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1. INTRODUCTION

Jack, Artocarpus heterophyllus Lam., bearing the largest edible fruit in the
world, is a tropical evergreen tree belonging‘to the family Moraceae. Previously, it
was known as Artocarpus integrifolia. It is an indigenous fruit ‘crop, probably
originated in Western Ghats and is widely cultivated in Southern Asia, East Indies and
other warm areas of both the hemispheres. Jack tree is commohly grown in Burma,-
Malaysia and Brazil. It is hardly recognised as commercial fruit crop in India even
though it is widely distributed in Assam, Bihar, South India and'the foothiils of th‘e:
Hi.malayas in North India. It is an invariable component of Kerala's homesteads and
also grown as a shade crop in coffee, areca and cardamom. It is also grown as a .
standard crop in pepper plantations. The crop has got a rare distinction of béing used

as the staple food of Kerala tribals and also in some African countries like Uganda.

Owing to its numerous culinary uses and its availability inuplenty duting
- the heavy monsoon rains, jackfruit has earned the well deserved name “Poor Iﬁan’s
food” (Sammadar, 1990). Jack bulbs are rich source of carbdhydfates (1"6 td 20%),
total soluble solids (29°brix), _caroterie (500 tb 580 IU) and péctin (1.5 to 6.0%). The
bulbs are used both in unripe and ripe stages. Apart from table purpose, the r'ipé'bulbs, |
can also be used for making canned products, nectar-, preserves, jam, jelly, squas}‘i,‘
fruit bar and candy. Unripe green jack bulbs are used for making éhips and papada. In

- Kerala, tender fruits of about 60 days old are commonly used as vegetable. See'ds are |
rich source of starch and also forms a popular irigredient in many. cu_lihafy
preparations. It can be relished when boiled and roasted. The tree has .got good timber -

~ value as it is rarely attacked by white ants (Krishnankutty, 1998).

Recently, it has been reported that jackfruit could be very useful in the
treatment of the dreaded disease of human being - AIDS. An extract of jackfruit calied
‘Jacaline’ was seen to have inhibited the growth of HIV infecti.on ‘in vitro’. Jacaline is
inactive on lymphocytes which are already infected but has proved its might By; |
protecting the healthy ones. Hot water extracts of leaves improve the glucose toleranée

level of diabetic persons. Lectin, an important class of natural protein, plays a



:5igniﬁcant role in cancer treatment since it has been used in the prediction of
transformation of normal to cancer cells. In Ayurveda, it has been used for curing

inflammation, constipation, skin disease and wound healing.

Kerala seems to be one of the centres of origin of jackfruit. It is a cross
pollinated and heterozygous crop. Innumerable variation in terms of Vege’t_ative,-
flowering, fruiting and biochemical characters are noticed. Further, the crop available
in the State are all scedling progenies and their heterogenous makeup offers a .

tremendous potential for breeding and selection for commercial cultivation.

Due to increasing pressure on land and tlmber value of the Jack tree, there
has been an unscrupulous felling of jack trees in which many of the outstandmg types
are lost. Most of the jack types left within the homesteads are also under the. threat of

felling or becoming extinct.

No serious attempts have been made so far on the improvement of the erop. |
As apreliminary step in crop improvement as well as for 'commercial exploitation it is .
desirable to investigate the nature of divergence in terms of vegetative, ﬂowermg,
* fruiting and biochemical characters. Surveys have to be made to 1dent1fy the elite trees |

having good agronomic and economic traits with commercial and industrial uses.

Canopy development in perennial crops like jack has a seasonal and life
time developmental pattern. The sum of development over individual season results in

the final canopy dimension and form.

Where tree growth is unrestricted by climate and culturai practices, trees
may reach a height and canopy diameter of 30 m or more, thus occupying rhore space
. in the homesteads leading to difficulty in accommodating more number of components
in the homestead system and also in harvesting. Keeping the trees compact and dwart; 7

can solve the problem to some extent.

In this context, it is important (i) to study the different phenologlcal phases

of jackfruit, (ii) to ascertain the optimum degree and frequency of manipulation of the



canopy which results in better distribution of light and subsequent yield and (iii) to »
assess as to how canopy manipulation and resultant re-distribution of light affects

vegetative, flowering, fruiting, yield and biochemical characters.

The firm fleshed types are commercially importaht in Kerala and other
States of India due to the hard crispy texture of flakes. Both firm and soft fleshed types
occur in natural population and they appear to be identical in many plant and fruit
characters and to a considerable extent in flakes till they ripe. In India, jack is
propagated through seeds, and hence there are chances for occurrence of soft ‘ﬂe-shed |
typés in populations raised from the selected firm fleshed trees due to cross pbllinzition
between the types. It is of academic interest as well as of practiéal utility if the
characteristic features distinguishing the two. types are identified. Thi§ helps to .

eliminate the less desirable soft fleshed types at one stage or other of its growth.

In this context the present research programme of “Genetic diVersity_ and
canopy management in jack (4rtocarpus heterophyllus Lam.)” has been carried out

with the following objectives:

1. To conduct a comprehénsive survey of jackfruit in diffefent topographical
regions, namely, plains, hills, coastal and riverside areas of Thrissui_‘ disfriét.-

2. To study their physico-chemical variation. |

3. To select early flowering and ripening types, dwarf and .compact_types' withv |
protracted pé1~iod of flowering, larger number of fruits with smali to medium in
7size, more number of bulbs with sweet and firm flesh and With-minimum latex
content. |

4. To conserve the selected types. _

5. - To ascertain the optimum degree and frequency of manipulationiof the canopy.

6. To make a comprehensive study to characterise firm and soft fleshed types

through morphological, anatomical and biochemical analysis..
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2. REVIEW OF LITERATURE

Artocarpus Forst. is a unique genus which, on account of its peculiar and_>

edible fruits in certain species, has attracted attention from very remote past. It is a

tropical genus with about 50 species (Corner, 1952 and Jarrett, 1959) and is a nativé to

‘South East Asia (Barrau, 1976). The Indian species of this genus afe Artocarpus |
heterophyllus Lam, the jack fruit, 4. lakoocha Roxb., the monkey jack, A. altilis

(Park) Fosb., the bread fruit, 4. chaplasha Roxb. and A. hirsutus Lam (Shérma,

1962). The genus belongs to the sub family Artocarpoideae, tribe Artocarpae which

is included in Urticaceae (Hooker, 1885 and Corner, 1952) or in Moraceae (Engler and

Prantl, 1888; Bailey 1949; Hutchinson, 1959; Rendle, 1971 and Lawrence, 1973)..

Jarret (1959) subdivided the genus into Artocarpus and Pseudojaca based on the

- position of stipules.

The species A. heterophyllus Lam. (Syn. A. integrifolia L.1. '(Syh.
-~ A. intergra (Thumb.) Merr.) is native of India and- found to be growing wild in
Western Ghats (Nairne, 1894 and Gamble, 1972). Jack is basicélly a diploia 2n=2x= |
56 (Eabib, 1971 and Barrau, 1976). .

Jack is a large,»évergreen tree of 10-15 m height, indigenous to_evérgreen
forests of the Western Ghats at an altitude of 450 to 1200 m (CS]R, 1992). |

It enjoys a special favour in home gardens on the West coast and also used

as the shade tree in coffee, areca, cardamom and pepper plantations.

It is widely cultivated in Southern Asia, the East Indies, Burma, Malaysia, -
Brazil and other warmer areas of both the hemispheres. Jack trees are distributed in

Assam, Bihar, South India and foot hills of the Himalayas in Northern India (CSIR, -
1948). |

The tree flowers during December to February. Majority of the female and
male inflorescences (catkins) appear on the main trunk and primary branches (Tessy,

1982). The fruit is reported to constitute three regions, namely, fruit axis, persistent



perianth and true fruit. The perianth is the most important part and constitutes the

major bulk of fruit. It has basically three regions, namely, lower free and fleshy edible

regibn, middle fused region and the upper fre¢ and thorny non-edible region; The fruit.
consists of four parts, namely (a) bulb (27—40%),. derived from fleshy perianth
co'nétituting the edible portion, (b) perigones (18-20%) the unfertilised (or) aborted
flowers, (c) rind (20 to 22%) and (d) seeds (20-23%) (Sharma, 1964). |

The bulbs are used both in unripe and ripe stages. Apart from the table

purpose, the ripe bulbs can also be used for making canned products, nectar, preserves,

jam, jelly, squash, fruit bar and candy. Matured unripe green jack bulbs are used for -

making pickles, chips and papada (Bose and Mitra, 1990).

2.1 VARIABILITY STUDY
2.1.1 , Varibability in jack fruit

Development of high yielding varieties of crops require information about

the nature and magnitude of variability present in the available stock and the selection .

" depends upon a judicious assessment of the available data on phenotypic character that
are connected with yield. Therefore, information on interrelationship between various

plant characters with yield and quality among themselves and the extent which they

are influenced by the environment should be known and it has an import'ant beariné -

for the formulation of an effective breeding plan (Subramanyam and Iyer, 19_81). -

The aim of exploration or collection is to capture maximum Variabil_i"cy ofa

crop and its wild relatives to meet the needs for conservation. Maintenance of

biological diversity helps in sustaining the agticultural productivity (Kamau, 1992).

Jack fruit has innumerable typeé (or)- forms regarding the fruit

characteristics. The types differ widely among themselves in bearing and dénsity of

spines on the rind, bearing, size, shape, quality and period of maturity. There is a wide
variation in its sweetness, acidity, flavour and taste. These variations among clones
offer better scope for its improvement by clonal selection. The types available under

various local names have originated in this way (Mitra, 1998).



Jack tree is cultivated in almost all the homesteads of Kerala. Extensive
survey has to be under taken to identify the elite clones which are facing the threat of

extinction and steps have to be undertaken to preserve the germplasm (Anon, 1996).
2.1.1.1 Varieties/Types

Cultivated jack fruits are broadly classified into two groups, one with firm
flesh and the other with soft flesh. The soft pulp group is locally known as pazham
ghula, vela, koozha, ghila, tsjakepa or koppa. The mature pericarp of this group is
comparatively smaller in size. The juice is either thin or thick, colour varies from pale
yellow to dark or golden yellow. Pulp is generally mushy or soft and of .va.rying '
quality ranging from sweet to insipid. The seec_fs are comparatively lafger. "The hard
pulp group is locally known as varikka, varcha, kujja, korcha or berka. The pulp is
crisp and highly flavoured and therefore relished. The juice is scanty and the seeds are

comparatively smaller (Singh et al., 1967).

Srinivasan (1970) described a variety namely “Muttam Varikké”. Whi'lch
produced ftuits of average weight of 7.0 kg with 46 cm length and 23 cm width.

LY

Bhore et al. (1980) identified a highly prbmising jack type in Ajra village
of Kolhapur district of Maharastra which is high yielding and highly pulpy containing
more protein, fat, mineral matter and carbohydrate than local jackfruit. The fruits are -

small and weighing between 1 and 3 kg and uniform in size and shape.

Jack fruit types like ‘Varikka’, ‘Koozha’, ‘Navarikka’, ‘Rudraks’ha éhakka’
or ‘Thamara chakka’ and other wild forms have been collected from Wynad Plateau -
in the Western Ghats of Kerala (NBPGR, 1986). Three types of jack fruits namely
‘Rasdar’, ‘Khajwa’ and ‘Sugandhi’ were 1dent1ﬁed through survey in the plains of
Eastem Uttar Pradesh (NBPGR, 1988)

Several subgroups are recognised depending upon the taste, shape and size
of fruits. One of these, is Rudrakshi, a small fruited type, with smooth and less spiny

rind and are having a less fleshy perianth than the common jack. There are also -



certain old trees in Assam which show a tendency to produce fruits during off-seasons.
These are designated as baro-mahia or baro-mosha. Ceylon jack or Singaporé' jack is
a recént introducﬁon in South India. It is an early maturing varigty and comes to
bearing in about 18 months under favourable condition in low elevation but may take
more time at higher elevation. It generally matures in off-season during November to
February. Fruit is a hard-fleshed varikka. In Assam, soft pulp group is divided into six
types, namely, Vi, V3, V3, V4, V5 and Vi and hard p\ilp group into‘two \}arieties,
namely, V7 and V3 (CSIR, 1992).

In Florida, cultivéted superior cultivars of jack are Black Gold, Golden

Nuggot, J-31, Honey Gold and Lemon Gold (Campbell and Mc Naughton, 1994).

TMough selection, Burliar-1, Palur-1 and Pechiparai-1 have been released
by Tamilnadu Agricultural Uni\}ersity. Burliar-1 is a T Nagar selection developed at
Fruit Research Station, Burliar. Palur-1 is a single plant selection isolated in
Panikkankuppam village near Panrutti and was developed at Vegetable Research
Station, Palur. Pechiparai-1 is a selection from Mulagumoodu local developed at

Horticultural Rese;arch Station, Pechiparai (Veeraraghavadattam et al., 1996).

Hybrid jack has been developed at Fruit Research Station, Kallar by |
crossing Singapore jack and Velippala (Veeraraghavadattam etal., 1996).

2.1.1.2 Leaf characters

The leaves varied in length from 5.0 to 25.0 cm and in width from 3.5 to 12
cm. The shape varied from obovate-elliptic to elliptic (CSIR, 1992). -

2.1. 1.3 Fruit characters

The jack fruits from different trees were compared. Average fruit weight
ranged from 3.24 to 7.39 kg, the weight of pulp and seed being 0.57 and 0.39 kg,
respectively, in the smallest fruit and 2.70 and 1.01 kg, respectively, in the largest

fruit. Skin colour ranged from yellow and pale green to brown (Hussain and Haque,
1977).



The averagé fruit weight varied from 3.24 to 17.39 kg (Berry and Kalra,
1988).

A comparative étudy was carried out on yellow-bulb, light yellow-bulb and |
orange-bulb types. The light-Yellow types had the highest seed weight (7.66 g), seed
length (3.23 cm), seed breadth (2.10 cm) and average total weight of seeds per fruit
(913.21 g). The yellow types had the maximum seeds per fruit (124.6) and the highest
pulp to seed ratio (4.24) (Guruprasad and Thimmaraju, 1989).

From the various genotypes collected in course of surveys of jack fruit
growing regions, particularly in Eastern Uttar Pradesh, from November 1989 to
August 1990, Kumar and Singh (1996) grouped the genotypes into nine categofies
based on fruit morphology. They observed wide variation in.number, shape, colour,
size and rind thickness of fruits. Average fruit weight ranged from 12.0 to 21.2 kg. All
geﬁotypes matured during fuly-August, except one genotype, which matured during
March-May. Variability was also noticed in chemical composition of the pulp. The
Total Soluble Solids ranged from 14.0 to 20.5 per cent and ascorbic acid content
varied from 23.8 to 32.9 mg 100 g, The best genotype was considered to be AC.7,
with moderate yield, large fruits (more than 15 kg) and bulbs (about 20 g), small
cylinders, high pulp/cylinder ratio and average fruit quality.

The fruit number per tree ranged up to 500 annually and fruit weight up to
40 kg (CSIR, 1992).

A survey was conducted during 1995-1996 in the lower Brahmaputra
valley zone of Assam to study the fruiting behaviour, yield ‘and physico-chemical
characters of local jack fruit germplasm. Significant variation was observed in j/ield.
and chemical composition of the different genotypes. Fruit yield (60 fruits/tree) and
brix values were highest in KJF 3, while the lowest acid content (6 per cent) was

recorded in KJF 12 (Sarma et al., 1997).

Among 672 trees studied during survey, wide variability has been noticed

in yield (14 to 325 fruits/plant), fruit weight (2.1 to 10.2 kg), fruit shape (oblong,



- roundish and conical), skin colour (greenish, light brown, dark brown, yellow and
yellow with brown), number of tubercles in skin (5 to 27/cm?), pulp colour (yellow, |
whitish, reddish yellow and pinkish yellow), number of segments (34 to 380 per fruit), .
number of stones (32 to 362 per fruit), texture of pulp (soft, moderately soft and hard),
pulp weight (361 to 3648 g), total soluble solids (15.4 to 29.6°Brix), total sugars (12.9
to 26.6%) and acidity (0.10 to 0.31%). The growth, bearing (twice a year in some
types) and maturity (June to August) of fruits also showed variation among the

genotypes (Mitra, 1998).
2.1.2 Variability in other fruit crops

Jauhari and Singh (1971) surveyed important bael growing areas of Bihar
and Uttar Pradesh, and found that Kaghji Etawah, Sewer Large, Mirzapuri and Deoria
Large were excellent in taste than other quality traits. Of the five types of bael fruit
available in West Bengal, the spherical flattened ones were considered as the best on

the basis of fruit weight and chemical composition (Mazumdar, 1975).

Thimmaraju et al. (1977) reported that tamarind, being a higlliy Cross
pollinated crbp and owing to its wide geographical distribution and adaptabilify to
different agroclimatic regions, a large genetic diversity -is present in seedling

population.

Sin’gh (1978) noticed a lot of variability in annona in Andhra Pradesh,

Madhya Pradesh, Gujarat, Maharashtra and Rajasthan.

Pareek and Panwar.(1981) reported that in phalsa, a lot of variability
exists in Central India, Rajasthan, Bihar and drier parts of South India and suggested

that surveys have to be made to collect promising types.

Magdalita et al. (1984) obtained significant variation in fruit length; width

and volume, flesh thickness and cavity volume among the 100 accessions of papaya

surveyed.



Pareek and Sodagar (1986) identified 26 elite date palms from the

variability of Kachch in Gujarat which produce large fruits with high pulp content and

sweetness in dokka stage.

Due to seed propagation, considerable heterozygosity and variation are

observed in the fruit characters of Karonda such as shape, size, pulp quality and yield
in North-Western India, particularly in Mount Abu in Rajasthan and Khendala in
Maharashtra. It offers a great deal of scope for improvement in Karonda by seedling

selections (Bhagwat, 1984 and Joshi et al., 1986).

Dﬁring the survey conducted in Karonda growing region in Eastern Uttar
Pradesh, four types of fruit viz., green, white with pink blush, green with purple blush
and maroon were identified. Average fruit weight ranged from 1.6 to 4.7 g and
average number of seeds per fruit from 5 to 11. Wide variation was also observed in
the biochemical composition of the fruit with total soluble solids ranging from 3.0 to
4,5°Brix, ascorbic acid from'10.26 to 17.94 mg 100 g'l,_ reducing sugar from 0.93 to
2.4 per cent and non reducing sugars from 0.57 to 1.35 per cent (Kumar ‘and Singh,
1993) | |

Wide variation was noticed in the tree and fruit characters of sapota. Tree

height ranged from 3.92 to 8.54 m, fruits/tree from 730 to 2976, yield per tree from -

52.65 to 129.50 kg, ascorbic acid content of the fruit from 1.65 to 3.61 mg/100 g and
total sugars from 6.94 to 10.68 per cent (Ponnuswamy and Irulappan, 1989).

In ber, a lot of variability has been identified in several districts of Uttar
Pradesh, Rajasthan, Hariyana, Gujarat, Madhya Pradesh, Maharashtra, Andra Pradesh,
Karnataka and Tamilnadu and commercial cultivars have developed through selections

made by local people in their areas (Pareek and Vashishtha, 1983 and Vashishtha and
Pareek, 1989).

» In a study of variation in fruit weight, circumference, length, flesh and skin
“thickness, and flesh and seed weight in six individuals of guava population in the

North West of Zulia state, it was observed that 18 G being superior to the rest in fruit

L



weight, length, circumference and skin thickness and 22 G being superior in ﬂesh

weight and seed weight (Tong et al., 1991).

Wide variation was observed among the plants in the cashew progeny

orchard of Mahatma Phule Agriculture University, particularly for yield (0.3 to
1.45 kg/tree), mature apple weight (8.18 to 47.0 g) and average nut weight (1.73 to
3.7 g) (Shate er al., 1993).

In wild pomegranate, fruit weight ranged from 60 to 145 g with a mean of
82.68 g while rind thickness ranged from 3.6 to 5.72 mm with a mean of 4.25 mm.
TSS ranged from 11.9 to 17.5°Brix with a mean 14.8°Brix and total sugars ranged
from 5.42 to 9.12 per cent with a mean of 7.45 per cent. Fruit's.of these wild selections
were also more acidic than those of commercial cultivars with the mean of 4.48 per
~ cent of total titrable acid (Awasthi, 1994); |

A high degree of variation for fruit characters was observed in the Seedling
pophlation of the pomegranate cv. Alandi during 1980 to 1981 and 1981 to 1982
seasons. Three soft seeded types were identified, one of which was a highly

promising selection (Ramu et al., 1996).

Muthulakshmi et al. (2001) in a survey of Kodampuli (Garcinia canzbogia)

trees in the homesteads of Kerala, observed a wide variability in terms of vegetative,

floral, fruiting and biochemical characters of fruits. .

22 CANOPY MANAGEMENT

Pruning the trees soon after they are planted restores the balance between
the root system and the above ground part. Young trees are usually pruned in order to
obtain a frame work that is strong and accessible for other cultural practices. Fully
grown fruit trees are pruned to maintain the canopy height, spread and density
required for easy spraying, fruit thinning, harvesting, etc. However, the main reason
for pruning of mature trees is to foster a high quality and yield of economic parts.
Pruning prevents excessive fruiting, increases fruit size and facilitates light penetration

into the interior of the tree canopy, which improves fruit colouration (Mika, 1986).



Grubb (1938) outlined the influences of pruning on the folloWing

characteristics of a tree: 1) Size as measured by stem size, height and spread.

2) Characters other than size, particularly shape and spur development. 3) Precocity, .

number of blossoms, number of fruit and percentage of blossoms setting fruit. 4) Fruit

quality, size and colour and 5) susceptibility to diseases.

Tubbs (1955) pointed out that response to pruning in mature trees is related
to tree vigour and to the balance between vegetative and reproductive process.
Response to pruning of varying severity is influenced by the reserves available for

regeneration..

Pruning influences photosynthesis indirectly by improving the interception
of light and its distribution within the tree canopy. One of the main purposes of

pruning is to facilitate light penetration into the bearing area of the tree (Jackson and

Palmer, 1980)

Pruning increases photosynthesis but they also increases the demand for

photosynthetic products (Mika, 1986).

Tree spacing as well as pruning practices in evergreen orchards are

primarily based on maximum light absorption for photosynthesis.

Biological yield = (light available) (percentage -intercepted) (photosynsthesis) -
(respiration). ’

Optimising the biological yield is based on maximising the percentage of

light intercepted by the orchard canopy which can be altered by pruning (Whiley and
Schaffer, 1997).

Pruning of evergreen tree fruit crops is rarely practised compared to
deciduous fruits. This is particularly true in crops like jack, mango, etc. whose growth
and fruiting habits have been considered as not conducive for pruning every year or

every season.



Pruning trials are seldom undertaken in jack. Judicious pruning in jack

provides the tree a desirable low head and when the tree becomes old, it invariably

requires pruning to induce vigour and productivity (CSIR, 1992).

In ber, the average branch length and girth were greater with the heavier
pruning. Average fruit weight and size were enhanced by all pruning treatments

(Gupta and Singh, 1977).

In ber, shoot growth, yield, fruit size and quality wére the best when shoots
pruned to 75 cm (Singh et al., 1978).

In ber cvs. Pewandi and Karaka, fruit set and retention were improved by

pfuning and were best on moderately pruned trees (Lal and Prasa'd,l 1980)..

Effect of pruning on physico-chemical characters of ber reveals that
medium pruning resulted in increased fruit weight, volume and pulp : stone ratio.
Hard pruning or very light pruning had a negative effect on these characters (Lal and

- Prasad, 1981).
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Due to pruning, ber trees showed delayed flowering, fruit set and fruit
maturity with increasing pruning severity. Percentage of fruit set and fruit retention

were also increased (Yadav and Godera, 1989).

Medium pruning in ber gave the highest yield and TSS content than light

and severe pruning (Hiwala and Raturi, 1993).

Pruning of ber trees resulted in increase in length and diameter of shoots,

the number of branches per shoot and number of side shoots per brarich. More fruits
per tree were noticed in severely pruned trees (2971) than with medium pruned (2848)
and unpruned (1980) trees. Yield of trees with severe (59.3 kg) and medium (55.7 kg)
pruning were significantly greater with unpruned (36.9) trees. The fruit TSS content
followed a similar pattern, being 18.30, 17.70 and 16.50 per cent for severe, medium

and unpruned ones respectively (Khan ef al., 1992).



Matured Mulgoa mango trees on pruning increased the fruit yield by 10 to

30 fold in next eight years (Rao and Khader, 1980).

Removal of apical buds in mango generally delayed the onset of flowering

from mid July to mid to late August. There was marked reduction in the number ‘of
fruits retained by the pruned trees, which resulted in reduced yield despite increased

fruit size (Oosthuyse, 1993).

Pruning of sensation mango trees resulted in initiation of prolific and
synchronous regrowth within thirteen days. Pruning also resulted in greater numbers
of new shoots. Slightly delayed and more uniform flowering and increased starch

content in the leaves were noticed (Oosthuyse, 1994).

Heavily pruned trees of mango resulted in delayed flowering by 210 days
later than those of less severely pruned ones. However, crop load decreased probébly
because of delayed accumulation of carbohydrate reserves by strong regrowth after

heavy pruning resulting in a decrease in flowering shoot rate (Chen ef al., 1996).

During the first season after pruning of Sensation mango treés, ‘control
trees had a higher yield. In the next season, pruned trees yielded higher than that of
control. Fruits of pruned trees had a better external colour than fruits from control
trees. No significant differences were found in internal colour, pulp pressure and TSS

values between the pruned and unpruned Tommy Atkins (Fivaz ef al., 1997).

Pruning of mango trees had a positive effect on carbohydrate production.
Delayed flowering and more synchronous flowering was noticed without affecting
yield or fruit size (Walt er al., 1996). -

Mechanical pruning on mango tree resulted in more and larger new shoots
production. Pruning reduced yield in first year. But during second year, significantly

higher yield was noticed (Medina-Urrutia et al., 1997).

In the pruned trees of mango, uniform and prolific flushing occurred
shortly after pruning. Flowering was delayed. Further, fruit retention and yield was

reduced in pruned trees (Oosthuyse, 1997).



For inducing flowering on 40 year old Alphonéo mango trees, severe

pruning was more effective than mild pruning (Srihari and Rao, 1998).

Pruning in Guava trees resulted in increased shoot length, number of leaves

per shoot and leaf area in both flushes and reduced flower and number of fruits
produced in the rainy and winter seasons. At the same time, increased fruit size and
weight was noticed. Mild pruning, however, favoured the production of more flowers

in the July-August flowering season and hence of more fruits in the winter season
(Gopikrishna, 1981).

Pruning in guava cultivars resulted in reduced yield. Ten months after .

pruning, the crown diameter of pruned trees was similar to that of unpruned trees but
pruned trees were significantly shorter than unpruned trees (Gonzalez and Sourd,

1982).

In eleven year old trees of Navalur guava cultivars, mild and severe
pruning adversely affected flower production and fruit yield per branch. However,

individual fruit weight was increased by pruning (Shaikh and Hﬁlmani, 199/4.). :

Experiments during 1988 at Dharwad on five guava cultivars revealed that
severe pruning in January produced greater shoot growth and leaf area by April and

August than mild or unpruned ones (Shaikh and Hulmani, 1997). -

Pruning on custard apple resulted in severe yield reductions due to

reduction in number of laterals and floral buds initiated (Gedrge and Nissen, 1986).

Tipping and pruning of avocado trees were successful in limiting the length
of primary shoot axis and increasing axillary branching without influencing total fruit

set (Thorp and Sedgley, 1993).

Pruning of avocado trees resulted in increased sylleptic axillary shoot
growth and subsequent fruit set. The increased sylleptic axillary shoot growth may

provide the key to improve tree form and productivity in avocado (Thorp and Sedgley,
1993).



Litchi trees on pruning resulted in higher variation in per tree yield than the

control trees (Oosthuizen, 1994).

Pruning on litchi trees resulted in increased fruit weight, pulp weight, peel-

weight, stone pulp ratio, fruit length, TSS, total sugar and reducing sugar content.

Acidity of the fruits got reduced (Hassan and Chattopadhyay, 1995).

In summer pruned trees of litchi, flushing was generally one to two months

- later but heavier. More flowering and yield were noticed (Munzel etal., 1996).

Machine top pruning of 14 year old trees of citrus cv. Orlando before
flowering significantly reduced tree height, volume and surface area, but increased
fruit weight and yield by four per cent and eight per cent respectively (Avraham and
Mordechei, 1993).

Pruning on cashew stimulated the production of flowering laterals and the

number of bisexual flowers per panicle. Pruning also gave the highest number of fruits

per panicle and yield (Chattopadhyay and Ghosh, 1994).

Pruning the phalsé bushes to 15 cm height gave higher yield and higher
percentage of sugars in the fruits than pruning to 30 or 45 cm (Sharma et al., 1975). |

Pomegranate trees were pruned to leave a single stem or two, three or four

stems from ground level. Fruit yield in terms of number and weight was greatest when

four stems were left. This treatment also produced the greatest canopy spread, largest’

fruits and highest juice and TSS content (Balasubramaniam er al., 1997).
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3. MATERIALS AND METHODS

The present investigations were carried out in the Department of Pomology
and Floriculture, College of Horticulture, Vellanikkara and Fodder Research Scheme,

Mannuthy, during 1998-2002. The project consisted of the following parts:

A. Genetic diversity in jackfruit
B. Canopy management in jackfruit

C. Characterisation of soft and firm fleshed types in jackfruit.

3.1 GENETIC DIVERSITY IN JACKFRUIT

The study was conducted in Thrissur district which was purposefully

selected for the following reasons.

1. Itisajack growing area with good diversity. _
2. It was convenient to select an area near the vicinity of Kerala Agricultural

University to get the benefits of its infrastructure and other resources.

Eighty nine panchayats of Thrissur district were gr0111)ed into four major
topographical regions, namely, plains, coastal, hilly and riverside regions. In each
topographical region, four panchayats were selected randomly. Totally, 16 panchayats
were selected as per the following list for the study. The map of Kerala showing the
area of study is presented in Fig.l. The map of Thrissur district show.ing the

panchayats selected for the study is presented in Fig.2.

~ List of panchayats selected in each topography

S1.No. Topography Name of the panchayat ,
1 Plains Vilvattam, Arimpur, Madakkathara, Alur
2 Hilly area Pananchery, Trikkur, Mattathur, Thekkumkara
3 Coastal area Vatanapally,.Valapadu, Nattika, Thalikkulam
4 Riverside area Manalur, Pudukkadu, Porathussery, Nanmanikkard




Fig. 1. Map of Kerala showing the area of study



B Coastal areas B Rriverside areas

Bl 1ty areas B ruins
| - Vatanapally 2 - Nattika
3 - Valapadu 4 - Thalikkulam
5 - Trikkur 6 - Mattathur

7 - Thekkumkara 8 - Pananchery

9 - Manalur 10 - Nanmanikkara
|1 - Porathussery 12 - Pudukkadu

13 - Vilvattam 14 - Arimpur

|5 - Madakkathara 16 - Alur

Fig. 2. Map of Thrissur district showing the panchayats selected for
the study
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Trees were located with the help of Department of Agriculture, jéckfruit
traders and also through personnel contacts. Randomly, twenty households were
selected in each panchayat. Thus, 320 households were taken for the study. Apart from

these, those farmers who responded for media advertisement were also included.

The following observations on general tree charactefs, leaves,
inflorescence, fruits, seed and soil were recorded from selected trees based on the

descriptor given as Appendix-I.

3.1.1 General tree characters

The following observations on general tree characters were made on the

collections.
3.1.1.1 Tree age

Approximate age of the tree was noted.
3.1.12 Tree height (m)

Approximate height of the tree was recorded and grouped into low (less

than 10-m), medium (between 10 and 20 m).and high (more than 20 m).

3.1.1.3 Tree vigour

Vigour of the trees surveyed was noted visually and classified into three

groups namely low, medium and high.

3.1.1.4  Canopy shape

Canopy shape of the trees of different accessions was recorded and
classified into seven groups namely, pyramidal, broadly pyramidal, obovate, oblong,

semi-circular, elliptical and irregular (Fig.3).



Semicircular Elliptical Irrégular

Fig. 3. Jack tree shape
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Fig. 4. Jack tree - Branching pattern



3.1.1.5  Tree growth habit

The growth habit of the trees surveyed was observed visually and classiﬁed_‘

into four groups namely, erect, semi-erect, spreading and drooping.
3.1.1.6  Branching density

Branching density was recorded in each jack collections based on visual

observation and classified into three groups namely low, intermediate and high.
3.1.1.7  Branching pattern

Branching pattern of the trees surveyed was recorded and grouped into four

classes namely, erect, opposite, verticiliate, horizontal and irregular (Fig.4). -
3.1.1.8  Trunk height (m)

Height of the trunk from base to the point of emergehce of ﬁrstlb'ranch was

measured from surveyed accessions and expressed in centimeters,
3.1.2 Leaf characters

From each accession, ten leaves were collected and the following

observations were made.
3.1.2.1  Leaf blade length (cm)

Length of the leaves from base to the tip of the blade was measured in

centimeter.
3.1.2.2 Leaf blade width (cm)

Width of the leaves at the widest portion was measured and expressed in

centimeter.
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3.1.2.3  Leaf blade length/width ratio

The length/width ratio was calculated by taking average length and width

of the leaves.
3.1.24  Leaf blade shape

The shape of leaves was noted visually and grouped as obovate, elliptic,

broadly elliptic, oblong or lanceolate (Fig.5).
3.1.2.5 Leaf apex shape

The shape of leaf apex was noted v1sually in selected accessions and

. clasmﬁed as acute, cuspidate, retuse and obtuse (Fig.6).
3.1 .2.6 Leaf base shape

The shape of leaf base was noted visually in selected access1ons and

categorised as oblique, rounded, cuneate and shortly attenuate (F1g 7).
3.1.2.7  Petiole length (mm)

Length of the petiole was measured from base of the petiole to the base of

the leaf blade in mature leaf and expressed in millimeter.

3.1.3 Flowering characters

3.1.3.1"  Season of flowering
Season of flowering in each accession was recorded.

3.1.3.2  Flowering span

Span of flowering, both male and female, in each accession was calculated

by recording the period in number of days from first flower formation to the final one.



Lanceolate

Fig. S. Leaf blade shape of Jack
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Fig. 7. Leaf base shape of Jack
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3.1.3.3  Inflorescence position

Position of female and male inflorescence in each collections were

observed.

3.14 Fruit characters
3.1.4.1 General fruit characters

3.1.4.1.1 Season of fruiting
Season of fruiting in each accession was recorded.
3.1.4.1.2  Fruit bearing habit

The bearing habit of the accession was recorded and grouped as regular,

alternate and irregular.
3.1.4.1.3  Fruit bearing position
Fruit bearing position in each accgssion was recorde;l.
| 3.1.4.1.4 Fruit clustering Izﬁbit
Fruit clustering habit in different collections was observed.
3.1.4.1.5 Fruitshape

Shape of the fruits from different trees was recorded and grouped into eight
namely, obloid, spheroid, high spheroid, ellipsoid, clavate, oblong, broadly ellipsoid
and irregular (Fig.8).

3.1.4.1.6 Junction of stalk attachment to fruit

Junction of stalk attachment to fruit in each accession was recorded

visually and classified as depressed, flattened and inflated (Fig.9).
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Spheroi High spheroid
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Broadly ellipsoid

Fig. 8. Jackfruit shape



Fig. 9. Junction of stalk attachment to fruit
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3.1.4.1.7 Fruit rind colour (at maturity)

Rind colour of matured fruits was. observed and grouped into four groups_’

namely, green, greenish yellow, yellow and greenish brown.
3.1.4.1.8 Fruit surface

Nature of the surface of matured fruits at different collections was observed

visually and grouped as smooth or rough.
3.1.4.1.9 Shape of spines

Shape of spines of matured fruits of collected accessions was observed

visually and grouped into sharp pointed, intermediate or flat as per the descriptor.
3.1.4.1.10 Spine density

Density of spines of different accessions was observed by counting the
number of spines in 5 x 5 ¢cm? at the base of matured fruits and grouped into either

sparse or dense.
3.1.4.1.11 Latex exudation

Exudation of latex in selected accessions was observed visually and

grouped into low, medium and high.

3.1.4.1.12 Flake shape

Shape of the flakes taken from middle region of fruit was visually observed
and grouped into eight, namely, spheroid, cordate, twisted, elongated, obovate,

rectangular, oblong with curved tip or irregular (Fig.10).

3.1.4.2 Biometric characters

Observations were recorded on two well developed fruits from each .

genotype.

RY
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Fig. 10. Jack flake shape



3.1.4.2.1 Stalk length (cm)

Stalk length of matured fruits in each accession was measuréd from base of

~ the peduncle to the base of the fruit and expressed in centimeter.
3.1.4.2.2 Fruitlength (cm)
.The length of matured fruits was recorded in centimeter. '
3.1.4.2.3 Fruit girth (cm)
Gitth at the middle of the fruits was mieasured and expressed in centimeter.
3.1.4.24 Fruit weight (kg)

The weight of fruits from each genotype was recorded and expressed in

kilogram.
3.1.4.2.5 Fruit rind weight (kg)

After opening the fruits, bulbs, seeds and perigones were taken out and the
rind was separated. The weight of the rind of each fruit was taken and expressed in

kilogram.
3.1.4.2.6 Fruit rind thickness

Rind thickness of fruits at the maximum point from each accession was
measured and expressed in millimeter. Based on the value, the rind of fruits was
classified into thin (less than 1.00 mm), medium (1.00 to 2.00 mm) and thick (more
than 2.00 mm).

3.1.4.2.7 Number of flakes per fruit

Number of flakes per fruit was counted.



3.1.4.2.8 Weight of flakes per fruit

Weight of flakes was taken for each accession and expressed in kilogram.

3.1.4.2.9 Weight of a fresh flake with seed (g)

Weight of twenty five fresh flakes along with seed was taken and average

was worked out and expressed in gram.

3.1.4.2.1 0 Weight of a fresh flake without seed (g)

' Weight of twenty five fresh flakes after removing seeds was taken and

average was worked out and expressed in gram.
3.1.4.2.11 Flakes fruit ratio

Flakes fruit ratio was calculated as the ratio of all the flakes without seed to

total weight of fruit.
3.1.4.2.12 Flake length (cm)

Length of 20 flakes of each genotype was noted separately in centimeter

and average was worked out.
3.1.4.2.13 Flake width (cm)

Width of 20 flakes at the widest point in each genotype was recérded

separately in centimeter and average was worked out.
3.1.4.2.14 Flake thickness

Thickness of 10 flakes at the widest point in each genotype was recorded
separately in millimeter and average was worked out. Based on the value, the flakes
were classified into thin (less than 0.2 mm), medium (0.2 to 0.3 mm) and thick (more

than 0.3 mm).
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3.1.4.2.15 Rachis length (cm)

In each genotype, length of the rachis of two riped fruits was recorded

separately in centimeter and average was worked out.
3.1.4.2.16 Rachis diameter (cm)

Diameter of the rachis of two riped fruits from each genotype was recorded

separately and their average was calculated and expressed in centimeter.
3.1.4.2.17 Perigones weight (kg)

Weight of the perigones i.e., unfertilised flakes was measured and

eipressed in kilogram.

3.1.4.3 Biochemical characters

3.1.4.3.1 Total, reducing and non-reducing sugars

Total and reducing sugars were determined as per the procedure described
by Ranganna (1986). The non-reducing sugars were obtained by substracting the per

cent of reducing sugars from the total sugars.

3.1.4.3.2 Total soluble solids (TSS°Brix)

TSS of the ripened flakes was estimated directly using the Erma hand

refractometer and expressed in degree brix.
3.1.4.3.3 Acidity

Titrable acidity was estimated as per the procedure described’ by Ranganna
(1986).

3.1.4.4  Sensory evaluation of ripe flakes

Sensory evaluation was carried out with the help of trained panel consisting

of 15 members. They were asked to evaluate the samples for its appearance, colour,
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firmness, flavour, sweetness and overall acceptability on a ten point hedonic scale

(Appendix-IT). The ratings were as follows.

0.0-2.0
2.1-4.0
4.1-6.0
6.1-8.0
8.1-10.0

3.1.5
3.1.5.1
3.1.5.1.1

- very poor
- poor
- satisfactory
- good

- excellent

Seed characters
Descriptive characters

Seed shape

Shape of the seeds from different accessions was visually noticed and

grouped into six categories namely, spheroid, ellipsoid, elongate, oblong, reniform and

irregular (Fig.11).

3.1.5.1.2 Seed surface pattern

Seeds from each genotype was vis’ually observed for its surface pattern and

classified into three categories such as uniform, with regular striations and with

patches.

3.1.5.1.3  Seed coat colour

Colour of the seed coat in each genotype was visually observed and

classified into four categories such as off white, creamish, dull brown and brownish.

' 3.1.5.1.4 Vivipary

Each genotype was observed for presence (or) absence of vivipary.

L
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Spheroid Ellipsoid

Elongate

Reniorm Irregular

Fig. 11. Jack seed shape



3.1.5.2 Biometric characters

3.1.5.2.1 Seed length (cm)

Length of 20 seeds in each genotype was recorded separately in centimeter

and average was worked out.

3.1.5.2.2 Seed girth (cm)

Girth of 20 seeds in each genotype was recorded separately in centimeter

" and average was worked out.
3.1.5.2.3 Hundred seed weight (g)
Weight of 100 seeds in each genotype was recorded in gram. .

3.1.6 Yield characters
3.1.6.1 Yield per tree (kg)

Yield per year of each genotype was estimated for two successive seasons

and expressed in kilogram.
3.1.6.2  Number of fruits per tree

Total num&r of fruits per tree in each accession was recorded. .
3.1.7 Soil chixracters

Soil samples were collected from the base of selected trees from four
different spots within the radius of three meters. Then, they were made into a single
composit sample and analysed for organic matter, organic carbon, total nitrogen, total

phosphorous and potassium content as per the procedure outlined by J ackson (1958).

3.1.8 Statistical analysis

The data on the above mentioned morphological, biochemical and sensory

_characters of the fruits from different accessions were subjected to analysis of variance



as adopted for completely randomised design by Panse and Sﬁkhatme (1975) in order
to test the significance of variation. Duncan’s multiple range test was also carried out
for the comparison of means of different morphological and biochemical characters of
fruits from different accessions. Simple correlation betiween biometric, biochemical
and sensory characters of fruit and soil characteristics was worked out. Path anélysis
was carried out to know the direct and indirect effect between biometric, biochemical
and sensory characters of the fruit. The data were consequently subjected to
multivariate analysis utilising non-hierarchical euclidean cluster analysis in order to

find out the genetic divergence.
32 ~  CANOPY MANAGEMENT

The experiment was carried out at the research plot associated with Fodder
Development Scheme, College of Veterinary and Animal Sciences, Mannuthy, Kerala

Agricultural University, which falls at an altitude of 300 M above mean sea level.

Mannuthy has a highly leached soil (Oxisdl and Ultisol) and i't receives a
 total rainfall of about 2500 mm per annum. The mean maximum teinp'eréture varied
from 27.5 to 36.2°C and the mean minimum temperature varied from 21.5 to 27. 8°C
Weather data for the four year period, i.e., 1998 to 2001, when the experlments were

carried out, are presented in Appendlx M1

The experimental materials used for the study, were 30 to 35 yeérs old jack
trees maintained in the Station. These plants were raised at a spacing of 9 x 9 m and

the trees were under uniform management.
3.2.1 = Observations before implementation of treatment

The following observations were made on the experimental trees before the

implementation of the treatment.
3.2.1.1 Phenological observations

Visual observations were made with respect to the onset and extent of the

different phenological changes such as flushing, period of active growth, flowering |



and harvesting in the experimental trees over a period of one year from October 1998

to September 1999.
3.2.2 Experimental description

The canopies of the experimental trees were opened by removing branches
of different orders, thus bringing different regimes of light penetration. The
experimental design used was a Simple Randomised Design. Nine treatments were

given with six replications each. The treatment details are furnished hereunder.

Treatment 1. Removal of 25 per cent of second order branches
Treatment II: Removal of 50 per cent of second order branches
Treatment I1I: Removal of 75 per cent of second order branches
Treatment TV: Removal of 25 per cent of third order branches
Treatment V: Removal of 50 per cent of third order branches | _
Treatment VI: Removal of 75 per cent of third order branches
Treatment VII: Removal of 25 per cent of fourth order branches
Treatment VIII: Removal of 50 per cent of fourth order branches
Treatment IX: Removal of 75 per cent of fourth order branches

Treatment X: Control - without any manipulation

The removal of different order of branches was carried out during

September 1999. To prevent fungal infection, Bordeaux paste was applied to the cut

ends of the branches. The subsequent development of the canopy for the following

two years was monitored.
3.2.3 Observations on pruned trees
Observations were taken on the pruned trees on the following aspects.

3.2.3.1 Flushing characters
3.23.1.1 Time taken for flushing (days)

Number of days taken for ﬂushing was noted in all the experimental trees

and control.



3.2.3.2 Flowering characters

3.2.3.2.1 Time taken jfor flowering (days)

Number of days taken for flowering was noted in all the experimental trees -

and control.

The following observations were taken out on the experimental trees before

pruning and first and second year of pruning.

3.2.3.2.2 Season of flowering

Flowering season was noted in all the experimental trees for the subsequent -

two years of pruning.
3.2.3.2.3 Flowering span (Days)

The span of flowering in each tree was calculated by recording the period

in number of days from the emergence of first spike to the last one.
3.2.3.2.4 Spike development

The duration of male and female spike development was calculated from
the first visual appearance of the spike in the leaf axil to complete emergence and

expressed in days.
3.2.3.3  Fruiting characters

The following observations were carried out on the trees before subjecting

to different pruning treatments and first and second year after pruning.
3.2.3.3.1 Fruiting span (Days)

The span of fruiting in each tree was calculated by recording the period in

number of days from first fruit harvesting to final fruit harvesting.
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3.2.3.3.2 Per cent of fruit set

Immediately after anthesis 25 flowers were tagged per tree.. The number of -

flowers developed into fruit was counted and per cent of fruit set was worked out.

3.2.3.3.3  Average fruit weight (kg)

The weight of ten fruits from each tree was recorded and average was

worked out and expressed in kilogram.
3.2.3.3.4 Number of fruits
Number of fruits in each tree was recorded.
3.2.3.3.5 Yield
Yield of fruits in each tree was calculated and expressed in kilogrgm.

3.2.34  Biochemical characters of flakes

The following biochemical observations were carried out on the fruits of -

the trees before pruning and first and second year after pruning.

1. Total sugars

2. Reducing sugars

3. Non-reducing sugars
4. Acidity

3.2.4 Statistical analysis

The recorded data were statistically analyéed -by two factor completely

randomised design suggested by Panse and Sukhatme (1975).
33 CHARACTERISATION OF SOFT AND FIRM FLESHED TYPES

Twenty five well differentiated soft as well as firm fleshed trees of same

age group were selected from different locations in Thrissur district. The following
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morphological observations of the tree and the anatomical and biochemical analyses of

leaves were carried out.

3.3.1 Morphological characterisation

3.3.1.1 Plant characters

The following visual and biometric observationé on the jack trees of age
about 25 years old were recorded. ‘
1. Tree shape
. Tree growth habit
. Apical dominance
. Trunk surface
. Branching density
. Branching pattern

. Plant height (m)

=] =N N W N

. Spread of the plant (m?)

9. Collar girth (cm)

10, Height at figst branching (m)
11. Colour of bark |

12. Colour of the tender roots
3.3.1.2  Leaf characters

From the firm and soft fleshed types, 40 leaves of each were collected and
the following leaf characters were recorded.
1. Leaf length (cm)
2. Leaf width (cm)
3. Length/width ratio
4. Petiole length (mm)
5. Internodal length (cm)
6. Leaf blade shape
7. Leaf apex shape



8. Leaf base shape
9, Leaf blade margin
10. Leaf colour

11. Petiole shape

3.3.2 Anatomical characterization

3.3.2.1 Stomatal count per unit area

In order to ascertain the number of stomata, peelings of the lower
epidermis were taken from the base, middle and tip of leaf lamina and number of
stomatal openings were counted per microscopic field and average was calculated

from this value. Stomatal index was worked out by using the formula

Number of stomata - ‘ -
Stomatal index = x 100
Number of stomata + Number of other epidermal cells

3.34 Biochemical characterization
The following biochemical analyses on the mature trees were done.
3.34.1 Total phenol

Total phenol content of both young and mature leaves was estimated by

Folin-Ciocalteau method (Sadasivam and Manickam, 1992).

3.3.4.2 Thin layer chromatography (TLC)

TLC was carried out for the separation of phenolic compounds ixsing '

precoated silica gel plates with the running solvent system 10 per cent glacial acetic

acid in chloroform. Folin-Ciocalteau reagent was used as spraying agent.
3.3.5 Statistical analysis

The data collected were statistically analysed and analysis of variance was

done as described by Panse and Sukhatme (1975).
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4. RESULTS

The results of the present investigations on “Genetic diversity and canopy,‘
management in jackfruit (Artocarpus heterophyllus Lam.)” are presented under the
following major heads.

A. Genetic diversity
B. Canopy management

C. Characterisation of soft and firm fleshed types

4.1 GENETIC DIVERSITY

The study was undertaken in sixteen panchayats equally distributed in four

topography namely, plains, hilly, coastal and riverside areas. The results obtained are .

given below.
4.1.1 General tree characters

Results of the observation recorded on general tree characters are pfesehfed

in Table 1.

4.1.1.1 Tree age (years)

i) Plains

In plains, about 12.50 per cent of the trees observed was above 50 years

old, 27.50 per cent was between 41-50 years, 26.25 per cent between 31-40 years, -

22.15 per cent between 21-30 years and about 7.5 per cent of the trees was in the age
group of 10-20 years. Only about 3.75 per cent of the trees studied were of age below
10 years (Table 1). " o

ii) Hills

On comparing with plains, a higher per cent of trees, i.e. 40.00 per cent was

above 50 years of age. Among the rest of the trees studied, 25.00 per cent was between

41-50 years, 20.00 per cent between 31-40 years, 8.75 per cent between 21-30 years
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old and 5.00 per cent was between 10-20 years. Least number of i.e. 1.25 per cent of

b

the trees studied was below 10 years of age, which was stiﬂ lower than plains

(Table 1).
iii) Coastal areas

Similar to hills, a higher per cent of the trees was above 50 years old-i.e.
35.00 per cent. About 25.00 per cent of the trees were between 41-50 years,- 25.00 per
cent was between 31-40 years, 10.00 per cent were between 21-30 years and 3.75 per
cent was between 10-20 years of age group. Similar to hills, only 1.25 per c_ent of the

trees was below 10 years of age (Table 1).
(iv) Riverside area

About 16.25 per cent of the trees surveyed in rlver31de areas.were above 50
years. 26. 25 per cent was in the age group of 41-50 years, 25.00 per cent in 31 -40
years, 22.50 per cent in 21-30 years, 6.25 per cent in 10-20 years of age group. As

noticed in plains about 3.75 per cent of the trees surveyed were below 10 years old -

(Table 1).

Considering all the accessions as a whole irrespective of the fopography,
about 25.95 per cent of the trees was older i.e. above 50 years of age, 25.93 per cent
was between 41-50 years, 24.06 per cent were in the age group of 31-40 years, 15.94
per cent were in the age group of 21-30 yeafs, 5.62 per cent.were between 10-20 years

age. Only 2.50 per cent were less than 10 years of age (Table 1).

4.1.1.2 Height of trees (m)
(i) Plains

31.25 per cent of trees recorded a height of less than 10 m. Height 6f 68.75

per cent trees were above 10 m of which 43.75 per cent were between 10-20 m and

25.00 per cent were more than 20 m in height (Table 1).
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(i) Hills

The percentage of trees surveyed in hills having height less than 10 m was’
22.50. About 40.00 per cent of trees were between 10-20 m. Comparing with plains, a

higher number of trees i.e. 37.50 per cent were above 20 m (Table 1).
(iii) Coastal areas

23.75 per cent of the trees recorded a height of less than 10 m and 31.25
per cent was in the range of 10-20 m. Compared to other topographical levels a higher

per cent of trees, i.e., 45.00 per cent were having a height of above 20 m (Table 1).
(iv) Riverside areas

33.75 per cent of the trees surveyed in riverside areas were having a height
of less than 10 m. The height of 42.50 per cent of trees was found to range between -

10-20 m. About 23,75 per cent of trees were of height above 20 m (Table 1). |

Frequency distribution of trees surveyed irrespective of topography showed
~ that about 27.81 per cent were of the height less than 10 ‘m.- 39.37 per cé_int were in the
range of 10-20 m, 32.51 per cent of the trees recorded a height of above 20 m
(Table 1). ‘ '

4.1.13 Tree vigour
(i) Plains

Only 15.00 per cent of the trees surveyed in plainé showed less in vigour.
Among the rest of the trees, 60.00 per cent were of medium in vigour and 25.00 per.

cent were of highly vigorous ones (Table 1).
(i) Hills

13.75 per cent of the trees were low in vigour and 50.25 per cent were
medium in vigour. On comparing with plains, an increased per cent of trees i.e. 30.00

were of highly vigorous (Table 1).
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(iii) Coastal areas

Only 17.50 per cent of the trees observed in coastal areas were of low

vigoured nature. About 48.75 per cent were of medium vigoured. A higher per cent of -

highly vigorous trees (33.75 per cent) were observed than the other three regions

(Table 1).
(iv) Riverside areas

17.50 per cent of trees were of low in vigour. 56.25 per cent were of
medium in vigour and 26.25 per cent were of high in vigour trees were observed

among the collected accessions (Table 1).

Irrespective of the topography, about 15.93 per cent of trees showed low
vigour. Medium vigorous trees were common and it was noted in 55.31 per cent of the

surveyed trees. Highly vigorous trees accounted to about 28.75 per cent (Table 1).

4.1,1.4  Canopy shape
(i) Plains '

In plains, canopy shapes like pyramidal, broadly pyramidal, -obovate,

oblong, semi-circular, elliptical and irregular were noticed in about 17.5 per cent,
13.75 per cent, 12.50 per cent, 8.75 per cent, 12.50 per cent, 11.25 per cent and 23.75
per cent of the trees respectively (Table 1).

(i1) Hills

Among the trees surveyed in hilly areas, 23.75 per cent of the trees had
pyramidal shape which was higher than that of plains. About 13.75 per cent of the

accessions surveyed had broadly pyramidal canopy, 8.75 per cent obovate, 6.25 per

cent oblong, 10.00 per cent semi-circular, 8.75 per cent elliptical and 28.75 per cent .

irregular in tree canopy shape (Table 1).
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(iii) Coastal areas

Majority of the accessions, i.e. 28.75 per cent collected from coastal areas

‘had pyramidal tree shape. This was the highest among all other ‘regions. Among the

rest, 18.75 per cent were of broadly pyramidal, 8.75 per cent obovate, 7.50 per cent
oblong, 3.75 per cent semi-circular, 16.00 per cent elliptical and 26.25 per cent

irregular in tree shape (Table 1).
(iv) Riverside areas

Of the 80 trees surveyed, 20.00 per cent were of pyramidal, 13.7 5 per cent
broadly pyramidal, 10.00 per cent obovate, 11.25 per cent 'oblong, 13.75 per cent

semicircular, 7.50 per cent elliptical and 23.75 per cent irregular in canopy shape

(Table 1).

A wide variety of tree shapes were noticed among the accessions. -

Considering the whole accessions as such, pyramidal 'shape was noticed in 22.50 per
cent of the trees. 15.00 per cent had broadly pyramidal trees, 10.00 per cent obovate,
9.00 per cent oblong, 10.00 per cent semi-circular, 8.43 pér cent elliptical and 25.65

per cent irregular in canopy shape (Table 1).

4.1.1.5 Tree growth habit
(i) Plains

Of the 80 accessions surveyed in plains, 38.75 per cent had erect growth:

habit, 35.00 per cent semi-erect, 16.25 per cent spreadin.g and 10.00 per cent drooping
in growth habit (Table 1).

(if) Hills

Erect, semi-erect, spreading and drooping growth habit were noticed in

45.00 per cent, 25.00 per cent, 18.75 per cent and 11.25 per cent of the trees surveyed,
respectively (Table 1). '
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(iii) Coastal areas

Majority of the trees surveyed in coastal areas i.e. 50.00 per cent had erect

growth habit which was the highest among all the other regions. 35.00 per Cent,'8.75'

per cent and 6.75 per cent of the trees surveyed had the groWing habits like, semi-

erect, spreading and drooping, respectively (Table 1).
(iv) Riverside areas

In riverside areas, 37.50 per cent, 26.25 per cent, 31.25 per cent and 5.00
per cent of the trees studied showed the growth habits such as ereét, semi-erect,

spreading and drooping, respectively (Table 1).

Based on the tree growth habit, irrespective of the tobography, 42.81 | per
cent of the total accessions collected had the erect growth hébit, 30.33 pef-cent had
semi-erect, 18.75 per cent had spreading and 8.13 per cent had drooping growth habit
(Table 1). | | -

4.1.1.6  Branching density
(i) Plains

About 25.00 per cent on the trees surveyed had low branching density.

47.50 per cent of the trees had intermediate branching density. Highes_t_" branching

density was noticed in 27.5 per cent of the accessions which was higher than those of

other regions (Table 1).
(ii) Hills

Intermediate branching density was predominantly noticed i.e., in 45.00 per
cent of trees. The rest of the trees showed either low (32.50 per cent) or high (22.50
per cent). Compared to plains and riverside the per cent of trees with low branching

density was more (Table 1).
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(iii) Coastal area

Here also, the maximum number of trees (48.75 per cent) were

intermediate in branching density. Low and high branching densities were noticed in

35.00 per cent and 16.25 per cent, respectively. Compared to the plains, hills and

riverside areas, the per cent of trees with low branching density was more (Table 1).
(iv) Riverside areas

Branching density was intermediate in 45.00 per cent of trees surveyed.

Rest of the trees showed low (28.25 per cent) and high (26.25 per cent) branching |

density (Table 1).

In general, intermediate branching density was common and was noticed in .

46.56 per cent, followed by low branching density (30.32 per cent) and high branchihg
density (23.12 per cent) (Table 1). '

4.1.1.7  Branching pattern
(i) Plains

Among the accessions in plains, 23.75 per cent, 18.75 per cent, 16.25 per

cent, 15.00 per cent and 26.25 per cent had erect, opposite, verticilliate, horizontal and

irregular branching patterns respectively (Table 1).
(if) Hills

In hilly areas, erect, opposite, verticilliate, horizontal ‘and. irregular

branching pattern were noticed in 26.25 per cent, 16.25 per cent, 18.75 per cent, 11.25

per cent and 27.50 per cent of surveyed trees, respectively (Table 1).

(iif) Coastal areas

About 35.00 per cent, 23.75 per cent, 16.25 per cent, 13.75 per cent and

23.75 per cent of the accessions studied in the coastal areas showed erect, opposite,

verticilliate, horizontal and irregular branching patterns, 'respectively. Compared with

other regions, a higher per cent of trees had erect branching péttern" (Table 1).>



(iv) Riverside areas

Ah

Among the trees surveyed in the riverside areas, 22.50 per cent had erect .

branching pattern, 25.00 per cent had opposite, 20.00 per cent had verticill'iate, 12.50

per cent had horizontal and 20.00 per cent had irregular branching pattern (Table 1).

Branching patterns namely of erect, opposite, verticilliate, horizontal and ‘

irregular were observed in 26.88 per cent, 17.80 per cent, 17.80 per cent, 13.12 per
cent and 24.30 per cent respectively in all the accessions surveyed irrespective of

topography (Table 1).

4.1.1.8  Trunk height (m)
(i) Plains

About 33.75 per cent, 41.25 per cent and 25.00 per cent of the trees

surveyed in plains respectively, had their trunk height less than 2 m, 2-4 m and more
than 4 m (Table 1). |

(ii) Hills

In hilly areas, among the surveyed accessions, 21.25 per cent, 27.50 ‘pei‘
cent and 38.75 per cent had their trunk height respectively in the range of less than 2

m, 2-4 m and more than 4 m (Table 1).

(iii) Coastal areas

42.50 per cent of the trees had trunk height more than 4 m and was higher"l |

than that of other regions. Among the rest of the trees, 40.00 per cent were in between

2-4 m and 17.50 per cent less than 2 m (Table 1).
(iv) Riverside areas

36.25 per cent, 45.00 per cent and 18.75 per cent of the trees located in

riverside areas respectively had their trunk height less than 2 m, 2-4 m and more than -

4 m (Table 1).



Irrespective of the topography, about 27.18 per cent of the trees had a trunk

height of less than 2 m. 41.73 per cent had the trunk height of 2-4 m range W_hile 31.25

per cent of the trees had more than 4 m of trunk height (Table 1).
4.1.2 Leaf characters

Results of the observations recorded on leaf size are presented in Table 3.
Frequency distribution of the accessions under each topogfaphy is presented vin‘_

Table 2.
4.1.2.1  Leaf blade length (cm)

Variaﬁon in leaf length is presented in Plate 1;
(i) Plains

- The average leaf length was 13.37 cm and the range was 5.60 to 719.70 cm
with a coefficient of variation of 35.01 per cent (Table 3). About 67.50 per cent of the

trees studied were in the range of 10 to 15 cm (Table 2).

(ii) Hills

The mean leaf blade length was 14.03 cm. It ranged from 8.20 to 22.90 cm
with a coefficient of variation of 36.00 per cent (Table 3). 73.50 per cent of the trees
recorded leaf length in the range of 10-15 cm (Table 2).

(iii) Coastal areas

The leaf blade length ranged from 8.10 to 19.20 cm with a mean valﬁe of
13.78 cm. The coefficient of variation was 37.28 per cent (Table 3). Majbrity of the

accessions (56.25 per cent) were in the range of 10-15 cm. On comparing with 6ther -

topographical levels, a higher per cent of trees i.e. 40.00 per cent had leaf length more
than 15.00 cm (Table 2).



Plate 1. Leaf length variation in jack

Plate 2. Different shape of leaves in jack



(iv) Riverside areas

The maximum leaf blade length observed was 19.8 cm and the minimum
was 8.60 cm. The mean value was 13.53 cm. The coefficient of variation was 34.28v
per cent  (Table 3). Majority of the accessions (68.75 pef cent) had the leaf length in
the range of 10-15 cm (Table 2).

The average leaf length was 13.68 cm. It ranged from 5.60 to 22.90 cm

with a co-efficient of variation of 36.00 per cent (Table 3). Frequency distribution of
the values showed that the majority (66.56 per cent) of the accession were in the range

of 10-15 cm (Table 2).

4.1.2.2  Leaf blade width (cm)
(i) Plains

Wldth of the leaves varied from 4.60 to 13. 50 cm with a mean value of

7. 58 cm. The coefficient of variation was 26.69 per cent (Table 3). Most of the
accessions (66.25 per cent) had the leaf width in the range of 5 to 10 cm (Table 2).

(ii) Hills

Leaf blade width in accessions studied in hills was found to vary from 3.50
to 10.40 with the mean value of 7.74 cm. The coefficient of variation was 23.27 per

cent (Table 3). About 63.75 per cent of the abcessions were in the range of 5-10 cm
(Table 2). - -

(iii) Coastal areas

Among the accessions surveyed, leaf blade breadth was found to vary from
4.30to 11.15 cm with a mean value of 8.15 cm. Coefficient of variation was 19.81 ‘per‘
cent (Table 3). About 60.00 per cent of leaves had the breadth of‘5-10 cm. Compared
to plains and hills, a little higher percentage, i.e., about 30.00 per ceht hadr their leaf
blade breadth of more than 10.00 cm (Table 2). -
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(iv) Riverside areas

The breadth appeared to vary from 4.40 to 10.10 cm with a mean value of
7.42 cm. The coefficient of variation was 22.71 per cent (Table 3). About 56.25 per
cent of the leaves had the leaf blade breadth in the range of 5 to 10 cm (Table 2).

Considering all the accessions as a whole, leaf blade width ranged from

3.05 to 13.50 cm with a mean value of 7.72 ¢cm. The coefficient of variation was 23.00

per cent indicating the existence of wide variability among accessions (Tablg 3).
Majority of the accessions (61.56 per cent) had a leaf blade width in the range of
5-10 cm (Table 2). ' ' '

4.1.2.3  Leaf blade length/width ratio (L/W ratio)
(i) Plains

The L/W ratio of leaves varied from 1.05-3.56 with a mean value of 1.89.

The coefficient of variation was 36.86 per cent (Table 3). Most of the accessions, i.é.,' |

68.75 per cent, were in the range of 1-2 (Table 2).
(ii) Hills

The L/W ratio of the trees surveyed in hills were coming under the range of

1.21-4.60. The mean of the 80 accession studied was 1.93 and the coefficient of

variation was 32.06 per cent (Table 3). Majority of the accessions, i.e., 66.2_5 per cent

were in the range of 1-2 (Table 2).
(iii) Coastal area

The trees surveyed in coastal areas had the L/W ratio in the range of 0.98-

3.54 with a mean value of 1.77. The coefficient of variation was 33.05 per cent (Table

3). About 75.00 per cent of the population were having L/W ratio in the range of 1-2

(Table 2).
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(iv) Riverside areas

The L/W ratio showed a variation in the range of 1.17-2.50. The mean L/W

ratio observed was 1.87. The coefficient of variation calculated accounted to about

35.43 per cent (Table 3). About 65.00 per cent of the studied trees were in the range of .

1-2 (Table 2).

Irrespective of the topography the L/W ratio of the accessiéns studied
varied from 0.98-4.60 with a mean value of 1,87, The coeff.icient' of variation was
higher (36.12 per cent) (Table 3). Majority of the accessions, (63.75 per bent) were
having L/'W fatib in the range of 1-2 (Table'2). |

4124  Leaf blade shape

Different shapes of leaves are presented in Plate 2..
(i) Plains

Accessions collected under plains had obovate, elliptic, broa'dly elliptic
oblong and lanceolate leaves i in 18.75 per cent, 36.25 per cent, 8.75 per cent, 23.75 per
cent and 12.50 per cent of the trees respectlvely (Table 2). '

(ii) Hills

Except irregular shaped leaves, all other leaf shapes like obovate, elliptic,

broadly elliptic, oblong and lanceolate were noticed. They were preseﬁt in 26.25 Iﬁer
cent, 38.75 per cent 11.25 per cent, 26.25 per cent and 10.00 per cent of the survéyed'
trees, respectively (Table 2).

(iif) Coastal areas

Among the trees surveyed in coastal areas, 30.00 per cent, 37.50 per ceht,

6.25 per cent, 17.50 per cent and 8.75 per cent had the leaf blade shapes obovate,

elliptic, broadly elliptic, oblong and lanceolate respectively. Comparatively a hi_gher’_ '

bo



per cent of trees had obovate leaf shape in coastal areas than the other three regions

(Table 2).
(iv) Riverside areas

20.00 per cent of the trees had obovate leaves, 23.75 per cent had elliptic
leaves, 11.25 per cent had broadly elliptic leaves, 31.25 per cent had oblong leaves

and 13.75 per cent had lanceolate leaves (Table 2).

Considering a11‘ the 320 accessions, obovate leaf was noﬁced in 23.75 per
cent of the trees. 30.93 per cent had elliptic leaves and 9.37 per cént had broadly
elliptic leaves. Oblong and lanceolate leaves were noticed in 24.68 per cent and 11.25
per cent of the trees, respectively. None of the trees studied had irregular leavés

(Table 2).
4.1.2.5 Leqf apex shape

Leaf apex shapes in jack are presented in Platg 3.
(i) Plains

The leaf apex shape of the accessions collected in plains shoWed_ variation
like cuspidate (40.00%), acute (35.00%), retuse (21.25%) and obtuse _ '(.3.75%)
(Table 2). | R

(ii) Hills

Among the accessions collected in hills, 40.00 per cent showed cuspidate
shape, 38.75 per cent showed acute, 18.75 per cent showed retuse and 2.50 per cent .

showed obtuse leaf apex shape (Table 2).
(iii) Coastal areas

41.25 per cent of the accessions had cuspidate, 36.25 per.cent had acute,

20.00 per cent had retuse and 2.50 per cent had obtuse leaf apex shape (Tablé 2)_.' _



Plate 3. Leaf apex shape in jack

Plate 4. Petiole length variation in jack



(iv) Riverside areas

40.00 per cent of the accessions had cuspidate shape, 33.75 per cent had |

acute shape, 22.50 per cent had retuse shape and 3.75 per cent had obtuse leaf apex.
shape (Table 2). '

Considering all the 320 accessions a wide variation was noticed in leaf
apex shape. About 40.31 per cent of the accessions showed cuspidate shapé followed
by acute (35.93 per cent). Retuse shape wais noticed in 20.62 per cent. Obtuse shape
was noticed only in 3.12 per cent (Table 2).

4.1.2.6  Leaf base shape
(i) Plains

In plains, 38.75 per cent of the accessions had oblique leaf base shape, |

30.00 per cent had attenuate shape, 17.50 per cent had shortly attenuate and 13.75 per
cent had rounded leaf base shape (Table 2). ” -

(ii) Hills

Here also, majority of the accessions, i.e., 37.50 per cent showed oblique

shape, 28.75 per cent showed attenuate shape, 18.75 per cent had shortly attenuate

shape and only 15.00 per cent showed rounded leaf base shape (Table 2).

(ii1) Coastal area

About 41.25 per cent of the accessions showed oblique shape, 26.25 per |

cent exhibited attenuate Shape, 17.50 per cent of the accessions had shortly attenuate
shape and 15.00 per cent had rounded shape (Table 2).

(iv) Riverside areas

Majority of the accessions collected in the riverside areas, exhibitéd
oblique shape, i.e., 37.50 per cent. Attenuate, shortly attenuate and rounded shapes

were noticed in 26.25, 18.75 and 17.50 per cent of the accessions respectively
(Table 2). '

&



Irrespective of the topography, a wide variation was noticed 'ar'nong the

accessions studied in terms of leaf base shape. Different leaf base shapes like oblique,

attenuate, shortly attenuate and rounded has been noticed in 38.75 per cent, 27.81 per

cent, 18.12 per cent and 15.31 per cent, respectively (Table 2).

4.1.2.7  Leaf petiole length
(i) Plains

Petiole length among the collections under plains showed a wide variation.

It ranged from 10.00-55.50 mm with a mean value of 39.76 mm. The coefficient of

variation was 25.62 per cent (Table 3). About 4750 per cent of the accessions showed

arange of 20-40 mm (Table 2).
(ii) Hills

Considerable variation was noticed among the collect1ons under h111y areas

in terms of leaf petiole length. The range varied from 16.50- 49 00 with a mean value

of 31.24 (Table 3). The coefficient of variation was 22.73 per cent 46.25 per cent of

the collections had a value in the range of 20-40 mm (Table 2).

(iii) Coastal areas

The collectxons had petiole length in the range of 16.5-57. 5 mm. The |

collections had a mean petiole length of 39.25 mm. The coefﬁ01ent of vanatlon was

23.76 per cent (Table 3). About 42.50 per cent of the accessions had the petlole length

in the range of 20-40 mm  (Table 2).

(iv) River side areas

Petiole length of the accessions surveyed had a range of 19.5045(_).50 mm. -

The mean petiole length was 37.58 mm. The coefficient of variation was 22.50 per
cent (Table 3). About 43.75 per cent of the populations were coming in the range of
20-40 mm (Table 2).



A wide variation in petiole length (16.50 to 57.50 mm) améng Col_lections

was observed with a mean value of 36.96 mm (Plate 4). The coefficient of variation

was 28.36 per cent (Table 3). 45.00 per cent of the population had the petiole length in

the range of 20-40 mm (Table 2).
4.1.3 Flowering characters

The observations recorded on flowering characters are presented in

Table 4.

4.1.3.1  Season of flowering
(i) Plains

Of the trees located in plains, 18.75 per cent were of early flowering types,

70.00 per cent were of mid season flowering ones and 10.00 per cent were of late

flowering types. One of the accessions studied showed sporadic flowering (Table 4).

(i) Hills

Only 6.25 per cent of trees had early flowering nature. Majority of about
66.25 per cent trees showed mid season flowering. 27.25 per cent were of late

flowering ones. None of the trees had sporadic flowering nature (Table 4). -
(iii) Coastal areas

Among the 80 accessions studied in coastal areas, about 17.50 p"er cent had
early flowering, 61.25 per cent had mid flowering and 21.25 per cent showed late

flowering. No trees observed had sporadic flowering (Table 4).

(iv) Riverside areas

Here, about 17.50 per cent, 73.75 per cent and 8.75 per cent of the trees
were found to flower during early, mid and late seasons, respectively. Sporadic

flowering trees were not noticed among the collections (Table 4).

bh



A wide variation was noticed among the acvcessions studied in terms of
season of flowering. 15.00 per cent of the accessions commenced ﬂowéring earlier by
September-October. Majority of the collections (67.82 per cent) were“of mid season,.'
flowering types (November-January). 16.88 ‘per cent of the- collections _wére late -
flowering ones, i.e., by February-March. Only one accession showed sporadic

flowering (two to three times a year) (Table 4 and Fig.12).

4.1.3.2  Span of flowering
4.1.3.2.1 Male flowering span
(i) Plains

Among the collections made in plainé, 13.75 per cent, 60.00 per cent and
26.25 per cent of the trees, respectively had their male ﬂowering span of less than 90

days, 90-120 days and more than 120 days (Table 4).
(ii) Hills

The percentage of accessions having male ‘ﬂowerir.lg span of less t‘ha-n’l9l0
days was minimum (11.25 per cent). The percentage of cbliections haVing male
ﬂoWering span in the range of 90-120 days was maximum (63.75 per cent). A_béut_ '
25.00 per cent of the population were producing male flowers for more than v120 day's .
(Table 4). | | }

(iii) Coastal areas

Among the trees surveyed in coastal areas, 16.25 per cent, 57.50 per cent
and 26.25 per cent of the populations had the male flowering span of less than 90 -

days, 90-120 days and more than 120 days, respectively (Table 4).
(iv) Riverside areas

About 10.00 per cent, 67.50 per cent and 22.50 per cent of the surveyed
accessions in riverside areas produced male flowers for a period of less than 90 dayé,

90-120 days and more than 120 days, respectively (Table 4).
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With respect to male flowering span, accessions showed a wide variation.

12.81 per cent of the accessions were producing male flowers for a period of less than
90 days. About 62.18 per cent and 25.00 per cent of the population were producing

male flowers for a period of 90-120 days and more than 120 days, respectively

(Table 4 and Fig.13).

4.1.3.2.2 Female flowering span
(i) Plains

Of the collections from‘ plains, 25.00 per cent, 50.00 per cent and 25.00 per
cent of the trees studied were having female flowering span viz. less than 60 days, 60-

90 days and more than 90 days, respectively (Table 4).

(ii) Hills

Among the collections from hills, those having span of female flowering -

less than 60 days, 60-90 days and more than 90 days accounted to about 28.75 per
cent, 48.75 per cent and 22.25 per cent respectively (Table 4). '

| (iii) Coastal areas

About 20.00 per cent of the collections under coastal areas were having

less than 60 days of female flowering span. Accessions having female flowering

period in the range of 60-90 days were common i.e. 58.75 per cent. About'21.25 per .

cent of the accessions had more than 90 days of female ﬂoWering (Table 4).
(iv) Riverside areas

About 21.25 per cent, 53.75 per cent and 25.00 per cent of the collections
made from riverside areas were having female flowering span of less than 60 days, 60-

90 days and more than 90 days, respectively (Table 4).

The accessions studied showed a wide variation in span of female

flowering. About 23.75 per cent of the collections had a span of female ﬂoWeririg of

b e
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Jess than 60 days. 52.82 per cent were in between 60-90 days. Female flowering span

of 23.43 per cent of the collections was more than 90 days (Table 4 and Fig.14).

4.1.3.3  Inflorescence position
4.1.3.3.1 Female inflorescence position

(i) Plains

61.25 per cent, 31.25 per cent and 7.50 per cent of the collections made

under plains respectively, had their female flowers on trunk and primary branches -

only, trunk, primary and secondary branches only and on the whole étem'including

primary, secondary and tertiary branches. None of the trees observed had their female -

flowers restricted mainly on trunk (Table 4).
(iif) Hills

Flbwering exclusively on the trunk is noticed only in minimum number of
trees (3.75 per cent). Female flowering only on trunk and.primary branches 'waé
common, i.e., in 48.75 per cent followed by female flowering on trunk, ﬁ)timary an_d}
secondary branches (35.00 per cent). Only about 12.50 per cent of the trees had female
flowering on the whole stem including primary, secondary and tertiary branches
(Table 4). |

(iii) Coastal areas

Only about 1.25 per cent of the accessions collected under coastal areas -

had flowering exclusively on trunk. Maximum number of trees (52.50 per_:cent) had
female flowers on trunk and primary branches. About 34.25 per cent of the accessions

had female flowers on main trunk, primary and secondary branches. Female flowering

on whole stem including primary, secondary and tertiary branches was noticed in -

10.00 per cent of the accessions (Table 4).
(iv) Riverside areas

Least number of the accessions (2.50 per cent) had their female flowering

exclusively on the trunk. While the female flowering only on trunk and primary
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pranches was seen in 50.00 per cent and only on trunk, primary -and secondary

branches was noticed in 36.25 per cent of the accessions. About 11.25 per cent of the

accessions had female flowering on the whole stem including primary, secondary and

tertiary branches (Table 4).

Among the collections, only about 1.87 per cent of trees had flowering
exclusively in the trunk. Accessions having female flowers on trunk and primary
branches were common (53.12 per cent) followed by the accessions having female

flowers on trunk, primary branches and secondary branches (34.68 per cent). About

10.30 per cent of the populations had female flowers on main trunk, primary, -

secondary and tertiary branches (Table 4 and Fig.' 15).

41.3.3.2 Male inflorescence position

All the accessions surveyed in plains, hills, riverside and coastal areas had -

their male flowers on trunk and all the orders of branches (i.e.) primary, secondary,

tertiary branches, etc.

4.14 Fruit characters

4.1.4.1 General fruiting characters
4.1.4.1.1 Season of fruiting

(i) Plain

Among the surveyed accessions in plains, mid season bearing was common

i.e. during March-May. It was seen in 70.00 per cent of the trees. About 18.75 pef cent -

of the trees were early bearing nature i.e. during December-February and 10.00 per

cent were of late bearing i.e. during June-August. Only one tree spotted in Chalakkudy

(AC.126) area had sporadic bearing with bearing more than twice a year with peak )

season coinciding with March-May (Table 5).
(ii) Hills

Here also mid season bearing trees were common, i.e., about 66.25 per

cent. Compared to plains, a higher per cent of 27.25 were bearing late. Compared to.

T
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plains, the number of early bearing accessions were lesser, i.e., 6.25 per cent. None of

the sporadic bearing trees were spotted during the survey (Table 5).
(iii) Coastal areas

Among the collections, about 61.25 per cent were of mid season bearing,.

Frequency distribution of accession bearing late was 21.25 per cent. About 17.50 per -

cent were of early bearing nature. None of the accessions had sporadic bearing nature

(Table 5).
(iv) Riverside

About 73.75 per cent of the accession were of mid season bearing, 17.50

per cent were of early bearing and 8.75 per cent were of late bearing nature. None of

the studied accessions had the sporadic bearing capacity (Tablé 5).

Among the accessions surveyed, maximum number of accessions (67.81

per cent) came to bearing during middle of the fruiting season, i.e., during March-

May. Late fruiting during June-August was observed in 16.88 per cent of the

accessions. Only about 15.00 per cent of the collections were early bearing, i.e., during -

December to February (Table 5 and Fig.16).

4.1.4.1.2  Fruit bearing habit
(i) Plains

Majority of the accessions studied, i.e., 71.25 per cent showed irregular

bearing habit wherein the periodicity of cropping does not follow a systemaﬁc pattern

unlike alternate bearing but an optimum crop is obtained only once in a number of
years. 25.00 per cent of the accessions showed regular bearing habit. Alternate bearing

was noticed in about 3.75 per cent of the accessions (Table 5).

(i) Hills

About 81.25 per cent of the accessions had irregular bearing habit. Regular

bearing was noticed in 13.75 per cent of the accessions. Alternate bearing was noticed

among 5.00 per cent of the accessions (Table 5).



(iii) Coastal areas

Here also majority of the accessions, i.e., 68.75 per cent of the accessions

showed irregular bearing. Alternate bearing was noticed in 5.00 per cent. RegU.lar' |

bearing was observed only in 25.00 per cent (Table 5).

(iv) Riverside

75.00 per cent of the accessions studied had irregular bearing. Regular

bearing was noticed in 18.15 per cent of the accessions. Alternate bearing accessions

observed were 6.25 per cent (Table 5).

Among the overall accessions studied irrespective of the topography,
majority of the accessions, i.e., 74.05 per cent had irregular bearing habit. Regular
bearing was noticed upto the extent of 20.63 per cent. Alternate bearing habit was

noticed in about 5.32 per cent of the trees (Table 5 and Fig.17).

4.1.4.1.3 Fruit bearing position
(i) Plains

73.75 per cent of the accessions showed bearing on trunk and primar.'y.

branches, 20.00 per cent of the accessions had bbearing on trunk, p'ri_mary,and

secondary branches. Bearing on trunk, primary, secondary and tertiary branches was

noticed in 5.00 per cent of accessions studied. Trunk bearing was noticed orﬂy in 1.25

per cent of accessions (Table 5).
(ii) Hills

48.75 per cent of the accessions had bearing on trunk as well as on primary
branches. 36.25 per cent of the accessions showed bearing on trunk, primary and

secondary branches. Bearing on trunk, primary, secondary and tertiary branches was

noticed only in a few accessions, i.e., 15.00 per cent. None of the accessions studied in

hills had their bearing exclusively on trunk (Table 5).
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" ‘(iii) Coastal areas

52.50 per cent of the accessions showed bearing on both the trunk and’

primary branches. 41.25 per cent of the accessions had their bearing on all over the -

trunk, primary and secondary branches. About 5.00 per cent of the accessions had
their bearing on all over trunk, primary, secondary and tertiary branches and only

about 1.25 per cent had their bearing restricted to trunk (Table 5).
(iv) Riverside

50.00 per cent of the accessions under study had their bearing on trunk and
primary branches. 43.75 per cent of the accessions had their bearing on trunk, primary
and secondary branches. Bearing on all over trunk, primary, secondary and tertiary
branches was noticed in only a few accessions, i.e., 3.75 pér cent. Least ﬁumber of

accessions restricted their bearing only to trunk i.e. 2.50 per cent (Table 5).

Irrespective of the topography, about 56.25 per cent of the total accessions

studied showed their bearing on trunk and primary branches. 35.30. per cent of the

accessions showed bearing on trunk, primary and secondary branches. Only about
7.18 per cent had their bearing on trunk, primary, secondary and tertiary bfanches.
Only 1.25 per cent of the accessions showed their bearing mainly on trunk (Table 5
and Fig.18). Plate 5 shows jack tree bearing mainly on trunk. Plate 6 éhows jack tree
bearing on trunk and primary branches. Plate 7 shows jack tree shows bearing on
trunk, primary and secondary branches. Plate 8 shows jack tree bearin'g"on trunk,

primary, secondary and tertiary branches.

4.1.4.1.4 Fruit clustering habit
(i) Plains

75.00 per cent of the accessions under plains had solitary bearing habit
(Table 5).

(ii) Hills
Here also solitary bearing was common and was noticed in 86.25 per cent
(Table 5). |

nh



* (iii) Coastal areas

52.50 per cent of the accessions showed bearing on both the trunk and
primary branches. 41.25 per cent of the accessions had their bearing on all over the -
trunk, primary and secondary branches. About 5.00 per cent of the accessions had
their bearing on all over trunk, primary, secondary and tertiary branches and only
about 1.25 per cent had their bearing restricted to trunk (Table 5). ‘

(iv) Riverside

50.00 per cent of the accessions under study had their bearing on trunk and
primary branches. 43.75 per cent of the accessions had their bearing on trunk, primary
and secondary branches. Bearing on all over trunk, primary, secondary and tertiary -
branches was noticed in only a few accessions, i.e., 3.75 pér cent. Least number of

accessions restricted their bearing only to trunk i.e. 2.50 per cent (Table 5).

Irrespective of the topography, about 56.25 per cent of the total accessions
studied showed their bearing on trunk and primary branches. 3-5.30_per cent of the
accessions showed bearing on trunk, primary and secondary branches. Only about
7.18 per cent had their bearing on trunk, primary, secondary and tertiary branches. -
Only 1.25 per cent of the accessions showed their bearing mainly on,.trunk' (Table. 5
and Fig.18). Plate 5 shows jack tree bearing mainly on trunk. Plate 6 shows jack tree
bearing on trunk and primary branches. Plate 7 shows jack tree shows bearing on
trunk, primary and secondary branches. Plate 8 shows jack tree bearin'g"on trunk,

primary, secondary and tertiary branches.

4.1.4.1.4 Fruit clustering habit
(i) Plains

75.00 per cent of the accessions under plains had solitary bearing habit
(Table 5).

(ii) Hills
Here also solitary bearing was common and was noticed in 86.25 per cent
(Table 5). |
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Plate 9. Tree with solitary bearing  Plate 10. Tree with cluster
habit bearing habit

Plate 11. Greenish brown
jack fruits

Plate 12. Greenish jack fruits



(iii) Coastal areas

A majority of the population (83.75 per cent) had solitary bearing habit

(Table 5).
(iv) Riverside
About 78.75 per cent of the population had solitary bearing habit (Table 5).

Among 320 studied accessions, majority of the accessions showed solitary
bearing (80.92 per cent). Only about 22.18 per cent had cluster bearing habit (Table 5

and Fig.19). Plate 9 shows tree with solitary bearing habit and Plate 10 shows tree _

with cluster bearing habit.

4.1.4.1.5 Fruit shape
(i) Plains

Predominant fruit shapes among the surveyed accessions were broadly '

ellipsoid (26.25 per cent), oblong (18.75 per cent), 1rregu1ar (18.75 per cent) and"

spheroid (12.50 per cent) (Table 5).
(ii) Hills

Broadly ellipsoid, irregular, oblong, high spheroid and spheroid shapes
were respectively, noticed in 26.25 per cent, 22.50 per cent, 16.25 per cent, 13.75 per

cent and 11.25 per cent of the accessions (Table 5).

(ii1) Coastal areas

Broadly ellipsoid, oblong, highly spheroid, spher’oid and irregular fruit

shapes were noticed in 23.75 per cent, 17.50 per cent, 16.25 per cent, 13.75 per cent - '

and 15.00 per cent of the accessions (Table 5).

(iv) Riverside areas

Among the surveyed accessions, about 26.25 per cent of the trees had
broadly ellipsoid fruits, 17.50 per cent of them had irregular fruit, 16.25 per cent had
oblong and 13.75 per cent of them had high spheroid shape (Table 5).

ol
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Among the accessions surveyed, fruit shapes like broadly ellipsoid,
irregular, oblong, high spheroid and spheroid were more frequently noticed among the
accessions and were seen respectively in 25.62 per cent, 18.43 per cent, 17.80 per_'
cent, 13.43 per cent and 11.87 per cent of the trees respectively. Other fruit shapes like
ellipsoid, obloid and clavate were also observed (Table 5 and Fig.20).

4.1.4.1.6 Junction of stalk attachment fo fruit
(i) Plains

70.00 per cent of fruits had the depressed junction of stalk attachment.:
Flattened and inflated junction of stalk attachments were noticed in 20.00 and 10.00
per cent respectively (Table 5).

(if) Hills

66.25 per cent of the accessions had depressed junction of stalk attachment.
Flattened and inflattened junction of stalk attachment were noticed in 24.50 per cent

and 6.25 per cent, respectively (Table 5).
(iii) Coastal area

Majority of the accessions, i.e., 68.75 per cent showed depressed junction -
of stalk attachment. Only about 26.25 per cent and 5.00 per cent of the accessions had
flattened and inflated junction of stalk attachments, respectively (Table 5).

(iv) Riverside areas

Here also, majority of the accessions, i.e., 62.50 per cent had'depressed
Junction of stalk attachment. Flattened junction of stalk attachment was noticed in
lesser number of accessions, i.e., 28.75 per cent. Inflatened one was noticed only in

8.75 per cent of the accessions (Table 5).

Irrespective of the topography, majority of the accessions, i.e., 66.87 per

cent had depressed junction of stalk attachment. About 25.63 per cent had flattened



stalk attachment. Inflated junction of stalk attachment was noticed in a very few

accessions, i.e., 7.50 per cent (Table 5 and Fig.21).

4.1.4.1.7  Fruit rind colour (at maturity)
(i) Plains

80.00 per cent of trees were having greenish brown fruit colour at maturity.
Green colour was observed in 13.75 per cent and greenish yellow in 6.25 per cent of

the accessions (Table 5).
(i) Hills

Greenish brown at fruit maturity was seen in most of the trees, i.e., 81.25

per cent. The rest had green (10.00 per cent) and greenish yellow (8.75 per éent) fruits .

(Table 5).
(iif) Coastal areas

Greenish brown colour fruits was noted in 76.25 per cent of the accessions

followed by green colour (16.25 per cent) (Table 5).

(iv) Riverside

Greenish brown rind was predominant (73.75 per cent). Green rind was
noticed in 15.00 per cent and greenish yellow rind in 11.75 per cent of accessions
(Table 5). '

Greenish brown colour (Plate 11) at fruit maturity was .Icommonly noticed,
i.e., in 77.81 per cent of the trees. 13.75 per cent had green coloui (Plate 12) and only
about 8.43 per cent of the trees had greenish yellow rind colour at fruit maturity (Table
5 and Fig.22). |

4.1.4.1.8 Fruit surface

None of the accessions surveyed had smooth fruit surface. All the trees had
fruits with spines on the rind (Table 5).

Ry
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4.1.4.1.9 Shape of spines

Plate 13 shows jackfruits with sharp pointed spines. Plate 14 shows

jackfruits with intermediate spines. Plate 15 shows jackfruit with flat spines. -

Shape of the spines on the fruits showed a wide variation among the

genotypes. Majority of genotypes (64.06 per cent) had the shape of the spines in

between sharp pointed and flat ones. Sharp pointed spines were observed in 28.43 peri

cent of the trees. Flat spines were seen only in 7.50 per cent of the trees (Table S and
Fig.23).

4.1.4.1.10 Spine density (at maturity stage)

Most of the accessions had fruits with dense spines i.e. 80. 94 per cent

Only 19.06 per cent of the genotypes had sparse spines (Table 5)

4.1.4.1,11 Latex exudation

Latex exudation in fruits was intermediate in 77.18 per cent of the

accessions studied. Higher latex exudation was observed in 17.18 per cent of the

accessions. Low latex exudation was noticed only in 5.62 per cent of the pepulation
(Table 5 and Fig.24). '

4.1.4.1.12 Flake shape
(i) Plains

Genotypes having cordate flake shape accounted to about 23.75 per cent.
22.50 per cent were having irregular flake shape, 21.25 per cent were having twisted

flakes, 10.00 per cent were having rectangular flakes, 8.75 per cent were having

8y

oblong with curved tip and 7.50 per cent of the studied accessions were haVing o

clongated obovate flakes (Table 5).

(ii) Hills

Cordate flake shape was noticed in maximum number of accessions (26.25

per cent) followed by irregular flakes (25.00 per cent) and twisted flakes (22.50 per



Plate 13. Jack fruits with sharp Plate 14. Jack fruits with
pointed spines intermediate spines

Plate 15. Jack fruit with flat spines
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cent). Flake shapes like oblong with curved flakes, rectangular, elongated obovate and
spheroid were also noticed in 10.00 per cent, 8.75 per cent, 3.75 per cent and 3.75 per

cent, respectively (Table 5).
(iii) Coastal areas

Commonly noticed flake shapes were twisted, irregular, and cordate and
were noticed in 26.25 per cent, 23.75 per cent and 22.50 per cent of the accessions
respectively. Other flake shapes like rectangular, elongated obovate, spheroid and
oblong with curved tip were also noticed rarely and seen in 11.25 per ceht, 6.25 per

cent, 5.00 per cent and 5.00 per cent, respectively (Table 5).

(iv) Riverside

Among the 80 accessions surveyed in riverside areas, flake shapes:like -

cordate, irregular and twisted were more frequently noticed and it was noticed in 25.00

per cent, 22.50 per cent and 20.00 per cent of the accessions. Other flake shapes like

rectangular, elongated, obovate, oblong with curved tip and spheroid were noticed less

frequently among the accessions (Table 5).

Flake shape differed widely among the accessions collected from different

topography, 24.37 per cent had cordate flakes, 23.43 per cent had irregulaf flakes and

22.50 per cent had twisted flakes. Other flake shapes like rectangular (9.68 per cént), .'

oblong with curved tip (7.81 per cent), elongated obovate (6.56 per cent) and spheroid
(5.63 per cent) were also noticed (Table 5 and Fig.25).

4.1.4.2  Biometric fruit characters

The wvariation in biometric characters of fruits and the distribution of

~ genotypes based on fruit characters are presented in Tables 6 and 7, respectively.

4.1.4.2.1 Stalk length (cm)
(i) Plains

Mean stalk length of the accessions surveyed in plains was 7.98 cm.

It varied from 1.00 to 21.50 cm with a coefficient of variation of 37.62 per cent

e



(Table 6). Regarding the distribution of genotypes under plains, majority of thve
accessions, had the stalk length of more than 5 cm (Table 7). .

(ii) Hills

Mean stalk length was found to be 8.40 cm. The stalk length varied from as

low as 2.30 cm to as high as 32.50 cm. The coefficient of variation was 38.30 per cent

(Table 6). Majority of the accessions had higher stalk length. About 37.50 per cent of
the accessions had stalk length in the range of between 5 to 10 cm and 36.25 per cent
of the accessions had stalk length higher than 10 cm (Table 7)..

(iii) Coastal areas

The mean stalk length was 7.99 cm and the range was 2.30 to 29.50 cm.
The coefficient of variation was 38.91 per cent (Table 6). About 40.00 per cent and

31.25 per cent of the accessions had stalk length in between 5 and 10 cm and more .

than 10 cm, respectively (Table 7).
(iv) Riverside

The mean stalk length was found to be 8.31 cm. The range noticed was

2.60 to 33.60 cm. Coefficient of variation was 37.89 per cent (Table 6).

Irrespective of topography, the mean stalk length of fruits was 8.01 cm and ‘

the range was from 1.00 to 33.60 cm with a coefficient of variation of 36.30 per cent
(Table 6). Wide variability was noticed among the accessions studied with'requct to
stalk length of the fruits. ' :

4.1.4.2.2 Fruit length
(i) Plains

The mean fruit length of the accessions studied under plains was 37.82 cm. -

The fruit length found to range from 18.50 to 75.60 cm. On analysing statistically, the
coefficient of variation was found to be 33.60 per cent (Table 6). Regarding the

distribution of genotypes, a majority of the accessions i.e. 66.25 per cent had the fruit _

length between 30 to 50 cm (Table 7).
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(ii) Hills

The fruit length of the accessions studied in hilly regions was found to vary

from 20.60 to 80.30 cm with a mean fruit length of 38.30 cm (Table 6). More number -

of accessions had their fruit length in the range of 30 cm and 50 cm, i.e., 63.50 per
cent (Table 7).

(iii) Coastal areas

The accessions studied had the mean fruit length of 39.36 c¢m. The range -

varied from 19.30 to 75.60 cm. The coefficient of variation was found to be 27.62 per

cent (Table 6). About 63.75 per cent of the accessions had their fruits with length in

between 30 cm and 50 cm (Table 7).
(iv) Riverside areas

The fruit length of the accessions was found to vary from 20.50 to 73.40
cm. The mean fruit length was 32.10 cm. Coefﬁcient of variation was fouhd to"b'e
31.20 per cent (Table 6). Majority of the accessions, i.e., about 61 25 per. cent had
their fruit length coming in the class interval of 30 to 50 cm (Table 7).

The mean fruit length of overall accessions was 38.61 cm with the range

varying from 18.50 cm to 80.30 cm (Plate 16). Statistical analysis of fruit length -

indicated that there exists a higher variability among the genotypes. The coefficient of

variation was found to be 28.90 per cent (Table 6).

4.1.4.2.3 Fruit girth
(i) Plains

The mean fruit girth of the accessions surveyed under plains was 65.36 cm.

Q¢

The range varied from 32.40 to 90.60 cm. Coefficient of variation was found to be

21.00 per cent (Table 6). The fruit girth of majority of the accessions, i.e., 56.25 per

cent came in the range of 60 to 80 cm (Table 7).



Plate 16. Jack fruits of varying shape and size



(ii) Hills

Fruit girth had a mean value of 64.28 cm. The rangfcv was found to vary

from 35.40 to 86.30 cm. Coefficient of variation was 21.60 per cent (Table 6). Here' .

also, majority of fruits, i.e., 51.25 per cent had the girth in the range of 60 to 80 cm
(Table 7). '

(iii) Coastal areas

The fruit girth of the studied accessions varied as low as 30.12 cm to as
high as 110.00 cm. The mean value was found to be 66.00 cm. On comparing'wi._t‘h
plains and hills, coefficient of variation was higher, i.e., 27;30 per éent (Téble 6).
Regarding the genotype distribution with respect to fruit girth, a higher per cent Vof
fruits, i.e., 27.50 had the value higher than 80 cm. It was higher than the othérv
topographical regions (Table 7). | |

(iv) Riverside areas

The girth of the fruits ranged from 30.18 to 90.30 cm with a mean value of

60.13 cm. Coefficient of variation calculated was 21.49 per cent (Table 6) About

48.75 per cent of the accessions had the fruit girth values coming in the range of 60 to
80 cm (Table 7). o

Pooling all the accessions studied irrespective of topography, the range
varied from 30.12 cm to 110.00 cm. The mean value was 64.92 cm. Coefficient of
variation was found to be 23.28 per cent indicating a wider variability (Plate 16)

among the genotypes with respect to fruit girt (Table 6).

4.1.4.2.4 Fruit weight
(i) Plains

The fruit weight recorded a mean value of 7.38 kg. The range varied from |

1.0S to 17.60 kg. Coefficient of variation was found to be higher than the other

biometric fruit characters. The coefficient of variation was found to be 43.00 per cent



(Table 6). About 52.50 per cent of accessions had the fruit weight between 5 and
10 kg (Table 7). '

(ii) Hills

The mean value of fruit weight was 7.19 'kg. The range varied from 2.25 to

20.10 kg. The coefficient of variation was 44.28 per cent indicating a greater
variability (Table 6). A majority of fruits 53.75 per cent were having the fruit weight
in the range between 5 and 10 kg (Table 7). ’

(iii) Coastal areas

The fruit weight ranged from 2.71 to 22.30 kg with a mean ‘valﬁe of 8.31

kg. The coefficient of variation found to be higher, i.e., 49.70 (Table 6). Comparéd
with plains, a higher per cent of fruits had recorded a fruit weight of above 10.0 kg
(Table 7). ' '

(iv) River side areas

The fruit weight ranged from 2.32 to 18.31 kg with a mean value of

7.02 kg. The coefficient of variation was 43.60 per cent (Table 6).

[rrespective of the topography, the fruit weight recorded the mean value of

7.46 kg with a range varying from as low aé 1.05 kg to as high as 22.30 kg; The

statistical analysis showed that there exist a higher variability among the accessions in '

terms of fruit weight. The coefficient of variation was found to be 44.68 pef cent
(Table 6). | -

4.1.4.2.4 Fruit rind weight
(i) Plains

The fruit rind weight ranged from O.42Ikg 3.76 kg with a mean value of

1.55 kg. The coefficient of variation was 27.36 per cent (Table 6).



(ii) Hills

The fruit rind weight ranged from 0.42 to 3.98 kg. The mean rind weight of
the accessions studied was about 1.59 kg. The coefficient of variation was 26.98 per
cent (Table 6). '

(iii) Coastal areas

The fruit rind weight of the accessions recorded a range from 0.39 to

4.26 kg. The mean value was found to be 1.65 kg. The coefficient of variation'was

27.26 per cent (Table 6). On comparing with plains, hills and ri_verside a h'ighe.r.per_

cent of accessions had the fruit rind weight of above 2.00 kg (Table 7).
(iv) Riverside areas

The fruit rind weight ranged from 0.49 to 4;13 kg with a mean value of
1.54 kg. The coefficient of variation was found to be 26.82 per cent (Table 6).

On considering all the 320 accessions, the mean fruit rind weight was 1.60
per cent. The range was found to be varying from 0.39 to 426 kg. The statisti_cal
anélysis showed that the coefficient of variation was found to be 27.10 per cent
indicating a wider variability among the accessions studied With respect to fruit rind
- weight (Table 6)..

4.1.4.2.6 Fruit rind thickness
(i) Plains

Mean fruit rind thickness of the accessions surveyed in plains was 1.56 cm.

It varied from 0.31 to 3.93 cm with a coefficient of variation of 10.41 per cent (Table

6). Regarding the distribution of genotypes, majority of the accessions, ie., 58.75. per

cent had the rind thickness in the interval of 1.00 to 2.00 cm (Table 7).
(if) Hills

Mean fruit rind thickness was found to be 1.61 cm. The rind'thickness

ranged from as low as 0.38 cm to as high as 3.79 cm. The coefficient of variation was



found to be 10.79 per cent (Table 6). About 61.25 per cent of the accession had the
fruit rind thickness in the range of 1.00 to 2.00 cm (Table 7). ' -

(iii) Coastal areas

The mean fruit rind thickness of the accessions studied was found to be
1.64 cm and the range was 0.28 to 3.98 cm. The coefficient of variation was 10.83 cm
(Table 6). With respect to distribution of genotypes, a higher per cent of fruits, i.e.,
22.50 per cent had the fruit rind thickness more than 2.00 cm. (Table 7) than those of

* plains, hills and riverside.
(iv) Riverside areas

The mean fruit rind thlckness was found to be 1.59 cm and it var1ed from

0. 38 to 3.92 cm. The coefficient of variation was found to be 10 29 per cent (Table 6) 3

Irrespective of topography, the mean rind thickness was 1.61 ¢m and the

range varied from 0.28 to 3.93 cm. The coefficient of variation was found to be 10.47 .~

| per cent indicating the existence of wider variability among the genotypes with respect -

to fruit rind thickness (Table 6).

4.1.4.2.7 Number of flakes per fruit
(i) Plains

The mean number of flakes per fruit of the accessions studied under plains

was 93.42. The number of flakes per fruit found to range from 6.00 to 456.00. On .

analysing statistically, the coefficient of variation was found to be 46.00 per cent. The
coefficient of variation was found to be higher than those of the other fruit characters
studied earlier (Table 6).

(ii) Hills

The number of flakes per fruit of the accessions studied in hilly regions

was found to vary from 0.00 to 420.00 with a mean number of flakes per fruit of

9e



94.69. A higher coefficient of variation of 49.91 per cent was noticed than those .of
plains (Table 6). A slightly higher percent of the accessions, i.e., 25.00 had the number
of flakes per fruit more than 200 (Table 7).

(iii) Coastal areas

The accessions studied had the mean number of ﬂakés per fruit of 107.69,
which was higher than those of other regions, plains, hills and riverside. The ran.gev
varied from 25.00 to 382.00. The coefficient of variation (49.13 per cent)‘recorde'd
was still higher than that of hills indicating a higher variability afnong the accessions
studied with respect to number of flakes than those of other three topography (Table
6). A slightly higher per cent of the accessions, i.e., 32.50 pér cent had the humber of
flakes per fruit more than 200 (Table 7). | | |

(iv) Riverside areas

The number of flakes per fruit of the accessions was found to Vary from
23.00 to 417.00 with the mean value of 94.63. The 'coeﬁicient‘vvariation vs}a_s, found to
be 46.30 per cent (Table 6). |

The mean number of flakes per fruit of overall accessions was 94.10 with
the range varying from 1.00 to 456.00. Higher values of coefficient of variation was
recorded, i.e., 48.71 thah all the above biometric fruit characters studied indicating a
higher variability among the genotypes with respect to number of flakes per fruit
(Table 6). Plate 17 shows jachfruit without any flakes. Piaté 18 shows jackfruit With é |
single flake. Plate 19 shows jackfruit with a few flakes. | | '

4.1.4.2.8 Weight of flakes per fruit
(1) Plains

The mean weight of flakes per fruit of the accessions surveyed under plains
was 2.63 kg. The range varied from 0.64 to 7.60 kg. Coefficient of variation was
found to be 37.00 per cent (Table 6).



Plate 19. Jack fruit with a few flakes
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(ii) Hills

The weight of flakes per fruit had a mean value of 2.56 kg. The range was’
found to be varying from 0.51 to 6.30 kg which was slightly narrower than other |

regions. The coefficient of variation was 37.62 per cent  (Table 6).
(iii) Coastal areas

The weight of flakes per fruit of the accessions studied varied as low as
0.98 to as high as 8.21 kg with a mean value of 2.89 kg. On comparing with plains,

hills and riverside the coefficient of variation was slightly higher, i.e., 38.36 per cent

(Table 6). Higher per cent of the accessions studied, i.e., 30.00 per cent had the weight -

of flakes per fruit more than 4.00 kg which was higher than that of the other
topographical regions (Table 7).

" (iv) Riverside areas

The weight of flakes per fruit of the accessions studied ranged from 0.79 to

8.16 kg with a mean value of 2.62 kg. Coefficient of variation r_ec_orded was 37.62. per

cent (Table 6). About 17.50 per cent had the weight of flakes per fruit more than
4.00 kg (Table 7).

Pooling all the accessions studied foregoing the'topography, the range
varied from 0.51 to 8.21 kg having a mean value of 2.76 kg. A higher coefficient of
variation of 37.94 was recorded indicating the presence of wider var1ab111ty among the

genotypes studied with respect to weight of flakes per fruit (Table 6)

4.1.4.2.9 Weight of a fresh flake with seed
(i) Plains

The weight of a fresh flake with seed recorded a mean value of 30.42 g

The range varied from 9.35 to 63.60 g and was found to be higher than those of other
topographical regions. Coefficient of variation was recorded as 20.21 per cent was

higher than that of other topographical levels like hills and coastal areas (Table 6).



Relatively higher per cent of the accessions, i.e., 25.00 per cent had the flake weight
with seed above 20.0 g (Table 7).

(ii) Hills

The mean value of a fresh flake with seed was 30.64 g. The range varied

from 9.25 to 55.00 g. The coefficient of variation was 17.31 per cent (Table 6).

~ (iii) Coastal areas

The mean value of fresh flake with seed was 32.30 g. and the rang'e’

recorded was 12.50 to 53.80. The coefficient of variation was 17.41 per cenf(Table 6). |

(iv) Riverside areas

The weight of fresh flake with seed of the accessions ranged from 7.15 to

63.20 g with the mean value of about 30.80 g. Coefficient of variation was QbServed.to_ E |

be 20.16 per cent (Table 6).

Irrespective of the topography, the weight of fresh flake with seed recorded
a mean value of 31.28 g with a range varying from 7.15 to 63.60 g. The statistical

analysis showed that there exist significant variability among the genotypes with

respect to weight of fresh flake with seed. The coefficient of variation was found to be .-

18.36 per cent (Table 6).

4.1.4.2.10 Weight of a fresh flake without seed
(i) Plains

The weight of a fresh flake without seed ranged from 7.01 to0 46.40 g with a’ |

mean value of 23.14 g. The coefficient of variation obtained was higher than those of

hills and coastal areas. The coefficient of variation was 19.19 per cent (Table 6).

Compared to other regions like hills and coastal, more per cent of fruits had the fresh

flake weight excluding seed of above 25.00 g (Table 7).

L



(if) Hills

The fresh flake weight excluding seed ranged from 7.28 to 39.80 g with a
mean value of 23.18 g. The coefficient of variation recorded was 15.98 per cent,

which was slightly lower than those of plains (Table 6).
(iii) Coastal areas

The mean value of the fresh flake weight without seed was 20.16 g and the

range was 9.48 to 39.84 g. The coefficient of variation was 15.78 per cent whlch was

slightly lower than that of plains and riverside (Table 6).

(iv) Riverside areas

The mean value of the fresh flake weight without seed was 22.16 g ha'ving‘

a range varying as low as 5.36 g to as high as 35.87 g. The coefficient of variation was

found to be 19.03 per cent, and was slightly higher than that of coastal and hill areas

(Table 6).

Considering all the 320 accessions, the mean frésh flake weighf exclﬁding
seed was 23.48 g. The range was found to be varying frorh 5.36 to 46.40 g. The
coefficient of variation was 16.28 per cent, indicating the existence of bvariability
among the accessions studied with respect to fresh flake weight excluding seed
(Table 6).

4.1.4.2.11 Flakes fruit ratio
(i) Plains

Mean flakes fruit ratio of the accessions surveyed in plains was 2.90. It |

varied from 0.79 to 4.30 with a coefficient of variation of 19.90 per cent. 'T_h_e
coefficient of variation was found to be slightly higher than that of other topographi-cal

levels (Table 6). Regarding the distribution of genotypes, ‘compared to. hills and

coastal areas, a higher per cent of the fruits, i.e., 27.50 per cent had the flakes fruit

ratio more than three (Table 7).

Lo



(ii) Hills

Mean flakes fruit ratio was found to be 2.91. The ratio varied from as low -
as 0.69 to 3.51. The coefficient of variation was found to be 15.38 per cent, which was

slightly lower on comparing with plains (Table 6).
(iii) Coastal areas

The mean flakes fruit ratio of the accessions studied was found to bé 2.96
and the range was 0.89 to 4.21. Coefficient of variation was 15.49 per cent which was

found to be slightly lower than the plains (Table 6).
(iv) Riverside areas

The mean flakes fruit ratio of the accessions studied was found to be 2,98
and it varied from 0.76 to 4.01. The coefficient of variation was found to be 19.28 per
cent which was slightly higher than hills and coastal areas (Table 6).

Irrespective of the topography, the mean flakes fruit ratio was 2.97 and the
range varied from 0.69 to 4.3. The coefficient of variation was found to be 15.28 per
cent indicating the presence of wider variability among the genotypes studied with

respect to flake fruit ratio (Table 6).

4.1.4.2.12 Flake length
(i) Plains

The mean length of the flakes of the accessions studied under 'plainsr was |
5.12 cm. The flake length found to range from 3.15 to 12.16 cm. On analysing

statistically, the coefficient of variation was found to be 17.34 per cent (Table 6).
(ii) Hills

The flake length of fruits studied under hills was found to vary from 3.98 to
10.61 cm with a mean flake length of 5.06 cm. Coefficient of variation noticed was
17.37 per cent (Table 6). '



(iii) Coastal areas

The accessions studied had the mean flake length of 5.97 cm. The range
varied from 3.76 to 13.68 cm. The coefficient of variation was 19 68 per cent, Wthh.
was higher than that of other three regions (Table 6). A-hlgher per cent (21.25 per
cent) of accessions recorded a flake length value of more than 10.00 cm than that of

other topographical leyels (Table 7).

(iv) Riverside areas

The flake length of the accessions was found to vary from 3.83 to 11.91 cm
with a mean value of 5.14 cm. The coefficient of variation was found to be 17.98 per
cent (Table 6).

The mean flake length of overall accessions was 5:10 cm with the range .
varying from 3.15 to 13.68 cm. Coefficient of variation recorded was 17.96 per cent’
indicating the existence of wider variability among the genotypes with respect to flake
length (Table 6 and Plate 20).

4.1.4.2.13 Flake girth
(i) Plains

The girth of flake recorded a mean value of 8.47 cm. The range varied
from 4.25 to 13.55 cm. Coefficient of variation was 15.62 per cent (Table 6); A higher
per cent of accessions i.e. 25.00 per cent had flake girth more than '10'.00. cm which

was higher than coastal and hill areas (Table 7).
(ii) Hills

The mean value of flake girth was 8.67 cm. The range varied from 4.36 to
13.95 em. Coefficient of variation was 15.98 per cent (Table 6). | |

(iii) Coastal areas

The mean value of flake girth was 8.49 cm. The range recorded was 4 30 to .

13.40 cm. The coefficient of variation was 15.43 per cent (Table 6).



Plate 20. Jack flakes - size and shape variation

Plate 21. Sensory evaluation of jack flakes by the panel members



(iv) Riverside areas

The flake girth of the accessions collected ranged from 4.69 to 13.68 cm
with a mean value of about 8.44 cm. Coefficient of variation observed was 15.08 per

cent (Table 6).

Irrespective of the topography, the flake girth recorded a mean value of -
8.42 cm with a range varying from 4.25 to 13.95 cm. The statistical analysis'showed :
that there exists a significant variability among the genotypes with respeét to flake

girth (Plate 20). The coefficient of variation was found to be 15.69 per cent (Table 6).

4.1.4.2.14 Flake thickness
(i) Plains

The flake thickness ranged from 0.10 to 0.43 cm with 2 mean value of 0.20

cm. The coefficient of variation obtained was 13.56 per cent (Table 6).
(ii) Hills

The flake thickness ranged from 0.10 to 0.46 cm having a mean value of ~
0.20 cm. The coefficient of variation calculated was 13.93 per cent (Table 6).

(iii) Coastal areas

The flake thickness ranged from 0 1 to 0.47 cm with a mean value of 0. 21

cm. The coefficient of variation recorded was 13.62 per cent (Table 6).
(iv) Riverside areas

The mean value of the flake thickness was 0.20. The range was 0. 10 to N
0.46 cm. The coefficient of variation was found to be 13. 36 per cent (Table 6).

Considering all the 320 accessions; the mean value of flake bthickness was
0.20 cm and the range varied from 0.1 to 0.4 ¢cm. Coefficient of variation noted was

13.62 per cent indicating the existence of variébility among the accessions studied



with respect to flake thickness (Table 6), About 50,63 per cent of the accessions had
the flake thickness in the range of 0.2 to 0.3 cm (Table 7). ‘

4.1.4.2.15 Rachis length
(i) Plains

The mean rachis length of the accessions studied under plains was 31.88

cm. The rachis length found to range: from 13.50 to 60.20 cm. On_analy‘sing'

statistically, the coefficient of variation was found to be 31.37 per cent (Table 6).

(ii) Hills

The rachis length of the accessions studied in hilly regions"wasrfound to -

vary from 14.32 to 63.58 cm with the mean rachis length of 30.28 cm. Coefficient of
variation was 32.16 per cent (Table 6). More number of accessions had their rachis

length in the range of 25.00 to 40.00 cm (Table 7).

(iii) Coastal areas

The accessions studied had the mean rachis length of 33.01 cm. The rénge

varied from 14.50 to 60.05 cm. The coefficient of variation was found to be 31.08 per
cent (Table 6). On comparing with other regions, more number of accessions i.e. 2'1 25

per cent had rachis length more than 40.00 cm (Table 7).
(iv) Riverside areas

The rachis length of the accessions was found to vary from 14,62 to 61;28
cm. The mean fruit length was 31.96 ¢cm. Coefficient of variation was found to be
- 30.73 per cent (Table 6).

The mean rachis length of overall accessions was 32.36 cm with a range

ranging from 13.50 to 63.58. Statistical analysis of rachis length indicated that there -

exists a higher variability among the genotypes. The coefficient of variation was found

to be 32.16 per cent (Table 6).



4.1.4.2.16 Rachis diameter
(i) Plains

The mean rachis diameter of the a‘ccessions‘ studied under plains was 6.49"

cm. The rachis diameter varied from 3.55 to 9.75 cm. On analysing the data

statistically, coefficient of variation was found to be 18.62 per cent (Table 6).
(if) Hills

The rachis length of fruits studied under hills was found to vary from 3.56
to 12.83 cm with the mean value of 6.43 cm. The coefficient of variation was 18.36
per cent (Table 6). '
(iii) Coastal areas

The accessions studied had the mean rachis diameter of 6.48. The range
varied from 4.05 to 9.85 cm. The coefficient of variation was found to be 18.48 per
cent (Table 6).

(iv) Coastal areas

The rachis diameter of the accessions was found to vary from 4.00 to 9.63

cm with a mean value of 6.39 cm. Coefficient of variation was found to be 18.73 per
cent (Table 6).

The mean rachis diameter of the overall accessions studied was 6.40 cm

with a range varying from 3.55 to 12.83 cm. Coefficient of variation recorded was

18.32 per cent indicating the existence of wider variability among the genotypes with
respect to rachis diameter (Table 6). Majority of the accessions had rachis diameter

between 6 and 8 cm (Table 7).

4.1.4.2.17 Perigone weight
(i) Plains
The perigone weight of the fruits recorded a mean value of 1.91 kg. The

105

range varied from 0.43 to 3.25 kg. The coefficient of variation was 22.65 per cent - |

(Table 6).



(if) Hills

vy

The mean value of the perigone weight was 1.91 kg. The range varied from -

0.69 to 4.10 kg. The coefficient of variation was 22.32 (Table 6). Higher per cent of
accessions, i.e., 51.25 per cent had perigone weig_ht'in the range of 1.0 to 2.0 kg
(Table 7). '

(iii) Coastal areas

The mean value of perigone weight of the accessions studied in coastal

areas was 1.93 kg. The range recorded was 0.49 to 3.76 kg. Coefﬁci_erit of variation

was 22.23 per cent (Table 6).
(iv) Riverside areas

The perigone weight of the collected accessions ranged from 0.43 to:
4.16 kg with a mean value of about 1.93 kg. The coefficient of variation observed was

22.32 per cent (Table 6).

Irrespective of topography the perigone weight recorded a mean value of

1.68 kg with a range of 0.43 to 4.16 kg. The statistical analysis showed that there exisf

a significant variability among the genotypes with respect to perigone Weight. The

coefficient of variation was 22.16 per cent (Table 6).

4.1.4.2.18 Peduncle weight
(i) Plains

The mean peduncle weight of the accessions studied under plains was 1.33-.

kg. The peduncle weight was found to range from 0.21 to 2.56 kg. Coefficient of

variation was 18.61 per cent (Table 6).
(i) Hills

The peduncle weight of the fruits studied under hills was found to vary

from 0.24 to 2.81 kg having a mean value of 1.32 kg. The coefficient of variation

arrived was 18.38 per cent (Table 6).



ot

(iii) Coastal areas

The peduncle weight of the accessions was found to vary from 0.27 to 2.76 |

kg with a mean value of 1.32 kg. The coefficient of variation was found to be 18.96

per cent (Table 6).
(iv) Riverside areas

The range varied from 0.26 to 2.93 kg with a mean of 1.38 kg. The

coefficient of variation was found to be 18.46 per cent (Table 6).

The mean peduncle weight of ov_eralll accessions was 1.33 kg. The"range_
was 0.21 to 2.93 kg. The coefficient of variation recorded was 18.36 per cent
indicating the presence of wider variability among the surveyed genotypes with

respect to peduncle Weight (Table 6).

4.1.4.3 Biochemical characters
4.1.4.3.1 Total sugars
(i) Plains

The mean total sugar content of the accessions studied in plains was 14.56

per cent and was higher than hills and coastal areas. The total sugar content of the

accessions was found to vary from 9.10 to 19.30 per cent. The coefﬁcient_df variation

was 26.46 per cent which was higher on comparing with hills and‘vcoastal areas
(Table 8). |

(i) Hills

The total sugar content of the accessions studied under hills was found to

vary from 8.16 to 17.28 per cent with a mean value of 12.12 per cent. The mean total

sugar content of the accessions studied in hills was found to be lower than that of

plains and riverside areas. The coefficient of variation was 21.63 per cent (Table 8).

Comparing with other regions, a higher per cent of the accessions, i.e., 33.75 per cent

had recorded the total sugar content value less than 12.00 per cent (Table 9).



(iii) Coastal areas

The accessions studied had the mean total sugar content of 12.26 per cent.
The range varied from 9.17 to 19.26 per cent. The coefficient of variation was 22.78

per cent (Table 8).
(iv) Riverside areas

The total sugar content was found to vary from 9.35to0 19.28 per cent with
a mean value of 14.38 per cent which was higher than hills and coastal areas. The
coefficient of variation was 25.49 per cent (Table 8). Comparatively a higher per cent
of the accessions i.e. 23.75 per cent had total sugar content of above 15.00 per ‘cent
(Table 9).

The mean total sugar content of the overall accessions was 13.23 per cent
- with the range varying from 8.16 to 19.30 per cent. Coefficient of variation recorded
was 23.36 pei cent indicating the existence of wide Variability among the genotypes -

with respect to total sugar content (Table 8).

4.1.4.3.2 Reducing sugars
(i) Plains

The reducing sugar content of fruits recorded a mean value .of 3.53 per -

cent. The range varied from 1.95 to 5.01 per cent. The coefficient of variation

recorded was 27.32 per cent. Similar to that of total sugar -content, the coefﬁcient of .

variation of reducing sugars also found to be highei in plains than the other three
topographical regions (Table 8). Comparatively a higher per cent of accessions i.e.

26.25 per cent had reducing sugar more than 4.00 per cent (Table 9).
(if) Hills

The mean value of reducing sugar content of the accessions studied was
2.91 per cent which was lower than that of plains and riverside. The range vaiied from

1.63 to 4.23 per cent. The coefficient of variation was found to be 22.38 per cent



Lot

(Table 8). Comparing with other regions, a higher per cent of the accessions, Le,

33.75 per cent had recorded the reducing sugar content value less than 3.00 per cent

(Table 9).

(iii) Coastal areas

The mean value of reducing sugar content was 2.98 per cent. The range

recorded was 1.89 to 5.23 per cent. The coefficient of variation was 23.12 per cent

(Table 8).

(iv) Riverside areas

The reducing sugar content of the accessions éollected'ranged from 1.86 to

5,16 per cent with a mean value of 3.54 per cent. The coefficient of variation was

26.93 per cent which was higher than hills and coastal areas (Table 8). Comparativé_ly

a higher per' cent of accessions i.e. 28.75 per cent had reducing sugar content of more -

than 4.00 per cent (Table 9).

Irrespective of the topography the reducing sugar content recorded a mean

value of 3.38 per cent with a rénge varying from 1.63 to 5.23 per cent. The coefficient

of variation was 24.32 per cent indicating the existence of wider variability among the

genotypes with respect to reducing sugar content of flakes (Table 8).

4.1.4.3.3 Non-reducing sugars
(1) Plains

The non-reducing sugar content of jack fruit accessions collected in plains

ranged from 7.15 to 14.54 per cent with a mean value of 11.01 per cent. The

coefficient of variation recorded was 26.83 per cent which was higher on comparing} |

with hills and coastal regions (Table 8).
(ii) Hills

The non-reducing sugar content ranged from 5.96 to 12.83 per cent with a

mean value of 9.68 per cent. The mean non-reducing sugar content of the accessions
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studied in hills was found to be lower than that of plains and riverside regions. The
coefficient of variation was 21.98 per cent (Table 8). Comparing with plains and

riverside regions, a higher percent of the accessions, i.e.; 28.75 per cent had recorded

the non-reducing sugar content value less than 8.00 per cent (Table 9).
(iii) Coastal areas

The non-reducing sugar content ranged from 7.63 to 14.98 per cent with a

mean value of 9.74 per cent. The coefficient of variation recorded was 22.16 per cent

R

(Table 8). Comparing with plains and riversides, a higher percentage of the accessiohs_ '

i.e. 31.25 per cent had recorded the non reducing sugar content less than 8.00 per cent
(Table 9). :

(iv) Riverside areas

The mean value of non-reducing sugar content was 11.46 per cent. The -

range varied from as low as 7.28 per cent to as high as 13.96 per cent. The coéfﬁcie_nt '

of variation was 26.78 per cent, which was higher than hills and ,coastal regions.
Comparatively a higher per cent of the accessions had non reducing sugar content

more than 12.00 per cent (Table 8).

Considering all the 320 accessions the mean value of non-reducing sugar

content was 10.94 per cent and the range varied from 5.96 to 14.98 per cent.

Coefficient of variation noted was 23.86 per cent indicating the existence of variability -

among the accessions studied with respect to non-reducing sugar content (Table 8).

4.1.4.3.4 Total soluble solids (TSS)
(i) Plains

The mean value of TSS content of the accessions studied under plain's‘wa_s
22.98°Brix. The TSS varied from 15.65 to 33.00°Brix. On analysing the 'data

statistically, the coefficient of variation was found to be 18.02 per cent, which was

found to be higher than hills and coastal areas (Table 8). A higher per cent of

accessions, 21.25 per cent had TSS value above 30°Brix (Table 9).'



(iii) Hills

The TSS content of the accessions studied in hilly regibns was found to
vary from 14.63 to 28.36°Brix with the mean value of 20.73°Brix. The mean value of'
TSS (°Brix) was found to be lower than that of plains and riverside regions. The
coefficient of variation recorded was 15.28 per cent which was lower than that of
plains and riverside areas (Table 8). Comparing with plains and riverside areas a

higher percent of accessions, i.e., 30.00 per cent recorded a TSS value of less than

20°Brix (Table 9).
(iii) Coastal areas

The accessions studied had the mean TSS value of 21.66°Brix. The range
varied from 15.26 to 32.18. The coefficient of variation was 15.26 per cent which was

found to be lower than that of plains and riverside areas (Table‘ 8).
(iv) Riverside areas

The mean TSS value noted was 22.63°Brix. The range varied from 1520
to 31.98°Brix. The coefficient of variation observed was ‘17.99 per cent (Table 8).
~ Comparing with hills and coastal areas, a slightly higher number of accessions, i.e.,
21,25 per cent recorded a TSS value more than 30°Brix (Table 2. |

The mean value of TSS recorded on overall accessions was 21.86°Brix.
The range varied from 14.63-33.00°Brix. Statistical analysis indicated that there exists
a wider variability among the genotypes. The coefficient of variation was found to be

16.02 per cent (Table 8).

4.1.4.3.5 Total acidity
(i) Plains

The total acidity of the accessions studied under plains recorded a mean
value of 2.01 per cent. The range varied from 0.62 to 4.86 per cent. Coefficient of

variation was found to be 8.68 per cent (Table 8).



(ii) Hills

The total acid content of the accessions studied under hills found to vary .

from 0.73 to 5.26 per cent with the mean value of 2.66 per cent. The coefficient of |

variation was 12.93 per cent which was higher than plains and riverside regions (Table
8). Comparing with the other regions, a higher per‘cent of accessions had 28.75 per
cent the acidity level more than 3.00 per cent (Table 9).

(iii) Coastal areas

The accessions studied had the mean acid content of 2.53 per cent. The

mean value recorded was higher than plains and riverside. It ranged from 0.63 to 491

per cent. The coefficient of variation was 12.68 per cent which was comparatively

higher than plains and riverside areas (Table 8).-

(iv) Riverside areas

The total acid content of the accessions was found to vary from 0.64 to
4.93 per cent. The mean value was 2.10 per cent. The coefficient of variation was 8.49

per cent (Table 8).

The total acidity of all the accessions irrespective of the topography had the

mean value of 2.23 per cent. The range varied from 0.69 to-5.26 per cent. The

coefficient of variation was 9.67 per cent indicating the existence of variability in -

terms of total acid content (Table 8).

4.1.4.3.6 Sugar acid ratio
(i) Plains

The mean value of sugar acid ratio observed was 7.74. The range varied

from 2.50 to 20.81. Coefficient of variation was 17.63 per cent (Table 8).
(if) Hills

The sugar acid ratio of the accessions studied varied from 3.06 to 16.83

with the mean value of 6.21 (Table 8). When comparing with other regions, a higher

percent of accessions, i.e., 33.75 per cent had sugar acid ratio less than 10 (Table 9).



(iii) Coastal areas

The Sugar acid ratio of the accessions was found to vary from 2.43 to

19.68 with the mean value of 6.08. The coefﬁcient of variation observed was 18.21

per cent (Table 8).

(iv) Riverside areas

The mean value of sugar acid ratio of the accessions was 7.68 and the

range was 2.32 to 19.49. The coefficient of variation was 17.28 per cent (Table 8).
Comparatively a higher per cent of the accessions i.e. 27.50 had sugar acid ratio more
than 15.00 (Table 9). '

The mean sugar acid ratio of the overall accessions studied was 7.21 and

the ratio varied from 2.32 to 20.81. The coefficient of variation of 17.43 pér cent

IHB—’

indicates the existence of wide variability among the accessions with respect to sugar

acid ratio (Table 8).
41.4.4 Sensory evaluation of ripened flakes

Sensory qualities of the flakes was based on six characters namely
appearance, colour, firmness, flavour, sweetness and overall acceptability. The

characters were scored 0-10 with score 0 to 2 attributed for very poor, 2.1-4 for poor,

4.1-6 for satisfactory, 6.1-8 for good and 8.1 to 10 for excellent. Means of the scores |

of the judges were ranked for each of the six characters. Frequency distribution Qf the
means was presented in the Table 11. Plate 21 shows the sensory evaluation of jack

flakes by panel members.

4.1.4.4.1 Appearance of ripened flakes

i) Plains

Appearance of ripened flakes showed a coefficient of variation of 39.00 per |

cent. The scores recorded ranged from 1.25 to 9.25. The mean score recorded was 5.3 5
(Table 10). The score of more than 8.0 for excellent appearance was recorded from

22.50 per cent of accessions, which was higher than that of other rggions-(Table 11).



(ii) Hill areas

The mean score regarding the appearance of flakes for the accessions

collected in the hills region was 5.23. The range varied from 1.25 to 8.75. The.

coefficient variation was 38.00 per cent (Table 10). 13.75 per cent of the accessions

had excellent flake appearance by recording the score range above 8.0 (Table 11).

(iii) Coastal areas

The mean score with respect to appearance of flakes was 5.32. The range
of score varied from 0.00 to 9.25. The coefficient of variation was 38.84 per cent
(Table 10). The highest score of more than 8.00 for excellent appéarance was noticed

in 16.25 per cent of accessions (Table 11).

(iv) Riverside areas

The flake appearance had recorded the score range varying from 1.50 to ‘

9.00. The mean score recorded was 5.25. The coefficient of variation observed was
37.46 per cent (Table 10). About 22.5 per cent of the accessions fecorded score range
of above 8.0 and was ranked as the excellent with respect to flake "appearvance
(Table 11). ’ |

Irrespective of the topography, the mean score recorded by the 320 -

accessions for appearance was 5.45. The range was 0.00 to 9.25: The coefficient of

variation was 36.82 per cent indicating the presence of wider variability among the

accessions with respect to flake appearance (Table '10). About 18.75 per cent of the -

accessions were having the excellent flake appearance by scoring above 8.0 (Table 11
and Fig.26).

4.1.4.4.2 Colour of the ripened flakes
(i) Plains

The colour of the ripened flakes showed a variation of 43.95 per cent. It

was higher than that of other regions. The scores recorded ranged from 1.25 to 8.75.

The mean value was 5.01 (Table 10). The highest score of above 8.0 for excellent
colour was recorded by 22.50 per cent of the accessions, which was higher than that of
hills and coastal areas (Table 11).

L
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(ii) Hills

The mean score with respect to colour of flakes was 5.05. The range varied
from as low as 1.25 to as high as 9.25. The coefficient of variation recorded was 39.23'
per cent (Table 10). The highest score of above 8.0 for excellent appearance was -

noticed only in 10.00 per cent which was lower than that of plains and riverside areas

(Table 11).
(iii) Coastal areas

The mean score regarding the colour of flakes for fhe accessions collected
in coastal areas was 5.03. The range varied from 0.00 to 9.50. The coefficient of
variation recorded was 39.78 per cent (Table 10). About 13.75 per cent of the

accessions studied had the excellent flake colour by scoring above 8.0 (Table 11).
(iv) Riverside areas

The flake colour had the score range varying from 1.50 to 8..75, . The mean
score recorded was 5.02. The coefficient of variation was 42.38 per cent (Table 10).
About 25.00 per cent of the accessions recorded a score range of above 8.00 and was

ranked as the excellent types with respect to flake colour (Table 11).

Irrespective of the topogfaphy, the mean score recorded by 320 a'cceSSio'ﬁs
for colour was 5.11. The range varied from 0.00 to 9.50. The coefficient ‘of variation
was 40.63 per cent indicating the presence of wider variability among the acc_essiohs_
with respect to flake colour (Table 10). About 17.82 per.cent of accessions had scored
above 8.0 for their excellent colour (Table 11 and Fig.27). Plate 22 shows colour

variation in jack flakes.

4.1.4.4.3 Firmness of flakes
(i) Plains

Firmness of ripened flakes showed a variation of 42.13 per cent, which was

higher than that of hills and coastal regions. The score values ranged from 1.25 to



Plate 23. Jack seeds - size and shape variation



9.25. The mean score recorded was 5.95 (Table 10). Compared to hills and coastal
areas a higher per cent (20.00%) of the accessions had excellent firmness by scoring
above 8.0 (Table 11). '

(i) Hills

The mean score with respect to firmness of flakes was 5.78. The score

range varied from 1.25 to 8.75. The coefficient of variation was 36.36 per cent (Table

Llllf

10). The highest score of more than 8.00 for excellent firmness was noticed in _8.75 per

cent of the accessions (Table 11).

(iii) Coastal areas

The mean score regarding the firmness of flakes for the accessions -

collected in coastal areas was 5.83 per cent. The range varied from 0.00 to 9.2_5..The
coefficient of variation was 36.36 per cent (Table 10). The highest score of more than
8.0 for excellent firmness was recorded in 10.00 per cent of the accessions (Table 1 1.

(iv) Riverside areas

The flake firmness had recorded the score range varying from 1.75 to 9.00.

The mean score was 5.84. The coefficient of variation was 42.00 per cent (Tablé 10). -

About 20.00 per cent of the accessions had an excellent firmness by scoring more than
8.0 (Table 11).

On considering all 320 accessions, the mean score recorded for firmness

was 5.84. The range was varying from 0.00 to 9.50. The coefficient of variation was
39.13 per cent indicating the presence of wide variability among the genotypes with
respect to flake firmness (Table 10). About 15.31 per cent of the accessions were

having the excellent flake firmness by scoring above 8.0 (Table 11 and Fig.28).

4.1.4.4.4 Flavour of ripened flakes
(1) Plains

The flavour of the ripened flakes showed a variation of 38.61 per cent. The
scores recorded ranged from 1.00 to 8.75. The mean value was 4.89 (Table 10). The
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highest score of more than 8.0 for excellent flavour was recorded from 20.00 per cent

of the accessions, which was higher than that of hills and coastal regions (Table 11).
(ii) Hills

The mean score with respect to flavour of flakes was 4.86. The range
varied from as low as 0.75 to as high as 8.75. The coefficient of variation recorded
was 43.71 per cent (Table 10). The highest score of more than 8.0 for excellent flavour
was noticed only in 8.75 per cent of the accessions (Table 11). '
(iii) Coastal areas

The mean score regarding the flavour of the flakes for the accessions

collected in coastal areas was 4.93 and the range varied from 0.00 to 8.75. The

-

coefficent of variation was 37.74 per cent (Table 10). The highest score of more than

8.0 for excellent flavour was noticed only in 6.25 per cent of the accession (Table 11).

(iv) Riverside area

The flavour had the score range varying from 1.75 to 8.75. The mean séore
recorded was 4.88. The coefficient of variation was 36.15 .pef cent (Table 10). Only

about 22.50 per cent of the accessions had an excellent flavour by scoring above 8.0
(Table 11). |

On considering all 320 accessions, the mean score recorded for flavour was

4.81. The range recorded was from 0.00 to 8.75. The coefficient of varjation was

37.98 per cent indicating the presence of wider variability (Table 10). About 14.38 per |

cent of the accessions recorded a score of above 8.0 and was ranked as excellent for

flavour (Table 11 and Fig.29).

4.1.4.4.5 Sweetness of the flakes
(1) Plains

The sweetness of the ripened flakes showed a co-efficient of variation of

39.83 per cent. It was higher than that of hills and coastal regions. The scores recorded .

ranged from 1.25 to 9.25. The mean value was 5.98 '(Table 10). The highest score of



more than 8.0 for excellent sweetness was recorded by 23.75 per cent of the

accessions, which was higher than that of hills and coastal regions (Table 1 1).

(ii) Hills

The mean score with respect to sweetness of flakes was 5.84. which was
the lower than plains and river side regions. The range varied from as low as 1.50 to as
high as 9.50. The coefficient of variation recorded was 32.96 per cent (Table 10). The

highest score range of more than 8.0 for excellent sweetness was noticed only in 7.50

per cent which was the lowest of all the other regions (Table 11).
(iii) Coastal areas

The mean score regarding the sweetness of the flakes of the acceséibns
collected in coastal areas was 5.94. The range varied from 0.00 to 9.25. ‘The
coefficient of variation recorded was 33.28 per cent (Table 10). About 10.00 per cent
of the accessions scored more than 8.0 and was ranking as exqéllent for sweetneés

(Table 11).
iv) Riverside areas

The mean score regarding the sweetness of the flakes of ‘accessions
collected in riverside areas was 5.94 and the range varied from 1.25 to .9725. The co-
efficient of variation was found to be 38.63 per cent and was found to be higher than
that of hills and riverside areas (Table 10). The highest score range ofrab'ovve 8.0 for
excellent sweetness was noticed in 23.75 per cent of the acceSsibns and was found to

be comparatively higher than that of hills and coastal areas (Table 11).

Irrespective of the topography, the mean score recorded by 320 accessions
for sweetness was 5.89. The range varied from 0.00 to 9.5. The coefficient of variation
was 35.93 per cent indicating the presence of wider variability among the accessions
with respect to sweetness (Table 10). About 16.25 per cent of accessions were having

excellent sweetness (Table 11 and Fig.30).
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4.1.4.4.6 Overall acceptability
(i) Plains

The mean score given by the panel members for sensory evaluation was
5.98, which was found to be higher than hills and coastal regions. The score for
overall acceptability found to vary from 0.50 to 9.00. The coefficient of variation was
39.63 per cent which was higher than that of hills and coastal regions (Table 10).
Comparing with other regions, more number of accessions recorded excellent in

overall acceptability, i.e., 17.50 per cent (Table 11).
(if) Hills

The mean score of overall acceptability of flakes was 5.26. The range
varied from 1.00-8.75. The coefficient of variation was 37.63 per cent (Table 10).

Only about 5.00 per cent of the accessions ranked excellent in overall aCceptability
(Table 11).

(iii) Coastal areas

12k

The overall acceptability of the flakes had recorded the scores ranging from

0.00 to 9.00. The mean score was 5.23. The coefficient of variation was 37.48 per cent

(Table 10). Only about 6.25 per cent of the accessions recorded a score range of above

8.0 and was ranked as the excellent ones with respect to overall acceptability

(Table 11).

(iv) Riverside areas

The mean score regarding the overall acceptability of ﬂakés for the .

accession collected in riverside areas was 5.10. The range varied from 2.25 to 8.75.
The coefficient of variation was 39.28 per cent (Table 10). About 15.00 per cent of the

accessions was found to be excellent in overall acceptability of the flake (Table 11).

Irrespective of the topography, the mean score for overall ac'c_eptabilit_y"

recorded by 320 accession was 5.50. The range varied from 0.00 to 9.00. The

coefficient of variation was found to be 38.36 per cent. The genotypes showed wider



\}ariation with respect to overall acceptability of flakes (Table 10). Only.about 10.95
per cent of the accessions were having excellent overall acceptability of the flakes by

scoring above 8.0 (Table 11 and Fig.31).

4.1.5 Seed characters
4.1.5.1 Descriptive characters
4.1.5.1.1 Seed shape

(i) Plains

Oblong seed shape was commonly observed (28.75 per cent) followed by
irregular seed shape (27.50 per cent). Other shapes like reniform, ellipsoid, elong'ate
and spheroid were noticed respectively in 17.50 per cent, 13.75 per cent, 8.75 per cent

and 3.75 per cent of the accessions (Table 12).
(if) Hills

Here, seed shape was irregular in majority of the accessions, i.e., 35.00 per

“cent. 31.25 per cent of the accessions had oblong seed shape, 13.75 per cent renifo.rm,' :

10.00 per cent ellipsoid, 6.25 per cent spheroid and 3.75 per cent of the genotypes
studied had spheroid seed shape (Table 12).

(iii) Coastal areas

» Oblong seed shape was commonly n'oti(_:ed (27.50 per cent). Seeds were
irregular in shape in about 28.75 per cent of the trees observed. Reniform shape was
noticed in about 20.00 per cent of the trees. Other seed shapes like spheroid and

elongate were also seen in a few of the accessions studied (Table 12).

(iv) Riverside

Here also majority of the accessions (32.50 per cent) had oblong seed
shape. In 28.75 per cent of the accessions seed shape was irregular. Reniform and
ellipsoid seed shape recorded in 18.75 per cent and 11.25 per cent of the accessions,

respectively. Elongate and spheroid shapes were also noticed in a few of the genotypes
(Table 12).

In
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A wide variation was noticed in seed shape of the accessi.ons.' (Plate 23).
Majority of the collections (30.00 per cent) had oblong seed sha;;e followed by
irregular (30.00 per cent). Reniform seed shape was observed in 17.50 per cent,
ellipsoid shape in 11.87 per cent, elongate in'6t55 per cent and spheroid in 4.06 per
cent of the trees studied (Table 12 and Fig.32). |

4.1.5.1.2 Seed surface pattern
(i) Plains

Regular striations were noticed in the seeds of 76.25 per cent of genotypes,
studied in the plains. 13.75 per cent of the accessions were having patches oh the seed
surface, while 10.00 per cent of the accessions were having uniform seed surface
(Table 12). |
(ii) Hills

75.00 per cent of the accessions had regular striations on the seed surface.
16.25 per cent were having patches on seed surface and only about 8.75 per cent of the

accessions were having uniform seed surface without any striations and patches on the
seeds (Table 12). | '

(iif) Coastal areas

Majority of the collections (78.75 per cent) were having regular striétions
on the seeds while the seeds with patches on the surface and uniform seed surface

were noticed in about 15.00 per cent and 6.25 per cent, respectively (Table 12).

(iv) Riverside areas

Seeds with regular striations on the surface were noticed in 72.50 perv cent
of the accessions whereas the seeds with patches on seed surface and uniform seeds
surface were noticed in 16.25 per cent and 11.25 per cent of the accessions,

respectively (Table 12).

Majority of the collections had regular striations on flle seeds (75.62 per
cent). Among the rest of the accessions, about 15.31 per cent of the seeds had patches |
on the seeds. Only about 9.06 per cent of the accessions had seed surface without any
striations (or) patches (Table 12). '
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4.1.5.1.3 Seed coat colour
- (i) Plains

The collections under plains had dull brown as the most frequently not'icedv'

seed coat colour. It was observed in 50.00 per cent of the trees studied. Brownish

seeds were noticed in 32.50 per cent of the accessions. Creamish and off white seed -

coat colour was noticed in a few of the collections (Table 12).
(ii) Hills

Here also the predominant seed coat colour is dull brown (48.75 per cent)

and brownish (35.00 per cent). Creamish and off-white seed colour was observed less

frequently (Table 12).

(iii) Coastal areas

Most frequently noticed seed coat colour was dull brown (55.00 per cent)
and also brownish (30.00 per cent). Creamish and off white colour was also noticed in

a few of the accessions (Table 12).

(iv) Riverside

Dull brown seed coat colour was widely prevalenvtr among the genotypes

(52.50 per cent) followed by brownish (30.00 per cent). Green and off-white seed coat

colour was also observed (Table 12).

Among the studied accessions, seed coat colour had a wide variation.

Majority of the accessions had dull brown seed coat colour (51.56 per cent) followed
by brownish seeds in 31.87 per cent of the trees. Creamish and off-white seed coat

colour was noticed 10.62 per cent and 5.93 per cent, respectively (Table 12).

4.1.5.1.4 Vivipary
(i) Plains

Viviparous seed germination was noticed only in 18.75 per cent of the

accessions studied (Table 12).



Plate 24. Viviparous jack seeds

Plate 25. Double seeded jack flake



(if) Hills

Compared to plains a higher percentage (30.00 per cent) of viviparous seed

germination was noticed (Table 12).

(ii) Coastal areas

Compared to plains, slightly higher percentage of Viviparqus seeds were

noticed (24.00 per cent) among the collection (Table 12).

(iv) River side

About 17.50 per cent of viviparous seeds were noticed among the

collections made in riverside areas (Table 12).

Observation pertaining to the vpresence (or) absence of vivipary reveals that

a majority of the accessions collected (76.87 per cent) does not have vivipary. -

Vivipary was noticed upto the extent of 23.13 per cent of the accessions studied (Table

12 and Fig.33). Plate 24 shows viviparous jack seeds. -

4.1.5.2 Biometric seed characters
4.1.5.2.1 Length of seeds
(i) Plains

The length of seeds of the accessions surveyed in plains found to yéry from
2.02 to 4.83 c¢m with a mean value of 3.28 cm. The coefficient of variation was 16.82
per cent (Table 13). |

(ii) Hills

The mean value of seed length was 3.43 cm. The range varied from as loW

as 1.98 cm to as high as 4.98 cm. The coefficient of variation was 17.92 per cent

(Table 13).

(iii) Coastal area

The mean value of seed length observed was 3.62 cm which was slightly

higher than all other regions. The range was 2.13 to 5.83 cm. The coefficient of
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variation was 16.93 per cent (Table 13). Comparing with all other three fegions, a

higher per cent of accessions had seed length more than 4.0 cm i.e 28.75 per cent
(Table 14).

(iv) Riverside areas

The range of length of seeds of surveyed accessions varied from 2.07 to

4,73 cm with the mean of 3.26 cm. The coefficient of variation was 17.63 per cent

(Table 13).

Irrespective of the topography, considering the overall accessions, the

length of seeds varied from 1.98 to 5.83 cm With the mean value of 3.39 cm. The

coefficient of variation was 17.83 per cent (Table 13). There exist wide Variability'

with respect to length of seeds among the accessions (Plate 23).

4.1.5.2.2 Girth of seeds -
(i) Plains

The girth of seeds had the mean value of 4.28 cm. The rangé oﬁserved was

3.61 to 8.30 cm. The coefficient of variation recorded was 15.01 per cent (Table 13).

(if) Hills

The girth of seeds had the range of 3.23 to 7.98 cm with the mean value of

4.21 cm. The coefficient of variation was 15.26 per cent (Table 13).

(iii) Coastal areas

The range observed with respect to girth of seeds was 3.68 to. 8.12‘cm '

having the mean value of 4.16 cm. The coefficient of variation was 15.49 per cent
(Table 13). |
(iv) Riverside areas

The mean value of girth of seeds was 4.26 cm. The range varied from 3 59

to 7.94 cm. The coefficient of variation was 15 23 per cent (Table 13).
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Analysing all the 320 accessions, the mean value was 4.23 cm. The range
varied from 3.23 to 8.30 cm. The coefficient of variation was 15.31 per cent. With -

respect to seed length, wide variability exist among the accessions collected (Table 13.

and Plate 23).

4.1.5.2.3 Hundred seed weight
(i) Plains

The range for hundred seed weight recorded was 572.00 to 2400 g with the

mean value of 1006 g. The coefficient of variation observed was 14.01 per cent
(Table 13). |

(if) Hills

The hundred seed weight of the accessions studied in hills varied from

549.00 to 2100.00 g. The mean value was 998.00 g. The coefficient of variation

recorded was 14.63 per cent (Table 13).

(iii) Coastal areas

The range and the mean value of hundred seed weight was 560.00 _td ‘

2080.00 g and 1004 g respectively. The coefficient of variation was 14.26 per cent
(Table 13). '

(iv) Riverside areas

The range and the mean value of hundred seed weight was 480.00 to

2070.00 g and 1003.00 g respectively. The hundred seed weight of the accessions

surveyed in riverside areas recorded a coefficient of variation of 14.89 per cent

(Table 13).

Irrespective of the topography, the accessions had a mean hundred seed

weight of 1002 g. The range was found to be varying from 480.00 g to 2400. .00 g. The '

coefficient of variation was 14.63 per cent (Table 13).



4.1.6 Yield character
4.1.6.1  Yield per tree per year
(i) Plains
Fruit yield per tree ranged from 21.23 to 1698,00 kg per year. The mean
value was 536.53 kg (Table 15). The co-efficient of variation was found to be 42.36

per cent (Table 15). About 41.25 per cent of the trees had yield more than 500 kg
which was higher than hills and coastal areas (Table 16).

(ii) Hills

The range recorded for yield per tree per year was 31.63 to 1412.30 kg.
- The mean value of 302.72 kg was recorded which was also lesser than that of plains

and riverside regions. The coefficient of variation was 42.00 per cent (Table 15).

(iii) Coastal areas

The range and the mean value of yield per tree ‘pér year was 42.16 .to

1383.00 kg and 312.16 respectively., The coefficient of vanatxon was 42 38 per cent

(Table 15).

(iv) Riverside areas

The mean and the reinge of yield per tree per year was 523.61 kg and 37.49
to 1710.00 kg respectively. The coefficient of variation recorded was 43.28 per cerif

(Table 15). About 37.50 per cent of the trees had yleld more than 500 kg ‘which was

higher than hills and coastal areas (Table 16).

Irrespective of topography, the mean yield pér the per year was 419.12 kg.
It ranged from 21.23 to 1710.00 kg. The coefficient of variation was 41.28 per cent.

There exists a wider variability among the collected accessions with respect the yield

per year.

4.1.6.2  Number of fruits per tree per year
(i) Plains

The number of fruits per tree per year was found to vary frorh 3.66 to'_

230.60. The mean value was 63.13. The coefficient of variation was 43.28 per cent,

oo
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Plate 26. Some of the profuse bearing genotypes



its of Thamarachakka

27. Fru

Plate



which was higher than all other regions (Table 15). Comparitively a highef per cent of

accessions, i.e., 35.00 per cent had recorded the number of fruits more than 80 fruits -

per year and this was higher than coastal and hill areas (Table 16).

(ii) Hills

The mean value of number of fruits per tree per year was 37.64 and the |

range was 6.28 to 190.13. The coefficient of variation was 44.38 per cent (Table 15).

(iii) Coastal areas

The mean and range of number of fruits per tree per year' was 38.33 and
10.39 to 184.36 respectively. The coefficient of variation was 42.18 per cent
(Table 15). |

(iv) Riverside areas

The mean and range of number of fruits per tree per year was 63.13 and

7.93 to 222.48. The coefficient of variation was 43.28 per cent (Table 15).

On analysing all the 320 accessions surveyed in four topographical levels,
the mean value was 47.94 and the range was 3.6 to 230.60. The coefficient of variation
noticed was 42.94 per cent indicating the existence of wider Variability armmong the
- accessions with respect to number of fruits per tree per year (Table 15). Plate 26

shows some of the profuse bearing genotypes.
4.1.7 Soil characters

Correlation was worked out between the soil characters like organic matter

content, organic carbon content, total nitrogen, available phosphorus and potassium

content and biometric fruit characters like fruit length, fruit girth, fruit weight, number

of flakes per fruit, weight of flakes per fruit, fruit number and yield.‘No signiﬁcaht

correlation was obtained.

Correlation was also worked out between the analysed soil characters and

biochemical characters of the flake like reducing sugar, non reducing sugar, total

sugar, acidity and TSS. No significant correlation was obtained.
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Correlation was worked between the analysed soil characters and sensory
qualities of flakes like appearance, colour, flavour, firmness, sweetness and overall

acceptability. No significant correlation was obtained.
4.1.8 Character association

Character association was worked out between tree, leaf, fruit‘ and seed

characters.

4.1.8.1 Tree characters

4.1.8.1.1 Tree shape and tree growth habit

Association of tree shape and tree growth habit was significant. Pyramidal

tree shape and erect growth habit was common followed by'broadlyv pyramidal tree

shape and erect growth habit. Obovate tree shape was commonly associated with

spreading tree growth habit. Similarly, the oblong trees were frequently associated

with semi-erect growth habit. Spreading trees were more commonly having

semicircular growth habit. Elliptical trees were more frequently notlced w1th semi-

erect tree growth habit (Table 17).
4.1.8.1.2 Tree shape and branching density

Association of tree shape and branching density was signiﬁ'cant.’Pyramidal
trees with low branching density were common. Semicircular and broadly pyraridal

trees were more frequently having intermediate branching density. Obovate and

oblong trees were commonly associated with higher branching density. E111ptlca1 trees '

were commonly noticed with lower branching density (Table 18)
4.1.8.1.3 Tree growth habit and apical dominance

There was significant association between tree growth habit and apical

dominance. Association of strong apical dominance with erect trees were more

common followed by semi-erect trees. Spreading trees frequently had intermediate -

apical dominance while drooping trees had weak apical dominance (Table 19).



Distribution of trees according to tree shape and tree growth habit

Table 17.
Sl. No. | Tree shape - Tree growth habit
Erect Semi-erect | Spreading Drooping
1. Pyramidal 67 9 1 0
2. Broadly 27 17 4 1
pyramidal
3. Obovate 3 6 16 7
4. Oblong 3 11 7 - 6
5. Semicircular 6 9 14 3
6. Elliptical 8 10 6 3
7. Irregular 26 25 12 6
. Chisquare . 2551.887%*
**Significant at 0.01 level :

Table 18. Distribution of trees according to tree shape and branching dénsity

SI. No. | Tree shape Branching density
B Low Intermediate High
1. Pyramidal 36 35 6
2. Broadly 7 23 13
pyramidal '
3. Obovate 6 10 16
4. Oblong 7 6 14
5. Semicircular 10 18 4
6. Elliptical 11 9 7
7. Irregular 15 33 74
Chi square 2412.455%*
**Significant at 0.01 level '

Table 19. Distribution of trees according' to tree growth habit and apical dominance

SL No. | Tree growth Apical dominance
habit Weak Intermediate Strong
1. Erect 10 54 73
2. Semi-erect 13 40 44
3. Spreading 23 32 5
4. Drooping 16 8 2
L Chi square 1767.563**

**Signifi

cant at 0.01 level



4.1.8.1.4 Branching density and branching pattern

Association of branching density and branching pattern was significant.
Trees with erect branching pattern and low branching density were cdmmon. Trees
with verticilliate, horizontal and opposite branching pattern were frequently found to

have intermediate branching density (Table 20).
4.1.8.2 Fruit characters
4.1.8.2.1 Fruit shape and junction of stalk attachment

There was no significant association between fruit shape and junction of
stalk attachment (Table 21). -

4.1.8.2.2 Fruit shape and flake shape

No significant association was recorded between fruit shapé ‘and flake
shape (Table 22).
4.1.8.2.3 Shape of the spines on the fruit and latex exudation

There was no significant association between shape of the spines on the
fruit and latex exudation (Table 23). - |

4.1.8.2.4 Spine density and latex exudation

There was no signiﬁcanf association between spine density of fruits and
latex exudation (Table 24). ' o
4.1.8.2.5 Fruit clustering habit and fruit shape

Significant association was noticed between fruit clixstéring habit and fruit
shape. Oblong fruits and solitary habit were commonly noticed followed by spheroid
fruits with clustering habit (Table 25).

4.1.8.4  Seed characters
4.1.8.4.1 Fruit shape and seed shape

No significant association was noticed between fruit shape and seed shape
(Table 26).



Table 20. Distribution of trees according to branching pattern and branching density

[SI. No. | Branching Branching density
pattern Low - Intermediate High
1. Erect 43 29 19
2, Opposite ; 18 ; 30 14
3. Verticilliate 16 27 14
4, Horizontal 12 20 10
5. Irregular 23 38 17
Chi square 688.79**

**Significant at 0.01 level

Table 21. Distribution of trees according to fruit shape and junction of stalk

attachment
S1. No. | Fruit shape Junction of stalk :
Depressed -~ Flattened Inflated

1. Obloid 10 3 0
2. Spheroid 23 10 5
3. High spheroid 21 18 4
4, Ellipsoid 10 o] 5 5
5. Clavate 4 . 3
6. Oblong 68 13 !
7. Broadly 37 : 15 3

ellipsoid x :
8. Irregular - 41 15 ' 3

Chisquare 19.03 NS~ ‘

NS - Non significant

Table 22. Distribution of trees according to fruit shape and flake shape

Sk Fruit » ) ~ Flake shape . ‘ ]
No. | shape Spherold | Cordate | Twisted | Elongated| Rectangular | Oblong | Irregular
obovate 2
1. Obloid 1 3 3 1 1 1 3
2, Spheroid 1 9 8 3 5 -3 9
3, High 5 9 9 3 5 3 9
spheroid ' : :
4, Ellipsoid 1 5 4 1 2 2 5
S. Clavate 1 2 2 1 1 1 2
6. Oblong 4 20 20 5 7 6 20
7. Broadly - 3 14 13 3 4 4 14
ellipsoid :
8. Irregular 2 16 13 4 6 5 13
L | Chisquare 14.64 NS

NS - Non significant



Table 23. Distribution of trees according to-shape of spines and latex exudation
SI. No. | Shape of Latex exudation ‘
spine Low Medium - High
l. Sharp pointed 6 70 15
: Intermediate 10 160 35
3. Flat 2 17 5
Chisquare 1.02NS

NS - Non significant

Table 24. Distribution of trees according to spine-density and latex exudation

S1. No. | Latex Spine density
exudation Sparse Dense
1. Low 3 15
2. Medium 43 199
3. High 10 45
Chisquare

NS - Non significant

Table 25. Distribution of trees according to fruit clustering habit and fruit shépe

0.116NS

Sl No. Fruit shape Fruit clustering habit
Solitary Cluster
1. Obloid 8 5
2. Spheroid 27 37
3. High spheroid 36 3
4. Ellipsoid 12 - 8
5. Clavate 6 4
6. Oblong 70 12
7. Broadly ellipsoid 48 8
8. Irregular 42 17
Chisquare - 436.70%*

** Significant at 0.01 level



Table 26. Distribution of trees according to seed shape and fruit shape

Sl. | Fruit shape Seed shape

No. Spheroid Ellipsoid | Elongate Oblong Reniform Irregular

1. Obloid R 2 1 4 2 3

2. Spheroid 2 5 2 12 6 11

3. High 1 5 2 14 8 12
spheroid

4. Ellipsoid 1 2 1 6 4 6

5. Clavate 1 1 1 2 2 3

6. Oblong 3 9 3 27 15 24

7. Broadly 2 6 3 18 9 16
ellipsoid

8. Irregular 2 8 2 19 10 18
Chisquare 33.06NS

NS - Non significant

Table 27. Distribution of trees according to flake shape and seed shape

Sl. |} Flake shape Seed shape

No. Spheroid | Ellipsoid | Elongate Oblong Reniform Irregular

1. Spheroid 1 2 1 6 3 5 :

2. Cordate 2 9 3 25 14 25

3. Twisted 2 8 3 23 14 22

4. Elongated 2 3 2 6 -3 5

5. Rectangular 1 4 1 10 5 10

6. Oblong with 3 4 3 7 3 5
curred tip

7. Irregular 2 8 2 25 14 24
Chisquare 14.64NS

NS - Non significant -



4.1.8.4.2 Seed shape and flake shape

No significant association was noticed between seed shape and flake shape
(Table 27). '

4.1.9 Influence of descriptive characters on biometric characters
Analysis of variance was conducted to find out the relationship between

descriptive and biometric characters of jack tree.

4.1.9.1  Leaf characters
4.1.9.1.1 Leafshape on leaf length

There was significant difference in the length of leaves between different
shapes of leaves. Broadly elliptic leaves hadv maximum the length and lanceolate

leaves had the minimum (Table 28).

4.1.9.1.2 Leaf shape on leaf breadth

There was significant difference in the breadth of leaves between different
shapes of leaves. Broadly elliptic leaves had maximum breadth followed by obovate

and oblong leaves. The lanceolate leaves had the minimum (Table 29).

4.1.9.1.3 Leaf shape on length/breadth ratio of leaves

There was significant difference in the length/breadth ratio between the

Lk

leaves of different shapes. Lanceolate leaves had the maximum length and breadth of -

leaves followed by elliptic leaves. Broadly elliptic leaves had the minimum
(Table 30). | -

4.1.9.1.4 Leaf shape on petiole length of leaves

There was no significant difference in length of petiole between different

shapes of leaves (Table 31).

4.1.9.2 Fruit characters
4.1.9.2.1 Fruit shape on fruit length

There was significant difference in fruit length between fruits of different

shapes. Oblong fruits had maximum length (47.59 cm) followed by broadly ellipsoid



Table 28. Effect of leaf shape on leaf length

S1. No. Leaf shape Leaf length (cm)
1. Obovate 13.91
2. Elliptic 14.38
3. Broadly elliptic 15.36
4, Oblong 12.96
5. Lanceolate 11.98
CD (0.05) 0.934
Table 29. Effect of leaf shape on leaf breadth
Sl. No. Leaf shape Leaf breadth (cm)
1. Obovate 8.34
2. Elliptic 6.99
3. Broadly elliptic 10.38
4. Oblong 8.02
S. Lanceolate 6.02
CD (0.05) 0.286

Table 30. Effect of leaf shape on length/breadth ratio of leaves

S1. No. Leaf shape Llength/breadth ratio
L. Obovate 149
2. Elliptic 1.58
3. Broadly elliptic 1.11
4. Oblong 1.21
3. Lanceolate 1.82
CD (0.05) 0.10

Table 31. Effect of leaf shape on petiole length of leaves

| S1. No. Leaf shape Petiole length
1. Obovate 31.28
2. Elliptic 29.31
3. Broadly elliptic 30.63
4. Oblong 31.23
S. Lanceolate 30.49
ANOVA NS
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Table 32. Effect of fruit shape on fruit length

S1. No. Fruit shape Pruit length (cm)
1. Obloid 32.63
2. Spheroid 33.62
3. High spheroid 32.89
4, Ellipsoid 36.23
5. Clavate 39.48
6. Oblong 47.59
7. Broadly ellipsoid 46.73
8. Irregular 43.28
CD (0.05) 1.02
Table 33. Effect of fruit shape on fruit girth
S1. No. Leaf shape Fruit girth (cm)
1. Obloid - 66.28
2. Spheroid 65.36
3. High spheroid 66.39
4. Ellipsoid 67.26
5. Clavate 66.93
6. Oblong 65.26
7. Broadly ellipsoid 65.91
8. Irregular ' 65.23
ANOVA NS
Table 34. Effect of fruit shape on fruit weight
Si, No. Fruit shape Fruit weight (kg)
1. Obloid 7.29
2. Spheroid 6.91
3. High spheroid 7.63
4. Ellipsoid 8.28
5. Clavate 9.98
6. Oblong 10.36
7. Broadly ellipsoid 9.28
8. Irregular 6.98
L CD (0.05) 0.312

~



(46.73 cm). Obloid fruits had the minimum fruit length (32.63) followed by high
spheroid (32.89 cm) (Table 32).

4.1.9.2.2 Fruit shape on fruit girth

No significant difference was noticed in fruit girth between the fruit of
different shapes (Table 33). |

- 4.1.9.2.3 ' Fruit shape on fruit weight

There was significant difference in fruit weight between fruits of different
shapes. Oblong fruits had the maximum (10.36 kg) followed by clavate (9.98 kg).
Spheroid fruits had the minimum (6.91) (Table 34).

4.1.9.2.4 Fruit shape on flake length

No significant difference in flake length between fruits of different shapes -

was noticed (Table 35).
4.1.9.2.5 Fruit shape on seed length

There was no significant difference in seed length between different shapes
of fruit (Table 36).

4.1.9.2.6 Fruit clustering habit on fruit length

Significant difference in fruit length between solitary and clustering fruits.
Solitary fruits had maximum fruit length (42.16 c¢cm) followed by clustering fruits
(35.28 cm) (Table 37). -

4.1.9.2.7  Fruit clustering habit on fruit girth

Significant difference in fruit girth between solitary and clustering fruits '

was noticed. Solitary fruits had more fruit girth (66.58 cm) on comparing with cluster

fruits (58.36 cm) (Table 38).

LT



Table 35. Effect of fruit shape on flake length

Fruit weight (kg)

SI. No. Fruit shape

1. Obloid 7.83

2. Spheroid 7.91

3. High spheroid 6.91

PZ Ellipsoid 7.63

5. Clavate 7.48

6. Oblong 7.49

7. Broadly ellipsoid 7.38

8. Irregular 7.61
ANOVA NS

Table 36. Effect of fruit shape on seed length

S1. No. Fruit shape Seed length

1. Obloid 3.62

2. Spheroid 3.52

3. High spheroid 3.49

4, Ellipsoid 3.68

5. Clavate 3.48

6. Oblong 3.72

7. Broadly ellipsoid 3.61

8. Irregular 3.59
ANOVA NS

Table 37. Effect of fruit clustering habit on fruit length

S1. No. Fruit clustering habit Fruit length

1. Solitary 42.16

2. Cluster 35.28

L CD (0.05) 3.283

Table 38. Effect of fruit clustering habit on fruit girth

S1. No. Fruit clustering habit Fruit girth (cm)

1. Solitary 66.58

2. Cluster 58.36
CD (0.05) 4.231

/HQ’



Table 39. Effect of fruit clustering habit on fruit weight

''SI. No. Fruit clustering habit Fruit weight (kg)
Solitary 9.29
Cluster 7.63
CD (0.05) 0.983

Table 40. Effect of junction of stalk attachment to fruits on fruit length

| SI. No. Junction of stalk attachment to Fruit length (cm)
fruit '

1. Depressed 39.86

2. Flattered 40.13

3. Inflated 30.12
ANOVA NS

Table 41. Effect of junction of stalk attachment to fruit on fruit girth

S1. No. Junction of stalk attachment to Fruit girth (cm)
fruits . .

1. Depressed 63.89

2. Flattered 65.28

3. Inflated 64.36
ANOVA NS

Table 42. Effect of junction of stalk attachment to fruit on fruit weight

S1. No. Junction of stalk attachment to Fruit weight (kg)
fruits :

l. Depressed 8.76

2. Flattered 8.63

3. Inflated 8.49
ANOVA NS

Table 43. Effect of shape of the spines on flake weight

S1. No. Shape of spines Flake weight (kg)

L. Sharp pointed 2.83

2. Intermediate 2.91

3. Flat 2.64
ANOVA NS

—_—
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4.1.9.2.8 Fruit clustering habit on fruit weight

Significant difference in fruit weight between solitary and clustering fruits
was recorded. Solitary fruits had more fruit weight (9.29 kg) on comparing with those
of cluster fruits (7.63 kg) (Table 39).

4.1.9.2.9 Junction of stalk attachment to fruits on fruit length

No significant difference in fruit length was noticed between different
types of junction of stalk attachment to fruits (Table 40).
4.1.9.2.10 Junction of stalk attachment to fruits on fruit girth

No significant difference in fruit girth was noticed between different types
of junction of stalk attachment of fruits (Table 41).
4.1.9.2.11 Junction of stalk attachment to fruits on fruit weight

No significant difference in fruit weight was noticed between different
types of junction of stalk attachment of fruits (Table 42).
4.1.9.2.12 Shape of the spines on flake weight

No significant difference in flake weight between the different shapes of
the spines was noticed (Table 43). '
4.1.9.2.13 Shape of spines on fruit weight

No significant difference in fruit weight between the different shapes of the

spines was recorded (Table 44).

4.1.9.2.14 Flake shape on flake length

Significant difference in flake length between different ﬂéke shapes was
observed. Oblong flakes with curved tip recorded maximum flake length (7. 33 cm)
followed by twisted (6.48 cm). Spheroid flakes had the minimum (526 cm)
(Table 45). :



Table 44. Effect of shape of the spines on fruit weight

SI. No. Shape of spines Fruit weight (kg)

1. Sharp pointed 8.69

2. Intermediate 8.91"

3. Flat 8.28
ANOVA NS -

Table 45. Effect of flake shape on flake length

SI. No. Flake shape Flake length (cm)

1. Spheroid 5.26

2. Cordate 6.13

3. Twisted 6.48

4. Elongated obovate 5.87

5. Rectangular 6.38

6. Oblong with curved tip 7.33

7. Irregular 5.93
CD (0.05) 0.028

Table 46. Effect of flake shape on seed length

S1. No. Flake shape Seed length (cm)

1. Spheroid 3.23

2. Cordate 4.16

3. Twisted 4.21

4. Elongated obovate 338

5. Rectangular 4.19

6. Oblong with curved tip 4.91 -

7. Irregular 3.52
ANOVA NS

Table 47. Effect of density of the spines on flake weight

SL No. Density of spines Flake weight (kg)

1, Sparse 221

2. Intermediate 2.83

3. Dense 3.01
ANOVA NS




Table 48. Effect of density of spines on fruit weight

Flake weight (kg)

S1. No. Density of spines
1. Sparse 8.36
2. Intermediate 8.79
3. Dense 9.23
ANOVA NS
Table 49. Effect of seed shape on seed length
SI. No. Seed shape Seed length (cm
1. Spheroid 3.28 :
2. Ellipsoid 3.52 .
3. Elongated 4.19
4, Oblong 4.93
5. Reniform 3.68
6. Irregular 3.36
CD (0.05) 0.142




4.1.9.2.15 Flake shape on seed length

There was no significant difference in seed length between different flake

shapes (Table 46).

4.1.9.2.16 Density of spines on flake weight

There was no significant difference in flake weight between varying
density of spines (Table 47).
4.1.9.2.17 Effect of density of spines on fruit weight

There was no significant difference in fruit weight between varying density

of spines (Table 48).

4.1.9.3  Seed characters
4.1.9.3.1 Seed shape on seed length

There was significant difference in seed length between different seed

- shapes. Oblong seeds had maximum seed length followed by elongated seeds.

Spheroid seeds recorded the minimum (Table 49).

4.1.10 Correlation

Correlation was worked out between leaf characters, fruit characters,
biochemical characters and sensory qualities of flakes. Correlation was also worked
out between biometric and biochemical fruit characters, between biochemical and

sensory qualities of flake and between biometric and sensory qualities of flakes.

4.1.10.1 Leaf characters

Correlation coefficient between leaf characters are presented in Table 50. -

Leaf length had highly significant positive correlation with leaf area and petiole

length. It is also significantly correlated positively with leaf width.

Leaf width had highly significant positive correlation with leaf area. Petiole

length had highly significant negative correlation with leaf width (Table 50).
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4.1.10.2  Fruit characters
4.1.10.2.1 Biometric fruit characters

The correlation matrix for biometric characters of the fruits are présented in

the Table 51.

Yield of the fruit had highly significant positivé correlation with fruit

length, fruit diameter, fruit weight, weight of flakes and fruit number. Yield had

significant positive correlation with number of flakes, rachis length, perigone weight,

seed weight and peduncle weight (Table 51).

Correlation between stalk length and fruit number was found to be
significant (Table 51).

Correlation between fruit length and other fruit characters like fruit '

diameter, fruit weight, rind weight, number of flakes, weight of flakes, rachis length,
rachis diameter, perigone weight, seed weight, peduncle weight and fruit number were

found to be highly significant. Among these, fruit number was negatively correlated

with fruit length. Significant correlation was also observed between fruit length and

other fruit characters like flake length, seed length and seed girth (Table 51).

Highly significant correlation was observed between fruit diameter and
 other fruit characters like fruit weight, rind weight, number of flakes, weight of flakes,
flake length, rachis length, rachis diameter, perigoné weight, seed weight, seed length
and fruit number. Among these, the correlation betWeen fruit diameter and fruit

number was highly negative (Table 51).

Fruit weight had highly significant positive correlation with fruit rind
weight, number of flakes, weight of flakes, flake length, rachis length, rachis» diameter,
perigone weight, seed weight, peduncle weight, seed length and fruit number. Arﬁong
these, the correlation between fruit weight and fruit number was highly negative
(Table 51). |

Highly significant positive correlation was noticed between fruit rind

weight and other fruit characters like number of flakes, weight of flakes, ﬂake'length,



rachis length, rachis diameter, perigone weight, seed weight, peduncie Wei'ght, seed
~ length and seed girth. The correlation between fruit rind weight and fruit number was
found to be highly negative (Table 51).

Number of flakes had highly significant positive correlation with weight of

flakes, rachis length, rachis diameter, peduncle weight and seed weight. The number

of flakes had highly significant negative correlation with perigone weight, fruit .

number and flake weight without seed (Table 51).

Highly significant correlation was observed between weight of flakes and
other fruit characters like weight of flakes fruit ratio, flake length, rachis length, rachis
diameter, seed weight and peduncle weight. Highly significant negative correlation

was also observed between weight of flakes and perigone weight and fruit number.

Significant positive correlation was noticed between weight of flakes and seed length

(Table 51).

Flake weight with seed had significant positive correlation with other fruit
- characters like flake weight without seed, flake length and flake gi‘rth (Tabl'e'S D).

Flake weight without seed and other fruit characters like flake fruit ‘r‘at.io,

flake girth, were significantly correlated (Table 51).

Flake length had highly significant positive correlation with other fruit
characters like flake girth, seed weight and seed length. Significant positive cbrr_elétion:

was noticed between flake length and seed girth (Table 51).
Flake girth had significant positive correlation with seed girth.

Rachis length had highly significant positive correlation with rachis
diameter, perigone weight, seed weight, peduncle weight, and fruit number. Among
these the correlation between rachis length and fruit number is highly negative.

Significant positive correlation was observed between rachis length, seed length and

girth (Table 51).

15y
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Highly significant positive correlation was observed between rachis
diameter and other characters like perigone weight, seed weight and peduncle weight.
Highly significant negative correlation was observed between rachis diameter and fruit

number (Table 51).

Correlation of perigone weight with other fruit characters like seed weight,

peduncle weight, seed length and fruit number was highly signiﬁcant. Among these,
the number of fruits and perigone weight had highly significant negative correlation
(Table 51).

Seed weight had highly significant positive correlation with other 7

characters like peduncle weight, seed length and seed girth. Highly significant

negative correlation was observed between seed weight and fruit number (Téble 5_1.)}.,

Peduncle weight had highly significant negative éorrelation with fruit

number.

Seed length had highly significant positive correlation with seed girth and

significant negative correlation with fruit number (Table 51).

4.1.10.2.2 Biochemical characters of flakes

The correlation matrix for biochemical characters of flakes has been

presented in Table 52.

Non reducing sugar had highly significant positive correlation with other
biochemical characters like reducing sugars, total surgérs, sugar acid ratio and TSS
(°Brix) content. Reducing sugars had highly significant positive correlation with total
sugars and TSS (°Brix). Tofal sugars had highly significant positive correlation with.
sugar acid ratio and TSS (°Brix). Acidity had highly significant negative correlation

with sugar acid ratio. Sugar acid ratio had significant positive correlation with TSS

(°Brix) (Table 52).
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4.1.10.2.3 Sensory qualities of ﬂake&

The correlation matrix between the sensory qualities of flakes is presented -

in Table 52.

Flake appearance had highly significant positive correlation with colour,

firmness, flavour, sweetness and overall acceptability.

Flake colour had highly significant positive correlation with flavour, -

firmness, sweetness and overall acceptability.

Flavour, sweetness and overall acceptability of flakes had highly

significant positive correlation with flake firmness.

. Flavour of flakes had highly significant positive correlation with sweetness
and overall acceptability. Sweetness of flakes had highly significant positive
correlation with overall acceptability of the flakes (Table 52). |

4.1.10.3 Correlation between biometric and biochemical fruit characters

Correlation was worked out between biometric fruit characters like length,
diameter, weight, rind weight, rind thickness, number of flakes, weight df flakes,
weight of seed and peduncle weight and biochemical fruit characters like ‘reducing
sugars, total sugafs, sugar acid ratio and TSS. No significant results were obtained
(Table 52). | |

4.1.10.4 Correlation between biochemical and sensory qualities of flakes

The correlation between biochemical and sensory qualities of flakes are
presented in Table 52. The biochemical characters of flakes like non reducing sugars,
reducing sugars, total sugars, sugar acid ratio, TSS, had highly positive significant

correlation with sensory qualities like sweetness and overall acceptability.
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4.1.10.5 Correlation between biometric characters of fruit and sensory qualtttes of '

flakes

No significant correlation was obtained between biometric characters of
fruit like length, diameter, fruit weight, rind weight and rind thickness, number of
flakes, weight of flakes, weight of seed and peduncle weight. Sensory qualities of

flakes like appearance, colour, firmness, flavour, sweetness and overall acceptability.

4.1.11 Path analysis

Path analysis was conducted to workout the direct and indirect effects of
selected factors on yield and overall acceptability of flakes.
4.1.11.1 Direct and indirect effects of biometric characters of fruit on yield

The direct and indirect effects of selected biometric characters of fruit on

yield are presented in Table 53. Fruit length, fruit weight, seed length and fruit number

“had direct effect on yield. Number of flakes, rachis length and fruit weight had indirect -

effect on yield via. fruit length. Number of flakes, weight of flakes, rachis length,

perigone Weight, seed weight and peduncle weight had indirect positive effect on yield |

via. fruit weight.

Fruit length, fruit weight, number of flakes, weight of flakes per frliit,
rachis length, perigone weight and seed weight had indirect negative effect on yield

via. fruit number.

4.1.11.2  Direct and indirect effects of biochemical and sensory qualities of ﬂakes
on overall acceptability of flakes

The direct and indirect effects of biochemical and sensory qhalities of

flakes are overall acceptability of flakes is presented in Table 54. Non reducing sugars,
reducing sugars, total sugars, firmness, colour, flavour and sweetness had direct

positive effect on overall acceptability of flakes.

Reducing sugars, total sugars, sugar acid ratio, TSS and sweetness had

indirect effect on overall acceptability of flakes via. Non reducing sugars. Total

G v
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sugars, non reducing sugars, sugar/acid ratio, TSS and sweetness had indirect effect on
overall acceptability of the flakes. Non reducing sugars, total sugars, reducing sugars, -
TSS, firmness and flavour had indirect effect on overall acceptability via. sweetness

(Table 54).
N

4.1.12 Genetic diversity

As élready seen, the analysis of variance indicated the existence of
variability for all the above mentioned characters studied among the 80 accessions
collected in each of four topographical regions and also arﬁong 320 accessions on
considering 'irrespective of topographical levels. These data were. consequently

subjected to multivariate analysis utilising non-hierarchial euélidean cluster analysis.

i) Plains

The average inter and intra-culster D values are presented in Table 55. The
clusterwis'e”composition of accessions are presented in Table 56. The computed D
values varied from 95.84 to 795.71. Cluster I had the maximum number of 17
accessions and VI had the minimum number of two accessions. The 'maximur_n:

intercluster distance (795.71) was noticed between' IX and I‘ -and the minimufn
(208.49) was observed between VII and II. '

The maximum cluster means for fruit length (56.20 cm), frliit weight
(15.69 kg), rachis length (49.62 cm), perigone weighf (2.63 kg), seed weight (3.32 kg),
- weight of peduncle (1.85 kg), sugar acid ratio (11.89) and yield (77_3.90 kg) Was _
recorded by cluster III. Cluster I record the maximum cluster inéan for fruit nurﬁb’er
(182.38). Cluster II had the maximum cluster means for appearance (8.07), colour

(7.85), firmness (7.76), flavour (7.83) and overall acceptability (7.47). Cluster VI

recorded the maximum cluster mean for acidity (3.46). Cluster IX had the maximum -

cluster means for total sugars (17.07 per cent), TSS (28.76°Brix) and sweetness (7.83)
cluster X had the maximum cluster means for number of flakes (288.62) and weight of

flakes (5.09 kg) (Table 57).
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Table 56.Composition of clusters based on D statistic in jack accessions collected

from plains

Cluster | Number | Accessions in the cluster
number | of entries
in cluster ' '
I 17 2, 13,18, 24,28, 30, 31, 36, 42, 45, 56,.57, 61, 67, 69, 76, 80
I 15 4,5,6,16,21, 29, 33, 34, 41, 54, 62, 65, 72, 74, 77
i} 8 7,9, 10, 17, 20, 44, 50, 70
v 4 1,8,27,51
A% 6 37, 38, 39, 59, 64, 79
VI 2 11,47
VII 6 23,32, 53, 60, 73,75
VIII 16 12, 14, 15, 19, 26, 35, 40, 43, 48, 49, 52, 55, 58, 63, 66, 68
IX 3 3,71,78
X 3 22,25, 46
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ii) Hills

The average inter and intra-cluster D values are presented in Table 58. The

- cluster wise composition of accessions are presented in Table 59. The computed D

values varied from 104.26 to 968.99. Cluster I had the maximum number of

accessions (20) and III had the minimum accessions (2). The maximum ‘interclus_ter

distance (968.99) was observed between VI and VIII and the minimum (209.22)

between VI and X.

The cluster means for the fruit length (53.38 cm), fruit weight (15.47 kg),
number of flakes (288.62), weight of flakes (5.09 kg), rachis length (47.02 cm),
perigone weight (2.55 kg), seed weight (2.93 kg) and-sugar acid ratio (8.51) were

noticed in cluster III. Cluster VIII recorded the maximum cluster mean values for

appearance (8.05), colour (7.86), firmness (7.75), flavour (7.84), sweetness (7.98) and -

overall accéptability (7.48). Cluster IX recorded the maximum cluster mean for weight
of peduncrle'(1.83 kg), cluster VI for acidity (3.36 per cent), cluster V for total sugar
~ (13.74 per cent) and cluster II for TSS (28.76°Brix). Cluster I recorded th¢ maximum
cluster mean values for fruit number (175.17) and yield (6‘78.487kg) (Tabie 60).

iii) Coastal areas

The average inter and intra-cluster D values are aligned in Table 61. The
cluster-wise composition of accessions are presented in Table 62. The computed D
values varied from 133.74 to 1208.56. On the basis of relative magnitude of D values,

all the 80 entries were grouped into ten clusters so that the accessions within a cluster

had smaller D values among themselves than those belonging to diff_ererit clusters.

Group I had the maximum number of genotypes, i.e., 16. The minimum number was
in group II and X. The maximum intercluster distance was noticed between cluster I
and IV, i.e., 1208.56 indicating the maximum genetic distance between cluster I and
[V. The minimum intercluster distance noticed between the clusters IV and VI, ie.,

234.23 indicating the least genetic difference between the clusters.

The maximum cluster means for fruit length (57.12 cm), fruit weight

(15.75 kg), number of flakes (279.29), weight of flakes (5.06 kg), seed weight -

Lbg
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Table 59.Composition of clusters based on D statistic in jack accessions collected
from hill areas

Cluster | Number | Accessions in the cluster -
number | of entries
in cluster A .
1 20 6, 7, 22, 25, 26, 36, 38, 42, 44, 48, 52, 54, 56, 57, 58, 60, 66,
67, 68, 62 ,'
11 16 14, 20, 23, 31, 39, 40, 41, 47, 50, 51, 61, 63, 65, 69, 74, 78
I 2 15,30
v 6 5,10,19,34,79,5
\% 4 8,9,11, 37
VI 12 2,3, 16, 33, 35, 46, 53, 55, 62, 64, 71, 73
VIl 9 12, 15, 16,27, 27, 29, 32, 49, 76
VIII 4 1,21,24,70 '
IX 3 4,43, 80
X 4 18,45, 59,75
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Table 62.

Composition of clusters based on D statistic in jack accessions collected
from coastal areas

Cluster | Number | Accessions in the cluster
number | of entries '
in cluster
1 16 1,3,6, 16,17, 24,29, 42, 53, 59, 65, 67,70,71,72,78
I 8 5,13,14,19, 23,24, 44,47
il 2 25,43 e
v 12 2,7,11,20,22,26,27,32,37, 40, 45, 48
\Y 4 4,28,49, 57 '
VI 10 9,10, 12, 35, 36, 38, 39, 46, 52, 69
VII 5 15, 54, 58, 63, 75
VIII 5 18, 33, 41, 50, 55
IX 5 8, 30, 31, 34, 77
X 2 73,76
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(3.34 kg), peduncle weight (1.88 kg) yield (764.70 kg) and sugar acid.ratio_ (12.02)
was observed in cluster VIII. The maximum clusterbmean for maximum acidity (3.63
per cent) was recorded in cluster VI ahd perigone weight (2.90 kg) in cluster-III.:The
maximum cluster mean for total sugars (17‘.48_ per cent), TSS (29.19°Bﬁx),
appearancé (8.07), colour (7.92), firmness (7.88), flavour (7.94), sweetness-(7.95) and
overall acceptability (7.61) was recorded in cluster X (Table 63). |

iv) Riverside areas

The average inter and intra-cluster D values are aligned in Table 64. The
clusterwise variation of accessions are presented in Table 65. The computed D values
varied from 89.36 to 1048.83. The maximum intercluster distance (1048.83) was
noticed between IX and IIT and the minimum distance (262.07) between I1I and I.

The maximum cluster means for fruit length (53.21 cm), fruit weight
(16.50 kg), number of flakes (365.79), weight of ﬁakes (5.59 kg), rachis length (45.50
cm), seed weight (2.88 kg), weight of peduncle (1.97 kg) and yield (1201.60 kg) was

observed in VI. Maximum cluster mean for TSS (29.35°Brix), appearance (8.22),

colour (8.04), firmness (7.95), flavour (7.97), sweetness (7.98) and overall
acceptability (7.68) was recorded in cluster IX (Table 66). | R

Maximum cluster means for total sugar (17.46 per cent) was observed in
cluster IX, Sugar acid ratio (9.55) in clustet VII, perigone weight (2.59 kg) in cluster
III and fruit number (126.98) in cluster I (Table 66).

Based on the above study, the following selection criteria were formulated
for selecting ideal genotype: ' ‘

i) Broadly pyramidal shaped trees, (ii) horizontal branching pattern, (iii)
dwarf and compact high yielding'trees, (1v) early flowering types (v) large number of
fruits with small to medium in size, (vi) more number of bulbs with sweet and firm
flesh, (vii) minimum latex content, (viii) minimum number of perigones, (ix) medium
to biggger sized flakes, (x) minimum rachis (core) thicknéss and (xii) deep
yellow/orange bulbs. Applying the selection criteria, nine firm fleshed accessions were
selected. Of which, AC-7, 254, 306 and 307 were from the plains, AC-254 and 285
from the riverside, AC-102 and 293 from the coastal region and AC-203 from the hilly

tract. Fruit quality of the selected accessions were depicted in Table 66a.

|
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Table 65.Composition of clusters based on D statlstxc in jack accessions collected
from riverside areas

Cluster | Number | Accessions in the cluster
number | of entries
in cluster

I 10 14, 22,27, 51, 52, 55, 57, 63, 67, 68

II 3 71,73,75

III 22 2,9,10, 11, 12, 13, 15, 16, 19, 30, 36, 40, 45, 48, 61, 64 66,

: 69, 70, 78, 7 9

v 7 3,6,18,20,39,59,77

\Y% 7 21,23,29,31, 33, 35,76

VI 2 43, 80 -

VII 16 4, 17, 24, 25, 26, 28, 32, 37, 41, 44, 46, 47, 49, 56 62, 65

Vi 7 1, 8,38,42, 50, 54,72

IX 6 5,7, 34, 53,58, 60

X 1 74




Anqeideaooe [[e19AQ

L6T 89°L 8T'L 89°[ 1TY 61°L L€ vy 91°L 8¢ 0T
8T'¢ 86°L SS'L 69'1 17§ ¥9°L 31t €S 1L°L v0'S ssoueamg | 61
66C L6°L 0L'L 81°1 179 9L YTy £€§$Y 6v'L v6'€ moael] | 81
IS¢ S6°L 96", 19°1 68°S €L 91'¥ LTS 0T'L 6" ssouwny [ /]
17°€ ¥0'8 LLL SI'C LOY 96", Yoy | 89 SE'L €y mo[o) | 97
19°¢ T8 66'L 0L Y 1L€ v8'L LYY 8IS vLL St souereaddy | G1
SLTIE| 61°€S9| 10TTHPIT| 0L 9L1| 91021 | 88+SS| 8€66E| 78679 | 16°€€S| TSSSS @D PPRIA | b1
v88y | 0S€L | 8TS8 | 98L1 | L096 | 1€SL 1S6y | I€Vy | Syl | 869CI Ioqunuynyy | €]
08'81 se6z | 808 | zoer | 8s€T | ce8T | vUIT | 66TC | TS'8T | €I°€T (xug ) SSL| 21
€59 798 vT'9 $5'6 €9°L 0S°L 16°S ¥1°8 89°L 99°L onel proe/1esng | [
68°1 8¢°C S6'C ¥20 €eT | €9C 8¢ STT 86T 61C (%) Awpy | 01
7901 9Ll b9l 3 €8°€l | 9,91 | T6IT | €9°€1 | L8891 9Z7'¢l (%) sEdns w0, | 6
9L0 00'1 S0 €L°0 L6'T 980 S6°0 18°1 €8°0 vs'0  [(8) opounpad JoyBom | 8
671 98'1 €0'1 1L°0 83T SS'1 S9'1 L8 €51 €60 B WBrmpag| £
P11 8yl 1670 8L°0 6T 97’1 Sh'1 65T €Tl 830 (3Y) wyBrom suosdg | 9
UL | o1Lcee | ozest | o60711 0SSy | €€0€ | 90°1E | L6VY | €667 | $S€T (wo) yi8uay siyoey | ¢
11°¢ y1°¢ €L'1 €e'1 65°S 997 8T SLY 96T 151 (33) soveg JoyBom | ¥
IP'611] 00791 | 89°€6 18°2L | 6L°S9€| €L0bT | L89V1 | TL99T| ¥SEET | 99°¢€6 sodelF JO ON | ¢
€9'9 0€°6 ST’S TTI | 0s91 | v8L T8 S9v1 vS'L S8Y @) wSemnyy | ¢
78'C¢ 6L°6€ ¥S°0€ 9¢°9Y 17°€S S9p¢ 8S°LE | TI'IS | 9LSE | 8¥'8C (wo) pBusp g | |
X Al INA IIA IA A Al m Il I "ON
uoeﬁsﬁ .Hou\m:ﬁu mu@uoﬁﬁﬁu .~m

SBaIe OPISIOALI UI PIJOJ[09 SUOISSIOOR Y] JO SI910RIBYD JINI JO SUBdW 19)sn|)) '99 I[qBL




B[[eoXy €8 8€°ST 9121 6L OPISIOATY ST 6
()| E G| €LT 89 €101 08 sute]d L 8
JUS[[ROXE LT 6V €1 81°01 L8 suteld vTT L
JUO[[20XH £'8¢C - €8°€T - 8€°01 z8 SHIH | €07 9
JuS[[eoxg VLT C9E YT 89°6 $9 [e35800) 201 S
JUO[[OOXY €8T €8°C1 vE6 021 opISIoARY 8¢ 14
JR[20XY 8'6C 8v°v1 91'8 0L [eIse0D €67 €
JUS[[OXH VLT 9¢ €T 81°CI 86 sure[d LOE z
Jue[[eoXy £6T €Il €101 201 sute]d 90¢ I
ssurey ] - @ | - | | |
(xug,) SSI | (%) s1edus [ejo], | ySom JinI] | IOQUINU JI0f Aydexdodog, "ON OV | "ONIS

Ayrend) A1osusg

. wqomwmooom Po100[es JO STrEIR(] 899 S[qe].




ial plot

tr

ing

iew of the prun

- %

28

Plate



At pruning During flushing

Plate 29. Twenty five per cent removal of 4° branches

At pruning During flushing

Plate 30. Fifty per cent removal of 4° branches



At pruning During flushing

Plate 31. Seventy five per cent removal of 4° branches

Plate 32. Twenty five per cent removal of 3° branches



At pruning During flushing

Plate 33. Seventy five per cent removal of 3° branches

At pruning

During flushing

Plate 34. Twenty five per cent removal of 2° branches



At pruning During flushing

Plate 36. Seventy five per cent removal of 2° branches



4.2 CANOPY MANAGEMENT

Pruning one of the canopy management techniques was conducted to

standardise its level without affecting yield parameters and also favouring the trees to

remain compact in the longer run making harvest easier and providing feed for goats.'

Plate 28 shows a view of the experimental plot.

Before subjecting to pruning treatments, visual obserilafions were ri_lade
with respect to the onset and extent of the different phenological changes. The canopy
of the experimental trees were opened by removing branches of different orders,
namely, o

1) removal of 25 per cent of second order branches
2) removal of 50 per cent of second order branches
3) removal of 75 per cent of second order branches
4) removal of 25 per cent of third order branches
5) removal of 50 per cent of third order branches

6) removal of 75 per cent of third order branches

7) réemoval of 25 per cent of fourth order branches
8) removal of 50 per cent of fourth order branches
9) removal of 75 per cent of fourth order branches

Plates 29 to 36 shows jack trees of different pfunin'g treatmeht‘s_ at the time
of pruning and during flushing stages. o ‘ ’

4.2.1 Phenological observations

It is clear from the data that the onset and extent of flushing was more or
less uniform in all the trees. The extent of major phenological phases in jack trees are
presented as follows (Fig.35). : '

Phenological phases Period Duration (days)
1. Flushing i) January-February 60
ii) June-November 150
2. Flowering November-February 150
3. Harvesting March-August 180

4.2.2 Flushing characters
4.2.2.1  Days taken for flushing

Observation on days taken for ﬂushing after pruning is presented in Table

67. Light pruning treatments like removal of 25 and 50 per cent of n4 order, 25 per
cent of n3 order started flushing early (i.e.) 47, 49 and 52 days, respectively. Medium

'R



B FLUSHING FLOWERING B HARVESTING

Fig. 3/ Phenological phases in jack



Table 67. Days taken for flushing after pruning as influenced by various pruning

treatments. , :
S1. No. | Treatments Number of days for
flushing
1. Removal of 25% of the ng order . 47
2. Removal of 50% of the n4 order 49
3. Removal of 75% of the n4 order 53
4, Removal of 25% of the nj order 52
5. Removal of 50% of the ns order 55 -
6. Removal of 75% of the n; order . . 57
7. Removal of 25% of the n, order - 56
8. Removal of 50% of the n; order ‘ 60
9, Removal of 75% of the n, order , 64
10. Control 50

CD (0.05) 1.98

Table 68. Days taken for flowering after pruning as influenced by various pruning

levels. :
SI. No. | Treatments ' Number of days for
_ flowering

1. Removal of 25% of the ny order 43
12, Removal of 50% of the ns order : ' 45

3. Removal of 75% of the n4 order ‘50

4. Removal of 25% of the ns order ' 46

5. Removal of 50% of the n; order 51

6. Removal of 75% of the n3 order ' 57

7. Removal of 25% of the n, order _ 52

8. Removal of 50% of the n; order . 60

9. Removal of 75% of the n; order .64

10. Control 50

CD (0.05) 1.98




Table 69. Influence of different levels of pruning on flowering span.

SI. Flowering span (days)

No. | Treatments Before First year of .| Second year
pruning pruning of pruning

1. Removal of 25% of the n4 order 120.5 117.5 119.5

2. Removal of 50% of the n4 order 88.5 85.50 .87.50

3. Removal of 75% of the n4 order 105.5 100.20 101.31

4, Removal of 25% of the n3 order 90.5 88.00 89.50

5. Removal of 50% of the n3 order 99.5 94,38 97.14

6. Removal of 75% of the n3 order 109.5 101.84 104.86

7. Removal of 25% of the n, order 98.5 93.81 96.48

8. Removal of 50% of the n; order 81.5 74.50 82.50

9. Removal of 75% of the n, order 109.5 96.64 104.38

10. | Control 108.5 - 106.50 107.50

CD (0.05)

2.76

Table 70. Effect of different levels of pruning on male Spike deVelopment. .

Male spike development (days)

Sl.

No. | Treatments Before First year of | Second year |-
pruning pruning of pruning

1. Removal of 25% of the n4 order 31.50 32.50 32.50

2. Removal of 50% of the n4 order 37.50 36.50 37.50

3. Removal of 75% of the n4 order 36.50 37.50 35.50

4. Removal of 25% of the n3 order 34.67 35.50 34.50

S. Removal of 50% of the n3 order 34.67 33.50 32.50 .

6. Removal of 75% of the n3 order 35.50 36.50 34.00

7. Removal of 25% of the n, order 34,50 33.50 - 34.50

8. Removal of 50% of the n; order 32.50 34.50 31.67

9. Removal of 75% of the n, order 33.50 30.50 33,33

10. | Control 37.50 36.50 37.50

Non significant

Lo



pruning treatments like removal of 75 per cent of n4 order, 50 per cent of ny order and
25 per cent of n, order took comparatively longer time for flushing than the lightly
pruned ones (i.e.) 53, 55 and 56 days, respectively. Severely pruned treatments like
removal of 75 per cent of n; order and 50 and 75 per cent of n, order took longer time
for flushing (i.e.) 57, 60 and 64 days respectively. Control trees took 50 days for
flushing. |

4.2.3 Flowering character

4.2.3.1  Days taken for flowering

Observations on days taken for flowering after pruning is given in Table
68. The treatments differ signiﬁcantly. Number" of days taken for flowering reduced
with decreasing order of severity of pruning. Light pruning treatments like rémoval of
25 and 50 per cent of n4 order, 25 per cent of n; order started 'ﬂowering. early (i,e..) 43,:
45 and 46 days, respectively. Medium pruning treatments like removal of 75 per cent
n4 order, 50 per cent of n3 order and 25 per cent of np order took comparatively longer
time for flowering than the lightly pruned ones (i.e.) 50, 51 and 52 dayé respectively.
- Severely pruned treatments like removal of 75 per cent of n3 Qrdér and 50‘anc.1 75 pér

cent of n, order took longer time for flowering (i.e.) 57, 60 and 64 days respectively.

4.2.3.2  Season of flowering

Flowering season in trees of all the treatments was November to February

which was the main flowering season for jack.

4.2.3.3  Flowering span

The flowering span in days before pruning and first and second year of

pruning are presented in Table 69.

There was no significant difference in flowering span in different pruning
treatments. All the pruning treatments showed reduction in the span of flowering.
Trees which received severe pruning treatments recorded the shortest flowering span.

75.00 per cent of n, order removed had recorded a shortest flowering open of 91.64



-

Table 71. Effect of different levels of pruning on female spike development.

Sl _ Female spike development
No. | Treatments Before First year of | Second year
pruning __pruning of pruning

1. Removal of 25% of the nq4 order 59.50 50.60 59.50

2. Removal of 50% of the n4 order 56.50 57.50 58.50
13. Removal of 75% of the n4 order 62.50 59.50 57.50

4, Removal of 25% of the n3 order 57.33 59.50 60.50

5. Removal of 50% of the n3 order 64.50 62.50 62.50

6. Removal of 75% of the n3 order 58.50 57.50 - 58.50

7. Removal of 25% of the n, order 55.50 57.50 56.50

8. Removal of 50%0f the n, order 65.50 67.50 64.50

9. Removal of 75% of the n; order 62.50 61.50 58.50

10. | Control 60.50 59.50 60.50

Non significant

Table 72. Influence of different levels of pruning on fruiting span.

SL. Fruiting span (days)

No. | Treatments Before First year of | Second year

pruning pruning of pruning

1. Removal of 25% of the n4 order 122.50 120.50 123.60

2. Removal of 50% of the n4 order | 95.50 85.50 9223

3. Removal of 75% of the n4 order 109.50 100.38 104.50

4, Removal of 25% of the n3 order 95.36 194.38 94.42

5. Removal of 50% of the n3 order 113.80 103.28 105.36

6. Removal of 75% of the ns order 114.50 102.36 108.32

7. Removal of 25% of the n, order 95.50 89.31 © 91.63

8. Removal of 50% of the n, order 94.50 80.50 86.50

9. Removal of 75% of the n; order 108.50 91.30 96.80

10. | Control 111.50 109.50 110.50

CD (0.05) - 2.52 R



and 98.36 days during first and second year of pruning on comparing with those of
109.50 days before pruning. Similar trend was noticed in the treatments of 50.00 per
cent removal of n, order and 75.00 per cent removal of n; order. However_, the
medium pruned trees like removal of 75.00 per cent ny order, 50.00 per cent n3 order

and 25.00 per cent n; order showed shorter flowering span than light pruned trees.

4.2.3.4  Spike development

Influence of different levels of pruning on the duratibn male and female

spike development is presented in Table 70 and 71.

On analysing the data it was observéd that different levels of pruning had

no effect on the duration of male and female spike development.

4.2.4 Fruiting characters

4.2.4.1  Fruiting span

The fruiting span in days before pruning and first and second year of

pruning are presented in Table 72.

There was no sigﬁiﬁcant difference in ffuiting span in different pruning
treatments. All the pruning treatments showed reduction in fruiting span. However the
trees which received severe pruning treatments recorded shorter fruiting sban. 75.00
per cent of n, order removed had recorded the shortest fruiting span of 91.30 and
96.80 days during first and second on comparing with those of 108.5 days before
pruning. Similar trend was noticed in treatments of 50.00 pér cent removal of n, order
and 75.00 per cent removal of n3 order. However the medium pruned trees like 75.00
per cent removal of n4 order, 50.00 per cent of n3 order and 25.00 per cent of n; order

showed, comparatively shorter fruiting span than the light pruned trees.

4.2.4.2 Fruit set

The data on fruit set as influenced by different levels of pruning are

presented in Table 73.



Table 73. Percent of fruitset as influenced by different levels of pruning.

SL. Fruiting set (%)

No. | Treatments Before First year of | Second year
pruning pruning of pruning

1. | Removal of 25% of the n4 order 76.50 79.12 78.36

2. Removal of 50% of the n4 order 71.33 74.60 72.68

3. Removal of 75% of the ng order 74.83 83.10 -82.46

4. Removal of 25% of the n3 order 73.50 79.86 78.47.

5. Removal of 50% of the n3 order 74.50 80.14 79.36

6. Removal of 75% of the n; order 75.50 78.68 74.16

7. Removal of 25% of the n; order 74.50 80.38 - 79.16

8. Removal of 50% of the n; order 68.50 70.60 70.50 -

9. Removal of 75% of the n, order 82.50 84.36 .81.62

10. | Control 75.80 77.79 75.49

CD (0.05) 1.98 '

Table 74. Effect of different levels of pruning treatments on average fruit weight.

SL Fruiting weight (g)
No. | Treatments Before | Firstyear | Second | Third
pruning | of pruning | year of | -yearof
’ | pruning | pruning
1. Removal of 25% of the ng order 9.79 10.32 10.01 9.89.
2. Removal of 50% of the n4 order 10.09 10.86 10.62 10.28.
3. Removal of 75% of the n4 order 10.08 12.64 - 11.69 10.57
4, Removal of 25% of the n3 order 8.81 9.63 9.28 8.87
5. Removal of 50% of the ns; order 8.50 10.83 9.99 8.76
6. Removal of 75% of the n; order 9.41 - 9.62 9.50 9.37
7. Removal of 25% of the n; order 9.90 12.76 12.36 10.89
8. Removal of 50% of the n, order 10.20 11.05 11.01 10.86
9. Removal of 75% of the n, order 9.90 10.12 10.03 10.12
10. | Control 10.01 10.13 10.26 10.14

CD (0.05)

0.52




On analysing the data statistically, significant difference in per cent of fruit
set was noticed with varying level of pruning treatments. All the pruning treatments
improved the fruit set significantly. Medium pruning treatments proved the most
effective. This was observed during first and second year after the pruning treatments
like removal of 75.00 per cent of n4 order, 50.00 per cent of n3 order and 25.00 per
cent of n, order. Removal of 75.00 per cent of n4 order had the highést fruit set of
83.10 per cent and 82.46 per cent during first year and second year of pruning,
respectively, when compared with 74.83 per cent prior to the imp‘lemeﬁtation .of
pruning. Similarly, removal of 50.00 per cent of n3 order had 8'0..14 per cent and 79.36
per cent of fruit set during first and ;econd year of pruning when compared to 74.50
per cent before giving pruning treatment. Removal of 25.00 per cent of n, order had
80.38 per cent and 79.16 per cent of fruit set during first and second year of pruning

- when compared to 74.50 per cent of before pruning.

Removal of 75 per cent of n; branches had recorded only a slight increase
in the per cent fruit set, 84.36 per cent and 81.62 per cent, respectively, ‘durihg first
and second year of pruning and the trees recorded 82.50 per cent of fruit set before

pruning.

4.2.4.3  Average fruit weight

Fruit weight before pruning and first and second year of pruning are

presented in Table 74.

On analysing the data statistically, significant differehce in averége fruit
weight was noticed with varying level of pruning treatments. All the bmning
treatments resulted in an increase in fruit weight. Medium level of pruning, i.e.,
removal of 75.00 per cent of ng order 50.00 per cent of n3 order, 25.00 pe'r‘cent of n

order had maximum effect on average fruit weight.

Removal of 75.00 per cent of ny order had the fruit weight of 12.64, 11.69
and 10.57 kg during first, second and third year of pruning, 'respectively. The same

trees had recorded 10.08 kg before giving pruning treatments. The trees which



received 50.00 per cent removal of n3 order had recorded an .average fruit weight of
10.83, 9.99 and 8.76 kg during first, second and third year of pruning, respectively.
The trees had recorded an average fruit weight of 8.50 kg before pruning.

25 per cent removal of n, order branches had resulted in an average fruit
weight of 12.76, 12.36 and 10.89 kg, respectively, during first, second and third year
of pruning when compared with 9.90 kg of fruit weight before pruning.

Removal of 75 per cent of n, branches had recorded the least increase in
average fruit weight 10.12, 10.03 and 10.12 kg, respectively, durlng ﬁrst second and

third year of pruning when compared with 9.90 kg before pruning.

4.2.4.4  Number of fruits

Effect of different levels of pruning on number of fruits is pr_esente'd_in o

Table 75.

Statistical analysis of the data showed significant variation among the
treatments. All the pruning treatments resulted in the reduction in number of fruits
during first year. The reduction in number of fruits was .increased with increasing
severity of pruning. Maximum reduction in number of fruits (14.78 fruits) had been
noticed in the treatment of removal of 75 per cent of ny order branches during first
year of pruning. The minimum reduction was noted in removal of 25 per cent of ny

order (53.31 fruits). During second year, an increase in number of fruits was noted.

In light pruning treatments like 25 and 50 per cent removal of n4 order and
25 per cent removal of n3 order branches, the number of fruits produced (55.50, 52.42
and 52.68, respectively) was more or less similar to that of before implementation of

pruning treatments (56.23, 50.86 and 53.10, respetively).

During third year also an increase in fruit number was noticed from the
medium and severe pruned treatments. Maximum increase in number of fruits was
noticed in severely pruned treatments followed by medium pruned treatments (i.e.)
severe pruning treatments like 75.00 and 50.00 per cent removal of n, order and 75 per

cent removal of n3 order produced 53.64, 55.62 and 66.36 fruits, respectively, duﬁng



Table 75. Influence of different levels of pruning on number of fruits.

SL Number of fruits

No. | Treatments Before | First Second | Third year
pruning | yearof | yearof | of pruning

pruning | pruning |

1. Removal of 25% of the ns order | 56.23 53.31 55.50 56.38

2. Removal of 50% of the ns order | 50.86 40.52 | 52.42 51.63

3. Removal of 75% of the n4 order | 59.75 43.75 66.42 66.28

4. Removal of 25% of the n; order | 53.10 45.10 52.68 53.24

5. Removal of 50% of the n3 order | 57.37 35.08 | 65.36 62.36

6. Removal of 75% of the n3 order | 53.97 28.96 48.46 66.36

7. Removal of 25% of the n; order | 49.74 26.41 56.62 55.36

8. | Removal of 50% of the n; order | 48.63 19.63 38.14 55.62

9, Removal of 75% of the n; order | 48.78 14,78 38.48 53.64

10." | Control ’ | 5250 | 51.50 52.78 53.61

CD (0.05) 1.63

Table 76. Fruit yield as influenced by various pruning treatments.

SL Fruit yield (kg)

No. | Treatments Before | First year | Second | Third year
pruning | of pruning | year of | of pruning

. pruning

1. Removal of 25% of the n4 order | 550.49 550.15 555.55 |~ 557.59

2. Removal of 50% of the ng order | 513.17 | "439.23 555.21 530.75

3. Removal of 75% of the ng order | 602.28 553.00 776.44 700.57 -

4. Removal of 25% of the n; order | 467.81 43431 488.87 47223

5. Removal of 50% of the n; order | 487.64 379.91 652.90 |  546.27

6. Removal of 75% of the n; order | 507.86 278.60 460.37 621.79

7. Removal of 25% of the n, order | 492.42 336.99 699.82 602.87

8. Removal of 50% of the n, order | 496.02 216.91 419.92 604.03

9, Removal of 75% of the ny order | 482.92 149.57 385.95 | 542.83

10. | Control 525.52 521.69 541.52 | * 543.60

- CD (0.05) 4.34 ' :




third year. Medium pruning treatments like removal of 75 per cent n4 order, 50.00 per
cent of n3 order and 25 per cent of n; order produced 66.28, 62.36 and 55.36 fruits,

respectively.

4.2.4.5  Fruit yield

The fruit yield before pruning and first, second and third year of prunihg

are presented in Table 76.

Statistical analysis of the data showed significant variation among the
treatments. All the treatments showed reduction in yield and this increased with
increasing severity of pruning. Maximum reduction in yield (149.57 kg) was noticed -
in the treatment of removal of 75 per cent np order branches during first 'y"ear of
pruning. The minimum reduction was noted 1n removal of 25 per ceht of n4 order
(550.15 kg). During second year an increase in yield was noted. Trees which received
medium pruning treatments like the removal of 75 per cent of n4 order, 50 per cent of
n; order and 25 per cent of n, order showed maximum increase in yield. The yie'ld
recorded from the trees receiving medium pruning tréatments was higher than those
recorded before implementation of pruning. In light pruning treatments like 25 and 50
per cent removal of n4 order and 25 per cent removal of n3 order branches, the yield
recorded (555.55, 555.21 and 488.87 kg, respectively) was more or less similar to that
of before implementation of pruning (550.49, 513.17 and 467.81 kg respectively).

_ During third year also an increase in yield was noticed frbm the medium
and severe pruned treatment. Maximum increase in yield was noticed in severely
pruned treatments followed by medium pruned treatments (i.e.) severe priining
treatments like 75 and 50 per cent of removal of n; order and 75 per cent of n3 order
produced 542.83, 604.03 and 621.79 kg, respectively. Medium pruning treatments like
removal of 75 per ceﬂt n4 order, 50 per cent of n3 order and 25 per cent of n; order
produced 700.57, 546.27 and 602.87 kg, respectively (Table 76). o

4.2.4.6  Biochemical characters of flakes
4.2.4.6.1 Reducing sugars
The reducing sugar content of flakes before pruning and first and second

year of pruning are presented in Table 77.



Table 77. Reducing sugar content (%) of flakes as influenced by various pruning

treatments.
SI. Reducing sugar content (%)
No. | Treatments Before First year of | Second year
_ pruning pruning of pruning |

1. Removal of 25% of the n4 order 3.73 3.55 - 3.66

2. Removal of 50% of the ns order 4.15 4.25 4.26

3. Removal of 75% of the n4 order 3.56 3.63 3.71
}i Removal of 25% of the n; order 3.29 3.36 3.23

5. Removal of 50% of the n3 order 3.77 3.76 3.57

6. Removal of 75% of the n; order 3.66 4.29 3.95

7. Removal of 25% of the n, order 3.72 3.74 3.79

8. Removal of 50% of the n; order 3.50 3.86 3.66

9. Removal of 75% of the n, order 4.18 4.73 4.42

10. | Control 4.13 421 4.19

Non significant '

Table 78. Total sugar content (%)

of flakes as influenced by various pruning

treatments. .

SL. Total sugar content (%)

No. | Treatments Before First year of | Second year
pruning pruning of pruning

1. Removal of 25% of the n4 order 15.04 1491 15.05

2. Removal of 50% of the ny order 14.63 14.92 12.15 .

3. Removal of 75% of the ny order 16.60 - 16.89 1 16.62

4, Removal of 25% of the n3 order 16.92 17.07 16.84 .

5. Removal of 50% of the n; order 16.44 - 16.94 '16.54

6. Removal of 75% of the n; order 14.23 14.79 14.76

7. Removal of 25% of the n; order 15.41 1523 15.47

8. Removal of 50% of the n, order 14.67 15.01 14.97

9. Removal of 75% of the n, order 15.18 15.98 15.64

10. | Control 13.70 13.69 13.69

Non significant
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There was no significant difference in reducing sugar content of flakes in

different pruning treatments. The trees where 75.00 per cent of n, order removal had

recorded an increased reducing sugar content of flakes in first (4.73 per cent) and
second year (4.42 per cent) of pruning than the fruits of the trees before implementing
pruning treatments (4.18 per cent). Similar trend was noticed in the severely pruned

trees like removal of 50 per cent of n; order and 75 per cent of n3 order.

4.2.4.6.2 Total sugar content

The total sugar content of flakes before pruning and first and second ye.ar

of pruning are presented in Table 78..

There was no significant difference in total sugar content of flakes in
different pruning treatments. The trees where 75.00 per cent of n, order removed had
recorded an increased total sugar content of flakes in first (15.98%) and second year

(15.64%) of pruning than the fruits of the trees before implementing pruning treatment

)

(15.18%). Similar trend was noticed in the treatments like removal of 50 per cent of n, '

order and 75 per cent of n3 order branches.

4.2.4.6.3 Non-reducing sugars

The non-reducing sugar content of flakes before prﬁning and- first and

second year of pruning are presented in Table 79.

On analysing the data statistically, no significant differerice in non-

reducing sugar content of flakes was noticed in different level of prunirig treatments. .

However, a slight increase in non-reducing sugar content of flake was
noticed in the treatment where 75 per cent of n; order removed in first year (11.08 per
cent) and second year (10.84 per cent) of pruning than that of the trees before
implementing pruning treatment (10.06 per cent). The other treatments like removal of

50 per cent of n; order and 75 per cent of n3 order branches (Table 79).

4.2.4.6.4 Acidity

The acid content of flakes before pruning and first and second year of

pruning are presented in Table 80.



‘Table 79. Non-reducing sugar content (%) of flakes as influenced by various pruningv

treatments.

Sl Non-reducing sugar content (%)

No. | Treatments Before First year of | Second year
pruning pruning of pruning

1. Removal of 25% of the n4 order 11.36 11.30 11.34

2. Removal of 50% of the n4 order 12.89 10.60 10.22

3. Removal of 75% of the n4 order 12.37 12.90 12.86

4, Removal of 25% of the n3 order 12.18 12.52 12.58

5. | Removal of 50% of the n3 order 12.43 1291 12.93

6. Removal of 75% of the n; order 9.74 10.60 10.17

7. Removal of 25% of the n; order 11.63 12.07 11.58

8. Removal of 50% of the n, order 11.28 11.78 11.45

9. Removal of 75% of the n, order 10.06 11.08 .10.84

10. | Control 9.37 9.36 9.38

Non significant

Table 80. Acidity (%) of flakes as influenced by varioué pruning treatments.

SL _ Acidity (%)
No. | Treatments Before First year of - | Second year
‘ pruning pruning of pruning

1. Removal of 25% of the n4 order 2.34 2.00 2.00

2. Removal of 50% of the ny order 1.96 1.92 1.93

3. Removal of 75% of the n4 order 2.52 2.21 2.30

4, Removal of 25% of the n3 order 1.98 1.91 1.93

5. Removal of 50% of the n; order 2.17 - 2.06 - 2.10

6. Removal of 75% of the n; order 1.73 1.63 | 1.72

7. Removal of 25% of the n; order 1.78 1.71 1.73

8. Removal of 50% of the n, order 1.98 . 1.88 - 1.93

9. Removal of 75% of the n, order 1.83 1.50 1.76
10. | Control 1.73 1.76 1.73

Non significant




Statistical analysis of the data revealed no signiﬁcant difference in acid
content of flakes in different level of pruning treatments. However a slight reduction
in acid content of flakes of the trees wherein 75 per cent of n, order branches were
removed during the first (1.50 per cent) and second (1.76 per cent), year of pruning
than that of the trees before implementing pruning treatments (1.83 per cent). The
similar trend was also noticed in the treatment of removal of 50 per cent of ny’ order

branches and 25 per cent of n, order branches.

4.3 CHARACTERIZATION OF SOFT AND FIRM FLESHEDI TYPES
4.3.1 Mo'rphological characterization

4.3.1.1 Plant characters

4.3.1.1.1 Tree shape

Observation recorded with respect to shape of tree is presented in}Table 81.
A variety of tree shapes like pyramidal, broadly pyramidal, obovate, oblong,

semicircular, elliptical and irregular were noticed in both soft and firm fleshed trees.

19 b

Both the types of trees did not show any difference between each other with respect of

tree shape.

4.3.1.1.2 Tree growth habit-

Observation regarding growth habit of the tree in firm and soft types is

presented in Table 81. Different growth habits like erect, semi-erect, spreading and

drooping were noticed in both the types.

4.3.1.1.3 Apical dominance

Apical dominance observed in soft and firm fleshed types are presehted‘in
the Table 81. Both the types of trees showed varying degrees of apical dominance like
weak, intermediate and strong. Both the types did not show any difference between

each other with respect to apical dominance.

4.3.1.1.4 Trunk surface

Observation regarding the surface of the trunk of the trees is presented in

Table 81. Smooth, rough and very rough nature of trunk surface were observed in both

the trees.
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4.3.1.1.5 Branching density

With respéct to branching density, soft and firm fleshed types did not show
any difference (Table 81). Branching densities of low, medium and high were noticed

in both the types of trees.

4.3.1.1.6 Branching pattern

Soft and firm fleshed types did not show any difference in branching
pattern (Table 81). Different branching patterns like erect, opposite, vertici_lliafe,

horizontal and irregular were observed in both the types.

4.3.1.1.7 Height of the tree (m)

The height of the soft fleshed types was found to be ranged from 7.50 to |

20.10 m whereas in firm fleshed types it varied from 7.00 to 20.20 m. The average
height of soft and firm fleshed types were 14.58 m and 14.40 m, respectively. The

200 _

analysis of variance indicated no significant difference in this character between soft

and firm fleshed types and the values were found to be broadly bverlapping
(Table 82). '

4.3.1.1.8 Spread of the tree (m?)

The mean spread of soft fleshed types was observed to 96.60 m? and that of
firm fleshed types was 95.63 m?. The spread of soft fleshed types varied from 69.00 to

131.60 m? whereas in firm fleshed types it ranged from 65.70 to 125.80 m2 The

difference in this character was not significant enough to discriminate between soft

and firm fleshed types (Table 82).

4.3.1.1.9 Collar girth (cm)

Collar girth of soft fleshed types was observed to range from 83.0 cm to
190.0 cm and that of firm fleshed types from 72.0 to 185.0 cm. The mean collar girth
of soft fleshed types was 129.8 cm and that of firm fleshed types was 126.4 cm.

However analysis of variance did not reveal any pronounced difference between soft -

and firm fleshed types (Table 82).
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4.3.1.1.10 Height at first branching (cm)

PEPY,

Even though wide variation was noticed in the branéhing heights of the soft

and firm fleshed trees, no distinguishable difference existed betweén soﬁ]and.ﬁrm":'

fleshed types in this character. The branching height Varied from “35.00. cm to 450.00

cm in soft fleshed types and 40.00 cm to 385.00 cm in firm fleshed types. The mean _

branching height of soft and firm fleshed typeé were 149.00 cm and 151.00 cm,

respectively.

4.3.1.1.11 Colour of the shoot bark

Soft and firm fleshed plants did not show any marked difference with
respect to colour of the bark (Table 83). Different shades of brown was noticed
externally on the bark in both the types. Internally, colour of the bark was cream in

both soft and firm types.

4.3.1.1.12 Colour of the feeder roots

Feeder roots showed different shades of red, brown and pale brown in both

' the types. No marked differences were noticed (Table 83).

4.3.1.2  Leaf characters
4.3.1.2.1 Leaflength (cm)

The average length of leaves in soft and firm fleshed trees was 12.19 cm
and 11.18 cm, reépectively. The length of leaves in soft fleshed plan_ts.ran‘ge‘d from

7.30 cm to 18.10 cm whereas in firm fleshed types it was varying from 6.80 cm to

19.10 cm. This indicated no significant variation between both the tYpes in terms of

length of the leaves (Table 84).

4.3.1.2.2 Leaf width (cm)

The average width of the leaves in soft fleshed types was 7.78 cm and that
of firm fleshed types was 7.83 cm. The width ranged from 5.80 cm to 10.10 ¢m in soft
fleshed types. The corresponding range in firm fleshed types was 5.70 cm to 10.98 cm.

Statistically, there was no significant variation between soft and firm fleshed types in

terms of width of the leaf (Table 84).



Table 84. Leaf length, leaf width and léngth/width ratio of soft and firm fleshed types

Leaf length (cm) Leaf width (cm) Length/width ratio
Soft Firm Soft Firm Soft Firm
Mean 12.19 11.18 7.78 7.83 1.58 1.56
(standard (0.59) (0.62) (0.25) (0.26) (0.075) (0.076)
e1ror) :
Range 7.30-18.10 | 6.8-19.10 | 5.80-10.10 | 5.70-10.98 | 0.85-2.57 | 0.91-2.29

Table 86. Petiole length, internodal length and stomatal count per unit area of firm

and soft fleshed types
Petiole length (mm) | Internodal length (cm) Stomatal index
Soft Firm Soft Firm Soft Firm
Mean 36.17 384 ~ 5.08., 4.93 2017 1983
(standard (2.21) (1.95) (0.29) (0.28) - (49.1) (49.3)
error) » 3
Range 11.0-55.0 | 18.0-63.0 | 2.2-8.3 2.4-8.4. | 1621-2456 | 1456-2406
Table 87. Total phenol content in leaves of soft and firm fleshed types
Total phenol (mg/100 g)
Matured leaves Young leaves
Soft Firm Soft Firm

Mean 293.16 290.14 - 33.49 32.29°
Range 203.63-396.38 | 199.48-381.63 | 20.49-48.36 21.63-50.13




oy

Imuy dlempur) anb1iq0 onbriq0 ajepidsn) My ondiyrg 9leA0qQ | ¢
oje[npur) amuy anb11qO anb11qO BESEN ANOY 8uoiq0 1eAOQO | T
are[npu() ajB[NpU() oreaun) popumnoy oYy ajepidsn)) | ondiye A[peoig 3uoq0 | €T
ojempuy) ole[mpu[) anbrqQ onbriqo oMoy oYy ondrg oudmd | zT

amuy amuyg ojeaun)) | oenuope AHoYS osmay oy ondig oje[oooue] | 17

amug sjempun anbrqo Sjeaun) oYy asmgoy 9JeA0qQ aejosdue [ (T
aenpun) amuyg geaun) papunoy oy oYy o1e[09oUE] ondg | 61
ajempup) ojempu) pspunoy anb1190 oyepidsn) amoy | ondipe Ajpeoig Jeoaduey | 8I

amug oje[npu() | Srenuone ApIoys anbriq0 AnoYy omoy 8uojqQ | ondne Aproag | L1
ajenpun) sjempun) anbrjq0 | e1enuUane ApI0YS Moy amoy Jej090UE] Suolq0 | 91
aempun amuyg anbriqQ papunoy ooy ayepidsn) 8uo[qO ojejosoue | GJ

amuyg sre[npun a1BIUN)) anbriq0 osnioy oy ondig area0qQ | 1
ajempuy) aempun 9Jeoun)) popunoy Aoy amoy 8uo1qQ oje[oadue] | €]
ore[npu) amuyg anbr1q0 ojzoUN)) Mmooy asmyoy a1eA0q Q) guoiqo | 71
ojenpuU() srEmpuUN) anb1iqO anbi1q0 omoy amnoy | ondipe A[peorg areaoqO | 11
SJEMEY(] Se[npury PIpunoy papuncy Iy ANy ondryig ondyig | 01

amuy Slenpury anbilq0 enbiiq0 osmay sy 3uo[qQ ondiig | 6

amuyg amuy | 9jenuapne A[Uoys popunoy anoy ayepidsn) 21eA0q() oeAOqQO | 8
aempun amuyg snbrqO papunoy MmOy amoy guojqo Fuoq0 | L

amuy ajenpup) anbriqQ onbryqQ |  9geprdsn) AV ondyyg | ondiype Ajpeorg | 9
oje[npup) amuy onbrjqOQ | o1enuone ApI0YS Anoy osmoy 918A0qQ aeA0qQ | S
djempu( Alenpun papunoy enbrjq0 Aoy ANOY 3u0[q0 ondig | v
Jje[mpun are[npun) JJeoun) popunoy aAnoYy arepidsn)y | ondiye Ajpeoig guoiq0 | ¢

amug alenpun) anb1190 anb1jgo asmqy Moy 9JeA0q() ojejoooue] | ¢
Jje[npun e[mpury anb1jq0 onb1iq0 oy Moy ondig eAOqQQ | |
L] Jos WLy yos UL yJyos fe | yos ON

w3Iew ope|q Jeo] odeys oseq Jeo] odeys xade yeo] adeys opejq Jeoy 18

sodA3 peyss[y yyos pue uuyg jo uidrew pue odeys oseq ‘odeys xade ‘odeys ape|q Jeo] 'G8 9qBL




4.3.1.2.3 Length/width (L/W) ratio

Length by width ratio was found to range from 0.85 to 2.57 for soft fleshed
types and 0.91 to 2.29 for firm fleshed ones..The average L/W ratio of soft and firm |
fleshed plants were 1.58 and 1.56 respectively. The analysis of variance indicated no
significant differences in this characters between soft and-b firm fleshed types
(Table 84).

4.3.1.2.4 Petiole length (mm)

No pronounced differénce in the petiole length was observed between soft
and firm ﬂeshed trees. The average value for soft fleshed types was 36.17 cm and for |
firm fleshed types was 38.40 cm. The range was 11.0 t0 55.0 cm and 18 to 63 cm for
soft and firm fleshed types respectively (Table 86). |

4.3.1.2.5 Internodal length (cm)

- No marked difference in the internodal length was observed between soft
(5.08 cm) and firm (4.93 cm) fleshed types (Table 86). |

4.3.1.2.6 Leaf blade shape

The observation recorded with respect of leaf blade shape is furnished in
Table 85. A variety of leaf shapes like obovate, elliptic, broadly elliptic, oblong, -

lanceolate and irregular were observed in both the types.

4.3.1.2.7 Leaf apex shape
&

%

Various shapés of leaf apex namely, acute, cuspidate, retuse and obtuse |
were noticed in both soft and firm fleshed types (Table 85). Both the types of tree did

not show any difference between each other with respect to leaf apex shape.

4.3.1.2.8 Leaf base shape

Different shapes of leaf base namely oblique, rounded, cuneate and shortly
attenuate were noticed in both soft and firm fleshed types (Table 85). Both the types of

trees did not show any difference between each other with respect to leaf base shape.



Plate 37. TLC profile of phenolic leaf extracts of soft and
firm fleshed types



4.3.1.2.9 Leaf blade margin

Trees of both soft and firm fleshed types showed .entire and undulate
margin (Table 85). '

4.3.2 Anatomical characters

4.3.2.1 Stomatal count per unit area

Stomatal count was also not found to vary significantly between firm and
soft fleshed types. Average of stomatal count per mm?® was 2017 in soft ﬂéshed and
1983 in firm fleshed types (Table 85) with a range of 1621 to 2456 in soft types and
1456 to 2406 in firm types.

4.3.3 Biochemical characters
4.3.3.1 Total phenol

a) Mature leaves

The total phenol content of mature leaves in soft fleshed trees ranged from
1203.63 to 396.38 mg/100 g with an average of 293.16 rhg/lOO g. In firm fleshed types,
the total phenol content varied from 199.48 to 381.63 nig/ 100 g with a mean value of
290.14 mg/100 g. On analysing statistically, no significant difference _hés been
recorded between soft and firm fleshed types with respect to-total phenol content of

mature leaves (Table 87).

b) Young leaves

The total phenol content of young leaves ranged from 21.63 to
50.13 mg/100 g in firm fleshed types. The mean value recbrded was 32.29 mg/100 g.
The total phenol content of soft fleshed types ranged from 20.49 to 48,36 mg/lOO g
with a mean value of 33.49 mg/100 g (Table 87). On analysing statlstlcally, no
significant difference was recorded between soft and firm fleshed types with respect to
total phenol content of young leaves (Table 87). |

43.2.2 Phenolics composition of jack leaves

The TLC profile of phenolic extract after acid hydrolysis showed four
phenolic spots with Rf value 0.831, 0.294, 0.134 and 0.176. Both the soft and firm
fleshed plants displayed the same pattern (Plate 37).
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S. DISCUSSION

The results of the present investigations on genetic diversity, canopy
management and characterization of soft and firm fleshed types in jack are discussed

in this chapter.

5.1 GENETIC DIVERSITY

The world’s largest fruit, jack fruit, occupies a unique position in the
widely prevailing multi-tier cropping system of Kerala’s homesteads. Jack is an
indigenous fruit crop of cross pollinated and hetérozygous nature with its origin in the
Western Ghats. Further, the trees prevailing in the households are of seedling origin.
All these factors contribute to the tremendous variability observed in vegetative,

flowering, fruiting and quality parameters of jack.

Srinivasan (1970) reported that jack, being cross pollinated.vand seed
propagated crop, there were innumerable types which differ widely with respect to.

density of spines on rind, bearing capacity, size, shape and quality.

Kerala, the most densily populated State wherein the households are
mushrooming up at an unimaginable rate leading to increased pressure on land.
Houses are builf by destroying perennial trees like jack leading to genetic erosion of
excellent types. The potentiality of these good types are lost without serving any |
purpose. Hence, it is high time to make efforts for identifying and conserving the gbod
types which are likely to be lost due to unscrupulous felling. Ina survey conducted by
Kerala Agricultural University during 1978-82,- 38 good accessions were_identified
based on the fruit characters and these are maintained at the Agricultural Research
Station, Mannuthy as seedling progenies (KAU, 1982). Survey in other States like
Uttar Pradesh and Assam resultedf in the identification of three good types (NBPGR,
1988). Survey in Brahmaputhra valley of Assam revealed the existence of an unusual

type of jack fruit i.e., the flakeless jack (Sarma and Mohan, 1999). Hence an attempt



was made to study the genetic diversity of jack fruit in Thrissur district wherein a rich

level of diversity has been noticed.

In the present study, survey was conducted in four panchayats, each, in

four major topography, namely, plain, hills, coastal and riverside regions. Twenty

households were selected randomly in each panchayat accounting to a total of 320 |

households. From these households, trees were selected for detailed observation based

on the proforma given in Appendix L.
5.1.1 General tree characters

Most of the seedling trees surveyed were of the age group 21 to 50 years

where in the yield was stabilized. Only about 2.50 per cent of the trees observed were

less than ten years old and were of grafted nature. Frequency distribution of trees of
above 50 years was higher in coastal and hilly areas than plains and riverside regions.

The proliferation of new residential buildings at an alarming rate in plains and

riversides might have led to the destruction of aged trees in those areas. _In hills and

coastal areas such destruction is minimal and hence the aged trees are at higher level,

Majority of the trees surveyed had the height in the range of 10 to 2‘0 m.
With respect to topography of the land, slight difference was noticed in terms of tree
height. Tall trees were more frequently noticed in coastal areas followed by hills when
compared with plains and riverside areas. About 37.50 per cent and 45.00 per cent of

the trees, respectively, from hills and coastal areas had a height of more than 20 m as

compared to a share of 25.00 per cent and 23.75 per cent, respectively, from plains |

and riverside areas. It may be due to the presence of more number of age old trees in
those areas and also may be due to climatic factors prevailing in hills and coastal

arcas.

Most of the accessions located in homesteads had higher tree height than
the trees located outside. The reason for the tall stature of the trees in homesteads may
be attributed due to the competition between the cemponent trees of the homesteads
for light. In mango also, trees growing in homesteads were noted to have greater

height compared to the ones growing in open condltlon (Jyothi, 2000)



Among the trees survejred, majority of the accessions (55.31%) _.Werc of
medium vigorous nature. Highly vigorous trees were more commonly noticed in hills
(30.00%) and coéstal areas (33.75%) than in plains (25.00%) and r_iverside areas
(26.25%). This may be due to higher frequency distribution of tall trees in hﬂls> and
coastal areas. Ram (1993) reported in mango thaf vigorous and very vigorous cultivars

were tall in stature.

Different canopy shapes like pyramidal, broadly pyramidal, obovate,
oblong, semi-circular, elliptical and irregular were noticed among the accessibns. Of
these, irregular, pyramidal, broadly pyramidal, semicircular and _obovate tree _shépes
were more common. A higher number of pyramidal treés was observed in coastal
(23.75%) and hilly areas (28.75%) compared to:the other two' regions (2_0.00% in
riverside areas and 17.50% in plains). A close association between the tall and

pyramidal shape of the trees was noticed during the study. The existence of higher

number of pyramidal trees in coastal and hilly areas may be due to the existence of

taller trees in those areas.

About 42.81 per cent and 30.33 per cent of the trees surveyed had erect and
semi-erect growth habit. Such trees were more common in coastal (50.00%) and hilly
areas (45.00%). '

About ‘46.-56 per cent of the accessions showed intermediate branching
density irrespective of the topography. Higher branching density was noticed in 27.50
per cent of the trees in plains, 22.50 per cent in hills, 16.25 per cent in coastal areas
and 26.25 per cent in riverside. Frequent disturbances done to trees in pl_ains and
riverside areas might have resulted in control of apical dominance ahd'- increased

branching density.

loq'



5.1.2 Leaf characters

Wide variation was noticed among the accessions collected in all of the
four topographical levels with respect to leaf characters like leaf length, Ieaf width,
length/width ratio, etc. More frequently, the trees of coastal areas had broader (above
10.00 cm) and longer (above 15.00 cm) leaves. Jack leaves varied in length from 5 00

to 25.00 cm and width from 3.50 to 12.00 cm (CSIR, 1992).

The surveyed trees had varied leaf shapes like obovate (23..75%'),.elliptic
(30.93%), broadly elliptic (9.37%), oblong (24.68%) and lanceolate (11.25%) léaves.
In coastal area, a higher number of trees (30. 00%) had obovate leaf shape than the
other three regions. Leaves with greater length was significantly assomated with
obovate leaf shape. In coastal area, a higher per cent of the accessions had more leaf
length and hence more per cent of obovate leaf shape. It is repoﬁed that j'éck leaf

shape varied from obovate - elﬁptic to elliptic (CSIR, 1992).

Correlation was studied between biometric characters of leaves. Leaf
length had significant correlation with leaf width and leaf area. Leaf w1dth had
significant correlation with leaf area. Similar results were also observed in mango

(Jyothi, 2000).

5.1.3 Flowering characters

According to the season of flowering, the accessions studied could be
grouped into three, namely i) early flowering (September-October), ii) mid season

flowering (November-January) and iii) late season flowering (February-March) types.

Majority of the accessions were of mid-season flowering (67..,82%); Early
flowering types were more commonly noticed in plains (18.75%) and riverside
(17.50%). In the coastal areas, both early (17.50%) and late flowering (21.25%) types -

were more or less equally distributed. Late bearing types were more COmmcn in hills



(27.25%). A single sporadic flowering genotype was identified from plains which
showed three flowering seasons with its main season coinciding with normal

flowering season. Such sporadic flowering was also noticed in mango (Jyothi, 2000). .

In jack, early flowering ones are mostly preferred, as they attain maturity
earlier fetching a higher price in the market. Fruits of such types reach harvesting
before the commencement of rainy season. Hence quality loss as well as quantity loss

can be prevented.

Mid season flowering 'types come to harvesting during April-May when
there is a glﬁt in the market. This results in low market price and reduction in profit to
the growers. Late season flowering types come to harvesting during the peak monsoon
period resulting in deterioration of fruit quality. The sweetness of the fruits is affected
and keeping quality also reduced. Fruit fotting is common during rainy season and
hence marketability of such fruits is reduced. Therefore, late flowering typés are not

much preferred.

The accessions studied had male phase varying from 75 to 135 days.
Majority of the accessions (62.18%) had male phase in the range of 90 to 120 days.
Wide variation was noticed in the span of female flowering, varyiﬁg from 55 to 106
days. B‘ut, majority of the accessions (52.82%) had female flowering span in the range

of 60-90 days.

During the survey, we observed that generally the young treés were having '
prolonged male flowering phase. In medium aged trees, the male ﬂoWering span was
comparatively shorter. In age old trees also, the male phase is longer but not so longer
as that of younger ones. In general when the male flowering span was more, the
female flowering span got reduced and the stored energy can be ﬁtilized_for the

development of fruits.

Trees with a lengthy female flowering span is mostly preferred since such
trees present in homesteads can supply fruits continuously catering the culinary and

table needs of the households without wastage. The occurrence of two flowering



seasons per year was mentioned by Sambamurthy (1954) in Coimbatore and Aman
(1980) in Malaysia. It did not occur under the prevailing. climatic conditions of
Thrissur district of Kerala (Appendix-III). Taking into consideration of the rainfall
distribution in this area, it is evident that a Single distinct rainféll peak might have
resulted in only one flowering season as against two distinct rainfall peaks

concomitant with two flowering seasons available elsewhere.

Regarding the position of female flowers, majority of the accessions.
(53.12%) had female flowers on the trunk and primary branches. 34.68 per cent of the
accessions had female flowers on the main trunk, primary and secondary branches.

Only 10.30 per cent had flowers all over the tree'.

During the survey, it was observed that young trees had female
inflorescence position even up to 4° branches. As age advances, bearing on increased
order decreases. This may be due to the fact that as age advances, the tree may set a
strong sink in the trunk and lower order branches- wherein all the nutrients and

hormones get diverted.

In general, female flower drop was higher on higher order branches. If all
the female flowers on higher order branches set fruits, the strength of such branches
may not be sufficient enough to hold the fruits up to full maturity."Therefore, the

flower drop noticed on higher order branches may be a nature’s adaptation.

In all the accessions studied, irrespective of topography, male flowers were

observed on the trunk and all over the branches.

5.1.4 Fruit characters

5.1.4.1 General fruiting characters

Regarding bearing season, accessions studied were grouped into three
namely 1) early bearing (December-February), ii) Mid season bearing (March-May)
and iii) late bearing (June-August). Majority of the accessions (67.81%) were of mid-

season bearing. Early bearing types were more commonly noticed in plains (18.75%)



and riverside (17.50%). In the coastal areas, both early (17.50%) and late bearing
(21.25%) types were more or less equally distributed. Late bearing types were more
common in hills (27.25%). A single sporadic bearing genotype was identified from
plains which showed three fruiting seasons, the main season coinciding with normal
bearing. In a survey conducted in Eastern Uttar Pradesh (Kumar and Singh, 1996) iﬁ
jack fruit, it was observed that all the genotypes matured in July to August except one
type which matured in March to May. Mitra (1998) reported that some of the jack fruit
types had bearing twice a year. Sporadic bearing was also noticed in mango (Jydthi,

2000).

Early bearing ones are mostly preferfed. There is a very good demand for
the fruits as it has the advantage of early market. Besides, fruits come to harvestable‘
stage, well before the commencement of rainy season. Henée quality of the fruit is
better. Mid bearing types reach harvestable stage when the market is glutted with jack
fruits fetching cheaper price. The harvest of late season bearing types coincide with |

peak monsoon season, leading to quality loss and fruit damage.

Three types of bearing habits namely regular, altefnate and irregular were
noticed during the survey, Méjority of the accessions (74.05%) had irregular bearing
habit wherein the periodicity of cropping did not follow a systematic pattern unlike
alternate bearing and an optimum crop is obtained only once in two or more years.
About 20.63 per cent of the surveyed trees had regular bearing habit wherein optimum
fruits are prdduced every year. About 5.32 pér cent of the trees had alternate bearing
wherein heavy load of fruits in one year had reduced ﬂowefing and fruiﬁng in the next

year and the cycle got repeated.,

Singh (1990) reported in mango that the potentiality of the shoots to form
flower bud will depend on the floriferous condition of the tree which in turn will be
determined by the amount of crop load. Chacko and Ananthanarayanan (1982)
suggested that the irregular bearing in mango might be due to the inability of plants to
form flower buds under natural condition because of lack of sufficient reserves and

their possible hormone directed redistribution and mobilisation. .



About 56.25 per cent of the accessions studied had their bearing on trunk
and primary branches followed by bearing on trunk, primary and secondary branches
in 35.30 per cent. About 7.18 per cent had their bearing on trunk, primary, secondary
and tertiary branches. Only 1.25 per cent of the accessions showed their bearing

exclusively on trunk.

It was generally observed that fruit drop was more on higher order
branches. It may be due to the action of stréng sink at trunk/primary branches. Further
this may be a natural adaptation of the tree wherein the higher order branches cannot
hold all the developing fruits to maturity. The limbs fnay break due to increasing
weight of the developing fruit. Bearing in higher order branches are not preferred

since it results in difficulty in harvesting of the fruits.

Majority of the accessions studied had solitary bearing tendency (80.92%).
Only about 22.18 per cent had cluster bearing habit. It was also observed that single
flowering shoot produces many flowers. At timeé more number of flowers .may :
develop into fruits leading to clustering of fruits. Sometimes all the flowers except one
in a single flowering shoot drop leading to solitary nature. Generally, fruits in a cluster
showed delayed maturity than.the solitary ones. All the fruits in a cluster did not reach
maturity simultaneously. The size of the clustering fruits was lesser than that of
solitary ones. This may be due to competition for food reserves among the developing

fruits in the cluster.

Predominant fruit shapes observed were brdadly ellipsoid (25.62%),
irregular (18.43%), oblong (17.80%), high spheroid (13.43%) and spheroid (11.87%).
Other fruit shapes like ellipsoid, obloid and clavate were less commonly noticed
among the accessions. During the survey, fruit abnormalities were observed, the most -
common being distorted fruits. This may be due to inadequate pollination. This view
was also supported by Krishnamoorthy and Rao (1963). During the survey it was also
noticed that the frequency of occurrence of irregular shaped fruits was more in older
trees and also in higher order branches. Mitra (1998) reported the existence of
variability in fruit shape namely conical, oblong and roundish. Variation in fruit shape -
was also reported by Kumar and Singh (1996).



Majority of the accessions had depressed junction of stalk attachment
(66.87%) followed by flattened ones (25.63%). Inflated junction of stalk attachment
was noticed only in a very few accessions i.e.; 7.50 per cent. During the survéy, it was
understood that the fruits with depressed junction of stalk attachment are not preferred.
The depressed junction used to accumulate rainwater making its easy entry into the
fruits leading to loss in quality of flakes. Inflatted junction of stalk attachment in late
bearing types prevented entry of rain water and hence the quality loss was also

prevented.

Greenish brown colour at fruit maturity was commonly noticed ie., in
77.81 per cent of the trees. 13.75 per cent had green colour and Only about 8.43 per
cent of the trees had greenish yellow rind colour at maturity. Mitra (1998) recorded

variation in skin colour like green, light brown, dark brown and yellowish brown.

It was observed that frequency of occurrence of green colour rind was
more in young trees and greenish yellow and greenish brown colour rind was more in

older trees. Rarely, black spined fruits were also spotted during the survey.

Majority of the genotypes studied had spine shape intermediate bétWeén
sharp pointed and flat (64.06%). Sharp pointed spines were noticed in 28.43 pér cent
and flat spines were seen only in 7.50 per cent. No significant difference was noticed
in distribution of genotypes in four regions with respect to shape of spines. Fruits with
sharp pointed spines are less desirable since in such fruits rain water gets stagnated
paving the way for entry inside the fruits leading to quality loss and fruijt damage.
Fruits with sharp pointed ones also create difficulty in handling. Thepmost' desirable
spine shape is flat spines. In these fruits rain water does not stagnéte over it and hence
there may not be loss of quality. Such fruits won’t create difficulty in handiing. Mitra

(1998) observed variation in spine density rangiﬁg from 5 to 27 /em?.

Majority of the accessions i.e., 77.18 per cent had intermediate latex
exudation. Higher latex exudation was noticed in 17.18 per cent of the accessions.

Low latex exudation was noticed only in 5.62 per cent. The consumers prefer fruits



with lesser latex exudation as it offers easy handling, cutting and removal of flakes
from the fruit. Latex consist of protein, mineral substances and wax, and are found to

possess bacteriolytic activity (Berry and Kalra, 1988).

There was a wide variation among the. accessions surveyed in terms of
flake shape. Flake shapes like cordate, twisted and irregular were commonly noticed.
Other flake shapes like spheroid, elongated obovate, rectangular and oblong with
curved tip were less commonly noticed. No significant difference. was noticed in

distribution of genotypes in four regions with respect to Shape of flakes.
5.1.4.2  Biometric characters of fruit

Wide variability was noticed among the accessions studied with respect to
stalk length of fruits. It varied from 1.00 to 33.60 cm. No sig11iﬁcant difference was
noticed in distribution of genotypes in four regions with respect to stalk length of
fruits. During the survey, it was generally noticed that stalk length of fruits in a cluster

was more when compared to solitary fruits. Longer stalk length in cluster fruits may

be a natural adaptation. Presence of more stalk length for the cluster »fr_uit’s enable the

developing fruits to grow avoiding competition for space among the developing fruits.
If the stalk length is very short, the developing ftuits in a single flowering shoot touch

each other making hurdle for further development. In the same cluster itself, the stalk

b

length of the fruits found to vary. The fruits located at the base of the flowering shoots

had more stalk length as compafed with the fruits located at the tip of flowering
shoots. During the study, it was observed that the preference is towards the fruits with

longer stalk, as it will be convenient for handling of the fruits after harvest.

Sturdiness of the stalk increases with decreasing length of stalk. The

shorter stalk length makes attachment of the fruit stronger with stem. Solitary fruits,

being bigger in size needs a stronger attachment with stem to prevent from dropping.
Clustered fruits generally were smaller in size and with longer stalk. The longer stalk
being slender in size makes the fruit attachment with stem comparatively weaker since

the clustered fruits are generally smaller in size, despite its slender size the longer stalk

can carry the developing fruits up to maturity without dropping. Premature drop was -

noticed in clustered slender stalked fruits.



Significant variability was noticed among the accessions with respect to
length of the fruits. Length of the fruits more than 50 cm was more frequently noticed
in coastal areas (27.50%) than in other regions. It was also observed that majority of

the heavier fruits had longer length.

Significant variability was noticed among the accessions studied with
respect to fruit girth. The co-efficient of variation was more for fruit girth in coastal
areas (27.30%) indicating a higher variability than the other th:ee topographical ievels.‘
More number of trees in coastal areas had greater fruit girth (27.50%)_than all other
regions. Generally, it was observed that fruit with higher girth values had longer
flakes. The space between outer region of pedunéle and inner region of rind was found
to be wider in fruits with higher girth and hence flakes of such fruits find more space
for flake elongation resulting in longer flakes, In exceptional cases, where there exists
thicker peduncle at the centre of fruit inspite of the larger giﬂh_ of ﬁ'uit; ﬂéke size

remains smaller due to minimum availability of spéce for ﬂake_elongatiph.

Highly significant variation was noticed in fruit weight ‘émong the
accessions studied. Compared with other characters of jack trees, fruit we'ight.had
recorded the highest variatién among the accessions studied.- Higher humber Qf/
surveyed trees in coastal areas (28.75%) had heavier fruits (even weighing up to 22.50
kg) than the other three regions. The co-efficient of variation for fruit weight (49.70%)
was comparatively higher than the other three regions. Extremely large sized fruits are
not generally preferred in homesteads. Jack fruits once cut opened, canot be kept for
longer time since the shelf life is much shorter. Households cannot utilise such fruits
in a single day. Hence, medium sized fruits weighing between S and 8 kg are generally
preferred. But for the commercial purposes like chips making, etc. bigger sized fruits

are preferred since the cutting and removing of flakes may be made easier and quicker.

Accessions studied had showed a greater variation with respect to rind
weight. The frequency distribution of types with higher rind weight was more in
coastal areas (28.75%) than in other regions. Not only size of the fruit but rind

thickness influences the total rind weight.



We observed that thin rinded bigger sized fruits showed frequent fruit
cracking. During the survey, it was also noticed that in thin rinded fruits wheh the
maturity and harvesting coincide with rainy season, the quality of the fruits get
deteriorated. This may be due to easy and quick penetration of rain water in thin

rinded fruits than in thick rinded fruits.

The variability recorded in jack fruits with respect to flake number per fruit
was higher than all other characters. The number varied from 1 to 456 per fruit. A
slightly higher per cent of the accessions in coastal areas had more than 200 flakes per

fruit than the accessions from plains (20.00%), hills (25.00%) and riverside (21 25%).

More number of flakes was recorded in bigger sized fruits with smaller
flake size. The perigones, i.e., the unfertilised flowers also influences the number of
flakes. More the perigone numbers, lesser the number of flakes. Assymmetrical fruits
had lesser flake number when compared with symmetrical fruits of same size. The
number of flakes was lesser in assymetrical side of s_ﬁc_h fruits. In coastal areas, the
distribution of trees with bigger sized fruits was more when compared with other
regions. Hence, the trees with more number of flakes was also high. Variation in flake
number from 32 to 380 was noticed by Mitra, 1998. | |

Higher variability was recorded among the accessions studied in terms of
weight of all the flakes per fruit. The range was fr'ém 0.51 to 8.21 kg. In coastal areas
a higher per cent of accessions (30.00%) with more weight of flakes per fruit was
noticed than plains ‘(16.25%), hills (16.25%) ahd riverside (17.50%). Generally, bigger
sized fruits with lesser perigones had more weight of flakes. Assyﬁnnetrical fruits had -

lesser flake weight.

Variability was also noticed in weight of single flake with seed and without

seed among the accessions studied.

The length of flakes had showed wider variation among the éenbtypes. The ~
léngth varied from 3.15 to 13.68 cm. A higher per cent of accessions in coastal areés
(21.25%) had a flake length values more than 10.00 cm than that of plains (11.25%),
hills (10.00%) and riverside (10.00%). | |



Even in a single fruit, the flake length varied. The length of the flakes at
basal region was found to be shorter than middle and apex region of the fruit. The
space available for flake growth is shorter in basal region than the other regions.

Flake girth varied from 4.25 to 13.95 cm among the accessionsr studied. In
plains (25.00%) and riverside areas (23.75%), a higher per cenf of the accessions
recorded flake girth above 10 cm than the hills (17.50%) and coastal areas (16.25%).

A wide variability was noticed among the accessions studied in terms of

flake thickness. Thin to medium rinded flakes are highly sultable for ChlpS makmg ,

Thick rinded ones are highly fibrous and are comparatlvely less suitable for ch1ps
making. For table purpose, medium to thicker flakes are highly preferred. ’
The rachis length and diameter also had higher variability among the

accessions. With respect to weight of perigones, the accessions studied had' showed

high var1ab1hty Asymmetncal fruits recorded hlgher perigone number and- welght v

The late season flowering types also had more number of per1gones Late ‘season - . ¢

flowering coincides with hot and dry period which may pose hmdrance for stlgma
receptivity and thereby resulting in improper pollinatidn.
5.1.4.3  Biochemical characters of fruit ‘ )

The total sugar content of the overall accessions varied from 8.16 to 19.30
per cent. About 54.68 per cent of the accessions had total sugar in the rvange of 12.00
to 15.00 per cent. Slightly a higher per cent of the accessions in plains (23.75%) and
riverside areas (23.75%) had recorded total sugar content above 15.00 per cent on
comparing with the accessions collected in hills (15.00%) and coastal areas (15.00 %).

The reducing sugar content of the accessions varied from 1.63 to 5.23 ber
cent. About 51.56 per cent of trees had the reducing sugar content in the range of 3.00
to 4.00 per cent. The per cent of accessions with reducing sugar content value of above
4.00 per cent was noticed more in riverside areas (28.25%) and plains (26.25%)
followed by hills (18.75%) and coastal areas (18.75%). | | | |

The non-reducing sugar content of the accessions had the range varying
from as low as 5.96 to 14.98 per cent. 52.81 per. cent of the accessions had the non;

.r,educing sugar content in the range of 8.00 to 12.00 per cent. A higher ‘nru'mbe'r of

accessions with non-reducing content above 12.00 per cent was noticed in plains



(25.00%) and riverside (26.25%) comparéd to hills (18.75%) and coastal areas
(18.75%).

‘The TSS content of the overall éccessions varied from 14.63 to 33.00
°Brix. About 60.93 per cent of the accessions had TSS in the range of 20.00 to 30.00 '
°Brix. Slightly a higher per cent of the accession in plains (21.25%) and riverside
areas (21.25%) had recorded total sugar content above 30.00°Brix When compéred to

those of hills (7.50%) and coastal areas (12.50%).

The total acid content of the accessions studied had the range varying from
0.69 to 5.26 per cent. About 53.75 pef cent of the accessions had the total ’aci,dity in
the range of 1.5 to 3.0 per cent. A higher number of accessions with higher total acid
content of above 3.0 per cent were noticed in hills (28.75%) and coastal areas (28.75)

compared to plains (18.75%) and riverside areas (20.00%).

Correlation was worked out between biochemical qﬁaracters of ﬂakeé.._
Non-reducing sugars had highly significant positive correlation with reducing and
total sugar, sugar acid ratio and TSS. Reducing sugars had highly significant positive
correlation with total sugars and TSS. Total sugars had highly significant positive
correlation with sugar acid ratio and TSS. Sugar acid ratio had significant negative

correlation with acidity and significant positive correlation with TSS.

Total, non-reducing and reducing sugars had direct positiv'c effect on

overall acceptability of flakes.
5.1.4.4  Sensory qualities of flakes

Appearance of the flakes was found to have .higher variability among the
accessions studied. Appearance was dependent on shape, colour and size of flakes.
Any shape except irregular shape, deep yellow to orange coloured flakes, and rhedium
to bigger sized flakes were having more eye appealing nature. Such a combination of
characters were more frequently recorded in the decreasing order in plains, riverside,

hills and coastal areas.



Various shades of white, yellow, orange and pink flake colours were\v
commonly noticed. Pure white, pinkish red, deep orange, etc. were rarely noticed.
Unusually, there were fruits wherein white dots were noticed on yellow flakes. Double
colour flakes were also noticed wherein base of flakes was yellow and the top was
white. Firmness of the flakes was found to have significant variation among the
accessions studied. Firmness depends upon thickness and texture of flakes. Firm ‘
textured and medium - high th1ckness ﬂakes are hlghly preferred Flakes w1th good '
ﬁrmness was more frequently notlced in plams and riverside areas than the other two' |
regions. It may be due to the selectlon pressure imposed on the firm fleshed types in

those areas. Mitra (1998) grouped the flakes into soﬁ moderately soft and hard.

With respect to flavour also, jack accessions recorded a wide variabillity._ '
The ripe jack fruit emits a characteristic aroma, which is not preferred by many
because it persists for longer period.-Volatile constituents erestérs and aliphatic -
alcohols were responsible for such aroma (Berry and Kalra, 1988). Jdekfruif volatiles
contain 45 components. Esters represents a high proportion (31.90%) of jackfruit
volatiles and are important contributors to the flavour (Wong et al., 1992)., During the

survey, flakes with cardamom flavour were also located (Pananchery). |

Regarding sweetness, wide variability was noticed among the accessions.
Flakes with highest sweetness are preferred for processed products like jam, jelly, etc.
High sweetness flakes were preferred for table purpose. Sweetness types were more
frequently noticed in plains (23.75%) and riverside areas (23.75%). The sweetness of

the flakes is due to glucose, fructose and sucrose (Berry and Kalra, 1988). '
5.1.4.5  Seed characters

Wide variation was also noticed among the genotypes with respect to seed

characters like seed shape, seed surface pattern and seed coat colour.

Vivipary was noticed in 23.13 per cent of the accessions studied. Higher
percent of viviparous seeds was noticed in hills (30.00%) and coastal areas (24.00%)

than plains (18.75%) and riverside areas (17.50%). Vivipary was more frequently



noticed in late maturing types. The late maturing types were more frequently
distributed in hills and coastal areas and hence more number of viviparous trees in
those areas. In late maturing types, the fruit maturity coincides With_ the rainy season
and hence seeds started to germinate even inside the fruit. The taste of the flakes in

which the seed has germinated differs from the normal and is mostly not preferred.

5.1.4.6 Yield characters

Yield per tree varied from 21.23 to 1710.00 kg with mean value of 419.12
kg. Distribution of higher yielding trees of above 500 kg were more common in plains
(41.25%) and riverside areas (37.50%). Such trees were less freque_ntly noticed is
coastal areas (13.75%) and hills'(15 00%). The mean yield recorded was more in
plains (536.53 kg) and riverside (523.61 kg) than in hills (302.72 kg) and coastal areas
(312.16 kg).

Irrespectlve of thé topography, the number of frults vaned from 3 6 to"j,_".'_,

.230 60 with the mean value of 47. 94, The mean number of fruits  per tree was h1gher in

plains (63.13) and in riverside (62 86) Th1s was lower in hxlls (37 64) and coastal’}'_.-'v_j..:

areas (38. 33). Higher yielding trees of above 80 frults per year were. more frequently'-

distributed in plains (35.00%) and nver51de areas (35 00%) than h111s (22 50%) and :
coastal areas (21.25%). : .

: Nine firm fleshed accessions namely Ac-7, 224, 306 and 307 from plams
AC-254 and 285 from the river side, Ac-102 and 293 from the coastal reglons and
AC-203 from the hilly tract were selected. '

5147  Genetic diversity

Clustering was done separately for each topography by subjecting the data
to multivariate analysis utilising non-hierarchial euclidean cluster analysis. A wide
genetic diversity was noticed among the accessions collected in four topographical
regions.

5.2 CANOPY MANAGEMENT

Canopy development in jack has a seasonal and life time developmental
pattern. The sum of development over individual seasons results in the final canopy
dimension and form. When the tree growth is unrestricted by climate and- cultural
practices, trees may reach greater height and canopy diameter and oecupy more rspace :
in the homesteads leading to difficulty in accommodating more number of components _
in the homestead system and also in harvesting. Jack leaves form the most preferred



feed for goats. Hence lopping of branches is a common practice 'among goat keepers
especially during summer. Hence, pruning, one of the canopy management techniques
was conducted to standardize its level without affecting yield parameters and also
favouring the trees to remain compact in the longer run making harvest easier and

providing feed for goats.

The extent of phenological phases in jack fruit consist of 1) Two main
season of flushing, (i) January-February extending up to 60 days and (ii) June-
November for 150 days. 2) Main season of flowering Was November-February
lasting for about 150 days and 3)‘harvesting from March-July i.e., for about 150 days.
Sinha and Singh (1971) observed two main peribds of vegetative bud emergence i.e.,

January-February and June-October; out of which second period was the main.
The results of the present pruning study are discussed hereunder. |
5.2.1 Flushing characters

The number of days for flushing were reduced with decfeasihg order of
severity of pruning. Light pruning treatments like removal of 25 (47 days)l‘and 50 per
cent of ny branches (49 days) and 25 pér cent n; branches (52 days) took the minimum
days for flushing followed by medium pruning treatments like removai of 75 per cent
of nq order (53 days), 50 per cent of ny order (55 days) and 25 per cent of n, order
branches (56 days). The trees which received severe pruning treatments like 75 per
cent of removal of n; order (64 days) and 50 (60 days) and 75 per cent (57 days) ofny
order had taken maximurﬁ time for flushing. Severe pruning in litchi trees resulted in

delayed flushing for about 30 days (Munzel ef al., 1996).

In the present investigation, it could be observed that pruning induced the
production of more number of shoots with increased vigour and thié increased with
increasing severity of pruning. This is well confirming with the observation "of
Koopman (1896). He observed that in orange, more severe prtlhihg always induces the
development of longer and often, more numerous shbots; in most cases, the average |

length of new shoots is greater than that of shoots on unpruned trees. Further the



growth of shoots under severe pruning was faster and. lasted longer in the growing

season. Maggs (1959) concluded the general responses of prunmg 1) the 1nd1v1dua1_ :

shoots ar1s1ng from a pruned branch were larger than those from unpruned branch. 2) 3

Desplte the faster growth of their individual shoots, pruned trees ‘do not equall

unpruned trees in size, at least until fruiting has checked the laters growth and (3) fora

given degree of pruning, the size of the shoot growing from a pruned stem is

positively correlated with the length of the stem before pruning.

Jonkers (1962) and Norton (1980) reported that the growth responses to

pruning restore the disturbed balance between the above and underground part of a |

tree by increasing shoot growth and reducing root growth.

An investigation of pruning effects suggest that they results from a well
functioning communication system within the tree. If the plant parts are removed by
pruning, the remaining part of the tree is informed that the lost organ must be rebuilt in

order to restore the balance between the parts. Growth promoting hormones probably

play the main role in the functioning of the communication systems b'y'switching ‘

certain genes on and off. When the shoot apex is removed, the hormonal status
between the meristem is changed. As a result of these changes in hormone levels,

lateral buds are stimulated to grow, branching induced, photosynthesis of basal leaves

is increased and dry matter partitioning is changed in such a way that the tree is able to

rebuild the lost parts quickly. At the same time, othf:r “more distant” processes '_seem
to be subordinated to the process of new shout .growth. Thus, the growth increme_nt of
trunk and new roots decreased as assimilates and rnineralv nutrients are directed
towards the rebuilding of shoots. In addition, a transport system to new growing
meristem is developed and fruit bud formation is hampered as reproduction is

subordinated to the vegetative state (Mika, 1986).

Pruning can be expected to profoundly change the hormonal pattérn of fruit

trees because it reduces the number of meristems which are both the sink and source

of hormones. Also the balance between the hormones supplied by the root system and

above ground part of a tree is disturbed by pruning. Pruning increased cytokinin like



o n

activity to about 90 per cent; auxin like activity to about 60 per cent and gibberrellin
like activity to about 19 per cent. This increase in the growth hormones synthesis

promote the development of the vascular system and activates the nutrient transport
and thus intensifying the already initiated growth (Mika, 1986).

5.2.2 Flowering characters

Pruning treatments differ significantly among therﬁselves in terms of
number of days taken for flowering. Light pruned trees like rémoVéI of 25 and 50 pe'r'
cent of ng branches and 25 per cent n3 branches came to ﬂowering earlier i.e. in 43, 45
and 46 days,'respectively, than the medium pruned trees like removal of 75 per cent ng
order, 50 per cent n3 order and 25 per cent n, order which .had taken 50, 51 rand 52
days, respectively. The trees which had received severe pruning treatments like
removal of 75 per cent n3 order and 50 and 75 per cent of n, order had taken maximum ‘
time for flowering i.e., 57, 60 and 64 days, respectively. This is ih conformaﬁén with

pruning results of ber and mango.

Yadav and Godera (1989) reported a delayed -ﬂowering in ber with
increasing pruning severity.” Pruning in mango generallly‘ delayed the onset of
flowering from mid July to mid to late August (Oosthuyse, .1993). Pruning df
Sensation variety of mango trees resulted in greater number of new shoots, slightly
delayed and more uniform flowering (Oosthuyse, 1994). Heavily pruned mango trees
resulted in delayed flowering by 210 days later than those of less severely pruned ones
(Chen et al., 1996). Pruning of mango trees had a delayed flowering and increased

synchrony of flowering (Walt et al., 1996).

Roy (1999) reported that excessive top pruning stimulated 'v_eget_ati_ve
growth and suppressed flowering. Continual heavy pruning of fruit trees each year can
delay the onset of flowering. This particularly happens in tropical evergreen fruit trees
which store their food material mainly on the leaves, twigs and branches rather than
the deciduous trees which stores food materials in trunks and roots. In evergreen trees,

heavy pruning always delay the flower bud formation.



Oosthuyse (1997) observed a delayed flowering in mango as a result of
pruning. Severe pruning in Dashehari mango trees induced more vegetative growth

and delayed flowering (Lal et al., 2000).

In the present study different levels of pruning had no effect on the

duration of male and female spike development.

All the pruning treatments showed reduction in span of flowering and
fruiting. However, no significant difference in flowering and fruiting span was noticéd
among various pruning treatments. Trees which received severe pruning treatments
showed maximum reduction in fruiting span (10 to 20 days) followed by medium

pruning (5 to 10 days) and light pruning (3 to 5 days) treatments.

Pruning in mango resulted in short span of flowering of within a few weeks

instead of extending up to months (Srihari and Rao, 1998).

In jack there are both advantages and disadvantages in ﬂowéring and
fruiting within a short span and also upfo an gxtended period. If thére is
synchronization in flowering, harvesting can also be synchronized. We can obtain the
jack fruits well before rainy period so that the quality can be assured. In Kerala, most
of the jack fruits are in homesteads catering the .culinary and table needs of the °
households. If harvesting done in a very short span, the consumptive use of the fruits
are low since the fruits cannot be stored for longer periods. If thc harvesting of fruits is
done on an extended period, then the consumptive use of fruits for culinary and table

purpose can also be enhanced.

5.2.3 Fruiting characters

All the pruning treatments showed enhanced percent of fruit set during first
and second year of pruning. Medium pruned trees showed maximum increase in fruit

set (3-6%) than the severe (1-2%) and light pruned trees (1-2%). -

Chandler (1919) suggested that better fruit set in pruned trees might have

resulted from the increased water and nitrogen supply to the remaining wood but not



from increased photosynthate resources. Better fruit set might also be due to increased -

respiration or activation of enzymes or growth promoting substances.

There is a well established consensus that fruit retention or abscission is
influenced by the level of endogenous hormones (auxins, gibberellins, cytokininsv and
ethylene) both directly and indirectly by shifting translocation of assimilates to
competing areas of growing shoots (Groschowska and Keraszewska, 1978). Hormonal
levels are modified by pruning (Groschowska, 1981). It may be possible that pruning .

increased fruit set as a direct result of growth hormone action.

Lal and Prasad (1981) and Yadav and Godera (1989) observed an increased

fruit set and retention in ber by pruning.

Significant difference in fruit weight was observed with varying level of
pruning treatments. All the pruning treatments resulted in an increased ffuit weight.
Medium pruning treatments had maximum increase in fruif weight (1-2 kg) than
severe (0.1-0.23 kg) and light (0.3-0.8 kg) pruned trees. In ber the fruit ,v'veight' was |
increased by pruning treatments (Gupta and Singh, 1977, Singh ef al., 1978 and Lél
and Prasad, 1981). In guava, mild pruning resulted in increased fruit wéight _
(Gopikrishna, 1981). Pruning in litchi trees resulted in an increase in fruit weight
(Hassan and Chatopadhyay, 1995). |

During first year of pruning all the treatments showed.reduc.tion iﬁ fruit
number and yield and the reduction increased with severity of pruning.-‘In the secohd
year of pruning an increase in fruit number and yield was noticed. Trees. which
received medium pruning treatments showed a maximum increase in fruit number (20-
30 fruits) and yield (150-200 kg) in the second year. In the medium pruned trees; the
reduction in fruit number and yield observed during first year was tending towards the
normal rate during second year. Severely pruned trees also showed an increase in fruit
number and yield during second year but not yet regained the original bearing -
capacity. During third year of pruning, the severely pruned trees showed maximum

increase in yield and fruit number followed by medium pruned trees. It was interesting



to note that, during third year the severely pruned trees produced more number of

fruits and yield than that recorded before pruning.

Drastic pruning destroys the structural framework and photosynthetic
surfaces. During the first and second year, there is an increased infiltration percentage,
which tends to become like that of control during third year. This gives as a clue to
how much time the pruning effect lasts. Once the per cent infiltration of light comes
on par with that of control it can be understood that canopy gets closed and original

canopy surface formed.

Apparently the quiescent fruit bearing buds ought to have been activated by
the treatment of pruning as was shown in mango, owing to redistribution of
endogenous hormonal substance to favour flowering and fruiting (Rao and

Shanmugavelu, 1975).

The yield suppressing effect of a pruning o_peratiori depends on how mﬁch
it stimulates the shoot growth (Mika, 1986). Stimulation of shoot growth is the highest
in severely pruned trees, higher in medium pruned trees and the lowest m Iightly
pruned trees. The yield suppressing factor was higher in medium and the highést in
severely pruned trees which may get decreased gradually later on. That is why
medium pruned trees tend to bear normal fruit number and yield during second year of
pruning, severely pruned trees during third year of pruning. Similar observations

were also observed in other fruit crops like ber and mango.

Awasthi and Misra (1969) reported that the total yield was more in the
unpruned trees of ber when corﬁpared to the pruned trées during first year of pruning.
Sharma et al. (1979) reported that the light pruning in ber proved better than medium
and severe pruning with respect to yield. Rao (1971) reported an increase in |
productivity of old mango orchard in South India by pruning and he substantiated the
increase in yield of pruned trees over unpruned trees may be due to increase in
photosynthetic surface and increased availability of light to newly developed canopy

and fruits.
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Rao and Khader (1980) reported th‘at matured mulgoa man'go‘trees on
pruning increased the fruit yield by 10 to 30 fold in the next eight years. Qosthuyser
(1993) reported that pruning in mango resulted in reduction in the yield and n_umb‘ervof_

fruits during first year of pruning.

Chen et al. (1996) observed a reduced crop yield in mango due to delayed
accumulation of carbohydrate reserves by strong regrowth after heavy pruning. Fivaz
et al. (1997) observed during the first season after pruning of Sensation mango trees,
control trees had a higher yield. In the next season, pruned trees yielded higher than
that of control. Durand (1997} reportd that in mango, pruning faci_litéted_ the light |
penetration in the canopy leading to increased yield. Medina-Urrutia et al. (1997)
reported that the mechanical pruning of mango. trees resulted in reduced yield during
first year and significantly higher yield during second year. In Dashehari mango trees,
Lal et al. (2000) reported that the increase in the yield of fourth and fifth order
treatments over first, second and third order treatments during early years was due to
availability of more canopy area for fruiting due to less severe i)runing. Shaikh and
Hulmani (1997) reported that eleven year old trees of Navalur guava culti\}ars on fnild |
and severe pruning had an adverse effect on flower production and fruit yield per

bunch. However, individual fruit weight was increased.
523 Quality characters

Regarding the effect of pruning on the fruit quality, no- signiﬁcént
difference was noticed in total sugars, reducing sugars and non-reducing"su.gars of -
flakes of the pruned trees during first and second year of pruning. However, in
severely pruned trees, there was a slight increase in the total (0.5—0.8%), reducing (0.2-

* 0.3%) and non-reducing sugars (0.3-0.5%) of the flakes. This is in confirmity with the
findings of Awasthi and Misra (1969), Singh et al. (1978) and Khan et al. (1992) in

which a higher total sugar value was recorded in ber fruits from pruned trees.

Low yield is generally associated with a high concentration of

carbohydrates and minerals in the fruits because the nutrients absorbed and |



carbohydrates synthesised are readily available to the few fruits produced (Olszéwski

and Slowik, 1982). Pruning facilitated light penétration into the interi_orv,par_tsv- of the

tree canopy and increased the rate of photosynthesis. This might increased j;helbcontent
of soluble solids in fruits. Further, a higher phdtosynthesis of e'xis’_ci_ng-_leaves
associated with chlorophyll content and mesophyll cell enlargement might also be

responsible for the increased quality of the fruits (Taylor and Feree, 1981).

In mango also Fivaz et al. (1997) observed an increase in sweetness in

fruits from the pruned Sensation mango trees. Similar results were noticed in

pomogranate fruits (Balasubramaniam et al., 1997).

The above discussion point's’ out that pruning of 50 per cent nj ordér," at an -

interval of three years can be advised in jack. It can favour the trees to remain’ compact - ..

in the longer run without affecting the yield parameters drastically. With ihbreés»ing‘ '

severity of pruning, the new shoot growth -increased while the trunk érpsé sectional o

increment decreases. In long run, a small reduction in trunk growth in each year may. |

Jead to significant dwarfing of the whole tree after several years -(P_restoh, 1969). v_,
53 CHARACTERISATION OF SOFT AND FIRM FLESHED TYPES |

Development of an identification mé_de for soft aﬁd firm ﬂeshéd types in
jack at the seedling stage itself wili be much appreciated by the farmers. ,Witbl.ll‘this
intension, morphological, anatomical and biochemical ways of characterisat»ioh»was'
done in the present study. Conclusive results to distinguish the soft and firm _ﬂeshed

“types were not obtained.

Molecular characterization of the genetic variabili.ty between the
genotypes, effect of pruning on endogenous hormones like auxin, cytokin aﬁd
gibberellin and characterisation of soft and firm fleshed types by studying the
biochemical traits at different phases of fruit development are suggested for future line

of work.
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6. SUMMARY

The present investigations on genetic diversity and canopy management in

jack (Artocarpus heterophyllus Lam.) were undertaken in the Department of

Pomology and Floriculture, College of Horticulture, Vellanikkara and Fodder
Research Scheme, Mannuthy during 1998-2002. The study consisted of thréc'parts,
namely, genetic diverity, canopy management and characterisation of soft and firm

fleshed types in jack fruit.

The objectives of the sfudy were

1. To conduct a comprehenswe survey of jack tree in four different topographlcal

regions of Thrissur district, namely plams hllls coastal and riverside areas.

2.  To select high yielding and quality jack frult types dwarf and compact types and
with minimum latex content. | }

3. To ascertain the optimum degree and frequency of canopy manipulation which
results in better distribution of light and subsequent yield and to as‘scss as how
canopy manipulation and resultant re-distribution of light affects yield and
quality of fruits. | _ |

4,  To characterise firm and soft fleshed types through morphological ob_sefvations,

anatomical and biochemical analysis.
6.1 GENETIC DIVERSITY

For studying the genetic diversity i in Jack fruit, 89 panchayats of Thnssul
district were grouped into four major topographical regions, namely, plams coastal
hilly and riverside regions. In each topog1aph1cal region, four panchayats were
selected randomly. In each panchayats; twenty households were selected .on' random
basis accounﬁng to about 320 households. From these, trees weré selected for 'detailed

observation.

The following conclusions were made based on the present investigation.
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Variation was noticed with respect to tree vigour viz. low, medium and
high. Different canopy shapes like pyramidal, broadly pyramidal, obovate, obiohg,
semi-circular, elliptical and irregular were noticed among the accessions studied.

Trees showed variation in growth habit like erect, horizontal and drooping.

Different branching densities like low, intermediate and high and
branching patterns, namely, erect, opposite, verticiliate, horizontal and irregular were -

noticed among the trees studied.

Association was wotked out between the general tree characters.

Significant association was noticed between the following

1)  Pyramidal tree shape and erect growth habit

2)  Obovate tree shape and spreading growth habit

3)  Oblong tree shape and semi-erect growth habit

4)  Elliptical tree shape and semi-erect growth habit
5)  Pyramidal tree shape and low branching density
6) Broadly pyramidal tree shape and intermediate branching density
7)  Obovate tree shape and high branching density

8) Oblong tree shape and high brénching density

9)  Erect tree and strong apical dominance

10) Spreading tree and intermediate apical dominance
11) Drooping tree and weak apical dominance

12) Erect branching pattern and low branching density

Regarding leaf characters, a wide variation was noticed in all topbgraphiCal
levels with respect to leaf length, leaf Width‘and lehgfh/width ratio. The surveyed trees
showed different leaf shapes like obovate, elliptic, broadly elliptic, oblong and
lanceolate leaves. Different leaf apex shapes like acute, cuspidate, retuse and obtuse

and leaf base shapes like oblique, rounded, cuneate and shortly attenuate were noticed

among the accessions.



Regarding the influence of descriptive characters on biometrio characters
of leaves 1) oblong leaves had more length, 2) lanceolate leaves had lesser length and
breadth and 3) broadly elliptic leaves had more breadth. Sighiﬁcant correlation was

obtained between leaf characters like length, breadth and area.

Surveyed accessions were grouped into three based on the ﬂowering and
bearing seasons, namely, 1) Early flowering (September-October) and bearing
(December-February) types 2) mid season flowering (November-January) and bearing -
(March-May) types and 3) late flowering (February-March) and bearing (June-August)

types. A sporadic flowering and bearing type was also spotted during the survey.

Regarding the bearing habit, accessions irrespective of the topography

exhibited regular, alternate and irregular bearing habits.

Fruit shapes like broadly ellipsoid, oblong, high spheroid, spheroid,
ellipsoid, obloid, clavate and irregu]ér were noticed. Accessions showed'differe'nt
junction of stalk attachments like depressed, inflatened and flatened. Different fruit

colours at maturity like greenish, greenish brown and greenish yellow were noticed.

Different shapes of spines on the fruit like sharp pointed, intermediate aﬁ_dz
flat were noticed. Accessions differ with respect to the intensity of latex exudation like
low, medium and high. Flake shapes like cordate, twisted, épheroid_, ~elongated
obovate, rectangular, oblong with curved tip and ifregular were noticed among the

accessions in all the topographical levels.

Wide variation was noticed in terms of biometric characters of fruit. The
length of the fruits varied from 18.50-80.30 cm; girth 30.12-110.00 cm; fruit weight
1.05-22.30 kg; fruit rind weight 0.39-4.26 kg; fruit rind thickness O.28v-3.9_3 cm;
number of flakes 1.00-456.00, weight of flakes per fruit 0.51-8.21 kg; weight of fresh
flake with seed 7.15-63.60 g; weight of fresh flake without seed 5.36-46.4 g; flake
fruit ratio 0.69-4.3; flake length 3.15-13.68 cm; flake girth 4.25-13.95 cm; flake
thickness 0.1-0.4 cm; rachis length 13.5-63.58 cm; rachis diameter 3.55-12.83 cm;
perigone weight 0.43-4.16 kg and peduncle weight 0.21-2.93 kg.
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Significant variation was noticed with respect to biochemical characters of
fruit like total sugar (8.16-19.30), reducing sugar ( 1.63-5.23%), non reducing sugar
(5.96-14.98%), total soluble solids (14.63-33.00°Brix) total acidity (0.69-5.26%) and
sugar acid ratio (2.32-20.81%).

The jack collections had widely varied sensory attributes of flakes like

appearance, colour, firmness, flavour, sweetness and overall acceptability. -

Different seed shapes like spheroid, ellipsoid, elongate, oblbng,‘ren_ifbrm
and irregular, seed surface patterns like uniform, regular striations and patches, and
different seed coat colours like off white, creamish, dull brown and broWnish were

noted in the accessions irrespective of the topography. Vivipary was noticed in about

76.87 per cent of accessions.

Seed length varied from 1.98 1o 5.83 om seed girth from 3.23 to 8.30 cm
and hundred seed weight from 480 to 2400 g. ' |

Surveyed accessions showed wide variation in yield per tree (21.23 to
1710.00 kg) and number of fruits (3.60 to 230.60). | |

Character association was worked out between different fruit characters.
Significant association was noticed between fruit clustering habit and fruit shape.
Oblong fruits were mostly solitary. Spheroid fruits were more frequently noticed with

clustering habit.

Influence of descriptive characters on biometric parameters was worked
out between different fruit characters. The following significant influences were .

observed.

1. Obloid fruits with lesser fruit length, girth and fruit weight -
2. Solitary fruits with more fruit length, girth and fruit weight
3. Oblong flakes with more flake length

4. Spheroid flakes with lesser flake length



Significant correlation was noticed between the biometric chafééters like

yield, fruit length and diameter, fruit weight, rind ‘weight, number of ﬂakes;.weight of
flakes, rachis length, rachis diameter, perigone weight, seed wéight, ‘pedunclé weight,
fruit number, flake length, seed length and girth and number of fruits.

Path analysis revealed that fruit length, fruit weight, seed length and fruit
number had direct effect on yield. Number of flakes, rachis length and fruit 'weight

had indirect effect on yield via. fruit length. Number of flakes, _y‘veight of ﬂék_es,jrachi's y
length, perigone weight, seed weight and peduncle weight had indirect poSiﬁVé effect

on yield via. fruit length.

Fruit length, fruit Weight, number of -_ﬂakes, weight‘of flakes pef fru1t, |

rachis length, perigone weight and seed ,weight‘h.ad indirect negative effect on yield
via fruit number. : _

Nine firm fleshed accessions namely Ac-7, 224, 306 and 307 from plains,
AC-254 and 285 from the river side, Ac-102 and 293 from the coastal r‘egions- and
AC-203 from the hilly tract were selected. -

6.2 CANOPY MANAGEMENT

Pruning trials in jack trees resulted in reduction in number of days taken for
flushing and flowering with decréasing order of severity, i.e., light pruning treatfnents
resulted in early flushing and flowering followed by medium and severe pruning
treafments. |

On pruned trees more number of shoots with increased .vigour was
emerging with incfeasing severity of pruning. No significant difference in durétioniof
male and female spike developmenf, flowering and fruiting span was noticed among
various pruning treatments. However, all the pruning treatments ‘showed reduction in
span of flowering and fruiting. Trees which received severe pruning treatments
showed reduction in fruiting span by 10-20 days followed by rnedium (_5‘-10. days) and
light pruning treatments (3-5 days). - | - R |

All the pruning treatments showed enhanced percent of fruit setrduring first
and second year of pruning. Medium pruned trees shoWed maximum increasé in frnit

set (3-6%) than severe (1-2%) and light pruned trees (2-3%).

PRENS



During first year of pruning all the pruning treatments showed reduction in
fruit number and yield and the reduction was increasing with increasing severity of
pruning. In the second and third year of pruning, an increase in fruit number and yield

was observed.

No significant difference was noticed in total sugar, reducing sugars and
non-reducing sugars of flakes. However, in severely pruned trees, a slight increase in

the sugar content was noticed.
6.3 CHARACTERISATION OF SOFT AND FIRM FLESHED TYPES

There were no significant differences between soft and firm fleshed types

in terms of morphological, anatomical and biochemical characters studied.
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APPENDIX-I
DESCRIPTOR FOR JACK FRUIT (Artocarpus heterophyllus Lam.)

KERALA AGRICULTURAL UNIVERSITY
COLLEGE OF HORTICULTURE

Accession number
Acquisition date

Collecting institute

Name of the panchayat
Topography

Name and address of the farmer

Plant Descriptors
Growth descriptors
Tree age (years)
Tree height (m)
Tree vigour

Tree shape |

Tree growth habit
Branching density
Branching pattern

Trunk height (m)

(from base to the point of
emergence of first branch)

Leaf descriptors

Leaf length (cm)

Dept. of Pomology & Floriculture

"College of Horticulture

Kerala Agricultural Univeréity
Vellanikkara

Plains/River side/Hills/Coastal areas

Low/Medium/High -

Pyrémidal/Broadly pyramidal/Obovate/
Oblong/ Semi-circular/Elliptical/Irregular

Erect/Semi-erect/ Spreading/Drooping
Low/Intermediate/High

Erect/Opposite/Verticilliate/Horizontal/
Irregular '



Leaf blade width (cm)

Leaf blade length/width ratio

- Leaf blade shape

Leaf apex shape

Leaf base shape

Petiole length (mm)

. Flowering descriptors

Season of flowering

Female inflorescence position

Fruit descriptors
Fruiting season

a) Starting date

b) Ending déte

Fruit bearing

a) Fruit bearing habit

b) Fruit bearing position

Fruit clustering habit

Fruit shape

Obovate/Elliptic/Broadly elliptic/
Oblong/Lanceolate/Irregular/Others

Acute/Cuspidate/Retuse/ Obtuse/Others

Oblique/Rounded/Cuneate/Shortly
attenuate/Others

Mainly on trunk/mainly on trunk and
1° branches/mainly on trunk, 1° and 2°
branches/on the whole stem including
1°, 2° and 3° 3

Regular/Alternate/Others

Mainly on trunk/mainly an trunk and
1° branches/mainly on trunk, 1° and 2°

branches/on the whole stem including
1°, 2° and 3°

Solitary/Clusters/Specify
Obloid/Spheroid/High spheroid/

Ellipsoid/Clavate/Oblong/Broadly
ellipsoid/Irregular



10.

11

12,

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23,

24.

25.

Stalk length (mm)

Junction of stalk attachment to fruit :

Fruit length (cm)
Fruit girth (cm)

Fruit weight (kg)
Fruit rind weight (kg)
Fruit rind thickness

Fruit rind colour (at maturity)

Fruit surface
Shape of spine
Spine density

Latex exudation

No. of flakes per fruit

Weight of flakes per fruit (kg)

Weight of fresh flake with seed (g) :

Weight-of fresh flake without seed

€]
Flake/fruit ratio

Flake length (cm)

Flake width (cm)

Flake thickness

Depressed/Flattened/Inflated/Others

Thin/Medium/thick/Very thick

Green/Greenish yellow/Yellow/Reddish

yellow/Others
Sonth/Spiny
Sharp pointed/intermediate/flat
Sparse/Dense

Low/Mediunm/High

Thin/Medium/Thick -

Spheroid/Cordate/Twisted/Elongated/
Obovate/Rectangular/Oblong with
curved tip/Irregular/Others

Flake shape



26.

28.

29.

VI

»owo

Flake nutritive value

a) Total sugars (%)
b) Reducing sugars (%)

- ¢) Non-reducing sugars (%)

d) Total soluble solids (°Brix)
e) Acidity

f) Sugar-acid ratio
Rachis length (cm)
Rachis diameter (cm)
Seed descriptors
Seed length (cm)
Seed width (cm)

100 seed weight (g)

Seed shape

Seed surface pattern

Seed coat colour

Yield descriptors
Yield per tree

No. of fruits per tree
Soil Descriptors

Organic matter content
N content
P content

K content

Spheroid/Ellipsoid/Elongate/ Oblong/
Reniform/Irregular/Others

Uniform/Regular striations/Patches/
Others

Off-white/Creamish/Dull brown/
Brownish/Others



APPENDIX-II

SENSORY EVALUATION SCORE CARD

WELCOME:

* You are before a pleasing task!

Sample:

Date

*  Your task is simple; you need to evaluate the sensory quality attributes of the

coded samples served before you.

¢ Kindly assign your preferred scores as given below for each quality attributes of
the samples in the respective columns.

¢ Please rinse your mouth after each sample you taste.

Quality attributes

SIGNATURE

NAME

DESIGNATION

Code Appearance | Colour Firmness | Flavour Sweetness | Overall

No. accepta-
bility

Scores Word description

0-2 Very poor

2.1-4 Poor

4.1-6 Satisfactory

6.1-8 Good

8.1-10 Excellent
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ABSTRACT

The present investigations on genetic diversity and canopy management in
jack fruit (Artocarpus heterophyllus Lam.) was undertaken in the Department of
Poniology and Floriculture, College of Horticulture, Vellanikkara, during 1998 to
2002. Major objectives of the study were to vexplore the variability in vegetative,
floral, fruiting and biochemical characters of jackfruit through a comprehensive survey
in four different topographical regions of Thrissur district, namely, plains, hills,
coastal and riverside areas and to select quality types, to ascertain the opﬁmum degree
and frequency of canopy manipulation and to characterize the firm and soft fleshed

types through morphological observations, anatomical and biochemical analysis.

Variation was noticed with respect to tree vigour (low, medium and high),
canopy shape (pyramidal, broadly pyramidaL obovate, oblong; semi-circular, elliptical‘ _
and irregular), tree growth habit (erect, horizontal and drooping), branching density
(low, intermediate and high) and branching pattern (erect, opposite, ‘verticiliate,

horizontal and irregular).

A wide variation was noticed in all the four topographical levels with
respect to leaf characters like length, width, length / width ratio, shape, apex shape and

base shape.

Surveyed accessions were grouped into three based on flowering and
bearing season, namely, (1) early flowering (September-October‘). and bearihg
(December-February), (2) mid-season flowering (November-January) and bearing
(March-Mary) and (3) late flowering (February-March) and bearing (June-August). A

sporadic flowering and bearing type was also spotted.

Variation was noticed with respect to fruit shape (broadly ellipsoid, oblong,
high spheroid, spheroid, ellipsoid, obloid, clavate and irregular), junction of stalk
attachment (depressed, inflatened and flatened), fruit rind colour (greenish, greenish

brown and greenish yellow), shape of spines (sharp pointed, intermediate and flat),



intensity of latex exudation (low, medium and high) and flake shape (cordate, twisted,

spheroid, elongated-obovate, rectangular, oblong with curved tip and irregular).

Wide variation was noticed in terms of biometric characters of fruit. The
length of the fruits varied from 18.50 to 80.30 cm; girth 30.12 to 110.00 cm; fruit
weight 1.05 to 22.30 kg; fruit rind weight 0.30 to 4.26 kg; fruit rind thickness 0.28 to
3.93 cm; number of flakes 1.00 to 456.00; weight of flakes per fruit 0.51 to 8.21 kg;
weight of fresh flake with seed 7.15 t0 63.50 g; weight of fresh flake without seed 5.36
to 46.4 g; flake fruit ratio 0.69 to 4.30; flake length 3.15 to 13.68 cm; flake girth 4.25
to 13.95 ¢m; flake thickness 0.1 to 0.4 cm; rachis length 13.5 to 63.58 cm; Vrachis
diameter 3.55 to 12.83 cm; perigone weight 0.43 to 4.16 kg and peduncle weight 0.21
to 2.93 kg.

Significant variation was noticed with respect to biochemical chéracters bf
fruit like total sugar (8.16 to 19.30%), reducing sugar (1.63 to 5.23%), non reducing
sugar (5.96 to 14.98%), total soluble solids (14.63 to 33.00°Brix), total acidity (0.69 to
4.95%) and sugar acid ratio (2.32 to 20.81%). The jack collections had widely varied
sensory attributes of flakes like appearance, colour, firmness, flavour, sweetness and

overall acceptability.

Seed characters like shape, surface pattern, length, girth and hundred seed

- weight showed wide variation among the accessions.

Surveyed accessions showed wide variation regarding yield pér tree ( 21.23

to 1710.00 kg) and number of fruits per tree (3.60 to 230.60). -

Significant correlation was noticed between the biometric chabrac,ters of
fruits like length, diameter, etc. Path analysis revealed that fruit length, fruit weight,
seed length and fruit number had direct effect on yield. Non-hierarchical eucleadian.
cluster analysis revealed the existence of genetic diversity in jack. 80 collections 1n

each topography could be grouped into ten clusters.



Nine firm fleshed accessions namely AC-7, 224, 306 and 307 from plains,
AC-254 and 285 from the river side, AC-102 and 293 from the coastal._fe‘gidhs- and
AC-203 from the hilly tract were selected.

Pruning trials in jack trees resulted in reduction in number of days taken for
flushing and flowering with decreasing order of severity." On pruned trees more
numbef of shoots with increased vigour was emerging with increasing 'sévefity of
pruning. No significant difference in duration of male and female spike development,
flowering and fruiting span was noticed among various pruning treatments. Hvowe,ver,

all the pruning treatments showed reduction in span of flowering and _fruiting. ;

All the pruning treatments showed en_hanced percent of fruit set during first
and second year of pruning. Medium pruned trees showed maxirrium increase in fruit -

set (3-6%) than severe (1~2%) and light pruned trees (2-3%).

During first year of pruning all the pruning treatments showed reduction in
fruit number and yield and the reduction was increasing with increasing severity of
pruning. In the second and third year of pruning, an increase in fruit number and yield

was observed.

No significant difference was noticed in total sugar, reducing sugars and
non-reducing sugars of flakes. However, in severely pruned trees, a slight increase in

the sugar content was noticed.

There were no significant differences between soft and ﬁrm fleshed types

in terms of morphological, anatomical and biochemical characters studied.



