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ABSTRACT

Grain Amaranths are important nutritional vegetables in the world for their grains and leaves. Twelve grain Amaranth accessions were
evaluated for their performances using randomized complete block design with 3 replications in the cropping seasons of 2016 and 2017 to
measure variability, Classify the accessions and select outstanding genotypes. Analysis of Variance and accessions performances revealed
significant variability among the grain Amaranths. Phenotypic variances were higher in magnitude than genotypic variance for all the traits
studied. The high genetic advance was obtained for all the characters except 1000 grain weight (23.61). The genotypic coefficients of
variations were lower than the phenotypic coefficient of variations. Heritability ranged from 41.08% for grain yield/plot to 62.18% for plant
height at flowering. Grain yield was positive and highly significantly correlated with 1000 grain weight, leaf area but significantly correlated
only with leaf length and leaf width. The Principal Component Analysis (PCA) revealed four main components of variations representing
78.06% of the total variability among the 12-grain amaranth accessions. The PCA identified all the 12 traits as strongly correlated with the
three principal components. PC1 is well-correlated with plant height at flowering, stem girth, a number of leaves, plant height at maturity,
leaf width, leaf length, leaf area and petiole length. The bi-plot analysis classified the accession NG/AA/03/11/010, NGB 01259, and NGB
0127 as having good leaf yield and desired leaf traits, Accession NHGB/09/108, NG/AO/08/04 and NGB 01261 were grouped as better grain
yield with good yield attributes, while accession NGB 01234, NHGB 09/09 and NHAC3 are good dual-purpose accessions having good grain
and leaf yield.
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INTRODUCTION

Amaranths are non-grasses and are called pseudo-cereals because of their similarities to cereals in flavor and cooking. The genus; Amaranth
has about 60 species worldwide is characterized by a high degree of diversity and a wide spectrum of adaptability to different agro-ecological
conditions (Snezana et al., 2012). The edible species of the genus Amaranthus commonly found in Nigeria are A. cruentus, A. dubius, A
caudatus and A. hypochondriacus. Amaranthus cruentus is a Mexican and Guatemalan species. It is useful both as a grain and as leafy
vegetable. A. cruentus is a tall annual herb, at times referred to as red, blood or purple amaranth. The grain types have white grains, while
the leafy or wild types have dark grains and it flowers under a wider range of day length (Coastea and Demason, 2001; Amfo and Ali, 2021).
A. cruentus is a broad leaf with protein rich edible grains. The proteins have a high sulphur containing essential amino acids (Lysine,
Methionine and Cysteine), which makes it better than cereals crops. Its importance is in the quality of the leaves and tender stem for food,
high biocompatibility, nutritional value, antioxidants, mineral contents and low cost of production and sale than cereal crops (FAO 2020 and
Alam, et al., 2021). The grains are more nutritious than the leaves, the grains contains 13.5-18.3% crude protein, 60.5-65.8 % carbohydrate,
2.7-4.5% total ash, 6.6-9.1% crude fat, 3.1-5.3% crude fiber, 7.1-9.2% moisture content and 10.2-17.6 (MJ Kg'*) energy value (Saunder and
Becker, 1983). Amaranthus cruentus along with other vegetable ingredients such as pepper, “egusi”, melon, are used to make soup (Olufemi
et al., 2003; Alegbejo, 2013). It is cultivated and consumed all over Nigeria and it is rated among the top five of the most important national
vegetables (Babalola et al., 2010). The average consumption of A. cruentus leaves in the tropics is estimated at about 20 — 25g per head per
day which is below their recommended rate of 100 g per head per day (Olufolaji, 1996). Protein from A. cruentus leaves provides as much
as 25 % of the daily protein intake during the harvest season. It is grown all the year round (Denton and Olufolaji, 2000).

Grain amaranth is reported to be drought-tolerant compared to most vegetables. One trait that helps it tolerate extremely dry
conditions is its ability to wilt temporarily and then revive after rainfall occurs. The crop cannot withstand waterlogging as it has a relatively
low capacity for water consumption. The exposure of the plant to severe drought induces early flowering and halts the production of leaves
(Nwangburuka et al., 2011; Snezana et al., 2012). Despite the economic importance of A cruentus to human and animal diets and other
industrial uses, there is limited information on the improvement of grain amaranth. Therefore, it is necessary to understand the agro-
morphological characteristics of accessions of grain amaranth and assess the genetic information that will help in selection of the best
genotypes that can be used for future breeding programme. The objectives of this study are to obtain the genetic components of variance,
heritability and genetic advance controlling the agro-morphological traits of accessions of grain amaranth, to determine the association and
percentage contribution of each agronomic trait to grain yield.

MATERIALS AND METHODS

Experimental material:

Twelve new collections or accessions of grain amaranth sourced from the National Horticultural Research Institute (NIHORT), Ibadan, were
used in this study. They include: NGB 01274, NG/AA/03/11/010, NGB 01234, NHGB 09/09, NHAc 3,NGB 01259,NGB 01271,
NHGB/09/108,NGB 012131, NG/AO/11/08/039,NG/AO/08/04 and NGB 01261.

The experimental site, design and cultural practice:

The field experiment was carried out at the Teaching and Research Farms, Federal University of Agriculture, Abeokuta, Nigeria (Latitude
7.1°N, longitude 3.2°E and altitude 76m) for 2 cropping season April to August 2016 and 2017. The average rainfall for the cropping in 2016
was 1020mm and 1018mm for 2017, the average temperature for the cropping period was 26°C in 2016 and 27°C in 2017, the soil type was
sandy loam Alfisol in a humid climatic condition. Land was mechanically ploughed and harrowed, beds were made using a hoe. Grains of

170


https://ejar.journals.ekb.eg/
mailto:showfa20002@yahoo.com
https://ejar.journals.ekb.eg/article_174732.html
https://orcid.org/0000-0003-2443-3997

Showemimo et al. Egypt. J. Agric. Res., (2021) 99 (2),170-179

twelve varieties were sown in a Randomized Complete Block Design (RCBD) with three replications using plant spacing of 35cm x 50cm intra
and inter-row spacing. The area of each plot is 3.5m? (7m row and 0.5m inter-row) with 3 rows per accession of 20 plants per row. All other
cultural practices were carried out as at when due.

Data collection:

The following data were collected on ten randomly selected plants per plot: Plant height at maturity (cm), Number of leaves at maturity,
Leaf length at maturity (cm), Leaf width at maturity (cm), Leaf area at maturity (cm?), Stem girth at maturity (cm), Number of branch per
plant, Petiole length (cm), Days to 50% flowering, Plant height at flowering (cm), 1000 grain weight(g) and Grain yield per plot (g).

Statistical analysis:

Data collected were subjected to Analysis of Variance (ANOVA) and mean separation was done using Tukey’s Statistic Significance test (To)
at 5% probability levels, Pearson Correlation Coefficient Analysis was carried out to determine character association between the variables,
Principal Component Analysis (PCA) and Bi-plots based on significant traits within the Principal Component (PC) were determined on the
evaluated variables (Yan and Kang, 2003; SAS, 2008). Heritability estimates of the characters were computed according to the formula as
described by Allard (1960) as follow:

h2s = [(0%)/(0%)] X100 .......ccceeevrerrreeneennenen. EQuation 1

Where: h2= heritability in broad sense; 0%= Genotypic variance; o%= Phenotypic variance.

Phenotypic variance (6%), Genotypic variance (6%), Environmental variance (6%), Phenotypic Coefficients of Variation (PCV), Genotypic
Coefficients of Variation (PCV) and Genetic gain (GA) were calculated by the formula below as suggested by Burton (1952), Falconer (1981),
Singh and Chaudhary (1985)

Phenotypic Coefficients of Variation (PCV) = (V6%/x)100 ............. Equation 2

Genotypic Coefficients of Variation (PCV) = (V8%/x)100 Equation 3

Where: 6% = Phenotypic variance, 6% = Genotypic variance and x = Grand mean of a character
Phenotypic variance (8%) = 6% + 6% ... ......Equation 4

Genotypic variance (6%) = 8% - 82%/r .....Equation 5

Environmental variance (6%) = MSe/r
GA =k X (V82 X 8%¢)/ 8% wvevereererirereeerereninns
Where: GA = Expected genetic advance
K = Standardized selection differential at 5% intensity (k = 2.063)
62 = Phenotypic variance

6% = Genotypic variance

ceverneneeEQUAtiON 6

RESULTS

Variability:

Mean squares values from analysis of variance (ANOVA) for agronomic characters of the twelve accessions of amaranth (Table 1) revealed
that the varietal effect shows high significance in plant height at maturity, no of branches, leaf width, leaf length, leaf area, petiole length
and1000 grain weight. The replicate effect was also significant for all plant characters measured except for number of leaves, leaf width,
petiole length, 1000 grain weight and grain yield/plant, while the yearly effect was not statistically different for all the traits studied.

Mean values of agronomic parameters evaluated in twelve accessions of amaranth evaluated for yield and related traits (Table
1) showed significant differences (P<0.05) among amaranths accessions used in this study for days to flowering, plant height at flowering,
number of leaves, plant height at maturity, leaf width, leaf length, leaf area and petiole length. While highly significant difference (P<0.05)
was obtained for stem girth, number of branches, 1000 grain weight and grain yield/plot. The least CV was 5.3% for the number of leaves
and the largest was for leaf length (31.4%). The performance of grain Amaranth accessions as seen in Table 1, show that NGB 01234, NHGB
09/09, NHAC3, NHGB/09/108, NG/AO/08/04 and NGB 01261 has grain yield above grand genotypic yield/plot (1.60g). NGB 01234 (2.06g),
NHGB 09/09 (2.22g), NGB 01261 (2.24g), NG/AO/08/04 (2.36g) and NHGB/09/108 (2.56g) produced the highest grain yield, and the least
yield was obtained from NGB 1216 (0.21g). Five accessions (NG/AA/03/11/010, NGB 01234, NHGB 09/09, NHGB/09/108 and NG/A0/08/04)
had a higher 1000 grain weight than the remaining 7 accessions. The following accession NGB 01274, NG/AA/03/11/010, NGB 01259, NGB
0127, and NHGB/09/108 has a higher number of leaves than the genotypic mean (19.30), the highest number of leaves was recorded for
accession NGB 0127(26.27), followed by NGB 01259 (25.97) and the least (13.50) was recorded for NG/AO/11/08/039. Accession NGB 0127
had the highest leaf area value of 120.40cm?, followed by accession NHAc3 (101.65cm?) while NG/AO/11/08/039 had the least value of
47.63cm?.

Performance Analysis:

Petiole length, leaf length, leaf width and plant height at maturity had differential responses by the grain amaranth accessions, the
accessions that performed better than other accessions for these characters are NGB 01274, NG/AA/03/11/010, NGB 01234, NHGB 09/09,
NHAC3, NGB 01259, NGB 0127, NHGB/09/108(Petiole length only), NGB 012131 (Plant height only) and NG/AO/08/04(Leaf width only).
NHAC3, NHGB/09/108, NGB 012131, 10 and NG/AO/08/04 flowered later than the genotypic mean of 55days. Four-grain amaranths had a
short plant height than the remaining 8 accessions at flowering time. NGB 01274 (3.75cm), NG/AA/03/11/010 (3.94cm), NGB 01234
(3.58cm), NHGB 09/09 (3.67cm), NGB 0127 (3.67cm) and NGB 012131 (3.51cm) has bigger stem girth than the genotypic mean (3.34cm)
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Table 1. Mean values, mean square, coefficient of variation for agronomic characters of 12 accessions of grain amaranth across 2years

Plant height at Stem Plant height Leaf Leaf Petiole 1090 Grain
X Days to 50% : . No of S No of | Leaf Area grain .
Accession . flowering girth at maturity width Length Length . yield/Plot
Flowering leaves branches (cm?) weight
(cm) (cm) (cm) (cm) (cm) (cm) () (8)
NGB01274 50.00bc 149.24a 3.75a 20.20ab 37.44a 3.16bc 6.76b 13.47b 91.77b 8.13a 0.30b 0.85c
NG/AA/03/11/010 48.67¢ 143.37a 3.94a 23.63a 38.43a 3.77bc 6.65b 13.70b 91.96b 7.25a 0.35b 1.43b
NGB 01234 48.00c 139.59ab 3.58ab 18.73b 37.36a 4.80a 6.39b 13.18b 85.72b 5.07b 0.52a 2.06a
NHGB 09/09 53.33b 124.26¢ 3.67a 16.47b 37.12a 3.70bc 6.44b 12.3bc 81.11b 5.32b 0.49a 2.22a
NHAC3 63.00a 144.97a 3.18b 16.60b 30.97b 2.37d 6.66b 15.53a 101.65b 4.72bc 0.28b 1.83b
NGB 01259 51.33bc 128.62bc 3.20b 25.97a 34.25a 5.03a 6.75b 13.52b 95.04b 4.34c 0.30b 0.91c
NGB 0127 54.67b 132.05b 3.67a 26.27a 36.21a 3.70bc 8.75a 13.37b 120.40a 5.56b 0.30b 1.10bc
NHGB/09/108 58.67ab 129.22bc 2.85bc 23.93a 27.44bc 3.14bc 6.30b 12.36bc 79.94c 5.19b 0.32b 2.56a
NGB 012131 61.00a 127.49¢ 3.51ab 13.53bc 38.41a 2.65d 5.75bc 12.33bc 71.43bc 4.86bc 0.29b 1.16bc
NG/AO/11/08/039 60.33a 113.59d 2.80c 13.50bc 23.76¢ 2.75d 4.72d 10.02d 47.63d 3.68c 0.29b 0.42c
NG/A0/08/04 62.00a 104.38de 3.22bc 17.47b 29.15b 4.22ab 6.57b 11.78c 85.97b 4.27bc 0.3b 2.36a
NGB 01261 53.67b 93.01e 2.71c 15.27b 24.27c 3.03c 5.98¢c 11.15c¢ 70.44c 3.85¢c 0.21bc 2.24a
Mean Square 187.63* 862.20* 4.05%* 94.41%* 292.10* 12.10** 10.54* 15.94* 970.87* 5.19* 2.03** 11.52**
CV (%) 14.70 13.00 16.30 5.30 16.40 19.80 29.90 31.40 20.50 24.50 28.10 30.60
Grand Mean 55.39 127.48 3.34 19.30 32.90 3.53 6.48 12.73 85.26 5.19 0.33 1.60

* ** is significance at P<0.05 and P<0.01, Means followed by similar alphabets within same column were not significantly different from one another according to Tukey’s Statistic tests at 5% probability level
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Genetic study:

Genotypic mean, range, Genotypic and Phenotypic variance, Genetic advance, Coefficient of variation and broad-sense heritability are
presented in Table (2). The phenotypic variances are higher in magnitude than the genotypic variance. The highest genetic advance was
obtained for number of leaves (109197.49) and the least value (23.61) was obtained for 1000 grain weight. High phenotypic coefficient of
variance (77.51) for grain yield/plot, 67.7 for 1000 grain weight, 55.51 for number of branches and the least value of 21.95 was obtained for
Days to flowering. The genotypic coefficient of variation was lower than the phenotypic coefficient of variation. The broad-sense heritability
ranged from 41.08% for grain yield/plot to 62.18% for plant height at flowering.

Table 2. Components of variance, genetic advance and heritability estimate of 12 traits of grain amaranth accessions

Characters Genotypic Phenotypic | Genetic Genotypic Phenotypic Heritability

Mean | Range Variance Variance Advance Coefficient Coefficient BS (%)
of Variation of Variation

Days to 50% 55.39 | 48-63 87.63 147.86 1268.45 16.90 21.95 59.27

flowering

Plant height at 127.4 | 93.01- 862.20 1386.57 4075.06 23.03 29.21 62.18

flowering(cm) 8 149.24

Stem girth(cm) | 3.34 2.71-3.94 0.50 0.95 9028.31 21.17 29.18 52.63

No of leaves 19.30 13.50-26.27 64.41 107.79 109197.49 41.53 53.79 59.76

Plant height at 32.90 23.76-38.43 92.12 163.64 1132.24 29.17 38.88 50.29

maturity(cm)

No of branches | 3.53 2.37-5.03 2.10 3.84 18861.94 41.07 55.51 54.69

Leaf width(cm) | 6.48 4.72-8.75 2.54 5.03 199.34 24.59 34.61 50.50

Leaf 12.73 | 10.02-15.53 5.94 10.01 330.43 19.15 24.85 59.34

length(cm)

Leaf area(cm?) 85.26 | 47.63- 970.67 1811.96 4013.36 36.54 49.93 53.57

120.40

Petiole 5.19 3.68-8.13 5.19 7.54 332.64 43.90 52.91 68.83

length(cm)

1000 grain 0.33 0.21-0.52 0.03 0.05 23.61 52.49 67.76 60.00

weight(g)

Grain 1.60 0.42-2.56 1.52 3.70 139.07 77.06 77.51 41.08

yield/plot(g)

Trait association:

Table (3) shows the correlation coefficient matrix for 12 characters among the twelve accessions of grain amaranth. Grain yield was positive
and significantly correlated with 1000 grain weight (0.68), leaf area (0.45), (0.40) and leaf width (0.40). Leaf area was positive and highly
significantly correlated with plant height at flowering, stem girth, number of leaves, plant height at maturity, leaf width and leaf length.
Similarly, plant height at maturity was highly significant and positively correlated with plant height at flowering and stem girth, while it was
significantly correlated with number of leaves. The stem girth of grain amaranth in this study was positive and highly significantly correlated
with plant height at maturity (0.92), leaf length (0.65), leaf area (0.65), leaf width (0.56) and plant height at flowering (0.46).
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Characters Days to 50% Plant Stem No of Plant No of Leaf Leaf Leaf area Petiole 1000 grain Grain
flowering height at girth (cm) leaves height at branches width length (cm?) length weight (g) yield/plot
flowering maturity (cm) (cm) (cm) (8)
(cm) (cm)
Days to 50% flowering 1 0.79%* 0.28 -0.12 0.23 0.48** 0.09 0.19 0.16 -0.01 -0.27 0.24
Plant height at 1 0.53** 0.35% 0.62** 0.09 0.41* 0.52%** 0.47** 0.62** 0.08 0.01
flowering
Stem girth 1 0.37* 0.92** 0.23 0.56** 0.65** 0.65** 0.46** 0.05 0.27
No of leaves 1 0.39* 0.36* 0.49** 0.38* 0.49** 0.19 -0.05 -0.07
Plant height at maturity 1 0.23 0.60** 0.69** 0.69** 0.40* 0.06 0.12
No of branches 1 0.09 0.12 0.12 -0.04 -0.10 0.04
Leaf width 1 0.61%* 0.95%* 0.26 0.01 0.40*
Leaf length 1 0.83** 0.27 0.01 0.40*
Leaf area 1 0.26 0.01 0.45%*
Petiole length 1 0.08 -0.01
1000 grain weight 1 0.68**

Grain yield/plot
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Traits and genotypic capture:

The PCA revealed that the first four principal axes (components) of variations representing 68.21 % of the total variability among the 12 grain
amaranth accessions. The three principal components explained 36.37, 12.28 and 10.10% of the total variance, respectively. These
components represented 58.76% of the total variance components (Table 4). Strong correlations were observed between PCs and phenotypic
traits (Table 4). PC1 is well-correlated with 8 traits; plant height at flowering, stem girth, number of leaves, plant height at maturity, leaf
width, leaf length, leaf area and petiole length. PC2 is correlated with number of branches (0.60) and 1000 grain weight (0.52), while, PC3
has a strong association with days to 50% flowering (0.89) and grain yield/plot (0.70). PC4 is fairly correlated with Plant height at flowering,
Leaf width and Leaf area. The PCA identified all the 12 phenotypic traits were strongly correlated with the three principal components.

Table 4. Principal component analysis of agronomic characters in Amaranthus spp

Agronomic Characters PC1 PC2 PC3 PC4
Days to 50% flowering 0.24 0.76 0.89 0.003
Plant height at flowering(cm) 0.69 0.30 0.22 0.33
Stem girth(cm) 0.86 0.03 0.04 0.18
Number of leaves 0.54 0.08 0.48 0.10
Plant height at maturity(cm) 0.89 0.02 0.05 0.17
Number of branches 0.26 0.60 0.37 0.21
Leaf width(cm) 0.81 0.02 0.10 0.34
Leaf length(cm) 0.84 0.03 0.09 0.19
Leaf area(cm?) 0.90 0.03 0.11 0.33
Petiole length(cm) 0.48 0.47 0.23 0.29
1000 grain weight(g) 0.04 0.52 0.37 0.07
Grain yield /plot(g) 0.39 0.35 0.70 0.12
Elgen values 5.09 1.72 1.41 1.32
% of variance 39.87 18.64 10.10 9.45
% of cumulative 36.37 58.51 68.61 78.06

Values with 0.30 and above were bolded had a significant contribution to variation

The bi-plot of genotypes based on their most significant or strongly correlated traits are presented in Fig 1, 2 and 3. The bi-plot of accessions
in Fig 1, shows the plot of PC2 against PC1 and it grouped the 12 accessions into 4 quadrants A, B, C and D. Accessions in quadrant B and D
have high grain yield and they flower early which is highly correlated with PC3, (Table 4) while 7 accessions in quadrants A and B have
comparably better yield than accessions in quadrant C and D. Fig 2 is the bi-plot in the 12 accessions into four different quadrants based on
grain yield and desired leaf traits as correlated with PC3 and PC1. Seven accessions of grain amaranth accession grouped in quadrant B and
D are characterized by high grain yield and excellent leaf traits (Number of leaves, Leaf width, Leaf length, Leaf area and Petiole length), thus,
suggesting dual-purpose accessions. In Fig 3, associating number of branches and 1000grain weight (PC2) with days to 50% flowering and
grain yield (PC3) as seen in Table 4. Quadrants B and D having seven accessions are characterized by high grain yield and heavy 1000 grain
weight, the 2 accessions in quadrant A have better grain yield than the 3 accessions in quadrant C and 2 accessions in quadrant D. Fig 4 and
5 are the representation of accession performances based on peculiar traits, the 3 accessions of grain amaranth; (NG/AA/03/11/010, NGB
01259, and NGB 0127) were classified to be a better performer in term of desired leaf traits. Accession NHGB/09/108, NG/AO/08/04 and
NGB 01261 were grouped as better grain yield and yield attributes, while accession NGB 01234, NHGB 09/09 and NHAC3 have good grain
and leaf yield.
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DISCUSSION

The grain amaranth in this study exhibited high phenotypic and genetic variability in their significant response for all the traits measured,
particularly the desired leaf traits and grain yield traits. This was also confirmed by the mean performances that also showed high variation
among the accessions of grain amaranth. The variability in this study revealed that, these accessions can be improved using their genetic
potentials in selection. This result agrees with the results of Ajala et al., (2003), Adebisi et al., (2004), Coastea et al.,(2001), Mahmood et al.,
(2013) who stated that useful variability in different crop varieties is helpful in selection. The performance result of the accessions shows
that NGB 01234, NHGB 09/09, NHAC3, NHGB/09/108, NG/AO/08/04 and NGB 01261 had the best grain yield and yield attributes, while in
term of leaf yield and desired leaf attributes, accessions NGB 01274, NG/AA/03/11/010, NGB 01259, NGB 0127, and NHGB/09/108 are
outstanding from the other accessions.

The Phenotypic variances were slightly higher than the genotypic variance for all the traits measured. This suggests that
environment had little influence on the traits studied for 2years. Similarly, PCV is higher in magnitude than the GCV across the years of
evaluations, the high difference between PCV and GCV obtained for all the traits studied is an indication of inherent variability for these traits
and that there is the involvement of environmental factors or the contribution of non-additive gene effects. The heritability estimates for all
the traits are moderate to high ranging from 41-69%, this suggests that the genotypic aspect have more effect on the phenotypic
performances of these traits, therefore, selection based on phenotypic performances of these traits will be reliable, effective and
appropriate. All the desired leaf attributes; petiole length, leaf length, leaf width and Leaf area along with grain yield and 1000 grain weight
are good predictors of grain amaranth accession performance. The high heritability estimate, GCV and GA obtained for grain yield/plot, 1000
grain weight, petiole length, number of leaves, number of branches, leaf area and leaf width are possibly controlled by additive gene action,
thus, these traits can be improved through mass selection or pedigree method, Popa et al., (2010) worked on amaranth, Habtamu et al.,
(2011) worked on tef, Ayalneh et al., (2012) worked on tef and Gautam et al., (2017) worked on green pea presented similar result in their
studies.

There is a very strong inherent association between grain yield with 1000 grain weight, leaf area, leaf length and leaf width.
Similarly, all the leaf traits were strongly and positively correlated with each other, thus, these traits are a strong or major factor in relation
to amaranth grain yield/plot and leaf yield/plot selection. The result of the traits correlations obtained in this study suggests that selection
that is directed towards these traits will be efficient and effective in heavier grain weight, higher leaf yield and better grain yield improvement
in grain amaranth accessions as also reported on garden pea by Sharma and Sharma (2013).

Principal component analysis (PCA) is a reliable method and a statistical approach to identifying major variance components also
help in reducing the number of variables in the data collected in a breeding and selection process. Therefore, it saves time and resources and
improves the selection responses in crop improvement programs (Johnson and Wichern 2007; Naroui Rad 2015 on melon). PCA also assist
in determining the relationships between traits, and the independent principal components that are effective on plant traits, and in the
evaluation of diversity (Beheshtizadeh et al., 2013; Georgieva, et al., 2016 on pea). The PCA identified all the 12 traits as important
phenotypic traits; contributing to the overall traits variations, thus, good traits for amaranth selection and improvement. The strong
association between PC1 and all the leaf attributes, PC2 and 1000 grain weight, and PC3 and grain yield indicated the possible selection
direction. The first 4 PCs in this study were efficient in differentiating and explaining 78.06% of the grain amaranth accessions variation. The
grouping or classification of the accessions indicated that accessions NG/AA/03/11/010, NGB 01259 and NGB 0127 are better than other
accessions in leaf yield attributes, accessions NHGB/09/108, NG/AO/08/04 and NGB 01261 are classified as accessions with high grain yield,
while accessions NGB 01234, NHGB 09/09 and NHAC3 are dual-purpose amaranth, thus, they can be useful as a leafy vegetable and grain
vegetables. However, accession NGB 012131 and NG/AO/11/08/039 are not outstanding in term of general performance and the bi-plots
classified them so. Earlier reports on classification by (Pal and Singh 2013, Sharma and Sharma 2013) in garden pea, Henane (2013) in sesame
and Naroui Rad et al., (2017) in melon agree with the results obtained here.

CONCLUSION

This study concluded that the inherent variability among the amaranths accessions is useful for selection and crop improvement purposes.
The genotypic performance, variance and coefficient of variation components are indicators of variability among the test accessions for all
the traits in this study. All the 12 traits studied accounted for 78.06% variation of the genetic diversity in the accessions evaluated. Grain
amaranth accessions NG/AA/03/11/010, NGB 01259 and NGB 0127 are identified as better in leaf yield attributes and can be improved as
leafy vegetable accessions. Accessions NHGB/09/108, NG/AO/08/04 and NGB 01261 are classified as high grain yield, while accessions NGB
01234, NHGB 09/09 and NHAC3 are dual-purpose amaranth, thus, can serve as both grain and/or leafy vegetable amaranth.
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