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ABSTRACT: A study of morphological and anatomical diversity on three species of Amaranthus in the
Amaranthaceae family namely; 4. hybridus L., A.viridis L. and A. spinosus L. from the three senatorial district of Rivers
state namely; Rivers East (upland), Rivers South East (upland) and Rivers West (coastal region) was studied to examine
the diversity that exist even among similar species from different regions. Result obtained from this research showed high
rate of diversity. Examination of the tran—sections of blades revealed uni—seriate epidermis, ground tissue with angular
collenchyma and slender parenchyma. The vascular bundles shape had only crescent as the shape pattern. The midrib
shape in cross section has three patterns in which arc, rounded and crescent bundle occurs. The examination of the petioles
exhibits new and varied characters for 4. viridis such as petiole shape (cross section), vascular bundles (shape, number,
arrangement). While the resulted characters from the observation of the stem structure showed less variation. 52
quantitative and qualitative characters were achieved from morphological and anatomical characters and applied for
construction of a dendogram using the Paleontological statistics (PAST) software which showed variation even among
similar species from different senatorial district.
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Amaranthaceae (pigweed family) is an extensively
recognized plant family comprising of annual or
perennial herbs (Blunden et al., 1999). Species are
primarily found worldwide especially in the tropic and
sub—tropical regions. Several varieties are cultivated
as ornamentals, vegetable or for grains (Flora of
America, 2015), some are weeds (Brenner et al.,
2000). The majority of the species in Amaranthaceae
family are annual or perennial plants, just few
are trees, vine or shrubs. Amaranthus, jointly
recognized as amaranth, is a diverse genus of annual or
short-cycled crops. Most of the Amaranthus species
are annual weeds (pigweed) (Bensch, 2003).
Amaranthus genus consists of 70 species with
inflorescences stretching from red, purple, through
green and red to gold (Mosyakin and Robertson,
2003). Many species possess thickened nodes.
Members also have an anomalous secondary growth
wood of the perennial stem, normal secondary growth
is observed only in the sub-family Poly—cnemoideae
leaves can be alternate, opposite, simple or entire,
sometimes monoecious while at times dioecious
((Stevens, 2001). Their major regions of distributions
are Africa, Australia, China, Italy, Greece, India,
Nepal and America (Stallknecht and Schulz-
Schaeffer, 1993). Amaranthus species express high

plasticity to environmental changes, and ensure their
fitness by profuse seeds production. Amaranths
species also show remarkable diversity linked to their
extensive adaptability to diverse eco-geographic
situations (Lee et al., 2008). Therefore the objective of
this paper is to present the detailed morphological and
anatomical characters that will be used to show the rate
of diversity among selected species of Amaranthus
from Rivers state.

MATERIALS AND METHOD

Collection and identification of plant materials:
Matured plants of the three species from Amaranthus
genus found in Rivers State; Amaranthus spinosus,
Amaranthus viridis and Amaranthus hybridus were
collected each from diverse ecological regions from
three senatorial district of Rivers State namely;
Obio/akpor local government area in Rivers east,
Ahoada west local government area in Rivers west and
Oyigbo local government area in Rivers south east
senatorial district respectively. Just healthy and fresh
parts were obtained. Three independent plants per eco
geographical region were gathered from nine plants.
The wvarious conditions like land form, Altitude,
Longitude, Latitude and Soil types from the sites were
taken. Other pieces of information taken includes site
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of collection, collection number, date and name of
collector. Identified pressed plant samples were
deposited at the UPH Herbarium and also taken to the
Forestry herbarium in Ibadan an internationally
recognized herbarium for authentication and
generation of herbarium number. The voucher samples
were placed at the herbarium of the UPH Rivers State.
Further lab investigation like anatomy and
morphology studies were executed at the UPH
Taxonomy and Biosystematics laboratory while
molecular analyses were done at the Centre for Biofuel
Research in Rivers State and International institute for
Tropical Agriculture (IITA) in Ibadan.

Morphological studies: Examinations on the features
of Amaranthus which are of taxonomic interest were
performed in matured living plant samples. References
were also made to several books and Floras including
Floras of West tropical Africa (Hutchinson and
Dalziel, 1954), useful Plants of West Africa (Burkill,
1985). Quantitative features studied were made
possible by the aid of meter-rule and measuring tape.
The qualitative and quantitative vegetative features
studied include; type, apex, base, margin, shape, width
and leaf length, others include petiole length, presence
of spines, phyllotaxy and venation of leaf. Also
photographs of relevant morphological features were
taken.

Anatomical studies: This study further assessed the
taxonomic worth of petiole in addition to stem
characters in the selected Amaranths as an added line
of evidence to a better classification. The Stem, petiole
and the midrib anatomy will all be studied for
taxonomical characters. About 2-6mm of the Stem,

ANATOMY: Midrib

Plate 2a-2c: Transverse section (TS) of the midrib of the Amaranthus species studied showing uniseriate epidermis, presence of sand cr)'/stals,
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petiole and midrib sections of the plant samples
studied were obtained and immediately fixed in FAA
(Formalin, Alcohol and Acetic Acid) in the ratio of
1:3:1 for 24 hours according to Johasen (1940).
Samples were later transferred into (30, 50 and 70%)
alcohol for three hours respectively and then into
absolute alcohol for 24 hours. These dehydrated
samples were infiltrated with wax by passing via
diverse concentrations of alcohol and chloroform (3:1,
1: 1, 1:3), as chloroform slowly substituted the
alcohol. The schedule of paraffin method described
by Johansen (1940) was followed, before thin sections
were made using sharp razor blade, Photomicrographs
were taken using XSZ-N107 Microscope with
(MAS88-900) camera.

Numerical analysis of morphological and anatomical
characters: Taxonomic characters obtained from the
morphological and anatomical investigations of (3)
species of the Amaranthus genus studied from three
senatorial district of Rivers State amounting to nine
species in total were grouped by cluster analysis using
the single linkage method based on similarity matrix
of Euclidean distances of quantitative and qualitative
characters. This statistical analysis was done via
Paleontological statistics (PAST) software.

RESULTS AND DISCUSSIONS

Morphological description: Important Morphological
differences and similarities observed in the nine
species studied are summarized in table 2. While the
pictures of the nine species studied showing
distinguishing features are presented in Plates la — lc.

small intercellular spaces, collenchyma and parenchyma cortical tissues, parenchyma cells as pith tissues, absent of phloem strand in midrib
while all the vascular bundle possess a crescent shape. (2a) TS of the midrib of Amaranthus hybridus Rivers South East with a rounded shape,
an arc shaped vascular bundles arrangement, with four vascular bundles as well as the presence of trichomes. (2b) TS of the midrib of
Amaranthus spinosus Rivers West with a crescent shape, while the vascular bundles arrangement also possess a crescent shape, absent of
trichomes but protuberance or ridges and furrows were observed. (2¢) Arc shape TS of the midrib of Amaranthus viridis Rivers East with an
arch shape vascular bundles arrangement, possess six vascular bundles, absence of trichomes
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Table 1: Summary of important morphological features of the Amaranthus species studied

S/N Characters Tf’ixﬂ Rivers west Eivers south Rivers east Riverswest  Rivers south Rivers east Rivers west Rivers south eas
Rivers east A spinesus east Avidis Aidis east Abybradus  Ahbades A habadus t
Am A m-ﬂﬂﬂlf A virdis
1  Leafshape  (hovate Obovate Oboyate Obovate Oboyvate Obovate Orvate COrvate Chvate
2 Leafapex Acute Acute Acute Apute Arcute Acute Acute Acute Acute
3 Leafhbase Cuneats Cameats Cameats Cameats Cameats Cameats Cuneats Broadly Cameats
Cimesate
4  Margin Entire Entire Entire Entire Entire Entire Entire Entire Entire
5 Leafsize UptoTemlongand Upto%cmlongend Upto94cm  Upto Up to 20cm Upto 1l 5em Upto Tpto21 5em Up to 14 5em
4 0cr broad 4 0cm broad long and 10.0cm long long and 6.3cm 12.3cm long long and Tem broad
45cmbroad long and and 13om broad long and and 15.0cm
55cmbroad  broad 6.0cm broad  broad
4  Petiole length Up to Tem long Upto Uptofdom Upto Tom Upto 7.3cm Uptod3omlong Uptodiom Upto 80cm Up to 7.0cm long
5.lcm long long long long Long Leng
7 Plantheight %0cm long 148 cm long 1-40cm long 905cmlong 152cm long 140 cma long 80cmlong  160cm long 104 cm long
8§  Phylotaxy Alternate Alternate Alternate Alternate Alternate Alternate Altemate Altemate Altemate
4 Stemcolor  Green Feddish pimk Feddizh pink EFeddish pink  Reddish pink  Beddish pink Green Green Green
10 Habitat Wild Wild Wild Wild Wild Wild Cultivated  Wild Cultivated
11 Habit Herb Herb Herb Herb Herb Herb Herb Herb Herb
12 Vemation BEeticulate Eeticulats Reticulats Beticulate Reticulats BEeticulate Beticulate  Reticulate  Eeticulats

I | F ¥ - -_.- e - i . <
Plate 1a- 1c: (1a) Stand of Amaranthus viridis from Rivers West with obovate leaf shape, Cuneate leaf base with leaf size up to 20cm long and 15c¢m broad. (1b) Stand of Amaranthus hybridus from
Rivers South East with Ovate leaf shape, Broadly cuneate leaf base and leaf size Up to 14.5cm long and 7cm broad (1¢) Stand of Amaranthus spinosus from Rivers East showing the spine with alternate
leaf phylotaxy with plant height up to 140cm long.
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Plate 3a- 3c: All the species studied possess crescent as the shape of their vascular bundle arrangement, presence of sand crystals were observed
as well as protuberance (3a) TS of the petiole of Amaranthus hybridus Rivers East with a cordate shape, vascular bundle arrangement has an arc
shape, presence of trichomes is observed, while Vascular bundles observed were 9. (3b) TS of the petiole of Amaranthus spinosus Rivers West
with a round shape, vascular bundle arrangement has a crescent shape, trichomes were not observed, while Vascular bundles observed were 7, (3¢)
TS of the petiole of Amaranthus viridis Rivers South East with a round shape, vascular bundle arrangement has an arc shape, trichomes were not
observed, while Vascular bundles observed were 9.

Plate 4a-4c¢: Conjugative tissue in vascular cylinder of all species were thin parenchyma cells, small intercellular spaces were observed, Anomalous
cambial ring around the vascular cylinder was observed in all species (4a) TS of the stem of Amaranthus spinosus Rivers West possess irregular
ovate shape, possess sand crystals, presence of angular epidermal circumference (4b) TS of the stem of Amaranthus viridis Rivers East possess
rounded shape, absence of sand crystals, presence of round epidermal circumference (4¢) TS of the stem of Amaranthus hybridus Rivers South East
possess irregular ovate shape, presence of sand crystals, presence of angular epidermal circumference.
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Fig 1: Dendogram of the nine Amaranthus species produced by cluster analysis using Past

Morphological study: Results gotten from qualitative Hutchinson and Dalziel (1954), Burkill, (1985), Alege
characters like leaf apex, leaf base, habitat, habit, and Daudu (2014). The observation of spines in the three
phyllotaxy, veination etc. were in conformity with  Amaranthus spinosus species studied from the three
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senatorial districts compared to absence of spines in
others, are distinctive spot trait which obviously
delineate the (3) Amaranthus spinosus species.
Concerning  quantitative characters the environment
also have a major role as A. spinosus, A. hybridus and
A.viridis from Rivers West a coastal region had the
highest value for leaf size, petiole length and height
followed by Rivers South East and lastly Rivers East.

Anatomical systematics: The noticeable character and
thickness of epidermis of midrib, which was one layer in
every species corroborated with Metcalfe and Chalk
(1950) report in dicot. Variations were discovered in
amount of vascular bundles in the midrib. Amaranthus
hybridus, Rivers East has nine (9) vascular bundles,
Rivers West six (6) vascular bundles and Rivers South
East four (4) vascular bundles. For Amaranthus viridis,
both Rivers East and Rivers South East possess six
vascular bundles each while Rivers West A.viridis
possess five vascular bundles. For Amaranthus spinosus
studied Rivers East, Rivers West and Rivers South East
A.spinosus possessed five, four and six vascular bundles
respectively. Only A.hybridus and A. spinosus from
Rivers South East with four and six numbers of vascular
bundles respectively were compatible with the report of
El-Ghamery et al. (2016). Result obtained from the
petiole anatomy of A. spinosus and A.hybridus are
compatible with the ones reported by El-Ghamery et al.
(2016). While no study on A. viridis was found.
Trichomes were reported to be absent in all species
studied but only present in Amaranthus hybridus (plate
3a) from Rivers east, Protuberances was observed in all
nine species studied. Variations also was observed in the
amount of vascular bundles of petiole even among same
species from different senatorial regions. Nine (9)
vascular bundles were found in Amaranthus spinosus in
Rivers East, Amaranthus viridis in Rivers East and
Rivers South East and in Amaranthus hybridus in Rivers
East and Rivers South East. Twelve (12) vascular
bundles gotten in Amaranthus spinosus in Rivers South
East, and Amaranthus viridis in Rivers West. Seven (7)
and nineteen (19) vascular bundles were observed in
Amaranthus spinosus and Amaranthus hybridus in
Rivers West respectively. Only the result from
Amaranthus spinosus from Rivers West with seven
numbers of vascular bundles supported the report of El-
Ghamery et al. (2016) others varies and this variation is
because Amaranthus species express high plasticity to
ecological alterations and can easily adapt to diverse eco-
geographical situations. The stem showed less variation
between the studied species, although variations were
again noticed in epidermal circumference of transverse
section of stem. All features shown in the stem
(internode) agreed with Metcalfe and Chalk (1950),
Costea et al. (2001), Carlquist (2003), Krachmer (2013),
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Gaafar et al. (2015), and El-Ghamery et al. (2016) with
little variations.

Numerical taxonomy: The dendogram produces three
groups. The first group comprised just A. hybridus
Rivers West, the second, all 4.spinosus while the third
consist of all 4.viridis and A. hybridus from Rivers East
and West. Amaranthus Spinosus Rivers East and
Amaranthus spinosus Rivers West were observed to be
similar species with slight variation as merge together at
point 4.0 along the distance while Amaranthus spinosus
South East although also cluster with them but at a
further space of (5.5) showing elevated degree of
variation. Amaranthus viridis demonstrated the slightest
resemblance as A. viridis Rivers East and Rivers South
East joined together at phenolic line 3.0 but also showed
its diversity with A. viridis Rivers West branching out at
a distant point of 7.0 along the distance linkage.
Amaranthus hybridus recorded the utmost diversity as A.
hybridus East and A. hybridus South East only join
together at a distant point of 6.5 along the distance
linkage meter while surprisingly A.hybridus West
formed its own cluster group and even branched out
early at 9.5 along the distance linkage.

Conclusion: The morphological and anatomical tests of
the leaves, petiole and stems of the Amaranthus species
served as systematic features in providing additional
evidence, this research shows the high rate of variation
that exist even among similar species growing in
different eco-geographical regions. The dendogram
constructed was able to show how Amaranthus species
with adaptability to extensive eco-geographic regions, in
their quest to express high plasticity to environment
changes undergo series of variations in their
Morphological and anatomical characteristics.
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