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Introduction



I.INTRODUCTION

tamarind (Tamarindus indica L.) belongs to the
family Leguminosae. subfamily Caesalpinae. Although, its
botanical nomenclature gives a false impression of its being
native of India, it is a native of tropical Africa. It is
distributed throughout the tropical countries of the world with
the largest concentration in India. It has a somatic chromosome
number of 2n=24 (Purseglove, 1981). The name tamarind was
derived from the arabic word ‘Tamar-E-Hind’ meaning Date of
India.
Tamarind is indigenous to tropical Africa and
Southern India. However, Stephenson and Churchill (1931) opined
that tamarind is native to Egypt and Arabia. Dry savannas of
tropical Africa is also considered to be the native and
believed to have been introduced to Asia in ancient times by
the Arab traders, but the botanical and common names suggest

its association with India (Anon., 1979).

Tamarind is a hardy tree which grows well under warm
climatic conditions of tropics and subtropics. It is drought
tolerant and found growing 1in sandy soil. Further it also
‘performs well, in deep soils and tolerates poor or rocky
terrain. In view of its ability to withstand heavy winds, it is

preferred as a wind break.
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Tamarind was introduced in the new world long ago
with the first shipment of slaves from West Africa. In West
Indies and Latin America the tree 1is much appreciated for the
succulent sweet pulp, likewise in Africa and Asia. However,
India is the only country to exploit tamarind extensively.
Annual Production of pulp in India is over 3 lakh tonnes of
which 4,000 tonnes are exported to Europe and North America
and the rest is locally consumed. Nearly 20,000 tonnes of
tamarind seed powder is produced annually in India. An annual
production of double this quantity can easily be achieved if
proper care is taken to pool all the seed material. Dry fruits
ére exported to various countries, wviz., United States of
America, Europe, Australia, Africa, Srilanka, Malaysia,

Pakisthan etc.

Tamarind trees are generally raised on roadsides in
back yards, on the bunds of field and in waste lands, which are
either auctioned or wutilized by the owners at the time of
harvest. In India, tamarind has been in commercial demand.
Presently, only seed propagated plantations are largely
available in the country. However, in recent times, under
social forestry schemes there has been an effort to raise

tamarind 1in both private and government lands.



3

The tree can grow to a height of 30 m, it can be
productive for more than 50 years and survives upto 200 years
(Hernandez-Unzon and Lakshminarayan, 1982). Tamarind has a long
juvenile period, the trees begin to bear fruits at the age of
13 to 14 years (Lewis and Neelakantan, 1964). Tamarind is a
slow growing tree with an annual growth rate of about 0.5 to
0.8 metres in length. Half the pod weight is contributed by
pulp. Pulp contains both sugars (30-40%) and organic acid (8-
18%), predominantly tartaric acid. The pulp is also a rich

source of vitamins (Savur, 1956).

All the parts of tamarind have some use. In India the
fruit is used mainly for culinary purposes. While in other
countries the fruit is processed into nectar, fruit punch,
juice, glaceed and crystallized fruit and concentrates. The
pulp is used to season many foods viz., chutneys, curries,
preserves, confectioneries, ice-cream and syrups. The pulp
possessessome medicinal value%ndiSused to cure dysentery. The
pulp can withstand thermal processing and maintains the
original flavour profile. The pulp in descented form, can be

stored well for extended periods without refrigeration due to

its high acid content, which acts as a natural preservative.

The proteins of tamarind seeds are reported to be of

high biological value and compare well with proteins of
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cereals, but meagre in wutilization (Savur, 1956). Tamarind
seeds are ground to make delicious feeds for livestocks and
also processed to prepare a purified gum used in preparing
jellies from fruit juices and to stabilize other processed
foods. The seeds also yield an amber coloured oil suitable for
industrial use (Anon., 1979). 'The tamarind seed powder,
commercially known as tamarind kernel powder (TKP) is used as a
creaming agent in manufacturing of rubber and latex and as a
substitute for cereal starch, which is used in cottage

industry.

Tamarind is grown in India by seed origin, so high
degree of wvariations and wide range of heterozygosity with
respect to size and quality of fruits are evident. The aim of

tree improvement in tamarind is to

1. Select the trees for higher growth rate and
2. Improvement in the quality of end use of tree like pulp,

kernel, powder yield, etc.

Fufthermore, it should be remembered that the aim of
the whole programme 1s to provide the farmer with plant
material that is well adapted to his specific planting site and
that fulfills the purpose of planting which could be either for
commercial plantation or to bring waste land under better

utilization.
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Many private companies in Tamil Nadu and Karnataka,
have made small investments on orchard development, one can
make an investment of Rs.1000/- and become a proud owner of a
tamarind tree to be grown in a specified land and are promised
a total return of more than Rs.50,000/- per hectare. However,
such returns can be further enhanced by planting clonal elite

materials.

The individual variation between the trees within a
population is of paramount importance and it may be worthwhile
concentrating only to the wvery best trees in relation to
neighbouring ones and plus trees may be selected within
ecological zones for increasing their frequencies. The
magnitude of variability and its quantitative estimation for
each character would indicate the potential of each tree and
the séope for improving the desirable and economic characters

through selection.

Multivariate analysis is a suitable statistical
method, for analyzing various casuative factors, and their
inter relationships operating within the tree populations,
under natural and selection by man. It also helps in the
identification of plus trees for specific breeding objectives.
In order to improve the genetic characters of tamarind and

thereby economic value of future generations, it is necessary



to use only the best trees for multiplication and for

incorporating them in to the breeding population.

Tamarind is highly cross-pollinated crop, hence wide
variability is common in this species. It offers more avenues
for establishing desirable clones by simple seedling selection.
The same was successfully adopted in mango with the wide
variation prevalent as a result of cross pollination, which
helped in easy selection of new types (Singh and Singh, 1958;

Daljith Singh, 1963).

Plus trees or the elite trees selected for stem form,
biomass, total yield, size and quality of fruits etc., are the
sﬁarting point of any tree improvement activity. Selection of a
lérge number of elite trees servesas an immediate seed source,
with fairly high genetic gain. They also provide scion material
for vegetative propagation which can straightway go as

improved planting material (Anon., 1989).

At present tamarind is commonly propagated through
seeds. The traditional methods of plant improvement, apart
from being time consuming, are cumbersome. Hence vegetative
propagation seems to be an ideal answer to obtain and propagate
genetically superior individuals for mass production within a

short period.



Tree Dbreeding programme essentially involves
systematic selection of desirable clones for mass
multiplication. Even though farmers are quite experienced and
knowledgeable in maintaining of selected desirable types, very
little progress has been made in the improvement of trees jin
general and tamarind in particular, which is an economically
important multipurpose tree. Farmers have identified, selected
and nurtured most important desirable tamarind trees but
without the benefits of scientific methods of tree
improvement. Modern breeding programmes can be adopted to
obtain better gquality products and physical forms. A certain
amount of risk is involved in any tree breeding if it is
initiated without prior information of the prevalent

variations.

In recent years, with the recognition of commercial
demand for the crop and its industrial significance, there is
good scope for the selection of promising types and to know the
response of different genotypes of tamarind with respect to air
layering for clonal multiplication. However, rooting is complex

physiological phenomenon, which is inherant character of plant



8

and also influenced by the climatic conditions, such as
relative humidity and temperature. Exogenous application of
growth regulators and some horticultural practices 1like

girdling and etiolation are known to promote rooting.

Keeping 1in view the above facts, the present

investigations were carried vt with the following objectives.

1. To estimate the extent of variability for growth, yield and

quality of genotypes of tamarind.

2. To assess the extent of genetic divergence prevalent and
identify the relative contribution of character towards

divergence.

3. To know the flowering behaviour, plant type and pod

character.
4. To assess the progeny performance of tamarind.
5. To study the genotypic response to air layering,

6. To identify the superior trees to be considered for

conservation and mass multiplication.



— Review of literature__



II.REVIEW OF LITERATURE

Tamarind is an economically important multipurpose
tree species which is grown both as domesticated species in
farmland and wild in forest lands. With increasing population
pressure, demand for tamarind pulp has increased considerably.
This has necessiated to identify superior elite trees for
monocuiture plantations, without causing genetic erosion.
Establishing plantations using genetically improved clones will
help to maximise production per unit area and leads to indirect

economic and social benefits.

Tree improvement through the application of genetic
principles is basically directed towards modifying the heredity
of tree populations, so that trees are able to meet the needs -
of the farmer. A knowledge of the breeding systems and the
inheritance of yield and associated characters is necessary in
a successful breeding programme. Tamarind is a highly cross
pollinated crop and significant improvement 1is possible by
selecting the plus trees and further multiplication by clonal
propagation. Wide variation for most of the attributes is
observed in tamarind and there is much scope for identification
of divergent types. Since research work on variability,

multivariate, correlation studies and vegetative propagation is
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limited in tamarind, similar work done in other crops 1is
reviewed for better understanding of the problem. The
literature related to various aspects 1s organised under the

following main heads.

2.1 Variability studies

2.2 Flowering behaviour, fruiting and pod character
2.3 Chemical composition studies

2.4 Clonal multiplication by air layering

2.5 Post separation establishment of layers.
2.1 VARIABILITY STUDIES IN TAMARIND (Tamarindus indica L.)

Vﬂzéérding to Paules (1975), té@arind is mostly grown
as self sown trees or by sowing seeds of unknown parentage,
which has resulted in wide variation among seedling progenies.
It is.very desirable if proper selection of mother plants is

made for the collection of seeds for planting purpose.

//Thimmaraju et al. (1978) reported that Tamarindus
indica L. is a highly cross pollinated tree and offers scope

for selection of superior clones.

\)/éamiullah (1984) assessed the variability in tamarind
across 300 genotypes and noticed wide variability for all the
characters studied. The variations observed for the characters,
viz., trunk length, trunk volume, pod yield, pulp yield, seed

yield, etc., were significant.
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2.1.1 Variability studies in other tree species

/There was maximum variation in sandal (Santalam
album) leaves within (intra) and between (inter) trees. Rao and
Badami (1930) reported the foliar wvariations as the important
taxonomié character indicators that were discrenible even at
the seedling stagef'further, the wvariation ih leaf length and
area were subjected to biometrical analysis by Kulkarni and
Srimathi (1982). Second degree guadratic equations were
computed and based on these equations, the occurance of six
biotypes in sandal was confirmed. It was suggested that results
of biometric analysis of leaf morphology would be helpful for
delimiting different types of sandal. The length and width of
leaf were significant between the trees studied except in a few
plus trees, indicating that the trees would be genetically
alike (Bagchi and Veerendra, 1985?% It was concluded that they
were governed by genetic factors based on the variation in the

magnitude of standard error from tree to tree.

X Half-sib seedlings belonging to eight Sagtalum album
trees located at different places were quantitatively measured
for nursery characters to assess variability and superiority in
seedlings by Bagchi et al. (1987). The results revealed
significant inter tree variability in another study (Bagchi and

Veerendran, 1991). The variability of growth performances was
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observed after pruning two years old even-aged Santalum album
plants. It was found that “without host” treatment expressed
lower mean and variability, whereas the ‘with host’ conditions

showed higher mean and variability.

v Clonal variation for growth and morphological traits
was observed in Populus deltoides (Ying and Bagley, 1976). Jha
et al. (1991) reported that when data on poplar clones (Populus
deltoides and P. xeuramericana) both exotic and indigenous were
subjected to statistical analysis at half the rotation age the
variation in height was insignificant, while in diameter and

survival it was significant.

XThe variability study in Eucalyptus camaldulensis
provenances showed significant variation for eight
morphological characters of leaves (Burley et al. 1977). A one
per cent progeny test in E. grandis was assessed for plant
height at four different ages (Kedharnath, 1982). It was
noticed that there was a large magnitude of genetic variation
in mean plant height between the families. Kapur and Dogra
(1987, a) showed that provenances of E. camaldulensis and E.

tereticornis varied significantly for the growth parameters

viz., height, diameter and volume.

~Manaturagimath et al. (1991) observed significant

variation in E. cloeziana provenances for survival percentage,

b
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height, diameter at breast height (dbh) volume and mean annual

increment.

-+ The genetic variances among nine provenances of E.
tereticornis were not significant at an age of three years.
Just detectable(ét the ten per cent level of probability)at an

age of five years and highly significant (at one per cent level

of probability) at an age six years (Otegbeye, 1991).

¥ Teak (Tectona grandis) differed significantly for

height and diameter at breast height (dbh) in provenance

traits according to Suri (1984) and Krishnamoorthy (1989).

v Kedharanath (1986) conducted a survey and evaluated

teak plantations in India and identified 700 plus trees.

X Rajaram (1990) reported that, significant wvariation
was found with reference to height, basal diameter, number of
branches, biomass, specific gravity and leaf nutrient content
in Gliricidia sepium provenances. It was also observed that the
phenotypic variability and genotypic variability expressed as
PCV (%) and GCV (%) were the highest for number of branches and
twig bioméss. Puri et al. (1989) recorded wvariability for

height as high in Leucaena leucocephala.
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Falkenhages (1991) noticed no provenances differences
for growth traits studied, viz., stem form, crown form, height

and volume in pinus (Pinus radiata).

< Kumaran (1991) found significant variation between 28
(one per cent) families of Pongamia pinnata in seed parameters
and seedling traits. Study also showed, the genotypic
coefficientsSof variation fey basal diameter and volume weye 21.82

and 49.74 respectively.

v Singh and Choudhary (1992) obtained maximum variation
-for plant height followed by number of branches, base diameter,
leaf breadth and leaf 1length zuncng 28 families of I&ynus
armeniaca.
| In Bampusa balcooa, Singh and Beniwal (1993) found
that genotypic coefficient of wvariation (GCV) and phenotypic
coefficient of wvariation (PCV) for plant height and nﬁmber of
new shoots were maximum at the age of four and half years and
three and half years and minimum at the age of two and half
years.
Srivastava et al. (1993) observed that eight vyears
old Term{nalia arjuna recorded the highest  genotypic
coefficient of variation for leaf yield followed by length of

leaf and number of leaves per branch. On the contrary, maximum

phenotypic coefficient of variation in leaf yield was followed
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by breadth of leaf, number of branches per plant and number of
leaves per branch. The GCV values were lower in magnitude than
PCV in all the seven characters studied except for length of
leaf revealing that environment greatly influenced expression

of these characters.

Half-sib seedlings belonging to 24 Terminglia arjuna
trees showed high genetic coefficient of variation for seedling
height indicating additive gene action for this character

(Srivastava et al., 1993a).
2.2 CORRELATION STUDIES AND PATH COEFFICIENT ANALYSIS

Correlation coefficient analysis helps to determine
the mnature and degree of relationship between any two
measurable characters. It resovles the complex relatidns
betweeﬁ important characters which is of immense help in the
selection of suitable clones. But a measure of correlation does
not consider the dependence of one variable on the other. The
direct contribution of each component to the yield and the
indirect effect it has through its association with other
components can not be differentiated from mere correlation
studies. A statistical device called the path coefficient
analysis developed by Wright (1921) fulfills this lacuna. It is
a tool in genetic analysis to partition the association of the
components on yield and indirect effect of the characters
ﬁhrough other components. i
1rhh 4110()

T LpAL STIENCES

/‘-a«:——-—"‘ -
TRSITY OF ACF ‘
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The path coefficient analysis is useful to study the

cause and effect relationship, diagrammatically. However, such

studies in tree species are scarce.

2.2.1 Correlation and path coefficient studies in tamarind

(Tamarinds indica L.)

vCSamiullah et al. (1993) in a study involving 300
genotypes of tamarind, identified that characters like number
of primary branches (0.459) length of pod (0.448), pulp yield
per tree (0.712), trunk volume (0.816), seed yield (0.848) and
tartaric acid (0.848), showed strong positive and significant
association with pod yield) The path coefficient analysis of
yield contributing characters revealed that pulp yield per

tree and seed yield per tree had appreciable direct effect.

2.2.2 Correlation and path coefficient studies in other tree

species

~ Kedharnath et al. (1969) reported that 1in teak
(Tectona grandis) the genetic correlation of 0.90 was observed
between stem girth and number of internodes.Also high positive

correlation between height and diameter was reported by

Lakshmikanthan et al. (1974).

” Khosla et al. (1980) opined that there was a strong

correlation between height and diameter and ratio of clear bole
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to total height in Populus ciliata. A strong negative genetic
correlation of green house height with second year height was

noticed by Nelson and Tauer (1987) in P. deltoides.

Casuarina equisetifolia recorded a significant and
positive correlation between total biomass and other traits
like girth at breast height, stem weight and volume in a study
by Stephan Durairaj (1981) and Jambulingam (1989). Further,
opined that maximum positive direct effect on wood yield was
exerted by girth at breast height followed by total height,
merchantable height, girth at stump level and weight of bark in
that order in Eucalyptus tereticornis while bark thickness

exerted negative indirect effect on yield.

~ Rathinam et al. (1981) observed a strong positive
correlation between total height, girth at breast height and
weight of green bark in Eucalyptus tereticornis. Further,
opined that maximum positive direct effect on wood yield was
exerted by girth at breast height followed by total height,
merchantable height, girth at stump level and weight of bark in
that order in Eucalyptus tereticornis while bark thickness

exerted negative indirect effect on yield.

v Volker et al. (1990) in Eucalyptus globulus reported

’

a strong genetic (0.82) and phenotypic (0.66) correlation
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between height and stem diameter. Volume showed very high
genetic correlations with both height and diameter. The same

trend was apparent in the phenotypic correlations between them.

Sukumaran et al. (1982) studied path coefficient
analysis for 13 traits on 43 progeneis of eight highvyielding
West Coast Tall coconuts planted in 1953. Analysis of the data
indicated that average number of female flowers at 21 to 24
years, number of functional leaves at 19 years and internodal
distance at a fixed mark had the greatest direct effects on

average yield at 21 to 24 years.

Ramanathan (1984) conducted correlation studies in 30
cultivars of coconut which were 23 vyears old and noticed
significant and positive correlation of stem height (r=0.623)

with nut yield.

Kovas and Burgetix (1984) indicated that chlorophyll
content and dry matter content had positive correlation between
initial yields of clones in a study involving ten selections of

a cross between Jonathan and Egry types of apple.

Lebeder and Chucha (1984) noticed that leaf area per
rosette in apple was an important character associated
positively with yield and yield pattern of fruit bearing. The
correlations found were of considerable use in selecting

promising parents for yield.
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Magdalita et al. (1984) studied character
associations in 100 accessions of papaya and study revealed
that fruit weight was positively and significantly correlated

with fruit length, width, flesh thickness and cavity volume.

~ Kumaran (1991) suggested height as the reliable
character for selection in neem (Azadirachta indica) as it
exhibited maximum correlation, both phenotypic and genotypic,
for sturdiness quotient. Further opined that, in neem
(Azadirachta indica) shoot length recorded the maximum positive
direct effect followed by volume index, number of branches, and

root length.

, Kumaran (1991) reported that height exhibited maximum
positive genotypic and phenotypic correlation with sturdiness
quotient in Pongamia pinnata. The study revealed that height

‘could be the reliable character for selection.

+ The correlation studies in Dalbergia sissoo (Dhillon
et al., 1992) revealed that diameter (dbh) showed positive and
highly significant association with height of crown as well as
total height. Further opined that, out of the component
characters studied, total tree height and age had the maximum
direct effect on diameter. However, height of crown had maximum
negative direct effect and indirect effect by self pruning
ability. It also had a strong positive indirect effect via

total height and clear bole height.
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2.2.3 Heritability studies in Tree Species

The concept of heritability is important and useful
in quantitative genetics. It is the proportion of total
variability which is due to heredity, the remainder being due
to environmental causes. The broad sense heritability is the
ratio of total genetic variation to phenotypic variation (Zobel
and Talbert, 1986). They have also reported that generally in
tree Crops volume and diameter growth expressed low (0.00-
0.40), height and straightness moderate (0.41 - 0.60) and wood
specific gravity, wood fibre, bark thickness etc. high (0.61-

0.80) heritability (broad sense).

/ Kedharnath (1982) reported that Theritability
estimates for height of one parent progeny of E. grandis
during ages one and half to three and half years varied from
'0.19 to 0.21. While at age four and half year it was 0.34.
The leaf length; leaf breadth ratio registered the maximum
heritability percentage (44.85) followed by number of branches
(42.69) and leaf breadth (31.80) in E. tereticornis as reported
by Surendran (1982).//Individual heritabilities of growth
traits ranged from h?=0.12 for height to h?-0.24 for diameter
in Eucalyptus globulus as reported by Volker et al. (1990).

The heritability of volume was on par with diameter (h%=0.19) .
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The heritability (brocad sense) was found to be the
highest for height (0.93) followed by number of branches
(0.82), basal diameter (0.76) and wood biomass (0.49) in

Gliricidia sepium as reported by Rajaram (1990).

vKumaran (1991) obtained maximum heritability (0.98)

for height in the seedlings of Pongamia pinnata.

Singh and Beniwal (1993) estimated the heritability
in bamboo (Bambusa balcooa). The heritability estimates during
different age groups varied between 0.78 to 0.96, 0.82 to 0.99
and 0.40 to 0.89 respectively for height, girth and number of

new shoots in Bambusa balcooa.

In eight vyear old plantations of Terminalia arjuna
Srivastava et al. (1993a) found heritability in broad sense to
be the highest for leaf yield (0.78) while height of plant
exhibited heritability value of 0.51. On the contrary, breadth
of leaves showed low heritability (0.21) and length of leaves

recorded negative heritability (0.16).
2.3 MULTIVARIATE ANALYSIS

Genetic divergence study using Mahalanobis (1928) D?
analysis, has been recognised as a powerful statistical tool to
assess genetically divergent genotypes. Though much work has
. been reported on agriculture crops, very little work has been

done on tree crops.
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The exact distribution andmovement of D? statistic
was given by Bose (1936). Rao (1948) pointed out that D2
statistic needed some mathematical and logical requirements

such as
1. Distance between the two groups was not less than zero.

2. Sum of distances of a group from two other groups is not
less than the distance. between the two groups similar to

that of differential geometry.

3. The distance should not decrease when additional characters

were included and

4. The increase in the distance, by the addition of some

characters to suitably chosen set was relatively small.

The multivariate studies help in isolating the genotypes
that are distinctly related and bringing together the closely
related genotypes. Earlier studies have shown genetic
diversity in space and time (Thoday, 1953, Dacuncha and

Dobzhansky, 1954),

Rao (1960) opined that D2 concept lies at the heart
of the morphometrics which has lead to many useful inferences

and thus become an indispensable tool.
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Multivariate analysis is useful in presenting more
convincing evidence of the phenotypic relationships with the
plant population under natural and artificial selection. It
is also said to have a capacity of detecting unsuspected
relationships between the populations (Sneath and Sokal, 1973).
It has Dbeen successfully used to classify the biological
populations and to identify the factors influencing their
genetic divergence. (Anderson, 1958, Murthy et al., 1965,

Narayan and Macefield, 1976).

The choice of diverse parents with good general
combining ability for components of yield has helped in
substantial genetic advance in self as well as cross pollinated
Crops such as green gram, wheat, rice, barley, maize, tobacco,
alfalfa, linseed and pearl millet (Gupta and Singh 1970,
Griffing, 1956, Bhatt, 1970, Ram and Panwar, 1970, Whitemore et
al., 1958, Matzringer and Wensman, 1967, Carnaham and Caralson,
1963, Anand and Murthy 1968, Upadhya and Murthy, 1971).
According to Beardmore and Shami (1976), the geographical
diversity is positively associated with genetic diversity.
However, such a correlation has not been observed in certain
studies conducted by Arunachalam and Jawahar Ram (1967), Gupta

and Singh (1970) and Bhatt (1973).



2.3.1 Multivariate analysis in other Tree Species

Khosla et al. (1979) reported a multivariate analysis .
in Populus Ciliata showing no difference between the male and
female trees with respect to height, diameter and specific
gravity.

Surendran and Chandrasekaran (1988) found highly
divergent clusters in Eucalypfué tereticornis. The study
revealed that the variability exhibited by the single tree at
24 months growth phase was primarily due to number of branches,
number of leaves and plant height, and secondly due to

internodal length, leaf length, breadth ratio and leaf length.

Rajaram (1990) studied the genetic di&ergence among
15 provenances of Gliricidia sepium resolved into two clusters
at 24 months growth period of the eight characters studied
height (58.09%), followed by number of branches (20.95%),
contributed maximum to the divergence. The inter and intra
cluster distance revealed that Cluster-II possessed higher

values than Cluster-I.

C/Kumaran (1991) could find two clusters among 28, one
parent families in neem (Azadirachta indica). Among the
characters studied root length followed by height contributed
maximum to the divergence. The intra cluster distance of

Cluster-I was 27.46 and that of Cluster-II was 33.48.Cluster-I1I
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recorded the maximum inter cluster distance of 112.1 followed
by 753.88 of Cluster-I. In another study Kumaran (1991) opined
that all the 28 one parent families were grouped into three
clusters after D2 analysis in Pongamia pinnata. The study
revealed that height (36.24%) contributed maximum to the
divergence followed by number of leaves (22.22%) and leaf
length (20.11%). The intra and inter cluster distance values

were maximum for Cluster-III.

Bagchi (1992) made a preliminary study on the genetic
divergence of Acacia nilotica. It revealed that all the 42
provenances could be grouped into two clusters based on D2
values. This study also signified that all seed sources from a
single cluster and the pattern of genetic nearness was not

dependent on the geographical nearness.

Singh and Chaudhary (1992) made the multivariate
analysis of genetic diversity among 28 single tree selections
(plus trees) of Prunus armeniaca L. through their progenies for
five developmental characters wviz. plant height, Dbasal
diameter, number of branches, leaf length and leaf breadth at
12 months growth phase. The results revealed that they could
be grouped into three clusters. Inter cluster distance (D
value) ranged from 5.95 to 6.48. While intra cluster distance

was found to be maximum (3.09) in Cluster-I. Plant height and
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number of branches contributed considerably, accounting for 65
per cent of total divergence. The study also revealed that
Cluster-II and Cluster-III were highly divergent and were

likely to produce new genotypes with desired traits.

Gangaprasad (1993) reported that tamarind pod yield
per tree is the most important character contributing for
divergence across all the provenances followed by trunk length,

pulp yield per tree and seed yield per tree.

2.4 CANONICAIL VARIATE ANALYSIS, MAHALANOBIS D2, STATISTIC,

AND CLUSTERING ANALYSIS

For the purpose of discriminating any two populations
having unknown origin, anthropologists were using Carl
Pearson’s Racial likeliness identity (c2) (Trisdesley, 1921).
But Mahalanobis (1936) opined that Pearson’s c2 was a test of
divergence between two samples than a measure of actual
magnitude of divergence between the two groups under

comparison.

Ce
Mahalanobis generalised distance (D2 technique)
2
considers the variations produced by any character and the co-
»
joint effect that it bears on the other characters. The

technique was first used by Mahalanobis et al. (1949) in an

anthropometric survey of the united province of India.
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Verma et al. (1973) studied the nature of genetic
divergence and its relation to adaptability in seventy eight
varieties of soybean from different countries. The D2 analysis
showed that these varieties formed eleven clusters which were
heterogenous with respect to place of origin of the varieties.
They observed a regular clustering pattern with respect to the
early and late varieties. The Canonical analysis applied for
the same data showed that days to flowering followed by 100
grain Qeight, days to maturity and plant height contributed
more towards discriminating the groups. The congregates formed
on canonical graphs supported the clusters formed through D2
analysis.

Ganeshaiah (1979) studied the magnitude of genetic
diversity and pattern of association among yield and other
characters in a collection of 100 entries of hdrsegram and
grouped them into 23 clusters. He also observed perfect
agreement between canonical variate and D2 analysis. The
characters that contributed for the divergence are mainly
associated with plant maturity. No perfect association was

evident between geographic and genetic diversity.

Maluf et al (1984) assessed the tolerance for
aluminium in leucaena and based on hierarchial cluster
analysis, distinguished the population into 13 tolerant and 16

sensitive groups.
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Melendreas and Ortuno (1984) analysed the data of
several varieties of lemon on various root stocks and were able
to group them into different clusters based on Dendrogram,
soley depending on fruit characters and arranged them in

hierarchial order of similarity.

Nema and Sharma (1986) studied the taxonomic
relationships of 42 cultivars using data on 92 physical
characters in grape. They were able to classify the cultivars
into several groups based on weighed pair group and similarity

and distance coefficient method.

Butenko et al. (1987) applied principal component
analysis based on 18 guantitative characters in 20 cherry
éenotypes. Six principal components accounted for 86.2 per
cent of the observed variation while the first principal

component alone accounted for 35.9 per cent.

Hilling and Fezzoni (1987) analysed divergence in 16
cultivars of Sour Cherry using principal component analysis.
They also revealed that genetically related cultivars tended to
cluster, suggesting that there was a significant genetic
component to the underlying pattern of morphological variation
and has also contributed to the patterns. Selective forces may
also have contributed to the patterns of morphological

variation.
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Singh et al. (1987) measured the genetic distance of
twenty Indian cultivars of sugarcéne using Mahalanobis D2
statistics. The cultivars were grouped into nine clusters.
There was no apparent link between geographic distribution and

genetic diversity.

Illoh and olorode (1990) subjected 31 varieties of
mango collected from all the ecological zones to single linkage
cluster analysis. The varieties were grouped into £four

clusters mainly on the basis of reproductive characters.

Samiullah (1993}) employed principal component
analysis to study the genetic diversity for twenty yield and
yield attributing characters across 300 genotypes of tamarind.
The first 12 principal components accounted for 96.63 per cent
of wvariation, while the first two principal components
explained 42.37 per cent of variation. Pod yield per tree,
trunk length and number of primary branches were the most
important characters that contributed towards divergence.
Clustering was done based on the principal component scores and

all 300 genotypes studied were grouped into 16 clusters.

Gangaprasad (1993) studied the genetic divergence in
tamarind clusters formed on the canonical graphs were well
discriminated indicating the prevalence of appreciable amount

of genetic divergence. Genotypes 4 and 10 from Shimoga, 18
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and 10 from Chitradurga-I, 4 and 8 from Chitradurga-II, 14 and
34 from Bangalore, 8 and 33 from Tumkur, 13 and 9 from Mandya,
8 and 28 from Kolar-I, and 42 and 25 from Kolar-II were
identified as the most divergent based on canonical variate

analysis.
2.5.1 Flowering character

Burns and Prayag (1920) opined that the floral
character were important only in the classification of the

species at higher level and not at cultivar level.

However, Grubb (1955) reported that Dblossom

characters were used to identify cherry varieties.

Tamarind flowers are in recemes at the end of

branches, are inconspicuousand abouthalf inch long appearing in

April-June (Rao 1959, Randhawa, 1965).

Cowen (1970) noted that the petals of tamarind flowers
are creamy or yellow in colour but covered by a fine network of
deep red veins and these make pretty variation in colour.
Thimmaraju et al. (1978) reported that tamarind trees flower
from April to July and more profuse flowering was observed

during May-June.
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Shivanandam (1980) considered the floral characters
in the classification of tamarind varieties. He studied the
floral characters such as length of inflorescence and number
of flowers per inflorescence and both the characters gavé
significant differences among the types of tamarind. The
maximum length of inflorescence was observed in trees with
fruits of curved and bulged type (5.58 cm). Maximum number of
flowers per inflorescence was found in trees with fruits of

curved and bulged type (15.46).
2.5.2 Flowering behaviour in other related crops

The relation of shoot growth to fruit bud formation
has been extensively investigated in apple. The general
conélusion has been that the time of shoot and spur growth
cessation is, to some extent related with the fruit-bud
formation (Roberts 1920, 1925), McCartney (1925) observed
that the trees of regular bearing habit in apple presenteda
marked and positive correlation between the length and diameter
of spurs and blossom bud formation. However, in bienniai
bearing trees, this correiation did not hold good, as the heavy
crop prevented the blossom bud formation, irrespective of the
length of shoot growth. In apple, ﬁhe biennial bearing

varieties prcduce flowers on spurs and the annual bearing

varieties produce flowers mostly on the shoots.
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In apple, spurs behave as independent units whereas,
no such individuality exists in mango shoots. Thus, the growth
pattern in these two types of fruits is different and

biennality in bearing is more a problem in mango than in apple.

Galang and Lazo (1935) stated that the mango shoots
must have certain length, diameter and number of 1leaves for
producing flowers. On the contrary, Singh (1959) reported that
the results on shoot size shown that there is no effect of
shoot size on fruit bud differentiation. Flower buds have
been seen to arise from tiny shoots measuring from 0.9 cm to
3.4 cm, having one or two leaves in the biennial as well as in
the regular bearing varieties. He also opined that the age of
the shoot does not govern fruit bud differentiation in mango.
According to him, this may be due to the fact that the major
role in'the formation of fruit-buds is played by some other

factor or factors and not by the maturity or age of the shoots.
2.5.3 Fruit shape of tamarind and other crops

David (1907) reported that tamarind fruit is a large
flat pod measuring four to six inches in length, filled with
acid pulp, seeds and fibrous matter. Fruit contaiSSSS per cent
of pulp. 11.1 per cent of shell and fiber. Pulp content and
fiber content in tamarind fruit ié 55 and 12 per cent

respectively. (Winton and Winton 1935, Lewis et al., 1954).
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Shivanandam (1980) recognised four types of tamarind based on
fruit shape, viz fruit straight and bulged, fruits straight and
flatteped, fruits curved and bulged, and fruits curved and
flattened. Straight and bulged type fruits have shown more
length (16.35 cm) compared to other types of fruits. Most of

the samples studied recorded pulp with light red colour.

Hernadez-Unzon and Lakshminarayana (1982) described
the ripe fruit of tamarind as indehiscent fruit with curved
pod of 12 to 15 cm length, weighing 10 to 20 g, It has a

scurfy brown, Woody, fragile Peel (shell).

Kokate (1988) reported that through survey, MPAU,
Rahuri has located six promising tamarind types, having large
fruit size, 22.5 cm long, weighing 35 to 42 g with extra white
endocérp membrance colour. The tamarind type ‘Pratistan’
developed at Fruit Research Station’ Aurangabad, which 1is

promising and regular bearer.

Cultivars were classified on shape, colour and
quality of fruit in oranges (Corbos and Moscosa, 1958), mango
(Singh, 1963), Jack (Guruprasad,1981), Pumello (Narayanamurthy,

1982).
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2.5.4 Yield

The tamarind is a moderate size tree and can Jgrow
upto 24M in height and 7 M in girth. A full grown tree yields
180 kg to 225 kg of fruits per season. (Rao 1959, Lewis and

Neelakantan 1964, Anon, 1976).

Hernandez and Lakshminarayan (1982a) reported that
tamarind tree can dgrow to a height of 30 m and can be
productive for more than 50 years. A well managed tree bears
100 to 250 kg of tamarind fruit and the yield depend on soil
type (Kokate, 1988). Plus trees selected by Forest Department
Govt. of Karnataka revealed that fruit yield in tamarind varies

from 200 kg to 800 kg per tree per season. (Anon. 1989).

2.5.5 Seed character

Tamarind seeds are universally consumed by the poor
people during the time of scarcity and famine, and are
occasionally consumed by others during normal days. Seeds

also have industrial importance.

Devid (1907) stated that the seeds are flattened and
of irregular out line, being round, ovate or obtusely four

sided and one hundered seed weight 75.8 grams.
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Bailey (1947) recognised two types of tamarind viz.,
those with long pods containing seeds ranging from 6 to 12
named East Indian varieties and those with short pods
containing seeds varing from 1 to 4 named West Indian
varieties.

Cowen (1970) observed that in a tamarind fruit,
number of seeds ranged from 1 and to 10 in a fibrous pulp and
the pod is more or less constricted between these seeds.
It has been reported that in tamarind fruit, the number of

seeds varied from 3 to 12.

Haernandez-unzon and Lakshminarayana, (1982) stated
that the seed number per pod seems to be the varietal character
in tamarind. Sunderarajan and Madhava Raoc (1967) opined that

the seed number per fruit was varietal feature in Sapota.

2.5.6 Acid content of fruijt

The fruit of tamarind is the most acidic of all the
natural foods. The content of the chief acid present is
tartaric. It is as high as 14-18 per cent (Lewis et al., 1954;

Lewis and Johar, 1956; Lewis et al., 1957; Rao, 1959).

Haernandez-unzon and Lakshminarayan (1982a) reported
that the ripe fruits were having tartaric acid content of 14.0

per cent and ascorbic acid content of 12 to 15 per cent.
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However, Shivanandam (1980) reported that the highest
per cent of tartaric acid was recorded in tamarind fruits which
are curved and bulged type (3.16%) followed by straight and

bulged type (2.99%).

Challapilli (1992) opined that the range of variatipen

in tartaric acid varies from 8.94 to 14.98 per cent.
2.6 CLONAL MULTIPLICATION BY AIR LAYERING

Layering is one of the oldest techniques used to
propagate many woody plants. It is a reliable and easy meaps
of Propagation. When difficult to root plants are to be
propogated vegetatively, use of chemical growth promoting

substances help to get better and early rooting in layers.

Pre girdling af plants is known to increase the root
initiation in layering. In this process the downward movement
of Carbohydrates and other rooting cb—factors are blocked apd
the consequent physiological and biochemical changes result in

betters rooting.

Hegde (1987) opined that air layering done in cashew
during monsoon season under Dharwad condition proved to be

superior to summer season in respect of percentage of rooting.



37

The results of the work carried out on root induction
in various tree crops briefly reviewed under the following

headings.
2.6.1 Genotypic response to air layering in other crops

Katagihallimath (1986) opined that Mussaenda
erythrophylla Var ‘Rosea’ can be propagated most successfully
by air layering with pre girdling the shoots thirty days before
air layering and treating with IBA, 3000 ppm, under Dharwad
conditions. Further he states that Mussaenda var white is

difficult to root, whereas var. pink is easy to root.

Aravindakshan et al. (;986) reported that in cashew
variety NLR-2-1 the layers-obtained by treating with IAA at
250 ppm and 1000 ppm were superior compared to the kother
treatmeﬁts including control. But in case of variety BLA;139—1
IBA at 250 and 500 ppm, IAA at 100 and 200 ppm were found to

be superior.

Rameshnaik (1988) studied the propagation of 40
bougainvillea cultivars by cutting under Dharwad conditions.
Among the 40 cultivars selected for screening in the first
phase, based on their rooting ability, 17 cultivars were found
‘easy to root’, ten cultivars were ‘moderate to root’, and 13

cultivars were difficult to root.
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Hegde (1988) reported that among the 15 shrubs
selected for screening on the rooting percentage of cuttings,

nine shrubs viz. Lantana camara var.

Depressa and Nivea, Acalypha hispida Euphorbia
pulcherrima, Justicia carnea Tecoma stans, Nerium Olender var.
rosea, Pentas lanceolata var. cornea, and Ixora Singapurensis
were found to be easy to root. The other six shrubs namely
Calliandra brevipes, Artabotyrs odoratissima, Thevetia
nerefolia, Gardenia florida, Hamelia petans, and Holmskoldia

eanguinea were found to be difficult to root
2.6.2 Post separation establishment of layers

Layerage asa method of propagation can hold
importance, only if the establishment of rooted shoots 1is
substantial. Attempts were made to improve rooting of shoots

and also better establishment after separation.

Bid and Mukherjee (1969) reported that 100 per cent
rooting and establishment of layers of ‘Langra’ variety of
mango as a result of treatment of etiolated shoots with 1000
ppm of IBA and NAA in equal parts. In ‘Chawsa’ variety 98.6
per cent rooting with 90 per cent survival was obtained with
etiolated shoots treated with IBA plus NAA (1:1) at 500 ppm.
Bhujbal (1972) found that IBA at 3000 ppm produced 86.6 per

‘cent rooting and 76.6 per cent survival of air layers of guava.



ITI _MATERIAL AND METHODS

Studies were conducted at the Forest Research Centre,
Gungargatti, which is 5 km away from the Main Campus of
University of Agricultural Sciences, Dharwad towards north.

Investigationswere made during 1992-1995.
3.1 EXPERIMENTAL SITE

Gungargatti Forest Research Centre comes under
transitional zone of Karnataka State at 15 -26’ North
latitude, 7é -07' East longitude at an elevation of 667 metres
from the mean sea level. The average annual rainfall of the
area is about 800 mm and is evenly distributed from April to
November. The maximum temperature seldom goes beyond 3{)C in
the month of April and the minimum below 15 C during the month
of December (1992). The relative humidity fluctuates between 65
and 87 per cent. The experimental site consisted red soil of

the sandy clay type.
3.1.1 EXPERIMENTAL MATERIAL

Recognising the importance of plus trees, efforts
were made in northern zone of Karnataka, to identify plus
trees. In the last six years a total of 72 trees of tamarind

were identified and documented. This task involved lot of
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preliminary listing. Verification, deleting inferior ones,
collecting lot of details on each tree (Anon., 1989%9). The

details of plus trees of tamarind is given in Appendix-I.

" Forty plus trees of tamarind selected by the Forest
Department Dharwad from Dharwad, Belgaum, Bijapur, Shimoga and
Uttar KXannada districts in Karnataka have formed the
experimental material for the study. Ramets (grafts) of all the
plus trees were planted at Gungargatti. The meteorological data

of the experimental location is given in Appendix-II.

Gene bank of tamarind (Tamarindus indica L.) was
established by planting ramets of various plus trees, marked by
the Silviculturist, Northern Zone, Government of Karnataka,
Forest Research Centre, Dharwad on June 1989 at Gungargatti.
Trees. from gene bank were utilised for the present

investigation.

3.1.2 Evaluation of genotypes of tamarind (Tamarindus indica

L.) in respect of growth and yield

The data were collected on 40 tamarind genotypes
during the fruiting season of 1991-92, 1992-93 and 1994-95. In
each genotype five ramets (grafts) were selected for the study.

In all 200 ramets were included in the study.
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The spacing given was gm X 6m. During the
investigation period weeding, protective watering and other
cultural operations were done regularly. The 1list of plus

trees and their location 1S : given in Table-1.
3.1.3 Recording of observation

The following morphological traits and number of
fruits were recorded in five plants in each of the genotype

(clone) .
1. Plant height

The height of each ramet was measured from the ground

level to the tip of the leading shoot and expressed in metres.
2. Basal diameter

The diameter at the collar region was measured using

wooden calipers and expressed in centimetres.
3. Spread of the plant

The spread of the plant was recorded with the help of
measuring tape, in the east to west as well as north to south

direction, and expressed in metres.



Table 1 : List of plus trees and their location

S1.No. Designation

Location

1. NTI- 1
2. NTI- 2
3. NTI- 5
4. NTI- 6
5. NTI- 7
6. NTI-14
7. NTI-15
8. NTI-16
9. NTI-17
10. NTI-19
11. NTI-21
12. NTI-31
13. NTI-32
14. NTI-54
15. NTI-55
16. NTI-56
17. NTI-57
18. NTI-58
19. NTI-59
20. NTI-60
21. NTI-61
22. NTI-62
23. NTI-70
24. NTI-71
25. NTI-73
26. NTI-74
27. NTI-75
28. NTI-76
29. NTI-77
30. NTI-78
31. NTI-79
32. NTI-80
33. NTI-82
34. NTI-83
35. NTI-84
36, NTI-85
37. S-3
38. S-4
39. s-7
40. S-13

Bammasagar beat, Badami range, Bagalkot Division
Chinchwad beat, Golihalli range, Belgaum Division
Vasan beat, Indi range, Bagalkot Division
Chinchwad beat, Golihalli range, Belgaum Division
Gudolli beat, Golihalli range, Belgaum Division
Chinchwad beat, Golihalli range, Belgaum Division
Chinchwad beat, Golihalli range, Belgaum Division
Chinchwad beat, Golihalli range, Belgaum Division
Chinchwad beat, Golihalli range, Belgaum Division
Yellapur Road, S.No.416, Dundashi range, Dharwad Division
Bommasagar beat, Badami range, Bagalkot Division
Arsingeri beat, Mundgod range, Yellapur Division
Arsingeri beat, Mundgod range, Yellapur Division
Hosalli beat, Ayanur range, Shimoga Division
Dumwad beat, Kalghatagi range, Dharwad Division
Chinchwad beat, Golihalli range, Belgaum Division
Chinchwad beat, Golihalli range, Belgaum Division
Chinchwad beat, Golihalli range, Belgaum Division
Chinchwad beat, Golihalli range, Belgaum Division
Chinchwad beat, Golihalli range, Belgaum Division
Chinchwad beat, Golihalli range, Belgaum Division
Gudolli beat, Golihalli range, Belgaum Division
Parasapur beat, Dundsi range, Dharwad Division
Parasapur beat, Dundsi range, Dharwad Division
Not mentioned

Not mentioned

Not mentioned

Not mentioned

Not mentiocned

Not ment ioned

Not mentioned

Not mentioned

Not mentioned

Not mentioned

Not mentioned

Not mentioned

Shimoga Division

Shimoga Division

Shimoga Division

Shimoga Division

NII - Northern Zone Tamarindus indica. S - Shimoga.



4, Crown size

Crown size was calculated by adding spread of the
plant from east to west and north to south direction and

average was worked out and expressed in metre.

5. Number of shoots per 30 x 30 cm area

In each ramet, number of shoots per 900 cm2

canopy
area was counted and recorded to assess the compactness of tree

canopy .
6. Flowering

Time of flowering and extent of flowering were

studied in different genotypes.
7. Yield of tamarind

From each ramet the matured fruits were harvested,
during 1993, 1994 and 1995 season in the month of April. The
number of pods harvested per plant and yield per plant in

kilogram were recorded.
3.1.4 Statistical analysjs

The data collected on various parameters were
subjected to statistical analysis as suggested by Panse and
Sukhatme (1978) and Singh and Chaudhary (1985). The
-significance test was carried out by referring to the standard

‘F’ table of Snedecor (1961).



3.1.5 Correlation coefficient

The phenotypic correlations “for - all the
combinations of characters were computed according to the
methods suggested by Robinson et al. (1957) by adopting Regre-
1 in programme by using VAX-VMS, V4 5 Micro-system, Computer
Centre, University of Agricultural Sciences, GKVK, Bangalore.

The phenotypic correlation was calculated by the formula

Cov.P(x.y)
rp (X,y) = - TTTsTm T s
[2(x) 2(y)
Where,
Cov.P(xy) = Phenotypic covariance of x and y
C:_g(x) = Phenotypic variance of x
2 _ . .
oY) = Phenotypic variance of y

The phenotypic correlation calculated.

3.1.6 Canonical variate analysis

This variate was made to represent the number of
correlated variables by lesser number of canonical variates,
which were obtained as linear wvariables. The principal
components were found out by adopting MVS programme by using

personal computer, as suggested by Sneath and Sokal (1973).
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The principal components 1, 2,.... k are

obtained by solving the equation

(R-A 1)V =0

Where,

R = The correlation coefficient wvector

7\ = Eigen root of matrix R

I = Identity matrix

v = Eigen vectors

The solution of the above equation gives us the eigen
values (characteristic roots or canonical roots), a set of r
non-zero positive scalar quantities. 1, 2 ..... k, where
‘r’ is 1less than or equal to ‘n’. There will be equal number
éf associated orthogonal vectors. Vl, V2, ...... Vr called

eigen vectors. The importance of these vectors is that they are
orthogonal and they describe the relation between genotypes
with economy. In other words by k characters over the n
genotypes may be accounted for by k is less than r dimensions.
That means a frame work of low dimensionality would account for

a large proportion of the variation of the original data. When

k

the vectors are normalised (that is V2 = 1, which obtained by
xi k

transforming the original values V into V/ V2), they can be

xi
assembled as principal component matrices of n x k dimensions,

which is designated as V. It can be shown that vlRV = A (where

‘A is the diagonal matrix of eigen values).
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The r is normalised vector of V given the direction
of a set of r orthogonal axes in A space are known as principal
axes. The ordinates of these axes are linear combinations and
summarise the major dimensions of variations. The ordinate

points in the new A space are computed by the equation.

P = Vix
Where,
P = r x n matrix of the co-ordinates of n
individuals of r principal axes.
Thus, the principal axis corresponding to the largest
unit eigen wvalue is the dimension that accounts for the

greatest amount of variances from the sample and so forth. It
is customary to extract only enought eigen vectors to remove

the majority (75%) of the total variance of the data matrix.

By wusing the first two principal axes of
differentiation, the genotypes are distributed on two dimension
graph. Two values were computed for each genotypes
corresponding to 1 and 2, respectively, using their
corresponding vectors. The clusters are formed based on the

proximity of the points on the graph.
3.1.7 Mahalanobis D2 analysis and dissimilarity coefficient

In the present study, Mahalanobis D? analysis was

used to estimate dissimilarity coefficients and cluster the
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genotypes by using Dendrogram. The dissimilarity coefficients
were estimated by using VD2 values as suggested by Sneath and

Sokal (1973) by adopting MVS programme on a personal computer.

Dissimilarity coefficient between the genotypes can
be arranged into a reasonable hierarchial system and the
diagrams called Dendrograms representing the genotypes that

connect the most similar entries were constructed.

By the above procedure, we obtain objectively
delimited groups of which some are of higher rank than others.
A horizontal line drawn across a Dendrogram at a given level of
dissimilarity indicates the groups of given rank. The
horizontal line must be drawn straight and parallel to the
ébscissa, so that a given rank 1is equivalent to any where
within any one study. Using this technique, by drawing a
horizontal line at a desired level of dissimilarity, we can

obtain various genotypes grouped into clusters.
- 3.2 STUDY OF POD CHARACTERISTICS AND ITS COMPONENTS

The observations for nine gquantitative characters
were recorded on all Lhose‘genotypes selected for the study,
which +  flowered and fruited. A total of 10 pods were
collected and average was computed for the pod characters

studied. The characters studied and techniques adopted to
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record the observations are given below. The per cent of pulp,

seed, shell and vein are workedouf.
1. Pod length

The length of the pod was measured from the tip ¢f
the pod to the point of attachment of the pod to the stalk and

expressed in centimetre.
2. Pod width

The width was measured with the help of slide

calipers and expressed in centimetre.
3. Pod thickness

The thickness was measured with the help of slide

calipers and expressed in centimetre.
4. Pod weight

The weight of the pods was recorded by weighing in
electrical balance and average value was calculated and

expressed in grams.
5. Number of seeds per pod

The seeds seperated from the pods and were recorded

as number of seeds per pod.
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6. Seed weight per pod

The seeds separated from the pods were weighed, apd

the average value was recorded as the seed weight per pod.
7. Pulp weight per ped

The pulp separated from the pods was weighed and the

average value was recorded as pulp weight per pod.
8. Shell weight per ped

The shell separated from the pods was weighed and the

average value was recorded as shell weight per pod.
9. Vein weight per pod

The vein separated from the pods was weighed and the

average value was recorded as vein weight per pod.
10. Per cent of pulp, seed, shell, vein and 100 seed weight

The pulp, seed, shell and vein from the pods were
obtained by the known quantity of pod and was expressed in
percentage. Hundred seeds of each genotype were weighed and
weight was recorded in grams. The data were of two seasons only

viz., 1994 and 1995.
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11. Plant type and pod shape

Plant type viz., orthotropic and plageotropic nature

was recorded and pod shape was studied in different genotypes.
3.3 PER CENT OF TARTARIC ACID

The mature pods were harvested during 1994 and 1995
season and subjected for estimation of tartaric acid content in

different genotypes of tamarind.
3.3.1 Sample preparation and determination of tartaric acid

Tartaric acid was determined as per the procedure

suggested by A.0.A.C.(1975) by using the formula mentioned

belogw.
T xE XN
% organic acid = ----- cm———— x 100
1000 x W
Where,
T = Titre value
E = Equivalent weight of the acid (g) based on which
) the organic acid is expressed
N = Normality of NaOH
W = Weight equivalent (g) of the sample in the

aliquot used for the titration.
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3.4 VARIABILITY STUDIES IN HALF-SIB FAMILIES OF TAMARIND

(Tamarindus indica L.)

Tamarind seeds were collected from the different
genotypes during 1994 season (April, 1994), in order to
estimate phenotypic coefficient of variability (PCV) and
genotypic coefficient of wvariability (GCV), heritability (h?)
with respect to germination, height, number of leaves among the

progenies.
3.4.1 Experimental details

Tamarind seeds from 20 genotypes, were taken for the
study. Sowing was done in sand bed on 30.8.1994. In each case
ten seéds were sown and they were replicated three times. Later
the seedlings were transplanted to polythene bags. The
- polythene bags were filled with potting mixture of soil : sapd

FYM in 2:1:1 proportion. The poly bags were kept in glass
house at Forestry College, Sirsi. Regular watering ¢to
seedlings, weeding operation were attended during the course of

investigation.
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3..2 Observations recorded

1. Seed weight

Hundred seeds collected from each genotype were
weighed by using electric balance and weight was expressed in

grams.
2. Germination

The germination started 5 days after sowing and
completed within 15 days. The per cent of germination was

worked out.
3. Height of seedling

Height of the seedling was recorded from the base of
the plant to tip of the shoot by measuring scale and expressed

in centimetre at the age of one month and six month.
4. Number of leaves

The number of leaves per plant was recorded and

average was calculated at the age of one and six month.
5. Diameter of tamarind seedlings

The diameter at the collar region of tamarind
seedling was recorded by using vernieer calipers at the age

of six monthgand expressed in centimetre.
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6. Leaf length

Leaf length was measured by measuring scale at the

age of six monthsand expressed in centimetre.
7. Leaflet length

In each progeny - leaflet length was measured at the

age of six monthsand average was worked out.

Details of progenies

Treatment Tree number

(Genotype)
T, NTI-6
T2 NTI-15
T3 NTI-19
T4 NTI-57
Tg NTI-60
T6 NTI-61
T NTI-62
T8 NTI-70
T9 NTI-71
TlO NTI-73
Tq1 NTI-74
T4 NTI-75
T3 NTI-77
T4 NTI-78
T, NTI-79
T16 NTI-82
Tq7 NTI-83
T18 NTI-84
T1g NTI-85

Too Shimoga-4
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2 3.4.3.1 Components of variance

The wvariance due to genotype. and phenotype,
genotypic coefficient of variation (GCV), phenotypic
coefficient of variation (PCV) and heritability in broad sense
(h2), genetic advance (GA) and genetic advance as percentage
of mean were worked out as suggested by Singh and Chaudhary

{1985) ..
1. Environmental variance (VE)
VE = Error mean sum of square

2. Genotypic variance (VG)

Where,.
M, = Treatment mean sum of square

M3 = Error mean sum of square

r = Replications.
3. Phenotypic variance (VP)
VP = VG + VE

4. Heritability (b.s) = h? (b.s)
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5. Phenotypic coefficient of variance (PCV)

VP
PCV = ------ x 100
X
Where,
VP = Phenotypic variance
X = Grand mean

6. Genotypic coefficient of variance (GCV)

VG
GCV = ------ x 100
X
Where,
VG = Genotypic variance
X = Grand mean

7. Genetic advance (GA)

Genotypic variance
(Phenotypic variance)

Where,
k = 2.06, a selection differential at 5 per cent

selection intensity
8. Genetic advance as percentage of mean

GA (as percentage of mean) =  --------------- X 100
Grand mean
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3. GENOTYPIC RESPONSE TO AIR LAYERING IN TAMARIND

All the genotypes which ~= wwevre - evaluated for yield
and quality were included in the study. Layers were prepared
from these five year old plants. In each plant five layers were
prepared after selecting the shoots of uniform maturity. These
shoots ranged from 0.80 to 1.20 cm in thickness at the point
where the ring of bark was to be removed. Shoots were 40 to 45
cm long. It consisted 5 replications. Twenty days before
layering, girdling was done on each shoots. About 1.5 cm bark
was removed (20.5.1994). Then the layering was done on
11.6.1994. Indole butyric acid (IBA) at 500 ppm was used, as an
aid for early and enhanced rooting. The growth regulator on
powder form was smeared for the girlded porition of the shoots
after.moistening. Immediately after the application of growth
regulator, girdled porition was covered with chopped and
presoaked sphagnum moss and firmly secured in a place with a

polythene film of 250 gauge.

The details of treatments were as follows.

Treatment Genotype Tree number in each genotype
Tq NTI-1 29/6, 33/3, 36/1, 39/1, 43/1
Ty NTI-2 2/1, 3/1, 4/1, 5/1, 18/1

T3 NTI-5 8/2, 17/2, 18/2, 19/2, 23/2



Treatment Genotype Tree number in each genotype
E NTI-6 24/3, 25/3, 26/3, 30/3, 31/3
Tg NTI-7 9/3, 13/3, 18/3, 21/3, 23/3

Te NTI-14 7/4, 10/4, 20/4, 21/4, 24/4

T, NTI-15 5/5, 11/5, 13/5,26/5, 37/5

Tg NTI-16 24/6, 32/6, 35/6, 39/6, 42/6

Ty NTI-17 5/6, 6/6, 9/6, 10/6, 16/6

T NTI-19 2/7, /7, 7/7, 14/7, 17/7

Tqq NTI-21 27/8, 28/8, 29/8, 30/8, 31/8

T o NTI-31 33/9, 34/9, 35/9,36/9, 40/9

T13 , NTI-32 2/9, 4/9,6/9, 9/9, 10/9

T1y4 NTI-54 7/10, 13/10, 17/10, 22/10, 39/10
T1s NTI-55 13/11, 20/11, 27/11, 31/11, 33/11
Tig _ NTI-56 2/11, 4/11, 5/11, 6/11, 7/11

T, NTI-57 9/12, 16/12, 17/12, 22/12, 27/12
Tig NTI-58 9/13, 10/13, 12/13, 15/13, 17/13
T1g NTI-59 2/13, 3/13, 4/13, 5/13, 6/13

THg NTI-60 2/14, 6/14, 7/14,20/14, 25/14

Tyq NTI-61 34/15, 36/15, 38/15, 39/15, 40/15
Tyo NTI-62 6/15,18/15, 24/15, 29/15, 30/15
Ty1 NTI-70 23/16, 24/16, 25/16, 27/16, 28/16
Tog NTI-71 10/16, 11/16, 13/16, 19/16, 20/16
Tyg NTI-73 13/17, 16/17, 17/17, 23/17, 25/17

Tye NTI-74 44/18, 45/18, 46/18,47/18,48/18



Treatment Genotype
T27 NTI-75
T28 NTI-76
T29 NTI-77
T3O NTI-78
T34 NTI-79
ng NTI-80
T33 NTI-82
T34 NTI-83
T35 NTI-84
T36 NTI-85
Ty Shimoga-3
T3g Shimoga-4
T3g Shimoga-7
T40 Shimoga-13

24/18,

2/18,3/18,6/18,

9/19,

3/20,
2/21,
27/22,
2/22,
13/23,
2/23,
15/24,
21/25,
7/25,
15/26,

3/26,

25/18, 27/18,29/18,34/18

15/18, 16/18

6/19, 20/19, 23/19, 26/19

9/20, 18/20, 20/20, 30/20

3/21, 18/21, 19/21, 32/21

29/22, 31/22, 32/22, 35/22

3/22, 19/22, 20/22, 26/22

14/23, 27/23, 28/23, 35/23

3/23, 4/23, 6/23, 8/23

20/24, 26/24, 29/24, 36/24

25/25, 26/25, 27/25, 28/25

10/25, 12/25, 13/25, 14/25

17/26, 18/26, 22/26, 30/26

4/26, 5/26, 7/26, 12/26

3.5.1 Observation recorded

Tamarind

layers were separated

after 90,

120 and

150 days from the mother tree from the date of air layering.

Number of layers rooted at different interval as indicated by

the emergence of roots as seen through the polythene film was

considered as success of layers.
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1. Number of layers rooted

The number of air layers rooted -afteér~ third, fourth.and
fifth month was recorded in each genotypes. The average and per

cent of rooting weveworked out.
2. Number of roots per layers

The number of roots measuring more than 0.5 cm wgs

counted.
3. Length of the longest root

The length of the 1longest root in each layer was
measured with the help of measuring scale and expressed in

centimetre.
4. Dry weight of the root

The roots were separated from the layer and weighed
with the help of electronic balance and expressed in gram per

layer.
3.6 Separation of rooted layers

The layers were separated at 90, 120 and 150 days
after layering. The separated layers were defoliated retaining
the petiole intact and were carefully carried to the site of

transplanting. The polythene bags were filled with mixture of
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soil : sand : FYM in 2:1:1 ratio. The layers planted in the

polythene bags were watered regqularly.
3.7.1 Post separation establishment

The bagged layers started sprouting within 30 days.
The number of layers survived after 180 days was recorded and

expressed as per cent of layers established.
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IV_.EXPERIMENTAL RESULTS

The experimental results obtained from the analysis

of the present investigation are presented below.

4.1 EVALUATION OF GENOTYPES OF TAMARIND FOR GROWTH AND YIELD

4.1.1 Morphological characters and plant type

The data on morphological character of different

genotypes are presented in Table-2.
4.1.1.1 Growth parameters

For evaluation, 40 genotypes of tamarind were
selected. From each tree the data were collected on height of
plant, diameter, number of shoots per 300 cm? area, spread of

plant in east to west and north to south direction and crown

size.
a. Height of plant (m)

Height of the plants in tamarind genotypes varied
from 1.47 m in NTI—74.to 2.99 m in NTI-2 at the age of five
years. Nineteen progenies recorded height more than plot
average (2.18 m). There was significant difference among the
treatments in respect of height of the plant. Maximum height

was recorded in NTI-2 (2.99 m) and it was followed by S-4 (2.90



Table 2 : Growth parameters of different genotypes of tamarind at fifth year

ST1. Treatment Plant Basal No. of 9 Canopy spread of pl(m) Crown
Na. (Genotypes) - height - plant shoots/cme --------- e - size
(m) diameter area East to North to £m)
(cm) (30x30cm) west south
1 NTI- 1 1.99 8.26 5.Q0 2.22 2.26 2.24
2 NTI- 2 2.99 11.4Q 4.4( 2.99 2,93 2,96
3 NTI- & Z2.21 7.80 4.20 2.14 2.18 2.16
4 NTI- 6 1.96 8.76 5.40 1.86 1.90 1.88
5 NTI- 7 2.82 11.24 4.20 3.10 2.98 3.04
6 NTI-14 2.26 9.26 7.00 2.82 2.74 2.78
7 NTI-15 2.62 10.32 6.80 2.34 2.30 232
8 NTI-16 2.31 8.66 5.80 1.96 1.92 1.94
9 NTI-17 2 5k 9.04 6.00 2.50° 2.38 2.44
10 NTI-19 2.23 8.62 7.20 2.16 2.22 2.19
11 NTI-21 2.46 8.56 4 .40 2.14 1.98 2.06
12 NTI-31 1.93 8.44 6.40 1.86 1.72 1.79
13 NTI-32 1.89 10.74 6.80 2.12 2.16 2.14
14 NTI-54 2.22 8.14 4.80 2.24 2.00 2.12
15 NTI-55 1.98 8.24 6.40 1.98 1.84 1.91
16 NTI-56 2.06 8.00 5.00 2.2 2.04 1.95
17 NTI-57 2,22 3.00 4.80 2.34 2.20 2.27
18 NTI-58 1.65 8.02 5.40 1.52 1.28 1.40
19 NTI-59 2.51 8.40 5.20 2.00 1.92 1.96
20 NTI-60 2.31 9.50 3.60 2.30 2.26 2.28
21 NTI-61 1.58 7.32 - 5.60 - 1.78: 1.68 1.73
22 NTI-62 2.15 7.46 5.20 2.00 1.92 1.96
23- NTI-70 1.83 9.36 5.00 - 2.26 2,06 2.31
24 NTI-71 2.07 8.84 6.40 1.92 1.76 1.84
25 NTE-73 2.09 10.14. 5.80 - 2.26 2.08 2.17
26 NTI-74 1.47 6.94 7.60 1.34 1.43 1.38
27 NTI-75 1.86 8.60 5.20 - 1.90 1.96 1.93
28 NTI-76 2.35 8.76 6.00 2.00 2.02 2.01
2% NTI-77 2.32 10.12 - 5.60 2.00 2.12 2.43
30 NTI-78 2.15 8.24 6.40 2.10 2.14 2.12
31 "NTI-Z9 2.63 8.74 6.20 2.04 2.02 2.03
32 NTI-80 1.94 8.12 6.80 2.26 1.78 2.02
33 NTI-82 2.09 8.30 6.60 2.30 2.04 2.17
34 NTI-83 1.92 9.76 6.60 1.70 1.68 1.69
35 NTI-84 2.05 8.24 7.40 1.82 1.70 1.76
36 NTI-85 1.57 7.34 6.80 1.68 1.68 1.68
37 Shimoga-3 1.75 8.84 7.20. 1.76 1.64 1.70
38 Shimoga-4 2.90 11.08 6.40 2.56 2.38 2.47
39 Shimoga-7 2.75 9.62 6.60 2.48 2.52 - 2.50
40 Shimoga-13 2.61 11.58 7.20 .1.98 2.0Q 2,0¢
Mean 2.18 8.92 5.89 2.10
S.Em 0.04 8-13 0.13 - 0. 04 0.04 Q.04
C.D. (5%) 0.11 0.36 0.36 0.11 0.11 0,11
Height Range Crown Size Range
Vigorous :>2.50m 2.56m-2.99m >2.02m 2.02m-3.04m
Medium :>2.05m 2.05m - 2.51 m >1.76m 1.76m - 2.728m
Low vigoured : >1.47 m 1.47m-1.99m >1.40m 1.40m - 2.31m
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m), NTI-7 (2.82 m), S-7 (2.75 m), NTI-15 (2.62 m), S-13 (2.60
m) . Whereas values for height of plant recorded were low in
NTI-74 (1.47 m), 85 (1.57 m), 61 (1.58 m), 58 (1.65 m). S-3
(1.75 m) NTI-2 (2.99 m) and S-4 (2.90 m) were found to be

superior over others.

The minimum height was observed in NTI-74 (1.47 m)
and this was followed by NTI-85 (1.57 m), 61 (1.58 m), .58 (1.64

m) and S-3 (1.75 m).
b. Diameter

Diameter of the plént ranged from 6.94 cm (NTI-74) to
11.58 cm (S-13). There was significant difference among the
different genotypes in respect of diameter. Fifteen progenies
registered the diameter more than the plot average (8.92 cm).
However, highest diameter was recorded by S-13 (11.58 cm),
followed by NTI-2 (11.40 c¢cm), 7 (11.24 cm), S-4 (11.08 cm),
NTI-32 (10.74 cm), 15 (10.32 cm), 73 (10.14 cm), 77 (10.12 cm),
respectively. The value for diameter of the genotype was
minimum in case of NTI-74 (6.94 cm) and this was followed by

NTI-61 (7.32 cm), 85 (7.34 cm), 62 (7.46 cm)ands(7.80 cm).

Based on the growth of plant the genotypes were

grouped into three categories viz.,
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Vigorous : NTI-2, 7, 15, 17, 79, S-4, S-7 and S-13.
Medium _ : NTI-5, 14, 16, 19, 21, 54, 56, 57, 59, 60, 62,

7%, 73, 76, 77, 78, 82 and 84.
Low vi r : NTI-1, 6, 31, 32, 55, 58, 61, 70, 74, 75, 80,

83, 85 and S-3.

c. Number of shoots per 300 cm? canopy area of plant

The range of variation for number of shoots per 30
cm? area was from 3.6 (NTI-60) to 7.6 (NTI-74). There was
significant difference among the treatments (genotypes) in
respect of number of shoots per 30 cm? area. Higher number of
shoots was recorded in NTI-74 (7.6), 84 (7.4), S-13 (7.2), NTI-
19 (7.2)and 14(7.0) respectively. Whereas, number of shoots was
iower in NTI-60 (3.6), 5 (4.2), 7 (4.2), 2 (4.4), 21 (4.4), 54
(4.8) and 57 (4.8). The mean value of the plot in respect of

number of shoots per 900cm2

canopy area of the plant was 5.89
and 50 per cent of the progenies recorded higher values than

the plot average (Table-2).
d. Spread of plant

The range of variation for the spread of the plant
in east to west direction was from 1.34 m (NTI-74) to 3.10 m
(NTI-7). There was significant difference among the genotypes

in respect of spread of plant in east to west direction.
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Higher spread was recorded in NTI-7 (3.10 m), 2 (2.99
m), 14 (2.82 m), S-4 (2.56 m). Plant spread in other

genotypes ranged from 1.34 m (NTI-74) to 2.34 m (NTI-15).

The range of variation‘for the spread of plant from
north to south was from 1.28 m (NTI-58) to 2.98 m (NTI-7).
There was significant difference among the genotypes in respect
of plant spread in north to south direction. NTI-7 recorded
the highest spread in north to south direction (2.98 m) and
this was followed by NTI-2 (2.93 m), 14 (2.74 m), S-7 (2.52 m)

and S-4 (2.38 m). Minimum spread of 1.28 m was oObserved in

NTI-58.
e. Crown size

The range of variation for the crown size of plant
was frbm 1.38 m (NTI-74) to 3.04 m (NTI-7). Sixteen genotypes
have recorded the crown size more than the plot mean (2.10 m).
There was significant difference among the genotypes 1in
respect of crown size of plant. Among these sixteen genotypes,
NTI-7 (3.04 m), 2 (2.96 m), 14 (2.78 m), S-7 (2.50 m) were

found to be more promising.
f. Correlation studies

The degree of correlation among the different growth

parameters in tamarind was : studied separately and their
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results were expressed in terms of correlation coefficient

(r). The data are presented in Table-3. Plant height was

positively and significantly correlated with plant diameter,

plant spread east to west, north to south and crown size. Pod

weight was positively associated with plant height, whereas,
2

number of shoots per 30 cm“ area was negatively correlated with

plant height.

’

Plant diameter was positively and significantly
correlated with plant spread east to west, north to south and
crown size. Plant diameter was positively correlated with pod
weight, whereas, number of shoots per 30 cm? area was

negatively correlated with plant diameter.

Number of shoots per 30 cm?

area studies§ have shown
negatively and significantly correlated with plant spread east
to west, north to south, and crown size. Positively and non

significantly correlated with number of pods and pod weight.

Plant spread, east to west was positively and
significantly correlated with plant spread north to south, and
crown size. Similarly plant spread north to south was
positively and significantly correlated with crown size and

positively correlated with pod weight.
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Crown size was positively and non significant
association with number of pods and pod.: weight. Number of pod

was positively and significantly associated with pod weight.

4.1.2 Plant type

Two types of plant growth habit Wweye observed in
tamarind, genotypes included in the study viz., orthotropic and

plageotropic (Table-4).

In case of NTI-1, 2, 5, 6, 7, 15, 16, 17, 21, 31, 55,
56, 58, 59, 62, 71, 73, 74, 77, 79, 83, 84, S-4, S-13, the
plant growth habit observed was orthotropic nature indicating

their suitability for high density planting.

Whereas in case of NTI-14, 19, 32, 54, 57, 60, 61,
70, 75, 76, 78, 80, 82, 85, S-3, S-7, the plant growth habit

observed was plageotropic.

Among the 40 genotypes, 24 genotypes exhibited
orthotropic and 16 genotypes exhibited plageotropic growth

habit.

4.1.3 Flowering pattermn

The extent of flowering was observed for all. the" a
years (1992, 1993, 1994 and 1995) and data are presented in

Table-4.



PLATE.2 TAMARIND PLANT WITH PROFUSE FLOWERING (S-4)

PLATE. 2a TAMARIND PLANT WITH PROFUSE FLOWERING (NTI-14)



PLATE.3 TAMARIND PLANT WITH ORTHOTROPIC NATURE



PLATE.4 TAMARIND PLANT WITH PLAGEOTROPIC NATURE (NTI-14)



Table 4 : Growth habit, flowering behaviour and pod shape of tamarind genotypes

Sl. Treatment Ro. of trees flowered out Per cent of flowered trees in
Ho. (Genotypes) of 5 in different years different years

Orthotropic/  ~-====sssesssecmcccemmcon e Pod shape
Plageotropic 1992 1993 1994 1995 1992 1993 1994 1995  Mean

1 MI-1 Orthotropic 3 { 5 5 60 80 100 100 85  Straight and semicarve

1 RTI- 2 Orthotropic 4 2 2 5 80 40 0 100 65  Semi curved

3 RM-5 Orthotropic ] | L 5 60 80 g0 100 80  Straight and semicurve

i FTI- 6 Orthotropic 5 ] 4 5 160 60 g0 100 §5  Semi curved

5 KI-17 Orthotropic 5 2 5 5 100 0 100 100 §5  Straight and semicurve

§ KTI-14 Plageotropic 5 5 5 5 100 100 100 100 100  Semi curved

1 NI-15 Orthotropic 5 5 { . 100 100 80 80 90  Semi curved

§ RTI-16 Orthotropic 5 4 5 5 100 80 100 100 95  Straight

$ NTI-17 Orthotropic 5 ] 4 5 100 60 §0 1080 85  Straight and semicurve

10 HTI-1Y Plageotropic 5 5 5 5 00 100 100 160 100  Straight and semicurve

Il RTI-21 Orthotropic l 0 0 3 20 0 0 60 20 Straight and semicurve

12 §I-31 Orthotropic 5 4 l l 100 80 4 20 60  Straight and semicurve

13 RII-32 Plageotropic ] 1 /A 5 0 A 0 100 40  Straight and semicurve

14 RTI-54 Plageotropic i { l [ 60 20 20 80 45  Straight and semicurve

15 NII-55 Orthotropic i i i 5 80 80 g0 100 85  Straight and semicurve

16 KTI-56 Orthotropic 0 0 0 5 ] ] 0 100 25  Hot available

1T RII-57 Pla aotrol;ic 5 5 5 5 100 100 100 100 100  Straight and semicurve

1§ RTI-58 Orthotropic 0 0 0 4 0 0 0 80 20 Rot available

19 NTI-59 Orthotropic 0 2 3 5 0 ] 60 100 30 Shiaight and semicuive

20 RTI-60 Plageotropic ] l 2 5 60 20 & 100 55  Straignt and semicurve

11 RTI-61 Plageotropic 5 4 5 5 100 g0 100 100 95  Straight and semicurve

11 N1I-62 Orthotropic 5 5 4 4 1o 100 80 80 90  Straight

23 RII-T0 Plageotropic ) § i 5 0 80 80 100 15 Straight and semicarve

W RII-TL Orthotropic 5 £ | 5 100 60 g0 100 85  Straight and semicurve

15 MI-N “Orthotropic 5 5 § 5 100 100 80 100 95  Straight and semicurve

26 NII-T4 Orthotropic 0 2 2 4 0 4 40 80 40  Straight and semicurve

27 RII-T5 Plageotropic 5 i 3 5 100 80 60 100 85  Straight and semicurve

28 HTI-T6 Plageotropic 3 l L 5 60 20 20 100 50  Straight and semicurve

219 NI-T7 Orthotropic 5 5 § 5 100 100 80 100 95  Straight and semicurve

10 RII-T8 Plageotropic 5 5 5 5 100 100 100 100 100  Straight and semicarve
- 31 MII-T¢ Orthotropic 5 5 4 5 100 100 §0 100 95  Semicurve

32 FTI-80 Plageotropic 5 4 0 5 100 §0 0 100 70 Straight and semicurve

33 RYI-82 Plageotropic 3 i i 5 60 80 80 100 80  Straight and semicarve

4 RII-83 Orthotropic 5 5 5 5 100 100 100 100 100  Straight

35 NTI-84 Orthotropic i 5 2 5 g0 100 4 100 §0  Straight and semicurve

16 RTI-85 Plageotropic 5 5 5 5 100 100 100 100 100  Straight and semicurve

37 Shimoga-3 Plageotropic 5 2 ] § 100 40 60 100 15  Straight and semicurve

38 Shimoga-4 Orthotropic 5 5 5 5 100 100 100 100 100  Straight

39 Shimoga-7 Plageotropic { 5 2 5 g0 100 0100 80  Straight

40 Shimoga-13 Orthotropic 5 ! ] 5 100 80 60 100 §5  Straight
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The extent of flowering varied with the  genotypes

and the range was 20 to 100 per cent.

The genotypes viz., NTI-14, 19, 57, 78, 83, 85, and
S-4 recorded 100 per cent flowering. These were closely
followed by NTI-15, 16, 61, 62, 73, 77, 79 with the flowering
per cent of 90 to 95. The genotypes viz., NTI-21, 56, 58

ranged between 20 to 25 per cent.

The flowering in tamarind is not a regular feature.
However, in the present study cent per cent flowering was
observed in all the four years in NTI-14, 19, 57, 78, 83, 85

and S-4.
4.1.4 Study of pod characters and its components

The data on pod characters for different genotypes

are presented in Table-4 and 5.
4.1.4.1 Pod shape

Three types of pod shape were observed.
1. Straight
2. Semi curved

3. Straight and semi curved
1. Straight

In NTI-16, 62, 83, S-4, S-7 and S-13 the pod shape

observed was straight type (Table-4).



Table 5 : Pod characteristics of tamarind genotypes (Pifth year of planting)

O R LR R L R R R Rmmmmeemcemym—n- TR T T R

1. Treatment Pod Pod Pog Pod No. of Seed Pulp Shell Vein
No. (Genotypes]  leagth width  thickness weight  seeds/pod weight/  weight/  weight/  weight/

pod pod pod pod

(ca) (cm) {cn] (g) (g} (g) o (g
1 NTI- 1 6.50 Ln 1.28 6.09 4,38 1.67 1.98 2.18 9.33
2 NII-2 11.48 2.04 1.36 11.66 £.00 3.42 3.78 3.27 0.66
3 NTI- 5 10.07 2.07 1.43 12.11 4.17 2.47 3.96 3.07 0.57
4 NTI- 6 5.06 2.1% 1.46. 12,67 5.0 5.10 3.3 3.36 0.85
5 NTI- 1 9,47 2.02 1,49 11.50 4,83 3.78 3.67 .9 .65
6 NTI-U4 8.46 1.76 1.3% 9.34 5.20 3.90 3.85 ‘ 2.46 0.73
7 NTI-15 9.19 2.39 1.60 10.64 4.10 2.77 4,01 2.99 0.4
§ NTI-17 7.03 1.56 1.27 5.09 3.83 1.59 1.65 1.4 0.18
§ NTI-19 11.17 2.60 1.56 14.32 5.90 3.68 4.98 5.04 9.98
10 §NTI-1 §.90 2.38 1.52 - 9.42 2.7 2.12 2.80 2.07 0.90
11 NTI-54 §.04 1.65 .17 7.05 5.00 2,54 2.24 3.17 §.18
12 NTI-55 8.74 1.81 1.417 8.1 6.63 3.4% 2.66. 2.40 0.34
13 NTI-97 7.94 1,67 1.70 7.35 4.13 2.99 2.22 1.79 £.18
14 NTI-BY 6.62 1.4 1.1 4.20 4.00 1.86 0.92 1.21 0.27
15 NTI-60 8.99 1.62 1.15 7.18 5.25 LY 2.31 2.83 0.41
16 NTI-61 8.31 2.12 1.34 8.22 5.38 2.86 2.90 2.38 0.38
17 NTI-62 §.81 1.83 1.38 8.36 1.30 3,56 2.11 3.39 0.40
18 K- 8.25 1.72 1.31 6.29 £.38 1.86 1.51 2.27 0.11
19 NII-N1 7.83 1.86 1.35 6.98 4,83 2.31 1.91 1.91 £.35
20 NTI-T3 §.03 1.79 1.18 §.45 5.9 2.48 1.87 2.00 0.28
21 NTI-7% §.23 2.14 1.64 12.04 5.67 5.33 3.07 1.8 f.64
22 NTI-77 SR 2.04 1.5 5.93 5.80 2.18 1.47 1.78 0.24
23 NTI-78 8.44 1.84 1.38 §.87 6.00 4 2.67 2.67 9.70
24 NTI-79 .38 2.3 1.3 §.60 3.8 2.53 2.69 2.4 0.37
25 NTI-80 10.55 1.80 0,88 8.10 2.50 1.60 2.99 2.67 .47
26 NTI-82 §.21 1.54 1.13 6.07 5.33 2.99 2,06 2.06 0.40
27 NTI-83 §.96 1.85 1.46 9.52 1.10 4.51 2.49 3.68 0.38
28 NTI-84 8.6l 1.88 1.2 7.91 - 5.0 3.46 2.53 2.85 0.51
29 NTI-85 $.23 2.28 3.35 8.73 6.40 3.84 2.00 3.28 5.33
30 Shimoga-3 §.05 178 1.25 6.21 1.00 1.09 1.88 2.98 0.83
31 Shimoga-4 .61 1.5 1.41 5.13 3.00 2.29 2.14 2.4 4.8
32 Shimaga-7 §.14 1.64 1.42 12,5 . 350 1.5% 0.67 2.18 0.14

33 Shimoga-13 9.40 2.25 1.55 5.24 6.00 5.52 1.98 3.65 0.33

Mean §.67 1.91 1.37 §.55 5.08 3.00 2.52 2.1 (.45
S.En 0.14 0.03 0.02 0.28 0.20 0.15 0.13 .12 .03
C.D. (5%) 0.39 0.08 0.06 0.77 NS NS 0.36 NS NS

Note : Gemotypes in which yield was not recorded and pods mot well developed were mot included.
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2. Semi curved

In case of NTI-2, 6, 14, 15, and 79, semi curved type

of podswere observed.
3. Straight and semi curved

NTI-1, 5, 7, 17, 19, 21, 31, 32, 54, 55, 57, 60, 61,
70, 71, 73, 74, 75, 76, 77, 78, 80, 82, 84, 85 and S-3 have

produced pods with straight and semi curved shape.
4.1.4.2 Pod length, width and thickness

The data on quantitative characters of pods are
presented in Table-5. Pod weight (g) and pulp weight (g) per

pod are depicted in fig.1l.
a. Pod length

Pod length varied from\6.5 cm (NTI-1) to 11.48 cm
(NTI-2). There was significant difference among the genotypes
in respect of pod length. Highest pod length was observed in
NTI-2 (11.48 cm), followed by NTI-19 (11.17 cm), 80 (10.55 cm),
5 (10.07 cm), 7 (9.47 cm), S-13 (9.4 cm), among the different

genotypes.

NTI-77 (9.32 cm), 75 (9.23 cm) and 15 (9.19 cm) were
on par with each other in respect of pod length. Similarly

there was no significant difference among the following
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genotypes viz., NTI-60, 31 and 83 (8.99 cm, 8.96 cm, 8.90 cm

respectively). Pod length was lowest in NTI-1 (6.50 cm).
b. Pod width

The range of variation for this character was from
1.44 cm (NTI-59) to 2.6 cm (NTI-19). There was significant

difference among the genotype in respect of pod width.

- Higher pod width was recorded in NTI-19 (2.60 cm),
followed by 15 (2.39 cm), 31 (2.36 cm), 85 (2.28 cm) and S-13
(2.25 ém). Pod width was significantly higher in the above
genotypes compared to others wviz., NTI-19, 15, 31, 85, S-13.
In respect of pod width, NTI-15, and 31, NTI-85 (2.28 cm), S-13
(5.25 cm) did not differ each other. Similarly there was no
significant difference among the NTI-6 (2.15 cm), 61 (2.12 cm),

75 (2.14 cm). The pod width was lowest in NTI-59 (1.44 cm).
c. Pod thickness

The range of variation for this trait was from 0.88
cm (NTI-80) to 1.70 cm (NTI;Sf). There was significant
difference among the genotypes. Highest pod thickness was
observed in NTI-57 (1.70 cm), followed by 75 (1.64 cm), 77

(1.59 cm), 19 (1.56 cm), S-13 (1.55 cm) and NTI-31 (1.52 cm).
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There was no significant difference in pod thickness
in case of NTI-7 (1.49 cm), 55 (1.47 cm), 6 (1.46 cm) and 83
(1.46 cm). NTI-78 (1.38 cm), 62 (1.38 cm), 2 (1.36 cm), 14
(1.36 cm), 71 (1.35 cm), 85 (1.35 cm), 79 (1.33 cm), 61 (1.34
cm) and 70 (1.31 cm) were also found to be on par with .one

onother. Lowest pod thickness was recorded in NTI-80 (0.88 cm).
4.1.4.3 Pod weight

The genotypes under study showed wide variability for
this character with a range . of 4.20 g (NTI-59) to 14.32 g
(NTI-19) (Fig.l1l). There was significant difference among the

genotypes.

Higher pod weight was recorded in NTI-19 (14.32 g), 6
(12.67 g), S-13 (12.15 g), 5 (12.11 g), 75 (12.04 g), 2 (11.66
g), 7 (11.50 g), 15 (10.64 g). In all 14 genotypes . -

recorded higher pod weight than the general mean (8.55 g).

NTI-1, 70, 71, 73, 82, S-3 recorded 6.09 g, 6.29 g,
6.98 g, 6.45 g, 6.07 g, 6.21 g of pod weight respectively. They
were on par with each other and categorized as third group. The

minimum pod weight was observed in NTI-59 (4.20 g).
4.1.4.4 Number of seeds and seed weight per pod

Number of seeds per pod ranged from 2.5 (NTI-80) to

~.7.30 (NTI-62).
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7.3Q (NTI-62). ‘
There was no significant difference among the

genotype in respect of number of seeds per pod. However,
numerically higher number of seeds per pod was recorded in NTI-

62 (7.3), 83 (7.1), S-3 (7.0), NTI-85 (6.4), 2 (6.0).

The lower number of seeds per pod was recorded in
NTI-80, 31, S-4, S-13 and NTI-17 (2.50, 2.67, 3.00, 3.50, 3.83

respectively) .

Seed weight per pod ranged from 1.55 g (S-13) to 5.5
g (S-7). There was no significant difference among the
genotypes. However, higher seed weight per pod was recorded in
$-7 (5.51 g), NTI-75 (5.33 g), 6 (5.10 g), 83 (4.51 g), 14

(3.90 g), 85 (3.84 g), 19 (3.68 g) and 62 (3.56 g).

The minimum seed weight per pod was recorded in S-13
(1.55 g) and this was followed by NTI-80 (1.60 g), 17 (1.60 g),

1 (1.67 g), 59 (1.86 g) and 70 (1.86 g).

4.1.4.5 Pulp, shell and vein weight per ped

a. Pulp weight

Pulp weight per pod varied from 0.67 g (S-7) to 4.98
g (NTI-19). Fifteen genotypes recorded pulp weight more than

the general mean (2.52 g) (Fig.1) .

There was significant difference among the genotypes in

respect of pulp weight per pod (Tabhle-5) .NTI-19 was found to be
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significantly superior over other genotypes in respect of pulp
weight, which recorded to the extent of 4.98 g. Whereas NTI-2,

5, 6, 7, 14 and 15 were on par with each other.

The lowest pulp weight per pod was observed in $-7

(0.6% g).

b. Shell weight

Shell weight per pod ranged from 1.21 g (NTI-59) to
5.04 g (NTI-19). There was no significant difference among the
genotypes in respect to shell weight per pod. However,
numerically higher shell weight was observed in NTI-19 (5.04
g), 75 (3.81 g), 83 (3.68 g), S-7 (3.65 g), 62 (3.39 g), 7
(3.37 g), 6 (3.36 g), 2 (3.27 g), 5 (3.07 g) compared to

others. The lowest shell weight was recorded in NTI-59 (1.21qg).

c. Vein weight per pod

Vein weight per pod varied from 0.11 g (NTI-70) to
0.98 g (NTI-19). There was no significant difference among the
genotypes 1in respect to vein weight per pod. However,
numerically higher vein weight was recorded in NTI-19 (0.98 g),
31 (0.90 g), 6 (0.85 g), 14 (0.73 g), 78 (0.70 g). The lowest

vein weight was found in NTI-70 (0.11 g).
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4.1.4.6 Per cent of pulp, seed, shell, vein and hundred seed

weight

The data on per cent of pulp, seed, shell, vein apd
hundred seed weight are given in Table-6 and depicted in Fig.2. -
The pod components were separated in 37 genotypes of tamarind
during 1994 and 1995 and estimated the components of pod,

expressed on per cent basis.

a. Pulp per cent

Pulp per cent ranged between 20.51 (S-7) and 43.p7
(NTI-76). Higher per cent of pulp was observed in NTI-76
(43.57%), 32 (43.05%), 80 (39.18%), 31 (38.81%), 5 (35.06%) apd

15 (35.03%).

Next best group of genotypes in respect of pulp
percentage had NTI-19 (33.13 %), 14 (32.29%), 79 (30.85%),

and S-4 (26.26%). Minimum pulp percentage was in S-7 (20.51%).
b. Per cent of seed

Per cent of seed ranged from 13.53 (NTI-76) to 40.67
(NTI-6). The lowest per cent of seed was observed in NTI-76
(13.53%) as against the highest in NTI-6 (40.67%). Other
genotypes which had lower percentage of seed were NTI-80

(20.41%) and 19 (20.50%).
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Table 6 : Per cent of pulp, seed, shell, vein and hundred seed
weight of tamarind genotypes (1994 to 1995).

Sl. Treatment Per cent Hundred

No. (Genotypes) -——————————-mmmmmm e seed

Pulp Seed Shell Vein weight

(g)
1 NTI- 1 32.94 30.85 31.23 4.98 43.97
2 NTI- 2 30.74 35, 35 29.06 4.85 62.33
3 NTI- 5 35.06 30.76 29.83 4.35 56.51
4 NTI- 6 25.84 40.67 28.27 5.23 78.82
5 NTI- 7 28.10 35.74 32.38 3.78 62.54
6 NTI-14 32.29 35.26 26.70 5.75 64.30
7 NTI-15 35.03 33.30 28.21 3.46 71.47
8 NTI-16 33.71 33.71 29,21 3.37 58.82
9 NTI-17 26.29 33.25 37.42 3.04 33.21
10 NTI-19 33:13 20.50 40.46 5.91 60.28
11 NTI-31 38.80 27.66 28.28 5.26 98.57
12 NTI-32 43.05 29.83 22.71 4.41 64.71
13 NTI-54 33.66 32.70 30.69 2.95 61.93
14 NTI-S55 30.51 37.14 28.19 4.16 59.42
15 NTI-57 25.01 35.96 36.80 223 46.05
16 NTI-59 25.14 36.60 34.50 3.76 48.58
17 NTI-60 23.73 30.41 42.20 3.68 46.31
18 NTI-61 28.96 38.04 29.43 3.57 50.52
19 NTI-62 21.11 36.09 38.55 3+ 25 44,95
20 NTI-70 27.69 36.49 33.06 2.76 51.52
21 NTI-71 30.73 33.21 31.27 4.79 56.37
22 NTI-73 30.53 33«45 33. 31 2.72 54.93
23 NTI-74 28.48 38.75 30.12 2.65 37.10
24 NTI-75 26.82 36.85 31.25 5.08 62.99
25 NTI-76 43.57 13.53 35.59 7.31 33.33
26 NTI-77 27.50 34.30 34.90 3.30 40.75
27 NTI-78 28.00 35.36 31.78 4.86 54.89
28 NTI-79 30.85 32 .30 34.22 2.63 63.68
29 NTI-80 39.18 20.41 34.26 6.13 63.58
30 NTI-82 24.86 22.43 49.28 3.45 49.90
31 NTI-83 25.19 34.32 38.10 2-39 61.16
32 NTI-84 26.03 36.39 33.82 3.76 53.79
33 NTI-85 21.18 37.71 38.03 3.10 54.41
34 Shimoga-3 22.50 39.49 - 33.48 4.53 35.04
35 Shimoga-4 26.26 28.55 42.02 3.17 70.61
36 Shimoga-7 20.51 38.63 38.10 2.76 56.74
37 Shimoga-13 22.36 33.54 41.35 2.75 77.74
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c. Shell per cent

Shell per cent ranged from 22.71 (NTI-32) to 49.28
(NTI-82). Other genotypes which had lower per cent of shell

were NTI-14 (26.70%), 55 (28.19%) and 15 (28.21%).

d. Vein per cent

Per cent of vein ranged from 2.23 (NTI-57) to 7.31

(NTI-76) .

The next lowest per cent of vein was observed in NTI-
83 (2.39%), followed by NTI-79 (2.63%), 74 (2.65%), 73 (2.72%),

§-7 (2.76%), NTI-54 (2.95%).

e. Hundred seed weight

Hundred seed weight ranged from 33.21 g (NTI-17) ¢to
98.57 g (NTI-31). Highest seed weight was observed in NTI-31.
This was followed by NTI-6 (78.82 g), S-13 (77.74 g), NTI-15

(71.47 g), S-4 (70.61 g).

4.1.4.7 Correlation coefficient of pod character

The data on character association on pod characters

are presented in Table-7.
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a. Pod length

Pod 1length was positively and significantly
associated with pod width, pod weight, seeds per pod, pulp

weight, shell weight, vein weight and seed weight per pod.

Pod length was positively and non significantly

associated with pod thickness.
b. Pod width

'Pod width was positively and significantly associated
with pod thickness, pod weight, pulp weight, shell weight, vein
weight and seed weight per pod. Pod width was positively

associated with seeds per pod.
c. Pod thickness

Pod thickness was positively and significantly
associated with pod weight, seeds per pod, shell weight, and
seed weight per pod. Pod thickness was positively associated

with pulp weight and vein weight.
d. Pod weight

Pod weight was positively and significantly
associated with seeds per pod, pulp weight, shell weight, vein

weight and seed weight per pod.
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e. Seeds per pod

The number of seeds per pod was positively and
significantly associated with shell weight, and seed weight
per pod. Seeds per pod was positively and non significantly

associated with pulp weight and vein weight.
f. Pulp weight

Pulp weight was positively and significantly
associated with shell weight, vein weight and seed weight per

pod.
g. Shell weight

Shell weight was positively and significantly

associated with vein weight, and seed weight per pod.
h. Vein weight

Vein weight was positively and significantly

associated with seed weight per pod.
4.1.5 Yield and yield components

The data on yield per tree and the mean number of
pods over the years (last three years) and pod yield per tree
in different years (1993, 1994 and 1995) (recorded at 4th, 5th

and é6th year of age) are given in the Table-8.



Table 8 : Pod yield of tamarind genotypes (1993 to 1995)
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Sl. Treatment Number of pods per plant Yield per plant (kg)
No. (Genotypes)

1993 1994 1995 Mean 1993 1994 1995 Mean

1 NTI- 1 26.80 89.60 5.60 40.67 0.15 0.46 0.04 0.22
2 NTI- 2 13.60 45.00 17.80 25.47 0.16 0.45 0.20 0.27
3 NTI- 5 11.60 50.60 74.20 45.47 0.10 0.45 0.74 0.43
4 NTI- 6 16.20 25.60 19.60 20.47 0.19 0.25 0.20 0.21
5 NTI- 7 22.80 32.00 40.00 31.60 0.24 0.21 0.37 0.27
6 NTI-14 15.80 56.40 64.80 45.67 0.10 0.36 0.76 0.41
7 NTI-15 12.80 91.00 32.80 45.53 0.07 0.77 0.29 0.38
8 NTI-16 7.20 59.60 23.60 30.13 0.07 0.20 0.15 0.14
9 NTI-17 2.60 15.40 5.60 7.87 0.02 0.07 0.03 0.04
10 NTI-19 5.60 157.00 33.20 65.27 0.14 1.45 0.60 0.73
11 NTI-21 2.40 0.00 0.00 0.80 0.01 0.00 0.00 0.00
12 NTI-31 53.80 24.80 0.60 26.40 0.47 0.19 0.01 0.23
13 NTI-32 0.00 13.40 8.80 7.40 0.00 0.13 0.13 0.09
14 NTI-54 5.40 10.60 3.20 6.40 0.04 0.06 0.02 0.04
15 NTI-55 2.20 27.60 15.60 15.13 0.02 0.13 0.15 0.10
16 NTI-56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
17 NTI-57 28.00 63.00 69.80 53.60 0.18 0.33 0.52 0.34
18 NTI-58 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
19 NTI-59 0.00 23.40 11.20 11.53 0.00 0.08 0.04 0.04
20 NTI-60 16.60 15.20 16.40 16.07 0.04 0.12 0.15 0.11
21 NTI-61 43.00 46.00 28.60 35.20 0.26 0.28 0.29 0.28
22 NTI-62 43.40 91.00 24.00 52.93 0.25 0.51 0.20 0.32
23 'NTI-70 7.60 32.00 16.00 18.53 0.04 0.19 0.13 0.12
24 NTI-71 57.20 133.20 11.80 67.40 0.40 0.09 0.14 0.21
25 NTI-73 18.20 38.80 12.20 23.07 0.08 0.24 0.07 0.13
26 NTI-74 0.00 20.20 23.80 14.67 0.00 0.06 0.07 0.05
27 NTI-75 20.00 68.40 20.00 36.13 0.19 0.58 0.27 0.35
28 NTI-76 220 1.60 0.40 1.40 0.02 0.01 0.002 0.01
29 NTI-77 54.40 67.00 15.60 45.67 0.14 0.29 0.14 0.19
30 NTI-78 11.60 52.80 20.00 28.13 0.09 0.36 0.19 0.22
31 NTI-79 3.80 76.40 18.00 32.13 0.02 0.53 0.15 0.23
32 NTI-80 7.80  3.40 0.00 3.73 0.08 0.02 0.00 0.03
33 NTI-82 12.20 46.40 2.80 20.47 0.06 0.27 0.03 0.12
34 NTI-83 28.00 46.00 22.60 32.20 0.27 0.38 0.21 0.29
35 NTI-84 1.40 36.60 2.00 13.33 0.01 0.23 0.02 0.09
36 NTI-85 27.00 62.40 17.60 35.67 0.16 0.47 0.23 0.29
37 Shimoga-3 4.00 4.60 2.80 3.80 0.07 0.02 0.01 0.04
38 Shimoga-4 4.40 150.40 39.80 64.87 0.02 0.80 0.44 0.42
39 Shimoga-7 2.20 19.80 11.60 11.20 0.01 0.12 0.11 0.08
40 Shimoga-13 4.80 42.40 3.60 16.93 0.06 0.48 0.05 0.20
Mean 26.310 0.190
S.Bmt 19.530 0.130
C.D. for Factor A (clones) 31.260 0.210
C.D. for Factor B (Years) 8.560 0.057
C.D. for Factor AB 54.130 0.360
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4.1.5.1 Number of pods

The range of variation for the number of pods per
plant for the last three years was from 0.8 (NTI-21) to 67.4
(NTI-71). In NTI-56 and 58, there was no bearing. There was
significant difference among the genotypes in respect of number
of pods per plant. Higher number of pods per plant per year
was recorded in NTI-71 (67.4), 19 (65.27), S-4 (64.87), NTI-57
53.60), 62 (52.93), 14 (45.67), 77 (45.67), 15 (45.53), 5
(45.47) and 1 (40.67). Frequency distribution of genotypes

based on the number of pods per plant is presented in Table-9.

There was no significant difference among the NTI-71,
19, S-4, NTI-57, 62, 14, 77, 15, 5 and 1 in respect of number

of pods per plant.

Similarly, NTI-16, 7, 79, 83, 61 and 85 were on par
with each other in respect to number of pods (30 to 40 pods

per plant).
4.1.5.2 Pod yield in different years

The number of pods per plant obtained in different
years (1993, 1994, 1995) in different genotypes is given in
Table-8. The data indicated that there was significant
difference within the genotype. InbNTI-71, the pod number
ranged from 11.80 (1995) to 133.20 (1994). Highest number
of pods per ©plant was obtained during 1994, followed by

1993 (57.2). Similarly, alternate bearing tendency was
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Table 9 : Frequency distribution of genotypes based on number of pods per plant

S1. Number of pods Number of Clone number

No. (Range) progenies

1. 00-10 9 NTI-56, 58, 76, 21, 80, s-3, NTI-54, 32, 17
2- 11-20 8 S-7, NII-59, 60, 80, 74, 55, S-13, NTI-70
3 21-30 6 NTI-6, 82, 73, 2, 31, 78

4.  31-40 7 NTI-16, 7, 75, 79, 83, 61, 85

5 41-50 5 NTI-1, 5, 14, 15, 77

6. 51-60 2 NTI-57, 62

7. 61-70 3 NTI-19, 71, S-4
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observed in most of the genotypes, except NTI-57 and 14. In
case of NTI-57 and 14 there was no significant difference in
the yield between 1994 and 1995 (63.00 and 69.80 pods/plant
respectively in NTI-57 and 56.40 and 64.80 pods/plant

respectively in NTI-14).

In respect of NTI-62, there was significant
difference in pod number among the vyears (43.40, 91.00 and

24.00 in 1993, 1994 and 1995 respectively).

4.1.5.3 Number of pods in different genotypes and different

years

The intera;tion effect of genotypes and differept
years in respect of number of pqu varied significantly. There
was no significant difference in pod number of NTI-71 duripg
1993 (57.2/plant) and 1995 (11.8/plant). Whereas there was
significant difference during 1994 (133.2) and 1995 (11.8). In
case of NTI-19, which 1is next best progeny, there was no
significant difference inrespect of pods in 1994 and 1995
yields (65.25 pods and 33.2 pods respectively). Whereas there
was significant difference between 1993 and 1994. Similar was
the trend with respect to S-4 genotype. The number of pods
obtained was 4.4, 150.4, 39.4 per plant in 1993, 1994 and 1995,
respectively and mean number of pods was 64.87 per plant,
indicating variation in pod number from year to year within

the genotype.



4.1.5.4 Yield per plant (kg)

The data on vyield of different genotypes are
presented in Table-8 and depicted in Fig.3. The average yield
(kg/plant) and yield for the last three years in different

years are given.

The mean yield varied from 0 kg to 0.73 kg per plant
for the last three years, among the different genotypes. There
was significant difference among the genotypes in respect to
yield per plant. The highest yield was recorded with NTI-19,

which was to the extent of 0.73 kg per plant (Fig.3).

Among the rest of the genotypes higher yield was
recorded in NTI-5 (0.43 kg/plant), followed by S-4 (0.42
kg/plant), 14 (0.41 kg/plant), 15 (0.38 kg/plant), 57 (0.34
kg/plént), 62 (0.32 kg/plant), 75 (0.35 kg/plant), 85 (0.29
kg/plant), 83 (0.29 kg/plant), 61 (0.28 kg/plant), 7 (0.27
kg/plant) . Howevér, there was no significant difference among

the genotypes mentioned above.

On the contrary NTI-31 (0.23 kg/plant), 2 (0.22
kg/plant), 78 (0.22 kg/plant), 6 (0.21 kg/plant), S-13 (0.20
kg/plant), NTI-77 (0.19 kg/plant), 16 (0.14 kg/plant), 70 (0.12
kg/plant), 60 (0.11 kg/plant), 82 (0.12 kg/plant), 55 (0.10
kg/plant) have found to be low yielder and they are on par with

each other.
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The data revealed that NTI-19 was found to be
superior among the 40 genotypes and the yield was to the extent
of 0.73 kg per plant,which was nearly three and a half times
more than that of general mean (0.19 kg/plant). Twenty

genotypes yielded higher than the plot avefage.
4.1.5.5 Yield in different years

The yield per plant obtained in different years

(1993, 1994, 1995) in different genotypes is given in Table-8.

The results indicated that there was significant
difference within the genotypes in respect of yield levels in

all the years.

NTI-19, the yield ranged between 0.14 kg and 1.45 kg
per plant, during 1993 and 1994 season respectively. Higher
yield was obtained during 1994 (1.45 kg/plant), followed by
1995 (0.60 kg/plant), next was 0.14 kg per plant, during 1993.
Similar trend was observed in NTI-5, where in yield ranged
from 0.10 kg per plant to 0.74 kg per plant. There was
significant difference in yield in different years within the
genotype itself. Further, in NTI-14, 15 and S-4 trend remained
same. S-4, yield ranged from 0.02 kg per plant to 0.44 kg per
plant. In case of NTI-15, the yield ranged from 0.07 kg per
plant to 0.29 kg per plant. Hence yield varied from year to

year within the genotype.



PLATE.7 HIGH YIELDING GENOTYPE OF TAMARIND (NTI-19)
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There was no consistent yvield in most of the
genotypes. However, consistent yield was obtained in NTI-32
(0.13 kg per plant during 1994 and 1995). NTI-60 (0.12 kg/plant
and 0.15 kg/plant), 61 (0.29 kg/plant and 0.28 kg/plant), 70
(0.19 kg/plant and 0.13 kg/plant), 77 (0.19 kg/plant and 0.14
kg/plant), S-7 (0.12 kg/plant and 0.11 kg/plant) recorded

consistent yield during 1994 and 1995.
4.1.5.6 Yield in different genotypes and different years

The interaction effect. of genotypes and different
years in respect of yield varied significantly. Among the
different genotypes the yield of NTI-19, differed significantly
from year to year. This genotype recorded the highest yield to
the extent of 1.45 kg per plant during 1994 and yield of the
said genotype in other years was 0.14 and 0.60 kg per plapt
(1993 and 1995 respectively) indicating its tendency towards

alternate bearing.

Similarly there was significant difference in yield
in among years in NTI-5(0.10,0.45,0.74 kg/plant respectively),
14 (0.10, 0.36, 0.76 kg/plant respectively), S-4 (0.02, 0.8,
0.44 kg/plant respectively).There was no significant difference
in the yield of NTI-5, between 1994 and 1995 (0.45 and 0.74

kg/plant respectively).

In NTI-15, there was no significant difference in

yield in 1993 and 1995 (0.07, 0.29 kg/plant respectively).
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Whereas, significant difference was observed in 1994 and 1993,

1995 yields within the genotype.
4.1.6 Tartaric acid content in different genotypes

The per cent of tartaric acid content among different
genotypes was estimated during 1994 and 1995 and the results

are presented in Table-10.
a. Tartaric acid content during 1994

Tartaric acid content ranged from 4.43 per cent (NTI-
70) to 14.70 per cent (S-13). There was significant difference
among the genotypes in respect of tartaric acid content.
Highest per cent of tartaric acid was noticed in S-13 (14.7%)

followed by NTI-57 (12.44%), S-7 (12.35%), S-3 (12.10%).

Significantly higher tartaric acid content was
observed in S$-13 (14.7%), over other genotypes. Whereas NTI-57
(12.44%), S-7 (12.35%), S-3 (12.10%), were on par in respect

of per cent of tartaric acid content.

There was no significant difference among the NTI-7
(8.73%), 55 (8.52%), 80 (8.50%), 85 (8.93%), in respect of per

cent of tartaric acid content.

The lower content of tartaric acid was noticed in

NTI-70, 1, and 71 (4.43%, 4.58% and 4.65% respectively).



Table 10 : Tartaric acid content (per cent) in different genotypes
of tamarind (1994 to 1995)
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. 8l. Treatment % of Treatment % of
No. {Genotypes) tartaric (Genotypes) tartaric
acid (1994) acid (1995)
1 NTI- 1 4.58 NTI- 1 6.97
2 NTI- 2 5.60 NTI- 2 7.75
3 NTI- 5 5.07 NTI- 5 6.53
4 NTI- 6 6.67 NTI- 6 6.00
5 NTI- 7 8.73 NTI- 7 9.00
6 NTI-14 6.20 NTI-14 12.23
7 NTI-15 6.55 NTI-15 6.30
8 NTI-17 6.93 NTI-16 9.90
9 NTI-19 6.54 NTI-17 14.22
10 NTI-31 6.40 NTI-19 13.63
11 NTI-54 6.70 NTI-31 15.20
12 NTI-55 8.52 NTI-32 16.70
13 NTI-57 12.44 NTI-54 10.00
14 NTI-58 6.55 NTI-55 5.50
15 NTI-59 7.93 NTI-57 4.50
16. NTI-60 8.13 NTI-59 4.78
17 NTI-61 5.59 NTI-60 4.00
18 NTI-62 5.64 NTI-61 6.17
19 NTI-70 4.43 NTI-62 5.43
20 NTI-71 4.65 NTI-70 5.43
21 NTI-73 5.69 NTI-71 6.47
22 NTI-75 6.17 NTI-73 6.70
23 NTI-76 6.00 NTI-74 4.73
24 NTI-77 6.43 NTI-75 6.23
25 NTI-78 6.46 NTI-76 7.20
26 NTI-79 7.62 NTI-77 7.05
27 NTI-80 8.50 NTI-78 6.20
28 NTI-82 6.83 NTI-79 7.68
29 NTI-83 8.33 NTI-82 10.10
30 NTI-84 9.64 NTI-83 9.35
31 NTI-85 8.93 NTI-84 11.75
32 Shimoga-3 12.10 NTI-85 7.32
33 Shimoga-4 8.02 Shimoga-3 9.20
34 Shimoga-7 12.35 Shimoga-4 8.15
35 Shimoga-13 14.70 Shimoga-7 10.20
36 ' Shimoga~-13 8.80
Mean 7.47 8.26
S.Emt 0.20 0.31
C.D. (5%) 0.55 0.86
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b. Tartaric acid content during 1995

Tartaric acid content ranged from 4.00 per cent (NTI-
60) to 16.7 per cent (NTI-32). There was significant
difference among the genotypes in respect of percentage" of
tartaric acid content. Higher tartaric acid content was
recorded in NTI-32 (16.7%), 31 (15.20%), 17 (14.22%), 19
(13.63%), 14 (12.23%), 84 (11.75%), S-7 (10.20%), 82 (10.10%)

and 54 (10.0%).

Tartaric acid content was highest and significantly

higher in NTI-32 (16.7%) over other genotypes.

The values for tartaric acid content were lower in
NTI-60 (4.0%), 57 (4.5%), 74 (4.73%), 59 (4.78%), 62 (5.43%),
70(5.43%), 55 (5.5%). There was no significant difference in
tartéfic acid content . in NTI-57 (4.50%), 59 (4.78%), and 74
(4.73%) . Similarly NTI-55 (5.50%), 62 (5.43%), 70(5.43%) did

not vary in tartaric acid content.

Most of the genotypes registered higher tartaric acid

content during 1995 (8.26%) compared to 1994 season (7.47%).

4.1.7 Multivariate analysis, clustering pattern of tamarind

genotypes

The data on canonical variate analysis clustering
pattern and intra cluster distance are presented in Table-11,

12 and 13 respectively.
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Table 11 : Elements of the first canonical vector in tamarind

—_—— . ——— . ————  —— — " — . ——— - ——— - - — - —— — e . ——— — — —— T Gan — G P S e A W - U e G W e Sre W

Sl.No Characters Vector-1I
1. pulp weignt (@ T leo

2. ' Shell weight (g) 0.007

3. Pod width (cm) | 0.007

4. Seed weight (g) 0.004

5. Number of seeds 0.004

6. Pod weight (g) | 0.004

7. | Pod length (cm) 0.003

8. Pod thickness (cm) 0.002

——— v e e . - e e A e e e e e T ¢ R e e W T W T e W e T . ———
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Table 12 : Canonical roots and variability accounted by tham in

tamarind
Canonical  Variability  Percentage Cumulative
roots accounted variance variance
1. uasr.s2 se.23 09.231
2. 62.036 0.431 99.661
3. 40.036 ' 0.278 99.940
4. 6.400 0.044 99.984
5. 1.779 ' 06.012 99.996
6. 0.316 0.002 99.999
7. | 0.167 0.001 100.000

= — . —— —— - ————— —————— - — — € W W W e e G e e T M G W T T - S e S ———
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Table 13 : Clustering pattern and intra cluster distance (DZ) among 40 genotypes of
(Tamarindus indica L.) tamarind

Cluster Nurber of Genotypes (clone number) Intra gluster
genotypes and sources dist (D value)

I 4 BGL1, BEL-61, 75, 85 14.27

II 4 BEL-2, UK-31, 73, 78 17.13

I1I 4 BEL-7, BEL-16, 79, 83 10.07

v 4 | BGL-5, BEL-14, BEL-15, 77 6.55

v 2 BEL-57, BEL~62 3.28

Vi 3 DWD-19, DWD-71, S-4 8.97

VII 5 BEL-6, DWD-70, BEL-60, S-13, 82 15.63

VIII 5 DWD-55, BEL-59, S-7, 74, 84 11.47

IX 5 BEL-17, UK-32, S-54, S-3,NTI1-80 12.47

X 4 BGL-21, BEL-56, BEL-58, 76 3.00

BGL - Bagalkot, BEL - Belgaum, DWD - Dharwad, S - Shimoga, UK - Uttar Kannada



4.1.7.1 Canonical variate analysis 95

The elements of first canonical vector are presented
in Table-11. As revealed by the first vector, pulp weight alone
contributed maximum in discriminating the genotypes. Shell
weight and pod weight are the other two important characters
which contributed to divergence. The first canonical wvector
accounted 99.231 per cent towards divergence (Table-12). The
contribution of the remaining wvectors, towards divergence was

meagre (Table-12).

4.1.7.2 Clustering pattern, intra and inter cluster distance

of 40 genotypes of tamarind

The horizontal line drawn at a dissimilar coefficient
of 1.63 resulted into 10 clusters (Fig.4). Clusters-VII, VIII
and IX were the largest with 5 genotypes each (Table-13)
followed by clusters I, II, III, IV and X, with four genotypes
in each case. Cluster VI had three genotypes, while Cluster-V

was the smallest with two genotypes (Table-13 and Fig.5).

Cluster-II, recorded the highest intra cluster
distance (17.13), followed by Cluster-VII (15.63), and
Cluster-I (14.27), while Cluster-X recorded the lowest intra

cluster distance (3.00) (Table-14).



1.63 {Dissimilarity Coefficient}
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Cluster I was close to cluster III and IV, thle it
was moderately distant from clusters II, V, and VII. It
however, showed high inter cluster D2 value, with clusters VI,
VIII, IX and X. Cluster II and III, were also nearer to each
other, and both of them showed greater diversity, from cluster
VI and cluster X, followed by cluster IX. Cluster IV was
closer to cluster V. It showed greater diversity, with cluster
VIII, IX and X, followed by cluster VII. Cluster V was also
distant from cluster VII, VIII, IX and X. While it was nearer
to cluster IV and moderately away from cluster I, II, III and
VI. Cluster IV also appear to be placed further away from
clusters VII, VIII, IX, X, II and III. Likewise cluster VIII
showed greater diversity from cluster IV, V and VI. Cluster IX
&as very near to cluster X and cluster VIII. Both cluster IX
and X showed greater diversity from cluster I, IV, V and VI.
While they were moderately distant from cluster II, III and

VII.
4.1.7.3 Cluster mean of 40 genotypes

Cluster means for eight guantitative traits are
presented in Table-15. For pulp weight per pod Cluster-IV had
the highest mean vélue (3.32) followed closely by Cluster-VI
(3.14) . For shell weight per pod, Cluster-III with mean value

of 3.15 g was the highest, which was again followed by Cluster-
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VI. Cluster-VI was again important for pod width, with the
highest mean performance of 2.09 cm, followed closely by
Cluster-I and IV. For seed weight per pod, Cluster-III had
maximum mean value (3.60) followed <closely by Cluster-VIII
(3.57). Higher number of mean seeds per pod was found in
Cluster-V (5.71). As regards pod weight, Cluster-VII was the
best, since it had the highest mean (12.67 g) value for this
character. And the next best was Cluster-III with 9.67 g.
Cluster-II is characterized by lengthy pods, exhibiting the
highest mean of 9.46 cm. However for pod thickness it was

Cluster-V (1.54 cm).

4.1.8 Variability studies in half-sib families of tamarind

The data on progenies of 20 genotypes of tamarind in
respect of germination per cent, height of the seedling and
number of leaves at one month stage, and height of the
seedling, number of leaves, leaf 1length, leaflet length and
diameter at six month stage are given in Table-16. The estimate
of variance, GCV, PCV, heritability (b.s.) and genetic advance
as per cent over mean are given in Table-17 and depicted in
Fig.6 & 7.

4.1.8.1 Germination percentage

The general mean for germination per cent was 62.99.

The range of germination per cent varied from 36.67 per cent
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Table 16 : Performance of half sib families of tamarind in respect of germination and growth parameters

- e e e T e R R B EE e A e . AN S e e TS AR e e RS-

S1. Treatnent Per ceat  Ht. of the No. of At. at 6  Ho. of Leaf length Leaf let Diamater
Ro. {Genotypes) P germi- seedlingar leaves at momth leaves at at b month leagth at at &
nation | month 1 moath stage 6 month stage 6 aonth  aoath
stage (cm) stage {ca) stage (ca) stage stage
(ca) (cm)
I RII- 6 716.66 14.26 3.59 18.21 10.87 5.93 .3 0.33
1 WI-15 50.00 10.53 1.91 25.43 12.31 5.07 1.78 .26
3 M- 36.67 9.99 1.53 u.43 §.53 5.04 1.9 9.28
4 NM-87 51.13 1. 14 2.82 23.87 10.57 5.02 1.9% .36
5 HMN-60 13.13 10.17 1.4 18.93 1.y £.64 1.91 0.25
§ KII-61 §0.00 4,61 2.95 u.17 13.717 L 1.88 0.28
T NM-62 56.67 10.93 1.3 25.47 12.20 5.36 1.98 $.29
8 RII-T0 50.00 1.00 2.48 16.67 §.47 3.9 1.57 0.20
§ NI-TI £0.00 10.61 3.26 20.70 10.27 £.65 1.83 0.30
10 KI-73 53.13 9.09 2.9 19.93 11.40 .54 1.80 0.24
I MI-H 76.67 §.88 1.1 16.10 8.87 £.20 1.70 0.20
12 MI-15 60.00 10.43 L4 24.23 16.27 5.00 1.08 8.27
13 RM-TI 56.67 10.12 3.00 23.57 15.711 L.46 1.89 0.23
4 RII-T8 73.33 9.98 .69 19.07 9.57 4.6l 2.02 §.23
15 KTI-79 76.67 12.63 .25 W% 10.10 5.66 2.50 0.27
16 WtI-82 1.1 L8 1.15 19.73 §.1 4,97 L.82 0.23
1T RITI-83 93.13 10.41 1.2 19.20 .1 5.06 1.8% .26
18 HTI-84 : £0.00 9.40 1.03 19.70 1.17 5.15 2.04 0.22
19 NTI-8% 63.33 10.55 3.85 20.30 9.47 LN 1.93 .22
20 Shimoga-4 56.67 12.45 1.31 .1 12.16 5.4 2.08 0.3
Hean §2.99 10.43 1.07 22.06 10.48 £1.90 1.45 0.26
S.Eat 1.43 §.22 0.05 .05 §.37 .07 .03 0.01

¢.D. (5%) §.72 f.61 0.14 1.38 .02 0.19 b.08 0.03

R et R R e ) R 0 e e A R e o o S e O 6 R e B e
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(NTI-19) to 93.33 per cent (NTI-83). There was significant
difference among the families with respect to germination. NTI-
83 recorded the highest per cent of germination (93.33%),
followed by NTI-84 (80 ), 74 (76.67%), 79 (76.67%), 6 (76.66%),

60 (73.33%) and 82 (73.33%).

The per cent germination was lower in NTI-19, 71, 15,

57, 73 (36.67%, 40%, 50%, 53.33% and 53.33%, respectively).

Germination per cent did not differ significantly
among the NTI-15 (50%), 57 (53.33%), 73 (53.33%), 62 (56.67%),
77 (56.67%) and S-4 (56.67%). But NTI-71 (40%) differed
significantly from NTI-15, 57, 73, 62, 77 and S-4 inrespect of

this character.

Heritability (broad sense) was 60 per cent which
indicétei that germinationwa3ds a moderately heritable character.
Genotypic coefficient of variation was 18.43, it means that
the extent of variability due to genotypes was 18.43 per cent.

Genetic advance as per cent over mean was high (23.29).

4.1.8.2 Height of seedling and number of leaves at one month
stage

a. Height of seedling

The general mean for height of seedling was 10.43 cm.

Height of the seedling wvaried from 7.00 cm (NTI-70) to 14.26 cm



104

(NTI-6). There was significant difference among the families
with respect to height. NTI-6, recorded maximum height (14.26
cm) and it was followed by NTI-79 (12.63 cm), S-4 (12.45 cm),

82 (11.18 cm), 62 (10.93 cm), 71 (10.61 cm) and 15 (10.53 cm).

NTI-6 (14.26 cm) differed significantly in respect of
height of seedling over NTI-79 (12.63 cm), S-4 (12.45 cm). NTI-
79 and S-4 did not differ significantly. Lowest height of the

seedling was noticed in NTI-70 (7.0 cm).

Heritability (broad sense) was 61 per cent. It
indicated that height 1is moderately heritable character.
Genotypic coefficient of variation was 13.04, it means that the
extent of wvariability due to genotype was 13.04 per cent.

Genetic advance as per cent over mean was high (20.93).
b. Number of leaves

The general mean for number of leaves was 3.07. The
mean number’ of leaves varied from 2.48 (NTI-70) to 3.59 (NTI-
6) . There was significant difference among the families with
respect to number of leaves per plant. Highest number of
leaves was recorded in NTI-6 (3.59) followed by NTI-75 (3.47),
62 (3.33), 74 (3.33), S-4 (3.31), 71 (3.26), 79 (3.25), 83
(3.22) and 60 (3.19). Lowest number of leaves was observed in

NTI-70 (2.48 cm).
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The extent of variability due to genotype was 8.56
and heritability was 56. It showed that, number of leaves at
seedling stage is a moderately heritable character. Genetic

advance as per cent over mean was low (8.85).

4.1.8.3 Height of seedling and number of leaves at six month
stage

a. Height of seedling

The general mean for seedling height was 22.06 cm.
The range for height of seedling varied from 16.10 cm (NTI-74)
to 28.27 cm (NTI-6). There was significant difference among the
families with respect to height. NTI-6 recorded the highest
height (28.27cm), followed by NTI-15 (25.83 cm), 62 (25.47 cm),
1§ (24 .43 cm), 79 (24.30 cm), 75 (24.23 cm), and 61 (24.17 cm).

Lowest height was recorded in NTI-74 (16.10 cm).

The extent of variability due to genotype (GCV) was
13.34 and  heritability was 57 per cent. It showed that
seedling height is a moderately heritable character. Genetic

advance as per cent over mean was high (20.65).
b. Number of leaves at six month stage

The general mean for number of leaves was 10.88.
Number of leaves varied from 7.17 (NTI-84) to 16.27 (NTI-75).

There was significant difference among the families with
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respect to number of leaves produced per seedling. Highest
number of leaves was recorded in NTI-75 (16.27), followed by
NTI-77 (15.77), 61 (13.77), 62 (12.20), 15 (12.37), S-4
(12.10), 73 (11.40) and 60 (11.37). Lowest number of leaves was

observed in NTI-84 (7.17).

Heritability (broad sense) was 50, it indicated that
number of leaves at 6 month stage was a moderately heritable
character. Genotypic coefficient of variation was 18.88. It
means that the extent of variability due to genotype was 18.88
per cent. Genetic advance as per cent over mean was high

(27.47) .

4.1.8.4 Leaf and leaflet length

a. Leaf length

The general mean for leaf length was 4.90 cm Leaf
length varied from 3.98 cm (NTI-70) to 5.93 cm (NTI-6). There
was significant difference among the families with respect tb
leaf length. Higher leaf length was recorded in NTI-6 (5.93
cm), 79 (5.66 cm), 62 (5.36 cm), S-4 (5.24 cm), NTI-84 (5.15
cm), 15 (5.07 cm), 83 (5.06 cm), 19 (5.04 cm), 57 (5.02 cm) and

60 (5.00 cm).

There was no significant difference among NTI-15, 19,

57, 60, 83 and 84 in respect of leaf length. However, NTI-6,
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1

recorded maximum leaf length (5.93 cm) and significantly
differed from rest of the families. Leaf length was lowest in

NTI-70 (3.98).

Heritability (broad sense) was 59 per cent, it
indicates that 1leaf 1length was a moderately heritable
character. Genotypic coefficient of wvariation was 8.48, it
means that the extent of wvariability due to genotype was 8.48
per cent. Genetic advance as per cent over mean was moderate

(13.43).
b. Leaflet length

The general mean for leaflet length was 1.95 cm. Mean
Leaflet length ranged from 1.57 cm (NTI-70) to 2.50 cm (NTI-
79) . There was significant difference among the families in
respect of leaflet length. Higher 1leaflet length was observed
in NTI-79 (2.50 cm), 6 (2.39 cm), 75 (2.08 cm), S-4 (2.08 cm),
NTI-84 (2.04 cm) and 19 (2.01 cm). There was significant
difference between NTI-79 and 6 and NTI-6 and 75 inrespect of
this character. Whereas there was no significant difference
among NTI-19, 75, 78, 84 and S-4. Leaflet length was lowest in

NTI-70 (1.57 cm).

Heritability (broad sense) was 48, which indicates

that leaflet length is low heritable character. Genotypic
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. coefficient of variation was 9.32, which means that the extent
of wvariability due to genotype was 9.32 per cent. Genetic

advance as per cent over mean was moderate (13.31).
4.1.8.5 Diameter of the plant

The general mean for diameter of the plant was 0.26
cm. Diameter of the seedling ranged from 0.20 cm (NTI-62) to
0.33 cm (NTI-6). There was significant difference among the
families in respect of diameter at collar region. Higher
diameter was observed in NTI-6 (0.33 cm) followed by NTI-71
(0.30 cm), 62 (0.29 cm), S-4 (0.30 cm), NTI-19 (0.28 cm), 61
(0.28 cm), 15 (0.26 cm), 57 (0.26 cm), 75 {(0.27 cm), 79 (0.27
cm) . There was no significant difference among NTI-6, 71, and
S-4, NTI-15, 19, 57, 61, 62, 75 and 79. Lowest diameter was

observed in NTI-62 (0.20 cm).

Heritability (broad sense) was 50, which indicates
that diameter is a moderately heritable character. Genotypic
coefficient of variation was 12.30, indicating the extent of
variability due to genotypes. Genetic advance as per cent over

mean was moderate (17.92).
4.1.9 Correlation coefficient in half-sib families of tamarind

The expression of character is the consequence of a

chain of interwoven events, each affecting the other, either
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directly or through other events. But generally, we can only
observe the ultimate effect of association between the two
events. The association can be measured as coefficient of
correlation. This method removes the complex relationships
between the characters into simple form of association. The
method was applied in this study to understand the associatipn
of component traits with germination and growth parameters and
among themselves. The results on character association of
germination per cent and growth parameters are presented in

Table-18.
a. Per cent of germination

Per cent germination was positively and non

significantly associated with seedling height at one month.
b. Height and number of leaves at one month stage

Height of the seedling is positively and significantly
associated with number of leaves at one month stage , height
at six month stage, leaf length, leaflet length and diameter at
six month stage. It was also positively associated with number

of leaves at six month stage.
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Number of leaves was positively but non significantly
associated with  height, leaf length, leaflet 1length and

diameter at six month stage.
c. Height and number of leaves at six month stage

Height was positively and,SigniﬁCafﬁiy"v‘ associated
with number of leaves, 1leaf length, leaflet length and
diameter.

Numberol:leaves was positively Dbut non significantly

associated with leaf length, leaflet length and diameter.
d. Leaf and leaflet length

Leaf length was positively and significantly associated

with leaflet length and diameter of the plant.
4.2 GENOTYPIC RESPONSE TO AIR LAYERING

The main objective of this experiment was to find out
the genotypic responsevto rooting by air layering. To find out
the rooting pattern and extent of rooting in different
genotypes of tamarind, the following rooting characters were

studied.

1. Number of layers rooted
2. Number of roots per layer

3. Length of longest root per layer
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4. Dry weight of roots per layer

5. Post separation establishment of layer.
4.2.1 Number of layers rooted

The data on the number of layers rooted at the end
of 90, 120 and 150 days in different genotypes are presented in

Table-19.
a. Number of layers rooted at 90 days

Number of layers rooted in different genotypes
varied from 0.2 (NTI-17, 80) to 4.2 (NTI-78). Sixteen
progenies have recorded higher number of layers rooted over
the general mean which was 1.61. There was significant
difference among the genotype, in respect of rootihg of layers.
Higher rooting was observed in NTI-78, 84, 74, 77, 1 and 76
(4.2, 3.4,‘3.2, 3.2, 3.0, 3.0, respectively). Number of layers
rooted was significantly higher in NTI-78 (4.2), compared to
NTI-84 (3.4), 77 (3.2), 1 (3.2), 76 (3.0). There was no

significant difference among the NTI-1, 74, 76 and 77.

The genotypes NTI-70, 73 and S-4 were found to be on
par with each other. Similarly the next group which included
NTI-7, 14, 21, 58 and S-13 did not differ from each other.

Number of layers rooted was lowest in genotypes NTI-17, 55, and
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S1. Treatment No. of No. of No. of Per cent of layers rooted
No. (Genotypes) layers layers layers
rooted at rooted at rooted at
90 days 120 days 150 days 3rd 4th 5th
month month month
1 NTI-1 3.00 4.00 4.60 60 80 92.
2 NTI- 2 0.60 3.40 4.00 12 68 80
3 NTI- 5 1.80 2.80 3.60 36 56 72
4 NTI- 6 0.80 1.80 2.80 16 36 56
5 NTI- 7 2.00 2.80 3.60 40 56 72
6 NTI-14 2.00 3.60 3.60 40 72 72
7 NrI-15 0.80 3.20 4.00 16 64 80
8 NTI-16 1.80 3.00 4.40 36 60 88
9 NTI-17 0.20 0.80 1.60 4 16 32
10 NTI-19 1.60 2.60 3.80 32 52 76
11 NTI-21 2.00 3.20 3.60 40 64 72
12 NTI-31 1.00 3.00 4.20 20 60 84
13 NTI-32 0.60 2.40 3.80 12 48 76
14 NTI-54 0.80 1.80 3.60 16 36 72
15 NTI-55 0.20 1.40 3.00 4 28 60
16 NTI-56 0.40 2.60 4.00 8 52 80
17 NTI-57 1.40 3.20 3.80 28 64 76
18 NTTI-58 2.20 3.80 4.40 44 76 88
19 NTI-59 0.60 1.80 3.20 12 36 64
20 NTI-60 0.60 2.20 3.00 12 44 60
21 NTI-61 1.00 3.00 4.60 20 60 92
22 NTI-62 1.20 2.60 3.20 24 52 64
23 NTI-70 2.40 2.80 3.60 48 56 72
24 NTI-71 1.40 3.20 4.80 28 64 96
25 NTI-73 2.60 3.60 4.00 52 72 80
26 NTI-74 3.20 4.20 4.60 64 84 92
27 NTI-75 1.40 2.40 4.00 28 48 80
28 NTI-76 3.00 4.00 4.40 60 80 88
29 NTI-77 3.20 4.20 4.40 64 84 88
30 NTI-78 4.20 4.80 4.80 84 96 96
31 NTI-79 1.40 2.00 2.80 28 40 56
32 NTI-80 0.20 0.60 1.20 4 12 24
33 NTI-82 1.60 3.00 3.60 28 76 88
34 NTI-83 1.40 3.80 4.40 68 76 80
35 NTI-84 3.40 3.80 4.00 32 60 72
36 NTI-85 1.20 2.80 3.60 24 56 72
37 Shimoga-3 1.60 3.20 4.00 32 64 80
38 Shimoga-4 2.40 4.20 4.60 48 84 92
39 Shimoga-7 1.20 2.00 3.40 24 40 68
40 Shimoga-13 2.00 3.80 4.60 40 76 92
Mean 1.61 2.94 3.78
S. Pt 0.10 0.10 0.09
C.D. (5%) 0.28 0.28 0.25
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80 (0.2 each). Other genotypes viz., NTI-2, 6, 32, 59, 60, 15
and 54 were on par with each other, but differed significantly

from NTI-17, 55 and 80.
b. Number of layers rooted at 120 days

The number of layers rooted at 120 days after
layering varied from 0.6 (NTI-80) to 4.8 (NTI-78) and twenty
two genotypes recorded higher number of layers rooted over the
plot mean (2.94). There was significant difference among the

genotypes in respect of rooting of air layering.

Highest number of layers rooted was in NTI-78 (4.8)
and this was closely followed by NTI-74, 77 and S-4 (4.2) and
NTI-1 (4.0). In the next group of genotypes, number of layers
rooted varied from 3.6 to 3.8 and they were on par with each
other (NTI-14, 58, 73 and 83). The lowest number of layers

rooted was with NTI-80 (0.60).
c. Number of layers rooted at 150 days

The number of layers rooted at 150 days varied from
1.2 (NTI-80) to 4.8 (NTI-78) and in 24 progenies, number of
layers rooted was higher than the plot mean (3.78). There was
significant difference among the genotypes in respect to number
of layers rooted at the end of 150 days. Twenty genotypes which
recorded the higher number of rooted layers at 120 days after

layering continued to show their superiority at 150 days also.
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There was no significant difference among the NTI-1,
61, 71, 74, 78, S-4 and S-13 in respect of number of layers
rooted, which varied from 4.6 to 4.8. Similarly NTI-16, 58, 76,

77, 83 (4.4 each) did not differ in their rooting ability.

Next group comprised of genotypes (NTI-2, 15, 31, 56,
73, 75, 84 and S-3) in which number of layers rooted varied
from 4.0 to 4.2 and they were on par with each other. The
lowest value in respect of number of layers rooted was in NTI-

80 (1.2).
4.2.2. Per cent of rooting in air layers of tamarind

The data on per cent of rooting of layers of tamarind

at 90,120 and 150 days after layering are presented in Table-19.
a. Per cent of layers rooted at 90 days

The rooting varied from 4 per cent (NTI-17, 55 apd
80) to 84 per cent (NTI-78) at the end of 90 days after
layering. Higher per cent of rooting was recorded in NTI-78

(84%), 83 (68%), 74 (64%), 77 (64%) and 1 (60%).

The lowest value in respect of rooting of layers was
observed in NTI-17, 55 and 80 followed by NTI-2, 32, 59, 60, 6

and 15.
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b. Per cent of rooting at 120 days

Per cent of rooting rénged from 12 per cent (NTI-80)
to 96 per cent (NTI-78) at the end of 120 days after layering.
Higher per cent of rooting was observed in NTI-78 (96%), 74
(84%), 77 (84%), S-4 (84%), NTI-1 (80%). The lowest rooting was

observed in NTI-80 (12%).
c. Per cent of rooting at 150 days

Per cent of rooting varied from 24 per cént (NTI-80)
to 96 per cent (NTI-71, 78). The genotype NTI-78 topped the
list at all the stages of observation. The higher per cent of
rooting in layers was observed in NTI-1, 61, 71, 74, 78, S-4
and S-13 with a range from 92 to 96%, indicating their easy to
root character. The lowest per cent was observed in NTI-80
(24%),'followed by NTI-17 (32%), showing their difficult to

root tendency.
4.2.3 Root characters

The data on number of roots, length of longest root,
dry weight of roots per layer as observed in different

genotypes is presented in Table-20.
a. Number of roots

The number of roots per layer varied from 1.60 (NTI-

84) to 7.00 (NTI-62). There was significant difference among
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Table 20 : Root characteristics and survival of diffeéen%
enotypes of tamarind air layers at the end o
2th month after potting

e = ——— A — e T e — ———— o —

Sl1. Treatment No. of Root Dry wt. of Per cent
No. (Genotypes) roots per legth roots per survival
layer (cm) layers of lavers
(g)

1 NTI- 1 5.2 5.0 0.12 50.00
2 NTI- 2 4.0 5.5 0.27 20.00
3 NTI- 5 4.8 4.3 0.08 30.76
4 NTI- 6 3.6 4.7 0.09 50.00
5 NTI- 7 5.4 5.3 0.25 57.14
6 NTI-14 5.8 5.5 0.31 33.33
7 NTI-15 5.4 5.4 0.17 71.67
8 NTI-16 5.0 4.6 0.12 35.30
9 NTI-17 4.4 5.3 0.18 60.00
10 NTI-19 4.6 5.1 0.26 46.67
11 NTI-21 5.8 5.2 0.08 72.72
12 NTI-31 5.6 4.2 0.06 76.92
13 NTI-32 6.6 5.1 0.13 53.85
14 NTI-54 6.0 4.8 0.11 38.46
15 NTI-55 4.6 4.9 0.09 53.85
16 NTI-56 5.0 5.1 0.19 66.67
17 NTI-57 4.4 5.1 0.23 35.71
18 NTI-58 5.2 4.5 0.19 33.33
19 NTI-59 5.4 4.5 0.11 66.67
20 NTI-60 5.2 4.9 0.18 100.00
21 NTI-61 4.8 4.8 0.10 100.00
22 NTI-62 7.0 5.2 0.25 25.00
23 NTI-70 5.6 4.8 0.12 30.00
24 NTI-71 6.2 4.8 0.17 53.00
25 NTI-73 4.6 5.6 0.12 25.00
26 NTI-74 5.4 5.9 0.35 47.60
27 NTI-75 4.6 5:1 0.13 64.30
28 NTI-76 5.8 5.7 0.25 18.18
29 NTI-77 4.6 4.5 0.25 43.75
30 NTI-78 5.4 5.0 0.15 53.33
31 NTI-79 4.2 4.2 0.12 11.11
32 NTI-80 5.8 5.8 0.15 50.00
33 NTI-82 5.4 5.6 0.19 61.54
34 NTI-83 4.4 6.8 0.16 57.14
35 NTI-84 1.6 2.1 0.02 56.67
36 NTI-85 5.0 5.4 0.14 50.00
37 Shimoga-3 4.6 5.4 0.08 28.57
38 Shimoga-4 6.4 5.2 0.33 64.28
39 Shimoga-7 5.2 5.4 0.10 30.76
40 Shimoga-13 5.8 ‘5.6 0.27 41.66

Mean 5.11 5.05 0.17
S.Emt 0.11 0.07 0.01 2.57
C.D. (5%) 0.30 0.19 0.03 7.10

——— v —————————————————" ———_—— — . ——————————— ——— —— o ———— -
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the genotypes in respect of number of roots produced per layer.
Significantly higher number of roots were observed in NTI-62

(7.00) followed by NTI-32 (6.6) and 54 (6.0).

The number of roots observed in case of NTI-14, 21,
76, 80, S-13 was 5.8 per layer. Similarly NTI-31 and 70
recorded the same value (5.6/layer). Further in NTI-7, 15,
59, 74, 78, 82, the number of roots per layer was 5.4. In case
of NTI-1, 58, 60, S-7, the number of roots per layer was 5.2
and these were followed by NTI-16, 56 and 85 (5.0/layer). All

the above genotypes were on par with each other.

The next group of genotypes included NTI-19, 55, 73,
75, 77 and S-3 where the number of root per layer varied from
4.6 to 4.8 which were on par with each other. Lowest number of

roots were recorded with NTI-84 (1.6).
b. Length of roots

The length of longest root in each layer ranged
between 2.10 cm (NTI-84) to 6.8 cm (NTI-83). There was
significant difference among the genotypes$. The highest and
significantly higher length of root was observed in NTI-83 (6.8
cm) followed by NTI-74 and 80 (5.9 cm, 5.8 cm respectively).
There was no significant difference in root length in case of

NTI-76 (5.7 cm), 73 (5.6 cm), 82 (5.6 cm) and S-3 (5.6 cm).
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Further NTI-2 (5.5 cm), 14 (5.5 cm), 15 (5.4 cm), 85 (5.4 cm),
S-3 (5.4 cm) and S-7 (5.4 cm) were on par with each other with
regard to length of root. The lowest length of root was

observed with NTI-84 (2.10 cm only).
c. Dry weight of roots

Dry weight of roots per layer varied from 0.02 g
(NTI-84) to 0.35 g (NTI-74). There was significant difference
among the genotypes in respect of weight of roots per layer.
Highest and significantly higher. dry weight of roots was
observed in NTI-74 (0.35 g), followed by S-4 (0.33 g) and 14
(0.31 g).

There was no significant difference in dry weight of
the roots in case of NTI-2, 7, 19, 62, 76, 77 and S-3 where

the dry weight ranged between 0.25 g and 0.27 g.

The next group of genotypes with regard to dry weight
of roots included NTI-17, 58, 60 and 82 in which dry weight

ranged between 0.18 g and 0.19 g.

The lowest value for dry weight of roots per layer

was observed in NTI-84 (0.02 g only).
4.2.4 Post separation establishment of layers

The data on the post separation establishment of

layers are presented in Table-20. The data on the survival of
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air layers at the end of six month revealed significant

difference among the different genotypes.

The survival per cent of layers varied from 11.11 per
cent (NTI-79) to 100 per cent (NTI-60 and 61). NTI-60 and 61
recorded the highest per cent (100% in each) followed by NTI-31
(76.92%), 21 (72.72%), 15 (71.67%). There was no significant
difference among NTI-31, 21, 15 in respect of survival per
cent. The lowest per cent of survival of layer was observed in

NTI-79 (11.11%).

In rest of the genotypes survival percentage -

ranged between 18.18 and 66.67 per cent.
4.2.5 Correlation coefficient of layers

The correlation coefficient among the different
rooting characters of layers and survival per cent of layers

after separation are presented in Table-21.

3rd

a. Number of layers rooted at month.

Number of layers rooted at 379 month was positively
and significantly associated with number of layers rooted at
4th and s ponth and positively associated with root weight

per layer. Whereas it was negatively associated with number of

roots per layer, root length and per cent survival.
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b. Number of layers rooted at 4t ponth

Number of layers rooted at 4th ponth was positively‘
and significantly associated with number of layers rooted at
50 month and positively associated with number of roots per
layer, root length and root weight per layer and negatively

associated with per cent survival.

Sth

¢. Number of layers rooted at month

Number of layers rooted at 5th

month was positively
but insignificantly associated with number of roots per layer,

root length, root weight per layer and per cent survival
d. Number of roots per layer

Number of roots per layer was positively and
significantly associated with root weight per layer and
positively but insignificantly associated with root length and

per cent survival.
e. Root length

Root length in each 1layer was positively and
significantly associated with root weight per layer. It was
negatively and nonsignificantly associated with per cent

survival.
f. Root weight

Root weight per layer was positively but non

significantly associated with per cent survival of layers.
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V_.DISCUSSION

The department of forest, Government of Karnataka has
surveyed the northern region of the state and selected the plus
trees of tamarind (Anon., 1989). ‘Plus tree’ may be defined as
outstanding individuals occurring in natural stands or in even
aged plantations combining in themselves a number of desirable
features (Zobel and Talbert, 1986). The plus trees, whose
occurrence is low in frequency, perhaps hard to find, form the
base material for tree improvement. Assembling of plus trees as
clones in clonal orxchards is done using ramets (grafts) in
special designs to promote maximum cross pollination among the
different clones and reduce inbreeding. Such clonal bank of
Tamarindus indica L. has been established at Forest Research
Centré, Gungargatti (Dharwad) using plus trees material from
. Belgaum, Bijapur, Dharwad, Shimoga and Uttar Kannada district
of Karnataka state. The block consisting of 40 genotypes was
taken for the present investigation on growth parameters,

flowering pattern, pod characters and yield.

Variability, heritability, genetic divergence, and
genotypic response to rooting through air layering were also
studied. The results obtained from this investigation are

discussed in this chapter.
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5.1 MORPHOLOGICAL CHARACTER OF THE PLANT, FLOWERING BEHAVIOUR

AND POD SHAPE

Out of 40 genotypes studied in 24 progenies viz.,
NTI-1, 2, 5, 6, 7, 15, 16, 17, 21, 31, 55, 56, 58, 59, 62, 71,
73, 74, 77, 79, 83, 84, S-3 and S-13, plant growth habit
observed was orthotropic nature. This type of plant habit is
useful for high density planting, because of its columnar
growth habit, as against traditional wider planting,
accommodating less number of plants per unit area. Whereas
NTI- series viz., 14, 19, 32, 54, 57, 60, 61, 70, 75, 76, 78,
80, 82, 85, S-3 and S-7 were found to be plageotropic in growth
habit.

The flowering pattern observed for Lhe four years
viz., 1992, 1993, 1994 and 1995 (Table-4) revealed that, the
range éf flowering varies from 20 to 100 per cent among the
different genotypes. Hundred per cent flowering was observed

in NTI-14, 19, 57, 78, 83, 85 and S-4.

The flowering and fruiting in  tamarind is not a
reqular feature as in case of some of the mango and apple
varieties. In apple biennial bearing varieties produce flowers
on spurs, and the annual bearing varieties produce flowers
mostly on the shoots. In apple spurs behave as independent

units, whereas, no such individuality exists in mango shoots
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(McCartney, 1925). Thus the growth pattern in these two types
of fruit crops is different and bienniality in bearing is more
a problem in mango than in apple. Singh (1959) reported that
the age of the shoot does not govern fruit bud differentiation
in mango. According to him, this may be due to the fact that
the major role in the formation of fruit buds 1is played by
some other factof or factors and not by the maturity or age of
the shoot. Hence in tamarind also, the biennial bearing

tendency is observed.

With regard to pod shape, three types were observed
viz., straight, semi curved, and straight and semi curved.
Among the 36 genotypes, 26 exhibited straight and semi curved
pods. Five clones produced only straight pods and remaining

five produced only semi curved pods.

Similar grouping of tamarind based on fruit shape was
proposed by Bailey (1947), Cowen (1970), Paules (1975) apd
Shivanandam (1980) . Cultivars were classified on shape,
colour, and quality of fruit in oranges (Corbas and Moscosg,
.1958), in mango (Singh, 1963), Jack (Guruprasad, 1981), Pumello

(Naryanamurthy, 1982).
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5.2 GROWTH, YIELD AND YIELD ATTRIBUTES

A wide range of variability was observed for all the
quantitative characters studied. As presented under results,
the range of variation noticed was appreciable for many

characters.

The characters studied viz., plant height, diameter,
number of shoots per 300 cm? canopy area, spread of plant in
east to west and north to south direction and crown size

differed significantly among the different genotypes (Table-2).

Plant height of genotypes varied from 1.47 m (NTI-74)
to 2.99 m (NTI-2), diameter from 6.94 cm (NTI-74) to 11.58 cm
(S-13), number of shoots per980cm2 canopy area from 3.6 (NTI-
60) to 7.6 (NTI-74), spread of plant, east to west from 1.34 m
(NTI-§4) to 3.10 m (NTI-7), nofth to south from 1.28 m (NTI-58)
to 2.98 m (NTI-7) and crown size from 1.38 m (NTI-74) to 3.04 m
(NTI-7) at the age of five years and significantly differed

among the different genotypes.

Maximum height of plant was recorded in NTI-2 (2.99
m), followed by S-4 (2.90 m), 7 (2.82 m), S-7 (2.75 m), 15
(2.62 m), S-13 (2.06m). Highest diameter was noticed in S-13
(11.58 cm), followed by NTI-2 (11.40 cm), 7 (11.24 cm), S-4

(11.08 cm), NTI-32 (10.74 cm), 74, 84, §-13, NTI-19, 14.
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Higher number of shoots per 900 cm? canopy area was recorded in
NTI-14, 19, 74, 84 and S-3. This indicated the compact nature
of canopy which provided more bearing area. Higher spread of
plant from east to west was noticed in NTI-7 (3.10 m), 2 (2.99
m), 14 (2.82 m), S-4 (2.56 m) while for north to south
direction in NTI-7, 2, 14, S-7 and S-4. As a result of this,
higher crown size was noticed in NTI-7 (3.04 m), 2 (2.96 m), 14
(2.78 m), S-7 (2.50 m), S-4 (2.47 m) and were considered

superior compared to other genotypes in respect of growth.

The data collected on number of pods per plant for
three years varied significantly among the genotypes. NTI-71,
19, S-4, NTI-57, 62, 14, 77, 15 and 1 are found to be superipr

‘genotypes among the different genotypes.

Number of pods per plant varied significantly frgm
year to year within the genotype. This revealed the alternate
bearing tendency of the genotypes. However, in NTI-14 and b7
there was no significant difference in the number of pods per
plant between 1994 and 1995 over the years. This indicated
their tendency towards regular bearing in the initial stage

itself.

Higher yield was obtained from NTI-19, 5, 14, S-4,
NTI-15, 57, 62, 75, 83, 85, 79, 61, 7 and 2. NTI-19 was found
to be superior among the 40 genotypes, -and yield differed

significantly from year to year.
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NTI-56, 58, 21 and 76 did not produce the fruits and

yield levels were low in NTI-80.

The research work done on cloning in tamarind 1is
very meagre. Hence yield data of clonal progenies are not
available. However, on well grownup trees the pod yield ranges
from 180 kg to 225 kg (Rao, 1959, Lewis and Neelakantan, 1964)

and 200 kg to 800 kg (Anon., 1989).

The highest and significantly higher yield was
obtained in NTI-19 over all other genotypes. This has been
found to be superior among the 40 genotypes. The next best
genotypes in descending order were NTI-5, 14, S-4, NTI-15, S-7,

NTI-62, 75, 83, 85, 79, 61, 78 and 2.

There was significant difference in length, width,
thickness of pod and pod weight, pulp weight per pod, among the
different genotypes. Wheréas there was no significant
difference on number of seeds, seed weight, shell weight and

vein weight per pod (Table-5).

Pod length varied from 6.50 cm (NTI-1) to 11.48 cm
(NTI-2), idth from 1.44 cm (NTI—59) to 2.60 cm (NTI-19),
thickness from 1.18 cm (NTI-73 ) to 1.70 cm (NTI-S57), pod
weight from 4.2 g (NTI-59) to 14.32 g (NTI-19), pulp weight

from 0.92 g (NTI-59) to 4.98 g (NTI-19).
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It is clear that a large variation for several
guantitative characters are available for utilization in
tamarind improvement programme. Such wide variation in other
tree crops have been reported by several workers. Paules
(1975), Thimmaraju et al. (1978) and Samiullah (1984) reported
wide variation in tamarind for different characters studied
and variations were significant for trunk 1length, seed yield
per tree, pulp yield per tree, pod yield per tree. Keiding et
al. (1986) and Magnussen and Yeatmen (1989) ﬁoticed wide
variation for trunk diameter and height in Jack pine.
Chaturvedi et al. (1989) also observed significant variation
in eucalyptus for height and girth. Barner et al. (1992)
observed appreciable variations for different characters
étudied in teak, spruce and eucalyptus. Environmental influence
was more on characters like branching and growth compared to

leaf form, stem straightness and wood density.

Pulp varied from 20.51 (..8.-7) to 43.57 per cent
(NTI-76). Seed from 13.53 per cent (NTI-76) to 40.67 per cent
(NTI-6), shell from 22.71 per cent (NTI-32) to 42.20 per cent
(NTI-60), vein from 2.23 per cent (NTI-57) to 7.31 per cent
(NTI-76) and hundred seed weight from 33.21 g (NTI-17) to

98.57 g (NTI-31) (Table-6).

The variation in pulp, seed, shell, vein and hundred

seed weight was due to genotypic difference. According to
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Hernandez-unzon and Lakshminarayan (1982), tamarind takes 245

days for fruit set to maturity.

The difference in the length of pod may be attributed
to the difference in genotypes. Similar variation in fruit
length in tamarind was reported by Hernandezunzon and
Lakshminarayan (1982) and Kokate (1988). The variation in the
width and thickness of pod was due to genetic differences among
the genotypes. Similar variation in width and thickness of pod

was reported elsewhere (Anon. 1972 and Shivanandam 1980) .

The difference in pod weight in the present study may
be attributed to number of seeds, seed weight, pulp content,
shell weight among the different genotypes. Similar variation
iﬁ fruit weight of trees of seedling origin was noticed in
tamarind (Shivanandam, 1980) and in pumello (Celso,1964,

Narayan murthy 1982).

Pulp weight is positively correlated to pod weight in
tamarind (Shivanandam and Thimmaraju, 1988). Similar results of
variation in pulp weight was recorded in jack fruit by

Guruprasad (1981).

The difference in shell weight can be clearly
attributed to the differences in size of the fruit. The

difference in the fiber weight among the genotypes may be due
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to the differences in the rate of development of wvascular

tissue in fruits.

The difference in seed weight may be attributed to
the differences in the number and size of seeds among the
clones studied. Similar differences in seed weight was recorded
in tamarind by David }i@;;f: (1907) and Shivanandam (1980).
Similarly Celso et al. (1954) and Narayanamurthy (1982) also

recorded variation in seed weight in pumello.

The difference in seed number may be attributed to
the differences in length of pod and ovule fertility. Bailey
(1947) reported that in tamarind long pods contain seeds
ranging from 6 to 12. Whereas short pods the number of seeds
varies from 1 to 4. Cowen (1970) and Shivanandam (1980)
recorded a wide wvariation in number of seeds per fruit in

tamarind.

The data on degree of correlation among the different
growth parameters in tamarind are given in Table-3 and 7. Plant
height and diameter were positively and significantly
correlated with plant spread, (east-west and north-south) and
crown size. Number of pods and pod weight were positively

associated with crown size.
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Pod 1length was ©positively and significantly
associated with pod width, pod weight, number of seeds per pod,
seed weight, pulp weight, shell weight and vein weight per pod.

Further pod weight was positively and significantly associated

with seeds per pod, pulp, seed, shell, vein weight per pod.

The number of seeds per pod was positively and
significantly associated with shell, and seed weight per pod.
Pulp weight was positively and significantly associated with

seed, shell and vein weight per pod.

Similar attempts have been made to assess the
correlations among yield attributing traits in other perennial
plant species. According to Sukumaran et al. (1982) important
characters associated with coconut yield were average number of
female flowers between 21 and 24 years, number of functional
level at 19 years and internodal distance at a fixed mark.
However, the association of coconut yield was positive and

significant with stem height (Ramanathan, 1984) .
5.3 QUALITY CHARACTER

Tartaric acid content ranged between 4.43 per cent
(NTI-70) and 14.7 per cent (S-13) during 1994. There was
significant difference among the different genotypes with

respect to this trait. Similarly tartaric acid content ranged



133

between 4.00 per cent (NTI-60) and 16.7 per cent (NTI-32)

during 1995.

The tamarind pulp contains 8 to 18 per cent tartaric
acid (Lewis et al., 1954; Anon., 1976 and Shivanandam, 1980).
The differences in tartaric acid content are attributed to the

differences in genotypes and varies from season to season.
5.4 MULTIVARIATE STUDIES

The studies carried out during the past have shown
that better appreciation of genetic diversity and evolutionary
history of crop plants is possible by employing complete
statistical tool like multivariate technique. The usefulness of
‘multivariate technique in quantification of genetic diversity
has» been demonstrated by Samiullah (1993) in tamarind
Melendreas and Ortuno (1984) in lemon, Maluf et al. (1984) in

leucaena, Butenko et al. (1987) in cherry.

Mahalanobis generalizedfdistance estimated by D2
statistic is a unique tool for discriminating the populations
by considering a set of parameters together, rather than
inferring indices concerning morphological similarity, eco-

"

geographic diversity, and other similar criteria.

It 1is presumed that geographic diversity 1is

positively related to genetic diversity (Thoday, 1953).
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However, all the earlier workers do not hold the same opinion
and in many studies it has been shown that no such parallelism
exists between geographic and genetic diversity (Arunachalam
and Jowahar Ram, 1967; Bhatt, 1970 and 1973; Sheriff, 1982;

Kanwal et al., 1983 and Nath et al., 1985).

In the present study 40 genotypes of tamarind
belonging to five districts were included to assess the nature
of geneﬁic diversity by multivariate analysis. In the canonical
variate analysis, the number of variables were reduced to a
linear expression called principal component and this accounts
for most of the variation produced by these characters.
Similarly a second succeeding principal component was also
‘formed to account for the residual variability. The principal
component which is a linear expression of the several variables
assigns separate weights to each variable depending upon the

ability of each character to discriminate the entries.

The first principal component was significant enough
to use for the purpose of discriminating the genotypes and to
cluster on the canonical configuration. The contribution of
the remaining eight vectors was very low and hence, they were

not considered.



135

Samiullah (1993) noticed that £first principal
components accounted for 96.93 per cent, out of which
contribution of the first two components was only 42.37 per
cent of the total divergence in tamarind. Butenko et al.
(1987) observed in cherry, that 86.2 per cent of the total
variation was accounted for by the first six principal

components, while first component absorbed 35.9 per cent.

In tamarind, pod yield per tree, trunk length and
number of primary branches were the most important characters
that contributed towards divergence (Samiullah, 1984).
However, in eucalyptus, contribution of number of branches,
number of leaves, height, internodal 1length and leaf breadth
and length ratio was more towards divergence (Surendram and
Chandrasekharna, 1988). Illoh and Olorode (1990) reported that
repréductive characters contributed more towards divergence in
mango. It seems that growth parameters and reproductive

characters in trees contributed more towards divergence.

According to Levin and Turner (1977), number of pods
per plant 1is the one reproductive character that varies very
much within a species of compositae family for the purpose of
compensation of the deficit in the resource éilocated for the

reproductive process.
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5.5 D2 ANALYSIS AND CLUSTERING OF THE GENOTYPES BY USING

DENDROGRAM TECHNIQUE

In the Mahalanobis D2 analysis actual distance
between the entries are obtained as these D? values represent

the index of genetic diversity among clusters.

Clustering was done by utilizing dendrogram technique
as described by Sneath and Sokal (1973). Utilizing the D2
values, the dissimilarity coefficients between the genotypes,
were estimated and arranged into a reasonable hierarchial
system and the diagrams called dendrograms representing the

trees that connect the most similar entries were constructed.

Samiullah (1993) wused non-hierarchial cluster
analysis to group 300 tamarind genotypes into 16 clusters.
Maluf et al. (1984) distinguished leucaena population into two
groups based on hierarchial cluster analysis. Dendrogram
technique was used by Melendreas and Ortuno (1984) to classify
the lemon varieties in hierarchial order of similarity. Nema
and Sharma (1986) used weighed pair group and similarity and
distance coefficient to classify 42 cultivars of grape.
Similarly D2 technique has been used to group divergent
population into different clusters by Singh et al. (1987) in
sugarcane, Surendran and Chandrasekharna (1988) extended D2

technique to group eucalyptus population into 11 clusters.
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The D? statistic and principal component analysis in
selecting divergent parents for successful hybridization have
been adopted in many crops (Matzringer and Wensmen, 1967;
Chandrasekaraiah et al., 1969; Ram and Panwar, 1970; Bhatt,

1973; Maurya and Singh, 1977; Dremlyuk and Grigoryan, 1984) .

The clustering pattern of different genotypes is
presented in Table-13. The data clearly indicates that no
parallelism can be drawn between geographic and genetic
diversity. The genotypes collected from Bagalkot for instance,
have got into Cluster-I, IV and X. Similarly, the genotypes
from Belgaum, have found place in Cluster-II, III, IV, V, VII,
VIII, IX and X. This particular aspects proves one more
‘point, that is, the genotypes from Belgaum are relatively more
diverse among themselves than_the genotypes from any other
region.

The intra cluster distance was relatively high in
respect of Cluster number-I, II, ViI, VIII and IX. Cluster-VII,
VIII and IX are composed of clones from Belgaum, Dharwad and
Shimoga. As already mentioned in the earlier paragraph, the
genotypes of Belgaum fegion have been quite diverse, therefore,
the inclusion of genotypes from Belgaum in these three groups
in addition to the genotypes from two other zones, has probably
contributed .= more towards intra cluster distance, by virtue
of which, these three groups have'shown high diversity. Same is

the case with Cluster-II and III.
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Cluster VI appearsto be relatively more diverse from
all other clusters. Looking to the inter cluster distance
values one can broadly categories, the clusters into five
broad groups, the first group comprises clusters I, II and III.
While second group comprising cluster IV, and V, third group
comprises cluster VI, fourth group comprises cluster VII and

VIII and finally fifth group comprising cluster IX and X.

Table-11 indicated that the first wvector itself
accounted for very large amount of total variance. It was to
the extent of 99.231 per cent. Tﬂerefore, canonical root 1
only was considered for getting information on the relative
contribution of different character towards divergence (Table-
.12) . It is further interesting to note that of all the
traits, pulp weight or pulp yield alone was responsible for the
diversity observed in the material. It is often said that this
kind of information provides a clue regarding the evolutionary

history of the crop species.

The information obtained from the present study
indicates that pulp weight was the most important factor, which
was responsible for discrimination in the genotypes studied. It
may be mentioned that the 40 genotypes which were ultimately
selected for detailed investigation were chosen, on the basis

of their yield potentiality. This being the fact, the pulp,
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seed, shell content of these genotypes varied from 23.06 per
cent to 32.91 per cent, 27.42 per cent to 36.03 per cent and
29.91 per cent to 38.86 per cent respectively as mentioned in
Table-6.

It is also note worthy that the present findings are
in agreement with those of earlier workers particularly,
Illoh and Olorode (1990) Gangaprasad (1993) and Samiullah
(1993) .

As observed from Table-15, Cluster IV appears to be
good source of a gene as for as pulp character is concerned. It
was characterized by the highest mean weight for pulp weight
and very high mean value for its associated characters like pod
length, pod width and pod weight. But with lower mean value
‘for the seed characters like seed weight and seeds per pod. To
some. extent Cluster-VI can also be regarded as important
cluster as far as pulp weight is concerned. Genotype of this
cluster may be used judiciously for further improvement of pulp
character, by careful choice of other parental lines by

thorough evaluation of other collections on similar basis.
5.6 VARIABILITY STUDIES IN HALF-SIB FAMILIES OF TAMARIND

The pattern of wvariability helps to design the
testing procedure and identify the superior genotypes based on

the desirable traits. The characters studied viz., germination
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per cent, plant height, number of leaves at one month, further
plant height, number of leaves, leaf length, leaflet length,
diameter at six month stage differed significantly among the

20 genotypes (Table-16).

The germination per cent of 20 genotypes varied from
36.67 per cent (NTI-19) to 93.33 per cent (NTI-83), height of
seedling from 7.00 cm (NTI-70) to 14.26 cm (NTI-6), number of
leaves from 2.48' (NTI-70) to 3.59 (NTI-6) at one month. Height
of seedlings ranged from 16.10 cm (NTI-74) to 28.27 cm (NTI-6),
number of leaves from 7.17 (NTI-84) to 16.27 (NTI-75), leaf
length from 3.98 cm( NTI-70) to 5.93 cm (NTI-6). Leaflet length
from 1.57 cm (NTI-70) to 2.50 cm (NTI-79) and diameter of the

.plant from 0.20 cm (NTI-62) to 0.33 cm (NTI-6).

Among 20 genotypes NTI-6 recorded higher height and
number of leaves at one month (14.26 and 3.50 respectively).
Further higher 1leaf length, leaflet length and diameter were
recorded in NTI-6, (5.93 c¢m), 2.39 cm and 0.33 cm
‘respectively) . Hence NTI-6, was found to have higher wvalues
for plant height, number of leaves, leaf length, leaflet length

and diameter and significantly differed from other genotypes.
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5.7 GENOTYPIC COEFFICIENT OF VARIATION (GCV), PHENOTYPIC
COEFFICIENT OF VARIATION (PCV), HERITABILITY (hz), GENETIC

ADVANCE (GA) AND GENETIC ADVANCE AS PERCENTAGE OF MEAN

The genotypic coefficient of variation (GCV) was
highest (Table-17) for number of leaves (18.88) followed by
germination per cent (18.43), height (13.34), diameter (12.30),

leaflet and leaf length (9.32 and 8.98% respectively).

PCV was the highest for germination per cent (30.04),
followed by leaves (26.75), height (17.75), diameter (17.40),
leaflet length (13.48) and number of leaves (11.47). In all the
characters, PCV was higher than GCV indicating the role of
environment. Similar results were reported by Srivastava et al.
k1993) in Terminalia arjuna for the plant height and leaflet
breadth and by Srivastava et al. (1993a) in the same species
for leaf 1length, leaf breadth and seedling height. The
variation was to the extent of 50 per cent and above for plant

height, basal diameter, indicating the greater influence of

environment in the expression of these characters.

Heritability (broad sense) was moderate in respect
of germination (60%), height, number of leaves, leaf length,
diameter of the plant, whereas it was low for leaflet length
(Table-17) at six month stage. Srivastava et al. (1993a)

reported high heritability for leaf length : leaf breadth and
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low heritability for leaf length in Terminalia arjuna.

Genetic advance as percentage of mean was high in
case of number of leaves (27.47) followed by per cent
germination (23.29) and height at one month and 6 month (20.93
and 20.65 respectively). It was moderate in case of diameter

(17.92), leaf length (13.43) and leaflet length (13.31).

Swarup and Chaugale (1962) opined that the GCV alone
was not sufficient for the determination of the amount of
heritable wvariation. Further, heritable variation may be
efficiently used with greater degree of accuracy when studied
in conjunction with genetic advance. Johnson et al. (1955a)
"suggested that heritability and genetic advance when considered
together were more useful for predicting the resultant effect
of éelecting the best individuals than heritability or genetic
advance alone. It was stated that high genetic gain along with
high heritability shows the more effective conditions of

selection.

With regard to correlation studies of half-sib
families, it shows that plant height, number of leaves, leaflet
length, which were positively correlated with each other can
be considered as selection criteria to improve the

productivity. Srivastav et al. (1993a) reported, positive
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association between seedling height and leaf breadth in

Terminalia arjuna.
5.8 GENOTYPIC RESPONSE TO AIR LAYERING

Vegetative propagation assumes Jgreater importance in
maintaining uniformity in the trees for achieving stability in
quality and production. The results of the present study of
genotypic response to rooting of air layers in different

genotypes of tamarind are discussed here.:

The extent of rooting varied from 4 (NTI-77, 55 and
80) to 84 per cent (NTI-78) at 90 days. 12 per cent (NTI-80) to
96 per cent (NTI-78) and 24 per cent (NTI-80) to 96 per cent
(ﬁTI-71, 78) at 120 days and 150 days respectively. This
clearly indicates that there is lot of variation in rooting
ability among different genotypes. Similar results were
obtained in cashew. Aravindakshan et al. (1986) reported that
in cashew variety NLR-2-1 the layers obtained by treating with
IAA at 250 ppm and 100 ppm were superior compared to the other
treatments including control. But in case of variety BLA-139-1,
IBA at 250 and 500 ppm, IAA at 100 and 200 ppm were found to be
superior.

Pre-girdling treatment of shoots improved the
percentage of rooting and IBA treatment in Mussaenda. as

reported by Katagihallimath (1986).
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It was observed that the ability of growth
regulators to induce roots differed with the individual trees.
These contradictory results of the growth regulators were
probably because of the fact that they are specific in their
action on partiéular plant species and genotype. This fact is
in close agreement with tamarind as it is highly cross
pollinated crop and large variation is observed in the seedling
progenies. Hence in NTI-80 and 17, there was less rooting of
layers compared to other genotypes of tamarind. This
observation is in accordance with the observation made by
Rameshnaik (1988) studied the propagation of 40 bougainvillea
cultivars by cutting under Dharwad conditions, Among 40

cultivars, 13 cultivars were found difficult to root.

The number of roots per layer varied from 1.60 (NTI-
84).to 7.00 (NTI-62), length of longest.root varied from 2.10
cm (NTI-84) to 6.30 cm (NTI-83), dry weight of root varied from
0.02 g (NTI-84) to  0.35 g (NTI-74). There was significant
difference among the different genotypes in respect of root
characters.

In the present study, pre girdling 20 days before
layering, use of IBA 500 ppm and layering in June month
resulted in the higher rooting in tamarind layers except in
NTI-80 and 17. Hence these two clones (NTI-80 and 17) appear to

be difficult to root among the different genotypes.
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The survival per cent of layers varied from 11.11 per
cent (NTI-79) to 100 per cent (NTI-60, 61). Significantly
higher survival of layer was observed in NTI-60, 61, 21 and

15. Lower per cent of survival was observed in NTI-79 and 76.

Several workers have observed that successful
establishment of the plants depends upon the initial root
characters like number of roots, and length of roots. It is
evident from the present study that maximum per cent of
survival (100%) at the end of 180 days was obtained with NTI-60
and 61. In these genotypes better rooting of air layers in
terms of number, length and weight of roots, was observed,
which further resulted in higher percentage of post separation

- establishment.

Lower survival value of layers was observed in NTI-79
and 76, although rooting was better. Lower survival value may
be attributed to brittle nature of roots in the above said
genotypes. Normally roots which are brittle in nature are

likely to be damaged while uprooting and transplanting.

From the above results it may be concluded that the
production of well developed flexible root system in air layers
of tamarind has a direct influence on the establishment of
layers in the field. These findings are in accordance with

those of Bid and Mukherjee (1969) in mango.
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Number of layers rooted at 90 days was positively but
insignificantly associated with root weight (0.093), . and
negatively associated with number of roots (-0.032), root
length (-0.003), and per cent of survival (-0.179) éf layers
(Table-21) .

Number of layers rooted at 120 days was positively
and nonsignificantly associated with nuﬁber of roots (0.042),
root length (0.064) and root weight (0.191) and negatively

associated with per cent of survival (-0.056) of layers.

Number of layers rooted at 150 days was positively
and nonsignificantly associated with per cent of survival
. (0.060). Therefore for better survival of layers, the layers
can be separated 120 days after layering, so that the survival

of layers would be better compared to 90 days after layering.

Number of roots per layer was positively and
significantly associated with root weight per layer. Similarly
root length was positively and significant associated with root
-weight per layer. Further, root weight per layer was positively

and non significantly associated with survival of layers.
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RESEARCH HIGHLIGHTS AND FUTURE LINE OF WORK

5.9.1 Research highlights

Based on the morphological character of the plant, the
genotypes were grouped as vigorous, medium and low
vigoured types, viz., NTI-2, 7, 15, 17, 19, S-4, S-7 and
S$-13 as vigorous type.

Two types of plant growth.'habit weve observed viz.,

orthotropic and plageotropic.

Based on pod shape, the different genotypes were grouped

into three as straight, semi curved, straight and semi

curved type.

NTI-19, 5, S-4, NTI-14, 15, 71, 75, 57, 62, 83, 85, 61, 2
and 1 were found superior in respect of yield.
Multivariate analysis indicated that pulp weight alone
contributed maximum in discriminating the genotypes$. 40
genotypes were grouped into 10 clusters, Cluster-IV had
the highest mean value (3.15) for pulp weight.
Variability studies in half-sib families indicated that
NTI-6 was found to be superior among 20 progenies in
respect of growth.

Among different genotypes, NTI-17 and 80 were found
difficult to root and remaining genotypes were easy to

root through air layering.
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Description of eight pramising genotypes of tamarind (Tamarindus indica L.)
I. Growth parameters of different genotypes at Sth year

Sl. Genotype Plant Plant No.of sheots Canopy spread Crown
No. height diameter pera80am of plant (m) size

(m) (cm) area (m)

' East to North to
West South

1. NTI-19 2.23 8.62 7.2 2.16 2.22 2.19
2. NTI-5 2.21 7.80 4.2 2.14 2.18 2.16
3. sS4 2.90 11.08 6.4 2.56 2.38 2.47
4. NTI-14 2.26 9.26 7.0 2.82 2.74 2.78
5. NII-15 2.62 10.32 6.8 2.34 2.30 2.32
6. NTI-75 1.86 8.60 5.2 1.90 1.96 1.93
7. NII-57 2.22 9.00 4.8 2.34 2.20 2.27
8. NTI-62 2.15 7.46 5.2 2.00 1.92 1.96
NTI - Northern Zone Tamarindus indica; S - Shimoga

II.. Growth habit,

per cent of flowering and pod shape of promising tamarind

genotypes
Sl. Genotype Growth habit $ of flowered Pod shape
No. - trees
1. NTI-19 Plageotropic 100 Straight and semi curved
2. NTI-5 Orthotropic 80 Straight and semi curved
3. 5-4 Orthotropic 100 Straight
4, NITI-14 Plageotropic 100 Semi curved
5. NTI-15 Orthotropic S0 Semi curved
6. NTI-75 Plageotropic 85 Straight and semi curved
7. NTI-57 Plageotropic 100 Straight and semi curved
8. NTI-62 Orthotropic 90 Straight
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IV. Pod vield of eight pramising genotypes of tamarind
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Sl. Genotype Number of pods per plant Yield per plant (kg)
No.
1993 1994 1995 Mean 1993 1994 1995 Mea

1. NTI-19 5.60 157.00 33.20 65.27 0.14 1.45 0.60 0.7
2. NTI-S 11.60 50.60 74.20 45.47 0.10 0.45 0.74 0.4
3. S-4 4.40 150.40 39.80 64.87 0.02 0.80 0.40 0.;
4. NII-14 15.80 56.40 64.80 45.67 0.10 0.36 0.76 0.4
5. NTII-15 12.80 91.00 32.80 45.53 0.07 0.77 0.29 0.3
6. NTI-75 20.00 68.40 20.00 36.13 0.19 0.58 0.27 0.3
7. NTI-57 28.00 63.00 69.80 53.60 0.18 0.38 0.52 0.3
8. NTI-62 43.40 91.00 24.00 52.93 0.25 0.51 0.20 0.3

V. Tartaric acid content

si.  Gemotype  Tartaric acid (8)

No

. Ntz-19  13.6s

2. NTI-5 6.53

3. S-4 8.15

4. NTI-14 12.23

5. NTI-15 6.30

6. NTI-75 6.23

7. NTI-57 4.50

8. NTI-62 5.43

e o = - —— G - — — — — . T —— - " A e T S G . T S S T S e e = S W W W G e S S S S
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5.9.2 Future line of work

1. The present study was confined to only six years old trees,
hence further observations are necessary on these

genotypes.

2. Some of the desirable characters can be combined through

breeding.
3. Duration of flowering, and pod maturity are to be studied.

4. Studies on flowering behaviour and yield aYe to be continued
in order to identify the genotypes with tendency towards

regular bearing.

5. Some anatomical studies are needed in difficult to root

genotypes.

6. Post separation establishment of layers under open and

glass house conditions.needs to be studied .

7. Propagation studies by other vegetative means can be

standardized.

8. Propagation by tissue culture technique is needed for mass

multiplication of elite genotypes.



Summary




VI .SUMMARY

The present study was undertaken to evaluate . 40
genotypes in the gene bank of tamarind (Tamarindus iIndica L.)
established at Forest Research Centre (Gungargatti), Government
of Karnataka, employing biométric analysis and to know the
genotypic response to rooting through air layering. The study
was conducted from 1992 to 1995 and the salient findings are

summarised below.
1. Morphological characters and plant type

The growth parameter analysis for different
characters viz. Plant height, diameter, number of shoots per
Q00 cm? area, spread of plant East-West, North-South and crown

size showed significant variation among the 40 genotypes.

a. The height of the plant varied from 1.47 m (NTI 74) to
2.99m (NTI 2). Maximum height was recorded in NTI-2 (2.99
m), followed by S-4 (2.90 m), 7 (2.82 m) and and lowest

height was recorded in NTI-61 (1.58 m).

b. Diameter ranged from 6.94 cm (NTI 74 to 11.58 cm (S-13).
Higher diameter was recorded in S-13 (11.58 cm), NTI-2
(11.40 cm), 7(11.24 cm), S-4 (11.08 cm), lower diameter

was observed in NTI 74 (6.94 cm).



153

The range of variation for number of shoots per 430 cm?

area was between 3.6 (NTI-60) and 7.6 (NTI 74). NTI-74,
84, S-13, NTI - 19, 14, recorded higher number of shoots
per 9G0cm? area (7.0 to 7.6), indicating the compact

nature of canopy.

The range of variation for spread of plant in East-West
direction was from 1.34 m (NTI-74) to 3.10 m (NTI-7), and
North-South, the spread was from 1.28 m (NTI-58) to 2.98 m
(NTI-7), crown size was from 1.38 m (NTI-74) to 3.04 m
(NTI-7). Hence higher spread and crown size were noticed

in NTI-7 compared to other genotypes of tamarind.

Based on the growth of plant the genotypes were grouped in
three categories viz. vigorous, NTI-2, 7, 15, 17, 79, S-4,
S-7 and S-13. Medium Viz., NTI-5, 14, 16, 19, 21, 54, 56,
57, 59, 60, 62, 71, 73, 76, 177, 78, 82 and 84, Low
vigoured viz. NTI-1,6, 31, 32, 55, 58, 61, 70, 74, 75,

80, 83, 85, and S-3.

Plant height was positively and significantly correlated
with plant diameter, plant spread and crown size. Plant
diameter and spread (East-West) were positively and
significantly correlated with plant spread North-South and

crown size.
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g. Two types of plant growth habit weve observed viz.

Orthotropic, and plageotropic.

i. NTI-1, 2, 5, 6, 7, 15, 16, 17, 21, 31, 55, 56, 58, 59, 62,
71, 73, 74, 77, 79, 83, 84 and S-4 exhibited orthotropic

plant type.

ii. NTI-14, 19, 32, 54, 57, 60, 61, 70, 75, 76, 78, 80, 82,

85, S-3, S-7, S-13 exhibited plageotropic plant type.
2. Flowering behaviour in different genotypes of tamarind

The range of flowering varied from 20 to 100 per cent
‘among the different genotypes. NTI-14, 19, 57, 78, 83, 85, and

S-4 recorded 100 per cent flowering (1992 to 1995).
3. Pod characteristics and its components

a. Three types of pod shape weve observed viz straight, semi

curved, and semi curved and straight.

b. There was significant difference in length, width,
thickness, weight, pulp weight. per pod. Whereas, there
was no significant difference in number of seeds per pod,

seed weight per pod, shell weight and vein weight per pod.

c. Pod length varied from 6.50 cm to 11.48 cm, Width from

1.44 cm to 2.6 cm, thickness from 1.18 ¢cm to 1.70 cm, pod
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weight from 4.20 g to 14.32 g, Pulp weight from 0.67 g to
4.98 g, number of seeds per pod from 2.5 to 7.3, seed
weight from 1.55 g to 5.50 g, shell weight from 1.21 g

to 5.04 g, vein weight from 0.11 g to 0.98 g.

d. Per cent of pulp ranged from 20.51 to 43.57 seed from
13.53 to 40.67 per cent. Shell from 22.71 to 42.20 per
cent, vein from 2.23 to 7.31 per cent. Hundred seed

weight ranged from 33.21 g to 98.57 g.

e. Pod length was positively and significantly associated
with pod width, weight, seeds, pulp weight, shell weight,

vein weight, and seed weight per pod.
4. Number of pods and pod yield of tamarind

a. - The range of variation for the number of pods per plant
varied from 0.8 (NTI-21) to 67.4 (NTI-71). There was
significant difference among the genotypes. Highest
number of pods per plant was recorded in NTI 71-(67.4) and
it was followed by 19 (65.27), S-4 (64.87), 57 (53.60), 62
(52.93), and these genotypes' are superior compared to

others.

b. There was no significant difference in the number of pods
between year 1994 and 1995 in NTI-14 and 57 indicating

their tendency towards regular bearing nature. Whereas
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number of pods varied significantly among the genotypes
NTI-62, 15, 5, and 1 for the year 1994 and 1995.
Therefore it appears that these genotypes are having

tendency towards biennial bearing.

c. The yield varied from 0 kg to 0.73 kg per plant. Highest
yield was recorded in NTI-19 (0.73 kg/plant).
d. Yield per plant varied from year to year within the
genotypes which was observed in NTI-19, 14, 5, and S-4.
5. Tartaric acid
Tartaric acid content ranged between 4.00 per cent
to 16.7 per cent. Tartaric acid content in pulp was

significantly higher in NTI-32 (16.70%).

6.

Multivariate analysis, and clustering pattern of tamarind

clones

As revealed by the first Vector, pulp weight alone
contributed maximum (99.23%) in discriminating the

genotype. Shell weight and pod weight are the other two

important characters which contributed to divergence.

The horizontal line drawh - at a dissimilar coefficient of

1.63, resulted into 10 clusters. Cluster II recorded
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highest intra cluster distance (17.13), followed by
Cluster-VII (15.63). While cluster X recorded 1lowest

intra cluster distance (3.00).
o

c¢. For pulp weight per pod cluster IV had the highest mean
value (3.15), pod weight cluster VII (12.67 g) was the
best. cluster II is characterized by lengthy pods (9.46

cm) .
7. Variability studies in half sib families of tamarind

The different characters studied viz, germination per
cent, plant height, number of 1leaves, leaf 1length, leaflet
length, diameter differed significantly among the 20 progenies

studied.

a. NTI-6 was found to have higher wvalues for plant height,
number of 1leaves, 1leaf length, 1leaflet 1length, and

diameter.

b. 1In all the characters, phenotypic coefficient of wvariance
(PCV) was higher than genotypic coefficient of wvariance

(GCV), indicating the influence of environment.

c. Heritability (broad sense) was medium in respect of all

the characters except leaflet length, whieh was low.
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Appendix-II: Meteorological data of Main Research Station, Dharwad for the vears
1992 to 1995

1992 1993
Month Temperature (°C) RH RF Tamperature (°C) RH RF
(%) () (%) (mm)

Minimum Maximm Minimum Maximum
January 12.7 29.4 81 0.0 13.7 30.1 80 0.0
February 15.9 32.0 15 0.0 14.8 31.7 76 0.0
March 19.3 36.1 67 0.0 18.8 34.5 70 0.0
April 20.8 37.0 65 18.0 20.5 37.1 66 16.2
May 20.8 35.3 67 81.4 21.3 36.2 67 101.7
June 20.7 30.0 81 181.2 21.3 30.2 79 88.5
July 20.3 27.4 87 87.7 210 26.6 89 166.0
August 19.9 26.4 87 .107.2 20.5 26.4 89 68.1
Septeamber 19.3 28.8 84 121.3 20.1 28.1 86 44.6
October 19.5 29.1 84 94.6 20.3 29.0 84 266.2
November 16.9 28.7 83 136.4 17.4 29.0 82 8.4
December 11.4 27-2 87 0.0 13.8 26.7 86 39.6
Total 827.8 799.3

1994 1995
Month Temperature (°C) RH RF Temperature (°C) RH RF
(%) (rm) (3)  (mm)

Minimim Maximum Minimum Maximum
January 14.5 29.3 81 8.0 13.7 2717 83 5.2
February 16.2 31.9 76 0.0 16.7 32.6 73 0.0
March 20.0 36.1 68 0.0 19.1 35.1 68 0.0
April 20.6 34.9 70 55.6 21.3 36.8 66 20.6
May 21.83 36.5 65 28.0 21.3 33.8 68 56.6
June 20.9 28.1 84 86.0 22:1 31.4 75 143.4
July 20.6 25.0 93 296.1 21.0 27.1 87 184.4
August 20.6 25.6 91 89.3 20.7 28.1 86 50.5
September 19.2 27.5 86 52.6 20.6 28.3 82 121.6
October 20.1 29.0 83 164.2 20.0 29.3 80 127.5
November - 16.4 28.0 85 0.0 15.2 29.1 81 81.0
December 12.4 28.0 84 0.0 13.5 29.4 g 0.0
Total 779.8 ' 790.8




