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Abstract: Barleria albostellata C.B. Clarke (grey barleria, Acanthaceae) is an indigenous shrub to
South Africa and has been relatively understudied. This shrub is a valuable medicinal plant with a
wide spectrum of antibacterial and anti-inflammatory activities. Detailed studies on the floral and
pollen morphology on B. albostellata are rare. This study was conducted to observe the morphology
of the flower and pollen grains using stereomicroscopy and scanning electron microscopy (SEM).
Morphological observations showed numerous non-glandular trichomes on the bracteoles and
bracts of B. albostellata. Three types of trichomes were identified on these structures: I—unicellular,
II—multangulate-dendritic branched non-glandular trichomes, and Ill—capitate glandular trichomes.
A taxonomical description of the floral structures using stereo and SEM micrographs is provided.
SEM micrographs revealed the pollen grains as globose tricolporate with a rough honeycomb exine,
and small granules inside the lumina. The diameter of the pollen grains was 77.53 &= 5.63 um, whereas
the aperture of these grains was 14.31 & 0.59 um. This study provides insight into the floral biology
of B. albostellata, and the results presented here will add to the body of knowledge and encourage
further research on this species.

Keywords: capitate glandular trichomes microscopy; morphology; non-glandular trichomes; pollen
grains; trichomes

1. Introduction

Flower receptiveness plays an important role in pollination variability, reproductive
success, and plant productivity [1,2]. These active traits include timing of the anther
opening and pollen appearance, anther and stigma position, and flower receptiveness
and morphology [3,4]. Pollination involves the transferal of pollen from the anther to the
stigma of the flower [2,5], and the rate of success is highly dependent on pollen viability
(the capability of pollen to induce seed set efficiently) [6,7]. Furthermore, the reproductive
success of a plant may depend on its ability to attract flower visitors. These visitors that aid
in pollination may exert selection on specific floral traits that are attractive to them [7-9].
The genus Barleria has approximately 300 species of shrubs and herbs that are distributed in
the subtropical and tropical regions of the world [10-13]. Members of this genus originated
from the Far East of Japan, through southern Asia, Arabia, India, Africa, Madagascar to
as far west of Central America and Mexico [12,14]. Several species of Barleria are known
for their floral diversity. Additionally, there are specialized structures on their surface for
the synthesis, storage, and/or secretion of secondary metabolites with the ultimate goal of
anti-herbivory tactics and protection against water loss [15,16]. These structures are known
as trichomes and occur on the plant surface as hairs or external glands. Trichomes may be
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family or species-specific and may vary in their chemical composition [15]. Plant secretory
structures can also be used as taxonomic characters, assisting in the identification of plant
families [15].

Barleria albostellata, an evergreen shrub, thrives in semi-shade to full-sun woodland
areas of South Africa, and under suitable conditions, grows up to 1.5 m in height (Figure 1).
However, in colder regions, they can become deciduous to semi-deciduous [17]. In South
Africa, B. albostellata, generally known as ‘grey barleria’ or in Afrikaans the ‘Bosviooltjie’,
belongs to the family Acanthaceae [17]; and is widely distributed from Limpopo, Gauteng,
and Mpumalanga to KwaZulu-Natal [17]. The genus name Barleria was derived from a
French botanist and Dominican monk, Jacques Barrelier [17]. This shrub flourishes from
September to May, with beautiful white flowers appearing sporadically (Figure 1). Flowers
appear from a dense compound inflorescence and are surrounded by four leafy-bracts [18].
The blooming flowers are white in color and have a tinge of purple on the bracts. In contrast
to the flowers, the leaves are grey-green and have an abundance of velvety hairs. This plant
develops fairly quickly and reaches maturity in about three years [17]. Barleria albostellata
contains medicinal properties which were verified by Amoo et al. [19]. It was found that
several extracts from this plant exhibited excellent anti-inflammatory properties and a
broad-spectrum of antibacterial activity. This plant has a relatively high flavonoid content,
with an added effect from tannin and iridoid compounds [20]. Although B. albostellata
has no recorded practice in traditional medicine, many species of Barleria have been used
in traditional medicine and were confirmed to contain various compounds possessing
biological effects such as analgesic, anti-inflammatory, antileukemic, antihyperglycemic,
antitumor, anti-amoebic, antibiotic, and virucidal activities [21-26].

Figure 1. Barleria albostellata found along a pathway at the University of KwaZulu-Natal, Westville
Campus. (A,B) White, tubular flowers emerge sporadically in spring and summer.

Acanthaceae is regarded as a eurypalynous family [27], with significant diversity in
the pollen shape, size, exine structure, apertures, and ornamentation [28-32]. Plants in this
family demonstrate a thriving diversity of ecological and morphological characteristics.
These include a large range of pollinator relationships and floral morphologies [33-35].
Members of Barleria are easily recognized for their globose, tricolporate pollen with roughly
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reticulate (also referred to as the honeycomb-patterned) and inter-apertural exine [18,36,37].
Characterizing the morphology of pollen grains is useful in plant systematics and this
can further add to the body of knowledge within the genus and family. Little is known
on the floral and pollen morphology of B. albostellata, however a substantial amount of
work has been done in other species within the family Acanthaceae [38—40] and in other
species of Barleria. Previous studies have found that members of this genus are pollinated
by moths [41,42], or attract various species of butterflies [17]. Additionally, it was noted
that the flowers of B. albostellata were also pollinated by insects and butterflies [43]. On
a regular basis, carpenter bees were also observed to visit the flowers of B. albostellata.
Plants within this genus produce copious amounts of nectar which attract bumble bees [17].
Several morphological features of the B. albostelata flower and pollen grains have been
largely unexplored. Secretory structures documented within Barleria include non-glandular
and glandular peltate and capitate trichomes. Therefore, the present study aimed to
describe the floral morphology and pollen of B. albostellata using stereo and scanning
electron microscopy.

2. Materials and Methods
2.1. Plant Materials

Flowers of B. albostellata were collected from the University of KwaZulu-Natal, School
of Life Sciences, Westville Campus (29°49'51.6” S, 30°55'30” E), Durban, South Africa. A
voucher specimen (Accession no. 7973000) was deposited in the Ward Herbarium of the
University of KwaZulu-Natal, Life Sciences, Westville Campus. Five replicates of flowers
were analyzed using microscopy techniques.

2.2. Stereomicroscopy

Fresh flowers were examined using the Nikon AZ100 stereomicroscope (Nikon Cor-
poration, Yokohama, Japan) equipped with a Nikon Fiber Illuminator and photographed
using the NIS-Elements Software (NIS-elements D 3.00).

2.3. Scanning Electron Microscopy (SEM)

The micromorphology of chemically-fixed flowers of B. albostellata was examined
in detail. The initial step of preparation involved dissecting the different parts of the
flower: petal, stigma, style, anther, and filament and thereafter primary fixating the sections
(£10 mm?) in 2.5% glutaraldehyde for 18-24 h. After primary fixation, samples were
rinsed for 5 min each (thrice) with 0.1 M sodium phosphate buffer (pH 7.2) and then post-
fixed in 0.5% osmium tetroxide for 3 h at room temperature. The samples were washed
thrice (for 5 min each) with sodium phosphate buffer and dehydrated gradually with
increasing concentrations of ethanol (30%, 50%, 75%, 100%) twice, for 5 min each, followed
by exposure to 100% ethanol for two sessions, each of 10 min. Dehydrated samples were
critically point-dried using the Quorum K850 Critical Point Dryer (Quorum Technologies
Ltd., Laughton, East Sussex, UK) with a vertical chamber. Samples were mounted onto
aluminum stubs using double-sided adhesive carbon tape and sputter coated with a layer
of gold using the Quorum 150 RES (Quorum Technologies Ltd.), a combined system for
carbon and sputter coating. The samples were then viewed and photographed using the
LEO 1450 SEM at a working distance (WD) of 12-15 mm. Images were captured using
the SmartSEM image software (Zeiss, Jena, Germany). (protocol was adapted from the
microscopy and microanalysis unit, University of KwaZulu-Natal, Westville). With respect
to the stigma of the flower, pollen grains were dusted from the stigma onto aluminum stubs
using double-sided adhesive carbon tape and sputter coated with a layer of gold using the
Quorum 150 RES (Quorum Technologies Ltd.), a combined system for carbon and sputter
coating. Images of pollen grains were captured using the SmartSEM image software (Zeiss,
Jena, Germany). Diameters of pollen grains were determined using Image] software Java
1.53e (Fiji, http:/ /fiji.sc/Fiji, accessed on 10 June 2021) [44]
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3. Results and Discussion
3.1. Analysis of Floral Structures via Stereomicroscopy

Bracteoles of B. albostellata vary from narrowly ovate to ovate, with glabrous or hairy
surfaces and margins that are spiny, with scanty teeth (Figure 2A-D). Long white hairs
(unicellular non-glandular trichomes) are prominent on the surface and margins of the
floral bracts, (Figure 2A,B) upper, and lower bracteoles (Figure 2C,D), and a posterior lobe
with sharp, curved apiculus (Figure 3A). Certain species of Barleria have characteristic non-
glandular trichomes which are unicellular [45]. Non-glandular trichomes are recognized
exclusively for their physical protection in plants against biotic and abiotic stresses [46,47],
and to deter herbivores from feeding and ovipositing insects [48-50].

2000 uym

Figure 2. Stereomicrographs of the floral bracts of B. albostellata. (A,B) Floral bracts abaxial surface;
(C) upper bracteole abaxial surface; (D) lower bracteole abaxial surface. Abbreviations: UT = unicellular
non-glandular trichome.
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Figure 3. Stereomicrographs of the bracts and petals of B. albostellata. (A) Posticous calyx lobes of
bracts, outer surface; (B) petals of the flower; (C) stamen, stigma, and style; (D) slit along the lower
corolla lobe. Abbreviations: UT = unicellular non-glandular trichome; T = trichome; SM = stigma;
ST = style; A = anther; F = filament; Pt = petal.

Bracts are highly modified, chartaceous, foliaceous, with reticulate venation being
prominent; margins are entire, serrate, or irregularly dentate. The inflorescence is a com-
pound, terminal synflorescence, capitate or strobilate with units of solitary flowers. Flowers
of B. albostellata (2—4 flowers) are bisexual with a nectariferous disc, zygomorphic, and in
cymes (a wide, flat-topped, distinct flower cluster in which the central flowers are opened
first) [51,52]. Flowering is an important phenological event, which impacts the reproduc-
tive success of a species [53]. The flowers are enclosed by four leafy, hairy, purple-tinged
bracts. Purple-tinged bracts are assumed to contain some sort of nectar (Figure 2A-D). The
delimitation of the genus ‘Barleria’ and specifically the taxonomic description of the leaves
and flowers of B. albostellata have been only described by Balkwill and Balkwill [18].

The corolla (petals, 1 + 4) is irregular, thin, tubular, and gamopetalous (Figure 3B).
The scent of the flowers of B. albostellata is produced nocturnally, with the strongest smell
produced by mature, unopened buds, than with the open flowers. The floral visitors
observed to interact with the flowers of B. albostellata were butterflies and bees. Similar
observations were reported by Balkwill et al. [54] in flowers of B. greenii. Generally, flowers
of Barleria are pollinated by butterflies, and they were described as large, white, and tubular,
comprising deep nectaries/nectariferous discs, which function as nectar guides [55,56].
Bumblebees were observed to frequently visit B. greenii and remove nectar from outside of
the flower, by creating a narrow slit at the base of the corolla tube [54]). Several trichome-
derived compounds are used as attractants for species-specific pollination [57]. Trichomes
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are also involved in specialized mechanisms of insect capture for pollination [58]. The
fertile stamens (anther + filament), inserted on the corolla, are usually present in pairs
(Figure 3C) and are not didynamous. Filaments are long and may appear as twisted, can
cross over each other, and are usually hairy at the base (Figure 3C). Anthers are basifixed
and longitudinally dehisce, whilst the style is terete. The stigma is filiform and is found
beyond the level of the dehisced anthers, while the style arches upward and is terete
(Figure 3C). Similar morphological characteristics were observed in flowers of B. greenii [54]
and in B. saxatilis [59]. They suggested that the position of the stigma above the anthers
promotes autonomous self-pollination. The slit along the lower corolla lobe revealed
the growing stamen with hairy trichomes attached to the lower region of the filament
(Figure 3D), a characteristic of species within Barleria [60].

3.2. Floral Structures Observed via Scanning Electron Microscopy

Floral bracts were heavily pubescent with non-glandular and glandular trichomes
(Figure 4A,B). Unicellular non-glandular trichomes were highly dense, long, pointed, and
located on the serrated edges of the floral bracts or occurring along the mid-region. Similar
observations were reported for B. aristata floral bracts [61]. Perhaps the edges of the floral
bracts might have responded to insect damage, therefore increasing the trichome density.
There were only a few glandular capitate trichomes scattered all over the floral bracts, while
the multangulate-dendritic branched (MDB) non-glandular trichomes were predominant
(Figure 4A,B). In certain cases, the MDB non-glandular trichomes were found to ‘arch over’
the glandular trichomes. Due to its proximity, the MDB non-glandular trichomes may
provide some sort of physical protection to these glandular tichomes. The adaxial and
abaxial surfaces of a petal contained several grooves and appeared as coarse and pitted
(Figure 4C,D), with epidermal cells in an irregular shape. With high magnification, parallel
striations can be seen on a section of the surface of the stigma (Figure 5B). The cap of the
anther is curved and round (protection of pollen), with a slit in the middle (Figure 5C).

Figure 4. Scanning electron micrographs of the floral morphology of B. albostellata. (A) Floral
bract; (B) glandular and non-glandular trichomes, on the floral bracts; (C) adaxial surface of a
petal; (D) abaxial surface of a petal. Abbreviations: UT = unicellular non-glandular trichome;
MDB = multangulate-dendritic branched non-glandular trichome; GCT = glandular capitate trichome.
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Figure 5. Scanning electron micrographs of the floral morphology of B. albostellata. (A) Low
magnification image of a dissected section of the style and stigma; (B) high magnification image of a
section of the stigma; (C) anther; (D) filament. Abbreviations: SM = stigma; ST = style.

3.3. Pollen Morphology

Pollen micromorphological features have contributed beneficial phylogenetic informa-
tion in the accurate identification of species within Acanthaceae [13,39]. Scanning electron
micrographs of pollen grains had an open reticulate tectum and appeared as globose tri-
colporate in equatorial view, honeycombed-shaped, with intense, coarse reticulation of
the inter-apertural exine (Figure 6A); these characteristics are specific to pollen found in
species of Barleria [11,18,36,37,60,62,63]. Pollen grains in B. albostellata had a diameter of
77.53 £ 5.63 um (Figure 6).

This parameter varied from 60.5 £ 0.3 um in B. parviflora to 81.5 & 1 umin B. orbicularis.
Similar pollen grain sizes were found in B. albostellata, and almost the same diameters
(74.9 £ 0.7 um) were documented for B. ventricosa and B. proxima (79.1 = 1 pm), respec-
tively [13]. Before pollination at maturity, pollen grains are located inside the cap of the
anther for protection (Figure 6B-D). Tiny granules are observed inside lumina of the pollen
grain (Figure 6A). This was also noted in B. parviflora, B. ventricosa [13], B. prionitis, and
B. hochstetteri [64]. The aperture of pollen grains in B. albostellata appeared circular in shape
(Figure 6E,F), which was also noted in B. bispinosa [13]. The aperture width of pollen grains
in B. albostellata was 14.31 4+ 0.59 um. The width varied from 9 um in B. acanthoides and
B. aculeata, 13 um in B. tetracantha, 16 um in B. ventricosa and B. bispinosa, to 23 pm in
B. prionitis [13]. Pollen grains in various families are recognized by distinct morphological
features represented in their exine [65]. Similar pollen grains characteristics to that of
B. albostellata were found in B. grootbergensis [66] and B. durairajii [63]. Studies highlight that
pollen viability is significantly reduced with increasing air humidity and temperature [67].
Barleria albostellata thrives in subtropical and tropical conditions, well-drained soils, and can
grow under relatively cold conditions [43]. Pollen grains in Barleria are characteristic to the
family Acanthaceae, however their reticulate ornamentation displays close resemblances
with those found in their associated genera such as Lepidagathis, Crabbea, and Ruellia [68].
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Figure 6. Scanning electron micrographs of the pollen micromorphology of B. albostellata. (A) Single
pollen grain, equatorial view; (B—E) pollen grains found within the anther; (F) aperture of pollen
grain. Abbreviations: AP = aperture; G = granules; L = lumina.

The morphology of the flower and pollen grains using various microscopic techniques
showed numerous non-glandular trichomes on the bracteoles and bracts of B. albostellata.
Three types of trichomes were identified on these structures and were found in other species
of Barleria [54,59-61]. MDB non-glandular trichomes may provide some sort of physical
protection to the glandular capitate tichomes. The pollen micromorphological features
found are characteristic to species of Barleria [11,18,36,37,54,62,63].
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4. Conclusions

The combination of stereo- and scanning electron microscopy facilitated the identi-
fication of the floral and pollen morphology of B. albostellata. Knowledge on the floral
biology and pollen morphology of B. albostellata obtained by microscopy techniques has
been very incomplete so far. Floral structures identified were compared to previously
reported information in other species of Barleria. Pollen grains of B. albostellata are complex,
intricate, and display reticulate sculpturing. Thus, the results presented in this study
contribute significantly to our growing understanding of the floral and pollen biology of
B. albostellata. In this regard, this study is novel, and results reported here will also assist
taxonomists in identifying B. albostellata using SEM micrographs of their distinct pollen
structures. Additional ultrastructural studies on the floral structures should be conducted
to further examine the internal features of the cells and organelles. Further studies may
also focus on evaluating the micromorphology of the seeds and roots of B. albostellata.
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