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ABSTRACT

Aims: This study investigated leaf epidermal features as taxonomic markers in delimiting two West
African species (M. elegans and M. erythrophylla) and two Philippine infraspecific species (M. “Dofia
Aurora” and M.“Dofia Luz”) of Mussaenda L. in Nigeria and their ecological significance.

Study Design: The experiment adopted a Completely Block Design (CBD) of four plant taxa from
two study locations with 10 replicates each, totaling 80 samples.

Place and Duration of Study: The study was carried out in the Department of Plant Science and
Biotechnology, University of Nigeria, Nsukka, between June and September, 2010.

Methodology: Fresh leaves were collected from the Tropical Rainforest (TRF) and Derived
Savanna (DS) vegetations of Nigeria under the same weather conditions. Leaf epidermal strips were
prepared by clearing method, stained with Safranin and observed under the light microscope.
Results: The stomata are of the paracytic type borne on polygonal to irregularly shaped, wavy
epidermal cells. Simple trichomes were also a common feature in all taxa. Mussaenda erythrophylla
has significantly (P < 0.05) the least dense stomata (84.51 + 0.73 mm'z) while M. “Dofia Aurora” has
the densest stomata (230.98 + 2.67 mm™). M. elegans and M. “Dofia Aurora” have significantly the
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highest stomata index (28.48% and 28.98% respectively) while M. “Dofia Luz” has the lowest
(24.31%). Samples from the TRF have significantly higher density, index and size of stomata in M.
elegans and M. “Dofia Luz” than those from DS. Quantitative trichome parameters also vary among
the taxa. The fewest trichomes were observed in M. elegans (7.90 + 0.14 and 11.75 + 0.21) while
they are most abundant in M. “Dofia Luz” (11.77 £ 0.11 and 18.90 + 0.51). Ecological conditions
affected these variables as trichomes were more abundant in the specimens collected from DS

locations.

Conclusion: Epidermal features are proven significant tools in taxonomic delimitation and as
environmental indicators in predicting climatic changes and environmental pollution.

Keywords: Taxonomy; ecology; leaf epidermal characters; stomata; Mussaenda; Rubiaceae; Nigeria.

1. INTRODUCTION

The genus Mussaenda L. belongs to the family
Rubiaceae and includes about 200 species with
geographical spread from Africa to Asia, New
Guinea and Australia [1]. They are tropical
evergreen shrubs and scrambling climbers grown
for their long-lasting showy flowers [2]. The usual
distinguishing feature of this genus is the
possession of one (or five in some cultivars)
enlarged petaloid sepals called calycophylls.
These calycophylls are mistaken for bracts in
many publications [1,2].

Ornamental Mussaenda species are considered
one of the most significant contributions of the
floriculture industry. Records also show that its
demand for cut flowers and landscape plants has
undoubtedly increased in recent past [3]. In
Nigeria’s landscapes, they flower luxuriantly for
almost throughout the year, and other shrubs
cannot compete favourably with Mussaendas in
effectiveness of display of colour when in bloom
[4]. They have proved to be among the most
popular, demanded and used flowering shrubs in
the warm humid tropical regions [5,6,7]. They are
also used in folk medicine for the treatment of
boils [8], vomiting, malaria, dysentery, stomach
ache and fever [9]. Vidyalakshmi et al. [10]

reported diuretic, antiphlogistic, antipyretic,
laryngopharyngitis, anti-fertility and antiviral
activities from the different species of
Mussaenda.

Despite the wide distribution, socio-economic
uses and potential benefits of this genus, a lot of
controversies still exist in their circumscription,
and a search in the literature shows paucity of
information on the proper identification and
nomenclature of the country’s cultivated garden
Mussaendas [4,11]. While M. elegans and M.
erythrophylla originated from West Africa, M.
“Dofa Aurora” and M. “Dofha Luz” are variants
(or cultivars) of M. philippica that is of Philippine

origin. The variants, M. “Dofia Aurora” and M.
“‘Dofia Luz”, like so many other cultivars, were
named in honour of the wives of the Presidents
of Philippine, Mrs Aurora Quezon and Mrs Luz
Magsaysay respectively [11]. However, available
literatures on the plants are scanty and revealed
mixed up of identities as almost all the distinct
ornamental species grown in gardens are all
regarded as ‘Queen of the Philippine’ (the official
common name for M. philippica) [4,12]. As a
matter of fact, “Dofia Aurora” is the most widely
known and cultivated among the Mussaendas.
Other hybrids include “Dofia Queen Sirikit”,
“Dofia Esperanza”, “Dona Hilaria” “Paraluman”
and so on [11].

Traditionally, plant taxonomy has depended
mainly upon comparative morphological features
because these are easily observable in the living
plants with the use of hand lens or, at the most, a
dissecting microscope as equipment [13,14].

Micro-morphological features, especially leaf
epidermal characters, have played an
increasingly important role in taxonomic

distinction and recognition in Rubiaceae [15].
The major diagnostic features include the
morphology, types and sizes of epidermal cells,
stomata and trichomes [15,16,17].
Representatives of multiple epidermal types may
be found in species of Moraceae, Piperaceae,
Bignoniaceae, Malvaceae and in most Monocots
[18]. In leaves, stomata may occur on both
surfaces (amphistomatic leaf) or on only one,
either the upper (epistomatic leaf) or more
commonly on the lower (hypostomatic) [13,18].
Stomatal types vary amongst plant taxa for
example, anomocytic type, anisocytic type,
diacytic type, paracytic type usually found in
Rubiaceae, actinocytic type and cyclocytic
[13,18]. Quantitative stomatal parameters of
taxonomic importance are stomatal size,
stomatal index and stomatal number. Leaf hairs
(trichomes) can also vary considerably in density
and morphology among species of plants, and




may also vary among populations and within
individual plants. Their structure can range from
unicellular to multicellular, and can be branched,
or un-branched [13,18].

Leaf epidermal features are also affected by
climatic and environmental changes and thus
could be used as indicators for environmental
monitoring [19,20]. Their distribution, density and
size can be influenced by climatic factors such as
humidity, temperature, light intensity and
atmospheric CO, [21,22]. For example, high-
canopy trees are more exposed to light intensity
and tend to have denser stomata than
undergrowth plants. Furthermore, amphistomaty
in leaves could be partly influenced by high
irradiance [23]. Leaf trichomes function in
defence, but also affect gas exchange and
temperature. In many plants, trichomes decrease
the absorption of shortwave radiation by leaves
and keep them cooler [21]. For this reason,
plants that found themselves in unfavorable
growth  conditions would produce more
trichomes as an adaptation strategy for their
survival.

Nigeria is a country located in West Africa with a
total area of 923,768 km® and population
estimated around 198, 577, 125. Nigeria lies
between latitudes 4° and 14°N, and longitudes 2°
and 15°E with three main vegetation zones —
rainforest, savanna and montane. This study was
carried out in two different vegetation area — Uyo
and Nsukka. Uyo is a city in south-eastern
Nigeria and is the capital of Akwa Ibom State, a
major crude oil producing State of Nigeria. It is
located on Latitude 6° 03' 4.57" N and Longitude
7° 56' 0.60" E. This city has a tropical rainforest
climate with average annual rainfall of 2509 mm.
The average annual temperature in Uyo is
26.4°C. Rainfall averages 2509 mm [24,25].
Nsukka has an area of 1,810 km2, located on
Latitude 6.5124°N and Longitude 7.2345°E.
Vegetation is characteristically derived savanna.
The annual rainfall ranges from 1,845 — 2000
mm. Annual temperature is between 25°C and
27°C [24].

Therefore, this study investigated leaf epidermal
features in two West African species (M. elegans
and M. erythrophylla) and two infraspecific
Philippine species (cultivars - M. “Dofia Aurora”
and M. “Dofa LuZz’) of Mussaenda L. across the
tropical rainforest and derived savanna
vegetation zones of Nigeria for their potential as
tools  for  taxonomic  delimitation and
environmental monitoring.
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2. METHODOLOGY

This study was carried out in the Plant
Anatomy/Taxonomy Laboratory, Department of
Plant Science and Biotechnology (formerly
Department of Botany), University of Nigeria,
Nsukka. The field collections and experiments
were conducted between June and September,
2017.

2.1 Plant Materials

Fresh leaves of the four Mussaenda taxa were
used for the study. They were collected from Uyo
and Nsukka metropolises  of  Nigeria,
representing both Tropical rainforest and Derived
savanna ecological zones of Nigeria respectively.
Collections were performed simultaneously at
both locations during the rainy season. On-field
identification and macro-morphological features
of the samples were carried out and recorded.
Species identity were confirmed following the
taxonomic Keys of Flora of West Tropical Africa
[26] and comparison with the Type Specimens
on databases of Kew Herbarium, England [27]
and the New York Botanic Garden [28].

2.2 Isolation of Leaf Epidermises

Clearing method was used as described by
Ogbonna et al. [20] with slight modifications.
Fresh leaves were soaked in commercial bleach
(Hypo®) containing 3.5% sodium hypochlorite for
a period ranging from 14 to 18 hours according
to the nature of the respective leaf samples. The
cleared leaves were pulled out and rinsed thrice
with tap water. The leaf epidermises were then
scraped with a sharp blade and further washed in
tap water with Camel’s hair brush.

2.3 Preparation of Slides

Both the adaxial and abaxial epidermises of each
of the samples were placed on a clean
microscopic glass slide, stained with Safranin
solution and 10% glycerine was dropped before
placing a cover slip. This was sealed with nail
hardener to prevent the preparation from drying

up. They were observed under the light
microscope (Make: Olympus Tokyo; Model:
Japan No. 271961) at x4, x10 and x40
objectives.

2.4 Scoring of Epidermal Parameters and
Photomicrograph of Slides

The following parameters were observed and
assessed according to the terminologies of Evert



[18]. Means of quantitative measurements were
calculated from a total of 10 observations for
each sample. Photomicrographs were taken with
Motic camera attached to the microscope.

1. Epidermal cells: the epidermal cells were
counted and their types/shapes were
recorded.

2. Stomata: the stomatal complex types were
observed and recorded. Stomata density
was determined as the number of stomata
per square millimetre. Stomata sizes
(length, width and area) were measured
using the Motic software. Stomatal index

was determined by the following
expression:
Sl‘l
Stomata Index (%) = ——— X 100
SI]+EII

Where: S, and E, stand for stomata number and
epidermal cells number respectively in a given
area [29].

3. Trichome: the trichome types, size, density
and index were determined following the
same procedures as the stomata above
[30].

2.5 Statistical Analyses

Analysis of Variance (ANOVA) using the
Statistical Package for Social Sciences (SPSS
version 20) was used to test significance (at P <
0.05) of means of the variables while Duncan’s
Multiple Range Test (DMRT) was used for
mean separation. Students’ independent sample
T-test was used to compare means of data
from the two ecological study locations at
P <0.05.

3. RESULTS AND DISCUSSION

This study was aimed at using leaf epidermal
features as a line of evidence in delimiting two
West African species (M. elegans and M.
erthrophylla) and two infraspecific Philippine
species (M. philippica var. aurorae and M.
philippica var.“Dofia Luz”) of Mussaenda that
occurr in Nigeria. On-field observation revealed
the individual taxon differs from others in their
habits, colours of their petals (orange in M.
elegans, red in M. erythrophylla, yellow in M.
“Dofa Aurora” and M. “Dofa Luz), colour and
presence or absence of petaloid sepals (petaloid
sepal absent in M. elegans but present in others;

Nwafor et al.; ARRB, 32(5): 1-12, 2019; Article no.ARRB.47057

red in M. erythrophylla, creamy white in M. “Dona
Aurora” and pink in M. “Dofa Luz), and in the
leaf architectural patterns (Plate 1). This is in
agreement with the botanical descriptions of
these plants as reported by Hutchinson and
Dalziel [26], Kpadehya and Bout Jr. [1] and
Stuart [31]. It is important to note that none of
these features were influenced by climatic
conditions as individual specimens collected from
both study locations shared major morphological
features and it could be inferred that they are
genetically predetermined, hence, very useful
taxonomic tools.

3.1 Epidermal Cells

The result of the comparative study of the
epidermal cells in the four taxa showed some
similarities and dissimilarities in shapes and
nature of the anticlinal cell walls of the
epidermises especially on the adaxial sides. The
epidermal cells are polygonal to less undulating
with thick cell wall in M. elegans; irregular and
clearly undulating with thin cell wall in M.
erythrophylla; and irregular to less undulating
with thick cell walls in M. “Dofa Aurora” and M.
“‘Dofa Luz” (Plates 2 and 3). On the abaxial
surfaces, the epidermal cells are polygonal in
“‘Dofia  Aurora” but, irregular and clearly
undulating in others (Plates 6 and 7). M.
erythrophylla possesses significantly (P< 0.05)
the lowest number of epidermal cells (47.00 *
0.84 and 46.00 = 1.14 on the adaxial and abaxial
surfaces respectively) per field of view, whereas,
M. “Dofa Aurora” has the largest number (98.80
+ 0.74 and 95.80 + 1.43 on the adaxial and
abaxial surfaces respectively) (Table 1).
Furthermore, epidermal cells are significantly (P<
.05) more on the adaxial surface than on the
abaxial surface in both M. elegans and M. “Dofia
Luz” but do not differ in others. It is inferred that
environment does not significantly affect the
epidermal cell features as samples collected
from both study locations gave similar results.
These results confirm the contribution of
epidermal cell pattern and configuration as
important  taxonomic tool to distinguish
Mussaenda at both the infrageneric and
infraspecific levels. Our findings also support
those reported by earlier researchers [29,32,33].

3.2 Stomata Types and Measurements

The results from this study show that the four
taxa studied were all hypostomatic (i.e. stomata
occur only on the lower/abaxial surfaces) and
possessed paracytic type of stomata (Plates 6



and 7) that is characteristic of the Rubiaceae
[16,29,34]. This agrees with the findings of
Obembe [29] who reported paracytic stomata in
M. elegans, M. chippi and M. landolphoides.
However, the individual plants differed from one
another in quantitative stomata parameters such
as the stomata density, index and size.
Mussaeda erythrophylla has significantly (P <
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.05) the least dense stomata (84.51 + 0.73 mm™)
while M. “Dofia Aurora” had the densest stomata
(230.98 + 2.67 mm™). Mussaenda elegans and

M. “Dofia Aurora” had significantly the highest
value for stomata index (28.48% and 28.98%
respectively) while M. “Dofia Luz” has the lowest
(24.31%). Stomata size also varied significantly
(Table 2).

Plate 1. Morphology of the four taxa of Mussaenda; A = M. elegans; B = M. erythrophylla;
C = M. ‘Doiia Aurora’; D = M. ‘Doiia Luz’
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A B x400

Plate 3. Epidermal cells of the leaves of (A): M.“Doia Aurora” and (B): M. “Dofia Luz”
Table 1. Variation of epidermal cell number per field of view in the study plants

Sample Adaxial Surface Abaxial Surface
M. elegans 80.20 + 0.74"* 68.20 + 1.11°
M. erythrophylla 47.00 + 0.84° 46.00 + 1.14°
M.“DoiaAurora” 98.80 £ 0.74% 95.80 + 1.43°
M. “Doia Luz” 70.00 + 0.45%* 67.80 + 0.58"

Mean + S.E.M = Mean values + Standard error of means of 10 experiments
Means with different letters as superscripts along a column are significantly different (P < 0.05)
* Significantly different at P < 0.05

The specimens collected from the Rainforest those from the savanna (Table 3). This could be
(wetter) area had higher values for stomatal as a result of adaptation to change in
density, stomatal index and stomatal size than environmental (ecological) conditions. Stomata



serve primarily for gaseous exchange in plants
[18]. Their density can be influenced by humidity,
temperature, light intensity and atmospheric CO,
[21,22]. Plants in drier regions tend to have
reduced stomatal density to conserve water. Uyo
(the Rainforest area), being a cosmopolitan city
would have higher amount of atmospheric CO,
(from exhaust pipes etc.) which might have
consequently contributed to higher stomatal
densities in the Rainforest samples [23]. Higher
stomata size recorded for M. “Dofia Aurora”
collected from the wetter region could be
attributed to higher osmotic potential as expected
in plants grown in less stressed environment
[18]. This result agrees with those of previous
authors [19,20] who reported differences in
stomata in plants collected from polluted areas
and suggested their potential in environmental
monitoring.

A
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3.3 Trichome Types and Measurements

This study showed that the epidermises are
covered with trichomes (i.e. pubescent) which
are simple, multicellular and uniseriate in all the
taxa. Glandular trichomes were not observed
(Plates 4 and 5). Again, the plants differ from
one another in terms of density, index and size
of trichomes present; these differences were
also observed on the adaxial and abaxial
surfaces of same taxon. The fewest trichomes
were found in M. elegans (7.90 + 0.14 and 11.75
+ 0.21 on the adaxial and abaxial surfaces
respectively) while they were most abundant
in M. “Dona Luz” (11.77 £ 0.11 and 18.90 %
0.51 on the adaxial and abaxial surfaces

respectively) (Table 4).This could be employed
as important taxonomic tool in the delimitation of
the taxa.

x100

Plate 4. Adaxial surfaces of the leaves of (A): M. elegans and (B): M. erythrophylla

A

B x100

Plate 5. Adaxial surfaces of the leaves of (A): M. “Doia Aurora” and (B): M. “Dona Luz”
ec = epidermal cell; t = trichome; tb = trichome base

7
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Table 2. Quantitative stomata parameters of the four Mussaenda taxa

Parameter M. elegans M. erythrophylla M. “Doia Aurora” M. “Dona Luz”
Number 18.80 + 0.17° 14.37 + 0.12° 39.27 + 0.46° 21.55+0.23°
Density (mm-?) 110.59 + 1.00° 84.51 +0.73¢ 230.98 + 2.67° 126.76 + 1.34°
Index (%) 28.48 +0.16° 25.47 +0.16° 28.98 + 0.24° 24.31+0.21°
Length (mm) 23.33+0.26° 24.48 + 0.36° 20.25 + 0.40° 22.13+0.19°
Breadth (mm) 13.13 + 0.39° 13.92+0.11° 13.24 + 0.32° 11.02+0.18°

Size (mm?)

310.58 + 11.44°

341.01 £ 5.71°

271.09 + 10.24°

245.11 + 5.66°

Mean £ S.E.M = Mean values + Standard error of means of 10 experiments; Means with different letters as superscripts across a row are significantly different (P < 0.05)

Table 3. Quantitative stomata parameters of the four taxa across the two locations

Parameter M. elegans M. erythrophylla M. “Doina Aurora” M. “Doina Luz”

Locations DS RF DS RF DS RF DS RF

Number 18.13+0.20 19.47 + 0.22* 14.17+0.15 1457+0.19 38.77 £ 0.67 39.77 £ 0.61 20.40+0.27 22.70+0.22*
Density (mm-?)  106.67 + 1.15 114.51 + 1.28* 83.33+0.90 85.68+1.12 228.04 +4.00 233.92 £ 3.59 120.00 +1.59 133.53 £ 1.30*
Index (%) 27.82+0.21 2913+ 0.17* 2521+020 25.73+0.25 28.71+0.36 29.25+0.32 23.32+0.23 25.29+0.19*
Length (mm) 22.72 £ 0.39 23.93 £ 0.32* 2440+052 2455+050 20.00+0.56 20.50 + 0.58* 21.67+0.24 2259 +0.29*
Breadth (mm) 11.62 £ 0.57 14.65 £ 0.37* 13.94+0.15 1391+0.15 13.05+0.46 13.43 +0.47 10.36 £ 0.12 11.68 + 0.30*

Size (mmz) 268.58 + 16.36 352.59 +11.95* 340.43+8.30 341.59+7.98 262.43+13.17 279.75+15.74 22493 +4.32 265.29 +9.14*
DS = Derived Savanna; RF = Rainforest; Mean + S.E.M = Mean values * Standard error of means of 10 experiments; * Significantly different at P < 0.05 across a row

Table 4. Quantitative trichome parameters of the four Mussaenda taxa

Taxa Number Density (mm™) Index (%) Size (uM)

Adaxial Abaxial Adaxial Abaxial Adaxial Abaxial Adaxial Abaxial
MEL 7.90 + 0.14° 11.75+0.217  2.52 + 0.44° 3.74 + 0.67° 0.53+0.01° 1.30 £ 0.02° 162.54 + 13.64° 287.48 £ 17.73°
MER 10.47 £ 0.09° 39.20 £+ 0.16° 3.34 +0.03° 12.75 + 0.90° 1.30 + 0.01° 4.81+0.02° 307.70 + 15.28° 377.56 + 25.40°
MxDA 9.63+0.09° 41.25+0.24° 3.07 +0.29° 13.41 £ 0.07° 0.54 +0.01° 2.27 £ 0.01™ 235.65 + 9.33° 326.76 + 5.25%
MxDL 11.77 +0.11° 18.90 + 0.51° 3.75+ 0.06° 6.02 + 0.16° 0.92 + 0.01” 1.50 + 0.04° 251.53 + 12.56° 377.56 + 25.40°

MEL = M. elegans; MER = M. erythrophylla; MxDA= M. “Dofia Aurora”; MxDL = M. “Dofia Luz”
Mean + S.E.M = Mean values + Standard error of means of 10 experiments
Means with different letters as superscripts along a column are significantly different (P < 0.05)
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Table 5. Quantitative trichome parameters of the four taxa across the two locations

Taxa Number Density (mm?) Index (%) Size (um)

Adaxial Abaxial Adaxial Abaxial Adaxial Abaxial Adaxial Abaxial
MEL-DS 8.70+£0.15 12.67 £ 0.30* 2.77 £ 0.05 4.03+£0.10* 0.59+0.01 1.40 £ 0.33* 165.77 £ 18.10 325.05 + 32.42
MEL-RF 7.10+0.10 10.83+0.18 2.26 + 0.03 3.45+0.06 0.48 £ 0.01 1.20 £ 0.02 159.30 £ 20.72 249.74 £ 32.23*
MER-DS 10.73+£0.13 39.83 £ 0.04* 3.42+0.04 13.04 £ 0.11* 1.33+0.02 4.88 £ 0.24* 287.10 £ 19.45 383.06 + 37.01
MER-RF 10.20 £ 0.10 38.57 £0.19 3.26 £ 0.03 1247 £0.12 1.26 £ 0.01 474 £0.22 327.49 £ 23.33* 372.05+ 3542
MxDA-DS 10.07 £ 0.12 42.23 £0.31* 3.20+£0.04 13.58 £ 0.84* 0.56 £ 0.01 2.33 £ 0.02* 259.14 + 11.31* 333.84 + 11.95
MxDA-RF 9.20+0.09 40.27 £0.25 2.93+0.03 13.24 £ 0.11 0.51+£0.01 2.22 +0.01 212.15+13.71 319.69 + 2.07
MxDL-DS 12.70 £ 0.25 19.30 £ 0.67* 4.04 £0.08 6.15 £ 0.22* 0.99+0.02 1.53 £ 0.05* 252.05+17.95 383.06 + 37.01
MxDL-RF 10.83 + 0.16 18.50 £ 0.76 3.45+0.05 5.89+0.24 0.84 +0.01 1.47 £ 0.06 251.02 + 17.87 372.05 + 35.42

MEL-DS = M. elegans-Derived Savanna; MER-DS = M. erythrophylla-Derived Savanna; MxDA-DS = M. “DoAa Aurora” -Derived Savanna; MxDL-DS = M. “Dofa Luz” -Derived
Savanna; MEL-RF = M. elegans-Rainforest; MER-RF = M. erythrophylla- Rainforest; MxDA-RF = M. “Dofia Aurora” - Rainforest; MxDL-RF = M. “Dofa Luz” — Rainforest; *
Significantly different at P < 0.05
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X400

Plate 6. Abaxial surfaces of the leaves of (A): M. elegans and (B): M. erythrophylla
ec = epidermal cell; sp = stomata pore; gc = guard cell; sc = subsidiary cell; t = trichome

Plate 7. Abaxial surfaces of the leaves of (A): M. “Doia Aurora” and (B): M. “Dofia Luz”
ec = epidermal cell; sp = stomata pore; gc = guard cell; sc = subsidiary cell; t = trichome; trichome base

Climatic conditions affected these variables as
trichomes were more abundant in the specimens
collected from Derived Savanna (drier) area.
Leaf trichomes function in defence, but also
affect gas exchange and temperature. In many
plants, trichomes decrease the absorption of
shortwave radiation by leaves and keep them
cooler [21]. This could explain the reason for the
higher density and size of trichomes in the leaves
of samples collected from the Derived Savanna
(drier) study location (Table 5). Trichomes also
act as sinks for excess calcium and other
minerals on polluted areas. This reduces stress
to the plant [21,35].

10

4. CONCLUSION

The results obtained from this study have shown
that evidences from leaf epidermal studies could
be used in delimitation of the four (two specific
and two infraspecific) taxa of Mussaenda L. and
other plant species while also are very promising
potential indicators for environmental monitoring.
The close resemblance of epidermal cells and
stomata parameters between M. “Dofia Aurora”
and M. “Dofia Luz” prove they are just variants of
the same species. Similarities in their leaf
epidermal features support their infrageneric
relationship, while differences in structures have
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delimitation as distinct species/taxa. Further
studies are suggested to employ other taxonomic
evidences —  phytochemistry, molecular
systematics among others, to support the
circumscription of this genus. Efforts should also
be channeled towards utilizing these characters
as environmental indicators in predicting climatic
changes and environmental pollution.
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