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Comparative Taxonomic Studies of Two Species of Phaulopsis (Acanthaceae)
Abstract
Phaulopsis grandiflora and Phaulopsis imbricata (Acanthaceae) are morphologically similar species whose taxonomic delimitation has often been problematic. This study provides a comparative analysis of their morphology, foliar anatomy, and palynology to identify reliable diagnostic characters. Morphological observations revealed differences in plant stature, leaf base, and corolla coloration, with trichomes occurring only in P. grandiflora. Anatomical investigations showed marked interspecific variation in stomatal size and frequency, guard cell dimensions, trichome presence, and epidermal cell structure. P. grandiflora exhibited larger stomata and guard cells, fewer but longer epidermal cells, and conspicuous trichomes. Conversely, P. imbricata displayed a higher stomatal index, denser epidermal cells with thicker walls, and absence of trichomes. Palynological results further distinguished the two species: P. grandiflora produced smaller, tricolporate pollen with a reticulate exine, whereas P. imbricata produced larger, heterocolporate pollen with striate-reticulate sculpturing and thicker exine walls. These pollen characters, less prone to environmental variation, provide strong and stable markers for species identification. The combined evidence confirms the distinct taxonomic identities of P. grandiflora and P. imbricata and demonstrates the value of integrating foliar anatomical and palynological data with morphology in systematic studies of Acanthaceae. Future molecular analyses are recommended to complement these findings and refine the phylogenetic placement of Phaulopsis within the family.
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Introduction 

Acanthaceae Juss., a family in the order Lamiales, is one of the twelve most species-rich families of angiosperms, comprising about 191 genera and nearly 4,900 species worldwide (Arias et al., 2022; Manzitto-Tripp et al., 2022). Fossil and molecular evidence suggest that the family originated approximately 81.9 million years ago during the Late Cretaceous (Tripp and McDade, 2014). Since then, several biogeographic dispersal events have shaped its present distribution. Notably, around sixteen disjunctions between the Eastern and Western Hemispheres have been documented, the majority representing movements from the Old World into the New World, although some lineages (e.g., Staurogyne, Nelsonioideae) dispersed in the opposite direction (Tripp and McDade, 2014). Taxonomic understanding within Acanthaceae family has been advanced by molecular data and morphological studies, particularly those examining corolla aestivation and pollen morphology, which support the recognition of three major subfamilies (Scotland and Vollesen, 2000). While many members of the family exhibit relatively stable floral morphologies, a few taxa possess distinctive floral features that are useful in species delimitation (Scotland and Endress, 1994). The use of pollen morphology as a key diagnostic feature for defining generic boundaries in the Acanthaceae family is expedient (Daniel, 1998) and due to similarities within species of the same genus in the family Acanthaceae, anatomical features such as trichomes provide valuable taxonomic markers (Dipa and Daniel, 2011). However, anatomical evidence in leaf micromorphological characteristics are useful as supportive data in the identification and classification of plant species (Nurul et al. 2014).  The genus Phaulopsis Willd. belongs to the tribe Ruellieae (Bentham, 1876). It comprises about 22 species distributed across the Arabian Peninsula, the Eastern Himalaya, China, Indo-Burma, and Africa (Manktelow, 1996). Despite its relatively wide distribution, studies focusing on Phaulopsis remain scarce. Previous research has touched on aspects of the anatomy and pollen morphology of P. grandiflora and P. imbricata (Al-Hakimi and Latiff, 2015; Al-Hakimi et al., 2022), but comprehensive comparative data remain limited. This gap is significant because P. grandiflora and P. imbricata often exhibit overlapping morphological traits, creating challenges in their accurate taxonomic delineation. Comparative studies that integrate floral morphology, anatomy, and palynology are therefore essential for clarifying their relationships and refining the taxonomy of the genus. The present study aims to expand the current understanding of the morphology, anatomy, and pollen characteristics of P. grandiflora and P. imbricata, with the goal of generating additional evidence to strengthen the accurate taxonomic delimitation and contribute to a more robust understanding of species boundaries within the genus. 
Materials and Methods 

Collection and Authentication of Plant Materials

The plant materials were collected randomly at 10 locations within Akwa Ibom State, Nigeria during their flowering seasons (Table 1). Fresh plant materials were collected from the field in a sack bag with a specimen number. Collection points were noted using Global Position System (GPS) and photographs of specimen taken according to the method of Umoh and Bassey (2021). The plant species were identified and authenticated by Prof. (Mrs.) M. E. Bassey, a taxonomist in the department of Botany and Ecological Studies, University of Uyo, Uyo, Akwa Ibom State, Nigeria and voucher specimens of each species were deposited in the University of Uyo Herbarium (UUYH). 
Table 1: Coordinates of locations where species were collected

	No
	Coordinates 
	Phaulopsis grandiflora
	Phaulopsis imbricata

	1
	Latitude

Longitude 
	4.923697 

7.804238
	5.110458

7.702142

	2
	Latitude

Longitude
	4.923697 

7.804238
	4.897507 

7.519161

	3
	Latitude

Longitude
	4.629783 

7.935791
	4.853812 

7.85096

	4
	Latitude

Longitude
	5.139204

7.625297
	4.547606 

7.99201

	5
	Latitude

Longitude
	4.9707151 

7.6053966
	5.252307 

7.93399

	6
	Latitude

Longitude
	5.167778 

7.888458
	4.576951 

7.571749

	7
	Latitude

Longitude
	5.025589 

7.54844
	5.193025 

7.691345

	8
	Latitude

Longitude
	5.285779 

7.711245
	5.206324 

8.001065

	9
	Latitude

Longitude
	5.229573

7.678583
	4.876439 

8.017685

	10
	Latitude

Longitude
	5.329825, 

7.694556
	4.815221, 

7.887814


Determination of Morphological Parameters
Morphological parameters such as leaf length, leaf width, texture, shape, base, margin, apex, petiole length, inflorescence type, flower color, flower length, and number and color of floral parts (sepals, petals, stamens) were recorded following Bassey and Denise (2013).

Preparation of Foliar Epidermal Peels for Anatomical Analyses 
The fresh plant materials of the species of Phaulopsis were rinsed with distilled water. Small portions were obtained from the standard median part of well expanded matured leaves. The epidermal peels of both abaxial and adaxial surfaces were made by placing the leaf blade in a clean glass slide, with the surface facing down. The specimens were irrigated with water, holding it downward from one end; and then the epidermis above the desired surface was scrapped-off carefully using a sharp razor blade. The loose cells were then washed away with the aid of a soft camel hair brush. The cleaned portion was further cleared in 5% concentrated solution of sodium hypochlorite (Jik) for about 2-3 minutes. The cleared portions were finally 
washed three to four times with distilled water following the method of Johnny and Bassey (2020), stained in 1% aqueous solution of safranin-O for 4-8 minutes, carefully washed in water to remove excess stain, mounted in 10% glycerol on a glass slide, covered with a glass cover slip and then viewed using an Olympus CX21 binocular microscope. Photomicrographs were taken from good preparations using an Olympus CX21 binocular microscope fitted with an MD500 Amscope camera. All measurements were made at the widest points using the calibrated Amscope at ×10 and ×40 objectives. 
Pollen Analysis

Extraction of pollen grains
With the help of a piercing needle and a pair of forceps, anthers from both flower buds and fully opened flowers were carefully removed and crushed in an ethanol solution. These were then decanted after being sieved and centrifuged for five minutes at 2000 rpm. Before acetolysis, glacial acetic acid was applied to the pollen sediments, and then they were centrifuged and decanted. Acetic anhydride and concentrated sulphuric acid were used to make an acetolysis mixture that was freshly prepared in a 9:1 ratio.  Bassey and Ntukidem (2019) adaptations of Erdtman's (1969) methods were used in boiling the sediments in a water bath at 100 °C. for acetolysis.  The mixture was stirred for 5 minutes in a water bath set at 100 °C, after which it was centrifuged for 5 minutes, with the supernatant being decanted. The sediments were decanted after being centrifuged twice with distilled water and washed once with glacial acetic acid. The recovered sediments were stored in plastic vials with 2:1 solution of glycerin and ethanol.

Microscopic examination and pollen analysis
One drop of thoroughly shaken precipitate suspension was mounted on clean glass slide and covered with cover slip. To keep the precipitation from drying out, the mount was sealed off at the edges with transparent nail polish. Under a microscope, pollen samples were examined and analyzed morphologically using reference descriptions and photomicrographs. In documenting the dimensions of micrometric parameters, averages of ten (10) pollen grains were used and this helped in easy description and convenient identification of the pollen studied. Photomicrographs were taken using an Olympus CX21 binocular microscope fitted with an MD500 Amscope microscope eyepiece camera.
Statistical Analysis: 

Qualitative and quantitative parameters of P. grandiflora and P. umbricata were summarized using descriptive statistics and presented in tables 2, 3 and 4 according to the methods of Mbong et. al.(2020). Quantitative morphological traits from 10 replicates of both species were compared using inferential statistics (Paired sample t-test) to determine significant differences in the species' morphological attributes (Edem et. al. 2021; Bassey et. al. 2024).
Result 

The results are summarized in Tables 1 – 3 

Description of Phaulopsis grandiflora Mankt.
The plant is a perennial herb with an erect, angular stem, slightly pubescent and bulbous at nodes. The plant can grow up to about 90cm tall. The leaf is simple, opposite, petiolate (petioles are 1 – 3.5cm long) acuminate, entire, cuneate, elliptic, glabrous and 1.5-5cm long and 0.5-2cm wide. The inflorescence is an axillary spike. The flowers are bracteate (bracts are persistent, hairy, green in colour and ovate to elliptic in shape). Calyx has 5 sepals, 0.4-0.5 cm long and green in colour. Corolla is tubular with 2 lipped petals, 0.5-0.6 cm long, upper lip has 2 lobes with a purple tinge while lower lip has 3 lobes and white in colour. Stamens are 4, epipetalous, didynamous (two long 0.4-0.5 cm long and two short 0.2-0.3 cm long). It has a superior ovary (Figure 1). 
Foliar Anatomy: Amphistomatic, with diacytic stomata on both surfaces, multicellular and glandular trichomes were present on the adaxial surface while glandular trichomes were present on the abaxial surface (figure 2). 
Pollen morphology: Pollen grains are radially symmetrical and isopolar, subprolate in shape, with a polar axis of 35.81–37.06 µm and an equatorial diameter of 23.50–29.93 µm (P/E = 1.20–1.58). The aperture is tricolporate, with pores measuring 2.62–3.13 µm in diameter, and the exine is reticulate, 2.99–3.13 µm thick. Polar outline is circular, equatorial outline elliptic, and the pollen is moderately large with a well-developed reticulate exine. (Table 3)
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Figure 1: I- Habit of Phaulopsis grandiflora, II- A. Flowering branch; B. Half flower; C. Flower; D. Abaxial surface of leaf; E. Adaxial surface of leaf; F. Bract; G. Sepal
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Figure 2:

A. Adaxial surface of Phaulopsis grandiflora showing Multicellular trichome (MT) x 10

B. Adaxial surface of Phaulopsis grandiflora showing diacytic stomata and Glandular trichome (GT) x 40

C. Adaxial surface of Phaulopsis imbricata showing Diacytic stomata (DS) x 40

D. Abaxial surface of Phaulopsis grandiflora showing Glandular trichome (GT) x 40
E. Abaxial surface of Phaulopsis imbricata showing Diacytic stomata (DS) x 40

F. Equatorial view of pollen of Phaulopsis grandiflora
G. Equatorial view of pollen of Phaulopsis imbricata 
Morphological Description of Phaulopsis imbricata (Forssk.) Sweet

The plant is a perennial herb with an erect, slightly pubescent and angular stem, bulbous at nodes. The plant can grow up to about 30cm tall. The leaf is simple, opposite, petiolate (petioles are 0.7- 2.3cm long), acuminate, entire, attenuate, ovate, glabrous and 1.2-4cm long and 0.5-2cm wide. The inflorescence is a spike. The flowers are bracteate (bracts are persistent, hairy, green and ovate to elliptic in shape). Calyx has 5 sepals, 0.5-0.6 cm long and green in colour. Corolla, tubular with 2 lipped petals 0.6-0.7 cm long and white in colour, upper lip has 2 lobes while the lower lip has 3 lobes with a pink colour tinge. Stamens 4, epipetalous, didynamous (two long 0.4-0.6 cm long and two short 0.3-0.4 cm long). It has a superior ovary (figure 3). 
Foliar Anatomy: Amphistomatic, with diacytic stomata on both surfaces (figure 2). 

Pollen morphology: Pollen grains are radially symmetrical and isopolar, prolate in shape, with a polar axis of 52.41–55.20 µm and an equatorial diameter of 35.53–36.22 µm (P/E: 1.44–1.55). The aperture is heterocolporate, with pores measuring 6.39–7.82 µm in diameter, and the exine is striate to reticulate, 6.39–7.82 µm thick. Polar outline is circular, equatorial outline elliptic, and the pollen is large, with a well-developed patterned exine. (Table 3)

[image: image3.png]



Figure 3: I- Habit of Phaulopsis imbricata; II-A. Flowering branch; B. Flower C. Half Flower; D. Abaxial surface of leaf; E. Adaxial surface of leaf

Table 2: Morphological Characters of Phaulopsis species
	CHARACTERS
	Phaulopsis grandiflora
	Phaulopsis imbricata

	Habitat
	Terrestrial
	Terrestrial

	Habit
	Herb
	Herb

	STEM:
	Herbaceous
	Herbaceous

	Type
	Erect
	Erect

	Shape
	Angular
	Angular

	Indumentum
	Pubescent
	Pubescent

	LEAVES:
	Simple, petiolate
	Simple, petiolate

	Arrangement
	Opposite
	Opposite

	Petiole length
	1 – 3.5 cm
	0.7 – 2.3 cm

	Shape
	Elliptic
	Ovate

	Apex
	Acuminate
	Acuminate

	Base
	Cuneate
	Attenuate

	Margin 
	Entire
	Entire

	Indumentum
	Glabrous
	Glabrous

	Inflorescence type
	Axillary spike
	Axillary spike

	FLOWER
	
	

	Bract 
	Present up to 9
	Present up to 9 

	Sepal colour
	Green
	Green

	Petal colour
	White with pink tinge 
	White with purple tinge 

	Number of stamens
	4 (2+2)
	4 (2+2)


Table 3: Quantitative analysis of Foliar Epidermal Characters of Phaulopsis Species (Abaxial)

	Parameters
	Leaf Surface
	Phaulopsis grandiflora
	Phaulopsis  imbricata
	t-value

	Stomatal Length (µm)
	Abaxial
	18.23±0.561
	15.48±0.251
	-2.9958*

	
	Adaxial
	23.679±0.535
	19.47±0.932
	6.5543*

	Stomatal Width (µm)
	Abaxial
	13.44±0.405
	11.09±0.041
	5.6858*

	
	Adaxial
	9.578±0.714
	11.804±0.381
	-2.8646*

	Stomatal Pore Length (µm)
	Abaxial
	14.5±5.303
	6.27±0.013
	2.0736*

	
	Adaxial
	10.30±0.345
	8.70±0.446
	2.7649*

	Stomatal Pore Width (µm)
	Abaxial
	3.44±0.188
	3.55±0.020
	2.571

	
	Adaxial
	2.25±0.093
	5.353±3.143
	-0.84253

	Stomatal Number 
	Abaxial
	33.33±0.644
	32.66±0.270
	10.97*

	
	Adaxial
	43.26±0.817
	29.665±0.740
	11.915*

	Guard Cell Length (µm)
	Abaxial
	12.41±0.258
	8.35±0.054
	7.799*

	
	Adaxial
	12.759±0.419
	9.882±0.280
	5.0353*

	Guard Cell  Width (µm)
	Abaxial
	5.95±0.202
	4.33±0.030
	3.3418*

	
	Adaxial
	5.69±0.255
	5.008±0.149
	2.599*

	Stomatal Index (%)
	Abaxial
	14.82
	15.41
	-

	
	Adaxial
	13.44
	9.16
	-

	Length of Trichome (µm)
	Abaxial
	866.87±14.160
	-
	-

	
	Adaxial
	853.46±19.669
	-
	-

	Width of Trichome (µm)
	Abaxial
	32.86±0.059
	-
	-

	
	Adaxial
	16.81±0.668
	-
	-

	Epidermal Cell Number
	Abaxial
	91.46±0.800
	113.33±1.067
	-29.125*

	
	Adaxial
	278.5±1.511
	293.933±4.181
	-3.3089*

	Epidermal Cell Length (µm)
	Abaxial
	77.036±1.903
	55.07±0.104
	7.8883*

	
	Adaxial
	65.172±3.838
	53.56±2.769
	2.6872*

	Epidermal Cell Width (µm)
	Abaxial
	21.72±1.119
	17.37±0.091
	2.6644*

	
	Adaxial
	16.81±0.854
	22.26±0.934
	-3.7793*

	Epidermal Cell Wall Thickness
	Abaxial
	1.91±0.078
	2.39±0.022
	-4.8001*

	
	Adaxial
	2.027±0.111
	2.804±0.125
	-4.774*


 Note * = significant P<0.05

	Species
	Polar dimension

(µm)
	Equatorial dimension

(µm)


	Exine thickness

(µm)


	Pore diameter

(µm)


	Sculpturing type
	Aperture
	Pollen class P/E

	Phaulopsis grandiflora
	35.81– 37.06
	23.50–29.93 
	2.99 – 3.32
	2.62 – 3.13
	Reticulate
	Tricolporate
	Subprolate  (1.2)

	Phaulopsis imbricata
	52.41– 55.20
	35.30 –36.22 
	3.20 – 3.46
	6.39 – 7.82
	Striate reticulate
	Heterocolporate
	Prolate  (1.5)


Table 4: Palynological characters of Phaulopsis species
Discussion
The comparative analysis of Phaulopsis grandiflora and P. imbricata provides important insights into the taxonomy of the genus Phaulopsis by identifying consistent foliar and palynological features that clearly distinguish the two species. These findings demonstrate that anatomical and pollen characteristics, when integrated with morphology, offer a reliable basis for species delimitation within this taxonomically challenging genus (Manktelow, 1996; Al-Hakimi and Latiff, 2015).

Variation in stomatal and epidermal features (as seen in table 3) proved especially diagnostic. P. grandiflora exhibited significantly larger stomata and guard cells, whereas P. imbricata showed a higher stomatal index and thicker epidermal cell walls. These parameters correspond with established taxonomic criteria in Acanthaceae and support species-level separation rather than environmentally induced variation (Metcalfe and Chalk, 1979; Ogundipe and Wujek, 2004; Badry et al., 2024). Stomatal and epidermal traits are genetically regulated (Baranova, 1992) and have been used successfully for resolving closely related taxa where floral traits overlap (Abubakar and Yunusa, 1998; Chiepa et al., 2020). Their diagnostic stability within Phaulopsis reinforces the role of micromorphological evidence in species circumscription.

Trichome distribution provided an additional robust character. Multicellular and glandular trichomes were observed only in P. grandiflora, whereas P. imbricata lacked them entirely. Trichome type and distribution have long been recognized as taxonomically significant in Acanthaceae (Adedeji, 2004; Kiel and Daniel, 2010) and are useful in distinguishing species and even sectional boundaries within genera (Fahn, 1990; Wang et al., 2021). Their consistent presence in P. grandiflora therefore provides a reliable diagnostic trait separating it from P. imbricata, strengthening the morphological evidence for independent species status.

Pollen characters offered the most definitive differentiation between the two species. P. grandiflora produced smaller, tricolporate pollen with reticulate sculpturing, whereas P. imbricata had larger, heterocolporate grains with striate-reticulate exine sculpturing. These distinctions correspond with previous observations in Phaulopsis and related Ruellieae taxa (Daniel, 1998; Al-Hakimi and Latiff, 2015; Telleria et al., 2017). Pollen aperture type and exine sculpturing are widely regarded as conservative traits that reliably indicate taxonomic distinction at the species level (Erdtman, 1969; Walker and Doyle, 1975). Therefore, rather than implying evolutionary progression, these palynological differences reflect morphological divergence consistent with stable taxonomic differentiation within the genus.

In general, the integration of anatomical and palynological evidence clarifies the morphological overlap that has long complicated the taxonomy of P. grandiflora and P. imbricata. The combination of stomatal structure, trichome presence, and pollen architecture provides a coherent set of diagnostic characters that reinforce the distinct identities of the two species. These findings also affirm the broader relevance of foliar and pollen features in revising genus-level relationships in Acanthaceae (Scotland and Vollesen, 2000; Ogundipe and Wujek, 2004; Adedeji and Jewoola, 2008).

Conclusion
The comparative study of P. grandiflora and P. imbricata establishes clear and stable diagnostic differences in stomatal configuration, epidermal structure, trichome presence, and pollen morphology. These characters particularly trichome occurrence and pollen sculpturing provide reliable markers for distinguishing the two species and confirm their taxonomic independence within Phaulopsis (Manktelow, 1996; Al-Hakimi et al., 2022). By synthesizing morphological, anatomical, and palynological data, this study enhances the taxonomic framework of the genus and contributes to a more refined understanding of species boundaries in Acanthaceae. Future research incorporating molecular phylogenetic data alongside micromorphological traits is recommended to consolidate these findings and strengthen the systematic placement of Phaulopsis within the tribe Ruellieae. 
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