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INTRODUCTION 



INTRODUCTION 

Pomegranate (Punica gJianotum L. ) "belongs t o the 

b o t a n i c a l family Punicaceae and i s an important t t u i t of 

s emi -a r id and a r i d r e g i o n s of I n d i a , The wide a d a p t a b i l i t y , 

hai'dy nat-ure, lov/ maintenance c o s t , s t eady and high y i e l d s , 

f i ne t a b l e and t h e r a p e u t i c v a l u e s , b e t t e r keeping q u a l i t y and 

p o s s i b i l i t i e s t o throw the p l a n t s i n t o r e s t p e r i o d when i r r i g a ­

t i o n p o t e n t i a l i s low are some of the q u a l i t i e s which make the 

f r u i t i d e a l l y s u i t a b l e for semi -a r id and a r i d r e g i o n s , 

Pomegi-anate i s an anc ien t f r u i t , commonly known as 

'Anar*, *Dalim* and 'Metulum' and a l s o known a s Malum Punicvun 

(apple of Car thage) , I t was c u l t i v a t e d i n I s r a e l for more 

than f ive thousand y e a r s . The wild or serai-wild pomegranate 

s t i l l e x i s t s i n the nor th of S y r i a , i n Gilead and on Mount 

Carmel. According to Vavilov, t he pomegi-anate o r i g i n a t e d in 

t h e near I ^ s t , DeCandolle a s c r i b e d i t t o I ran and v i c i n i t y , 

whence i t s spread t o the shores of the Mediterranean (Asaph 

Gtoor, 1967). Pomegranate i s thought t o be indigenous to the 

r e g i o n of I ran where i t was f i r s t c u l t i v a t e d in about 2000 B.C. 

(Evreinoff , 1949). 

The ponegranat'^ r i l t ivat--'on is of cons ide rab le Lnnortini^e 

i n t h e Mediterranean coun t r i e s of Spain, Morocco, E^^ypt, Aignani-

s t a n , Arabia and Ba luch i s t an . I t i s a l s o grovm t o some ex ten t 

i n Burma, China, Ja-m and C a l i f o r n i a , The a rea under t h i s crop 



in India i s atout 1200 hectares and more than 800 hectares are 

in Maharashtra alone (Pat i l and Wavhal, 1980). Ahmedna/^ar, 

Poona and Satara are importaiit d i s t r i c t s of Maharashtra growing 

t h i s crop. I t i s also gi'own on large scale around Dhollca in 

Gujarat, I t i s cul t ivated in small pockets in Almora, Aligarh, 

Tehri Garhwal, Meerut and Parrukhahad in Uttar Pradesh; Uthukuli, 

Michael P a t t i , Vellodu and Dindigal in Tamil Nadu; Penukonda and 

Madakasira in Andhra Pradesh; and Kolar, Tumfcur, Bangalore and 

Mysore d i s t r i c t s of ISirnataka, 

The best qua l i ty f ru i t can only "be grown in areas of cool 

winters and hot and dry summers. I t th r ives "best in places with 

a hot dry summer provided i r r i g a t i o n i s ava i l ab l e . I t can a lso 

adopt to a wide range of cl imatic condit ions. I t can be gi'own 

from the p la ins to an elevat ion of about 1800 meters . The t r ee 

can withstand frost but i s injured by temperatures below 12°P. 

Pomegranate comes up well on different types of so i l but heavy 

loam s o i l i s favourable for profi table production of high 

qua l i ty f r u i t s . I t i s more to le ran t to a l k a l i conditions of 

s o i l than most f r u i t t r e e s . 

There are many types and v a r i e t i e s of pomegranate gi'own 

in India including wild ac id ic 'anardana' and ornamental types . 

The f ru i t colour var ies from .Ti'CGn, pale yellow to purple . The 

colour of juicy pulp ( a r i l ) var ies from almost colourless to 

blood r ed . The edible v a r i e t i e s can be broadly divided into 



two groups namely, soft seeded or so called seedless (Bedana) 

and hard seeded. Dholka of Gfujarat, Bassein Seedless of 

Karnataka and Paper Shell of South India are iiiiportant 

es tabl ished soft seeded v a r i e t i e s . The important soft seeded 

se lec t ions of recent or igin are Ganesh (Cheema et_ al_., 1954), 

C0.1 (Khader et_ a l . , 1932) Yercaud-1 (Sayed et_ a l . , 1985) and 

Jyothi (GKVK-I). The soft seeded v a r i e t i e s are preferred over 

hard seeded v a r i e t i e s . Some important hard seeded va r i e t i e s 

are Alandi, Mus:cat Red, Vellodu, Jodhpur Red and Jodhpur White, 

Muskat i s a medium soft var ie ty from Maharashtra, 

The ancient Egyptians made juice from the pomegi'anate 

which they called 'Schedou* as well as wine. The r ind was consi­

dered to "be having wormicidal effect against i n t e s t i n a l worms. 

The flowers were cra::hed to make a red dye for colouring fabrics 

and the peel yielded a yellow coloui- for dyeing leather (Asaph 

Goor,1967). Pomegranate i s used Ifirgely as a dessert f r u i t . 

The juice makes a del ic ious drink and a good var ie ty gives about 

'40.1 percent juice (Siddappa, 1943). The f ru i t s vary in s i ze , 

shape and colom'. The seeds of wild ac id ic types are dried and 

commercially marketed as 'Anardana' which i s widely used as 

condiment. An.ilysis of the edible portion (68 percent) of 

pomegranate fr-uit i s as follows: moi.s'um-e 78.0, prote in 1.6, 

Fat 0 . 1 , fibre 5 .1 , other carbo-hydrates 14.5, and mineral 

matter 0.7^; calcium 10, magnesium 12, oxalic acid 14, phosphorus 

70.0, iron 0 .3 , sodium 0 .9 , potassium 133.0, copper 0 .2 , sulphur 



12.0, chlorine 2.0, carotine 0, thiamine 0.06, r ibo f l av in 0.10, 

n i c o t i n i c acid 0.50, and vitamin C, 14 mg/100 g. The f ru i t r ind 

cons t i tu tes one of the iaipox'tant tannins: mater ia l as well as the 

source of dye which ,^ives yellowish lirown to k±iaki shades and 

has been used for dyeing wool and s i l k . The flowers yield a 

l igh t red dye said to have been used in India for dyeing c lo thes . 

They contain the pigment pelarflronidin 3-5, d iglucoside . 

Commercial gi'owing of a large number of v a r i e t i e s and 

types in d i f ferent par t s of India and development of improved 

soft seeded se lec t ions l ike '^anesh, Jyothi (GKVIv-l), Yercaud-1 

and CO-1 have not in any way reduced the quantum of impca't of 

fresh pomegranate f r u i t s from Afghanistan and Baluchistan. 

According to Singh (1969) pomegi-anate f r u i t s const i tu ted 20 per­

cent of fresh f r u i t s imported in to India. J tesh f r u i t s of /abul 

Bedana and Kandhari are imported i^om Afghanistan in large 

quan t i t i e s and flood main markets of North India fi'om August 

to November, 

According to Purohit (1985) JS-bul Bedana va r i e ty imported 

ftom Afghanistan has the softest seed and there i s no comparable 

soft seeded var ie ty available in Incia . Further , amons^t hard 

seeded vai^ieties f r u i t s of iandhari va r ie ty imported from Afghani­

s tan yield the best qual i ty j u i ce . Both Kabul Bedana and Kandhari 

v a r i e t i e s are deciduous. They flower and f ru i t sparcely and 

produce highly ac id ic f ru i t s when gi-own in India (Pur oh i t , 1982). 

Attempts to introduce and acclimatise other deciduous v a r i e t i e s 



from Afghanistan, Iran and U33K fai led t o t a l l y for the same 

reasons . Therefore i t has hecome necessary to improve the 

indigenous evergreen v a r i e t i e s hy se lec t ion and hybr id iza t ion . 

Lack of l i g n i f i c a t i o n of the seed t e s t a i s reported as the ^ain 

cause for soft seededness in pomegranate (Anonymous, 1969), 

However, no information i s avai lable on the natujre, time and 

degree of l i g n i f i c a t i o n in soft seeded and hard seeded pomegra­

nate va r i e t i e s in r e l a t i o n to growth, development and matiority 

of f r u i t . Such bas ic s tudies wi l l help in understanding l i gn i f i ­

cation process in hard seeded v a r i e t i e s and a r res t ing l i g n i f i c a ­

t i o n of seed t e s t a by appl icat ion of growth regu la to rs a t proper 

t ime. Also, such s tudies wi l l be usefu.l in workir-g out the 

inheri tance of soft seededness in pomegranate. Therefore, the 

present inves t iga t ions were undertaken with the following broad 

object ives , 

1, To study the growth and development 01 fr^^its and seeds 
of soft seeded and hard seeded v a r i e t i e s from £ru-it set 
to matui'ity, 

2, To study the anatomical /his tological differences in time 
and degree of l ip-nification in seeds of both the types 
in r e l a t i o n to gro^vtn and development of f r v i t . 

3 , To quantify the differences between soft seeded (so called 
seedless) and hard seeded v a r i e t i e s . 

4, To study seasonal changes in fTi^iit qua lJ ty . 

5, To study changes in macro and miaronutrients during 
growth and developm.ent of f r u i t s . 
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Pome^ana te c u l t i v a t i o n has a t t a i n e d coranercial importance 

d-uring l a s t decade e s p e c i a l l y wi th e x p l o i t a t i o n and p o p u l a r i s a ­

t i o n of sof t seeded v a r i e t y '^^anesh' in Maharashtra , Systemat ic 

r e s e a r c h on varioxis b a s i c and appl ied a spec t s of t h i s £ r u i t 

s t a r t e d only r e c e n t l y . Therefore , l i t e r a t - u r e r e l e v a n t t o the 

p r e s e n t inves t i .Rat ions in pomegranate and other f r u i t s i s 

b r i e f l y reviewed h e r e . 

1, g n i i t Grovvth and Development 

"• •'' P a t t e r n of £ r u i t growth 

Leopold (1964) s t a t ed t h a t tnc growth of the f r u i t i nvo lves 

t h e enlargement of the ovary and the a s s o c i a t e d paints and t h a t 

t he f-^'owth phenomena were mainly non-uolar or scar-ct iy po la r t y p e . 

J l ru i t s e x h i b i t mainly two tj 'pes of -rowth p a t t e r n s . Some f r u i t s 

l i k e a p p l e , s t r awber ry and melons e : h i b i t 'S igmoid ' type of 

growth whereas f r u i t s l i k e ora;^^es, peaches , a p r i c o t c , chex-ri^s 

and plums e x i b i t • Double sigmoid* p a t t e r n of f r u i t gi'owth. 

The st-udies conducted by Connors (1919), Blake C19E5) in 

s p e c i e s of Prunus , Tukey (1935) i n sweet cherry and sour cherry 

and L i l l e l a n d (1931) in a p r i c o t , showed thi-ee c h a r a c t e r i s t i c 

grovj&h p e r i o d s in the developin"- i l : \ . i ts desi'-'-nated as Period I , 

a pe r iod of r a p i d enlai-gemcnt begirmiiig about t h e time of f u l l 

bloom. Period I I , a mid-season per iod of r e t a r d e d development 

va r j ang i n d u r a t i o n as c o r r e l a t t d with the c l a s s of £ r u i t 



and the season of f ru i t ripenin/y; and Period I I I , a second 

period of rapid enlargement extending to f ru i t r ipening . Crane 

(1964) reported tha t the period I of the gprowth cui^ve of 'Uouble 

sigmoid' f ru i t 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 f ru i t 'p^owth. During period I I I 

the expansion of the mesocarp took place which lead f ru i t s to 

matur i ty . 

According to Ziel inski (195^) pomegranate i s a special 

h o r t i c u l t u r a l f r u i t called *hyp' and the individual f ru i t s ins ide 

are l i t t l e drupes. Shulman ejt _al.(1984) studied pomegranate f ru i t 

development and maturation in coastal p la in and in the Bet Shean 

va l ley of I s rae l and reported tha t the growth cui've of the 

pomegranate f r u i t from both cl imatic regions showed a ' s ing le 

sigmoid' pa t t e rn thus suggesting that the pomegranate i s a non-

cl imacteric f r u i t . 

Dash (1983) reported tha t in pomegranate var ie ty se lec t ion 

(5K7K-1, f ru i t took 126 to 130 days to mature from i t u i t set and 

also reported single sigmoid growth cui've pa t t e rn . 

Josan et a l . (197-j) reported that after f ru i t sot in 

pomegranate there was a rapid and continuouo growth ior 1 - l-j 

months, t h i s was foUov/ed by a pfr:od of slov/ development for 

another 25 days. Thereafter the x tu i t ^-v/ th remained more or 

l ess the s£ime. It was also observed that maxinu'̂ . f ru i t growth 
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was observed dxiring the second for tnight af ter ft-uit s e t . 

Eennard (195^) reported tha t in Paheri man^o a l l par t s 

exibited a sigmoid type of cui've when grov/th data such as length, 

diameter, fresh weight and voliune were p lot ted against t ime. 

P a t i l (1983) reported tha t the gr-iwth pa t t e rn in the 

lemon f ru i t i s 'sigmoid' and t h i s growth pa t t e rn could be divided 

in to 5 d i s t i nc t periods based on the r a t e of growth. The stage I 

being stage of rapid growth from f i r s t to f i f th for tn ight , stage 

II being stage of steady growth from f i f th to eleventh for tnight 

and stage I I I being stage of decline growth from eleventh to 

seventeenth fo r tn igh t . 

In apple the cuj:ve for increase of f ru i t fresh weî -̂ ht shows 

a smooth sigmoid form (Denne, I960). Puj.'ther, be dist inguished 

3 phases in growth r a t e . An i r a t i s - l slow increase in f r u i t l e t 

weight for 6-12 days from p o l l i n a t i o n , a rapid exponential in­

crease in f r u i t l e t weight for 3 weeks and a declining r a t e of 

growth u n t i l harves t . The seeds appear to reach the i r maximum 

width well before the other pai-ts of the f r u i t s . 

Ryugo (1962) studied the develoTment of peaches fr-.m f ru i t 

set to maturity especia l ly with regia'd to the physiological s ign i ­

ficance of the endocarp in the coiu^se of the f ru i t developnent^ 

He observed continuoiis Tro\/th of the endocarp during the siispended 

lag phase of f ru i t rr^owth. He proros^'d the theory of competition 
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for nu t r i en t s diiring l i g n i f l c a t i on process leading? to s^aspended 

growth phase in peaches. However, there has been no sa t i s fac to ry 

theory so far which explains the per iod ic i ty of f ru i t ^owth in 

f r u i t s exhibi t ing double sigmoid pa t t e rn of growth. Recently 

some theor ies have been put forth which attempt to explain the 

phenomenon of lag phase on the bas is of hormonal l eve l s G^ao, 

1975). 

Nitsch et a l . (I960) observed the peak leve l of auxins 

a t the end of stage I , while Coombe (i960) observed i t dra-ing 

stage I I of berry development in case of grapes which exhibi t 

double sigmoid pa t t e rn of f ru i t growth, Coombe (196O) a t t r i bu t ed 

the growth of berry in stage I to auxins and tha t of stage I I I 

to the osmotic a t t r a c t i o n of water. Bertrand and Weaver (1972) 

observed low levels of auxins in st\:ge I I and I I I of graT)es, as 

such the berry growth dvd'ing these periods could net be correlated 

to aujtins, 

Iwahori et_ a l . (I966) observed a high g ibbe re l l i n a c t i v i t y 

in both seeded and seedless Tokey grapes at the esorly f ru i t set 

s tage , The seedless var iety maintained a higher leve l than the 

seeded va r i e ty . The g ibbere l l in a c t i v i t y decreased more r ap id ly 

in seedless than in seeded and the ac t iv i ty v/as no lon-er 

detectable in sta^e II of b-ith the v a r i e t i e s . This lead them 

to assujiie tha t the lag phase may be a consequence of low g ibbere l l i r 

l e v e l . 
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1,2 MorpholofTJcal chancres duin/y developmen't 

1.2.1 Changes in fresh weiq^ht, voluine and specif ic gyavity 
of frxiifs 

Shulman et a l , (1984) conclfded during a study of poiiie-

granate f r id t development in I s r a e l , tha t the fr i i i t grows cont i ­

nuously from f r u i t set u n t i l af ter the commercial harvest time. 

The pa t t e rn of f ru i t growth shov^ed a single sigmoid cuz-ve for 

the var ie ty ^5ule's head v/hereas in the var ie ty Wonderful, the 

frrowth was more l i n e a r . In coastal p la in the average f ru i t s 

weighed 250 g in >tule's head va r ie ty whereas i t was 350 g in 

Wonderful va r i e ty . In Bet Shean val ley the aver .ge f ru i t weight 

of Mule's head was 350 g and tha t of Wonderful was 4-00 g. The 

smaller size of f r u i t s in coastal p l a in was prot̂ ^alDly due to the 

cooler weather. Even the seeds grew continou»ly and they cont r i -

huted about half the frTiits wei'-^ht. The seeds reached 0.4 -

0.5 g when f ru i t was well ripened wnile the st->ne weight was 

0.03 - 0.06 g and var ie ty Shami har the smallest seeds, 

Arie et_ a l . (1384) showed 2 phases of gr-^wth in pomegranate 

f r u i t s . A rapid phase u n t i l -dd June ( f ra i t set April 27th) and 

thereaf ter a gradtial phase u n t i l harvest . I t was concluded tha t 

there was a constant r te oi Jr^ sh wci -ht increase throup-hout 

the wTowin'̂  season, 

Pandey e t a l , (^^ly) while studj-ing biocneriical changes in 

the developing mango frr-it reported tha t the fn sh weight, volume, 

length and breadth of the whole i"rvit continued to increase u n t i l 
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the stage of matur i ty . The development of f r m t was slow from 

pea stage to marble (3.68 g) hut maximum was diiring stage of 

half grown to the stage of f u l l maturity (HO g ) , 

Gulhane and Gupta (1974) reported that the growth of guava 

f r u i t s as judged hy i t s weight axid volume showed a steady increase 

during the en t i r e period of i t s development u n t i l a for tnight 

pr ior to fu l l matur i ty . This increase in weight and volume has 

been mainly contributed by the increase in moistuce percentage 

and T.S.S, contents in f r u i t s , 

I r ipa thy and Gangwar (1971) observed in guava that the 

spec i f ic gravi ty gradually decreased with the advancement of 

maturi ty , indica t ing a s l igh t decrease in the sol id matter content 

of the f i u i t s , Erui t s having more than 1 spec i f ic gravi ty were 

hard in t ex tu re , green in coloiu' and less than 1 were soft and 

l i gh t yellow in colour. This has been a good index for maturi ty , 

I&kshminara;;,-ana and Su.ttramanyam (1965) studied the changes 

in fresh weight of f r u i t s from fri i i t set to maturity in Calcutta 

round variety of Saoota under Karnatal-ia conditions and renorted 

tha t the weight increased gradxially in the i n i t i a l stages followed 

b;> a rapid increase i^om 5th month t i l l 7i months and f ina l ly the 

increase was gradual upto matux-ity. The authors concluded tha t 

the f ru i t s exhibited sigmoid t̂ ^̂ ê of gro^rth when fresh weight 

increase was p lo t ted against t ime. 
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1.2,2 Changes in length and breadth of f ru i t 

Dash (1983) has observed in a l l the 3 crop seasons, the 

length and diameter of f ru i t increased continuously from set to 

mat-urity. In a l l the stages the diameter of f t u i t was more than 

the len;?th. The highest increase in length and diameter was 

during second for tnight and s ix th for tn ight . Thereafter, the 

r a t e of increase decreased continuously t i l l matur i ty , 

Bal and Singh Cl978cJ reported that in ber cv. Umran the 

s ize of the £ m i t increased with the advancement of the season. 

The growth was more a c t i / e during the f i r s t 6 weeks and the l a s . 

12 weeks and a lso the increase in length was fas ter than the 

diameter during the f i r s t phase whereas in the yrd. phase the 

f r u i t increased in diameter than in the length, 

Bhuva et a l , (1978) repoi'ted tha t in I ^ l i p a t t i va r i e ty of 

sapota increase in fri i i t l en- th v;as fas ter whereas increase in 

diameter continued to be slow r e s u l t i n g in s l i gh t l y pblong f r u i t s . 

Singh (1951) measured the length and diameter of the developing 

sapota f r u i t s . He found somewhat rapid growth in the i n i t i a l 

s tages as well as in the f ina l stages of f ru i t growth. He also 

noted a higher increase in diameter than length in the i n i t i a l 

s tages ( f i r s t I6 weeks of ±l"uit grov/th) follov/ed by a reverse 

trend for fout' weeks but with lov/er rat'-;3 of gx'ov/th, laksami-

narayana and Subramanyam (I966) working on Calcutta round va r i e ty 

of sapota reported tha t the length and breadth of f r u i t s increased 

continuously from f ru i t set to maturi ty . 
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1.2.5 Chajif^es In the f i r i i i t coloTir 

According to Slmlman et a l . (1934) in pomegranate cu l t ivar 

Mule's head and Wonderf^al of Israel^ r^uit COIQ-UT developed gradr.aliy 

and i t served as a c r i t e r i on for picking. The stage at which 

70-90^ of the skin i s red usual ly corresponds with a T33/acid 

r a t i o sui table for coininercial picking. Some cult ivai 's l ike 

Malissi do not develop any red coloizr in the skin, so i t has 

very l i M t e d market appeal "because of i t s una t t r ac t ive gx-eenish 

colour (Goor and Liberman 1955) the pomegranate r ind may he th ick 

or t h in , the colour varying from pale yellov/ to crimson according 

to v a r i e t i e s (Anonymous, I969). 

According to P a t i l et_ a l . (1977) the va r i e ty Ganesh which 

w i l l he gr'eenish when young, w i l l t\trn to reddish ,p:reen when 

ful ly matured and they wi l l have roiigh appeac^ance on the skin 

due to presence of black dots , 

Malhotra ot_ al^ (1"^^3) v/hile st-idyinf^ -̂nany v-u^ieties of 

pomegranate revealed that the f ru i t colovir was e i ther pink or 

rose with varying i n t e n s i t i e s and a l l the shades belonged to the 

standard red colour. Even the seeds of a l l cultivrirs a t ta ined 

same colours. 

1.2,1 Sha2e_ ,o_f_friiit5. 

Several types of pomegranates are C' I t i va t -d in India. 

They are distingu.ished by the shape of the f r u i t , the colo-or and 

thickness of r ind and the taa te and colour of the seeds. The 

f r u i t s aî e roimd, oblate or obovate in .:hapo and v.nry in diameter 



14 

from 8-12 cm (AmnynouL^, I969) . Accordin- t o Kalhot ra e^ a l . 

(19B>) the share of porieo-ranate varieti '^^s tney s tud ied in Punjab 

were e i t h e r round or r loboseo 

2. Cheiricol_ c lanp-r-s d̂  rjn"- friJi^ "^^'p^ '2IL'113^ 

2.1 Chan?;^s i n the poigtiirp- content 

T rans loca t ion of v;ater i n t o I ^ IM- 'S i s '^r^'-t ly inf luenced 

b j the e x t e r n a l enviromacntal cond i t ions a s weJl a s the i n t e r n a l 

phys io lof - ica l stc^tus of the p l^n t (i^brilov/s.ri, 1975). Cliiaate 

influ.ence t''~e f r u i t enlargement by a l t e r i n ^ the p l a n t water r e l a ­

t i o n , Trancloc . t ion of o s t o t i c a l l y acoive s o l u t e s i n to the f r u i t s 

i s de tern incd by the v;sxer content oT the t i s s u e as the t i s s u e 

v/ater content can a l t e r the sap c o n c e n t r a t i o n . IakslTiiiin^'a;\ana 

and Subraman^/^im ( i960) s tudied the chan^^es i n che dx-y mat ter 

content of the developin'^ ' C a l c u t t a rouaid' sapota f r u i t s . Their 

s tudy revea led xhat the moia'.ure content of the _.ruit w^s low in 

the i n i l i a l s t . i-̂ os of I^i i t ^rowth and inci 'eased t h e r e a f t e r 

before f i n a l l y d e c l i n i . i - a s the i r u i t a proac':ed n a l u r i t y . 

2.2 Chanfycs in &T.^,^S 

ShulT'an e t a l . (1934) re ^orted t n a t in 4 vai.'ie t i o s of 

pone'^raiiate the sui-c-r content of the ju ice measured as TS3 

i u c r ased '^r-di-ally d r i . i - 'i^-i". d^velo-i:. n t . A >, x :e be'^innin--

of harv ot In . i d Ai -a^si uxit. T3o 0 1 1 I c ' s "if .d var J ct;̂  \r 0 

11-14-> aijc rc^chod 1/i-15/j l a t e r in 5 e j t e i b ' r . Vari t:,. wonderful 

reached 13-14,i T33 iu ,iid Au-i s t •I'-c' 1b-1-,-^b^/ t l u end of 

Septc^iiberc I'erd (1 ' 5 ) r c r o r x c n xh-u tn.o SI^T r s i n oomefr^vaiate 

.juice were ,Tlucose -md f r u c t o s e . 
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^® ^ . ^ « (1974) reported in pomegranate tha t the main 

sugars present in matiired f r u i t s \;ere glucose and flnictose and 

they are present in eq.ual amounts in young f r u i t , and t y 125 

days af te r flowering only glucose renained. 

Malhotra e_t a l , (1983) studied different pomegranate 

cu l t i va r s in Punjab and reported t h a t , a l l the v a r i e t i e s studied 

were higher with reducing sugars . They const i tuted about 90% 

of t o t a l sugars and non-reduciuT sug'irs were less than ^%, 

High reducing sugars may be a t t r i bu t ed to be a genetic charac te r i ­

s t i c of t h i s f r u i t , 

Arie et_ a l , (19B4) reported that pomegranate f r u i t s 

reached horticultur^al maturity for co-Tiuercial harvest when the 

soluble sol ids content a t ta ined a f a i r l y constant leve l of 15/̂  

and at t h i s time the f ru i t s appeared to be r ipe in te rns of 

q u a l i t y . 

Dash (1955) reported tha t in a l l stxg^s of development 

of pomegranate f ru i t ToS increased continuously and the highest 

was 14,5^ b r i x . The reducing sugars increased from 0.099 "to 

2,55/^ whereas t o t a l su^ar increased from 2.713 to 10.265^. 

In mancro f rv i t Pandey e_t a l , (1'-174) re-norted that the 

concentration of reduciiig su-'̂ .ar reached a peak at matiirity (3.76 V 

f r u i t ) . The leve l of non rediicing su^ai's remained lower than 

tha t of reduciag sugars t i l l matur i ty . 

1**' u»..v^,v-, i'*«^'^^ \ r r t . , 1 9 3 5 
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Gulhane and (Jupta (1974) reported tha t TSS and t o t a l 

sugars in the ^ a v a £r-uits increased gi-adually d-urins; the en t i r e 

period of f ru i t development. The increase "being rapid "between 

75-135 days of gi'ov;th, 

Sachan et a l . (I969) while studying influence of weather 

on chemical composition of guava var ie ty Allaho.bad Safeda revealed 

tha t sugars were hi":her in winter season guava (9.57^) than ra iny 

season guava (8 .6 l ^ ) , 

Sulladnath (1975) reported that in I&l ipa t t i var ie ty of 

sapota the sugar accumulation in the f r u i t s was slo\/ and steady 

during stage I of f r i i t grov/th. The r a t e of accumulation was 

slowed down during lag phase, "but i t was markedly accelerated 

a f te r the termination of lag phase. Stage I I I of fnait crrowth 

was the most important stage for SUT'^T accumulation since SÔ s 

of the t o t a l sugars ohserved at maturity accumulated dtiring t h i s 

s tage . The reducing su r̂ax ŝ increased rap id ly during t h i s stage 

and the i r proportion accounted for more than two th i rd s of the 

t o t a l sugars. The data expressed in terms of a'bsolute amounts per 

f r u i t revealed a "better trend of sugar accumulation than the one 

expressed on percentage ba s i s , 

2• 3 Changes in ac id i ty 

Shulman et_ a l , (1734) studied pomegranate f ru i t development 

and maturation and reported that the acid content of the juice 

decreased with maturation. Acidity in Mule's head was very low 

(0.5"/o) even at ear ly stages of f ru i t development. In Wonderful 
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var i e ty the ac id i ty was very high in June and then decreased 

considerably u n t i l September. However, even at fu l l mattiration 

in September ac id i t y did not drop below 1.5^ in the coastal 

p l a in and below 0.9'^ in the Bet Shean va l ley . The predominent 
in 

acids/pomegi'anate juice are malic and c i t r i c acids (Nerd, 1955). 

Dash (1933) reported that ascorbic acid increased cont i ­

nuously with advancement of matur i ty . The highest was reached 

in January-March crop i . e . , 8.1 tig/100 g and lowest in October 

crop i . e . , 5.8 mg/100 g. 

Malhotra et_ alo (1983) observed ac id i ty ran,c^ing from 

0.49/S to 2.30/a as c i t r i c acid in pomegranate cu l t iva r s of Punjab. 

Lee et a l . (1974) reported that in pomegranate c i t r i c 

acid was the major organic acid in the f ru i t s a t 125 days with 

succinic , t a r t a r i c , fumaric and malic acids also pi'esent, 

2, 4 Chang-'3 in minei'als 

The ro le of minerals in f ru i t development has received 

scant a t t en t i on . Bollard (1970) considers f r n i t s as the physiolo­

g i ca l sinks in which the movement of the ass imi la tes ic p r e f e r e n t i a l . 

There are several r enor t s regarding source sink re la t ionsh ip 

between vegetative and reproductive structure's l ike f r i i i t s . 

Cannel and Huxley (I969) have observed tha t in coffee tne f r u i t ­

ing had a considerable bearin/?: on the nu t r i t i ona l s t a tu s of the 

plant mainly because the ber r ies acted as 'phys io logica l s inks*, 

Murneek (1925) concluded that the movement of the const i tuents 
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in to flruits i s d i r e c t i o n a l . This t rans loca t ion i s reTulated 

by plant hormones such as Kinetin (Mothes et_ a l . 1959), auxins 

tDavid and Warelng, 1965) and cytokinin (Muller and Leopold, 

1966). 

Bal and Sin-^h (M7B$ reioorte'^ in ber , tha t phosphorus 

percent was less a t 50 days af ter f ru i t set and i t remained 

almost constant t i l l 105 days, then a gradual decrease was 

not iced, A gi'adual decreased trend was also seen in calcium 

content upto 150 days, then i t reraained constant t i l l r ipening . 

The Iron content also remained constant in the begimiin/?. After 

120 days the maximum value of 1,62/^ was recorded, a t l a t e r stages 

i t decreased to 1.05^. 

Litchi f r u i t growth and compositional changes during f r u i t 

development was studied by Paul l et_ a l , (1984-) and they concluded 

t h a t mineral uptake into the f r u i t pa r a l l e l l ed f ru i t growth and 

po ta^ iuabe ing the major ca t ion . The Calcium content was 0,45 

mg/g dry weight at 32 days af ter an thes is and i t ra i sed to 

1,79 nig/g during 94 days af ter an the s i s . Potassium was 2.13 

mg/g at 32 days and the content was reduced to 1.44 ^s/s a t 94th 

day. The Magnesium content from 1.09 mg ra i sed to 1.27 mg a f te r 

94 days from a n t h e s i s . 

I&kshminarayan and Subramanyam (1966) obse^-ved tha t the 

t o t a l nitrogen content of developing sapota f r u i t s decreased 

gradual ly from f r u i t set to 3^ months followed by a s ta t ionary 



19 

phaoe t i l l 3} months and f ina l ly llicjc was a rapid drop t i l l 

complete ma1.tirity of f r u i t s , 

Gardner et_ a l . (19!??) o'bnci-vcd that the nitroTen content 

expressed as percentac^e on dry v/ei^-ht bas is decreased gi-adually 

while the t o t a l absolute nitroTen conxent increased in developing 

apple f r u i t s . The phosphorus content of f r u i t s increased as the 

f r u i t s developed and the content of the spurs decreased coinci-

den ta l ly , indica t ing the mobilization and t rans loca t ion of 

phosphorus in to the f r u i t s , 

Rao (1973) observed tha t in case of Pusa seedless grapes, 

the movement of 32p in be r r i e s was hampered during the lag phase 

of berry development but v/ao res tored af ter the t'^rminaf on of 

lag phase su-^gesting that phosphorus movement may be a factor in 

f ru i t development, 

Sulladmath (1975) observed in J&lipatt i sapota tha t ni trogen 

content was hi^h in the i n t i a l stages of f ru i t gi-owth but continu­

ously declined subsequently t i l l maturi ty. The phosphorus content 

was very high during f i r s t fortnight but rap id ly declined and 

reached a level of 0,241 mg/g dry wei<^ht at the end of f i r s t 

sub-phase of stage I of f ru i t development. There af te r the 

l eve l remained r a the r s ta t ionary . The potassium content did not 

show any marked changes upto 8th fortnin:ht of f r u i t growth. The 

potassium content, however, increased rapid ly to 19.4-7 mg/g dry 

wei"-ht dxiring 9th fortnight and s tead i ly decreased t i l l matur i ty . 
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The calcium content was very hi^h 8.96 mg/g dry weight in the 

i n i t i a l stages and declined to a level of 4,88 mg/g dry weight 

during gth fo r tn igh t . The content inccreased again rap id ly d\iring 

the 11th for tnight and decreased to 3,26 mg/g dry weight during 

13th fo r tn igh t . Then the level was s t a t ionary . Magnesium was 

high during 3rd for tnight (5.640 mg/g dry wein:ht) but decreased 

rap id ly during subsequent for tn ight and rose to highest level of 

6,664 mg/g dry weight storing gth for tnight of f r u i t gx'owth. The 

conteat again continuously declined to reach a level of 1,950 mg/g 

dry weight a t maturi ty . 

Role of seeds in ^^ruit development 

Seeds are knovm to exert dominant influence on the develop­

ment of f ru i t and i t i s evidenced by several cor re la t ion worked 

out between seed and f ru i t growth parameters, Iiuciiwill (1953) 

reported tha t the development of the seed as well as the f ru i t 

in case of apple followed the Game pa t t e rn , 

Singh (1951) found a uniformly high corre la t ion between 

f r u i t weight, seed weight, r a t i o of length to t ransverse diameter 

and sugar content in sapota f r ^ i t . 

Cameron et a l . (I96O) observed tha t in case of Valencia 

oranges, the large f r u i t s were associated with numerous seeds, 

Lange and Vincent (1972) confirmed the corre la t ion between seed 

number and f ru i t weirht in c i t ru s f r u i t s by comparing the f r u i t s 

with different number of seeds. In case of grapes the berry 

weight was correlated with the seed number (Olmo, 1946), 
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Li/ynification in fr-gits 

Ifennard (19^5) while working on development of the f r u i t , 

seed and embryo of the Paheri mango reported tha t endocarp l i g n i -

f i ca t ion occoored diirins: a period of three weeks, "beginning about 

10 weeks af ter f e r t i l i z a t i o n , the husk, seed and embryo remained 

constant in size a f t e r husk hardening occuired, but the fleshy 

par t of the f ru i t continued to enlarge slowly u n t i l matririty. 

Anonymous (1969) stated that there are seeded and soft-

seeded or so called seedless v a r i e t i e s in pomegranate. The seed 

coat var ies in hardness, some of the softer seeded types being 

known as seedless (Bedana), Lack of l i gn i f i ca t ion of the t e s t a 

(outer integument) i s the main cause of soft seededness (so called 

seedlessness) in pomegranate. The fleshy outgrowth called ' a r i l * 

of the seed t e s t a const i tu tes the edible juicy port ion in pome­

granate f r u i t . 

Causes of seedlessness in f r u i t s 

Seedlessness in f t u i t s may be caused by parthenocarpy or 

stenospermocarpy. When the ovary of a flower i s capable of deve­

loping i t s e l f into an edible f ru i t without po l l i na t ion and f e r t i ­

l i z a t i o n , the phenomenon i s called parthenocarpy. Parthenocarpic 

f r u i t s are sp^dless. There are 2 types of parthenocarpy; 

i ) Vegetative, i i ) St imulat ive, 

In vegetative parthenocarpy the development of the ovary 

into an edible f ru i t i s completely independent of po l l ina t ion as 
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well as f e r t i l i z a t i o n . This i s seen in banana. Here, ftom the 

very be^ririnino; there i s very hî ^h auxin content in the ovary, 

which takes care of i t s fiirther development in to an edible f r u i t . 

Stimulative parthenocarpy i s seen in pinea^^pie and cer tain c u l t i -

vars of c i t r u s . Here ovary receives i t s i n i t i a l stimulus for i t s 

development into a f ru i t by way of po l l ina t ion which i s not 

followed by f e r t i l i z a t i o n . 

In cer ta in f ru i t crops l ike seedless grapes, the ovary of 

the flower rece ives the i n i t i a l stimulus of po l l ina t ion followed 

by the f e r t i l i z a t i o n of the ovules, however the f r u i t s that are 

u l t imate ly produced wi l l be seedless. In t h i s case there i s 

abort ion of the embryo that i s produced as a r e s u l t of f e r t i l i z a ­

t i o n . This phenomena i s termed as 'Stenospermocarpy'. 

As already exDlained above, the soft-aeededness (so called 

seedlessness) of pome/^anate i s not due to parthenocarpy or 

stenospermocarpy but dtie to lack of l i ^n i f i c a t i on (Anonymous, 1969> 

The seeds of so called seedlesi.;pome^anate are fu l ly viable and 

germinate without any d i f f i cu l t y . 

Certain £ru i t crops l ike c i t r u s wi l l produce seedless f rui ts« 

Good number of them are proved to be t r i p l o i d s which resmlts in 

various degree of male and female s t e r i l i t y which makes the 

parthenocarpic development of f371;its poss ib le . 

In crops l ike toaato under low temperature conditions there 

w i l l be production of parthenocarpic f r u i t s , because of the 
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prevention of po l l ina t ion and f e r t i l i z a t i o n . In crops like 

cucuEiber which ar-e ^rown under short day conditions followed 

by low ni^ht temperature conditions there w i l l be prodtiction of 

large number of seedless psrthenocarpic f r u i t s . 

Crane et al« (196I) t r i ed g ibbere l l in to induce parthenocarpy 

in J.H, Hale peach. GA indaced pai'thenocarpic f ru i t set ran;>ing 

from 53.8 to 6 Q . 3 ^ and a l l the parthenocarpic f r u i t s ^ere elongated, 

smaller in diameter, and also there was no button fruitt^ on GA 

sprayed bunches which otherwise wou.ld have produced button fcu i t s 

in Hale peaches, 

Stembridge and Gambrell (1970) studied effect of g ibbere l l in 

and parthenocarpy on the sahpe and maturation of peaches. They 

reported that GA has caused some f ru i t s to develop par t he no carp i -

ca l ly and such f r u i t s were elongated in shape and somewhat smaller 

than non-part he nocarpic f r u i t s . The GA t rea ted f r u i t s were smaller 

and more elongated than the control f r u i t s . 

Effect of cytokinins and g ibbere l l ins on shape of Delicious 

ap^le f r u i t s was st-udied by Williffio and Stahly (1959). The study 

indicated tha t the chemicals affected f ru i t shape by increasing 

the length to diameter r a t i o of the f r u i t s . Cytokinin caused frxiit£ 

to be longer with prominent well developed calyx lobes , GA caused 

f r u i t s to be longer but did not appreciably affected the calyx 

lobes . 
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Saavedra (1979) olsaorved ^i-oberellic acid si-Tnificantly 

enhanced f ru i t set and stimulated n-rowth of seedlecjs f r u i t , in 

annona oherimola. Gibberellin induced severe crac-cs on f n i i t 

before harvest . Sunderarajan, et a l , (I96S) studied the effect 

of plant growth r e ^ l a t o r s on custard apple, and reported that 

GA consis tant ly increased the i t u i t set by 45-70^ and re t en t ion 

of f r u i t s . The number of seeds wê re less in GA and NAA trt.-ated 

f r u i t s . 

Quantitative methods for measurinr^ l i /^nif icat ion of seed t e s t a 
in pomegranate 

Soft seeded types of pomen;ranate popularly but incorrect ly 

called as seedless or Bedana, do not have lip:nific".tion of need 

t e s t a . T i l l r ecen t ly soft seededness v/as determined only a f te r 

ea t ing , but Purohit (1985) devised quant i ta t ive methods to mcasiu'e 

the degree of softness in pomegranate. The mean thickness of 

seed t e s t a , density of the whole seed, density of the seed t e s t a 

alone and wei'^ht of the seed t e s t a as percentage of whole seed 

weight were used to meafmr the degree of soft-seededness. On 

the bas is of the 4 seed parameters and eat ing t e s t s 'Bedana' 

•Bassein Seedless ' , 'Ganesh', and 'Dholka* v a r i e t i e s of pomegra­

nate are soft-seeded. Muskat var ie ty i s rncdiiun soft seeded while 

Aland!, Kandari and l<:a,bul Yellow are hard seeded. This study 

indicated that a pomegranate var ie ty can be called soft-seeded 

if the mean thickness of i t s . s e e d t e s t a i s less than 0.5 nun, ! ' 

the density of the seed t e s t a alone i s less than 0,-1 g/ml and 

the wein;ht of the seed t e s t a i s l e ss than 50^ of the weif?ht of 
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The presen t i n v e s t i g a t i o n s were conducted a t the 

Hor t icul tm- 'a l Experiment S t a t i o n , Hessaragha t ta of the Indian 

I n s t i t u t e of H o r t i c u l t m - a l Research , Ban^'^alore dur ing 1982, 

1983 and 1984. 

Desc r ip t i on of the Experimental Block 

The exper imenta l S t a t i o n of Indian I n s t i t u t e of H o r t i c u l -

t u i ' a l Research i s loca ted about 25 kms away from Bangalore City 

a t 12.68°N l a t i t u d e and 77.58°E l o n g i t u d e . I t i s i n the e l eva t ed 

plane a t an a l t i t u d e of 863 meters above MSL. The exper imenta l 

b lock has r ed sandy loam s o i l . The area r e c e i v e s r a i n s both 

from South-West and North-E;ist monsoons, amounting to about 

900 mm a n n u a l l y . The cl imate i s v/arm and s l i g h t l y humid. The 

me teo ro log ica l da ta for the years 1982, 1983 and 1984 a re given 

i n appendix - I . The mean monthly minimum tempera ture ranged 

from I5 .5°c to 23.0°c and the maximum from 26.1°c t o 34 .6°c , 

The mean monthly r e l a t i v e humidity a t 17.30 houi's raAged from 29." 

t o 70.4/j and a t 8.30 hours ranged from 64.0 t o 90.05^. The 

w e t t e s t months were May, June, September, October while the 

most humid per iod was Januai^y, February, June , J u l y . The 

monthly sunshine houi's were high from December t o May. 

D e t a i l s of Experimental Mate r i a l 

Five uniform p l a n t s each of four v a r i e t i e s v i z . , Bassein 

S e e d l e s s , rjanesh, Alandi and Kab^i Yellow were s e l ec t ed from 
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v a r i e t a l col lec t ion block. The p lants were five year old and 

received -uniform cul tura l prac t ices including i r r i g a t i o n , 

manuring and plant pro tec t ion . The soft seeded Bassein Seedless 

va r i e ty i s grown commercially in Karnatalca s t a t e . The hard seeded 

va r i e ty Alandi was once ,o:rnwn extensively around Poona, Maharashtra 

but i t has been replaced by a soft seeded se lec t ion TTanesh* from 

Alandi (Cheema et a l . , 1954) the hard seeded va r ie ty mbul Yellow 

i s not ^own commercially but has cha rac t e r i s t i c yellow coloured 

flowers and f ru i t colour. 

Detai ls of Experiment 

The present invest igat ions consisted of following major 

experiments. 

I . Growth and development of f ru i t s and seeds in soft 
and hard seeded v a r i e t i e s . 

I I . Anatomical and histochemical differences in time, 
nature and degre'e of l ig i i i f i ca t ion of seeds of two 
types of v a r i e t i e s . 

I I I . Quantifying differences between hard and soft 
seeded v a r i e t i e s . 

IV. Seasonal changes in f ru i t qua l i ty . 

V. Seasonal changes in macro and raicronutrient contents 
of f r u i t s . 

I , Eruit growth and development 

Event hough pomegranate flowers thj^ice in an year, the number 

of flowers drying January-February (Ambebahar) flowering flush i s 

maximum and i s considered as main flowering season under Hessara-

ghat ta condit ions. The flowering l a s t s for 40 to 45 days duj-ing 
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t h i s seaoon. In each var ie ty 150 perfect hermaphrodite flowers 

char^icterised by proLiinently loul/?:ed ovary were selected and 

ta^^ed soon af ter fmjit set on selected p l a n t s . The imperfect 

hermaphrodite flowers aronnd the tar-fred flowers were removed. 

Method of f rv i t samplinjO; 

F i r s t samplino: of the f ru i t was done 10 days af ter f rn i t 

set ( i . e . on 25th January, 1982, 7th Febimary 1985 and 19th 

January, 1984). Subsequent samolin^-s were done on 2 , 30, 40, 

50, 60, 80, 100 and 120 days a f te r friiit s e t . At each sampling, 

10 f r u i t s were removed from each of the 4 v a r i e t i e s and data 

were recorded frnait v;ise on following characters and the mean 

values for sample of 10 f r u i t s were calculated. 

j fetai ls of observations recorded 

(1) .gresh f ru i t wei.^ht jp-^) 

By usins: e l e c t r i c balmice fresh weiTht of each f ru i t was 

taken at every sainnlinq: as soon as the f ru i t s were brought to 

the laboratory, 

(2) Len/^th aJiA 4iJi™A"^Jl̂ Ji?.A l̂'̂ --^^^ 

The length of the f ru i t from the s ta lk end to the apex 

and the diameter a t the equator ia l plane was measured with the 

help of vernier c a l l i p e r s , 

(3 ) j^esh yQJ-2^'^X .CI1_QXJ!lM.-^^l.A?iLd^~C'^^l^ 

The gra ins were removed carefully from the r ind and the 
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weights of r i n d aad /grains were recorded s e p a r a t e l y by u s i n ^ 

e lec tx- ic b a l a n c e . 

(4 ) ii2i3jiur£^Cjontent^^£l2_0-f J^^^ matt er ^content 

The cut f r u i t s alon,'^ wi th seed , p u l p , r i n d were dr ied in 

hot a i r oven a t 70°c t i l l cons tan t w2io;hts were obtained and the 

mois ture content (>) was c a l c u l a t e d . 

(5 ) £E6_cJ îi_c _£^javijt;^oXJ^33^^ 2 

The volujnc of f ru i t was det'^rmined by water displacement 

method, iisinx:^ a measuring cy l inder and the s p e c i f i c g i 'avi ty was 

c a l c u l a t e d , 

(5) Thiclcness of r i n d (caijj 

Rind thicI-aiesG was det' m i n e d a f t e r c u t t i n T the f ini i t a t 

t he e q u a t o r i a l p lane by u s i n ^ v e r n i e r c a l l i p e r s , 

(7 ) 100 seejd J^eir^ht_ (5 j_ of .i^e.sh _a;id^ dry seeds 

100 se. 'ds were se lec ted randomly and weiq^hts were taken on 

an e l e c t r i c b a l a n c e . The sarae seeds were kept for drying in an 

hot a i r oven (70°C) and then dry wei/^hts were t a k e n . 

I I . Anatomical^ and Histochemical M r f e r e n c e s in 
s£'3^¥^or s_o"ft arid har'd~3terded v a r i e t T e s 

Since deTi'ee of l ip^i i i f ica t ion of seed t e a t a causes sof t 

and hard ceodednesr, in pomer^ranate, the two types of v a r i e t i e s 

may d i f f e r i n xhe t i m e , natui'c and r a t e of l io^n i f i ca t ion of seed 
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t e s t a . There may also be histochemical dif ferences . The anato­

mical differences were studied from seed sect ions and histochemical 

t e s t s were conducted on the tissxie - sect ions to loca l i se the 

insoluble polysaccharides, DMA, RNA and prote ins in fresh seed 

ma te r i a l . Detai ls re^ui'din^ co l lec t ion of seeds, procedures for 

preparing seeds for • sect ioning, microtomy, fixing and s taining 

of sect ions are described below. 

2• 1 ffixinp; o.f raaterials 

The methods of histolot^y and histochemistry have a com ûon 

o r ig in and a core o£ similar procedures, but differ in the i r 

s ta in ing techniques. In the pres-int s tudies the following custo­

mary histolo^rical and the h is toc lemical s ta in ing proced-ures, 

mainly chosen from Jensen's (1952) "Botanical histochemistry" 

were used. 

2,2 Pixation and dehydration 

The seeds extracted from every samplino: at the in te rva l 

of 10, 20, 50, 40, 50, 60, 30, 100 and 120 days were k i l led and 

fixed in FAA fixfitive (Jj'ormalin 5 pa r t s + ace t i c acid 5 par ts • 
e thyl 

90 p a r t s o f /a lcoha l ) . The seeds were fixed for 24- hours in t h i s 

f i x a t i v e . They were l a t e r t rea ted in ascending grades of alcohol 

(50, 60, 70, 30, 90 and 100^), leaving the sample for 3 hours 

in each of the alcohol grades and then siabje ced to dehydration 

using absolute alcohol-butanol .grades of ''^i1, 1:1 and 1:3 propor­

t ions and f ina l ly t rea ted with pure butanol twice . 
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2.5 Tissue Infl l tr^. t ioi i and embeddin.^ 

¥rom tiie ..icdi-ujn of iTOi-e uutanol, the mater ia ls were 

transTerrod to small v i a l s and the chips of paraff in wax were 

added successively u n t i l the medium reached a sa tura t ion point 

a t the room teniperatuj^e and la te r under the t ab le lamp (40 wa t t s ) , 

J^'inally, the mater ia ls were q-iven changes with the molten piu-e 

pa:,^affin in the oven at 60°C, thus replacin/^ the l a s t t races of 

butanol with paraf f in . The mater ia ls were then embedcJnd in 

paraff in employinc: paper boat method. 

2.4 Kicrotoming 

Ser.ial microtome sections of 7 micron thickness v;ore 

obtained us.ino- Erma ro ta ry microtoi'^e, Oaxe was taken to maintain 

consta.at th.icknecs of the sect ions to obtain as far as possible 

uniform sec t ions . Vlncn the rjnbon was formed while microtomin,^?: 

i t was laid on a clean black paper„ 

2 .5 AffixiJi-" the suctions to slides_ 

Gelatin (0 .2 ' ; J ) with a l i t t l e quantity of potassium dichro-

mate was used as an adhesive. Then the paraffin sf'ctions were cut 

into shorter u n i t s and arra.np:ed on the s l ides v/ith adhesive. The 

s l ides were wtu-mod for expansion and stretchin^: of the r ibbon. 

The excess adhesive was drained off and s l ides were dried before 

deparaff in is in^ . Xylol was used to depai-affinisin- the sec t ions . 

After a few miimtes t^e s l ides were passed thir ^u^h the solution 

of xylol and butiunol (1:1) , piu'e butannl and then aV-solute alcohol 
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s-uccesaively. The use of butanol ensures complete eljjiiinat.i-)n 

of xy lo l which, when present even in snai l t r a c e s , creates a 

^oggy-film on the t i s sue sections and prevents them from proper 

hydration and s t a in ing . The sect ions were hydrated passing 

through alcohol (down gi'ade) s e r i e s . 

2,6 Histochemical s ta ining 

Hydrated sect ions v/'̂ re subjected to the histochemical 

s t a in ing , then dehydrated and mounted in DPXo Histochemical 

assessment was made on the fixed mater ials for insoluble poly­

saccharides, nucleic acids and p ro te ins , Following are the 

d e t a i l s of the histochemical procedures which are described under 

each substance and adopted in the present inves t iga t ion . The 

s ta in ing d e t a i l s are l i s t ed in Table 1, 

Metabolite 

Inso Ixib le 
Polysaccharides 

Proteins 

DNA 
and 
RNA 

TABLE-1 

T e s t s (JjYom J e n s e n , 1962) 

Periodic Acid-schif f 's (PAS) 
t e s t , Clotchkiss, 1948) 

Mercuric bromophenol 
blue method O^'azia, Brewer 
and Alfer t , 1953) 

Toluidine blue 
(i-'eder and 0* Bric.ii, 19"^8) 

Indication 

Magenta 
colour 

Deep blue 

DNA-green 
RNA-Blue or 

v i o l e t . 

2,6.1 Insoluble polysaccharide^^ 

Insoluble polysaccharides were assessed employing period 

- i c acid -Sch i f f ' s (PAS) method. 
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£^iO-^iic Aci.! j_chi iT 's QPAS) Method 

Ear l i e r , PAS method was used in hiotolo.'^y only for the 

demonstration of mucin (McManno, 1946). Later, Hotchki.is (1948) 

elabor...t'-d xhe i.iethod and adopted the technique to dem-^nsirate 

a vai ' iety of polysacchai^ides in plant t i a s u e s . 

In PAS method, t i s sue sect ions were t r ea ted with a mild 

oxidative a^ent namely, periodi ; acid C-104J). Durin- '̂ oxidation 

carbon -chains of polysaccharides containing 1 - 2 - '-lycux ĉrroxips 

were bro^cen and the roken ends were oxidised to aldehyde fproups. 

Such aldehydes reac t with leucobasic fuchsin (n - su l f in ic ac id ) 

and produce bri-^ht pink colour-complexes. 

Procedures: The following stens wore adopted: 

(a) The paraff in embedded mater ia ls were sectioned at 7 micron 

thickness and mounted on s l ides usin^^ ge la t in adhesive 

(b) The sect ions af te r deparaffinisiiv^ in xy lo l , were hydrated 

thi'ou'';h alcohol grades 

(c) Placed in oxidative rea-rent (prepared by dissolving 0.3 ^ 

of per iodic acid in a mixture of 10 ml of 0.2 M sodium acetate 

and 10 ml of water) for 15 minutes 

(d) washed in runnin- water for 10 minutes and stained with 

Schi f f ' s reaT:ent. 
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?il5£§£.^il2IL,l£-§^^li££ls__rea^ni* ^^^ /rî am of baoic fuchsin was 

dissolved in 100 ml of 0.15 N ICl sha.'dnQ: the mixture at frequent 

intervalG fni' 3 hTurs. Afterwii-ds 2.0 f^ of potassiiun metabisu.lfite 

was added to the raixtui^e, a^crftatjci and le f t overni^lit. l a t e r , 

500 mi: of animal charcoal was added to i t . The mixLuro was 

shakf.n and f i l t e r e d . innodi at el; / . Generally, the f i l t r a t e i s 

co lour less , hut r a r e l y shows straw-yellow colour, Thi.j s t a in -

leucobasic fuchsin, was tes ted by addin,^ a few droj^u of i t to 

a few ml of formalin taken separately in a t e s t tube . The 

immediate appearance of the mao^enla colouj? t e s t i f i e s to the 

needed qual i ty of s t a i n , while the delayed appea^^ance of t h i s 

colovu^-coraol'^x su'^'^ests otherwise indicat ing tha t the s tuin i s 

not usable . The rea'^ent was preserved in a refr i .^erator for a 

prolonq:ed use . 

Staininp^ procedure: 

(e ) Tac t i s sue sect ions were r insed in wati.r and t reated with 

blf-ach which was prepared by addino^ 5 ml oflNHCl and 5 ml of 

10 per cent ootaaniiun metabiaulfi te to 90 ml d i s t i l l e d water. 

(f ^ T.:e sections were washed in runnin^^ water for 10 minutes, and 

{rj dehydrated usin/r alcohol -butanol /trades, f ina l ly cleared 

in xylol and mounted in DPX (Disterene 80- r e s i n - Dibutyl 

phthal;ite - p i a s t i c i s e r - Xylol - so lven t ) . 

2.G.2 Total jor_oteins 

Tne ••lethod used to identify protein i s mercuric bromophenol 
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"blue. This i s adopt-d to reco,n-nise only the insoluble proteins 

as a l l the :;Tlut)le ones ai-e los t di'j^in^ f ixa t ion . 

Mgrcuri^ bromophenol blue t e s t (Mazia et a l . , 1955): 

The or iginal chemical pi-ocedm-e i'or the loca l i za t ion of 

px-oteins was modified by Mazia et a l . (1953). The technicjie i s 

a.n excel lent one for the demonstration of oroteins which ai'e 

present even in smaller q u a n t i t i e s . In t h i s r eac t ion basic 

p ro te ins bind the bromophenol blue dj'-e even when merci-ry i s 

absent , while the other proteins bind the dye coupling thorough 

mercia-'y. Thus, in the mercuric bromophenol blue method an excel­

len t correla t ion existt.; ietween the amount of protein present 

and the amount of dye bound. 

Procedure : 

(a.) The sections were depai-affinised and brourTht to the absolute 

alcohol . 

(b) These were inuiersod in morci'ric bromophenol blue s ta in for 

15 minutes (the stainin-^ soli T,ion was preijared by dissolving 10 g 

of mercuric chloride and 100 mg of bromophenol blue power in 100ml 

of absolu.te a lcohol) 

(c) Superficial s t a in was removed* by t r ea t i ng the sect ions 

with C.5/4 ace t i c acid , and 

(d) immersed ara in in tap water which prodiices the f ina l blve 

colour at the sit*, s of px'oteirg. 

(e) The sections wore 1eh;^di'ated in a n-btitamol s e r i e s , cleared 

in xylol and mounted in DPX. The prote ins s t a in deep blue . 
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(a ) Sec t ions were depa ra f f in i sed and hydra ted . 

(b) The s e c t i o n s were kept i n 0.^fo t oUi id ine blue s o l u t i o n 

in water for 2 - 5 minutes , 

(c ) The s l i d e s were washed i n running wate r . 

(d ) dehydrated in b u t a n o l , c leared i n x y l o l and mounted in 

DPX, DM containin.n^ y i t e s appeared fprecn. 

RIs'A containin.T t i i tes aipe^a^od blue or v i o l e t . 

I I I , Qgantiftin.q: Differences between Hai-d and Soft se_e_ded. 
VsLTTeTIfc^ 

AjTter the s e c t i o n i n g and stainin^- the s l i d e s were photoiniciro' 

gra^-hed for fu r the r s t r d / . Hoas-qrements of d i i f e r u n t l aye r s of 

seed were made usin^; ocular" micrometer and tabvilated fjor fu r the r 

p r e s e n t y t i o n . 

IV, Changes in F r u i t Qu.ality 

The f r e s h l y e x t r a c t e d ,1uice was subjected t o follov/inf^ 

q.ual i ty ana l^ -s i s . 

1 • To ta l soiy-b_lc-_ so_lias 

The t o t a l so lub le s o l i d s of the .juice i n t e n f r u i t samples 

were recorded seprj^-.tely usim- the 'i^rna' hand r e f r ac tome te r and 

the same v.-as expre:.:sc:d i n o b r i x . 

10 i;il j u i ce samole v;as t aken and d i l u t ed with d i s t i l l e d 

watLr and t i t r a t e d a^-ainst 0.1 W sodi iF hydroxide sol i - t ion usinf^ 
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a rev; oi'ops of ^ .Gfo phcno lp tha l c in as an i n d i c a t o r . The a c i d i t y 

was cxpr^GG.d as c i t r i c acio ccr i v a l e n t s in 100 ml of juiceC^r fo), 

5 . Hed-ucin-;_ and non-redi^c^j"^"" srj-ai's 

The r i d v c i n T , nnn-red-ucin- and t o t a l sup-ars were es t imated 

by Sl-^^ffd' - Somo-vi 's .aethod (A.O.A.C. , 1980) and the rcs ic l t s 

were expressed as i;/100 n l j u i c e . 

"V. ciian/^es i n Macro and i cx 'o -nu t r i en t co^ oenlb of 
j^UJJi.S 

Tlie s^eds and i t i i i t r i n d was analysed for the followin^^ 

chemical c o n s t i t u e n t s and expressed on dry wei^^ht h a s i s . 

1. Kitr nxren 

2. Pho.'.phoius 

3 . PoLassitm 

4 . Calciiua 

5 . Ma/rnesivjn 

6. MicL' inuorif iits (a) I ron , (b) Zinc, (c ) Man/rancse 

(d) CooDcr. 

NilL- •) -en estj.m^/t,ipn: The niLro^ren was de ter rdned "by mici-o 

k j e ldah l method (A. O.A. C.O970 ) . 

Phosphorus, potassii;jn, calcir in and ma^^nesium estimatio^n: The 

ex t r c t i o n was d ne "b;y w^t asl'in"- iiicthod as descx-iled hy Chapman 

and i ¥ a t t (]Y^^ J. Th i j e x t r a c t was vs d for the e s i ima t ion of 

phos ho-TS, pot-a. sJim, ca lc i i BI -Jid ma^ncsiim and riicr n m urif n t s . 

ilicronu.fc-ients were es t imated by i sin~ A'̂ o l ic abso rp t ion e l e c t r o 

pho t -me te r . 
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RESULTS 

The r e s u l t s of the i n v e s t i / r a t i o n s are presen ted below: 

I , P a t t e r n oT f r u i t growth 

1 • Rresh wei-^ht of t he f r y g t s 

The obse rva t ions on the changes in the f resh weio^ht of 

f m i t s upto mat-urity (120 days) were recorded a t 10, 20, 50, 40, 

50, 60, 80 , 100 and 120 days i n t e r v a l from f r u i t s e t . The da ta 

were recorded on the f r u i t s se t i n the ambe bahar (January-

i^ebruary flowering:) for t h r ee yea r s (1982, 1983 and 1984) and 

pooled m-an fi^^ures for changes i n f resh f r u i t weight a re 

p re sen ted in Table 1 & 2 and Figure 1, The da t a were recorded 

for four v a r i e t i e s i . e . , Gancsh, Bassein S e e d l e s s , Alandi , and 

Kabul Yellow. The pomegranate l i m i t grows cont inuous ly from 

f r u i t s e t u n t i l h a r v e s t t ime . The p a t t e r n of f r i j i t growth i n 

the four c u l t i v a r s shows a 'Simple sigmoid curve ' almost 

approaching a l i n e a r r e l a t i o n s h i p . In Ganesh and Bassein Seed­

l e s s the re v/as apprec iab le decrease in /growth r a t e and r e l a t i v e 

growth r a t e of f r u i t diiring 30 t o 40 days , 50 t o 60 days and 

80 t o 100 days . The f r u i t s had made very f a s t growth di^ring 

t h r e e d i s t i n c t p e r i o d s , i . e . , between 20 t o 30 days , 40 to 50 

days and 60 t o 80 days , thus p e r i o d s of slow growth r a t e a l t e r ­

nated with pe r iods of f a s t grov/th r a t e . The da ta on growth 

r a t e r evea l ed t h a t t he maximum growth r a t e i n terms of inc rease 

in f r e s h fri ' .it wei-o-ht was observed around f r u i t m.-.turity. In 

Alandi c u l t i v a r , f r u i t growth r a t e and r e l a t i v e growth r a t e 
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t n 

U3 

m 

1.0 

h'^ u"^ >.X5 CT> ir\ 
CO 
a"\ 

* 
o 

ur\ 
•<^-

• U'> 

C\j 
trs 

• T— 

r -

O 
[>. 

• 
o 
C\' 

i n 
i n 

• t n 
»— 

.n 
CM 

• 
m 
OJ 

o 
o 
o 

m 
CM 

O in 

OJ 

^ 

O 

—̂ 

CT) 

r -

U-O 

<\l 
03 

O 

CD 

i n 

cn 

i n 

i n 
CM 

o 
a) 

O UD 
^ CO 

t n vr.1 

CO 

cn 

o 
u ^ 

L ^ 

[>- =̂1-

r-
cr-, 
U!) 

• i n 

NA 
C\,' 

-^ 
• KO 

o 
u - ~ \ 
"U-

• o 

CM 

^<'^ 
VJ3 

• C", 

o 
o 
o 

• o 

^ 
LP> 

• 
cn 

CM 

o 
Cv) 

• 
U 3 

—̂ 

CO 
CD 
O 
• CM 

r<-\ 

C--
OJ 
eg 
« c-

x — 

CM 
<:i-
CT, 

• o 
r -

00 
tn 
o o 

cn 
K > 

t^ 
o-̂  
[ ^ 

• 
cn 
m 

i n 
CM 

^̂  
• i n 

CM 

'̂̂  
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wa3 low drj?in- 30 to bO and 30 t o 100 dayo while in Kabul Yellow 

i t w .3 low dr_rin- 40 to 60 .vid 80 to 100 dayo. The slow frroulh 

p e r i o d s a l t r d wi Lh ue r iods of f a s t PTOMlh r i t e . Tne f n ^ i t s of 

Alandi had made Very f a s t ^x-outh d^l^in'^ ?0 t o 30 days, 50 to 80 

days and 1')0 t o 120 days whorei. - in Kabul Yellow the f a s t /rrowth 

iv.tc was observed d riiio- 50 to 80 days and 100 t o 120 days . All 

the fou^ c i i l t iv r s exii ibi ted v r y f .st "-x'owth around mattiri tyo 

At m. ' tu r i ty ( i . e . , 120 dayo) the f r e sh f r u i t w e i - h t s in the four 

va r j t i e s wore, 'Inn sh 2b5o050 '^, Baosein Seedless 240.170 r , 

Alandi 24?.3:'3 ^ rjid i^abul Yellow 183.47'^ rr, 

?• If-JlUJ'Pu ,a/id Ireadt_h__2L_tjie_ _£rlu/t 

The data on "i,he cian^'^es in tho l i n e a r dimensions of the 

frui"^ naMCly, len-j^th and breadth a re p resen ted in Table 3 -nd 

fi '^ure 2. The len t h and br adth of f r r i t i nc reased cont inous ly 

from f r u i t -^et t o n o t u x i t y hov; v e r , the i nc rea se in length was 

f'iot< V as cojincav d t o breadth diu'-in"- the eai ' ly ner iod of f r u i t 

^•ov;th. Th i o '^rowLh p a t t e r n was observed in ^anesh between 0 

t o 4̂  a a " c , 0 to 50 days in l iassein Seedless and 0 t o 20 d-ys 

b ^th In Alandi and Î araTl Yellow. In the l a t e r per iod of f r u i t 

"•routh incri-aoe in b read th v/as more prono\mced t han in l e n g t h . 

Gr ai'^r incrc so m b read th towards ^ ^ l i t m a t u r i t y r e s u l t e d in 

roi^nd f r u i t s . 

Tne f r u i x s of Ganesh, Alandi and a b u l Yellow had hi^^her 

lon^-L-h/brc ad.h r t i o dirirw tlie i n i t i a l sta^^f s of f r u i t firowth. 
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The r j , t i o PTJ^'adually decreased tov/ards m a t u r i t y as a r s i i l t of 

.c^roat-r i nc rea se in b r e a d t h . Thus, the fr 'ui to i n the i n i t i a l 

sta;rf~'.3 \; r e n'blon''- ovate and sii; ae-q.-aentlj- thej-- t ecane round, 

,q:lobulcii' or rriQbon^ in ohape. In the v a r i e t j <?anesh the lenp-th/ 

b r e a d t h r a t i o v/as ^.?? a t f r . i t s ' t cuid i t decr'-^-ased t o 0.97 

a t E ia lur i ty . In var i ty Bar,se".n Seedless the l e n - t h / b r e a d t h 

r a t i o rega ined around 1 unto 80 days indica t in ,^ t h a t increase 

i n le . i^ th and br' ndth was oC rij.iil?ir ma/^nitLide di^rinp; t h i s pe r iod 

and le f r u i t s were a l n o s t round. The r a t i o decrep-sed to 0.94 a t 

niratiirity. In Alandi v a r i e t y the l en ' - th /b read th r a t i o w;;s 1.29 

a t fr-. i t sot v/uich doci-oased t^ 0.89 a t nritiu-'ity while i n Kabul 

Yellow the r a t i o decreased from 1.13 a t f r u i t s e t t o 0.94 a t 

mati r i t y . 

4 . 5^sjii_ we j ght_jp f __rind_ and_ se e d s_ 

The data on iYesh w e i - h t s of r i n d , seeds ( i . e . , a l l seeds 

cover"d u i t i i f l e shy ed ib le a i / i l s ) and r i n d wei'-'-ht/sced wei^-ht 

r a t i o a re p resen ted in Table 4 and f i ^ ^ r e 3 , The wei~ht of r i n d 

and Gccds inori.'ased cotitinuov-sly t i l l matiu-i ty. Dtirin,"- f i r s t 20 

days of .'T r̂owth the r i n d v/ei -ht v;as more as compared t o seeds 

in a l l the fo-ur v a r i - ^ t i e s . Dtrin*? 20 t o 40 days , the weights 

of r.ind and seeds were rou-^hly ba lanced . Erom 40 days t i l l 

mati^xlty, the v;ei-ht of seeds was more than the r i n d . During 

moot of the stoo;es of f r u i t development the seeds c o n s t i t u t e d 

about ha l f of the f r u i t wei--ht. (The i 'resh l^ruj t wei^-hts ai-e 

p-iAen i n Ta"t l e 1 and 2), 

http://fr.it
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The daV. l a j ^ . d \ /e i • t / j ^ ' n ' "el- l i t r . t l o (Tabl ' ' 4 -ind 

fiTiir-c / j r o v P ' l P d t / r . t t;TC r a t : o i]i<'»-e-^.ipri rL-adpall^- r r c ^ £ n 7 i t 

c e t 1] t o RO dayr, and t h e n i t decliiif-ai s l i ' - i i t u p t o n a t u r i t . , - (120 

d a y s ) . In 'Tanooii oae ^ ' a t l o w . s O.OB a t f i n i i t st t and co'iti : iu'"d 

t o no '•<t.lo\j 1 t ' l l ~)0 dayT and a- d r a l l y ijici-'^an'-d t o ^,U a t 

r a i t m ^ i t y , l a ?• - -e . 'n Sc-odlo.in i no r a t i o was 0 . 0 4 a t j:i--i.it s e t and 

1.1)2 ax ..latv.riu . Tn Aland! i t \ ;as 0 .02 a t £ r r i t s o t and 1 .^^4 a t 

120 d a ' s . In ?i.Dul Yellov; t l ie r t l o '..'as 0.0^1 a t f t i i t s e t r ema ined 

"below , t i l l /'Q day.: ana r i x i a l l y roac'-ied 1.^9 a t m.itvi^ity s t .^^c. 

Alt i i - i i~h "10th src-d uf^j'•'ht :ind L-Jnd v/eiTht i n a r c a s e d c o n t i n o i i s l y 

from l i ' u i t s - t t o i ^ u i t raatua'-it;/, i n i ' . i a ^ l y the newly s e t f i- t i i t 

c ^ n 3 i s ' ' d .".ainly o " r i n d p o . t i o n hence t}ie r ^ t i o v a l u e s v/ere low. 

As tn^ ^jn\:V:i and lL':!;niI'ic . t i o n oC s e e d s p icked u p , t he r a t i o 

c r o s s e d t h e v a l u e oT 1 a round 40 '"a-̂ y t̂ a f i e r AQ days seed ^ ' o ; r t h 

overto:!k: r i n d '-rovrta, and th-^re-xft^r t h e r a t i o kept on inci '^jasin'^ 

and ap-ain aroiind mat^ t-'ity i . e . , a t 120 and 120 days tl-r^T-e v/as 

s l i - h t d e c l i n e i n t h e r ' l t i - t . The d a t a f u r t h e r rcvea l i^d t h a t 

t o t r i l nerd W',l-iit wis h i - ' h e s t J . ^ . , 1:7'^.72 r̂ i n '^an^ sh fol ' iowed 

by i 4 f . g R f̂  i n Al a m ' , 14^.^1 ^ in t i a s se in S e e d l e s s and 121.14 ~ 

i n -Kabal Yel lov, . A con-iariS'->n of f r e s h f r u i t wei"-ht (Table 1 and 

2) Tad t o t a l sei d we i~h t a t ruatuL-ity (Table 4 ) r e v e a l e d t h a t f r u i t 

and s-' d we.i~h"t.s v/e:e ra\T"-hly c o - r e l ' i t e d , 

G o &• /_^ Ilat t cc^ COntcjit _of__fî u_i_"t .aaci_j;3i'_<2Ĵ _s_ 

The d a t a on d r y n a t t e r c-^ntent (oven dry b a s i s ) a r e p r e s e n t e d 

i n Tal l e b id i l l u s t i a i t ^ d i n f i ^ ^ r e 5 . The d a t a shov/ed t h a t t h e 

d r y . u t ' . e r co-r. rit In case ox f r u i t s i n c r e a s e d c r^n t inuous ly t i l l 

http://i4f.gR
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about 50 da^n in : i l l the fnvc ci.l'-ivorG cina tlien docl ined/^adua] ly 

towfU'os i . a t iv ' i ly , - s a re si I t OL' fo-'iiotion of ji ice in the i l e s h y 

ai i l no-ti-^n of cecdG, owev. r , in caoe oT seeds the dx̂ y mat te r 

c o n t t n t inoL r oed contin-uoix: 1;> i'rom f r u i t s e t t i l l luatvx'ity. 

The 1,'rer.ent dx-y mat te r content oC ^ranesh i l^nits slowly increased 

frnn •;i.03',3 a t 10 (\:vjs t n 42.1'-,J a t 40 days and t h e r e a f t e r i t 

dec l ined t o 2e.70"/^ l e v e l nt fir.ti.jity st-j^^e. In has ,ein Seedless 

the dry matt r content of friu t ino"-ascd i^om 30.87^^ a t 10 days 

to 3 .56/j a t 50 days ana then s lowly decr^\sed t o ?3.23,« a t 

r i ' - t tu ' i ty . In Aiandi i t i n c r ' • ccd from ?''..71^o a t 10 days t o 

33.90,j a t 50th day and ca.nc down t o 23.C15> a t 120 days . In Kahiil 

Yellov; the dry mat te r content a t 10, 50 r.nd 120 days v/tre 20 .17^ , 

41.1''/a and 35.'"'1/o T' s p c c t i v e l : , This v a r i e t y had hi ^nest dry 

m a t t ' r o n t ax a t i iat i- ' r l ty, 

T'':e dry i i a t t . r c^ntcjit of sc .d in i^anesh slowly increased 

from G.40;3 (at 10 da^/r) to 1/'.91'/J a t na tv r i t ; ^ . In Baroein Seed­

l e s s tl.e dry r . a t i e r content w; s ,7?/a a t 10 days , i n c i d e n t a l l y 

which was the l e .st when compsred t o other v a r i e t i e s , then i t 

r a i s e d slowly to 20.09;^ a t manirit.v starve. In Aiandi i t was 

4.95,j and 17.64,'j a t 10 dayj and ina tvr i ty stc^p;e r e s p e c t i v e l y , 

llt-b-ul YelJow r( cori-f^d 6.10> oC dry n a t t e r content dnr.i rî r io days 

of o:routh wliich slowly inert ;iscd to 24.72^ a t m a t u r i t y . Out of 

a l l the four v j ' i e t i ^ s s tudied "-lahvl Yellow recorded hip-hest 

(2 / ' .7 ' 'o ) dry n a t t c f content a t ma tu r i ty sto":e. 
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The data on spcjcific oravi t ; ' o •? rri:.itr. a.'o yr f rcntod in 

Table 6 . I t was hi^-her .in enr ly st-^.-oo oi' iY"uJ t oovelor'in'.'nt in 

a l l the fnui" VGr.iet ies , an(i then ^radi^'-illy ob'̂ v/ed a declJnln"-

t r end itom fni: . t se t to matijr.ity. In Hanosh v a r ' e i y the sTTf.ci-

f i c ,'7ravit;y was more than 1 -upto 30 days of L^ruii. --rnwth and 

then s ta i ' t ed decl ininp; tov/ards mat-ur i ty rc^cchin": 0 .90? . In riac-cein 

Seedless the s p e c i f i c fl-ravity showed a f a l l fi'on 1,120 to 0 .900 . 

I t was more than 1 vxuto 4-0 days of il"...it crovrth. Aland! v a r i e t y 

showed a siinil;ir t r end as i^an'-sh. Vju'-ic'ty J\;ibiil ''el^ov/ h'"d the 

maxiiiiujn s r ;ec i f ic ^ a v i t ^ , t i l l 80 days of fn i t --rov/th. I t vas 

modre than 1 t i l l t h a t t i i . ic, then only i t came dovm to 0.965 a t 

ftiatv.rity. In -general the pomc,'^ranat''i f r i / i t s h'ld l o s s t han 1 

S p e c i f i c g r a v i t y v;hcn they anprcached raatvri i.y and r i p e n i n " stt, ' ';c. 

^ • Thiciqiess^ p/.' Rinci 

The data on r i n d t h i c m e s s ai-e presented in Table 7 . The 

da ta r evea l ed t h a t the thic^oiess was laaxiniuja a t 20 days and i t 

dec l ined towards m a t u r i t y , Ganesh and t a s s e i n oecdlnss had ; ;axi -

iriVuTi thiclmeGs of O.L-2 an .'.tnd 0,30 av r e s p e c t i v e l y at 20 days and 

a t t h a t 3taf!;e Alandi and Kabul Yellov; had 0.43 cai and 0.43 cin 

r i n d thicl-mess r e s p e c t i v e l y . At matur i ty (120 d:iys) '".raiesh, 

Bassein S e e d l e s s , Ai,,ndi and Ifebul follow had 0.3^. C.TI, 0.30 cm, 

0.30 cm and 0.33 cm r i n d t h i c k n e s s r e s p e c t i v e l y . 
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Table-b, Specific ppravity of frv.its of Pour 
PoLies-i-anate v r r i o t i e s 

l a y n a f t e r 
£ r r H j e t 

0 

10 

20 

30 

40 

50 

60 

80 

100 

1?0 

Oanesh 

0 .750 

1.114 

1,086 

1.024 

0. '"96 

0 .971 

0 . 9 5 7 

0„921 

0 . 9 0 8 

0 . 9 0 2 

S p e c i f i c g r a v i 

B a ^ s e i n 
ScedlesG 

o.eoo 

1.122 

1 .126 

1.080 

1.016 

0 .983 

0.<^71 

0 . 9 6 7 

0 .902 

0 .900 

ty C^/ml) 

Aland i 

0 .990 

1.049 

1.018 

0 . 9 0 8 

0 .987 

0 .046 

0 .945 

0 .920 

0 .921 

0 .901 

Kabul 
Yellow 

0 . 6 9 0 

1.092 

1.093 

1.024 

1.024 

0 .981 

1.089 

1.047 

0 . 9 6 8 

0 . 9 6 5 
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T a b l e - 7 . lUriu T h i c k n e s s i n d eve lop in ,-̂  f r u i t s of 
porae,n:r^jia"te (CJ.; ) 

Da^';; a i ' 
i ' i 'ui 0 s 

10 

20 

30 

40 

50 

60 

30 

100 

120 

xer 
.it Gfan'-sh 

0 .36 

0 . ^ 2 

o./o 

0 .40 

0 .40 

0 .40 

0 . 3 5 

0 .T4 

0 . : '4 

Rind tr 

i i a s o e i n 
S e e d l e s s 

0 . 4 4 

0 . 5 0 

0 . 3 2 

o.yo 

0 . 3 2 

0 . 3 0 

0 . 3 2 

0 . 3 0 

0 .30 

l i d e n e s s (cm) 

A l a n d i 

0 . 4 2 

0 . 4 5 

0 . 5 2 

0 . 3 7 

0 . 3 2 

0 . 5 5 

0 . 3 0 

0 . 5 0 

o,?o 

I'iab-ul 
Yellow 

0 .40 

0 . ^ 3 

0 . 3 7 

0 . 3 5 

0 .35 

0 . 3 3 

0 . 3 2 

0 . 3 0 

0 . 3 0 



Bo 

The (,cixa on luO s c d //r ij-lil 0 '̂̂ 'th f resh and oven drj) ore 

pro:en'ued JJI Tattle H yruJ ri'-xj.-c G. Ihp data shov/ed .n'.t Lhe 

L^fGh IS wel l as di'y seed wei -h' contin-uout^ly incrc-iGCd £rom 

rrvJ ;Ct t i l l ma^u^-ity in a l l uhe foui.- v a r i e t i t s st-udird. In 

tnc v ' ^ i e t y '"anesh uhc rr sh a id dry need \ /e ights a t 10 days 

a f t ^ r .xi j j t :-,e-r uer r 0.115 ^ and 0,C?3 T re Gr.ect ively. In 

Baorr-^'n Seedless the i^esh and di-y v;ei-'-hts were 0.130 ^^ and 

0 , 0 ? , ^ r t s - ' e c t i \ e l y . Var ie ty Alandi had 0,119 ^ fr^ sh v/ei-ht 

whereas dry v;ei--ht \;as 0.014 <"•, In Kabul Yellov/ the Jresh and 

dry w^i^hts i.-crp- 0.131 and C.C13 r r e s p e c t i v e l y . 

At Liati -̂i t., s t o-e Oancsh v a r i r - t y r corded naximum fresh v/ei'-i 

of 33.283 /T for 100 seeds "becaur.e of larp-e aj.'il and more ,j-uice 

c o n t e n t , the dry v;eis;ht bein^ 3.272 ^ , Eassc in Seedless rer.ia-

t c r e d 26,|;71 "̂  f rech w'^i'-ht and 3.900 f^ dry wei -ht a t m a t u r i t y , 

Aland! v a r i e t y had 23.'"49 e; Cr sh wej "••nt and 4.131 r: dry \ / e i ' ' h t , 

\;herfaG vibiil Yel 'ou had 22.167 P: il-esh v:ei^ht o.nd 4.330 -̂  dry 

v/ein t̂ t . 

I J , t-^'istolo'^ical S tud ie s 

IILstolo'-^ical cAumirres oi served i n the intefrvunents durjn;: 

seed develo^in^.nt of pomerr^.nate v :u '1e t i f s Oancsh, Basscin Seed­

l e s s , Alcmdi and frtbvl Yellov^ were a s follows and the mi ccoLictr J c 

obsexv t i o n s a t d i f f r nt i n t f r v a l a are presented in Tabl^ 9o 
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kflhi- i"l"ii i 1 n t J . ( - . , 1i' l i t : i aj ' tpj- a n i h c . i , - , I'ro st < d 

:u::e dj? c i i ' t s ' ' C c' . j T i o l i i s ".-n i/'^ .and Va3oein Sv-odlf^os v/ere 

l o . C V. T .CG^JTI and 1"̂ . .9o x 7."( /uiii, r r o i x ^ c l i - ^ 1 : ' . n t t i e jarne 

t i n e I,MO reed cir .e of hai'd seeood v - r i e t i c o A l a n d i and -abii l 

YelJov w^re /O.P-''' x 8, AP pn nr ^"^40 x 13,60 /tun, r ^ s n e c t i v e l y . 

I t iG ^b.se_v c' t h a t tliC se-^'d ai o i n hcj:-d seeded v a r j ^ ' t i e c v/as 

more ^. t lv i t i n r o f t ceeded v a r . i c t i e G , 

IX.'1'in^ x . d r c t o-p t h e n r t ' j r " n t o ^ j n e n t a t cPu.larxil r e g i o n 

(FJr- . 1 <c 24 ) h (1 a t ' l i c ' . n c . s o,' O.AP. t o 0 .51 A ^ i^- ^^H "the v a i - i e -

t i e s e . . ce" t Alnndi . / l i c h had 0 . / ; ' .itm. The c e l l ai'/x i n x i l t h e 

v a r i e t i e s \;aG a i . j o a t t h e same ( i . ' - , , 0 . 12 x 0.2^. /imj. At l a t e r a l 

re ' - J on ~)i thi G^LG the t l i ic loie-G ^£ o u t e r inteo-uj,.ent i n GancGh 

(j^iir-o _'0 cjid . '• ') x i d B- Gcein Scrc i l e . ; ; v;aG 0,'y2 and 0 . 3 ' /um 

whercaG i n A l a n a i and LxLvl "^ellow i t v;aG 0.4B and 0.40/\"iiii r- s p e -

Co jve ly l)iii: t h e c e l l o i z e W..G a I r , o^ t cc i ia l i n a l l t h e v a a n e t i e s 

o t u c i i c a . At r.aci'np^/l j.- end (j<'j ^. 19 and 22) the thici<neG.G of 

o i l i e r I n b' fn'i!'>nt in ^^iji sh an.d Ha Goin Sef dlf'OG wao O.^'O und 

0.5fi/i-:. r? sp'-c^ 1 vel^. , w'nerenG i t vr o 0 .36 and 0 . 4 0 /ujn i n Aland i 

f-j-id 1: ^'nl \ 'e l" 'oi j , r . Gpecti vel; , ' . In ^ e n r r a l t h e cc\] r a t ou t e r 

i ieonxi.nnt v/er e lon^atf-d v/i th t h i c k e n e d c e l l w a l l G . 

A peri i iui l rA i n n e r i n t e r n n ^ n t r e v e a l e d t h a t a t c h a l a z a l 

r . fri'-n i i G th i c io i e . G v/aG 2.C /lun i n ^;jn'Gi^, 2 . l 6 /um in BaGceJn 

Seedl^' .G, 2 .0 /a.a in ALmdi and 1.':2 jrm i n Katu l Yel''ov; (ii'i"-. 2 6 ) . 

At l a t e r a l r --i<~n the thicImeGG -jeo 0 .3 '^ /\m in ^ran^.Gh, 1,12 /um 

i n .-a. e i n 3 d l \ G , 0 . » 3 yum i n Alandi . . id 0 ,44 A""̂^ i n Za'hiil 
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Ji^_G; 19-P<: Sccxi-'iis of 1L day nlr, cecd of ne-f-oh (soft 

sc^d^d V ^"1 z^ ) t en ted v<j u i c i ' ioa ic ocid 3cui_L'. (JrAS) 

rea^s »it G' owin'^ i n L c " ' n c n t s . 

Flcr ; 1'\; i:: orop, I J T r - i o n or Lhc oC^d. I*o.f xhe \;idc 

ifi"-: 20: la te^ 'a l rcr-;ion oi" the s ^d -;Toy^nq: d i f f c j e n t 

r - ^ i o n a , ote the no-To^m^on oi i'^ncr intc^ij i .cnt . X 100. 

î 'i"̂  ; 21 ; Chalaz 1 r c - i o n ox the ^eed o'loulii^ oiitc^r 

mtc^jiicn-u and in or i n t „ g u n e n t s , ,/ithotit any o tarch depo-

sltx-^n. The c e l l s are s n a i l , X 100, 

i 'ig i 22i ricr-ooylar xv-'^ion. ^i.' t ae seed x 4- 0 

•gi?: ;_ ?_j; Laxox-al r eg ion oT the se d x 400 

j?!- J r'4 : Chalazal re-^ion o" tnc seed x 400 
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cbanges in inte trnment s dD.ring seed development of pomegranate variet ies (in ;um ) 
Table-9 . Histological 15--

-------~--~------------------~--------. - - - - - - - - ~ - - - - - - - - - - - - - - - - OuTER MEWNT- INNER I NTEGUMENT 
a.ys 
('ter 
ruit 
et 

Side s.ize 
Cbalazal Micropylar Cha lazal Lateral I.e.teral Micropylar 

T L W T L W T D T D T D L W T L W ____________________ - _______ .... ________ _ 

-------------------------~-----~~-
o 

o 

o 
o 

20 

20 

20 

20 

40 

40 

40 

40 

80 

80 

80 

80 

120 

16 .00 7.68 

18 . 96 7.20 

20.88 6 .48 

22 .40 13. 60 

21. 26 10, 68 

38 .40 14.72 

33 . 44 19.20 

26. 40 15.68 

55 .20 17.28 

59 . 20 22 . 40 

44 . 80 21 . 60 

38 .40 24.48 

73. 60 30 . 08 

68 .08 25.60 

60. 32 28 . 30 

54.1 4 2a . 60 

81. 28 36 . 80 

0 . 48 0 . 40 0 .1 2 

0 . 44 0 . 32 0 .1 6 

0. 72 0. 48 0 .1 2 

0. 52 0 . 48 0 . 20 

1.08 0 . 72 0 . 20 

1.06 0 . 56 0 .1 6 

1.02 0 . 92 0 . 20 

0 . 80 0 .12 0 .1 9 

1.20 0 . 80 0. 80 

2. 80 1.00 0 . 60 

2.16 2. 00 0.75 

1.72 0 . 80 0.56 

6.08 5. 80 0 . 80 

5. 20 5. 00 0 . 60 

5. 76 4. 60 0 . 80 

2. 60 2. 00 0 .85 

6. 80 6. 40 0 . 80 

0 . 32 0.20 0 .1 6 

0 . 36 0 . 30 0 . 20 

0. 48 0 . 44 0 . 20 

0. 40 0 . 35 0 . 24 

0 . 74 0. 42 0 . 20 

0 . 56 0.56 0 . 22 

0 . 96 0 . 72 0 . 25 

0 . 64 0. 76 0 . 28 

1.20 0 . 80 1.00 

1.12 0 .80 0 . 60 

2. 00 1.40 0 . 32 

1.52 0 . 88 0 .72 

1. 60 1.40 0 . 60 

1.88 1.60 0 . 64 

2. 24 1.75 0 . 70 

2. 40 1.95 0 . 68 

1. 70 1. 50 0 . 60 

0 . 80 0 . 28 0 .18 

0. 56 0 . 44 0 .16 

0 . 36 0 . 24 0 . 20 

0 . 40 0. 32 0. 24 

1. 04 0 . 52 0 .20 

1. 30 0 . 28 0 .16 

1.26 0 . 80 0.16 

1. 48 0 . 28 0. 24 

1.60 1.60 0 . 64 

•• 52 0 . 20 0 . 48 

1.76 1.90 0 . 48 

1.80 0 .40 0 . 48 

4. 48 3. 80 0. 75 

3. 20 3. 00 0 . 60 

2. 60 2.1 5 0 . 80 

2.12 1. 95 0 . 75 

6. 35 5. 95 0.80 

2. 00 0 .1 2 

2.16 0 .1 2 · 

2. 00 0 .1 6 

1. 52 0 .1 6 

4. 80 0 .16 

4.16 0 . 25 

3. 20 0. 24 

3. 68 0. 40 

5. 36 0 . 30 

5.76 0 . 32 

4.18 0 .40 

6. 32 0 . 40 

6. 08 0 . 46 

6 . 80 0. 32 

5. 25 0 . 40 

6 . 40 0 . 50 

9 . 28 0 . 55 

0 . 32 0 . 20 

0 .12 0 .1 2 

0. 98 0.1 2 

0 . 44 0 . 20 

1.24 0 . 32 

1.84 0 . 20 

0 . 28 0 .20 

3.10 0 . 32 

4.80 0. 35 

4.10 0 . 34 

4. 65 0 .40 

3 . 60 0 . 38 

6.80 0 .40 

6 . 20 0 . 45 

4. 85 0 . 35 

4.64 0 . 40 

7. 88 0 . 50 

2. 40 

1. 52 

4.10 

4. 56 

3. 04 

4. 20 

4.84 

5.20 

4. 80 

5. 20 

4.20 

8. 38 

9. 40 

7. 20 

7. 45 

9. 60 

0 .12 

0 .12 

0 .16 

0 .16 

0 .22 

0.28 

0 . 24 

0 .24 

0 .28 

0 . 28 

0.20 

0 . 25 

0 . 45 

0 .40 

0 . 35 

0.30 

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 7. 48 0 . 45 6 . 40 0 .45 9. 28 0 . 45 

120 82 . 40 43. 20 6. 40 6 .10 0 . 85 3.25 3. 00 0 . 40 3. 65 3.10 0. 50 6.85 0 . 80 6. 00 0. 95 7.90 0 . 65 

t20 __ :B~O~ _ ~~O~ __ 3~B~ _~.':O __ O~7~ __ :.~O- _2~9: _ ~ .~5 ___ 3~~ _ ~.~O __ O~4: _ __ 7:sc:.._ ~.~5 ___ 7~O~_ ~.~O ___ ~.~O __ ~.~O __ 

L D Length, W. Width , T • ThiCkness, D • Diameter 
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Yellow. At ..icropyl32" r ' ^ i o n the t h i c aieos wes 2.4 Aim in /um 

a Tancsh, 1.^2 yum in B-sse in Sccdlc e, -'.10 ûci in Alandi and 

^,'^f M̂jn in isb-i 1 Yel o\; v a r i e t y ( j ' i r 25X -i^c thicknc-ss of 

ou t e r intefn:jnent a t iraca'opylai- rer-inn Vv̂ io maxiruim in Alandi and 

i'S-'bul Yello^v v/hic'a a^e hi^-d occded var^ ' c t i es i n -"-eneral. The 

c e l l s i ze was almoflt the same in a l l the ti iroe rcp;iciio ranp:in^ 

from 0.12 t o 0.16 Tim, 

On 20th day a f t e r f l r i t r/ t the sof t seeded v a r i e t i e s 

'^ranesh and Bassein Seedlens had a len~th and width of 21,28 and 

10.C3 run, and 5'-.40 and IA.7J -uĵ  r - s n e c t i v e l y , while in hard 

seeded v^^^i'^'ties Aliuidi and I^lnil Yellov; t h e length was 3':).44- and 

1~.20 fOJn. and t h e b r e a d t h was 2".40 and 15.68 yum r e s p e c t i v e l y , ' 

At t h i s stac^e near c h a l a z a l cone the or.ter inte^^jneat tbj.cl\necs 

of ^arxsh (Fip: 29) was 1.06 /uiri, t , i a t of Easse in Seedless was 

1.06, t h a t of Alandi was 1.02 yon whereas t h a t of Vsibul Yellov/ 

(Pi,-; 50) I'/as 0.08 / l a . The individ-ual c e l l s i z e was a l s o d i f f e ­

r e n t i n the sa id v a r i e t i e s i . e . , the lcn~th v^as 0.72 /im in Ganesh, 

0 .56 un in Bassein S e e d l e s s , 0.92 i n Ala,ndi and 0.72 yum in Eatul 

Yel ow, bvt ':he b read th was almost s i m i l a r i n a l l t he v a r i e t i e s 

(0.20 yum;. 

Outer intendment t h i cknes s a t l a t e r a l rcr^ions was 0 .74 , 0 .55 , 

0,96 and 0.64 /um r e s p e c t i v e l y , i n Ganosh (fir, 2B), Baceein Seed­

l e s s , Alandi and i^bul Yellov while the c e l l c iz3 ranjj-d _l-nm 0.^2 

to 0.76yum in len'- th and 0.20 t o 0o23 /um in b r e a d t h . 



PLATS I I 

gj^TS. 23 to 26; Sec t ions of 10 day old seed of Katul Yellow 

(hard seeded v r ^ i e t y ) t e s t e d with PAS method. 

Pi.^3. 25 : I!ic^-opylai' rc'^i:)n Ghowin-; r i c h a c e a i u l a t i T n of 

si^arch .'^^•aiiiiles i n ~une innei- intc^Lunent, X 400, 

Pi.^. 26; Chal ica l re '^ion of the sredBha\rin^ outer i n t e g u ­

ment and p a r t of inner inte/yument. Note the presence of 

s t a r c h f^ranules i n the inner intef^^api-^nt. X AOO, 

Pi<TS. 27 to 29; Sec'oions of 20 day old seeds of Ganesh (soft 

seeded v a r i e t y ) t e s t e d with Taluidine blue method (TB) showing 

d i f f e r e n t p a r t s of in teguments , 

g i g . 27: Micropylar r e g i o n showing the in teguments , Ifote 

the wider inner integument a t t h i s r e g i o n , X 150, 

P i g . 28 : L a t e r a l r e g i o n showing s ing le l ayer of outer i n t e g u -

mental c e l l with smaller p o r t i o n of inner integument. X 150. 

P ig , 29 : Chalazal r e g i o n of the seed ssowing ou te r and 

inner in teguments , X 150, 

P ig . 30 ; Sect ion of 20 day old seed of Kabul Yellow (hard 

seeded v a r i e t y ) t e s t e d with T.B, method shov/ing outer and 

inner integuments a t Chalazal r e g i o n . Note the wide inner 

iiite.gumcnt vi^ith many l a y e r s of c e l l s X 150, 
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At niicropylar r<r-Lon i.^e t n i c k n e s s of ofuter intecrujicnt 

was aLi ost the sane i n a l l xhe ^o^^^ v a r i ' x i ^ s ; Gfanesh (Pi^ 27) 

^•id 1.0-^ ^ijn, Ba se in Se-dleos had 1,30 ^ivn^ Aland! had 1.26 yun, 

wherpr-.s •h.hrl Yellow h-;d 1 . / 3 yum. The i n d i v i a n a l c e l l s dirf '_red 

in iPn-t-T, U'^XIP •laneo';! had 0.52 /an, B£ir:sein Seedless had 0 .28 

/j-T.i, Ale adi h:td 0,80 Ain and iiihxil icl'oM had 0 .28 nm ovi the 

h r^ad th .as ali;iost same m a l l t he v.-orieties ( i t was 0 , l 6 to 

0 .24 /ur i ) . 

The ianer intef>^xicnt a t c i a l a s a l r^.'^ion showed t h a t the 

-.-cz-i^'t-j ""-^21 ch nad -1.90 'jn t h i c ' m e i c , Ba'c-oin Seedlecs had 

A.l5 yu-Ti t h i c J1G5S, Alandi haa 2.20 yum and ^ b u l Yellow had 

5.68 ,ixm t h i c k n e s s . The c e l l difineter v;as 0.16 yUm i n Gamesh, 

0 .25 yUEi in Bassein S e e d l e s s , 0.24 yUm in Alandi and 0,40 /osa in 

Kabul Yellow. In Ganesh v a r i e t y the c e l l s i n inner i n t e ^ j n e n t a l 

l a y e r had medi-um s ized c e l l s wi th 18 t o 20 l a y e r s of c e l l s . The 

c e l l s tov/ards inner l ayer of inner in ternment \/cre l i t t l e bi^-o-ex' 

t :an tho c e l l s a t both the ends . In Ri-Goein Secdl-.'^ss a t c h a l a a a l 

I'errion tlie nuiioer of laye-.-s ->i c e l l s riinred froiTi 20 to 22, The 

c e l l s wv,r. a l i t t l e biT'^cT i n s i ze and the s i z e was same a l l 

a l on^ ( th ickness 4.16 AMI and c e l l diameter 0,25 /om). At l a t e r a l 

re^^ion t he re were 10 t o 12 layero of c e l l s ( t h i c ' a i e s s 1,34 /um 

and diameter 0.20 ^Axa) xna a t micropylar r e g i o n t h e r e wece 20 

t o 25 lsi.yer3 of c e l l s (t . i icknegs 4.20 nm and diamot r 0.2Byum). 

In Alaudi v a r i e t y a t chd.lazal re^^ion the ij.ner inta/runexit 

had 15 to 16 l a y e r s of c e l l s (tniclcness 3.20 yum and c e l l s i ze 

0 .24 /cm). The outer 2 to 3 laye.-:, had smal ler c e l l s b\it towards 
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middle the c e l l 3 were iu^Ttx' and a^a in tov/ards i n t e r i o r p rox ina l 

t o the embryo sac they w.re sn^lleL" in s ize wi th s l i^rht ly t h i c k ­

ened v/alls and j l a c e u cloodr to Sicii ouhei'e 

At l a t e r a l re.n;ion t he re were 10 t o 12 l a y e r s of c e l l s 

V7ith s n a i l s ine ( th ickness 1.2S yum and 0.20 /on d i ame te r ) , whi le 

a t ."licropylar r c - i o n the c e i l l a y e r s were 22 to 2b and placed 

c l o s e l y v;Lth t h i c ' : c o l l wa l l s (the t h i c k n e s s was 4,84 /um and 

c e l l diameter was 0 ,24 /m). 

In Kabul Yellow v a r i e t y , t h e t h i c l m e s s of inner integxunent 

a t c i ia lanal re.t^ion was 3.6S yam and the c e l l s had 0.40 yum 

d i ^uaet'3r, 

At t i i i s rcp;ion thcre^ wei'e 10 to 12 l ayecs of c lo se ly p laced 

smal le r c e l l s v/ith th ickened c e l l w a l l s . At the middle rer^ion 

of intep:ujnont the c e l l s v/ere not c l o s e l y ar ranged "but were p laced 

wide a p a r t . At l a x e r a l re^^ions the t h i c k n e s s of inner integument 

was 5.10 Aim and the c e l l s i ze was 0,32 yum in d iamete r . At 

micropylar r e g i o n the t h i cknes s of i mer intecument v/as 5.20 yum 

w i t h c e l l s having 0.24 yum d iame te r . 

On 40th day a f t e r f r u i t -^rov/ti t he seeds of ^ n e s h v a r i e t y 

had 55.20yum l e n - t h and 17.23 yum b r e a d t h , 3a-oe in Seedless v a r i e t y 

had 59. ' '0 / m l ^ n - t h and 22.40 yum br.^adth. Between the hard 

seeded v i r i - t i e s Al-mdi had 44.30 /m len-^-th and 21.50 /jm b r e a d t h 

whi le Kabul Yellow had 33.40 yum l e n - t h and 24.43 yum b r e a d t h . 
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The out<ir ij.le.'runcnt in lanosh (ij'i.'x 51 "to 53) had a sir!c:le 

1 yer of ce l l so I t s th ickneos a t chal .SL'.I re-rion was 1.20 /on 

and the c e l l b r e a d t h \;a3 0.3Q /oij. At l a t e r a l reorinn the t h i c k ­

ness was 1.20 /um wi th a s ing le layer Oi c e l l s of s u a l i e r s i ze 

wi th a diameter of 0.30 A™» At iiiicrooylrir re.^ion the th ic imesa 

was 1.60 Aim with c e l l s havinc: a b read th of 0.84 yum. 

The out or intea;iument i n Bassein Seedless (i'i,'^ 34 to 35) a t 

cxialazal rep-ion had a th i cknecs of 2o30 yum wi th sin^^le layer of 

c e l l s having 1,00 /uia len.":th and 0.60 /am b r e a d t h . At l a t e r a l 

rc.Tion i t s t h i c k n e s s was 1.12 yum wi th 1 t o 2 l a y e r s of c e l l s 

havin-^ 0.30 yum len-^th and 0,60 yim b r e a d t h . At micropylar re/^ion 

the thicimcTs of t h i s layei: v;as 1.52 /urn with 1 t o 2 layer's of ce l l s 

and t ' l e i r s i ze beinf' s;.ial.ler i .9o« 0.20 x 0.^3 yum. 

In the v a r i e t y Alandi (Fi^ 36 to 38) the ou te r integument 

was sino:le layered tlirou.Thout, At cha laza l zone i t had 2.16 /OJH 

thicrcness and the c e l l s had 0.75 yum b r e a d t h . The th i ckness a t 

l a t e r a l and micro'^ylar reT:ion was 2,00 yum wi th the c e l l b r ead th 

of 0.40 yam. 

In Kabul Yellow/ v a r i e t y (jj'ig 39 to 43) i t had a sincrle row 

of out'^r in tegumenta l c e l l s a t chal izal r e g i o n and the th ic lmeos 

was 1.72 /am. The c e l l s had the s i ze of 0.30 x 0.56 ^/um. The 

la t -3 ra l zone t h i c k n e s c was 1.52 yum and the rov/s weee hav:ing 

s i n g l e layered c e l . s . The c e l l s i ze being 0.30 x 0.70 ^um. The 

micropylar r eg ion had maximum t h i c k n e s s of 1,08 yum with s i n g l e 

l aye red c e l l s havin": c e l l si^.e of 0.40 x 0 . 43yum. 



PLA;rB Tu 

ZA£.^»„51.-55: Sec t ions of 40 day old seed of "Tanesh 

(soft seeded v a r i e t y ) test-'-d u?Ah PAS method s'lov/in^-

both orit'-.r and inner intc:-7i;jne:itG. 

^iplo ,'j1_: ;!ic2:opyl3j:' r c - i o n sliov/in^ coth the inter^u-

:aent-3, X 100. 

g i ^ . 32 : I&te ra l re;-!;ion snov/ing the outer and inner 

in te ju jnents . S ta rch ,^'anu.les ai'-e moje in outer inter-cu-

mento X 100. 

||i2_5^ _3.5: Chalasal re^cion s.owino; the enlarged outer 

intei=;unent v;ith a sin<Tle c e l l layered elonorated c e l l s . 

Note the lar^i-e q u a n t i t y of s t a rch accumulat ion. X 100. 

FL-ys. 34-35: Sec t ions of 40 day old seeds of Bassein Seed­

l e s s (soft seeded v a r i e t y ) t e s t e d with PAS method show.ing 

the inte./^unents, 

IXK: .54: Micropylar r eg ion v/ith "both integinnert s . Note 

the l a rge poi ' t ion of inner integument with smaller c e l l s , 

X 100. 

g i g . 55 : L a t e r a l r eg ion shov/ing outer and inner in teguments . 

Note out-;r integument having r i c h s t a r c h accumulat ion, whereas 

only the peri^^heral l a y e r s of inner inte.gojnents have a l i t t l e 

s t a r c h . The inner inte,gamen1^l c e l l s are shial l . X 100, 
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Ihirinj^ 40 days of seed r^rovrth the iiincc inte.'rumont shovK^d 

many changes. In t h e v a \ i e t y f̂ T:in'.Gh the thiclaiOos of iiiner inte^f^j-

uicnt v/a,s ^.56 /um a t chal;ir.al r '-Tion v/ith 20 laye^-'s of c e l l s . The 

c e l l s of the nex'ipheral l aye r s vrjre b roade r , v;hile those of the 

middle rco:ion were s^ia l lec . The i n a e r most 8-10 l i y e r s were 

hi.Thly li,o;niried and theit* c e l l s had 0,50 /im d i a m e t - r . At 

l a t e r a l zone the t h i c k n e s s was 4.30 /am with 16 t o 18 l a y e r s of 

c e l l s . The c e l l diameter was 0.55 / im, -at microT)yl.'^ r eg ion 

t h e t h i c k n e s s of t h i s layer was 4.30 Aim wi th 15 t o 13 l aye r s of 

c e l l s with c e l l diaiactor of C.23yum, . 

In Bassein Seedless v a r i e t y the t h i cknes s of inner intef?:ument 

a t cha laza l rerrion was 5.76 ^m ( c e l l diameter 0.52 ytmi) c o n s i s t -

ins; of 20 to 22 l a s e r s . At l a t e r a l rec:ion the l a y e r s were 20 to 

25 wi th a t h i c k n e s s of 4.10 yum ( c e l l diameter 0 .54 /'^m). At 

nic i 'opylar re-^ion the thicicness of t he l aye r was 5o20 /om havinj^ 

25 to 23 l aye r s wi th c e l l s ize of 0 ,28 /jm d i ame te r . The c e l l s 

were t h i c k e r shov/in,'^ l i^^-nif icat ion. The l i g n i f i c a t i o n was more 

towards l a t e r a l and micropylar repiiions. 

In Alandi v a r i e t y the th i c imess a t c h a l a z a l , l a t e r a l and 

micropylar re^o^ions v/as 4 ,12, 4.65 and 4.20 /am^ r e s p e c t i v e l y . 

The number of l a y e r s bein-'^ 18 a t cha l aza l re^^ion ( c e l l diameter 

0.40 Aim), 20 t o 25 a t l a t e r a l rer^ion ( c e l l diameter 0,40 /urn), 

25 t o 28 a t micropylej: re^-ion ( c e l l dianotei" 0 . 2 0 / i i a ) . At 

ch.alazal rer ' ion the c e l l were medium s ized and heav i ly l i . '^nif ied. 



PLATE _IV 

g\<^s._ 3'̂ -..38s Sectiono of 40 day old seed of Alandi 

(hard seeded v a r i e t y ) t e s t e d with PAS method showing 

both the inte.f^unents, 

Pijj.^^JA.' Hicropylar re-'•ion shov/in^r narrov; outer 

inte/5:unent and v/ide iruier inteq^ui^ient, Ifote l e s s 

s t a r c h g ranu les i n t h i s rep-ion, X 100. 

I?-.Z:. .3.7'- I ia te ra l re/^ions showing both the inte.guiaents, 

X 100, 

^iS: .3.3: Chalazal reg ion with both the integumentso 

Note the s t a rch gi 'anules in large niimbers i n the ou te r 

integument and a l s o a few contiguous l a y e r s of xhe 

inner integument. X 100. 

g i g s . 39-40: Sec t ions of 40 day old seed of Kabul 

lel lov/ (Hard seeded v a r i e t y ) t e s t e d wi th PAS showing 

. in tegumenta l d e t a i l s , 

?ig« 2,9i La te ra l r eg ion with both the in teguments . 

Starch g r a i n s are seen in outer integument and a few 

l a y e r s of inner integument . Mote the i n i t i a t i o n of 

l i g n i f i c a t i o n in the inner most l a y e r s of inner i n t e g u ­

ments , X 100 

Fi.g, 40; Chalazal r eg ion with both the in teguments . 

The ou te r integument i s with s t a rch g r a i n s and a few con­

t iguous l aye r s of inner integument a l so conta ins l a rge 

amounts of s t a rch grain^c io te the i n i t i a t i o n of l i g n i f i ca­

t i o n i n the innermost l aye r s of inner integument, X 100. 
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L i g n i f i c a t i o n was hi^chly denarcat '-d e s p e c i a l l y in 8 to 10 

l a y e r s of inaer inie'ruiaont proximal t o embryo s a c . 

In the v a r i e t y Katul Yelloxv/ the inrier intei^^ncnt a t c h a l a z a l 

zone was 6.52 /am t l i i ck and had 13 to 20 ro'v/s of c e l l s havino- a 

c e l l diameter of 0.^,0 yujn. The f i r t 2 to 5 rov/s of c e l l s from 

o u t s i d e were elon/rated with t h i c k c e l l v /a l l s , t h e th ic lmess due 

to l i ^ n i f i c a t i o n i nc r ea sed ^I 'adual ly in the inner l a y e r s proceed-

' ing from per iphery t o the i n t e r i o r , Ilaxiraum l a y e r s were l i ^ n i f i e d 

in t h i n v a r i e t y . At l a t e r a l zone the t h i c k n e s s was 3.30 /xa. wi th 

a c e l l s ize of 0 .38 yoim diameter an^' a t micro'^'yl-r zone the t h i c k -

ne:js v/as 6.^0 yum . / i th c e l l s ize of 0.25 yujn d i ame te r . 

At 30 days of seed o-rowth the seed in "-anesh v a r i e t y was 

73.60 yum lonc^ and 30.08 yUm wide, i n Eassein Seedless i t was 

68.08 /am long and 25.50 /m. wide, i n Al ndi i t was 60.32 yun 

lona; and 23.30 yam wide while i n Kahnl Yellow the seed had 54.14 

xm l e n - t h and 23.60 yum wid th . 

The outer inte.c^iment t h i c k n e s s i n ^anesh was 6.08 yum wi th 

a s i n g l e layer of l o n g i t u d i n a l c e l l o a t cha l aza l r e g i o n , wi th 

c e l l s i i c 5.80 yum l e n - t h and 0.30 yum v/idth. At l i t e r a l rf^gion 

t h e t h i c m e ^ s of the int.,gu!'ient was 1.60 yujn wi th c e l l s i ze of 

1.40 yum length and 0.60 yujn wid th . At micro-pylar rep:ion the 

t h i c ' m e s s was 4.43 /um and c e l l s i z e was 3.30 yum l e n - t h and 

0 .75 yum width . In genera l the ce I s were re ' c tangular tlTrouf^hout 

the integument. 



| l lXSj__4W3: Sec t ions of 40 day old seed of Kabul Yellow 

(Hard seeded v a r i e t y ) t e s t e d with T.B. method shov;iii^ i n t e -

giments a t diffez-'ent r e felons, 

E^.Z* 4 1 : !! lcropylar rc^-inn oi the seed shov/in.'^ p a r t of 

out-^c iiito'^ijaent and inner intr/rument, X 15Q. 

l_i_\, _42_;_ L a t e r a l re^^ion of the seed showina: "both the i n t e -

flrunents, ITote the narrov/ness of both the intef^uments and 

in tc i i s ive l i ' - i i i f i c a t i o n i n xhe innermost few layers of inner 

inte,(rujnent • X 150, 

Fi£,_43:_ Chalazal r e g i o n of the seed shov/ing outer intearu-

mcnt and pa r t of inner intecrument, Note the i n t e n s i v e l i g n i -

f i c a t i o n in moot of t he c e l l s of inner intesfunent-X 150, 





GO 

In Basse in ^ See d l r S3 Vciri?ty a t ch l ^ z a l refrion the cTuter 

intecrument had a sincrl'. layor of c e l l s wi th the th ic .a iess of 

5.20 /̂tm and c e l l s w-re 5.'S0 ^̂ :un Inn^: and 0,5o /um wide. The 

c o l l aan-'an=!:c lent w\s ii'L-c.Tiil''a:'. .̂ t latL^ral r e g i o n the t h i c :-

ness oi the int-q:i;inent v/as 1,B3 /ccsi and the c e l l s ize was 1.50 

Âun in lenp-th and 0,64 /um in wid th . At microoylar rep-ion the 

thic-cness v/as 3.20 /um and c e l l s i ze \;as 3.00 /xm in len<?th and 

0.60 yim in wid th . Here a l s o a s i Tie layer of c e l l s \/as 

observed. 

In the vari '^xy Al.mdi (jpiq-. 47 and 43) a t c h a l i z a l zone 

the outer i n t -ruinent h-id 5,75 ^la. t h i c -ness and c e l l s had 4.60 yum 

l e n - t i and 0.30 jom wide . At l a t e r a l r e g i o n the t h i cknes s vms 

2.24 /um and c e l l s i z e v;as 1.75 /nn i n length and 0.70 /um in 

width and a t micropylar r eg ion the thic^oiess of the integument 

was 2.60 yUm and c e l l s ize was 2.15 /um in len^^th and 0 , 80 /um 

in wid th . The outer i n t enoment v;as made up of a sin^^le layer of • 

c e l l s thrui^-hout i n a l l the ^ laceso 

The v a r i e t y Kabul Yellow had a s inTle l aye r of outer i n t e -

gumenial c e l l s a t cha l aza l reo-ion and the t h i c k n e s s w_is 2.60 /ujn. 

The ce l ln were of the s i ze of 2.00 yum in l e n - t h and 0.95 /.•'in 

i n wid th . At l a t e i - a l refrion the t h i c k n e s s of integument was 

2.40 yum with c e l l s-̂  ze of 1.95 yum in l e n - t h and 0.58 _̂«m in 

width and a t micropylar r e g i o n the t h i c aiess was 1.12 Âira wi th 

c e l l s i ze of 1.'^5 yu-m in 1^'T-th -md 0.75 _/MI in width . 



PIiAT_E _V J 

Zi,'l^t-.-4i~.4§.* Sect ions of 50 day old oeods of Oant^sh (soft 

seeded v a r i e t y ) t e s t e d with T.B. :a-thod showiii-'^ l a r g e r 

p o r t i o n s of inner inte^njinent, 

^_Z*_J^j'^\ Iiiri'r' iiitc^Tinr^nx a t riici 'opylar roTion G!io\;inT 

coniilete li- ' i iii .icT.tion in laany of i t ^ cel3.3, X 1^0. 

Hil-'—'i^* La te ra l rer^ion shov/in.q: inner inteprujnent. Note 

the heavy li , / :^niiication of the inner l a y e r s of the inner 

inton-umenx-X 150, 

Fij^_46_^ Chalazal r eg ion of the se d ohowin^^ l iT :n i f i ca t ion 

in moot of i t s inner c e l l l a y e r s , X 150, 

P i r s . 47-43: Sect ions of 30 Qay old seed of Alandi Ciui'd 

seeded va r ie ty ) tested with T.B. method shov/ing inner i n t e -

gToment. 

jPig, 4-7: Micropylcir rej^ion of inner integument, Note the 

l i^ i i i f icat ion of the inner layers and also the i n i t i a t i o n 

of li,f^nification in other layers too , X 150. 

¥i^, 43: Chalazal re^^ion shov/inT the intensive li?^nification 

in alirioct a l l the ce l l s of the inner layers-X 150, 
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At 80 days a f t e r £ r u i t s^H .he changes i n the inner i n t e -

f^nent ox seed shov/ed th^;t in t h e v a r i ' ty C-mesh the thic-'-aieos of 

i n n e r inteq^ument was 6.08 /via a t cha l aza l re.q-ion with 15 to 20 

l a y e r s of c e l l o . T'^o outer 5 to '5 r e u s of c e l l s v/cre s n a l l e r , 

t he next 5 to 6 rows v;ere "broader. Then the re:;!ainino: ro\;s 

had t h i c k v;all:;d c e l l s and l i T n i i i c d , The c e l l s i ze was 0.4-6 

yura in d iameter . At l a t e r a l end the thiclcneos of inte^yxuaent was 

6.30 yUm and the c e . l diameter v/as 0,40 /uun. The l aye r s of c e l l s 

were 15 t o 20 and c e l l s a t outer layer were t h i n walled and small 

and r e n a i n i n ^ l a y e r s h-:.d thici-: c e l l w a l l s and l i . ?n i f ied v;ith 

dee^-ily s ta ined c e l l s . At ; .iieropylar re.o^ion a l s o the c e l l s were 

with t h i c k c e l l v?all and deeply s t a i n e d v;ith 20 t o 25 l aye r s of 

c e l l s , iiere a^ain (̂  to 8 l a y e r s w""-re t h i n wal led followed "by 

t h i c k wall&d and h ighly l i . ^n i f i ed c e l l s . The t h i c k n e s s was 

8,38 yam and the c e l l s ize was 0,-45 joia i n d i ame te r . 

In Bassein Seedless the th ic -a iess of i nner inte.prument a t 

c h a l a z a l r eg ion was 5,30 /am and c e l l s i ze was 0.52 /xm i n d i a ­

me te r . There were 20 t o 22 l a y e r s of c e l l s . The outer 3 to 5 

l a y e r s consis ted of s n a l l e r c e l l s . The next 5 t o 6 l a y e r s had 

broader c e l l s . The remaining l a y e r s had t l i i ck v/alled l i g ' i i f i e d 

c e l l s , at l ' ; t e - a l zone the re were l5 t o 13 l a y e r s of c e l l s . 

The th ic lmess was ^^..-"-0 /am and average c e l l s i ze was 0.45 /im in 

d i ame te r . The f i r s t 2 t'• 3 l ayecs had t h i n wal led narrow c e l l s 

whi le the r e s t were hig;hly l i - n i C i e d . At ij id'opylca' rep-ion 



¥ij^s,^ 49"50: Sect ions of lOO da^ ola seed of Ganesh 

(sof t seeded v a r i e t y ) t e s t e d with T . 3 . method shov/ln,'^ 

inner inte'n:iinent, 

Fi_2,. _49J ilicrooylaj:* r^'^ion oJ the sc^d shnvrin.'^ inner 

inte'TuiAent. llote the l i"-nif ica . t ion of uos t of the c e l l 

l a y e r s , x 150. / 

Fig:, 30; C'lal izal rco-ion of th^- seed shifwin^ inner 

inxr-^nincnt, IIQI^ the poor l i q -n i f i c a t i on of c o l l s a t the 

innec l a y e r s of c e l l s , X 150,, 





62 

t h e r e were 25 to 23 laycx-s of c e l l o w t h t h i c JICGS of 9.40 ,/uun 

and aver .-e diameter OL c e l l s was 0,iO /ujn. The c e l l s were 

0 l a l l e r and poor ly l iT:nified in xhi o re^-ion. 

In Alandi v a r i e t y the thiczncGrj of inner into^'^iment a t 

chala'^.al re^^ion v;as 5.25 yum, a t l a t e r a l zone 4.B5 /um and a t 

micropylar rer^ion 7.20 nm. There we/e 15 to 13 l a y e r s of c e l l s 

a t cna l aza l reo-ion with avera/^e c e l l diameter of O.iO /am. There 

were 15 l a y e r s of c e l l s at the l a t e r a l rep-ion wi th an avera^^e 

c e l l di'jiiexer of 0.35 /vsa. At micropylar r c r i o n t h e r e were 20 

t o 25 l a y e - s of c e l l s v;ith avera-^f^ c e l l diameter of 0,35 /tun. 

At cha l ' i r a l re";ion f i r s t 4 to 6 l a y e r s had broader c e l l s with 

t h i n v ; a l l s . The other l aye r s had c e l l s wi th heavy l iq^n i f i ca t ion . 

The l a t t i - a l and n i c r i p y l a r re/xions were h i s to lo f^ i ca l ly s i . a i l a r 

t o t h e cha laza l reprion. 

In the vax-iety Kabul Yellow the cha laza l r e g i o n was 5.40 /nn 

t h i c k and tne avera-^e c e l l difimeter was 0.50 /um. At l a t e i - a l zone 

the th icro iess was 4,64 ^xsi and avcrap-e c e l l diameter v/as 0,40 yim. 

The micropylar zone was 7,45 /ozn. t h i c k and average c e l l dia^neter 

was 0,30 Aim, In t h i s vari-^ty t h ' r e was no c l^a r cut demj^-cation 
v;ere 

of c e l l l aye -3 a t any r e g i o n . AInoot a l l the c e l l s / h J n-ily l i ^ n i -

f i ed i n t h i s zone. Some ce Is had v^ry t h i c k w a l l s \ / i th broader 

lumen. 

At 120 days afxcr f i 'u i t s^t whicli coincided v^ith h a r v e s t -

i n s , the seed s ize i n '̂ -an sh v a r i e t y was 31.28 /UJH i n l e n - t h and 

3F.,B0 nm i n w id th . In Bassein Seedless i t was 35.50 yum in 
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lea-rth and 33.40 /ujn i n wid th . In Alandi i t was V2.A0 /um in 

l e n g t h and 43.^0 /um in wid th . In Kabul Yellow the len-rth was 

50.00 fixa and the v;idth ..as 40.00/um. 

The ou.ter interrurnent t h i c ' a i e s s in Oanesh vai^iety (Fi^ . 51 

to 36 ;vnd 57 t o 59) a t ca-i lazal zone was 6,80 yum with a sin^^le 

layei-" of eloa-^ated c e l l s . The c e l l s i ze was 6.40 /um in leii£:th 

and O.BO -"uia i n wid th . At l a t e r a l z-^ne t h e r e wt^rc 1 t i 2 l a y e r s 

of c e l l s with a th ic l a i e s s of 1,70 jam and the c e l l s i ze was 1,50 

/um i n length and 0.50 /um in v; idth. At micronylar zone t h e r e 

v/as a sinf^le layer of c e l l o and the th ic la iess was 6.35 /um and c e l l 

s i z e was 5.95 /uin i n len^-th and 0.80 /ujn i n v;idth. 

In Bassein See le s s a t ch \ l a z a l r e g i o n the outer integiunent 

was s in- ' le layered and t h i c k n e s s was 6.60 /ujn. The c e l l s were 

5.30 /um lono- and 0.95 /im wide . At l a t e r a l zone a l s o i t was a 

s i nT le ce l l ed l a y e r , wi th a t h i c k n e s s of 4.30 /um and the c e l l 

s i z e was A,55 jum i n l e n H h and 0 .45 /OM i n w id th . At micropylar 

ref^ion too the s t r u c t u r e was s i m i l a r with a t h i c k n e s s of 4.40 /um 

and c e l l s ize of 3,60 /um l eng th and 0.75 /um w i d t h , . 

In the v a r i e t y Alandi the out"'r int-;,cru:nt.'nt a t cha laza l 

rpp;ion was sin^-le layered with a t h i c k n e s s of 6,'-^0 /um. The 

c e l l s were 6.10 /um lonsr and 0.85 yî Jn wide. At l a t e r a l r eg ion 

the t h i ckness w-_-,s 3.25 /̂ im ;ind c e l l s were 3.00 /̂um lon'^ and 

0.^.0 /um v/ide. The c e l l layers were not V'ry d i s t i n c t a t cha l aza l 

as we l l as n i d ' o n y l a r r e g i o n s . Tlie th i c lmess was 3.65 /um and 

c e l l s i z^ W'ls 3.10 /um in l e n g t h and 0.50 /um in wid th . 

file:///lazal


PLATE YIII 

llifl§•_.„5^1lP_6i Sect ions of 120 day i l d seeds of Ranesh (soft 

seeded v a r i e t y ) test-^d with PAS nethod showing the i n t e r ­

ments , 

gip;. 3 1 : Hicropylar ren;ion of tlic seod shovfin,^ both the 

inte/^jments x (30, 

g j ^ , 3'^t La t e r a l r-^rion of the s-^-^d. shovdno^ the in tcr i tn ients , 

ifote the lar<^er oor t ion of out r intc-ryjnent with elons^ated 

sin";le la.-'-cr cd ce 11 s X 1 "'0. 

Pi '̂T. 33V Ch l a z a l r e g i o n of iho seed showinr^ maxiiirum -oortion 

of ca to r integ^ument, Note the enormovisly elongated c e i l s of 

t>ie l ayer lackiiiq: s t a r c h .gra ins . X 100, 

gjjy. 34: A pa r t of ou te r intefrmnent with enlarcf^ed c e l l s lack­

ing s t a r c h g r a i n s X 400. 

gjg;. 3 3 : Micropylar reflrion of the seed showinj^ only inner 

int^gujuent with i t s poor ly l ia^nified c e l l s , X 400, 

"Fia;, 36; La te ra l re/yion of the seed showing^ most of inner 

intef^ument with i t s c e l l s poor ly l i p :n i f i ed , X 400, 
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In the v a r i e t y iixbul Yellov/ (yiP; 60 t o 6l ) the th ic . iness 

of ou te r inte^yument a t cha laza l rof;ion v/as 3.80 /um and c e l l s i z e 

as :>.50 yum i n length and 0.70 yam in wid th . At l a t e r a l re-o-ion 

t h e r e were no d i s t i n c t l a y e r s . The th icJmess of t h i s zone was 

3.10 /uri and the c e l l s ize \/as 2.95 yujn i n len-^th and 0.45 ,/uin 

i n wic' th. .vt micropylar rep;ion the t h i c ' x c s s was 3.00yuja and 

t h e c e l l s i ze was 2,GO yum in length and 0;A5 yuja in width . 

At T20 days a f t e r f n i i t s t t he inner integument of seed 

i n the v a r i e t y franesh at chala'^.al rep;ion was havinp- a th i c imess 

of 9.28 jam and aver:-'^e c e l l d i ; j j e t e r was 0,55 /um. The number 

nf c e l l l a y e r s were 13 t o 2. and the outer 4 tT 5 l a y e r s were bicr.«rer 

i n s i ze and t h i n wal led and the rr .ct of the laye^-s had hiff:hly 

l i g n i i i e d t h i c k wal led c e l ] s . At l a t e r a l re^^ion xhe t h i c k n e s s 

of integument was 7.89 /uia and aver^:ie;e c e l l diameter was 0.50 yum* 

In t h i s zone t h e r e were 15 t o 17 l aye r s of c e l l s and the f i r s t 

4 t o 5 l a y e r s of c e l l s were small in s i ze and t h i n walled while 

the r e s t of the l a y e r s were lio;ii ified and t h i c k c e l l wa l led . At 

micropyla r zone t h e r e were about 20 l aye r s of c e l l s of small s i z e . 

The t h i c k n e s s was 9.50 yum and the aver.-yre c e l l diameter was 

0.50 /am. 

In the v a r i e t y Bassein Seedless a t c h a l a z a l r eg ion t h e r e 

were about 20 l a y e r s of c e l l s , i n the inner intef^ument out of 

which the outer 1 t o 2 l a y e r s had very t h i n v;alled c e l l s and t h e 

remain ing l aye r s had highly l ip-nif ied t h i c k wal led c e l l s . The 

t h i c t o e s s of t h i s l ayer was 7.^6 /um and the aver ^e c e l l diameter 



g i ? s . 37-5^ ; Sect ions of 120 day old seeds of <?anesh (soft 

seeded v a r i e t y ) t eo tod with TB method showina: integuments 

a t d i f f e r e n t rep-i^nn. 

iVi2_s_,__ _5_7: Hicconylae rco-ion of the need smv;inT •Doorly 

li^^iiified inner integxunent and pax't of out' r . integument . 

X. 150. 

Fi2̂ ,____52« L a t e r a l rcr^ion of the seed showini^ inner intef^\-

men"G, I lo te . the l i f^n i f ica t ion O'." the inner l aye r s '^i t i e 

inner inte.j^unent X 150, 

F i g . 591. Chalazal re^-ion of the seed showing li<^nified 

inner intcjTument and -oart of outar inte/3;uQent. X 150. 

gjfi^s. 6 0 - 6 1 : Sect ions of 120 day old seeds of i&hul Yellow 

(hard seeded v a r i e t y ) t e s t e d with T.B, method showin?^ inner 

integujuient. 

¥±ff. So; Micropylar ref^ion of the seed shnwin?^ l i o ;n i f i -

ca t i on of inner integumentary c e l l s , X 150. 

gjgr. 6 l ; Chalazal r eg ion of the seed showing l i g n i f i c a t i o n 

of imier integumentary c e l l s . X 150. 



.*^^Y vt:-^i;r>-4:^ -î s .̂̂ ^ >? 
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was 0.45 /lai. The l a t e r a l zone had about 15 l a y e r s of c e l l s . 

I t had a thiclzr.ess of 6 . /0 /.^n and trie aver .p:e c e l l d i cne t e r 

was 0.4^ yiiT-i. The out'-r 6 to 1>J l a y e r s had t h i n wall-'d c e l l s 

and the r e s t had hip-hl\ l inr - i f ied c e l l s . At i.^id'o^iylar rnn-ion 

i t had 20 t o 25 l a y e r s of c e l l s ojid the T i r s t 10 to 12 l aye r s 

were wi th t h i n w a l l s and the ror.iainin^ v.'t-ro hi^r : ly l i p r a f i e d 

and t h i c k c e l l e d . The thiciaieos w-.s r-.28 yun and the averai^e 

c e l l 3i::e was C.<5 /im in diameter,, 

In the v a r i e t y Alandi and Kabul Yellov; t h e r e was no d i s t i n c ­

t i o n oi" c e l l l a y e r s . The l i - ^ n i i i c a t i o n occrai'red (Fip , 62 to 65) 

j i is t a f t e r the o u t t r 1 t o 2 l aye r s v/hichwere t h i n walled but the 

rerr.ainiao- It^ye^s had hic-hly li«;n-ified c e l l s . The c e l l s were 

circLilaj.* i n o u t l i n e wilh rad ia t ing- p i t s and broader luj-icn. In 

AlaJidi vo ' . i e ty a t t he cha laza l region the t h i c k n e s s of the inner 

in te^ jment was 6.S5 /um and the averap-e c e l l diameter was 0,80 /um. 

At l a t e r a l zone the thicloiess was 6.00 yum and the c e l l diameter 

was 0.75 yum. At niicropylar r ' ^ion the t h i c k n e s s was 7.90 /UJH 

and the avera<^e c e l l diameter was 0.65 /VM. 

In i-abul Yellow v a r i e t y a t cha laza l r e g i o n the th ic lmeos 

of inner integujaent was 7,SO yum and the avera-^e c e l l diameter 

was 0 .75 jun. At l a t e r a l reri'^^n the thic l -xess was 7.00 ;un and 

the c e l l diameter was 0.70 /JM. At micropylar roo-inn the t h i c k ­

ness was S.OO yuii and the c-ver^ire c e l l d i a u e t - r was 0.70 /uri. 



P>\TE X 

P i g 3 . 62-65 : Sect ions of 120 day old seeds of Kala-ul 

Yellov; (H-^xd Seeded v a r i e t y ) t e s t e d with PAS method 

showin«^ the inxecr-onents, 

Fig, 62 : Micropylar r e g i o n shov;in<^ both t h e inte^ruments, 

Ifote the i n t ens ive l i ^^n i f i ca t ion of inner intemomentary 

c e l l s X 100c 

Fi_^,__6_3i, Enlacja^ed inner intefrfment-Try c e l l s showing heavy 

l i c r a i f i c a t i o n . X 400, 

Pig;. 64 ; Latei 'al reTion sh^v/in^^ "both the intej^ujnents. 

Note the heavy l i i ^n i f i c a t i on of inner inxe^xuaentary 

c e l l s X 100. 

Pig;* 6 5 : Chalazal r e g i o n of the seed showing "both the 

outer and inner irrt egmnents, Note the presence of few 

s ta rch gi 'ains in the outer integument and a lso note t h e 

i n t e n s i v e l i g n i f i c a t i o n of a l l the c e l l s in the inner 

integument , X 100, 
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I I I , Histocne i cal stî di'.̂ _s_ 

HistnchPii ical chart̂ c-G o'bnei'^'ed i n the intco-amcnts diu'in'^ 

seed QGvelcT^mcnt oT pone-n* .note v a r i ' ' t i c s ^^nosh, taGcein Sted-

1--SS, Alandi and I^bul Yellow v/er̂ ^ as fol lov/c. 

As for as chan^-c^ •-• p r o t e i n s and r i t on -uc l e i c ac ids 

ar t concerned i t v/ac obaerved t h a t , t h e r e was not mvch d i f fe rence 

"between the v a r L f t i e s s t v d i e d . In a l l uhe foiu" vca^Ieties s t r d i e d 

t h e cu-'̂ cr' content was l e s s and t h e r e v;as lar.'^e anoiont of s t a r ch 

a c c r ^ . r l a t i o n and thi '^ aca-iiul a t i on was more i n t e n s e in ou+er 

interx-jTients and only few la.yerD of inner intecTucients j u s t 

a f t e r oiiter intep-unents were having s t a r c h f^rains. As the 

seed was opcnwinp; the s"*7arch accuQ-uIation s t a r t e d reducin,^ show-

i r ^ t h a t the s t a r c h has o t a r t e d converting- i n t o su,p;ar and t h i s 

accui2.ulation s t a r t e d e a r l y i n sof t seeded v a r i e i t e s and in these 

v a r i e t i e s i t was c lea r fron 80 days onw;ards t h a t t h e r e was no 

s t a r c h g r a i n s a t a l l and a l so the c e l l s a t outer inte^rument weve 

eloH'^ated with more s-u"-c-r conten ts in t h e i r j u i c e . 

IV. changes in f r u i t q u a l i t y 

"• • To ta l so luble s o l i d s 

The data on TSS are oresented i n Ta .̂̂ le 10 and JiOTtre 7 . 

The sti^ar content of the ju ice measvrrd as TSS increased Q;radually 

diirinp- xt i - i t develo'-'T'ient and i t i nc reased cont inuouely v i t h adv'ance-

ment of raatrrHy. In the v-r- ie ty Oan-^sh the TSS at -)Q drys '̂ f 

f r u i t /rrowth was 3.7^° Brix and i t reached 8.20° E r i x , l a t e r when 
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the harveotinf^ tinie was anpro-ched (120 days of ^-r-tv/th). The 

va r i e ty Bassein Seedless had 3.50'^ Brix T3S at 30 days of frr . i t 

c^rowth and r^-'ached Q.cO" BrJ.x at niaturity. Inc identa l ly out of 

a l l the foxu' vjir-ic^ties studied Bassein Seedless v i r i e t y recorded 

h-^-^hest T33 of '''.S^Brix at raat r r i ty . The var ie ty Alandi s tar ted 

with 4.0° Erix TS3 at 30 days and reached 8.4° Brix at maturity 

and ISahpl Yollo\/ va r ie ty had 3.3° Brix T3S at 30 days p^rovith and 

reached 7.0° Brix TSS at maturity v/hich v;as inc iden ta l ly the 

lowest TSS recorded v;hen compsred to other v a r i e t i e s , 

2o Titrata."ble Acidity 

The data on t i t r a t a h l e ac id i ty ajid Brix/Acid r a t i o are 

presented in Table 10 and li^, 7 and 8 r - . spect ively . The acid 

content of the juice which expressed as gram fo of c i t r i c acid 

decreased with matur.'ition of f r u i t . In Ganesh va r i e ty the ac id i ty 

was 1.20?^ at 30 days and i t decreased to 0.66^ at f u l l maturity 

(120 days). In the var ie ty Bassein Seedless the ac id i ty which 

v;as 1,21^^ at 30 days dro^^ped dovm to 0,73)^, In Alandi a lso the 

ac id i ty dropped dovm fr->m 1.25'^ at 30 days to 0.68^ at maturi ty, 

but in Kabiil Yellow the acidi ty which was 1,28^^ a t 30 days did not 

drop below 1,2A;J t i l l 80 days of f ru i t P!;rov/th, "and i t came dovm 

only durin t̂̂  matrr i ty sti;5e to 0,76?o, 

The Brix/acid r a t i o also increased as the fru.it was i^ov;in£^ 

fron f ru i t set to maturi ty. In v r r i e t i e s 'Tanesh, Bassein Seed­

l e s s and Alandi the r a t i o increased from approximately ^fo at jiO 

days to 12̂=̂  at matur-ity, Biit in the var ie ty Kabul Yellow the 

http://fru.it
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r a t i o w'lich wrs 2.573,'^ a t 50 cays inc r sascd t o 9.2^0% a t 120 

days of r^v i t o-rov;tl". The incrrcfse i n I3rix/acid r a t i o and 

decreasiiio ' t r end oi t i t r a t a b l e a c i n i t y cnu.lo Ve -used as c r i t e r i a 

Tor f iz ino: inf".ij:i.ty st-^ndarcs in ^oncfT 'nate i.^\-itG. In the 

t h r ' e conuerc ia l ponecrr.inate var je t i ' ^o 'xincsh, Basse in Seedless 

and Alandi when the i ^ n i t r eaches t i t r r t . a ' b l c a c i d i t y and Br ix / 

a c i d r a t i o of around O.6/0 and 12> r e s p e c t i v e l y the f r u i t s a re 

r e a d y f r r har-vest, 

5 • 3Uf?ars 

The daxa on the chan/5:es i n reduc ing and t o t a l su^-ars a re 

pr ' sented in Taole 11 and Fi*^, 9 . Both rcdvicin^ and t o t a l su<^ars 

continued t o inca--:ase durinc: the devolooraent of f i n i t s . The 

t o t a l cru'^ars eventhou^h continx-:d to inc rease v/ith advanceuont 

of mat-urity the i nc rea se v/as j a p id durin-^ 100 t o 120 days . In 

the v a r i e t y Tancsh the reducing; su^^ai's inc reased from 0,121 P;/ 

100 ml a t 30 days of f r u i t q:rov;th tn 0.^69/100 ml a t 120 days 

while the t o t a l su.Tars r a i s e d from 0.358 '^/lOO ml to 2.292 V O O 

ml . In the v a r i e t y Bassein Seedless the reducinj^ su^-ars increased 

from 0,165 to 0.474- and t o t a l sufr^^'s increased from 0.305 to 1,800, 

In t h i s va r i e ty the t o t a l si^-^ar v/as the l e a s t when compared to 

o the r v a r i e t i e s . In Alandi the redticinf^ and t o t a l su.o;ars wex̂ e 

0.181 and 0,310 r e s p e c t i v e l y at 30 cays whi le a t 120 da^'s t he 

r'-ducin'^ and t o t a l su-̂ -alG were 0.423 ann 2.260 r e s p e c t i v e l y . 

In i^bul Yello^w tne reducinp- and t o t a l su":ars v/ere 0.125 

and 0.295 at 50 days r e s p e c t i v e l y while they were 0.544 and 
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^.^S? a t 120 d£': G, The naxiiifi^-n t o t e l irv^ J:O were in '"anesh 

2.292 follov/'^d l>y Al;uidi 2.250, "Zibul Yellow 2.2iQ and Bassein 

Seed le s s 1.800. 

V. Seaonnal ch-.-a-es id Kaci-o and racaroniT i_-i-'nt con ten t s of 
ii^vjito and ot -^dc 

Ao i iacrnn-utrients 

The da ta on cii'inf^es in the mineral cons t i tuenxo of fr-uits 

and seedo ai-'e px-CGont^-d in Tal l e 12 •!: 15 and P i ^ . 10, 11 and 12, 

1. i a t rp - -en : 

IIii.roc-en content (i^i'^. 10) in f r v j t s v;as hi"-h a t 10 days 

of f r v i t o-r-^wth but decl ined t h e r e a f t e r continuotisly t i l ] matiu'j ty 

(120 c a : ' s ) , '̂ -am sh had 1,79?,^ ni t ror-en a t 10 days a f t e r f r u i t s e t 

and i t decreaced cont inuous ly t i l l 80 d-.̂ /s and f^en t h e r e v/as a 

l i t t l e r a i s e i n n i t r o ~ e n content ft?om 100 days f i n a l l y reachin-f^ 

1.544-/'a a t 120 days , T'ne nixro'^en content of seeds a l s o shov;ed 

s i m i l a r t r end as f r u i t s i . e , n i t r ^ ^ e n was hi^h i n t h e i n i t i a l 

stt\c^es of seed ^rrowth. At 20 days a f t e r f r u i t s e t i t was 3.640;o 

wnich dec l ined t o 1,792?^ a t matiu^ity (120 days a f t e r f r u i t s e t ) . 

In Baesein Seed le rs va r i ' t;, t he nitro<" n content of f m i t 

v/as 1,524?^ a t 10 ^''ays and went on decre^s in^ t i l l 50 days and 

a - a i n increased c l i - h x l y t o r each 1.176'/^ a t mat iu ' i ty of fri^ito 

The seeds of Baosein iieedl' ss h3.d 3.''ll6:,o ni t ro" 'en t 2o days 

which decl ined t i l l 130 d'-iys nnly . The'-e w;is incr ' '"Ge in the 

n i t r o - e n c^nt'^nt bet\;f^en 100 to 120 dnys. At 120 d-ys the n i t r o -

q-en content of seo(j was 1.792'^, 
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rĉ  

'^ 
i n 
d ^ 

CM 
Gf̂  
CO 

t^ 

o 

t A 

CM 

—̂ 

o J) 

o 
O l 
t— 

o 
o 
o 

o 
OJ 
s — 

o 

o 

OJ 
\— 

o 

O 

CTi 

o 

o 
o 
o 
o 

LfN 

o 

CO 
GO 

o 
o 

CO 

o 

00 
CO 

o 
o 

o 

o 

o 

r<̂  

o 

O 
O 

o o 

o 

o 

o 

o 

r -
CO 

o 

o 
o 
o 

o 

o 
o 

o 

I-Ov 

o 
o 

o 
o 

00 
o 
o 

uo 
o 
T — 

•^ 
•=?-

o 

o o 

o 

- ^ eg 
C\l t<A 

o o 

og 
o 

o 
OJ 

o 
t A 

o 
' d -

o 
m 

O 
>^ 

o 
CO 

o 
o 

o 
CM 

72 



73 

CD 

a 
c — ' 

o 
ft 

'i—: 
c 
CO 

c 
0 

5 C5 

I 
o 

o 
CD 
ra 
r; 

•H 

ra 
03 -H 

I 

4 
CO 

- p 
o 

H 
?5 

;a 

• H 
' O 

(-' 
M 
r-) 
•=i; 

sd 
•-H 
0 

o 
<-l 
I - ( 

o 
CO 

c 
r - I 

Q ' C 
u ^ 

d 
r — 1 

x: 
CD 

o 

C) 
o 

CO 

e 

'tR 

' H o 

ft 
O 
x; 

CI) 
f 
o 

t-( 

p 
M 

• H 
T l 

c; 
c5 

f - i 

' 4 ; 

rf 
• H 

o 
— • 

CD 

CO 
C'J 
C) 

(1) H 
ra T J 
CO 

rrt 
PI 

x: 
CO 
D 
d 
ci 
c 

H 
l l i 

o 
c: 
w 

• i ^ 

o 
r - l 

^ , H 
,f^ 

•H 
T ; 

d 
c\3 

n> 
M 

J M -

CO 

c: '-̂  
•H C) 
0) r-t 
00 no 
CO O) 

C O 

x; 
CO 
cu 
El 

CO O -H 
>!-(-' p!-P 

o3 CO 

•<̂  
o 
»x̂  

CM 
L P I 

<̂̂  

O j 
T 

J A 

CM 
T — 

UA 

o 
LPv 
T — 

o 
ir\ 
r— 

CM 

!<A 

KA 

^•~\ 

^— 

r--̂  

KA 

CJ 

03 

LPv 

CM 

CM 

t̂ A 

CM 

CM ^ 

o 

cv 

CV' 

CJ 

O 
o 

o 

CM OJ 

C-i 

o 
^ 
\.C! 

• 

OJ 
CM 
LTN 

V-O 
\S\ 
CO 

C\l 

OJ 

OJ 

OJ 

OJ 

^o 

OJ 

(T) 

OJ 

" d -
CM 

O 
• 

0 0 

a.) 
• 

«=r 
VJD 

• 

VJD 

O 
UA 

o 

o 
LPl 

• 

o 
IJA 

CM 

-t 
CM 

CM 

o 
00 

CM 

r \ j 

t A 

C 
—̂ 

o 
CM 
b-A 

CM 

o 
CM 
J A 

V— 

^— 
o 

T — 

CO 
CM 

o 

Os! 

O 
" A 

O 
-5-

CJ 

O 
o 

o 
o 

CM 

o 
o 

o 
•"3-

CM 

CM 
m 
LP* 

OJ 

OJ 
O 

CNJ 
o 

o 

o 
o 

O 

CV) 
1 ^ 

o 

o 

VD 
\jr\ 

O 

O 
LPv 
LPi 

o 

o 
CM 

o 

q 

o 

CO 
r p . 

O 

o 
o 

o 

o 
CV 

o 

^ p | 

O 

CO 
CO 
OJ 

o 

CM 

o 

LPv 
—̂ 

r p 

O 

O 
OJ 

O 

o 
o 
o 

LP* 
CM 

o 

CO 

o 

LPv 

OJ 

o 

^pl 

T— 

o 

CM 
CO 

o 

LPv 

CM 

o 

CO 
00 
O l 

o 

o 
o 
CM 

o o 

CO 

o 
CP\ 

v_0 
:-A 

CO 

OJ 

CM 

CO 
r p 

CM 

CO 

c^ 

LPv 

P i 

O 
CT^ 
OJ 

CVI 

L P 

^ 

o 
cr̂  

CJ 
CA 

^ 

O 
CTi 

i P 

T — 

O 
LPv 

UA 

^ 

o 
o 
LPv 

o 
O 
<ri 

^o 
ir\ 
CO 

CO 
o "̂  

GO 
OJ 
T -

•^ 
o 
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The f r u i t s of Alandi var ie ty had 1.792/J nitr-rren at 10 days 

a f t e r frviit set and i t declined c-ntimmioly v/ithout any inareace 

t i l l 120 d::yG f ina l ly rrachin'7 1.021/5 nitr-^'^en at laatiirity. The 

nitro^-en content of seeds a lso exhibited similar t rend. The 

nitrocren content a t 20 days af ter f ru i t set was 3.136>^ and i t 

reached 1.500'/5at inatiority. 

In J^bal Yellow variety the nitro'--en'conxent of f ru i t s 

which was 1.568^ at 10 days, declined to 1.032> a t maturi ty. 

Similar trend was seen in ni trogen content of seeds a l so . It 

was 5.024-/J at 20 days and declined continuously t i l l 120 days 

f i n a l l y reaching 1.455'j at matur i ty . 

In conclusion the nitro^'en content of both f ru i t s and seeds 

was maximum immediateljr af+er f r u i t set (10 days) and sec-rnd hi/^h 

was reached aroomd maturity (120 days) , 

2, Phosphorus: 

Phosphorus content (Fi":,11) was maximum at 10 days and 

then i t frradually declined upto 80 days and as^ain rose towards 

f r u i t maturi ty. 

In Gan ch var ie ty the phosphorLis content was 0.194^ a t 10 

days after flniit t , declined t i l l 80 days (O.Ol̂ O'̂ ) increased 

s l i g h t l y from 80 to 120 days and f ina l ly reached O.IOO'/b at maturity, 

In seeds of Gancsh phosph'-^cus content which was 0,6l5i^ a t 20 aays 

declined t i l l 80 days (0.12^/^). A s l ight increase in phosphorus 
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content UUG seen between 80 to IcO o . y s . Tne phosphox-us con­

t e n t of see els \v.-s 0.?00^3 a t 120 de.yn. 

The Bassein Seedless v n r i e t y a l s o s'.ov;cd s i r d l a r t r end as 

Ganesh, The phosph^-us content a t 10 days a f t e r f r t i i t se t wos 

0.175> i t decl ined t i l l 80 d-jys (0.053 J) and t hen a cli--ht r a i s e 

i n phosphorus content was seen between 80 t o 120 days , f i n a l l y 

reacain 'x 0,144/^ phosphorus a t ma.t-b^-ity. In seeds phosphorus 

content was 0,625/o a t 20 days a f t e r £ r t i t se t and i t declined t i l l 

80 days (0.125;^) and arrain r a i s e d a l i t t l e duirin^^ 80 t o 120 days . 

At 120 days the Dhosphorrs content in seed v/as 0.283?^ v /̂hich v;as 

hiflrhest as compared t o a l l the v a r i e t i e s s t u d i e d . 

In A?bul Yellow t t u t t h e phosphorus content was 0,171/5 

a t 10 drys a f t e r frixit s e t . I t decreased and f i n a l l y reached 

0.038/t a t m a t u r i t y . In t h i s vax-iety the phoophox-'us content of 

£ p u i t s cont inuously decl ined fron fi-uit s-^t t o matux' i ty. The 

phosphorus content of seeds a t 20 days a f t e r f r u i t sot was 0.663/^. 

I t decreased t i l l 80 days (O.IOf.a) and a^ain s l i g h t l y increased 

t o 0.245'^ a t 120 days . 

In conclus ion, the phoophox-'us cont-^nt of bo th f r u i t s and 

seeds was hiThest imnedia te ly a f t e r f r u i t se t and a second hif^h 

phosphorus cont-'^nt was seen a t m a t u r i t y , 

5 • P . o t a s s i m : 

The potascium c n t c n t (i*'i'^. 12} of x ^ u i t s was lii-^h a t 10 

days but decreased t h e r e a f t e r and reached maximam a t 120 days . 

file:///v.-s
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In Oaiiesh the potaosinxi cont-.n-l was 1,722/o a t 10 days 

a f t e r f r r i i s e t , i t slov;ly decl ined t i l l 60 days ( J .545;0 and 

a - a i n incr'-r.S'-^d s h a ' n l y tow'arda MrhT^'ity. At 120 d-ys the 

potaGsiiim content v/ao 1.83?,), In seodc the •notaaoi-um cont'^nt 

vrxs maxiiTRxn (3.024'») a t 20 dayc dec l ined to 1.596'/j a t 50 days , 

and a-raln increased sharp ly tov;ajds inatn-;ity, and reached 

5.024,3 a t 120 da/-s aft^.r i l ' v i t s e t . 

In Bassein Seedless s i i a i l a r t r end v/as observed. The 

potassium cnnt-^nt of f r u i t s v;as 1.630;^ a t 10 days and i t slov/ly 

decreased to 0.840;o a t 3'} days and a t 120 days i t ao^ain i n c r e a s e d . 

At 120 days the potassiiun content was 1,722>'J. In seeds the p o t a s ­

sium cont3nt a t 20 days was 5.102>, i t slowly decreased to 1.428/0 

a t 50 days and attain incr ased shar Aj tov/ards m a t u r i t y (2 ,552>) . 

In Alandi v a r i e t y the f r u i t s had 1,806$^ potass ium a t 10 

days afteL- f r u i t s e t and i t decreased t o 0.462^ a t 80 days and 

i nc r ea sed slov;ly t o r each 1.353;^ a t 120 days a f t e r f i-uit s e t . In 

seeds of Alandi the potassipjn content a t 20 days was 3,192"^, a t 

40 days the con ten t s decreased t o 1,596^ and inc reased s t e a d i l y 

t i l l 120 days and a t ma tu r i t y the potassium content was 2 .448^. 

In I^hul Yellow v a r i e t y the potassium c i n t e n t in f ru . i ts 

was 1,470^^ a t 10 days a f t e r f r u i t s e t , the content slovN l̂y decreased 

to 0,462,^ a t 60 days and a-^ain slowly increased tov;ards m a t u r i t y . 

At 120 days the -ootassium content was 1.696/0, The sei ds of liihul 

Yellow v a r i e t y had 2.6OV/3 r^otassiun a t 20 days a f t e r l i -u i t s e t . 
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i t decreased to 1.r)12;o a t :?0 day. and thereaf ter increased con-

tinuoTxsly t i l l matii.-Ity reachin'^ 2O6BO,J at 120 days af ter fri i i t 

In c^eneral the ootars^iim content OJ.- f r u i t s was hi/^h and 

highest a t 10 days and 120 d-vj3 resi^ectively. The seed contained 

very hi'rh pot assi-im "both i-.iiicdiitely af ter f ru i t set ( i . e . , 20 

days) jjid a t mavi-ity ( i . e . , 120 days), 

•̂  • Mijyonutr_ie_nt^ 

The da a on the chan^^-s in the :.iicronutriont contents of 

fovi' deve?>.opinn' ponc'^r.inate f r u i t s and seeds aî e presented in 

Taljle 14» 15, 16 and ^i-^s. ^'j to 13, The contents are in ppm. 

In /5:eneral, the micronatrient contents of f r u i t s were high, 

i n i t i a l l y af t^r f r u i t s e t , then they declined in the intermediate 

s tages and f ina l ly reached inaxiiDum values at matur i ty . However, 

the seeds had maximum micronutrients iTmnediately af te r f ru i t set 

( i . e . , 20 days) and the contents slowly decreased to./ards mat-orlty, 

1, Calcium 3 

The c^lcliiJn content in f n i i t s was more in the i n i t i a l st;iges 

of f r u i t "Tov/th (fig* 13) in ^̂ an̂  sh the content v;as 32,5 !"'pm, in 

Bassein Seedless i t s 46.0 p^m, in Alandi i t v/as 46.5 ppm and 

in Kabul lellow i t was 4^.0 ppm. The calci\im content increased 

as the f ru i t was growinT. The calchm content was decreased b e t ­

ween 10 to 20 days aid 50 to 60 days period in a l l the va r i e t i e s 

excei5t ILibul Yellow. In Kabul Yellow there was decrease in 
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calclura contea i t i l l . ^0 dajp and t ' ;en 3lo\;ly i t incre;r3od - t i l l 

raatT..vitV-, At na^-i j i x . t.io calcbijn coiitenty nf d:.j'"?..'ent v a r i e -

tlf^G \;('cc h_L-^he:t, 111 Gfin.cn vai'L'-ty 65.0 "^on, B-î S'̂ în oeedl'^uG 

31.0 v^pj.i, Aland! 6 \ 5 onm and 'ialail Yellow p7.0 -ivm. 

In the sc'-'dg the calciiiJii cont'-'^nt was inaxi:.-rurii a t f r u i t s e t , 

i t dricllncd d. r i n ^ 20 to 30 days and a-^ain increased d^;rinc 30 t o 

40 cays inALendi and -&.b\-il Yellov;, In 'Tanesh and Basse in Seedless 

the inc rease was dn r i a^ 30 to 50 days . Then t h e c-intents decreased 

s l i ^ l i t l y and then norc or le-.-.s ri^ajidned constant t i l l m a t t c i t y . 

The ca lc i im content of seads a t 20 days a f t f?r f r u i t set in '^.nesh 

vari"^t;r was 37.0 rP-'̂ -i i ^ Dassein S c ' d l e s s i t v i s 51.0 ppm, i n 

Alandi i t v/as 3 ' .0 .̂ l̂ m and in I^aliul Yellow i t was 59*0 ppn. The 

c o n t e n t s inc reased t o 67.5 ppn i n fTanosh and S2,5 ppn in Basse in 

Seedless a t 50 days a f t e r l i -ui t s e t » In Alandi the contents were 

4-5.0 ppm and in ifchul Yellow the content was 50,0 ppm a t 4.0 o T.ys 

a f t e r f n i i t s e t . At 120 days a f t e r fru.it se t the ca lc i im content 

i n seeds 01 di Tf er n t v a r i e t i e s weee: '^xiesh I9.O ppm, Bassein 

Seed les s 1o.5 pon, Alandi 19.5 pp^ and I^Iabul Yellow 18,5 ppm. 

The inagnesi-un content in the f r u i t s (Pi'^. 14-) of d i f f e r c r t 

v a r L e t i e s v;as more dvjrin,'^ 10 days a f t e r f r u i t s ; t . I t v/as 24.5 

P'̂ m in ' lan .sh, 2 ' . 0 •^pr. in Tasse in Seed les s , 2 \ 5 ppm in Alandi 

and 24.5 ppm in l i i l r l Yel'io\.'o The contents decl ined t i l l 60 days 

i n a l l the v a r i e t i e s . In ^-',Jiesh i t declir/^d t o 7.0 ppm ( a t 50 

http://fru.it
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d a y s ) , ill J apse in Scedlo ;s i t d f c l i a d to 10,'> opin, in ALurii 

to 1'^.5 ppr^i 3-̂ d i'̂ ^ liiTj-"! Y-̂ l'OV/ to ''^.0 pm. The raaTneoiim 

conv.e'itj •?,''?'• in incr= •'̂ rr'̂ d t'̂ ' r'" '̂ic"'i ^;4.0 •̂ n̂i .in ^-ancc'n, dl.O ^pn 

in Ba^cein Secdl^cn, '[2.0 ppm in Aland! and 43.0 pni in Sibu.! 

l e 1 • o\; a t matrr i t y . 

In ihe seedo the ma-^nusiu.'i content v-is m--\xir,arra a t fViiit 

s - t v/':en compared Lo I r . ^ i t s in a l l the i^^xxt v a r i e t i e s , Tiie ma/rne-

siiua cent 'ut a t 20 days a f t e r f t u i t se t in Gancsh v/ac 23,0 ppm, in 

Eaccein Seodlecs ']0.0 P^-TI, in Alandi 41.0 ppm and in Ĵ &TDV.I Yellow 

i t w.̂ s r̂ 'i-.O VMim, The raafrnesiun content almost loeca^.ic ha l f a t 

niatr.t.-ixy„ The mao-nesitoa cont^^nt s lowly decreased as the seeds 

were .crov/inf^. The decrease was t i l l 60 days and ao-nin .it Lnoreased 

d - r i n f 60 t o 120 days , a t 120 days ^ranesh v a r i e t y had 12,.0 p-om, 

Bassein Seedless had 20.5 î om, Alandi had 20.0 ppm and l^'bv.'!. Yellow 

had 21.0 ppm. 

3 . I r o n : 

The i r o n content i n j i -u i t s was more a t 10 days a f t e r f i ' u i t 

s e t (P ig . 15) in a l l the fom- v:3rieti'=^s. Var i e ty ^ancsh had 

104.0 ppm, Bassein Seedless and Alandi had 132.5 pp-':! and lixhul 

Yellow had 90,0 ppmo The conten ts docreasod as the fr^.iit was 

Trowincr t i l l 30 days a f t e r fru.it s e t and then i n c r c .sed s t e a d i l y 

t i l l h a r v e s t . At 120 days a f t e r irxi.iz se t the v a r i e t i e s had raaxi-

:mn ai^o-ants of i r o n . The vpa^iety "anesh had 1.30.0 -ov-i, .^is.-ein 

Seed less had 214o0 ppm, Alandi had Idb.O ppn, and ii.'^i:! Yellow 

had 1o4.0 ppn. 
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The i r on conxonto in GCCCI.-, v/as "..,:vi..n,-un a t I l ' u i t s e t . I t 

was aLiiost doiit le the araount when co.ir^iu---d t o T r r i t s . At 20 

days aft-er :^ixit sf t the Iron con ten t s o : seeds in ^-anesh was 

229o0 ppm, in Basoein Socdlocs i t v;ao 2 l6 .0 ppm in Alandi a.id 

I'lLtul Yellow i t was 20^,0 opn. Tht coiatents s lowly decireased 

as the n' ed was -rov/inT and f i n a l l y a t 120 days a.tt . r x i - j i t s e t 

t he i ron (>"intejit ui a l l the foiu^ vcu^ioties were : Oanesh 63,0 -oom, 

Basse in Seedless 42 ,^ PP^i Alandi 4^5.5 ppn» and Kahul Yellow 

61.5 T>piii, 

4 . Mancya.ne3e : 

At Ii*i;it s e t the nian~anesc content of f r u i t was more in 

a l l the four v a i ' i e t i e s (Firr, i 6 ) Oanesh v a r i e t y had 14.0 p-!")!!!, 

Bassein Seedless had 25.5 to'Din, Alandi had 20.5 PV^ and Kahul 

Yellow had 15.5 :̂>'om, 'The mann-anesc content dec l ined a f t e r f r u i t 

s e t t i l l 50 days anci a t t h a t -oeriod the raan^^anese content of 

'^ranesh v a r i e t y was 20,5 ppm, Basse in Seedless 20.5 ^^pn, Alandi 

9,5 ppm and Kahul Yellow 10.5 Ppm, and then t h e r e was a s teady 

r a i s e in mans-anese content t i l l m a U u i t y , At m a t u r i t y the v a r i e t y 

'lancsh and Basse in Seedless had 40.0 ppm, Alandi had 45.0 ppm and 

IS-bul Yellow had 45.0 ppm. 

The man,'^anese content of seed was s imi l a r t o i r o n . The 

c o n t e n t s was hi":hest a t f r u i t se t and i t decreased c m t i n o u s l y 

t i l l matui^ity. At 20 days a f t e r f r r i t set the -nan-an^se c -n t en t 

of Ganesh \/as 35oO T̂ pm. In Bassein Seedless and Alandi i t was 

37 .0 ppm and in :<aloul Yel ow i t was 55.0 ^pm. The man^Tanese 
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co'^tent a t ha-ve.ot (120 d ' . / : ) in a l l '.he fori- va r io t i cG v;ore: 

^-ancch 12.0 ppn, Ea3--jjn s^.^dl-on 11.5 ppu, Al;-ndi ^ . 5 .ma a .̂d 

ISatul Yellov; 3.5 .ij)--:. 

The; a.iount o± z inc I n l h in fmiii: as v/.-jll a s in 3eed v;us 

s i m i l a r to o ther micro-p lenonts ( i 'M- . l? ) . In tho ^'irait the 

a.-aount ()•' zinc waa jaore a t fi-u.it c.̂ -̂ t and i t dccrvo-cod t i l l 60 

days and Lncreasf^d a-^ciin tov/ards na tp i - i ty . At 10 daj'o a f t e r 

jpn;it se t the amount 01 zinc v;as ^•\0 pm i n -lan'^sh, 5^',3 ppm in 

Baosain S e e d l e s s , 71.0 -'pm in Alandi and 41.5 ppm in S-ilru.l Yellow, 

The anoimt decr^-ased t o 35.5 îpm, In i^anesh, 37.5 î '̂ ci* in 3as.gein 

Secdle 5.5 VP^ J-̂  Alandi axid 30.0 ppm in Kabul Yellov/ a t 5o 

days and a t 120 da3''s a f t e r f r u i t se t Ganesh had 86,0 opra 01 z i n c , 

Bassein Seedless had 94o0 T^pn, Alandi had 72oO ppm and I-aoul 

Yellov/ had 90.0 ppm z i n c . 

The aiaount of z inc in seed was m-aximum at .[I'uit se t s la '^e . 

The anou-nt a t 20 days a f t e r f r r i t se t i n '^anesh was 75.0 ppm, in 

Baosein Seedless i t was 60»0 ppn, in Alandi i t was 79c0 ppm and 

i n I-aLul Yellow i t was 75.0 pprio The amcaint of z inc decl ined 

cont inuous ly a s xhe seed was developing, 1-u.t only d u r i n - 120 days 

a f t e r f r r . i t se t a s l i -ht inc rease in zinc content v/as jeon. The 

amount of z inc a t 120 da;/s a f t e r f r u i t se t in ''!anesh \/es 4'^.5 i^pm, 

in f aeoe in SeLdlecs i t was 5 ' J . 5 P?m, in Alandi i t './ a 3>'. 

and in Silml Yellow i t was ''-^ o5 ri-pzi. 

^"DIil, 
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5 o (^opp_er: 

Copper coiix-^nt in f r u i t s (j ' iT. I 'O was hi/xh a t 10 days 

ai t^-r f r u i i S ' t , M\IL dec lu i -d Hi- e a f t - r coiit uuxously u i l l oO 

d a y s . At 10 da;, o, ''-aa sh had 1 "•.0 •- ̂ n, Baosein Seedless had 

17.1 ">pr., ^ l and i 'lad I'-'..!; pr)m and "Ctn;l Yellov; had V'-.O '--^n, 

T'"Q cnnp'-, conten'oG carae d^vm to ^?.l "opa in G;-inooh, 12.0 Dr̂ n in 

B a - c t i n oced loss , a t .,0 d.iys and 14-.0 pojn in Al mdi and 11,5 ppm 

in r.iilnil „2llov/ a t 60 days. The copper con 'ent a'^ain inc reased 

and reached to maxi aiiii a t 120 days a f t e r fi*uit s e t . Copper con­

t e n t a t 120 days in the foru" v a r i t t i s v;ere: aan..-sh 26.0 ppm, 

Bascein Seedless 2'^.0 npn, Alandi 23.0 ppm, ISibul Yellow 2''^.0 

PpHo 

In the se(_d3 the co pex" coxitcnt uas maxinuja a t fn; . i t s e t . 

In Alandi and .-t^bul Yfllov; the copper content v/as more and com­

p a r a b l y i t was l.^.c i n Oancsh and Bcassein S e e d l e s s . In Tianesh 

and Itibiil Yellow the amount of co^jper slowly/ i n c r e a s d t i l l 40 

dayc a f t e r fi-uit s e t . In E a:.sein Seedless and Alandi the ar.iount 

of copper remained almost constant t i l l 40 days and then on the 

axT'Oimt came dovm t i D l hax'vest. In v ;3 r ie t i es Hanesh and Î ĴLIDUI 

Yellow the copper content decl ined aft '^r 40 days and i t continued 

t i l l matra-'ity. At 20 days a f t e r f r v i t se t the ^xanesh v a r i e t y had 

13.0 ppm and i t \;as 19.0 -ppm a t 120 days a f t e r f iruit seto In 

Ba-se in Seedless a t 20 days the co per content \7as 18.0 Dpm and 

i t was same a t 120 days a l s o . In Alandi i t was 21.0 iinm a t 20 

days and i t ca:ne down to 12.5 ioom a t 120 days . In 'Iiloul Yellow 

i t was 24.0 ppm a t 20 days and 21,5 ppm a t 120 days a f t e r f r u i t 

3 G u 0 
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'̂ -A can iii.'iieo oC-dlojsnf -o in lia.'d o- ' Q'TI ^o^'AO'-^j-.ir'.r v r iot^ ' 

3al i ia^aj^ ^ i b l e x " ' l l i c ac id v; G tvi d a t t)00, 750 and 1000 pr,ia 

OT ci-ni-' 11 ̂ n a lon • w'"th a cnn"bi."ol. 'Jhe ':-i'''.'bercl i c ac id oolii-

•tion u-3 ""..-en in a neake.^ and the e:.ia-ci^lat''d fio./j^-G v;cje 

di^-'^d "r ',h^ Gnl.-utinn fm- Jr a i i i m t o . Aj't* r 1{- '-.miixhi-, i t v/?.s 

se-'n tha^ ^i])]; ' -rell ic ncid did not s t i - r j l a t e seedl'- 'csnesa in 

i i - u i l s . Tho tr'^-^t d xv i ' n did not 'rcox/ t o a noi'mal si:!;e oijt 

i h e i r ^-ha-ie wis d i s t io^u 'ed . The f i - r i i s t u "ned iir^o elon-^ated 

ones v;!jile imtr^-ated fmji to r iiiii;'ed vov idi oh (^i-^, 6 ' ) and a lyo 

t h e TA t r ea t ed fr i i ic ; developed heau' . / irvl r e d d i s h coloiix- v/ i thin 

1-> nontho a f t e r the t r e a t j i e n t . At t h a t nt . ^e when fr^ji is \/eve 

cat i t ,/rG observed t h a t the oeeds have not develoTJed a t a l l 

(¥ir, 67) but i n con i ro l t he re v/as nor...al develo >rit-,nt of s e e d s . 

I t can be concluded t h a t i n none-r .nate n-ibrerel ic ac id coi^ld 

not iccroce s eed l c s snes s and a l so p o l l i n a t i o n and T e r t i l i :,atic.n 

IS nececscxv xor m . la l f r u i t development, i j i l l ia j in and Stah ly 

(1069) t r i - d cy tokin in and <:^ibberellin to r e t h e i r e f f ec t on 

shape of d e l i c i o u s a \p le i m i t s . They observed th , t -̂A caused 

fru..itG to be lonr-er and cy tok in in a l s o caused r r i i t s to be lon-'.^r 

v;ith v/ell develo-oed calj^c l o b e s . In pe'.ch.os Ster.bri^i-e tJid 

'^^nbrell (1-7C) ob ^rvc-d t h ^ t "-ibberelDJc ^cid in-mced pa r theno-

c riTlc fr- ^'to, "-A t r : t td fri U s M -e s-"o \'^ t s - J l e r and 

nore e ' on-• .ted than con t ro l T r i ^ t s . 
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Pi/T. 66; Gri'bberellic ac id t r e a t e d £rv. i ts 45 days a f t e r the 

t r e a t m e n t . Note the s n a i l siz'^d and irreffn.iarly shaped Ccuits 

of C-A t r o a t n o n t . 

gj,?. 67 : Cross s e c t i o n of GA t r e a t e d f r u i t s a f t e r 45 days of 

t r e a t m e n t , Note the normal seed develoTomont in con t ro l f r u i t s , 
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f-itber'^l 1 i c ac id tr'-^'.t d frvj r \/' '̂  po.jtl'cnoccir^-i c and \;':i-t 

elon^-attxi and 3na3.1cr in d i u n c t - r . 



DISCUSSION 



HIS a oDi \i 

I . P a t t e r n oT x^i i t ^r'^^izh 

1. ±'*rt ^h wci-'nt Ox' t'-.c r n j i t : 

Tnr £resh \.'ei -ht of f i n i t e i n a l l the f^ur poine"-ranate 

cr I t i v a r s cT-itimacd t'^ incr ace from j^i i t net t i l l n a t i r i t y . The 

pomeD-x-cjiatp f r t i i t s rcqvii-^d ab-ut 120 ca:vs t o r ac' the s t a - e of 

harv ot ma^birity, Thoae rr>si I t s ai-e in C'^nfirn:Ltion wi th the 

s t i ; d i c s of Shulman c_t a l , (1984) Dash (193. ) and Josan et_ a l , 

(1979) . 

The p a t t e r n of i ^ r i t fprov/th sh'>icd a s i ^Jle sio-moid cvs^re 

a l i ' o s t a j^-oachin'^ a lin-cir r ' ^ la t ions h i p . Shulman et_ a l . (1984) 

r e p o r t e d t ha t f r v i t s of porae'::r .nate v a r i e t y M i l e ' s Head had s i n p l e 

s i ^ o i d -rov/th cb-ve \;ncreas tne v a r i e t y Wonderful made a l i n e a r 

f:^rowth. The r e s i l t s --f the p r e s e n t s t r d y are i n confirmat ion witn 

those of SlTulman et_ a l . (1934) and Dash (1963). 

In the p r e s e n t study durin'^ the per iod extcndin^^ from f r u i t 

£3t t o m a t i r i t y t h e r e were p e r i o d s of hiHi (growth r a t e a l t e r n a t i n g 

v/ith slow ^rowth and f i n a l l y f r u i t s reached maxiirujii c^rowth towards 

m^ tu r i t r. S imi lar r^^sults were r epor t ed by Dash (1983) i n v a r i e t y 

J y o t h i , where the f m i t wei-ht i n c r e a s t d o;recttly durin-:: the second 

f o r t n i - h t and aga in dLi-iop: s i x t h fortni-^ht with decreased weig-hts 

dvjrin^ other pe r iods . Josan ct_ a l . (1979) a l s o observed s i i i i l a r 

t r e n d i n r>oEiep;;ranate under Pu.n.jdb c^ id i i i -^nr . Al ter f r u i t s e t 

t^.e^^ observed a ra-uc and continuous p;r iv;xn upto 35 "to 40 aays 
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iollowt;u t y a pe r iod i i olovv aev- lopK'-nt for anouher 25 aoiys L.nd 

t l i e re a f t ^ r the ^I'vii 3ir,e r^ .aLn'-d nore or I c j s Ihe cajie. /u^ie 

et al_. (I'v-'Z) obs( rvt d a c">aslcnl r "te ^i i^reob woi-'i^t i n r r r.&e 

i n l i ' v i l c of Wonderfi 1 var je t j - of PCJief^anate x hrniisrhoiit trie 

--^rov/in- sf c'son. ^ccou'din- to Bollai 'd (1Q70) the inc rease i n 

f r u i t wei -hx can be a t t r i b u t e d to '^'i i n c r ase i n Loth the c e l l 

c ize and i n t e r cell-ul:ir £;.aceD i n the f l e s h , w ich r e s r l t e d i n 

t h e Fiaxicmri looss i l le acciJii l a t i o n of food r u h s t a n c e s , Ini^rid 

Roth (1977) i s of the opinion th ' . t I ' i r i t develonmcnt i s fL^equently 

i n i t i a t ' ~ d by c e l l d i v i s i o n which i s laxer followed by c e l l enlarxre-

Hient. The per iod r f c e l l d i v i s i o n may be shor t and even txa l l y 

r e s t r J c t ' _ d xo -Darfnthesis t i rae , v/hile c e l l enlargement i s always 

01 • r r ' ^n . s t im'orXanco. Some f r u i t s enlar/^e 200 to 3>'0 t imes of 

t h e i r r.r.'crinal s i z e and c e l l volume i n c r e a s e s t o the saine e x t e n t , 

Westwncd e t a l . (19^7) are of the opiraon t h a t the combined growth 

r e s u l t i n g from c e l l d i v i s i o n , c e l l enlargement and a i r space 

format ion r e s u l t s i n a -general s igmoioal ciu've when £nai t volxurie 

or veiT-ht i s p l o t t e d a s a func t ion of t i m e , in the r)rPS'^nt i n v e s t i -

'^L.ti^no on pomegranate a continuous increase i n £resh f r u i t weip-ht 

from f ru i i se t to ma tu r i t y v;as xhe r ' sx-lt of both c e i l d i v i s i o n 

and c e l l enlaj:-gement. 

2. Igngth_ and br'^adth of the i l -u i t 

Tne length and breadth of f in : i t s inc reased contiiTuously from 

f r u i t si^t to matvrit.N. The i nc r ea se i n length was fas t t , r as com­

pared t o breadth iurin/^ the e'u-ly per iod of f r u i t grov^'th, while 
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inarcaGe in breadth was more pmnoTinccd di^rin-^ the l a te r nart of 

f r r a t -rnwth. The r - s i ' I t s ai-e in a-reenent with the studies of 

Dash (198?) in -.orn '̂̂ -fT'inatp vari'-'ty -Tyotbi (GkYK-1 }, where t'^e 

len- th and diameter of the f ru i t increased continuously from 

fr i i i t set to mat-urity. Arie et_ al_. (198A} observed sii^ilai' 

r e s u l t s in W ^nderf̂ .._l variety 01 r.omesrranate. In her Bal and 

Sinn-h (1Q7ocji) also observed that the increase in len^-th was fas ter 

than incTf are in diameter during the f i rd t phase, ( f i r s t six 

weeks after fr'ait s e t ) whereas in the th i rd phase the f ru i t 

increased in diameter than in the lenc':th. In Ka^zi lime Hittalmani 

and aao (1976 J) observed t h a t , the len- th and diameter increased 

contin-uously but there v;ere f luc tua t ions v;ith rep-ard to r a t e of 

increase and f ina l ly concluded tha t the lenp-th was slio:htly more 

than the breadth thj.T»u/^hout the crrowth period, 

5 • Iien'-th/Ea?eadth liatip 

The d i f f e ren t i a l length and breadth /̂ -"owth r a t e s affected 

the j.enr-th/breadth r a t i o of f ru i t diirinp- i t s development. In the 

fru.its of r̂an sh the length/breadth r a t i o was 1.22 at f ru i t set 

and i t decreased to 0.97 at matur i ty . In va r ie ty Bassein Seedless 

the len"-th/breadth r a t i o regained around 1 upto 30 days indicat ing 

tha t increase in length and breadth was of s imilar magnitude dui'ing 

t a i s period and the f ru i t s were almost round. The r a t i o decreased 

to 0.94 at maturity,, In Alandi var ie ty t i e length/breadth r a t i o 

was 1.29 at f ru i t set which decreased to 0.89 at matui'ity, while 

in I-:abul Yellow the r a t i o decreased from 1.15 at f ru i t set to 0.94 

a t maturi ty . 

V 
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The f r v i t c oT '"'-aiiesh, Alandi :ind "abul Yellow had his-her 

leu--tu/^Jrcadth r a t i o dvcriiLq; the i n i t i a l litsjres of f r i i i t o-rowth, 

and t h " r ; i t i o .^radvally decrcaL'. d to-w-ardo ma tu r i t y as a roou.lt 

of <^ a t e r i n c r e a s e i n b r e a d t h . Thus i t carx bo concluded t h a t 

the l"rviit3 i n the i n i t i a l st'P-^JO Vv-ere oblon~ ovate and aubse-

q.-uef!tl;' tr.c became round, /^lobialej? or ''ilobooe in shape, 

4 . jl'^gh_ .'jeig:ht of r ing^and seeds 

The vieir'ht of r i n d and seeds increased cont inuously t i l l 

mat iu ' i ty (Table 4- fig 3). Dui'inc^ laost stafi^es of fru.it develop-

meni, the seeds accounted for aboui 50 ver cent of the t o t a l wei/=;ht 

of the i t u i t . The wei --ht of r i n d and seeds were more or l e s s 

equal in 40 day old f r i^ i ts and t h e r e a f t e r the seed wei^Tht was 

hi":hci' t han the r i n d v/eip;ht, apparent ly due t o enlai'clement of 

a r i l s and accuiirulation of ju i ce in a r i l s , 

Siiulcian et a l . (1984) a l so observed t h a t the seeds cor i s t i -

t t i ted ab'-^ut ha l f of the f r u i t ' s weiq:ht during most s t age s of 

f r u i t development, Pvu^ther, they r epor t ed t h a t the seeds prew 

cont inuous ly dui^in^- f r u i t develcpinont, At the beginning; of 

f r u i t development the seed consis ted mainly of a so f t s t o n e . 

La t e r the s t o n e stopped PirowinT and hardened while t h e ju i cy 

t i o s u e ( a r i l ) cont inued t o syow. They concluded t h a t the pome­

g rana t e seeds resemble the developnent of drape tyT)e f r i i i t s ; 

hov;f'ver, i t d i f f e r s i n t h a t the dr\ipe u s u a l l y fol lows a d irble 

sigmoid growth curve ( L i l l e l a n d , 1431; M l l e l a n d and I^ewstone, 

1954; Coombe, 1975), whereas pomegranate seeds grow con t inuous ly . 

http://fru.it
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Data on seed wei'^ht obtained in the present otudy also shov/ed 

that seeds s^ew cint inuoualy. Similar recn^Its v/ere reported "by 

Dash (19S3) and Jn.-an et FJI, ( loyq). 

5• Seed weight/Rind w e j - h t r a j i o 

In -eneral i t was observed (Tabic 4 and Pif̂  4) that the 

seed weie-ht to r ind weight r a t i o increased orradtially £rom frxiit 

set upto 80 days and then i t declined sli^^ht upto matixi-ity (120 

days) , AlthoU;?rh both seed wei 'ht and r ind v;ei,o:ht increased 

continuously from f ru i t set to f ru i t maturity, i n i t i a l l y the 

nev;ly set f ru i t consised mainly of r ind portion hence the r t i t io 

values v/ere lov/. As the ,o:rov;th and li/?;nification of seeds 

picked up, the r a t i o crossed the value of one around 40 days 

thereby indicatini^ tha t a t t h i s stage the weip:ht of seeds and 

r ind v/ere aT^raroximately equal . After 40 days seed ^owth overtook 

r ind growth, and therefore the r a t io kept on increasing. Around 

maturity ( i . e . , at 100 and 120 days) there was s l i gh t decline in 

the r a t i o probably because of s e t t i ng in of ageing process in 

r ind and loss of moistiirc from r i n d . 

I t has been reported (Cheema et a l . , 1954) tha t sudden and 

abrupt chanq-e as soi l moistiire a v a i l a b i l i t y around maturity causes 

cracking of pomen-ranate f r u i t s . Present s tudies indicate tha t 

abrupt and steep inc^-eage in fresh seed weir^ht (probably due to 

influx of moistui-e in seed a r i l ) may cause cracking of r ind as 

ageing process has already s ta r ted in r ind . 
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6. itry inuLlbr content 3J uTi.ii u.ij atedi 

The percent dry n a t u ; r co.it-^nt of '}an-;s'i r ru i t -s slowly 

inor^a---^ fv-̂ m :51.0^,^ '.t 10 a; : to 42.19,^ at 40 dayo .nd tho ru -

a f t e r i t declin.-d to 26.70,J L^vol - t natnxr^ity sxr.cre. In Bar.aein 

Secdl'^Bs tiie dry 'iiatt'^r o n t u n t of T n u t incr ' aa'.;d Tron 30.87,a 

a t 10 days to 37.5Cvi a t 50 day.3 and t h e a .:.lo.-vvly decx-eac d to 

23.23;^^ at laUu'ityo In nl-mdi i t inci-c-asod I>om 2.-U7l;aat 10 

days to 3 3 . ' 0 ; ' at 50th day and carne down to 23.01 3 a t 120 days . 

In j&trtjr Yellow the dry mattf^r content a t 10, 50 and 120 days 

were 29.17;«, 41.1B,j and 35.91?^ r c c p e c t i v G l y . 

I t can br concluded xrom the ahove r e s u l t s t h a t the per 

cent dry iiiatt';r content of f r u i t s increased cont inuously t i l l 

ahout 50 days o£ f n a i t r:rov/th •"'-n.d tn'=reafter i t dec l ined •'zradu.ally 

towards mat-urity. The i n i t i a l i nc rease in dry mat te r content 

up to 50 dajrs \ir.s po33i'bly due to c e l l d i v i s i o n . The dry mat ter 

content decreased a f t e r 50 days probably as a r e s u l t of inf lux 

of nioistuc^e io r c e l l e>il;ai.'o:effierit and forriat.Lon of .juice ill a r i l s 

of s e e d s . These f indJArs coniirm the res -a l t s of ShuLaan et_ a l , 

(1984) who r e o o r t e d t h a t the .juice content was l e s s than 25/o of 

t o t a l f r u i t weight around 5'J days of f r u i t "Towth. As the f r u i t s 

matured the ju ice content continued to increase upto harvest 

t i m e . In t h e i r s tvdy the ju ice content reached 40 t o Abi 01 

t h e t o t a l wein;ht a t matu^'i ty. 

This p a t t e r n of chancre i n dry matter content of fru.it was 

a l s o observed by Sulladmath (1 7 5 ) i n sa;-,o-.a f r u i t s and by 

HittaLmani and Rao (1976) in Ka'^zi lime f r u i t s . 

http://co.it
file:///ir.s
http://fru.it
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o r s l y il̂ om fimil, j-.t t i l l r.r.L^^'lL; . In "aii'^Gh I he di-y i^at-ter 

slov;!;- i iciv ?.G d 'Ivn-^ ...lO , ni, 10 d-avs t o i /'. 1̂ J a t na-. ^jritj^. 

In .^i.j..::join SeedlC3s o.ac dx-y na t fc r content v;-as 3.72,3 a t 10 days 

of L'r . i t rL"nv/t>, i t slowly r a l ? id to 2Q,09^o a t mab-oi'ity stac^e. 

In Alandi i . uas A..v;,^ and 17.c/,J a t 10 cia^ 3 and uatTU-lty st .ere 

r e s octivel. ,- . liibul Ye j.lov/ r j cv -d^d 6,10,a di-y n a t t o r con tout 

dij-'inr- 10 ( rys ox ^r •^\JVI -..'nici r,lov/ly increaGod to 24-.72.J a t 

mat- ' j i ' i t , . ThG con t inux i s i nc rease in dry weic^ht 01 oe-^da was 

dro to higher r a t e of -^rowtn of oeodo and a l s o due to H .^n i f i ca ­

t i o n o j s eeds . 

^o ST 0 c i f i c p;r iv: t y 0 C __î .-;__ijt£ 

The 3r c i J i c ;_''-ivi+', was '̂o.'C tnan -uJ-it;, (Tatle 6 ) in 

e a r l y st-.ges 01 L^nit dev^ l o m u n t , i n a l l the four vax-'ieties and 

t hen i t ^ radu^l ly decl ined belo-w 1 towards n - t u r i t y . In Ganesh 

v a r i e t y tne s p e c i f i c p:ravit , ' wa3 more than 1 "upto 30 days of 

f i ' u i t 'i:ro\;th and tnen s t a r t e d d e c l i n i n g towards nat-'jr'ity r e a c lin-^ 

0 , 9 0 2 . In i:a3sein 3ecdle33 ihe s p e c i f i c .f^ravity snowed a f a l l 

f t on 1,120 to 0 ,900, i t was rior- tnan 1 -upto 40 days of fnj.it 

a:rowth. Alandi v a r i e t y showed a s im i l a r tr'^nd l i k e -Janeoh. Tlie 

vax^iety ilaToiil Y' How had the i.iaxi mm spocj Cic g r a v i t y t i l l 80 days 

of fr-ni r. r rowth. I t was more than 1 t i l l t h i t t i m e . Then only 

i t caiie diwn t o 0.965 a t ma t i a ' i t y . In genera l the nomeTj-'an .+e 

fr-^jits had l e s s t lan 1 sioecific g r a v i t y when t a e y approacaed 

m a t i u i t y and rii;)cnin^ sta^-^e. 

http://fnj.it
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Bal and Sin.'^li (V"73a) obaervcd 3i..iilaL' r e a u l t s in. Ler v a r i e t y 

Uiiu-ario The f a l l i n s p e c i f i c fT-i-'-i-vit;/ v;a3 r a p i d di;rin'^ 60 days 

a f t e r f n i i t o e t , t :en v;ith a l i t Lie chari'-e and a.^ain a ran i d 

deci't-'ase './as seen . Simi lar oljoo'rvations were re-oorted in a o o l e , 

peach and pear t y .jectv/ood (19u2}. I l i t t t L.iani and iao (197G) 

a-lso showed a d c c l i n i n - t r end in s p e c i f i c g r a v i t y in case of 

I<an;zi l ime , Roy and Sin^-h (1900) observed i n l a e l fr-i-it a hi^h 

s p e c i f i c .gravity i n the i n i t i a l sta.^'^es and then i t f e l l /ri 'adually 

for some time and incorease v/as a^^^ain not iced and remained c o n s t a n t . 

The inc rease i n s p e c i f i c /gravity v/ith development in Bael was 

mainly due to incjroase i n dry mat ter content of the f m . i t , but 

the f a l l dvxing r i pen ins : a f t e r ha rves t was m5,inly due to los s 

i n wei:;ht of f r a i t s . 

8 . Thickness of r i n d 

Thickness of r i n d was maximum a t 20 days of growth and i t 

dec l ined tov/ards matra^ity. Dash (1933) r epo r t ed in Jyo th i vaiMety 

(GKVK-1) of pomegranate t h a t r i n d thic^aiess decreased cont inu­

ous ly with advance..ient of i t i l t growth t i l l matua ' i ty , H i t t a lman i 

and Rao (1975) r e p o r t e d in Sa^^si lime t h a t the r i d̂ t h i c k n e s s 

was maximum during four th fortni'-^ht of i l -u i t .growth and i t dec l ined 

a t m a t u r i t y , 

9 . liundred seed weight (fresh and d ry ) 

The f resh as we l l as dry seed wei^a ts per luO seeds (seed 

s tone + a r i l ) shov/ed continuous inc rease f̂-oin f n ^ i t s e t to ma tu r i t y 
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i n a l l the fTui' v . ^ i e t l e s s t ixa i rd . Sliuli.an c_t a_l. (1-r.4) a l s o 

re-o^'t*-.d cn-it tha s-^ccis r^r vj contlnLnualy aL '̂in---; im I t cievelop-

i : cn l . Vc^-icty '7 .̂1 jli x-3c-^.'dcu :,_::i...u-'a Tr ^ch v;. : l.t por 100 oociJ 

t)eca.v.3e tht; a^-"il p o r t i o n coveriii-^ t ' le oecd v; iS r.ore i l e s h y and 

con. ualned no^'<^ j u i c e . I&bul Yello'.; r-- conded h i^hcat dry 100 se d 

wei- 'at a/id the seeds wex-e hai^deot drc xo naxi'.-riiin l i 5; ni i;i cat ion 

of CJ^ d t e s t a , 

I I , 5: I I I , H i s t o l c ^ i c a l and ' l i s t0chemica l s t t id ieg 

The laain p a r t s of the seed a re enbr.yo, endosperra and seed 

c o a t . In pome,-rranate tne seed coat i , e . , the inten"i;men!:s are t h e 

e d i b l e p o r t i o n , es iv^cia l ly the outer inteopunent which i s a l so 

ca l l ed a.ri l i n pome'^rar.ate, As the ovule develops i n t o seed the 

into-n.j ients matiu'e i n to seed-co. t s , Dij-rin.^ the t r a n s f ox̂ mat ion 

i n t o seed-coa t s the inte^nxments undergo si.'^^riificant h i s t o l o T i ^ ^ l 

chang^e s , 

After f r u i t s e t , 10 days a f t e r a n t h e s i s the seed 3ir,e of 

so f t seeded v a r i " t i e s Ganesh and Bassein Seed less was l e s s tiian 

n-ard seeded v,ar ' ie t ies Alandi and Ivibul Yellov/, But as the seeds 

n r̂ew ttie seed s i ze of sof t seeded v a r i e t i e s i n c r - a s c a and the 

hard seeded v a r i e t i e s e s p e c i a l l y I-Sibul Yellow i^^-^corded l e s s e r 

s i z e , Dni-inrr 120 d:.ys a f t e r f r v i t s e t lixlxil Yellow recorded very 

les.-^' s i ze when coin-aj:--a to other v c i r i e t i e s . This i s -^nly because 

sof t sooded v a r i e t i e s w i l l have broader outer intf^Tu::ient which 

i s the ed ib le p o r t i o n in poiner^-anate and t h i s p o r t i o n w i l l oe 

l e s s i n hax-d seeded v a r i e t i e s , thereby the seed s i ze w i l l be l e s s e r 
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The outer i-xo,J7v,aient in po .e.t^ra.iiate consists of a sin<^le 

layex' of thin v/all'-d ce l l3 t iL'ou'rncai"'̂  the seed icrespeCuive of 

Gpocific k:onG3 ,<iid in t h i s lx'j--=v the sir-e of the individual 

c e l l s ^ocs on incrcasiti,-: ao t h . seed was 'p.-owinq:, Tais i s 

happening-: bec^.usc oi ce l l enla^-^cn.ent aiid also l i l l i n - up of 

these ce l l s with j^^ice, And i t v;--.s seen tnat maximum juice 

content was observed af t^r 120 days oL' f ru i t crrowth. It v/as 

also ohcjrvtd th;-t a t i n i t i a l staq:es there were plenty of s tarch 

granules inside the c e l l s , and as the seeds were growing the 

s tarch o-ranxiles smarted disappearing and f ina l ly the ce l l s were 

without any s tar on which v;as converted into sugars as the f ru i t 

was growing. 

The inner integument in the beginnin'^, soon af ter f ru i t 

set was with a fev/ la;;,ex^s of small sized c e l l s . The thickness 

of t h i s layer v/as maximum at micropylar reo;ion followed by chalazal 

region and the l eas t was at l a t e r a l region. As the seeds s ta r ted 

growing the thickness of inner integument s tar ted increasing with 

more layers of c e l l s and the average number of ce l l layers a t 

c-ialasal region was 15 to 20, a t l a t e r a l region 13 to 15 and 20 

to 25 layers at micropylar re^rxon. Lignificat ion of ce l l s in 

these regions also st-arted ear ly and v,ore in tensively in hard 

seeded vai.-'ieties than in soft seeded va r i e t i e s and xhe maximujn 

number of l ign i f i ed ce l l s were found in hard seeded v a r i e t i e s 

only. 
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s^Gd-d V —^ - j^o Tan. nh aad Bac ;oin So.dlo:;.- h.id f i r j t ^ t i 4 

1 ' . c-^j ;;: : : :.!:: jell a Li~'- ir e l l . j , :d Îic _•• :j ' . u" V I-^yers 

we^'c ri"- 1^ l i -^nif iod whc^'e-is in hard seeded v a r i - t i e G Aland! 

axid iAvl Yel-'^w t l i^re vras no d i o l i n c t i o n of c e l l l a - c r a . The 

11 -111 Lioixi-n jx:^--t,ed jusx a f t e r 1 to 2 l^yei-s, 
r / . Sei-'-r.-1 c •̂̂ .o in fi'-'iit, \ a a l i t y 

"i • ?S'"-• î  ĵ "̂̂ j-.!-'''A'̂  so."*-'" ds (T ,o .b . ^ 

T . 3 . 3 . inci ' aood .-gradually dii-rinr; J i-ai t developaeut . The 

inci 'e ' i jc i:i T .3 .S . Trom 30 to 120 days r r spec t ivc - ly i n four v.aric 

t i e r , w^r-e Tancsh 5.75 to S.2; 3as^oin Seedlecs 3,5 t o 9 ,8 ; Aland! 

AX' '.0 2 .4 : and libul Yellov; 3,3 to 7 . 0 . Shulman et a l . (1934) 

a l3o re o-'t d tna t th-^ SX̂ '-OL̂ " co^it'Vat of the ju ice measured as T3i 

i nc i Jioed 7::-j.d;-'alLy ajj:'in.- 'n::it develo ar^jnt of two •;;^oE:ie'̂ aiio.te 

v a r i c l i 3 : n I s r a e l . D x̂sh (19"'':>) o"bDe '̂'vcd 14.3° Brix i n J y o t n i 

v a r i e t y of i^oaenrranate under G-(V v condi t j ons and Shulman ejfc a l , 

(19iU) obssrvod 14 t o 15^ J ii M i l l ' s Head v a r i e t y and 15 to 14;b 

i n tne v j r l e t ; ' WonderfL 1 in I s r a e l , Tne hi^^her T33 acoordinf^ t o 

t h e s e a t t n o r s wi j diie to more advanced r ipenin '^ v/ith prevailin.-r 

hi-^her te-ii-erat.-'res in the v a l l e y . luiader eti a_j_ > (1962) recorded 

11.9-^ T33 in GO. 1 „poi'eo;i'anate v a r i e t y . Sayed ej^ a l , (1985) a loo 

recorded j . 1 to 15.2/o T33 in t h e v a r i e t y ierca- 'd-1 wliica i s a 

r c c e n : r e l e a s s from Tar ^1 Nadu. A.'-ric. I t v r a l Univer j . . ty . Arie 

e t a l . ( 1 ' ^') r=^oort(-d t h a t in Wondv,rfal varie*:.y of pomegranate 

the T3S was 15,o M^.^n the f ln i i t appeared to he r i p e in t n" is of 

q-ualxxy V-dcr Cal i for^ i^n c o n d i t i o n s . 

file:///aality
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In the pr^sunt inve3':i,'jatIon the T3S uao IGGG when compared 

to ot or places and varletieGo Acco.L-din'~ to Ilitsch (19^5) in 

i r u i t --x'owtn studiec i t w i ' l _nt be ;̂ o oTwle to fallow the c le.'.ii-

cal Ciiancres in the jame ^.l-i.it, b-ut i t i s necessary to sample 

per iod ica l ly a cer oain number ot ciiiujarablc fn i t s , and the 

fmiit development also spreads over a consideral^le period of 

tirae dir im- which the weather oj-'ten chaA'^es, Climatic conditions 

are Imovm to exert a pjofoxuid influence upon the chCiiical compo­

s i t i o n o£ fri i t s (v/ater, eii'^aL's, ascorbic acid and other orranic 

ac ids , e t c , ) . 

2, T i t ra tab le ac id i ty 

The t i t r a t a b l e ac id i ty of porie,/7ranate juice decreased with 

maturi ty. The t i t r a t a b l e ac id i ty in the foui' v a r i j t i e s varied 

from 0.6 to 0 ,73 . Sirdlar r e s u l t s were reported by Sliulman et_ a l , 

(1984) in two v a r i e t i e s of pomegranate at tv/o places in I s r a e l , 

They fouJid marked differences in ac id i ty of juice between two 

places which may be ex -lained by the advanced ripenins; in warmer 

va l ley as well as by the c h a r a c t e r i s t i r a l l y low level of acid 

production at hi^h temperatures seen in many f r u i t species 

(Chandler, 1}57; KLiwer, 1971). Ifei-d (19^5) and Ulrich (1970) 

showed that the predominant acids in pome/5:x'anate 7^ice are malic 

and c i t r i c ac id s . Deere-' in t i t r a t a b l e ac id i ty v;ith r r v i t 

matui'ity was also repor t -a by Dash (1'̂ tT) ) and Arie et̂  a l . (19^^) 

in pome.^ranate. The r ^ s v l t s of increased Trix/Acid r a t i o with 

advance in the f ru i t matra-ity i s in agreement with the r e s u l t s 

of Salunkhe et a l . (1963) in peaches aad a p r i c o t s . 
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3 . 2u2^r 3 

Hedrcin^ and t c i a l SII"T^"S increased continu'Tjaiy (xxwiiir, 

I ' r n i t developiin'ni sua pa . ' t ic j3 %.•!,, - x'a xv- r ipenmo^ s t . f̂^ xn i s 

i nc reaae vzs mixi'iiuin. I t a-p-c-jcc I i^A the metabo l ic a c t i v i t y 

to\/ai^d3 f^ljcoco oyntbeGir. v;m ri'-î .'(_ rroH'-iujiced in pomef^raiiate 

f r u i t s pa r t i cn j l a r ly a t nat-Lx-'ity s t - e , S i n i l a r observa t ions 

v;ere i'e_ ortod by D-sh Cl9o5;. Aric o t aJ.. (IvUj) in pome^x-anate. 

Nerd (1 '63) Siiov;ec t h a t the nii^arr -'n the ju ico o£ pomejcTanate 

were glucose and f r u c t o s e , 

V, Seasonal chanf^es in ilacco anJ I i i c r c "n r t r iGn t con ten t s of 
fr^ i t and seeds 

1, I'!itro^:;en 

KitroTen content in f r a i t s v/as naxinuxa i n xhe i n i t i a l 

s t a g e s of f r u i t /growth, but cont inuously dec l ined t i l l mat-in-ity. 

In f r u i t s the nitro^i-en content was nore in î ranf̂ sh and Bassein 

S e e d l e s s a t 120 days a f t e r fn^ i t s t a s conpar' d t o f n ^ i t s of 

Alandi and Itibul YelloWo Similar obse rva t ions were recorded ii 

s a r o t a f r u i i s by Si^lladmath (1975), LakshininEa.""ayana and Sub)rainanyam 

(1965) . They r e p o r t d a Pa-adval dec l ine i n n i t r o -en t i l l 40 days 

of f r i i i t ;:p?owth and then followed by a s t a t i o n e r - / .^hane and then 

r a p i d dec l ine t i l l matvu:"^'ly. Siiriilar t r e n d in t h " f l u c t u a t i o n 

of niiroc-en con ent of f r u i t s was a l so obs--rV'-d i n tne p resen t 

i n v e . j t l s a t i o n s . 

Nixr o'ren c o r i e n t i n seeds was no^e m a l l the vai^ie t ies 

when compartd t o n i t r o g e n oontcn. of 11-niits. The n i t r o r e n content 
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a e c l i i u d as the seeds v/ere -^rov/in--. Zn^i ts a rc ch'j.i't,.ctoris1:i-

ca l l j - lc\/ in mlem.^ ac \.^'^11. ao ^n t o t a l riitx'o'-eri, co.i ar^ d to 

s e ^ J s , l^^.v^s ĉ na so'ne Ouii'v̂ r 1 .IL pa r t ^ and 'bis^r-^s (Hansen; 

1970) . 

The phosphoriio coiit- nt of .-Tr-aitc was rayximTin dvi'in^ i n i t i a . 1 

s t a g e s of f r u i t rp?nwlh in a l l t ae fo-u. va r^ ic t ios . The ancfujit 

rapi<"ly ana contin-'-'OL s ly dcclin^-d t i l l 80 days a f t e r £ n i i t -^rov/th 

and f i n a l l y the phosp'no_rs contc2:ts increc.oed c l i" -ht ly "betv/een 

80 t o i?0 days . In case of s e rd s a l so the phosphorDS content 

which \7a3 raaxiiixujii a t f i r i t s e t continued to dec l i ne t i l l 80 days ' 

and men inc reased slov/ly u: lo 120 days . 

In sapota f t v i x s (Sr' l ladra-th; 197>) i t vz-̂ s obsex'ven t h a t 

the I hosphox-u.3 content v/as maximum i n i t i a l l y hu t decl ined dur ing 

l a t e r pex-iod and a - a i n increased rai^iidly as the f n i t en te red 

ma tu r i t y s t ^ g e . Similar t r end was ohserved in tno p resen t i n v e s t i ­

g a t i o n s a l s o . The •Dhosphorus con"tenlg in the i n i t i a l stca^-es of 

x l T i t grov;th was naximujn i . e . , 0.194^^ in ''-anesh, r>J73,3 in i^assein 

b e e d l e s s , 0.213> i n Alandi and O.ITIjS i n I^bul YeIlo\; . Then on 

tiie anount decl ined and rena ined a l n o s t cons tant t i l l =50 da: s 

and from 80 t o 120 days p - a i n t h e r e was a sli-^ht inci'^ ase i n tue 

content of phos 'horns, fhc anount of nhos hori G a t 120 aa; s a f t e r 

f r u i t se t was 0.100 J in '^^inesh 0.1 1̂/̂ 4̂  i n Bajsein S e e d l e s s , Q.^Of^^ 

i n Alandi and 0.08^i;> i n ^fehul 'xellow, r e s p e c t i v e l y » 
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cmi nt i n ri-n..ii \ ; ' i c ' i \-j'iv, ni'̂ .::'. TLM i n the bc-^iniiin'T OL" .^.-^it 

-r">v/-Lh, r tL-r t^d :1c ci"''ixln^- nLie? r.Q d iyo -̂ nd . e n thiE" a..iotint WPB 

al:ao 3"̂. c^n:: • . 'a t c : ] l i n '̂1, r'.^ti ' ' l . ; ' . 

3 • Po l̂ i'̂ ^Biv>m 

Tn ' ' i l l i hp i ' n T V r.ir-t-ioe of ^o'lio"-!- nat^' ntijdir-fi t h e p o t a s s i i ^ a 

coni'-r.-t OL" i n i - ' - ' , \ r ,3 'lo.'o a t 10 dr.yD af+.'-r rx-iu'-fc s<^t. I t V;L'S 

1.7'^?,' i n "-an-.:' , 1.''"'0,^ i n ""c .:>cin S-cdle.sG, 1.30fi',1 i n A land i and 

1«470/'^ i n r a b v l Yoliow', The con ienLs hov/ever s^cjr ted d e c l i n i n g 

3lo\/l.y a s t h e T r v J i - r o . r l h -./LJS i n ^oL'o-TfGS. T h i s dec rea s ing : t r e n d 

w D ohj^i-vsd t i l l 50 d^yc i i i "-'.'-n-sh m o Ii\lml Yeljov/ and t i l l 30 

days i n "Casrjein iScedlCGs and A l a n d i , t h e n on t h e c o n t e n t s i n r x e a s e d 

r a p i d l v and f i n a l l y r ach. d j,iaAiLTo.m a t 120 d a y s . The potassi-um 

c o n t e n t of J i T o r nt v.-jr.i-r-tiec a t 120 days \ ;c^ 'o: ^ n e s h 1 , 8 3 2 ; ; J , 

E a s s e i n 3 e e d l c 3 s 1.72273, Alandi 1.2^8,3 and i i ibu l Yellov; 1.c96?3. 

In l i t c n i a ' r n i t c a l s o sinil-^x^ o h o e n v a t i n n s v;ere r e c o r d e d h y 

p a n l l et, a l . (1"";A). In t h e i r s t i 1 i e c i t v/gs s e e n t h a t p o t a s s i u x i 

c o n t e n t \/ns m n-:i Tiun a t 30 dcys a f t e r a n t he s i s and i t d e c r e o s e d a s 

t h e x^riii t was ^ 'ov/ in- t j 11 30 da^rs ano a ' - a in t h e pota-osiiun c o n t e n t 

w^^nt up as t h e fr^ i t a~'proachcd ffiat\u'.ity and "no asnium u p t a k e 

ceased \/hen ("-he " ru i t a t t a j n e d f n l l n a t r r i t y . 

The r j ce i n 'jv^^x c o n t e n t \ :as ohnorvcd t o tie c l o s e l y r ^ ' l a t e d 

t o vnXLr.F,i\iA, T,ie i -o t a s s i i . n i s laiovm t o he i'lvolT/'^d i n c a r h o h y -

d n - t c Mot_-holi •. . In case - f " l o / i x o , p^Tuv i r kj-n .se i s knonn t o 

ce a c x ; - a t e d by ^^Q-i.^iosi-tm (iTnson a-^a Ilci^lroy, 1 1 6 3 A Trius the 

d i r ' - ' c t cocnc l . . t i o n be tween poxa&siv.jn c o n t e n t and suf^ai' d u r i n g 
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matur;! ; , -io.y bo a t t r i t u t e d Lo i t s i ole i n a-irbohydi'ate n e t a -

bol i r . . . . 

In seeds a ' oo _• otascivjn content Vv?as ni'jjx-im-um dtiTJnfr 20 

da;;,G art.^r r r v i t 3̂  t and i c 3u \e i d dec l i n ing t i l l 30 da;,D and 

then a - a i n incrcac-u slcv;l,; t i l l :.: .xia ' i t , ; . -lowever, the f i n a l 

potar.siiui cont. nt in iriati'.r<: Gt^eds, were D.eno than the anio'ont of 

potacsiijjn v/bich wa;̂  prt-senb at the beginning- o i Ll-vit pjc-owth, 

i n /::LL-ictit3 I^ascoin S'~'f"'dler̂ c and Alandi hut the 'otaGsivjn content 

wac all. 0.it eqx-'-.l t o xh' arioiint of -ootash v;hich was i n the beq;inn-

inj;: of f r u i t o:rov;th i n ''Xincsh and I-fehul Yellov/ v a r i e t i e s . 

B. r d c r c K u t r i e n t s 

1, Cj-lcim 

The calcium content of f r u i t o i n the i n i t i a l s t ages of 

f r u i t development was hiTher and then i t decl ined during 20th 

day and as^ain i n c r e a s e d t i l l 50th day and then on t h e calcii tmcontents 

continuou.sly i nc r ea sed t i l l m a t u r i t y . Siniilar r e s u l t was ohscrved 

by Sulladmath (1975) in sapota va i ' i e ty I & l i p a t t i . He observed 

hip^h calcium content a t i n i t i a l s tagca oL' f r u i t ^-rowth, a t 9 th 

fo r tn i ' ^h t the con ten t s declin^.d, ao^ain the con ten t s inc reased 

r a p i d l y di;ring 11th for tni" :ht anj t h e r e a f t e r th^ content was 

s t a t i o n e r y t i l l 17th foi t.ruo-ht and f i n a l l y i t cont inuous ly 

decreased a t m a t u r i t y . Similar f l u c t a t i o n s m calcium co' i tent 

wos oDserved by . a u l l ej^ a]^, (193^-) i n l i t c h i f r n i t n . 
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I t i s t 'Glievcd t h a t calcii-jn i s iipiaobile in phloem ticsnj.es 

and t h a t , once dclivex^ed t o an or^an in the t r a i . s p i r r t i o n stream 

t h i s element tends t o r'^i.ain t h e j c (Bollai-d and iHUler, 19G6). 

I t has -Ircady been noted tha t calciiun i s p re sen t in matia'e f ln i i t s 

a t a l e v e l which i s f req\ ient ly r.ioch lov/er than the l e v e l of t h i s 

e l c j tn t i n l e a v e s . S.Lnila:' t r end v/as seen in seed a l s o . Seeds 

con ta in } naxiiaun ca lc i im content a f t e r i in ; i t se t and i t was more 

t i l l 50 arys and ihen dec l inec s l i ^ n o l y and regained more or l e s s 

cor:st,aiit t i l l matiu': t y . 

2 . Mâ ffnGsivm 

The magneslLun content in a l l t he four v a r i e t i e s was more 

diirin'^ i i -u i t s e t . I t dec l ined sLowl;/ t i l l 60 days from thereon 

i t i nc reased contin-uor-sly t i l l matxa-ity sta/^e. I t was 44.0 ppm 

i n Ganesh, 41.0 ppm in Bassein Seed le s s , 42.0 p^m in Alandi and 

43.0 ppm i n rabul Yellov/ v a i ' i e t y , 

Similai ' r e s i i l t s v/ere observed by P a u l l ejt a_l, (1904) i n 

l i t c h i f r u i t s . 32 rays a f t e r a n t h e c i s the magnesium content 

was more{1.09 :aF,/3; dry we igh t ) and i t decreased t i l l 60 days 

and an-ain increased slowly t i l l 80 days and then on the con ten t s 

r a p i d l y inci 'eased t i l l hexvest and reached 1.27 VIFJS dry weicrht, 

a t 94 days a f t e r a n t h e s i s . 

In the seeds the ma^jnesiiim conxent was maxi.:uB a t fl-rdt s e t , 

the contt, -* s were .aor tha-i the con ten t s of f r u i t s . At m a t u r i t y 

t h e map-nesiujn conten": becanie aLnoct ha l f . 
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' , Lrcn 

Tne i r o n c onto i t wio "mr' a t fin i t 3 , t in a l l the v.u.ve-

i-iOE r d i t GI^'. /I^ d^-cliaid t i l l -̂ 0 d /G l i . f r j ' r r j t G t a rd tne 

CO-tent- irciieLGOd Gtoaciil^ x H ' h^ jvpoi . At i A' da.vG a f t e r I t i i t 

s e t xne '.aiMeti-G -i-d ^ii ^ ii a.noiiirb nf •'jcon, 0>̂ noGh Vcjiu ^t;, nad 

180.00 on-, rsG.^ ' i r J c c l l - . c .d ^1 ' .0 -in, Al di bi.d 1 ^̂  .0 -pm 

and :_hi L ''Cliov; 't^x. 11-;.0 ,pr.. Tbj r G i l t j a r e sini^'ax to 

t - c^c r ; - r t ' d 'o^ L^vl . . IQ Si ra (1 ^ ' cj. T..c^ o b j c v - d xn ber 

th:-"C xr.o p c c c n t . ^e of iron. v,'-s more a t fTx'ir, s t apd then i t 

decljn-^d a t 30 d-i. G and ao-cin i r o r ?G d and re^naned aLr.oGt 

conet^ i i t , l2i t he bc^inninp- and ICO days a f t e r f r a i t s e t tne i r o n 

con ten t \/as jaaxirrum i . e . , 1.62,^ then on a p radna l f a l l in the 

-\[aluF v.'ac obse jvrri ^md a t la<^t date of r)ic .inr- only 1,005'?^ of 

i r o n Wc.3 r e c o r d e d . 

Similai'' ob se rva t i ons were m a t by Sas t ry (1370) m sanoia 

f r u i o E . '-le r e ^ o _ t ' d t h a t theee ehan^ej xn tne mount of a l n o r a l 

el-i : ieni3 were di^e to t e i r i i ivolveiont in c e l l u l a r metj;bolicm, 

ch lo rophy l l b i o s y n t h e s i s and s y n t h e s i s of enzymes, 

2he i r o n c^n t rn t i n seed was nariimini a t f r u i t s e t . The 

c o n t e n t s slowly drcreasvd as the seed was p-rov-'inc^ and f i n a l l y 

a.t 120 daj s t he c - n t e n t s weru aLTioct i of the amount whicti was 

p r e s t n x a t f r v i t s e t . 

4-, Mang;" ne oe 

At f r u i t se t tne man-aaese c-^atrnt was more i n a l l the 

foul' v c ^ ' i e t i e s . The contents d e c l i n d t i l l 50 days . nd ao-ajji 
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•there v.: s a s teady r a i s e l i l mat-ui ' i t j . At : j a t u r i t y the nan^a-

nese cnntent of f r u i t s were; Ganesh and Basaein Seedless 40,0 

ppm, Al^.idi 4:3.0 "opn and i>iicai.l lOllow 45.0 npiU. 

In seeds i l vjac s i n i l a r t o i r o n . The manf^anese conten ts 

were hin-hect a t fru-it s e t and decr^as^.d conxi;u'^r s ly t i l l matu­

r i t y . At 120 days a f t e r fi-uit s e t bhe nan/anese conten ts of seed 

was : '^an.esh 12.0 ppm, Eassein Seedless 11,5 ppm, Aland 8.5 .'̂ pm, 

and / a t n l Ye 1 .low 9.5 ppm. 

5 0 Zinc 

In the liTLixs the amo-unt of s ine was more a t f m i t s e t 

and i t decreased t i l l 60 days and inci>eased a,c~ain towards matu­

r i t y . At 10 days a f t e r f r u i t se t the ajriount of z inc was 54,0 ppm 

i n Ganesh, 55,5 Fpm i n Bassein Seed les s , 71,0 ppm in Alandi and 

41.5 ppm i n Kabul Yellow. At 120 days a f t e r f n x i t s e t , the amoiint 

of z inc was 86,0 ppm in Oanesh, 94,0 ppm in Easse in Seedless , 72.0 

ppm i n Alandi and 90.0 ppm i n irahul Yellow, 

The seeds had maxJjnujn zinc content a t f r u i t se t and i t 

dec l ined cont inuous ly t i l l h a r v e s t . 

6 . Copper 

Copper con ten t s in £m--it3 was hi=:h a t f r v i t s e t . I t was 

19.0 ppm in '""anesh, 17.1 ppm in Lasuein Seedless, 18.5 '-̂ pm in 

Alandi azid 16.0 ppm i n :-2ibul YelloWo The content decl ined i n 

the middle and a^-ain incr'eased between 60 t o 120 days . At 120 da^ £ 

t h e copper content in foui' v a r i e t i e s v;er£ : Ganesh 25.0 ppm. 
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I ' a s se in oer.dlecs 2p.O pn, a l a r d i 23.0 p-om and riibul Yello\; 

2 \ 0 ppm. 

In the sec'ds the copper content was Fiaximxii ".t iri^^it s e t 

and ti'.en the amonnt decl ined t i l l h a r v e s t . At 120 da j s the coriper 

con ten t of seeds v/er' : ^-anosh I^ .̂O ^pm, Bassein Seedless 18.0 ppm, 

Alanui. VI,0 ppm and iaKil Y-jllov/ 21,5 ppci. 

I he chan^-cs in s.inc and copper content -)i the devolopin,^ 

f les i iy ed ib le f r u i t s v/as f i r s t a t temoted i n the st-udy. In the 

l i t e r a t i i r e ini'oririation afcoiit t he changes i n t h e ahove t r a c e 

e lements during fl-uit development i s not a v a i l a b l e . Hence no 

a t t e m p t i s made t o compare t he se r e s u l t s with o ther workers . 



SUMMARY 



Pomegrana'te i s an ijii;;ortant ai^id and cciii-arid Ti'i-it which 

hac rf^csivvd vor:; scant a t i en t ion . Tz-ero are . oft seeded, semi 

hard seeded and hai'd seeded v a r i e t i e s in pome^fpranate. Pew 

irr.-, roved sc lec t i jnc of soft seeded va r i e t i e s h^ve been released 

rece'-''tly. No in/oriTiation i s availa'^le on the nat^jre, tinie of 

i n i t i ; ; t i o n and den^cee of l i g n i i i c a t i o n of seed t e s t a v/hich causes 

hcu-d/soit seededness in pomef^ranate. Differences, i f an^', in 

grov;th and development of fiaxit and seed betv;ecn soft and hard 

seeded vai ' ie t ies ai'e also not iaiov.'n , Therefore, the present 

invest i r ' t ions wex'e cai^ried out dr^^ing 1982, 1983 and 1984- to 

study, 

1, The grov:th and develofment of f ru i t s and seeds of soft 
seeded and hard seeded v a r i e t i e s from f ru i t set to 
maturi ty. 

2. The anatomical /his tolcTical differences in time and 
degree of l iffnification in seeds of b ith the t^';oes in 
r e l a t i o n to .^rowth and development of f r u i t , 

5 . To cLuantify the differences between soft seeded and 
hard seeded v a r i e t i e s . 

4. To study seasonal changes in f t u i t qua l i t y . 

5, To study changes in macro-and micro-nutrients during 
growth and development of f r u i t s . 
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Tae s a l i e n t itnoiii^-c u-o j r t o c n t e d helov/: 

1. x'tesh weir-ht of i n i t s and '̂ x-3v;th p a t t e r n : 

The poir.f rx\ n;..le I>M i t '>-±̂ '-A.S contxn-uot si,; fi'orn f r i i i t se t 

t o h:-"" ,x v/i t i^ti'i^dG 01 G3-'i "•rov/ch ra t - j a l t e r n a t e d ^^ith 

TJ^T'L'-O. l i Tasx ";ro\Jih •' . t e , "he p a t t e r n of ii-i i t c'̂ rov/th iollo\vO'^ 

a "Si."-;!- aif'j 'oid axcve" a l . joet a-)rroachinT a l i n o a r r s l c t i o n s h i p . 

2 . I c n - m and Drt,2dth of the f r i i t : 

Length and brcadtn of i i ' u i t i n c r c . a c d concinuoi^fali/ from 

fm^ii: se t t o raat-ority, Tne ien-t^i t o b read th r a t i o wac hi<r-her 

di^rm'^ the i n i t i a l s t . g t . s of f n i t -rrov/th "but i t decreased towards 

natij;it-» ros^^ltin-^ in round ^ u i t u . 

3 . xrosh weight of r i n d and s e e d s : 

The f t e sh wei -ht of r i n d and cecds inca:eased cont inuously 

from f r v i t s e t t i l l n a t t r i t ^ o The seed wei'-ht t o r i n d v/ei^-ht 

r a t i o increased g radva l ly from f n i i t s e t -o-to 80 days of iVi-it 

o-routh and then dec l ined s l i g h t l y tov crds mat-urity, Daring moot 

of the sie-p-es of l i -u i t developmenx the seeds c o n s t i t u t e d roughly 

h a l f of the f r u i t s wei<^ht. 

4 . ftry i ra t t^ r content of f r u i t and s e e d s : 

The dry ma-tt-.r cont -n t of Tr i ixs increased con t inuo ic ly 

t i l l yO oE.ys of fri i t '-nv/th and t en 'gradually dec l ined to .ai 'ds 

m a b a - i t y , Thic v;a. d ie to foi^nation of mice in the f l e shy 
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Gj:'il : c - t i o n oi ce'^dc. In caoe ox occds ihe dry niaxtcr- content 

incart- .oed contirj . )vsly fi-om iln i i aet t i l l rriatvj-'"it:, . 

5, 3 ;c ci xi c '^r ^^'it y oi I'Tv.i "̂ .o : 

Spec i f i c r;i:civll:j vao 1 ir^r.er i n ^...x'ly st fics of f n i i t devc-

lopncni. nd t r x n "-raJrc-lly d c l i n o d . At i ia^vr i ty the ponerp^cxnate 

f r r . ixr had 1G3S x_^an 1 s p e c i f i c exvavit^. 

f-, T'-5. c'^ncS3 0 r r i n d : 

ThiclaiesG oi r i n d Mas niaxirrom a t 20 cayc a f t e r £r i ; i t s e t 

ana i t dec l ined tov;ai^dB . oa t i ^ i t y . In .-general t h e r e v;as no mai'lced 

d i f f e r e n c e 'bet;.een aoft and h.aî d settled v c r i e t i e o , 

7, llxJidrea seed w e i - h t j 

The f resh a j wel l a s dx-y seed v/eigiits c- 'nt inuovsly increased 

frc^- f r u i t s e t t i l l n t i t v r i t y in a l l the four v a r i e t i e s s t u d i e d . 

At ma tv r i ty Ganesh va i r i t ty had irsaxiia-ura 100 seed f^esh wei'^^ht 

follov/ed by Ba^sein Seed less , Alandi and /ixKil Yellov;. 

In s:eneral , t h . r e were no ir/jrked d i f f e r e n c e s between sof t 

and hr^d seeded -jomef^ranatc vcavleties \ ; i th re^^. r d to -p ivrth arid 

developnienx of f - i i i t and seed. 

^- • l i s t o l o g i c a l s t u d i e s 

Ten days a f t e r f r i i i t s - t the seed s ize of sof t seeded vsrie-

t i e s ^--;.iesh and Ba r.cin Seedless was l e s s as cor,ir-^^ed to hai'd 

seeded va^-i t i e s Alandi and I-libul xel lcw. This t r end was reveroec" 

wi th tiniD and ~r--.;ih oT .D?-ait, At 120 d'^ys a f t e r fi"uit s^t the 

seed s i ze (incl- dinp; the a i ' l l ort i-^n) iii so f t seeded v a r i e t i e s 
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v;ar. i n j ^ ay co:,ip?r_c; "to h „ d occdea v j i r i e t i e o . 

A p e r r ? a l oC GO- ' in"-~\".- '>tr rcvc-X^f' i,h..t the -^.ter 

into~vjtKn-t \/as a oin'-l'- l ayered cnc uj lii eloii'-Tc:ited cell.-, which 

v/c-rc h v i n - th ; c/" c e l l wall;- 13 "-;,•) •iî ccd i/ns -ro^vinT. I>'.r:n'T: 

ini1,. ':jl pL'/rcs ox cc.d -x-oi/l'. tlio in:.ex- inue.TU/jer.lDin'o-cnoral 

had /--5 1^/cxas oT C-if-lJ. c c l l n a t c i a l . r a l r e g i o n , 2-3 layex's a t 

l a x c r a l ruo^ion and 6-0 lay^JG a t n i c r o p y l a r r o r i i n , .̂s the seed 

aat-ua-ed the n-aih.r of la^-urs as v;c 11 as s ize of c e l l s of inner 

inteTL'-J^icnt s t . j r t ec ino_'e'.,sin-", and inner inte^'YUXi'^ntal c e l l s 

s-tartcd l l ^ n i f y i n ^ a f t e r ^0 days of seed pravrth. However, U n i ­

f i c a t i o n was more pronor-Jicod in ha.rd seeded v a r i e t i e s . Ih.^rin'^ 

l a s t da^'s of seed •::ro\.'th both in s c i t and hfii'd seeded v a r i e t i e s 

a l l the c e l l s v;ere heavily.' l i f : n i f i ed except 1-? l a y e r s a t the 

p r o x i a a l end, and the l i j n i f i c a t i o n v/as more Intense in hard 

seeded va i^ i e t i e s . 

I I I . i l istoc-temical charif^es 

As far as p r o t e i n and nuclQic ac id s ar-e concerned t h e r e 

was not uT ch d i f f e rence hetween hai'd seeded and sof t seeded 

v a r i e t i e s . L i t t l e d i f fe rence was seen in i n s o l u b l e po lysaccha r ides . 

In a l l the faux' v a i ' i e t i . s s tvd icd i t V;as seen t h a t i n the heginnin;? 

6f seed growth the ouLer inte'-Liment a s wel l as few proxi .xi l l a y e r s 

of injier integument \.. je hav in - la].-~e arioiints of s t a r c h ^grains. 

Trie s t a rch --r-iino s:;.i\.id d i sa 'pe'x.-in'- as the s-jeds developed 

end at m a t w i t y the st^Ji'ch gr tins coim l e t e l y d i sappeared , showing 

t h a t they v/^re converted in to SX\^-L'S. 
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Oc'..; JH" 1 Ci vir^ G ri 

1. Tota l colvMc s - l i i L : 

T u 133 i.^tj- .;, c I '̂> ' ly a^^'xii - LJ-'LI L "JLVCIO luiit ^nd 

v/ixh suvc-nccr-i 't o l ^ i t i " , . Be rein Socdles; _̂  ccj-^cd hi^-;csi: 

'253 an'i rirui-l I c i l o . / v^.^-i' < y roco_d2ci 1̂  -si. 

?, TJ Irauc.'blt. 3.c^C Xj : 

2 . a c id con tor. L dccr'^ae'-^d ^;iTh T-n^ijj^tlmi of r c u i t e 

The r i::/o c ia r:xt;_o a l s o i r i c - aacd a3 the f r i i i t r:ati.i'eQ, 

j . S i ^•-'Z' G : 

The ^oatl trn of accLim;!' t i o n of SU~CJ;^S WCD coLinciiarj' iLc 

v/i"ln t h a t of f r u i t r^'owtn. The SV-'-J: aCCI.-'J'TOlaLion ""n the xl-'vit 

uac 3l->v aiif' sxcady di^rin^- i,hc hc^ nninr- of fri i t -^r^v oh. Both 

redi;ciri'^ and t o t \ l s u r a r s cintj.n-u d to increo,s" d v r i n - tne 

development of f l-vit and t h i o inc rease \/a3 v ^j r a j id d-'3Tin'̂  

100 t o 120 d a y ' s a f t e r fr i i t se t juot 'bcforf^ ha^-vcst. l«&.xiim;jn 

Giip-aî s W:J. r recorded iii iSaloxil Yeliov; follov/ed hy Gauesn, Alandi 

and Bascein S e e d l e s s . 

V. Gharjjyes i n minera l c o n s t l t n e n x s : 

Tho ni t r -^-eu a-id phocr.no^xis content J£ bo th f r u i t s and 

seeds uas maxinun ano n i - n e s t inu'-icdiaL^ly p f t c r i ^ r i t se t (10 days 

a f t . r i>-cit s e t ) and s - c u d hi-^h nitro-^en o.nd phoo hor-ut, content 

//as suon a t iiiatui'i t^ , 
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The pot:;.GGi\Ln content ox L'n-i'ts wao hi-heG-L a t 10 days 

and 120 cicye a f t r i V r i t j e t . The seeds c-^ntained very hî -̂ h 

pota-L'iuii conient both hzm diat t^ly aft:-r f r r J t s e t and a l^o 

a t mat iu ' i ty . 

The 1 licrcirat j i c r t con ten t s i . e ,, ca l c i im, m r̂n .̂: s i i ^n, i r o n , 

nan -anese , zinc a>id cop" er conxents of jin.iitG were hi-^h i n i t i a l l y 

a f t e r f r u i t s e t , then the: ' decl^'ned in the in t e rmed ia te st'i,Q:es 

and l in tv l ly reach'-d ir.a:d.num l e v e l s a t natu^- i ty . However the 

seeds had ĵ axiimojii mid'on-- t r i e n t s i:-niaodiately a f t e r f r u i t se t and 

the con ten t s s lowly decreased towai'ds ,.iat-urity. 



REFERENCES 



REJIIRE::CSS 

Anonyiaoais, I969. The wealth of I n d i a . Raw m a t e r i a l s , CSIR 

ITcw Delh i , Vol . 8 : 317-:>24. 

A . O . A . C , IS '̂/'O, O f f i c i a l 1,1 thodc of a:ial,vsis of the 'Assoc ia ­

t i o n of isf£kei-<=ii ; inai^, t ical cheKiots . Washin/^ton. 11th 

Ed, 

, 1,^0, O f f i c i a l mcihodc of anal^siG of the 'Assoc i a t i on 

of a m l y t i c a l chenis ts* , Washino:t^n: 515-516, 13th Ed. 

Arie iinth Len, befraljN, and Sylvia Guelfet Re ich . 1984. The 

mat-uration and ripeninc^ of the 'Wonderful ' pome/^anate, 

J . Amer. Soc. Hor t . Sc ience . 1 ^ ( 6 ) : 898-902. 

Asaph Go or , 1967, The h i s t n r y of pomegranate i n the Holy l and . 

Economic Botany, 2 1 : 215-230. 

Ba l , J . S , and Singh P'. 1978. a Developmental physiolocry of ber 

(Zi zip has mai i r i t iana lam) v a r . TJmran, 1, P h y s i c a l changes?, 

Indian Pood Pakcer , 3£(3) J 59 -61 . 

, 1978.13 Developmental Physiology 01 bex̂  (Zizaphus 

maur i t i ana lam) Var. Uiiran, 2. major chea i ca l changes wi th 

r e f e r ence t o t o t a l so luole s o l i d s , a c i d i t y , pll, sugars and 

stai^ch. Indian food Pac':er„ 2£(3 ) : 62-65« 

, 1976. c Developmental Phybiology of "bcr (Ziziphas 

maur i t iana lam) Vac. Uiiran. 3 . "/anor cheu ica l changes wi th 

re fe rence t o t o t a l P h e n o l i c s , a s co rb i c ac id ( v i t , C) and 

m i n e r a l s . Indian food Packer , 3 2 ( 3 ) : 66-69 , 



115 

Ler t ru i .u , D.h. aiiu ^Kuver, . i . o . 1Q'2. EiTect oi exogenous 

r ; ibbi ; re l l in a o o l i c a t i o n on t :o eiido-enova horiaoue CTiitent 

Cx'id developiiO'-t of ualck Corianth ^c-iro, V i t i o . , 1j): 

292-97. 

Bhuva, i l , - , and ClTundc\/c-t, U.S. 1 7o, '̂'lov/ rin^- and firuit r-i'owth 

in sa^'ota (Achax'as ^2:112^2: ""'• ) '̂'''» ' ' ^ - l i pa t t i . udyaniita, 

xlaiasthan. H - r t . SoLiexy 2 ( 1 / ? ) : 54-5"^. 

B lake , '•'. .. 19?5. 'Growth oT the i ' i 'nit of tnc Elbe^^ta Peach from 

•blossom bnd t o -i~ti^_'it7. Pi-oc, /L/iex", 3oc, l o r t , 3 c i . 22; 

29-5".. 

B o l l a r d , E.^r, 1 )70 . The Physio\oo:y and n u t r i t i o n of developing 

E m i t s o Vol , 1. Sd, Ihilnio, A . C . -xadouic P r o r s , London, 

38 , '-420. 

Bo l l a rd E.G. and B u t l e r , , "̂ .W. 1966. Mine-al ITvitrition of P l a n t s . 

A. le\T. PL. Phys io l H^' 7 7-112. 

Caiueron, J . ^ . , Cole, L . J r . a.-d Haver, E.: . 1950. l i tu i t s ize i n 

r e l a t i o n t o seed nuiuber in Valencia orange and some other 

c i t r u s v a r i e t i e s . P roc . Aner. 3oc . ' - r t . Sc ience , 76^: 

170-80. 

Cannel, M.G. i . , and Huxley, P.A. 1069. Seasonal d i f f e r ences i n 

the p a t t e r n of a^j^linil'ite movenent i n the branclws of 

Coffea a r i b i ^ a l i n n . An:i. a p r l . B i o l . , 64: ylb-b7. 



116 

Ch-^ndler, 'W.Ii. 1 -^j?. Tne Poi-iei-^'.aaVa i n : DeciduDUo orca , j ;d8. 

Lea and Pebj-u^*, P l i i l a d e l r a i a , : 86-95 . 

Chapman, -I.I), and P r a t t , P .H ' , T 6 1 . :;J-C lO'is oi' ana lya io lor s o i l o , 

P l a n t s and \ / a t i rG, ^ n iv , Cal i fo- 'n ia , Dlv. . i - i '^c . Sc iences . j 

Chee-ia, 0 . 3 . 3na t , 3 . 3 . and Naik, '-CC. 19^4. Go^-imox-cial f t i a i s of 

Ind i a , ::aiii''.lan and co, L t d . , ' ' a d r a s , 

Connors, O.'l, 1919. ""ft'ovrth of I ru i ' t s of peach . Ilev/ -Jtrsey AT:-, 

Exp, 3"ta, An 1, iopor-t, 40: o2-39 . 

Coonbe, '^>.1, I96O. Il-^lati onships of <rrow"th and development to 

changes i n s-u-^acs, a-.ixiiG and ' ^ ibbe re l l i n s in f r i j i t s of 

seeded and s e e d l e s s v a r i L t i e s of V i t i s vinifex-a. p i . P h y s i o l . , 

5^ : 241-59. 

, 1975, The developwent of f leshy f r u i t s , Arunial Reviov; 

of P l an t P h y s i o l , 27: 2:7-2 ' i . 

CL'ane, J .C , I964. Qrov/th subs tances i n f r u i t s e t t i n g and develop' 

irient, Ann, Ruv, P i , P h y s i o l , , 1^: 303-32. 

, Hebeir,, C.A. and Cajiipbell, A,C, I 9 6 I . G i b b e r e l l i n 

indvced Par thenocarpy i:i the J . ' i . Hale Peach and the poxt'able 

cause of b u t t o n p roduc t ion , P roc , Aner. Soc, ' i o r t . Science • 

7 3 : 111-113, 



117 

Dash, D i l ip Hxuar, 1.)83o Hi-ov/th Iry-nainic3, i-'loworiii'^ and f r u i t 

development i n Poiieo;rcuiate (Punica ffl^anatum L. ) s e l e c t i o n 

j'iN'i-i-1 and i t s PropciP:'ition "by o i ' j t in ' r s , Unpt;blis:ied the t : i s 

subn i t t ed to the U n i v e r s i t y of il":x'ic. Sc iences , Sanf^alore. 

Davies , C , 3 . , and Warein.":, P .P . 1Q65. Aincin 'directed [transport 

of r a d i o Phor:ph">:'us in SICLIS. P l ' ia ta ( B e r l ) . , 55: 155-56, 

Denne, i i .P. 19hO. The -^r-Av't'i of a pie f r u i t l e t s ana the e f f ec t 

of ecoi'ly Thin:un-: on f r i i i t development. Ann, Bot, 24: 

397-406, 

^Evreinoff. 1949, The pomegranate f r r i t s doutre Mer, 4: 161-70. 

i*eder, LI and 0'3r.i.en, T.P. 1958. P l an t mici?otech :iq-ue some 

p r i n c i p l e s and new methods. Amer. J . Bot , 55.: 123-14^. 

Gardner , , Y,A,, Bradford, P.O. and Hooker, H.D. 1952. The fimda-

mentals of fr>.it p r o d u c t i o n . , Mcgraw h i l l Book Company^ 

Inc . L'.o.A, 

Goor, A. and Liberman, -J. 1956. The Pomegranate. B u l l e t i n of 

the m i n i s t r y of A - r i c a l t u r e . I s r a e l (Hebrew, with Engl ish 

Summary). 

Gulfeae, A..^. and ^oiota, P. I-:, 1974. Physico che . i c a l changes i n 

developing- Luc .nov;-49 Guava f r u i t s , H^n-yanac J . Hor t . 3c . 

3 ( 3 / 4 ) : 134-39. 



116 

Hanson, 31iij r , 1170. Tie Vine .o, .i::+.x OJ" ..?ri i t s rjid i h e i x 

MV-^drc":.:-, ^cll ^d >" -i.C. '̂ ' l..̂ ' , v - i . i . c --^, G on 

P n t e i n o : ^&l-^^6 Ac ;.r'e i c P r - - , london and ilev "'or.c. 

' ^ay . . s , V,'.D, 1 •̂ •'rO. a-i i t '^Tov/in-^ i-i I f'ir.. " ' t c ^ t i s t a n , A l l a h a ­

b a d , I i . ' l i a . 

l i i t t a l u a n i , 3 .Y. a^id . ao , I'.II, I'^TBc jti.di-. s nn chanf^eo i n 

p h y s i c a l par,,aiie t e r o ox t h e d e v e l o p i n g Iferrzi l i a e (Citri_;3 

S-Ii!§-!1?iAP]:Jf^» 2 * ' L r . , i t . y n u t h l i iu i^n ior t icT. lx-ure , 

2±(J): 1 2 2 - 2 6 . 

H o t c h k i s s , i i . D , , 1^43. Microche i c a l r ' ^ o c t i o n i^es-ultin'^ i n t h e 

o t a i n i n - of p o l y s a c c h a r i d e striact-i;j:^es in f i x e d t i s su . e 

p r e p a r a t i o n s . Arch Biochem. I^i 151-1-^'rl. 

I n r r i d R o t h , 1977. i '^^vits of An.o-iosperms. E n c y c l o p e d i a of 

p l a n t Anatomy. CxEEr'T̂ DfJi BOrinT?RAEn-E^.-BE-!Li:i-S'TTTCA'^!T. 

I w a h o r i , S . , VJeaver, R.J, and P o o l , R.M. I 9 6 6 , C i h l o e r e l l i n l i k e 

a c t i v i t y i n " b e r r i e s OL seeded and s e e d l e s s Tokey f^rap s . 

P I . P h y s i o l , 4 3 : 5 5 3 - 7 7 . 

J o o a n , J . S . , Jawanda , -1 .3 , I ' p p a l , D. ]{. 1779. S t v c i e s on f.l .oral 

b i o l o g y of pomeo-ranaLe. I I I . llode of P o l l i n a t i o n , f r i - i t 

development and ^ri i t c r . c k i - i - . The P a n j a t ' l o r t . J o v m a l 



119 

ri)ii_:„'d, w. C. 1 '-jtib, UGvelo ucnt of "the Tru.i x, aeGd ajid 

embryo of the priiieri rian'^o. Box, '''-a'::,, 1171 

28-7'2. 

l-3iader A'cdvl '--Id., '.J.r'.M,, I-iilaseJcaiTji,, ;', iind !'iuthuG\;3ini,, 

3 . 1-B2. Go-1, ?o:ie':-i'Lnat'0~ ii s o i t seetieti s e l e c ­

t i o n . South I.idian fiorticultuj^e 3 0 ( 4 ) : 298. 

e 
I l i - j c r , W.M. I-'^TI. E i i c c t oi day t eupera tuxe and li"-ht 

i n t e n s i t y on concen t ra t ion of ma Lie and t a r t a i ' i c 

i a c i d s i n V i t i s y i n i f e r a L. t r ' apes . J , Amer. Soc, 

Horn:. S c i e n c e . . Q 6 ; 372-7 . 

Kbslowski, T.T. 1973. Ed. Water d e f i c i t s and p l a n t r rowth . 

Vol , I I I , P lan t r e sponses and c o n t r o l of water 

b a l a n c e , Academic pr s s , New York, U.S.A. 

LakSxhrainarayana, 3 . and Subramanyam, H. I966. P h y s i c a l , 

chemical and Physi '^ lo^ica l chan'^'s in sapota tv^^it 

(Achrao carrot a l i n n ) dur.i n-̂  developnient and r ipenin^ 

J . Fd. 3cio and t e c lmo l , 3 : 1-^:. 



120 

-J'~ " 1 . . '' / . . - f , n.,_ . 1 / . A t C ..Xi 

zt\G-jln- c!" '̂  f Q-t 1 •̂  G -"c' con nt -n i r r d t 

•-Trn./.ho ^^'-'-^ i J uC . , £ ( 1 ) : 1'^-17. 

Lee, 3.»i. , liri, -T, ̂ ^ r u i.ri , ^.D, 1 / ' . Sa^Ti-a on 

duj-M iif̂  iriatur 1 '̂̂ n (2 j chcivr s in cii'̂  r , or~aa"'-

^C-d, aiiino t.cui^ ana ±ne r^s-oir ^ t i T . r I t . . J , 

Koi-'-an, Soc. ' n r . . S c i . , 15(1) : ''^7-"'-. 

Leopold, k.O, ^'^n^^ „ ^ la x '-€<-<-{ <ind ^evei•^-_)ncnt. 

Mctp:""./ t i l l 7- .Jiic t .-)n i n I i l o - i c a l 3cif '•ccc: 

270-81 . 

L i l l ^ l a - . d , 0. 1Q,^1. ^̂ r )\;bh s ^a.> of the a p r i c o t r n i i t , 

F ' o c . .u.ier. 3oc, Ho I, Sc i . 27: 25^-245. 

__, and fe\;st'-iie, I . 1 "34, A '"io\/uh >̂ ti dj' of tac 

che_'r7 Truit,. r oc . Aaio^-. 3oo. Hor t . 3CJ , '^2: 

2 0 1 - 4 . 



121 

L\;c .a ; i l l , J .C. 1?^'3. St u l ics in Trui t doveloi t in r -^ la t ion 

i c hora->ne "^.^odr^ction b;"- s-'eds iii a.^ IIG . " - i t s , J. •'o-.t. 

- ' ' - • 5 ^ •• i - 4 . 

Ilaliiot-"-1, V. ^, Ijicijuei ., '',",'. a'_o J'«3a,nda, j , 3 , 1 l ,•>, Stndios 

on phvsi co-ohf^.ui ^1 cha." c t o r i s t i c s i± Po.ie'-'.-unate ci I t i v ,xs . 

1 PhyaJ cal chai\.c'.ex'c •".'id I I cho.xaoal chaL"" ctci ' j 3 t i c s , Tne 

Punjab. H i r t . J n^ ^ . l . 23C3i/i)i 1 5 > l G l . 

Kazia, I . , 'Irew'-x', P.A. and AlXsrt , M. 1953. Th." cytoche. i c a l 

stainin,-^ nnd neas"'.:jr''~ lent oi ni^oteitis xiiih "nercixric I ronophe-

nol hive, 3 i o l . B u l l . W : 57-67. 

KcMani.f!, J . ? . A . K-146. The h i c to lo ' ^ ioa l dennas t raxion of aracm 

a f t e r pc^^ioiic a ..d^ I^'alure, I^^B; 202, 

*rothoQ, K., En.^el"brecht, L. a id I&.layeva, 0, 1959. "'iber die 

wirlomg des Kinet ins auf s t i cks to f fvo r t e i l -un^ and Eiwoiboyri-

tnei^e in isQl;^crten B l a t t e r n , F lora (-jenJ.)., 147: 445-C/i. 

J fa l le r , .:, and Leopold, A,C. i960. Co^'relative a::!:inT ind Trans^jorz 

of 3"^ in corn iindtJ t ' le i n f l , nice of M n e t i n . P lan t ( B e r l ) . . 

6 3 ; 167-0^. 

>Jurneelc, . . . S . 1Q26. Ei'fcc&s of co r e l Jt ion betv/cen ve^'cuatJve 

and r ep roduc t ive f v n c i i i n s in Tom.xo (.Lyc^ per s i ce 1 oscu-

iontrm i i i l l ) P I . P h y s i o l . J_: 2-b ' ' . 

T-: ason, A. nnd KcElor ' , \i.J). 196 . . In p i nt Phys io lo- ry ' (^ \ C. 3tewp^-d), 

Vol-'jne 3 : 4-51-4.6, Acade i c Pr SG , Uew l o r k . 



122 

•Kerci, A. I965, MtJiocyanina in i omo-r-tia-le J v i c e , 11.5c. Thes i s . 

The jletrev; un ive r s i ty / , i tehovot, ( ' iebrew). 

r l i t s ca , J . r . 19b',">. xhyaiolo":y of Li'i.it '^rov/th. Aiui. :iev, of 

p i n t , P h / 3 i o l . 4 : r)P~.?3G. 

ITitsch, J .C, , P r a t t , l a t n c n . G. end S h a u l i s , u, K I ? '© , Ilatijjral 

'^rowth sifDstanc--'::'3 in con-a.::d ruid con card seed l^os .^yapes 

i n r e l a t i o n ho "borr^' devel-.pr.-ient, A.-::or. j . Bo"^,., 4_7; 566-7=^. 

Olmo, '.-.P. 1946, Cor re la t ion betv;oon seed and t e r r y development 

i n some seeded v a r i e t i e s 01 Vitj s v i n i f e r a . P roo . Aner. Soc, 

Hor t . S c i . , 4^ : 291-97. 

paiiday, Ti.M., Rao, M.M, and S in -h , a.M, 197'?. Rioche l iea l chanT'ss 

i n the developing: rnan-̂ o f i"vi t , Cv, Dashahar i , P r o T u s s i v e 

Hor t . 5 ( 4 ) : 47-59. 

P a t i l Shamee I-iunar. 1983. S tudies on '-rnwth and frui t inc^ in 

l in ioneira l i s b o n and S e v i l l e lemons (Ci Iri^s liiaon (Limn) 

33urmann) •uXipu'blisncd H.oc (Hort ) Thesis subniut d t o -a'dveL'-

s i t y of A-ricu-ltujral Sc iences , E;itio«.lore. 

P a t i l , A .v . , Rane, D.A and Sanghavi, II^U, 1977. Stv.dies on 

growth h a i i t of some Russian Pomegranate va i^ ie t ies un er 

dah-ur'i cond i t i -ms . A^^ril, and A.oroindi:3tri ' s J o u r n a l , 10 (G ) : 

9-10. 

.. . ^ J, a-id Wavhal, •^.N. 1900. Improvement of f r u i t crops i n 

Maharashtra , Panjac J . l o r t .20 (1&2): 2 -7 . 



123 

P a n l l Robert , E, Nancy Jun^ ciiem and .-jay deputyo 1984. Litcxhi 

growth and com;)ooi t i o n a l changes dru.'ii%': £ r u i t development. 

J . A.Tier. SoC.Hort. S c i , 1 £ 9 ( 6 ; : 817-321, 

P u r o h i t , A.G;. . 1982. Qiiantitcr. ive methods for e s t ima t ion of sof t 

seedednccs of •pomegranate (Panica grr:,nat-i;m L. ) Joiirnal of 

Maharashtra A'rrictiltiu'e U n i v e i - s i t i e s , 11 (1 ) : 11t5. 

,_ ^ , 1985. Soft secdedness i n PoraG^-janata, Ii-dian Journa l 

of A'-ricultui^al Sc i ences , 55,(5): 367-363, 

Rao, l-l.h, 1973. S tud ies on the Physiolo<3:ical and iDiochenical 

f a c t o r s aosociCi-ted wi th develooment, r ipenino: and senescence 

of pusa s e e d l e s s grapes ( V i t i s v in i f e r a L. ) Ph.D. Thesis , 

I . A . a . I . , New De lh i . 

Roy, 3,IC And Singh, R.N, 1980, S tud ies on changes during develop­

ment and r i p e n i n g of Bael £ r u i t , Punjab Hort . J o u r n a l . 

^ ( 3 & 4 ) ; 190-197. 

Ryugo, K. 1962. Accumulation of l i '^nin and the concurrent changes 

in the apparen t d e n s i t y of the c e l l wa l l i n the peach endo-

ca rp . F r o , Amer. Soc, Hor t , S c i , , QOi 197-203. 

Saavedra, E, 1979. S^t and gr \ . th of Annona che r inp l a m i l l . i^>uit 

obta ined by hand p o l l i n a t i o n and che . i c a l t r e a t m e n t s . J . 

Amer. Soc. Hor t . S c i . 104 (5 ) : 668-673. 

Oh 

Sachaa, B.P., Pandey, D. and Shanker, G. I969. Influence of weather^ 

chemical com-oosltion of guava fruits var. Allahabad safed^. 

Punjab Hort. 2' "̂"̂ o 



124 

Sal-unkhe, D. K., Deshpande, P.T3. Lxnd Do. J.Y. 1 'GS. Eifacts of 

s- i tur i t j and stor -c on -onysical and biochc icul changes 

in pf .-ch •-. d pii„1cot .~ri.ii,o, 1. no "o, ocx, - ; : -:j_^--42. 

Sastry, M. V. 1970o Eiocncriioal studica in the physiolo.try of 

capota part I I I - :'inor clienical ohanp:eo, Indian food 

Pac-cer, ££(5): 20-.V>. 

Sayed, 3 . , Seejiianxhini .a'aadoTS, Manjan, iv., and ;!utnu3v;aiai, 1985, 

iCi>-1 pojne^ranate. 3oi fa Iniian Hort, 35(1): 4-52. 

Shulina.-:, Y., Painberstein, L, and I&vee, S. I^M/!. PonGo;ranate 

f tu i t developncnt and jiaturation, J. Hort- Set-

59(2): 255-274-0 

Sidda pa, G-.S, 194-3. Pone^ -̂anafce juice. Ind. i?mo;. 4: iq6-8. 

Singh, M.Po 1951. Preliminary rrowth ra te sti^dies of cnikoo 

f rv i t . ladian J . Hort. 8(5):17-21. 

Sin^yh, ^.anjeet, 1969. b ru i t s . National Book ' /rust , India. Hew 

Delhi. 

Stembrid^e, TT.S. and Ganbrell, C.E.Jr.1970. Comparative effect 

of p;ibbere lin and parthcnocarpy on the 3hf-\j'' and matura­

tion of peicheo. Hort. Science. 5: 156~58. 

Sulladmath Vijay Himc-r. 1975. otijdiec on frui t rrov/th ard develop­

ment in sapota (Achraa sap ox a. L. ) Var. I-S-lipatti. iI.3c(A.r^i) 

Thesis, "UniversJ ty of A-̂ riCL Itu-fal Sciences, Dharv/ad. 



125 

Sunt.era.-a '̂  an, IC C. , 3hanniu^ave lu anu ' V̂ t huowa.-.y , 3 . 196G, 

Effect of r)iant ^rov/th rcgi.^latoro on cus ta rd a-ople. Soiath 

Indian H n r t . 2f,s '">3-64. 

T r i p a t h y , i ^ . 3 . , and Gan^wai-, B.M. 1^71. Biochemical chanses 

a s ir idicea of matiu-ity in '̂̂ java (Psidium epia java L. ) 

Proc^reusive Hoi't . ':5: 17. 

Tukey, H.B, 1933. Enbryo a b o r t i o n i n •. a:ly r i p e n i n g v a r i e t i e s 

of j ^ u n u s aviiijn. Hot, Gaz, 44: 433-468, 

_ _ _ » 1935. Growth of the embryo, seed and p e r i c a r p 

of the sour che r ry (Pr-unus c e r a s u s ) i n r e l a t i o n t o season 

of fr i t r i p e n i n g . P r o c . A^ner. Soc, Hor t . S c i . 313 125-144. 

U l r i c h , R, 1970. Organic ac id s i n , The "biocheiaistry of f r u i t s 

and t h e i r p r o d u c t s (Huline, A. C , Edo ) Academic P r e s s , New 

York, London, 89-113. 

Westv/ood, H.N,, B a t j e r , L.P. and Bi l l i rv^s ley , II.P. 1967. Cell 

s i z e , c e l l number and f r u i t d e n s i t y of a p p l e s a s r e l a t e d 

to f r u i t s i z e , p o s i t i o n i n c l u s t e r and t h i n n i n g methods, 

P r o c . Amer. Soc. Hor t . S c i . QJ_: 51-6^. 

W i l l i a u s , M.U., and S t a h l y , E.A. I969 . Effect of C^/'tokinins and 

G i b b e r e l l i n on shape of delicicfus ap^.le f r u i t s . J . Amer. 

Soc. Hor t . S c i , 2 1 : 17-1S., 

Z i e l i n s x i , Q.B. 1955. Modern sys te raa t ic Pomolc^ry, •.-J.I-'.C. Brown 

Co. Iowa. p p . 296, 

• Qrio-inals not s een . 



APPENDICES 



- _ -^/-^^ t h e \;holG 
: 'ean Mocm At At ^''' ^ i.n t i i 
nipJ...rujn KariirniirrL ..'yd li^'a 1/ ' . :;0r.L''3 

Jam;iai'y U . 8 2o .9 -2.9 ^r;3.7 - 233 .7 

Pebruax'y 17 .1 3 0 . 7 "=- .̂0 21 .0 - 262 .5 

r.axc.i 20 . . ; 0 3 . 6 6 - . S :)T.9 1.1 2 / 6 . 3 

A p r i l 2 2 . 2 5-1.6 7 0 . 0 5 3 . 0 r : . 1 247 .1 

Hay 2 1 . 9 '^^.4 T:.\ 4 4 . 3 1..'0.2 2 2 3 . 2 

J-une 2 .1 23.b ^7c0 6 3 . 0 K 3 . 1 100 .9 

J i A j 1 3 . 6 23 .3 3 .0 6 1 . 0 46 .9 103 .7 

Au-u.st 11 .6 23.1 S',0 5 5 . 0 3 1 . 0 120 .8 

September 1 . 3 2 M B3.1 35 .0 2C6.5 ^30 .9 

October 19 .6 29 .5 l^^-O 5 5 . 0 159.4 ? 1 7 . 8 

"ovenber 1 3 . 4 :^7.0 3 4 . 0 6 ' ; .0 25 .9 172.1 

Dece-.iber 1 3 . 6 2 - . 4 8 4 . 0 4- ' . 5 1.2 251 .5 
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yjiTEOl-nL^^ICAL DA'J'A F^d 1 ?33 

Te::n?r it-.j:e t i c l ; i t i ve h i iu i - i a i n duna-iine 

Mean M( an At . . t ..lonth 
• mininfun raaxi.iruji i ,50 n j s 17.50n_'s 

Ja-Tuai-y 2 4 . 8 2 . ? 73 .0 3 0 . 0 0 . 0 267 .6 

]}'ehrv.cxj ^'.0 5 2 . 3 70.0 2G.0 0 . 0 24 ; .B 

llcxcA 21 .1 3 4 . 6 ; 9 . 0 22 .0 0 . 0 2 3 ^ . 4 

Apri?u 2 2 . 7 3 5 . 7 6 2 . 0 2 3 . 0 0 . 2 27i ' .0 

::ay 2 2 . 0 3 4 . 8 73 .0 3 3 . 0 106 .2 232 .^ 

•Trne 2C.9 3 0 . 1 3 2.0 5 6 . 0 213 .4 113 .0 

•Jnly 2 0 . 2 23 .9 3 6 . 0 6 4 . 0 6/;.'^ 119.9 

Av-iAst 2C.0 2 7 . 4 92 .0 79 .0 178.5 9'^.0 

Seilcnher 13 .6 26 .7 94 .0 77 .0 2Ii',8 ' O / . O 

OcLoter 1 9 . 2 ?r-.^ 3 2 . 0 6 ; . 0 3 3 . 7 1 3 ' . 5 

7ovc.i]3<jr 1^.3 2 7 . 3 70 .0 47 .0 2 .9 2/1/,.9 

Dece.iber 17 .2 25 .4 3 ^ 0 5 5 . 0 6-^.3 145 .7 
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-IX h 
TO'TOCx- t l C 

I :ai' ch 

A n r l l 

June 

Jx ' ly 

Aucust 

iep-tembor 

October 

IIoYGiiiber 

Doceaber 

ilCron Mean 
:nax"imum > initnum 

^c.l 

5 . . 3 

' j ; . o 

5 4 . 4 

2^^.8 

2 7.5 

20 .0 

23 . ^ 

27.=. 

27 .0 

2,7.5 

>1 7 7 

1 / . ^ 

-1-1 1 

— 1 • I 

^2 .1 

1 .7 

1 " ' . 4 

M . 2 

19.2 

1 -}.0 

17 .4 

15.3 

At At 
•^..50h>G 17.50n 

t a i n f ^nsh ine 

r a i l ^^^"'^ " ? -

" ' ^ ' ' m n t h 

J4 

81 

•'7 

74 

76 

39 

37 

34 

30 

80 

77 

50 

50 

37 

3'1 

n 

oA 

^̂ 7 

59 

53 

58 

54 

45 

0 .7 

5; ' . 4 

91 .7 

42 .7 

6 0 . 2 

25.3 

145.0 

45 .0 

245.6 

144.8 

17.0 

10.9 

22 A. 6 

1 : '9.4' 

2^5 .7 

252.0 

275.2 

118.1 

70 .7 

14^ .2 

r 7 .8 

15v.. 5 

190.0 

242.2 



U. A. S- i;-i^Gy.U^.€. 

CL NO 




