:
Penerbit Universiti Kebangsaan Malaysia (2022).

Rodda, Michele, and NadhaNielle SiMoNSSoN. "Hoya medinillifolia (Apocynaceae Asclepiadoideae), a new species
from lowland forests of Sarawak, Borneo." Webbia 66, no. 2  (2011): 149-154.
https://doi.org/10.1080/00837792.2011.10670893

Rodda, Michele, and Enrico Ercole. "Hoya papaschonii (Apocynaceae: Asclepiadoideae), a new species from
southern  Thailand with a  peculiar corona." Phytotaxa 175, no. 2 (2014): 97-106.
https://doi.org/10.11646/phytotaxa.175.2.4

Rodda, Michele, and Ralf Omlor. "The taxonomy of oreosparte (Apocynaceae: Asclepiadoideae)." Webbia 68, no.
2 (2013): 91-95. https://doi.org/10.1080/00837792.2013.850898

Roth-Nebelsick, Anita, Dieter Uhl, Volker Mosbrugger, and Hans Kerp. "Evolution and function of leaf venation
architecture: a review." Annals of Botany 87, no. 5 (2001): 553-566. https://doi.org/10.1006/anbo.2001.1391
Rudall, P. "Anatomy of flowering plants: an introduction to structure and development." (1992)

San, L.L. 2019. Heavenly Hoyas: An introduction to the species of Singapore and Malaysia.
http://habitatnews.nus.edu.sg/pub/naturewatch/text/a094a.htm [23 Jun 2024].

Stace, C. A. "The use of indumentum characters in taxonomic studies." Botanical Journal of Linnean Society 62, no.
13 (1969): 1-168. https://doi.org/10.1111/j.1095-8339.1969.tb01962.x

Basir, Syazwani, Muhamad Afiq Akbar, Noraini Talip, Syarul Natagain Baharum, and Hamidun Bunawan. "An
integrative volatile terpenoid profiling and transcriptomics analysis in Hoya cagayanensis, Hoya lacunosa and Hoya
coriacea (Apocynaceae, Marsdenieae)." Horticulturae 8, no. 3 (2022): 224,
https://doi.org/10.3390/horticulturae8030224

Ummu-Hani, B. 2011. Kajian anatomi beberapa spesies tumbuhan yang dipercayai mempunyai nilai ubatan. Tesis
ljazah Sarjanamuda, Fakulti Sains dan Teknologi, Universiti Kebangsaan Malaysia.

WILKINSON, HAZEL P. "The plant surface (mainly leaf)." Anatomy of the Dicotyledons 1 (1979): 97-165.

Wu, Chi-Chih, and Ling-Long Kuo-Huang. "Calcium crystals in the leaves of some species of Moraceae." Botanical
Bulletin of Academia Sinica 38 (1997).

Yariswamy, M., H. V. Shivaprasad, Vikram Joshi, AN Nanjaraj Urs, A. Nataraju, and B. S. Vishwanath. "Topical
application of serine proteases from Wrightia tinctoria R. Br.(Apocyanaceae) latex augments healing of
experimentally induced excision wound in mice." Journal of ethnopharmacology 149, no. 1 (2013): 377-383.
https://doi.org/10.1016/j.jep.2013.06.056

23



