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 The experiment was carried out at the experimental farm of Bangabandhu Sheikh 

Mujibur Rahman Agricultural University (BSMRAU), Salna, Gazipur during 2015 

using twenty promising genotypes (AA21 to AA40) of green amaranth in Randomized 

Complete Block Design (RCBD) with three replications to study the variability, genetic 

parameters, association of yield related morphological traits to foliage yield and to find 

out the direct and indirect effects of components characters towards foliage yield. The 

significant analysis of variance revealed wide range of variability among the twenty 

genotypes of green amaranth. Except for stem diameter, foliage yield and all the yield 

contributing morphological traits had high heritability including high genetic advance in 

percent of mean, high to moderate genotypic and phenotypic variances and coefficient 

of variations with minimum differences of PCV and GCA indicated that the traits were 

governed by additive gene actions and had a great scope of selection for the 

improvement of green amaranth. Correlation study revealed that total biomass and shoot 

weight showed significant association with foliage yield per m
2
. Hence, selection based 

on total biomass and shoot weight could remarkably improve the foliage yield of green 

amaranth. However, the path coefficient analysis revealed that shoot weight had the 

highest positive direct effect (1.19) with significant genotypic correlation on foliage 

yield. It indicated that direct selection based on shoot weight would be effective for the 

improvement of foliage yield of green amaranth.  Mean performance study revealed that 

the genotypes, such as AA21, AA22, AA24, AA25, AA27, AA28, AA31, AA36 and 

AA39 had high foliage yields including most of the yield related morphological traits 

over the grand mean. These genotype could be selected as high yielding varieties or 

parental lines for future breeding program. 
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 Abbreviations CD = Critical difference, GA = Genetic advance, GAMP = Genetic 

advance in percent of mean, GCV = Genotypic coefficient of variation, h
2
b = Heritability 

in broad sense, σ
2
g = genotypic variance, σ

2
p = phenotypic variance, PCV = phenotypic 

coefficient of variation, RCBD = Randomized complete block design  

 
INTRODUCTION 

           Approximately 60 Amaranthus species are native to the Americas, and an additional 25 

species are present in the temperate and tropical regions of Africa, Asia, Australia, and Europe 

(SAUER, 1967). Amaranth is used as a cheap source of protein with essential amino acids lysine 

and methionine, carotenoids, ascorbic acid, dietary fiber (SARKER et al., 2014, 2015a, b, 2016, 

2017), essential minerals including calcium, magnesium, potassium, phosphorus, iron, zinc, 

copper and manganese (SARKER and OBA, 2019a, b, SARKER and OBA, 2020a, SARKER et al., 

2020a, b, SHUKLA et al., 2006, CHAKRABARTY et al., 2018). Besides these, it is also an excellent 

and unique source of antioxidant leaf pigments β-cyanin, β-xanthin, betalain, and a source of 

carotenoids, amaranthine, anthocyanin, chlorophylls (SARKER et al., 2018a, b, 2020b), 

antioxidant phytochemicals, such as vitamin C, phenolic acids, flavonoids (SARKER et al., 2018c, 

SARKER and OBA, 2019c,) and consumed with staple food crop in many parts of the world 

(SHUKLA et al., 2006). It serves as an alternative source of nutrition for vegetarians in developing 

countries. Besides immense nutritional importance, it can also be successfully grown under 

varied soil and agro-climatic conditions. It has wide adaptability to different abiotic stresses like 

drought (SARKER and OBA, 2018a-d)
 
and salinity (SARKER and OBA, 2018e-f, SARKER et al., 2019) 

and versatile uses.  

              Although green amaranths contain precious nutritional and antioxidant properties, very 

little attention has been paid for genetic improvement of this underutilized crop plant (SHUKLA et 

al., 2006). The success of any crop improvement program largely depends on the magnitude of 

genetic variability (ALI et al., 2014; HASAN et al., 2012). Correlation coefficient analysis 

measures the mutual relationship between various plant characters and determines the 

component characters on which selection can be based for genetic improvement (SOKOTO et al., 

2012).  It is necessary to understand the magnitude of variation, heritability and genetic advance 

of various contributing traits in the available germplasm for the improvement of foliage yield. 

This experiment will give an opportunity to select the promising genotypes to meet the existing 

demand.  

Considering the above, the present experiment was undertaken with the following objectives. 

       1) To study the variability among the green amaranth genotypes. 

       2) To find out association (correlation) among the genotypes for foliage yield and its       

components. 

       3) To find out the direct and indirect effects of components characters towards foliage yield. 

 

MATERIALS AND METHODS 

             The experiment was conducted at the experimental field of Bangabandhu Sheikh 

Mujibur Rahman Agricultural University, Bangladesh. The experimental site was located in the 

Centre of the Madhupur Tract (AEZ-28), about 24°23´N 90°08´E, with a mean elevation of 8.4 

mean sea level. The experimental field was a high land having silty clay soil. The soil was 
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slightly acidic (pH 6.4) and low in organic matter (0.87%), total N (0.09%) and exchangeable K 

(0.13 cmol/kg). The site falls under the subtropical zone and has mean temperatures of 29°C 

(summer) and 18°C (winter). 

The experiment was conducted by using 20 distinct and promising genotypes of green 

amaranth (A. lividus) which were collected from different eco-geographic region of Bangladesh. 

The characteristics, name, species, origin, source, habitat and consumption of popular green 

amaranth are presented in Table 1. 

 

Table 1. Accession number, name, species, origin, source, habitat and consumption of popular green 

amaranth in Bangladesh 

Accession 

number 

Local 

name 

English 

name 

Scientific 

name 

Origin Source Habitat Consumption 

category 

Stem and leaf 

characteristics 

AA21 Datashak GA A. lividus BD DGPB Cultivated LV Green color 

AA22 Datashak GA A. lividus BD DGPB Cultivated LV Green color 

AA23 Datashak GA A. lividus BD DGPB Cultivated LV Green color 

AA24 Datashak GA A. lividus BD DGPB Cultivated LV Green color 

AA25 Datashak GA A. lividus BD DGPB Cultivated LV Green color 

AA26 Datashak GA A. lividus BD DGPB Cultivated LV Green color 

AA27 Datashak GA A. lividus BD DGPB Cultivated LV Green color 

AA28 Datashak GA A. lividus BD DGPB Cultivated LV Green color 

AA29 Datashak GA A. lividus BD DGPB Cultivated LV Green color  

AA30 Datashak GA A. lividus BD DGPB Cultivated LV Green color 

AA31 Datashak GA A. lividus BD DGPB Cultivated LV Green color 

AA32 Datashak GA A. lividus BD DGPB Cultivated LV Green color 

AA33 Datashak GA A. lividus BD DGPB Cultivated LV Green color 

AA34 Datashak GA A. lividus BD DGPB Cultivated LV Green color 

AA35 Datashak GA A. lividus BD DGPB Cultivated LV Green color 

AA36 Datashak GA A. lividus BD DGPB Cultivated LV Green color 

AA37 Datashak GA A. lividus BD DGPB Cultivated LV Green color 

AA38 Datashak GA A. lividus BD DGPB Cultivated LV Green color 

AA39 Datashak GA A. lividus BD DGPB Cultivated LV Green color 

AA40 Datashak GA A. lividus BD DGPB Cultivated LV Green color 

GA, Green amaranth; BD, Bangladesh; DGPB, Department of Genetics and Plant Breeding; LV, Leafy vegetables.  

 

The experiment was laid out in a Randomized Complete Block Design (RCBD) with 

three replications. The plot size was 1 m × 1 m. Spacing was maintained by 25 cm × 5 cm from 

row to row and plant to plant, respectively. Recommended fertilizer and compost doses (Urea, 

Triple super phosphate, muriate of potash and gypsum were applied at 200, 100, 150 and 30 

kg/ha, respectively) and appropriate growing practices was maintained. Thinning was performed 

to maintain appropriate plant density within rows. Weeding and hoeing were performed at 7-day 

intervals. Day-time temperatures during the experimental period ranged from 21 to 38 °C. 

Irrigation was provided at 5 to 7 days’ intervals. 
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Data collection of yield and yield related traits  

               The seed were sown in the experimental field on 3
rd

 March, 2015. Data were collected 

at 30 days after sowing (DAS) of seeds. The data were recorded on 10 randomly selected plants 

in each replication for plant height (cm), stem diameter (cm), leaves per plant), root length (cm), 

leaf area (cm
2
), total biomass (g) (total biomass calculated from 10 sample plant), shoot weight 

(g), shoot root ratio, foliage yield per m
2
 (kg).  

 

Statistical analysis  

            The raw data were compiled by taking the means of all the plants taken for each 

treatment and replication for different traits. Statistix 8 software was used to analyze the data for 

analysis of variance (ANOVA). Mean, range and standard deviation (SD) for each character 

were also estimated. The mean sum of square (MS), genotypic and phenotypic variances was 

estimated followed by GANAPATI et al. (2014) and KARIM et al. (2014). Genotypic and 

phenotypic coefficients of variation were calculated by the formula suggested by RAI et al. 

(2013) and KARIM et al. (2007). Broad sense heritability was estimated following the formula 

described by HASAN et al. (2012). The expected genetic advance for different characters under 

selection was estimated using the formula of RAHMAN et al. (2007a, b). Genetic advance in 

percentage of mean was calculated from the formula given by AZAM et al. (2014). The genotypic 

and phenotypic correlation coefficients were calculated in all possible combinations through the 

formula suggested by SARKER and MIAN (2003, 2004). Correlation coefficients were further 

partitioned into components of direct and indirect effects by path coefficient analysis (SARKER et 

al., 2001).  

 

RESULTS AND DISCUSSION 

Mean performance 

Mean performance of yield and yield related traits are presented in Table 2. The studied 

genotypes differed significantly in terms of yield and yield related traits. The highly significant 

genotypic differences in terms of yield and yield related traits indicated that there were wide 

range of variations in the studied genotypes.  

 

Plant height  

The mean plant height of twenty green amaranth genotypes ranged from 19.62 cm to 

32.65 cm, with a grand mean of 27.30 cm (Table 2). The highest plant height was observed in 

the genotype AA31 which was statistically similar with the genotypes AA27, AA28 and AA39. 

On the other hand, the lowest plant height was observed in the genotype AA30. Among 20 

genotypes, eleven showed above average mean performance. The coefficient of variation of 

plant height was 4.46%. The highest plant height 20.43 cm in AV-17 and lowest plant height 

15.41 cm in AV-36 have been reported by SHUKLA et al. (2006). 

 

Stem diameter  

The highest stem diameter was observed in the genotype AA27 which was statistically 

similar with the genotypes AA34, AA38, AA22, AA25, AA29, AA35, and AA36. The mean 

stem diameter of twenty green amaranth genotypes ranged from 15.19 mm to 29.18 mm, with a 
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grand mean performance 23.00 mm (Table 2). The genotype AA37 showed minimum stem 

diameter (15.19 mm). The mean stem diameter 11.80 mm-33.20 mm have been reported by 

HASAN et al. (2013) which was more or less similar to our reported results. Among 20 genotypes, 

ten showed above average mean performance. The coefficient of variation of stem diameter was 

3.39%.   

 

Table 2. Mean performance of yield and yield related traits in 20 green amaranth genotypes 
Genotypes Plant 

height 
(cm) 

Stem 

diameter 
(mm) 

Leaves 

/plant 

Root 

length 
(cm) 

leaf area 

(cm2) 

Total 

biomass 
(g) 

Shoot 

weight 
(g) 

Shoot 

root 
ratio 

Foliage 

yield 
Per m2 (kg) 

AA21 24.79  18.57 9.93 10.13 897.10  129.10 116.70 8.62 1.16 

AA22 30.05  27.73 6.91 6.50 870.10  142.07 127.20 7.29 1.25 

AA23 24.28 19.78  10.13 9.68 896.20  76.01 66.48 8.64 0.69 

AA24 22.28 16.78  6.17 9.08 1345.10 118.10 99.12 9.67 1.08 

AA25 24.17 26.70 13.17 8.18 1342.30 124.00 114.10 9.86 1.14 

AA26 26.67 19.53 11.50 7.99 895.2 0 97.00 92.87 10.77 0.90 

AA27 31.27 29.18 11.62 10.04 1361.10 131.10 131.30 10.85 1.21 

AA28 31.24 21.20 9.66 9.05 900.10 127.00 108.20 9.66 1.15 

AA29 29.55 25.45 8.95 6.14 871.20  91.86 84.98 10.91 0.84 

AA30 19.62 19.45 9.33 8.16 871.00  96.00 87.38 11.49 0.88 

AA31 32.65 19.16 12.37 7.06 899.00  122.30 119.90 9.75 1.12 

AA32 26.70 23.68 10.60 7.06 895.20  94.30 86.23 11.71 0.86 

AA33 27.58 22.63  9.97 9.05 899.00  98.72 91.23 9.19 0.92 

AA34 28.08 29.13 9.33 12.03 795.40   94.65 87.61 11.87 0.88 

AA35 30.33 27.20 9.25 9.75 895.40  85.54 68.97 12.03 0.78 

AA36 29.13 26.37 10.73 9.15 897.00  130.00 119.5 12.04 1.21 

AA37 27.96 15.19 13.65 7.78 865.30  63.25 83.62 11.22 0.84 

AA38 25.73 27.92 9.24 9.68 865.40  81.66 76.97 16.53 0.78 

AA39 31.02 18.25 12.08 13.43 915.40  108.80 103.8 24.57 1.06 

AA40 23.00 26.15 9.57 11.27 865.50  95.60 87.80 11.30 0.89 

LSD (0.01) 2.01 4.18 0.69 0.96 76.65 17.30 8.37 0.72 0.12 

SE (±) 0.78 0.57 0.41 0.40 38.69 4.80 4.24 0.81 0.03 

SD 3.49 4.41 1.86 1.83 173.04 21.47 18.97 3.63 0.17 

Minimum 19.62 15.19 6.17 6.14 795.40 63.25 66.48 7.29 0.69 

Maximum 32.65 29.18 13.65 13.43 1361.10 142.07 131.30 24.57 1.25 

Grand 

mean 

27.30 23.00 10.21 9.06 952.06 105.35 97.70 11.40 0.98 

CV (%) 4.46 3.39 4.13 6.42 4.87 9.94 5.18 3.83 7.98 

MSS ** ** ** ** ** ** ** ** ** 

LSD = Least significant difference, SE = standard error, SD = standard deviation, CV = Coefficient of variation, MSS= 

Mean sum of square, ** = Significant at 1% level 

 

Leaves per plant 

The mean leaves per plant of twenty green amaranth genotypes ranged from 6.17 to 

13.65 with a grand mean performance 10.21 (Table 2). Similarly, SARKER et al. (2015a) found 
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that leaves per plant ranged from 4.30-20.52. The highest leaves per plant was observed in the 

genotype AA37 which was statistically similar with the genotype AA25 followed by AA23, 

AA26, AA27, AA31, AA32, AA36, and AA39. The genotype AA24 showed minimum leaves 

per plant (6.17). Among 20 genotypes, eight showed above average mean performance. The 

coefficient of variation of plant height was 4.13%. 

 

Root length  

The highest root length was observed in the genotypes AA39 followed by AA40, 

AA34, AA27, and AA21. Among 20 genotypes, ten showed above average mean performance. 

The mean root length of twenty green amaranth genotypes ranged from 6.14 cm to 13.43 cm 

(Table 2). The genotype AA29 showed minimum root length (6.14 cm).  The recorded grand 

mean value for root length was 9.06 cm. The coefficient of variation of root length was 6.42%. 

 

Leaf area  

             Among 20 genotypes, three showed above average mean performance. The mean leaf 

area (cm
2
) of twenty green amaranth genotypes ranged from 795.40 cm

2
 to 1361.10 cm

2
, with a 

grand mean performance 952.06 cm
2
 (Table 2). The highest leaf area (cm

2
) was observed in the 

genotype AA27 which was statistically similar with the genotypes AA24, AA25. The minimum 

leaf area (795.40 cm
2
) was observed in the genotype AA34. The recorded grand mean value for 

leaf area (cm
2
) was 952.06 cm

2
. The coefficient of variation of leaf area (cm

2
) was 4.87%.  The 

leaf area obtained from this investigation was much greater than the leaf area of A. tricolor of 

our previous study (SARKER et al., 2015a).  

 

Total biomass  

The mean total biomass of twenty green amaranth genotypes ranged from 63.25 g to 

142.07 g, with a grand mean performance was 105.35 g (Table 2). The highest total biomass was 

observed in the genotype AA22. Among 20 genotypes, nine showed above average mean 

performance. The genotype AA37 showed minimum total biomass 63.25 g. The coefficient of 

variation of total biomass was 9.94%. 

 

Shoot weight  

The mean shoot weight of twenty green amaranth genotypes ranged from 66.48 g to 

131.30 g, with a grand mean performance was 97.70 g (Table 2). The highest shoot weight (g) 

was observed in the genotype AA27. Among 20 genotypes, nine showed above average mean 

performance. The genotype AA23 showed minimum shoot weight (66.48 g). The coefficient of 

variation of shoot weight was 5.18%. SHANKAR et al. (2012) reported shoot weight ranged from 

11.87 g to 128.7 g. 

 

Shoot root ratio   

The mean shoot root ratio of twenty green amaranth genotypes ranged from 7.29 to 

24.57, with a grand mean performance was 11.40 (Table 2). The highest shoot root ratio was 

observed in the genotype AA39. The minimum shoot root ratio (7.29) was observed in the 
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genotype AA22. Among 20 genotypes, seven showed above average mean performance. The 

coefficient of variation of shoot root ratio was 3.83%.  

 

Foliage yield per m
2 
 

The mean foliage yield per m
2
 of twenty green amaranth genotypes ranged from 0.69 kg 

to 1.25 kg, with a grand mean performance was 0.98 kg (Table 2). The highest foliage yield per 

m
2
 was observed in the genotype AA22. The minimum foliage yield per m

2 
(0.69 kg) was 

observed in the genotype AA23. Among 20 genotypes, nine showed above average mean 

performance. The coefficient of variation of foliage yield per m
2 

was 7.98%.  

In this investigation, the range of variation was much pronounced for all the traits 

indicating a wide range of variability among the genotypes studied. The highest mean and range 

value were observed for leaf area followed by total biomass, shoot weight, plant height, stem 

diameter, shoot root ratio, leaves per plant, root length and foliage yield per m
2 

(kg) (Table 2). It 

indicated that all the genotypes showed wide range of variation in respect of total biomass as 

well as above yield contributing morphological traits. Total biomass also exhibited high mean 

and range value for increasing the foliage yield of green amaranth. The investigation showed that 

9 genotypes i.e., AA22, AA27, AA36, AA21, AA28, AA31, AA24, AA25 and AA39 were out-

yielded along with most of the yield related morphological traits over their corresponding grand 

means. Selection of these genotypes would be useful for yield aspects.  

 

Variability and genetic parameters 

              The highest genotypic and phenotypic variances were observed for leaf area followed 

by total biomass and shoot weight (Table 3) indicating the presence of the wide range of 

variability for the traits under studied and had greater scope of selection for the improvement of 

green amaranth. ALI et al. (2014), HASAN et al. (2012), SIDDIQUE et al. (2009), NATH et al. 

(2008) and BISWAS et al. (2006) in rice; BISWAS et al. (2014) in maize reported wide range of 

variability and diversity. Moderate genotypic and phenotypic variances were obtained from stem 

diameter, shoot root ratio, plant height and these traits might be considered for the improvement 

of green amaranth crop. Leaves per plant, root length and foliage yield exhibited low genotypic 

and phenotypic variances. All the traits except stem diameter, leaf area and total biomass had 

close differences in genotypic and phenotypic variances which indicated preponderance of 

additive gene effects for these traits i.e., less environmental influence in the expression of these 

traits or the major portion of the phenotypic variance was genetic in nature and greater scope of 

improvement of green amaranth through selection. The highest genotypic and phenotypic 

coefficient of variations were observed for shoot root ratio followed by root length, total 

biomass, shoot weight, leaves per plant, leaf area, and foliage yield indicating the presence of the 

wide range of variability for the traits under studied and had greater scope of selection for the 

improvement of green amaranth.  Moderate genotypic and phenotypic coefficient of variations 

were obtained from stem diameter, and plant height and these traits might be considered for the 

improvement of green amaranth crop. All the traits had close differences in genotypic and 

phenotypic coefficient of variations which indicated preponderance of additive gene effects for 

these traits i.e., less environmental influence in the expression of these traits or the major portion 

of the phenotypic variance was genetic in nature and greater scope of improvement of green 
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amaranth through selection. 

 

Table 3. Estimates of genetic parameters for yield and yield contributing traits in 20 green amaranth 

genotypes 

 

 

               The highest genotypic and phenotypic variances were observed for leaf area. Similarly, 

high genotypic and phenotypic variances was noted for total biomass, shoot weight, stem 

diameter, shoot root ratio, plant height. The heritability values were high for shoot root ratio 

(98.56%), leaves per plant (95.03%), shoot weight (93.20%), leaf area (93.15%), and root length 

(90.51%). The heritability values were high for all the traits and moderate for stem diameter. The 

highest genetic advance in percent of mean was observed for shoot root ratio (64.91) whereas the 

lowest genetic advance in percent of mean was recorded for stem diameter (23.44). Root length 

(38.87), shoot weight (38.16), leaves per plant (36.30), total biomass (35.92), leaf area (35.70) 

and foliage yield (31.32) exhibited high genetic advance in percent of mean. On the other hand, 

plant height (24.27) and stem diameter (23.44) showed moderate genetic advance in percent of 

mean. All the traits showed high to moderate heritability along with high to moderate genetic 

advance in percent of mean.  

                    SHUKLA et al. (2004) reported that plant height showed high heritability. The lowest 

value (11.89) of genotypic coefficient of variation (GCV) for plant height observed by SHUKLA 

et al. (2006). The phenotypic and genotypic variances for plant height were 13.15 and 11.67, 

respectively. High phenotypic and genotypic coefficient of variation for stem diameter observed 

by SHUKLA and SINGH (2003). Genotypic coefficient of variation (16.99) for stem diameter 

observed by SHUKLA et al. (2006). Close difference between genotypic coefficient of variation and 

phenotypic coefficient of variation for leaves per plant reported by VYAS et al. (2006). SHUKLA et 

al. (2006) found genotypic coefficient of variation (17.94) and high heritability (90%) for leaves 

per plant. SHUKLA et al. (2004) found the similar results for root length trait. 

Characters Phenotypic 
variance 

(σ2p) 

Genotypic 
variance 

(σ2g) 

Phenotypic 
coefficient 

of variation 

(PCV)  

Genotypic 
coefficient 

of 

variation 
(GCV)  

% 
heritability 

in broad 

sense (h2
b)  

Genetic 
advance 

(GA) 

Genetic 
advance in 

percent of 

mean 
(GAPM) 

Plant height (cm) 13.15 11.67 12.51 13.28 88.72 6.63 24.27 

Stem diameter 

(mm) 

20.22 13.81 13.77 16.67 68.28 6.33 23.44 

Leaves/plant 3.58 3.40 18.07 18.54 95.03 3.71 36.30 

Root length (cm) 3.57 3.23 19.84 20.85 90.51 3.52 38.87 

Leaf area (cm2) 31378.31 29227.64 17.96 18.61 93.15 339.90 35.70 

Total biomass (g) 534.22 424.65 19.56 21.94 79.49 37.85 35.92 

Shoot weight (g) 377.09 351.43 19.19 19.88 93.20 37.28 38.16 

Shoot root ratio 13.28 13.09 31.74 31.97 98.56 7.40 64.91 

Foliage yield per m2 

(kg) 

0.033 0.027 16.79 18.54 82.00 0.31 31.32 
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High genotypic coefficient of variation for leaf area also reported by ANUJA and 

MOHIDEEN (2006). SARKER et al. (2015b) observed genotypic coefficient of variation (29.66) and 

high heritability (99.71%) for shoot weight. Foliage yield of green amaranth showed high 

heritability reported by SHUKLA et al. (2004). Amaranthus sp. exhibited high value of heritability 

in case of yield per   hectare has been reported by AHAMMED et al. (2012). A considerable 

amount of phenotypic and genotypic variability in yield of Amaranthus sp. reported by 

LOHITHASWA et al. (2006). 

 

Correlation study 

The phenotypic and genotypic correlations between different morphological traits are 

presented Table 4. In the present investigation, Foliage yield per m
2
 was significantly and 

positively correlated with total biomass (0.957**), shoot weight (0.976**), leaf area (0.435*), 

and plant height (0.324*) at both genotypic and phenotypic levels. Plant height exhibited 

significant positive association with stem diameter at both genotypic and phenotypic levels. Root 

length showed significant positive correlation coefficient with shoot root ratio at both genotypic 

and phenotypic level. Total biomass showed significant positive correlation with shoot weight at 

genotypic and phenotypic level.  

 

Table 4. Coefficients of phenotypic and genotypic correlation among different yield and yield contributing 

traits in green amaranth 

rp = phenotypic correlation coefficient, rg = genotypic correlation coefficient, ** = 1% level of significance, * = 5% level of 

significance 

 

Characters 

 

Stem 

diameter 

(mm) 

Leaves 

/plant 

Root 

length 

(cm) 

Leaf 

area 

(cm2) 

Total 

biomass 

(g) 

Shoot 

weight 

(g) 

Shoot 

root ratio 

Foliage 

yield (kg) 

Plant height 

(cm) 

rp 0.935** 0.255 -0.033 -0.136 0.266 0.362* 0.176 0.324* 

rg 0.993** 0.263 -0.063 -0.165 0.274 0.342* 0.168 0.283* 

Stem 

diameter(mm) 

rp  0.236 -0.079 -0.092 0.138      0.231 0.218 0.193 

rg  0.226 -0.027 -0.045 0.143 0.281 0.238 0.285 

Leaves/plant rp   0.051 0.060 -0.154 0.127 0.252 0.017 

rg   0.056 0.067 -0.159 0.132 0.255 0.026 

Root length 

(cm) 

rp    -0.005 -0.058 -0.096 0.587** -0.045 

rg    -0.031 -0.058 -0.121 0.582** -0.092 

Leaf area (cm2) rp        0.415*  0.417* -0.131 0.435* 

rg        0.422* 0.400* -0.139 0.402* 

Total biomass 

(g) 

rp       0.922** -0.212 0.957** 

rg       0.937** -0.221 0.982** 

Shoot weight 

(g) 

rp       -0.153 0.976** 

rg       -0.161 0.955** 

Shoot root 

ratio 

rp        -0.143 

rg        -0.157 
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Plant height showed significant positive phenotypic correlation (0.324) and genotypic 

correlation (0.283) with foliage yield. Plant height exhibited significant positive association with 

foliage yield in green amaranth reported by SHUKLA et al. (2010). Insignificant positive correlation of 

leaves per plant (0.236 and 0.226), total biomass (0.138 and 0.143), shoot weight (0.231 and 281), 

shoot root ratio (0.218 and 0.238), and foliage yield (0.193 and 285) was observed with stem diameter 

at phenotypic and genotypic level. Stem diameter showed insignificant positive correlation with leaves 

per plant in green amaranth have been reported by SHUKLA et al. (2010). Leaves per plant showed 

insignificant positive correlation 0.017 and 0.026 with foliage yield per plot at genotypic and 

phenotypic level. SARKER et al. (2016) found that foliage yield had positive significant genotypic and 

phenotypic correlation with number of   leaves per plant. Leaf area exhibited significant positive 

correlation with total biomass (0.415 and 0.422), shoot weight (0.417 and 0.400) and foliage yield 

(0.435 and 0.402) at phenotypic and genotypic level. Leaf area significantly associated with foliage 

yield has been reported by SHUKLA and SINGH (2003). Shoot weight showed significant positive 

correlation with foliage yield (0.976 and 0.955) at both genotypic and phenotypic level. SHANKAR et al. 

(2012) also reported that shoot weight was positively correlated with yield/plot (0.98).  Significant 

correlation values of foliage yield per m
2 

with total biomass, shoot weight, leaf area, and plant 

height revealed that selection based on these traits could significantly improve the foliage yield 

of green amaranth. 

 

Path coefficient analysis 

              The results of path coefficient analysis revealed that shoot weight had the highest 

positive direct (1.19) effect on foliage yield followed by plant height (cm) (0.761) (Table 5). 

Such results indicated that direct selection based on these characters would be effective for yield 

improvement of foliage yield of green amaranth. Leaf area (0.195), root length (0.0437) and 

shoot root ratio (0.0649) exhibited low positive direct effects on foliage yield. On the other hand, 

stem diameter (-0.703) showed high negative direct effect followed by total biomass (-0.350), 

and leaves per plant (-0.261). Plant height (0.761) showed high and positive direct effect on 

foliage yield. The indirect effect via shoot weight (0.408), shoot root ratio (0.0109) were 

observed to be positive. Whereas, this trait showed negative indirect effects via stem diameter 

(-0.697), leaves per plant (-0.0685), root length (-0.0028), leaf area (-0.0321), total biomass (-

0.0959).  

                In the present study, Plant height made the total correlation positive and significant 

on foliage yield (0.283). So, direct selection based on this character would be effective for 

increasing foliage yield. Total biomass (-0.350) showed negative and high direct effect on 

foliage yield. While, this trait showed negative indirect effect via stem diameter (-0.1005), root 

length (-0.0025), total biomass (-0.148), shoot root ratio (-0.0144). The positive indirect 

effects of total biomass via plant height (0.2089), leaves per plant (0.0414), leaf area 

(0.0821), and shoot weight (1.117) finally made the total correlation positive and significant 

on foliage yield (0.982). So, direct selection based on this character would not be effective 

for increasing foliage yield.  Shoot weight (1.19) showed the highest positive direct effect on 

foliage yield. The indirect effect via plant height (0.260), leaf area (0.0778 were observed to 

be positive. Whereas, this trait showed negative indirect effect via stem diameter (-0.197), 

leaves per plant (-0.0344) root length (-0.0053), total biomass (-0.328), shoot root ratio (-
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0.0104).  Shoot weight made the total correlation positive and significant on foliage yield 

(0.955). So, direct selection based on this character would be effective for increasing foliage 

yield.  

 

Table 5. Partitioning of genotypic correlation coefficients into direct (bold phase) and indirect effects of 

yield and yield related traits in 20 green amaranth genotypes  
Characters Plant 

height 
 (cm) 

Stem 

diamete
r (mm) 

Leaves/ 

Plant 

Root 

length 
   (cm) 

leaf 

area 
(cm2) 

Total 

biomass 
   (g) 

Shoot 

weight 
   (g) 

Shoot  

root  
ratio 

Foliage 

yield 
per m2 

(kg) 

Plant height 
(cm) 

0.761 -0.697 -0.0685 -0.0028 -0.0321 -0.0959 0.408 0.0109 0.283* 

Stem diameter 

(mm) 

 

0.756 -0.703 -0.0588 -0.0012 -0.0086 -0.0500 0.335 0.0155 0.285 

Leaves/plant 0.200 -0.159 -0.261 0.0025 0.0130 0.0556 0.157 0.0166 0.026 

Root length 

(cm) 
-0.0479 0.0189 -0.0145 0.0437 -0.0060 0.0203 -0.144 0.0377 -0.092 

Leaf area 
(cm2) 

-0.126 0.0316 -0.0175 -0.0014 0.195 -0.148 0.477 -0.0090 0.402* 

Total biomass 

(g) 
0.2089 -0.1005 0.0414 -0.0025 0.0821 -0.350 1.117 -0.0144 0.982** 

Shoot weight 

(g) 
0.260 -0.197 -0.0344 -0.0053 0.0778 -0.328 1.19 -0.0104 0.955** 

Shoot root 
ratio 

0.127 -0.167 -0.066 0.0255 -0.0271 0.0774 -0.192 0.0649 -0.157 

Residual effect (R): 0.1326 

 

 

      SARKER et al. (2014) found that plant height exhibited considerable positive direct effect on 

foliage yield. Plant height showed direct path (0.16) on foliage yield reported by SHUKLA et al. 

(2010). SARKER et al. (2014) found that stem diameter exhibited considerable positive direct 

effect on foliage yield. SARKER et al. (2014) found that leaf area exhibited considerable positive 

direct effect on foliage yield. The residual effect was found 0.1326 which indicated that 86.74 % 

of the variability was accounted for all characters included in the present study. Rest 13.26% 

variability might be controlled by other yield contributing traits that was not included in the 

present investigation.  

CONCLUSIONS 

 The analysis of variance of all character studied was significant that revealed wide range of 

variability among the 20 genotypes of green amaranth. Considering mean, range and all genetic 

parameters, selection could be performed on the basis of leaf area, total biomass, shoot weight, 

plant height, and shoot root ratio for the improvement of foliage yield of green amaranth. 

Significant correlation values of foliage yield per m
2 

with total biomass and shoot weight 

revealed that selection based on these traits could significantly improve the foliage yield of green 

amaranth. The path coefficient analysis revealed that the highest positive direct effect (1.19) was 

observed in shoot weight with significant genotypic correlation on foliage yield. It indicated that 
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direct selection based on shoot weight would be effective for the improvement of foliage yield of 

green amaranth.  Based on mean performance the genotypes AA21, AA22, AA24, AA25, AA27, 

AA28, AA31, AA36 and AA39 had greater foliage yields could be the selected as high yielding 

varieties. These genotypes could be used as parent materials for future breeding programs.  
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GENETSKE VARIJACIJE PRINOSA I KOMPONENTI PRINOSA ZELENOG 
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Izvod 

Ogled je urađen na eksperimentalnom imanju Poljoprivrednog univerziteta Bangabandhu Sheikh 

Mujibur Rahman (BSMRAU), Salna, Gazipur Bangladeš, 2015. Analizirano je dvadeset 

genotipova (AA21 do AA40) zelenog amarantusa po slučajnom blok dizajnu (Randomized 

Complete Block Design (RCBD), u tri ponavljanja za proučavanje varijabilnosti genetskih 

parametra, povezanosti morfoloških karakteristika sa prinosom i za otkrivanje direktnih i 

indirektnih efekata komponenata prema prinosu. Značajna analiza varijancse otkrila je širok 

raspon varijabilnosti među dvadeset genotipova zelenog amarantusa. Osim za prečnik stabljike, 

prinos liš a i sva morfološka svojstva koja doprinose prinosu imali su veliku naslednost, 

uključuju i visoki genetski napredak u procentima srednje, visoke do umerene genotipske i 

fenotipske varijanse i koeficijent varijacije sa minimalnim razlikama PCV i GCA, ukazivali su 

da su osobine regulisane aditivnim genskim akcijama i veliki izbor za poboljšanje zelenog 

amaranta.  orelacijska studija otkrila je da ukupna biomasa i masa izdanka pokazuju značajnu 

povezanost sa prinosom liš a po m2. Stoga bi izbor na osnovu ukupne biomase i te ine odbojka 

mogao znatno poboljšati prinos liš a zelenog amaranta. Međutim, analiza koeficijenta puta 

pokazala je da je masa pucanja imala najve i pozitivan direktan efekat (1,19) sa značajnom 

genotipskom korelacijom na prinos liš a. Ukazano je da  e direktna selekcija na osnovu te ine 

izdanaka biti efikasna za poboljšanje prinosa liš a zelenog amaranta. Studija srednjih 

performansi otkrila je da su genotipovi, kao što su AA21, AA22, AA24, AA25, AA27, AA28, 

AA31, AA36 i AA39, imali visoke prinose liš a, uključuju i ve inu morfoloških karakteristika 

vezanih za prinos preko velike srednje vrednosti. Ovi genotipi bi se mogli izabrati kao 

visokorodne sorte ili roditeljske linije za budu i program oplemenjivanja. 
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