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Abstract

Five amaranth (Amaranthus spp.) accessions from central and southern re-
gion of Malawi were characterised at Lilongwe University of Agriculture and
Natural Resources using agro-morphological traits. A total of thirteen de-
scriptors, defined by Plant Genetic Resources Institute (IPGRI), were used to
characterise the amaranth accessions under study. Field experiments were car-
ried out for two seasons in August to November, 2018 and January to March,
2019. The experiments were laid out in a Randomised Complete Block Design
(RCBD), which was replicated four times. The qualitative (plant growth habit,
leaf colour, inflorescence colour, stem colour, inflorescence spininess, seed
colour) and quantitative traits (plant height, stem girth, leaf length, leaf width,
inflorescence length, days to 80% flowering, grain yield, leaf yield, and days to
80% maturity) evaluated were significant in defining the uniqueness of dif-
ferent amaranth accessions evaluated. Significant differences (P < 0.05) ob-
tained from analysis of variance were observed in all the parameters studied.
Correlation analysis was conducted using Genstat statistical package version
18 while cluster analysis was done using R statistical software. The agro-mor-
phological characterisation results showed a wide range of variation for most
of the qualitative characters. Wide variability was present in all the qualitative
characters except for plant growth habit where all the accessions exhibited
erect plant growth habit. These results point to high possibility of genetic di-
versity of amaranth accessions in Malawi, it could be exploited in future breed-
ing purposes and deserving conservation.

Keywords
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1. Introduction

Amaranth (Amaranthus spp.) is a “pseudo-cereal” crop with its flavour and cook-
ing attributes similar to cereals. The crop has high nutritional and medicinal
value [1]. The amaranth genus includes about 50 - 60 species cultivated both as
leaf as well as for grains [2]. It is extensively cultivated as a green leaf vegetable
in most tropical countries. The colour of the leaves ranges from green, purple,
red and gold [3].

In terms of nutritional content, leaf and grain of amaranth species contain ap-
preciable amounts of proteins, vitamin C and mineral elements. However, ama-
ranths leaves have shown to have more nutrition content than grain [1]. Conse-
quently, in Malawi, consumption of amaranth is almost exclusive for the leaf. As
such it offers health benefits to human beings. The vegetable improves palatabil-
ity and adds variety to diets. It is particularly valuable source of food during
emergency periods such as occur during flood, famine, drought and war [4]. In
addition, the crop leads to income generation. Socio-economic surveys in vari-
ous parts of Africa have revealed that Amaranth provides employment opportu-
nities and generates income for rural population. The market for this vegetable
is increasing due to its nutritional benefits [1]. As such, any smallholder farmer
involved in the production of this kind of vegetable will realise significant eco-
nomic benefits.

However, amaranth is affected by many factors that limit its production. The
status of the indigenous vegetables like amaranth as wild and weedy volunteer
renders it unattractive for attention, especially as it is often seen as a poor man’s
crop [5]. This reduces consumption of this nutritious vegetable and defeats ef-
forts conducted through ‘conservation through utilisation’. Pests and diseases of
Amaranth also pose serious threats to its sustainable production. Some of the
common pests include: leaf miners, leaf rollers, cutworms, aphids, flea beetles,
army worm and mites, and the common diseases include: damping-off [4]. Se-
vere infestations can lead to complete yield loss as the leaves become unsuitable
for marketing and consumption. Despite the challenges, the crop is gaining much
attention of consumers mainly because of its nutritional quality [5]. However,
limited availability of varieties, the crop has not been commercially exploited.
Although this vegetable has been the source of nutrition for earlier generations,
it became popular due to urbanisation and the increased demand for exotic vege-
tables. This vegetable has been thought as inferior and associated with poverty
by the youth. However, there has been a steady rise in demand in Malawi due to
nutritional campaigns and inclusion of such vegetable in climate change resil-
ience strategies. It is therefore important to explore the possibility of commer-
cialising such vegetable in Malawi. This will not only contribute to improved
livelihoods of poor communities, but it will also indirectly contribute to improved
nutrition and conservation of these valuable genetic resources.

In order for such commercialisation and conservation efforts to be sustainable

it is important to understand the diversity of Amaranth in Malawi. Agro-mor-
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phological characterisation and evaluation of amaranth accessions can provide
breeders with valuable information on effective utilization of genetic resources
for breeding programmes [6]. Agro-morphological characterisation of cultivars
has an important role in the measurement of genetic diversity hence it is neces-
sary in effective conservation of biodiversity of amaranth and in improvement
programmes of the crop [7]. Determination of genetic diversity of any given
crop species is a suitable precursor for crop improvement because it provides a
platform and a guide to selection of parental lines and on which breeding design
is to be developed [8]. In addition, the lack of phenotypic descriptors of acces-
sions has caused a big gap that is preventing the development of varieties of
amaranth. So far there is no released variety of amaranth in Malawi, despite the
crop being popular, highly nutritious and climate resilient. Importantly, the de-
velopment of varieties requires clear phenotypic descriptors of a distinct and
uniform collection of plants in addition to seed standards to guide quality seed
production when a variety is released. For an indigenous crop with little infor-
mation, comparison of various accessions under uniform environment would be
an important initial step in the identification of those morphological and phe-
notypic characteristics that are determine by genetics. However, the importance
of genetics and molecular data is only appreciated where there is evidence of its
association with agro-morphological data. It is therefore a tradition that for new
crops, breeding efforts rely first on characterisation at morphological level fol-
lowed by genetic studies. According to various reports, the genus of amaranth
exhibits a high degree of morphological diversity [4] [6] [9]. Such information is
important for selecting better accession for breeding programs. So far, no dis-
tinctive study has been undertaken in Malawi to characterise amaranth acces-
sions. The current study was undertaken to characterise amaranth accessions
using agro-morphological traits under agro-climatic conditions. The results are
useful in future genetic studies to improve this climate-resilient and highly nu-

tritive underutilised crop species.

2. Materials and Methods

2.1. Experimental Site

Field experiments were conducted at Lilongwe University of Agriculture and
Natural Resources, Bunda College of Agriculture for two seasons in August to
November, 2018 and January to March, 2019. The university is located at 14°11'S
latitude and longitude of 33°46'E at an altitude of 1100 meters above sea level. It
lies within the Mid-elevation, upland plateau agro-ecological zone. The area re-
ceives an annual rainfall of about 930 mm. The mean annual temperature is
19.1°C with a maximum temperature of 27.8°C and a minimum of 17.2°C. The

site is mostly dominated by clay loam soils.

2.2. Amaranth Accessions Collections

The seeds of four amaranth accessions were collected from farmers in three dis-
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tricts of Malawi (Ntcheu, Phalombe and Mwanza) while one accession was col-
lected from the Lilongwe University of Agriculture and Natural resources in the
horticulture department. The geographical coordinates of the various collection

points are presented in Table 1.

2.3. Experimental Layout and Design

The five amaranth accessions were laid out through direct planting in a Ran-
domised Complete Block Design (RCBD) with four replicates. The unit plot com-
prised of 8 ridges of 2 meters long spaced at 75 cm apart. One and half meters
separated the replicates to maintain the genetic purity that can be affected due to
cross pollination of the amaranth accessions. A plot size of 2 m x 4.2 m with a
net plot area of 3 m? was used which contained 4 ridges per plot. Seeds were
sown directly at a spacing of 30 cm between planting stations for both hot dry
season and hot wet season. Thinning was done, two weeks after germination leav-
ing one plant per planting station. A population of 56 plants per plot was main-
tained in each plot. 200 kg/ha 23:21:0 + 4 s fertiliser as basal fertiliser a week af-
ter sowing was applied, and 120 kg/ha CAN as top dressing. Acephate was ap-
plied to control pests attack. Weed control was done by hand-hoeing at 2-week
intervals immediately after germination. Furrow irrigation was used thrice a

week.

2.4. Data Collection

At the blooming stage, fifteen randomly selected plants within a net plot of 3 m?
in each plot were selected and data on both quantitative and qualitative traits
were collected. The qualitative traits included; plant height (cm) (from ground
level to the highest tip of the inflorescence) using a measuring tape, stem girth
(cm) (between 3™ and 4™ node) using a calliper, leaf length (cm), leaf width
(cm), and inflorescence length (cm) using a measuring tape, leaf yield (kg/ha),
and grain yield (kg/ha). Leaf and grain were harvested manually in the net plot,
weighed on the scale and later converted into yield (kg/ha). While days to 50%
flowering and days to 80% maturity were determined by counting days from
planting to the days 50% of the plants in the net plot flowered and 80% of the

plants reached maturity in the net plot area. Inflorescence colour, plant growth

Table 1. Treatments, names and origins of amaranth accessions used in the experiment.

Treat- X . Elevation Latitude Longitude
Accession Code Origin

ments (masl) (south) (east)
T1 PE-UP-BH-01 Phalombe-Upper 803.75 15.77 36.66
T2 PE-LO-BH-01 Phalombe-Lower 728.77 15.65 35.63
T3 NU-BH-01 Ntcheu 1422.5 14.67 34.53
T4 MN-BH-01 Mwanza 2529 15.37 34.29
T5 LL-BH-04 Lilongwe 1100 14.11 33.46

masl = meters above sea level.
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habit, leaf colour, stem colour, inflorescence spininess and seed colour were visu-

ally observed on all plants within in the gross plot.

2.5. Data Analysis

Data collected was subjected to analysis of Variance (ANOVA) using Genstat
statistical package 18" edition. Means were separated using Tukey test at 5% level
of significance. Pearson Correlation analysis was conducted by the same soft-
ware to determine the linear relationship between two variables. Morphological
characterisation data were organised into a matrix and subjected to cluster analy-
ses using the R statistical software version 2.13.0. to highlight similarities and

differences among amaranths accessions.

3. Results

3.1. Qualitative Traits of Amaranth Accessions

The qualitative traits data revealed a wide range of variation for most of the
characteristics studied (Table 2). Six qualitative traits were studied, and these
were plant growth habit, leaf colour, inflorescence colour, seed colour, inflores-
cence spininess, and stem colour. All the traits studied except the plant growth
habit were variable among the accessions. All the five accessions exhibited an
erect plant growth habit. A number of the accessions showed green leaf colour
except MN-BH-01, which had a purple leaf colour. The accessions having the
green inflorescence colour were PE-UP-BH-01, PE-LO-BH-01, and LL-BH-04,
while NU-BH-01 and MN-BH-01 had light green colour and purple colour re-
spectively. Only MN-BH-01 exhibited a purple stem colour whilst the rest of the
accessions exhibited green stem colour. Three of the accessions were observed to
have spiny inflorescence and these were PE-UP-BH-01, PE-LO-BH-01 and LL-
BH-04 while NU-BH-01 and MN-BH-01 showed a smooth inflorescence. Black
seed colour was predominantly observed in all the accessions except in LL-BH-

04 where brown seed colour was observed.

3.2. Vegetative Traits of Amaranth Accessions

Plant height, stem girth, leaf length, leaf width and inflorescence length were the
vegetative traits that were studied. All the vegetative traits were significantly

Table 2. Qualitative traits of five amaranth accessions.

Accession PGH LC IC sC IS SDC
PE-UP-BH-01 Erect Green Green Green Spiny Black
PE-LO-BH-01 Erect Green Green Green Spiny Black

NU-BH-01 Erect Green  Light-Green  Green Smooth Black

MN-BH-01 Erect Purple Purple Purple Smooth Black

LL-BH-04 Erect Green Green Green Spiny Brown

Abbreviation: PGH = plant growth habit, LC = leaf colour, IC, inflorescence colour, SC = stem colour, IS =
inflorescence spininess, SDC = seed colour.
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different among the amaranth accessions evaluated (P < 0.001) (Table 3). In
terms of plant height, the amaranth accessions evaluated were significantly (P <
0.001) different from each other. MN-BH-01 accession recorded the highest plant
height (263.9 + 11.29 cm) and the shortest plant height was recorded in LL-
BH-04 accession (105.8 + 2.46 cm).

Stem girth was significantly different among all the amaranth accessions evalu-
ated (P < 0.001) (Table 3). The highest stem girth was observed in MN-BH-01
accession (25.6 + 1.94 mm) and the lowest stem girth was observed in LL-BH-04
accession (11.9 + 0.50 mm).

All the amaranth accessions evaluated were significantly different in terms of
leaf length and leaf width (P < 0.001) (Table 3). All the accessions except LL-
BH-01 (12.9 + 0.50 cm). Accessions PE-UP-BH-01, PE-LO-BH-01 and MN-BH-
01 recorded the highest leaf width with 10.2 + 0.27 cm, 9.3 £ 0.57 cm, and 9.7
0.29 cm respectively while accessions NU-BH-01 and LL-BH-01 recorded the
least leaf width with 6.4 + 1.30 cm and 6.3 £ 0.30 cm respectively.

Inflorescence length was significantly different in all the amaranth accessions
evaluated in the study (P < 0.001) as shown in the Table 3. Accessions PE-UP-
BH-01, PE-LO-BH-01, NU-BH-01 and MN-BH-01 recorded the highest inflores-
cence length with 50.6 + 4.48 cm, 53.6 = 4.70 cm, 54.8 + 4.78 cm, and 69.4 £ 7.36
cm respectively as they were not statistically significant from each other. The least
inflorescence length was observed in accession LL-BH-04 with 31.5 £ 3.13 cm.

Leaf yield was also significantly different (P < 0.05) among the amaranth ac-
cessions studied (Table 3). The highest leaf yield was recorded in PE-UP-BH-01
amaranth accession with 2772 + 229.9 kg/ha and this was not significantly dif-
ferent from PE-LO-BH-01 and NU-BH-01 amaranth accessions with 2075 *
836.7 kg/ha and 1868 + 572.4 kg/ha, respectively. However, the lowest leaf yield
was observed in LL-BH-04 accession with 925 + 206.5 kg/ha.

3.3. Productive Traits of Amaranth Accessions

Significant differences (P < 0.05) were observed in all the reproductive traits that

Table 3. Vegetative traits of amaranth accessions.

ACCESSION

PH (CM) SG (MM) LL (CM) LW (CM) IL(CM) LY (KG/HA)

PE-UP-BH-01
PE-LO-BH-01
NU-BH-01
MN-BH-01
LL-BH-04
P VALUE
CV%

LSD (0.05)

166.5 +3.47°  19.7 + 0.54" 17.7 + 0.97° 10.2 £0.27°  50.6 + 4.48° 2772 +229.9°
177.1+5.68°  22.1 +1.05¢ 19.9 +0.92° 9.3 £0.57° 53.6 +4.70° 2075 + 836.7"
206.5 £7.07° 17.6 +0.89° 19.1 + 1.24° 6.4+1.30° 548478 1868 + 572.4%
263.9 £ 11.29¢  25.6 + 1.94¢ 18.6 + 0.70° 9.7+0.29°  69.4+7.36° 1589 + 158.7%

105.8 + 2.46° 11.4 +£0.45° 12.9 +0.50° 6.3 +£0.30° 31.5+3.13° 925 + 206.5%

<0.001 <0.001 <0.001 <0.001 <0.001 <0.001
24.3 38.3 33.1 50.3 64.8 15.6
19.47 3.210 2.532 1.836 7.423 671.59

Means followed by the same letters in a column are not statistically different at P < 0.05. Abbreviation: PH = plant height, SG,
stem girth, LL = leaf length, LW, leaf width, IL = inflorescence length.
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were evaluated among the amaranth accessions (Table 3). Analysis of variance
(ANOVA) result indicated that there was significant (P < 0.05) differences at in
grain yield among the amaranth accessions evaluated (Table 4). The highest
mean grain yield was observed in LL-BH-04 amaranth accession (5699 + 112.7
kg/ha). On the other hand, the lowest grain yield was recorded in NU-BH-04
accession with 1367 + 46.6 kg/ha.

Analysis of variance result also indicated significant differences (p < 0.05) in
days to 50% flowering and days to 80% maturity (Table 4). NU-BH-01 accession
took many days to reach 50% flowering (121 + 3.1 days) while LL-BH-04 acces-
sion took few days to reach 50% flowering (78 * 2.2 days). Those amaranth ac-
cessions that took many days to reach 50% flowering also took many days to reach
80% maturity. NU-BH-01 and MN-BH-01 accessions took many days to reach
80% maturity with 144 + 3.5 days and 140 + 3.4 days respectively. LL-BH-04 ac-
cession took few days to reach 80% maturity with 104 + 3.0 days.

3.4. Correlation Coefficients among Growth, Vegetative and
Reproductive Traits in Amaranth Accessions

There were significant (P < 0.05) and positive correlations between most of the
quantitative variables (Table 5). Inflorescence length was highly correlated with
leaf length (r = 0.8623%*), plant height (r = 0.9807*), stem girth (r = 0.9422*), days
to 50% flowering (r = 0.7129%), days to 80% maturity (r = 0.8857%), and grain
yield (r = 0.8854*). Leaf length was also highly correlated with plant height (r =
0.8857*), stem girth (r = 0.7456*), days to 50% flowering (r = 0.7135%), and days
to 80% maturity (r = 0.7994*). Meanwhile in leaf length and leaf width recorded
a high significant (p < 0.05) negative correlation (r = —0.1241*) as well as be-
tween leaf length and leaf yield (r = —0.0568*) and between leaf width and grain
yield (r = —0.7535*). Leaf width was significantly correlated with stem girth (r =
0.5624*) and days to 50% maturity (r = —0.1070%). Plant height was also signifi-
cantly positively correlated with stem girth (r = 0.9242%), days to 50% flowering
(r = 0.7337*), and days to 80% maturity (r = 0.8870%), while it was significantly

Table 4. Reproductive traits of amaranth accessions.

ACCESSION GY (KG/HA) D50F D8OM
PE-UP-BH-01 4425 + 239.0° 104 +3.7° 124 + 3.6°
PE-LO-BH-01 1797 + 87.6* 103 +1.1° 124 +1.4°
NU-BH-01 1367 + 46.6° 121 +3.1¢ 144 + 3.5°
MN-BH-01 2722 + 64.5° 110 + 2.6¢ 140 + 3.4¢
LL-BH-04 5699 + 112.7¢ 78 £2.2° 104 + 3.0°

P VALUE <0.001 <0.001 <0.001

CV% 16.2 5.7 4.1
LSDo.05) 620.3 3.706 3.257

Means followed by the same letters in a column are not statistically different at P < 0.05. Abbreviation: GY
= grain yield, LY, leaf yield, D50F = days to 50% flowering, D80M = days to 80% maturity.
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Table 5. Pearson correlation between the quantitative variables.

Traits IL LL Lw PH SG D50F D8OM LY GY
IL
LL 0.8623*

Lw 0.3214 -0.1241*

PH 0.9807*  0.8989*  0.2452

SG 0.9422*  0.7456* 0.5624*  0.9242*

D50F  0.7129* 0.7135* -0.1070* 0.7337* 0.5765*

D8OM 0.8857* 0.7994* 0.1077  0.8870* 0.7726* 0.8506*

LY 0.0231 -0.0568* 0.1132  0.0351  0.0722  0.2327  0.0307

GY 0.8854* -0.7535* 0.1994 -0.6120* -0.5112* -0.6802* —-0.6749* —0.1743*

* = Significant at P < 0.05, Abbreviations represent; Inflorescence length = IL, leaf length = LL, leaf width =
LW, plant height = PH, stem girth = SG, Days to 50% flowering = D50F, Days to 80% maturity = D80M,
leaf yield = LY, grain yield = GY,

negatively correlated with grain yield (r = —0.6120%). Stem girth was highly cor-
related with days to 50% flowering (r = 0.5765%), days to 80% maturity (r =
0.7726*), while stem girth and grain yield recorded a significant (P < 0.05) nega-
tive correlation (r = —0.5112*). Significant (P < 0.05) positive correlation was
also observed between days to 50% flowering and days to 80% maturity (r =
0.8506*) and days to 50% flowering and grain yield recorded a significant (P < 0.05)
negative correlation (r = —0.6802*) as well as between days to 80% maturity and
grain yield (r = —0.6749%) and between leaf yield and grain yield (r = —0.1743%).

3.5. Agro-Morphological Characteristics

Results of the cluster analysis of morphological traits studied are shown in Fig-
ure 1. Thirteen agro-morphological traits observed during the study, indicated
similarities in plant growth habit with erect growth habit and leaf width. Cluster
dendrogram analysis grouped the amaranths accessions evaluated in two main
clusters according to their similarities (Figure 1). The differentiation was based
on two main criteria, one was group branching of the dendrogram and secondly
the magnitude of the similarity identified by the horizontal line making the
branches (Figure 1). Considering group branching, two main groups were made
(cluster 1 and 2, and cluster 3. For using second criteria on magnitude of the
similarities, cluster 2 is closer to cluster 3 than cluster 1, where by PE-UP-BH-01,
and PE-LO-BH-01 amaranth accessions members in cluster 1 were more similar
to each other. These amaranth accessions were characterised by green stem,
green inflorescence and seed colour. Cluster 2 consisted of LL-BH-04 accession
and was characterised mainly by brown seed, short days to reach 50% flowering
and 80% maturity, short plant height and high grain yield. While cluster 3 con-
sisted of MN-BH-01 and NU-BH-01 accessions and were mainly characterised
by purple inflorescence, purple stem, purple leaves, inflorescence length of 115
cm, tall plant height of 330 cm, and big stem of 3.7 cm (Figure 2). Table 6 indicates
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Linkage Distance
10

LL-BH-04
MN-BH-01

0 5
PE-UP-BH-01 —,
NU-BH-01 —|

PE-LO-BH-01

[ Cluster 1 ] [Cluster 2] [ Cluster 3 ]

Figure 1. Cluster dendrogram on morphological characteristics in five amaranth accessions.

(d) (e) ®

(g) (h) (i)

Figure 2. Amaranth accessions exhibiting diversity of qualitative traits; (a) ovate leaves (MN-BH-01), (b) leaf pattern
(PE-LO-BH-01), (c) lanceolate leaves (NU-BH-01), (d) green inflorescence with spines (LL-BH-04), (e) purple leaves
and purple stem (MN-BH-01), (f) purple inflorescence colour (MN-BH-01), (g) green inflorescence with spines (PE-
UP-BH-01), (h) green smooth inflorescence (NU-BH-01), (i) green leaves with yellow margin (LL-BH-04).

DOI: 10.4236/ajps.2021.1210108 1536 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2021.1210108

M. Nyasulu et al.

Table 6. Mantel test for association between genetic distance and physical distance.

Parameter r value P value
Grain yield 0.0324 0.624
Leaf yield 0.0170 0.170
Days to 50% flowering 0.0133 0.071
Days to 80% maturity 0.0389 0.084
Stem girth -0.179 0.963
Plant height -0.182 0.900
Leaf length -0.1916 0.919
Leaf width -0.0962 0.579
Inflorescence length -0.3431 0.6288

mantel analysis depicting the relationship between genetic distance and physical
distance. The results showed that there is no association between genetic traits

and geographical distance at P < 0.05.

4. Discussion

The major objective of this study was to agro-morphologically characterise ama-
ranth accessions collected from different districts of Malawi. Significant varia-
tion was observed for all the qualitative traits among the five amaranth acces-
sions (Table 2). A wide range of variation for qualitative traits was also reported
by [7]. An erect plant growth habit was observed in all the accessions evaluated.
Leaf, stem and inflorescence colour exhibited a wide range of variation with
green and purple as predominant classes while seed colour exhibited black and
brown seed colour. Inflorescence spininess also exhibited a wide range of varia-
tion with smooth and spininess as predominant classes. These results might
be attributed to genetic differences among the accessions evaluated since they
were evaluated in the same environment. [10] reported that a wide range of
pigmentation in amaranth species were due to various expressions of betacyanin
pigments. More than six major genes have been identified that determine pat-
terns of pigment expression [10]. This indicated that in the present study, the
accessions contained different major genes that expressed a wide variation in
terms of inflorescence, stem, leaf and seed colours. The authors investigated
twenty-seven diverse genotypes of vegetable Amaranth collected from different
agro-climatic regions of India. Although the accessions investigated were from
other species than the ones evaluated in the current study, the behaviour of these
qualitative traits has been shown not to vary since they are from the same family
[11].

The qualitative traits have been regarded as beneficial for characterising spe-
cies germplasm [12]. These have an impact on the preference of the consumers,
socio-economic scenario and natural selection as they determine the particular

traits that can be found in the society. For instance, most Africans prefer to in-
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clude the green-leaved varieties in their diet while the Chinese prefer the red-
leaved varieties [2].

The analysis of vegetative traits exhibited significant differences (P < 0.05) for
five characters indicating the existence of variability for these characters among
the amaranth accessions studied (Table 3). Plant height ranged from 105.8 cm to
263.9 cm. MN-BH-01 accession recorded the highest plant height, while LL-BH-
04 accession recorded the least plant height. MN-BH-01 accession also recorded
the highest inflorescence length, and stem girth. NU-BH-01 accession recorded
the highest leaf length and the lowest leaf width. These differences observed
among the amaranth accessions might be due to genetic and not environmental
as they were assessed on uniform environment. This observation apparently
contrary to what is stated by [13], that the vegetative traits diversity was due to
environment. This is so because the experiment was conducted in their natural
environment.

There was a great variation in all the reproductive traits evaluated in all the
amaranth accessions (Table 4). Grain yield was maximum in LL-BH-04 acces-
sion with 5699 kg/ha. This was attributed to the fact that the accession has gone
through intensive selection process than other accessions used in the study. This
has been cultivated for more than 20 years at Bunda for research and seed multi-
plication. Selection is a pre-requisite to breeding, which basically discriminates
among biological variation in a population to identify and pick desirable variants
with the aim of advancing desirable variants [14]. Certainly, LL-BH-04 due to
intensive selection practices across many generations appeared to have gener-
ated a significant degree of differentiation and, thus giving rise to a significant
number of local variants with the interesting features used in the study like grain
yield. Similar observations were reported by [15] in Ghana Eggplant. This has
important implications for germplasm management and breeding of improved
varieties.

Amaranth grain yield strongly depends on environment, weather conditions,
species, genotype and production techniques [13]. Since the environment, weather
conditions, and production techniques were all the same in all the accessions
evaluated, this indicates that the variations in terms of grain yield were only due
to genotype.

Significant variations were also observed in days to 50% flowering and days to
80% maturity (Table 4). NU-BH-01 accession took many days to reach 50%
flowering as well as days to 80% maturity with 121 days and 144 days respec-
tively. This might also be attributed to genetic differences among the amaranth
accessions studied. Early flowering in amaranth is governed by a single gene,
with the dominant allele determining earliness in flowering [10]. Late flowering
and maturity has been reported to be an advantage to vegetable amaranths since
farmers would have a longer time to harvest the leaves [2]. In Malawi, amaranth
is almost exclusively utilised as a leafy vegetable [1]. However, early flowering
and maturity would be more advantageous for grain production.

The variation in days to 50% flowering and 80% maturity might be attributed
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to the differences in genotypes since the accessions were evaluated on the same
environment. This indicates that the genotypic coefficient of variation and phe-
notypic coefficient of variation were very high. This explains that the heritability
in broad sense as well as genetic advance were also very high. As such, it is con-
cluded that there was a prevalence of additive gene action in their inheritance.
Thus, selection for such traits can easily be done. This agrees with the report of
[16] that high heritability of characters is an indication that superior genotypes
could be reliably selected on the basis of phenotypic performance.

Morphological variability studies provide information on the extent of im-
provement in different characters; however, they do not give much attention re-
garding the extent and nature of relationship existing between characters. As
such, for rational approach towards the improvement of yield, selection has to
be made for the components of yield, since there may not be genes for yield, but
only for yield components. Genetic correlations between two characters arise
because of linkage, pleiotropy or developmentally induced functional relation-
ship [17]. Hence, it has greater significance and could be effectively utilized in
formulating an effective selection scheme. For instance, if the trait choice does
not provide better grounds for discriminative selection, other variables or traits
that are positively correlated with the target trait can be used for selection. As
such it is important to understand the direction of association between traits be-
cause it could help so much during selection process. During the study a narrow
difference between the genotypic and phenotypic correlation coefficients was
observed for various traits in the present findings and thus indicates the lesser
influence of environment in the expression of these traits and presence of strong
inherent association among the traits. Similar findings were also reported by
[17]. Grain yield exhibited a highly significant and positive association with in-
florescence length. The traits like leaf length, plant height, stem girth, days to
50% flowering and 80% maturity, and leaf yield exhibited a negative and signifi-
cant association with grain yield. The results suggest the possibility of simulta-
neous improvement of these traits in improving grain yield. Similar results were
reported by [17].

Cluster analysis is a good measure of diversity among and within species as it
groups similar entries under one cluster. Cluster analysis of accessions for mor-
phological traits showed two major clusters (Figure 1). First cluster contained
three accessions. The first was subdivided into two sub-clusters based on trait
values like leaf yield, days to 50% flowering, days to 80% maturity, and qualita-
tive traits like plant growth habit, inflorescence colour, stem colour, and leaf
colour. The second major cluster was subdivided into one cluster based on
qualitative trait like inflorescence colour, stem colour and leaf colour. These re-
sults confirmed that there is no association between the accessions and geo-
graphical origin as indicated by mantel analysis (Table 5). [18] and [19] ob-
served the same who compared different species of amaranth and African night-
shade, respectively, and they found no association between cultivars and their

origin.
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Lowest dissimilarity observed between PE-LO-BH-01 and PE-UP-BH-01, in
the current study, may be due to narrow selection area. These two accessions
were collected in neighbouring Extension Planning Areas (EPAs) of the same
district. Mantel analysis (Table 5) also indicated that there was no association
between genetic distance and physical distance. This could mean that the differ-
ences observed in accessions might be due to genetics only. Whether these two
accessions are genetically similar can only be validated by taxonomic and mo-
lecular studies. However, the second cluster was mainly characterized by higher
grain yield, whereas the accession in the third cluster had lower grain yield. Thus,
the accessions from second cluster could be utilized in breeding programme for
improvement of grain yield in Amaranth.

Cluster analysis has proved to be an effective method in grouping germplasm
with common morphological traits. The dendrogram indicated genetic diversity
of germplasm within and between cluster groups. It showed variations in quan-
titative characters such as plant height, inflorescence length and leaf size, stem
girth that led to the identification of small, intermediate and large plant types
among clusters. High variability of qualitative characters was also evident such
as stem colour, leaf colour, inflorescence colour, inflorescence spininess and seed
colour. Furthermore, accessions having desirable traits can be hybridized with
other promising accessions to produce the desired hybrid after fixing following
recurrent selections. Thus, the present characterization information enhances the
utilization of the amaranth germplasm in breeding programs, and in ensuring
efficient management of germplasm collection.

The existing inter-specific diversity between accessions is the key to crop im-
provement [19] and this is because cultivars with superior yield traits can be de-

veloped through breeding for improved vegetable productivity.

5. Conclusion

The study revealed a significant level of morphological diversity between and
within amaranth accessions. However, there is potential of selection for particu-
lar traits of agronomic importance including grain yield, leaf yield, days to 50%
flowering and days to 80% maturity. These traits can be targeted for subsequent
hybridization between and within two amaranth accessions for crop improve-
ment. Uniformity in phenotypic traits such as plant growth habit, leaf colour, in-
florescence colour, stem colour, inflorescence spininess and seed colour is of lit-
tle taxonomic significance in the characterization of the two species as these
traits cannot be effectively used to discriminate between the two species since
they vary between species. This study sets the basis of genetic improvement of
amaranths in Malawi since the observed diversity can be exploited in selection
and crop improvement. The authors recommend further analysis of genetic di-
versity using molecular markers to provide comprehensive understanding from
the existing variability. Future studies should also consider a relatively higher

number of accessions per species in order to increase the chances of identifying
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unique traits that can be used to clearly distinguish between the two species.
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