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Ab tract 

Titi ny-cigh t  pomcgran:l lc gen otypes were evalu ated Lo a. s:ess the compon ents of genet ic variabi. 1. i ty wi th respec t LO 
growtJ1 , fru i L  yield and qual i ty trai ts .  Con siderable vari ab i l i ty was observed in these characters . Number of fru its and frui l  
yie l d  per plam and fru i l  wcjghl were observed L o  be highly beri lab l c  tra i ls which also showed l arge magnitude o r  genet ic 
ad \'ancc. 1l1us these charactc.rs should resp ond  favourably to simp le sci ection procedures in cul ti var i mprovcmcn t an empts .  
Oul of n ine popular pomegranate varie t i es ,  Jal ore Seedl ess, G t 37 and Ganesh were observed l o  b e  superior with regards to 
fru i t  yield and Mridula excel led i n  fru i t  qual ity, i nd icate� promise for cultivation. However, all the ni ne commerc ial  types were 
prone to frui t  cracki ng (30 - 90 % ). TI1i s  s tudy suggest for systematic improvement in pomegranate not only for high qua l i ty 
frui t  yie ld bul a lso free from frui t  crack ing under hot arid envi ro111menL 
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I n t rodu ct ion  

Pomegranate (Amica gra,iaJwn L.) i s  grown in arid 
and semi-ari d t ropics for ilS acid-sweet fru l ls .  In India, il is 
mai n l y cu l l i vated in M aharashtra, Rajasthan ,  A ndhra 
Pradesh ,  Karn ataka,  Guj araL ,  H aryan a  a n d  Punj ab .  
CoUeclions of pomegranate grempl asm have been made a.t 
the centers of Al l  I nd ia  Co-ord inated Research Project on 
Arid Zone Fruits (AICR on AZF) mainly al M PKV, Rahllfi 
and I JHR, B anglore in col laboration wilh B PGR. 111is 
en abled eval ua tion o f  the gcrmplasm un der d i Jfercnt 
agrocl imaLic re i ons of the com1try resulting in select ion 

f genotypes suited lO lhesc regions. A rter establ i hment 
of Nati onal Research centre for Arid Hort icul lurc (NRCAH) 
aL B ikaner in J 993 and later on upgraded lo  t11c tatus ol' 
Central [nsthutc for Arid Hortkul ture (CIAH )  in S eptcmbcr. 
2000, pomegranate germpl asm was Msemh!ed for evaluat ion 
and gc.nclic i rnpravemcn under hot arid environmen . 

To bo ost pomcgranat.e producLion i n  Ind ia bolh for 
dome,c;llc ru1d export , devel opment of i mproved variet ies/ 
hybri d is regu i r  d whi cl1 bear lhl i ls hav i ng nltracl i ve r ind 
and bol d and soft gra ins  wiU1 dark red and sweet ari l (Parcek 
and Samad ia ,  1 999 ) .  Asscssmen l o f  vari a b i l i ty is U1c basic 
requ i remen t in any breedi ng strategy. S i nce most of the 
plant characters arc go vcrnetl by a group of genes anti ar 
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bighly in flt co ced by environmental conditions, it is difficult 
to judge wbetl1er the observed vari abi l i ty is heritab le . This 
aecess i tates as s ign ing h er i tab l e  and non -heritab l e  
comp on ents o f  ph en otypic vari ati on .  An attempt was 
there fore ,  made to esti mat e the genetic v ari ab i l i ty 
componems i n  the pomegranate germplm,rn and ident i fy 
promis ing types on the basis of their performance aader 
hoL arid agro-cHmatic conditions . 

Materi als nad Met hods 

W�rk was in j l i aled in 1 994 to bu ild up pomegranate 
repos j tory at CIAH, Bikaner under hot arid condilions by 
collect i on of germplasm from d i fferen t centers of AICRP 
on AZF and NB PGR stations. Field planting was ini tiated 
in 1 995 and by December 1 996, more than 65 col lect ion or

pomegran ate i nc ludi ng some dupl icate were establ ished . 
1l1e assembl age included commercia. l  c u lt i var·, popul ar 
types, advanced se lec t ions  and ear ly introduced maler i al 
u nder AICRP o n  AZF and NBPGR centers. Four lo 5 year
o ld 38 genotypes were included in this study. TJJree trees
per accession were mai n ta i ned in the field gene bank o f
wh ich each tree served 11s a repl icat ion . Observations  for
characlcriza ion o f  lhe geno types were started from 1 99 7 .
To analyze the components of gcnelic variab i l i ty, data
recorded on 38 genotypes in the year 1 999 were used .
ObservaLions on 6 uees plan ted i n  two sels of each of Lhe
commercial cul tivars {n ine)  were recorded during 1 999 and
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Fruit Arll tnslc l\tclln,m css Arll colour 
1:,•11 1\l )'lll' l'lnnt uf Scl'II 

i:1·11wth m•li:ht 

h1•hnvh111r (I!) ---152.5 Sour Hard R~'II 
A,·hil.,l1111n n 

132.R Sour Hnrtl Whili~h pink 
,\$:lh 1) 

Sour 1-fartl Light pilllc 
A.K.,\nn, I) lll5.0 

I) C\2.5 Sour Hnrd Pink 
Al:m 

I) 175.2 Slightly sweet Hard Whi li.<h pink 
n:1•~.-in S1'1',ll1•ss 

E 221.5 Slighlly sweet Hnrd Whili~h pink 
ll,'<lnnnSud 

Oc,l11na TI1in Skin E 186.4 Slightly swccl Hard Whitish pink 

8,,5cbLmk I> 75.4 Sour Hard Whi li<h pin)( 

C'<>imh~l<>re While E 187.5 Slightly swccl Hard Whili~ pink 

Dl1l1lb E 252.5 Sweet Hard Whitish pink 

J)<)r.,cln Mnlus D 169.8 Sour Hant Li&htpink 

G 1~7 F. 245.1 Sweet Soft Lighlpink 

Gnnc~h E 229.1 Sweet Safi Lighl pink 

GKVK I E 210.S Sweet Soft Ligh1 pink 

Gul-c-Sb:lh D 121.2 Sour Hard Red 

Gul-c-Sh:ih Red D 8S.6 Sour Hnrd Pink 

Gul-c-Sl13h Rose Pink D 152.4 Sour Hard D~rk red 

Jnlore Sccdlc&$ E 26S.4 Swccl Soft Pink 

Jodbpur R~-d E 196.S Swccl Hard l'inlc 

J )'OU E 225.7 Sweet Soft Light pink 

Kahul E 154.1 Sweet Very hard Whitish pink 

Kabul IlHR E 165.S Sweet Hnrd Whitish pl11k 

KajakiAnu D 98.S Sour Hard Light pink 

Khos D 132.S Sour Hard Pink 

t.t ridulo E 102.7 Swccl Soft Datic red 

Muskcl E 221.S Sweet Medium hard Whilish pink 

I' 13 E 231.1 Sweet Medjum hnrd Whitish pink 

I' 23 E 237.S Swcel Sli&hlly hnrd Light pink 

I' 26 R 24S.1 Sweet Slightly hnrd Lightpi11k 

Patna S E 175.2 Sweet Hard Lighl pink 

Siah Sirin D 137.5 Sour Hard !'ink 
Sirin Anar D 129.1 Sour Hard R.:d 
Spc~n Dani:<lur D 137.5 Sour Hnrcl Pink 
Specn Snclllin D 170.5 Sour R,:d 
SurlchAnar 

Hnrd 
D 122.1 Whili~h pit1k 

SurSukkcr 
Sour Honl 

D 85.9 Whitl•h pink 
Tcbcst 

Sour Hnrd 
D 90, 1 Sour Ri.1d 

Yarcautl HRS 
Hanl 

H 195.2 Whlli5h pink Sweet Hord 
CD (P=-0.05)• 16.6 
CV(%) 6.1 ---•-Significum, D-Dccltluous, E-Evcrgrccn. 
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2000. Pooled data for these two years were used in statistical 
analysis for varietal performance. TI1e fn1i ts of mrig bnhar 
flowering (July- August) were retained and harvested 
du ring December • Ja11Uory. Physico-chemical 
characteristics were recorded on live randomly selected 
fruits from each replication. Data were subjected to analysis 
for ANOVA and biometrical componen ts adopt ing 
standard statistical procedures suggested by Panse and 
Sukhatme ( 1985), Burton ( 1952) and Johnson er al. ( 1955). 

Results and Discussion: 

Genetic variahi_lity 

TI1e analysis of variance revealed that the genotypes 
differed signilicanlly with respect to height and spread of 
plant. TSS. weight. length and breadth of fruit and number 
and yield of fruits per tree. TI1e data on fruit quality trails 
such as aril taste and colour and mellowness of grains and 
plant growth behaviour of the genotypes presented in 
Table 1 show wide variation. It is evident that only a few 
genotypes viz., JalorcSeedlcss, Ganesh, G 137, Mridula, P 
23, P26, GKVK 1, Jyoti Rod Musket possess lhe desirable 
trai ts such as sweet taste, soft to less hard seed and pink 
to red aril colour and could be used for table purpose. The 
Russian. Iranian, and other introduced genotypes from 
Central Asia did not produce desirable fruit quali ty under 
the hot arid environment. However. the colour of fruit rind 
and aril in cult:i vars Gul-e-Sha.h Rose Pink, Gul-c-Shah Red, 
Kbog, Kabul. Sirin A11ar, etc. were attracti ve and could be 
used in breeding programme 10 infuse U1ese trait~ in the 
popular cul ti vars. 

The data on genotypic means, range and biometrical 
estimates of variability presented in Table 2 indicate wide 
variahili ty in fruit weight (60. 1-340.1 g), number of fruits 
per plant (4.1344.98), fruit yield per plant (0.489-10.905 kg), 
fruit lcngth(4.81-9.89cm), fruit breadth (4.8l-8.19cm), TSS 
(12.3-17.6 °Brix), plant height (131.2-245.5 cm) and plant 
spread (99.2-249.5 cm). In general, Lhe estimates of 
phenotyp1c cocfliciem of variation (PCV) was higher than 
the genotypic coefficient of variation (GCV) but the closer 
correspondence between PC V and GCV for all the 
quantitative traits revealed Lhat gcnotypic effects were 
important in the expression of the characters. Both PCV 
and GCV were high for fruit yield perplant (76.0l and73.84), 
number of fruits pcr plam (57.96 and 57.92) and fruit weight 
(34.11 and 33.56), indicating belier scope of pbenotypic 
selection to enbll.l1ce the fn1i1 yield in pomegranate. Similar 
findings have been reported earlier by M anohnr er.al. ( 1981) 
for aril weight, rind weight, fruit weight, number of fmit/ 
tree, fruit yield/tree and acidity in pomegrnnate. 

TI1e magni tude of heritahility indicates the extent of 
rcliabili1y in identifying the genotypes on the basis or 
phcnotypic expression. In the present studies, high 
heritability was observed for all the economical quantitative 
1rn.its. TI1e broad sense heritability ranged from 90.5 to 99.86 
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per cent. This high estimate of heritability is helpful to 
hnse the selection programme on phcnotypic performance 
In pomegranate. The expected genetic advance as 
percentage of mean (genetic gain) ranged from 16.32 10 

147.22 per cent. This was very high for fru.it yield per plant 
(147.22), numbcrof fruits per plant (119.23), and fm it weight 
(68.03). This indicates that the level of improvement could 
be considerable in these traits. The lower genetic gain 
recorded in TSS (16.32), fruit size and plant growth 
characters indicates that these traits could not be improved 
to the desire level as such. 

Heritabili ty estimates in conjunction with genetic 
advance arc helpful in predicting its resultant effects for 
selecting the best individuals (Johnson et. al, I 955). 
Selection based on high hcritahility and high genetic 
advance is more helpful than on the basis of low genetic 
gain. Heritability mainly due to additive gene effects would 
be associated with high genetic gai n and that due 10 non
additive gene effecL~ with low genetic gain. In the present 
investigation high heritability along with high genetic 
advance was recorded in the characters, viz. number of 
fruits per plant, fruit yield per plant and fruit weight. Besides 
high estimates of GCV was also recorded. This shows that 
these charncters could be considered reliable tools for 
selection and opens up the possihility of improvement in 
these characters in pomegranate. These finding ar.: in 
conformity with the results ofManohar et al. ( 1981 ). 

Pcrformnncc of populnr cultivars in arid environment 

Poole-d statistical analysis revealed highly sig,nifica111 
differences in the existing pomegranale cultivars in all the 
characters (Table 3). In growth performance the culth·ar:. 
JalorcScediess, Jodhpur Red, G 137, P 23 and P 26 proved 
better under hot arid conditions. Pareek ( 1978} reported 
that pomegranate cultivars showed vigorous. s.:011-
vigorous and dwarf vegetative growth characters. Tiit: 

varietal variations in plant growth characters under arid 
conditions were also reported by Prasad and Bankar (2000). 
The minimum plant height (162.6 cm) and spre-Jd ( 168.6 cm. 
mean of north-south+ enst-west) was recorded in cul ti var 
Mridula. The highest number of 47.24 fruits per plant w:is 
recorded in Mriduln followed tiy 40.5 in Jalore S.:edlcss 
and lhc lowest ( 11.6) in Dholka. TI1c heaviest fruit (250.15 
g) was protluced in the cuhivnr Jalore Seed less followed 
hy Jodhpur Red (235.3 g). The fruit weight in other varieties 
1•iz., Ganesh, G 137, P 23 and P 26 '\'ere rangl.'<i between 
J 94.75 10 212.48 g. Howc.:vcr, Mridula culLivar produced the 
smallest I 05. 7 g fniits. Frnit length :rnd breadth ranged 
from 5.38 to 7 .77 cm and 5.46 to 8.0 I cm, respectively. 111c 
highest fmil yield per plant was recorded in J a lore Seedless 
(9.78 kg). The cuhivars Jodhpur Red, Ganesh and G 137 
were at par with a moderate fniit load or ah out 6.5 kg. The 
frujt yield in Mridula was only4 .94 kg in spite the highest 
number of fruits per tree. This was obviously hecause of 
the small sized fmils ( 105.7 g) in that cu hi var. The variation 
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'l\1hl1• l; l'lllll)'lll\\'IIIS ,,r ,:,·m•lk vnilnlillll)' l11 p11111111tr111111l1• /\l'IIIIJIIIINlll, --
( . ., ( 'V c:cv l'( 'V f I I 

<lA < 'h111·111•h0 t'S lt"lli!t' l\11•1111 ,i,, (%) 11, ........... , (:1,111•1Jr (!i~) (%) 
J:l1/11 ( 

- %i 
I l)I).(, I 7.1 11 2.2 I /.(),I 11.2(, W.. l•J 44,'i~ 1'l11111 ltl'i,:h1 (1•111) I ;11.2 . ?,15.5 

2t1i 

lll),2 - 2,fll.5 l')),(i~ (,,l>il I .'J 15.02 15.15 !IIL:11< 5\1.13 l'lnnl ~)11\'llii (1·111) 11!.r,, 

1-'niil 1wi,:hl ():) (i(l, I - '.\,I0.1 llill,411 1<1.li? li. I n .w, 1,1.11 %.l<J 114.r,, 

'"''" 
4.lll - 9.11\l (l,11/C OA5 if.:, I:\ . I!/ J'.I.R6 ')(J. 'i(I l.7'J Fmil l,•nt lh (1•111) 27.~x 

F111i1 hr,·i1dlh (,-in ) 4.RI -8.19 Ii.ii I 0,211 2.'I 12.'.M 12.5(, %.tl:'i I.fill 21 ')', 

Numh,•r nf t'niils/plnnl 4.1:1- 4,1.911 17.112 0.60 2.1 51.'J2 57.% !19.X(, 20,77 119,2] 

Fruil yid,Vplnnt (kg) 0.49- 10.90 '.1.20 0.93 IR,O 13.Rtl 76.01 9'1.40 '1.72 147,22 

TSS 1•nnxl 12.3-17.6 15.13 0.23 1.0 7.99 R.05 9R.SR 2.47 ,~.12 

'111hlc 3 : Growth nnd fruil yield chnroclcrs of comrnercinl pomci:;rnnnhi gcnolypc.~ 

Genotype Pinnt Pinnt Fruits Jlr ult Fruit Weight -rs s• J uice Seed 
height sprl'ad /plant ykld weight of JOO ( Hrlx) (%) ll'asle 

(cm) (cm) /11Jnnt (kc) (c) nrll (g) (%) 

Jnlorc Seedless 211.2 192.0 40.5 9.78 250.15 21.47 17.38 54.55 ?Jj 

Jodhpur Red 209.6 243.1 29.1 6.61 235.30 19.74 15.60 42.52 24.28 

Ganesh 190.6 222.3 32.3 6.06 194.75 20.78 16.03 47.2.5 11.77 

G 137 220.0 248.2 33.1 6.83 211.56 19.73 15.14 50.60 11.9> 

Mridufa 162.6 168.6 47.2 4.94 105. 77 13.57 14.31 58.80 10.0.s 

P23 227.6 253.7 20.6 4.34 212.48 .16.56 16.91 50.57 13.46 

P 26 218.6 198.3 22.5 4.53 210.29 18.74 16.93 50.97 12.93 

Dhollca 205.7 241.3 11.6 2.20 201.20 13.75 15.68 49.'.12 13. IJ 

GKVKI 190.0 193.3 22.6 4.54 207,52 17.62 16.59 42.55 14.43 

Mean 207.5 218.9 27.4 5.25 200.90 17.85 15.88 48.58 JJ.8J 

Sd 22.19 28.52 10.75 2.12 37.74 2 .65 1.07 5.89 
4.04 

CD (P=0.05)• 14.05 8.46 2.27 0.17 8.18 0.09 0.39 1.\11 0.11 
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in fruit weight and size seems to be genotypic as also 
reported by Prasad and Bankar (2000). 111c boldness of 
aril is an important quality trait. Ilic cul ti var Jalore Seedless 
produced the largest aril size (0.22 g) followed by Ganesh 
(0.21 g) and G 137 (0.20 g). Cultivar Mridula produced the 
smallest aril (0.14 g). However, the juice content was 
significantly higher in Mridula (58.8 % ) followed by Jnlore 
Seedless (54.55 %) and G 137 (50.60 %). Tims, cultivars 
di ffercd significantly in juice and seed content, mellowness 
of seeds and boldness of aril as also reported by Mali and 
Prasad (1999) and Prasad and Bankar (2000). Desai et al. 
(1992) observed positive and significant correlation 
between plant spread and fruit yield. Similarly, the fruit 
number and fruit weight with yield. 11rns, the cultivars 
producing large number of frui ts also have gcnctical 
potential for bigger fruits. The cultivars producing big sized 
fruits also had bolder arils. On the basis of varietal 
perfo rmance it is concluded that the cul ti vars J alore 
Seedless, G 137, Ganesh and Mridula are potential under 
hot arid conditions The cultivars Jalore Seedless, G 137 
and Ganesh are high yielding and better in fruit quality 
except aril colour. It is also found that the fruit quality of 
MriduJa excelled the above three cultivars. However, it is 
disappoinl.ing that all these varieties are prone to fruit 
cracking. Moreover, this problem is very serious in J odhpur, 
Red. Jalore Seedless, G 137 and Ganesh under hyper hot 
arid conditions. This suggest for systematic improvement 
in the Jal ore Seedless, a locally adapted superior genotype 
to evolve dark red, soft and bold seeded types. 
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