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INTRODUCTION

Genus Begonia is the sixth-largest of 
Angiospermae, comprising approximately 
2.119 species in the world (Hughes & Gir-
mansyah, 2011; Hughes et al., 2015). Begonia, 
with attractive leaves, were used for ornamen-
tal plants and as a great horticultural interest 
in the world. More than 10.000 hybrids of 
Begonia have been produced known world-
wide (Kiew et al., 2015). Begonia is used for 
medicines due to its bioactive compound, as 

reported by Hartutiningsih et al. (2018) on 
B. baliensis. Locally, B. lombokensis and B. 
longifolia are also eaten and/or used medicine 
and food (Girmansyah, 2009). 

Taxonomically, Begonia dividing into 
70 sections (Moonlight et al., 2018), of which 
six sections can be found in Java and Sumatra 
Islands (Indonesia), namely sect. Parvibego-
nia, sect. Reichenheimia, sect. Jackia, sect. 
Platycentrum, sect. Petermannia, and sect. 
Bracteibegonia (Hughes et al., 2015). A new 
sectional classification recognized the Bego-
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Abstract. Anatomical studies have been used in the classification and 
identification of Begonia species. However, the research on Indone-
sian native Begonia is still limited. This study focused to evaluate the 
importance of leaves’ anatomy character for the identification and 
classification purpose of the Sphenanthera group in Java and Su-
matra. A total of six individuals of four Begonia species used in this 
study, namely Begonia multangula, B. longifolia, B. pseudoscottii, 
and B. robusta. This study aimed to describe the anatomical charac-
ters of the leaves that are useful in the identification and grouping of 
Begonia section Platycentrum–Sphenanthera. The anatomical prepa-
rations used the paraffin method for the cross-section of leaves and 
the semi-permanent method for paradermal observations. In general, 
the epidermal cells of paradermal Begonia leaves are polygonal in 
shape. Consistently, Begonias have single-type stomata with an an-
isocytic type which are only present on the abaxial leaves. Begonia 
Sphenanthera group has a thin cuticle (less than 2 µm), both in the 
abaxial and adaxial surfaces. The lower epidermis cells are smaller 
than the upper epidermis cells. The mesophyll is differentiated into 
palisade and spongy tissue. The number and form of mesophyll tissue 
are varied, therefore useful for diagnosing an important character in 
the grouping of Begonias from this section.
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nia sect. Sphenanthera is synonymised with 
Begonia sect. Platycentrum, and with an in-
formal name “Sphenanthera group” of sect. 
Platycentrum, based on their molecular data 
(Moonlight et al., 2018). Sphenanthera group 
differs with sect. Platycentrum by fleshy fruits 
type, 3-8 locule number, and short-winged, 
(not capsule type, 2-locular splash-cup, with 
one enlarged wing) (Doorenbos et al., 1998). 
Five species of the Sphenanthera group were 
recorded from Java and Sumatra Islands, 
namely B. longifolia, B. robusta, B. multangu-
la, B. scottii dan B. pseudoscottii (Hughes & 
Girmansyah, 2011; Hughes et al., 2015). The 
taxonomical studies of Sphenantera group 
in Java and Sumatra have been reported by 
several researchers. Hughes & Girmansyah 
(2011) reported that B. sarcocarpa Ridl. and 
B. turbinata Ridl. as synonyms of B. longi-
folia Blume, as well as B. trigonocarpa Ridl. 
as a synonym of B. multangula Blume. A new 
species of fleshy fruit Begonia has been add-
ed from northern Sumatra by Hughes et al. 
(2015), namely B. pseudoscottii. 

Anatomical studies have been used in 
the classification and identification of various 
plant families (Rudall, 2007), such as genera 
in Pandanaceae (Rahayu et al., 2012; Santi-
ka et al., 2014), Euphorbia (Bercu & Popo-
viciu, 2015), and genus Festuca (Martínez 

Sagarra et al., 2017). Anatomical studies of 
Begonia have been carried out on B. fischeri 
sect. Ephemera (Rodica & Răzvan, 2017) and 
Begonia dipetala sect. Haagea (Indrakumar 
et al., 2013). Previously, Efendi (2019) de-
scribed the stomata-type of 32 Begonias to 
support taxonomy data on Begonia classifica-
tion. However, there is no comprehensive re-
search on Begonia anatomy, especially Bego-
nia leaf anatomy of Spenanthera group from 
Java and Sumatra. Java and Sumatra islands 
have six species from eight species of Bego-
nia sect. Sphenanthera in Indonesia, and sam-
ples have been collected in Cibodas Botanic 
Gardens for the last ten years. Thus, this study 
focused to evaluate the importance of leaves’ 
anatomy character for the identification and 
classification purpose of the Sphenanthera 
group in Java and Sumatra.

MATERIALS AND METHODS

Preparation of Begonia Leaf Samples
Leave samples were collected from six 

individuals of four Begonia species planted in 
Cibodas Botanic Gardens (Table 1). Mature 
and healthy Begonia leaves were selected to 
be used as samples, both by paradermal obser-
vation and cross-sectional preparation. 

Table 1. Samples for anatomical study of Begonia sect. Platycentrum – Sphenanthera group

Scientific Names Origin 

Begonia multangula Blume Remnant forest, Cibodas Botanic Gardens, Java

Begonia multangula Blume Remnant forest, Cibodas Botanic Gardens, Java

Begonia longifolia Blume Cibogo waterfall, Cibodas Botanic Gardens, Java

Begonia longifolia Blume Kerinci Seblat National Park, Jambi, Sumatra 

Begonia robusta Blume Remnant forest, Cibodas Botanic Gardens, Java

Begonia scottii Tebbitt Mt. Singgalang, West Sumatra, Sumatra

Paradermal Section of Begonia Leaves by 
Replica Method 

Paradermal preparations used the repli-

ca method using nail polish. The leaves were 
cleaned with a paper tissue, then clear nail 
polish was smeared on the lower leave surface 



Jurnal Biodjati 8(1):44–53, May 2023 46

Jurnal Biodjati 8(1):44–53, May 2023

http://journal.uinsgd.ac.id/index.php/biodjati

and the leaves were left to dry. Next, the layer 
of nail polish was pulled slowly to produce a 
stomata impression. The result was placed on 
glass objects. The slides were observed using 
a light microscope merk Nikon AFX-IIA and 
photographs were taken using a light micro-
scope merk Nikon Eclipse 80i.

Cross-section of Begonia Leaves by Paraf-
fin method

Cross-section preparation used the par-
affin method according to Sass (1951). The 
leaves were cut ± 1cm and fixed with a fixa-
tive solution (FAA) for 24 hours in a vacuum. 
Rinsing and dehydration of the sample were 
carried out by removing the FAA and replac-
ing them with graded concentrations of alco-
hol (70% to 100%), each for 3 hours. Deal-
coholization was carried out by removing the 
absolute alcohol solution and replacing it with 
a mixture of alcohol:xylol in a ratio of 3:1, 
1:1, 1:3, and then pure xylol solution, twice 
for 3 hours each. Infiltration of powdered 
paraffin was carried out by giving powdered 
paraffin slowly until saturated and then put 
into an incubator at 580 C for 24 hours. Next, 
infiltration of liquid paraffin by removing 
the xylol:paraffin mixture gradually every 3 
hours. The tissues were embedded into liquid 
paraffin. The paraffin-embedded tissues were 
sectioned at the thickness of 17 μm using a 
rotary microtome. The section tapes were 
placed on the objective glass smeared with 
haupt adhesive and a little aquades followed 
by placing the objective glass on a low-tem-
perature hot plate (40˚C) for approximately 2 
days until the slices dry and stuck to the ob-
ject-glass. The tissues were then stained by in-
serting a glass objective into a solution of 2% 
safranin in 70% alcohol and 1% fastgreen in 
absolute alcohol. The anatomical preparations 
were observed using a light microscope merk 
Nikon AFX-IIA and photographs were taken 

using a light microscope merk Nikon Eclipse 
80i.

Data Analysis 
The qualitative data of leaf anatomy 

were analyzed descriptively. Paradermal ob-
servation included epidermis cell – form and 
stomata type. A slide was observed with 10 
to 15 repetitions. While, cross-section obser-
vation included cuticles size, leaf thickness, 
epidermis thickness, palisade thickness, the 
number of palisades, spongy thickness, and 
Ca oxalate type. A slide was observed with 10 
to 15 repetitions.

RESULTS AND DISCUSSION

Paradermal Surfaces of Begonia sect. Platy-
centrum – Sphenanthera Group

The paradermal section of the leaf  struc-
ture on all species of Begonia is very uniform. 
The epidermal cell of Sphenanthera group has 
a polygonal shape. The anticlinal wall of the 
epidermal cell is straight, as in other Begonia 
species (Indrakumar et al., 2013). 

Adaxial and/or abaxial surfaces of Be-
gonia sect. Sphenanthera were covered by 
sparse to dense trichomes, such as B. scottii, 
B. multangula and B. robusta. The glabrous 
surface of leaves is only found on B. longifo-
lia. Although the trichomes’ density depends 
on its environmental condition, such as shade 
(Herawati et al., 2020), this case can be used 
for species delimitation in this section. The 
presence of trichomes in Begonia is an inter-
esting trait for breeding, due to their plant re-
sistance function (Herawati et al., 2020) and 
attractive color, such as in B. robusta. 

The trichome type of sect. Sphenanthera 
is a non-glandular trichomes and is found on 
B. multangula, B. multangula, B. longifolia 
Sumatera, and B. robusta. The non-glandular 
trichomes were also documented in some Be-
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gonia, such as Begonia dipetala sect. Haagea 
(Indrakumar et al., 2013), B. delicata sect. 
Ephemera (Gregório et al., 2015). Compared 
to other Begonia of sect. Platycentrum, name-
ly B. tamdaoensis dan B. sphenantheroides  
(Peng et al., 2015) and B. masoniana sect. 
Coeloncentrum (Suffan et al., 2021) showed a 
different type, i.e. glandular trichomes. There-
fore, trichomes trait is an important diagnostic 
character in Begonia. 

Begonia of Sphenanthera group showed 
a similar stomata type, i.e. anisocytic (Fig-
ure1). It is synonymous with helicocytic-type 

by Prabhakar (2004). Stomata complex is sin-
gle-type with three-guard cells and has dif-
ferent sizes. The size and density of stoma-
ta in the Sphenanthera section showed high 
variation and it was difficult to distinguish 
between species (Efendi, 2019). Stomata are 
only found on the adaxial leaves (hypostomat-
ic) with a deeper position (cryptophores). The 
consequence is inefficiency in water use com-
pared to clustering-type stomata by a modu-
lating stomatal movement and leaf structure 
(Papanatsiou et al., 2017), for example, Bego-
nia sect. Diploclinium (Hughes et al., 2011).  

Figure 1. Paradermal-section of lower Begonia leaf: 40X10 magnification, a. Begonia longifolia Blume, 
b. Begonia multangula Blume., c. Begonia scottii Tebbit, d. Begonia robusta Blume. Notes: Ep: 
epidermis, st: stomata, Gc: Guard Cell

Cross-section of Begonia Leaves 
Leaf shape of all samples of Begonia 

sect. Sphenanthera observed was dorsiven-
tral. In general, the Begonia leaf cross-section 
consists of a cuticle layer, upper epidermis, 
palisade tissue, spongy tissue, vascular bun-
dle, and lower epidermis (Figure 2). Ca-ox-
alate was found in several types of Begonia 

leaves.
A cross-section of the Begonia leaf 

showed a single-layered epidermis covered 
by thin cuticles, both on the upper and low-
er surfaces. The upper epidermis (ca. 10.68–
31.32μm) is larger than the lower epidermis 
(ca. 4.18-30.80 μm). Begonia robusta has the 
highest epidermal thickness, while B. longi-
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folia Sumatra has the lowest epidermal thick-
ness. Although it varies amongst species in 
this section, the epidermal thickness cannot 
be used to distinguish them since it is an adap-
tive response to environmental variables such 
as shade, temperature, and humidity (Suffan 
et al., 2021). Like as in the stomata's role, 
the epidermal thickness supports water loss 

regulation, particularly on the lower surface 
(Cuéllar Cruz et al., 2020; Suffan et al., 2021). 
In addition, the cuticle and epidermal tissue 
also play a role in increasing the strength of 
the cell surface and protecting internal tissues 
from ultraviolet radiation (Cuéllar Cruz et al., 
2020). 

Figure 2. Cross-section of leaves anatomy of Begonia Sphenanthera 
group: 20X10 magnification (Photo: Begonia longifolia 
Blume)

The leaf thickness of Begonias ob-
served were varied. Begonia longifolia (Cibo-
das, Java) has the thickest leaves, not different 
from B. multangula (Cibodas, Java). Mean-
while, the thinnest leaves were found in Su-
matran B. longifolia. Leaf thickness depends 
on the arrangement of mesophyll tissue that is 
different in composition (Figure 3). The thick-
ness of mesophyll tissue increases the rate of 
photosynthesis due to the high quantity of 
chlorophyll (Lailaty & Nugroho, 2021). 

Mesophyll tissue in Begonia sect. 
Sphenanthera were differentiated into pal-
isade and spongy tissue. It could be distin-
guished based on its shape and size. Begonia 
multangula Blume, B. multangula (remnant 
forrest), and B. longifolia Sumatra have one 
layer of palisade tissue. Meanwhile, the two 
layers of palisade are found in B. longifolia 

Cibogo, B. scottii West Sumatra, and B. ro-
busta (Figure 4). Begonia fischeri sect. Dip-
loclinium has 7-8 layers of palisade tissues 
(Rodica & Răzvan, 2017).  It can be a useful 
diagnostic characteristic among sections in 
Begonia.  

Calcium oxalate/raphides were found 
in mesophyll tissue, namely solitary druses 
type, as reported by Cuéllar Cruz et al. (2020) 
on Begonias. Calcium oxalate crystals occur 
in more than 215 higher plant families with 
different shapes, sizes, and numbers of crys-
tals that show variations among taxa. Various 
biological, chemical, and physical parame-
ters may affect the location, size, and other 
properties of crystals in plants, such as light, 
temperature, pH, ion concentration, and her-
bivory. Calcium oxalate crystal formation is 
under genetic control, meanwhile, its shape 
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Figure 3. Cross-section of midrib Begonia leaves, A-D: 10x10 magnification, E-D: 20x10 magnification, (A). B. mul-
tangula Blume, (B). B. multangula hutan lumut, (C). B. longifolia sumatera, (D). B. longifolia cibogo, (E). 
B. scotii Sumatra Barat, (F). B. robusta. 

Notes: Ead: adaxial epidermis, H: hypodermis, Pm: palisade mesophyll, Sm: Spongy mesophyll, Vb: vascular bun-
dle, Eab: abaxial epidermis, C: cuticles, S: stomata, T: trichomes, CaOx: calcium oxalate, red dots in cells.

and location within a taxon are often very spe-
cific and may be represented as a taxonomic 
character. Many functions have been reported 
for calcium oxalate crystals in plants such as 
participating in calcium homeostasis, storage 
of calcium, removal of excess oxalate, metal 
detoxification, tissue support, light gathering 
and reflection, and protection against insects 
and foraging animals (Konyar et al., 2014).  

This mechanical effect of needle-like crystals 
is assumed as the plant defense, especially 
in Begonia. Chloroplasts are scattered in the 
mesophyll tissue, which is more abundant in 
palisade compared to sponge tissues. The vas-
cular bundle is found in the lamina and the 
midrib. The type of vascular bundle is bicol-
lateral or closed collateral. 
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Figure 4. Cross-section of lamina Begonia leaves with 20x10 magnification, (A). B. multangula Blume, (B). B. mul-
tangula hutan lumut, (C).  B. longifolia sumatera, (D). B. longifolia Cibogo, (E). B. scotii Sumatra Barat, 
(F). B. robusta. 

Notes: Ead: adaxial epidermis, Pm: palisade mesophyll, Sm: Spongy mesophyll, X: xillem, F: floem, Eab: abaxial 
epidermis, C: cuticles, S: stomata, CaOx: calcium oxalate.

Begonia multangula Blume Originated 
from Cibodas Botanic Gardens, Java 

The adaxial surface covering with sparse 
to dense trichomes, and a polygonal epider-
mis. An anisocytic-stomata with three-guard 
cells, stomata complex single and cryptophore 
type were distributed in the abaxial surface. 
Cross-section leaf ca. 106.70±6.03 μm thick; 
thin cuticles (less than 2 μm), epidermis sin-
gle-layered on both surfaces, adaxial surface 
ca. 19.71±3.24 µm thick, and abaxial surface 
15.57±2.70 μm thick; palisade tissue 1-celled 
layered, funnel-shape, ca. 26.90±5.08 µm 
thick; spongy tissue ca. 53.10±6.82 µm long, 
4–6 cell-layered. Abaxial surface with sparse, 
minute glandular hairs and multiseriate tri-
chomes. Ca oxalate druse crystal type, soli-
tary spread in mesophyll tissue.

Begonia multangula Blume Originated 
from Cibodas Botanic Gardens, Java

The adaxial surface covering with gla-
brous to sparse trichome, polygonal epider-
mis. An anisocytic-stomata with three-guard 
cells, stomata complex single and cryptophore 
type were distributed in the abaxial surface. 
Cross-section leaf ca. 101.55±4.48 μm thick; 
thin cuticles (less than 2 μm), epidermis sin-
gle-layered on both surfaces, adaxial surface 
ca. 20.35±2.26 µm thick, and abaxial surface 
11.74±2.40 μm thick; palisade tissue 1-celled 

layered, funnel-shape, ca. 23.48±2.44 µm 
thick; spongy tissue ca. 42.73±3.71 µm long, 
4–6 cell-layered. Abaxial surface with sparse, 
minute glandular hairs and multiseriate tri-
chomes. Ca oxalate druse crystal type, soli-
tary and distributed in mesophyll tissue. The 
vascular bundle is bicollateral type.  

Begonia longifolia Blume Originated from 
Kerinci Seblat National Park, Sumatra

Adaxial surface glabrous, epidermis 
polygonal. An anisocytic-stomata with three-
guard cells, stomata complex single and cryp-
tophore type were distributed in the abaxial 
surface. Cross-section leaf ca. 83.11±4.34 
µm μm thick; thin cuticles (less than 2 μm), 
epidermis single-layered on both surfaces, 
adaxial surface ca. 16.46±2.60 µm thick, and 
abaxial surface 12.30±2.79 µm thick; pali-
sade tissue 1-celled layered, funnel-shape, 
ca. 19.88±2.90 µm thick; spongy tissue ca. 
36.22±5.82 µm long, 3–5 cell-layered. Abaxi-
al surface with sparse, minute glandular hairs 
and multiseriate trichomes. Ca oxalate type is 
like crystal sand or prisms and is distributed 
in mesophyll tissue. The vascular bundle is 
collateral. 

Begonia longifolia Blume Originated from 
Cibogo Waterfall, Cibodas Botanic Gar-
dens, Java 
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Adaxial surface glabrous, epidermis 
polygonal. An anisocytic-stomata with three-
guard cells, stomata complex single and cryp-
tophore type were distributed in the abaxial 
surface. Cross-section leaf ca. 107.61±3.9 μm 
thick; thin cuticles (less than 2 μm), epider-
mis single-layered on both surfaces, adaxial 
surface ca. 15.16±2.38 µm thick, and abaxial 
surface 8.00±3.60 µm thick; palisade tissue 
2-celled layered, funnel-shape, ca. 32.44±5.10 
µm thick; spongy tissue ca. 48.60±3.92 µm 
long, 3–6 cell-layered. Abaxial surface with 
sparse, minute glandular hairs and multiseri-
ate trichomes. Ca oxalate druse crystal type, 
solitary and distributed in mesophyll tissue. 
In the midrib, several collateral-type vascular 
bundles were found. 

Begonia scotii Tebbitt Originated from Mt. 
Marapi, West Sumatra  

The adaxial surface covering with 
sparse to dense trichomes, epidermis polyg-
onal. An anisocytic-stomata with three-guard 
cells, stomata complex single and cryptophore 
type were distributed in the abaxial surface. 
Cross-section leaf ca. 87.04±2.37 µm thick; 
thin cuticles (less than 2 μm), epidermis sin-
gle-layered on both surfaces, adaxial surface 
ca. 22.41±2.78 µm thick, and abaxial surface 
13.58±2.26 µm thick; palisade tissue 2-celled 
layered, funnel-shape, ca. 16.83±2.08 µm 
thick; Spongy tissue ca. 34.88±4.94µm long, 
4–6 cell-layered. Abaxial surface with sparse, 
minute glandular hairs and multiseriate tri-
chomes. Ca oxalate druse crystal type, soli-
tary and distributed in mesophyll tissue.

Begonia robusta Blume Originated from 
Cibodas Botanic Gardens, Java

Adaxial surface glabrous, epidermis 
polygonal. An anisocytic-stomata type with 
three-guard cells, stomata complex single, and 
cryptophore type was distributed in the abaxi-

al surface. Cross-section leaf ca. 103±7.45 µm 
thick; thin cuticles (less than 2 μm), epider-
mis single-layered on both surfaces, adaxial 
surface ca. 27.97±1.68 µm thick, and abaxial 
surface 23.89±4.94 µm thick; palisade tissue 
2-celled layered, funnel-shape, ca. 12.82±2.23 
µm thick; spongy tissue ca. 43.32±4.24 µm 
long, 4–6 cell-layered. Abaxial surface with 
sparse, minute glandular hairs and multiseri-
ate trichomes. Ca oxalate druse crystal type, 
solitary and distributed in mesophyll tissue. 
The vascular bundle is collateral type. 

CONCLUSION 

Begonias have single-type stomata with 
an anisocytic type which are only present on 
the abaxial leaves. Begonia section of Platy-
centrum-Sphenanthera group has a thin cuti-
cle (less than 2 µm), both in the abaxial and 
adaxial surfaces. The lower epidermis cells 
are smaller than the upper epidermis cells. 
The mesophyll is differentiated into palisade 
and spongy tissue. The number, size, and form 
of mesophyll tissue are varied, therefore use-
ful for diagnosing an important character in 
the grouping of Begonias from this section. 
The vascular bundles are scattered in the mid-
rib and lamina. At least, there are two types of 
calcium oxalate found in the Begonia section 
of Sphenanthera, namely the druse type and 
crystal sand or prisms.

AUTHOR CONTRIBUTION

M.E. and I.Q.L. have similar contribu-
tion as main contributor in designed the re-
search, collected and analized data, wrote and 
confirmed the manuscript.

ACKNOWLEDGEMENTS

The authors deeply thanks to The Head 



Jurnal Biodjati 8(1):44–53, May 2023 52

Jurnal Biodjati 8(1):44–53, May 2023

http://journal.uinsgd.ac.id/index.php/biodjati

of Cibodas Botanic Gardens-BRIN, for grant-
ing permission to use Begonia collection in 
CBG. We appreciate Mrs. Widoyanti from 
Herbarium Bogoriense, Bogor for helping 
during laboratory and photograph work. This 
study was supported by Grant Award by the 
Royal Botanical Gardens, Kew: Threatened 
Biodiversity Hotspot Programme – Indonesia.

CONFLICT OF INTEREST

There is no conflict of interest in this re-
search and manuscript preparation.

REFERENCES

Bercu, R. & Popoviciu, D. R. (2015). Com-
parative Anatomical Study on Leaves of 
Three Euphorbia L. species. Wulfenia, 
22(2015), 271–276.

Cuéllar Cruz, M., Pérez, K., Mendoza-Al-
varez, M. & Moreno, A. (2020). Bio-
crystals in Plants: A Short Review on 
Biomineralization Processes and the 
Role of Phototropins into the Uptake of 
Calcium. Crystals, 10. DOI: 10.3390/
cryst10070591

Doorenbos, J., Sosef, M. S. M. & de Wilde, 
J. J. F. E. (1998). The Sections of Be-
gonia Including Descriptions, Keys and 
Species lists (Studies in Begoniaceae 
VI) (Vol. 98). Wageningen Agricultural 
University.

Efendi, M. (2019). Tipe Stomata Tiga Puluh 
Dua Jenis Begonia Alam Indonesia Kol-
eksi Kebun Raya Cibodas. Berita Biolo-
gi, 18(2), 175–183. DOI: 10.14203/ber-
itabiologi.v18i2.3571.

Girmansyah, D. (2009). A Taxonomic Study 
of Bali and Lombok Begonia (Begon-
iaceae). Reinwardtia, 12(5), 419–434.

Gregório, B. de S., Costa, J. A. S., & Rapini, 
A. (2015). Three New Species of Be-

gonia (Begoniaceae) from Bahia, Bra-
zil. PhytoKeys, 44, 1–13. DOI: 10.3897/
phytokeys.44.7993.

Hartutiningsih, Purwantoro, R.S., Praptiwi, & 
Agusta, A. (2018). Antibacterial Poten-
cy of Simple Fractions of Ethyl Acetate 
Extract of Begonia baliensis. Nusantara 
Bioscience, 10, 159-163.

Herawati, M. M., Kasmiyati, S. & Kristiani, 
E. B. E. (2020). The effect of Shad-
ing on Density and Size of  Glandular 
trichomes in Artemisia Cina Tetraploid, 
the Source of Anti-Cancer Artemisinin. 
Journal of Physics: Conference Series, 
1524(1), 012113. DOI: 10.1088/1742-
6596/1524/1/012113.

Hughes, M., & Girmansyah, D. (2011). A re-
vision of Begonia sect. Sphenanthera 
(Hassk.) Warb. From Sumatra. Gar-
dens’ Bulletin Singapore, 62(2), 27–39.

Hughes, M., Girmansyah, D. & Ardi, W. H. 
(2015). Further Discoveries in the Ev-
er-expanding Genus Begonia (Begon-
iaceae): Fifteen New Species from Su-
matra. European Journal of Taxonomy, 
167, 1–40. DOI: 10.5852/ejt.2015.167. 

Hughes, M., Rubite, R. R., Kono, Y. & Peng, 
C.-I. (2011). Begonia blancii (sect. 
Diploclinium, Begoniaceae), A New 
Species Endemic to The Philippine Is-
land of Palawan. Botanical Studies, 52, 
7.

Indrakumar, I., Karpagam, S. & Jayaraman, P. 
(2013). Anatomical Protocol of Begonia 
dipetala Graham for the Specific Identi-
ty of The Plant. International Journal of 
Plant Research, 3(3), 27–38.

Kiew, R., Sang, J., Repin, R., Ahmad, & J.A. 
(2015). A Guide to  Begonias of Borneo. 
Natural History Publications (Borneo).  
Kota Kinabalu, Sabah, Malaysia.

Konyar, S.T., Öztürk, N. & Dane, F. (2014). 
Occurrence, Types and Distribution of 
Calcium Oxalate Crystals in Leaves 



Lailaty & Efendi 53

Jurnal Biodjati 8(1):44–53, May 2023

http://journal.uinsgd.ac.id/index.php/biodjati

and Stems of Some Species of Poi-
sonous plants. Bot Stud,  55(32). DOI: 
10.1186/1999-3110-55-32. 

Lailaty, I. Q. & Nugroho, L. H. (2021). Veg-
etative Anatomy of Three Potted Chry-
santhemum Varieties Under Various 
Paclobutrazol Concentrations. Biodi-
versitas Journal of Biological Diversity, 
22(2), 563–570. DOI: 10.13057/biodiv/
d220207.

Martínez Sagarra, G., Abad, P. & Alcaraz, J. 
A. (2017). Study of the Leaf Anatomy in 
Cross-Section in the Iberian Species of 
Festuca L. (Poaceae) and its Systematic 
Significance. PhytoKeys, 83(2017), 43–
74. DOI: 10.3897/phytokeys.83.13746.

Moonlight, P. W., Ardi, W. H., Padilla, L. A., 
Chung, K.-F., Fuller, D., Girmansyah, 
D., Hollands, R., Jara-Muñoz, A., Kiew, 
R., Leong, W.-C., Liu, Y., Mahardika, 
A., Marasinghe, L. D. K., O’Connor, 
M., Peng, C.-I., Pérez, Á. J., Phutthai, T., 
Pullan, M., Rajbhandary, S. & Hughes, 
M. (2018). Dividing and Conquering 
the Fastest-growing Genus: Towards a 
Natural Sectional Classification of the 
Mega-diverse Genus Begonia (Begon-
iaceae). Taxon, 67(2), 267–323. DOI: 
10.12705/672.3.

Papanatsiou, M., Amtmann, A. & Blatt, M. 
R. (2017). Stomatal Clustering in Be-
gonia Associates with the Kinetics of 
Leaf Gaseous Exchange and Influences 
Water Sse Efficiency. Journal of Experi-
mental Botany, 68(9), 2309–2315. DOI: 
10.1093/jxb/erx072.

Peng, C.-I., Yang, H.-A., Kono, Y., Jung, M.-J. 
& Nguyen, T. H. (2015). Four New Spe-

cies of Begonia (Begoniaceae) from Vi-
etnam: B. abbreviata, B. calciphila, B. 
sphenantheroides and B. tamdaoensis. 
Phytotaxa, 222(2), 83. DOI: 10.11646/
phytotaxa.222.2.1.

Prabhakar, M. (2004). Structure, Delimita-
tion, Nomenclature and Classification 
of Stomata. Acta Botanica Sinica, 46(2), 
242–252. Retrived from: https://www.
researchgate.net/journal/Acta-Botani-
ca-Sinica-0577-7496.

Rahayu, S. E., Kartawinata, K. & hartana, 
A. (2012). Leaf Anatomy of Pandanus 
species (Pandanaceae) from Java. Rein-
wardtia, 13(3), 305–313.

Rodica & Răzvan. (2017). Anatomy of Be-
gonia Fischeri Schrank (Begoniaceae) 
Leaf. Annals of the University of Craiio-
va, XXII(LVIII), 383-388.

Rudall, P. J. (2007). Anatomy of Flowering 
plants. An Introduction to Structure and 
Development. Cambridge University 
Press.

Santika, Y., Tihurua, E. F. & Triono, T. (2014). 
Comparative Leaves Anatomy of Pan-
danus, Freycinetia, and Sararanga (Pan-
danaceae) and Their Diagnostic value. 
Reinwardtia, 14(1), 163–170. DOI: 
10.14203/reinwardtia.v14i1.412.

Sass, J. E. (1951). Botanical Microtechnique. 
2nd edition. The Iowa State College 
Press.

Suffan, W., Metusala, D. & Nisyawati. (2021). 
Micromorphometric Analysis of Five 
Begonia spp. Leaves (Begoniaceae). 
IOP Conference Series: Earth and En-
vironmental Science, 846(1), 1–8. DOI: 
10.1088/1755-1315/846/1/012005.


