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ABSTRACT

A comparative foliar epidermal and morphologicaldy of five members of the genus Amaranthus wamdasut
with a view to elucidating their taxonomic signéficce in the proper identification of five differesgecies studied.
Seeds of five species of Amaranthus namely; AidugrA. caudatus, A.viridis, A. spinosus and Aias were
harvested from different part of Anyigba and grawrler the same environmental condition at the netegarden
of the Biological Sciences Department, Kogi Stataversity, Anyigba, Kogi State, Nigeria. Stripsegfidermal
layers were gotten from the adaxial and abaxiafaces of the leaves and viewed under the microsaoperding
to method outlined by [13]. The number, length anehdth of the stomata and epidermal cells wererar both
adaxial and abaxial surfaces. Seven qualitative phological attributes and twelve leaf epidermatiatites were
considered. The data obtained were subjected tdyaisaof Variance (ANOVA) while leaf epidermal tsawith
significant difference were separated using Dunbuitiple Range Test (DMRT). Six out of the sevealitive
morphological attributes differentiated the fivaudied plants while, eleven out of the twelve legidermal
attributes studied showed significant differenclee Tmportant morphological and leaf epidermal tsawere then
used to construct indented dichotomous keys for ilesitification of the studied plants species.tker studies on
the other members of the genus are therefore reeded.

Key words: Amaranthaceaé; pidermal, qualitative, adaxial, abaxial.

INTRODUCTION

The family Amaranthaceae are classified into twifamnilies which according to [6] include, Amaranidheae and
Gomphrenoideae. The Amaranthoideae and some gehgsamphrenoideae were found to be polyphyletic, so
taxonomical changes are needed [11].

Plant classification has been a subject of disonsamong plant taxonomist and systematists oveyéaes [1].

Plants are classified and re-classified as soameasevidence arises and this is going to be a montis exercise
over some years to come. [2] reported that mosttplare classified base on external morphologitat&ire such
as flowers and fruits. These structures are noaydvwavailable in plants because they are seasomabduction.

Due to these reasons other methods of identificaieeds to be developed so that plant could béyéasntified at

any period of the year. These methods among othehsde the use of anatomical studies especially t the

leaves since it occurs at every season of therpeatly among the evergreen plants.

Striking similarities has been observed among abéznumber oAmaranthusspecies. This is revealed by their

morphological appearance, which no doubt posed lgpmb to the proper identification of the plant taxa
Amaranthus(pigweed) according to [10], exhibit difficultiesspecially in the early state of seedling growsh a
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many species look identical, once matured, idematifon is less difficult but not all together sglai forward.
However, someAmaranthus species may cross to produce hybrids. These hyplagits may exhibit the
characteristics of both parents. Some speciesedAtharanthusalso have been reported to be poisonous to human
and livestock. [5] reported that some weedy anthgatrend to accumulate excess nitrates (whenextilitfy is very
high) in their tissues that become toxic to hum&arits and some animals. It is therefore very reszgso design
easier way of identifying each species.

The focus of this study are to identify the qudiite morphological and leaf epidermal attributtesame members
of the genusAmaranthusthat are species specific and to construct taxamdaays for the purpose of easy
identification of the five species of this genus.

MATERIALS AND METHODS

Sample Collection

The seeds of five different species Amaranthuswere gotten from different parts of Anyigba, in dicState,
Nigeria. The seeds of each sample were identifiedl planted in perforated polythene bags under Hrees
environmental conditions at research garden of Bl#ogical Sciences Department in Kogi State Ursitgy

Anyigba. The bags were labelled as followed:

A — Amaranthushybridus
B — Amaranthus caudatus
C —Amaranthus viridis

D — Amaranthus spinosus
E —Amaranthus dubius

Qualitative Morphological Attributes
The seven qualitative morphological characteristicglied are colour of the inflorescences, leateams and roots,
shape of the leaves, arrangement of the leaveseostém and presence of spines.

Leaf Epidermal Studies

Fresh leaves were collected from each of the fifkerént plant samples. Each leaf was painted \iitger nail
polish on both the adaxial and abaxial surfacesadlodved to dry. After drying, short clear cellopleatape was
firmly pressed over the dried nail polish on thefates according to the method of [13]. Epidernteps were
taken from the median portion of matured leavesinstl in alcoholic safranin and mounted in 50% ety jelly
for microscopic examination. Epidermal strips frdmath the adaxial and abaxial surfaces were prepared
mounted separately. Photographs of good prepasaticere taken at a magnification of X400 objectiee f
photomicrograph. The length and width of epideroells and stomata apparatus were measured wittométer
eyepiece graticule. The number of stomata and epalecells were observed and recorded. Ten peelivere
mounted for each leaf surface, while observationtsraeasurements were made from 30 microscope félfigus
at x 40 objectives.

Data Analysis

Data obtained from each leaf epidermal attributesboth the abaxial and adaxial surfaces were stdgeto
Analysis of Variance (ANOVA) and means with sigo#it difference separated using Duncan Multiplegearest
(DMRT).

The Stomata Index (SI) was estimated for the laghses using the following formulae as describgfl7].
Stomata index (SI)

SI=_S x100

S+E

Where:

S| = Stomata Index

S = Number of Stomata per unit area and

E = Number of Epidermal Cells in the same unit area
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RESULTS

(b)
(a) = Photograph of the Five (5) speceis éimaranthus studied (b) = Photograph of Amaranthus spinosus showing the spines(S)

Plate 1: The Photograph Showing the Morphology oftte Five Studied Plants

The five sample species are shown in plate la dndThe plates show clearly some of the morpholdgica
appearances of the five members of the géimaranthusstudied Amaranthus spinosusould be distingused from
the other members due to the presence of spinate (bb). Amaranthus viridisand Amaranthus dubiuare similar
morphologically but the possession of purple stegmtlie latter differentiate it from the formeAmaranthus
hybridusand Amaranthus caudatwse morphologically similar but the possessionwppe leaves and infloresence
in Amaranthus caudatudifferentiate it fromAmaranthus hybridus
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Table 1: The Qualitative Morphological Features othe Five Studied Species odhmaranthus

Plant Colour of Colour of Colour of the Colour of Shape of Presence of Arrangement of
Species Stem Leaves Root Inflorescence Leave Spines Leave on Stem
A.hybridus Green Green Brown Green Ovate Absent Alternate
A.caudatus Pérrzlee n& Pérrpélg n& Purple Purple Ovate Absent Alternate
A. viridis Green Green Brown Green Obovate Absent Alternate
A.spinosus Green Green Brown Green Obovate Present Alternate
A. dubius Purple Green Purple Green Obovate Absent Alternate

The qualitative morphological features of five SpsmfAmaranthusare shown in table 1t could be observed that
only Amaranthus spinosuamong the studied species has spines while thaimérg four species lack spines.
A.dubiusandA. caudatusare the only members among the studied speciéspwitple stemAmaranthus caudatus
distinguished itself by having a purple inflorescenvhile the remaining four species have greewiieficence. Also

from the table it could be observed that oAlparanthus hybriduandAmaranthus caudatusave ovate leave shape

while the remaining 4 species have obovate lealleh@ studied plant taxa considered in this stheye alternate
arrangement of leaves on the stem.

Plate 2a : Adaxial leaf surface forA. hybidus Plate 2b: Abaxial surface leaf forA.hybridus

Plate 3a: Adaxial leaf surface forA. viridis Plate 3b: Abaxial leaf surface forA. viridis
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Plate 4a: Adaxialleaf surface forA.dubius Plate 4b: Abaxial leaf surface forA.dubius

Plate 6a: Adaxialleaf surface forA. caudatus Plate 6b: Abaxial leaf surface forA. caudatus

Magnification x400

Plate 2- 6: Photomicrographs of the adaxial and abdal leaf surfaces for the fiveAmaranthus species studied
Key: E-Epidermal cell, S-Stoma
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Table 2: Summaries of Some Foliar Epidermal Attribues found both on the Adaxial and Abaxial surfacesf the Five Studied Plant

Species
. Shape of Epidermal Stomata Type i,
Plant species  Surface Epidermal Cells Wall Pattern (percentage occurrence) Leave Conditions
. Adaxial P, S,C Anisocytic(55%), paracytic(40%)parocytic(10%) . .
A.hybridus Abaxial | U Anisocytic(53%), paracytic(39%), anomytic(8%) Hypoamphistomatic
Adaxial P, S,C Anisocytic(21%), paracytic(72%)parocytic(7%) . .
A.caudatus Abaxial 1,Si U Anisocytic(55%), paracytic, (45%) Hypoamphistomatic
- Adaxial P, S,C Anisocytic(51%), paracytic(41%)parocytic(8%) . .
A. viridis Abaxial | U Anisocytic(42%), paracytic(58%). Hypoamphistomatic
A.SDINOSUS Adaxial P, S,C Anisocytic(64%), paracytic. (36%) Hypoamphistomatic
SP Abaxial | U Anisocytic(40%), paracytic(25%), anomytic(30%) yp P
. Adaxial P, S,C Anisocytic(61%), paracytic(33%)parocytic(6%) . .
A. dubius Abaxial | U Anisocytic(20%), paracytic(68%), anomytic(12%) Hypoamphistomatic

Key: P-Polygonal; I-Irregular; Si-Sinus; S-Straigh@€-Curve; U- Undulating.

From the observed recorded in tableAMaranthus caudatus the only species with sinuous wall around the
epidermal wall on the abaxial surface (plate 6a lndrhe abaxial and adaxial surface of all thelist species
show irregular shape of epidermal cell (plate 24Al). the five studied species possessed straiglt eurve
epidermal walls on the adaxial surface while untiofp stomata walls on the adaxial surface. They als®
hypoamphistomatic (more stomata on the abaxiahsasf than the adaxial leaf surfaces) in the natumeas also
observed thafmaranthusaudatus has the highest numbers of paracytic stomatadpphe adaxial surface (75%)
while, Amaranthusspinosug64%) has the highest percentage of anisocytic &@type andmaranthusspinosus
(30%) has the highest anomocytic stomata type.tidl other species oAmaranthusstudied possess higher
percentage of anisocytic stomata types on botladlagial and abaxial surface. It could also be oleskthat all the
five studied species possessed anisocytic andyi@ran both the adaxial and abaxial surfaces.

Table 3: The Mean Measurement for the Leaf EpidermbAttribute on the Adaxial Surface for the five Speies ofAmaranthus Studied

Plant Length of Breadth of Numbers of Length of Breadth of Number of Slt:égita
species Epidermal cells epidermal cells. Epidermal cells stomata stomata stomata (%)
A.hybridus 2.7100° 1.3270 90.8670 1.3270° 0.3900° 14.6000° 13.8431
A.caudatus 2.6630° 1.2670 80.8330 0.8600°° 0.4300° 12.000¢° 12.9264
A. viridis 2.9130° 1.3770 78.4670 0.9900° 0.4533° 8.8000° 10.0839
A.spinosus 2.7270° 1.4770 73.6670 0.9200° 0.4933 11.867C° 13.8740
A. dubius 3.0170° 1.3900 58.3006 1.1300° 0.5000° 10.077°¢ 14.7374

Significant S NS S S S S

The mean measurements for the leaf epidermal atiysbon the adaxial surface for the five speciedméranthus
studied are shown in table 3. It was observed #ilab five of the attributes studied show significaifference,
while the breadth of epidermal cells of the adasiafface is the only traits that do not show sigaiit difference
among the studied species.

Table 4: The Mean Measurement for the Leaf EpidermbAttribute on the Abaxial Surface for the five (5) Members of Amaranthus

studied
Plant Length of Breadth of Numbers of Length of Breadth of Number of Sltr(]J(;r;;ta
species Epidermal cells epidermal cells Epidermal cells stomata stomata stomata (%)

A.hybridus 2.7400° 1.1200° 84.4000° 0.9667° 0.5133° 22.333C0 20.9242
A.caudatus 2.9730° 1.9030° 69.267C 1.0100°¢ 0.6200*" 20.033C° 22.4334
A. viridis 3.7570° 2.1270° 53.167¢ 1.4100° 0.7167° 10.833¢" 16.9266
A.spinosus 2.8430° 1.7130°*" 75. 8000° 1.0530° 0.6467 15. 133¢° 16.6419
A. dubius 3.3030° 1.2000° 70.8000 1.1300° 0.6500° 18.933¢° 21.0993
Significant S S S S S S

Table 4 shows the mean measurement of six legidsrenal attributes on the abaxial surface forfihe species.
It was observed that all the six attributes studieolw significant difference.

DISCUSSION

The significance of leaf epidermal attribute inaadelimitation has been reported by [12], [7], [2], [9], [18]
and [19].

Excellent reports on the application of morpholadjiattributes in plant systematics were reported16y, [8] and
[15].
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The quantitative characteristics result shows tiate are differences among the five speciesnadranthusstudied

(table 1). However, alternate pattern of leaveragements on the stem is common to the five stugliait species.
The fact that all the five species studied shahésl dttribute in common is an indication that theywe a common
ancestor.

Qualitative morphological attributes like coloursiém, colour of leaf, colour of root, colour oflimescence, shape
of the leaf and presence of spines varies amon§j\whespecies which indicates that despite the tlaat these five

plant species originated from a common ancesteh species is of distinct genotype. The presenspioks on the

stem of onlyAmaranthus spinosus a divergence from the basic plan and an adagé@ature which could be
transferred to ediblAmaranthusspecies for protection against insect and herbiv@animals.

Ovate leaf shape separated the edidbhearanthusfrom the non edibleAmaranthuswhich indicated that the
attributes can be used for easy identificationdible Amaranthusamong different species of the genus.  These
findings supported the earlier report of [15] tthed use of morphological features has been fourmt tof immense
importance to plant taxonomy.

The qualitative morphological attributes considenedhis study did not show much variation among ftve
studiedAmaranthusspecies because qualitative traits are known todo¢rolled by single or very few genes with
little or no environmental influence on their exgsi@n.

All the plant species considered in this study pssshypoamphistomatic condition (having more stanoat the
abaxial surface than the adaxial surface), polyband irregular shape of epidermal cells on thexedaurface
exceptAmaranthucaudatushat has sinous epidermal cell wall on the adasdaaface (table 3). Also the possession
of straight and curved epidermal cell wall pattemthe adaxial surface and undulating epidermalveall pattern
on the abaxial surface is an indication that thmsamon attributes are fixed in the gerAmmaranthusthough the
possession of sinous wall AAmaranthuscaudatusis a species specific trait that can be used liondethe taxon
from the others.

This study also revealed that anisocytic and pi@syomata types are the most common types ofatoion both

the adaxial and abaxial surfaces of the gedmmaranthus while anomocytic type is found occasionally aivlo
frequency among the studied species, this suggdsiédnomocytic is a recent stomata type thabeansed for the
delimitation of the genuamaranthus

The high degree of similarity displayed for theflepidermal characteristics in table 2, suggess tiie five plant
species studied are of close genetic relationshipmtherefore points to their common evolution.

Since the plant used for this study were subje¢tedhe same treatment and environmental conditiany,
significant variation observed in the leaf epiderf@atures among the member of tAenaranthusstudied will
therefore reflect genetic variations, that couldubed for their delimitation.

All the twelve analysed epidermal characteristicgtee abaxial and adaxial leaf surfaces for the itudied species
of Amaranthusshowed significant difference except the breatbpiflermal cell on the abaxial surface (Table 3 and
4). The fact that these epidermal attributes shigwnificant difference among the five species isratication that all

the traits are good taxonomic indicators. Despigefact that they have common origin, there isdation that their
evolution is along different trend. [4] reportedattihe foliar epidermis is one of the most notetwpriaxonomic
characters from the biosystematics point of view Hre taxonomy of a number of families has beenaratthe
basis of leaf epidermis.

The number of epidermal cells and the number aihata on both the adaxial and abaxial surfaces céspby
(Table 3 and 4) put the five species in four défgrtaxonomic groups which indicate that the nundfespidermal
cells and stomata are the best tools for the digtiah of member of the genésnaranthus

In this study, the highest Stomata Index (SI) valuere recorded on the abaxial surface (Tablea) the adaxial
surface (Table 3). This observation is in agreemwitth Stomata Index value reported by [14]. Theiatizns
observed in Stomata Index among the study plardiepés also a valuable tool for their delimitatisince no two
species have the same value. This agrees withegiwtrof [9] that the role of Stomata Index in plagstematics
cannot be over emphasized.
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Indented Dichotomous Key
Base on the most reliable qualitative morphologeadl leaf epidermal features observed in the stadifjcial
indented dichotomous keys for the delimitationtwf five species are presented as follows:

A. Quantitative Morphological Attributes.

laAmaranthuswithout spines............... A. caudatus, A. hybridus, A. dubius, A. viridis
1b. Amaranthuswith spines.. VT ..A. spinosus
2aAmaranthuswith purple mflorescence A caudatus

2b Amaranthuswith green inflorescence.. A. hybridus, A. dubius, A.viridis
3a.Amaranthuswith ovate leaf shape... .A.hybridus

3b. Amaranthuswith obovate leaf shape ......................... A. dubius, A. viridis
4a.Amarannthuswith purple stem and purple root.................... A. dubius

4b. Amaranthuswith green stem and brown roots......... A. viridis

B. Epidermal Attributes

la.Amaranthuswithout sinus epidermal walls......... A. spinosus, A. hybridus, A.dubius, A. viridis
1b. Amaranthuswithout sinuous epidermal wall................ A. caudatus
2a.Amaranthudacking anomocytic stomata type on the adaxialeg&f.............. A. spinosus,

2b. Amaranthushaving anomocytic stomata type on the adaxial satfa.....A. hybridus, A. dubius,
A. viridis

3a. Amaranthusdavingnumber of epidermal cell up to 8 both surface..... A. hybridus.

3b. Amaranthushavingnumber of epidermal cell less than @®both surface..A. dubius, A. viridis.
4a.Amaranthuswith length of epidermal cell up to 2 on both surface....A. dubius

4b. Amaranthuswith length of epidermal cell less thanr3 on both surface and stomata less than 10
on the adaxial surface ...A. viridis

CONCLUSION

The qualitative morphological and leaf epidermaltsr investigated are therefore relevant to thatifleation and
taxonomy of the five species aimaranthusconsidered in this study. Despite the fact thatfihe species studied
had a common origin each species evolved alongrdift evolutionary trends. The most reliable qatlie
morphological and leaf epidermal attributes havenbased to construct a dichotomous key for easy camck
identification of each of the studied species.
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