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Abstract: Musa campestris is a unique banana, has erect inflorescence with beautiful bracts
and mature fruit colors so that it can be used as an ornamental plant. this study's objective
is to analyze the morphological inflorescences and anther anatomical characteristics of
the Musa campestris var. sarawakensis. Plant materials were collected in Sanggau regency.
Morphological characterizations were conducted using International Plant Genetic
Resources Institute for Musa spp. Sampel of anther was prepared using paraffin method,
stained with 2% safranin and 1% fast green. Main features observed for Musa campestris
var. sarawakensis inflorescence has erect rachis position and color external bract are
helpful to characterize the male bud. Additionally, the main characteristics of anther
include the presence helical ribs in endothecium. As expected, tetrasporangiate anthers
with single vascular bundle in male flowers was observed. The main morphology
characteristics of inflorescence and anther anatomy of Musa campestris var. sarawakensis
are highlighted in this study, contributing to provide more information about the
characterization of this species in West Kalimantan.
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Introduction

Banana (Musaceae) is a fruit that is widely
distributed in the world, popular and important,
especially in rural communities (Hapsari et al., 2017).
Indonesia is a center of origin (Simmonds, 1966) and a
center of banana diversity (Daniells et al., 2001). It is
estimated that more than 325 banana cultivars are found
in Indonesia (Valmayor et al., 2002) and 12 wild banana
species have been found (Nasution & Yamada, 2001).
Indonesian wild banana species are found in Sumatra,
Java, the Sunda Islands, Kalimantan, Sulawesi, Maluku
and Papua (Sulistyaningsih et al., 2014).

Borneo Island, has 20 endemic wild banana species
but only 15 species have been identified (Hikkinen,
2004) found in Sarawak, Malaysia. West Kalimantan as
part of the island of Borneo, has wild banana species,
namely: M. campestris Becc. var. sarawakensis is found in
Singkawang (Sulistyaningsih & Irawanto, 2011), M.
balbisiana in Batu Ampar District (Sunandar, 2017), Musa
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borneensis var. sarawakensis and Musa campestris var.
sarawakensis are found in Bonti District, Sanggau
Regency (Sunandar & Kurniawan, 2020).

Musa campestris is a unique banana, has erect
inflorescence with beautiful bracts and mature fruit
colors so that it can be used as an ornamental plant. Musa
campestris has six varieties i.e var. campestris, var.
limbangensis, var. lawasensis, var. miriensis, var.
sabahensis, and var. sarawakensis (Hakkinen, 2004).
Morphological characters are used to distinguish
varieties of Musa campestris. Morphology is the most
important basis for taxonomic description (Simpson,
2006). Morphology characters provide characteristics
which can easily be used for identification or the
phylogenic relationship. Morphological characters are
easier to observe and more practical to use. Flower
morphology is important marking characters in
identification. Morphology is considered to be old
fashioned but it is still the basis for the solution of

taxonomical problems (Stuessy, 2009). The characters of
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plant inner structure have made significant contribution
to plant systematics for more than 150 years (Judd, 2002).
Anatomical characters and inner structure of plants have
been used for identification and determination of
phylogenic relationship. In many plant groups, notably
monocotyledons, anatomical characteristics are
significant taxonomic information (Zarrei et al., 2010).
Though anatomy of Musaceae of vegetative parts such
as leaves, rhizomes, petiol, and root have been generally
studied (Madail et al., 2022; Sumardi & Wulandari, 2010;
Sunandar & Kahar, 2017, 2018).

Some important aspects of anatomical characters
which have taxonomical values are flower anatomy and
its development, anther development and pollen
structure. Morphoanatomical studies have also
contributed to the characterization of Musa spp. as in
Musa acuminata (Fingolo et al, 2012) and Musa x
paradisiaca (Vilhena et al., 2019). There are no reports to
date describing morpho-anatomical features for Musa
campestris var. sarawakensis inflorescences in West
Kalimantan. Thus, this study's objective is to analyze the
morphological inflorescences and anther anatomical
characteristics of the Musa campestris var. sarawakensis
that could contribute to the characterization of Musa

campestris var. sarawakensis from West Kalimantan.
Method

Musa campestris var. sarawakensis were collected at
Gunam Village, Parindu District, Sanggau Regency.
Morphological descriptors for inflorescences were used
to characterize the plant material, including some
descriptors from International Plant Genetic Resources
Institute for Musa spp. (International Plant Genetic
Resources Institute, 1996).

In order to analyze of vegetative structures (root,
leaf blade, and petiole) and generative structure (bract,
male flower, and anther) were prepared using paraffin
method (Sass, 1951). Paraffin method procedure. Material
was fixed in FAA solution; (ii) the materials were
washed repeatedly in 50% ethanol and dehydrated with
tert-butanol series (1-VI); (iii) infiltration step: the
mixture of tert-butanol was replace with liquid paraffin
for 24 hours; (iv) Steps involved in the embedding
process include: immersing the material in pure liquid
paraffin for an hour before utilizing that paraffin to
create the embedding; (v) using a rotary microtome to
slice the embedded sample into thin sections for a slide.
The material was cut into thin slices and stained with 2%
safranin and 1% fast-green; (vi) the stained slides were
examined using an Olympus microscope, and an optic
lab camera was used to capture pictures. Data analysis
was done descriptively based on anatomical character
record used light microscope.
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Result and Discussion

Morphology Inflorescence of Musa campestris var.
sarawakensis

The rachis position of Musa campestris var.
sarawakensis is erect, male bud normal, male bud shape
ovoid, slightly pointed apex, pink-purple color of
external bract, pink-purple color of internal bract, not
revolute bract behaviour, lifting one at a time. Male
flower 5 per bract, the compound tepal 3 cm long, orange
in the upper part and cream at the base, ribbed at the
dorsal angles, with 5-toothead, the free tepal
rectangular, 2.8 cm long, translucent white colour,
thread-like apex shape. The stamen 2.4 cm long, 5
stamen, white colour filament, inserted, cream colour
anther, cream pollen sac colour. White style basic colour,
without pigmentation, same level, straight, bright
yellow stigma colour. Straight ovary shape, white ovary

basic colour (Figure 1).
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Figure 1. Morphology characteristics inflorescence of Musa
campestris var. sarawakensis; (A) Male Bud (B) Bract (C) Male

Flower (D) Compound Tepal (E) Free Tepal (F) Stamen (D)
Style.

Variation in inflorescence morphology were found
between Musa campestris var. sarawakensis in this study
with Musa camprestris var. sarawakensis at another
location. (Hékkinen, 2004) reported Musa camprestris
var. sarawakensis in Sarawak has purple color of external
bract, compound tepal orange in the upper part and
watery green at the base. (Sulistyaningsih & Irawanto,
2011) reported Musa camprestris var. sarawakensis in
Singkawang, West Kalimantan has rounded shape of
male bud, bright purple colour of external bract,
compound tepal orange in the upper part and green at
the base. (Sunandar & Kurniawan, 2020) reported Musa
camprestris var. sarawakensis in Bonti District, Sanggau
Regency, West Kalimantan has yellow color in the upper
part of compound tepal.
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Anther Anatomy of Musa campestris var. sarawakensis

The anthers are tetrasporangiate (Figure 2A) and
the locules are separated by the septum (Figure 2B). The
tetrasporangiate of anther also found in Musa x
paradisiaca (Vilhena et al.,, 2019). Mature anther wall
consists of one layer of endothecium with thickening,
helical ribs type (Figure 2B). One layer of thin-walled
swelling epidermal cells and one layer of thin-walled
endothecium with annular or helical thickening that
shrink comprise the mature anther wall in Ensete
Qlaucum and Ensete superbum (Inta et al., 2015). Xue et al.,
(2005) discovered that the Musella anther wall is
composed of epidermis with annular and helical
thickening and a decreased endothecium. However,
Endothecial cells show no fibrous thickening in
Helianthus annuus (Cetinbas & Unal, 2015). Four main
types of endothecium thickening have been observed,
and these tend to occur in a species-specific manner: (i)
annular rib types, which are single radial rings which are
un-connected and run in parallel to each other; (ii)
helical rib types, which form as a helix along the
periclinal cell axis, which is also described as a U-shaped
thickening; (iii) reticulate ribs, where irregular
thickening forms on every face with multiple sites of
branching and anastomising sites to form a network; and
(iv) palmate ribs, where ribs and a solid plate form in the
inner periclinal wall of every cell (Wilson et al., 2011).

The connective tissue is composed of epidermis
with thin-walled cell, parenchyma cells, and single
collateral vascular bundle which locate in the center.
Spherical grains of pollen were occasionally visible in
the locules (Figure 2B). in Ensete glaucum and Ensete
superbum, The connective tissue consists of of
parenchyma cells, amphicribal bundles in the center,
and a connective tissue cavity formed on both sides of
the bundles (Inta et al., 2015).

[ 58 S :

Figure 2. Anther anatomy of Musa campestris var.
sarawakensis; (A) Anther (B) Mature Pollen Stage.
En=endothecium thickening (head arrow), P=pollen,
Ps=pollen sac, S=septum (head arrow), St=stomium

(arrow), Vs=vascular bundle. Bar = 100 um.

The epidermis, endothecium, middle layer, and
tapetum are the four layers that make up the anther wall.
Different anther wall layers serve different purposes for
pollen production. The Anther development is protected
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by the layers of the epidermis. The tapetum provides
materials for pollen wall formation and nutrients for
microspore  development. The formation of
endothecium wall thickenings, which consist of cellulose
and lignin, occurs subsequent to the differentiation
phase of anther cell layers. This process is highly reliant
on the presence of auxins and jasmonic acid (Cecchetti et
al., 2013). The regulation of auxin function is governed
by the transcription factor MYB26, which is encoded by
a gene in the lignin biosynthesis pathway. The process
of lignification in endothecium walls is accompanied by
the removal of the intermediate layer and tapetum cells.
Additionally, distinctive thickenings are formed and
there is an observed activity of phosphotransfer proteins
(Yang et al., 2007, 2017). The endothecium is responsible
for anther dehiscence to disperse pollen when they are
mature (van der Linde & Walbot, 2019).

The position of the anther opening is determined by
the location of the stomium, which is created by the
differentiation of epidermal cells within the anther to
form a single cell region (Figure 2B). The two lobes of the
anther (septum), which separate to form a single locule,
and the stomium, which is made of modified epidermal
cells and splits to facilitate anther opening, are two types
of specialized cells involved in anther opening (Wilson
etal., 2011).

Conclusion

This study highlights the primary inflorescence
morphology and anther anatomy of Musa campestris var.
sarawakensis. Features as erect rachis position and color
external bract are helpful to characterize the male bud.
Additionally, the main characteristics of anther include
the presence helical ribs in endothecium. As expected,
tetrasporangiate anthers with single vascular bundle in
male flowers was observed. As a result, the morphology
inflorescence and anther anatomy characteristics
described in this study help to characterize this species
as it is grown in West Kalimantan.
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