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ABSTRACT

Tamarind Tamarindus indicalL.) crop improvement depends on availability ofedbity in the
germplasm collection. An evaluation of 35 genotypé$amarind was carried out to assess variabdlitg
character association and to identify diverse ggres with superior pod traits. Variability studfes pod traits
revealed that, genotype CPT-9 was desirable fot &igits and genotype CPT-26 exhibited the lowektesm
for six traits. A wide spread of variation was atveel for pod weight (9.5 - 83.7 g), pulp weight3(4.51.2 g),
seed weight (2.4 - 12.2 g), shell weight (2.3 118, pod length (9.0 - 25.5 cm) and pod width (1585 cm).
Higher estimates of heritability for pod traits buas shell weight, pod weight, pulp weight, anchweeight
coupled with higher genetic advance indicated fil#giof progress by selection. Pulp weight pedshowed
highest positive genotypic and phenotypic corretati with pod weight (rg = 0.99, rp = 0.98), veinigha
(0.92, 0.91), shell weight (0.93, 0.91), pod len@tB89, 0.79), pod width (0.92, 0.86), and pulpedseatio
(0.81, 0.77). The first three Principal Componer@gPexplained large portion (85.53 %) of the totaiiation.
Clustering analysis resulted into two broad’ clust@snotypes in cluster-2 (CPT-1, CPT-2, CPT-3, GRPT-
CPT-10, CPT-11, CPT-17, CPT-22, and CPT-33) had inatitn of desirable traits and can be directly
selected for further improvement by breeding.
© 2012 International Formulae Group. All rights e¥sed.
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INTRODUCTION tamarind, tamarindier, tamarindo, tamarinier.
Tamarindus indica L. (ex T. The precise origin of tamarind is still under
occidentalis Gaertn., T. officinalis Hook. T. debate (Diallo et al., 2007). Yet, it has been

indica) (Fabaceae) is a multipurpose fruit tree  extensively planted in Bangladesh, India,
grown pantropically and commonly known as  Myanmar, Malaysia, Sri Lanka, Thailand and

Indian date, Madeira mahogany, tamarin, several parts of the world viz. Australia, North
© 2012 International Formulae Group. All rights mrged.
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American and South American continents (El-
Siddig et al., 2006). Tamarind is a slow-
growing, long-lived, large, evergreen or semi-
evergreen tree, 20-30 m tall with a thick trunk
up to 1.5-2 m across and up to 8 m in
circumference. It prefers mean annual rainfall
of 500 to 1500 mm, tolerates water logging
and grows well even with only 350 mm
annual rainfall (EIl-Siddig et al., 2006). It
adopts itself to a wide range of rainfall and
shuns, alkaline, saline and waterlogged soils.
It is a drought resistant tree and tolerates
temperature up to 47°C (EI-Siddig et al.,
2006). Despite its preferred habitat of alluvial
soils, it grows successfully in a wide range of
soils varying from red loam, black clay loam,
eroded hills, to sandy loam in India (Gunasena
and Hughes, 2000).

Each and every part of the tree has
specific use. It is an excellent multipurpose
tree species which is used as minor timber,
firewood fodder and drug (Fandohan et al.,
2010), food and food preservative (Salazar-
Montoya et al., 2002). The pulp is widely sold
and used as a flavour in culinary preparations
such as curries, chutneys, juice concentrate,
and pulp powder juice. This is particularly so
among communities of Asian and Arab origin
(Jama et al., 2008). In Asia, the uses are
greater, and include tamarind pickle and jam,
syrup, candy, sauces, sweets, ice cream and
sherbet (Gunasena and Hughes, 2000).
Tamarind seeds yield amber colored oll,
which could be used for making varnishes,
paints and burning in oil lamps. Seeds are
extensively used in jam, jelly and
confectionery industries and for making
condiments (EI-Siddig et al., 2006). Tamarind
has got tremendous export potential; currently
tamarind products are exported to about 67
countries and the total export in 1995-96 was
16,000 metric tonnes worth of 4.5 million
US$ and during 1996-97 it was 11,000 metric
tonnes worth of 2.6 million US$ (see EI-
Siddig et al., 2006) .

Although tamarind has commercial
potential as a species of wide adaptability and
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amplitude of uses, little attempt has been
directed to improve it as a crop plant
(Gunasena and Hughes, 2000; EI-Siddig et al.,
2006) and to reduce its reproductive age
which would in turn make its cultivation
economically feasible. As tamarind has a
relatively long generation time and is believed
to be primarily out-crossing, conventional
breeding approaches  would require
considerable investment in time and money.
Tree improvement research that combines
developmental and operational phases is time
consuming and large-scale cultivation of
tamarind is still in early stages of
development. Genetic improvement through
selection of superior trees and their clonal
development may be faster and may have
speedy, greater impact than the conventional
breeding. Hence it is necessary to understand
the lextent of variation before formulating any
selection programme to identify superior
genotypes and to apply them for increasing
the pod and pulp production (Jamnadass et al.,
2009)./ This will only emerge when the gene
pool ' has been sampled from across its
geographical range and analysed with a
focused aim of characterization and evaluation
for high-yielding lines. A recent work
addressed genetic diversity among 10
populations ofT. indica using RAPD with
seeds collected from Asia (India and
Thailand), Africa (Burkino Faso, Senegal,
Kenya and Tanzania), from three islands
(Madagascar, Reunion and Guadeloupe) and
found high intra population variability in
populations from Cameroon (Diallo et al.,
2007). Unfortunately no such studies were
taken-up to screen populations in south India.
Added to this, information available in
literature does not give a complete
understanding of the geographical variations,
which is of fundamental importance for the
development of new varieties with good
quality and higher yields (Lengkeek et al.,
2006; Kyndt et al., 2009). As there exists
paucity of information in areas of genetic
improvement, the present study was designed
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to exploit the resource base potentiality of
thirty-five tamarind genotypes selected from
various locations from south India with scope
for further breeding program.

MATERIALS AND METHODS
Data collection

An  extensive wild germplasm
exploration survey was conducted to identify
the high yielding CPTs (Candidate Plus Trees)
of T. indica at fruiting stage from different
predominant naturalized locations in South
India. SinceT. indicais grown as wild and has
no definite geometry with neighboring trees
for comparison hence, the selection was made
by using single tree selection method based on
phenotypic assessment of characters of
economic interesviz yield potential, crown
spread, total height, girth at breast height, age
of the tree, free from pest and diseases etc. A
total of thirty-five CPTs (phenotypically
superior trees) were selected from three south
Indian states viz. Tamil Nadu (14 CPTSs),
Karnataka (11 CPTs) and Andhra Pradesh (10
CPTs), including famous released varieties
like Urigum, PKM — 1 (TN) and NT1.— 19
(Karnataka), covering . a latitude | and
longitudinal range between 9° N to 16° 50' N
and 73° 30' E to 80° E respectively (Figures 1
and 2, Table 1). Few Kg of pods were
collected following ' a ‘random sampling
procedure from all the four directions of the
crown of each selected tree during fruiting
season. The total pods collected were
randomly divided into three replications with
each replication consisting of 50 pods was
selected for recording observations at Forest
college and Research Institute (FC and RI),
Mettupalayam [11° 19' N and 76° 56' E, msl
1025 ft ] during 2002. Average was computed
for fourteen quantitative pod traits in all the
genotypes as follows:

Pod length:Measured from the tip of
the pod to the point of attachment of the pod
by moving the thread from top to bottom of
the pod. Thread length was measured using
scale and expressed in cm.

Pod width: Measured using vernier caliper
and expressed in cm.

Pod thicknessMeasured using vernier caliper
and expressed in cm.

Pod weight: Weighed on electrical balance
and average expressed in grams.

Seed weight per pod: Separated seeds were
weighed and the average value was recorded
as the seed weight per pod.

Pulp weight per podPulp separated
from the pod was weighed and the average
value was recorded as pulp weight per pod.
Vein weight per podVein separated from the
pods was weighed and the average value was
recorded as vein weight per pod.

Shell weight per podshell separated from the
pods was weighed and the average value was
recorded as shell weight per pod.

Number of seeds per podSeeds were
separated from pods and were recorded as
number of seeds per pod.

From the observations made,
following parameters were derived:
Ratio of pulp/seed: The ratio is obtained by
dividing pulp weight by seed weight.

Percent of pulp, seed, shell, and veirhe
pulp, seed, skin and shell weight obtained
from each pod was divided by respective pod
weight and expressed as percentage.

the

i.e. Pulp % = Pulp
weight x 100
Pod
weight
Seed % = Seed
weight x 100
Pod
weight
Vein % = Vein
weight x 100
Pod
weight
Shell % = Shell
weight x 100
Pod
weight

Data analysis
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Best Linear unbiased predictors
(BLUPSs) were obtained for each trait. BLUPs
were subjected to significance test at 5%
critical difference to know the differences
between CPTs. Also pod traits of 35
genotypes ofT. indica were analysed for
Analysis of variance (ANOVA) to understand
the significance among the genotypes for
different pod traits (Gomez and Gomez,
1985). The phenotypic variation for each trait
was partitioned into components due to
genetic  (hereditary) and  non-genetic
(environmental) factors and estimated using
the following formula (Johanson et al., 1955):

V, = MSGIr; Vy = (MSG — MSE)/r; \
= MSE
Where, MSG, MSE and r are the mean
squares of CPTs, mean squares of error and
number of replications, respectively.

The phenotypic variance () is the
total variance among phenotypes when grown
over the range of environments of interest; the
genotypic variance (§ is the part of the
phenotypic variance that can be attributed to
genotypic differences among the phenotypes,
and the error variance {)/is part of the
phenotypic variance due to environmental
effects. To be able to compare the variation
among traits, phenotypic/ coefficients *of
variation (PCV) and genotypic coefficients of
variation (GCV) were computed as follows
(Burton, 1952):

PCV = (W/X) x 100; GCV = ((V¢/X)

x 100

V, Vg4 and X are the phenotypic variance,
genotypic variance and grand mean for each
pod and seed-related trait, respectively.

Broad sense heritability i) was
calculated as the ratio of the genotypic
variance (\) to the phenotypic variance
(Allard, 1999). Genetic advance (GA)
expected and GA as per cent of the mean
assuming selection of the superior 5% of the
genotypes were estimated as below (Johanson
et al., 1955):

GA = K-ItbVp; Genetic gain = (GA/X) x
100

Where K is the selection differential (2.06 for
selecting 5 % of the genotypes).
Phenotypic (f) and genotypic (J correlations
were further computed to examine inter-
character relationships among seed and
seedling traits as follows (Goulden, 1952):

re = Coy, (X¢, X)/[V p(Xl)'Vp(XZ)]l/2

rg = Coyy (X, X)/[V @1()(1)'\/@1()(2)]1/2
Coy, and Coy are phenotypic and genotypic
covariances for any two traits; xand %,
respectively, and Vp and Vg are the respective
phenotypic and genotypic variances for those
traits.

The mean observations for all traits for
each season were 'standardized by subtracting
from each observation the mean value of the
character and subsequently dividing it by its
respective  standard deviation.  These
standardized values, with average 0 and
standard  deviation 1, were used for principal
component analysis (PCA) on Genstat 10 to
know the importance of different traits in
explaining multivariate polymorphism.
Cluster analysis was performed using the
scores of first three PCs (Ward, 1963). Mean,
range and variance were computed for each
trait and cluster. Means of clusters were
compared using Newman-Keuls procedure
(Keuls, 1952; Newman, 1939). The
homogeneity of variances among the clusters
was tested using Levene's test (Levene,
1960).

RESULTS

In the present investigation, ANOVA
and BLUPs obtained for all the pod traits (Pod
length, Pod width, Pod thickness, Pod weight,
Seed weight per pod, Pulp weight per pod,
Vein weight per pod, Shell weight per pod,
Number of seeds per poditio of pulp: seed
Percent of pulp, seed, shell, and vein) showed
significant variation among the selected 35
genotypes off. indicaindicating the presence
of adequate variability (Table 2 and appendix
1, Figures 3 and 4). Variability studies for pod
traits revealed that, genotype CPT-9 recorded
maximum for eight traits viz. pod width (5.5
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cm), pod thickness (2.4 cm), pulp weight
(51.2 g), vein weight (4.2 g), shell weight
(18.1 g), pod weight (83.7 g), pulp per cent
(60.5) and pulp seed ratio (5.9) and minimum
for trait seed per cent (12.5 %) (appendix 1).
However maximum pod length (25.5 cm) was
recorded by the genotype CPT-22. Genotype
CPT-26 exhibited the lowest for six traits viz.
pod length (9.0 cm), seed weight (2.4 g), vein
weight (0.3 g), shell weight (2.3 g), pod
weight (9.5 g) and pulp weight (4.8 @)
(appendix 1). Though range is a crude
measure of variability present in genotypes
and does give an idea of spread of variation
for a particular character, a wide spread of
variation was observed for pod weight (9.5 -
83.7 g), pulp weight (4.8 - 51.2 g), seed
weight (2.4 - 12.2 g), shell weight (2.3 - 18.1
g), pod length (9.0 - 25.5 cm) and pod width
(1.8 - 5.5 cm) (Table 3).

Variance due to genotype and other
genetic estimates for pod traitsTinindicaare
presented in table 3. Genotypic coefficients of
variations (GCV) and phenotypic coefficient
of variation (PCV) were close to each other
for all traits, however pulp weight, pod
weight, and vein weight exhibited higher PCV
and GCV than other traits. Estimates of
individual heritabilities for pod traits/ were
high and ranged from 50.7 to 95.4 % for
number of seeds to pod width' respectively.
Pod traits viz. pulp weight, vein weight and
pod weight expressed high genetic advance as
percent of mean 139.4, 137.7 and 107.6
respectively. The correlation coefficient (r)
among the pod traits which are greater than
0.71 or smaller than -0.71 are presented in
table 4. Correlation studies showed that for
most character pairs, genotypic and
phenotypic association were in the same
direction and that the genotypic estimates
were higher than the phenotypic ones,
indicating an inherent association between the
characters. Of 182 correlations, 66 and 63
were significant at genotypic and phenotypic
level respectively. Sixty three genotypic and
fifty nine phenotypic combinations were
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significant at 1 % along with 3 genotypic and
4 phenotypic combinations at 5 % (data not
given). The pod traits showing such high
correlation were 53 (31 genotypic and 22
phenotypic). Forty-nine of these were positive
while four (see per cent: pulp per cent and
seed per cent: pulp/seed ratio, each genotypic
and phenotypic level) were negative (Table 4).
The trait of economic interest pulp weight was
highly positively correlated with pod length
(rg = 0.99, rp = 0.98), vein weight (0.92,
0.91), shell weight (0.93, 0.91), pod length
(0.89, 0.79), pod width (0.92, 0.86), and
pulp/seed ratio (0.81, 0.77) both at genotypic
and phenotypic level.

The first three principal components
(PCs) of the total ten explained are having
large portion (85.53 %) of the total variation
for pod traits inT. indica The first PC alone
accounted for 5892 % of the variation
followed by the‘second and third PCs, which
explained 17.30 % and 9.31 % of the
variation. Based on' the loading for the first
three’ PCs, traits such as pod weight, pulp
weight, vein weight, pod width, shell weight,
pod length, pulp/seed ratio, pod thickness,
number of seeds, seed per cent and shell per
cent are important and adequate descriptors
for pod traits study in this material. Cluster
analysis performed on the scores of the first
three PCs resulted into two clusters (Figure 5).
The first cluster comprised 26 genotypes
(CPT-4, CPT-5, CPT-6, CPT-7, CPT-8,
CPT-12, CPT-13, CPT-14, CPT-15, CPT-
16, CPT-18, CPT-19, CPT-20, CPT-21,
CPT-23, CPT-24, CPT-25, CPT-26, CPT-
27, CPT-28, CPT-29, CPT-30, CPT-31,
CPT-32, CPT-34 and CPT-35) and
remaining 9 genotypes (CPT-1, CPT-2, CPT-
3, CPT-9, CPT-10, CPT-11, CPT-17, CPT-
22 and CPT-33) are grouped into second
cluster. The range, mean and variance for the
two clusters are provided in table 5. Cluster 2
was delineated from cluster 1, based on
significantly higher means for all the pod
traits under study except seed per cent.
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CPT- 9 CPT- 4 CPT - 34
Figure 1: Selected Candidate Plus Trees (CTP)aarindus indica
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Figure 3: Morphological variations in pods of selected CaatiédPlus Trees (CTP) dmarindus
indica
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CPT - 9 T EPT = CPT=~8 CPT~ 7 CPT - 32
Figure 4. Morphological variations in pulp of selected Carad@Plus Trees (CTP) damarindus
indica



40

35

30

25

20

15

Linkage Distance

10

B. N. DIVAKARA et al. / Int. J. Biol. Chem. Sci.)5@9-514, 2012

Hh

L o

il

)

i

tcpr-35
CPT -21

CPT - 28
CPT - 27

CPT-19
CPT-13

S v R <
(S BT~ I o N o I I T i |
| e A R I |
SIS NS
B By B B B B B By B
CO00O00O00O

CPT-34
CPT - 32
CPT-14

CPT-15

CPT -26
CPT-5

CPT-6

CPT-25

CPT -23

CPT-18
vCPT -4
4CPT-9

CPT -22
CPT -17

L]
1

&

O

CPT -2

[ve]
e}

CPT-11

CPT-10

vyCPT -1

Cluster 1

Cluster

=
-]
Q

2

Figure 5: Grouping of 35Tamarindus indicagenotypes based on scores of first three principal
components
Table 1: Locational and morphological detailsTdmarindus indica&andidate plus trees (CPTSs)
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DISCUSSION

T. indicais being explored for its sour
pulp yield potentiality throughout the world.
Under improvement programmes, attempts are
therefore aimed at screening olit indica
sources, which can produce higher pulp yield.
In the present study, pods collected from 35
CPTs selected from different parts_of south
India reveled wide spread variation for pod,
pulp, seed and shell weight." These
observations are congruent with previous
investigations that reported extreme variation
of metric traits among tamarind provenances
(Nandini et al., 2011). The variations in the
pulp, seed, shell, and vein weight is due to
their genotypic differences. The difference in
the length, width and thickness of pod may be
partly attributed to either genetic differences
among the CPTs as for other species’
morphotypes such a#étellaria paradoxaC.F.
Gaertn (Sanou et al., 2005) ardiansonia
digitata L. (Assogbadjo et al., 2006) or
differences in climatic conditions as for
Manilkara zapotal.. (Heaton et al., 1999). In
the same way, the difference in shell weight
can be attributed to the difference in size of
the fruit whereas the difference in fibre weight
among the genotypes may be due to the
differences in the rate of development of
vascular tissue in fruits (Hanamashetti, 1997).

10

Likewise, the difference in seed weight may
be /attributed to the difference in the number
and size of seeds while the difference in seed
number may be attributed to the difference in
length of pod and ovule fertility. Variation in
pod size and in number of seeds per fruit
among T. indica trees and /or provenances
were previously reported to be strongly
affected by cross pollination, fruit abortion
and resource availability (Diallo et al., 2008;
Fandohan et al.,, 2011). The pod data of
individual CPTs have clearly indicated that,
the genotype CPT-9 is superior to other
genotypes for eight traits. Hence clones of
genotypes CPT-9 may be encouraged as
superior material for immediate needs of
afforestation activities.

Apart from significant difference in
pod traits of T. indicg genotypes also
expressed considerable amount of genetic
variability indicating a scope of genetic
improvement among the collected CPTs. The
decision on tree breeding/improvement
strategy is largely dependent upon the extent
of variability in the collected genotypes which
is measured by different population
parameters  including  genotypic  and
phenotypic variance, and genotypic and
phenotypic  co-efficient  of  variation
(Assogbadjo et al., 2010).
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Table 2: Mean squares from analysis of variance for patstiaTamarindus indica

Pod Pod Pod Seed Vein Shell Pod Seed Pulp . Shell ) Pulp
) . ) . . . Vein Pulp:  Number .
Source df length  width thickness weight weight weight weight per per weight
em (m ©m @ (@ (@ (@  cent cent PN cop Seed ofseeds )
Replication 2 47.44  0.22 0.03 17.47 0.65 26.76 &%0. 2.88 11.04 0.63 14.35 0.01 14.54 78.31
Genotypes 34 47.70 1.68 0.23° 2050 2.80° 29.10° 708.54 99.68° 142.57 553 5836  2.68 8.22° 278.44
Error 68 5.07 0.03 0.01 1.85 0.20 1.89 43.10 525 .968 0.35 5.30 0.13 2.01 18.91
" significantly different at 1 per cent level of padility
Table 3: Estimates of variance components and other paeastetr pod traits ifamarindus indica
Characters Mean +SD Range Variance due to Heritability Coefficient of variation (%) Genetic advance
genotypes (%) of mean
Genotypic Phenotypic
Pod length (cm) 14.7+3.5 9.0-255 14.2 73.7 25.6 29.8 45.3
Pod width (cm) 3.0£0.7 1.8-55 0.5 95.4 24.9 25.4 50.1
Pod thickness (cm) 1.840.2 14-24 0.1 83.3 14.8 16.2 27.9
Seed weight (g) 6.84+2.3 2.4-12.2 6.2 77.1 36.6 741 66.2
Vein weight (g) 1.3+0.9 0.3-4.2 0.8 81.6 74.0 B1. 137.7
Shell weight (g) 5.7+2.9 2.3-18.1 9.1 82.8 53.1 8.35 99.5
Pod weight (g) 26.1+14.4 9.5-83.7 221.8 83.7 57.1 62.3 107.6
Seed per cent 27.945.4 12.5-36.2 314 85.7 20.1 1.7 2 384
Pulp per cent 45.446.4 33.3-60.5 44.5 83.2 14.7 6.11 27.6
Vein per cent 4.0£1.2 1.8-6.9 1.7 83.1 33.2 36.4 62.4
Shell per cent 22.8+4.0 13.3-31.0 17.6 76.9 18.5 21.0 33.3
Pulp: Seed 1.9+0.9 1.0-5.9 0.8 86.5 49.8 53.6 595
Number of seeds 7.2£1.2 3.7-95 2.0 50.7 19.9 9 27. 29.3
Pulp weight (g) 12.5+8.9 48-51.2 86.5 82.1 74.7 82.5 139.4
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Table 4: Pairs of pod traits imamarindus indicahowing more than 0.71 or less than -0.71 coroglatoefficients

Pair of pod traits

Genotypic correlation coefficier

Phenotypic correlation coefficient

Pod length: Pod width
Pod length: Seed weight
Pod length: Vein weight
Pod length: Shell weight
Pod length: Pod weight
Pod length: Pulp weight
Pod width: Pod thickness
Pod width: Seed weight
Pod width: Vein weight
Pod width: Shell weight
Pod width: Pod weight
Pod width: Pulp: Seed
Pod width: Pulp weight
Pod thickness: Vein weight
Pod thickness: Shell weight
Pod thickness: Pod weight
Seed weight: Vein weight
Seed weight: Pod weight
Vein weight: Shell weight
Vein weight: Pod weight
Vein weight: Vein per cent
Vein weight: Pulp weight
Shell weight: Pod weight
Shell weight: Pulp: Seed
Shell weight: Pulp weight

0.73
0.82
0.89
0.84
0.92
0.89
0.74
0.71
0.90
0.87
0.93
0.73
0.92
0.74
0.72
0.72
0.79
0.79
0.89
0.95
0.73
0.92
0.95
0.71
0.93

0.79
0.82
0.77
0.85
0.79

0.83
0.82
0.87

0.86

0.73
0.74
0.87
0.94
0.72
0.91
0.94

0.91

12
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Table 5: Range, mean, and variance for different pod traita/o clusters of selected genotyped ggannéus |nd2|ca

Range Meart Variance’ F value Prob > F
Pod traits Cluster 1 Cluster 2 Cluster 1 Cluster 2 Cluster 1 Q@ster 2
Pod length (cm) 9.0-17.3 16.3-25.5 P3.1 19.2 3.5 12.4 6.9 0.01
Pod width (cm) 1.8-3.5 29-55 27 3.8 0.2 0.6 4.8 0.04
Pod weight: Pulp: Seed 0.72 -
Pod weight: Pulp weight 0.99 0.98
Seed per cent: Pulp per cent -0.79 -0.77
Seed per cent: Pulp: Seed -0.89 -0.88
Pulp per cent: Pulp: Seed 0.81 0.80
Pulp:Seed: Pulp weight 0.81 0.77
Pod thickness (cm) 1.4-22 1.7-24 ®1.7 2.0 0.1 0.1 2.3 0.14
Seed weight (g) 2.4-8.8 6.0-12.2 5.9 9.5 3.3 2.8 0.2 0.68
Vein weight (g) 03-1.6 1.6-4.2 6.7 2.4 0.1 0.7 7.1 0.01
Shell weight (g) 23-7.0 6.2-18.1 a5 9.1 1.8 12.7 3.6 0.07
Pod weight (g) 9.5-30.2 30.8 - 83.7 19.8 44.48 29.2 288.9 6.0 0.02
Seed per cent 19.5-36.2 12.5-33.2 29.4 23.8 19.7 36.2 1.3 0.27
Pulp per cent 33.3-55.3 41.0-60.5 437 50.2 335 37.7 0.01 0.93
Vein per cent 1.8-6.0 4.0-6.9 B35 5.3 1.1 0.6 0.8 0.38
Shell per cent 13.3-31.0 18.3-23.3 23.4 21.G¢ 19.6 2.2 3.8 0.06
Pulp: Seed 1.0-3.2 1.3-59 ".6 2.6 0.2 1.9 4.1 0.05
Number of seeds 3.7-8.9 6.6 - 9.5 ®6.9 8.1% 15 0.8 1.1 0.31
Pulp weight (g) 4.8-15.2 13.2-51.2 8.7 23.2 7.7 144.7 6.5 0.02
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Appendix 1 Mean performance of selectedamarindusindica genotypes for pod traits

Pod Pod Pod Seed Vein Shell Pod Seed Pulp Vein Shell i Pulp

Genotypes length  width thickness weight weight weight weight per per per per Pulp: - Number weight
Seed of seeds

(cm) (cm) (cm) (9) (9) (9) (9) cent cent cent cent (9)
CPT-1 16.5 3.5 2.2 9.1 1.9 7.6 36.3 25.3 486 2 5. 210 2.0 8.2 17.6
CPT-2 16.8 2.9 1.8 10.3 1.7 6.2 315 33.2 414 4 5 20.1 1.3 8.9 13.2
CPT-3 16.5 3.4 1.9 10.0 23 7.2 33.3 30.5 410 9 6 21.7 1.4 8.4 13.7
CPT-4 17.3 3.2 1.6 8.0 1.0 3.9 28.3 29.2 543 5 3. 133 1.9 7.1 15.3
CPT-5 9.9 2.9 1.6 3.0 0.7 2.8 14.2 19.5 55.3 4.7 20.5 3.2 3.7 7.9
CPT-6 14.8 2.8 2.0 8.3 0.8 6.0 30.2 27.2 50.0 2.5 204 1.9 8.1 15.0
CPT-7 12.4 2.1 1.6 5.2 0.5 3.3 16.4 31.9 449 8 2. 205 15 8.0 7.4
CPT-8 13.1 2.2 15 4.5 0.7 3.8 15.4 28.4 418 7 4. 250 15 7.9 6.6
CPT-9 23.8 55 2.4 9.7 4.2 18.1 83.7 12.5 605 .9 4 220 5.9 6.6 51.2
CPT-10 17.6 3.8 1.7 9.5 1.6 8.7 39.3 24.7 49.1 0 4 222 2.0 9.5 19.3
CPT-11 16.3 4.1 2.1 8.4 2.4 7.6 37.9 21.9 514 1 6 20.6 24 7.1 19.4
CPT-12 11.8 2.8 1.8 6.0 0.7 4.0 19.3 31.1 448 6 3 20.7 15 6.6 8.8
CPT-13 16.4 2.6 1.7 8.3 0.7 6.7 254 32.7 38.0 .8 2 265 1.2 8.3 9.6
CPT-14 11.9 2.3 15 4.2 0.4 35 13.4 30.6 404 6 2 26.3 14 5.4 55
CPT-15 12.8 35 2.1 6.9 11 6.0 27.4 25.2 483 9 3 226 2.0 6.6 13.5
CPT-16 11.7 2.3 1.6 5.1 0.5 3.1 14.3 35.8 39.2 4 3 217 11 7.1 5.7
CPT-17 214 4.6 2.4 12.2 3.2 9.6 55.2 222 54.15.4 18.3 25 7.6 29.8
CPT-18 13.0 3.0 2.1 7.0 0.7 34 21.7 32.2 469 .1 3 18.0 15 7.1 10.6
CPT-19 14.5 3.1 2.2 8.4 1.6 7.0 27.0 31.2 374 6 5 258 1.2 6.6 10.0
CPT-20 13.4 24 1.7 5.7 0.6 4.2 15.9 36.2 33.3 8 3. 26.7 1.0 8.8 5.6
CPT-21 13.4 3.0 1.9 6.4 0.9 6.6 23.3 27.9 396 9 3 284 1.4 7.4 9.4
CPT -22 255 3.4 1.7 10.4 2.6 9.7 51.2 21.2 53.95.0 20.0 2.6 8.3 28.2
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CPT-23 14.4 3.0 15 8.5 0.9 4.6 247 34.5 430 6 3 19.1 1.3 7.5 10.7
CPT-24 12.6 3.0 1.9 4.5 0.6 4.9 19.3 22.6 49.0 9 2 254 2.4 5.7 9.4
CPT -25 16.4 2.6 1.7 8.8 15 3.6 24.9 35.7 436 0 6 150 13 7.2 10.9
CPT - 26 9.0 2.3 15 2.4 0.3 2.3 9.5 22.1 50.5 2.4 249 25 5.0 4.8
CPT -27 14.3 2.2 15 51 0.6 5.1 16.6 30.7 348 4 3 31.0 1.2 8.2 6.0
CPT -28 13.9 2.6 1.8 6.4 0.8 6.4 21.1 30.3 350 .8 3 30.7 1.2 7.5 7.5
CPT -29 11.3 2.8 15 51 0.5 3.5 16.7 30.0 46.3 6 2 21.2 1.6 6.5 7.8
CPT -30 131 3.1 14 6.6 0.4 4.5 20.9 31.6 450 8 1 216 15 6.0 9.5
CPT-31 13.8 21 1.6 54 0.5 4.0 16.3 33.0 394 9 2 247 1.2 8.9 6.5
CPT-32 12.2 1.8 1.6 3.3 0.3 3.2 13.2 24.7 478 5 2 25.0 2.1 7.5 6.5
CPT-33 18.5 3.4 1.8 6.0 1.7 7.1 30.8 20.1 514 2 5 233 2.9 8.1 16.0
CPT-34 11.7 2.8 1.7 4.7 0.5 4.2 17.4 26.8 46.2 .7 2 243 1.8 5.8 8.1
CPT -35 12.9 3.1 1.9 4.9 11 6.3 213 23.6 413 1 5 298 1.9 5.7 9.0
Mean 14.7 3.0 1.8 6.8 1.3 5.7 26.1 27.9 45.4 40 282 1.9 7.2 12.5
SEM 1.2 0.1 0.1 0.8 0.3 0.8 3.7 1.3 1.7 0.3 1.3 0.2 0.7 2.4
CD (5%) 3.6 0.3 0.2 2.2 0.7 2.2 10.7 3.8 4.9 10 73. 06 2.1 7.1
C.V. (%) 15.3 54 6.6 20.0 38.1 24.2 25.2 8.2 6.6 5.01 10.1 19.7 19.6 34.9

Trait means not followed by the same superscrifgri@are significantly different & = 0.05.
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In the present study, the magnitude of
error variance was relatively lower than the
genotypic variance for all traits (data not
given), indicating that the variability observed
in the phenotype for these traits has more of a
genetic than a non-genetic basis. Results are
in similar lines with previous findings that
reported an extensive variability in tamarind
populations from West Africa (Diallo et al.,
2007; Fandohan et al., 2011). Further, the
higher estimates of heritability coupled with
higher genetic advance for shell weight, pod
weight, pulp weight and vein weight,
indicated that heritability of the trait is mainly
due to additive effects and selection is
effective for such traits (Table 3). A
maximum heritability of 0.5 and the highest
genetic advance percentage were recorded
over a mean of 42.5 for pulp weight (Shanthi,
2003) and this may be because of considering
only 10 populations for study. High
heritability accompanied by medium to low
genetic advance for pod width, pod thickness
and pulp percent is indicative of non-additive
gene action and the high heritability is being
exhibited due to favourable influence of
environment rather than genotype.

Only those correlation coefficients
which are greater than 0.71 or smaller than -
0.71 are biologically meaningful so that 50 %
of the variation in one trait is predicted by the
other (Skinner et al., 1999). Hence correlation
coefficients greater than 0.71 or smaller than -
0.71 are presented in table 4 and discussed.
Pulp weight is highly significant with pod
length, Vein weight, shell weight, pod length,
pod width, and pulp: seed ratio both at
genotypic and phenotypic level. However,
seed percent is negatively correlated with pulp
percent and pulp: seed ratio. Thus, suggested
that these characters may be used to the
advantage of the breeder for bringing
improvement in these traits simultaneously.
Similar trend was previously observed
(Fandohan et al., 2011) where the fruit weight
is positively and significantly associated with
pulp, fibre, seed weight, fruit length and
breadth.
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Genetic diversity in plant species is a
gift to mankind as it forms the basis for
selection and further improvement. Variability
is a backbone, in order to exercise selection of
superior genotypes from natural population.
Morphometric traits had been utilized to
assess the relationship among the
germplasm/cultivars in trees (Abasse et al.,
2010; Diallo et al., 2010; Fandohan et al.,
2011). The study of relationships based on
assumption that the difference in the
characters reveals their genetic divergence.
The information on the genetic structure and
relationship of these populations provide a
basis for planning and® conducting future
collections and their efficient utilization as
genetic resources (Kyndt et al., 2009). In the
present study, 35 genotypes were grouped into
2 clusters with 26 genotypes in cluster one
and 9 genotypes in cluster two based on the
first three principal components of principal
component analysis. The results of clustering
pattern showed that the clones collected from
different. locations were not necessarily
grouped into /different clusters. Geographic
diversity though important may not be the
only ‘one factor in determining genetic
divergence (e.gV. paradoxa Bouvet et al.,
2008; A. digitatg Kyndt et al., 2009). The
clustering pattern revealed that the tendency
of clones from diverse geographic region to be
grouped together in one cluster might be due
to the similarity of the nature of selection
pressure operating under the respective
domestic conditions. Outputs from this study
indicated that factors other than geographical
divergence might be responsible for the
differential grouping of the seed sources. The
clustering pattern thus highlighted no direct
relationship between the genetic divergence
and geographical distribution. Since seed
percent and pulp weight are negatively
correlated and improvement is targeted for
increasing pod and pulp yield, cluster 1 is
ideal for getting higher vyields. Hence
genotypes (CPT-1, CPT-2, CPT-3, CPT-9,
CPT-10, CPT-11, CPT-17, CPT-22, and
CPT-33) can be directly selected and utilized
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for breeding program. Inter-mating of Bouvet J-M, Kelly B, Sanou H, Allal F. 2008.

divergent groups may lead to greater Comparison of marker- and pedigree-
opportunity for crossing over which would based methods for estimating heritability
release latent variation by breaking up in an agroforestry population ¥fitellaria
predominantly repulsion linkage. paradoxaC.F. Gaertn (shea tree}enet.
Resour. Crop. Evol, Doi:
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