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INTRODUCTION



INTRODUCT ION

Pomegranate (Punica granatum L.) belongs to the

botanical family Punicaceae and is an important truit of
semi-arid and arid regions of India, The wide adaptability,
hardy nature, low maintenance cost, steady and high yields,
fine table and therapeutic values, better keeping quality and
possibilities to throw the plants into rest period when irriga-
tion potential is low are some of the qualities which make the

fruit ideally suitable for semi-arid and arid regions,

Pomegranate is an ancient frvit, commonly known as

‘Anar', 'Dalim' and 'Metulum' and also known as Malum Punicu%
(apple of Carthage)., It was cultivated in Israel for moce
than five thousand years, The wild or semi-wild pomegranate
still exists in the north of Syria, in Gilead and on Mount
Carmel, According to Vavilov, the pomegranate originated in
the near East, DeCandolle ascribed it to Iran and vicinity,
whence its sprecad to the shores »f the Meditervanean (Asaph
Goor, 1767 ). Pomegranate is thought to be indigenous to the
region of Iran where it was first cultivated in about 2000 B.C.

(Evreinoff, 1949).

The pomegranate ciltivation is of considerable lmvortaince
in the Mediterranean countrics of Spain, Morocco, Ezypt, Afgnani-
gtan, Arabia and Baluchistan, It is also grown to some extent

in Burma, China, Ja-an and California, The area under this crop



in India is about 1200 hectares and more than 800 hectareg are
in Maharashtra alone (Patil and Wavhal, 1980). Ahmednagar,
Poona and Satara are important districts of Maharashira growing
this crop. It is also grown on large scale around Dholka in
Gajarat, It is cultivated in small pockets in Almora, Aligarh,
Tehri Garhwal, Meerut and Farrukhabad in Uttar Pradesh; Uthukuli,
Michael Patti, Vellodu and Dindigal in Tamil Nadu; Penukonda and
Madakasira in Andhra Pradesh; and Kolar, Tumkur, Bangalore and

Mysore districts of Karnataka,

The best quality fruit can -nly be grown in areas of cool
winters and hot and dry summers, It thrives best in places with
a hot dry summer provided irrigation is available, It can also
adopt to a wide range of climatic conditions, It can be grown
from the plains to an elevation of about 1800 meters, The tree
can withstand frost but is injured by temperatures below 12°F,
Pomegranate comes up well on different types of soil but heavy
loam soil is favourable for rrofitable production of high
quality fruits., It is more tolerant to alkali conditions of

soil than most fruit trees,

There are many tynes and varieties of pomegranate grown
in India includine wild acidic ‘anardana‘' and ornamenial types.
The fruit colour varies from orcen, pale yellow to purple, The
colour of juicy pulp (aril) varies from almost colourless to

blood red, The edible varieties can be broadly divided into



two groups namely, soft seeded or so called seedless (Bedana)
and hard seeded., Dholka of Gujarat, Bassein Seedless of
Karnataka and Paper Shell of South India are iwportant
established soft seeded varieties, The important soft seeded
selections of recent origin are Ganesh (Checma et al,, 1954),
CO.1 (¥hader et al., 1932) Yercaud-1 (Sayed et al., 1985) and
Jyothi (GKVK-1). The soft seeded varieties are preferred over
hard seeded varieties, Some important hard seeded varieties
are Alandi, Musirtat Red, Vellodu, Jodhpur Red and Jodhpur White,

Muskat is a medium soft variety from Maharashtra,

The ancient Egyptians made juice from the pomegranate
which they called 'Schedou' as well as wine, The rind was consi-
dered to be having wormicidal effect against intestinal worms,
The flowers were cruched to male a red dye for colouring fabrics
and the peel yielded a yellow colour for dyeing leather (Asaph
Goor,1967)., Pomegranate is used largely as a dessert fruit.

The juice makes a delicious drink and a good variety gives about
40.1 percent juice (Siddappa, 1943). The fruits vary in size,
shape and colonur., The seceds of wild acidic types are dried and
commercially marketed as 'Anardana' which is widely used as
condiment. An:lysis »f the edible portion (68 percent) of
pomegranate fruit is as follows: moisture 73,0, protein 1.5,

Fat 0.1, fibre 5.1, other carbo-hydrates 14.2, and mineral
matter 0.7%; calcium 10, magnesium 12, oxalic acid 14, phosphorus

70.0, iron 0.3, s~dium 0.9, potassium 133.0, copper 0.2, sulphur



12.0, chlorine 2.0, carotine O, thiamine 0.06, riboflavin 0.10,
nicotinic acid 0.30, and vitamin C, 14 mg/100 g. The fruit rind
constitutes one of the iaportant tannineg material as well as the
source of dye which gives yellowish brown to khaki shades and
has been used for dyeing wool and silk, The flowers yield a
light red dye said to have been used in India for dyeing clothes,

They contain the pigment pelarcoonidin 3-5, diglucoside,

Commercial growing of a large mmber of varieties and
types in different parts of India and development of improved
soft seeded selections like fGanesh, Jyothi (GXVZ-1), Yercaud-1
and CO-1 have not in any way reduced the quantum of import of
fresh pomegranate fruits from Afghanistan and Baluchistan,
According to Singh (1969) pomegranate fruits constituted 20 per-
cent of fresh fruits imported into India, Fresh fruits of :abul
Bedana and Kendhari are imported from Afghanistan in large
quantities and flood main markets of North India from Aucust

1o November,

According to Purohit (1985) Kabul Bedana variety imporied
from Afghanistan has the softest secd and there is no comparable
soft seeded variety available in Inaia. PFurther, amoncct hard
secded varieties fruits of ¥andhari variety imported from Afghani-
stan yield the best quality juice. Doth Xabul Bedana znd Xandhari
varieties are deciduous. They flower and fruit sparcely and
produce highly acidic fruits when grown in India (Purohit, 1982).

Attempts to introduce and acclimatize other deciduous verieties



from Afghanistan, Iran and USSR failed totally for the same

reasons, Therefore it has become necessary to improve the

indigenous evergreen varieties by selection and hybridization,

Iack of lignification of the secd testa is reported as the main

cause for soft seededness in pomegranate (Anonymous, 1S69),

However, no information is available on the nature, time and

degree of lignification in soft secded and hard seeded pomegra-

nate varieties in relation to srowth, development and maturity

of fruit. BSuch basic studies will help in understanding lignifi-

cation process in hard seeded varieties and erresting lignifica-

tion of seed testa by applicatinn of growth regulators at proper

time,

Also, such studies will be useful in working out the

inheritance of soft seededness in pomegranate, Therefore, the

present investigations were undertaken with the following broad

objectives,

1e

24

To study the growth and development of fruils and seeds
of soft seeded and hard seeded varieties from fruit set
to maturity.

To study the anatomical/histological differences in time
and degree of licnification in seeds of both the types
in relation to growtr and development of frvit,

To quantify the differences between soft seeded (so called
seedless) and hard secded varieties,

To study seasnnal chances in fruit qunlity.

To study changes in nacro and.micronutrients during
growth and development of fruitis,
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REVIEW OF LITERATURE

Pomesranate cultivation has atiained commercial importance
during last decade especiually with exploitation and popularisa-
tion of soft seeded variety 'fanesh' in Maharashtra, Systematic
research on various basic and applied aspects of this fruit
started only recently., Therefore, literature relevant to the
present investigations in pomegranate and other fruits is

briefly reviewed here,

1. Pruit Growth and Development

1.1 Pattern of fruit growth

Ieopold (1964) stated that tnec srowth of the fruit involves
the enlargement of the ovary and the associated parts and that
the growth phenomena were mainly non-volar or scarctly polar iype.
Fruits exhibit mainly two types of —rowth patterns., Some fruits
like apple, strawberry and melons e:1ibit *Sigmoid' type of
growth whereas frvits like srares, veachesg, opricolc, checries

and plums exibit 'Double sigmoid' pattern of fruitl growth,

The studies concucted by Connors (1919), Blake (1925) in
specles of Prums, key (1935) in sweet cherry and sour cherry
and Lilleland (19%1) in epr.cot, showed three characteristic
growoh periods in the developin~ rriuiils desiencted es Period I,
a period of rapid enlargemcnt begirmming about the time of full
bloom. Period II, a mid-scason pcricd of retarded development

varyine in duration as correlated with the class of fruit



and the season of fruit ripening; and Period III, a secnnd
period of rapid enlargement extending to fruit ripening, Crane
(1964 ) reported that the period I of the growth curve of 'Double
sigmoid' fruit involved the enlargement of the ovary with the
exception of the embryo and endosperm, the growth of which took
place during the period II of fruit -rowth. During period III
the expansion of the mesocarp took place which lead fruits to

maturity.

According to Zielinski (195%) pomegranate is & special
horticultural fruit called 'hyp' and the individual fruits inside
are little drupes. Shulman €t al,(1984) studied pomegranate fruit
development and maturation in coastal plain and in the Bet Shean
valley of Israel and revorted that the growth curve of the
pomegranate fruit from both climatic resions showed a 'single
sirmoid® pattern thus suggesting that the pomegranate is a non-

climacteric fruit.

Dash (1983 ) reported that in pomegranate varieily selection
GRVK-1, fruit took 126 to 130 days to mature from fruit set and

also reported single sigmoid growth curve patiern,

Josan et al., (137y) reported that after frvit sot in
pomegranate there was & ranid and contimuous ~rowin lor 1 - 1t
months, this was followed by @ period of slow development for
another 25 days., Thereafter the .ruit er-wih remained more or

less the same. It was also obscrved that maximm fruit srowth



was observed during the second fortnicht after fruit set,

Kennard (1955) reported that in Paheri mango all parts
exibited a sigmoid type of curve when growth data such as length,

diameter, fresh weicht and volume were plotted against time,

Patil (1983 ) reported that the gr-wth pattern in the
lemnn fruit is 'sigmoid' and this growth pattern could be divided
into 3 distinct periods based on the rate of growth., The stage I
being stage of rapid growth from [first to fifth forinisht, stage
II being stage of steady growth from fifth to eleventh fortnight
and stege IJI being stage of decline growth from eleventh to

seventeenth fortnight.

In apple the curve for increase of fruit fresh weisht shows
a smooth sigmoid form (Denne, 19C0 ). wther, e distinculished
% phases in erowth rate., An initi=l slov increase in fruitlet
weight for 6-12 days from pollinztion, a rapid exponentizl in-
crecase in fruitlet Qeight for 3 wecks and @ declining rate ol
growth until harvest. The secds appear to reach their maximum

width well before the other parts of the fruits.

Ryuzo (1962) studied the develorment of peaches from fruit
set to maturity especially with regura to the physiological siguai-
ficance of the endocarp in the course of the rruit developnent,

He observed cnntinuous crovwth of the endocarp during the suvspended

las phase of fruit srowth, He proros<d the theory of competition



for nutrients during lignification process leading to suspended
growth phase in peaches, However, there has been no satisfactory
theory so far which explains the periodicity of fruit srowth in
fruits exhibiting double sigmoid pattern of growth. Recently
some theories have been put forth which attempt to explain the
phenomenon of lag phase on the basis of harmonal levels (Rao,

1973 ).

Nitsch et al. (1960) observed the peak level of auxins
at the end of stage I, while Conmbe (1960) observed it during
stace II of berry develonment in case of grapes which exhibit
double sigmoid pattern of fruit srowth., Coombe (1960) attributed
the growth of berry in stage I to auxins and that of stage III
to the osmotic attraction of water, Bertrand and Weaver (1972)
observed low levels of auxins in stuge II and II1I of graves, as
such the berry growth during these periods could not be correlated

to auxins,

Iwahori et al., (1966) observed a high gibberellin activity
in both seeded and seedless Tokey grapes at the early fruit set
stege, The seedless variety maintained a higher level than the
seeded variety., The gibberellin activity decreased mare rapldly
in seedless than in seeded and the activity was no lon-er
detcctible  in sterme I1 of botn the varieties, This lead them
to assume that the lag phase may be a consequence of low gibberellir

level,
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1.2 Morpholosical changes diring development

1.2.1 Changes in fresh weicht, volume and specific gravity
of fruiis

Shulman et al, (1984) conclvded diring a study of poue-
granate fruit development in Israel, that the frvit grows conti-
miously from fruit set until after the commercial harvest time,
The pattern of fruit erowth showed a single siemoid curve for
the variety Mule's head whereas in the variety Wonderful, the
growth was more linear, In coastal plain the average fruits
weished 250 g in Mule's head variety whereas it was 350 g in
Wonderful variety. 1In Bet Shean valley the aver .ge fruit weight
of Mule's head was 350 g and that of Wonderful was 400 g. The
smaller size of fruits in coastal plain was probably due to the
cooler weather, Even the seeds grew coniinously and they contri-
buted about half the fruits weisht. The seeds rcached 0.4 =
0.5 g when fruit was well ripened wrile the stone veight was

0.03% - 0.06 g and variety Shami haé thc smallest seeds.

Arie et al. (1784) showed 2 phascs of growih in vomegranate
fruits, A rarid phase until aid June (fruit set April 27th) and
thereafter a gradual phase until harvest. It was concluded that
there was a constont ¢ te or _“prsh wel ht increase throuchout

the orowine season,

Pandey et al, (197>) while studying biocterical changes in
the developing mango fruit reported that the fresh weirsht, volume,

length and breadth of the whole rtrvit contimued to increase until
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the stuge of maturity. The development of fruit was slow from

pea stage to marble (3,68 g) but maximum was during stage of

half grown to the stare of full maturity (140 =),

Gulhane and Gupta (1974) reported that the growth of guava
fruits as judged by its weizht and volume showed a steady increase
during the entire period of its development until a fortnight
prior to full maturity. This increase in weight and volume has
been mainly contributed by the increase in moisture percentage

and T.S.%, contents in fruits,

Tripathy and Gangwar (1971) observed in guava that the
specific gravity gradually decreased with the advancement of
maturity, indicating a slicht decrease in the solid matter content
of the fruits. Fruits having more than 1 specific gravity were
hard in texture, green in colowr and less than 1 were soft and

light yellow in colour, This has been a good index for maturity.

Iakshminara;ana and Sutramanyam (1966 ) studied the chanres
in fresh weicht of fruvits from fruit set to maturity in Calcutta
round variety of Savota under Karnataka conditions and renorted
that the weight increased gradually in the initial stages followed
by a rapid increase rom 5th month till 7% months and finally the
increuase was graduval upto maturity, The avthors concluded that
the fruits exhibited siemnid tyme of srowth when fresh welght

increase was plotied asainst time,
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1.2.2 Changes in length and breadth of fruit

Dash (1983 ) has observed in all the 3 crop seasons, the
length and diameter of fruit increased contimuously from set to
maturity. In all the stages the diameter of fruit was morec than
the lensth, The highest increase in len~th and diameter was
during second fortnight and sixth fortnight, Thereafter, the

rate of increase decreased continuously till maturity.

Bal and Singh (19789 reported that in ber cv, Umran the
size of the fruit increased with the advancement of the season,
The growth was more active during the first 6 weeks and the las.
12 weeks and also the increase in lencth was faster than the
dianetcr during the first phase whereas in the 3rd phase the

fruit increased in diameter than in the length,

Buva et al, (1978) reported that in Kalipattli variety of
sapota increase in fruit len -th was facter whereas increase in
diametar continued to be slow resulting in slightly oblong fruits.
Singh (1951) measured the length and diameter of the developing |
sapota fruits., He found somewhat rapid growth in the initial
stages as well as in the final stages of fruit growth, He also
noted a hicher increase in diameter than length in the initial
stages (first 16 weeks of iruit esrowth) followed by a reverse
trend for four weeks but with lower rates of guowth, Iaksimi-
narayana and Subramanyam (1966) working on Calcutta round variety
of sapota reported that the length and breadth of fruits increased

continuously from fruit set to maturity.
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1.2.3 Changes in the fruit colour

According to Shulman et al, (1934) in pomegranate cultivar
Mule's head and Wonderful of Israel , Mruit colour developed gradvally
and it served as a criterion for picking., The stuase at which
70-90% of the skin is red usually corresponds with a TSS/zcid
ratio suitable for commercial picking., Some cultivars like
Malissi do not develop any red colour in the skin, so it has
very limited market appeal because of its unattractive greenish
colour (Goor and Liberman 1956 ) the pomegranate rind may be thick
or thin, the colour varying from pale yellow to crimson according

to varieties (Anonymous, 1969),

According to Patil et al, (1977) the variety Ganesh which
will be greenish when youne, will turn to reddish grcen when
fully matured and they will have rou~h appearance on the skin

due to presence of black dots,

Malhotra ¢t al, (1773) while studyine many varietiss of
pomegranate revealed that the fruit colour was either pink or
rose with varying intsnsities and all the shades belonzed to the
standard red colour, Even the secds »f all cultivars attained

same c¢nlours.,

1.2.4 Shape of fruits

Several types of pomezranatsg are c ltivat-d in India,
They are distinguished by the shape of the fruit, the colour and
thickness of rind and the taste and colour of the seeds, The

fruits are round, oblatz or obovate in shape and vary in diameter
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from 8-12 an (Anonymoue, 1969), Accordin~ to l'2lhotlra et al,

(198%) the share of vonecranate varietics tney studied in Pun jab

were eilher round or rlobnse,

2. Cnevicul ciuarrs g rinc “rv.il develnaw ent

- ——— - —————— —

o+

2.1 Chonmes in the mnaistvre cnntent

Transloc~tinn ~f water irto frvi*e is ~re- tly influenced
by the external environmential condiiions as well as the internal
physiolor~ical stoutvrs o the olant (iorslows.ciy, 1972). Climate
inflvence tre fruit enlersencni by alterin~ the plant watcr recla-
tion, Transloc tinn of ostotically zc.ive solvtcs inte the Iruite
is deternincd by the weter content »7 the tiscuve as the tiosue
waier cnalent can altir the sap concentration, Iakshuin.rajana
and Subramanyzm (1955) stvaled the changes in the doy matier
content o. the developin~ 'Calcutta round' sapota fruits., Thelir
study revealed that the mois.vre content of the _rvii wus low in
the initial st.ses of Drm it ~rowith and irareased thereafter

before finully declinia~ as the rvit a2 proached nalvrlity,

2.2 Chanecs in gu~.rs

Shulran et al, (1934) rc-orted tnal In 4 vacictico of
pome~ramate the su-ir conteut »~y the juice neasvred as TSS

iucr ased ~ro6ually @ £i.- rrin éhvele-nint, Aw 1@ Leclonin-s

]

t

of harv ot ‘n . id A usU ouwie 3o o Lo 1lots e d ool S

11=-145 ané rc.chrd 14-155 1later in sente b, Veri iy Jonderful
reached 135-14,5 T35 in id Av-iot vd 15=10: b, the cad »F

Septenter, lerd (1 79) revortco 1 tae sur 2s la vosegsanate

juice were mlvcose and fructaosc,
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Lee et al. (1974) reported in pomegranate that the main
sugars present in matured fruits were glucose and fructose and
they are present in equal amounts in young fruit, and by 125

days after flowering only glucose remained.

Malhotra et al., (1983) studied different pomesranate
cultivars in Punjab and reported that, all the varieties studied
were higher with reducing sugars, They constitu-ed about 90%
of total surars and non-reducin~ sugirs were less than 1%,

High reducins sugars may be atiributed to be a genetic characteri-

stic of this fruit,

Arie et al. (1984) reported that pomegranate fruits
reached horticultural maturity for commercial harvest when the
soluble solids content attained a fairly constant level of 15%
and at this time the fruits avpeared to be ripe in terns of |

quality,

Dash (193%) revorted thut in 2ll stiges of development
of pomegranate fruit T3S increased continmuously and the highest
was 14.5° brix. The reducing sugucs increased from 0.099 to

2.5%% whereas total suerar increased from 2,713 to 10.265%.

In maneo frvit Pandey et al, (1974) cenorted thut the
concentration ol reducing suriar reached 2 peak at maturity (3.76 ~/
fruit). The level of non reducing su~ars remained lower than

that of reducing sucars till maturity,

e;:muﬂ OF AGRICULTUNAL SCIENCES

H
TR bid
P e Tn. 1935
i GRVR




16

Gulhane and Gupta (1974) reported that TSS and total
sugars in the guava fruits increased gradually durine the entire
period of fruit development, The inarease being rapid between

75-135 days of growth,

Sachan et al., (1969) while studying influence of weather
on chemical composition of esuava variety Allahabad Safeda revealed
that sugars were hicher in winter season guava (9,57%) than rainy

season guava (8.51%).

)

Sulladnath (1975) reported that in Kalipatti variety of
sapota the sugar accummlation in the fruits was slov and steady
during stage I of friit erowth., The rate of accumulation was
slowed down during lag phase, but it was markedly accelerated
after the terminatinn of lar phase., Stage III of fruit crowth
was the most important stase for suvar accumulation since 80%
of the total sugars observed at maturity accumulatzd during this
stage, The reducine surars increased rapidly during tnis stage
and their proportion accounted for more than two thirds of the
total susgars. The data expressed in terms of absolute amounts per
fruit revealed a better trend of sugar accumulation than the one

expressed on percentage basis.

2.3 Changes in acidity

Shulman et al. (1)734) studied pomesgranate fruvit development
and moturation and reported that the acid content of the juice
decreased with maturation. Acidity in Mule's head was very low

(0.5%) even at early stages of [ruvit developmeni, In Wonderful
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variety the acidity wuas very high in Juae and then decreased
considerably until Sentember., However, even at full maturation
in September acidity did not drop below 1.5% in the coastal
plain §nd below 0,9% in the Bet Shean valley. The predominent
acidségghegranate juice are malic and ciiric acids (Nerd, 1965).
Dash (1983 ) reported that ascorbic acid increased conti-
nuously with advancement of maturity, The highest was reached
in January-March crop i.2., 8.1 ug/100 7 and lowest in October

crop i.c.y 5.8 mg/100 =,

Malhotra et al. (198%) observed acidity ranging from

0.49% to 2.30% as citric acid in pomegranate cultivars of Punjab,

Iee et al. (1974) revorted that in pomesranate citric
acid was the major organic acid in the fruits at 12% days with

succinic, tartaric, fumaric and malic acids also present,

2.4 Chane-s in minerals

The role of minerals in fruit development has received
scant attention, Bollard (1270) considers fruits as the physiolo-
gical sinks in which the movement of the assimilates ic preferential,
There are several renorts resardine source sink relationship
between vesetative and revroductive structurcs like fruits,
Cannel and Huxley (1969) have obsarved that in coffee tune fruit-
ing had a considerable bearing on the mutritional sitatus of the
plant mainly because the berries acted as 'physiolosgiral sinks',

Murneek (1926) concluded that the movement of the constitvents
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into fruits is directinnai. This translocation is rewulated
by plant hormones such as Kinetin (Mothes et al. 1959), auxins

(David and Wareing, 1965) and cytokinin (Muller and ILeopold,
1966 ).

Bal aﬁd Sinzh (17789 revorted in ber, that phosphorus
percent was less at 30 days after fruit set and it remained
almost constant till 105 days, then a gradual decrease was
noticed, A gradual decreased trend was also seen in calcium
content upto 150 days, then it remained constant till ripening,
The Iren content also remdined consivant in the beginning, After

A

120 days the maximum value of 1.52% was recorded, at later stages

it décreased to 1.05%.

Litchi fruit growth and compositional changes during fruit
development was studied by Paull et al, (1984) and they concluded
that mineral uptake into the fruit parallelled fruit growth and
potassiumbeing the major cation, The Calcium content was 0.45
mg/g dry weight at 32 days after anthesis and it raised to
1.79 mg/g during 94 days after anthesis, DPotassium was 2.13
mg/g at 32 days and the content was reduced to 1.44 mg/g at 94th
day, The Magnesium content from 1,09 mg raised to 1.27 mg after

94 days from anthesis,

Iakshminarayan and Subramanyam (1966) observed that the
total nitrogen content of developing sapota fruits decreased

gradually from fruit set to 3+ months followed by a stationary



phase till 5 months and [inally tic. ¢ was a rapid drop till

complete matlurity of fruits,

Gardner ct al., (195?) observed that the nitrowen content
expressed as percentage an dry weicht basis decreased gradually
while the tntal absolute nilrozen content increased in developing
apple fruits. The phosphorus content of fruits increased as the
fruits developed and the content of the spurs decreased coinci-
dentally, indicating the mobilization and translocation of

phosohorus into the fruits,

Rao (197%) observed that in case of Pusa seedless grapes,
the movement of 32P in berries was hampered during the lag phase
of berry development but was restored after the t-rminat on of
lag phase susgesting that phosphorus movement may be a factor in

fruit develorment,

Sulladmath (1975) observed in Kalipatti sapota that nitrogen
content was high in the intial stages of fruit growih but continu-
ously declined subsequently till maturity. The pliosphorus content
was very high during first fortnisht but rapidly declined and
reached a level of 0,241 mg/g dry weicht at the end of first
sub-phase of stage I of fruit develooment, There after the
level remained rather stationary, The potassium content did not
show any marked changes upto 8th fortnisht of fruit growth. The
potassium content, however, increased rapidly to 19.47 mg/g dry

weirht during 9th fortnight and steadily decreased till maturity.
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The calcium content was very hich 8,96 ng/g dry weight in the
initial stages and declined to a level of 4.88 ng/g dry weight
during 9th fortnight, The content increased again rapidly during
the 11th fortnight and decreased to 3.26 mg/g dry weight during
13th fortnight, Then the level was stationary., Marnesium was
high during 3rd fortnight (5.540 mg/g dry wei~ht) but decreased
rapidly during subsequent fortnight and rose to highest level of
6.864 mg/e dry weight during 9th fortnight of fruit growth, The
conteat again contimiously declined to reach a level 0f 1,950 mg/g

dry weight at maturity,

Role of seeds in fruit development

Secds are known to exert dominant influence on the develop=
ment of fruit and it is evidencedby several correlation worked
out between seed and fruit growth parameters, Imckwill (1953)
reported that the development of the seed as well as the fruit

in case of apple followed the same pattern,

Singh (1651) found a uniformly high correlation between
fruit weicht, seed weight, ratio of length to transverse diameter

and sugar content in sapota fr. it,

Cameron et al. (1960) observed that in case of Valencia
oranges, the large fruits were associated with rumerous seeds.
Ienge and Vincent (1972) confirmed the correlation between seed
mumber and fruit weirht in citrus fruits by comparing the fruits
with different number of seeds. In case of grapes the berry

weight was correlated with the secd number (Olmo, 1946).
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Lignification in fruits

Kennard (1955) while working on development of the fruit,
secd and embryo of the Paheri mango reported that endocarp ligni-
fication occured during a period of three weeks, beginning about
10 weeks after fertilization, the husk, seed and embryo rcmained
constant in size after husk hardening occurred, but the fleshy

part of the fruit continued to enlarge slowly until maturity,

Anonymous (1969 ) stated that there are seeded and soft-
seeded or so called seedless varieties in pomegranate, The seed
codl varies in hardness, some of the softer seeded iypes being
known as seedless (Bedana), ILack of lignification of the testa
(outer intepument) is the main cause of soft seededness (so called
| seedlessness) in pomegranate., The fleshy outgrowth called 'aril'
of the seed testa constitutes the edible juicy portion in pome-

granate fruit,

Causes of seedlessness in fruits

Seedlessness in fruits may be caused by parthenocarpy or
stenospermocarpy, When the ovary of a flower is capable of deve-
loping itself into an edible fruit without pollination and ferti-
lization, the phenomenon is called parthenocarpy. Parthenocarpic
fruits are secdless., There are 2 types of parthenocarpy;

i) Vegetative, ii) Stimulative,

In veretative parthenocerpy the development of the ovary

into an edible fruit is completely independent of pollination as
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well as fertiligzatiosn, This is seel in banana. Here, from the
very begimning there is very hieh auxin content in the ovary,

which takes care of its further development into an edible fruit,
Stimulative parthenocarpy is seen in pinearple and certain culti-
vars of citrus., Here ovary receives its initial stimulus Tor its

development into a fruit by way ol pollination which is not

followed by fertilization.

In certain fruit crops like seecdless grapes, the overy of
the flower receives the initial stimulus of pollination followed
by the fertilization of the ovules, however the fruits that are
ultimately produced will be seedlesg. In this case there is
abortion »f the embrro that is produced as a result of fertiliza-

tion, This phenomena is termed as 'Stenospermocarpy’.

As already explained abnove, the soft-seededness (so called
geedlessness) of vnomepranate is not due to parthenocarpy or
stenospermocarpy but due to lack of lignification (Anonymous, 1969,
The seeds of so called seedlesspomegranate are fully viable and

germinate without any difficulty,

Certain fruit crops like citrus will produce secedless fruits,
Good rmmber of them are proved to be triploids which results in
various degree of male and female sterility which makes the

parthenocarpic development of fruvits possible,

In arops like touato under low temperature conditions there

will be prodvectinon of parthenocarpic fruits, because of the
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prevention of pollination and fertilization. In crops like
cucumber which are grown under short day conditions followed
by low night temperature conditions there will be production of
large mumber of seedless perthenocarpic fruits.

. |
Crane et al, (1961) tried gibberellin to induce parthenocarpy

in J.H, Hale peach, GA indaced parthenocarpic fruit set ranging
from 53,8 to 69.3%% and all the parthenocarpic fruits were elongated,
smaller in diameter, and also there was no button fruite on GA
sprayed bunches which otherwise would have produced bution fruits

in Hale peaches,

Stembridee and Gambrell (1970) studied effect of gibberellin
and parthenocarpy on the sahpe and maturation of peaches, They
reported that GA has caused some fruits to develop parthenocarpi-
cally and such fruits were elongated in shape and somewhat smaller
than non-parthenccarpic fruits. The GA treated fruits were smaller

and more elongated than the control fruits,

Effect of cytokinins and gibberellins on shape of Delicious
apple fruits was studied by Willimg and Stahly (1969). The study
indicated that the chemicals affected fruit shape by increasing
the length to diameter ratio of the fruits. Cytokinin caused fruit:
to be longer with prominent well developed calyx lobes. GA caused
fruits to be longer‘but did not appreciably affected the calyx

lobes,
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. Saavedra (1979 ) observed gitberellic acid sicnificantly
enhanced fruit set and stimulated -rowth of seedless fruit, in
annona cherimola., Gibberellin induced severe crac<s on fruit
before harvest. Sunderarajan, et al., (1963) studicd the effect
of plant growth regulators on custard apple, and roported that
GA consistantly increased the rruit set by 45-70% and retention
of fruits, The number of seeds were less in GA and NAA treated
fruits,

Quantitative methods for measuring lignification of seed testa
in pomegranate

Soft seeded types of pomenranate popularly but incorrectly
called as seedless or Bedana, do not have lienific-tion of secd
testa, Till recently soft seededness was determined only after
eating, but Purohit (1985) devised quantitative methods to mcasure
the degree of softness in pomegranatc, The mean thickness of
seed testa, density of the whole seed, density of the seed testa
alone and wei~ht of the seed testa as percentage of whole seced
weight were used to measur the desree of soft-seededness., On
the basis of the 4 seed parameters and eating tests 'bedana’
'Fassein Seedless', 'Ganesh', and 'Dholka' varieties of pomecra-
nate are soft-seeded. Muskat variety is medium soft seeded while
Alandi, Kandari and Iabul Yellow are hard sceded. This study
indicated that a2 pomegranate variety can be called soft-seeded
if the mean thickness of its seed testa is less than 0.5 mm, %h
the density of the seed testa alone is less thun 0.4 g/ml and

the weirht of the sced testa is less than 50% of the weisht of

the whnle aered
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MATERIALS AND METHODS

The present investigations were conducted at the
Horticultural Experiment Stution, Hessarashatta of the Indian
Institute of Horticultural Research, Bansalore during 1982,
1983 and 1984.

Description of the Experimental Block

The experimental Station of Indian Institute of Horticul-
tural Research is located about 25 kms away from Bangalore City
at 12.68°N latitude and 77.38°E longitude, It is in the elevated
plane at an altitude of 863 meters above MSL, The experimental
block has red sandy loam snil, The area receives rains both
from South-west and North-Eist monsoons, amountineg to about
900 mm annually, The climate is warm and slightly humid, The
meteorolopical data for the years 1982, 1983 and 1984 are given
in avpendix - I, The mean monthly minimum temperature ranged
from 15.5%¢ to 23.0% and the maximum from 26.1%c to %4.6%c.

The mean morthly rclative humidity at 17.30 hours ranged from 29.C
to 70.4% and at 8.30 hours ranged from 64.0 to 90.0%. The
wettest months were May, June, September, October while the

most humid period was Jamuary, February, June, July. The

monthly sunshine hours were hish from De cember to May.

Details of Experimental Material

Five uniform plants each of four varieties viz., Bassein

Seedless, fanesh, Alandi and Xabul Yellow were selected from



varietal collection block., The plants were five year old and
received uniform cultural practices including irrication,

mamring and plant protection, The soft seeded Bassein Secedless
variety is grown commercially in Kernateka state, The hard seeded
variety Alandi was once ornwn extensively around Poona, Maharashtra
but it has been replaced by a soft seeded selection 'Ganesh' from
Alandi (Cheema et al., 1954) the hard seeded variety Kabul Yellow
is not grown commercially but has characteristic yellow coloured

flowers and fruit colour.

Details of Experiment

The present investigations consistied of following ma jor

experiments.

I. Growth and development of fruits and seeds in soft
and hard seeded varieties,

II. Anatomical and histochemical differences in time,
nature and decree of lignification of seeds of two
types of varieties.

I1I. Quantifying differences between hard and soft
seeded varieties.

IV. Seasonal changes in fruit quality.

V. Seasnnal changes in macro and nicromutrient contentis
of fruits.

I. Pruit growth and development

Eventhough pomegranate flowers thrice in an year, the number
of flowers during January-February (Ambebzhar ) flowering flush is
maximum and is considered as main flowering season under Hessara-

ghatta conditions. The flowering lasts for 40 to 45 days during
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this season, In each variety 150 perfect hermaphrodite flowers
charscterised by prouinently bulged ovary were selected and
tagged soon after fruvit set on selected plants. The imperfect

hermaphrodite flowers around the targed flowers were removed.

Method of fruit sampling

First sampling »f the fruit was done 10 days after fruit
set (i.e. on 25th January, 1982, 7th February 198% and 19th
January, 1984), Subsequent samvlines were done on 2 , 30, 40,

- 50, 60, 80, 100 and 120 days after fruit set., At each sampling,
10 fruits were removed from each of the 4 varieties aad data
were recorded fruit wise on following characters and the mean

values for sample of 10 fruvits were calculated.

Details of observations recorded

(1) Fresh fruit weizht (g)

By usinz electric balance fresh wei~ht of each fruit was
taken at evory samnline as soon as the fruits were brouzht to

the laboratary.

(2) ILength and diameter of the fruit (ca)

The len~th of the fruit from the stalk end to the apex
and the diameter at the equatorial nlane was measurcd with the

help of vernier callipers,

(3) rresh weizht (g) of rind and seeds (Aril + Seced)

The grains were removed carefully from the rind and the
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welchtis of rind aad arains were recorded separately by usine
- )

electric balance,

(4) Hoisture content (%) of the fruit or dry matter content

The cut fruits along with seed, pulp, rind were dried in
hot air oven at 70°c till constant wzichts were obtainced and the

moisture coatent (%) was calculated,

(5) 3Specific gravity of fruit (g/ml)

The volumc of fruit was determined by water disvlacement
metnod, usineg a measuring cyliander and the specific gravity was

calculated

(6) Thickness of rind (em)

Rind thniclmess was det rmined aftr cuttin~ the fruit at

the equatoriul plane by using vernier callipers,

(7) 100 seed weight (o) of fresh and dry seeds

100 secds were selected randomly and weighis were taken on
an electiric balance, The same secds were kept for dryine in an

hot air oven (70°C) and then dry weights were taken.

I, Anatnmical and Histnchemical Differences in

oeo‘u of soft and hard SLeded variecies

Since dewree of lignilication of secd testa causes soft
and hard secdedness in pomegranate, the two types of varieties

may dirfer in the tine, naturc and rate of liznification of seed
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testa. There may also be histochemical differences. The anatn-
mical differences were studied from seed sectinons and histochemical
tests were conducted on the tissue -~ sections to localise the
insoluble polysaccharides, DNA, RNA and proteins in fresh seed
material, Details regurding collection of seeds, procedures for
preparing secds for- sectinning, microtomy, fixing and staining

of sectinns are described below.

2.1 RFixir f materials

o
3> WA

The methods of histnlocy and histnchemistry have a comaon
origin and a core o: similar procedures, but differ in their
staining techniques. In the present studies the following custo-
mary histolocical and the histociemical staining procedures,
mainly chosen from Jensen's (1962) "Botanical histochemistry"

were used.

2.2 PRixation and dehydration

The secds extracted from every sampline at the interval
of 10, 20, %0, 40, 50, 60, 80, 100 and 120 days were killed and
fixed in FA% fixative (Farmalin 5 parts + acetic acid 5 parts +
90 parts o?égiiohal). The secds were fixed for 24 hours in this
fixative, They were later treated in ascending grades of alcohol
(50, 60, 70, 30, Q0 and 100%), leaving the sample for 3 hours
in each of the alenhol grades and then subje ted to dehydration

usine absnlute alcohol-butanol grades of *:1, 1:1 and 1:3 propor-

tions and finally treated with pure butonol twice.



2.3 Tissue infiltrw.tion and embeddine

From the .icdivm of pure butanol, the materials were
transferrcd to swall vials and the chips of pararfin wax were
added sucqessively until the mcdium reached a satvration point
at the room temperutuvre and later under the t-ble lamp (40 watts).
#inally, the materials were oiven changes with the molten pure
paraffin in %the oven at 60°C, thus replacing the last traces of
butanol with paraffin, The materials were then embedded in

parafifin emnloyinc paper boat method.

2.4 Microtouing

Serial microtome sectinns of 7 micron thickness were
obtained usine Erma rotery micrntnre, Core was taken to maintain
constant thicinecs of the scections to obtain as far as possible
wnifeorm secetinns, Wien the rivhon was formed while microtoming

it wes laid nn a clean black ravner,

2,9 Alffixin~ the scctions 1o slides

Gelatin (0.”%) with a little quantity of potassium dichro-
mate was uscd as an adhesive, Then the paraflin scctions were cut
into shorter vnits and arranced on the slides with adhesive, The
slides were warmed for expansion and stretching of the ribbon.

The excess adhesive wus draincd off and slides were dried before
deparaffinisine, Xylol was used to deparaffinisin~ the sections,
After a few mimitcs the slides were passed thr urh the solution

of xylol and butunol (1:1), pure butanol and then absolute alcohnl
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successively, The use of butanol ensures comnlete eliminatisn
of xylol which, when present even in small traces, creates a
foggy-film on the tissue sections and prevents them from proper
hydration and staining, The sections were hydrated passing

through alcohol (down grade) series,

2.6 Histochemical staining

Hydrated sections were subjected to the histochemical

staining, then dehydrated and mounted in DPX, Histochemical

agsessment was made on the fixed materials for insoluble poly-
saccharides, mucleic acids and proteins, Followine are the
details of the histochemical procedures which are described under
each substance and adopted in the present investigation., The

staining details are list=d in Table 1.

TABLE-1
Metabolite Tests (¥rom Jensen, 1962) Indication
Insoluble Periodic Acid-schiff's (PAS) Magenta
Polysaccharides test, (lotchkiss, 1948) colour
Proteins Mer curic bromophenol Deep blue

blue method (Mazia, Brewer
and Alfert, '1953)

DNA Toluidine blue i DNA-green
and (reder and 0' Brien, 1908) RNA-Blue or
RNA violet,

2.56.1 Insoluble polysaccharides

Insoluble polysaccharides were assessed employing period

-ic acid =3chiff's (PAS) method.



32

Periodic Acid 3chirrf's (PAS) Method

Earlier, PAS method was uscd in histolosy only for the
demonstralion of mucin (MceMarus, 1946 ), TLater, Hotchkiss (1948)
¢labor.t~d ithe wethod and adapted the technique to dem nsirate

a variet,; of polysaccharides in plant tissues.

In PAS methnd, tissue sectins were treuted with 2 mild
oxidative a~ent namely, periodi: acld (7104). Durin~— oxidation
carbon =-chains »f nolysaccharides containing 1 - 2- .-lycoL groups
were broren and the roxken ends were oxidised to aldehyde groups.
Such aldehydcs react with leucobasic fuchsin (0 - sulfinic acid)

and produce bri~ht pink cnlour-complcxes,
Procedurcs:  The followine stens werce adopted:
(&) The paraffin embedded materials were sectinned at 7 micron

thickness and mounted on slides using gelatin adhesive

(b) The seclions after deparaffinisineg in xylol, were hydrated

throu~h alcohol agrades

(c) Placed in oxidative reawent (prepared by dissolving 0.3 g
of periodic acid in a uixture ol 10 ml of 0.2 i sodium acet=zte

and )0 ml ol water ) for 15 mimutes

(a) washed in sunnin~ water £or 10 mimites and stained with

SchiJsf's reavent,
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Preparation »f Schiff's reavent: One pram »f basic fuchsin wes

dissolved in 100 ml of 0,15 N ICl shaltine the mixiure at frequent
intervals for 3 hoyurs, Afterwacas 2.0 g of potassium metabisulfite
was added to the aixture, agitut>d and left overni-it, Iater,
500 m~ of animal charcoal was added to it, The mixturc was
shaken and filtered. imnediately, Generally, the filtrate is
colourless, but rarely shows straw-yellow colowr. This stain-
leucobasic fuchsin, was tested by adding a few drops of it to

a few ml of formalin taken separately in a test tube, The
immediate appearance of the masenia colour testifies to the
needcd quality of stain, while the delayed appeacance of this
colour-comnle?x su~~rests otherwise indicating that the stuin is
not usable, The reagent was preserved in a refrigerator for a

prolnnged use.

Stainine proceduces

(e) The tissue scctions were rinsed in wat.r and treated with
bleach which was prepared by addine 5 ml of 1N HCL and 5 ml of

10 per cent votascium metabisulfite to 90 ml distilled water.

(£) T.e scctions were washed in rumine water for 10 mimutes, and

() dehydrated using alcohol -butanol srades, finally cleared
in xylol and mountcd in DPX (Disterene 80- resin - Dibutyl

phthalute = pi&sticiser = Xylol - solvent ),

2.6.2 Tntal nrnoteins
—————— . A SN . . il St

Tne icthod used to identify protein is meccuric bromophenol
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blue, This is adoptzd to recornise only the insoluble proteins

as all the -Z»luble oncs are lost during fixzation.

Mercvric bromophenol blue test (Mazia et al., 1953):

The orisinal chemical procedure tfor the localization of
proteins was modified by Magzia et al, (1953)., The technicue is
an excellent one [or the dem-nstration of roteins which are
present even in smaller quantities, In this reaction basic
proteins bind the bromophenol blue dye even when merciry is
absent, while the other proteins bind the dye coupling thorough
mercry, Thus, in the mercuric brnrmophenol blue method an excel-
lent correlatinn existy between the amount of rrotcin present

and the amount of dye bound,

Procedure :

(a) The scections were deparaffinised and brousht to the absolute
alcohol,
(b) These were imnersed in mercuvric bromophenol blue stain fnor

15 mimites (the stainin~ soliiion was prevared by dicsolving 10 g
of mercuric chloride and 100 mg of bromoPhenol blve power in 100 ml

nf absolute aleohol)

(c) Superficizl stain was removed by treating the sections
with C.%% acetic acid, and

(@) immersed a~ain in tuap water which produces the final blue
colouwr at ihe sit.s of proteirg,

(e) The scctinans were lehydrated in a n-butamol series, cleared

in xylol 2nd mounted in DPX, The proteins stain dcep blue.
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Toluidine blue method for DNA and RNA

(a) Sections were deparaffinised ang hydrated,
(b) The sections were kept in 0.1% toluidine blue s»olution

in water for 2 - % minutes,
(c) The slides were washed in runnins water.

(a) dehydrated in butanol, clearcd in xylol and mounted in
DPX. DNA containine sites appearcd grecn,

RNA containing sites a:ipewred blue or violetl.

I1I. uantifying Differences between Hard and Soft seeded
Yacielies o

Arter the sectinnine and stainin~ the slides were photomicro
graghed for further stvd. . lcasurements of differcnt layers of
seed were mzde usine ocular micrometer and tabulated for further

prescntation.,

v, Changes in Fruit Quality

The freshly extracted juice was subjected to following

quality analysis.

1. ZIotal solv
The total snluble solids nf the julce in ten fruit samplcs
were recocded sepor-tely usine the 'Erma' hand refractometer and

the same was expressed in o brix,

2. Titrateble acidity

10 ml juice camole was taken and diluted with distilled

watir =nd titratcd ecainst 0.1 N sodiar hydroxide solutinn using
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IS S - A g 5 . s
a few drops of 1,0% phenolpthalcin as an indicatnor., The acidity

was exprecsed as citric acid ¢q ivalents in 100 ml of juice (o %)

3. Reducin- and non-reduvecines surars

The redveine, non-reduecine and total suecars were estimated
by Ste ffer - Somoovi's method (A.0,A.C., 1980 ) and the resulis

were expressed as g/100 ml juice,

V. N cananges in Macro and 'icro-mutrient corienis of
Fruils -

The sceds and fruit rind was analysed for the following
chiemical constituents and expressed on‘dry weicht basis,

1 Nitrngen

2 Phosphnrus

D Potassium

4. Calcium

Ja Macnesiuvm

6. Miceonutrients (a) Iron, (b) Zinc, (c) Manganese

(A) Copner,

Nitro-en estimotipn: The nitroren was determined by micro

kjeldahl method (A.0.A.C.»1970).

Phosphorus, potassivm, calcivm and magnesium estimation: The

extr- ction was d ne by wet ashine mcthod as described by Chapman
and Fratt (13%61). This extract was uscd for the estimation of
phosihorus, votassivm, caleivm and marnesivm and micromutrients.

licromutoients were cstimated by usin~ Atouic absorption electro

photrmeter.
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RESULTS

The results of the investigations are presented belows

I, Pattern of fruit growth

1. Fresh wei~ht of the fr-its

The observatinns on the changes in the fresh weizht of
fruits unto maturity (120 days) were recorded at 10, 20, 30, 40,
50, 60, 80, 100 ané 120 days interval from fruit set. The data
were recorded nn the fruits set in the ambe bahar (Jamuary-
Februvary flowering) for three years (1982, 198% and 1984) and
pooled m.an figures for changes in fresh fruit weight are
prescnted in Table 1 & 2 and Fiqﬁre 1« The data were recarded
for four varicties i.e,, Ganesh, Bassein Seedless, Alandi, and
Kabul Yellow. The pomegranate truit grows continuously from
fruit set until harvest time, The pattern of fruit srowth in
the four cultivars shows & 'Simple sigmoid curve' almost
approachine a linear relationship. In Ganesh and Bassein Seed-
less there was appreciable decrease in growth rate and relative
growth rate of fruvit during 30 to 40 days, 50 to 60 days and
80 to 100 days. The fruits had made very fast growth during
three distinct perinds, i.e., between 20 to 30 days, 40 to 50
days and 60 to 80 days, thus periods nf slow growth rate alter-
nated with perionds of fast growth rate. The data on growth
rate revealed that the maximum erowth rate in terms of increase
in fresh friit weisht was observed around fruit m.turity. In

Alandi cultivir, fruit growth rate and relative =rowth rate
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was low durin~ 30 to 50 and 80 tn 100 days while in Kabul Yellow
it w.s low drrin~ 40 to 69 und 80 tn 100 days. The slow grovth
perinds alt r o with perinds of fast srouth raite. Tne fruits of
Alandi had made very fast ooowth durins 20 to 30 days, 50 to 80
days and 120 to 120 duys whereces in Kabul Yellow the fast erowth
r.tc was observed d rine 50 tn 30 days and 100 to 120 days. All
the Tour cultiv rs exuibited v ry f .ot erouth 2round maturity,
At moturity (i.2., 120 days) the fresh fruit wei-hts in the four
vari ties w.re, %un sh 265,050 ~, 3assein Scedless 240.170 s,

Alandi 242,%32% ¢ and Aabul Yellow 123,470 o

?. lencih and ireadth 50 the fruit

The data nn the changes in the lincar dimencinns of the
frui* neriely, lensth and breadth are presented in Table 5 ~nd
fimure 2, The len th and br adth of frvit increased continourly
from fruvit ~=et to motucity how ver,y the increcse in len~th was
fastir s ecomncrcd to breadth durine the early neriod of fruit
rrowbh, This srowlh puttern was observed in Ganesh between O
to 4 avrs, O to 50 days in Bassein Scedless and O to 20 d-~/s
bHrth in Alandr and 2vvl Yellou, In the later perind of fruvit
erouth increoce in breadth was more pron-unced than in length,
Gr ater incrc se in breadth towards rvit miuturity resulted in

rovnd frvits,

3. Iencth/Breadsh ttio
The {ruits »f fanesh, Alandi and .abul Yellow had hiechsc

enruh/brcndod: o Lin dirines the initial siages of fruil srowth,
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The ratio sradunlly decreased towuards maturity as a r sult of
greater inereane in breudth, Thus, the fruits in the initial
ames uore oblon~ ovate and sul sequently they recanme round,
globular or r~labosf in shape. In the variety fanesh the leneth/
breadth ratio was 1,22 at froit s¢t and it decreuased 1n 0.97

at malurity., In vari ty Basse . n Jeedless the len-th/breadth
ratio renained arnund 1 urto 80 days indicating that incrense

in lea~th and breadth was ol ciuilar megnitude dvrine this period
and ie [ruvits were alnost round., The ratio decreesed to 0.94 at
maturity, In Alandi veriety the len~th/breadth rutio wos 1.29

at fr: it set wuich decreased t~ 0,89 at nvturitly while in Xobul
Yellow the r-tio decreased from 1,13 at fruit set to 0.94 at

natirity,

4. Fresh weight of rind and secds

The data »n fresh wei~hts . rind, seeds (i.e,, all seeds
cover~d wilh fleshy edible arils) and rind weicht/sced weicht
ratio are presented in Table 4 and ficure 3, The wei~ht of rind
and cccds incrceuascd continuovsly till matuwrity. Durine first 20
days of ocowih the rind wel -ht was more as compared to seeds
in 2ll the fouy varis-tics, Dieing 20 to 40 days, the weishts
o rind and scecds were roushly balanced. From 40 days till
maturity, the wei~ht of secds was nore than the rind., During
moct o the stures of fruil develooment the seeds constituted
obout half »7 the [ruit wei~ht, (The {resh fruit weichts are

riven in Tatle 1 and 2).
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Se Serd weimal to rind uei-ht o

The dab. o se d wel: t/0 .00 eicht v tin (Pable 4 and
firure 2 ) 7ove-ded thrt the ratio incre-aned ~advallys Teom fruit
cet u 1o R0 daye z2na thon it declined sli~ht upto natnrit, (120
deys ). In Sancsh wae catio wis 0,08 at frvit sct and eotimacd
to be Lelow 1 t711 50 dvs and o dvally increascd to 1.47 at
avturit;-, Ia & cre’a 3ecdlens wne ratio was 0.04 at fruit set and
1.2 at watvriv . In Alandi it vas 0.02 at {rvit sei and 1.04 at
120 do 3, In ¥zbul Tellow the » tio wis 0.04 at friit set remained
below . till 40 Ao ane Tinally reached 1,79 2t matvrity ob e,
Alt 1o~ 1oth sced w2i~ht ond cind weirht incrcased enntinously
from 1ruit 5.1 to 1rvit moaturit;ry, inivia'ly the newly set fruit
cmziatcd nainly o” rind pn.tion hence the rutio values were low.
As tne ~outh and limnitic tion of sceds nicked up, the ratio
crosscd the value »f 1 ar-und 40 “ays, afier 40 days sccd growth
overtodrk rind ~vowin, and th-reafior the ratio kent on incrcasin-g
and ae:in arzound mut vity i.0,, a2t 100 and 120 dnys thore was

1i~hl Aceline in the rati~, The dat~ further rcovesled that

9]

tntal ceed woi-hit was hivhest i,~., 157,72 7 in Aancsh £ollowed
b:r 140,98 o in AL noi, 145,51 ~ in tassein Seedless and 121,14 ~
in £abul Yellow. A commarison Hf frecsh fruit weirht (Table 1 and
2) 7.ad total seld wei~ht =t matucity (Pable 4) revealed thnt fruit

ond s7 d wel~nos were rourhly cocprelated,

(On)

Dy onctlher content of froit aad seeds

The data ~n dry natter c-ntont (oven dry basis) are nregented
in Talle 5 13 illusteoeted in fievcee 5, The data showed thnt the

ar-r o bher ennt nl o n cnon oL ort its inareased eontinuously till
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gbout 50 days in o1l the fove culrivars ana then declinad pradual ly
towards catveily, s a rosilt ol foometion of i1 ice in the ileshy
ar il no.tisn of secds,. owev. 'y in case ol secds the dey matter
content ina ¢sed continuourly rrom fruil set till matvceity,

Tre wresent dey matter citent -0 fRanesh [ruits slowly increased
from 1,035 2t 10 duys in 42,775 at 40 days and thereafter it
declired to 26,70% level at m.ti ity store, In hac ein Seedless
the dry matt r content of fruvit incr.ased from 30.87% at 10 days
to 3 LGG5 at 50 days ana then slowly decrr-sed to 23.23% at
n-turity, In Alandi it incr - s<d from 24.71% at 10 days t-
3%.00,5 at 50th day and ca.c doun to 23,015 at 120 duys. In Kabul
Yellow the dry matltcr eontent at 10, 50 rnd 120 days were 29,17%,
41,15 and 25,01% T spectivel; . This variety had hi~aest dry

mati 1 eont 0T L nawtrity,

The dry notlor ceontent ol sc.d in fanesh slowly increased
from 6.40% (@t 10 duyc) to 1/.21w &l maturity, In Barsein Seed-
less the dry natier eontent wig . 72% at 10 days, incidentally
which was the le .st when compered to other varietics, then it
raiscd slowly to 20.09% at manwrity stace, In Alandi it was
4,055 and 17.645 at 10 days and matvrily stege respectively,
inbul Yeliow rccorved 0,10% of dry natter content during 10 days
of er~uth which slowly incrcascd to 24,72% at matucity. Wut of
all the Trur vrietiis studied 2bvl Yellow recovrdcd hirhest

(24.72%) dry matice ceontent at matvrity sto-e.
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T ecific gravity ol iruiits

The data on spucific eravity of ifruvits ae »recontad in
Table 6. It was hirher in enrly st ecs o iruit éevelormont in
all the four vsrieties, and then sradelly ghewed 2 declinine
trend from frult set to maturity., In Ganesh varieiy the speei-
fic pravity was wore than 1 upto 30 davs of ruil ~rewth and
then started declinine towards matur!ty recchine 0.002, In Bagesein
Seedless the specific gravity showed a fall from 1,120 to (0,200,
It was move than 1 uvto 42 days of [r.it crowth, Alandi variety
siiowed a similar trend as Gan-sh, Varicty Kobnl 7ellow h-d the
meximm svecific gravit; till 80 days of friit ~rowth, Tt wus
more than 1 ti1l that tine, then only it camc down to 0.085 at
matvrity, In ~eneral the pomeccranate fruits hd loss than 1

specific gravity wnhen they avproached natvrily and ripenin~ steqe,

8., Thickness of Rind

The data nn rind thiciness are rresented in Toble 7, The
data revealed that the tlicimess wus woximum at 2C days and it
declined towards maturity, Ganesh and bassein Secdless had oaxi-
wm thiclmess of 0.02 an wna 0.50 cr respectivel, 4t 20 dnys and
at that stege Alandi and Xabul Yellonw hd C.45 cn 2and 0,45 cm
rind thickness respectively. At matuvrity (120 diva ) Nanesh,
Bascein Seedless, Alindi and Xebul Yellow had 0.%4 cm, Q.70 cm,

0.%0 cm and 0,3% cm rind thickness resnectively,



Table-G, Specific sruvity of fruits of Four
Pouwegranate vorieties

lays after Specific gravity (s/ml)

frr it set —- S

Tanesh Ba.sein Alandi Rabul
Scedless Yellow

0 0.750 0.E00 0.990 0.690

10 1.114 1.122 1.049 1.092

20 1.086 1.126 1.018 1.093

20 1.024 1.080 C.c08 1.024

40 0."90 1.016 G.o87 1.024

50 0.071 0.283 0.046 0.9€1

60 0.S57 0.071 0.945 1.089

80 0.%21 0.567 0.220 1.047
100 0.908 0.902 C.921 0.9008

120 0.802 0.200 0.901 0,965

e e er e e e e mam e e e wee e e s e ST emm ST M ema e e e e e e e



Table-7, ing Tnickness in developinsg fruits of
pomerr.nate (cu )

. g Rind thickness (cm
Days arier o6 (cm)

fruiv set Gancsh bassein Alandi Habul

Seedless Yellow
10 .36 0.44 0.42 0,40
20 L2 0.20 0.45 0.43%
30 0.40 0.32 0.32 0.37
40 0.40 0.70 0.37 C.3Y
50 0.40 C.72 0.%2 0.%5
60 C.40 0.50 0.55 Y
20 0.9 0.%2 Q.20 0.32
100 Q.04 0.20 0.2%20 0.70

e o v e e e e mm e wme et veme e st e e e s rem Mee e e et e e
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9. Hundred secd veiet | (#rch ond Dry)

The cata on 100 se.d wseighl (hoth fresh and ~ven dry) are
precented 1n Tanle 8 ond Ciewwe O, 1he date showed .nwt Lhe
tresh s well 4s dry sced wel -h' eontimuously incre¢-scd from
rui 30t 111l mavuerty in all che four varietics studiecd, In
tne voariety "ancsh the v sh nid dry secd weights atl 10 doys
after _cult set were 0,115 o and 0,023 » resnectivelv, In
Bagscn Scedle.s the fresh and dry wei~hts were 0.130 ~ and
0,02, o rconectively, Variet; Alandi had 0.119 o fresh wei~ht
where~s dry wel~ht vas 0,014 ~, In kabul Yellow the _resh and

dry weichts were 0,1%1 and C.C13 o respectively.,

Vs

At natiit, st eoe Canesh varicty r corded maximm [resh weic
of 3%,883% & for 100 sceods because of laree acil and more juice
content, the dr;” weight beine 3,272 o, Bassein Seedless regis-
terec 26,571 o frech weicht and 3,200 o dry wel -ht at matvrity.
Alandi veriety had 25,540 ¢ fr sh werirnt and 4,13% o dr.- vei~ht,
vhercugs wbul Yellou hud 22,167 2 fresh welrht and 4.500 ~ dry

3

velet t,

17, +Histoln~ical Studies

Histnlasical «nanmes orsceved in the integuments durains
secd Aevelonn:nt of pomeer..nate varieties fantch, Basscin Qeed-
less, Alandi and Yobul Yellow were s fnllows and the miccometric

PSR OIY

nbse:rv tinns atl diif r nt intervals are vresented in Tuble 9,
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after fruit set i,e., 10 days after anthesis, the secd
size of sait scoded virietics "n on and Sassein Seedless were
16.0 = 7.(8/um and 15,°06 x 7.20C yum, resnectively., At the came
time lhe ceed cize of hard seeded vorieties Alandi and abul
Yellow were 20,89 x 8,48 pm :nd 27,40 x 13,60 pm, respectively.
It is »bsesved that the seed si:e in hard seeded varietiecs was

more 1 o2 that in aoft ceeded varieties,

Durine t.dos gtuee the ovter intoesvment at chalazal region
(Fiee 1 & 24) hod a thicknecs ol 0.48 to 0.51 opom in all the varie-
ties e.cert Alandi which had 0.72 mm., The cell size in all the

o

varieties was &lmost the same (i.¢,, 0,12 x 0,24 pm), At lateral
rceion Hf the sced the thickness »f outer integument in Gancsh
(Firs 20 ond 2% ) and Brussein Secdleus was 0.%2 and 0.3 um
whereas in Alandi and rabuvl Yellow it wus 0.48 and 0.40 jom respe-
ctively but the cell size wus almost equal in all the varieties
studicd, At micropyliu end (Fir, 19 and 22) the thickness of

outer inveevnent in Gan sh and Hacsein Seedlegss was 0,020 and
0.56 g respeciively, whereas it was 0.%6 and 0,40 pum in Alandi
and E-bul Yellow, rogpectively, In ~cnerzl the cells uat outer

itecumont were elonented with thickened cell walls,

A perusal at inner intecument revealed that at chalazal

.

region its thicknecs was 2.0 am in Gencshb, 2.16 um in Bassein

Secdless, 2,0 mun in Alandi and 1.52 pm in Kabul Yellow (Rie, 26),

<l

At lateral ro~ien the thiclmess was 0.3?2 m in Ganesh, 1,12 um

in Fagsein Sccdlens, 0,98 o in Alandi wnd 0,44 am in @Abol



PL.AE I

DMeos 10=243 Scetions of 1o day ola secd of revesh (soft

SCoded voor By ) tested wior wrloadc zeid Scai t'. (£aS)

rea~ NNy orowin~ inlbe~nents.

Ple ¢ 17 locerod, Lo r ~ion oofd whe Leod, Linoe the wide
fondbumas TR Y

o.tron »)0 Inecre 1avemneat, X100

fioy 20: Interal coecion Hf the s .d =hnw.ng diffcrent

Lomisng, nte the narrowuncss or irner invcecunont, X 100,

¥i~ 3 21:  Chalaz 1 rc~ion < the _eed showiar ~uter
intemuient and in er int.guments, Jithout any starch depo-

sition, The cells are small, X 100,

Fiz 3 22: Viaropylar co~ion Hy tne seed x 40

1~ 2 23:  Leicral coemaon or the se 4 x 400

Pi~ 2 D4 Chalazal re~ion »7 t1e sced x 400
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------------------------- OUTER INTEGUMENT INNER INTEGUMENT
;igr Side sigze -
ruit Chalazal Lateral Micropylar Chalazal Tateral Micropylar
et = “ I L » T I W T L __E__.._.T._.__D....__E——-D _____ T ____D___.
--c: :6.00 7.68  0.48 0.40 0.12 0.32 0,20 0,16 0.80 0.28 0.18 2,00 0.12 0.52 0.20 2.40  0.12
0 18,96 T.20 O.44 0,32 0,16 0.36 0.30 0,20 0.56 0.44 0.16 2,16 0.12 - 0.12 0.12 1.52 0.12
0 20.88 6.48 0,72 0,48 0,12 0.48 0.44 0.20 0.36 0.24 0.20 2,00 0,16 0.98 0.12 4,10 0.16
0 22.40 13.60 0e52 0.48 0,20 0.40 0,35 0,24 0.40 0,32 0.24 1.52 0,16 0.44 0.20 4,56 0.16
20 21.28 10.68 1.08 0,72 0.20 0.74 0.42 0,20 1.04 0,52 0,20 4,30 0,16 1.24 0,32 3.04 0.22
20 38,40 14.72 1.06 0,56 0,16 0.56 0.56 0,22 1,30 0.28 0,16 4,16 0,25 1.84 0.20 4,20 0.28
20 33.44 10,20 1.02 0,92 0.20 0,96 0.72 0,25 1.26 0.80 0,16 3.20 0,24 0,28 0,20 4,84 0.24
20 26,40 15,68 0,80 0,72 0.19 0.64 0,76 0.28 1.48 0.28 0,24 3.68 0,40 3.10 0,32 5.20 0.24
40 55020 17028 1.20 0.80 O.BO 1.20 O.BO 1.00 1.60 1.60 0.64 5.36 0030 4.80 0035 4.80 0028
40 59.20 22,40 2.80 1.00 0.60 1.12 0.80 0.60 *.52 0.20 0.48 5.76 0.32 4,10 0.3%4 5 .20 0.28
40 44.80 21,60 2,16 2,00 0.75 2,00 1.40 0,32 1,76 1.90 0.48 4,18 0.40 4,65 0,40 4,20 0.20
40 33,40 24.48 1.72 0,80 0.56 1.52 0.88 0,72 1.80 0,40 0,48 6.32 0,40 3.60 0,38 5 ¢ 40 0.25
80 73,60 30.08 6,08 5,80 0.80 1.60 1.40 0.60 4,48 3,80 0,75 6,08 0.46 6.,80 0.40 8.38 0.45
80 68,08 25,60 520 5,00 0,60 1.88 1.60 0.64 3,20 3.00 0,60 6.80 0,32 6.20 0.45 9,40 0.40
80 60.32 28,30 5.76 4.60 0,80 2.24 1,75 0,70 2,60 2.15 0,80 .25 0.40 £.85 0,35 7.20 0.35
80 54,14 23,60 2,60 2,00 0.85 2,40 1.95 0.68 2.12 1.95 0,75 6.40 0,50 4,64 0.40 7.45 0.30
120 81.28 36,80 6,80 6,40 0,80 1.70 1.50 0.60 6.35 5.95 0.80 9428 0,55 7.88 0.50 9.60 0.50
120 85,60 38,40 6.60 5.80 0.95 4,80 4,55 0.45 4,40 3,60 0,75 T.48 0.45 6.40 0.45 9.28 0.45
120 82.40 45,20 0«40 6010 0.85 325 5,00 0.40 3.65 310 0450 6.85 0.80 6.00 0.95 7.90 0.65
120 68.00 40,00 3.80 3,50 0.70 310 2,95 0,45 3.00 2,80 0.45 7.80 0,75 7.00 0.70 8.00 0.70

——--—————-—————--—--—————--———————--———-—_—--—-—--n-—---—---——-———-——-u-—

L = Iencgth, W = Width, T = Thickness, D = Diameter



Yellow, 4t .dcropylar r/eion tne thic mess wes 2.4 qm in
fancsh, ©2 pm in Dussein 3cedle e, 7,10 pm o in Alandi and
6 owmoin i2bn 1 Vel ou variet, (Mi~ 25), The thickness of
outer inteevment at micrenylor recion wogs maximm in Alandi and
xabul Yellow which are h-rd sccded varicties in ~eneral. The
cell size wus almost the same in all the three resicns ranging

from 0,12 to 0.16 m,

Mm 20th day aiter frvit oot the soft seeded varicties
nancsh and Bassein Seedless had a len~th and width of 21,28 and
1G40.3 nn, and 37,40 andé 14,72 um r- srectively, while in hard
seeded vafipties Alondi and iabul Yellow the leneth was 3%.44 and
17,20 pm and the Yreadth was 27,40 and 15.68 unm respectively. '
At this stzoe near chalagzal conc the ouvter intesgunment thiclnecs
of feresh (Ffig 29) was 1.08 am, taut of Rassein Scedless wes
1.06, that of 4laxndi wes 1.02 pm whereas that of Xabul Yellow
(Fiz 30 ) wes 0.08 pm, The individual cell size was also diffe-
rent in the said varieties i,e,, the len~th was CG.,72 um in Ganesh,

56 aun in Bassein Seedless, 0,92 in Alandi and 0.72 am in Iabul

Yel ow, but She breadth was almost similar in all the varieties

(O.?O /um).
Duter intecument thickness at lateral reeions was 0,74, 0.56,
96 and 0.€4 m respectively, 1n ranzsh (Fis 29 ), Beccein Seed-
less, Alandi and Xabul Yellev while the cell cizze rane-d yom Q.42

to 0. 76/um in len~th and 0.20 tn 0.23 ,um in breadth,



PLATE TII

———emren— e o -

Figs, 25 to 26: Sccitims of 10 day »ld sced of Kabul Yellow

(hard seeded vuriety) testsd with PAS method,

25: llicropsylar reoion showin- rich accowlotiosn of

slarcn coainules in wne inner inte-oument. X 400,

Fiz, 262  Chal:zal reginn of the sccdshowing outcr integu-
ment and part of inner integument, Note the presence of

starch granules in the inner interum~nt., X 400.

Fias, 27 to 29: Seclions of 20 day old seeds of Ganesh (soft

seeded variety) tested with Taluidine blue method (TB) showing

different parts of integuments,

Fig, 27: Micropylar region showing the integuments. Iote

the wider inner integument at this region., X 150.

Fiz, 28s ILeteral region showing single layer of outer integu-

mental cell with smaller portion of inner intesument, X 150,

Fig. 29: Chalazal regi-n of the seed s:iowing outer and

inner integuments, X 150.

Fig, 302 Sectinon of 20 day old seed of Kzbul Yellow (hard
seeded variety) tested with T.B, method showing outer and
inner intesuments at Chalazal region, Note the wide inner

integument with many layers of cells X 150,
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at mwicropylar re~lon t.e tnickness of outer inteounent
was alinst the same in all the [our vari: ties; fanesh (Fig 27)
Pad 1.04 wm, Ba sein 3e~dless had 1,30 um, Alandi had 1,06 Uil
wneress -abvrl Yellow h-d 1.28 om. The indivicual cells dilf.red

Y

in len~th, hile fanegnh Mad 0.52 am, Bacsein Seedless had 0.28
Mty Alendi hud 0,20 um and Aabul cliov had 0,28 pm oovt the

Ve
br-adth .as almost same in all the vwr1et1es (it was 0.16 to

0024 /u-rl)o

The iacer inteesunent ot ciclazal re~ion showed that the
woxicty ftnoshontid 4,20 um *hic'mezc, Ba-zein Seedlecs hod
4,15 pmthic ness, Alundi Léd 2,20 aum oand Zabul Yellow had
5.68 mm thickness, The cell diameter was 0.16 um in Ganesh,
0.2% am in Bassein Secedlecs, 0.24 A in Alandi and 0.40 pom in
Xabul Yellow, In Ganesh variety the cells in inner integumental
layer had medium sized cells with 18 to 20 layers of cells, The
cells towards inner layer of inner interuncnt were litile biecer
tran the cells at both the cnds, In Bassein Seedleoss at chalazal
resion the nwioer of layers »I cells ranced from 20 to 22, The
cells wor. a litlle bi~eccr in size and the sigze was same all
alone (thickness 4,15 o and cell diameter 0,25 am)., at lateral
region there wece 10 to 12 layere ol cells (thic'mess 1.34 am
am ) ahe 2t micropylar region there were 20

/
to 2% layers or cells (taicimess 4.20 p and diamet r O.QB/um).

and diameter 0,20

In Alandi variety at cuwlazal rezion the ioner integuncat
had 15 to 15 layers »f cells (taiciness 3.20 am and cell size
0.24 /um). The outer 2 to 3 layeo:s hud sialler cells but towards
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middle the cells were bicoer and a-wain towards interior proximal
t> the embryo sac they wire sn.ller in size with slightly thick-

ened walls aud Hlaced closdr to euch ouher,

At lateral region there were 10 to 12 layers of cells
with snall size (thickness 1.28 yum 2nd 0.20 mm diameter ), while
at micropylar resion the cell layers were 22 to 25 and placed
ciosely with thict cell walls (the thickness was 4.84 um and

cell diamcter was 0.24 xm),

In Xabul Yellow varicty, the thiclness of inner intecgument
at cnwlazal recion was 3.68 o and the cells had 0.40 um

4

dianevsr,

At tais rezion thcre were 10 to 12 layecs of closcly placcd
smaller cells with thaickencd cell walls., At the middle resion
of iatesumcnt the cells were not closely arranged but were placed
wide apart, At latecal rezions the thickness of inner integument
was 3.10 um and the cell size was 0.32 an in diameter. At
micropylar resion the thickness of i mer intesument was 5.20 m

with cells having 0.24 um diameter,

On 40th day aft«cr fruit ~rowiti1 the seeds »f nanesh variety
had 55.20/um len~th and 17.23 nm breadth, Bassein Secdless variety
had 59.720 anm len~th and 22,40 am broadinh. Beltwecon the hard
seeded vuari.ties Alzndi had 44.30 pm len~th and 21,60 um breadth

while xabul Yellow had 33.40 am len~th and 24.483 am breadth.
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The outer iaveguncat in Gancsh (fic 31 to 33 ) had o sincle
1 yer of cells, Its thickness at c:2l z:l re~rion was 1.20 S
and the cell breadth vas 0.20 ua. At latereal resi-n the thici=
ness was 1.20 am with & sinesle layer of cells of s.aller size
with a diameter of 0.80 am. At microoylar resion the thicimess

was 1,00 i with cells having a breadth of 0.84 jum,

The out=r intesument in Bassein Seedless (Fig 34 to 35) at
caulnzal rescion had a thnicknecs of 2,80 pm with single layer of
cells having 1,00 am leneth and 0,50 am breadth, At lateral
reoion its thickness was 1,12 /om with 1 to 2 layers of cells
havia~ 0,80 mm len~th and 0.60 um breadth, 4t micropylar region
the thicimess ol this layer was 1.52 mm with 1 to 2 layers of cells

and their size beine sualler i.2., 0.20 x 0.48 jum.

In the variety Alandi (Fig 36 to 38) the outer intesument
was sin-le layered throushout, At chzalozal zone it had 2.10 um
thicxness and the cells had 0.75 m breadtn. The thickness at
lateral and microoylar re~ion was 2,00 am with the cell breadth

of 0.40 .

In Kabul Yellow variety (Fis 39 to 43) it had a sinele row
of out:r integumecntal cells at chal izal rerion and the thickness
was 1,72 um, The cells had the size of 0.80 x 0.56 jum. The
lat2ral zone thicknesc was 1,52 »um and the rows were having
single layered cel.s., The cell size beinsg 0.30 x 0.70 um. The
micropylar region had maximum thickness of 1,08 um w.oth sintle

layered cells havino cell size of 0.40 x 0. 48 um.



PLATE I1I

Sectiong of 40 day old seed of fanesh

variety ) testcd with PAS mcthod shiowine

Pigs. 31-3%:

(soft seeded

both out:r and inner intc~ruments,
Laropylar recwinon shiowins ooth the intesu-

100,
Iateral resion snowing the outcr and inner
Starch gramules are mo-oe in outer intesu-

inteyuments,
ment, X 100,

Chalazcl region s..owinz the enlacged outer
intesunent with a sincle cell layered elongatzd cells,

1. 253
Note the larece quantity of starch accumulation, X 100,

Sections of 40 day old secds of Bassein Secd-

Note

34~552

Pirs, |

less (soft seeded variety) tested with PAS method showing

the integuments,

Microvylar region with both integumert s,
the larse portion of inner integument with smaller cells,

Fig, 34:
Lateral region showing outer and imner integuments,

Fig., 35:

X 100.
lote out~r integument havine rich starch accumulation, whereas

only the perinheral layers of inner integuments have a little

The inner integument?l cells are suall, X 100,

starch,
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During 40 days »f secd crowth the innce intssgument showed
many changes, In the vawiety fuon.sh the thiclmess of ianer inteou-
ment was H.56 om at chalioal revinn with 20 layers of cells, The
cells »f the neripheral layers were broader, while those of the
middle receion were s::aller, The ivner mnst 8-10 liyers were
hirhly lieoniflied and theic cells had 0.30 am diamet-r, At
lateral zone the thickness was 4.80 ,um with 15 to 18 layers of
cells. The cell diameter was 0.35 am. «t micronylar region
the thickness of this layer was 4.30 am with 15 1o 138 layers of

cells with c¢2ll diancizr cof C. >/mn .

In Bassein Secdless variety the thickness of inner intequment
at chalazal re~ion wzs 5.76 um (cell diameter 0.32 um) consist-
ing of 20 to 22 luyers., at l-ateral region the layers were 20 to
25 with a thickness ol 4.1) um (cell diameter 0.34 m). At
nicropylar re~ion the thickness »f the layer was 5.20 um having
25 to 28 layers with cell size of 0,28 i diameter, The cells
were thicker showing lienification, Tiae ligniiicatinn was more

towards lateral and micrnnylar resinns,

In Alandi variety the thicikness at chalazal, lateral and
micropylar regions w.s 4,12, 4,55 and 4,20 A, respectively,
The number ol lzyers being 18 at chalazal region (cell diameter
0.40 lum), 20 to 2% at lat-oral recion (cell diamcter .40 um),
25 tn 28 at micronylar recion (cell diamcter 0,20 ama), At

chalazal rerion the cell were medium sized and heavily lienified,



Fizs, 3h-38: Sections of 40 day old secd of Alandi
(hard seeded variety) tcsted with PAS method showing

bota the integuments.,

[£51

fiz, 3632 MHicropylar re~ion showing narrow outer

intesument and wide inner intecument, bie less

starch granules in this reesion, X 100,

Fiz, 37: Iateral regions showing both the integuments,
X 100,
Fio, 38: Chalazal region with both the integuments,

Note the starch granules in larse numbérs in the outer
integument and also a rfew contiguous layers ofi the

inner integument. X 100,

Fiocs, 39-40: Sections nf 40 day old seed of Kabul

Yellow (Hard seeded variety) tested with PAS showing

.intesumental details,

Pig, 38: Iateral region with both the integuments,
Starch scrains are seen in outer integument and a few
layers of inner integument, HNote the initiation of
lignification in the inner most layers of inner integu-

ments., X 100

Fig., 40: Chalazal region with both the integuments.

The outer intermument is with stardh grains and a few con-
tiguous layers of inner intesument also contains large
amounts of starch grains. Jote the initiation of lignifica=-

tion in the innermost layers of inner intecgument, X 100.






Lignification was highly demarcat-d especially in 8 to 10

layers of inner intesument proximal to embryo sac.

In the variety Kabul Yellow the inner intecumcnt at chalazal
zone wos 6,32 oom thick and had 18 to 20 rows of cells havine a
cell diameter of 0.40 Jom. The fir t 2 tn 35 rows of cells from
outside were elonsated with thick cell walls, the thiciness due
to lignification increascd gradually in the inner layers vroceed-
.ing from periphery to the interior. laximum layers were licgnified
in this variety., At lateral zone the thickness was 3.30 nm with
a cell size of 0.38 ,um diameter an' at micro»yl -r zone the thick-

necs was 6,40 pm ith cell size of 0.25 mm diameter,

At 20 days Hf secd orowth ithe seed in "anesh variety was
73.50 am long and 30.08 num wide, in Dassein Secdless it was
63.08 am long and 25.50 am wide, in Al adi it was 60.32 aun
lons and 23.30 mum wide while in Xabul Yellow the seed had 54.14

Pl len -th and 28,20 um width,

The outer integument thiciness in Ranesh was 6.08 um with
a single layer nf longitudinal cells at chalazal resion, with
cell si-e 5.80 an len~th and 0.30 o width, At lateral region
the thicmens of the int.ouaient was 1.50 nm with cell size of
1.40 pm lenrth and 0.50 am width. At micropylar resion the
thicmess was 4.43 am and cell size wos 3.80 um len~th and
0.75 pum width, In ~eneral the ce ls were rectansular throuchout

the integumcnt.,



Fizs, 41-4%: Sections of 40 day old seed of Kabul Yellow
(Mard seeded variety) tested with T.B, method showing inte-

guments at different resions,

Fie, 412 Micropylar resion of the secd showing part of

outer intecument and inner intesument, X 150,

Pix, 42: TLateral region of the seed showing both the inte-
gunments, {ote the narrowness of both the intepuments and
intensive licnidication in the innermost few layers of inner

integument « X 150,

Fiz, 43: Chalazal region of the seed showing outer integu-

ment and part of inner integument, NNote the intensive ligni-

fication in most of the cells of inner integument X 150.
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In Bassein Seedlrss varisty at ch l.zal region the outer
inteoqument had a sinecl.. layer of cells with the thicmess of
5.20 pm and cells w.re 5,50 am lone and 0,50 um wide, The
cell arranzeient wis iccesular. Wt lateral re~ion the thic -
ness ol the int=gument was 1,88 um and the cell size was 1,50
am in lencth and 0.54 pm in width., At micronylar recrion the
thicamess was 3,20 um and cell size vas 3.00 nm in leneth and
0.50 pm in width, Here also a si ~le layer of cells wus

observed,

In the variety Alandi (fie, 47 and 43) at chal:zal zone
the outer int oument hud 5.76 nm thic mess and cells had 4.60 um
len~in and 0.30 nm wide. At lateral region the thickness was
2.24 pm and cell cige was 1,75 um in lencth and 0.70 am in
width and at micropylar reci-n the thickness of the integument
was 2.50 um and cell size was 2,15 ,um in lencth and 0. 80 um
in width., The outer int eument was mzade up of a sinecle layer of

cells thr urhout in all the »laces,

The variety Xabul Yellow had a sinvle layer of nuter inte-
gumenizl cells at chalazal rerinn and the thickness wis 2,50 um.
The cells were of the sige %f 2.00 nm in len~th and 0.85 am
in width. At lateral region the thnickne - s of integument was
2.40 o with cell size of 1,25 um in len~th and 0.58 um in

width and at wicropylar region the thic mess was 1,12 aum with

cell size nf 1.75 pon in l21~th <nd 0.7 /um‘in width.
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44-456: Sectinns of 60 day »~1ld sceds of 7ancesh (soft

—rmaalm el e U

I

secded variety) tested with T.B, m thnd showins larecer

portions of inner inteoument,

Pire, 452 Inner intermment at picronylar raocion shnvine

“

comnlete Lirnlfication in many of its cells, X 150.

intesrument- X 150,

Fig, 46: Chalazal re~ion of the se d showine lisniricatinon

in most »f its inner cell layers, X 150.

Pi-3, 47-48: Scctions »f B30 cay old seed of Alandi (liexd

seeded variety) tested with T.B, metaod showing inner inte-
gument,

Fig, 47: Micropylar region of inner integument. Note the
lignification of the inner layers and also the initiatinn

of lignification in otier layers too. X 150,

Fiz, 48: Chalazal region showin~ the intensive lignificati-n

in almozt all the cells nf the inner layers.X 150,
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At 80 days aftier fruit sect . he chnnges in the inner inte-
gument of seed showed th-t in the vari -ty %anesh the thicimess of
inner integument was 2.08 »um at chzlazal rosion with 15 to 20
layers »f cells, Tie nsuter 5 ta S rous of cells werce smaller,
the next 5 to 6 rows were btroader, Then the remainine rous
had thick w21ll2d cclls and lienificd, The cell size was 0.46
pte in diameter, At lateral end the thickness of integument was
6.80 xm and the ce.l diameter was 0.40 pum. The layers of cells
were 15 tn 20 and cells at onuter layer were thin walled zand small
and ren2inine loycrs htd thicir eell walls and liznified with
deenly staincd cells, at .icropylar recion also the cells were
with thick cell wall =2nd deenly stained with 20 t~ 25 layers of
cells, iizre argin A to 8 layers were thin walled followed by
thick wallcd and highly lignified cells. The thickntss was

8.38 m and the cell size was 0,45 mm in diameter,

~

In Bassein Seedless the thicimoos of ianer integument at
chalazal region was 9,80 um and ceil size was 0.32 um in dia-
meter, Thecre were 20 to 22 layers of cells, The outer 3 to 5
layers consisted of smaller celis, The next 5 to 6 layers had
broader cells, The remainine layers had thick walled ligalfied
cells. .t literal zone there were 15 to 13 layers of cells.

The thiciness was #.20 m and averace cell size was 0.45 um in

diametcr, Thne first 2 t 3 layers nad thin wallcd narrow cells

(@]

while the rest weroe niznaly li-nified, At oicropylar rersion

~



PLATE VII
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Fizs, 49-50: Sections of 100 day old seed of Ganesh

(soft seeded variety) tested with T.B, method showing

inner inteecument.

Fig, 49: Micronylar recion »i the sezd showinm inner
integunent, Note the licnification of most of the cell

layers, x 150.

Fiz, 50: Chalazal region of the seed showing inner
intecument, Inic the poor lignification of cells at the

innec layers nf cells, X 150,
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there wire 25 to 25 layers of cells w th thic mess of 9,40 ,um
and avee .me diameter of cells vas 0,40 am. The cells were

swaller ond voorly liznirfied in this reeinn,

In Alandi vuriety thc thicmess or inner intesument at

[$)

chala-al region was 5,25 jom, at lateral znne 4,85 pom and at
microopylar region 7.20 . There were 15 to 13 layers of cells
at cnalazal rceion with avercse cell diamcter of 0.40 Jui, There
were 15 layers of cells at the lateral recion with an averace
cell di-weter of 0.35 mm, At micropylar rewion there were 20

to 25 laye.s nf cells with avera~e cell diameter of 0,35 um.

At chalwral recion first 4 to 6 layers had broader cells with
thin walls, The other layers had cells with heavy licnification,
The lat:ral and mlcronylar regions were histolosically sinilar

1o the chalazal region,

In the variety Kobul Yel'low the chalazal region was 6,40 am
thick and tne averawe cell diameter was 0.50 pm. At lateral zone
the thicimess was 4,54 aum and averaese cell diameter was 0,40 jum,
The micropylar zone was 7.45 mum thick and averaz~e cell diareter
was 0,50 pm, In this vari~ty thrre wus no clar cut dem.cation

were
of cecll lavers at ary region., Alwmost all the cells/hisaly ligni-

fied in tnis zone. Some ce ls had very thick walls with broader

lumen.,

At 120 davs after fruit st waich coincided with harvest-
ins, the secd size in "an sh variety was 381.28 pum in len~th and

36, 80 Jom in width, In Bassein Secdless it was 85.50 jam in



len~th and 33.40 jom in width, In Alundi it was £2,40 o in
lenzth and 43,70 Jam in width, In Xabul Yellow the len~th was

€5.,00 pm ond the width .as 40.00 mum,

The outer intesument thickness in fanesh variety (Fig. 51
to 56 and 57 t» 59) at cailazal zone was 6,20 pa with a single
layer of elonrated cells. The cell size was 6.40 ,um in lensth
and 0,R0 pom in width, At lateral gz-ne there were 1 tH 2 layers
nf cells with a thickness of 1,70 am and the cell size was 1,50
pm in lensth and 0.50 »pum in width, At micronylar gzone there
w2s a sinele layer of cells and the thicimess was 6,35 am and cell

size was 5.25 Juln in len~th and 0.80 Jom in width,

In Bassein Seeless at chlazal resion the outer integument
was sin~le layercd and thic'mess was 6.50 pm. The cells were
5.80 mum lone and 0,95 um wide, At lateral zone also it was a
sinvle celled layer, with a thickness or 4.30 mum and the cell
size was 4,55 mm in len-th and 0.45 pm in width, At micropylar
region too the structure was similar with a thickness of 4.40 um

and cell size of 3,50 ,um len~th and 0.75 ,um width,.

In the variety Alandi the out-r intzeuwment at chalazal
region was sinrle layered with a thickness of ©,40 ,um, The
cells were 6,10 um lons and (.85 pm wide, At lateral region
the thickress was 5,25 Jom :nd cells were 3,00 mum lon~ and
0.40 an wide, The cell tavers were nnt viry distinct at chalazal

as well as micronvlar resinns, The thickness was 3.€5 um and

cell sige wis 3.10 am in lencsth =nd 0.50 um in width.
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Fieg, 51=562 Sectinns of 120 day »~ld seeds of Ganesh (soft
seeded variety) tested with PAS method showing the integu-

ments,

Fig, 51: Micropylar region of the secd showing both the

————

intesuments x 30,

FPiz, 52: Imteral region of the se~d showing the integuments,
Notzs the larger onortion of out-r intcgument with elongated

sinzle layered cells X 1020,

Fiz, 53%: Ch lazal region of the secd showing maximum portion
of outer integument, Uote the enormously elon-ated cells of

the layer lacking starch grains, X 100.

Pig, 54: A part of outer integument with enlarged cells lack-

ing starch grains X 400.

Fig, 552 Micropylar region of the seed showing only inner

integument with its poorly lignified cells, X 400,

Fig, 56: ILateral region of the seed showing most of inner

integument with its cells poorly liecnified, X 400,
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In the variety :zbul Yeliow (#is 60 to 61) the thic.mess
of outer integument at chalazal reerion was 3.80 pom oand cell size
was 3,50 am in lensih and 0.70 pmoin width, At lateral resion
there were no distinct layers. The thieimess nf this zone was
3,10 o and the cell sigze vas 2.95 am in len~th and 0.45 um
in vidth, &t micropylar resinn the thicmess was 5.00 pom and

the cell size was 2,20 ,nm in len~th and 0,45 ,um in width,

At 120 days after fruit st the inner integument of seed
in the wvariety Ganesh a2t chale-al resion was havine a thiclness
of 2.28 mm and aver:re cell ditnmeter was 0,55 »um. The mumber
nf cell layers were 13 to 2. and the ~uter 4 t~ 5 layers were bicger
in sigze and thin walled and the r«ct nf the layers had highly
lignified thick walled cells, At lateral region tvhe thickness
of integument was 7,83 mum and average cell diameter was C.50 Juan -
In this gzone there were 15 to 17 layers of cells and the first
4 to 5 layers of cells were smz2ll in size and thin walled while
the rest of the layers were lienified and thick cell walled, At

micropylar zone there were sbout 20 layers of cells of small size.

The thickness was 2,0 ,m and the averase cell diameter was
0.20 pum,

In the variety Bassein Secdless at chalazal region there
were about 20 layers of cells, in the inner integument out »f
which the outer 1 to 2 layers had very thin walled cells =nd tne
remainine layers had hisghly lienified thick walled cells, The

thickness of this layer was 7.48 mm 2nd the aver se cell diameter
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Figs, 57-59: Sections of 120 day old seeds of fGanesh (soft
seeded varieciy) tested with TB method showing integuments

at different recions,

figs, 57: Micrcopylac re~inn ~f the seod sanwinT poorly

ligaified inner integument zand pacrt of out r. integument .,

Fie, 53: TLateral rcgion »f the seed showins inner integu-
menc, .inte.the lignificatian o< the inner layers »~I tae

inner integument X 150,

Fie, 59: Chalazal re~ion of the seed showing lignified

inner intesument and ovart of outcr integument, X 150,

Figs. 60-612 Sections of 120 day old seeds of Kabul Yellow
(hard secded varicty) tested with T.B. method showins inner

integument,

Fig, 60: Micropylar region nf the seed shnwinqéio;nifi—

cation of inner integumentary cells. X 15u,

Fig, 61: Chalzzal rcgion of the seed showing lignification

of inner integumentory cells.X 150,
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wzs 0.45 am, The latcral zone had about 15 layers of cells,
It had & thickness of 6.40 am and the aver .ge cell dicneter
was U.25 ST, The outir 8 to 10 layers had thin wallcd cells
anc the rest had hienly liacified cells, At .icrovrler roeeion
it had 20 t» 25 layers nf cells and the lirst 10 to 12 layers
were with thin walls ané the renainin~ were hic:ly lignifiecd
nd thick celled., The thicimess wis ©,28 Jon ahd the average

cell sicze was C.49 um in diapmeter,

In the variety Alandi and Xaobul Yellow there was no distine-
tion of cell layers, Tre liqni;ication occuwred (Fie, 62 to 65)
just after the outer 1 tn 2 layers which were thin walled but the
renginine leye.s had hiehly lisonified cells. The cells werve
circular in outline with radiatine pits and broader lwwen, In
Alendi vuoiety at the chalazal region the thickness »1r the inner
integument was 5.25 ,um and the averace cell diameter was 0,80 um,
At lateral gzone the thickness wes 6.00 um and the cell diameter
was 0.75 mm. at microvylar r'~ion the thickness was 7,20 nm

and the averace cell diameter was 0.65 pm,

.In Bbhul Yellow variety at chalezal recion the thicimess
of inner integument was 7,20 pum and the averc~e cell diameter
was 0.75 mn. At lateral repinn the thiclness was 7.C0 um and
the cell dizmcter was 0.70 nm. At nicropylar reeion the thick-

ness was 2,00 ot and the sversge ce'l diamet-r was 0,70 Jurte



-
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Pigs, 62-65: Sections of 120 day ~ld seeds of Xabul

Yellow (Hird Seeded variety) tested with PAS method

showing the intecunenis.

Fig, 62: Micropylar region showine both the intesuments,
Note the intensive licnification of inner integumentary

cells X 100,

Fig, 63: Enlareed inner inteeument-ry cells showines heavy

lLignification, X 400,

Fioc, 64: Lateral rerion snhnwin~g both the intesguments,
Note the heavy lignificatinon of inner iniegumentary

cells X 100.

Fig, 65: Chalazal region of the seed showing both the
outer and immer integuments, DNote the presence of few
starch grains in the outer intesument and also note the
intensive lignification of all the cells in the inner

integument o X 100.






66

III, Histoche 1cal strdies

Histnachenical chanzes obsecved in the int-cumcnts durinn

9]
)]
[
Q
[N

evelepmentl »0 vpomery nctle varictics M.nesh, Passein Seed-

[

ss, Alandi and Zabul Yellow were as Tnllowe,

As fcr as chan~c~ ¢ proteins and ritonucleic acids
are concerned it was sbgserved thut, there was not moch difference
between the varicetics stvdied, In 2ll the four varleties sivdied
the cu~cr content wus less and there was larre amount of starch
accruvlation and this accumlation woas more intense in outer
integrments and only few layers of inncr inteovments just
after ovter intesuments were having starch crains. 4s the
seed was arowing the starch accummulation started reducing show-
irg tihat the starch has started convertiinr into sugar and this
accurulation started ewrly in soft seeded varieites and in Lhese
varieties it was clear from 80 days onwards tnat there was no
starch grains a2t all and also the cclls at outer integument were

elon~ated with more suscr contents in their juice.

Iv. chenges in {ruit quality

1. Total snluble solids

The data on TSS are oresented in Table 10 and fioure 7,
The sugar content of the juice measurcd as TSS incarcased gradvally
dqurine [ruit develomment ané it incre=zsed eontimu-ucly vith advance-
ment of matvrity, In the v-riety faonssh the TS5 at 50 deys ~f

fruit erowth was %.75° Frix and it reached £,20° Brix, latcr when
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the harvestine time was anwrotched (120 days of sr-wih). The
variety Bassein Seedless had 3,507 Brix TSS at 30 days of fruit
ornwih and roacned 2,207 Drix at maturity, Incidentally out of
all the four varicties stvdied Bassein Secdless variety recorded
hi~hest T35 of ~.8%Brix at natirrity, The variety Alandi started
with 4,0° Brix TS5 at 30 days and rcached 2.4° Brix at maturity
and Izbvl Yellow variety had 3,3° ZBrix T3S at 30 éays arowth and
reached 7.0° Brix TSS at maturity which was incidentally the

lowest TSS recorded when compered to nther varieties,

2, Titratoble Acidity

The date on titratzble acidity and Brix/Acid ratio are
presented in Table 10 and Fic~, 7 and 8 r-:spectively. The acid
content -f the juice which cxpressed as gram % of citric acid
decreased with maturation »f fruit, In Ganesh variety the acidity
was 1.20% at 30 days and it decreased to 0.66% at full maturity
(120 dayvs)., In the variety Bassein Seedless the acidity which
was 1,21% at 30 days dro-ped d-wn to 0.78%., In Alandi also the
acidity drovped d-wn from 1.25% at 30 days to 0.f8% at maturity,
but in Xabul Yellow the acidity which was 1.28% at 30 days did not
drop below 1,24% till 80 days of fruit erowth, and it came down

only durine matvrity stuge to 0.76%.

The Brix/acid ratio 2lso increased as the f{rvit was growing
fron fruit sct to matvrity. In virietics %ancsh, Bassein Sned-

and Alandi the ratio incrcescd from apyroximetely 3% at 50

l_-l
D
w
6]

days to 12% at maturity. But in the variety Kabul Yellow the
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0

ratio which wrs 2,573

6]

t 30 éays incrsased tn 9,210% at 120
days of rvrit ~rowll, The increrse in Brix/acid ratio and
decreasine trend »7 titratable aciaity coulo Ye used as criteria
for fixine me-arity stoncarcs in noneer  nate rvrits. In the
thr<e conuercial pomecr.nate vorietics Sncsh, Bossein Sesdless
and Alandi when the yruiil reachcs titrriable acidity and Brix/
acid rutio of around 0.6 and 12 respectively the [ruits are

ready for harvest,

3 Svgars

H

he data »n the changes in reducineg and total suecars are
pr sented in Tavle 11 and Fis, 9. Both reducing and total susars
continued to inar-ase durineg the aevelonment of fruits. The
t17tal su~ars eventhou~-h continv:d t» incresse with advanceucent

of maturity the increase was rapid durins 100 to 120 days. In
the variety nancsh the reducing surars increased from 0.121 2/

100 ml at %0 days of fruit er~wth tn 0.463/100 ml at 1720 days
while the total sucars rawised from 0.358 /100 ml to 2.292 g/100
ml, In the variety Bassein Secdless the reducing su~ars increased
from 0.165 to 0.474 wnd total surars inareased from 0.%05 to 1.800.
In this variety the total suverur was the lenst when comvared to
other varieties., In Alandi the redvcinc~ and total susars were
0,181 and 0.%10 respectively at 30 cays while at 120 days the

redueinT ond tntal su~orSwere 0,423 ana 2,260 respectively.

In Kabul Vello. tne reduecines and total sumars were 0,126

erd 0.296 at 30 doys respectively while they were 0,244 and
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2,452 a2t 120 aor s, The maxiwen totel su~ oo were in Manesh
2,292 followrd Ly Alindi 2,250, "2bul Yellow 2.239 and Bacssein

Secdless 1,800,

st

V. Beas nal chr.n~es in
Fruits and Gcodo

wero and ldcromrisient contents of

A, lacronutrieants
The datz -n chanees in the minecral constituenis of fruits

and seeds ore prescnted in Talle 12 & 15 and Fie, 10, 11 and 12,

1. ditrocen:

llitrocen c~ntent (Mi~, 10) in frvits was hirh at 10 days
ni frvit er~wth tut declined thereafter continuously til]l maturity
(120 &ars)., Manrsh had 1,792, nitroren at 10 days after fruii set
and it decrezced ceontinvously till 80 dnvs and then there was a
little raise in niirn~en content from 100 days finally reaching
1,344 at 120 dars., The nitro~en content of seeds also shoved
similaer trend as fruits i.e, nitrnren wus hisch in the initial
steses ol seed srowth, At 20 days after Ffruit set it was 3.£40%

walch declined to 1.792#% ot maiuvrity (120 days after Iruit set ).

In Becsein 3eedlers vari 1, the nitros n eontent of fruit
was 1.,524% at 10 fays and went on decreesine till 60 days and
a~ain increascd 5l1-htly to reach 1.176% at matucity of fxvit,
The secds of Dassein Seedl: ss hzd 3.416% nitrormen 1 20 days
which deelin.é ti11 120 d-vo only. There was incr--se in the
nitrn-en contont betiveen 100 to 120 days., At 120 d-ys the nitro-

)
o

cen content of secd was 1.792%.
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The fruits of Alandi variety had 1,792 nitrn~en at 10 days
after fruit set and it declined c-ntimi~usly without any increase
till 120 d=ys finally reochine 1,021% nitr~~en at matvrity, The
nitro~en content »f seeds also exhihited similar trend. The
nitrneen content at 20 days after fruit set was 3.13%% and it

reached 1,500% at maturity.

In rabul Yellow variety lhe nitro~en content of [riits
which was 1.568% at 10 days, declined to 1.052% at maturity.
Similar trend was seen in nitrogen content of seeds also, It
was 3,024 at 20 days and declined continuously till 120 days

finally reazching 1.456% at maturity.

In conclusion the nitroren content of bnth [ruits and seeds
was maximum immediately after fruit sct (10 days) and seco-nd high

was reached around maturity (120 days).

2. Phosnhoruss

Phosvhorus content (Fir,11) was meximum at 10 days and
then it gradually declined unto 80 days and again rose towerds

fruit maturity.

In Gar. ch variety the phosphorus content was 0.194% at 10
days after frui: %, declined till 8C days (0.050%) increased
sli~htly from 80 to 120 days and finally reached 0.100% at maturity.
In sceds of fancsh phosvhorus comient which was 0.613% at 20 days

declined till 80 days (0.122x). A sli-ht increase in phosphorus
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content vas seen betueen 80 to 1.0 o.ys., Tne phosphorus con-

tent of seeds wos 0.200% ai 120 deys

m

The Bassein Secdless variety also showcd sianilar trend as
fenesh, The phosphh.us conient a2t 10 dayc after fruit set wes
0.175% it declined till 30 duys (0,063 ;) and then a cli~ht raise
in phosphnarus content was seen between 80 to 120 days, finally
reacaint 0.1444 phosphorus at matwrity., In sceds phosphorus
content was 0,625% at 20 days alver friit set and it declinad £ill
80 days (0.125%) and acain raised a litile during 80 to 120 days.
At 120 days the vhosphorvs content in ssed was 0.283% which was

highest as compared t» all the varieties studied,

In Aobul Yellow Tuit +1he phos horus content was 0,171/
at 10 deys after fruit scu., It decreasecd and fina'ly reached
0.088% at maturity. In this vaciety the phosphorus content of
fruits continuously declined fronm frvit s°t to maturity., The
phosphorus content of secds at 20 days after fruit set was 0.6553%.

It decrcased till 80 days (0.10v,5) and again sli~hily increased

to 0.245% at 120 days.

In conclusion, the phosphorus cont~nt of both fruits and
seeds was hi~hest imrediately after fruit set and a second high

phosohnus content was seen at maturity,

3. Potassium:
The notascium s-atcnt (Pig, 12) of Iruits was lu~h &t 10

days but decreascd thereafier and rcached maximum at 120 d=ys.
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In %ancsh the polassinm contuni was 1.722,. at 10 days
alter Ifrvit set, it slowly declined till 60 days (0.546%) znd
a~ain incrznsed shar»ly tovards a~freitr, At 120 4335 the
potacsium content was 1,882, In s22ds the motassivm content
wes mexisun (3,024%) at 20 dars declined in 1.596% at 50 days,
and awain increased sharnly towacds mata-ity, and rcached

1 -
2,024, av 120 daa,r

2

aft e ©evit oot,

In Bagseln Secdless gimilar trend was observed, The
cotassium enni=nt of fruits was 1,680 at 10 days and it slowly
decrcased 1o 0.840% 2% 382 duys and at 120 days it acain increased.
At 120 days the notassium content was 1,722%. In seeds the notas-
gium contz=nt at 20 days was 3,102, it slowly decreased to 1.428%

at 50 days and acain incr ased shar .1y towacds maturity (2.552%).

In Alandi variety the fruits had 1.,806% votassium at 10
days after fruit set and it decreased to 0.462% at 80 days and-
inereased slowly to reach 1.353% at 120 days after fruit set. In
seeds of Alandi the potassium content at 20 days was 3.192%, at
40 days the contents decreased to 1.,596% and increased steadily

till 120 days and at maturity the potassium content was 2,448%.

In Kabul Yellow variety the polassium content in fruits
was 1.470% at 10 days after fruit set, the cnontent slowly decreisead
to 0.462% at A0 days and a~ain slowly increased towards maturity,
At 120 dnys the ootassium content was 1.5965, The secds of iabul

Yellow verict; had 2,500 notassium at 20 days after frult set,
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it decreased to 1,512% 4t 50 dzy. and thereafter increased con-
tinuously till matvi lty reachin~ 2,680,5 at 120 days after fruit

set,

In eseneral the notassivm content o) fruits was hish and
hi~hest at 10 days and 120 darys regvectivelv, The seced contained
very hith potassiun both izedintely after fruit set (i,2., 20

LY

days) and ot nat-oity (L.e., 120 days ).

B. iicronutrients
The da a nn the changes in the nicronutricnt contents of
four cevelopins poncrrunate [ruits and secds are presented in

5

Table 14, 15, 16 and Fi-s. 13 to 18, The contents are in ppm.,

In reneral, the micromutrient c-ntents of fruits wexre high,
initially aftrr fruit sct, then the7 declined in the intermediate
stages and finsally reached maximum values at maturity, However,
the secds had moximum micromutrients immediately after fruit set

(1.2., 20 days) and the ecmtenis slouly decreased tlovards maturity,

1. Calciums

The c¢2lcivum eontent in fruvits was more in the initial stiaees
of frvit rrowth (518 13) in fan sh the content was 32.5 ~pm, in
Bassein Seedless it s 48,0 pvm, in Alandi it was 46.5 ppm and
in Kabul Yellow it was 44.0 ppm, Thc calcium content increased
as the fruvit vas crowinz. The caleivm contznt was decreased bet-
ween 10 tn 20 das a1d 50 to 50 duys period in all the varieties

excent bul Yellow, In #bul Yellow there wus dccercase in
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cdlciwm coateal till 50 daye and then slouly 1t incrensced $i1l
actieity, At math it tae caleibnm contents of dlrteent varie-
-

ties wece hivhersy, In Gan.cocn vori.ty 65.0 ~om, Bacarin Seedleus

31,0 vwma, Alundi %°,5 oom and “nbul Yellow 57.0 »rm,

In th

(6]

se~ds i1ne calcivm content was moximum at frult set,
it declincd 4 rine 20 to 30 days and a~ain lincreascd durines 30 to
AQ c¢ays indlanrdi and .&bul Tellow, In Sancsh and Basscin Seedless
the increase was durias 30 to 50 days., Thnen the c-ntents decreased
sli+itly and then more or leuws reamnined constant till matwity.
The calciun eontont of sezds at 20 days after fruit set in Tanesh
vari -ty w2s 37.0 rpm, in Sassein Se dless it vas 51.0 ppm, in
Alandi it was 33.0 opm and in Kebul Yellow it was 59090 vpn, The
contents increcsed to £7.5 prm in Gancsh and 52,5 pom in Bassein
Secdless at 50 days afteor fruit set. In Alandi the content s were
45,0 vpm and in XKobul Yellow the content was 50,0 vpm at 40 oaws
alter fruit set, AL 120 c¢urys after fruit set The calcium content

in secds of dirffer nt voricties weres %aacsh 19,0 ppm, Dassein

Seedlzss 15.5 pom, Alandi 10,5 pom and Eabul Yeliow 13,5 ppme.

2. laonesium:

The magnesium contcnt in the fruits (Fiz. 14) of differcnt
var.etics was norc durine 10 days aftor fruit s:t. It was 24,5
wam o in %n.sh, 27,0 ~or in Tassein Scedless, 2.5 »npm in Alaadi

and 24,5 ppn in Inbul Yellou, The contents declin-d till 60 days

in all the varisties, 1n "anesh it declined to 7.0 »pm ( at 50
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days), in sassein 3cedle:s 3t deelia 4 1o 10,5 awm, in Alendi
to 12.5 »rm, and in w@abil Tellow to 3,0 vm, The mirnesiun

convents a~rin incr: ooed to reoach 440 mom o din fancoh, 41,9 -pm
in 3ascein 3eedlzgsa, 42,0 »m in Alandi and 43,0 o»om in Xabul

Yel'ow at maturity,

In the secds the m2a~rnesiu e ntent was mexismm at froit

s+t wien compared to froits in all the {~ur varieties, The masne-
sium cont nt at 20 days after fruvit set in Gencsh wus 28,0 pnm, in
Bacgein Szedlecs 40,0 r.oa, in Alandi 41,0 ppm and in x&bul Yellow
m, The maenesiun content almost becane half at
matreity, The marnesium content slowly decreased <5 the seeds
were crowing, The decresse was 1ill 60 days and acain it lacreased
dirine 50 tn 120 davs. At 120 davs Banesh variety had 13.0 vonm,

Bassein Scedless had 20,5 »rom, Alandi had 20.0 »pm ond @bul Yellow

had 21,0 ppm.

3. Iron:

The iron content in Ifruits was more at 10 dars after fruit
set (Pig, 15) in all the four varietlies, Variety @ncsh had
104,90 ppm, Bassein Secdless and Alondi had 132.5 vpopn and wabul
Yellow had 90.0 npm, The contents deareas:d ac the frait wos
rrowine till 30 days after fruit set and then incre.sed steadily
t111 harvest, At 120 days after fruit set the varisties had maxi-
mum anounts nf iron., The variety %awnesh had 130,0 »ym, .asrsein
Seedless had 214,0 roa, Ala.adi had 136,0 »pr, aad Ll Tellow

had 104.0 ppi.
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The iron convents in sccds was ~oximm at Cruit set, It
was alwost double the ancunt wien co.rmuwe.d to frvits. At 20
dais after ruit sct the iron conionis o’ seeds in Mnesh was
229.0 vmm, in Bassein Secdlzcs it was 216.9 pom in Alendi aad
Habul Yellow it was 200,00 opm., Th. conlents slowly decreased
s the s 28 was ~rowine and £in2lly ot 120 dars arti.r .ruit set
the iron content in all the {our vorictics were: fGanesh 63,0 nom,

Bassein 3:edless 42.5 vpm, Alandi 43,5 vvn, and kKabul Yellow

1.5 vpm,
4, lneanese:

At Irvit set the man~anese conient of fruit was more in
all the four vurieties (fiz., 16) Ganesh variety had 14.0 o»vm,
Bassein Secdless had 25.% nvom, Alandi had 20.5 »pm and XKabul
Yellow had 15.5 vom, The manranesce contcnt declined after fruit
set till 50 days anc at that nerind the mangunese content of
nanesh variety was 20,5 ppm, Bassein Seedless 20,5 »pm, Alandi
9,5 »pm and Xzbul Yellow 10.5 ppm, and then there was a steady
raise in maneanese content till matu ity, At maturity the variety
nancsh and Bassein Scedless had 40.0 nom, Alandi had 45,0 ppm and

Babul Yellow had 45.0 ppm.

The manganese content of secd was similar to iron. The
contents was hichest at fruit set and it decroased continously
£111 maturity. A4t 00 days after frvit set the nan~ancse c-ntent
of fanesh vas 35.0 vpm, In Bassein 3ccdless and Alandi it was

37.0 ppm and in Xabul Yel ow it was 35.0 »pm. The mansanese
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content ot harvest (120 @
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In &ll Lhe forr varictics weres

fanech 12,0
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.5 oy, Alandi R.5 owm and

Imtul Yellow 2.5 an.z,

5.  Zinc:

The aisunt ol zine vabh in fevit as well os in seed w.s
similar to nther micrn-elencnts (£i-,17). In the . rveit the
amnount o zinc was umore at fruit oot and it deer-aced till 60
d2ys and necreascd a~ain towards notrrity, At 10 days after
frit sebt tne amount of gzinc was 4.0 »m in %ancsh, 5%.5 opm in
Dassein Seedless, 71.9 "opm in Al-ndi and 41.5 pom in Kabul Yellow,

!

The amouni de

~

cased to 33,9 »nm, In fanesh, %7.5 rom, in 3assein

U8

npm in Alandi and 30.0 pom in Rabul Yellow at 60
days and at 120 days after Iruit set Gonesh hnd 86.0 opm ol zine,
Bassein Secdless had 94.0 »pn, Alandi had 72.0 ppm and mxval

Yelliow had 90,0 opm zinc,

The amount of zine in seed was maximum at Truit sot suvare,
The amovnt at 20 days alter ruit set in %anesh was 75.0 ppm, in
Bussein Secdless it was 69,0 ppn, in Alandi it was 79.9 oprm and

in Kabul Yellow it was 7.0 ppn. The amount of zinc declined

[

continuvously as the sced wes develonin~, mult -nly durin~ 120 d.ys
after Jrvit set 2 sli ‘ht increase in minc eontont waus secen, The

anount of zinec at 120 doys aster frull zet in "ancsh uls 47.5 vom,

L83

pom, in Alandi it v o5 30,5 mDin

\Sa
o
[ ]

in Zacszin Sewdl=os 1t was

°
o

~
.

and in Xbul Yellow 1t was DDl
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6, oners

— L . e

Copper coat.nt in Ifrvits (M-, 1¢) was high at 10 days

B

arter fruli soty v declin-d th- ealt-¢ continuouwsly ill 60

dayse At 10 da;s, "uu sh had 12,9 < -n, Bassein 3eedless had

17.1 -, alondl hoad 13,5 yom and Cbul Yellow hed 1.0 - A,

he enops. contenvs cnme down to 12,0 vom in Guiesh, 12,0 ovrm o in
Baccin scedless, ot _0 dar's and 14,0 npom in Al-ndi and 11,5 pom
in Zbvl _21llow at %0 durys. The cosper con'~nt z2~ain incrcased

and rcached to maxiwm at 120 doys after fruit set, Copper con-

tent at 120 d=ys in the fous varictl s weres Cuncsh 26,0 pom,

Basgein Secdlegs 20,0 npm, Alandi 23.0 nom, Xabul Yellow 20,0

P

D,

in the s2udés the co »nel conlont vas muximum at fruit sed,
In Alandi and .&bul Yellow the cooner content was more and conm-
narably it was lo.c in fancsn and Bassein Scedless, In Ganesh
and bul Yellow the amount of covper slowly increas 4 till 40
daye asser frudt set, In B.ssein Secdless and Alandi the anount
of coprer remained almost constant till 40 days and then on the
asount came d-own 1il1 harvest, In varieties fanesh and kabul
Yellow the copper conitent declined afteor 40 days and it contimued
till matwity. At 20 days after frvit set the fanesh variety had
13,0 ~pm and it was 19,0 vom at 120 days after fruit set, In
Ba-gein Seedlzss at 20 dars the co wer content was 18.0 opm and
it was same at 120 days als»., In Alandi it was 21.0 vom at 20
days and it came d~wn to 12,5 wom at 120 days, In "abul Yellow

it was 24,0 rpm 2t 20 days =nd 21,5 pom at 120 days after fruit

set.
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22

Ecfeet ~f Gibbecellic seid mm pome~vconats Sryit

v - et s g e eeita.

A rrelindinnry 2xmerl mw v Leven v te S oo et er an lled

T4 cun luncucee serQlessne '3 in hord o acd nomIe T L v

“alna~os,  Gibtess Llic ceid w oo tvi & at 500, 750 2nd 1600 roan

¢y c-ntr i alon -t with & conwvenal, Yie Tivberel ic acid solu-

-+

tion wos “.en in o« bealkesr cnd the enczorlot~d flouors we e

23

di~ned Tr Lhe galution foe %3 2 ndrute, ASt r 15 wnntho it wss
sen then “ibberellic acid did not stitmwlate seedl-sgneas in
fruits, The treat @ O i's did oot orov to & normul sice put
their <hane wais distionwed, The fvvits tumed inin elon~ated
oncs wiile untreated frviits r maired rouvidish (Fi~-, 65) and also
the %A treated frvic; develnped beauniflrl reddish colour within
17 monchs after the trzatacnt, AL that stice when froits wveve
cut it ues obsefved that the seeds have ant developed at «ll
(Fig, 67) but in conirol there was nor..al develo ment of seeds,
It can be concluded that in nome~r .naic ciblerel ic¢ acid covlo
not 1rouvce scedlessness and also pollinatien and fertilicaticn
15 nececsory cJor no. al frult developrment, lillians and Stahly
(1960) trird cyvtokinin and eilberellin to ¢ ¢ itheir eltvect on
sl.ape of delicious a.nle fruits They onbrerved 1.1 T4 c2used
Jriits to Te lonser and crtokinin 2lgo crvscd rmiits to be lon~or
with well develored calyx lobes, In pe-.cics Stemurin~e wnd
remtrell (1270) ob :rved th.t eibberellic 2cia lncuced partheno-
X i

¢ roic roita, A tr o wted froito wole gome v fosonles wnd

rinre e'on . hed than enntrol Tmhite,



PLATE XI

Fig, 662 Gibberellic acid treated fruits 45 days after the

a———

treatment. Note the small sized and irreenlarly shaved fruits

of GA trecatment,

Fic, 67: Cross sectinon of GA treated fruits after 45 days of

treatment, Note the normul seed develowment in control fruits.,
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DISCUSSION
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I, Pattern o0 riit ~c~wih

Te dreoh wed~nl o0 the fruits

Tnc fresh wei-ht »f fruits in all the f-ur pomeerranate
¢ ltivars continued T~ iner ase from it set 1111 matirity. The
pomeoc.nate fruits requiced cb~ut 120 cdavs tH> r ac’ the st.~e of
harv ot mairity., These resilts are in e~nfirnation with the
stvdics of Shulman ct al, (1984 ) Dash (188.) and Josan et al,

—~

e

The pattcrn »nf frvit orowth shweda si Jle siemnid curve
aliost a r.oachin~ a lin.ar relatisnship, Shulman et al., (1084)
repo.ted that frvits of pome~r .nate vavricty Mo le's Head hed sinple
sigmoid ~r-wth o ve wnerceas tne variety Wonderfuvl made a linear

crowth, The resilis ~f the present stvdy are in confirmation witn

those of Shulman et al, (1934) and Bash (1.€3).

In the present study durine the period extending from fruit
c2t t» matiraity there were periods of hich arowth rate alternating
with slow soowth and finally rrvits reacnhid maxirum growth towards
matirit,, Similar resulls were reported by Dash (1983 ) in variety
Jyothi, where the frvit wei~ht increascd greatily duwring the second
fortni-ht and again diring sixth fortini~hi with decreased weights
during other reriods. Josen ¢t al. (1377 ) also observed similor
trend in nomegranate under Punjesb chadiivione, ATter frvit set

trne;y nbserved a ranic and continuous growin upto 35 to 40 cays
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Tollnwed by a4 period 0 slow wev Llovrunt o anothes 05 azys ¢nd
there aft.r the .rvit sige rv aincd moge oo loss the -ame, Arie

et al, (14} obscrved a chastent 2 te nf resh wei~hi inepr ase

{

in frvite »f Wondertfhi L variety ~f nomeeranate Throughout tre
growin~ scossn, accovdin- to Bollard (1670) the increase in

fruit we:r *ht can ve atiributed 1o 21 incer ase in Loth the cell

size and inter cellular o.aces in the flosh, w 1ch resvlted in

the maximum vossitle accuwn lation nf faod rubstances, Incrid

Roth (1977) is of the opinion th.t rrrit develooment is freocuently
initiat<d by cell division which is later followed by cell enlarge-
ment, The verind f cell division may be short and eveniially
restrict.d to parenthesis time, while cell enlargement is always

of sor~¢i.gt im ortvance., Some fruits enlarge 200 to 30 times of
their ~r’oinal size and cell volume increases to the same extent,
Westwrncd et al. (1967) arc of the opinion that the combined growth
resultin~ from cell division, ccll enlargement and air space
formation results in & =zeneral sipmoical curve when fruit velume

or wel~rhi is plotied as a function nf time, In the ores-nt investi-
s.tirnc on pomegr .nnate & convinuous increase in {resh fruit weiecht

from fruit set to mat rity was the r« stlt of both cell division

and czll enlargement,

2. Ieneth and breadth of the fruit

The lensth and brcadth of frvits inaeased contirmiously {from
frvit sft to matvrit,. The increase in len~th was fast.r as com-

pared to breadth lurine the courly period of frviil growth, while
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increase in breadth was more pronsunced duvring the later vart of
frvit ~r~wth, The r-svltc are in a~reement with the studies of
Dagh (1987 ) in momr~ranate varicty Jrothi (GIVE-1), where the

len -th and dismeter of the fruvit increased contimuously from
fruit set to maturity. Arie et al, (1984 ) observed si.:ilax
resulis in woncerfi.l varicty of romegranate, In ber Bal and
Sinmh (1977d also observed that the incrrase in lencth was faster
than incr:are in diameter during the firdt phese, (first cix
weeks after fruit set ) whereas in the third phase the fruit
increased in diameter than in the lencth, In Kaggzi lime Hittalmani
and Ran (1976 ) obsecrved that, the len th and diameter incr<ased
continuocusly but there were fluctuations with recard to rate nf
increase and {ina'ly concluded that the leneth was slichtly more

than tnc breadth throuphout the erowth period.

3. ILen-th/Breadth gratio

The diffcrential length and breadth growth rates affected
the ren~th/breadth ratio of frvit duvrine its development, In the
frvits of fan sh the length/breadth rutio was 1,22 at fruit set
and it decreased to 0.97 at matvrity., In variety Bassein Seedless
the len~th/breadth ratio rezained around 1 upto 80 days indicating
thot increase in lensth and breadih was of similar magnitude durineg
tais period and the fruits were almost round. The ratio decreased
to 0.94 at maturity, In Alandi variety tie len~th/breadth rotio
was 1.20 at fruit set which decrezsed to 0.89 at maturity, while

in Kabul Yellow the ratio decreased from 1,1% at fruit set to 0.94

at maturity.
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The frvits »{ "anesh, Alandi and "abul Yellow had hisher
len~tn/breadth ratio durinz the initial uteeres of fruit erowth,
and the catio aradvelly decrcas d towards materity as a result
of rr uter increuse in breadth, Thus it can be ceonecluded that

the truits in the initial sl scgs were oblon~ ovate and subse-

quecrtly tnc  became round, rlobuler or olabose in shape,

4, Fresh deight of ring ana sceds

The weirh® of rind and sccds increased contimiously till
matwrit, {Table 4 fig 3). During ucst stuses of fruit develop-
ment the seeds accounted for aboutr 50 per cent of the total weight
of the truit, The wel - ht of rind and seeds were more or less
equal in 40 day old frvits and thereaftor the seed weisht was
hiehor tkan the rind weieht, apvarently dve to enlarcement nf

arils and accumlation of juice in arils,

Simlman et al, (1984) also observed that the seeds consti-

tuted ab~ut half »f the fruvit's weioht duwring most siages of

fruit development, Mwther, they reported that the seeds erew
contimiously durin~ fruit develepmenti., At the beginning of
fruit development the seed consisted maialy of 2 soft stone,
Later the stone stopped srowin~ and hardened while the juicy
tiosue (aril) eontimued to egrow, They concluded thet the pome-
granate sceds resemble the Jdevelopnent of drupe tyre fruits;
however, it dirfers in that the drupe usuully follows a d wble
sirmoid growth curve ({(Lilleland, 19313 Lilleland and Newslone,

19343 Coombe, 1975), Wherecs pomecranate seceds grow contimiously.
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Data on seed wei~ht obteined in the vresent study clso showed
that seeds grew continuovsly., Similar recvlis were reported by

Dash (1933) and Jnran 2t al, (1070),

5. Seed weight/Rind wei -ht ratio

In -eneral it was observed (Table 4 and Pig 4) thot the
seed welcht to rind wei-ht ratio increasscd »radually from fruit
set upto €0 déys and then it declined slicht upto matwity (120
days ). Altiough both seed wei-ht and rind weicht increcased
continuously from fruit set to frvit maturity, initially the
newly set fruit consised mainly of rind portion hence the ratio
values were low., As the orowth and lignification of seeds
picked up, the ratio crussed the value of one around 40 days

thereby indicating that at this stoge the weight of sseds and

rind were anwoximately equal, After 40 days seed growth overtook

rird growth, and therefore ther atio kept on increasing, Around
maturity (i.e., at 100 and 120 days) there was slight decline in
the ratio probably because of setting in of ageing process in

rind and loss nf moisture from rind.

It has been reported (Cheema et al., 1954) that sudden and
abrupt chanre aseoil moisture availability around maturity causes
cracking of pomesranate fruits, Present studims indicate that
abrupt and steep increase in fresh seed welsht (probably due to
influx of moisture in seed aril) mar causeé crac’ting of rind as

ageins process has already started in rind,

£
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6. Iry mellsr coni:nt 3 ir ii w.il seeds

The perecent dry mati:e coat-nt of Zancsh ruits slowly
inerzaczcd from 31,035 ot 10 2; 0 to 42,195 at 40 days .nd ithcre-
after it declin:d to 26,70, level -t maturity stuge., In Bansein
Secdless the dry matl-r comtent ~f rruit inero ased fron 30.87.9
at 10 duys 1o 37.50,6 at 50 days 2ad thea slewly decreas @ to
25.2%% at aturity, In alandi it incrcased Crom 23,715 at 10
days to 3%, 0% at B50th dar and came down to 2%.0715 at 120 darys,
In ‘abur Yellow the dry matter coatent at 10, 50 and 120 days

were 29,174, 41.185 and 35.921% rcspeciively.

14
iy J

It can bc concluded ({rom the abtove rcsults that the per
cent dry aatter coatent of fruits increased contiminusly till
about 50 davs of fruit rrowth d  tincreafter it deelined oradunlly
towards maturity, The initial iancr2ase in dry matter conlent
upto 50 days ves vo33ibly cdue to cell division, The dry matter
content decrcased aftor 50 days »nrobnbly as a result of influx
of moisture ior cell enlaveement and formatiosn of juice in arils
o seeds, Thesz findin:s confirm the results of Shuliman et al,
(1984 ) who reoort=d thut the juice content was less than 25% of
tntal fruit weizrnt around Su dz2ys of fruit esrowih, A4s the frults

atured the julice conitent continued to inarease upto hacvest
time, In their stvdr the juice content reached 40 to 454 o:

the totzal weirht &t maturit/.

This pattern of chanze in dry matter content of fruit was
also observed by Sulladmath (1-75) in savoia fruits and by

dittalnani and Ra-» (1776) in Karzi lime fruits.
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In cooe of seods Lhe &0y autt » ocondent increcsed eont Lrue
ously from fruit set $11L net-oit;.  In fancesh the dvy matter
sbowly fameag-d (e o, 40, 6t 10 darys 3o 17,990 B8 mitoiter.
In Bussein Seedless the dry matisr ennte Nt was J.72% at 10 days
of friit ~rowth, it slowly raiszd in 20,005 at aaturity staece,
In Alandl is was 4,955 and 17.545 at 10 days and naturity stuge

Y

S P PTG T ~7 T O S PR S
reguccliively. saoul Ve low roenrded ©5.100% av

o

natter enntont
N R T T TP | sy oA ey AL v gl 1 b - - s s e e ) 1 VASE: ‘
durine 10 ¢2ys ol ovawith wnich slowly increased to 24,725 at

WP TR T L s i o8 & : . - 3. _— - i 3
maturity., The continusus increase in dry weichi of seads was

duc te hirher rate of srowth of seeds and also due to lignifica=-

AP
‘l

Iven even R i Wy s e o re e oy 5 i 5 iz, B . &
The sprellic evavity wag waw than unity (Ta

(@)

5

[T
[
et

6)

early st.ges ol iruit developuont, in all the four vaoarieties and

v

then it sraduully declined below 1 towards moturity, In Ganesh

bl

1921

vicific gravity was nore than 1 upto 30 days of

variety the

45 s st
tnen SLan

o+

fruit arowin and 24 declining tovards maturity reachings

0,902, In Bagsein Secdless the speciiic gravity sinowed a fall

*U
A

o

from 1.120 to 0,900, it was nore than 1 upto 40 days of fruit
orowth, Alandi varicty showed a similar trond like %ancsh,
variety Kobul Yollow had the maxiaum speciflic eravity 1ill 80 days
of fruit growth. It was mors than 1 till that time., Then only

it cawme down to 0.965 at matvrity., In ceneral the pomeoran e

fruits had less tian 1 snecific sravity when they anproacaed

maturity and ripening siage,
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bBal and 3in~h (1°73¢ ovscrved siailuer results in Ler variety
Unwan, The rfall in specific eor.vity was rapid dvrias 60 Gays
arter fruit set, 1:en with & litile chanre and asain 2 ranid
decrease was seen, Similac obszrovations were reposted in aonle,

veach and peer by .dcotwond (1202). Hittcluani and a0 (13705)

o

lso showed a declinin- trend in spocilic sravity in case of

——

ozl lime, Roy and Sin~i (1930) observed in Iael Trvit a hion
specilic gravity in the initial stages and then it fell gradually
for some time and increase was again noticed and rcmained constant.
The increase in specific eruvity with development in Bael was
mainly due to incrcase in decy matter content of the fruit, but

the fall during ripening after harvest was mdinly due to loss

in weizht of fruits.

8, Thickness oi rind

Thickness of rind was meximum at 20 days of srowth and it
declined towards matuvrity. Dash (1933 ) reported in Jyothi variety
(GKVK=1) of pomegranate +that rind thicimess decreased continu-~
ously with advance.ent of iriit growth till maturity., Hittalmani
and Rao (1976) revortcd in Xagzi lime that the ri-d thickness

was maximm during f-ourth fortnisht of fruit growih and it declined

at maturity.

9, Hundred sced weirht (fresh and dry)

The fresh as well as dry seed weisats per 100 sceds (secd

stone + aril) showed contimuosus increase -rom [rvit set to maturity
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in 21l the fur varietices stuaicd, Slwluin ci al, (1554 ) also

re-osted tant the sweds ar w contlinuously wioine orm it devw

G

A ) AT T e o I S < - e - cor
nont, Voriedy e ol rlencdod nalil.un Dooshowll Ll por 100 socds

becauze the aril portis-n covering the s2cd wais more 1leshy and

crrvained noge

\E.

fabul Yellow 1 cnrded nichest dry 100 se d
weil-nt 2ad the sceds weve hacrdest dre to maxi-nun lirnd Cication

7 oo d testa,

I¥, & III, Histolo~ical

)
5
o

“tistochenical studies

th

The wein pacls of the secd are embryo, endosperm and seed
cont, In pomesrandte tne secd coat i.e., the intesumenis are the
edible portion, esvecially the outer inteemument which is also
called oril in pomercaate, As the ovule develops into secd the
interunents malure i1ato seed~co.ts. Doring the transfocmution
into secd-coatls the interumeats underso sipaiiicant histolosical

changes,

After fruit szt, 10 days after anthesis th. sced size of
sHft seeded vari~ties Ganesh and Bassein Secdless was 1

nard seeded varieties Alandi and Xebul Yellow, But as the secds
rrew tne secd size 7 soft secded varieties incrr asca ind the
.2rd seeded varietliss egspecially kabul Yellow rocorded lesser

size Diring 120 dors after frvit set @lul Yellow recorcded very
less sige wnen comrarsa to other varietics, This is ~nly becaus
5907 so-drd varictics will have broader suter interument which

is the edible vnortion in pomesranate and this vortinn will ve

less in hacd sceded varlietics, thecsby the sced size will be lesse

r
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The outer i.tumaent in vo .cgranate consists of a sinele
layer of thin walled cells twou~aout he secd icrespeciive of

specilic gzoncs and in this laiyer the size of the individual
cells #n¢s on increasins as th. seed was srowine, Tails is
happenine bec.usc ol cell enlar~ement and also fillineg up of
these cells with juice, And it w:s seen tnat maximum juice
content was ohserved aftzr 120 days of Ifruit orowth, It was
also obs:rved thet at initial stzeoces there were plenty of starch
gramiles inside ine cells, and a&s the seeds were growing the
starch osranules siurted disappearin~ and finally the cells were
withnut any starcn which was converted into susars as the fruit

was growing.

The inner integwent in the beginnine, soon after fruit
set was with a few lajers of small sized cells., The thickness
of this layer vos maximum at micropylar recion followed by chalagzal
region and the least was at lateral reqion., As the secds started
growin~ the thickness of inner integument started increasing with
more layers of cells and the average mmber of cell layers at
cialazal resion was 19 to 20, at lateral resgion 13 to 15 and 20
to 25 layers at micropylar recion., Lignification of cells in
these resions alsn started early and more intensively in hard
seeded varieties than in soft seeded varieties and the maximum
number of lignified cells were found in hard seeded varieties

only,
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were nichly lisnified whereas in hard secded varisties Alandi

cell layers. The

[V, Seiagwmal choneen in fruit (uality
1o Total soluble solids (T.3.S5.)

T.3.3. incr ased gradually during iruit development, The

increase in T,S.8. from 30 to 120 days respectively in four varie

jol}

ties were Munesh 3,75 to 8,2; Bassein See

=

less 3.5 to 9.8; Alandi
4.0 to £.4; and 2bul Yellow 3.3 to 7.0. 3mlman et al, (1984)
also reportzd that the surar content of the juice measured as TSS
incroased gradually durinr “rultl develooment of two pomegranate
varistiss in Israel, Dash (1953 ) observed 14.5° Brix in oyothi

variety «
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ranate under GAVK conditions and Shulman et &1,
(1924) obszrved 14 to 15% in Mule's Head variety and 13 to 14%

in the variety Wonderful in Israel, The higher TS5 according to
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hicher temveratures in the valley. Fhader et al. (
11.9% T3S in CO.1.poiregranate variety. Sayed et al, (1985) also
recorded 3.1 to 15.2% T3S in the variety Yercavd-1 which is 2

o M.

recent relesse from Taril Nadu arricoltural Universiity. Arie

@

t al, (12%54) renorted thatl in Wondcerful variety of pomegranate

—

o+

he TSS was 154 when the fruit appeared to be ripe in terns of

quality usder Californian conditions.,
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In the present invesiimation the I5S was less when comparcd
to ot cr places and varieties, Accovding to Nitsch (135%) in
rrult ~rcowtn studies it wi'l 39t be n sithle to £-llow the cleni-
cal cuanges in the same .r.it, bul it is necessary to sample
periodileally & cer.ain number of comwarible fm its, and the
fruil development also spreads over a considerable period of
time diriws which *he weather oJten ch.ares, Climatic couditians
are known to exeri 2 p.ofound influcnce upon the cheiical comvo-

sitinn ol fri its (water, curars, ascorbic acid and other orsanic

acids, etc, ).

2. Titratable ac.ditly

The titratable acidity »f vomegronate juice deareased with
neturity., The titratzble acidity in the four vari-ties vacried
from 0.6 to 0.73. Sinilar resulis were reported by Siulman et al,
(1984 ) in two varieties of pomesranate at two places in Israel,
They found marked differences in acidity of juice between two
sloces which may be ex lained by the advanced ripening in warmer
valley as well as by the characteristically low level of acid
production at high tempercturces seen in many fruit species
(Chandler, 1357; Kliwer, 1971). lerd (1955) and Ulrich (1370)
showed that the predominant acids in pomegranate “-ice are mallc
and citric acids. Decre -~ in titratable acidity with [rrit
naturity was also repost a by Dash (17°3%) and Arie et al. (1934)
in pomegranate, The resvlts of increased Prix/Acid ratio w:ith
advance in the rfruit maturity is in arrcement with the resultis

of Salunkhe et al. (1753) in peachcs cad apricots,
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3., Su~us

Fedrein~ and ts1al sverws inareased continuwsly duriue
rroit develsomont zng pasticul~wl, « ria- rirenine st.ee tnis
increase was maxivum, It apucwe (it the metabolic activity
tovards glocose synthesis won nnce cronsunced in pomeeranate
fruits partievlarly ot matireity st ~e, Sinilar observations
were ve orted by Dush (1535). Arie ct al, (1934) in pomegranate,
Nerd (1-65) snowed that the su~are n the juice ol pomesranate

were glucose aand fructnoe,

V. acro ang liiere=rotricent eontents of

1. RMitroscen

Nitroeen content in fruits was mexirum in the initial
stages of fruit erowith, but continvously declined till maturity,
In fruits the nitrneren content was more in Ganesh and Bagssein
Scedless at 120 days after frvit o U as eozpard to frrits of
Alandi and Kobul Yellow, Similar observatiocns were recorded ir
savota fruits by Svlledmath (1975), Lakshminecrayana and Subraményan
(1966 ). They report d a ervadval dccline in aitro-en till 40 days
of fruit arowth and then rollowed by & gstotionerv chise wnd then
rapid decline 111l maturiiy. Similar trend in the fluctvation
of niicnacen con ent o1 fruvits was also obgs-rved in tne present

inve. ltigations,

Nitro-en corient in seeds was mo.e 1n all the varieties

when comparcd to nitro-cn contcn. of fruits. The nitrosen content
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aeclin-d ag the secds were coowin~. Mruits arce charecteristi-
cailly lew in relein. ag well o3 .n tatel nitearen, co.. arcd to

SE€uUSy LouVes wllt souwe ntuer 1ot parts uand visov-=s (Kensen;

2. Pnocv-orus

The phospharus crutr nt of “rulils was meximn dvrine initial
stares of frull srosln in all Yoo Do vaecictlies., The anmont
rapicly ana continmsly deelineg 131l 80 days after fruit ~rowth
and fin=1ly the phospho.vs contentis increwsed cli~itly between

80 to 120 days. In case oI cecds also the phosphorvs enntent
which was maximum 2t frrit set contimued t- decline till 80 days

and then incre.sed slowly urte 120 days.

ir sajnta Jruvits (Svrlladm-th; 197%) it wes nbservea that
the jhosphorus content was raximum initially buvt declined curing
later pecriod and a-ain increascd raonidly as the fm it entered
maturity st.ge, 3Similar itrend was observed in ine prersent iuvesti-

sotions also. The vohosphorus contenis in the inliial stures of

Q

. . . A s - . - P
reit erowth was maximum i.e., C.1947 in "anesh, 0375, in rassein

I"ll

secdless, 0.213% in alandi and 9.171% in ZBbul Ycllow., Then on
the anomnt deelincd and remained alrost constunt till 30 da; s

-nd from 80 to 120 darys 2~ain there was a sli~ht increase in tne
contcnt of phos hoous, Jhe anount of nhos horus at 120 uars after

P ' .. . . PN
fruit set was 0.100 5 in Rnesh O,144% in Bacsein Scedless, 0,106,

in Alandi and 0,087 in .&bul Yeliow, respectively.
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Puull el o1, (1 o) Ll . O-v U o Litendl oot plioon. alvg

cont nt in Jruit wich was nanlowa in the besinnine ol rrit

~r~wiih, etirtcrd dcelinine after 0 deys and . en this a.~unt wes
21uo b crnseratl 1171 fmoid b o,

5  Pnlassivm
nome~ nate studisd the potassivn
P

cont ri ng fm i o yng aore at 10 dayes aftee fevit set, It wes

1772, 1ln "an 2, 1,790, in To.ocin 3ocdless, 1,206% in Alandi and

slovly as the frvitl ~regth wes in wunrecs, This decreasines trend
W s oru=reved till 50 doys in on o rno Inbul Yellow ana till 30
days in Daeseln Scedless and Alandi, then on the cont.nts increased
rapidly and {inclly = achod naximom at 120 days. The potassium
cont.nt of 1i for 2t vorisiies at 120 dorys vese:  fancsh 1,8324%,

Basesein Seedless 1.722w, Alandl 1,068, and mobul Yellow 1.8£06%,

In litenl irvitc also siniler observations were recordcd by
Penll et w1, (17:4), In teir stioier it wac secen that potassiunm
content vos mexiwm at 30 doys after anthesis and it decrecsed as
the rruit was =wowin- till 30 days aac¢ a~ain the potassium content
went un oas the I it a-preachcod matwitr and vo -.ssiuvm uptake

ccascd yhen the ‘rvit aitlained D1l aatvrity

The vice in sv~-xr content wng sboservesd to be closely related
to rotossiin,  Tae rotissium is known to be 1avolved in carbohy-
doote aetobold . In ense o8 Lo To, prruvic kirwoe 1o knovn to
te acti-ated b nmouzssitm (Tason wra liedlroy, 13GL ). Tims uhe

dir:ct corcrclotinn ketween voiassium content and surar during
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matrrity may be attributcd to its role in carbohydrate meta-

In seeds also potessium content was maximum durine 20
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started declinine $111 50 days and
then again increascd slowly till mutwrity, However, the final
«nt in mature sceds, Were less than the amount of
potagsium which was present at the beginnine of fruit erowth,

3 Al e B e G R o &
in varieties Passein Scedl

D

sg zid Alandi but the rotassium content
was almost equzl 1o the amsunt of potash which was in the beginn-

1

ing of fruit cgrowth in Gancsh and Xzbul Yellow varieties.

B, Micrormutrients

The calcium content of fruite in the initial stages of
fruit development was hicher and then it declined during 20th
day and again increased till S0th day and then on the calciumcontentJ
continuously increased till maturity., Similar result was observed
by Sulladmath (1975) in sapota variety Kalipatti, He observed
nigh caleium content at initial stages of fruit orowth, at 9th
fortrnisht the contenits declincd, acain the contents increased
rapidly during 11th fortnicht and thereafter the content was
stationery till 17th fortnicht and finally it continuously
decrezsed at maturity. BSimiler fluctations in calcium co'tent

was nbserved by .Bull ef al, (1984) in litchi fruits,
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It is believed that caleivm is immobile in phloem tiscues
and that, once delivered tn &n orran in the traisgiretion st
this element tends to ro.ain theco (3ollarcd and wutler, 1006
It has .lready bcen notcd thzt calecium is present in matwre fruits
at a level which is frequently rwoeh lower than the level »f this
elesan in leoaves,. Siniler trend was seen in seed zlso, Seeds
contair 3 nmaximum c2lecium content after Trvii seht and it was mnore
til) 50 arys and then declinea sli~onuly and rerained moce or less

consiant 1ill matwity.

2. lMagnesivm

The magnesium content in all the four varieties was more
duriny fruit set. It éeclined slowly till 60 days frem therecn
it increascd contimucvsly till maturity stage. It was 44,0 ppm
in Ganesh, 41.0 ppm in Bagsein Seedless, 42.0 r.m in Alandi and

43,0 opm in wabul Yellow veriety,

Similar results were observed by Paull et ul, (1954) in
litechi fruits. 32 cays after anthesis the magnesivm eontent
was more {1.09 no/z dry weight) and it decreased till 60 days
and acain incrcased slowly t1ill 80 days and then on the contents
rapidly increased till harvest and resched 1.27 me/g dry weisht,

at 94 days after unthesis,

In the seeds the megnesium convent wos maxiunm at fruit set,
the conte *o were aor than the contents of fruits. At maturity

the mapnesium content become almost half.
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Tac 1ron eoteat was mare at friit 5.1 n 2ll the vir_e-

U glowl, declincd 1L »0 d yo it .cr 3rvrat © 4 ard tne

[

e

lize ¢ d

co~tent~ irceecned stenails ity harvest, At 120 days after et
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¥ lne nearieti-o n<d i nowoount A ren,  Sanech varaet; nad

63}

180,00 prr, Pas.~ir g.¢ 1l-.c A 717,00 2, AL d1 bi@ 1 »,0 rpm

3

and Lol veliow waa 1040 pnm. T2 r sulty are simitar ta

tcoe ooorowrd v, Lel v 81 v (1,7 Qe Tawy obsiovod in ber
1ho3 ire poreenti~e oF 1ren wos navc 2l fruin s b oand then 1t
declin~d at %0 d o5 ard avcin ircr o5 @ and resraned almost

concc.nt, In the kesinnine and 120 dnys after froit set the ir-n
cotent vas maxirum i.e., 1.625 tren on a gradual fall in the

yalue woo obsecved and at lust date of vie.dns~ only 1,005% of

)

iror w.s recorded,

Similar obsec.vatinns were mige by Sastry (1270) in sanola
fruite, HYe reno.i-d that thege chan~es wn tne anount of aineral
el-uenis were due to 1 eir iavolveiont ir cellulexr metcbolicm,

chloroplyll biosynthesis and synthesis of engyucs,

The iron eHrntont in secd was marimm at frvit set, The

conternts slowly dececreas.d as the 3eed wus srovine ard finnlly

(s

at 120 days the c-ntents werc almost ¥ »f the & tount whicn was

present ab frrat sct,

[

L

arg nese

——

At Cfruit sct tne man~w.acse e~ntent was more in all the

four veoieties. The contcnts deelin d $111 %0 days (nd aeain



there wis & steady raise Uil matuvrity. At uatvrity the nanca-
nese content of frvits werc; fanesh ond Basselin Seedless 40,0

ppm, Ali..di 4.0 wpm and wbul ‘cllow 45,0 vnuan,

In secds iv was sinmilar tn iron, The muncunese contents
were hirchect at frvit set and decrrascd contim wsly till matu-~
rity. 4L 120 cays after fruit set vhe manranese contents of seed
wass fGznesh 12,0 vpm, Bassein Seedless 11,5 npm, Aland 8.5 opm,

and &bul Yeliow 2.5 ppm.

5. zing

In the fruivs the amount of zinc was more at fruit set
and il decreased till 60 days and increased acain towards matu-
rity, At 10 cavs aflter fruit set the amounit of zine was 54,0 vpm
in Ganesh, 55.5 pom in Bassein Secedless, 71.0 ppm in Alandi and
41.5 »pm in Kabul Yellow. At 120 cays after iruit set, the amount
of zinc was 86.0 ppm in fanesh, 94,0 pom in Bassein Seedless, 72.0

ppm in Alandi and 90.0 ppm in izbul Yellow,

The seeds had maximum zince content at fruit set and it

declined eontinuously till harwvest.

6. Copper
Copper contents in frvits was hish at fruit set, It was
19.0 ppm in "anesh, 17.1 vpm in Lascein Seedless, 18.5 ~pm in

Alandi snd 16,0 npm in @bul Yellow, The content declined in

3

the middle =nd arcain increased betlween 0 to 120 days. At 120 das

the copper content in frur varicties were: Gancsh 26.0 npm,
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Lasseln 3eedlecs 25,0 i, alardi 23.C pom and Zakul Yellou

In the secds the covner content was maximmm T freit set
and tiren the amount declinsd till harvest, At 120 days the conper
content of seccds wer: s ~ancsh 12,0 -pm, Bassein Seedlecss 18.0 »pm,

Alano. 12,0 ppm and abul Yollow 21.95 ppm.

Ine changes in zine and conper content ~1 the developing
fleshy edible fruvits was first attemnted in the studvy. In the
literature information «bout the chuages in the above trace
elements during fruit development is not available, Hence no

attenpt is made to compare these resulis with other workers.



SUMMARY



Sl AllL

Ponegranate igs an imvortant orié and scmi-arid frrvit which
hag reczived very scont atiention, There -~re | oft secded, semi
hard seeded and hard sccded varicties in pomesrcnate, Iew
im roved sclectiong of coft seeded varicties h.ve been released
recently. Lo innrmation is 2vailcile on the nature, tine of
initistion wnd desree of lignification of sced testo which causes
hard/soft seededness in pomesruznate, Diffcrences, if any, in
growth and deveclouwment of fruit anc sced between soft and hard
secded varieties are also not Imown. Thereforc, the present
invezti~r tions were carried out during 1982, 1987 and 19284 to
study,

1, The growth and develowmment of fruits and seeds of soft

seeded and hard seeded varieties from fruit set to
maturity.

2. The anatomical/histolosical differences in time and
degree of lignification in seeds of both the tynes in
relation to srowth and development of fruit,

3 To quantify the differences between soft seeded and
hard seeded varicties,

4, To stvdy seas-nal changes in fruit quality.

5e To study changes in macro-and micro-mutrients dwring
growth and developmeni of fruits.
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Ine salient rindines we yrescated belows

I. Zutiverr of frvit ~rouih;

1. sresh welcht of friits and ~rovih pattoen:
The pomt rronube i it »onws conlunuolsl, from fruil set

To boi v Wit verdinds of gl~v ~rovwih rate altern ted with

2 fal

noriae o fast ~eowth o te,  Ihe nattern of frvat syrowth followen

1

a "B -1l sigroid cueve' alioct anvrodchin~ & lincar rzlotionship,

2. Ien~un and bre28ih of the friits

Iength and breudtn of f1uit laare.sed continvously from
fruvit set in maturity. Tre len-th to brcadtih ratio was hicher
dvrin~ the initial st.gecs of fm it arowth but it decreased towards

natirity resvltiiar in rouvnd “rueits,

3, sroegh welsht of rind and seeds:

The fresh wel -ht of rind ond secds increased contimiously
from fruit set till matirity. The seed wei~ht to rind weicht
ratio increased gradcally from fruit sct uvrto 80 days of fruit
orowth and then deelincd slic~htly toiaords maturity. During mo.i
of the sicees of fruit develorment the secds constituted roughly

ralf of the fruits weicht,

4, Dr> mwatt-r content of fruit and secds:

The dry tatt.r coni-nt of [riits increased contimum cly
4111 20 Geys of friit ~vowih &nd t en graduuaily declincd teo.avds

paturity, This wa, die to forrmetion of wice in the fleshy
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il se.ilon or serds, Ia cuse of secds the dry matter content
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Specific pravity vas licger in corly st acs of fruit deve-
lovrient nd tnen eradvelly d clined, At mawvreity the pomerranate

fruvite hed less toun 1 spledlic arevity,.

Thickness o rind vas maximm ot 20 ¢ays after fruit set

e

anu it declined tovards na

+
L

1.1ity. In rmeneral there was ne maried

~

dilference beiween gsolt and hord sec ted voricties,

7. Ihundred sced wei~hte

The fresh oo well aés dry secd weighls c-niinvoevsly increascd
freom fruit set ill matveity in &ll the four varievies studied,
At matirity Genesh varicty bod maxivuom 100 sced fresh weichi

followed by Ba.sein Secdlesc, alandi and robul Yellow,

In seneral, th.re were no mooked diffTerences between soft
and herd secdcd momeeranatc varieties with reo.rd to ~rHowth and

development of it and sced.

IT, Tdistolocical studies

Ten deys aftee fruit s.t the seed size of soft secded veorie-
ticgs "aacsh and Be scin Seedless was less as comrcwed to hard
sceded voori tics Alandi and dabul Tellow. This toend wis reverscd
witl Yim2 and ~o-wih A7 fredit. AT 120 doys aft<r frult oot the

seed size (incl dine the wril orti-n) in soft seed:d varicties

]
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viorieties,

A verveal ol 3200 Intoemroodbs revealz@ ihot the ~ter
inte~tmont wes o sincle lajyered onc wiilh elenroted cell.- which
were hovin- thick cell wolle s 'L sced vas ~rewine, Dorine
initicl et ocs of sood ~couli. the inver Intemunerntisin oeneral
noed A=5 1uers o zntle ceolls ot enal ool roeion, 2-3 lay
lateral ruminn and 6-0 lev-rs ot nicroprylar rerion, as the seed
matvred the muibor »7 layers as well as size of cells of inner
interument st.rtcd increwsin~, and Inner intesumental cellcs
staerted lignifyin~ after 40 cays of sced sraowth., IHowever, lieni-
ficatlon wags move pronovnced in harda sceded voricties., During
last days of seed =~rowth both In scit and hard seeded varieties

all the cells wer

o]

heavily lienified excepnt 1-2 layers as the

proxizal end, and the lignification was more intense in hard

seeded varieties,

IIT, Iliistccaemical chances

As far as protein and nucleic acids are concerned there
was not o ch difference betwecn hord sceded and soft seeded
varieties, Little diflference was seen in insoluble polysaccharides,
In all the four varietli.s stvdicd it was seen thit in the beginning
of seed geowih the outer inte~ument as well as few proxi.nal loyers
of irner inteerument w..e h.vin~ laor-~z arounts of starch grains,
The starech ~r.ins suweriod disa mewrinie as the s-eds developed

end ot malioity the stirch g iins com letely disappecred, showing

that they w.re converted into su~ us,
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033 wnd Izl lellow vacio oy rocen.ded Lo st

I . acia conter. decercaved with vy ction of fruit,

The rixf/ocia rat_o also war=ascd as the f=uii ntetired,

The naticrn of accwnul-tinn of Susores WO CoOLIMCASUD e
bl
witn that of fruit srowtn., The sv~r acctymlaitisn 'n the it
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and stcady dvrin~ the bes nnine of L it ~2owvh. Boih
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reduecine and totil surwes continu 4 to increwse dvring itne
development ol fruit and this increase wvas v vy rasid diring
100 to 120 day's afier friit zet Jjust bhefore nacvest, Maximom
suFars wirl racorded in .Bbul Yellow followzd b, fenesn, Alandi

and Rescein Seedless,

V. Chonges in mineral constitvenis:

Th> nite-~~en 2ad phocrho.us contont Lf bolh fiwits and

ne ni~nest imnmcdiotoly oftcr {rvat zet (10 dayrs
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set ) and s~c¢-nd hi~h nitro~en «nd phos horvs coatent
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.

The potassium content of {fruit

and 120 days aft r iruit set, The sceds c-ntained very hish

potasuium content both imm:diately after fruit set and also

~

at matvrity,

The micronutcient contents i,e,y c2lcium, macnesivm, iron,

nan-—-aiese, zinc and copner contents of fruits were hish initially

after fruit seu they declined in the intermediatle stzees

and finally reached maximum levels at maturity. IHowever the
seeds had rmaximum micronvtiients immediately after fruit set and

the contents slowly decreased towards maturity.
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