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CHAPTER X

INTRODUCTION



Introduction
apple (Annona sguamosa.

regions,

During the last decade custard

a valuable plantation crop for arid

Lirnn?) has become
Because of its ability to

watershed, and drought prone areas.

saline and adverse soil conditions, plantations under

grow in

this crop are fast increasing in waste lands and shallow
soils. The present area under this crop is reported to be
40,000 "'ha. spread over the gtates of Andhra pradaesh,

Tamilnadu, Orissa, Assam, Rajsthan, Maharastra, Madhyapradash,

Apart from its ugse as & plantation crop under

sweet, lucious

Gujrat & Bihar.

conditions, this plant bears

adverse soil
have a variety of

fruits with a classic flavour which can
uses. But since most of the plants are of @eedling origin

there is a great variation in the quality of fruite obtained

from them. Hence, in order to provide quality planting

materials of elite types for plantation programmes it is
necessary to carry out selection of better types from the

existing lot. This process of crop improvement through

screening to make a suitable gelection and if necessary to

select suitable parents for the breeding programme, requires

an indepth study of its flowering and fruiting process.

Custard apple has a peculiar flowering behaviour which

begins with the complete shedding of the leaves from the plant

short

and continues to flower and set fruit leaving only a
[

period before the commencement of next year‘'s flowering.

Hence, the long flowering and fruiting period in this crop



needs a thorough study to find out the productive and
unproductive phasess the best ¢time for pollination and
fruitset under natural conditions. It may be of interest to
manipulate these phenomenon to achieve a greater success in
the flowering and fruiting of this crop. Therefore proper
investigations will help in finding out the best productive
phase and successful means of pollination to obtain higher
fruit set . It is expected that these studies will pave the
way to formulate a breeding programme for this crop to obtain
high yielders by suitable crossings.

As a first step in crop improvement programme it will be
necessary to select suitable types out of this large mass of
seedling progenies spread over the Orissa state. This
necessitates survey of various local elite types and study of
their growth and yield characters. In order to be assured of
the quality of fruits, analysis of quality characters of
fruits like 1ts weight, pulp content, total soluble solid,
sugar and acid content is of prime importance. This dessert
fruit of delicious taste contains large number of seeds
which is not preferred by consumers as well as it stands in
the way of its adequate use by the preservation industry.
Hence, in assessing the quality parameters of elite types,
fruits with less seeds is to be given due weightage. Over and

.
above every thing taste of the fruits also varies inspite of

its high fructose sugar and low acid content and in any

selection organoleptic scoring should be given utmost



priority. Thus the desirable characters of better types may
be based on the following characters like (i) High Yield, (ii)
High fruit weight, (iii) High Fulp percentage, (iv) Less
number of seeds / fruit, (v) A suitable sugar acid blend and
finally the flavowr judged by proper scoring.
Keeping these afforesaid discussions in
view, this study was divided into two parts.
FPart I Studies on floral biology of custard apple.
Part II Studies on yield and quality characters of various
types of custard apple.
Objectives of this study under part — I are as follows.
* To study duration and pattern of flowering, phases of
bud development, time of anthesis and antﬁer dehiscence.
* To study the time of stigmatic receptivity, pollination

and fruitset.

In the Fart 1II of the experiment the objectives were as
follows.

* To select high yielders.

* To select fruits of higher weight, high pulp Percentage

and less number of seeds/fruit.
* To estimate the gquality of fruits like T. 8. 8. ,
acidity, ascorbic acid and Sugar content.
* To take up index scoring, metroglyph analysis and
numerical classification of fruit types for
clustering of desirables ones with suitable characters to

make an effective selection of a type for Orissa state.
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Review of Literature
PART - 1
Custard apple is assuming importance as a valuable

plantation crop in arid regions, water shed and drought prone

areas. In these areas, the cultivation of this crop is

increasing during the last decade. At this juncture, there is

necessity of providing quality planting materials of ellite

varieties. This is possible through crop improvement which can

be achieved by adopting suitable breeding methods. In order to

achieve success in breeding it is necessary to be throughly

acquainted with the floral biology of this crop. The relevant

research findings related to study on this aspect of Annona

ed follows:

squamosa and other Annona species have been review
Flower buds appeared along with vegetative flushes on the

one season old shoots. some flower buds also appeared on older
wood but percentage of such flower buds was negligible. The

flowers were extra axiliary, opposite to the leaves 1in  all

AnNMona species as observed by Thakur and Singh (1965). Similar

Annona squamosa by

findings have also been reported in

Nalwadi et. al. (1975)

Duration and period of flowering

The season and duration of flowering varies with

different species of Annona as reported by Hayes (1957).

There was commencement of flowering in the last week of

March in Annona glabra, Annona atemoya, AnNnona cherimola and




ANNnona squamosa but in last week of April in case of Annona

reticulata. The flowering was ceased in last week of August in

ANnNol squamosa (green and red type); Annona atemoya and

Annona cherimolas However, flowering was ceagsed in the first

week of June and middle of November 1in case of Annona glabra

and Annona reticulata respectively as reported by Thakur &

Singh (1965).

The flowering reached at its peak during April 8nd week

in Annona sguamosa (green and red type) and annona glabirag

during 1st week of May in Annona atemoya and Annona cherimola

reticulata. These

and during 1st week of June in Annaona

observations were recorded under Delhi condition by Thakur and

Singh (196%)
But Nalwadi et.al (1975) reported that A. squamosa (green

type) flowers from mid April to mid July with peak dwring May

under Dharwar (kKaranataka) condition. KkKumar and Singh (1977)

reported that in  Annona squamasa var. Sahibganj the flowering

continued from March to August with maximum flowering during

April - May under Sabour condition.

Flower bud development

According to Thakur and Singh (1965) different species of

AnNnona took about 27 to 33 days for complete bud development

(i.ee trom bud initiation to anthesis) and pass through.

But Nalwadi et. al (1975) are of the view that the

flowers of Annona sgquamosa took on an average @29 to 34 days

from visual i1nitiation of flower bud to complete blooming with

<



an average of 30.8 days. In Annona reticulata, the total

period from bud initiation to anthesis took 45 days as

reported by Farooqi (1970), where as in Annona atemoya the

period was 31 days for complete bud development as reported by

kshirsagar et.al (1976).

Anthesis
According to Thakw and singh (1965), the anthesis in

different species of Annona continues through out the day with

their peak period in the morning and evening time,

specifically between 5.30 to 8.30 am 1n A. squamosa (green &

red type) and between 2.30 to 35.30 pm in A. glabra and A.
reticulata. But in A. cherimola, two peak periods of anthesis

were observed ( i. e between 5.30 to 8.30 am and 2.30 to 5.30

pm.) Similarly in A. atemoya two peaks were observed (i.e.
between 11.30 to 2.30 pm and 2.30 to $.30 pm), under Delhi

condition. In Dharwar (Karnataka) condition, the anthesis in

morning at éam and

Annona___squamosa commenced early in the

continued till épm with maximum at éam and minimum at &pm.
Beyond épm there was no anthesis as reported by Nalwadi et.al
(1978) .

Kumar and 8ingh (1977) reported that maximum anthesis wag
between 17.30hrs and 5.30 hrs in Var. Sahibaganj of Annona

squamosa under Sabour condition. kshirsagar et.al (1976)

reported that maximum anthesis of 60 to 82 % buds occurred

between S to 8 am. in Annona atemovya.




Anther dehiscence

The reports of different investigators on the time of
anther dehiscence are divergent as reported below.

Ahmed (1935) observed that in Annona matured anthers are
positively hygroscopic hence higher huimidity favours anther
dehiscence. Amona cherimola and Annona squamosa shed pollen
in the afternoon hours from 3.30 to 6 pm (Webster, 1910). But
Venkatratnam (1959) reported that in Annona sguamosa
dehiscence took place between 4 am to 8 am. While in AMMona

cherimola and Annona reticulata it was from 4pm to 8pm and, in

AnMona glabra from 12 Midnight to 4am under Hyderabad
condition.

Thakur et.al (1965) reported that in A atemovysa, A
cherimola, A._rerticulata and A sguamosa (green & red type),
anther dehiscence took place through out the daytbut max imum
was between 11.30 to 2.30 pm. in all the species . In A glabra

dehiscence was between 4am - Sam and at no other time of the

day under Delhi condition.

Nalwadi et. al (1975%) reported that anther dehiscence

took place between 12 midnight and 4 am with a peak at 2 am

,n-

N Annona squamosa under Dharwar condition. Kshirsagar et.
1976) reported that maximum anther dehiscence took place

etween 12 noon to 2pm in A atemoya.

7



Kumar & Singh (1977) reported maximum anther dehiscence

between 11.30hrs. to 14.30hrs in A sguamosa under sabour

condition.

Pollen Studies

Pollen morphology

The pollens in all Annona species are compound. A

compound pollen grain comprise four individual pollen grains

closely packed within a thin covering . The pollen grains

posses a thick exine without germ pore.

The average size of the individual pollen grain of the

diploid species was found to be 1(ranging between 36.5uto 45.89¢p

reticulata and A

(i,e,.in A sguamosa, A. cherimola, A.
atemoya) where as it was 94.8M0 in A. glabra, a tetraploid

species. The larger pollen size of the latter is owing to its

higher ploidy status as reported by Thakur and Singh (1965).

Nalwadi et.al (1977) reported that shape of the dry

pollen of A. sgquamosa was round to oval with an average length

and breadth of 54.3® and 45.08 respectively.

Pollen fertility

Thakur and Singh (1965) observed that the percentage of

fertile pollens as per acetocarmine test was found to range

from 55.9% in A atemoya to 80.4% in A cherimola. Nalwadi et.

al (1977) reported that 89.4% pollens were fertile and 10,4%

8



were sterile by aceto carmine test is A. squomgsa. Faroogqi et.

al (1970) also observed B86.4% fertile and 13.6% saterile

pollen in A reticulata.

Stigma receptivity

Thakur and singh (1965) observed that the stigmas were

receptive a day before the anthesis. The respectivity was

highest at the time of anthesis and then decreased abruptly .

By the time of anther dehiscence, the stigmas in all diploid

species had turned almost non-receptive. However in A glabra

the receptivity was retained for a longer tima and 37 to S0

percent of the stigmas were receptive at the stage of anther

dehiscence.

in A reticulata, the

Farooqi et.al (1970) reported that

stigma was receptive a day prior to anthesis with most

receptive condition on the day of anthesis and later it
declined to non-receptive condition after five days of
anthesis. Nalwadi et. al (1975) reported that in A. squamosa

the stigma was receptive from a day prior to opening of flower

to two days after opening of the flower. The percentage of

receptive stigma was 30% one day prior to opening of flower

and 88% on the day of opening, 32% one day after opening and

8% two days after opening of flower. From, third day onwards

after opening of flower the stigma was non receptive in

ANNONa squamosa.



Pollination and fruit set

Thakur and singh (1265) reported that fruit set by hand
pollination was high ranging from 44.4 percent to &0 per ceant
among different species, where as fruit set was below 6
percent 1in open pollination and self pollination. Lack of
suitable pollinating agents, protogyny, hypogyny, short
receptivity, delayed dehiscence after anthesis and low pollen
germination appeared to be the causes of low fruit set under
natuwral conditions.

Bautista (1975) in his study of &6 improved clones of

Annona cherimola stated that higher percentage of fruit set

was achieved by self pollination and artificial crossing than
by open pollination. kKshirsagar (1976) reported that hand
pollination in atemoya resulted in 70 percent fruit set. Kumar
& Singh (1977) reported that low fruit set of about 8%

occured naturally in var. sahibganj of Annona sgquamosa.

10



PART - 11
Most of the cultivated custard apple types are of
seedling origin and hence show wide variation 1in the
qualitative characteristics of fruits. This provides a good
scope to study and select superior typea from among the lot.
Some of the works taken up in this regard at various places of

India and abroad have been presented in this chapter.

Variation in yield of seedling progenies of custard apple :

A wide variation is observed in the yield of custard
apple seedlings as observed from the reports of different
workers. It was reported by Singh et.al (1963) that 60 to 70

fruits/plant were obtained per year but Roy et.al (1964)

recorded yield of S0 to 100 fruits/plant/year. Mangave (1982)
recorded maximum fruit vyield of 46.75 kg. per tree with an
average fruit weight of 322.41g. Jagtap and Kokate (1991)

observed that yield varied from 40,3 to 50.98 kg./ plant.

Studies on Physical Characters of fruits ¢t

The earliest work carried out by Naik (1949) at Kodur
revealed that the weight of custard apple fruits varied firom
6.2 oz to 12.0 oz, while the number of seeds varied from 20 to

38 per fruit. In a detailed study of the custard apple fruits,

Singh _et al. (1977) observed

that size of fruits, weight of

fruits, number of fruits per Plant, number of areoles and

number of seeds in the fruit were found to vary form 6.8 « 6.6

11




cm to 7.5cm x7.3cm 3 185 to 193g, S5 to 70 number 3§ 87 to 95
number and 24 to 30 number respectively.

In an attempt to select promising custard apple types
from Femigiri region of Maharastra; Jagtap and Kokate(1991)
observed that number of seeds; percentage of pulp of fruits
varied from 22 to 27 number and 70.8 to 82.42 percent
respectively. During an evaluation of fruits of 35 types of
custard apple seedlings to identify superior types, Singh et
al. (1993) found that average fruit weight ranged between
60.45 to 150.53g; fruit size (length varied between 4.45 to
6,46 cm. and diameter varied between 5.26 to 7.07 cm.)

After a preliminary screening on the physio- chemical
characters of 24 custard apple types, Kumar (1994) reported
that fresh weight, number of segments per fruit, peel 4%,
pulp%, number of seeds per fruit and weight of seeds per firuit
varied between 90.0 to 231.0 g ,72.75% to 100.05 numbers

32.15 to $6.52 %, 39.71 to &5.21 % ;3 10.0 to 54.75 numbers and

3.8 to 19.1 g respectively.

Studies on chemical composition of fruit samples

In 1953, Stahle from Florida reported that in custard
apple fruit, the total sugar content varied from 12.4 to 16.4%
and acidity from 0.26 to 0.65% . He ascribed these
differences to be due to agro-climatic conditions under

which the crop was grown and also due to inherent characters

and variation in sampling of the fruits.

12



In 1972, Nakasone reported that the fruits of sour sop

T.5.8. and 0.83 to

(Annona muricata L.) contained 16 to 17 %

0.92 4 acidity.

In studying the thSio-chemical propertiES of custard
apple, Singh et al. (1977) reported that the percentage of
the pulp were recorded as

total sugar, acidity and T.S.S. in

respectively. The agscorbic acid content

15.65 0.016 and 19.5
was observed to be 1.10 mg per 100g.
fruits of Annona squamosa

While comparing two types of

with regard to acidity and the content of total, reducing and

(1977) found that seaded

non reducing sugars, Mazumdar

berries were larger and had higher sugar content. The reducing

and non reducing sugar in custard apple fruits varied between

9.92 to 19.1 % and ©0.69 to 0.86% respectively.

Chowdhury et al. (1985) reported that the ascorbic acid

content of custard apple fruits varied from 0.74 to 1.03
mg/100 gm. of pulp. Reducing and non reducing sugars varied

from 9.48 to 11.73 % and 0.64 to 0.82% respectively . The

T.5.8. ranged from 21.10 to 21.90% while the protein content

ranged from 1.49 to 1.53%.

It was reported by Maia et.al. (1986) that in custard

apple, the pulp was of low acidity with high water and sugar

content and low in protein , lipid and ascorbic acid.

In the year 1991, Shete gi al. reported that a wide range

of 71.85.5. (17.7 to 28 %) was observed among different

seedlings of custard apple (Annona squamosa) .




In an attempt to select promising custard apple types
trom pemigiri region in Maharashtra, Jagtap and Kokate
(1991) observed that acidity, reducing sugar and T.8.S. of
custard apple fruits varied from 0.127 to 0.142% ;3 23.80 to
24.924% and 26.5 to 29.1% respectively . The T.S.S. : acid
ratio of the fruit was found to be 194.0.

Singh et al. (1993) evaluated fruits of 35 types of
custard apple seedlings to identify superior types. They found
high variation in fruit quality as the total soluble solids
ranged from 8.36 to 20.27% and organoleptic rating varied from
60.7 to 77% .

After analysis of the fruits of Amonas ¢v Barbados

seedling (BS) and Washington-97 (W-97) for their biochemical

constituents from fruit set to harvestable maturity and at

ripe stage, FPai (1993) found that T.S5.5. was 2.6 and 24.0%

for B.S. and W-97 upto harvest maturity and then increased

rapidly with ripening. Total sugar for B.S5. was S5.42% and

15.18% at harvest mature and at ripe stage respectively but

for W-97 it was 0.96 % and 14.84Y% respectively. Fructose was

the major sugar during mature and ripe stages. Total acidity

was low (0.077 to 0.27%) in annona fruits. It decreased upto

75 days of fruit development and then increased till ripe

stage (0.107% for B.S and 0.154% for W-97). Total tannins

were high (0.942% for B.S. and 1.279 % for W-97) for fruit

samples 15 days after harvest which decreased to 0.127% and

0.159% respectively at ripe stage.
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Harvest index of custard
apple fruits



After a preliminary screening on the physio-chemical
characters of 24 custard apple types, Kumar (1994) reported
that T.5.5. ¢titrable acidity; ascorbic acid; total and
reducing sugar content ranged between 17.5 to 26.5%4, 0.092 %
to 0.216%; 9.9 to 24.47 mg per 100 g.; 7.14 to 14.284 3 5.65

to 11.11% respectively.

Harvest index of custard apple fruits :

Ezzat et al. (1974) observed that the light green colour

of the fruit and yellowish white colour between the carpels

are indications of fruit maturity.
Rao (1974) reported that the maturity of custard apple
fruit was ascertained when the texture of the fruit became

soft and colour of the fruit skin was light yellow between the

segments of the skin.

Correlation studies on different qualitative characters of

custard apple fruits.

Kumar (1994) after a study of different custard apple
types in Orissa reported that there exists a significant
positive correlation between fruit weight, seed number, and
seed weight but it is negatively correlated with peel content.

However it had non significant positive correlation with

segment number and pulp content .
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Studies on screening of superior types of custard apple :

Nakasone(1972) reported that the variations in fruit
size and quality among the 35 seedlings tested (open
pollinated seeds from a single tree) were no greater than
those found among the fruits of a single tree.

Shete et al. (1991) screened 137 types taking into
account average fruit weight; pulp %3 number of seeds per
fruit, T.5.5. % and yield. They found 24 types promising and

selected different superior types on the basis of characters

under study:

(i) Number of seeds/fruit was low in type-— 25; 393 38 and
123.
(i1) Better pulp % was recorded in type -

39:43;3124;1263199;220;3;237.
(i1i)The desirable characters as good yield potential; less
seed content, large fruit size, higher T.5.5.; was found

to be most outstanding in seedling type 25.

Jagtap and Kokate (1991) screened 92 trees on the basis
of variation in physio-chemical composition of fruit and vyield
potential of trees and selected S5 promising seedling types
for multilocational trial which are as follows:

F-36 - Big round fruits with bold size areoles, average
fruit weight S15g; Pulp = 82.03 %; T.8.8. = @28.8%
acidity = 0.127 % and yield 50.98 kg/tree

P-42 - Medium sized, round shapa, very sweet with mild
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flavoured fruits, pulp - B2.42%, T.8.S. = @g28.084%,
acidity 0.135%, seeds - 26 number and vyield 46

kg/ tree.
D - 77 - Medium size, spherical fruits with pleasant flavour,

pulp - 75%, T.8.S 26.5%, acidity - 0.142%, seeds -

27 number and yield - 44 kg/tree.
Y — 72 - Spherical fruits suitable for long distance

transport, pulp - 70.8%, T.5.8 - 29.1% and vyield

43.76 kg/tree.

D- 9 - Medium size, round fruits, pulp 73.3% seeds - 2@

number, vyield 40.35 kg/tree and sugar; acid ratio

- 143.5.

Kumar (1994) after screening on the physico — chemical

characters of 24 custard apple types, selected 4 types to be

of superior quality i.e. S 7; S 16; & 12 and § 14. The

characteristics of these four types are as follows 3

Sample No. Character (8)

s 7 - Big size fruit weight = 178 g., light yellow cdour,

bold segments, pulp = &5.21% T.5.5 = 88%, acidity =

0.176%

S 16 - Big fruit, fruit weight = 180.25 g., small segments,

pulp = 58.66%, T.S.8 = 21% acidity = 0.184%.

s 12 - Big fruits , small segments, light yellow colour,

fruit weight - 205 g, pulp = 953.63 %, T.8.8. =

21.5%, acidity = 0.108 %.

S 14 - Big fruits , bold segments light green in colour,

fruit weight = 231.g, pulp = 59.95%, T.5.8.= 19.5 %,

acidity = 0.168% Ascorbic acid = 20.9 g/ 100g.
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CHAPTER - 11X

MATERIALS AND METEODS



Materials and Methods

PART 1

Objective :
of Annona

In order to undertake crop improvement
it is essential to know regarding its floral

sqQuamosa,
biology. Accordingly this

study was undertaken to know the

- b »
season of flowering; developmental PpProcess of flower uds
anthesis; anther dehiscencej pollen morphology, viability and

stigma receptivity. So that suitable breeding technique can  be
developed for this crop.
Location of the experimental site :

trees

This investigation was undertaken in custard apple
grown in the Horticultural research station, 0.U.A.T and in
This place isg

the residential quarters in Bhubaneswar city.

at a lattitude of 20° 15'N and longitude of 83° S2'E;

situated
which is about sixty kilometers away from Bay of Bengal at an
altitude of 25.5 meters above the mean sealevel.
Climatic condition
The climatic condition of the place is warm and moist
with hot summer and comparatively mild winter. Maximum amount
to

of rainfall is generally received during the months of July

October. Data on weather condition for the year 99-26 have

been presented in table - 1%2and illustrated in Fig -.2 83
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Table No- 4 Meteorological Observations at Bhubaneswar during the period

of study (Feb' 95 to Oct' 95 )

Tesperature Relative Huamidity Rainfall | Bright
0 sunshine
N Max Min Mean | Morning Afternoon Mean hour &
TH (0c) (%) (om) (hrs)
Feb- 95| 31.8 18.7 25.3 92 45 4 8.9
Mar %#.8 21.8 28.3 90 43 2 8.8
Rpr 7.4 24,9 31.2 89 48 69 2 8.0
May 43.6 26.3 30.4 91 65 78 ? 7.2
June .2 26.7 3.4 89 T 13 4.1
July 31.8 25.6 28.8 73 7 16 3.7
Aug k.4 9.7 9.0 93 i a2 4.8
Sep 31.9 25.5 28.7 93 75 84 17 4.8
Oct 30.5 23.5 27.0 93 73 83 19 6.2
Nov .2 19.0 24.2 90 38 T4 7 7.8
Dec 8.9 14.7 21.8 92 44 &7 0 9.0

Table No- 2. Meteorological Gbservations at Bhubaneswar during the period

of study (Feb' 96 to Oct' 96 )

M Tesperature Relative Humidity Rainfall | Bright
0 sunshine
N Max Min Mean Morning Afternoon Mean hour &
TH (Oc) (%) (o) (hrs)
Feb- 96| 30.9 18.3 2.5 95 46 0 e 9.4
Mar H.0 2.6 8.6 %2 47 69 1 8.1
Rpr 3.9 2¢.5 30.7 89 45 67 4 8.6
May 37.5 26.8 3R.1 ! 3 8.4
June 4.1 25.4 29.8 7™ 14 8.2
Jul k.8 5.3 9.0 %2 82 16 5.4
Aug 0.9 25.0 27.9 93 79 86 25 4.3
Sep #1851 9.1 93 68 g0 8 7.5
Get 96 | 31,9 23.1 27.4 93 &e 77 9 7.
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Selection of trees
similar

Healthy, vigorous, disease free trees grown under

this study. Out of

utilised for

condition were
and red type were

management
selected

which three trees each from green

for the study. Each tree served as one replication.

Selection of branches
each tree were randomly selected from

Five laterals from
on

the peripheral region of the tree. The new shoots appearing

labelled for recording

branches were

these - lateral
duration

observations on the date of initiation of flower bud;j
9

developmental stages of flower bud, anthesis

of flowerings;
of stigmatic

anther dehiscence; pollen viability, duration

pollination and fruit set etc

secreations ;

Recording the observations

The observations were recorded from February '9?5 to

October '93 and again repeated in the next year (i.e. February

'96 to October '96).

Vegetative growth in relation to flowering.

leaves from the tree in the last

After shedding of the

new flushes that appeared were examinad for

week of December,
were

development of flower buds. Later on observations

recorded on these developing buds to study position of flower

bud on the shoot and time of cessation of flowering.

20



Duration of flowering
Observations were recorded regarding the time of
initiation and cessation of flowering in both the types of

custard apple. Difference between these two indiccated the

duration of flowering.

Pattern of flowering

Observation were recorded regularly at 15 days interval
regarding number of buds per shoot in both the years and both
the types. From these observations, information regarding
different phases of flowering with their peak period and

intensity of flowering at different phases was obtained.

Flower bud development.

Observations were recorded daily on buds in the selected

branches to know various stages of development of flower bud.
In each stage the length and girth of flower buds were
measured with the help of scale and vernier calliper
respectively . The measurement of length of bud was made from
the base of calyx to the apex and girth at maximum bulging
point. The average values of length and girth of flower buds
were recorded.

The number of days required for the bud to bloom and from

each development stage to next were recorded . Finally average

value was calculated. Colouwr changes of flower buds was also

noted at each stage.
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Flower Morphology.
Individual flowers were collected and their different
morphological features like the type of flower, calyx,

corolla, androecium, gynoecium were observed with a hand lens

and recorded .

Anthesis

The flower buds on the selected branches which were to
open on the following day were closely observed for study on
anthesis. The number of flowers opened were counted by marking
with white paint at the base on the flowers after their

opening at an interval of six hours through out the day for
three days to ascertain regarding the time of anthesis. The
in order to confirm the exact time of anthesis buds were

observed at hourly interval for one week . Average number of

buds bloomed at a particular hour was found out.

Anther dehiscence

The flower buds on the selected shoots were examined at
howrly interval commencing from 24 hours before anthesis to 24
hours after anthesis to ascertain the time of dehiscence of
anthers Duration of anther dehiscence as well as its peak time
was found out. The mode of anther dehiscence was observed with

the help of a hand lens and recorded.



Studies on pollen morphology and viability

The pollens were collected from freshly opened flowers and
were mounted on a clean glass slide and examined under
microscope to know its shape. The colour of the pollen grains
was observed under handlens. The pollen size was measured by
means of stage and occular micro meter fitted to the
microscope. Average values of S observations on pollen size
was recorded.

For ascertaining pollen viability acetocarmine test was
done. Pollens from a freshly dehisced anther was collected
over a slide and 2 to 3 drops of acetocarmine was added to it.
Then pollens were examined under microscope and number of
viable pollens was found out and converted to percentage.

This study was carried out at monthly interval from the

first phase of flowering and continuad till complete

cessation of flowering to know variation in pollen viability

in different months.

Duration of stigmatic secretions

This was ascertained by examining the stigma with hand

lens from one day prior to anthesis upto one day after the

anthesis at hourly intervals. The receptive condition of

stigma was indicated by secretion of fresh, shining liquid
from the stigmatic surface. When this secreation dried up it

indicated the cessation/duration of stigmatic secretions .
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Pollination and fruitset.

150 flowers buds were labelled prior to their opening and
bagged to study controlled self pollination. Similarly another
150 buds were labelled and left as such to find out the extent
of natural pallination. Then observations were recorded

regarding the number of buds that set fruits. From that

percentage fruit set by controlled self pollination and

natural pollination was calculated.
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Flowers of green and red
type of custard apple

Fruits of green and red
type of custard apple



PART - 11

Objective :

The seedling progenies of custard apple show wide
variation in their growth yield and quality characters, which
needs to be screened for finding out superior types with
desirable characters. This has become essential to meet the

requirement of quality planting materials in plantation

programmes taken up in water shed areas and dryland zones.

Experimental Site and Period of Study

This investigation was carried out in the post harvest

laboratory of the Department of Horticulture, Origsa

University of Agriculture and Technology dwring the months of
September — December'95. The temperature and relative humidity

of the laboratory during the period of study has been

-1 %2

presented in table number

Sampling and Collection of Fruits

Healthy, disease free, high yielding

of

plants of custard apple growing in different parts

the state were selected for this study during August,1993. The

trees were divided to four sectors i.e. North, South, East and

West and, five shoots from each sector specifically from
peripheral region were randomly selected and tagged. At
maturity, five fruits from each sector were collected from

these shoots for study of their qualitative characters The
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fruits were collected from various places in 0Orissa as
mentioned in table- % .

TABLE NO.-3Place of collection & general cahracters of custard
apple fruit types.

Types Place of Collection Characteristics
and address

T1 In front of Govt. Big fruits, round
Hospital, Keonjhar shape large,
hexagonal segme-
nts, light green
in colour,distinct
whitish coloured

intersegmental
space.
T2 Satyasai Mahal,Udala, Large fruits:
Keonjhar. green in colour;

spherical shape;
saegments not so
distinct and
preshed.

T3 Lambodar Nayak, Large size fruit,
Khireitangi,near-Suakati, dark green in
Keonjhar. colour. Hexagonal

segment with a
little inter
segmental space.

T4 C. Kapila,
Near Urban Co-op
Bank, Baripada.

Medium fruit size,
segments visible
but notprominent;
light green
coloured fruit
with spherical
shape and
compressed top.
Medium size
fruitae; distinct
large segments}
conical fruit
shape 3

Light green colour
with partial

Pink flush at
intersegmental
portion,

TS Chandara Jena,
Village- Bainda,
Near-Redhakhol,
Angul dist.
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T6

T7

T8

T9

T10O

Bansidhar Sahoo,
Village - Bainda,
Near-Redhakhol,
Angul Dist

G .No-IVR/304,Unit-6

Bhubaneswar

Harihara Das,Badasashan sahi

Keonjhar.

- No- »yO0.U.A.T colony

Bhubaneswar

GrNo- 3R-43, 0.U.A.T Colony
Unit-8, Bhubaneswar

27

Large, round
fruits light green
in colour, bold
segments with no
digtinct
intersegmental
space. Segmentsg
are closely
spaced.

Medium size fruitsg
with medium size
areoles and
distinct
intersegmental
space. Light green
in colour with
ashy appearance in
general.

Heart shaped
fruits with medium
segments;

dark green

in colowr with
greenish white
intersegmental
region.

Round fruits with
conical base and
flat top. Medium
size segments
light, green in
colour with no
distinct inter
segmental portion
which is cream
coloured.

Heart shaped
fruits with
tetragonal segm-
ents. Light greep
coloured with
white coloured
intersegmental
portion.




T11

T12

T13

Ti4

T15

Tié

M.Vaikuntham, Ananda Sarani,
Badakhemundi saiextension,
Berhampur (G.M)

Rabindra Mahanti,Village-
Madhunanda,F.0-Remuna,
Balasore.

Radha Basanta Nibas, Fudamari,
Berhampur, Ganjam.

Bisambare Bada, SeriRelli
street. Near—-Lakshmi Talkies

Ward no-6, Gajapati Dist

Village-Baghajhar,
Kukudakhandi block,
Dist-Ganjam.

Sarat Fattanaik,
Chikiti town
At/Po-Chikiti,
Ganjam
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Medium fruit sizej;
light green
colour, round
fruits with not so
distinct interseg-
mental space.

Medium to large
fruits with small
segments, green in
colow, heart
shape and flat
base. Interseg-
mental Portion

is not so
distinct.

Fruits small in
size, round in
shape with

very large
segments, light
green in colour,
and segments are
sightly pressed

Large, round to
heart shaped
fruits, dark green
in colour,

medium sized
tetra-gonal
segments light
with a little
intersegmental
space.

Medium sized,
heart shaped
fruits with small
segments, light
green in colour,
less interseg-
mental space.

Medium size, round
shape fruits,
with top

compressed,

light green



in eolour with
distinct interse-
gmental space.

T17 D. Satyanarayana, Medium fruit size
Chhatrapur town, bold segments
At/Fo-Chhatrapur, light green in
Ganjam. colour with light

cream coloured
intersegmental

space and
teti-ragonal
segments.

Small sized round-

Ti8 Jigd  Keshore Mohavang ish fruits with
House oo - 3R /1 medium size
) . segments and light
Dellan colesy |, LOTI-§, green in colour.
BBSR- 2.

T19 ' ‘ Medium round
G S Paoldlangeow fruits fruits

t\orise no- -Bﬁ/(&?, medium sized and
hexagonal

Baromuade o <s< “3 segments.
- boayd co\eny Intersegmental
space not so

distinct with
light green
colour as a whole.

Dhaubanes N weay

Small round fruits
with small
hexagonal and
light green
segments.

T20 Kirtana Jena,
Postatala Janga,
Puri Dist.

T2l - no— M - 101 Small round

Baramunda Housing Board colony fruits with smal}

Bhubaneswar to medium sized
segments.
Intersegmental-
space is light
pink in colour,

= th- No— N-1/37 Nayapalli, Small to medium
Near Ekamra Kanan, size fruits with
Bhubaneswar round shape.

Segments are
small and placed
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T23

T24

Tes

T26

T27

Tes

M .No- VF - 16
0.U.A.T Colony,Unit-8
Bhubaneswar

0.U.A.T Orchard
Horticulture Research Station

OUAT, Bhubaneswar

Medicinal Plant Scheme
Horticulture Research
Station OQUAT,
Bhubaneswar

tr .No-IVR/245, Unit-VI
Bhubaneswar.

Raniguda Farm

Rayagada Koraput

Near krushna Garage,
Ganga nagar chhack,
Unit - &, Bhubaneswar.
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close to each
other with light
cream colour inter
space.

Large fruits,
spherical in shape
yellowish green in
colour and
tetragonal
segments.

Medium fruits with
red colour
hexagonal segme-
nts and almost
round in shape.

Medium fruits with
red colour
tetragonal
segments, round
fruits with

flat base.

Small fruits,
light green in
colour, round
shape with flat
base and medium
size segments
and no distinct
inter segmental
space.

Small, cordate
fruits, small and
closely spaced
segments, dark
green in colour,

Small to Medium
fruits bold

segments, light
green in colour;
with cream

coloured inter-
segmental space,



Characters Studied

Observations were recorded on the following characters of

custard apple fruits

A. Physical Characters z—

1. Average Weight of the fruits(g):

The weight of the fruits harvested from the tagged shoots
of various sectors of the plants were weighed on a balance and

recorded. The average fruit weight was found out.

2. Average number of segments 1-—

Number of segments per fruit under observation wWas

counted and recorded. The average number of segments was

calculated out.

3. percentage of peel :

Fruits were opened and the pulp along with seeds were

removed by the help of a stainless steel spoon and weight of

peel was recorded and expressed as percentage of the total

fruit weight.

4. Percentage of pulps

In order to separate the seeds from the pulp extracted

from the fruit the fruit extracts were diluted in water and

the procedure followed by Kumar (1994). The pulp thus obtained

was homogenous and freefrom seeds which was weighed and

expressed as percentage of total fruit weight.
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S. Average Number of Seeds:

Number of seeds per fruit under observation was counted

and the number of seeds per fruit was found out.

6. Average Weight of Seeds (g);

Weight of seeds per fruit under observation was recorded

after separating them from pulp. The average weight was found

out and expressed in grams.

B. Biochemical Studies

7. Total soluble solids (T.S5.8)

The total soluble solid content of custard apple pulp was

recorded by a hand refractometer and the average T.8.S8

content was found out and recorded as percentage of T.§.S8,

type wise.

8. Titrable acidity (%)

Total titrable acidity of custard apple pulp was

estimated by preparing a solution with 10g of the

representative fruit sample. The total volume was made up to

100m1. by adding distilled water and then filtered. Twenty

milliliter of this filtrate was taken in a 100ml. conical

flask and titrated against accurately standardized O.1IN sodium

hydroxide solution using 2 drops of phenolpthalein as

indicator. The end point was indicated by the light pink

colour. The results were expressed as percentage of citric

acid as suggested by Ranganna(1977).
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Calculation

1 ml. of O.1 N NaOH = 0.0064 g. of citric acid (64 i1s the

equivalent weight of citric acid?

%“ of citric acid = Titrate value X Normality of alkali X
volume made up X 64 X 100

ml. of filtrate taken for estimation X

volume of sample taken X 1000
9. Ascorbic acid content (as per Jacob, 1958 in mg./100g.) :

20 g. pulp from a known weight of fruit sample was taken

in a conical flask. The total volume was made up to 100 ml. by
adding distilled water and filtered. 10 ml. of this filtrate
was taken in a 100 ml. conical flask, followed by addition of
20 ml. of distilled water and 2 ml. of one percent starch
80lution as indicator. Then it was titrated rapidly against an
accurately standardised 0.1 N iodine + potassium iodide
solution (13g. of iodine + 24 g. of potassiumiodide in 1000
ml. of water) to a violet end point. The titration value was
recorded and ascorbic acid content was expressed in mg./100g.
of edible portion.

Calculation

Each ml. of iodine solution is equivalent to 0.88 wmg. of

ascorbic acid.

0.88 x litre X 100 X 100

Ascorbic acid =
(mg./100qg) Weight of sample taken (20g) X volume taken

for estimation (10ml.)
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10. Total sugar as per Lane and Eynon (1940)

10 g. of pulp from the representative sample was taken in
a conical flask. To it 50 ml. of distilled water was added
followed by addition of 5 ml. of 2 N Hcl. The sample was
boiled for 10 minutes for conversion of non reducing sugar to
reducing sugar. Then it was cooled at room temperature. The
sample was filtered and the solution was made neutral by
adding 1 N NaOH with 2 drops of phenolpthalein indicator till
a light pink colour was obtained. Then the sample was made to
100 ml. by adding distilled water.

5 ml. each of fehling '‘A' and fehling 'B' solution was
pipetted out to a 100 ml. conical flask to which 40 ml. of
distilled water was added and the mixture was put over flame.
When it started boiling, 3-4 drops of methylene blue indicator
was added. Titration was carried out taking sugar solution 1in
the burrette and fehling solution on the flame until a brick-

red colour end point was reached and the titration value was

recorded.

Calculation

10 ml. fehling solution = 50 mg. of glucose.

mg. of invert sugar(30) X Dilution(100) X 100

-

% of total sugar =
Titrate value X volume of sample X 1000
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11. Reducing sugar :

S5g. of pulp from the representative sample was taken in a
conical flask and the total volume was made upto 50 ml. by
adding distilled water and filtered. This filtrate was taken
in a burrette for titration.

5 ml. each of fehling 'A' and fehling 'B' solution was
pipetted out to a 100 ml. conical flask to which &0 ml. of
distilled water was added and the mixture was put over flame
and at boiling 2-3 drops of methylene blue indicator was
added. This was itrated against the sample solution taken in
the lurrette to a brick-red end point. The volume of sample
solution utilised was noted.

Calculation
10 ml. of fehlings solution = 50 mg. of glucose
% of reducing sugar

mg. of invert sugar (50) X Dilution (S0) X 100

Titrate value X volume of sample taken x 1000

12. VYield per plant under various types :
Average vyield of the plants under various types was
calculated by multiplying average weight of the fruits with

total number of fruits borne and expressed in kg./plant.

Statistical analysis :

{ The data recorded on various characters of fruit samples

were statistically analysed following a completely
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Randomised Design (Gomez and Gomez, 19746) with 28 types
replicated thrice. The significance of the types, were
tested by 'F' test and the standard error of means and
Critical difference were calculated by using the fromulae

mentioned below :

,Error mean square
S. E. (m) for types =t
Number of replication

b. C. D. for type means =

= S. E. (M) x 1.414 X 't' value at error

degree of freedom at 5% level.

II1. Metroglyph and Index score analysis :

A number of metric traits were recorded but, metroglyph

and  index score analysis was carried out with those

characters which were found to be economically important.

Metroglyph and index score analysis was carried out as per the

methods suggested by Anderson (1957). The class intervals of

the various morphological traits are presented in Table No.

The range in each character has been represented by the

different positions of the rays on the glyph. The index scoreg

have been obtained by allotting numerical values to the threg

grades of expression recognised in respect of each character

and summing up the scores received by each type for all the

eleven charecters. As suqgested by Anderson (1957), different

—ustard apple types have been awarded a value of 1 or 2 of 3

jepending on desirability of the character. So, a max imum

score one sample can get is 33,
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Different types were presented in the scatter diagram
taking Tresh weight and pulp % as two variables and other
characters were presented in from of rays on the glyph. Then

they were grouped into 4 groups characterised by 6r - 1 (High

pulp percentage and high fruit weight), Gr - II (High pulp
percentage and low fruit weight), Gr - III (Low pulp
percentage and high fruit weight) and Gr - IV (Low pulp

percentage and low fruit weight).

Table No. l1 Class intervals of the qualitative characters of

custard apple.

tlualitative Character Index Values
1 2 3
* Fresh fruit 4©197.6 197.6 to 283 »283
weight (g)
£46-0 7550
* Fulp content (%) E-— 40,0 to 58.0 = | T
O
>55.o 4 39.0
* Feel Content (%) b 39.0 to 95.0
* Seed number (no) 250 .0 31.0 to 50.0 <31.0
° X
» Seed Weight (g) *18.0 11.0 to 18.0 <11.0
O o ©
* T.5.8 (o brix) €15.0 15.0 to 19.0 #19.0
O ey ——e)
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* Acidity (%) 20Q.57 0.29 to 0.57 w0.29

* Ascorbic “13.2 13.8 ee.o FR2.0
acid (mg/100g)

¥ Total sugar (%) 14,48 14.48t0 20.9 }eo.:/
O ol

* Reducing Sugar (%) “10.76 10.76 to 16.286 [x16.26

* Yield (kg/plant) | <18.5 O |18.5 to 31.00P +31.0

IIl. Numerical taxonomic classification

A numerical classification of collected types was
subjected to numerical taxonomic analysis (Sneath and Sokal,
1973) based on 18 characters (i.e. yield, fruit weight, number
of segments, peel percentage, pulp percentage, seed number,
weight of seeds per fruit, T. §&. 5. percentage, acidity
percentage, ascorbic acid content total and reducing sugar

percentage). The Se (similarity coefficient of Gower) values

were calculated for the purpose and a dendrogram was
constructed based on Sa values following a UFGMA (unpaired
group mean averages clustering strategy. Then final conclusion
regarding superior types with desirable character wWas
identify.
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IV, The data recorded on different parameters of custard
apple types were analysed for their correlation and character
association studies. As per the procedure given by Fanse and

Sukhatme (1985).

A. Simple Linear Correlation Coefficient
XY
o=
voxe Uy
The significance of the simple linear correlation
coefficient were tested by comparing the computed ‘r' value to
the tabular 'r' value with (n-2) degrees of freedom at 54 and

1% level of significance.
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CHAPTER - 1V

RARPERIMIENTAL FINDINGS



EXPERIMENTAL FINDINGS
PART - 1
The results of the study on floral biology of custard apple
(green and red type) have been presented in this chapter . The

data recorded on various characters pertaining to the floral

biology has been presented under appropriate heads.

Vegetative growth in relation to flowring :

1t was observed that the flower bud development followed

complete shedding of leaves at the latter part of December which

ollowed by the appearance of new vegetative flushes towards

was f

the end of January. These vegetative  flushes contained

rudimentary flower buds in the extra axillary position of the

newly developed shoots mostly and few were borne on the older

branches of both green and red types of Annona squamosa. These

flower buds were borne in clustures of two to five in newly

developed shoots but singly when it appeared on the older

branches -

puration of flowering

It was observed that, the flower buds of Annona squamosa
developed in the last week of march in green type, where as in
the 2nd week of march in red type. The development of new flushes
containing flower buds continued upto the first week of September

in green type but in red type flowering process ceased by &nd

week of July in the year 1995.
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Table no- f; Duration of flowering in Annona squamosa (green

and red type)

Flowering time Green type Red type
Year No. Year No.
of. of.
1993 1996 flus| 1995 1996 flus
hes hes
Initiation of |March February T March Feb T
flowering last week|last week H end 2nd week| W
R week o
E
E
Cessation of September |September July August
flowering 2nd week |3rd week eénd ist
week weeak
First flush/ Mar 2é6th |Feb 2ist Mar 15th{Feb 18th
phase to to to to
June 2nd |April 24th Jun 17th|June 1ist
Second flush/ |June 5th |[May 1st Jun 15th|June 5Sth
phase to to to to
July 15th|July 21ist Jul 10th|Aug Sth
Third flush/ July 24th{July 20th - No - - No -
phase Sept 10th|Sept 18th
Total Five and |[Nearly Nearly Five and
duration of half seven four half
flowering months months months months

In 1996, flowering commenced form last week of February and
2nd week of February in green and red type respectively which
continued upto the 3rd week of September and Ist week of August
respectively in case of green and red types. These results have

been presented in the table no 1§énd graphically in Fig -Lika),&g
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Pattern of flowering
in both the types of Annona squamosa

for a definite period with

It was observed that
flowering was a continuous process

varying intensity that can be observed form the table no-g and

fig —. 4(a),4(»)

It was observed from the table and graph that in green type

3 peaks were observed in flowering in both the year 1995 ang

19963 but in red type two peaks were observed in both the years,

In green type, the 3 folowering phases were : 26th March to 2nd

June '95; Sth June to 1S5th July and 24th July to 10th September

'95 but in the year 1996, the respective phases were 21st

February to 24th April; 1st May to 2ist July and 20th July to

18th September. Similarly in red type two flowering phases were;

10th March to 19th June; 15th June to 10th July in 1993, but in

the year 1996 the two respective phses were from 18th February to

1st Jurme and Sth June to S5th August.

The peak period of flowering was observed in green type on

pril 26th; July 10th and August 10th in the year 1995 but in the

ear 1996, those pears were April 10th, June 26th and August

dth. Similarly, in red types April 26th and June 26th were the

vo peaks in 1995 and also in 1994,
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Table No. & Pattern of flowering in Annona sguamosa (green
and red type).

Date of observation Average no of flower & shoot
Green type Red type
1995 1996 1995 1996
Feb 25th - 0.3 - 0.8
Mar 10th - 3.2 0.6 2.9
Mar 26th 0.9 4.8 6.6 4.8
Apr 10th 9.8 18.5 10.8 10.2
Apr 26th 20.5 10.2 16.4 i8.2
May 10th 16.8 0.9 14.8 ?.3
May 26th 2.8 3.2 7.3 5.9
June 10th 0.8 5.4 3,9 2.2
June 26th 4.4 ?.8 S,1 3.6
July 10th 6.8 4.9 3.8 1.3
July 26th 0.9 3.2 1.3 0.4
Jugust 10th 4.935 4.8 v 0.0 0.1
lugust 26th 3.69 2.9 - 0.0
September 10th 0.0 1.4 - -
Sep tember 26th - 0.0 - -
Grand average no.
of flowers/shoot 7.66 S5.29 6.92 4.97
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Flower bud development

Systematic observations were recorded on the tagged shoots
for the progress of bud development. These observations revealed
the fact that the whole phase of bud development starting form

bud initiation to full bloom condition can be divided into S

phases as mentioned below -———-—
I Bud initiation phase j

II Bud development phase 3
IIT Bud elongation phase 3

1Y Bud plumping phase ;

v Bud transition phase j

Detailed information regarding the above mentioned phases of

bud development has been mentioned in table no - 7 and figure

no. - g; .

It was observed from the table - & that total time required

for bud development ranged form 30 to 35 days and 28 to 32 days

in green and red types respectively with an average of 31,85 days

and 29.5 days respectively.

Flower morphology

A detail study of the flowers of custard apple types

revealed that the flowers were solitary, and developed in in
clusters of 2 to 5. They were complete regular, bisexual,

hypogynous, trimerous. Calyx and carolla were modified to form

tepals. Number of tepals found to be three, polytepalous,

arranged in valvate aestivation. Stamens numerous, free, spirally
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Ta&»le 7Stages flower bud dewelopment
in Annona squmosa (green and red type).

- e o e o = o o

e e o o - e e o o

Change in Size of the bud
bud each phase
Shape of bud Green Red Green |Red Green| Red
at each phase type type type |type type | type
Phase - 1 Bud initiation phase 4 days 3 days
(a) Rudiment- [Minute Minute Deep |Light [2 days 1 days
ary bud point point green |green
(b) Raundish, O.lem.L O.lom.L
Mirute bud|Girth Girth 2 days | 1 days
€ 0.03140m* )j(0.0Gll.m"-) J
-------------- | SRS PSR Ll sl _--_-;»-----_-_;--_-_-_s_-_—-__
Phase - II Bud developwent phase 2 days 2 days
------------------------- r——————-———--—-—-——r———--*-—r———-——-i--~-———
(a) Roundish 0.2cm.l 0.2cm. Light [Light 1 days|2 days
bud with |Girth Girth deep |green
flat top (0.282cH™) (0.1250cm*)
(b) roundish 0.3cm_ 0.2cm green 1 days|1 days
bud with
pointed Girth Girth
tip {(O.W) (0.125c6”)
_________________________ | N SR BES
Phase - III Bud elongation phase 20 to 20 to
2% days 22 days
--------------------------------------------- r--------1--—--—-1-————--~
(a) Bud tip
elongates
with 2.60m 1.8cm Light |Purplish|20 20
slight to L (to L to to
increase |3.90m 2.40M 24 ez
in girth. deep |green |days days
(b) Increased .
tepal Girth Girth green
thickness. (0.282c0%) (0.12400%)
___________ L-------__-_.---___»____--__L____-__A--_-__-

-~———-——————-_

"""""""""" | Satuinindutetainbainiel e o o e s e s S S -
Elmgatadbud 2.6 to L 1.8 to L LightWSage 12to 12t,o 1
pecome pluxpy 3.5cm 2 40m 3 3
days days
_ green |green
with thickest Girth Girth
petals (1.131 to |(0.135 to
JS.JAW) 0.502cm?) |
-------------------------------------- PRSI BRI P




e o o o o 0 S O P e O e e B S 0 D e e 8 0 O O 0 e e e g

(i) Sutures |2.écm to 1.8cm to WBnghtj sage 1to

along the 3.59cm L 2.4cm L |Lusto-|green 2 2 days
become vous days

distinct with green

tight tip.

(ii ) Sutures

start to open| Girth Girth

from base to

tip but tip [(1.131 to  [(0.135 to
is sight.  [3.1420w")  |0.5020n%)

(iii) Tip
starts to

open

(iv) Tepals
reflex outwa-
rds exposing
vhole inter-
ior floral
part outside.
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Table RDays taken from flower bud initiation to full bloom.

"

- o o e

o o o w00

e s s - o e 00 o e s >

(1)

Sth July
7th July

7th July
9th July

Sth July
4th July

7th July

Sth July
7th July

13th July
13th July
15th July
17th July
15th July
16th July
13th July

14th July

_____________

10th July

13th July

o~ s o o

‘94
'96

‘96

24 June '9?6

31th May '96

)

Sth July '96
&th July ‘%96
4th July '96
3rd July '96
Sth July '76
7th July ‘%96
3rd July '96
4th July '96

6th July ‘96

[ aiutaiad

) bbbt
No.of days
taken to
full
bl oom
_____ —

199511996
e e ———
30 33
32 30
H 32
R 32
H 3
0 30
3 5
32 34
30 2
32 30

_____ j G
28 30
28 3
30 s
32 28
30 30
31 32
28 28
29 22
28 31
28 30
S S

-

a8l 31.9

r )

.

248
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Changes in length and girth of flower
bud during different stages of
development in Annona squamosa.
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arrranged on a slightly convex receptacle. Filaments short and
thick, anthers linear, four celled, overtopped by a prolonged

comnective. Carpels numerous, apocarpous, spirally arranged on

the raised receptacle succeding stamnes. Ovary superior, ovules
arranged in marginal placentation, style absent, stigma small
and simple. (figure no. B ). In case of green type, colour of

flower is bright lustorous green. But in red types, colour of the

fully opened flower is sage green.

Anthesis

It was observed that during anthesis the apices separated

from each other and gradually the petals reflexed outwards til)

the pistils and stamens were exposed.

It was evident form the table —-€ that this process took 34

to 38 fours and on an average green and red types took 36.13 hrg

and 36.5 hrs respectively., It was observed form the table no -9,

and figures no. - 7®)\%hat the time of anthesis is restricted

between 2.30 am to 6.30 am. Maximum percentage of flowers opened

( i,e. 55.57 % and 48.42 % ) between 5.30 am to 6.30 am in green

and red types respectively. Minimum percentage of flowers opened

between 2.30 am to 3.30 am in both types ( i,e. 6.0%).

Anther dehiscence

It was observed that dehisence of anther took place g

longitudinal slit which appeared near the basal end of pollen

sac then proceeded towards the end. In some cases it alsg
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Table No ¢ Tatal time required for completion of anthesis.

- =

-t e o o o o

Initiation of
anthesis

Completion of
anthesis

2.30am
6 .30am

5.30am

6 .30am
3.30am

3.30am

Average
time
required

36.13hrs

ohrs

S4hrs
géhrs

37hrs

36.5hrs




Table No. |\OTime of anthesis in Annona Bquamosa «

- - v o

------------- v--'--——--——--._..-..___.___-__-______-_____-_--_—-________..---—"'"'—
percentage of flowers openad. .
[Green type] | 6.30am to 12.30to 6.30to";_':2.:30t --- . é:got ——— 5 ;_aot,o 4.30to 5.30to
12.30pm  6.30pm  12,30am 2.30am 3.30mm 4.30a. 5.30M 6.30an
15th June '95| - Mil- - Nl - Ml - Nil 3 12 (15 70
16th June '95| - Nil - M1l - Ml - Mil 8 20 2 %0
17th June '95| - Nil - Nil - Nil - Nil 5 16 18 61
18th June '95| - Mil - Nl - Ml - Nil 7 18 20 5
19th June '95| - Ml - Nl - Nil - Nil 7 20 24 49
20th June ‘95| - Nil - Nl - Nl - Ml 2 20 18 &0
21th Jurne '95| - Nil - Ml - Ml - Nil 10 2 24 eal
arage for | T
the Weak - Nil - Nl - N1 - Ml 6.0 1828  20.14 B.57
[Red type] 6.30 to 12.30 to .30 to 12.30 to 2.30to 3.30to 4.30to 5.30t0
12.30pm 6 .30pm 12.30am 2.30am  3.30am 4.30am 5.30am 6.30am
15th June '95| - M1 - Nil - Nl - Nil ) P 18 S1
14th Jure ‘95| - Ml - Nil - Nil - Nil 6 20 2 52
17th June '95| - Nil - Ml - Nl - Nil 3 2 28 47
18th Jure '?5| - M1 - Ml - Nil - Nil 8 23 30 <
19th June '%3 - Nl - Nil - Nil - Nl ? 24 15 52
20th June '95| - Nl - Ml - Nl - Ml 10 20 » 47
st June '95] - M1 - Nl - Nil - Ml 0 = % 51
—ter | T
the Week - Ml - Nil - Nl - Nl 6.0 n.71 n 65 48.42

P e lntutaduks
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Feg - 700

Time of Anthesis in
Annona squamosa (green type).

80

60 e e e e e mans e e

T 0]

T

20

12.30am ¥ 2 30Gni 3-30ambe 4.30am b, S5°30am  G-3oambe
1. 3cam 3-30am 4.3oam S -3cam

—— 15 Jun 9 —+ 18 Jun 9 =¥ 17 Jun @ —B- 18 jun 9

- 1 Jun @ - 20 Jun B 21Jun &

to G 30aw  F-3cam .

7Cb)

Time of anthesis in
Annona squamosa (red type).

60

50

40

30

20

1 1 1
12.30 Yo 2.30Gm ¥ 3-30amto 4.30an Yo S3Gambe g agam Yo
2.20 am. 3.30Gm L-30am 3S-30am G-3ocam.

F-30Qm

—— 15 Jun Q@ =¥ 18 lun 9 —B- 17 Jun § ¢ 18 Jun 3

—— 19 Jun9 & 20Jun —E 21 J4un @
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Type
------------------ Sntuindededuiededdalnd
4 .00-4.30pm |4.30-5.00pm
Green [
type Nl 8.33
0.01 (2)
Nl 21.05
(0.0) (&)
__________________ ) S
Total number of 43
flowers observed
....... I
Red Nil 7 49
type ¢ ) 1)
Nl 18.75
« ) (3)
Total nusber of 29

--..-.._-...._---—.-—-—----—---------_-..-_--—------.——--_—----_....-__,_

e~ - o o - o o - - - - - - - -
- - - - - e m e ————————— T

% anther dehiscence in flowers

(rumber of flowers where anthers dehisced)

SuW"Sﬂm
16.67 41.27
(4) (10)
15.78 42.10
(3) (8)
.............. ) Y
Paak period of

23.07 4614
(3) (6)
12.5 50.0
RGN DR
Peak period of

50

- -

P

_____________ T
6.00-6.30pm [6.3)—7.00P“'
3.3 Nil
(8) «
21.05 Nil
(4) ¢
5.30 to 6.00pm
23.07 Nil
(3) « )
18.79 Nil
(3) ()
5-%‘6-%

- o o - o o -

s o o oo ome oo ot @00




appeared in the middle of pollen sac and then proceeded towards

both the ends. It took about 3 minutes for repturing of the

Pollen sac after appearance of slit.

It is observed form the table - || that anther dehiscence

started at about 4.30 pm and continued upto about 6.30 pm. after

which there was no dehiscence. Maximum dehiscence of anthesis was

observed between 5.30 pm to & pm.

Pollen studies .

Pollen Morphology

Shape of the pollen was found to be round to oval with

yellow colour in green type and erythrite red colour in red type.

12Ca)
It was observed form the table that the diameter of pollen ranged

between S53.15 & to 53.8 ™ in green type and between 47.816 B o

48.26 ™  in red type with an average diameter of 53.495 W ang

48.093 K in green and red types respectively.

Pollen Viability
\1(5)
It was observed form the tableryhat % pollen viability
ranged between 42.3% to 93.33% in green type and between 43.1Y% to

?3.75% in red type with an average pollen viability of 68,125y

and 65.818% in green and red types respectively.

Duration of Stigmatic secreation:

The stigma receptivity was marked by exudation of fresh and

shiny secretions from the stigmatic surface. The stigmatic
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Table t2(a) Pollen size of ANNONA SqUatOSa

Date of observation puverage diameter in occular div. Ave;age pollen ch;-;t-\-\;ﬂ
Green type Red type Green tyre| Red t;;-".
2=th March '99 2.56 e | %-.;5 -;;-.;é;““
>5th April ‘99 ?.63 B8.675 53.54 48.233
2S5th May ‘95 9465 8.40 53.6% | 47.816
%5th June '99 92.65 8.675 53 .65 48.233
>th July '99 7.68 B8.68 53.620 48.260
25th Aug ‘79 9.56 - 3.153 -
Aserage | 7.2t 8.65 TTman | 480708
Table No r2¢b) Pollen viability studies in Annona squamosa
-------------- 1 ----------"'('-"'“'"------ e — e c e m——— T T S e e e
Date No.of Pollen| No.of pollens [ No.of pollens | %of pollen viability
of observation obserued stained unstained
--------------------------------------- e Db lelalalaiainiel Aubiaiatedetnindababinted
Green{ Red Green| Red | Green| Red (31'0&!\1 Red
type | tyre J type | type | type | type type | type
..... A e e St (xtakig SIS il
25th March 95 | 138 106 58 48 80 58 42.3] 45.1
sth ppril ‘95| 150 123 78 62 72 é1 52.2] 0.8
xth May '95 | 178 166 11D 106 63| &0 Ghbl  63.85
th June '95 | 24| 1 143 9% 71 31 68| 7559
*sth July '93 | 105 R P 30 1 2 87.32| 93.75
loth Aug .95 90 - { 84 - 6 -~ 93-33 -
___________________ R P Sy SR LLLL DD DT

o o e o o e O

- -
- - o o = - o o S 20 2 O o e e 0TS -
- -
-
-

--——--—--—-—-—---------—-------_-_--_
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secretion started one day prior to anthesis and reached its peak
Just at the time of anthesis after which stigmatic surface dried
up which was two to three hours after anthesis. So the stigmatic

secretions were stopped by the time when there was maximum anther

dehiscence.

Pollination and fruit set:

The observations regarding percentage fruit set under

controlled self pollination and natural poollination have been
presented in table no. - 13(a),b

FPersual of the data on percentage fruit set under different

methods of pollination presented in table no. - 13 (a) and (b)

revealed that there was only 3.33% fruitset under natural

pollination and 0.75% fruitset under controlled self

pollination. Therefore 1in total 4.08% fruitset by self and

natwral pollination.
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a
Table No 13 Percentage fruit set under natural pollination in Annona squamosa

o v o o o e o o s e o

- - - - o -

Total no. of buds
abserved

- > o o - o s o - 0w

o s o e o e s e o o - o oo

L Y

{ Total no. of buds
bagged

by s o o e a0 e o e e e o o

P o o e e - - o o o o e - -

Number of buds
setting fruit

L, e oon o ot s o ooe o e s 0on w0 o e 20 ot om0 o 08 0t

Total no. of
setting fruit | fruits set
0
1
0
0
2 5
0
i
1

) o o oo G o B e G e o S G G0 o

Total no. of

----------------------
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% fruit set

3.33

----------- 9
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custard apple fruits



PART - II

The data recorded on yield and qualitative characters of

custard apple fruit types during post harvest stage were

sub jected to statistical analysis. The analysed data on
various characters have been presented in the tabular form
with the relevant standard error of means 1i.e. S§.E.(M) and

critical differences (C.D) at S% level. Also the correlation
and association among the characters were found out. Further
the data were subjected to metroglyph analysis and index score
analysis..Then similarity coefficient was also calculated to
have a numerical classification of different types. The
interpretation of results on various characters have been

presented in this chapter.

Total Yield per tree of various types 3

The data recorded on yield per tree of various types were

statistically analysed and the analysed data have been
presented in table no- 14 & figure no. - 3B .
It was revealed from Table- that there was a variation

in vyield from 6 Kg. to 43.5kg/tree with a mean vield of
19.24kg/tree. The highest vyield was recorded in T-14 (43.5kg)
which was significantly superior to rest of the types. Thisg
was followed by T 1B and T 15 where the vyield was 35.0 and
31.5 kg/tree and they were statistically at par with each

other. The lowest yield was recorded in T 25 (bkg/tree) which
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res-5  Total yield per plant of different
custard apple types
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was at par with T 22 (6.6kg); T 27 (?.2kg) and T 13 (10.8kg).

Table No.- 1Y Total yield per plant of various types of
custard apple

Types Yield Type Yield
(Kg/tree) (Kg/tree)
T1 27.75 T1S 31.5
T2 27.5 Ti6 18.0
T3 28.12 T17 26.0
T4 23.75 T1i8 21.0
TS 17.0 Ti9 17.5
T6 27.5 T20 18.75
T7 26.285 ' T2l 14.4
T8 21.0 Tae 6.6
T9 15.2 T23 11.9
T10 12.4 T24 7.2
T11 15.0 T25% - 6.0
Ti2 36.0 T26 14.0
T13 10.8 T27 9.2
T14 43.5 Tes 15.0
SE (M) + 1.7288 TN 2 Mean = 19.2437 Kg/tree.

Physical Character(s) :
Average weight of fruits

The data recorded on the average weight of fruits under
various types were statistically analysed and the analysed

data have been presented in table No. ISTand illustrated

°



graphically in Figure.ca

Table No. - 15Average weight of fruits of custard apple.

Type Fruit Weight Type Fruit Weight
(g) (g)
T1 370 T1S 210
T2 275 T16 180
T3 2es T17 130
T4 190 . T18 190
TS 170 Ti9 140
T6 275 T20 125
T7 175 T21 160
T8 210 T22 210
T9 190 Ta3 170
T10 160 T4 120
T11 200 T25 120
Tie 180 T26 800
T13 145 Ta27 230
T14 290 TEes 250
S.E. (M) + 11.24%9 C.D (0.05)= 32.577 Mean= 192.5

It was revealed from the Table ~-15 that the average
weight of fruits ranged from 110 g. to 370g. with a mean fruit
weight of 192.5g. The Maximum fruit weight of 370g. was
recorded in T 1 which was significantly superior to rest of
the types. This was followed by T 14 3 T 2 and T6 where the

fruit weight ranged from 275 to 290g. and they were found to
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be at par with each other. The Minimum fruit weight of 110gqg.

was recorded in T 22.

Average number of segments per fruit

The data relating to the number of segments per fruit was
statistically analysed and the analysed data have been
presented in table No. \G

Perusal of the data in table - \G revealed that average
number of segments per fruit ranged from 35 to 215 with a mean
value of 99.35. Maximum no of segments (215) was recorded in
Ti. In T18 ;3 T11 Tesé 3 T27 3 T25 and T3, the average no of
segments ranged between 115 to 125 and they were statistically
at par with each other. The lowest number of segments (535) was

recorded in T 13 which was statistically at par with T9 (&40 no

of segments).

Table No.— 41C Average no. of segments per fruit of custard
apple types

Type Number of Type Number of

No. segments per No. segments per
fruit fruit
Ti 215 T1S 93
Te 125 Tié 107
T3 115 T17 87
T4 95 Ti8 123
TS5 8e Ti9 80
Té6 90 T20 78
T7 B4 TE1 83
T8 93 T22 98




T9 60 T23 75
T10 78 T4 105
T11 121 Tes 115
Tie 92 T26 116
T13 55 T27 116
Ti4 94 Tes 107
SE (M) + $.5009 C.D (0.05)= 15.929 Mean = 99.357.

Peel percentage of fruits

The data recorded on the peel percentage of fruits were
statistically analysed and the analysed data have been
presented in table- |7

The data presented in table — \T7 revealed that the peel
content of fruits under various types varied from 22.85 to
76.9% with a mean of 47.998%. Lowest peel % (22.85%) was
recorded in T15 which was at par with T1 (28.7%) and they were
significantly different from other types. The peel content of
fruits varied from 30.47% to 35.44% in T 23 3 T 21 § and T 12
which were statistically at par with each other. Highest peel
percentage was recorded in T 7 (746.9%) which was significantly

different from rest of the types.

Table No.- 17 Average percentage of peel in custard apple
fruits types
Type Peel content Type Feel content
No. (%) No. (%)
T1 £8.7 T1S 2e.85
T2 31.8 Tié 61.62
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T3 37.78 T17 S0 .46
T4 47 .4 T1i8 62.8
TS 69.82 T19 40.14
Té 46 .54 T20 43.43
T7 76.9 Tel 30.93
T8 49.76 Tee 58.63
T9 50.21 Te3 30.47
T10 50.93 T2y b4 .25
Ti1 55.35 Tas 47.9
Tie 35.44 T26 49.85
T13 68.27 T27 54 .08
Tia 41.72 Tes 34 .92

SE (M)+ 2.576 CD (0.05) — 7.462 Mean = 47.998%

Pulp content of custard apple fruits

The data relating to the pulp content of fruits were
statistically analysed and analysed data have been presented
in table 4Rand illustrated graphically in Fig. |10

Table No— 1% Average Pulp content (%) of fruits of custard
apple types.

Type Fulp content Type Fulp content
(%) (%)
T1 63.62 T1S 72.42
T2 61.09 Tié 41.66
T3 61.02 T17 94 .53
T4 45.2 Ti8 39.182
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TS 35.76 Ti9 28.335
T6 29.5 T20 856.78
T7 35.0 T21 23.75
T8 48.23 Tee 43.45
T9 46.21 Ta3 65.41
T10 45.3 Te4 49.0

Ti1 42.05 TS S56.5

T1iE2 48.33 T26 35.2

T13 27.72 T27 41.86
Ti4 44 .82 T8 S51.582
S.E (M) + 2.2984 CD (0.03). 6.656 Mean— 46.142.

It was observed from the table—\%that.in general pulp
content of fruits ranged from 23.75% ¢to 71.42% with a mean
pulp content of 46.14% in fruit types. The maximum pulp %
(71 .42%) was recorded in T 15 which is at par with' T 23 which
recorded 65.41% pulp. The pulp % of fruits ranged between
61.02% to &3.62% in T 1, T 2, T 3, which were at par with each
other and next to the highest category. Minimum pulp %

(23.75%) was recorded in T 21.

Number of seeds per fruits

The data recorded on the number of seeds per fruit were
statistically analysed and analysed data hava been presented

in table no-Pand illustrated graphically in Figure. ||
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Table No!querage number of seeds per fruit of custard apple

types.

Type Number Type Number
No. of seeds No. of seeds
T1 66 TiS 70
T2 63 Tié 25
T3 30 T17 33
T4 3e Ti8 ae
TS 50 T19 18
Té6 ee T20 26
T7 33 T21 37
T8 12 Tea2 28
T? a6 T23 21
T10 19 T24 18
T11 ‘ 17 T25 19
Tie 15 T2b6 32
T13 14 T27 44
Ti4 26 TE28 34

SE (M) + 2.9201 C.D (0.05) - B.456 . Mean - 30.3571.

The perusal of the data in table |94 revealed that there
was a variation of 12.0 to 70.0 number of seeds per fruit in
the types under observation with a mean of 30.3%37. The highest
number of seeds (70) per fruit was recorded in T 15, closely
followed by T1 (b6) and T 2 (63) which were found to be at par

with each other. Next to them the number of seeds per fruit

£~
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varied from SO in TS to 44 in T27. The lowest number of seeds
was recorded (12). In T 85 T 133 T 125 T 113 T 195 T 243 T 103
and T 25 the number of seeds per fruit ranged between 14 to

19.

Weight of seeds per fruit

The analysed data relating to the weight of seeds per

fruit has been presented in table no- 20

The data revealed that there was a variation in seed
weight from 4.2 to 25.9g9 with a mean of 10.30g. The maximum
seed weight (25.9) was recorded in T 1 closely followed by T1§5
(25.1g) which were significantly different to rest of the
types. This was followed by T2 which recorded 20.0 gram. The
minimum weight of seeds per fruit was recorded in T8 (4.2 g.).
In Ti2; Ti1; Ti13; Ti10O; Tes; T9; T23; TaS; the weight of seeds

per fruit were at par and their seed weight ranged between 5.0

to 7.2 grams.
Table No.bOAverage weight of seeds per fruit of custard apple

types.

Type Weight of Type Weight of
No. seeds (g) No. seeds(g)
T1 £5.9 T1S 5.1
T2 20.0 Ti6 10.53
T3 ?.3 T17 i1.6
T4 10.3 Ti8 10.9
TS 13.8 T19 9.1
T6 ?.3 T20 .89
T7 12.2 T2l 10.8
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T8 4.2 TEee 8.1
T9 6.8 Ta3 7.0
T10 6.09 T24 6.2
T11 S.2 T25 7.2
Ti2 S T26 7.6
T13 5.8 Ta7 13.7
Ti4 ?.4 TEas 11.2
SE (M) + 1.0124 C.D. (0.05) = 2.931. Mean = 10.5057 g

Summary of findings on physical characters of fruit types
Table No.-- 21 Summary of findings on physical characters of
custard apple fruit types.

Character (8) Low |High |Range | Mean cvi/.)

Fruit Weight(g) 110.0 |370.0 |260.0 |192.5 30.923

Number of segments 15.0 |[215.0 |160.0 79.351 29.2%6

Peel content (%) 2e.85| 76.9 54.05]| 47.99| 28.407
Pulp content (%) 23.75| 71.42| 47.67| 46.14| 26.357
Seed Number 12.00| 70.00| S58.00| 30.35| 50.899
seed Weight(g) 4.20| @5.920( 21.70] 10.50| 50.993

It was revealed from the summarized data on physical
characters of custard apple fruit types (table-2V) that highest
Coefficient of variation was recorded in the characters as
seed number per fruit and weight of seed per fruit (i.e.50.89
and 50.99). A cv of 30.92% in Fruit weight; 29.29% in no of

segments; 28.4% in peel % and 26.35% in pulp percentage were

recorded for different fruit types.
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Chemical composition of fruit types:
Total soluble solid content

The data relating to the total soluble solid content of
fruits were statistically analysed and the analysed data have
been presented in table’ -2%2and illustrated graphically in
Figure. |2.

It was observed that (table -22) the total soluble solid
content of fruits varied from 12.0 to 23.0% with a mean of
18.01%. The highest T.5.5 percentage -(23.0%4) was recorded in
T9 which was at par with T3 (22%); Tii1(2B%) and Ti4 (22%) and
they were significantly superior to rest of the types. These
were followed by Ti (20%) and Ti2 (20%). The lowest T.S8.S
(12%) was observed in T22 which was at par with T27 (13%).

Table No. 22 Total soluble solid content of custard apple
fruits types.. : N T :

Type T.S.S5. Type T.S.85.
No. R , ~_ No. . %
T1. 2o.o | T1S 18.0
Te 19.0 . T 14.0
T3 22.0 T17 17.0
T4 18.5 T1ig | 19.0
TS | 17.0 T19 20.0
T6 18.0 T2o | 18.0
7 18.0 T21 16.0
T8 18.0 TRR 12.0
T9 23.0 T3 21.0
T10 19.0 ' Ta4 15.0
Tit . Ee.o T25 17.0
Tie £0.0 T26 18.0
T13 17.0 © Tav 13.0
Ti4 22,0 T28 15,0
SE (M) + ©0.5198. C.D. (0.05) = 1.505 Mean = 18.0179.




rey- V2= TOtal soluble solid content of different
custard apple types.

30

T «— N NN
BB B BB BB BB B B E B B B B B B B B B B B B 6 B

TSS percentage.

mw.n



Titrable acidity

The data relating to titrable acidity content of fruits
were statistically analysed and the analysed data has been
presented in table - 23 & figuwre no. - 13 .

Table No. 92 Percentage of Titrable'acidity content of
fruit types

(}ype ‘ Titrable Type Titrable l
No. acidity No. acidity
T1 0.184 T1S 0.160
T2 0.224 Tié 0.192
T3 0.096 T17 0.224
T4 Q.064 T18 0.018
TS 0.028 T19 .96
T6 0.013 T20 0.160
T7 0.96 T21 0.196
i T8 0.064 T2 0.e88
5 T9 0.96 Ta3 0.2856
T10 0.13 T24 0.256
T11 0.926 T25 0.224
Ti2 0.16 T26 0.16
T13 0.064 T27 0.064
Ti4 0.128 Te8 0.018
SE (M) + 0.0511 C.D. (0.05) = 0.148. Mean = 0.2266%

The data presented in table no. 23 revealed that the
percentage titrable acidity varied from 0.013% to 0.96% with a

mean of O.22%. The maximum percentage of acidity was recorded
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in the types T7; T?; Ti1l; and T19; (i.e. 0.926%), which was
followed by T22; T23; Te4; T2; T17; T25; Tel; Tié; and Ti
where the amount of acidity ranged from 0.184% to 0.288% and
were statistically at par. The minimum acidity was recorded in
T6 (0.013) which was at par with T18; T28; TS T4; T8; T13;
Te7; T10; Ti4; Ti2; Ti5; TRo; and T26; where amount of

acidity varied from 0.018% to 0.16%.
Ascorbic acid (Vitamin —-C) content of fruits.

The data relating to ascorbic acid content of fruit types

has been presented in table -24and illustrated graphically in

Figure. \Q

The perusal of the data (table =) on ascorbic acid

content of the firuits indicated that there was a variation

from 4.0 to 30.8mg / 100g of ascorbic acid with a mean value

of 18.6mg/per 100g. The maximum amount of ascorbic acid was

recorded in T8 (30.8) which was at par with T7 (28.6); T9

(27.72); Ti1 (87.5); and Ti12 (P7.28). This was followed by Té

T15 3 T13 3 and Ti14 where ascorbic acid content ranged from

H
21.72 to 25.52 mg/100g. The minimum gquantity of ascorbic
with Tee (5.48).

acid

was observed in T3 (4.0) which was at par
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Table No 24Ascorbic acid content of custard apple fruit types.

Type Ascorbic acid Type Ascorbic acid
No. (mg/100g pulp) No. (mg/100g. Pulp)
T1 17.6 T1S 24 .47
T2 22.0 Ti6 11.0

T3 4.0 T17 20.8

T4 8.8 Ti8 20.67
TS 18.48 T19 23.67
Té 25.82 T20 18.97
T7 28.6 T2l ?.38
T8 30.8 Tea 5.48
T? 27.72 T23 e22.0
T10 20.46 T24 13.2
Ti1 27.5 T25 8.8
T12 27.e8 T26 13.2
T13 22.44 T27 8.8
Ti4 21.782 TEes 17.6

SE (M) + 1./4233 C.D. (0.035) = 4.121 Mean = 18.6057 mg/100g

Total Sugar

Data relating to amount of total sugar present in fruit
types were statistically analysed and the analysed data has
been presented in table no - 25 and illustrated graphically in
figure. \S

It was observed that (table no 2g? there was a variation
from 7.81% to 27.32% of total sugar with a mean value of 14.24

%. The maximum percentage of total sugar was recorded in Té
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(27.32) which was at par with T14 (25.53%). This was followed
by T15; T3;:; T4&; and TeS where the total sugar content ranged
from 18.2%4 to 20.73%. The Minimum percentage of total sugar
was estimated in T 28 (7.81%4) which was at par with TS; T10;

Tee: 793 T8;3 Ti3; T27; and T12 where the amount varied from

?.25 to 92.6135 “.

Table No QS?otal sugar content of various custard apple types.

Type No. Total Sugar (%) Type No. Total Sugar (%)
T1 15.625 T1S 120.732
T2 11.286 Ti6 13.071
T3 20.576 T17 16.865
T4 18.518 T1i8 13.631
TS 8.064 T19 11.307
Té6 147.32 T20 17.423
T7 14.92 T21 14.995
T8 ?.25 T2e 8.846
T? 8.928 T23 17.277
T10 8.474 T24 15.2
Ti1 11.363 T25 18.3
Ti2 ?.615 Teé 15.3
T13 ?.85 T27 ?.43
Ti4 25.53 T28 7.81
SE (M) + 0.9884 C.D. (0.05) = 2.862. Mean = 14.2468%.
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Reducing Sugar

were

presented

The data on
statistically

in tables

reducing sugar

analysed

'Q_G

and the

content of

analysed data

the fruit

has

types

been

Table No - 2C The percentage reducing sugar content of the
custard apple fruit types.
Type Reducing sugar Type Reducing sugar
No. (%) No. (%)
T1 13.93 T1S 14.28
T2 S.26 Ti6 10.0
T3 12.82 T17 11.62
T4 ?.43 Ti8 ?.43
TS 6.04 T19 8.62
T6 16.66 T20 11.93
T7 13.1S T21 10.91
T8 6.02 T22 6.49
T9 6.57 T23 11.90
T1i0 5.56 T24 11.62
T1i1 7.24 T2s 13.3
Ti2 6.49 T26 12.5
T13 8.62 T27 7.81
Ti4 21.73 Tas 6.41
SE (M) + 0.7300 C.D (0.05) = 2.113 Mean = 10.2285%

the

21.73

The perusal of the data in the table no.2 revealed
reducing sugar content of fruits varied from 35.26%
9 % with a mean value of 10.22%. The maximum percen
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of reducing sugar (21.739%4) was recorded in Ti14. Which was
significantly superior to rest of the types. This was followed
by T6 (16.66%). The minimum percentage of reducing sugar was
found in T2 (5.26%) which was at par with T10; T8; TS; Ti2;

T22; T9 and T11 where percentage reducing sugar varied from

95.96% to 7.246%.

Summary of findings on chemical composition of fruits types.

Table No.37Summary on chemical composition and yield of fruit

types.

Character (s) Low High| Range Mean cC.v (%)
T.85.5. (%) 12.00 23.00] 11.0 18.017 15.264
Acidity (%) 0.013 0.96 0.947 0.226 119.2837
Ascorbic acid 4.00 30.8 26.8 18.605 40.478
(mg/100 g.)

Total Sugar (%) 7.81 27.32 12.51 14.246 36.711
Reducing sugar(%)|S5.26 21.739| 16.479 10.228 37.762
Yield (Kg/tree) |6.00 43.5 37.5 19.243 47.536

It was revealed from the summarised data on chemical
composition of fruit types (table no-27) that there existed a
highest cv % in titrable acidity of fruit types (i.e. 119.23%)
followed by yield (47.53%); ascorbic acid (40.47%) Minimum cv

% was observed in T.5.8 (15.26%).
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T.5.85 : Acid ratio
Table No 24T.5.8 =: Acid ratio of fruit types
Type No T.5.95 Acidity T8S:acid
(%) %) ratio
T 1 20.0 0.184 108.6
T2 19.0 0.224 84 .82
T 3 22.0 0.096 2e?.16
T 4 18.5 0.064 289.06
TS5 17.0 0.028 607.14
T 6 16.0 0.013 1230.75
T 7 18.0 0.96 18.75
T 8 18.0 0.064 281.25
T 9 23.0 0.96 23.95
T 10 19.0 0.13 146.15
T 11 22.0 0.96 e2e.91
T 12 20.0 0.16 125.0
T 13 17.0 0.064 26%5.62
T 14 22.0 0.1e8 171.87
T 15 18.0 0.160 112.5
T 16 14.0 0.192 72.91
T 17 17.0 0.224 75.89
T 18 12.0 0.018 1055.55
T 19 20.0 0.96 20.83
T 20 18.0 0.160 112.5
T 21 16.0 0.196 81.63
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T ae 12.0 0.288 41.66
T 23 21.0 0.256 82.03
T 24 15.0 0.256 58.59
T 25 17.0 O.224 75.89
T 26 18.0 0.16 112.5

T 27 13.0 0.064 203.1¢
T 28 15.0 0.018 533.38

T. 8. 8. : Acid ratio of fruit types gives a good
indication regarding the quality of the fruits. Higher the

T. S. S.: acid ratio, better is the quality.

The data relating to T.5.S : acid ratio in table no -2%

revealed that highest was observed in T & (1230.75) followed

by T 18 (1055.55) and T 28 (833.33).

Index Score analysis
Wwhen different fruit types were sub jected to index score
analysis on the basis of different physical characters

chemical composition and yield criteria then following results

were obtained.
Physical characters

rResults of index score analysis of physical characters of

fruit types has been presented 1in table No.—- 29
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The perusal of the data (Table No.- 2q ) revealed that
highest score was obtained by T-3 (i.e. 14.0) followed by T-
14, 7T-23 (i.e. T3.0) and 7T-8, T-11, T-i2, T-20, T-25 (i.e.
12.0). But lowest score was obtained by T-5 and T-7 (i.e.
7.0).

Observations recorded on physio-chemical composition of
fruit types were subjected to index score analysis and
following results were obtained.

Table - 29 Index score analysis of physical characters of
custard apple types.
Types wquﬁg?g) Peel %| Pulp % Seed no.| Seed wt.| Total
score score score score score score
T1 3 3 3 1 1 11
Te 2 3 3 1 1 10
T3 e 3 3 3 3 14
T4 1 2 2 e 3 10
15 1 1 1 2 2 7
T6 (= 2 1 3 3 11
T7 1 1 1 2 [ 7
8 (= 2 2 3 3 12
T9 1 e 2 3 3 11
T10 1 2 e 3 3 11
T11 2 2 2 3 3 18
Tie 1 3 e 3 3 12
T13 1 1 1 3 3 7

7L




Ti4 3 2 2 3 3 13
T1S 2 3 3 1 1 10
T1é6 1 1 2 3 3 10
T17 1 2 2 2 2 ?
T18 1 1 =4 3 3 10
T19 1 2 1 3 3 10
T20 1 e 3 3 3 =
T21 1 3 1 2 3 10
Te: 1 1 2 3 3 10
T3 1 3 3 3 3 i3
T24 1 1 2 3 3 10
T25 1 2 3 3 3 12
26 e 2 1 2 3 10
T27 e 2 2 2 2 10
28 2 3 2 2 2 11

The perusal of the data (Table ND.—Qﬁ } revealed that
highest score was obtained by in T - 14 (i.e. 14.0) followed
by T-6 (i.e. 13.0) and T-1, T-15, T-23, (i.e. 12.0). Lowest

score was obtained by T-27 (i.e. 5.0).
Chemical Composition

Results of 1index score analysis on chemical composition

of fruit types has been presented in Table No.- 30
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Table No - 20 Index score analysis of chemical composition of
fruit types and yield.

Type T.S.5S. Acidity Ascorbic Total |Red sugar|Total
acid sugar

score score score score score score
T1 3 3 2 2 2 12
T2 2 3 2 1 1 9
T3 3 3 1 2 2 11
T4 2 3 1 2 1 9
TS 2 3 2 1 1 9
T6 2 3 3 3 2 13
T7 e 1 3 2 2 10
T8 2 3 3 1 1 10
T9 3 1 3 1 1 ?
T10 2 3 2 1 1 9
T11 3 1 3 1 1 9
Tie 3 3 3 1 1 11
T13 e 3 3 1 1 1o
Ti4 3 3 2 3 3 14
T15 2 3 3 2 2 1e
T16 1 3 1 1 1 7
T17 2 3 2 2 2 11
T18 2 3 2 1 1 ?
T19 3 1 3 1 1 7
T20 2 3 2 2 e 11
T21 2 3 1 2 2 10
Tee 1 3 1 1 1 7
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T23 3 3 = a2 2 11
T24 2 1 a 2 2 9
125 2 1 1 e 2 8
T26 2 1 2 1 a2 8
T27 1 1 1 1 1 S
28 1 1 2 1 1 6

The perusal of the data (Table No.- 30 ) revealed that
highest score was obtained in T-14 (i.e. 14.0) followed by T-6é
(i.e. 13) and T-1, T-5, T-23 (i.e. 12.0). Lowest score was
obtained by T-27 (i.e. 5.0).

Yield of custard apple types

Data on vyield of custard apple types were subjected to
index score analysis and results are presented in Table No.- 3\

Perusal of the data in Table No.3| revealed that highest
scoring types were T-12, T-14, and T-15 (is 3.0) followed by
T-1, T-2, 7T-3, T-6, T-7, T-8, T-17, T-18 and T-20 (is 2.0).

Table No.— 31 Custard apple types with their total score by
index score technique.

Type Source Score Total
No. score

Physical| Chemical|Yield
chara composi
cters tion

T1 Keonjhar type-I 11 ie2 e 295

T2 Udala type-I 10 9 = 21

| T3 khireitangi type-I 14 11 2 27 |
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T4 Baripada type-I 10 ? e 21
TS Bainda type-I 7 9 1 17
Té6 Bainda type-II 11 13 e 26
17 BBSR type-—I 7 10 2 19
8 Keonjhar type-II 12 10 a 24
79 BBSR type-I1 11 9 1 21
T10 BBSR type-—1I11 11 9 1 21
T11 Berhampur type-1 12 9 1 ee
T12 Remuna type-I ie 11 3 26
T13 Pudamari type-1 ? 10 1 20
T14 Faralakhemundi type-I 13 14 3 30
T1S Baghajhar type-I 10 12 3 a5
T16 Chikiti type-1I 10 7 1 18
T17 Chhatrapur type-1I 9 11 a2 22
T18 BBSR type-IV 10 9 1 21
T19 BBSR type-V 10 ? 1 20
T20 Furi type-I ie 11 a2 25
T21 Baramunda type-1I 10 10 1 21
Tee Nayapalli type-I 10 7 1 18
123 BBSR type-VI 13 12 1 26
T4 OUAT type-I 10 9 1 Lo
25 OUAT type-I1I 12 8 1 21
T2s6 BBSR type-VII 10 8 1 19
Ta27 Raniguda type-I 10 =1 1 16
Te8 BBSR type-VIII 11 6 1 18
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Figure No. 17 Index score analysis results.
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Ferusal of the data in table relating to index score
analysis on physical characters, chemical composition of fruit
types with vyield per tree revealed that highest scoring
type was T - 14 (i.e. 30.0), followed by T-3 (i.e. 27.0) and
T-6, T - 12, and T - 23 (i.e. 26.0).

It was observed that average score of the various types
was @21.78. Hence, the types securing scores above the mean
were : T -1, T-3, T-6, T -7, T-11, T —-12, T - 14, T

- 15, T - 17, T - 20, and T - 23.

Metroglyph analysis —

The 28 types of custard apple were classified into four
groups following metroglyphic analysis (figure - 13 ). These

groups were characterised as

Gr - 1 = High pulp % & High fruit weight
Gr — II = High pulp % & Low fruit weight
Gr - III = Low pulp % & High fruit weight
Gr — IV = Low pulp % & Low fruit weight
Among the four groups Gr - I is the most desirable type
and Gr - IV is the most undesirable type, whereas the other
two groups (G- - II & III) are deéirable types with respect to

either one of the important character.

On the basis of the distribution of different types in

the scattered diagram with fresh weight and pulp % as two

variables, different types can be grouped as follows -
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Table No.- 232 Grouping of different custard apple types on
the basis of group mean performance.

Groups| Characteristics Group mean Types No.of
types
Pulp% Fresh wt
I High pulp% & high 1,2,3 4
fruit weight 59.31 280g. and 28
II High pulp% & low 15,17,20
fruit weight 56.727 140.71g ee2,23,24 7
and 25.
IT1I Low pulp% & high b,14 3
fruit weight. 38.72 265.0g and 27
Vv Low pulp% & Low 4,5,7,8,
fruit weight. 38.70 177.85g (9,10,11, 14
12,13,16,
18,19,21,
and 26.
Grand Mean 46.142 192.50g.
Here * type(s) - 1,2,3,and 28 were found most desirable with

high pulp% and high fruit weight,
* type(s) - 15,17,20,22,23,284,and 25 were found desirable
with high fruit weight,
Further type(s)— 6,14,27, were found desirable with high pulp%
Where as type(s)—4,5,7,8,9,10,11,12,13,16,18,19,21,and 26 were
found on desirable.
Numerical classification
In order to make the numerical classification of
collected types, they were subjected to numerical taxonomic
analysis (sneath and Sokal, 1973) based on 12 characters. Then

the Se values were calculated for the purpose presented in

80




table —g53. A dendrogram (figure —-\9) was constructed based on
Se values following UPGMA strategy. At 60 phenon level of the
dendrogram 8 clusters were distinguished. The details of

cluster composition has been presented in table - 3y

Table no - 34 Composition of cluster obtained by numerical
classification.
Cluster| Composition of Size of {No of No of
undesirable
Cluster. cluster |desirable|type
types.
I T-1, T-2,7T-15 ? 8 1
T-16,T-22,7T-24,T-25 |types
T-27 and T-28
II T-17,T-20, and T-23 |3 types 3 -
ITI T-5 1 type - 1
v T-7,7T-8,7T-9,7T-10,
T-11,7T-12,T-13
and T-19 8 types - 8
v T-18 1 type - 1
VI T-3 and T-4 2 types 1 1
VII T-6 and T - 14 2 types -
VIII T-21 and T-26 2 types - 2
It was found that, cluster - 1, cluster - 3, and cluster

-7 were those containing all the desirable types except T -

14. But cluster - 1III, Iv, V, & VIII were completely
undesirable. Cluster - VI contained T - 4 the undesirable type
and T - 3 the desirable one.
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Table No. 3’& similarity Lo-erticient Matrix

3 4 5 6 7 5 v lv 1 fe 13 14 15 1o 17 18 Iy e el gc e3 & & et a? ce
1 S e nal7 wSS (.55 0517 0.516 G451 0.563 0.473 0571 0639 0.588 0763 0.557  G.ee6 C.o 0.488  v.ad7 G587 0.3 0.4 6.5¢l .57 v.ed 0.558 w.elB
H 07l 00w 0716 G605 0.607  0.70¢ U.ods 0.70k 0,639 0,736 0.589 0,63 0,785 v.eed 074 0723 G.es UTUB .otk 055 0.709  0.597  0.625  w.ery  0.6%7 0.7
3 - 04T Oy 0,782 0634 0.682 0,632 0.664  0.648 072 0.595 0.9 0.708 0,739 0763 v.Teb 0,639 0.803 073 0.657  0.788  C.e¥F (79 0.804 0701 0.7F7
4 - - 075 0765 0133 0o OV U807 0.7 076y 0733 0.73  6.685  L.Be  0.Bb3  O.62  O.Tee 0861 U.E3 065 0772 6783 0.Bsl 0.BaS 0.80% .80
5 - - - Gobbl 0,748 0T 0706 063 w8 0,72 0832 0575 0.609 0.0 0.779 0831 wTIE G762 0.773 w738 0,675 0733 0,675 0.793  0.82¢  0.822
6 - - - - 0.7 0725 0.607 0.687 0.623 0.697 0.702 0.B17 0.858 0.715 0.763 0.7 0.48¢  0.751  0.721  0.593  0.689  0.67¢  G.69%  0.763  u.kY 0.7
7 - - - - - 001 0767 0.657 0774 0686 0,71 O.ble 0,609 0735 0.7% 077 0.797 0738 0.713  0.686 0.7 0.699  0.651 G771 0.63  0.637
] - - - - - =079 0682 0.80¢  0.8B5  0.B17 0.652 0.612 0.7 0.7%  0.822 0748 0.783 0.688 0,765 0743 0746 0.722  0.778 0.739 0.805
9 - - - - - - - UJBEe 0908 0787 0.73% 0,615 0513 0.702 0,708 0.731 0.846 0,722 0.631  0.697 0769 0.676  0.652 0715 0.637  0.71e
i) - - - - - - - - 0.B0Z  0.8% (.88 (.662  0.57v 0802 uv.Bu6  0.843  0.BD3  0.B33  0.762 0805 w.B2  0.809 0.78&  0.BIS  0.T72  v.B1Y
1 - - - - - - - - - 0T G730 0.l 0S5 0737 w0789 0.856  L.e93 U.bkd 0.688 0738 072 0.663  0.T4E  0.683  0.697
& - - - - - - - - - - 0764 0F1R 0.e53 0733 078 0783 0778 0.T73 0703 0.691 0788 0716 0.697  0.731 0.7 077
13 - - - - - - - - - - < 0577 Sl W 075 w82 093 763 076 G763 0741 0.806 0737 0T 0.74  0.737
14 - - - - - - - - - - - - 0648 VT 072 0.7 0.621 0.73 0.624 0,533 0,707 G.607  0.6k3 0705 0.573  0.845
15 - - - - - - - - - - - - - 0,591 v.727 0626 GLS4S U715 0.63 0474 0,706 0,557 0.619 0.6 0.575  0.632
le - - - - - - - - - - - - - - vz 0,881 0,733 0.821 0.3 w.BS 0.737 0.873  0.81 0875 0.85%6 0.Bl4
17 - - - - - - - - - - - - - - - Vb7 0.T46 0523 (.813 6 LEZD  (.82¢ 0.4l O.bae  0.731 0.78b
18 - - - - - - - - - - - - - - - - 0,773 0.825  0.769  0.736 0,767 0.801  0.73B  v.BeS 073 0.797
I - - - - - - - - - - - - - - - - VTN 079 0.686 0786 0.TOY 0.692  0.TS0 0.843  0.701
& - - - - - - - - - - - - - - - - - - 0.Bl6  0.738 .87 0.827 0.867 0.858 0.709 0.790
et - - - - - - - - - - - - - - - - - - - 078 0778 0.790  0.790  0.868  0.784  0.7953
ee - - - - - - - - - - - - - - - - - - - - G478 0.849  0.802 0.767 0.B45  0.773
3 - - - - - - - - - - - - - - - - - - - - - 078 0.816  0.785  0.644  0.735
g - - - - - - - - - - - - - - - - - - - - - - 0.895 0.838 0.770 0.757
2% - - - - - - - - - - - - - - - - - - - - - - - 0.844 0.751 0.729
2 - - - - - - - - - - - - - - - - - - - - - - - - 0819 0.Bee
27 - - - - - - - - - - - - - - - - - - - - - - - - - 0. B4
<] -
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Correlation and character association
The data relating to the correlation studies on various

characters of custard apple have been presented in table no -

Ferusal of the data (Table No. — 35 ) revealed that

* The fruit weight was significantly and positively
correlated with number of segments (r=0.62), seed number

(r=0.5350) and yield ((r=0.6092) at 1% level of

significance.

* But the fruit weight was significantly but negatively
correlated with percentage of peel of the fruit

(r= -0.4232) at 5% level of significance.

* Number of segments per fruit was significantly and
positively correlated with seed number ‘(ré0.4691) and
seed weight (r = 0.5582) of fruits.

. Fercentage of peel per fruit was Nnegatively, but

significantly correlated with pulp content (r= -0.5832)

’
seed number (r = = 0.3796), seed weight (r = -0,3954) and
yield (r = - 0.3768). |
* Fulp content of the fruits was positively but

significantly correlated with number of seeds (r=0.4030)
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Table No. — 35

1

2 3 4
¥ & 3;
0.62877 -0.4232 0.2271
- ~-0.28350 0.3541

4 ¥
- - -0.538e

CORRELATION MATRIX

7
0.2824
0.0119

-0.3208

5 6
o * ¥ %
0.4999 0.5500
* ¥ ¥
0.4691 0.5582
* *
-0.3796 -0.3956
-« ¥
0.4030 0.4135 0.2512
¥ A
- 0.9531

-0.0733

-0.03567

8

-0.2114

-0.0135

0.1746

~0.1997

-0.1428

~0.0862

-0.2134

9
0.1625
-0.23539
0.0053
-0.0327
-0.1315
-0.03587
X
-0.4634

0.2878

10 11
0.2666 0.2911
0.0987 ©0.1327

-0.3033 -0.1925
0.1994 0.1139
0.0943 0.0953
0.1878 0.21285
0.1964 00,1634

-0.09219 -0.014&7

=0.0966 -0.0681

+
- 0.9076

12
* 4

0.6092
0.1730
-’(
-0.3768
0.2015
0.2838
0.3542
W K
0.4799
-0.0318
0.3635

*
0.4755

*
0.4442
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* No. of seeds per fruit was significantly and positively

correlated with weight of seeds ( o= 0.9531).

* Total soluble solid content of the fruit was

significantly and positively correlated with ascorbic

acid content of fruit (r = 0.44634) and yield of fruits
(r = 0.4799)
Total sugar content of fruit was significantly and

positively correlated with reducing sugar content X r=0.9076)
and yield (r = 4733).
Reducing sugar content was significantly and Positively

correlated with total yield of the plants (r=0.444p),
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DISCUSSION



Discussion
PART - 1
The experimental findings which has been presented in the

previous chapter has elucidated different aspects of floral

biology of green and red types of custard apple. The relevant

findings have been discussed here in detail.

Vegetative growth in relation to flowering

The development of flower buds were observed in the new

flushes that appeared after complete shedding of the leaves.

The new vegetative flushes were of wmixed type containing

flower buds in the extra axillary position. However few buds

were also found to develop in the older branches. This was

noticed in both green and red types of Annona squamosa. The

buds were seen in clusters of 2 to 95 in mixed vegetative

flushes, but in older branches only one bud appeared at one

place. These findings corroborate with the observation of Naijk

(1957) § Thakur and Singh (196%) and Nalwadi

(1949); Hays

et. al (1965).

p B~

Duration of flowering

The flower buds commenced to develop from lagt week of

March during 1995 but from last week of February during 1994

in green types. But in red +types flower bug initiatuon

commenced from 2nd week of March and 2nd week of February

during the Year (8) 1995 and 1996 respectively, There wa
s
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cessation of flowering in 2nd week of September during the
Year 1995 and in 3rd week of September during 1996 in green
type, where as in red type the flowering was over in 2nd week
of July and 1st week of August in the respective years.

Thus, duration of flowering was five and half months in

green type and about four months in red type during 1995. Iy

1996, the duration of flowering was about seven months in

green type but five and half months in red type. These

findings are similar to the studies conducted by Thakur and

Singh (1965) under Delhi condition and also kumar and Singh

(1977) under sabour condition. However, a shorter duration of

flowering was observed by Nalwadi et. al (1975) under Dharwar

condition. This variation is probably due to differences in

the climatic condition in different areas. In the year, 1994

the duration of flowering was prolonged in both green ang red

types because of favourable climatic condition.

Pattern of flowering

The flowering in custard apple is a continuous pProcess

following a distinct phasic pattern in both the types algg in

both the years. In green type, there were three flushes with
three peaks &8s mentioned in the earlier chapter. Where as in
red type though number of flushes 1S same in both the years
but peak period is different probably because of differencesg
in the meteorological condition during the period of study in

both the years and also might be due to difference in typeg
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Here in both the types, intensity of flowering was high at the
first peak period which then decreased gradually. This finding

corroborates with that of Thakur and Singh (1965), Who

recorded two flushes of flowering.

Flower bud development
It took 30 to 35 days in green type and 88 to 32 days in

red type of custard apple for complete bud development. The

corresponding average period of the above types were 31.85

days and 29.5 days respectively. These results are similar to

the findings of Thakur and Singh (1965) who observed a

duration of 32 days under Delhi condition, and the findings

on duration of 30.8 days reported by Nalwadi et. al (1995)

under Dharwar condition. According to Kumar and Singh (1977) a

duration of 35 days for bud development was observed under

Sabour condition. These variations In duration of bud

development might be due to difference in climatic condition

of the places and also due to differences in types.

The process of flower bud development was found to occur

in 5 broad phases which is more or less similar to 8 phases

reported by Thakur and Singh (1965). These 5 different phases

had a duration of 4 days ; 2 days €0 to 24 days ; 2 to 3

days and 2 days (i.e.total 30 %O 35 days) in green type, where

as 3 days j 2 days j 20 to 22 days ;3 & to 3 days and 1 to @

days (i.e. total 28 to 32 days) 1in red type. Finally buds

attained bright lustrous green colour and sage green colour in

the respective types-
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Flower morphology

It was observed that in both the types flowers were
solitary, axillary with 2 to S no. of flower per cluster. This
finding corroborates with that of Thakur and 8ingh (1965) and

Nalwadi et. 1 (1975). Colour of the fully opened flower was

bright lustorous, green in green type but, sage green colour

in red type.

This finding is similar to the findings of Thakur and
Singh (1965). Flower is simple, regular, complete and

trimerous with 3 tepals and numerous stamens and carpels

arranged spirally over the receptable, with a superior ovary,

These findings corroborate with that reported by Bailey

(1949).

Anthesis
The time taken from initiation to completion of anthesis

was found to vary from 34 to 38 hours but on an average the

period for completion of anthesis was 36.13 hrs. and 36.5 hrsg,

respectively in green and red types. This is more or lessg

similar to the findings of Thakur and Singh (1963) who

reported few hours to about twenty four hours for completion
of anthsis under Delhi condition. The difference in the time

taken for completion of anthesis might be due to difference in

climatic condition.

The time of completion of anthesis varied between 2.30 anp

to 6.30am  with max imum percentage of flowers opened



(1.e.55.57% and 48.42%) between 5.30am to 6.30am in gre
en and
red types respectively. Minimum percentage of flowers
' opened
between 2.30am to 3.30am (&%) in both the types Similarl
. ilarly

kumar et. 1 (1977) reported that anthesis took pPlace betw
a— ean

5.30pm to S.30am. Singh (1965) recorded the rate of anthes;j
esis
at an interval of three hours and found maximum anthesis ¢
o
occur between $.30am to 8.30am under Delhi conditis
ion.

According to Nalwadi et. al (1973) anthesis continued from &
am

to 6pm with its peak at éam under Dharwar condition. All thes
. e

differences in the time of anthesis are possibly due ¢
(=)

variation in climatic condition. In the present stud
uay

conducted at Bhubaneswar the maximum percertage of flo
wers

were found to open under low temperature and high humidit
ity

conditions. These findings corroborate with the vi
ews

expressed by Venkatratnam (1959) ;3 Thakur and Singh (19453) d
an

Nalwadi et. al (1975).

Anther dehiscence

The dehiscence of anthers commenced with the appeara
nce

of a longitudinal slit at the point of attachment of anth
ers

with the pollen sac which proceeded towards the two e d
nds .

These findings corroborate with the findings of Thakyr d
an

Singh (1965)..

The anther dehiscence was found to commence from 4 30
[ (.pm

and continued upto about 6.30pm. The maximum dehiscence
was

between 5.30pm to épm. Similarly, Thakur and Singh (194
S)
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reported that dehiscence of anthers took place from 5.30 am to

3.30pm with maximum at 2.30pm under Delhi condition.

Also, Kumar and Singh (1977) reported that maximum
anthers dehisced, between 11.30am to 2.30pm. But Nalwadi

et. al (1975) reported that anthers dehisced between 12pm to

ey t—

4am with a peak at 2am. These variations in the time of anther

dehiscence might be due to variation in climatic condition.

Pollen Studies

Pollen Morpholagy

The shape of the pollens was found to be round to oval

with light yellow colour. This Corroborates with the findings

of Thakur and Singh (1965) and Nalwadi et. al (1975). The

pollen diameter was found to range between 53.15 1 to 53.8 W in

green type and between 47.81 B to 48.26 BRin red type with an

average diameter of 53.49 ¥ and 48.09 0 in green and red types

respectively. These findings on pollens of green type

corroborates with the findings of Nalwadi et. al (1975). The

findings related to the pollens of red type corroborates with

that of Thkur and Singh (1963).

Follen Viability

The viability of pollens was found to vary from 42.3% to

93.33% in green type and 45.1% to 93.9% in red type with an

average of 68.18% and 65.81% viable pollens in green and red

type respectively. These findings are more or less similar to
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that of Nalwadi et. al (1975) for green type and to that of

Thakwr and Singh (1965) in red type.

Duration of stigmatic secreations

The secreations from stigma commenced one day prior to

anthesis and reached its peak at the time of anthesis, which

later on dried up after two to three hours of anthesis. This

corroborates with the findings of Thakuwr and Singh (1965).

Pollination and fruit set

The data presented in the previous chapter indicate that

there was only 0.75% fruit set under cotrolled pollination and

3.33% set fruit under natural pollination. Thus, a total of

4.08% fruit set was observed in Annona squamosa, which isg very

low. Therefore it may be presumed to be a cross pollinated

riers in self pollination due to protogynous

crop having bar

of coincidence 1in the time of anther

condition and lack

dehiscence and the period of stigmatic receptivity. These

with the findings of Thakur and Singh

views corroborate

(1965); Nalwadi et. al (1973).
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PART - I1

The experimental results on the study of vyield and

qualitative characters of 28 custard apple types have been

presented in the previous chapter. The relevant findings

and the significance of results of study on 28 types with

regard to their variation in yield, fruit weight, number of

segments, peel content; pulp content; seed number and seed

weight alongwith T.S5.8.; acidity; ascorbic acid; sugar

content of fruit types have been discussed in this chapter.

Along with the study of these characters, correlation and
character association study also has been conducted. Then
the fruit types were subjected to index score and

metroglyph analysis and numerical classification to find out

probable superior types among them. Since the fruit typeg

are of seedling origin the variation observed will offer 4

C}op improvement by selection. (Venkat ratnam

good scope for

Hence this discussion ultimately will give

al, 1967).

—

brief idea regarding superior types available in different

et.

a

n which further improvement work can pe

parts of Orissa Q

done.

Yield
The results presented (Table - ) indicate that there

variation in yield among differant types

is a significant
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and the highest yield (43.5Kg/tree) was recorded in T-14

(Faralakhemundi type - 1). Since the fruit types were of

seedling origin some types were found to be at par with each

other. Moreover, the range of variation hetween the

highest yield (43.5Kg/tree) to lowest vield (éKg/tree) wag

found to be very high.

this 1line, Managave (1982) reported

In working on
maximum yield of 46.75 Kg/tree. But Shete et.

al (1991) fyron

Rahuri reported a lesser variation
to B.7 Kg/tree). Jagtap and Kokate (1991) recorded a greater

variation in yield (i.e. 40.3Kg to 50.98 Kg/tree) at Pemigri

region in Maharastra. These differences might be due to
difference in agroclimatic condition; and differ

types..

ences in the

inherent characters of the custard apple

Fruit weight
The results indicate that there is a significant
variation in fruit weight among the custard appile types.
fruit weight of 370gm wae recorded in T-g

The maximum
- I). S8ince custard apple types 4.q of

(Keonjhar type

seedling origin, some of the types were found to be at  par
with each other. Moreover, the range of variation between
fruit weight (110gm) in T-22 (Nayapalli type - g,

fruit weight (370gm)
the variation reported py Kumar-

lowest
was found to be very high

to highest

This is even higher than
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(1994) i.e. 90.0 gm to 231.0gm from the samples collected

from different places of Orissa. Singh et. al (1993) &

Shete et. al (1991) recorded a variation in fruit weight

from 60.45 to 150.53gm and 151 to 207gm respectively, which

is still lower than that has been observed now. But Jagtap

and Kokate (1991) and Managave (1982) recorded maximum
fruit weight upto 515.0gm and 322.41gm respectively. These
be due to variation in agroclimatic

differences might

which the crop has bee grown and the

condition under

inherent character of the plant type. The results of
present study in respect of variations in fruit weight are

with the reports of Rao & Muthuswamy

in general agreement

(1957) and Keskar et. al (1988)

Number of segments per fruit

gments per fruit under different types

The number of se

in T-13 (Podamari type - I) to 215

varied from 59 (lowest)

1 (Keonjhar type - 1) and some of them

(highest) in T -~
e at par with each other.

from 68.5 to 100.5 from the

But earlier Kumar

were found to b

a variation

(1994) reported
d at Bhubaneswar and some other places

fruit samples collecte
difference is probably due to coverage of

of Orissa. This

of places of 0Orissa state under the present study.

more no.
(1994) Singh et. al (1977) have also reported an

Than Kumor

£ Q0.8 pumber of areoles (segments) per custard

average 0O
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apple fruit.

Less no. of segments is desirable in custard apple
fruit but it has been observed after correlation and
character association studies in the present investigation

that number of segments is proportional to fruit weight and

number of seeds.
Hence fruit types with medium no. of segments have been

considered as superior types in the present study. They are

T-14 (94); T-3 (115); T - & (F0); T-12 (92) and T-23 (75).

Peel Percentage
The peel percentage of custard apple fruit types under study

varied from 22.85 (lowest) in T-15 (Baghajhar type-1) to

76.9% (Highest) in T-7 (BBSK type-I) and many fruit samples

were found to be at par. Similar reports on peel petcentage

of custard apple fruits varying from 30.07% to 56.52% was

reported by kumar (1994) at and around Bhubaneswar but singh

et. al (1993) recorded a variation from 35.84% to 61.19%

under Kanpur condition. Also shete et.al (1991) from Rahuri

have reported percentage of non edible portion to vary from

25.4 to 59.17%. Since peel content represents the non edible

pOl'tiOl'\ of the fl"Llit, weightage is given to fruits with

lesser peel content and more edible portion. Hence possible

types coming under this category are T-135 (Baghajar type-I)j
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T-1 (Keonjhar type-I); T-23 (BESR type-4); T-2 (Udala type-

1); T-28 (BBSR-6); T-12 (Remuna type-I1); T-3 (Khireitangi

type-I1); T-14 (Paralakhemundi type-I); and T-6 ( Bainda

type-2).

Pulp Content

The pulp content of the fruits indicate the edible

portion of the fruit and it is specifically important for

this dessert fruit because, if the percentage of pulp is

more the fruit type is considered to be superior. In the

present study, analysis of fruit types showed a variation in

pulp content from 23.75% in T-21 (Baramunda type-1I) to

71.42% in T-15 (Baghajhar type-I). Similar results have been

reported by Kumar (i994) and shete et.al (1991) with a

variation from 39.71% to 65.21% and 40.83% to 74.6%

But Jagtap and kokate (1991) have observed

respectively.
higher percentage of pulp which varied from 70.8 to 82.42%.
These variations are probably due to differences in the

types/varieties grown under different agroclimatic

conditions.
Since higher pulp content is a desirable criteria for
selection of varieties fruit types; T-13 (Baghajhar type-I)

and T-23 (BBSR-4) with higher pulp content of 71.42% and

65.41% respectiviely may be considered for selection.
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Number of seeds per fruit

It was revealed from this study that the number of

S@eds per fruit varied between 12.0 (lowest) in T - g

(Keonjhar type - 2 ) and 70.0 (highest) in T - 15 ¢

Baghajhar type - 1). In between these two extremes many

fruit samples were found to be at par with regards to sgeed

number. Singh et. al (1993) have recorded Similarly great

variation in seed content which ranged from 29.67 to 93.0

seeds per fruit. But Kumar (1994) reported a variation from

10.0 to 54.75 seeds per fruit. Similar variation was algg

reported by shete et. al (1991) (is 282 to 72). Less Nnumbe-
1949 ( 20 to 38) no. of

of seeds from Sabour and Naiu,

seeds/fruit is a desirable character for selection of better

types and consumers prefer to take custard apple fruits with

as reported by (shete et. a) 1991),

less number of seeds,

However, it is evident from the study on correlation and

character association that number of seeds is
with fruit weight; pulp content

significantly

but positively correlated

but negatively correlated with peel content of

of fruits
in the light of the above discussions, the

fruits. Hence,
seeds per fruit ghouiyg be

types with medium no. of
superior types. In the present study, the

considered as
to fulfill our requirement as

following types were found
4 in the above discussion. They are as follows

mentione
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T 3 (Khireitangi type 1), T & (Bainda type 2), T 9

(BBSR type 2), T 14 (Paralakhemundi type 1), T 16 ¢ Chikiti

type 1), T 18 ( BBSR type 4), T 20 ( PFuri type 1), T pp

(Nayapalli type 1), T 23 (BBSR type 6),

Weight of seeds per fruit

The weight of seeds per fruit was found to vary from

4.2 g. (lowest) in T 8 (Keonjhar type 2) to pgs5.9 g-.

(highest) in T 1 (Keonjhar type 1) closely followed by T -

15 (Baghajhar type 1). Generally seeds seed is considered to
be desirable in this dessert fruit, less weight of seedg per

fruit is also a desirable character for commercial yse, But

as indicated from the correlation and character association

seed weight is significantly but Positively

study that
of fruit and its puip content

correlated with weight

significantly but negatively correlated with peel content of
the fruits. Hence, types with low to medium weight of seeds
per fruit are considered superior. Accordingly the following

types may be considered for selection.

(Khireitangi type - 1), T - 4 ( Baripada type -

T -3

1, T -6 ( Bainda type - 2), T - 9 ( BBSR type -
2), T - 10 ( BBSR type - 3), T - 14 (Faralakhemundi
type — 1), T - 19 ( BBSR type - 85), T - 20 ( Furi
type 1), T - 24 ( OUAT type 1), T - 26 ( BBSR type

1),

98



Coefficient of variation for physical character (s)

The results of analysis on the physical characters of
fruit types revealed that highest C. V. was observed in the
characters like seed number and seed weight. Also n the
desirable characters like fruit weight and pulp percentage

the coefficient of variation was high.

Chemical composition of fruits

Total Soluble Solid ( T. S. S) content

Among the qualitative characters, the . T. 5. S

percentage of fruits gives a good indication of its quality

and fruits with higher T. 8. S are prefered. In the present

study, the T. S. S. content of fruits varied from 12.0 %

(lowest) in T - 282 (Nayapalli type 1) to 23.0% (highest) in

T -9 ( BBSR type 2).

As already stated, the custard apple types under study

were of seedling origin having inherent variation in T. 8.

8. content and the present findings may be viewed in that

context. However, many fruit samples e.g. T — 3 (Khireitangi

type 1), T = 11 (Berhampur type 1), T ~ 14 (Faralakhemundi

type 1) were at par with the type-2d recording highest T. S.

S. percent. The results are similar to the earlier findings

by Kumar ( 1994) who recorded a variation in T. S§. 8.

percent from 17.5% to 26.5% from fruits collected in and
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around Bhubaneswar. Similarly, 8ingh et. al (1993) have
reported a variation in T. S.8. percent of fruits from 8.3%
to 20.27% at Kanpur. However, Shete et. al have reported a
variation in T. 8. 8. from 17.7 to 28.0%, where as Choudhry

et. al (1985) have recorded a T. S. S. range from 21.1 ¢
. o

21.9%. In the present study the following types: T - 3
(Khireitangi type — 1), T =11 )Berhampur type - 1) T - 14

(Paralakhemundi type — 1) T — 22 ( Nayapalli type - 1) we;
-e

found to be superior types. So far as T. 8. S. content il
. o

fruits is concerned. These types may be considered f
or

selection as superior types.

Titrable acidity

Titrable acidity of fruits is considered to be an

important component of flavor, when present in moderate

quantities. Fruits of higher acidity are generally not

preferable soO far as the last of this dessert fruit g

concerned.

The percentage of titl‘able aCIdlty of VariOLlS £ it
Ul

types under study should a wide rage of variation F
"om

O.013% (lowest) in T - 6 (Bainda type II) to 0.9&% (highest)
=

in T - 7 (BBSR type D) T - 9 (BBSR type I1) T - g,
(Berhampur type I) T - 19 (BBSR type V) Similarly stahl

. e

(1953) have reported a wide variation in acidity of custard
ar
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apple fruits which vary from 0.26 to 0.65%. However, fruits
having low acidity range has been reported by Kumar, 1994

(0.092 to 0.216%) Pai, 1993 ( 0.077 to 0.27%) and Jagtap and

Kokate, 1991 ((0.127 to 0.142%)

While taking up selection of superior types fruits with

low 6 moderate acidity may be given weightage.

Ascorbi acid

The results presented on ascorbic acid content of

custard apple fruits indicate that there was significant

variation in the ascorbic acid content among the fruit types

and the higher ascorbic acid content of fruits (30.8

mg/100g.) was recorded under T — 8 (Keonjhar type II), which
T - 9 (BBSR type 1I1I),

was at par with T - 7 (BESR type I),

T —-11 (Berhampur type 1), T —-12 (Remuna type 1) . Moreover

the range of variation between lowest ascorbic acid content

(4 mg./100g.) in T — 3 to highest ascorbic acid content was

found to be very high. The results are similar to the

findings of Kumar (1994) who observed & range of variation

from 9.9 to 25.3 mg/100g. Moreover, in studying  the

development and pysicochemical properties of custard apple

fruits, Singh et. al (1985) have recorded that the

ascorbic acid content of custard apple fruits varied from

0.74 to 1.03 mg/100g. pulp.
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Since higher content of ascorbic acid in fruits is a

desirable character, types with higher ascorbic acid may be

preferred of for selection.

Total and reducing sugar

The total sugar percentage of this dessert fruit is an

important character to select desirable types. Also it gives

an indication of its suitability for preparation of

preserved products. In this experiment, the total sugar

percentage of the fruit was found to vary from 7.81%

(lowest) in T - 28 to 27.32% (highest) in T - 6 (Bainda

type II1) which was at par with T - 14 (Paralakhemundi type

I). Similarly Kumar (1994) recorded a variation from 7.14%

to 14.28%. Like wise stahle (1953) have observed .the total

sugar content of fruits to vary from 12.4 to 16.6%.

The above discussion indicate that T — &6 (Bainda type

II) and T - 14 (Paralakhemundi type I) are superior types so

far as total sugar of fruits are concerned.

The reducing sugar content of fruite was found to vary

from S5.26% (lowest) in T - 2 (udala type I) to 21.73%

(highest) in T - 14 (Paralakhemundi type I ) This is similar

to the findings of Jagatap & Kokate (19791) and Majumdar

(1977) who recorded a range of variation from 23.8 to 24 . 94%

and 9.928 to 19.31% respectively. It is evident from the
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above discussion that T - 14 (Paralakhemundi type I) may be

considered as a superior type suitable for selection.

Coefficient of variation for chemical composition vield of
fruit types

The results on chemical composition of different

custard apple types revealed that highest C. vy, was

observed in the character of titrable acidity followed by

yield/plant. there was also high coefficient of variation

for other character as ascorbic acid content of fruits.

Index score analysis

Index score analysis of the types based on 11

characters indicated that 11 types were found to secure

higher score than average. They were T -1, T - 3, T - b, T-

T-12, T-14, T- 15, T- 17, T- 20 and T - 23 which

7, T_ll,
be superior types with desirable

were supposed to

characters.

numerical classification

Metroglyph analysis and
after metroglyphic analysis of different fruit types it

- 3 d
was observed that type 1, 2,3 and 28 were the best types
ercentage of pulp

24, and 25 were considered good with

and also high fruj i
with high P 9 it weight. But

tYpe _15,17,20,88,23’
regard to high fruit weight and type (s) - 4,14, 509 oy
considered good with respect to high pulp %. More gver types
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- 4,5,7,8,9,11,12,13,16,18,19,21, and 26 found to be
undesirable as they contained low pulp as well as low fruit

weight. Here, those types included in gr - Il and gr - III

are of great importance w.r.t. their supposed breeding

value. They can be utilised to transfer that particular

poses. After numerrical

superior character they

classification of 28 types it was observed that cluster - I
contained B8 desirable types (T—1,T—E,T—iS,T—EE,T-EQ,T—ES,T—
27,T-28) with a undesirable type (T-16). Hence this cluster
can be considered most desirable. Cluster - II and Cluster -

VII were found to be important because types included in

those two groups do poses high fruit weight and high pulp%
The cluster II and VII included types T-17,T~-

respectively.
T-14 respectively. But cluster -

20,T-23 and types T-6,

111,1v, V & VIII were
T-8, T-9, T-10,

found to contain all the undesirable

T-11, T- - -
types like T—3, ’ 12, T-13, T-1s,

T - 19, T-21, and T-26-
But the cluster VI was of mixed nature which contained

pe) and T—-4 (a undesirable type). Hence

T-3 (a desirable tY
rved that the 28 fruit types have been categorised

it is obse
oups in metroglyph analysis but they are placed into

to 4 gr

8 clusters because only 2 characters ( i.e. fruitsg weight
us

and lou) are taken into consideration in metiroglyph

n pulp

analysis compared to i2 characters in numerical
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classification.

Although, there are B8 clusters and the desirable type
are found to have more similarity among themselves and ar
confined to cluster - I,II,and VII. Similarly, undesirabl
types are confined to Cluster III,IV,V, and VIII. Hence
there is a greater dissimilarity among undesirable types an
also between desirable and undesirable types.(f713-10)

So, types included in cluster - I,II,and VII are fount
to be superior types (i.e. T-1, T-2, T-3, T-4, T-14, T-15,
T-14, T-t7, T-20, T-22, T-83, T-24, T-85, T-27, T-88). This
analytical result coincides with the result of metroglypt
analysis except T—-16 probably because of difference in no.
of characters under consideration.

However, when index score analysis is taken intc
consideration alaong with metroglyph analysis and numerical

classification results, the following types were found to be

the best ones as T = 1 (Keonjhar type - 1) T - 3
(Khireitangi type - I, T—- 6 (Bainda type - I11) T - 14
(Paralakhemundi type - I), T - 15 (Baghajhar type - T -

17 (Chhatrapur type — I), T - 20 (Puri type -1) and T - p3

(BBSR type - VI).

Correlation and character assosiation studies
This study is aimed to give certain guidelines for

selecting fruits based on physical characters, chemical
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compositions and yield of custard apple.

The correlation studies have indicated that, the fruit

weight is significantly and positively correlated with

num,ber- of seeds (r= + 0.4999); seed weight (r = +0.5500)
and yvield 9r = +0.6092) at 1% level of significance. (It is

also positively correlated with pulp content (r = + 0.8271),

(r = +0.8824) and total sugar (r = +0.2666). This

T' 8- S-

significant, high 'r' value indicates that there is strong

evidence of high correlation among the characters.
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Summary
The investigation entitled "Studies on floral biology and

quality characters of different custard apple (Annona

squamosa) typest  as conduc ted in the Department of

Horticulture, Orissa Unjversity of Agriculture and Technology,

Bhubaneswar during 1995 and 1996. The investigation consisted

of two parts (Fart I ang part II)

part I

This study on the floral biology of custard apple (green

and red type) was carried out in the Horticultural research

station, 0.U.A.T. and in the gardens of residential quarterg

in the Bhubaneswar city during the month “5) of FEbruary to

September, 1995 and again repeated in next year (i.e,

The objective was t0 collect information

February

to September, 19%9&).

aspects of floral biology, like vegetative growth

to flowering; duration and pattern of flowering;

an various

in relation

flower bud development; flower morphologyYs anthesis; anther

duration of stigmatic secretion, pollination ang

help to undertake Crop improvement in

dehiscence.

fruit set, Wwhich will

custard apple-

Salient findings of the investigation are as follows ;
The vegetative flushes containing rudimentary flower buds
in the extra axillary position of the newly dEVElOped shootg

were mostly found to develop after the complete shedding of
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leaves. Also the flower buds were borne in clusters of tw t

five.

*

Flowering duration was found to be five and half month ¢t
o

seven months in green type attaining three peaks durin
- 2 g

the whole period. But in red type, flowering duration wa
S

found to vary from four to five and half months with ¢t
wo

peak periods.

It was observed that flower buds pass through five stages

of development in an average period of 31.85 days in

green type and 29.95 days in red type.

The flowers were complete iregular, trimerous, with 3

tepals, numerous stamens and carpel with a conve
X

receptacle-

The time of anthesis in both the green and red types was

found to occur between 2.30 am to 6,30 am attaining peak

between 5.30 am to &.30 am.

Anther dehiscence started at about 4.30 pm and continyed
30 pm with maximum MO of anthers dehiscing betwee
n

upto 6-

5.30 pm to & pm.

round to oval pollens were found to posess light vell
ow
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colour in green type and erythrite red colour in red

type. The average diameter of pollens were found to vary

between 53.15 and 53.8 in green type and between

47.81 to 48.26 in red type.

The aQerage pollen viability was found to be 68.12% in

green type and 65.81% in red type.

The stigmatic secretions started from one day prior to

anthesis and continued up to 8-3 hours after anthesis

indicating the receptive condition of stigma. The time of
anther dehiscence did not coincide with stigma
receptivity as the latter occurred much earlier

indicating protogyny.

There was only 3.33% fruit set under natural pPollination

and 0.75% fruit set under controlled self pollination.
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Part II
The investigation regrading the "Study of qualit
Y

characters of custard apple types was carried out in the post

harvest laboratory of the Department of horticulture durin
9

September - December, 1995. With an objective to find out

superior types with desirable physical characters; chemical
composition and yield per plant, in total 28 types of custard

apple fruits collected from different localities of the state

were utilised for the study. The following data were recorded
i.e., yield; fruit weight, peel content, pulp content; no  of
seeds and its weight; T.S5.S, titrable acidity, total sugar ang
reducing sugar content of various types of custard apple

sub jected to index score analysig
H

fruit. Data were

analysis and numerical taxonomic classificatio
n

metroglyphic

to find out superior types.

The trial was conducted following a completely Randomi zed
8 treatments (types) replicated five times.

Design with 2

gs of the trial were as follows 3

The salient findin
(43.5kg/tree) was recorded in T-14 lowest

Highest yield

¥*
yield (6kg/tree)  WAS recorded in T-25 which wag at par
with T—22, T7-27, T-13.

* The maximul fruit weight of 370g. was recorded in T-1
followed BY T-14, T-2 and T-6 with a range of fruit
weight varying frem 2759. to 290g. minimum fru;jy weight
of 1109- was recorded in T-22.
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Maximim no. of segments per fruit (i.e. 215) was recorded

1n T -1  and minimum number of i
segments (i.e. 55) was

recorded in T - 13.

Lowest peel % (22.85) was recorded in T ~ 15 which was at

par with T - 1 wth 28.7% peel content. The highest peal

content was recorded in T — 7 (i.e. 76.9%).

Maximum pulp content (71.48%) was recorded in T - 15
which was at par with T - 23. Minimum Fulp content

(83.75%) wWas recarded in T —21.

Ma:imum number of seeds per fruit (70) was recorded in T

with T - 1 and T - 2 with 44 & 63

- 15 which was at par
seeds respectively. Minimum number of seeds was recorded
in T 8 i.e 18 numbers which was at par with T - 13, T _
i - .
2. T 11, T - 19, T — 24, T - 10 and T - 25.

. - ]
Th ;mum weight of seeds per fruit (i.e. 85.9 g,) ,ae

e max

ded in T~ 1. The minimum weight of seeds  was
recovr
ich was at par with T - {p )
. T - 8. whic T —13
recorded 11 .
- - 24, T -9, T-23&T-g85
_ - - 10, T ’ .
T — 135 T
g (23.0%) was recorded in T -~ ¢ _
. ; ¢ T. S- . which
The highes
wjth T — 3, T - 11, T - 14, LOWESt T. S S



(28%) was recorded in T - 22 which was at par with T

27 .

The maximum amount of acidity (i.e. 0.96%) was recorded
in T -7, T=-9,T-11, 77T = 19 and minimum acidity was
recorded in T — 6.

The maximum amount of ascorbic acid (30.8 mg./100 g.) was
recorded in T = 8, which was at par with T - 7, T - 9 T
- 11 and T - 12 (27.88 to 28.6 mg./100 g.). But minimum

quatity of ascorbic acid was recorded in T - 3 (4.0

mg./100 g.).

The maximum percentage of total sugar was recorded in T -
& (B7.32%) which was at par with T - 14 (25.33%). But
the minimum percentage of tota] sugar was estimated in T

- 28 (7.81%4).

The maximum percentage of reducing sugar (21.74%) was
recorded in T — 14 and minimum of 5.26% was recorded in T
- 2.

It was observed that type 6 |egcorded highest T. 8. s

acid ratio of (1230.75) followed by T-18 (1055.55) & T -

og (833.33)
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Type — 1,3,6,11,12,14,15,17,20 & 23 were found to high

scoring types obtained by index score analysis.

Type - 1,2,3,6,14,15,17,20,22,283,24,25,27 & 28 were found
superior by metroglyph analysis.

Type - 1, 2, 3, 6, 14, 15, 16, 17, @20, 22, 23, 24, @s,

27, & 28 were found to be superior by numerical taxonomic

o

classification.

The following types were found to be superior as observed

after index scoring, ~ metroglyph and numerical
classification i.e. T -1 (Keonjhar type - I); T - 3
I); T — & (Bainda type — )53 T - 14

(Khireitangi type -
(Faralakhemundi type - I)3 T - 15 (Baghajhar type - In; 7

- 17 (Chhatrapur type - 1)3 T - 20 (Puri type - IDs; T =

23 (BESR type - &).

The character, fruit weight has got significant positive

correlation with number of .segments, no. Of seed, geeq

weight and yield but has significant negative correlation

b

with peel % Fulp %ol i Pl s ficantg

correlation with seed number and seed weight. Te 8. § 4

has got positively gignificant correlation with ascorbic

acid content of fruits.
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CHAPTER - YII .

CONCLUSION



Conclusion

Part - I

The present study on the floral biology of custard
apple (green and red types) in the Bhubaneswar city
revealed the most crucial informations which would help
the future workers to undertake crop improvement
programme in this crop.

1t was revealed from this study that flowering
commenced after shedding of leaves from the plant between
end of February and 2nd week of March depending upon the
existing climatic condition at that time. Time of
anthesis was found to occur between 2.30 a.m. to 6&.30
a.m. attaining a peak between 5.30 a.m. to 6.30 a.m.
Anthers were found to dehisce from 4.30 p.m. upto 6&.30
p.m. with a peakbetween 5.30 to 6 p.m. But stigmas
turned non-receptive by the time anthers dehisce,

resulting in protogynous condition which is supposed to

be a major cause of low fruitset in this crop.

so, self pollination and natural pollination shoulg

be avoided giving preference to artificial pollination

in this croap of Annona sgquamosa to improve the Percentage

of fruitset » e erap- which will  increase its

roduction as well as productivity.
P
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Part - I1

The present study on the study of the quality

characters of different custard apple types from

different parts of the state when subjected to Index
scoring technique; Metroglyph analysis and Numerical
classification then B8 types were found to be superior

with the desirable characterg compared to rest other
types. The above mentioned superior types are T—1
(Keonjhar type — I); T-3 (Khireitangi type - 1) T-¢
(Bainda type -II); T— 14 (Paralakhemundi type - I} T- 5
(Baghajhar type ~-I)3 T = 17 (Chhatrapur type -I); T-20
(Puri type -I) 3 and T —-23 (BBSR type - VI).

Hence , above findings gjve an indication of
existance of greater amount of yar-iation. Hence, Orissa
B
is supposed to be a good souCe of germ plasm of custard
apple which will create a suitable condition for the
future research workers to select or to develop new

varieties of this crop. .« S0 more attempt should be made

to collect and preserve thoge superior types by

maintaining vegetatively wWith ggandardised propagation

techniques.
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