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ABSTRACT

Tamarind is a tropical fruit highly cultivated in some coun-
tries. In Brazil, still there is a little exploitation of tamarind 
fruits, but its characterization can subsidize the commer-
cial exploitation. Fruit characterization enables the study 
of genetic diversity between matrices or populations, 
allowing the identification of possible genitors, or even 
genotypes with superior characteristics. The aim of this 
study was to characterize and evaluate the genetic diversi-
ty of the physical characteristics of tamarind fruit, in order 
to provide subsidies for genetic improvement programs 
and conservation of the species. The fruits were evaluated 
by weight, diameter and length, color of epidermis and 
pulp. A completely randomized design was adopted, with 
4 treatments (plants) and 7 replicates of 10 fruits, totaling 
280 fruits. The data were subjected to analysis of variance, 
and the means were compared using the Duncan test. The 
matrix 4 presented higher values of weight, length and 
diameter, when compared to the others. There is genetic 
diversity among the tamarind matrices. Two groups were 
formed using the dendrogram generated by the UPGMA 
method. A strong correlation was observed between fruit 
length and weight, peel weight and fruit weight, and peel 
weight and length, which is crucial information for genetic 
improvement.
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INTRODUCTION
The tamarind tree (Tamarindus indica L.) belongs to 

the Fabaceae family and grows in tropical and subtropical 
regions, making it an ideal tree for semi-arid regions. 
Across the world, several regions were presumed as their 
center of origin. While some authors consider India as the 
center of origin, other authors considered it indigenous to 
the drier savannahs of tropical Africa, from Sudan, Ethio-
pia, Kenya, Tanzania, and Senegal. Currently, the region 
considered to be the center of origin is Madagascar and the 
trees are cultivated throughout semi-arid Africa and South 
Asia, Australian, Central American and South American 
countries.(1)

The adult plant is an evergreen tree that can reach up to 
24 meters in height and 7 meters in circumference, produc-
ing light yellow or pink flowers. The fruit of the tamarind 
tree is an indehiscent pod up to 18 cm long with a velvety, 
brown skin and inside these pods is a viscous, edible pulp 
that covers the seeds.(2) The fruit has nutritional quality, a 
notable aroma and a sweet and sour taste, which is widely 
used in the manufacture of soft drinks, ice cream, pastes, 
sweets, liqueurs, jellies and as an ingredient in condiments 
and sauces, as well as being widely used in traditional 
medicine.(3) The pulp of ripe fruits has considerable export 
value in several countries across the world.(2)

Some countries like: Brazil, Bahamas, Costa Rica, 
Bangladesh, Cuba, Burma, Egypt, Cambodia, Guatemala, 
Dominican, Republic, India, Fiji, Indonesia, Gambia, 
Mexico, Kenya, Nicaragua, Pakistan, Puerto Rico, Sene-
gal, Philippines, Tanzania, Sri Lanka, Vietnam, Thailand, 
Zambia, Venezuela and Zanzibar, are the major producers 
of tamarind, however, it is grown as a major plantation only 
in a few countries such as India and Thailand.(1)

In Brazil, the tamarind tree is well distributed and 
cultivated but is not organized into plantations(4) and is 
little explored, since there is little technological use of 
the edible part of the fruit and almost no studies aimed 
at its characterization. Biometry is an important tool for 
assessing genetic variability within populations of the same 
species and relationships with environmental factors.(5) 
Fruit characterization can help subsidize their commercial 
exploitation, since characterization enables the study of ge-
netic diversity between matrices or populations, allowing 
the identification of possible genitors, or even genotypes 
with superior characteristics.(6) Information about these 
characteristics and the nutritional value of the fruit are 

basic tools for evaluating consumption and formulating 
new products.(7)

The study of genetic diversity can be carried out 
through the relationship between various characteristics, 
and the use of dissimilarity measures is recommended.(8) 
These measures can be obtained through grouping analysis, 
which aims to group individuals in such a way that there 
is maximum homogeneity within the group and maximum 
heterogeneity between the groups.(9)

There are various clustering methods, which differ in 
the type of result and the different ways of defining the 
proximity between individuals or groups formed. In all 
cases, the number of groups to be established is not known 
a priori and different methods provide different results.(10)

Among the characteristics that can be used to assess 
fruit quality are the external appearance, taste, smell, fiber 
content, texture, nutritional value, size, mass and shape of 
the fruit. These characteristics can vary greatly depending 
on the variety and the place where it is grown, and there are 
also sensitive changes during the ripening process.(11)

Therefore, knowledge of the genetic diversity among the 
tamarind genotypes grown in Brazil is of great importance 
for directing studies that allow for the conservation and use 
of the intraspecific genetic resource. Since the exploitation 
of a plant species depends on technical knowledge, which 
is fundamental for defining rational use technologies.(12)

There are reports of the evaluation of the genetic vari-
ability of tamarind fruits in some countries using different 
methodologies,(13-19) however, the evaluation with fruits 
produced in Brazil lacks further studies. The aim of this 
study was to characterize and evaluate the genetic diversity 
of the physical characteristics of tamarind fruit, with a view 
to providing subsidies for genetic improvement programs 
and conservation of the species.

MATERIAL AND METHODS
The tamarind fruits were harvested from four mother 

plants in the municipality of Cascalho Rico - MG, in July 
2020. A completely randomized experimental design (DIC) 
was adopted, with 4 plants (matrices 1, 2, 3 and 4) and 
seven repetitions of 10 fruits, resulting in 70 fruits for each 
matrix and 280 fruits in total.

The fruits were taken in polyethylene packaging in a 
refrigerated vehicle to the Fruit Growing Laboratory at 
the Federal University of Jataí, where they were selected 
for their lack of mechanical damage. Subsequently, the 
physical characteristics were assessed: fruit weight, fruit 
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length and diameter, peel weight, and epidermal and flesh 
color parameters.

Fruit weight was obtained by weighing each fruit indi-
vidually on a 0.001 g precision digital scale. Fruit length 
and diameter were obtained by measuring the transverse 
and longitudinal directions of each fruit using a digital 
caliper.

The pulp of the fruit was removed manually from the 
pods for subsequent evaluations. The peels obtained after 
extracting the pulp were weighed on a precision scale to 
determine the weight of the peels.

The color parameters of the fruit epidermis and pulp 
were determined using the CIELAB color system, which 
expresses color by the coordinates C* (chroma), h* (hue 
angle) and L* (luminosity). Two readings were taken on 
opposite sides of the fruit and pulp using a Konica Mi-
nolta® CR-10 colorimeter. The L* parameter represents 
the luminosity of the sample, with values ranging from 0 
(lowest luminosity) to 100 (highest luminosity), the C* 
coordinate represents color saturation and h° represents the 
hue angle, which ranges from 0 to 360° and indicates the 
quadrant of the sample color.(20)

The data was subjected to analysis of variance and the 
means of each matrix were evaluated using Duncan's test. 
Multivariate analysis was carried out by estimating the av-
erage Euclidean distance obtained from the characteristics 
analyzed. The similarity and grouping of the accessions 
were measured using the UPGMA dendrogram (Unweight-
ed Pair Group Method using Arithmetic averages).

The cut-off criterion used to determine the number of 
groups in the UPGMA method was based on the relative 
size of the 27 levels of fusions (distances). The cophenetic 
correlation coefficient (CCC) between the genetic dissim-
ilarity matrix and the matrix of cophenetic values was cal-
culated in order to verify the consistency of the grouping.

The data was analyzed using the GENES computer 
program.(8) The dendrogram was made using the statistical 
software SAS version 5.0.

RESULTS AND DISCUSSION
In terms of fruit weight, there was a statistical differ-

ence between matrix 4 and the other matrices, where matrix 
4 produced fruit with a higher weight. Similarly, the weight 
of the fruit peel varied between the matrices, with matrix 4 
also producing fruit with heavier peels and matrices 1 and 
2 producing fruit with lighter peels, which did not differ 
(Table 1).

It is estimated that at least half the weight of tamarind 
fruit comes from the pulp and the discovery of matrices 
with higher fruit weight is an important selection criterion 
for new materials with the potential to produce fruit with 
a greater amount of pulp.(18) Variation in fruit peel weight 
between matrices is due to genotypic differences and can 
also be attributed to differences in fruit size.(21)

Fruit diameter and length varied widely, with matrices 1, 
2 and 3 producing fruit with smaller diameters and lengths, 
and matrix 4 producing fruit with superior characteristics 
compared to the other matrices (Table 1).

Despite the variability that occurred between the tama-
rind matrices, the results obtained in this study are similar to 
those obtained by Sanches(22) for fruit length and diameter. 
According to the authors, the variability can be attributed to 
the soil and climate conditions of each growing site and can 
also be influenced by the availability of water and nutrients 
at the time of fruit formation. According to Algabal(23) fruit 
that are longer tend to have a greater number of seeds and 
the high variability in this trait indicates great potential for 
improvement, noting that this trait is significantly affected 
by cross-pollination and the availability of resources.

Table 1. Fruit characterization of Tamarind (Tamarindus indica L.) matrices collected in Cascalho Rico-MG

Matrices Fruit weight (g) Diameter (mm) Length (mm) Shell weight (g)

1 4.43 b 25.03 bc 40.34 bc 0.98 c

2 4.34 b 24.69 c 38.92 c 0.94 c

3 4.95 b 25.63 b 42.44 b 1.12 b

4 8.63 a 27.04 a 69.79 a 1.81 a

F 71.61** 11.20** 193.03** 83.18**

CV (%) 47.91 10.66 32.42 48.19

** Significant at 5% probability by the F test, ns not significant. Averages followed by the same letter in the column are not significantly different at the 
5% probability level by the Duncan test.
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Regarding the color of the peel and pulp of the fruit, 
matrix 4 produced fruit with lower luminosity (L*), which 
indicates that this fruit has a darker tone in the peel and 
pulp, as well as lower color intensity (C*) and higher hue 
angle. The luminosity of the peel did not differ between 
the other matrices and in the pulp, matrices 1 and 2 had the 
highest values. Chroma was higher in the peel of fruit from 
matrix 1 and in the pulp of matrices 2 and 3. The hue angle 
of the peel and pulp of the fruit ranged from approximately 
50 to 70°, indicating that the color of the samples is close 
to brown, and the lowest values were observed in the peel 
and pulp of the fruit from matrix 2 (Table 2).

In studies evaluating the color of tamarind pulp, 
Canuto(24) found similar results to the present study, with 
luminosity values of 33.8 ± 0.5 and hue angle of 63.1° ± 
0.2. Towards the end of ripening, there is a drastic reduc-
tion in the brightness of tamarind fruit, especially in the 
pulp, since there is a high rate of browning and the pulp 
becomes dark brown or black.(25) Variability in fruit color, 
among other characteristics, can be used as a selection cri-
terion in breeding programs using methods such as mass 
selection.(26)

Clustering using the UPGMA method showed a cophe-
netic correlation coefficient of 0.80. With the cut-off point 
set at 10% on the abscissa axis, two main groups were 
formed based on the 10 fruit characteristics. The groups 
are made up of matrices with similar characteristics. 
Matrix 1 was the most divergent, making up group I, and 
matrices 2, 3 and 4 were the most similar, making up group 
II (Figure 1).

Through cluster analysis it is possible to identify 
genetically dissimilar genotypes, reducing the number of 
combinations needed in breeding studies.(27) The cophenet-
ic correlation coefficient observed in this study indicates 
that the fit of the graph was satisfactory in representing 
the Gower distances, confirming Rohlf's hypothesis(28) that 
phenotypic correlation values greater than 0.80 indicate 
good fits between the original matrices and the derivatives 
of the graphical distances.

Strong positive and significant correlations were 
observed between fruit weight and peel weight, as well 
as between fruit weight and fruit length, fruit weight and 
fruit diameter, between peel weight and fruit diameter and 
between peel weight and fruit length (Table 3), indicating 
that these characteristics are directly related.

The weight of tamarind fruits shows a positive and 
significant association with their size, highlighting that 
knowledge of correlations and the relative contribution 
of independent characters to dependent variables allows 
breeders to apply appropriate selection procedures in 
breeding programs.(29)

Regarding the color of the peel and pulp of the fruit, 
there was a weak significant correlation (±0.31 to ±0.50) 

Table 2. Color parameters of the peel and pulp of fruit from 
Tamarind (Tamarindus indica L.) matrices collected in Cascalho 
Rico-MG

Shell color

Matrices L/1 C h (°)

1 40.52 a 25.99 a 63.71 b

2 40.33 a 24.69 b 54.60 c

3 40.11 a 23.36 c 65.68 b

4 36.72 b 22.08 d 73.60 a

F 20.75** 15.93** 41.55**

CV (%) 9.31 15.84 18.67

Pulp color

Matrices L C h (°)

1 34.54 a 25.27 a 61.56 b

2 35.65 a 24.46 a 57.11 c

3 33.76 ab 22.63 b 59.22 bc

4 31.69 b 20.26 c 71.64 a

F 4.80** 15.83** 22.54**

CV (%) 15.59 21.86 20.25

** Significant at 5% probability by the F test, ns not significant. Averages 
followed by the same letter in the column are not significantly different at 
the 5% probability level by the Duncan test. /1L: Luminosity, C: Chroma, 
h: Hue angle.

Figure 1. Dendrogram, generated by the UPGMA method, of the 
dissimilarities between the average Euclidean distance among 10 
characteristics of the fruit of 4 tamarind matrices collected in Cas-
calho Rico - MG.
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between the chroma of the pulp and the chroma of the peel 
and between the chroma of the pulp and the luminosity of 
the peel. A positive correlation was also observed between 
the luminosity and chroma of the pulp and between the hue 
angle of the pulp and peel, indicating that the characteristics 
increase or decrease at the same rate. Negative correlations 
were observed between the chroma and the hue angle of 
the pulp, between the chroma and the hue angle of the peel, 
between the hue angle of the peel and the chroma of the 
pulp, between the chroma of the peel and the hue angle of 
the pulp, and the luminosity of the peel and the hue angle 
of the pulp (Table 3).

Fruit pulp color is strongly influenced by the genetic 
composition of the parent plant.(30) Correlation studies 
specify the degree of interaction between traits for the 
selection of attributes in breeding programs, so assigning 
correlations between traits is vitally important for effective 
selection.(6)

The characterization of plants based on their mor-
phological characteristics is of great importance for the 
selection of individuals with superior characters, thus, the 
characteristics evaluated in this study can be useful to iden-
tify promising genotypes. It is important to mention that 
the evaluation of such characteristics can be complemented 
with other technologies, like molecular markers, which 
can be combined with morphological traits to evaluate the 
dissimilarity between and among populations.(31)

CONCLUSIONS
There is genetic diversity among the tamarind matrices, 

two groups were formed by the UPGMA method based on 
the physical characteristics of the tamarind fruit, which 

facilitates subsequent selection and contributes to the con-
servation of the species. The strong correlations between 
fruit length and weight, peel weight and fruit weight, peel 
weight and length, indicate that fruit weight, peel weight 
and fruit length are directly related, which is crucial infor-
mation for genetic improvement.
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Table 3. Pearson's correlation matrix between the physical variables of tamarind matrix fruit collected in the municipality of Cascalho 
Rico-MG

FW/1 D L S*L S*C h°S PW P*B P*C

D 0.782** -

L 0.843** 0.662** -

S*L -0.327** -0.200** -0.443** -

S*C -0.289** -0.135* -0.343** 0.158ns -

h°S 0.441** 0.252** 0.478** -0.104ns -0.496** -

PW 0.902** 0.712** 0.855** -0.321** -0.348** 0.444** -

P*B -0.346** -0.296** -0.297** 0.101ns 0.040ns -0.127ns -0.397** -

P*C -0.288** -0.226** -0.317** 0.128* 0.253** -0.259** -0.348** 0.614** -

h°P 0.224** 0.034ns 0.343** -0.273** -0.392** 0.547** 0.212** 0.192** -0.843**

* p < 0.05; ** p < 0.01; ns not significant at p < 0.05. /1 FW: Fruit weight, D: Fruit diameter, L: Fruit length, S*L: Shell luminosity, S*C: Shell chroma, 
h°S: Hue angle of the shell, PW: Peel weight, P*B: Pulp brightness, P*C: Pulp chroma, h°P: Pulp hue angle.
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