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1. INTRODUCTION

The jackfruit (Artocarpus heterophyllus Lam.), a member of Moraceae is
indigenous to the rainforests of the Western Ghats. It can thrive under a variety of
soil as well as climatic conditions of tropical and subtropical region. It is a major
component of subsistence farming systems in the Southern and Eastern parts of

India.

Jackfruit is a versatile crop which provides multiple products for food,
fodder, fuel and timber. The wood is a superior timber and the leaves are used as
fodder. Jack fruit often assumes the role of a secondary staple food among the
poor classes (Maheswari and Nivetha, 2015) because of its less cost and wide
availability. Immature fruit, unripe matured fruit, ripe fruit and seeds are used for
various culinary purposes. Pectin present in the fruit makes it ideal for jelly

making and preparation of other processed products.

The fruit also has high nutritional and medicinal values, (Chadha and
Patel, 2007; Arung et al., 2006). It is rich in fibre, calcium, phosphorous,
potassium, magnesium, vitamin-C and carbohydrates. As the unripe fruit is
having low glycemic index (Shahin et al., 2012), it is recommended as a partial
substitute for food grains in diabetic patients. The phytonutrients such as lignin,
isoflavones, and saponins in jackfruit glorifies it with anticancerous,

antihypertensive, anti-ulcer and anti-ageing properties (Soong and Barlow, 2004).

Eventhough it is widely grown in an area of 1.53 lakh ha with a production
of 17 lakh t annum™ and productivity of 11.25 t ha” (NHB, 2017), it is hardly
considered as a commercial fruit crop in India. Area under jackfruit in Kerala is
around 91982 ha, with an annual production of 281 million fruits (DES GOK,
2016). Now, it is recognized as the official fruit of Kerala and an important

component in the homesteads.

A number of factors could be responsible for the low commercial

utilization of jackfruit. Long gestation period, limited choice of suitable improved
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varieties, large dimension of the fruit variability in the yield and quality, problems
in harvesting etc., are some of the hurdles in cultivation of jackfruit
(Nunjundaswamy and Mahadeviah, 1993).

The crop is an obligate cross pollinated fruit species exhibiting higher
variability due to its heterogynous nature (Harshavardhan and Rajasekhar, 2012).
Unlike other crops, jackfruit shows ‘type variation’ in seedlings. The cross
pollination behavior of the crop leads to variability in off springs, as a result
sometimes varikka type (with firm flakes) may produce koozha type (with soft

flakes) plants and vice versa.

Being cross pollinated and predominantly propagated by seeds, jackfruit
exhibits great variation in terms of vegetative, flowering, fruiting and quality
characters. This heterogenous nature of the seedling population offers great

potential for selection of superior types suitable for commercial cultivation.

Presently, demand for jack fruit is increasing because of the awareness
among consumers regarding its nutritional benefits, taste and innovations in value
addition. Consumers prefer jackfruit varieties with characters like precocity,
sweetness, gumlessness and small sized fruits. Even though standard varieties in
jackfruit are limited, there are good numbers of trees which are superior in yield
with desirable fruit characters. Nimisha (2016) had identified certain promising
jackfruit types in Kasaragod district with some desirable characters such as
earliness in bearing, gumless fruits, off season bearing and clustering habit
through survey and characterization. Hence, these promising jack types need to
be evaluated and compared based on tree morphological characters, bearing
behaviour, fruit and flake characters, maturity period, yield potential and fruit
biochemical characters with that of already established varieties of the region to

select the best jack types.

Therefore, the present study entitled “Field evaluation of promising
jackfruit (Artocarpus heterophyllus Lam.) types” was undertaken with the

following objectives.



. To evaluate the morphological and yield characters of the ten
promising jackfruit types in the field

. To select most promising jackfruit types with quality fruits through
quality evaluation of fruits in the laboratory
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2. REVIEW OF LITERATURE

The jackfruit (Artocarpus heterophyllus Lam.) is an important indigenous
multipurpose tropical fruit crop in the family Moraceae. A native to South-West
India, it is the largest known edible fruit where the bearing is cauliflorous in
nature. It can thrive under varied climates and on a variety of soil types of the

tropical and subtropical region.

Jackfruit is a monoecious tree producing male and female inflorescence in
separate parts of the tree which results in cross-pollination, leading to a large

magnitude of genetic variability among seedling progenies.

Crop improvement through conventional hybridization is not ideal for
jackfruit and other perennials because of their long breeding cycle, very large
growth habit and heterozygosity. Hence, on-site selection strategy based on the
individual tree performance, particularly fruit qualities and bearing habit is the

most efficient approach towards variety development.

In this chapter, the literature on jackfruit and related species, in respect of
variation in vegetative, fruiting and biochemical characters, based on which field

evaluation and selection was done, are reviewed.

2.1 VARIABILITY

Muthulakshmi (2003) studied the genetic diversity in jackfruit and reported
much variability in vegetative, floral, fruiting and biochemical characters.
Characters like tree vigour, shape of canopy, tree growth habit, branching density
and branching pattern showed wide variability. Variation was also noticed with
respect to shape of fruit, junction of stalk attachment, rind colour, shape of spines,
latex exudation intensity and flake shape. The biometric characters of fruit also

exhibited significant variation.



Maiti er al. (2003) investigated genetic variability for various physico-
chemical attributes of 44 jackfruit genotypes collected from different agro
climatic zones of West Bengal. Among the characters, fruit weight showed

highest magnitude of genotypic and phenotypic variance.

Jagadeesh et al. (2007) studied ninety five jackfruit types selected from
Western Ghats of India and reported much variability for 22 quantitative
characters. Significant differences were reported among 95 selections indicating

the existence of variability.

Wang et al. (2009) studied 26 quantitative and qualitative fruit traits of 76
accessions of jackfruit collected from Leizhou Peninsula and found wide genetic

diversity in fruit traits ranging from 11.13 per cent to 67.73 per cent.
2.2 SELECTION

According to Haq (1995), the most important characters of a jackfruit
ideotype are: (a) architecture of canopy with acceptable form which is easy to
manage, (b) vigorous and prolific plants compatible with one or more rootstocks
with early flowering and regular bearing, (c) good quality fruits with acceptable
flesh colour and texture, good flavour and sweetness, (d) fruits with symmetrical
form and acceptable size, (e) wider adaptation, (f) time of fruit maturity, (g) off-

season type, (h) long post-harvest life and (i) above all, high yield.

Azad (2000) studied the diversity of jackfruit in five regions of
Bangladesh to select superior types based on farmers’ information and field
observations. Farmers’ criteria included high yield, fruit quality, sweetness, early
fruiting and off-season types. The study revealed that those considered superior
by farmers also received high scores from laboratory analysis for quality. On the

basis of this analysis and scoring, 10 trees were selected.

Mitra and Mani (2000) made detailed study in 1800 jack fruit trees of

Eastern India over a period of seven years. Two types were identified with very
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juicy flakes, suitable for processing. Some types exhibited TSS more than
25°Brix, ideal for dessert purpose.

Wangchu et al. (2013) carried out a survey in three districts of West Bengal
viz. Nadia, 24 Parganas (N) and Koch Bihar. All together 1,500 trees were
surveyed and 44 superior genotypes were selected based on IPGRI Jackfruit
Descriptor (IPGRI, 2000) with 13 quantitative and 6 qualitative traits i.e., bearing
habits, time required to first fruiting after planting, fruiting season, fruit bearing
position, yield per tree, harvesting time, tree growth habit, fruit shape, fruit size
(length and breadth), fruit rind colour, fruit weight, colour of flake (bulbs), taste
of pulp, total soluble solids, titratable acidity, sugar (total and reducing), vitamin
C, TSS/acid ratio and shelf life. Other quantitative traits used based on
consumer’s preference were small size fruit (2-3 kg/fruit for a family of five),
firm flakes (crispy), less fiber and grower’s preference viz; earliness in bearing,

bearing twice a year and heavy bearing.
2.3 FIELD EVALUATION

With an objective to select early flowering and ripening types, dwarf and
compact types with protracted period of flowering, larger number of fruits with
small to medium in size, more number of bulbs with sweet and firm flesh and with
minimum latex content, an extensive survey, followed by fruit evaluation was
carried out by Muthulakshmi (2003) in four topographical regions of Thrissur

district of Kerala state.

Rai ef al. (2003) evaluated twenty one genotypes of jackfruit for two
consecutive years during 2000-2002 as a part of Horticulture and Agro-Forestry
Research Programme, Plandu, Ranchi. Genotypes under investigation differed in
tree morphological characters, bearing behaviour, fruit and flake characters,
maturity period, and yield potential. Based on overall performance with respect to
bearing potential, maturity period and fruit and flake characters, the genotypes
HPJS-4/5 and HPJS-3/10 were found promising for table purpose while HPJS-4/5
and HPJS-2/6 were found suitable for culinary purpose.



Ten existing jackfruit germplasm were evaluated at Regional Agricultural
Research Station, Rangpur, Bangladesh during 2012-13 (Ali et al., 2015). Ten
existing jackfruit germplasm were selected and named consecutively from AH
Bur-001 to AH Bur-010 and their age, growth, yield, yield attributes and
qualitative characteristics were compared. @ The germplasm AH Bur-001
performed better in terms of earliness, fruit size, quality and yield followed by AH
Bur-003 and AH Bur-007.

2.3.1 Tree growth characters

An extensive survey, followed by fruit evaluation was carried out by
Muthulakshmi (2003) in four topographical regions of Thrissur district of Kerala.
Out of all accessions irrespective of topography, about 25.95 per cent of the trees
were older i.e. above 50 years of age, 25.93 per cent were 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 years, 5.62 per cent were between 10-20 years age. Only 2.50
per cent were less than 10 years of age. Among the surveyed trees, 15.93 per cent
showed less vigour irrespective of topography. Medium vigorous trees were
common and it was 55.31 per cent of the surveyed trees. Highly vigorous trees
accounted about 28.75 per cent. Variation in canopy shape varied as pyramidal,

broadly pyramidal, obovate, oblong, semi-circular, elliptical and irregular.

Rai ef al. (2003) reported that plant height of different genotypes ranged
from 5.6 to 9.05 m with minimum in HPJS-8/9 and maximum in HPJS-8/3. The
trunk circumference at 30 cm height in different genotypes ranged from 83 c¢m in
HPJS-3/10 to 161 .0 cm in HPJS-11/9. The genotypes HPJS-5/8 and HPJS-2/6
were medium tall and spreading genotypes, whereas, HPJS-8/9 and HPJS-10/1
were dwarf types and HPJS-8/3 and HPJS-2/6 were tall growing genotypes.

Ramakrishna ef al. (2006) evaluated ten selections of jackfruit for their
performance in Southern region of Andhra Pradesh. Vigorous growth was

observed in Chitradurg selection (6.10 m) followed by Bagepalli (6.00 m) and
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Hassanwhite (5.85 m), whereas the stem girth was maximum in Chitradurg

selection (66.0 cm).

According to Haq (2006), the crown of jack tree was usually conical when
the trees were young or grown under shaded conditions and reached a diameter of
3.5 to 6.7 m at five years, becoming rounded and somewhat irregular when older.
The trunk of jack tree was unbuttressed and was usually about 80 to 120 cm in
diameter but could be much wider in older trees and the bark of tree was

somewhat scaly and greyish brown or dark grey.

Aswini et al. (2015) made morpho-molecular characterization of twenty
jackfruit accessions serially numbered from Acc. 1 to Acc. 20 which was
maintained at the orchard of Department of Pomology and Florculture, College of
Horticulture, Vellanikkara. They differentiated the trees as pyramidal, broadly
pyramidal, spherical, oblong, semicircular, elliptical and irregular and noted

variation in branching density among various genotypes.

Ten existing jackfruit germplasm were evaluated at Regional Agricultural
Research Station, Rangpur, Bangladesh during 2012-13 (Ali ef al., 2015). Tree
height ranged from 12.0 to 15.8 m. The germplasm AH Bur-005 gave the tallest
plants (15.8 m) while AH Bur-002 gave the shortest plants (12.0 m). Highest
number of bulbs per fruit (130) was recorded in AH Bur-1 while minimum (85)
was found in AH Bur-5. The bulb weight per fruit (3.6 kg) was maximum in
germplasm AH Bur-7 and the germplasm AH Bur-9 gave minimum bulb weight
per fruit (2.5 kg).

Yield and quality performances of three jackfruit genotypes were studied at
the Agricultural Research Station, Bangladesh Agricultural Research Institute,
Pahartali, Chittagong during 2013-2014 (Rahman et al., 2016). The tallest plant
height (8.85 m) was found in AHPah-1, closely followed by AHPah-2 (8.80 m).

Roy et al. (2018) evaluated the morphological traits of jackfruit
germplasm under Tarai conditions of Uttarakhand in HRC, Patharchatta,
GBPUAT, Pantnagar, U.S. Nagar (Uttarakhand) from November 2015 to July
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2016. The maximum height (9.66 m) of the tree was recorded in Jackfruit
Germplasm-1 followed by Jackfruit Germplasm-2 (9.33 m), but these two
germplasm were statistically on par with respect to plant height. The maximum
girth (137.72 cm) of the tree was recorded in Jackfruit Germplasm-3 followed by
Jackfruit Germplasm-9 (132.33 c¢m), but these two germplasm were statistically

similar with respect to stem girth.

Chandrashekar er al. (2018) evaluated 35 local genotypes of jackfruit
under coffee ecosystem of lower Pulney hills at Horticultural Research Station,
Thadiyankudisai and its adjoining areas, during 2016-2017. Among the thirty five
genotypes, tree height ranged from 10.94 to 23.64 m with the mean of 17.01 m.
The tree height was the lowest in HRS TKD AH-24 (10.94 m) followed by HRS
TKD AH-7 (11.96 m) and it was the highest in HRS TKD AH-23 (23.64 m) and
HRS TKD AH-20 (22.27 fn) which were on par. The trunk circumference ranged
from 60.18 to 273.13 ¢cm with a mean of 154.25 cm. It was minimum in HRS
TKD AH-11 (60.18 cm) followed by HRS TKD AH-9 (82.77 cm) and it was the
maximum in HRS TKD AH-23 (273.13 cm). The trunk height of the thirty five
genotypes varied from 1.79 to 9.58 m with a mean of 3.76 m. The trunk height
was significantly lowest in HRS TKD AH-27 (1.79 m) and significantly highest in
HRS TKD AH-23 (9.58 m). While the crown diameter varied from 7.35 to 28.75
m with mean of 16.87 m and it was significantly lowest in HRS TKD AH-9 (7.35
m) and significantly higher in HRS TKD AH-23 (28.75 m). Out of the thirty five
genotypes, 54.28 per cent genotypes had irregular canopy shape, 28.57 per cent
were elliptical and 17.14 per cent were spherical. They observed that the presence
of irregular canopy shape is a desirable factor from the point of fruit set and yield.
Genotypes namely, HRS TKD AH-2, 5, 6, 7, 9, 11,18, 20, 21, 22, 23, 24, 25, 27,
28, 29, 31, 32, 35 have recorded irregular canopy shape.

2.3.2 Leaf characters

Muthulakshmi (2003) surveyed four different topographical regions of

Thrissur district, namely plains, hills, coastal and riverside areas to select quality

11
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jack types. Among the observed 320 accessions, obovate leaf was noticed in
23.75 per cent of the trees, 30.93 per cent had elliptic leaves and 9.37 per cent had
broadly elliptic leaves. Oblong and lanceolate leaves were noticed in 24.68 per
cent and 11.25 per cent of the trees, respectively. The petiole length of these
accessions varied from 16.50 cm to 57.50 cm with 28.36 percent co-efficient of

variation.

Sharma et al. (2005) carried out an investigation on 10 genotypes of
jackfruit collected from various locations in Uttar Pradesh during the year 2001 to
2002 and reported variations in leaf length, leaf width and leaf petiole length. The
maximum leaf length (18.43 ¢m) was found in DS-1 and minimum was found in
CS-6. With respect to the leaf petiole length, maximum petiole length was found

in CS-7 (4.35 cm) and minimum was recorded in BS-7 (1.20 cm).

Khan et al. (2010) evaluated 900 jackfruit trees in multiple locations and
reported maximum leaf length in forest/fallow (13.16 ¢m) and minimum (13.08
cm) in village areas. They also reported that leaf breadth was maximum in

homesteads (13.13 cm) and minimum (8.97 ¢cm) in forest/fallow areas.

Sarker and Zuberi (2011) carried out an investigation in jackfruit which
were collected from the corporate city and an adjacent village area of Rajshahi
and observed that genotypes from old village Madanhati possessed thick rough
and thin rough leaf texture among old and young trees. Trees of Upashahar
mostly had medium and thick rough leaf texture among old and young trees. The
mean leaf lengths of old and young tress of Madanhati and of Upashahar were
21.82, 18.84, 16.42 and 13.26 cm respectively. The leaf lengths of old and young
trees in Madanhati showed significantly higher values than those of Upashahar.
Moreover, the mean leaf lengths were significantly different among old and young
trees of Madanhati and of Upashahar. Leaf breadth among old and young tress of
Madanhati and of Upashahar had mean values as 13, 10.04, 7.72 and 4.64 cm
respectively. Old and young trees of Madanhati possessed significantly higher
leaf breadths than those of Upashahar. On the other hand, leaf breadths among
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old and young trees of Madanhati showed significant difference but that of

Upashahar made no significant difference.

Roy (2017) reported significant differences in leaf length among the
various jackfruit germplasm evaluated under Tarai condition of Uttarakhand. The
maximum leaf length (14.69 cm) was found in Jackfruit Germplasm-5 followed
by Jackfruit Germplasm-3 (14.16 cm) and they were statistically on par with each
other while minimum leaf length (9.20 cm) was recorded in Jackfruit Germplasm-
6. While the maximum leaf width was in Jackfruit Germplasm-5 (9.56 cm)
followed by Jackfruit Germplasm-3 (9.13cm) and Jackfruit Germplasm-7 (13.26
cm) and they were statistically on par with each other while minimum leaf width

(5.50 cm) was recorded in Jackfruit Germplasm-6.

The leaf apex was found to be acute and acuminate in 35 local genotypes of
jackfruit under coffee ecosystem of lower Pulney hills at Horticultural Research
Station, Thadiyankudisai and its adjoining areas, during 2016-2017
(Chandrashekar ef al. 2018). Most of the trees under study showed acuminate leaf
apex whereas only three genotypes had acute leaf apex. The frequency
distribution of various leaf base shapes were 39.39, 17.14, 28.57 and 17.14
percent respectively for oblique, rounded, cuneate and shortly attenuate leaf base

shapes.
2.3.3 Inflorescence characters

According to Moncur (1985), male inflorescences were produced first in

jack trees, and they were usually more numerous than female inflorescence.

Among the jack fruit tree 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 studied populations had female flowers on
main trunk, primary, secondary and tertiary branches (Muthulakshmi, 2003).

13
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Ali et al. (2015) observed that the flowering time of various jack types
varied from 4" week of January to 3™ week of February. The time of harvesting
was within 4™ week of May to 2™ week of July. The fruits of germplasm AH
Bur-001 were harvested in the 4™ week of May while the fruits of germplasm AH
Bur-008 were harvested in the 2™ week of July.

Rahman et al. (2016) evaluated yield and quality of three jackfruit
genotypes and recorded date of appearance of first male as well as female
inflorescence in each tree. First they observed the male inflorescence in APHah-2
(24/10/2013), whereas APHah-1 (18/12/2013) bloomed last, while first female
flower emerged on APHah-2, 40 days prior to that of APHah-1.

2.3.4 Fruit characters

Sharma ef al. (2005) compared 10 genotypes of jackfruit from various
locations in Uttar Pradesh during 2001 to 2002 and observed that it took about
110 to 150 days from flowering to fruit maturity.

Bhanu er al. (2006) extensively studied the developmental modifications
during maturation of 10 jackfruit clones and best result in terms of fruit quality

was obtained when NSP-1 took 150 days from flower emergence to fruit maturity.

According to Yap (1972), the fruit could mature in 79-163 days or might be

as long as 180-240 days after the emergence of flowering spikes.

According to Haq (2006), fruit growth and maturation normally took 5
months after fruit set but harvesting could be done even after 4 months. In cooler

places and higher altitudes, fruit maturation took longer time.

In North India, the optimum maturity period was around 180 days from the
spike emergence, and these fruits gave good finished products (Teaotia and
Awasthi, 1968).

According to Craig and Harley (2006), the jackfruit bore primarily on the
trunk and interior part of main branches; usually weighed about 4.5 to 30 kg.

14



According to Gomez et al. (2015), the normal season of harvest of jackfruit
in Kerala was from March to May. They did quality evaluation of 18 accessions
of jackfruit at College of Horticulture, Thrissur and noted that all the accessions
including two check varieties (Muttom Varikka and Sindhoor) were seemed to be
regular in bearing. They reported variability in fruit shape as ellipsoid, oblong,
long oblong, high spheroid and obovate. Rind percent was found to be minimum
for AH-1 (11.13%) whereas core percentage in the fruits was at a range of 4.16 to
11.38 per cent. The texture of flakes of 5 accessions was crisp, 2 were firm, 9
were coarse and 2 were melting. The variations observed in shape of seeds were

ellipsoid, oblong, spheroid and oval.

Medagoda (2011) extensively surveyed in Srilanka to identify superior jack
trees and revealed that there were 2 fruiting seasons, a major season (March -
June) and minor season (November - January). Fruits of different rind colour like

green, green-yellow and reddish yellow were also reported.

Muthulakshmi (2003) grouped accessions into three based on flowering
and bearing season, as (1) early flowering (September-October) and early bearing
(December-February), (2) mid-season flowering (November-January) and mid-
season bearing (March-Mary) and (3) late flowering (February-March) and late
bearing (June-August). Variation was noticed with respect to jackfruit shape as
broadly ellipsoid, oblong, high spheroid, spheroid, ellipsoid, obloid, clavate and
irregular while variation in jackfruit rind thickness ranged from 0.28 cm to 3.93
cm. Flake shape was observed to be varied as cordate, twisted, spheroid,

elongated-obovate, rectangular, oblong with curved tip and irregular.

Significant variation in fruiting season of ten open pollinated fruits of
jackfruit collected from elite clones of Southern Karnataka were reported by
Reddy et al. (2004). They observed early bearing (January - February) in
Accession No. G7, mid season bearing (April) in Accession No. G12 and late
bearing (July) in Accession No. G1. Fruit shape varied as oblong in Accession
No. G1 and ellipsoid in Accession No. G15.
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Influence of bearing position on fruit characteristics of jackfruit were
investigated by Nazrul er al. (2004) at Hill Agricultural Research station,
Khagrachari. They observed four bearing positions, i.e. main trunk, primary,
secondary and tertiary branches. The fruits of main trunk possessed more number
of flakes, percentage of edible portion and seed pulp ratio, whereas that of tertiary

branches were superior in respect of TSS, pulp weight, taste and flavour.

Aswini et al. (2015) performed morpho-molecular characterization of
jackfruit accessions and observed the fruit clustering habit of various accessions.
Number of fruits per tree varied from 21 to 135 fruits per tree while the average
fruit weights were in the range of 1.65 kg to 20.00 kg.

Ali et al. (2015) reported maximum number of fruits in AH Bur-001 (220
fruits) and minimum in AH Bur-004 (33). Single fruit weight of each germplasm
was in the range of 5.0 to 7.5 Kg. Larger fruit (7.5 kg) was obtained in AH Bur-
008 and smaller fruit (5.0 kg) in AH Bur-009. Out of the ten germplasms, four
were reported to produce oblong shaped bulbs whereas remaining six produced

long bulbs.

According to Rai et al. (2003), number of fruits per plant were found to be
highest (52) in HPJS-4/5 whereas it was lowest (4) in HPJS-9/2. They reported
various fruit shape such as ellipsoid, oblong, spheroid and clavate and noticed
fruit diameter at a range of 29.8 to 46 cm. The number of flakes per fruit was
noticed as 90 to 333 and average flake length varied from 10.3 to 33.5 cm. The
flake width varied from 2.7 to 5.0 cm. Fruit rind weight was minimum (1.5 Kg)
for both HPJS-3/2 and HPJS-3/2. They classified fruits as excellent, good,
intermediate and poor based on attractiveness. The highest number of flakes per
fruit (298) was observed in HPJS-10/1 and minimum (48) in HPJS-5/1.

Ibrahim ef al. (2013) reported fruit shape as ellipsoid, oblong and spheroid

and all the fruits under investigation showed spiny fruit surface.

As per the study conducted by Sarker and Zuberi (2011), fruit stalk length

was found to be maximum in older trees (17.66 cm) and minimum in younger
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trees (12.48 cm). The fruit stalk diameter was maximum in older trees (19.5 cm)

and minimum in younger trees (16.04 cm, 11.26 cm).

Khan et al. (2010) evaluated 900 jack trees in multiple locations and
observed maximum fruit stalk length in homesteads (7.60 cm) and minimum in
forest/fallow areas (6.67 cm), whereas maximum fruit stalk diameter was
observed in homesteads (13.53 c¢m) and minimum in forest or fallow areas (9.12

cm).

Jagadeesh et al. (2007) studied ninety five jackfruit types selected from
Western Ghats of India and reported that the broadest fruit (24.11 ¢cm) was placed
in Cluster-D and the narrowest fruit (19.50 cm) was placed in Cluster-E. They
reported highest fruit weight (14.86 kg) in Cluster-C followed by 11.74 kg in
Cluster-B and minimum fruit weight (4.68 kg) in Cluster-E. While highest rind
weight (4.85 kg) was observed in Cluster-B, followed by 4.05 kg in Cluster-C and
the lowest rind weight was found in 2.06 kg in Cluster-E. They also reported that
the thickest skin (1.44 cm) in Cluster-A followed by 1.30 ¢cm in Cluster-E and the
thinnest skin (1.03 cm) in Cluster-D.

Krishnan et al. (2015) conducted a study at Regional Agricultural
Research Station, Kumarakom during 2011-2014 to assess the variation in fruit
quality and bearing habit of jackfruit trees of 10 promising genotypes grown
under agro-climatic conditions of Kuttanad. The evaluation showed significant
difference in physical properties among the jackfruit selections. The individual
fruit weight ranged from 1,69 kg to17.50 kg. The highest fruit weight (17.50 kg)
was recorded in APJ-1 and lowest weight (1.69 kg) was observed in KKJ-2.

The number of days from flowering to fruit maturity was minimum (117) in
AHPah-1 whereas it was maximum (169) in AHPah-2 (Rahman et al., 2016). The
number of fruits per plant was exceedingly higher (73) in AHPah-1 whereas
minimum number (41) was found in AHPah-2. With respect to the length of fruit,
AHPah-2 reportedly produced the longest fruit (37.25 c¢m) whereas AHPah-3
recorded the highest fruit diameter (27.00 cm). Maximum average fruit weight
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(8.40 kg) per fruit was observed in AHPah-2 and minimum was in AHPah-1 (3.40
kg). Among the three genotypes, AHPah-2 had the maximum weight of rind and
rachis as well as highest fruit rind thickness (1.00 cm). Number of flakes per fruit
was maximum (116) in AHPah-1, whereas minimum (63) in AHPah-3.
Maximum weight of flakes per fruit (4.24 kg) was noticed in AHPah-2. Highest
seed weight (639g) was recorded in AHPah-2

Sabiha er al. (2006) conducted an experiment to evaluate 28 selected off
season jackfruit germplasm of Bangladesh and significant variation was observed
in fruit weight which ranged from maximum (13.63 kg) in Germplasm No. 6 to
minimum in Germplasm No.16 (3.00 kg). The maximum weight of seed per fruit
was noted (1.27 kg) in Germplasm No-6 followed by Germplasm No-27 (1.03
kg), Germplasm No-1 (0.99 kg) and lowest in Germplasm No-16 (0.33 kg).

According to Goswami et al. (2010), maximum seed weight of 1000 seeds
(5.56 kg) was recorded from Modhupur Ghila followed by Valuka Khaja (5.15
kg) and Valuka Dorasha (5.14 kg) while lowest seed weight of 1000 seeds (3.59
kg) was found in Valuka Ghila.

Jagadeesha er al. (2010) reported that the maximum bulb mass was
observed in UKB-24 (10.03 kg) followed by DKB-5 (9.28 kg), UKB-4 (7.46 kg),
UDP-31 (6.24 g) and minimum in UDK-6 (0.59 kg) in Coastal Karnataka while
highest seed weight was observed in DKB-5 (3.66 kg) followed by UKB-24 (2.19
kg), UDP-31 (2.12 kg) and lowest seed weight in UDK-6 (0.19kg) based on the
study of different jackfruit germplasms.

Singh er al. (2011) reported maximum average number of flakes per fruit
(342.2) in T-02 followed by T-09 (293.30) and least average number of flakes per
fruit (162.8) was observed in TCJ-03. The maximum average length of flakes
(5.54 cm) was noted in FSO-5 followed by T-02 (5.41 cm) and the least average
length of flakes (3.04 cm) was recorded in T-05. Similarly, the maximum average
width of flakes (3.25 cm) was found in T-09 followed by FSO-05 (3.09 cm). The
least average width of flakes (1.84 ¢m) was observed in TCJ-03.
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Characteristics such as weight, length, diameter and girth of fruits, number
of bulbs per fruit, percentage of pulp, percentage of rachis and percentage of rind
were found to be poorly correlated with environmental factors indicating that
these characters might be genetically controlled. Other characters, such as seed
weight, bulb weight, brix (%) were found to be affected by environmental and
genetic factors (Azad and Jones, 2007).

2.3.5 Qualitative analysis
2.3.5.1 Moisture content of unripe and ripe flakes

Goswami ef al. (2011) experimented the physical properties and chemical
composition of three types of jackfruit (Khaja, Dorasha and Ghila) collected from
Valuka and Modhupur region of Bangladesh. They compared the moisture
contents of pulp and it was highest in Valuka Ghila (84.44%) where as it was least
in Modhupur Ghila (79.62%).

According to Ibrahim ef al. (2013) maximum moisture content (76.62%)
was found in cultivar AH006 while minimum dry matter (23.38%) was found in
AHO006. Aswini ef al. (2015) reported moisture content in ripe flakes ranged from

29 to 74 per cent in accession 9 & 17 respectively.
2.3.5.2 Total Soluble Solids (TSS)

Maiti et al. (2002) carried out an investigation on 44 genotypes of jackfruit
and observed variation in the total soluble solids. They reported the maximum
TSS in Cluster-13 (25.9°Brix) followed by Cluster-4 (21.6°Brix), Cluster-5

(21.5°Brix) and lowest value was observed in Cluster-9 (15.1°Brix).

Jagadeesh er al. (2007) reported variation of TSS while evaluating ninety-
five jackfruit types selected from Western Ghats of India and it ranged from
19.87°Brix to 35°Brix, and maximum TSS was recorded in SMG-5 (35°Brix)
followed by SMG-4 (34.33°Brix), SMG-2 (33.67°Brix) and lowest in SMG-3
(19.87°Brix).
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Jagadeesha ef al. (2010) carried out an evaluation of 30 jackfruit selections
from Coastal zone of Karnataka and reported a variation of TSS from 16.13°Brix

(UDK-7) to 35°Brix (UKH-22).

Goswami et al. (2010) conducted a study of three types of jackfruit (Khaja,
Dorasha and Ghila) pulps and observed variations in total soluble solids of pulp of
different types. The highest total soluble solid was observed in Valuka Dorasha
(27.0%) whereas the lowest was found in Valuka and Ghila (19.3%).

Singh et al. (2011) carried out an evaluation of jackfruit germplasms and
reported that the maximum average TSS (32.20°Brix) was recorded in germplasm
TCJ-04 followed by T-08 (31.2°Brix) and the least (14.60°Brix) in germplasm T-
02.

The germplasm AH Bur-001 and AH Bur-003 showed the greater sweetness
(TSS value of 22°Brix) and the germplasm AH Bur-005, AH Bur-008 and AH
Bur-010 had less sweetness indicating TSS value of 18°Brix (Ali et al., 2015).

Krishnan ef al. (2015) conducted a study in jackfruit germplasm at Regional
Agricultural Research Station, Kumarakom during the year of 2011-2014 and
total soluble solid was highest in the selection KCJ-1 (31.80°Brix) followed by
KVJ-2 (26.50°Brix).

2.3.5.3 Acidity

The total titrable acidity in jackfruit was low (0.13% as citric acid) and it
showed little change during ripening. Citric and malic acids are the non-volatile
acids present. Their concentration declined, more for malic acid, and resulted in

an increased citric:malic acid ratio in the ripe fruit (Selvaraj and Pal, 1989).

Jackfruit was known to have high titrable acidity in the top and middle
portion of the fruit and the citric acid content observed throughout the ripening
process was found to be in the range of 0.3—-0.9%. The dominant organic acids
present in jackfruit were malic acid and citric acid, with succinic and oxalic acids

in traces (Saxena et al., 2009).
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Goswami ef al. (2011) conducted a study of three types of jackfruit named
Khaja, Dorasha and Ghila pulps collected from different growing areas for a
period of 6 months. They reported greater value of titrable acidity of pulp in
Valuka Ghila (0.91%) whereas the lowest was recorded in Modhupur Khaja
(0.46%).

According to Singh et al. (2011), the maximum average acidity (0.22%) was
observed in the cultivar T-02 followed by FSO-03 in jackfruit germplasm. The
least average acidity (0.02%) was found in germplasm T-10. Ibrahim et al. (2013)
reported highest acidity (0.075%) in AH-009 followed by AH-008 (0.068%)
whereas AH-005 had the lowest value (0.037%).

2.3.5.4 Sugars

According to Ghosh (1996), the edible jackfruit bulb contained fructose,
glucose and sucrose. While sucrose was the major sugar besides fructose and
glucose in varikka type fruits. A threefold increase in sucrose content was
observed during ripening whereas the concentration of glucose and fructose

increased six and five-fold respectively during the maturity stage to ripe stage.

Jagadeesh et al. (2007) surveyed and studied 24 firm-type jackfruit clones
in Western Ghats of India. Content of total sugars ranged from 19.1% to 32.1%.
Jagadeesha et al. (2010) reported that the contents of total sugars of 30 jackfruit
selections from coastal zone of Karnataka ranged from 18.10 per cent (UKB 25)
to 25.10 per cent (UKH 22).

Goswami et al. (2010) carried out a study of three types of jackfruit named
Khaja, Dorasha and Ghila pulps and reported that higher total sugar content was
recorded in Ghila types than Khaja types and lowest total sugar content was
observed in Valuka Dorasha (17.89%).

Ibrahim ef al. (2013) reported highest total sugar content (17.01%) in AH-

001 whereas least (11.84%) in AH-003. Maximum reducing sugar content
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(4.59%) and maximum non reducing sugar content (12.42%) were found in AH-

001.

Krishnan et al. (2015) carried out investigation on various jackfruit
germplasms of Kuttanad region of Kerala and reported that the selection KVJ-1
(61.88%) showed highest value for percentage of total sugars. The reducing sugar
was highest in KCJ (9.39%).

2.3.5.5 Carotenoid content

According to Selvaraj and Pal (1989) Vitamin A content of jackfruit was

moderate (540 IU) and it increased during ripening.

Physico-chemical characters of 30 jack type were studied by Jagadeesha et
al. (2010) in College of Horticulture, Arabhavi, Karnataka and they reported
carotenoid content in ripe flakes in a range of 0.251 mg/100g pulp in UDK-5 to
0.701 mg/100g pulp in UDP-32.

Deb et al. (2013) made quality evaluation of 16 jackfruit genotypes in
Eastern and North-Eastern India and reported -carotene content as 311.2 to 496.7
pg/100g pulp. Aswini er al. (2015) reported that the B carotene content of fresh
flakes ranges from 0.99 to 12.94 mg/100g.

Gomez et al. (2015) noted that total carotenoids varied significantly in all
the accessions of jack fruit. Total carotenoid content varied from 209.5 to 3131.5
ug/100g pulp. Highest total carotenoid content was found in accession AH-2
while the lowest was observed in AH-1. Total carotenoids in AH-2 were higher
than that in the check cultivar Muttom Varikka. Their findings indicated that the

colour of flakes was directly correlated with the total carotenoid content.
2.3.5.6 Fiber content

Goswami ef al. (2011) evaluated the physical properties and chemical

composition of three jackfruit types (Khaja, Dorasha and Ghila) and reported that
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the fiber content was more or less in the range of 0.50 to 0.65 per cent, with an

exception of Modhupur khaja with a value of 0.90 per cent.

Proximate analysis of Artocarpus odoratissimus (Tarap) samples obtained
from three different locations in Brunei Darussalam revealed a fiber content in a
range of 2.8 to 4.2 g/100g flesh (Tang et al., 2013).
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3. MATERIALS AND METHODS

The present study entitled “Field evaluation of promising jack fruit
(Artocarpus heterophyllus Lam.) types” was conducted in Kasargod district
during the period from December 2016 to July 2018. The experiment focused on
field evaluation of already surveyed, identified and characterized jackfruit types
by Nimisha (2016) in Kasaragod district with emphasis on special characters like

early bearing, cluster bearing, seedlessness, free from latex and table quality.
3.1 LOCATION

Kasargod district is the northernmost district of Kerala, India. It is situated
at latitude of N 12° 30° 5” and longitude of E 74° 59° 24”. It lies 19 m above
MSL and experiences a warm humid climate. The present evaluation was
conducted in-situ in the farmer’s field. The details of farmers holding the

promising trees of jack types and the check varieties are shown in Appendix I.
3.2 GPS READING OF TREES

The location of trees of each jack type as well as check varieties were
recorded by using GARMIN etrex 30 GPS recorder and recorded latitude and
longitude is shown in Appendix II and the location of trees are plotted in map
(Appendix III).

3.3 METEOROLOGICAL DATA DURING THE STUDY

Meteorological data during the study was collected from Regional
Agricultural Research Station (North-Zone), Pilicode (Appendix-IV).

3.4 FIELD EVALUATION

Field evaluation was done by observing various characters of jack related
to morphological and yield characters. Descriptor for jackfruit developed by
IPGRI (2000) was used as the basis for evaluating morphological characters of the
tree and fruit. The jackfruit types selected for the study are shown in the table
below:-
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Special characters of selected jackfruit types for field evaluation

SL
Jack type Special character
No.

1 KJ 121 Fruiting thrice in a year

2 KJ 173 Flakeless jack (Small fruits without flakes)

3 KJ 180 Seedless (flakes with rudimentary seeds)

4 KJ 182 Cluster jack (small to medium sized fruits
produced in clusters), high TSS

5 KJ 183 Off season ripening (August-September) with
good fruit quality
Very early ripening (December), high TSS, good

2 — ry early ripening ( ), hig g
flavor
Early ripening (February), attractive flake colour,

3 T y ripening ( y)
high TSS

8 KJ 224 High TSS, medium sized fruits

9 KJ 356 High TSS, more number of fruits

10 KJ 397 Gumless

4 Muttom Varikka | Check variety

12 Singapore jack | Check variety

Three well developed fruits from each genotype were harvested and
brought to Horticultural Laboratory of College of Agriculture, Padannakkad and

cut after ripening to record observations on fruit characters.

Field evaluation was carried out based on following parameters.
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3.4.1 Tree growth characters
3.4.1.1 Age of the tree

Age of tree of each jack type was collected through questionnaire from

respective farmers. The questionnaire used is included as Appendix V.
3.4.1.2 Trunk height

Trunk height was recorded from the base of the tree to the point of

emergence of first branch and expressed in centimetres.
3.4.1.3 Trunk circumference

Trunk circumference was recorded at 50 cm above ground level for trees

raised through seedlings, as per IPGRI descriptor for jackfruit.
3.4.1.4 Tree vigour

Tree vigour was visually observed as per IPGRI descriptor (IPGRI, 2000)

and classified as low, medium and high.
3.4.1.5 Trunk surface

The trunk surface character of each tree were observed and classified as

smooth, rough and very rough as per IPGRI descriptor.
3.4.1.6 Crown shape

The tree crown shape was observed and differentiated based on IPGRI

descriptor.
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Fig. 1: Crown shapes of jackfruit as per IPGRI descriptor

3.4.1.7 Branching density

The branching density of each tree was assessed and grouped as sparse

]

medium and dense as per IPGRI descriptor.
3.4.2 Leaf characters

Leaf characters were recorded from 20 fully expanded healthy leaves
collected from various parts of tree, when branches got lignified and the average

was worked out.
3.4.2.1 Leaf length

Leaf length (cm) was measured from the base to the tip of the leaf blade.
3.4.2.2 Leaf width

Leaf width (cm) was measured at the widest portion of the leaf.
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3.4.2.3Petiole length

Petiole length was measured from the base of petiole to the base of leaf

blade in mature leaf and expressed in centimeters (cm).
3.4.2.4 Leaf shape

The leaf shape of individual trees was observed and classified as elliptic,

narrowly elliptic and obovate based on IPGRI descriptor.

Obovate Elliptic Narrowly elliptic

Fig. 2: Leaf blade shapes of jackfruit as per IPGRI descriptor

3.4.2.5 Leaf apex

Leaf apex shape of trees was observed and recorded as acute, acuminate,

retuse and obtuse.
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Fig. 3: Leaf apex shapes of jackfruit as per IPGRI descriptor

3.4.2.6 Leaf base

Leaf base shapes of the trees were recorded and classified as oblique,

rounded, cuneate and shortly attenuate.

Obligue Rounded Cuneate Shortly attenuate

Fig. 4: Leaf base shapes of jackfruit as per IPGRI descriptor

3.4.2.7 Leaf margin

Leaf margin was observed and grouped as entire and undulate.
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3.4.2.8 Leaf colour

Leaf colour was evaluated at the adaxial side of the fully matured leaf and

categorized as light green, green and dark green based on IPGRI descriptor.
3.4.3 Inflorescence characters

Inflorescence characters were recorded by frequently visiting the trees and

through visual observations.
3.4.3.1 Date of appearance of 1° male inflorescence

Date of appearance of first male flower in each tree was observed and

recorded.
3.4.3.2 Date of appearance of 1" female inflorescence
Date of appearance of first female inflorescence in each tree was recorded.
3.4.4 Fruit bearing characters
3.4.4.1 Number of years to first fruiting after planting

The duration of pre-bearing period of each tree were collected from

respective farmer by questionnaire.
3.4.4.2 Number of days from flowering to fruit maturity

Duration in days from date of appearance female flower to fruit maturity

of each jack type was recorded.
3.4.4.3 Start of fruiting season

The date on which the first fruit of each jack type got matured or harvested

was recorded.
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3.4.4.4 End of fruiting season

The date on which the last fruit in each tree got matured or harvested was

recorded.
3.4.4.5 Fruiting season

Time of fruiting was recorded in each jack type and classified as early,

mid and late season bearing.
3.4.4.6 Fruit bearing habit

Regularity in bearing of each jack type was enquired from respective
farmers through questionnaire, and classified as regular and alternate bearers as

per IPGRI descriptor.
3.4.4.7 Fruit bearing position

Fruit bearing position of each tree was visually observed and recorded as

main trunk, primary branch and secondary branch.
3.4.4.8 Fruit clustering habit and number of fruits per cluster

Fruit clustering habit of each jack type was observed and classified as
solitary and clustering as per IPGRI descriptor. In the case of cluster bearing

types, number of fruits per cluster was recorded.
3.4.5 Fruit characters

Fruits were harvested at mature unripe stage by cutting the peduncle with a
sharp knife and by traditional methods, such as the use of ropes and sickles for
upper fruit harvesting and hand picking for lower fruits. Then it was transported
to the laboratory and kept for ripening. Ripened fruits were cut open to observe
fruit characters. The minimum sample size in each jack type was three fruits and

each fruit was considered as a replication.

32



3.4.5.1Fruit stalk length

Stalk length of three fruits of each tree was measured from the base of the
peduncle to the base of fruit at maturity and the average was worked out and

presented in centimetres.
3.4.5.2 Fruit stalk diameter

Stalk diameter was measured at 5 cm from the base of fruit and worked

out average of stalk diameter of three fruits per tree and presented in centimetres.
3.4.5.3 Stalk attachment to fruit

The way of attachment of fruit to the stalk is visually observed and
classified as depressed, flattened and inflated as per IPGRI descriptor.

Depressed Flattened Inflated

Fig. 5: Stalk attachment to fruit in jackfruit as per IPGRI descriptor

3.4.5.4 Fruit length

Length of three individual fruits was measured by metre scale and that

were analyzed statistically and expressed in centimetres.
3.4.5.5 Fruit diameter

Fruit diameter was measured at the widest point of fruit by metre scale and

expressed in centimetres.
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3.4.5.6 Fruit shape

Fruit shape of each jack type was observed visually and classified as

obloid, spheroid, ellipsoid, clavate, oblong and irregular based on IPGRI
descriptor.
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Obloid

Clavate

Fig. 6: Fruit shapes of jackfruit as per IPGRI descriptor
3.4.5.7 Fruit surface

The surface characteristics of fruit was observed and classified as smooth
or spiny.
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3.4.5.8 Fruit attractiveness

Fruit attractiveness was scored by considering the general appearance of

fruit as a whole and classified as poor, intermediate, good and excellent.
3.4.5.9 Fruit weight

Three matured fruits from each jack type was used to find out the mean
fruit weight. The ripened fruits where weighed by using electronic balance and

weight expressed in kilograms (kg).
3.4.5.10 Number of fruits per tree

The number of fruits borne on each tree was recorded.
3.4.5.11 Fruit yield per tree

Fruit yield per tree was calculated by multiplying number of fruits per tree

with the average fruit weight of each tree and expressed in kilograms.
3.4.6 Flake characters
3.4.6.1 Flake length

The length of 20 flakes of each fruit was measured by using meter scale

and took average and expressed in centimeters.
3.4.6.2 Flake width

Width of 20 flakes from each fruit was measured and the average value

expressed in centimeters.
3.4.6.3 Flake thickness

Thickness of flakes was measured at the middle portion of flakes by using

screw gauge. The average value of 20 flakes was expressed in millimeters.
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3.4.6.4 Flake shape

The flake shape of each jack type was observed visually and was
differentiated as spheroid, cordate, twisted, obovate, rectangular, oblong with

curved tip and irregular based on [IPGRI descriptor.

J 0

Spheroid Cordate Twisted Obovate

Rectangular Oblong with curved tip Irregular

Fig. 7: Flake shapes of jackfruit as per IPGRI descriptor

3.4.6.5 Flake colour

Colours of the flakes were recorded by visual observation at ripened stage
and classified into deep yellow, yellow, light yellow and creamy white as per
IPGRI descriptor.

3.4.6.6 Flake texture

Flake texture of each jack type was recorded by organoleptic scoring as

per IPGRI descriptor and classified as soft, firm, coarse, fibrous and melting.
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3.4.6.7 Weight of flakes per fruit

The weight of flakes per fruit was obtained by weighing the bulbs in a fruit

without seed and expressed in kilograms.
3.4.6.8 Number of flakes per fruit

The total number of flakes within a fruit was counted.
3.4.6.9 Flake/fruit ratio

Contribution of flake weight to the total fruit weight was worked out as

given below:-
Weight of flakes per fruit (kg)
Flake/fruit ratio =
Total fruit weight (kg)
3.4.6.10 Flake/seed ratio

Ratio of total weight of flakes and the total weight of seeds was worked

out as :-

Total weight of flakes per fruit (kg)
Flake/seed ratio =

Total weight of seeds per fruit (kg)

3.4.7 Seed characters

3.4.7.1 Seed shape

The shape of seeds of each jack types was observed visually as per IPGRI
descriptor and classified as spheroid, ellipsoid, elongate, oblong, reniform and

irregular.
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Spheroid Ellipsoid Elongate

Oblong Reniform Irregular.
Fig. 8: Seed shapes of jackfruit as per IPGRI descriptor

3.4.7.2 Seed weight

The total weight of all seeds within a fruit was recorded by using

electronic balance and expressed in kilograms (kg).
3.4.8 Edible and non-edible parts

Observations on the edible and non-edible parts of fruits were taken as

described below:-
3.4.8.1 Weight of edible portion

Weight contribution of flakes and seeds together was weighed and

expressed in kilograms (kg).
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3.4.8.2 Fruit rind thickness

Rind thickness of each fruit was observed at the thickest point of rind of

dissected fruit and expressed in cenimetres.
3.4.8.3 Fruit rind weight

Weight contribution of fruit rind was recorded by using electronic balance

and expressed in kilograms (kg).
3.4.8.4 Perigone weight

The total weight of perigones (unfertilized female flowers) was recorded

with electronic balance and expressed in kg.
3.4.8.5 Core weight

Total weight of peduncle/core content within in a fruit was weighed in

electronic balance and expressed in kg.
3.4.9 Fruit quality parameters
3.4.9.1 Determination of moisture content of unripe and ripe flakes

Moisture content of flakes was determined by following the procedure
given by Ranganna (1991). Two gram sample was taken in pre-weighed
aluminium dish. It was kept in a vacuum air oven and dried for 6 hours at 70°C
and 26-28 inch vacuum. After cooling in a dessicator the weight was recorded

and moisture content was calculated as shown below:-

Loss in weight x 100

Moisture content (%) =
Weight of the sample

3.4.9.2 Determination of Total Soluble Solids

The juice of jackfruit flake was extracted by crushing the pulp of each fruit

separately in each elite jackfruit tree and strained through muslin cloth. The total
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soluble solid of the pulp was determined using an Erma Hand Refractometer (0 to
30°Brix range). The temperature corrections were made as described by

Ranganna (1991), with the help of the temperature correction chart.
3.4.9.3 Determination of titrable acidity

Titrable acidity was estimated from the pulp of ripe jackfruits flakes
belonging to different types. About 25 g fruit pulp was taken in a 250 ml beaker
and boiled for 30 minutes after adding 100 ml water. The content was cooled and
made upto 250 ml. About 50 ml of the prepared sample was taken and titrated
against 0.1 N NaOH using phenolphthalein as indicator. The acidity was
calculated by using following formula and expressed as percent of citric acid
(AOAC, 1984).

Titre value x Normality of alkali (0.1) x 0.064 x Vol. made up x 100

Acidity (%) =
Volume of aliquot x Weight of sample

3.4.9.4 Determination of reducing sugar

Reducing sugar of fruit pulp was estimated by adopting a procedure put
forth by AOAC (1984). A known weight of fruit sample was ground, filtered and
transferred 25 g of filtered solution into a 250 ml volumetric flask. Added 100 ml
distilled water and neutralized with 1 N NaOH. Then 2 ml lead acetate solution
was added and excess lead acetate was removed by adding potassium oxalate
solution and made up to 250 ml. The solution was filtered and titrated against the
mixture of Fehling’s solution A and B using methylene blue as indicator. The
reducing sugar was calculated by following formula and expressed in per cent

(%).

0.05 x Volume made up (250 ml) x 100

Reducing sugar (%) =
Titre value x Weight of fruit juice
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3.4.9.5 Determination of total sugar

Total sugars in fruit pulp were estimated as per procedure given by AOAC
(1984). About 50 ml of clarified solution, made for reducing sugar estimation
was boiled for 10 minutes after adding 5 g citric acid and 50 ml water. It was
neutralized using 1 N NaOH and made up to 250 ml. Then, the made up solution
was titrated against a mixture of Fehling’s solution A and B. The total sugar was

calculated by following formula and expressed in per cent (%).

0.05 x Vol. made up x Vol. made up after inversion x 100

Total sugar (%) =
Titre value x 50 x Weight of sample

3.4.9.6 Determination of non-reducing sugar

Non-reducing sugar (%) was obtained by subtracting the value of reducing

sugar (%) from total sugar (%).
Non-reducing sugar (%) = Total sugar (%) — Reducing sugar (%)
3.4.9.7 Determination of carotenoid content

Carotenoid content was estimated by the method suggested by Ranganna
(1991). One gram of finely cut and well mixed fruit sample was ground by pestle
and mortar with addition of 20 ml of 80% acetone. Centrifuged (5000 rpm for 5
minutes) and the supernatant were transferred to 100 ml volumetric flask.
Grinding with the residue was continued until the residue became colourless.
Then the volume was made with 80% acetone and absorbance was recorded at
480 and 510 nm in UV- Spectrometer against the solvent (80% acetone) as blank.

The carotenoid content was calculated using the following formula.

Total carotenoid (mg/100g) = [ (7.6 X Asgo) — (1.49 X Asy0) ] x
10 x Wt. of sample
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3.4.9.8 Determination of crude fiber content

Estimation of crude fiber was done by following the methods described by
Mynard (1970) and Misra et al. (1975). Two gram of ground dry flake was boiled
with 200 ml of sulphuric acid for 30 min with bumping chips. Filtration was done
through muslin cloth and washed with boiling water until washings were no
longer acidic. Then, it was boiled with 200 ml sodium hydroxide solution for 30
min. Again filtration was done through muslin cloth and washed with 25 ml of
boiling 1.25% sulphuric acid, three 50 ml portion of water and 25 ml alcohol. The
residue was transferred to preweighed ashing dish (W) and then dried for 2 hrs at
130°C. The dish was cooled in a desiccator and weighed (W;). Then, ignition
was done for 30 min at 600°C, cooled in a desiccator and reweighed (W3). The

per cent of crude fiber in ground sample was calculated by using the formula,

Loss in weight on ignition
Crude fiber (%) = X 100
Weight of the sample

Loss in weight on ignition = (W2-W)) - (W3-W))

3.4.9.9 TSS: Acid ratio

TSS- acid ratio was calculated by dividing the total soluble solids with

total titrable acidity and mean value were computed.

3.4.9.10 Sugar: Acid ratio

Sugar- acid ratio was calculated by dividing the total sugar with total

titrable acidity and mean value was worked out.
3.5 STATISTICAL ANALYSIS

The data on morphological characters were recorded as per IPGRI (2000)
descriptor and presented as such. The data with respect to quantitative and
qualitative characters were subjected to statistical analysis using OPSTAT

software (Sheoran ef al., 1998). The means for all the treatments were calculated
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and the ANOVA worked out by F-test. The significance of difference between
the pairs of means was compared by least significant difference (LSD) test at five

per cent level of probability (Gomez and Gomez, 1984).
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RESULTS

The present study entitled “Field evaluation of promising jackfruit
(Artocarpus heterophyllus Lam.) types” was carried out at College of Agriculture,
Padannakkad, Kasaragod during 2016-2018. The study included ten promising
jackfruit types already surveyed, identified and characterized by Nimisha (2016)
and two check varieties (Muttom Varikka and Singapore jack). In-situ evaluation
of these jack types were carried out based on tree growth characters, leaf
characters, inflorescence characters, fruit morphological characters and fruit

quality parameters. The results of the study are presented below in this chapter.
4.1 TREE GROWTH CHARACTERS OF JACKFRUIT TYPES
4.1.1 Age of the tree

Age of the trees of various jackfruit types and check varieties are

presented in Table 1. Tree age ranged from 15 to 34 years.
4.1.2 Trunk height

Ten jack types as well as check varieties showed varied trunk heights. It
ranged from 45 cm to 600 cm among the twelve trees. Jack type KJ 224 recorded
the highest trunk height (600 cm) and the lowest height was recorded in Muttom
Varikka (45 cm). All other trees recorded intermediate values for trunk height
(Table 1).

4.1.3 Trunk circumference

The trunk circumference of jack types varied from 84 cm to 245 cm, as
shown in Table 1. Highest trunk circumference was observed in Singapore jack
(245 cm) followed by KJ 121 (178 cm), whereas lowest trunk circumference was
recorded in Muttom Varikka (84 cm).
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4.1.4 Tree vigour

Out of the ten jack type trees and two check varieties studied, four of them
were observed to be highly vigorous (KJ 182, KJ 224, Muttom Varikka and
Singapore jack) and two of them were less vigorous (KJ 185 and KJ 186). All

other types were medium vigorous in growth (Table 1).
4.1.5 Trunk surface

The trunk surface of jack types were recorded as smooth, rough and very
rough and presented in Table 1. Out of the twelve types, five were observed to be
having smooth surface (KJ 183, KJ 185, KJ 356, KJ 397 and Muttom Varikka),
four were having rough surface (KJ 173, KJ 180, KJ 182 and KJ 224) and
remaining three were having very rough trunk surface (KJ 121, KJ 186 and
Singapore jack).

4.1.6 Crown shape

With respect to crown shape, the jack types varied as broadly pyramidal,
spherical, semicircular, elliptical and irregular (Table 1). Out of the twelve jack

types, seven trees were having irregular crown shape.
4.1.7 Branching density

Based on the branching density, jack types were classified as trees with
sparse, medium and dense branches. Among the twelve types, six were observed

to be having medium branching density (Table 1).
4.2 LEAF CHARACTERS OF JACKFRUIT TYPES

4.2.1 Leaf length

The data in Table 2 revealed that the length of leaf differed in jackfruit
types. Highest leaf length of 17.43 cm was observed in tree of KJ 185 and lowest
in KJ 224 (9.87 cm).
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4.2.2 Leaf width

The data on width of leaves indicated that there was difference in leaf
width of various jack types (Table 2). The maximum leaf width was found in
Muttom Varikka (9.43 cm) followed by KJ 182 (8.77 cm) while the minimum
width (5.43 cm) was observed in KJ 397.

4.2.3 Petiole length

A close examination of the data presented in Table 2 indicated that the leaf
petiole length varied among jack types. Highest petiole length (2.47 cm) was
observed in the leaves of Muttom Varikka and lowest petiole length (1.47 cm)
was recorded in KJ 356.

4.2.4 Leaf shape

Jack types had varied leaf shape such as obovate, elliptic and narrowly
elliptic. Most of the jack types except KJ 397 and check varieties had elliptic
leaves. The leaf of KJ 397 was narrowly elliptic whereas that of Muttom Varikka
and Singapore jack were obovate in shape (Table 2).

4.2.5 Leaf apex

The leaf apex of jack types varied as acute, acuminate and obtuse (Table
2). Jack types KJ 121, KJ 180, KJ 183 and KJ 397 had acute apex and Muttom
Varikka had obtuse leaf apex whereas all other jack types had acuminate leaf

apex.
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4.2.6 Leaf base

Jack types showed variation in leaf base as oblique, shortly attenuate and
cuneate. Jack types KJ 173 and Muttom Varikka had cuneate leaf base and that of
KJ 182 was shortly attenuate, while all other jack types had oblique leaf base
(Table 2).

4.2.7 Leaf margin
All of the jack types had entire leaf margin (Table 2).
4.2.8 Leaf colour

Wide variation was observed in leaf colour of jack types (Table 2). Jack
types such as KJ 121, KJ 185, KJ 186, KJ 224 and Muttom Varikka had dark
green leaves and KJ 356 had light green leaves, while all other types had green

leaves.
4.3 INFLORESCENCE CHARACTERS OF JACKFRUIT TYPES
4.3.1 Date of appearance of first male inflorescence

The first male inflorescence appeared on each jack type from October
2017 to February 2018. The data on date of appearance of first male
inflorescence, presented in Table 3, showed that male inflorescence appeared first
in KJ 185 (04™ October 2017), followed by KJ 121 (10™ October 2017), KJ 186
(17" October 2017) and KJ 173 (25" October 2017). While the inflorescence
appeared later in KJ 180 and KJ 397 (03" February 2018) after Singapore jack
(14" January 2018), Muttom Varikka (21% January 2018) and KJ 183 (22“‘i
January 2018) respectively.

4.3.2 Date of appearance of first female inflorescence

First female inflorescence became visible on jack types from October 2017
to February 2018. The data presented in Table 3 indicated that first female flower
emerged earliest on KJ 185 on 19% October 2017, followed by KIJ 186
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(14™November 2017), KJ 121 (25" November 2017) and KJ 173 (16" December
2017). While the first female flower emerged later on KJ 397 (23™ February
2018) after KJ 180 (20™ February 2018).

Table 3. Inflorescence characters of jackfruit types

Date of appearance

Date of

appearance of

SL No. Jack type of first male
first female
inflorescence )
inflorescence

1 KJ 121 - Fruiting thrice 10" October 2017 25" November 2017
2 KJ 173 - Flakeless 25™0ctober 2017 16" December 2017
3 KJ 180 — Seedless 03" February 2018 20" February 2018
4 KJ 182 — Cluster 18" December 2017 06" January 2018
5 KJ 183 - Off season 22" January 2018 10" February 2018
6 KJ 185 — Early 04" October 2017 19" October 2017
7 KJ 186 — Early 17" October 2017 14" November 2017
8 KJ 224 - High TSS 13" November 2017 02" January 2018
9 KJ 356 - High TSS 16" November 2017 04" January 2018
10 KJ 397 — Gumless 03" February 2018 23" February 2018
11 Mistiom Varikick 21% January 2018 17" February 2018
12 Singapore jack 14" January 2018 11" February 2018

4.4 FRUIT BEARING CHARACTERS OF JACKFRUIT TYPES

4.4.1 Number of years to first fruiting after planting

The pre-bearing period of jack types varied from three to seven years

(Table 4). Among these, Muttom Varikka and Singapore jack were of graft origin

and all others were seedling origin. Shortest pre- bearing period was recorded in

Singapore jack (3 years), followed by KJ 186 (4 years), Muttom Varikka (4
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years), KJ 182 (5 years) and KJ 173 (5 years). The longest pre-bearing period (7
years) was in KJ 121, KJ 180 and KJ 356.

4.4.2 Number of days from flowering to fruit maturity

The numbers of days from flowering to fruit maturity are presented in
Table 4. It ranged from 63 days to 105 days. Jack type KJ 180 took minimum
days (63 days) from flowering to fruit maturity, followed by KJ 397 (66 days) and
Singapore jack (67 days). But KJ 224 took 105 days, which was maximum

among all jack types.
4.4.3 Start of fruiting season

Data on start of fruiting season are presented in Table 4. Most of the jack
types except KJ 183 (12/05/2018) and KJ 185 (31/12/2017) commenced fruiting
from February to April 2018. KJ 185 started bearing from December 2017,
showed its earliness whereas KJ 183 bore fruits only during first fortnight of May

2018, and revealed its off-season bearing nature.
4.4.4 End of fruiting season

The data presented in Table 4 revealed that most of the jack types ceased
fruiting by June- July 2018. Jack types KJ 185 and KJ 186 had fruits only up to
April whereas in KJ 183, fruits were available till 28/08/2018.

4.4.5 Fruiting season

According to the peak fruiting season, jack types were classified as early,
mid and late bearers (Table 4). Out of the twelve types, KJ 185 and KJ 186 were
early bearers, KJ 183 and Muttom Varikka were late bearers while all other jack

types were mid season bearers.
4.4.6 Fruit bearing habit

All the jackfruit types including 2 check varieties (Muttom Varikka and

Singapore jack) were seemed to be regular in bearing (Table 4).
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4.4.7 Fruit bearing position

It was observed that the fruits were borne on whole stem including trunk,
primary (1°), secondary (2°) and tertiary (3°) branches in three jack types (KJ 121,
KJ 180, KJ 182 and Singapore jack) while on trunk, primary (1°) and secondary
(2°) branches in KJ 185. But jack types KJ 173, KJ 186, KJ 224, KL 356 and
Muttom Varikka produced fruits on both trunk as well as 1° branches where as KJ
183 and KJ 397 bore fruits only on tree trunk (Table 4 and Plate 1a and 1b).

4.4.8 Fruit clustering habit

Fruit clustering habit of each jackfruit type as well as check varieties
(Muttom Varikka and Singapore jack) are indicated in Table 4 and Plate 2 and
number of fruits per cluster is shown in parenthesis. Six out of twelve jack types
such as KJ 173, KJ 182, KJ 186, KJ 224, KJ 397 and Singapore jack exhibited
fruit clustering habit and the number of fruits varied from 2 to 8 per cluster.

Highest number of fruits per cluster (8) was observed in KJ 182.
4.5 FRUIT CHARACTERS OF JACKFRUIT TYPES
4.5.1 Fruit stalk length

The fruit stalk lengths were significantly different among jack types and
the data are presented in Table 5a. Longer stalk was observed in KJ 183 (8.27
cm) and lowest was in KJ 224 (4.03 cm).

4.5.2 Fruit stalk diameter

Jack types as well as check varieties differed in case of fruit stalk diameter
(Table 5a). Jack type KJ 397 recorded maximum stalk diameter (3.57 cm) while,

lowest stalk diameter were observed in KJ 180 (1.50 cm).
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4.5.3 Stalk attachment to fruit

The stack attachment to fruit differed as depressed and flattened among
jack types (Table 5a). Maximum jack types showed depressed stalk attachment
except KJ 186 and KJ 224 which had flattened attachment.

4.5.4 Fruit length

Significant differences were found in the fruit length among the various
jack types and are presented in Table 5a. The maximum fruit length was observed
in Muttom Varikka (39.83 ¢m), while minimum fruit length was recorded in KJ
182 (16.77 cm).

4.5.5 Fruit diameter

It is evident from the data presented in Table 5a that the jack types as well
as check varieties varied significantly with respect to fruit diameter. Among the
jackfruit types, maximum fruit diameter was recorded in KJ 356 (24.23 c¢m) and it
was on par with KJ 185 (23.30 cm). On the other hand, minimum fruit diameter
was observed in KJ 182 (17.93 cm).

4.5.6 Fruit shape

Different fruit shapes such as spheroid, ellipsoid, clavate and oblong were
observed among jack types and check varieties (Table 5a, Plate 3a & 3b). Fruits
of KJ 173, KJ 183, KJ 224, KJ 356 and Singapore jack were oblong whereas that
of KJ 121, KJ 180 and KJ 186 were clavate. Jack types KJ 185, KJ 397 and check
variety Muttom Varikka produced ellipsoid fruits and KJ 182 had spheroid fruits.

4.5.7 Fruit surface

The surface of fruit (Table 5a, Plate 3a & 3b) at maturity was found to be
spiny in most of the types except KJ 182, in which fruit surface was

comparatively smooth.
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Plate la. Trees of jackfruit types showing fruit bearing position :
(A)KJ 121 (B)KJ 173 (C) KJ 180 (D) KJ 182 (E) KJ 183 (F) KJ 185



Plate 1b. Trees of jackfruit types showing fruit bearing position : (G) KJ 186
(H) KJ 224 (I) KJ 356 (J) KJ 397 (K) Muttom Varikka (L) Singapore jack



Plate 2. Fruit clusters on jackfruit types : (A) KJ 173 (B) KJ 182 (C) KJ 186
(D) KJ 224 (E) KJ 397 (F) Singapore jack
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4.5.8 Fruit attractiveness

fruit attractiveness (Table 5a, Plate 3a and 3b).

The attractiveness of fruits of KJ 182, Muttom Varikka and Singapore jack
were recorded as excellent, that of KJ 183, KJ 185, KJ 224, KJ 356 and KJ 397
were good whereas, trees of KJ 121, KJ 173, KJ 180 and KJ 186 had intermediate

4.5.9 Fruit weight

Average weight of fruit varied significantly among jack types (Table 5b).

The maximum average fruit weight was recorded in KJ 356 (10.30 kg) which was
on par with Muttom Varikka (9.21 kg). Minimum fruit weight (2.03 kg) was
found in KJ 173, followed by KJ 182 (2.57 kg) which were on par.

Table 5b. Fruit characters of jackfruit types

::}'. Jack type Frul(tk:)e ot No of fruits per tree Tolt:l:l‘::e(l;‘igg)er
1 | KJ 121 - Fruiting thrice 513" 98 503.42
2 | KJ 173 = Flakeless 2.03f 85 173.23
3 | KJ 180 — Seedless T P 12 69.92
4 | KJ 182 - Cluster 257 342 881.67
5 | KJ 183 - Off season 4.81° 64 307.84
6 | KJ 185 — Early 6.80™¢ 37 251.63
7 | KJ 186 — Early 6.85% 28 192.05
8 | KJ224 - High TSS 5,55 68 377.67
9 | KJ 356 - High TSS 10.30° 39 401.77
10 | KJ 397 — Gumless 6.24>% 45 281.11
11 | Muttom Varikka 9.21° 22 202.75
12 | Singapore jack 7.28° 85 619.56

SE(zm) 1.71 Range 12-342 69.92-881.67
C.D. at 5 % level 0.59 Average 77.08 35521

CV (%) 16.80

Mean value in each column with different superscript differs significantly (P < 0.05).
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Plate 3a. Fruit of jackfruit types : (A) KJ 121 (B) KJ 173 (C) KJ 180
(D)KJ 182 (E) KJ 183 (F) KJ 185



Plate 3b. Fruit of jackfruit types : (G) KJ 186 (H) KJ 224 (1) KJ 356
(J) KJ 397 (K) Muttom Varikka (L) Singapore jack



4.5.10 Number of fruits per tree

The data presented in Table 5b revealed that the number of fruits produced
in jack types varied from 12 fruits in KJ 180 to 342 fruits in KJ 182.

4.5.11 Fruit yield per tree

Fruit yield ranged from 69.92 kg to 881.67 kg in various germplasms. The
highest yield (881.67 kg/tree) was recorded in KJ 182 while the lowest yield
(69.92 kg/tree) was recorded in KJ 180 (Table 5b).

4.6 FLAKE CHARACTERS OF JACKFRUIT TYPES
4.6.1 Flake length

A close examination of the data presented in Table 6a clearly indicated
that the jackfruit types differed significantly with respect to the flake length. The
maximum flake length (7.53 c¢m) was recorded in KJ 121 whereas least flake
length (5.63 ¢m) was recorded in Singapore jack, which was on par with KJ 186
(5.67 cm), KJ 356 (5.67 cm), KJ 183 (5.73 cm), KJ 397 (5.77 cm) and KJ 180
(5.80 cm). All other jack types had intermediate flake lengths.

4.6.2 Flake width

The data given in Table 6a regarding flake width of jack types revealed
that, there was significant difference among jack types with respect to flake width.
The highest flake width (4.16 cm) was observed in KJ 182, and it was on par with
Singapore jack (4.03 cm). On the other hand, KJ 180 recorded minimum flake
width (2.87 cm) and it was found to be statistically similar to KJ 185 (3.03 cm).

4.6.3 Flake thickness

The thickness of flakes showed good variation in jack types (Table 6a,
Plate 4a & 4b). Highest flake thickness (4.77 mm) was measured in KJ 182,
whereas least thickness (1.84 mm) was observed in KJ 356. All other jack types

recorded intermediate flake thickness.
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Plate 4a. Dissected fruit of jackfruit types : (A) KJ 121 (B) KJ 173
(C)KJ 180 (D) KJ 182 (E) KJ 183 (F) KIJ 185



L

Plate 4b. Dissected fruit of jackfruit types : (G) KJ 186 (H) KJ 224
(I) KJ 356 (J) KJ 397 (K) Muttom Varikka (L) Singapore jack



4.6.4 Flake shape

Various flake shapes such as spheroid, cordate, twisted, obovate,
rectangular, oblong with curved tip and irregular were observed. Flakes were
found oblong with curved tip in four types (KJ 121, KJ 183, KJ 185 and KJ 186),
obovate shaped in two types (KJ 224 and KJ 397), irregular shaped in two types
(KJ 182 and Singapore jack), whereas the flakes of KJ 180, KJ 356 and Muttom
Varikka were of rectangular, twisted and cordate shaped respectively (Table 6a,
Plate 5a & 5b).

4.6.5 Flake colour

The flake colour varied as creamy white, light yellow, yellow and deep
yellow among jack types. On close examination of Table 6a, it was clear that,
flakes of KJ 397 recorded creamy white colour, KJ 180, KJ 183, KJ 356 and
Muttom Varikka had light yellow flakes. The jack types KJ 121, KJ 182, KJ 185,
KJ 224 and Singapore jack had yellow flakes whereas deep yellow flakes were
observed in KJ 186.

4.6.6 Flake texture

All jack types as well as check varieties had fruits with firm textured
flakes (Table 6a).

4.6.7 Flake weight

A close examination of data shown in Table 6b revealed that the flake
weight per fruit of different jack types varied significantly. Among the various
jack types, highest flake weight (3.45 kg) was recorded in KJ 356, followed by
Muttom Varikka (3.30 kg), which were on par. While, the lowest flake weight
(0.75 kg) was recorded in KJ 182 and it was found statistically similar with that of

KJ 121 (0.92 kg). The remaining jack types recorded intermediate values for
flake weight.
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Plate 5a. Flakes of jackfruit types : (A) KJ 121 (B) KJ 180 (C) KJ 182
(D)KJ 183 (E) KJ 185 (F) KJ 186



Plate 5b. Flakes of jackfruit types : (G) KJ 224 (H) KJ 356 (1) KJ 397
(J) Muttom Varikka (K) Singapore jack



Table 6b. Flake characters of jackfruit types

SL Tckitype Flake weight | No. of flakes F!ake-' Flake-.seed
No. (kg) per fruit fruit ratio ratio
1 | KJ 121 - Fruiting thrice 0.92° 45.678 0.17" 3.07°
2 | KJ 173 - Flakeless NA NA NA NA
3 | KJ 180 — Seedless 2.68% 344.33° 0.45" 6.39°
4 | KJ 182 — Cluster 0.75" 35.67% 0.29%% 1.83%"
5 | KJ 183 - Off season 1.66% 114.33¢ 0.34™ 2.67%
6 | KJ185—Early 2.39% 99.33" 0.34™ 4.40°
7 | KJ 186 — Early 2,29 138.67% 0.33" 1.98%
8 | KJ224 - High TSS 1.46% 138.00%* 0.25¢ 1.40%
9 | KJ356 - High TSS 3.45° 237.00° 0.33% 2.43%
10 | KJ 397 — Gumless 1.70% 148.00* 027> 1.09°
11 | Muttom Varikka 3.30® 293.67° 0.35° 2.09%%f
12 | Singapore jack 2.36% 157.33¢ 0.32 1.50%
SE(+m) 0.73 12.41 0.02 0.36
C.D. at 5% level 0.25 36.22 0.05 1.05
CV (%) 22.71 14.72 10.99 25.87

Mean value in each column with different superscript differs significantly (P < 0.05).

4.6.8 Number of flakes per fruit

The data pertaining to number of flakes per fruit of various jack types as
well as check varieties indicated that number of flakes per fruit differed
significantly with respect to jack types (Table 6b). KJ 180 (344.33 flakes/fruit)
recorded significantly higher number of flakes per fruit than all other jack types
and check varieties. On the other hand, minimum number of flakes per fruit
(35.67 flakes/fruit) was observed in KJ 182 which was on par with that of KJ 121

(45.67 flakes/fruit).

4.6.9 Flake/fruit ratio

The results on flake-fruit ratio are presented on Table 6b and it was found
to be significantly different among jack types. The maximum flake-fruit ratio
(0.45) was observed in KJ 180, followed by Muttom Varikka (0.35), KJ 183
(0.34), KJ 185 (0.34), KJ 186 (0.33), KJ 356 (0.33) and Singapore jack (0.32),
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whereas lowest ratio of 0.17 was found in KJ 121. All other jack types had

intermediate flake-fruit ratios.
4.6.10 Flake/seed ratio

The data presented in Table 6b revealed that the flake-seed ratio differed
significantly among jack types. Jack type KJ 180 (6.39) recorded highest flake-
seed ratio, followed by KJ 185 (4.40), while minimum ratio was observed on
fruits of KJ 397 (1.09), closely followed by KJ 224 (1.4), Singapore jack (1.5), KJ
182 (1.83), KJ 186 (1.98) and Muttom Varikka (2.09).

4.7 SEED CHARACTERS OF JACKFRUIT TYPES
4.7.1 Seed shape

Various shapes of seeds such as oblong, reniform and irregular were
observed. Seeds were found reniform shaped in five germplasm (KJ 121, KJ 182,
KJ 183, KJ 185, KJ 186 and KJ 356), irregular shape in four germplasm (KJ 180,
KJ 224, KJ 397 and Singapore jack) whereas Muttom Varikka had oblong shaped
seeds (Table 7, Plate 6a & 6b).

4.7.2 Seed weight

The data presented in Table 7 revealed significant differences in seed
weight among the different jackfruit types. The highest seed weight (1.59 kg) was
recorded in Muttom Varikka which was on par with Singapore jack (1.58 kg) and
KJ 397 (1.56 kg). While the lowest seed weight (0.30 kg) was recorded in KJ 121
which was on par with KJ 182 (0.41 kg), KJ 180 (0.43 kg) and KJ 185 (0.54 kg).
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Plate 6a. Seeds of jackfruit types : (A) KJ 121 (B) KJ 180
(C)KJ 182 (D) KJ 183 (E) KJ 185 (F) KJ 186
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Plate 6b. Seeds of jackfruit types : (G) KJ 224 (H) KJ 356
(I) KJ 397 (J) Muttom Varikka (K) Singapore jack



Table 7. Seed characters of jackfruit types

SIL No. Jack type Seed shape Seed weight (kg)
1 KJ 121 - Fruiting thrice Reniform 0.30°
2 KJ 173 — Flakeless NA NA
3 KJ 180 — Seedless Irregular 0.43®
4 | KJ 182 - Cluster Reniform 0.41*
5 KJ 183 - Off season Reniform 0.62°
6 | KJ185—Early Reniform 0.54%
7 KJ 186 — Early Reniform 1.18%
8 KJ 224 - High TSS Irregular 1.01°
9 KJ 356 - High TSS Reniform 1.42%
10 KJ 397 — Gumless Irregular 1.56°
11 Muttom Varikka Oblong 1.59*
12 Singapore jack Irregular 1.58¢

SE(+m) 0.28
C.D. at 5 % level 0.10
CV (%) 18.88

Mean value in each column with different superscript differs significantly (P < 0.05).

4.8 EDIBLE AND NON-EDIBLE PORTION CHARACTERS OF JACKFRUIT
TYPES
4.8.1 Weight of edible portion

It is evident from Table 8 that the observation on weight of edible portion
of fruit was found significantly different in jack types. Maximum weight of
edible portion (4.90 kg) was recorded with the fruits of Muttom Varikka, followed
by KJ 356 (4.88 kg), which were found to be on par. Minimum edible portion
(1.16 kg) was recorded in KJ 182, followed by KJ 121 (1.22 kg) and they were

found to be statistically on par.
4.8.2 Fruit rind thickness

It is evident from Table 8 that the rind thickness of fruits differed
significantly with respect to the jackfruit types. Among the jack types, minimum
rind thickness (1.17 cm) was recorded in KJ 182 and it was on par with KJ 397
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(1.27 cm) and KJ 173 (1.37 cm).
observed in KJ 121.

Maximum rind thickness (3.63 cm) was

4.8.3 Fruit rind weight

The data presented in Table 8 showed significant differences in fruit rind

weight among the various jack types. KJ 356 recorded maximum fruit rind

weight (2.77 kg) followed by KJ 121 (2.54 kg) and Muttom Varikka (2.40 kg)
which were statistically similar. The minimum fruit rind weight was recorded in
KJ 182 (0.92 kg) which was found to be on par with KJ 173 (1.17 kg) and KJ 183

(1.30 kg).

Table 8. Edible and non-edible portion characters of jackfruit types

. Fruit .
Sl o?;l?::e rind rind Tegane | LCoes
No. Jazktype portion | thickness weight w(t;:g;l s w((:g;l s
(ke) (cm) (kg)

1 | KJ 121 - Fruiting thrice | 1.22f 3.63° 2.54° 1.13° 0.23
2 KJ 173 - Flakeless NA 1.37° 1.17* 0.67" 0.17°
3 KJ 180 - Seedless 3.1 2.43° L 0.81% | 0.43®
4 KJ 182 - Cluster 1.16' 1.17° 0.92° 0.31* 0.17°
5 KJ 183 - Off season 2.28° 1.93° 1.30% | 0.74 | 0.48®
6 KJ 185 - Early 2.94% 2.7%° 2.01¢ | 0.90%* | 0.93%
7 KJ 186 - Early 3.48% 1,73° 2.11% | 0.80% | 0.45®
8 KJ 224 - High TSS 2.47% 1.93° 2.06% | 0.67* | 0.33°
9 | KJ356-High TSS 4.88° 2.70° 277 1.58" | 1.06°
10 KJ 397 - Gumless 3.29% 1.27° 1.56° 0.46" | 0.92%
11 Muttom Varikka 4.90° 1.90° 240% | 1.01* | 0.89%
12 Singapore jack 3.95° 2.23° 1.96° 0.70* | 0.66™

SE(+m) 0.92 0.08 0.39 0.30 0.31

C.D. at 5 % level 0.32 0.24 0.13 0.10 0.11
CV (%) 19.47 6.83 12.34 21.73 | 32.97

Mean value in each column with different superscript differs significantly (P < 0.05).
%2
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4.8.4 Perigone weight

A perusal of the data presented on Table 8 revealed significant difference
among jack types in case of fruit perigone weight. Perigone weight was found
significantly higher (1.58 kg) in KJ 356 and was lower (0.31 kg) in KJ 182.

4.8.5 Core weight

Significant differences were found in core weight among the various jack
types and check varieties (Table 8). The maximum core weight (1.06 kg) was
recorded in KJ 356 and it was on par with that of KJ 185 (0.93 kg), KJ 397 (0.92
kg) and Muttom Varikka (0.89 kg). The minimum weight of core (0.17 kg) was
recorded in KJ 173 and KJ 182 followed by KJ 121 (6.23 kg), KJ 224 (0.33 kg),
KJ 180 (0.43 kg), KJ 186 (0.45 kg) and KJ 183 (0.48 kg) which were found to be

on par. The remaining jack types recorded intermediate values.
4.9 QUALITY PARAMETERS OF JACKFRUIT TYPES
4.9.1 Moisture content and dry matter percentage of unripe flakes

The data presented in the Table 9a revealed that there was significant
variation among jack types with respect to moisture content of unripe flakes. The
highest moisture content (64.92%) and the lowest dry matter percentage (35.07%)
was recorded in flakes of Muttom Varikka, followed by KJ 356 (64.58% moisture
and 35.41% dry matter), KJ 397 (64.23%, 35.76%) and KJ 180 (63.70%,
36.29%), which were found to be on par.

On the other hand, minimum moisture content (52.47%) as well as
maximum dry matter percentage (47.53%) was recorded in unripe flakes of KJ
183 and it was noticed to be on par with KJ 185 (52.60% moisture and 47.40%
dry matter), KJ 121 (53.02%, 46.97%) and Singapore jack (55.23%, 44.76%).
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4.9.2 Moisture content and dry matter percentage of ripe flakes

Close examination of the Table 9a revealed that there was significant

variation among jack types in case of moisture content of ripe flakes. The highest

moisture content (80.20%) as well as lowest dry matter percentage (19.79%) was

recorded with flakes of Muttom Varikka, whereas minimum moisture content

(56.56%) as well as maximum dry matter percentage (43.43%) was recorded in

ripe flakes of KJ 183 which was significantly different from all other jack types.

Table 9a. Moisture content and dry matter percentage of jackfruit types

SL . Moisture DZ:::::I- f:::::;e Dry matter
No. ack type co.ntento (unripe) (ripe) c.ontent
(unripe) (%) (%) (%) (ripe) (o)
1 | KJ 121 - Fruiting thrice 53.02° 46.97° 61.24° 38.76"
2 | KJ 173 — Flakeless NA NA NA NA
3 | KJ 180 - Seedless 63.70% 36.29% 70.54° 29.46°
4 | KJ 182 - Cluster 60.78" 39.22° 65.05° 34.94°
5 | KJ 183 - Off season 52.47° 47.53 56.56" 43.43°
6 | KJ 185 Early 52.60° 47.40° 60.70° 39.29°
7 | KJ 186 — Early 60.83" 39.16° 65.93° 34.06°
8 | KJ224-High TSS 61.26% 38.73% 66.60° 33.39°
9 | KJ 356 - High TSS 64.58° 35.41¢ 74.16° 25.83¢
10 | KJ 397 — Gumless 64.23° 35.76° 76.16° 23.83°
11 | Muttom Varikka 64.92° 35.07¢ 80.20° 19.79"
12 | Singapore jack 55.23° 44.76"° 61.56° 38.43°
SE(+m) 0.97 0.97 1.05 1.02
C.D. at 5 % level 2.84 2.84 3.07 3.22
C V(%) 3.09 4.52 2.96 5.89

Mean value in each column with different superscript differs significantly (P < 0.05).
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4.9.3 Total soluble solids (TSS)

Critical examination of the data on TSS in Table 9b showed that there was
significant variation in TSS (°Brix) content of flakes of different jack types and it
ranged from 24.56°B to 31.47°B. The results revealed that the maximum
(31.47°B) amount of total soluble solids was found in KJ 182 which was on par
with KJ 185 (31.13°B) and KJ 224 (30.67°B). On the other hand, minimum TSS
(24.56°B) was found in KJ 183, followed by KJ 121 (25.46°B) and Muttom
Varikka (26°B) which was found to be statistically on par.

4.9.4 Acidity

Data presented in Table 9b showed that acidity in the flakes of jackfruit
types varied significantly. The maximum amount (0.53%) of acidity was found in
KJ 121 and Muttom Varikka, whereas minimum acidity (0.19%) was registered in
the KJ 182 which was statistically on par with KJ 185 (0.23%).

4.9.5 TSS-Acid ratio

In the present investigation, TSS-acid ratio differed significantly among
the jack types (Table 9b). The highest TSS: acid ratio (160.63) was obtained from
KJ 182, closely followed by KJ 185 (135.71) while minimum TSS-acid ratio
(47.60) was found in KJ 121 and it was on par with Muttom Varikka (48.60),
Singapore jack (54.17), KJ 224 (54.35), KJ 183 (62.32) and KJ 180 (70.03).

4.9.6 Total sugar content

It is evident from the data presented in Table 9b that the total sugar content
in jack types varied significantly. The higher percentage of total sugars (25.16%)
was recorded in KJ 224 followed by KJ 182 (24.89%) which was statistically
similar with each other and the lowest amount of total sugar was recorded in KJ
183 (19.97%).
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4.9.7 Reducing sugar content

The percentage of reducing sugar of jackfruit pulp significantly differed
among jack types (Table 9b). The maximum reducing sugar (12.48%) was found
in KJ 224, closely followed by KJ 182 (12.43%) while the minimum (8.42%) was
found in KJ 183 and it was on par with Singapore jack (8.56%).

4.9.8 Non-reducing sugar content

The percentage of non-reducing sugar of jackfruit pulp differed
significantly among the jack types. The maximum non-reducing sugar (13.12%)
was found in KJ 185 followed by KJ 224 (12.68%), KJ 182 (12.45%), KJ 180
(12.28%), KJ 356 (12.25%) and Singapore jack (12.24%), which were on par
(Table 9b).

4.9.9 Sugar-Acid ratio

The data presented in Table 9b revealed that the sugar-acid ratio varied
significantly among different jack types. The highest sugar-acid ratio (126.99)
was recorded in the pulp of KJ 182 and lowest sugar-acid ratio (39.60) was
obtained from KJ 121, which was closely followed by Muttom Varikka (41.85)
and KJ 183 (50.53).

4.9.10 Total carotenoid content

The total carotenoid content of the flakes of various jack types are
presented in Table 9b. The highest carotenoid content (4.86 mg/100g) was
recorded in flakes of KJ 186, followed by KJ 182 (4.58 mg/100g) and KJ 185
(4.56 mg/100g), which were found to be on par. On the other hand, less

carotenoid content of 1.59 mg/100g was found in Muttom Varikka.
4.9.11 Fiber content

It is evident from the Table 9b that the results on percentage fiber content
of flakes were not significantly different in jack types. The fiber content varied
from 0.38% to 0.66% among jackfruit types.
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5. DISCUSSION

Jackfruit, being a cross-pollinated and mostly seed propagated crop,
exhibited great variation in economic traits, which is considered as a pre-requisite

for any crop improvement programme.

Consumers prefer jackfruit varieties with characters like precocity,
sweetness, gumlessness and small sized fruits. Eventhough standard varieties in
jackfruit are limited, there are good number of trees which are superior in yield

with desirable fruit attributes.

The results of the study entitled “Field evaluation of promising jackfruit

(Artocarpus heterophyllus Lam.) types” are discussed in this chapter.
5.1 EXPERIMENT 1: FIELD EVALUATION
5.1.1 Tree growth characters

The age of jackfruit trees under study ranged from 15 to 34 years. Trunk
height of trees ranged from 45 to 600 cm. KJ 224 recorded the maximum trunk
height (600 c¢m) and the minimum height (45 cm) was recorded by Muttom
Varikka. Similar findings were reported by Morton (1987); Rai et al. (2003) and
Singh et al. (2011).

Trunk circumference was maximum in Singapore jack (245 cm) followed
by KJ 121 (178 cm), whereas minimum trunk circumference was recorded in
Muttom Varikka (84 cm). The result is in conformity with Roy (2017) who
observed trunk circumference in a range of 85.23 cmto 137.72 cm. The variation
in trunk circumference of different germplasm might be due to genetic variability

as well as climatic conditions.

Out of the ten jack types and two check varieties studied, four of them
were observed to be highly vigorous (KJ 182, KJ 224, Muttom Varikka and

Singapore jack). The trees differed with respect to crown shape, branching
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density and trunk surface. These variations might be due to the genetic makeup of

the trees and climatic conditions.

5.1.2 Leaf characters

Maximum leaf length of 17.43 cm was observed in tree of KJ 185, while
the minimum leaf length was recorded in KJ 224 (9.87 cm). Width of leaf varied
from 5.43 cm to 9.43 cm, whereas leaf petiole length ranged from 1.47 t02.47 cm
among jackfruit types. Genetic variability might be the cause of this variation.
The results coincided with the findings of Selvaraj and Pal (1989) and
Chandrasekhar (2014). These results are also supported by Sarker and Zuberi
(2011) who reported that the leaf width of jackfruit ranged from 4.64 cm to 13

cm.

Out of the 12 jack types studied nine of them had elliptic leaves. Leaf
apex as well as leaf base also varied among them. All the types were observed to
be having entire leaf margin. Leaf colour of jack types varied as dark green, green
and light green. This variability might me due to genetic makeup of jack types.
Similar variability was earlier reported in jack trees of seed origin by Mitra and
Maity (2002) and Sharma et al. (2006).

5.1.3 Inflorescence characters

The first male inflorescence appeared on each jack type from October
2017 to February 2018. First female inflorescence became visible on jack types
from October 2017 to February 2018. First female flower emerged on KJ 185 on
19" October 2017, followed by KJ 186 (14" November 2017), KJ 121 (25
November 2017) and KJ 173 (16™ December 2017). The results had slight
deviation from Gomez et al. (2015) who observed flowering in various jack types
from January-March to May-June. This difference might be due to the genetic

variation and climatic conditions of the growing region.
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5.1.4 Fruit characters

Shortest pre-bearing period was observed in Singapore jack (3 years),
followed by KJ 186 (4 years), Muttom Varikka (4 years), KJ 182 (5 years) and KJ
173 (5 years). Among these, Singapore jack and Muttom Varikka were of graft
origin and others were of seed origin. The precocious nature of KJ 186, KJ 182

and KJ 173 might be due to the genetic makeup of those jack types.

The number of days from flowering to fruit maturity of various jack types
ranged from 63 days to 105 days. KJ 180 took minimum days (63) from
flowering to fruit maturity, while KJ 224 took 105 days, which was maximum
among all jack types. The findings are in accordance with the findings of Berry
and Kalra (1988) and Punan ef al. (2000), whereas the number of days was much
shorter as compared to the observations of Bhanu er al. (2006) and Haq (2006).
This deviation might be due to the warmer climate of the location of study, where
the jackfruits were observed to be mature within shorter period as compared to

cooler places and higher altitudes where it took longer time (Hag, 2006).

Most of the jack types except KJ 183 and KJ 185, commenced fruiting
from February to April 2018. KJ 185 and KJ 186 had fruits only upto April
whereas in KJ 183, fruits were available till August. The observations are in close
conformity with that of Phaomei et al. (2018) who reported fruiting season from
March-May to June-September.

Normal season of harvest of jackfruit in Kerala is from March to May.
However, in the present investigation, some jack types came to maturity as early
as December end (KJ 185) and February (KJ 121, KJ 173 and KJ 186). Early
bearing ones are mostly preferred by growers as good quality fruits are obtained

before monsoon season.

On the other hand, fruits matured in KJ 183 during May to August, with
good fruit quality. This type could be consumed by growers during off-season.
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All the jack types including 2 check varieties (Muttom Varikka and
Singapore jack) were observed to be regular in bearing. Six out of twelve jack
types such as KJ 173, KJ 182, KJ 186, KJ 224, KJ 396 and Singapore jack
exhibited fruit clustering habit and the number of fruits varied from 2 to 8 in
clusters whereas maximum number of fruits per cluster was observed in KJ 182
(8). In KJ 182, within a cluster, the fruits were observed to be matured one after

another, which ensured a long harvesting period.

Number of fruits produced in jack types varied from 12 fruits in KJ 180 to
342 fruits in KJ 182. Fruit yield ranged from 69.92 kg to 881.67 kg in various
germplasms. The highest yield (881.67 kg /tree) was recorded in KJ 182 while
the lowest yield (69.92 kg/tree) was recorded in KJ 180. The findings are in
accordance with that of Aseef ef al. (2017) who observed a yield range of 144.29
to 560.79 kg per tree. Similar findings were reported by Rai and Reddy (2000)
and Khan et al. (2010). The highest yield recorded in jack type KJ 182 was due to
the numerous numbers of fruits borne on clusters (8) even though the individual

fruit weights (2.57 kg) were low.

Maximum average fruit weight (10.13 kg) was recorded in KJ 356 (10.30
kg) which was on par with Muttom Varikka (9.21 kg). While the minimum fruit
weight (2.03 kg) was found in KJ 173, followed by KJ 182 (2.57 kg) which were
on par. The results are in conformance with the earlier reports of Azad (2000);
Reddy et al. (2004); Gomez et al. (2015) and Chandrashekar ef al. (2018).

5.1.5 Flake and seed characters

Among the various jack types, the highest flake weight per fruit (3.45 kg)
was recorded in KJ 356, followed by Muttom Varikka, which were on par. While
the lowest flake weight per fruit (0.75 kg) was recorded in KJ 182 and it was
found statistically similar with that of KJ 121 (0.925 kg). The results are in
agreement with Gomez ef al. (2015) who observed that the bulb weight of various

jackfruit germplasm ranged from 0.99 kg to 3.12 kg.
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Maximum flake length (7.53 cm) was recorded in KJ 121 whereas least
flake length (5.63 cm) was recorded in Singapore jack, which was on par with KJ
186 (5.67 cm), KJ 356 (5.67 ecm), KJ 183 (5.73 ¢cm), KJ 397 (5.77 cm) and KJ 180
(5.80 cm). Highest flake width (4.16 cm) was observed in KJ 182, and it was on
par with Singapore jack (4.03 cm) while KJ 180 recorded minimum flake length
(2.87 cm) and it was found to be statistically similar to KJ 185 (3.03 cm). The

results are in agreement with Rai et al. (2003).

Maximum flake thickness (4.77 mm) was measured in KJ 182, whereas
minimum thickness (1.84 mm) was observed in KJ 356. The results are more or
less in similar range with earlier reports of Krishnan et al. (2015) who observed
flake thickness from 3.1-6.3 mm. Usually the fruits with thick flakes are preferred
for dessert purpose.

The highest flake-fruit ratio (0.45) was observed in KJ 180, followed by
Muttom Varikka (0.35), KJ 183 (0.34), KJ 185 (0.34), KJ 186 (0.33), KJ 356
(0.33) and Singapore jack (0.32), whereas lowest ratio of 0.17 was found in KJ
121. The highest value observed in KJ 180 (seedless jack) was attributed to its
seedless nature. All other jack types had intermediate flake-fruit ratios.

Jack type KJ 180 (6.39) recorded highest flake-seed ratio, followed by KJ
185 (4.40), while minimum ratio was observed on fruits of KJ 397 (1.09), closely
followed by KJ 224 (1.4), Singapore jack (1.5), KJ 182 (1.83), KJ 186 (1.98) and
Muttom Varikka (2.09). The highest flake-seed ratio of KJ 180 (seedless jack)

was due to its seedless nature.

The highest seed weight (1.59 kg) was recorded in Muttom Varikka which
was on par with Singapore jack (1.58 kg) and KJ 397 (1.56 kg). While the lowest
seed weight (0.30 kg) was recorded in KJ 121 which was on par with KJ 182
(0.41 kg), KJ 180 (0.43 kg) and KJ 185 (0.54 kg). A wide variability in seed
weight per fruit was earlier reported by Krishnan et al. (2015).
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5.1.6 Non-edible portion

Minimum rind thickness (1.17 cm) was recorded with KJ 182 and it was
on par with KJ 397 (1.27 cm) and KJ 173 (1.37 cm). The results are in agreement
with Muthulakshmi (2003).

KJ 356 recorded maximum fruit rind weight (2.77 kg) followed by KJ 121
(2.54 kg) and Muttom Varikka (2.40 kg) which were statistically similar. The
minimum fruit rind weight was recorded in KJ 182 (0.92 kg). Similar reports
have been made by Gomez ef al. (2015) which supported the present study.

Perigone weight was found significantly higher (1.58 kg) in KJ 356 and
was lowest (0.31 kg) in KJ 182. This is an indication that the unfertilized female
flowers weighed maximum in KJ 356 and minimum in KJ 182. Perigones are
good source of pectin which could be extracted and used for jelly making (Patil ez
al.,2011).

The maximum core weight (1.06 kg) was recorded in KJ 356 and it was on
par with that of KJ 185 (0.93 kg), KJ 397 (0.92 kg) and Muttom Varikka (0.89
kg). Minimum weight of core (0.17 kg) was recorded in KJ 173 and KJ 182. The
results of present study differed from the findings of Nazrul er al. (2004) who
reported that the highest weight of rachis was 0.32 kg and the lowest was 0.28 kg.
The variation is justifyable as it depends on the total fruit size and fruit weight,

which is genetically variable.
5.2 EXPERIMENT 2: FRUIT QUALITY EVALUATION

The highest moisture content (80.20%) as well as lowest dry matter
percentage (19.79%) was recorded with flakes of Muttom Varikka, whereas
minimum moisture content (56.56%) as well as maximum dry matter percentage
(43.43%) was recorded in ripe flakes of KJ 183. The results observed were in
broad range, as compared to the observations of Acedo (1992); Galvez and Dizon
(2017).  This might be due to the variability of jack types with respect to

permeability to rain water and prevailing weather during fruit development.
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The maximum amount of total soluble solids (31.47°B) was observed in
fruits of KJ 182, which was on par with KJ 185 (31.13°B) and KJ 224 (30.6°B).
These higher values of TSS might be due to the genetic variation among the jack
types and differences in the growing condition. On the other hand, minimum
(24.56°B) TSS was obtained from KJ 183, followed by KJ 121 (25.46°B) and
Muttom Varikka (26°B) which were found statistically similar.

Jagadeesha et al. (2010) recorded 16.13 to 35°B TSS in 30 jackfruit types
studied in coastal Karnataka. TSS range of 24.8 to 40.5°Brix was reported by
Reddy et al. (2004) in elite clones of South Karnataka.

The maximum acidity (0.53%) was found in KJ 121 and Muttom Varikka,
whereas minimum acidity (0.19%) was registered in the KJ 182 which was
statistically on par with KJ 185 (0.23%). These results are almost similar to the
findings of Gomez e al. (2015). An almost similar range of variation in acidity
(0.18-0.88%) had been reported by Reddy er al. (2004). The findings of Nandini
(1989) and Goswami et al. (2011) also supported the present findings.

TSS-acid ratio is an economically important biochemical parameter as it
determines the taste and acceptability of jackfruits. Highest TSS-acid ratio
(160.63) was observed in KJ 182, closely followed by KJ 185 (135.71) while
minimum TSS-acid ratio (47.60) was found in KJ 121 and it was on par with
Muttom Varikka (48.60), Singapore jack (54.17), KJ 224 (54.35), KJ 183 (62.32)
and KJ 180 (70.03). Similar results were earlier reported by Selvaraj and Pal
(1989) (23.3 to 153.2) and Jagadeesh et al. (2007) (37.9 to 170).

The highest percentage of total sugars (25.16%) was recorded in KJ 224
followed by KJ 182 (24.89%) which was statistically similar with each other and
the lowest amount of total sugar has been recorded in KJ 183 (19.97%). The
values are in conformity with the various previously published works of Maiti et
al. (2002) and Reddy et al. (2004), where total sugar content ranged from 14.23 to
32.33 per cent.
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The maximum reducing sugar (12.48%) was found in KJ 224, closely
followed by KJ 182 (12.43%) while the minimum (8.42%) was found in KJ 183
and it was on par with Singapore jack (8.42%). The results are in accordance with
the earlier reported values by Haque (1979) which ranged from 0.03 to 18.12 per

cent.

The highest carotenoid content (4.86 mg/100g) was recorded in flakes of
KJ 186, followed by KJ 182 (4.58 mg/100g) and KJ 185 (4.56 mg/100g), which
were found to be on par. On the other hand, less carotenoid content of 1.59

mg/100g was found in Muttom Varikka.

The results are in agreement with Gomez et al. (2015) who reported
carotenoid content of jack as 0.21 to 3.13 mg/100g pulp. But the values were
higher in the present study compared to that of Jagadeesha et al. (2010), who
reported total carotenoid content in the range of 0.25 to 0.70 mg/100g in jackfruit
accessions of central zone of Karnataka. This variation might be due to the
genetic makeup of these jack trees. Higher carotenoid content of the genotypes

indicated the possibility of selecting elite genotypes rich in Vitamin A.
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6. SUMMARY

The study entitled “Field evaluation of promising jackfruit (Artocarpus

heterophyllus Lam.) types” was undertaken in the Department of Pomology and
Floriculture, College of Agriculture, Padannakkad during 2016-18. The study

consisted of two parts; 1) evaluation of jackfruit types in field level and 2) fruit

quality evaluation in laboratory. The findings of the study are summarized
below:-

*
o

.
0.0

Pre-bearing period of jack types KJ 186 (4 years), KJ 182 (5 years) and KJ
173 (5 years) were comparable to that of check varieties [Singapore jack(3
years) and Muttom Varikka(4 years)], which were of graft origin. This
shows the precocious nature of KJ 186, KJ 182 and KJ 173.

Some jack types came to maturity early, i.e., December end (KJ 185) and
February (KJ 121, KJ 173 and KJ 186). Early bearing ones are mostly
preferred as it could fetch high price in the market. As the fruits can be
harvested well before commencement of monsoon, good quality fruits are
obtained.

Fruits mature in jack type KJ 183 during May to August, with good fruit
quality. This type could be exploited for the availability of fruits during
off season.

Maximum number of fruits per cluster was observed in KJ 182 with 8
fruits per cluster. Within a cluster, the fruits were observed to be matured
one after another, which ensured a long harvesting period in clustered jack
types. Size of the fruit is also good for domestic consumption.

Number of fruits produced in jack types varied from 12 fruits in KJ 180 to
342 fruits in KJ 182. The highest yield (881.67 kg /tree) was recorded in
K1J 182 while the lowest yield (69.92 kg/tree) was recorded in KJ 180.
Maximum average fruit weight (10.30 kg) and highest flake weight per
fruit (3.45 kg) was recorded in KJ 356 which was on par with Muttom
Varikka (9.21 kg). Hence, this type can be exploited for industrial uses.
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Highest flake thickness (4.77 mm) was measured in KJ 182, followed by
KJ 185, KJ 224, KJ 183 and KJ 186. Usually the fruits with thick flakes
are preferred for dessert purpose.
Highest flake-fruit ratio (0.49) and flake seed ratio (6.39) observed in KJ
180 revealed its seedless nature.
The maximum amount of total soluble solids (31.47°B) was observed in
fruits of KJ 182, which was on par with KJ 185 (31.13°B) and KJ 224
(30.6°B). These values were superior as compared to that of check
varieties.
Jack types KJ 182 and KJ 185 recorded minimum titrable acidity which
was significantly lower as compared to check varieties.
TSS-acid ratio, an economically important biochemical parameter, as it
determined the taste and acceptability of jackfruits was highest (160.63) in
KJ 182, closely followed by KJ 185 (135.71).
The highest percentage of total sugars (25.16%) was recorded in KJ 224
followed by KJ 182 (24.89%).
Jack type KJ 224 recorded maximum reducing sugar (12.48%), closely
followed by KJ 182 (12.43%).
Highest carotenoid content (4.86 mg/100g) was recorded in flakes of KJ
186, followed by KJ 182 (4.58 mg/100g) and KJ 185 (4.56 mg/100g),
which were found to be significantly higher than that of check varieties.
Future research in this direction should focus on:

» Conservation of these promising jackfruit types

» Standardization of propagation method for each jack type

» Incorporation of KJ 180 (seedless), KJ 182 (cluster) and KJ 397

(gumless) in future breeding programmes.
» Apart from the use of KJ 173 (flakeless) for tender jack purpose,
possibility of exploiting it as a potential source of pectin should be

explored.
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ABSTRACT

The study entitled “Field evaluation of promising jackfruit (Artocarpus
heterophyllus L.am.) types” based on morphological, yield and quality characters
was undertaken in the Department of Pomology and Floriculture, College of
Agriculture, Padannakkad dﬁring 2016-18. The study consisted of ten jackfruit
types such as KJ 121 (fruiting thrice), KJ 173 (flakeless), KJ 180 (seedless), KJ
182 (cluster), KJ 183 (off-season), KJ 185 (early), KJ 186 (early), KJ 224 (high
TSS), KJ 356 (high TSS) and KJ 397 (gumless), located in farmers’ field in
Kasargod district, already identified and characterized by Nimisha (2016) and two
check varieties - Muttom Varikka and Singapore jack.

Among the jackfruit types subjected to evaluation, KJ 185, KJ 121, KJ 173
and KJ 186 were observed to be early season bearers (December to February),
while KJ 183 was observed to bear fruits during off season (upto August). These
types could be used to fulfill the need of fruits during off season.

Jack type KJ 356 and KJ 397 could be suggested for value-addition as KJ
356 possessed highest fruit weight (10.30 kg) and flake weight per fruit (3.45 kg)
and KJ 397 had gumless fruits.

Jackfruit types like KJ 173 (flakeless) could be used for culinary purpose
whereas KJ 180 (seedless) with rudimentary seeds could be conserved for future
breeding programme in jackfruit.

Highest flake thickness (4.77 mm) observed in KJ 182, followed by KJ
185 (3.73 mm) and highest TSS recorded in KJ 182 (31.47°B) and KJ 185
(31.13°B) suggested the suitability of these types for dessert purposes.

Jackfruit types, KJ 182, KJ 185 and KJ 186 were found to be superior in
most of the quality parameters like TSS, titrable acidity, TSS-acid ratio, reducing
sugar percent and carotenoid content.

Hence, KJ 173 (flakeless), KJ 183 (oﬁ"—season),'KJ 182 (cluster), KJ 185
(early), KJ 186 (early) and KJ 397 (gumless) need to be popularized for

cultivation.
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APPENDIX I

Details of farmers holding the promising jack types as well as check varieties

Jackfruit Panchayat/
Name of farmer Address
type Municipality
(A) Promising jack types
Kada | House, Kanhangad
KJ 121 Smt. Janaki venes ¢ Kanhangad
South, Padannakkad
Konnoth House, Udhinoor P.O,
KJ 173 Sri. Lakshmanan. K Padanna
Padanna
R. S. Nilayam, Koottakkani,
KJ 180 Sri. Ramakrishnan Pallikkara
Pakkam P.O
KJ 182 Sri. Abdul Rasak Noushad Manzil, Chirappuram Nileshwar
KJ 183 Sri. Ramdas. P. M Puthukkai Madam, Chirappuram Nileshwar
KJ 185 Sri. Kunjabdulla Sahidha Manzil, Pallikkara Nileshwar
Taliyathil House, Karuvacheri,
KJ 186 Sri. Pramod. M Nileshwar
Nileshwar P.O
KJ 224 Smt. Radha Vattak (H), Palayi, Puthariyaduka Nileshwar
. . Kelam Valappil, Bevuri, Uduma
KJ 356 Sri. Kunjamma. K _— Udhuma
) Kanadhenu Farm, Ramdas Nagar
KJ 397 Sri. Kesava Bhatt Mogral Puthur
P.O, Kudlu
(B) Check varieties
College of
Muttom . Instructional Farm, College of
) Agriculture, ) Nileshwar
Varikka Agriculture, Padannakkad
Padannakkad
. College of )
Singapore . College of Agriculture,
) Agriculture, Nileshwar
jack Padannakkad
Padannakkad




GPS reading of the location of the jackfruit types as well as check varieties

APPENDIX II

SL No. Jack type Latitude Altitude
1 KJ 121 12 17.777N 75 06.153°E
2 KJ 173 12 14.523'N 75 08.311°E
3 KJ 180 12 26.552'N 75 00.700°E
4 KJ 182 12 15.897'N 75 08.072°F
5 KJ 183 12 15.897°N 75 07.597°E
6 KJ 185 12 15.462°N 75 06.969°E
7 KJ 186 12°14.524°N 75 08.305°E
8 KJ 224 12 14.525'N 75 08.307°E
9 KJ 356 12 26.551'N 75 00.699°E
10 KJ 397 12 32.335'N 74 59.942°E
11 Muttom Varikka | 12° 15.117’N 75 06.947°E
12 Singapore jack 12 15.473'N 75 06.945°E




APPENDIX 111
Map showing location of trees of jackfruit types in Kasaragod District
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APPENDIX IV

Weather data during the period September 2017 to August 2018

Maximum Minimum Relative humidity (%) Monthly
Date Temperature | Temperature rainfall
(°C) °C) | IT | Average (mm)
October
2017 30.41 22.37 92.42 | 72.65 82.53 179.2
November
2017 31.63 21.58 92.13 | 65.30 78.71 233
December
2017 31.54 20.171 92.64 | 61.67 77.16 30.6
January
2018 30.98 20.13 93.29 | 61.61 77.45 0.00
February
2018 31.68 21.14 92.07 | 59.61 75.83 0.06
March
2018 32.47 23.62 90.38 | 62.83 76.61 36.9
April
2018 33.13 24.68 87.47 | 64.53 76 10.1
May
2018 32.36 24.51 88.48 | 67.74 78.11 277.14
June
2018 29.55 24.11 94.07 | 83.80 88.93 925.2
July
2018 29.99 24.48 94.45 | 81.06 87.75 868
August 2018 29.34 23.95 94.87 | 80.94 87.90 692.54




APPENDIX V

Questionnaire to get basic information on selected jack trees

Name of farmer

Address

Origin of tree  (Seedling / graft)

Age of tree

Number of years from planting to 1% fruiting -
Fruiting season

Fruit quality and acceptability

Special character or purposes, if noticed
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APPENDIX VI

Result on organoleptic scoring of jackfruit types during 2016 with score card

Jackruit Overall
Taste | Flavour | Colour | Texture | Sweetness | Appearance
type acceptability
KJ 121 6.55 6.40 7.40 6.30 5.75 6.40 6.55
KJ 180 5.45 5.50 6.20 6.60 5.30 6.75 6.30
KJ 182 7.95 6.35 6.45 7.10 7.65 6.85 7.35
KJ 183 7.60 7.45 7.95 7.55 7.95 7.65 7.70
KJ 185 i 7.70 7.90 7.45 8.45 7.85 7.80
KJ 186 8.45 8.45 8.45 8.00 8.60 8.20 8.60
KJ 224 8.20 8.15 8.50 8.54 8.30 7.40 8.45
KJ 356 8.50 7.80 7.80 8.15 8.65 8.25 8.45
KJ 397 8.55 8.05 7.60 8.15 8.50 7.95 8.30
Muttom
6.50 7.05 6.95 715 6.10 7.55 6.65
Varikka
Singapore
7.65 6.90 7.05 6.60 7.45 6.80 715
jack

Source: Nimisha (2016)

Score card

Overall

Score Taste | Flavour | Colour | Texture | Sweetness | Appearance
acceptability

extremely

very much
Like i

moderately
slightly

Neither like nor dislike

slightly
moderately

Dislike

very much

extremely




