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ABSTRACT 
 

A monotypic genus crop tamarind is one of the important grown in India. The multipurpose tree 
comprises multiuse in cuisine preparation to medicine. All the parts of the tree have been used in 
many industries. The present study was conducted to assess the quantum of diversity in seventeen 
morphological traits of identified distinct 96 tamarind genotypes collected from 30 districts of 
Karnataka during 2018-19 at College of Horticulture, Bengaluru. The morphological traits including 
fruit yield/plant were observed. Among major yield attributing morphological traits viz., fruit weight 
ranged from 4.27-32.45 g, pulp weight ranged from 2.10-15.00 g and fruit yield/plant ranged from 
49.50 to 298.50 kg. The genetic variation components viz., PCV ranged from 13.93 to 48.25 while 
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GCV ranged from 12.22 to 47.28. The high heritability coupled with high genetic advance as per 
cent over mean was observed in the traits such as fruit weight (96%, 91.20%) and seed weight 
(96%, 95.45%) while moderate heritability and genetic advance as per cent over mean was 
revealed in fruit yield/plant (78.00 %, 55.83 %). Present study brought out and identified three top 
best performing tamarind genotypes TAM_KOL4, TAM_BEN(U)3 and TAM_BEN(U)4 expressed 
higher yield over the check GKVK17 recorded third highest fruit yield/plant but however it was not 
significant. The selection based on yield related traits and best performing genotypes in terms of 
fruit yield/plant could be effectively used in tamarind breeding programme. 
 

 

Keywords: Tamarind; genetic variations; morphological; fruits; seeds; yield-related traits. 
 

1. INTRODUCTION 
 

A multipurpose tropical fruit tree tamarind, 
Tamarindus indica (L.) with chromosome number 
2n=24 is one of the monotypic genus belonging 
to the subfamily Detarioideae of the family 
Leguminosae (Fabaceae). Tamarind is a Persian 
word “Tamar-I-hind,” meaning date of India [1]. 
The multipurpose tree tamarind has a wide 
geographical distribution in the subtropics and 
semiarid tropics and the species have been 
grown in numerous regions. Tamarind is one of 
the most important tropical fruit tree species in 
the Indian subcontinent and several geographical 
areas have been proposed for the origin of 
tamarind varying from India or Far East or Africa, 
but the consensus of opinion is in Africa. 
 
Tamarind has been recognized as one of the 
common and most prevalent and essential trees 
of India. India is one of the top leading producer 
in the world's, exporting several thousands of 
tons of seed, seed powder and fruit pulp each 
year. As it is a minor tree so often grown in 
gardens and along roadsides and are usually 
cultivated commercially as plantation crop. India 
is the only producer of tamarind on a commercial 
scale [2]. India is the major producer of sour 
tamarind in Asia and its annual production is 
about 300,000T [3]. As with perishables like fruits 
and vegetables, tamarind production has also 
had its own set of issues. The pulp constitutes 
30-50 per cent of the ripe fruit, the shell and fiber 
account for 11-30 per cent and the seed about 
25-40 per cent [4].  
 
Tamarind being a highly cross-pollinated crop, 
wide variability is common in this species. 
Individual variation among trees within a 
population is crucial, and it may be desirable to 
pick the finest trees in comparison to neighboring 
ones within ecological zones in order to increase 
their frequency [5]. Though tamarind is an 
ancient cultivated, a very few efforts were 
directed towards its genetic improvement. It has 
a lot of phenotypic variation both in 

morphological and horticultural traits, which can 
be used to improve its genetic. There is a large 
amount of tamarind germplasm that has not been 
characterized over the world. As a result, the 
current study aims to better understand the 
morphological variability seen in tamarind 
genotypes, which would benefit in the 
identification of elite tamarind genotypes for tree 
crop improvement in the future. 
 

2. MATERIALS AND METHODS 
 

2.1 Study Material 
 
The ninety-six tamarind genotypes those were 
distinct and popular were identified from niche 
areas of thirty districts of Karnataka during 2017-
2018 and studied at College of Horticulture, 
Bengaluru. The niche areas were identified using 
key informants and random sampling was carried 
out. The Randomized Complete Block Design 
(RCBD) experimental design was followed in the 
study and seventeen morphological traits were 
observed and recorded (Table 1) in all the 
genotypes. The observations were recorded for 
morphological traits as per the method described 
for the respective traits in the tamarind descriptor 
[6].  
 

2.2 Statistical Analysis 
 

The data of all the traits were subjected to 
Fischer’s method of analysis of variance which is 
used for understanding the variations were 
significant or not. Critical differences were 
worked out when the ‘F’ test was significant. The 
within and between morphological variability was 
evaluated using Variance Component Analysis 
[7]. The various components of genetic variation 
such as the Genotypic coefficient of variation 
(GCV %), Phenotypic coefficient of variation 
(PCV %) and Environmental coefficient of 
variation (ECV %) were analyzed. Heritability in a 
broad sense (h2 bs) is the ratio of genotypic 
variance to phenotypic variance was calculated 
and by following Burton and DeVane [8] and 



 
 
 
 

Mamathashree et al.; IJPSS, 33(21): 14-23, 2021; Article no.IJPSS.72728 
 

 

 
16 

 

Johnson et al [9] the expected genetic advance 
(GA) resulting from the selection of 5 % superior 
individuals was computed. Cluster analysis was 
conducted on SPSS software to group the 
genotypes based on the morphological traits 
variations. The main parameter that guided the 
joining (tree clustering) process linkage rule was 
UPGMA and the distance was computed from 
raw data using Euclidean distance to depict the 
morphological variations in genotypes. 
 

3. RESULT 
 

The morphological traits from each of 96 
tamarind genotypes indicated a considerable 
amount of variation in all the traits with highly 
significant difference among the tamarind 
genotypes. However, the total variability in 
different characters does not give information on 
the identification of the characters showing the 
highest degree of variability. As a result, 
estimates of GCV and PCV are required for 
determining the degree of variability in various 
features in terms of mean, range, phenotypic 
coefficient of variation (PCV), genotypic 
coefficient of variation (GCV), heritability and 
genetic advance as per cent of mean (GAM) are 
presented in Table 2. Leaf length was found to 
have a wide ranged varying from 3.05 to 5.20 
cm. The higher leaf length was found in genotype 
TAM_BEN (U)4 (5.20 cm) and the lower leaf 
length was found in the genotypes TAM_CHM2 
(3.05 cm). The variation observed for leaf width 
ranged from 0.35 to 0.90 cm. The higher leaf 
width was found in genotype TAM_KOL1 (0.90 
cm). The number of leaflets ranged from 7.00 to 
15.00. A higher number of leaflets (15.00) were 
found in genotypes TAM_BAG1, TAM_BEN(U)1, 
TAM_BEN(U)2, TAM_GUL3, TAM_HAS1 and 
genotype TAM_KOL5. All the 96 genotypes of 
tamarind genotypes showed 0.25 cm length of 
flower peduncle (Table 1).  
 

The variation observed for pod length ranged 
from 4.40 to 19.69 cm. The pod width ranged 
from 2.20 to 8.80 cm. The higher pod length was 
found in genotype TAM_BEN(U)4 (19.69 cm). 
The variation observed for pod width ranged from 
2.20 to 8.80 cm. The higher pod width was found 
in genotypes TAM_KOL2 (8.80 cm). The 
variation observed for fruit length ranged from 
3.19 to 18.45 cm. The higher fruit length was 
found in genotype TAM_BEN(U)4 (18.45 cm). 
The higher fruit width was found in genotype 
TAM_CHT1 (7.70 cm). The variation observed 
for fruit weight ranged from 4.27 to 32.45 g. The 
higher fruit weight was found in genotype 
TAM_HAS2 (32.45 g). The variation exhibited for 

curved nature ranged from 1.80 to 10.50. The 
higher curved nature was found in genotype 
TAM_HAS1 (10.50). The fiber cord ranged from 
5.00 to 3.00. The higher fiber cord (5.00) was 
found in most of the genotypes. The variation for 
peel weight ranged from 1.04 to 6.70 g. The 
higher peel weight was found in genotypes 
TAM_HAS2 and TAM_HAS3 with 6.70 g (Table 1).  
 

The variation for seed number ranged from 1.80 
to 10.00. The higher number of seeds was found 
in genotype TAM_HAS2 (10.00). The seed size 
ranged from 2.45 to 5.55 cm. The higher seed 
size was found in genotype TAM_BID3 (5.55 
cm). The variation observed for seed weight 
ranged from 1.45 to 12.30 g. The higher seed 
weight was found in genotype TAM_CHK4 
(12.30 g). The variation observed for pulp weight 
ranged from 2.10 to 15.00 g. The higher pulp 
weight was found in genotype TAM_HAS1 (15.00 
g). The seed/pulp ranged from 0.31 to 1.50. The 
higher seed/pulp ratio was found in genotype 
TAM_BEL3 (1.50). The variation observed for 
fruit yield/plant ranged from 49.50 to 298 kg. The 
higher fruit yield/plant was found in genotype 
TAM_KOL4 (298.50 kg) (Table 1). 
 

4. DISCUSSION 
 

Table 1 indicated that fruit yield/plant, curved 
nature and seed number expressed high CV%, 
expressing that the traits had vast differences 
among all the genotypes studied. Among top five 
best performing genotypes in terms of yield/plant, 
TAM_BEN(U)4 and GKVK17 genotypes 
exhibited high yielding with the support of 
attributing traits such as fruit weight (26.71 and 
24.97 g), number of curve nature (9.50 and 
10.10), fiber cord (5.00 and 5.00), peel weight 
(5.25 and 5.41 g), number of seed/pod (9.50 and 
9.90), and pulp weight (12.55 and 12.00 g) 
respectively. 
 

Although, TAM_HAS2 was the sixth top best 
performing genotype which had high values for 
pod length (15.80 cm), pod width (8.43 cm), fruit 
length (14.47 cm), fruit width (7.27 cm), fruit 
weight (32.45 g), number nature (9.50), fiber cord 
(5.00), peel weight (6.70 g), number of seed/pod 
(10.00), seed weight (11.80 g), pulp weight 
(14.05 g) of which traits attributed to fairly good 
fruit yield/plant (273 kg). Present study brought 
out and identified three top best performing 
tamarind genotypes TAM_KOL4 (298.50 
kg/plant), TAM_BEN(U)3 (296.00 kg/plant) and 
TAM_BEN(U)4 (286.00 kg/plant) expressed 
higher yield over the check GKVK17 (284.50 
kg/plant) but however it was not significant. 
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Table 1. The mean values for morphological traits among top best performing tamarind genotypes in terms of fruit yield/plant 
 

Sl. 
No. 

Genotypes Leaf 
length 
(cm) 

Leaf 
width 
(cm) 

Numbe
r of 
leaflets 

Pod 
length 
(cm) 

Pod 
width 
(cm) 

Fruit 
length 
(cm) 

Fruit 
width 
(cm) 

Fruit 
weight 
(g) 

Numbe
r of 
curves 

Fiber 
cord 

Peel 
weight 
(g) 

Numbe
r of 
seed/p
od 

Seed 
size 
(cm) 

Seed 
weight 
(g) 

Pulp 
weight 
(g) 

Seed/
Pulp 
Ratio 

Fruit 
yield/pla
nt (kg) 

1 TAM_KOL4 4.20 0.60 11.00 8.90 5.65 7.66 5.57 9.51 3.50 4.00 2.52 3.50 4.55 3.95 6.15 0.64 298.50 
2 TAM_BEN(U)3 5.15 0.75 14.00 13.16 6.00 12.29 4.92 15.92 7.50 4.00 3.01 4.15 3.90 4.35 9.10 0.48 296.00 
3 TAM_BEN(U)4 5.20 0.70 14.00 19.69 7.20 18.45 6.73 26.71 9.50 c 5.00  5.25 9.50 3.95 9.85 12.55 0.78 286.00 
4 GKVK17 4.90 0.70 13.00 13.80 6.93 12.67 5.97 24.97 10.10  5.00  5.41 9.90 3.90 6.95 12.00 0.58 284.50 
5 TAM_KOL1 4.60 0.90 13.00 16.90 7.48 14.05 6.20 19.60 8.65 5.00  3.85 8.65 3.75 5.65 10.95 0.51 277.00 
6 TAM_HAS2 3.70 0.45 9.00 15.80 8.43 14.47 7.27 32.45 9.50 5.00  6.70 10.00 4.10 11.80 14.05 0.84 273.00 
7 TAM_CHK1 3.90 0.70 9.00 13.80 6.95 13.00 5.85 23.70 9.75 5.00  4.50 9.50 4.55 9.60  9.25 1.03 270.00 
8 TAM_KOL2 4.45 0.65 11.00 19.45 8.80 17.53 7.55 23.25 9.00 4.50 5.64 8.50 4.75 10.10 7.85 1.29 268.50 
9 TAM_BEN(U)2 5.00 0.70 14.00 18.20 8.00 17.45 7.10 19.54 8.50 3.50 2.66 5.30 4.00 4.05 10.15 0.40 260.50 
10 TAM_HAS3 3.80 0.55 11.00 15.30 7.29 13.94 6.51 26.02 9.80 5.00  6.70 9.80 3.65 9.10 12.05 0.76 258.00 
11 TAM_CHA3 4.20 0.70 10.00 10.80 6.25 9.25 5.31 15.55 7.50 5.00  3.30 7.50 3.30 6.80 5.20 1.31 252.00 
12 TAM_MAN4 3.85 0.35 9.00 9.65 6.16 8.22 5.34 11.96 4.00 3.50 2.45 4.00 3.85 4.85 6.95 0.69 252.00 
13 TAM_KOL5 4.90 0.85 15.00 13.65 6.75 11.95 5.64 14.95 7.00 4.50 3.10 7.00 4.30 4.15 9.35 0.44 249.50 
14 TAM_HAS1 4.50 0.85 15.00 14.50 7.62 13.70 6.75 29.85 10.50 5.00  5.43 9.50 3.75 9.95 15.00 0.66 247.50 
15 TAM_THM1 3.40 0.45 9.00 10.35 6.06 8.95 4.70 13.60 7.50 5.00  2.68 7.00 4.10 4.25 8.30 0.51 242.50 
16 TAM_CHK3 4.90 0.50 11.00 13.45 7.99 12.36 6.17 23.92 9.00 5.00 5.70 9.00 4.95 8.25 11.15 0.74 219.00 
17 TAM_CHK4 4.70 0.50 11.00 17.10 7.95 15.28 7.26 26.83 9.50 5.00 5.09 9.50 4.45 12.30 9.35 1.31 216.50 
18 TAM_DAV2 3.90 0.50 11.00 11.98 6.21 11.05 5.18 21.29 4.55 5.00 4.48 4.40 3.50 8.75 9.80 0.86 221.50 
19 TAM_HAS4 4.10 0.65 11.00 12.85 7.87 11.75 6.67 21.60 7.75 4.00 4.40 7.50 3.67 6.35 12.55 0.51 232.00 
20 TAM_MAN3 4.00 0.50 10.00 9.53 6.04 8.85 4.85 14.27 8.60 5.00 3.65 8.50 4.75 b 4.85 7.10 0.68 199.50 
Grand Mean 
CV 
CD @ 5% 
SEm± 

3.99 0.54 10.64 9.82 5.85 8.77 4.88 12.98 5.20 4.13 2.88 5.03 3.94 4.80 6.28 0.80 191.85 
4.38 14.33 9.49 6.54 7.64 7.52 8.30 9.24 11.33 9.96 10.30 11.12 4.65 9.62 10.95 10.42 16.05 
0.28 0.12 1.62 1.02 1.72 1.06 1.65 1.93 1.94 1.66 0.74 0.90 0.92 0.79 1.10 0.83 19.59 
0.10 0.04 0.58 0.37 0.25 0.38 0.23 0.69 0.34 0.23 0.17 0.32 0.10 0.26 0.39 0.048 17.77 

X1: Leaf length (cm), X2: Leaf width (cm), X3: Number of leaflets, X4: Pod length (cm), X5: Pod width (cm), X6: Fruit length (cm), X7: Fruit width (cm), X8: Fruit weight (g), X9: Number of curves , 
X10: Fiber cord, X11: Peel weight (g), X12: Number of seed/pod, X13: Seed size (cm), X14: Seed weight (g), X15: Pulp weight (g), X16: Seed/Pulp Ratio, X17: Fruit yield/Plant (kg), PCV (%) = 

Phenotypic Co-efficient of Variability, GCV (%) = Genotypic Co-efficient of Variability, GA = Genetic Advance, GAM = GA as % mean 



 
 
 
 

Mamathashree et al.; IJPSS, 33(21): 14-23, 2021; Article no.IJPSS.72728 
 

 

 
18 

 

Table 2. Genetic variation for morphological traits among the different genotypes of the 
tamarind 

 
Traits  Minimum  Maximum  Mean  PCV %) GCV (%) Heritability(%) GA GAM (%) 

X1 3.05 5.20 3.99 13.93 12.22 90.00 1.03 25.86 
X2 0.35 0.90 0.54 26.98 22.86 71.00 0.21 39.91 
X3 7.00 15.00 10.64 20.45 18.12 78.00 3.52 33.07 
X4 4.40 19.69 9.82 31.10 30.41 95.00 6.01 61.24 
X5 2.20 8.80 5.85 22.04 19.67 88.00 2.33 39.94 
X6 3.15 18.45 8.77 34.24 33.40 95.00 5.88 67.13 
X7 1.45 7.70 4.88 24.90 23.47 88.00 2.22 45.59 
X8 4.27 32.45 12.98 46.12 45.19 96.00 11.84 91.20 
X9 1.80 10.50 5.20 42.34 40.79 92.00 4.21 80.97 
X10 3.00 5.00 4.13 18.48 15.56 70.00 1.11 27.00 
X11 1.04 6.70 2.88 43.91 42.69 94.00 2.46 85.49 
X12 1.80 10.00 5.03 42.76 41.28 93.00 4.13 82.12 
X13 2.45 5.55 3.94 15.14 14.41 90.00 1.11 28.25 
X14 1.45 12.30 4.80 48.25 47.28 96.00 4.58 95.45 
X15 2.10 15.00 6.28 45.07 43.72 94.00 5.49 87.37 
X16 0.31 1.51 0.80 34.98 33.40 91.00 0.529 65.67 
X17 49.50 298.50 191.85 34.55 30.60 78.00 17.11 55.83 
X1: Leaf length (cm), X2: Leaf width (cm), X3: Number of leaflets, X4: Pod length (cm), X5: Pod width (cm), X6: Fruit length 

(cm), X7: Fruit width (cm), X8: Fruit weight (g), X9: Number of curves , X10: Fiber cord, X11: Peel weight (g), X12: Number of 
seed/pod, X13: Seed size (cm), X14: Seed weight (g), X15: Pulp weight (g), X16: Seed/Pulp Ratio, X17: Fruit yield/plant (kg), 

PCV (%) = Phenotypic Co-efficient of Variability, GCV (%) = Genotypic Co-efficient of Variability, GA = Genetic Advance, GAM 
= GA as % mean 

 
The estimates of the phenotypic coefficient of 
variation were higher than the genotypic 
coefficient of variation for most of the 
morphological traits of tamarind. The results 
indicated the influence of the environment on the 
expression of the characters. The PCV ranged 
from 13.93 (leaf length) to 48.25 (seed weight) 
and GCV ranged from 12.22 (leaf length) to 
47.28 (seed weight) among all morphological 
traits of tamarind. GCV does not compute all of 
the variation in a population as it is the sum of 
heritable and non-heritable components and 
higher heritability estimates indicate that the 
genotype has a considerable influence on the 
phenotype of the traits (Figs. 2 & 3, Table 2). 
  
The heritability value ranged from 70 per cent 
(fiber chord) to 96 per cent (fruit and seed 
weight). In this study, high heritability was found 
in every morphological traits of the tamarind. 
genotypes except fiber cord, leaf width, number 
of leaflets, fruit yield/plant (moderate). The 
genetic advance as per cent of mean ranged 
from 25.86 per cent to 95.45 per cent and the 
higher value of genetic advance as per cent a 
mean recorded for all the characters expect leaf 
length, fiber cord and seed size (low). It might be 
due to the high range of variation among the 
genotypes. The seed weight has the highest 
genetic advance as per cent of mean (95.45 per 
cent) whereas, the lowest value was recorded in 
leaf length (25.86 per cent). High heritability 
estimates coupled with high genetic advance as 

per cent of mean were observed in all the 
character except leaf length, fiber cord and seed 
size. It indicates additive gene action, making 
selection based on these characteristics more 
reliable [10]. 
 
Wide variation in tamarind genotype is expected 
with a broad genetic base due to its highly cross-
pollinating nature. The relative values of PCV 
and GCV give an idea about the magnitude of 
variability present in the genetic population. An 
estimate of GCV is lower than PCV for many 
traits, which implies the role of the environment 
in the expression of the traits. In the present 
investigation, higher estimates of phenotypic and 
genotypic coefficient of variation were obtained 
for pod length, fruit length, fruit width, fruit weight, 
curved nature, peel weight, seed number, seed 
weight, pulp weight, seed/pulp ratio and 
yield/plant. It indicates that the environment plays 
an important role in the expression of the 
characters and these characters were 
considered for the selection of outstanding 
genotypes of tamarind. Selections of genotypes 
with high heritable characters are best for any 
tree improvement programme and development 
of new clones in tamarind. The present finding 
was in accordance with the finding of Divakara, 
[11], Patilshekar and Hanamashetti, [12], Singh 
and Nandhini, [13] and Mayavel, et al., [14-15]. 
This variation noticed in this present study also 
concurs with the study by Nyadoi, et al. [16] who 
reported there was a great diversity among the 
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tamarind populations collected in the Maasai 
region in Kenya. Similar studies were reported by 
Soloviev, et al., 2004; [17,18] Abasse, et al., [19] 
Fandohan, et al., [4] Bilcke, et al., [20] 
Dadegnon, et al. [21] Mkwezalamba, et al., [22] 
Shameer, et al., [23] Okwu, et al., [24] Okello, et 
al., [25] Mayavel, et al., [14-15]. The observed 

morphological variations are probably attributed 
to the influence of agro-ecological zones factors, 
environmental factors, climate, land use types, 
and farming systems, a reflection of tamarind 
adaptation to different conditions showing high 
genetic and phenotypic differences to be 
exploited. 

 

 
 

Fig. 1. Clustering of 96 tamarind genotypes based on morphological traits relationship 
(Tocher’s method) 
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Fig. 2. Phenotypic and genotypic coefficient of variability for quantitative traits in tamarind 
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Fig. 3. Heritability and genetic advance as per cent mean for morphological traits in tamarind 
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Based on the morphological traits, cluster 
analysis revealed, that there were a total of 6 
clusters in the dendrogram and presented in Fig. 
1. The 96 tamarind genotypes were presented in 
6 clusters of which the maximum number of 
genotypes were included in cluster I has 83 
numbers of genotypes and the minimum             
number in cluster II, cluster IV and cluster V 
having only one genotype. The clustering is 
majorly grouped genotypes according to the 
variations which indicate the presence of wide 
diversity in selected populations hence further 
exploiting this genotypes will help to conserve 
the variations present in the tamarind 
populations. The morphological evaluation 
results and clustering of tamarind would be 
useful in tamarind cultivar selection and 
improvement of breeding programmes. 
Hybridization between intra-cluster genotypes 
would further enhance gain in breeding of 
desirable traits. 
 
5. CONCLUSION 
 
Present study on variations in tamarind 
morphological traits confirmed that huge factors 
contribute to the relative amounts of variation 
observed among genotype, particularly when 
genotypes have been separated for a long 
period. Among the top five best performing 
genotypes in terms of yield, TAM_BEN(U)4 and 
GKVK17 genotypes supported high yielding with 
attributing traits such as fruit weight (26.71 and 
24.97 g), number of curve nature (9.50 and 
10.10), fiber cord (5.00 and 5.00), peel weight 
(5.25 and 5.41 g), number of seed/pod (9.50 and 
9.90), and pulp weight (12.55 and 12.00 g) 
respectively. Present study brought out and 
identified three top best performing tamarind 
genotypes TAM_KOL4, TAM_BEN(U)3 and 
TAM_BEN(U)4 expressed higher yield over the 
check GKVK17 but however it was not 
significant. The observed variations suggest that 
different factors affect morphological traits, land-
use types such as environmental and climatic 
factors may be possible due to gene flow/genetic 
drift of gene for a particular trait. The 
spontaneous mutation possibly occurred in a 
particular trait over the years which may be 
expressed in one geographical area and not in 
the other may also be counted among                      
the reasons for variation in a particular 
morphological trait. The best performing 
genotypes could be further exploited in tree 
improvement program for selecting the elite 
desirable genotype. 
 

ACKNOWLEDGEMENT 
 

Research in the laboratory of FB is funded by the 
Dept. of IT, BT and S&T, and RKVY, 
Government of Karnataka. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Mishra RN. Tamarindus indica L: An 
overview of tree improvement. In: Proc. 
National Symposium on Tamarindus indica 
L. Tirupati, Andhra Pradesh, India. 
1997;51-58. 

2. Srinivasan G, Arulmani K. Allied Agro 
Avenue for farm profitability in Dryland 
systems by palm Gur production: An 
economic analysis. J. Pharmacognosy and 
Phytochemistry. 20019;2(1):333-334. 

3. Rao YS, Mathew KM. Tamarind Handbook 
of Herbs and Spices (Second edition), 
Woodhead Publishing Series in Food 
Science. Technology and Nature. 
2012;2(9):512-533 

4. Fandohan AE, Assogbadjo R, Kaka G, 
Kyndt T, Sinsin B. Quantitative 
morphological descriptors confirm 
traditionally classified morphotypes of 
Tamarindus indica L. fruits. Genetic 
Resources and Crop Evolution. 2011;58 
(2):299-309. 

5. Othieno E, Antony M, Philip N, John DK. 
Knowledge, attitudes and practices in 
tamarind (Tamarindus indica L.) use and 
conservation in Eastern Uganda. Journal 
of Ethnobiology and Ethnomedicine. 2017; 
4(13):5-6. 

6. Singh K, Rethinam P, Peter KV, Marimuthu 
T, Singh AK, Singh S, Prakash R. 
Guidelines for the Conduct of Test for 
Distinctiveness, Uniformity and Stability On 
Tamarind (Tamarindus indica L.), PPV & 
FR Authority for Tamarind with 
consultation by Nodal officer, ICAR-CHES, 
Godhra; 2017. 

7. Wildt AR, Ahtola OT. Analysis of 
covariance. Newbury Park, CA: Sage; 
1978. 

8. Burton CW, DeVane EH. Estimating 
heritability in tall Festuca (Restuca 
arundinaceae) from donar material. 
Agronomy Journal. 1953;45:1476-1481. 

9. Johnson HW, Robinson HF, Comstock RE. 
Estimates of genetic and environmental 

https://www.sciencedirect.com/science/article/pii/B9780857090409500266#!
https://www.sciencedirect.com/science/article/pii/B9780857090409500266#!
https://www.sciencedirect.com/science/book/9780857090409
https://www.sciencedirect.com/science/book/9780857090409


 
 
 
 

Mamathashree et al.; IJPSS, 33(21): 14-23, 2021; Article no.IJPSS.72728 
 

 

 
23 

 

variability in soybeans. Agronomy Journal. 
1955;47(3):314-318. 

10. Shanthi A. Studies on variations and 
association in selected populations, 
plantations and clones in tamarind 
(Tamarindus indica Linn.). Unpublished 
PhD Thesis. Bharathiar University, 
Coimbatore, India; 2003. 

11. Divakara B. Variation and character 
association for various pod traits in 
Tamarindus indica L. The Indian Forester. 
2008;134(4):687-696. 

12. Patilshekar S, Hanamashetti SI. Genetic 
variability in different tamarind genotypes. 
The Andhra Agricultural Journal. 2009;56 
(1):96-98. 

13. Singh TR, Nandini R. Genetic variability, 
character associaton and path analysis in 
the tamarind (Tamarindus indica L.) 
population of Nallur tamarind grove. 
SAARC Journal of Agriculture. 2014;12(1): 
20-25. 

14. Mayavel A, Muthuraj K, Nagarajan B, 
Prabhu R. Genetic Variability Studies in 
Selected Clones of Red Tamarind 
(Tamarindus indica var Rhodocrpha) for 
Yield and Quality Traits.  Indian Journal of 
Pure & Applied Biosciences. 2018;6(4): 
174-180. 

15. Mayavel B, Nagarajan K, Muthuraj A, 
Nicodemus, Prabhu R. Correlation and 
Path Coefcient Analysis of Selected Red 
Tamarind (Tamarindus indica var 
rhodocarpha) Genetic Resources. Inter-
national Journal of Current Microbiology 
and Applied Sciences. 2018; 7(4):794-802. 

16. Nyadoi P, Okori P, Okullo JBL, Obua J, 
Fluch K, Burg, Jamnadass R. Tamarindus 
indica L. patterns of diversity from the 
genetic to the niche-species level in East 
Africa. Journal of Tropical Ecology. 2014; 
55(1):19-32.  

17. Soloviev, Niang TD, Gaye A, Totte A. 
Variability of fruit physicochemical 
characters for three harvested woody 
species in Senegal: Adansonia digitata, 
Balanites aegyptiaca and Tamarindus 
indica. Fruits. 2004;59(2):109–119. 

18. Abraham SK, Malik GE, Rao SL, 
Narayanan, Biju S. Collection and 
characterization of Malabar tamarind 
(Garcinia cambogia (Gaertn.) Desr.). 
Genetic Resources and Crop Evolution. 
2006;53(2):401-406. 

19. Abasse T, Weber JC, Katkore B, Boureima 
M, Larwanou M, Kalinganire A. Morpho-
logical variation in Balanites aegyptiaca 
fruits and seeds within and among 
parkland agroforests in eastern Niger. 
Agroforestry Systems. 2011;81(1): 57-66. 

20. Bilcke VD, Alaerts K, Ghafaripour S, Simbo 
DJ, Samson R. Physico-chemical 
properties of tamarind (Tamarindus indica 
L.) fruits from Mali: Selection of elite trees 
for domestication. Genetic Resources and 
Crop Evolution. 2014;61(2):537-553. 

21. Dadegnon S, Gbemavo C, Ouinsavi C, 
Sokpon N. Morphological Variation and 
Ecological Structure of Chrysophyllum 
albidum G. Don. International Journal of 
Plant and Soil Science. 2015;5(1):25-39. 

22. Mkwezalamba I, Munthali CRY, Missanjo 
E. Phenotypic Variation in Fruit Morpho-
logy among Provenances of Sclerocarya 
birrea (A. Rich.) Hochst,” Journal of Forest 
Research. 2015;73(2): 54-98. 

23. Shameer PS, Rameshkumar KB, Sabu T, 
Mohanan N. Diversity of Malabar tamarind 
(Garcinia gummi-gutta) in the Western 
Ghats-Morphological and phytochemical 
evaluation, In Diversity of Garcinia species 
in the Western Ghats: Phytochemical 
Perspective. (Ed) Rameshkumar KB, 
JNTBGRI, Kerala. 2016;196-201. 

24. Okwu C, Oboho EG, Asaah EK, Osazuwa 
ES, Igberaese SO, Tchoundjeu Z. 
Phenotypic Variations in Fruits and Seed 
Traits of Chrysophyllum albidum in three 
Agroecological Zones in Nigeria. Journal of 
Scientific Research. 2017;5(10):39–50. 

25. Okello J, Okullo JBL, Eilu G, Nyeko P, 
Obua J. Morphological Variations 
in Tamarindus indica LINN. Fruits and 
Seed Traits in the Different Agroecological 
Zones of Uganda. International Journal of 
Ecology. 2018;84(6):99-156. 

_________________________________________________________________________________ 
© 2021 Mamathashree et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle4.com/review-history/72728 

http://creativecommons.org/licenses/by/4.0

	International Journal of Plant & Soil Science
	33(21): 14-23, 2021; Article no.IJPSS.72728


