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1. INTRODUCTION

Bhindi = (Abelmoschus esculentus (L.) . Moench) has -

- captured a prominent position among the vegetables due to its

year round cultivation, export potential and - high nutritive -
‘value, containing vitamins A, B and C, prbtein, minerals and
ibdine. It is-also believed to be very useful againsﬁ genito—f

urinary disorders, spermatorrhoea and chronic dysentry.

The chromosome number (2n) of bhindi has varidusly been .

reported to be 66, 92, 108, 118, 120, 122, 124, 126, 130, v132,

134 and 144 (Siemonsma, 1982). However, majority of the . -

investigators agree that the species has 2n=30" chromosomes.

Allopolyploid nature of Abélmoschus eéculentus'haé'been reported.

by Joshi and Hardas. (1956).

Experimentally it has beén found that there is no
'significant difference in fruit set under opeh pollinated and ST
self pollinated conditions ihdicating that it.is poténtiallyv a
self pollinated croprr The inbreeding4depréssion, well pronounced— vﬁ
in cross ?ollinated cfops, has ﬁot-been reported in this ,crop;
Though essentially self;polliﬂated,‘beCause of its'showflcorollé,
the possibility of cross pollinaﬁion by insects cannot be ruled

out. Consequently cross pollination to the extent of 4.0 - 19.0%



(Purewal and Randhawa, 1947; Choudhary and Choomsai, 1870) with
maximum of 42.2% (Mitidieri and 'Vencovsky{ 1974)  has _been_

reported.

The gquick rate of growth; short'duration and photo-
insensitive nature of bhindi enables the geneticists and breeders -
to ralse the crop round the year and thus achieve the results in

a shorter period.' Besides theSe qualities, its large flowers and}_

monadelphous nature of the stamens make emasculation and“t‘g

pollination processes easier Success in crossing is also'fairlyf“’”

high .be51des +the large number of the seeds borne on a singlet‘

fruit. Exp101tation of heter051s has been attempted in this cropb.‘

and hybrid vigour has been reported with as much as 86% 1ncreasedﬁdf

yield (Elmaksoud et al., 1986).

Precise information on the genetic architecture of a f]:u

population under improvement is necessary for formulating an
effective breeding programme. The genetic improvement of -~ the =

population depends largely uponuthe nature and relative magnitude

of components of varlance and gene effects. Combining ability Of'ig#.i

parents is becomlng increa51ngly important in plant breeding L

especially in hybrid production It is useful in connectlon with'

the testing procedures in which it is desired to study and ,

compare the performance of the lines in hybrid combinations.



Information on the relative size of general and
specific combining abilitie$ wil1 be‘helpful in the anélysis aﬁd
‘iﬁtérpretation, ‘of the genéﬁic basis Qf important traits.'.
Therefore the‘presént study wés undértaken with’a view to aSsésé‘
the combining abiliﬁy, nature of gene action and extent bf-
heterosis ménifested' with respect to yield and its compogents
using six genetically divérgent lines of bhindi, in a ‘diallel
analysis and to select supéridr éross combinationé by evaluating."

the hybrids.
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2. REVIEW OF LITERATURE

Bhindi is 'an important vegetable crop ,'cultivated
extensively throughout India due to its high adaptablllty over a
wide range of environmental condltions : The recent trend in:
breeding of bhindi is the development of. hybrld varletles »andf
this is achleved through the exploitation of heterosis for maJorF”
characters - 1like .earllness " and hlgh "yield. Commercial
exploitation of hybrid vigour haS’not been practised fully in
this crop even though considerable extent of heter051s for yield o
has been reported_ by yarious authors. Information "on thet
combining ahility' of the_.divergent parents’ involved cinv‘

hybridisatlon "~ and also on the nature'of gene action play an.

important role in the production of superlor hybrlds A review I

of the reports on research already made'in the above context ”is:

being attempted here.
2.1 Mean performance

Information on the‘mean performancebof the parents‘ and_
hybrids 1is ‘essential for the comparison of the parents and
hybrids and for determining the extent of variation eristing‘ for
the _ different traits. Hence the estimationv of the mean
performance of the genotypes for the various characters is a pre—

requisite for any breeding programme.
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Raman (1965) studied the bhindi hybrids from Crosses
with Pusa Sawani and Pusa Makhmali as pollen parents -and five

other Varieties as female parents and observed that some hybrids"

showed early ‘flowering, early maturity, high .individual fruit

weight, increased number of nodes and aiSo increased shoot length

and weight.

Akram and Shafi (1971) ‘crossed five varieties of bhindi
in a diallel fashion to obtain 20 Fl hybrids. Compared with the
mean of the parents,.the Fls had better looking fruits which were

more tender and;softer.

, Fifteen hybrids from a diallel cross of six varieties =
of bhindi were studied by Rao and GlriraJ (1974) They found ten ﬁ
hybrids giving higher_fruit yleld than the control (Pusa'vSawani)'

mainly due to-many pods per plant and seeds per fruit.

Rao (1977) crossed seven. tester varieties of bhindif
each with two}female lines .and on the baSis of mean performance,
found varieties White Velvet and Emarald and‘hybridszhite Velvet

X Rajas Septilatus and White Velvet x IC 9223 to show _increaSed

plant height among ‘males, females and hybrids respectiveiy.

Significant differences were observed within females and hybrids

for number of pods per plant indicating high degree of genetic

variation for number of pods compared to other characters.
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Singh et al. (1980) studied 43 genetic stocks of = okra

comprising 13 parents and 30 hybrids. They observed a wide rangé o

of variability for most of the characters studied.

Pfatap et al. (1981) observed that in an evaluation- of'>
a seven patent half diallel cross in bhindi, some hybrids had a
lower incidence of-yelldw vein mosaic Virus than their respective.

parents. .

In a diallel cross among six varieties of bhindi, :Rao
and Ramu (1981) found AE. 107, Sevendhari and Pusa Sawani to be
the best parents. The best crosses were Pusa Sawéni x Dwarf

Green, Pusa Sawani x-AE. 107 and'Sevendhari x Dwarf Green.

In a line x tester analysis of bhindi Palaniveluchamy
et al. (1983) reported significant variability in  six yield:

related characters. Variability‘within the crosses was found"to :

be moderate to low.

Reddy gﬁ al. (1985) evaluated eigﬁt varietiés of bhindis'
and ,their 28 Fl hybrids for yield, plant height and six other

related characters and found wide variability for fruit yield per

‘plant and plant height.

Agarrado 4and Rasco {1986) crossed ten inbred lines of

bhindi in a diallel fashion and evaluated the parents and hybrids" j

for yield and its’components. VThey found the hybrid 124977 x

370028 to be the best one as compared to the standafd cultivar

Smooth Green.



Singh (1986)‘observed significant differences betweeh
parents and hybrids fbr_all tfaits_StUdied in a linefX tester

analySiS; in bhindi involving 25 lines and 5 testers.

Balakrishnan and 'Balakrishnah {1988) : studied”
" variability in ebhiﬁdi for 11 quaﬁtitative characters .in 15
iﬁtervarietal creSSes~ invoiviﬁg seyeﬁ parents and found high
variability for yield per planti and blant height and lowAf

variability for number of ridges per fruit and fruit girth.

‘ -An  evaluation of 12 different geneﬁypesfof bhindi by
Vijayaraghavakumar’ and  Sheela (1988) revealed the  hybrids -
Sevendhari x Kiiiéhundan and Selection 2—2,x Kilichundan to show’:

superiority than the rest.

In a7 x 7  full diallel ‘anelysis "in - bhindi,
Veeraraghavathatham and Irulappen (1991b) adjﬁdgedvthree>,crosses-
AE.974 x AE. 180, AE. 974 x Pusa Sawani and AE. 974 x Pun jab "
Padmini  to be ﬁhe bestvamong the>42 combinations based on mean
performance fof yield.and certain component traits like number:of

fruits, individual fruit weight, fruit length and fruit girth.

Significant variation for ‘all traits studied 'Was
observed by Patel and Dalal (1992) among seven genotypes of

bhindi and their F; hybrids.
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7 Singh and Mandal (1993) studied 15 Fi hybfids " derived
from six varieties of bhindi and observed thebhighest total yield
for the hybrid Selection 7 x KS 312 followed by Parbhani Kranti x

Ks 312.

-Buresh et al. (1994) evalﬁatéd nine Fl hybrids .and a
cheék variety for five’:characters and reported significantil
dffferences between treatments with respect to fruit vield per.
plant and fruits per plant;>whersa91 days 'fov 50 per cent'

flowering, fruit _1ength’and fruit girth did not ‘exhibit much

differences.
2.2 - Combining ability

Information on the nature of general " and specific‘ -
combining ability with respect to. parents and ‘hybrids will
facilitate the vbreeder to .plan the breeding programmes -

effectively.

>~fAkram and ;Shafi (1967) while studying‘ the combining

ébility of five varieties of bhindi and their hybrids found -high

general combiﬁing ability effects for leaf number and fruit,bf

weight and high specifié combining ability effects for time
required for seed-germinatioh, leaf number, earliness, plant

height and total yield.

Rao and Ramu (1975) raised 15 hybrids of bhindi ‘

obtained by diallel crossing of six parents along with their



parents and found AE. 107 and Sevendhari to be good combiners for
pod length and number of edges on the pod. White Velvet was a

good combiner for pod girth.

Kulkarni (1976) conducted Biometrical_investigations in;--
bhindi and found Sevendhari'and AE.‘107 as good 'combinersv.foff
days to flowering, plant height and'numbef-of pods pér plant;.-
rCrosses of Sevendhari'wiﬁh Pusa éawani and Dwarf Green showed
good specific‘ combining ability fof éll thé threei.characters?
Ramu‘(1976) also found AR 167, Sevendhari and Pusa'Sawani to be
gocd combiners for many characters. The crosses Pusa Sawani ¥”"
Dwarf Green, Pusa Sawani x Whife=Velvét acd Sevendhéri x  Dwarf

Green showed good performance.

Rao (1977) crossed seieh tester varieties of bhindi
with two femalevlines'and after an analysis for combining ability
concluded that parents bhith 'gocd generél combining ability -
effects need not produce superior crosses with- gcod specificc"

comBining» apility effects. But the parental per se performance

is a good indication of genefallcombining ability effect of;@;f L

parents.

Rao and Satiyavathi (1977) examined number of days to
flowering, pod number per plant and height in a.‘diallel Cross f[
involving six parents‘in bhindi and fodnd significant‘ genéral

combining ability variance for pod number per plant.
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Six ﬁérents ~and 15 hyb;ids from a diallel cross of

bhindi were -examined for combining ability by Rao and Ramu .

(1978). They found three of the parents showing good combining
ability for most of the characters studied and three of the
crosses to be the best on the basis of both performance per Seé

and combining ability values. ?

A study of combining ability in bhindi b& Singh and

Singh (1978) wusing 25 lines and five testers indicated the

parents Pusa Sawani, 7104, 7106, 6907 and 5614 to be good

combiners.

v Elangovan et al. (1881a) estimated combining ability
from a 14 line x 4 tester analysis in Bhindi and found the line
AE. 1068 and tester AE. 180 to be the begt general combiners for
yield and its components. -High speéific combining ability was
expressed in hybrids involving high x high, high x medium or low

x low general combiners.

‘A seven parent half diallel cross in bhindi conducted

by Pratap et al. (1981) revealed that general and specific

combining ability variances were significant for all 'traits

except yield per plant and virus disease incidence.

Thaker et al. (1981) analysed a 7 x 7 half diallel in

“bhindi and found high general . combining ability for some

components of yield viz., fruit lengﬁh and fruit weight. They
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found the combination IC 18960 x IC 18974'to be ‘promising as

initiél material for breeding.

Following analysis of data from a partial diallel

involving 20 strains of bhindi, Singh and Singh (1984) reportéd.'

that Pusa Sawani was the best general combiner for seven traits

andr 7121 for eight traits. Pﬁsa Sawani-,élso vproved to Dbe

resistant to yellow vein mosaic virus and they opined that it can

be used as a donor of fesistance in breedingbprogrammes.

Poshiya and Shukla (1986b) reported that  in a half

diallel cross of seveh varieties of bhindi,  the specific

'combinihg ability effects were significant for fruit yield per

plant. General. and specific combining »ability effécts_ were

‘significant' for days to 50 per cent flowering, fruit length,

number of fruits per plant and nodes on the main stem. New-
Selection x AE. 91 was the most promising cross for the.

improvement of fruit yield.

Vijay = and Manohar .(1986a) found that in a 10 x '101
diallel analysis vexoiuding reciprocals in bhiﬁdi, the genéral
oombininé ability effects were highly significant for days to 6§60
per cent 'fldwering, pod numbet, weight,'léngth, thickneés and

vield, branch'number and seed number. Specific combining ability

‘effects were highly significant for all the 11 characters. The
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crosses Pusa Sawani x Climson Spineless and Pusa Sawani x IC 8911
were noted for pod yield and most of the yvield components excepti‘

pod length.

Radhika (1988) carried out a 6 x 6)dialie1 analysis in
bhindi and reported that the Varieties Seyen Leéves, PB No. 57
'and. Pusa Sawani were the best general combinérs for yield ‘aﬁd
related CEaracters. The highest specific combining ability
effects were recorded for 1nternoda1 number, fruit numbér, fruit

weight, fruit length and yleld per plant in dlfferent crosses.

Shukla et al. (1989) conducﬁed a line x tester analysis
in bhindi' using 16 elite lines and 3 testers - Pusa Sawani,

Parbhani Kranti and Punjab-7 and estimated the gemeral combining

ability and specific combining ability_effects of the linesl."_

testers and their Fq hybrids for important yield 'components; '
They reported that the tester Parbhani Kranti had high general*i‘

combining ability.

Veeraraghavathatham (1989) observed that among sevenffﬁ
genqtypes studied in bhindi, AE. 974 was the best generalfﬁ7

combiner for yield and number of fruits per plant. The ger,'gg‘

performance'-of some of the hybrids had significant correlation |

‘with specific combining ability effect of the hybrids for some of

the characters.
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Jawili and Rasco (1990) studled 19 characters in;tsix.

parents of -bhindi and their 15 Fl hybrids end reported Smooth

Green,tocbe the best combiner for -almost all the traits.

Chaudhary et al. (1991) reported that in a line _x‘
tester analySis involving five lines and three testers in bhindi,
the line Pusa Makhmali and the tester Punjab Padmini proved to be

the best general combiners for yleld and its components

‘ Veeraraghavathatham and d Irulappan ' (1991a) while
estimating the COmbining.ability of seven pafents of bhindi and'
their 42 hybrids including reciprocele noticed that the general-;
combining ebility variance was significant for most of the treits
when compared to the spe01fic combining abllity variance. The
correlations between specific combining abillty of hybrids and
pe: se performance of the respectlve hybrld was not as strong as-
ﬁhat "of the parental array’mean (ys) parental general combining'J»
ability or even that of parental per se (vs) general combining
anility. Hence choice of hybrid combination nased on per se and o

heterosis may be considered as appropriate.

Lakshmi (1992) carried out a diallel analysis_involving,f3

eight diverse genotypes of bhindi and observed that among ’the,‘f”

parents, PB No. 58, Patbhani Kranti and Pusa Sawani were the .

superior.- general combiners for most of the yield attributing c

characters and ylield per plant. Three of the crosses showed high;l.

specific combining ability effects also.
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From an 8 x B half diallel cross in bhindi, Mandal and
Das (1992) found highly significant general combining ability and ‘
specific combining ability variances They found Pusa Sawani to
be a good combiner for yield and most other characters while the

cross Punjab Padmini X gelection 10 to be +the best. specific

combination for yield»per'plant.

Shivagamasundari et al. (1§92a) involved six inbreds of
bhindi in a full diallel cross and observed that the parent Arka
Abhay was the Abest general combiner f§r yield and number of
fruits per plant. For yield and number of fruifs per plant, per
se performance of the parents and their general combining ability
had good relationship whereas the hybrid‘gg; ;gl'and specific
combining ability did not agree with each other. The hybrid Arka
. Abhay x Arka Anamika which had high specific combining ~ability

resulted because of high x high combination.

2.3 Gene Action

Hayman’s (1954).-graphical and numerical approach to
diallel aﬁalysis_provides information on several valuable aspects
of the genetic make up of a quantitative character such as the
adequacy of . additive - dominance model, average _degree of
dominance involved in the action of genes, preponderance' of
dominant and recessive genes among the parental lines,
symmetrical or asymmetrical distributioniof genes with positive

and negative effecté‘on the attributé, etec.
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Kalkarni (1976) carried out biometrical investigations

n bhindi and observed that days tobflowering‘and number'of pods
rer plant were controlled by one to three groups of dominant»
‘genes where as plant height was controlled by four to five groups

of dominant genes.

Kulkarni et al. (1976) while studying gene action in
bhindi observed both additive and non—addltlve types of.‘gene
action operating for days to flowering, plant height and number
_ of frults per plant. Dominance was found to be acting in the
direction of earliness, tallness and greater number of fruits per;

plant. . There was an asymmetrical distribution of. p051t1ve. and

negative alleles for all the characters. Days to flowering and -

number of fruits per plant were found to be: controlled by :one to

- three groups of dominant genes whlle it was four to five forl
plant height.  Overdominance was observed for all the three‘

characters.

~ Ramu (1976) carried out breeding investigations in'

bhlndl and reported the presence of both additive and nonadditlvev
components of genetic variatlon for plant height, fruit number'-

per plant and yield per plant

- In a d1alle1 cross involv1ng six parents of bhlndl, Rao‘

and Satiyavathi (1977) “obtained greater general combiningff;

- ability- variances than specific combining ability variances forﬁi

height and pod number per plant 1ndlcat1ng con51derable additive ‘
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genetic effects for thesé'characters. It wés thé reQeréé in case
of number”of‘days to flowéring indicating non;additifefeffecﬁ forA
this character. -

‘While studying the quantitaﬁiVe inheritanée in vbhindi,
Kulkarni et al. (1978) found_édditive X additive interaction wifh
epistétic».action in the inhefitanoe of days to flowér; plant |

height and fruits per plant.

Sharma  and Mahajan (1978) analyséd a:~li?e  X testerA 
experiment in bhindi and fouhd that ali the nine tr;its studied
were influenced by non-additive gene action. Overdominance was
dbéegved for days to first flowering, plant height, fruit weight

and'yield.
Singh and.Singh'(1978) Studied combining ability in an
analysis. with 25 lines and 5 testers and reporfed»importance of

non - additive gene action for qll'the characters as indicated by

the general‘;combining ability and specific combining ability C

variances.

’ The data obtéined>from a half diallel cross of. six
parents of bhindi by Rao and Ramu (1978) revealed the presence of"ﬁ

additive gene action for number bf_days to flowering,,number‘ dff

pods per plant and yield per plant and non-additive gene action: -

for height and seed number per pod.
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Singh and Singh'(1979by crossed'ten lines 'ofv,bhindi
with vtuo testers and.the‘analysis_re#ealed-that gene action »was.d
predominantly non —additivejfer height number of' branchee,'per
plant ~ahd number of frults ‘per plant and additive for- number of

" days to flowering and fruit yleld per plant

Pratap and Dhankar (1980a)vféported.from~a seven parentfi:h

© diallel analy51s in bhlndl that both addltive and non‘éadditive';"

gene effects were important for all characters except seed numberf

per fruit.

' Pf3tap and Dhankar (1980b) carried”eut a7 x 7 diallel
analyeis in 'bhindi and found that. general. eombining: ability
variances were higher than those due to epecific combiningp
.ahility | for all traits indicating the predominance of additiveﬁ'
gene action. .However, 51gn1ficant specific combining ability‘
-varianees for several traits suggested theiinvolvement "of ' non
additive gene actionr | | |

Pfqtap t al. (1980) reported1 that' the additive.

variance was higher than the non—additive variance for all the kif

characters except number 'of‘ fruits and yield per plant.
Estimates of degree of dominance showed partial deminance fort.l

days . to flowering, plant height and fruit length complete’

dominance for fruit diameter and number of fruits per plant'_andf‘f

overdominance for yield per plant. ‘Variance - covariance:
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regression graphs confirmed similar  results . except cbmpleté
dominance for'days to flowering and partial dominance for fruit

diameter.

The ratios of:general combining ability and 'specific
combining ability obtained from a 14 line x 4vtestef analysis in
bhindi by Elangovan et al. (1981a) indicated'preponderancé of non-

h~additive gene expression.

Pfatap et al. (1981) evaluated a seven parent half
diallel cross in bhindi and observed both additive and non 
additive gene actions for yield per plant. Only the former was

important for number of days to appearance of the first fruiting

 node and to 50 per cent flowering.

, Analysis of a 7 x 7‘ha1f diallel.of bhindi by Thaker QL ;
al. (1981) indicated that additive cémponent was the chief
determinant of genetic variance in fruit yield per piant, single‘
fruit weight ahdlfrufﬁ length. Héwever, the numbér offfruits per

plant was seen to be goverhed by non-additive components.

While studying the genetics of yield components in

bhindi, Korla et al. (19?5) observed domiﬁance and dominance x°

dominance gehe effects for plant height and number of frults per

-plant where as additive'and additive x additive gene effects for,iﬁ

inheritance of node of first fruit set and days to first flower.
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Additive gene effects for plant heighi, fruitvyield per'
plant, branch number and other related characters was reﬁorted'by_

 Reddy et al. (1985).

Singh (1986) studied arlineix tester ahalysis ievolving,
25 iines and 5 testers and observed the major role_ef _dehinance
variance in eontrolling first fruiting node, number of‘ branches,
number of fruits per,plaht, da&s to flower,and‘fruit &ield per
plant in bhindi.' The character ‘days to flower had highl-b

heritability.

Korla and Sharma.(1987) reported presence of epistasisf
in the expreésion of yield. However, vthree‘ of ~the crosses
exhibited‘ paftial to complete dominance for yield with additive-
gene effects Dbeing significant. Overdominance for yield was

observed in three crosses.

Radhika (1988) carried out a genetic analysis of yield
.and its components in a 6 - x 6 diallel set of bhindi and reported

additive type of gene action for plant height'end yield per plant.

as indicated by high heritability and high genetic advance. On‘;ef

~the other hand, high heritability coupled with 1low genetic?el

advance was an indication of non-additive typelof gene action fof,ff

" fruit girth, stem diameter and leaf area index.

Randhawa (1989) reportedApartial to complete dominance .

for most of the economic characters except for yield per pIant
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which displaYed overdominance. ‘ Hence_'he suggested that
selection for high yieldingrvarieties should be made 'in early

generations.

- Gene action 'elicited' through genetic and graphich':

analy51s by Veeraraghavathatham (1989) employing diallel mating,._

of seven genotypes of bhindi ‘showed that there was preponderance.g

of additive gene action for yellow vein mosaic incidence vandaff'

‘domlnant gene action for plant height Non-additive gene.raction¥3iir

was ev1dent for yield of fruits per plant

Vashist' (1990) found that the additive gene effecta'l

were more important than the dominance gene effects fOr number of}fﬁ'“u

fruits per plant total yield per plant and marketable yield per-

plant which could be exploited for the improvement of 1mportant

’

characters in bhindi.

' A genetic analysis in bhindi btheeraraghavathatham and
Irulappan (1990) from a7 x7 diallel set indicated operation of
additive and non—additive gene action for plant height -pumber of'
fruits per plant, fruit length and fruit girth, while additivept
~ genes played a significant role in yellow vein mosaic incidence;
The importance of dominant genes was stressed for individualii

fruit weight_and yield.

Choudhary et al. (1991) reported that in the line x

tester analysis involving five’lines.and three testers of bhindi,
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the dominant component of variance was higher than the additive

indicating the role of non-additive gene action.

Veeraraghavathatham,- énd "Irulappan (1991a)> while.
estimating +the combining abilityrin certain okra .hybrids and
Aparénts noticed that the geheralvgombiﬁing ability variancé was
significant for:most of the traits wheh cbmpared to the spegifie
'combining ability variance indicating the préponderanée of

additive gene action.

Lakshmi (1992) observed that general combining ébility o

variance was higher than specific combining ability variance. for -
all +the ' characters except for plant height and fruit weightj
indicafing additive gene action for all the characters studied in‘

a diallel analysis involving eight genotypes of bhindi.

Shivagamasundari et g;;'(1992a) used six inbreds off*...

-okra in a full diallel cross to estimate the combining ability::,i

effects. Results revealed that = the general combining
ability/specific_rcombining ability ratios were less than unitj ..

indicating the role‘of ndn-additive'gene-actién.

2.4 Heterosis

Joshi  et al. (1958) studied six varieties of bhindi
along with +their hybrids with respect tov plant height, fruit
size, number ofd'branches per plant and number and vweight of

fruits per'plant. Out of the 29 combinations, 13 crosses gave
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greater weight of fruits‘per‘plant'thanttheir respective higher
vielding parents, ‘whereas 10 hybrids yielded less than their
parents with lower yields;A They attributed the increased yvield

to increase in fruit number. Caees of 'reeiprocal differences

were noted in all the characters stﬁdied.

Significanﬁ.heterosie for number of‘flewefs pef plant,
number 'of fruits per plent‘and_girth of fruit‘compared te thee
better pafent was found by Issackl(1965) in bhindi. "He noticed
that there Qas no significanf_heterosis witﬁ regard to height of
plant, da&sh to flower‘eand length of fruit compared to thev‘

respective better parents.

In 'a study on heterosis in bhindi, Raman (1965) noticed

heterosis for‘earliness end individual frgit weight.

Akram ”fétiﬁLia (1973) found that among 20 crosses from vi
five varietieswof bhindi; the greates£ heterosis for vield was

.observed in Tl x 'Indian.

Jalani and Graham1(1973) made cresses among local and
American varieties of bhindi and observed four F, hybrids :
exhibiting heterosis for percentage germination, érécocity of
‘fi0werin§, plant height and vield performance as indieated byl

fresh weight of fruits per plant.

Among 11 crosses of bhindi, Lal and'arivastavae (1973) -

found that one croés each for plant height, fruit thickness and.
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number of fruits per plant and two‘erosses‘each for fruit length

- and fruit yield per plant showed positive‘hybrid vigeur.

Lal et al. (1975) reported positive heterosis_iﬁ bhindi

for plant heigh days- to flower, internodal ~length, fruit

thickness, number of fruits per plant and yvield per plant.

Singh et al. (l977) found maximum heterosis in bhindi l‘@

for fruit yield per plant, number‘of fruits per'plant andv plant

height.

Kalkarni and Virupakshappa (1977) while studying a six’
) parent diallel crose in bhindi found that Dwarf Green x AE. 107
A showed significant.heterosis over the best parent for earlinesst
and Sevendhari x AE. 107 for plant height and frﬁit “number per

plaet. Similar obeervations were made by Rao and Kulkarai

(1977).

Rao  (1978) evaluated a 6 x 6 diallel cross in bhindi
and found four hybrids exhibiting positive heterosis and five'
hybrids exhibiting negative heter051s for fruit number None. of
the hybrids .showed positive heterosis for plant height and

negative heterosis for days‘to flowerihg.

Singh and Singh  (1978), from a 25 line x 5 tester
analysis in bhlndl, reported substantial heterosis for days to

flowering, plant height, first fruiting node,.number of branches,



24

internoaal distance, fruit’léngth, number of fruits per plant énd
yvield per plant. The highest hetefosis ovef better parent .fdr
fruit number per .plant;(71.5%) followed by yield ber plant
(70.3%) was 6bservéd by Singh and Singh (1979a). vThey reportéd
that = the crosses %114‘x Ps;f6301_2;6313 and/]114 x !6313 showed

heterosis for yield and most'Yield components.

"Pfgtap ‘and Dhankar (1980a) studied heterosis in seven
varieties of bhindi and their‘hybrids"derived from a diallel
cross without reciprocals and observed that ﬁhe cross 1IC 6653 vx

IC 6316 displayed heterosis for fruit yleld per plant, fruit

number per plant and frult length while IC 6653 x IC 12930 showedf_v

heterosis for fruit yield}per»plant, frult number per plant and

fruit number per branch.

Elangovan et al. (1981b) carried.ouf a geﬁetic analysis
in bhindi using 14 lines and four testers and found heterosis

over >mid parental value and-better'parent for plant height,I ‘
number of branches, firsﬁ‘fruiting_node, earlingss, fruit-lengﬁh,
width and number, fruit yield and 100 seed.Weight. "They found
highest heferosis for yield and its componénts in AE.1068 x
AE. 180 followed by AE. 800 x AE. 142 and AE. 825 x AE. 142 while

AE. 711 x AE. 106 had the‘highest heterosis-for.earliness.

‘Heterésis "for fruit yield per plant was observed by

PFfitap et al. (1981) in a study Qf seven parent half diallel;

cross in bhindi.
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In 21 croases’ef,seQen varieties of bhindi; Thaker et
al. (1982) feund that percentagebincrease over the better parentpl
was highest for fruit yleld per plant followed by number of
fruits per plant and fruit length. Seven crosses showed
significant increase over the better parent for fruit yleld and

four showed increase over the best parent.

- ‘Balachandranv (1984) observed desirable heterosisv in
bhindi in respect of all the 17 characters studied in the three
types of heterosis eomparisons.' The major,“yield contributing
characters viz., number of fruits per plant andllength»and weight
‘of fruits displayed relatively hlgher peroentage of 1ncrease over
“the mid\parental, better parental and standard‘cultlvar values in

higher‘proportion'of‘hybrids.

Changani and Shukla (1985) observed marked heter051s 1nl'
several of the 30 cross combinations of bhindi studied for yield |
contrlbuting characters. Of +these, 18 crosses ;.exhlblted:v
heterosis over mid parent and 14 exhibited heterosis over betterl

parent.

~ Agarrado and Rasco (1986j crossed 10 inbred lines of . .

bhindi in a diallel pattern to get 45 Fq hybrids which Awered
evaluated with parents for yield and its’ components,- Heterosis‘
over the mean parental value was Strongly expressed by most 6f

the hybrids for yield, plant height, pod length, pod weight,
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number of pods per plant, days to flowering and distance betweep
internodes. Heterosis over the better parent was observed for

yield and pod weight, length and diameter.

In a 10 line x 10 tester analysis of bhindi, Eimaksoud»
et al. (1986) observed heterosis over the mid parental value for

‘plant height (143.9%), days to first flowering (85.8%), fruit

number per plant (149.2%) and fruit weight (124.9%).

Poshiya and Shukla (1986a) noticed highest» heterosis
for number of pods éer plant and yield per plant ina 7. x T
diallel cross of bhindi. The cross New Selection x AE. 91 showed
the highest_heterosis for yield with 29.9% over thé mid parental
value and 27.8% over the better parent. They attributed this

heterosis mainly to incfease in the number of pods per plant.

Vijay and Manohar (1986b) calculated heterosis over the
better parent in 45 hybrids of bhindi derived from 10  1lines. .
Pusa ©Sawani x Climson Spineless and Pusa Sawani x. iC 8911v
exhibited +the highest values.for pod yield (64.93% and . 66.81%).1
These two crosses along with Pusa Sawani x Selection-6-1. and
Selection—G-l‘x Summer Beauty showed the highest heterobeltiosié"

for days to 50% flowering.

-Korla and Sharma (1988) while studying inheritance of"
seed characters in bhindi found no heterosis over the better

parent in any of the crosses for seeds per fruit. However, one
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cross showed heterosis for seed weighﬁ per fruit and two

for 100 seed weight.

Sheela et 2l. (1988) evaluated six parents of bhindi
and thelr “six hybrids on the ba51s of percentage of heterosis
manifested by them for yield and its. components and - found that
all +the 'hybrids displayed desirable heterosis for the maJor;
economic characters such as weight ‘of frults per plant, ﬁumber of
fruits per plant,etc. They identified two hybrids Selection 2- 2»

x Kilichundan and Sevendhari x Kilichundan outyielding_ the

stendard cultivar Pusa Sawani by 65.1% and 50.3% respectively.

Radhika (1988), in a 6 x 6 diallel analysis in
bhindi hoticed maximum heterosis in Seven Leaves x Pusa Sawani
for fruit yield and fruits perrplant Pusa Sawani vaanardhan for
fruit weight, Janardhan x Parbhan1 Kranti for fruit ‘length and

Seven Leaves x Punjab Padmini for harvest 1ndex

T\‘

Shukla + al. (1989) analysed 18 lines of bhindi and :’":

their Fl hybrids for six yleld components and reported that
Punjab Padmini x Parbhani Kranti showed the highest heterosis

over the better parent.

Heterosis over mid, Dbetter and . best  parents were
estlmated for yield and seven related components in a 6 x 6 'fullff
dlallel cross of bhindi by Shivagamasundari al. (1992b) Eighp"

hybrids recorded positive and better than average heterosis over
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" the best parent for,ftuits per plant, fruit weight, fruit 1engthv

" and/or yield.

Kumbhani et gl._(1993) crossed eight diverse genotypes :
of - bhindi in ail possible combihations to find out the

combination of parents giving the highest degree of"useful?[f

heterosis and observed that high heter051s for yleld per plantf  i 

résulted from the combined effect of heter051s for yvield

component characters viz., number of pods per plant, pod length,

-pdd girth, plant héight and internodal length.

Mandalb and Dana (1993) while studying ab x 6 diallel
cross in bhindi excludlng r801procals found only EMS 8 x Punjab-

Padmini .to show 51gniflcant heterosis over the best parent fof

both plant height and fruits per plant.

Fifteen Fy hyﬁrids derived from six varieties of bhindi
wére evaluated by Singh and Mandél (1993).' They observed the
hlghest heterosis over mid and better. parental values for early
yield, number of fruits per_plant, number of branches per plant

and total yvield.
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3. MATERIALS AND METHODS

‘ The preseht'study was undertaken in the Depa;tment of
Plant Breeding and Gengtics, Collége of Agriculture, Vellayani
during 1994—95.with a view to estimate the gene action through
combining ability analysis for yield and yield attributes in

bhindi and to determine the extent of heterosis manifested by the

"hybrids for each character.

3.1 HMaterials

The parents utilized were selected from six genetically
divergent 'clusters obtained from a previous investigation'
undertaken in the Department of Plant Breeding and Genetics,
College of Agriculture, Vellayani (Bindu et g;., 1994). From
eaéh cluster, one type having the highest fruit yvield was
selected as parents for the pfesent study. These six selected
parenﬁs were crossed in all possible combinations in a diallel
fashion such that the experimentalrmaterialvconsisted of parents,
Fys and reciprocal Fys. The six parents and the 30 hybrids are

listed in Table 1.
3.2 Methods

3.2.1 Intervarietal Hybridization °

-

The six selected parents were raiséd in pots during
1994 with three replications, where each replication consisted of

five plants per parent. At the time of flowering the parents
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Table 1. Parents, hybrids and check variety used in +the 6x6
' diallel in bhindi S ' ‘ o

S1.No Treatment No. Name of'variety/crdss
1. T4 | NBPGR/TCR 893 (Py)
2. T, | | NBPGR/TCR 861 (Py)
3. Tq . ~ NBPGR/TCR 854 (Pj)
4. Ty ~ NBPGR/TCR 864 (P,)
5. Tg © NBPGR/TCR 865 (Pg)
6. Tg L ' NBPGR/TCR 438 (Pg)
7. T, o Py x Py
8. Tg Py x Py
9. Tg P{ x Py

10 Tyg P{ x Pg
11 Tqq Py x Pg
12 Ty o P, x Pg
13 Ty 3 Py x P,
14 T4 Py x Pg
15 Tyg Py x Pg
16 T16 Py x Py
17 Tyq Py x Pg
18 Ty g P3 x Pg
19 Tyg Py x Pg
20 Tog Py x Pg
21 Toq P5 x Pg
22 Top Py x Py
23 Toq Py x Py
24 Toy Py x P,
25 Tos Py x Py
26 Tog Py x Py
27 Ty Py x Pq
28 Tog Ps x Py
29 Tog P5 x Py
30 T30 P5 x Py
31 Tgq Ps x P,
32 T3y Pg x Py
33 Tsg Pg x Py
34 Ta, Pg x Pg
35 Ty Pg x P,
36 Tag Pg x Pg

&)
~
ool
1
~
|
H
o
=



31

were crossed in all possible combinations to obtain 30 hybrids
(T to Tgg)- For crossing, the flcwers on the female parents due
to open on the next daj were selected and emasculated on the
previous evening by the method suggested by ‘Giriraj and Bac
(1973). For emasculation, a shallow circular cut was made aronndﬂ'
the fused calyx at about 1 cm. from its base. - Calyx cups along
with the corolla were removed as a hood exposing the stigma and
the staminal tube. The stamens were then scraped off after which
the flowers were covered with butter paper covers. The flowers
~on the male parents were also covered to avoid contamination with-
fofeign pollen. The next morning these emasculated flowers were
pollinated between 8 and 9 AM using pollen from the covered
flowers of the desired male parent. The crossed. as .well as
selfed flowers were labelled and again protected with butter .
paper covers. The covers were removed a day after poilination.
This was continued t111 the end of the flowering’ phase. The
1abe11ed fruits were harvested separately on maturity and hybrid

seeds collectedf
3 2.2 Estimation of combining ability

The six parents along with the 30 hybrids and a
standard check (variety Kiran) were laid out, in Randomised Block |
Design with three replications during November, 1994 with a
spacing of 60 x 40 cm where each treatment consisted of 10 plants

per replicaticn. - Cultural and manurial practices were done as



- per the Packagé of Practices Recommendations (1993). of  Kerala

Agriculturalu‘ University. 'Observafions "Qn v.the following

characters were recorded from five plants at random - in° each

treatment per replication for the estimation of combining
ability.
3.2.2.1

i)

ii) -

iii)

iv)

v)

vi)

Biometric observations

Days to first flowering - Number of days taken for
the first fidwer.to bloom was recorded in eéch of fiyei

obServationai plants. .

Leaf axil bearing the first flower - The number of

the leaf‘axil'from which the first flower was produéed:

was recorded.

Leaf number - The total number bf leaves produced byl

each plant was counted.

Leaf area - Three leaves from the third, sixth and
ninth node were collected fromveaCh plant and leaf area
in4square'centimetres was determined using a planimeter

and their mean recorded.

Number of branches - Total number of primary branches

. in each plant was counted at final harvest.

Numbef of flowers per plant - Thé totalv number of

flowers produced per plant was counted.
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viii)

ix)

%)

xi)

xii)

xiii)
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Numbef of fruits per plant - The total number fo

rfruits harvested from each plant was counted.

_Length ‘of fruit - Length of the fruit from the base S

' to the tip was measured from the third, sixth and ninth"

node -in each plant and their mean in centimetres was .

recorded.

Girth of fruit - The girth of those fruits used for
recording the "length were measured at the middlé’
portion of the fruit and their mean expressed in

centimetres.

Weight of single fruit - Weight of each fruit was
takeh at the time of harvest and their mean in grams

.

was recorded.

Weight of - fruits per plant - The weighf of* single

fruit was multiplied by the number‘of fruits per plant.

to obtain +the weight of fruits per plant and was

expressed in grams.

Number of seeds per ffuiﬁ, - The seeds were extracted
from each of the fruits used for measuringythe 1ength;

and girth and their mean was recorded.

Fruiting phase - The duration between first 'harvest

and final harvest was recorded 1in . days in 'eaqh‘

' treatment.
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xv)

3,-2-2-2

i)

ii)
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Height of plant‘ - 'Height of the plant was measured

from +the ground level to the tip of the main shoot |

after the last harvest and’expressed in centimetres.

Percentage fruit set ‘—‘ The ratio of the' number of
fruits to the totai number of flowers was calculated in

each plant'and expressed>in_percentage;

Observations on the incidence of disease and pest:

- Yellow vein mosaic disease.incidence"

'The rating scale by Arumugam et al. (1975) was.
used for scoring yellow véin mosalc disease  intensity

(Table 2).

The scoring was done according - to the s
characteristic'symptéms appearing 6; the leaves or ,thé
fruits of each obsérvational.plant; The ratio of ‘the"
sum of disease scores in tﬁe observational_ plénts td
the» number of‘plants in.each replicatipniﬁas taken ~as
the disease rating mean of each +treatment in a

replication.

Shoot and fruit borer incidence'

The number of fruits infested by shoot and fruit

borer (Earias vitella F.) in the observational plants -

was recorded, averaged and expressed in percentage
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Table 2. Yellow vein mosaic disease scoring

1. No visible symptoms . |
characteristic of the disease Highly resistant 1

2. Very mild symptoms - Basal
half of the primary veins -
green and mild yellowing of
anterior half of primary

veins and veinlets : Resistant ' .2
3. Vein and veinlets turn @  Moderately

completely yellow ~ resistant . 3

" 4. " Pronounced yellowing of vein
and veinlets - 50 percentage
of leaf lamina turned
yvellow, fruits exhibit: slight ' 1
vellowing Susceptible 4

5. Petiole, veins, veinlets and
interveinal space turned
yellow in colour, leaves
- start drying from margin,
fruits turn yellow in colour Highly susceptible 5
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3.2.3 Statistical Analysis

Data recerded from'the parents, hybrids' and standarde'
check were initially subjected'tO'analysis of variance for ~each

character so as to detect the genoty?ic differences.

The characters for which genotypic differences were
detected were further subjected_to diallel analysis to estimate
the additive components of heritable Variatien. " The following

parameters were'estimated.
i) Combining ability through.Griffing’s Ap?roach.

l—,'General combining ability

- Specific combinihg ability -

ii) D, H, E components through Hayman’s Approach
iii) Vv, - W, graph
- Graphical analysis of diéllel >crosses as

‘suggested by Hayman (1954).
3.2.3.1 Combining ability analysis

The different genotypes were subjected to combining
-ability analysis only if they showed significant difference for
the character under study.  The anal&sis was carried out

according to the Method I, Model I of Griffing’s approach (1956);
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The 1inear ,mathematical model for combining ability

analysis of this model is:
| e o, bEx
Y = 4+ g + gitr + S5 + - €43kl
13 R L ij

P

where p = Population mean

th

83 and g5 = Gengral combining ability effects of i o and

jth inbred 1ines~fespective1y.

'Sij~= Specific combiningV ability effect of ijthf
' cross‘such_thaﬁ S35 = S34-

rij = Reciprgcal effegt such that,rij = - rji
b = ‘Number of replications
o =

Number of observational plants

Restribtions are imposed on Cdmbining ability gffect$ 
' such that X gy = 0 and D 833 = 0 (for each Jj).
: i ‘ . i _

Table 3. Combining ability.analysis with ‘p’ parents

Sources of variation d.£f M.S F
General combining ability (P-1) = 5 Mg Mg/Me
(g.c.a.)
Specific combining ability P (P-1) -
(s.c.a.) - TTTT77T = 15 Ms Ms/Me
‘ ; 0 ,
- Reciprocal effects ‘ P (P%l).'
B it = 15 Mr ..Mr/Me
2
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The combining ability effects‘were eStimated as follows:

. th

‘General combining ability. effect of i parent"
1 | 1

g = == (Yg, + Y30 - -5 ¥
2p - p?

Specific COmbining ability effect of i x j cross

| o ! o
4 Sij = ——— (Yij + in) - mm— ‘ (Yi + Y__'i'_ + Yj. + Y',j) .

2 - 2P
:.Reciprocal effect for the i x j Crdss_“
= 1 o o
rij = -—5_ (Yij - in).
where Yij‘iérthe mean value with,résPect to ixj Cross.
J ] i B B ,
" The following standard errors are used toq'tést the
significance of the eStimates.

P-1

_ . o . - - 1/2 .
g.c.a : SE gy = ( Me)~7" =
‘ , o 2p2
A A 1 i/z
SE (85 - 8;) = ( = He)
, IR P ,
s.c.a. : SE (8:3) = ( ==5 (P* - 2p - 2) Me)
- . BRI cZP?-ff" . o
o o (P-1)
sE (35 - Ay = (oo He)l/E
, A (P-2)
SE (8; $kl)g'- (=== Me)1/2
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The significance of g.c.a, s.c.a and reciprocalveffectequV

are tested using Students ‘t’ test with the following tesiﬁ””"

criteria;

t = |g1| /SE(gi) for the signlficance of g;- '

t = |symey| /SE(gyey) for the significant differencéfgyé
between g4 and gj5- '

t = |syj|/SE(sy;) for the significance of Sy

t = lsij-sikl/SE(sij - 'ﬁik) for bthe significant
difference between‘sij and sik'(one barent common):ﬁfe

t ='l .lsij skll/SE(Sij skl) for the 51gn1f1cant dlffer— 
.ence between sij and Spq (no common parent)

t => |rij|/SE(rij) for signiflcance of rij" the degrees‘;ﬁ:.

of freedom for ‘t’ being equal to the error degrees of freedom ateﬁﬂﬂf

a chosen level of significanoe, generally 5% or 1%.

3.2.3.2 Estimate of additive and dominance components (Hayman’sﬁ?*

numerical approach)

The estimation of additive and dominance componente*
ie., D, H components was done through Hayman’s Approach which 4e'
provides information on the genetic make up of a character based

on an additive-dominance model.

Hayman’s approach was used'to estimate . the followingrn

' components



Variance components and - e Standard Error Estlmates
their estimates : ' )
A n5 + n4 1/2
D = V, - E (===z——~ x Me)l/
: 5
. v n
o _ ©_ 3n-2, b + 41 n® - 120 + 4n? 12
Hy = 4 Vr + VP -4 W, - (---=-)E (==~~~ 57777 —--)x Me) o
: o n : n _
- A ' " ‘ '36n4 ' 172
Hy = 4.V, - 4Yr 2E (—;g—.x Me)
2(n-2) A 4n® + 20 n4 - 16n3 + 16n? L /2
F =2V, - 4 W, - —=---- R G )xMe) 1/
5
n n
2 n(4-1) A 16n? +16n2-32n+16 L2
h = 4 (Mg - ME@) - ——;é-- E (—==——=-- ;5 ———————— x Me)
, - : ' 4
: SSB SSE ‘ - n 1
E = —é—' —————— (—5 x Me) /2
n® (r-1) : n ’
where D = Variance due to additive effect
Hy & Hg = Variance due to dominance effect.of positive
and negative genes respectively.
F = Average } coyariance between additive and
~dominance effect over,all the parental arrays.
h2 = Dominance effect
E = Envirdnmehtal effect
Vp = Variance of parents
V.. = Mean variance over arrays
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W.. = Mean covariance between parents and offsprings

over the arrays.

n = Number of parents

r = Number of replications .
MLl = Mean of n2 pfogehy familiesv
Miog = Pa?ental mean
‘Me = Environmental variance

-The following ratiosbwere also derived.

, Hl 1/9

Average degree of dominance = (--) /e
If +this rétio- equals unity, éomplete ‘dominance is

indicated. A ’value' of less than unity and more than unity

'suggests partial dominance and overdominance respectively.-

Distriﬁutionv of'inqreasing (positi?ej and decreasing (negative)
genes among\the common parehts of arrays = szr » | |
sty
A symmetrical»distribution of these génesvis indicated
if the ratio attains a value of 0.25 and deviation from this

value implies an asymmetrical distribution.

Proportion of dominant and recessive genes among parents

1
S
w)
o]
(=Y
~
Do
+
1y
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This ratio will attain unit value if the dominant and .
recessive gepés are symmetrically distributed ambng parents{
Deviation from unity indicates-an asymmetrical»'distributiOn - of

~these genes.

Standardised déviations‘graphs were ploﬁted for each
character with standardised values of W,.+V,. on Y*axis and - those.
of ?r (méén of common pérentfof the array)_ih'ofdef to determine:”
the type of genes possessed by the parents._ |

_____ Quadrant 2 | GQuadrant 1
Recessive genes ﬁith IE Recessive geneS'with
|

negative effects positive effects

I
i
]
|
|
|
I
i
1
|
I
|
i
{
l
1
1
t
i
!
i
1
I
I
|
i
I
1
1
|
{
]
{
|
i
|
1
H
I
1
I
o
]
{
i
<l

Quadrant 3 : Quadrant 4
. ]
] - L.
Dominant genes with | Dominant genes with
: . >
L i .
negative effects ! positive effects

3.2.3.3 Hayman’s Graphical approach:

The Wr -~ Vr »graph was drawn using a regréssioh

relationship between Wr and Vr where Wr is the covariance between’

the parents and offsprings in the rth array and Vr is the
variance of the th array.
The linear regression of Wr —a+t+b Vr' where ‘b’ is

the regression coefficient of W,. on V. and ‘a5 the constant term

which - is taken as an indication of the +type of gene action



43

- governing the character becauéé‘ﬂa"is thevintercépt made by the

regression line on Wr—axis.

If the regfessioh line passes through the drigin‘ (ie., 
a =0), it can be taken as an indication‘of'compléte dominanée.A'
Bu£> if i£ passes above the origin (ie.; a > 0), iﬁ oan'Be‘ taken
as an indication ofvabsence of dominance ie., paitial‘ dbminance_\
while +the line passing below the Qrigin (ié., a < 0) indicates

the presence of over-dominance.

3.2.3.4 Heterbsis

Heterosis. was calculated és the per centv
.deviation of the mean performance‘of Fls (F;) from their mid.
parentt (ﬁf), better,barent (Ef) and the é£andafd parent (65) fqu
- each cross combination as suggested by Hayés g;vgl. (1955) and

Briggle (1963).

Relative heterosis = ——————~ x 100
MP
| . F, - B
Heterobeltiosis = =  —=77777 x 100
| BP
© Standard heteroéis = Fl - CP
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The' 51gniflcance of’ heterosis over HP BP and CP:. é

compared u51ng the follow1ng crltlcal dlfference (CD) values,

CD¢o.05) = ‘te(0.005) X (?_b_d?)l/z
' ' ) ar
CD(o.05) = ®e(0.005) % (?_“f‘f)l/z

Y

where Me is the estimated error variance with respect

to each character.



" Results



4. RESULTS

Statistical analysis 'of the data relating to- the

'experiment was done and the results are presented
4.1 Mean Performance

The mean ~§erformance of the six parents and the‘ 30

hybrids  for the 17 characters stndied are presented in Table 4.

Significant differences were detected among - the

genotypes with respect to all the characters.

With respect to days to )first flowering the mean
perfbrmance of the parents'ranged from 40.27 days (P3)'to ‘44.47 =
days (Pl) and that of the crosses ranged from 39. 87 days (PBXPS)

to 46 days (P4 X P6)

Considering the leaf axil bearing the first flower, the
" mean values recorded by the parents ranged from 3.33 for P3 and -
Pg to 5.53 for P4, and in the hybrids it ranged from 3.13 for

P5XP6 to 5.0 fOI‘ P4XP1

The maximum number of leaves was found in the parent P4
(19.73)“and~hybrid,P4 x Py (21.83) and_the minimum in parent Py o
(14.47) and hybrid Pg x P, (14.93). Almost all the hybrids had
leaf numbers,'intermediate to those of parents except for the

~hybrids P; x Py (20.47), P, x Py (20.27) and Py x P, (21.93).
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Tabla 4. Hean perfurlanceiuf the genotypes

Farests/ Days to first Leaf axil bearing‘ Leaf nusber Leaf area Nuaber of Husber of .

Crosses flowering the first flower : (cm2') branches flowers/plant
Py TRy B 3.87 16,27 21,95 0.47 11.33
Py 43.60 4,07 16,00 287.23 1.20 12.40
Py 40.27 .33 17.87 240.11 1,20 13,20
Py 43.87 5.53 19.73 261,99 3.70° 12,40
Ps 42,47 3.33 14.47 MWebb 0.7 11,60
Py 4220 3.80 RT3 M3 0.87 13.93

Pyx Py 42,33 4,20 18,07 264,45 1.07 12.93

Pyx Py 41,80 3.27 15,60 210,08 0.07 10,67

Pix Py 4107 4.40 20,47 274,37 1.80 16,00

PyxPg 40,87 3.93 15.80 247.74 0.40 11,00

Pyx Py 43.87 3.40 15.13 19,3t 0.13 11,00

Py Py 40.47 3.87 17,00 27147 1.53 11.87

Ppx Py 43.07 4.87 20,27 30225 1.80 " 14,53

Ppx Ps  40.47 1.53 VA 250,20 0.7 11,53

Ppi Py 40.60 .47 1580 /.00 0.07 . 1147

Pyn Py 43,53 4.53 15,27 250,53 1.20 11.80

Pyx P5  39.87 3,67 16.53 256,78 .07 1213

Pyx Py 40.00 4,00 17.13 256.17 1.00 12.33

PyuPs  43.33 £.00 .43 BLY L 11.87

Pyx Py 46,00 4.87 21,53 8467 240 14,27

Pyx Py 40.67 3.13 16,27 254,37 0.67 . 11.87

Pox Py 41,33 .00 17.47 7,10 0.47 10,87

Pyx Py 40.40 3.80 18.67 291.87 0.60 12,87

Pyx Py 41,53 4.73 19,20 286,19 1,27 13.00

Pax Py 4457 5.00 19.73 264,50 1,87 12,07

Pau Py 43,27 4,20 21.93 261,94 0.93 14,40

Pyx Py 45.00 4,20 19.23 225.07 1.2 18,00

Psx Py 40,67 3.27 15.47 233.49 0.13 10,40

Psx Py 42.93 360 16,53 223,40 0.47 12.47

Psx Py 40,07 - 3.40 - 11,27 34,9 113 13,40

Psx Py 4127 3.40 1493 8941 0.93 .33

Pyx Py 42.40 3.87 18.60 28073 0.87 13.33

Py x Py  43.67 420 19.55 239,81 1,40 15.60

Py x Py - 4213 3.87 17.87 282,92 0.80 12,40

Fox Py 42,13 a0 16,07 273.97 0,27 12.53

Py x P5 42,07 380 19.67 275,23 1.40 18.27

Check 4013 - 3.47 15.07 182,07 0.33 10.8

F 2,38 533" 2.07" 1995 oz 210

SE (») 1.0 0.26 1,34 21.38 0.24 1,08




&7

Table 4 continued

Pareats/ “Husber of Length of Birth of Weight of Weight of
{rosses fruits/plant (frui;c (frui)t single((f’r\uit frui(tz/\plant
cm o} ofl G-)
Py 9.00 - 14.17 5.68 15.26 132,93
Py 11,33 13,97 6.20 17.82 : 163.90
Py 11.80 13.68 6.98 16,73 168,50
Py 9.87 13.03 611 15,28 151.03
Ps 9.80 15.55 " 6.19 18.56 187.77
Py 10.93 13.08 6,02 1471 160,20
Py x Py 10,40 16,65 6.85 19.04 252,17
Py x P3 8.93 O 13.85 6.08 15,53 138,37
PyxPy 13.33 15.23 6.35 16,08 186,87
Py x Ps 9.87 14.17 6,00 17.03 161,47
Py x Py 8.67 14,08 5.90 16,51 143,50
Py x P3 10.40 16,12 b.46 19.63 19197
Ppx Py 1087 0 677 18,11 188,90
Py x Ps. 10,13 16.24 6.55 20,57 - 200,23
Py x Py 10.00 1506 633 18,52 185.17
Py x Py 10.40 14,02 6.3 15.93 166,97
Pyx P 9.87 15,66 6,68 19.81 ' 196,30
Py x Py 11.00 14,52 b.11 17.85 - 194,10
Pgx Ps 3 15.28 " b.48 18.55 171.87
Pyx Py 11,07 12,50 5.87 14.43 . 159,33
Ps x Py 9.93 14,21 5.89 1,06 162.90
Py x Py 9,47 16,20 6.88 22,06 248,17
Py x Py 10.73 15.05 .42 18.12 190,00
Pyx Py . 10.73 14,31 6,31 18.30 © 195,90
Py x Py 10,73 14,57 6.55 18.51 194,73
Pyx Py 11.93 13,63 611 15.88 194,33
Pyx Py 12.27 12,09 5.75 13.01 133.33
Pg x Py 9.20 15.97 6.05 19.83 182,90
Ps x Pp 9.73 14,04 5.83 16,35 161,17
Ps x Py 135 14.37 6.53 17.3 194,17
Pg x Py 9.20 15.05 663 18.13 180,97
Pyt Py 11.47 15,03 6,28 18.27 208.97
Py x Py 11.87 12,69 5.92 13.12 152,73
Py x P3 10,40 13.53 6,21 16.53 169,20
Fg x Py 10.40 13.53 5.93 14,86 156.80
Py x Pg 10,47 13.3 6.27 16,45 220,70
Check 9,40 14,89 6.27 16,51 154,87
F ot 23" 211" 2,49 313

BE (a) 0.7 0.73 0.23 .27 1.02
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Table 4 continued

Parents/ Husber of Fruiting Height of Percentage Incidence of yellow Incidence of shoot
Lrosses seeds/fruit  phase ('gﬁl@t fruit set vein sosaic and fruit borer
Py 31.47 . 47,03 75.86 B1.56. 1.20 | ' 13.69
Py . 63.73 - 46,53 68.57 75.80 1.73 14.18
P3 13.98 48.87 £8.97 79.64 2.27 . 15,20
Py 95,70 47.40 590.37 82.37 L3 A 16.66
Py 68.33 $6.90  59.42 85.47 1.67 14,00
Py 63.91 46,17 89.77 81.32 2.07 17.01
PyxPy 13.07 49.23 " 93,597 82.88 2,13 13.83
Pyx P 62.97 48.97 81.02 84.56 1.93 ; 12,63
Py x Py £8.75 $7.77 - BA.&Y 84.37 1.20 16.06
Py x Ps $3.900 30.93 68.38 90.43 1.73 11.81
PPy 60.22 48.77 70.45 80.63 1.47 16,13
Py x P3 - 7.4 47.460 75.07 Bb. 64 1.47 18.10
Psx Py 68,47 45.70 87.23 75.79 - 1.80 - 17.35
Py x Pg 73.33 45.900 713.93 87.4%3 .40 1574
Py x Py 67.85 47.30 92,32 85.6b 2,20 14,95
Pyx Py 64.73 . 43.27 73.23 90.88 1.20 17.32
Pz x Pg 67.07 _ 48.83 48,39 82.51 .33 _ 18.05
P5 x Py 60.78 45,40 72.43 88.97 1.67 18.44
Py x Pg 65.96 44.30 . 467.92 B80.52 2,07 14,73
Pax Py 67.47 45.40° 71.83 78.81 - L.47 - 15.47
Pg x Py 63.467 91.37 70,20 85.36 1.80 15.89
Py x Py 83.34 48.17 78.30 89.24 1.60 « 8,00
P3x Py - T2.80 48.50 73.67 83. 11 .27 15.50
P3x Py $3.73 46.73 B6.09 83.56 1,60 19.37
Pyx Py 62.98 43.50 7.1 89.30 1.40 18.14
Pgyx Py 67.06 45,87 89.41 - 82.41 1.27 i7.97
Pyx Py M4 44.43 79.43 75.90 1.80 13,69
P2 Py £5. 68 47.40 79.45 89.47 1.47 12,05
Ps x Py 65,78 47.33 - 75.17 80.91 1,53 12,34
Psx Py 16,15 48,20 78,07 84.00 2.33 13.88
Pgx Py 78,91 50.83 81.67 82.51 1.87 . 1116
Py x Py 73.87 45,80 89.25 B86.11 2,01 17.71
P2 Py £4.42 49.80 84.73 78.79 1.47 16.86
Py x Py 75,42 47.07 7489 84.95 2,40 14,34
Fyx Py 5. 64 43.70 82.13 85.89 1.73 14.42
Py x Pg 78.58 43.47 B4.36 84.37 - 1.33 17.58
Check 62.51 49.87 74.45 88.17 1.53 16.37
F 211 291 295 .09 L 233
SE (@) 0.84 0.99 0.99 0.60 109 0.67

t Significant (P ¢ (';05) Significant { ¢ 0.01)
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The leaf area values recorded by the parents rangedy'
from 227.95 sg.cm. in Py to 287.23 sq.cm. in Py, whereaSTT“,it
‘ranged from 199.31 éq. cm. to 314.94 sqg.cm. in the hybrids PIXPG,

and P5 x Pg respectively.

The parents showed a wide range of variability for

number of branches ranging from 0.47 in Py to 3.70 in P4.' In the

hybrids, the‘humbe: of branches ranged from 0.07 for Py x P53 and £

| Py vas'to 2.40 for Py x Pg.

, The maximum number of flowers per plant among the - o

parents was exhibited by P6 (13.983) and fhe 'minimum by Pll
(11.33). The hybrids showed a wider variability for +this

character, ranging from 10.6 (Pg x Py) to 16.0 (Py x Pg).

The loﬁest number of 9.0 fruits per plant was seen 'in L fl

the parent P; and the highest number in the parent Py (11.8). - .~

The variability among the hybrids for this character was wider,

ranging from 8.67 for'Pl x Ps_to 13.33 for Pl X P4.'

The Iéngth of fruit recorded by the parents ranged from:f*ﬁ

13.03 om. in P, to 15.55 cm. in P5. Among the hybrids, it ranged . *

from 12.09 cm. in Py x P53 to 16.65 cm. in Py x Py.

Among the parents, Py produced fruits having a mean fiﬂﬁv

girth of 5.68 cm., being the minimum value while Pz had fruitSrf]fj;

. with maximum girth (6.98 cm). The poqtest‘performance amongl the }
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hybrids for this character wés exhibited by P4rx’P3 (b.75 cm.)"
" . and the best performance by Pz x‘P1 (6.88 cm.) which was however

- lesser than the best performing parént P3.

_The 'weight of single fruit recorded by the parents
ranged from 14.71 g in P6 to 18.56 g in P5. A wider variability  ”
fof this character was seen amohg the hybrids with a range of

13.01 g (P4 x P3) to 22.06 g (Py x Py).

The weight of fruits per plant was the lowest in the '
parent Pl (132.93 g) while it was highest (187.77 g) in 'the'i
parent P5.r Among the hybrids;rfhe maximum»weight of fruits was
éxhibited by 'Pz X Pl (248.1f g) and the minimum by ‘P4 X P3
(133.33 g). 13_hybrids were seen to have-higher fruit yield than

‘the highest yielding parent.

The number of seeds per pod ranged from 55.70 in P, to NM ‘
73.98 in Pz in the parents while the range for this character was iﬂ%*
from 54.11 (P4 x Pg) to 83. 34 (Pz-x Pl) in the hybrids.

The fruitingrphase récorded by the barents ranged from:f
46.17 days in Pg to 48.87 days in P3. Among the hybrids, PS X P4-'“~
had = the shortest fruiting phase of 43.27 days while'P5 x Pg had ffffv

" _the longest fruiting phase of 51.37 days.

With regard to plant height, the shortest plants weré?ﬁpfmﬂ

observed in P, (50.37 cm.) and the tallest ones in Pg (89.77 cm.) . *
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among the six parents. The shortest hybrid was P, x Py (67.92
cm.) and the tallest one was Py x Py (93.57 cm.).

'The percentage fruit set among the parents was maximum

in P5 (85.47%) and minimum in Pz (75;80%);. Among >the_ hybrids, -

the percentage fruit set ranged from 75.79% in Po, x Py to 90'88%,,¢ﬂ*i

- in PB XP4.

The incidénéevof yellow vein mosaic diseaée was low in .;;>

-parent P1 (1.2) and high in pérent P3 (2f;27). Among the h&brids;’rf

the mean scores recorded ranged from 1.2 in two hybrids Py x P4f,”“ﬁ

and P3 x Py to 2.6 in Pg x Pz. The incidence of the disease - was‘;} 

found to be intermediate among the hybrids when compared’to thefffgf

parents éxcept for thrée hybrids viz., PB K'Ps and P5 X P3 (2.33)'T
and Pg x Pz (2.60). | |

‘The highest incidence of shoot and fruit borer amongik"fﬁ

the parents was recorded by P6 (17.01%) and the”llowest by Plg
(13.69%). The hybrids showed a wider variability in the’
incidence with a range of 8.00% in szx/Pl to 19.37% in P4 XPZ.

In génerall it was seen that the parent Pg showed théﬂ

‘ highest values for length of fruit, weight of singlé fruit,tx_

weight of frults per plant and percentage fruit set. Among theffT&'

hybrids, Pl'x P, had maximum plant height and fruit length while’f;i” 

its reciprocal‘cross‘Pz X Pl showed best performance with respect

‘to girth of fruit, weight of‘single fruit, weight of fruits per
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plant and number:of,seed5~per pod and it was alsb least affected

by'shoot‘and fruit borerlincidence.
4.2 Combining ability

Combining ability - analysis was carried 'out by thef{f

Method 1 under Model I as suggested by Griffing (19586). Thgf‘“w

" analysis of variance for —combining ability is presented iﬁ;’sg'

Table 5.

The genéral combining ability (g.c.a.). effect was A

significant for eight characters viz. “leaf axil bearing thef*ai

first flower, leaf number,vleaf area, number of branches, lengthV?.i

iof fruit, weight of single fruit, height of plant. and inoidencefff

of yellow‘vein mosailc.

. The 'specific combining ability (s.c.a.) effect wasf}ff

“significant for days to first flowering, leaf axil bearing th@}&?ﬁ

first flower, number of branches, length of fruit girth offfif

fruit, weight of single fruit weight of fruits per plant, numberthi

of seeds per fruit height of plant and incidence of yellow veinﬁfﬁh

mosalc.

The mean squares due <to reciprocal effects were”t;-

significant for days to first flowering, leaf axil bearing the~i' 

first flower, leaf nﬁmber,‘number'of brancheé, number of Aflowers;
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Table 5. Analy515 of varlance fur comb1n1ng abllxty for the 17 characters

=
‘({ 0.

11.

12.

13.

14.

g.C.a. . BaCode »Reciprncal
Character " effects Error
Days to first flowering 0.93 3.14% 2,53 (.08
':Tgie:XIl bearing the Hirst 0.52""  o0.28"" 0.26"% 0,07
Leaf number .56 188 533" 180
Leaf area 1065.81%% 527,25  639.09 457.15
Number of branches 0.68" 0.3 0.35%F  0.06
Number flowers per plant 1.02 1.09 2.84°% 1,16
Number of fruits per -plant 0,43 0.%97 i.49 0.92
Length of fruit | 1.56" .79 059 0.54
Birth of fruit | 0.12 0.15" .07 0.05
Weight of single fruit a3t 79" szt el
‘Weight of fruits per plant  425.50 ,‘B74.4i**‘610.14** 222,73
Number of seeds per fruit 7.85  72.76%  29.36 21.24
Fruiting phase 222 1.73 6,600 1,34
Height of plant 110.73%%  97.62" 6e.02"  29.14
Percentage fruit set 9. 09 | 11.28 22.87 14,49
Incidence of yellow vein mosaic 0.17**  o.1t*t o012 0,03
Incidence of shoot and fruit borer 7.89 3.92 b.44 4.18

Significant (P ¢ 0.01)

% sSignificant (P < 0.05)
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per plant, weight of single fruit, weight of fruité per plant,

fruiting phase, height of plant and incidence of yellow vein

mosaic.

The estimates of the g.c.a. effects of the six parents
and the s.c.a effects of the E1 hybrids and the reciprocal

crosses are presented in Tables 6 and 7 respectively (Figures 1.1

to 1.21).
4.2.1 Days to first flowering

The combining ability analysis for days to first
flowering showed that the g.c.a. effect was not significant.
However, the s.c.a. and reciprocal effeéts were significant.

This shows the importance of s.c.a. for this character.

Significant s.c.a. effecﬁs were shown by four crosses
viz. Pz x P4, Pz b'd P5, Pz.x PS and P3 x P5. Of these, only Pz X
Py and Py x Pg showed negative effects of ~1.45 and -1.42
respectively, both of which were on par. Sigunificant reciprocal
effects were seen in four crosses ;iz., Py x Pp, Py X Py, Pg x Pg
and' Pg x Py of which significant negative effecﬁs were shown by
Pg x P, (-2.40) and P x Py and Pg x P3 (-1.53), indicating

earliness in flowering in these crosses.
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Table ‘4. Estisates of g.c.a effects of the six parents.

and fruit borer

Character oy Py Py Py s Py SEgi) SEgi-gh)
bays to first floaeringa - - - LT - - | -
Leat axil bearing the  -0u1d 06 - 007 0.3t -’ -0a2  0.069 0,108
first flouer
Leaf ‘nusber 041 006 019 1.09"  -0.55 0.10 0,35 0,548
Leaf area 5.5 a9 T8 L5 030 0.53  5.63 8.2
Kusber of branches ozt oot 007 o™ 008 007 0.083 0.097
Nuaber of flc»esers;/plante - - - - - - - -
Huaber of fruitslplant@ - - - - - - - -
Length of fruit RS ot -3 0.08 0.8 -0.50° 0,194 0,300
Birth of fruit® - - - - - . ..
Veight of single fruit 0.3 o1t -0.10 0,28 012 108 0.335 0519
“Weight of fruits /plant® - - . - - -
Hugber of seeds/fruit" - - - - - . - -
Fruiting ;:h.zseE - - - - . - - :
Height of plant L0 Le o -2 S0t . 20 eet™ Las 220
Percentagé fruit sete - ‘- - - - - - -
Incidence of YV 006 008 0.2 -0t 001 002 0,049 0.075
Incidence of Si;l ot - - . - v - - - -

% Significant {P < 0,05), #¢ Significant (P ¢ 0,01
8 g.c.a, effects are not estisated as their g.c.2, variance was not significant
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Table 7, Estimates of s.c.a. effects of the 30 hybrids.

,Dayé to Leaf axil " " Nusber of MNusher of * Length of Birth of

Crosses  first bearing the  Leaf nuaber = branches flawers fruit fruit
flowering  first flower ' , o per plant
) | 2 SN £1; i1
Py xPy 0.6 0.12 - s - LIy 03
Pyx Py -1L13 0.3 - R L
Py x Py L2 ~0.04 - -0.11 - 088 030
PyxPs 0.3 0.18 - BT - L 0,26
Py xPy  0.54 0.0 - 083 - 0.26  0.02
Ppx Py 001 048 - 0. 0,21 0.00
Ppx Py <145 ~0.75 oo -0.80 - 070,08
PpxPs -1.42 030 - 0B - 0.3 -0.08
Ppx Py 1.4 0.46 - 0.48 - -0.93° 0,08
Pyx Py 061 0.07 - -o.so:*‘ - 0.63 005
Pyx P5 2,38 0,50 - 042 - 0,92 -0.42
Pyx Py -0.69 -0.21 - 020 - - 0 -0.1b
PyxPg  0.01 0.01 - S % 3 - -0 026
PyxPy 025 - 010 - ot - 0.5 0.2
Psx Py -1.05 -0.08 - 038" -t ow®
Ppx Py <083 . =017 -0.53 0.23 -0.53 - -
PyxPy 09T 02 0] o.so:*~ o= -
Pyx Py -1.53 -0.43  -LA47 040 0 - -
Ppx Py 0.13 ~0.20 ~1.50 067 <257 - -
Pax Py 003 013 073 003 067 - -
Pyx Py -0.90 0.37 1,03 0.03 0.57 - -
Psx Py 207 0.33 L2 ot st - -
Psx P 0.13 -0.30 -0.47 0.03 -0.53 - -
$ E24 i £23
Psx Py -1.3 S = LU -0.90 - -
Pgx Py 240 0,80 ~1.23 03 e - -
Pyx Py -0.73 0.23 173 0.3 LT - -
Pyx Py 0.07 Nt S XU R 0. -
pexPy 073 03 0B 00T 0.37 - -
Pyx Py -0.57 -0,07 2.9 -3 0.9 - -
Pux Ps 0,40 0.20 237% 0B 1,47 - -
SEgij) 0.6 0.1 0.1 0.14 0.5 0.8 0.14
E (5 j-gk1) 0+95 0,24 1.23 0.2 0.98 0.67  0.21

5E qoi i-gik) 0.89 . 0,22 1.09 0.19 0.88 0.460 0,19



Table 7, continued

e

“Fruiting

‘ Height of Height of Number of Height Incidence of
Crosses  single fruit fruits/plant sepds/plant  phase of plant yellow vein
, e e Y mosaic
Py P 1.29 252" .59 - 420 0.20
Py x Py 0.51 3.9 1,85 - 112 0.24"
Pyx Py 147" 5362 Lt - 6.5 0.1
Poxps 24t -t et - -2.52 0.07
Prxfy L2 639 -0.45 - 3.12 0.07
Ppx Py 0.0 12,04 -3.28 - 373 5
Ppx Py 0.95° 2.39 4,85 - 092 '-o.u*
Pyx Py Lot -0 .50 - 9.20 0.26
Ppu P, 240 -18.82 4.4 - 4,36 -0.35
Psx Py 097 3.08 R - 5,58 -0.01
PyxPs  -Lat . -12.50 -1.00 - 112 038
Pyx Py 071 070 215 - -6.49" 02"
Py Ps 024 §.42 1,23 - 0.2
Pyx P,  -L.10 4.4 0,76 - 710" 0,15
P x Py T RS % " .5 - 3.38 008
Pyx Py om - - 082 9.5 -0.33%
P3x Py 2080 w9 - 038 632 0.20
CP3xPy 0.3 2.60 - 0,35  -.40° -0.07
Pyx Py 299 305 - 02 10 0.20"
Py Py -1.12 -5.12 - L75 0.87 ~0.17
PyuPy 0.2 12,02 - L1z %08 -0.23
Pax Py 20f 1407 - 25T 5.5 0.03
Ps x Py 0.65 1,13 - 0.05  -6.83 -0.27°
Ps x Py 0.9 0.2 - 0.57 L4 0.0
Pok Py -0.b0 -0.28 - 140 LE 0.47
Pyx Py 0.85 273 - 148 9.30° 0.30%
Pyx Py -LAO 1,12 - st s 0.13
Pat Py ~0.26 " 315 - 250 34 0.40""
Py % Py -0.51 18.77 - -0.58  -3.44 0.23
Pyx Pr 0.16 25.37% - 368 L3S 017
SE (5 0.76 897 2.1 0.69 3.4 0.11
8E (51 j-5Kk1) 1.16 13.62 N Wil 1.06 4,93 0.17
SE 10 15410104 12,19 3.76 0.9 4.4

0,13

*h ngnlf

1ca

a. Q;fects grgsAn

5.C.a variances lacked significance.

t est .a§e8“¥*“ %sépc ap lers for which the
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4.2.2 Leaf axil bearirig: the first flower

’Thei combining ability analysis -showed significant -
g.c.a., s.c.a. and reciprocal variances for this character. The
g.c.a. variance was higher than the s.c.a. variance indicating,

the importance of g.c.a. for this character.

The parent Pg showed significant negative g.c.a.ﬁhfjﬂ
effect of f0;16 and parent P4‘sho§ed significant bositive ‘g‘é.a: ?%i&.
effectA of 0.39. Three hybrids P, x Pg, Pé x Pﬁ and‘Psvx Pé f H  ’
showed significant pbsitive s.c.a. effects -whereas only Aon93 7‘
~hybrid Pz X P4 showed significant' négative effgéil (-0.75).1
Significant s.c.a. effects were also seen in five reciprbcal
~Crosées P3 X Pz, P4 X P3; P5 x P3;IP5 va4 and Pé X Pé' Of these
only Py x Py, Py x P3> and Pg x Pzr showed negative effects of
‘—0.80, -0.63 and -0.43 respecti#ely. Thué the parent P5 cén be .
considered as the best general combiner and tﬁe_croéses.Pz x» Py

and P5xAP4 as the best specific combinations.for this’character.

4.2.3 Leaf number

Significant g.c.a. and reciprocal effects were observed -

indicating_thelimportance of g.c.a. for this character.

Significant positive g.c.a. effect was shown = by one

parent P4 (1.09). Two reciprocal crosses EB X P5 and PG b'e Pz
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showed significant positive s.c.a effects of 2.37 and 2.13,f"f

respectively. Two other reciprocal crcsses Pgs x Py and Pg kv PéﬂfV
showed significant negative s.c.a effect for leaf number. Thus,7' 

the parent P, was the best general combinef and’the~cross PS x,P5”frc

was the best specific combinatibn»followed by PB b4 Pz fcr"leafﬁ J

number.
4.2.4 \Leaf area

The ccmbining ability analysisbshowed significance only

' for g.c.a. variaﬁce'indicating the importancé of g.c.a. for +this

character.

The parents Pi and,P4vshowed significant g.c.a. effecté
of which only Py showed positive effect of 11.55. Thus it can be
seen that the parent P4 was the best general combiner for 1eaf:
area and none of the crossés proved tc be good combinations for

this character.

4.2.5 _Number‘of‘branches

The —combiningv ability analysis for this characte :
showed significaht variances for g.c.a., s.c.a. and ’reciptocali
effects. The g.c.a. variance was greater than 'the S.c.a

variance indicating the importénce of g.c.a. for this character¥

The parents Pj, Py and'PG showed significant Vg.c;aﬁ

effects of which only P, showed positive effect of 0.44,
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indicating this. parent as the best general combiner for number of
branches. Significant s.c.a. effects were exhibited by ten.
hybrids viz. Py x Py, Py x Pg, Pz x P3,’ P, x Py, Py Cx P5,'
P, x Pg Pgx Py Py xPg PyxPgandPs x Pg OF these,

significant positive s.c.a. effects were seen only in Pl X Pz

(0.54), Pop x PB 1 (0.48), P3 x Py (0.42), P5 x Pg (0.38) and-ﬁk”
Pz X P3 (0.34). | Significant reciprocal effects were seen ‘in?Tff

eight crosses of which only three crosses P3 x Pl (0.50), P5 X Pl jgj

(0.43) »and PB X Pl (0.37) showed positive effects. - Thus anyﬂff

crosses proved to be good specific combinations for thisi{?

character. -

4.2.6 Number of flowers per plant

The analysis of variance for combining ability showed

significance for reciprocal effects only.

Significant s.c.a. effects for this character were seenﬁrif
only for the reciprocal crosses. Two reciprocal crosses Pg x szﬂff

and 'P5 x Pl showed significant s.c.a. effects of 1.90 and 1p50f;fj£

respectively vwhile' the reciprocal'cross Py x Py showed signi%fgf

ficant negative s.c.a. effect. Hence the hybrid Pg x Py can be

considered as the best specific combination closely followed byinw_

P5 X Pl'
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4.2.7 Number of fruits per plant

The combining ability analysis for this character
showed lack of significance of the variances due to g.c.a.,

s.c.a. as well as reciprocal effects.

4.2.8 Length of fruit

Significant variance for g.c.a. and s.c.a. were noticed
for fruit length. The s.c.a. variance was greater than the
g.c.a. variance indicating the importance of s.c.a. for thié

character.

Significant g.c.a. effect was exhibited by two parents
P, and Pg where Pz'showed positive effect (0.41) and Pg. showéd
negative effect (-0.50). Six crosses showed significant s.c.a.
effects. Hoﬁever, only three of them showed positive s.c.a.
effects viz., Pg x Pg (1.34), Py x Py (1.19) and>P1 x Py (0.88).
None of the crosses showed significant reciprocal effects. Thus
the parent P, can be considered as the best general combiner for
fruit length and the crosses Pg x Pg. Py x Py and Py x»P4'as the

best specific combinations for this character.

4.2.9 Girth of frult

Combining ability analysis for girth of fruit indicated
significance ' for variance due to s.cga.ionly. The variance due

to g.c.a. and reciprocal effects were not significént.
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None of thefparents showed.éignificant g.c.a. effecﬁs

for éirth of fruit. :Significant”positive s.c.a. effects were

‘ exhibitéd by three crosses ?5 X PB (0.41), Pl x Pz (0.35) and
. Py x Py (0.30). The cross ngx_P5 showed significant negatiﬁe

s.c.a. effect (-0.42). None of the crosses showed -significant
reciprocal effects. Thus the cross Pg x Pg can be considered as
the best specific combination closely followed by Py x Py and

Pl-x P4.

4.2.10 Weight of single fruit

The analysis of variance for combining ability revealed
significant variance for g.c.a., s.c.a and reciprocal effects. .
The s.c.a. varlance was greater than the g.c.a. variance

indicating the importance of s.c.a. for this’character.'

Significant positive g.c.a. effect was exhibited by
onlj one parenter (0.74) while the parent Pb showed significént
negative g.c.a. effect (-1.08). Five of the crosses -namely
Py x Py, P1 x Pg, Po x PS’ Pg x Pg and P5 X PS showed éiénificant
s.c.a. -effects: Hoﬁever, three of them showed negative effects

and only two crosses Pg x Pg and Py x P, showed positive s.c.a.

‘effects of 1.98 and 1.49 respectively. Significant positive
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reciprocal effects were shown by two crosses, Py x Py (2.99) and
PS X Pl (2.08). The cross P5 X Pl showed significant‘ negativé
reciprocal effect (-2.01). Thus the parent‘Pz was found to be
the best general .combiner for weight of single fruit, and the

hybrid P4‘ x Py to be the best\-specific combination closely

followed by Pg x Py and Py x PG'
4.2.11 Weight of fruits per plant

The combining ability analysis showed significant
variances for s.c.a and reciprocal effects. The g.c.a. variance
was found to be non significant. This shows the ‘importance of

s.c.a. for yvield per plant.

- Among the hybrids, Pl‘x'P4, P; x Py and Pg x.PB showed
significant  positive s.c.a. effects of 33.82, 32.62 and 23.36
respectively iwhile P1 X P5 showed significant negative s.c.a.
- effect. Among the reciprocal crosses, four. of them showed

significant &reciprocal effects viz.; Pg x P4 (32.73), Py x Py
(30.65), Pg x P; (28.97) and Pg x Pg (25.37). Thus the hybrids
,Pl- x Py, Pg x Py, Py x Py and P, x P; were good specific

combinations for yield.
4.2.12 HNumber of Seeds per fruit

The analysis of combining ability revealed significance

only for s.c.a. variance indicating the importance of s.c.a. for
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this character. The g.c.a. variance and reciprocal effects

lacked significance.

None of‘the ﬁarentsﬂshqwed significsnt g.c.a. effects.:
Howe#er,’three crosses P5 Ax P6,‘P1 b'd P4 and' Pl, x' Pz showed
—.significeht positive s.c.a. effects (9.54, 9?4év_end' 8.59 ;
respectively). The hybrid Pi X P5 showed: significaﬂt ﬁegativeﬁgﬂf'
s.c.a. effect (-8. 17) indicating the cross to be a poor specific?gti
combinat.ionr Thus, for the number of seeds per fruit, there wereifij
no good general combiners. However,the cross Pg x Pg proved tof;fl;

be the best specific combination followed by Pl X P4.
- 4.2.13 Fruiting’phaser

The analysis for'combining ability showed\;significance;A;;
only for variance due to reciprocal effects. The g.c.a. and;;f 

s.c.a. variances were non significant.

o Amcng the reciprocal crosses, PS'vaz aﬁd _P4 xv Pzi
showed siénificant positive s.c.a. effects of 3.27 and 1.75;
respectively whereas Pg x P1~(_3,25) and Pg 'x Pg (-2.15)ﬁ
'exhibited significant negative s.c.a effects. Thus the hybrid;
,Ps x Pz can be considered as the best specific «combination for

fruiting phase. | - | , | ' r‘;fgap
4.2.14 Height of plant

The combining ability analysis shcwed 7Significanp”““

variances due to- g.c.a., s.c;a. and recipfoCal effects. The
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g.c.a. variance was greater than s.c.a. variance indicating the

importance of g.c.a. for plant height.

Among the six parents, only Pg showed sigﬁificant
positive g;c.a. effect (4.61). Parent P4 showed significant
negative g.c.a. effect. - The three hybrids that showed
significant positlve effects are P2 X P5 (9.20), Py x Pé (7.10)
- and Py x Py (6.55). Significant positive reciprocal effects were
exhibited by two vcrosses Pg x Py (9.30) and Py x Py (9.08). Two
crosses FPo X Pl and Pg x P2 showed significant negative s.c.a.
effecﬁs. Thus the parent PB proved to be the best general
combiner for plant height and the hybrid PS x Py was the best

specific combination closely followed by Pz X P5 and Py x Pg.
4.2.15 Percentage‘fruit set

The ~ analysis of variance for combining ability for
percentage fruit set revealed lack’of significance for variances

due to g.c.a., s.c.a as well as recipfocal effects.

The nonsignificance of g.c.a. variance indicated “the
" absence of good general combiners for this trait. Amohg the
crosses as well as its reciprocals also none of them showed

significant s.c.a. effects.
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4.2.16 Incldence of yellbw vein mosaic

The combining ability analysis showed  highly

significant variances due to g.c.a., s.c.a. and reciprocal

effects. The g.c.a. variance was greater than‘ the s.c.a.

variance indicating the importance of g.c.a. for this character.

The parent P3 showed significant positive g.c.a. effect“g;;;

(0.22) while the parent P, showed significant negative g.c.a. f ,

effect (-0.11). Significant s.c.a. effects were exhibiteq ‘byyf{{:
'five hybiids of which only one cross P3 va5 showed significant ¥”
negative effect (-0.38). The other four hybrids‘Pz X P5, P1 x Pa,':
P4 x Py and P3 b'e .P6 showed significant Vpositive effectsi7 ‘
indicating increased incidence of the disease in these 'four~2;'
crosses. Five reciprocal crosses exhibited significant s.c.a.
effects of which only two showed negative effécts. viz., Pz X Pllff
(-0.33) and Pjg ﬁ Py (-0.27) indicating some tolerance to the'fkﬁ?
incidence of yellow vein mosaic disease; Hence‘the parent P4,ﬁiJ
proved +to be the beSt géneral combiner and the crosses P3 x Ps;ﬁé?

Pz X Pl and P5 X Pz as good specific combinations.

4.2.17 Incidence of shoot and fruit borer

Analyéis of Yariance for combining ability for thisﬂLﬂ?f
character; showed +that neither g.c.a. nor s.c.a. variance ’”‘
exhibited significance. The variance due to reciprocals wasvalsopu ‘f

non significant.
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None -of ,ﬁhe parents waﬁ;a good - generél combiner,
jndicated by the non significant g.c.a. effects. Good specific

combinations were also absent for tolerance to the pest.

In ‘general, it waé séen that»éarent P4 wés a good
- general combine: for the economic character, yield per plant and
also for a few related characters. Among the crosses, the most
‘outstanding specific cbmbining'ability éffect | for yield’ per
plant was  exhibited by Py x P4. The other Spec}fic combihations
for yield and ifsrattributés were Py x Py and Pg x Pg. It can be
concluded that the‘croéses invblving parentvP4 were in general

good specific combinations.

4.3 Gene action .

The data relating to the 17 characters under stﬁdy
were subjected to analysis by Hayman's Approach (1954), both
numerically and graphicéllyAto determine £he type of gene "action

governing the different characters. The results are presented

© below.

4.3.1 Numefical analysis

The data relating to those characters which did not
satisfy the assumption of absence of reciprocal differences among
' crosses were subjected to numerical analysis independently with

parents and a set of Fls and with parents and a set of reciprocal
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Fis to estimate the D, H, E ccmpcnents of variance. The o

estimates of the variance components and their proporticns for

the 17 characters‘are presented in Tables 8 and 9.
4.3.1;1 >Days to first flowering

The assumption of no reciprocal differences between"~’

crosses was - not satisfied for this character. Consideringh]

parents and Fls, the estimates of Hl’ Hz and E were significanttfzJ

while those of D,'F,and h? were nonsignificant. Though nonsigni-Lff»

ficant, the positive value of F indicated that increasing alleles - -

were dominant in the parents The value of Hl was significantly]a

greater than D indicating overdominance for this character. ‘ Thegflt

average degree of dominance (2.13) and the_proportion of dominantdu'

and recessive genes in the parents (3.05) deviated from unit"

'value. The value of H2/4H1 (0.19) seemed to approach the maximumy:;iy

attainable wvalue of 0.25. The standardised deviations _graph‘57

revealed that the parental line P4 possessed:dominant genes withr5*@

positive ‘effects  for this character (Fig. 2.1). On “the otherfflf

hand P53 and Pg possessed recessive genes with negative effects;jﬁﬂfp

P1 and Pz had recessive genes with positive effects and P5 had'ﬁfT

'the dominant genes: with negative effect.

' In the case of parents and reciprocal Fls “also,. thef%”pf

estimates of Hl, Hz and E were significant and D F and h2 were

nonsignificant; Decreasing alleles were dominant in the parents
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Table B, Estimates of genetic paraseters and their proportions for parents and Fys

\

sl - A " . A Ap A
No. Character DSE Hy +5E HptSE F4SE h“45E E+SE

My JADHy-F
@ 3

0.80 5.8+ 205 A1 ¢+ LBl 28+ 195 0.9+ L2 108" e 030 243 019 3.0

1. Days to first flowering Lt +
2. Leaf axil bearing tie 55 $ ' 5 *

first flower L3t e 009 0. ¢ 0.3 0.2 ¢ 02l 6T+ 022 0.04: O 00T,k 003 098 048 A0
3. Leaf nusber LRt E 07 009 T oL6r o 0b T LSt 0B F LES 021F L2 LB e 025 NE 0.5 NE
4. Leaf area TR+ 12048 8146 ¢ WB.IB 14018 4 77548 -27K.B4 ¢ 296,77 -204.97 ¢ -185.42 457057 44591 L9 0.5 -0.62
5. Nusber of branches L5t e o5 nesT e om L™ or ol LT+ 03 039+ 022 006+ 006 110 047 388
6. Nusber of floversiplant  -0.21 & 046  -0.65 + 0.0 -0.13 ¢ 0.3 0.8 + 0.3 0.58% 0.8 L6 4 0.06 L6 0,05  0.04
. Nusber of fruits/plant 022 & 0.3 0.3 + 095 0.10 + 0.8 0.65 + 0.0 0.9+ 0.5 0.92" + 014 L3 0.07 -15.59
8. Length of fruit 031+ 050  2.98% ¢ L2 252 + L1200 043 ¢ LI 095+ 06 .58 ¢+ 019 3.09 020 1.58
9. Birth of fruit o e oz 03 006 0207 005 0™ 006 001+ 0.04 005" ¢ 0,01 152 016 3.3
0. Weight of single fruit  0.82 £ 0.6 K97 ¢ 155 h3t e L3 02 ¢ L9 2160+ 05 L’ o+ 023 2.9 0.3 1.24
1. Weight of fruits/plant 11220 #307.39 1661.50° +780.35 1303.35 +697.09 402,78 ¢ 750.%5 12278 ¢+ 869,19 222,73 #1618 385 0.20 275

12, MNumber of seeds/fruit 24,72

1+

2,97 130,577 + 578 103.03° + 49.83 5670 + 53.48 54,07

|+

1350 20280 4 B3 230 .20 Y

{3, Fruiting phase 045 ¢ 056 089 ¢ LA 078 : LT 084 & LI 04+ 0.8 L3t s 0 NE 022 NE
14, Height of plant a3 e 63 LT 6.2 1696 e 1050 38T ¢ 1562 29505t 9.7 9.4 + 242 L1208 327
15, Percentage fruitset 42 ¢ 158 9.00" ¢ 400 642 ¢ 358 508+ 3.8 9,085 281 10.89% £ 060 145 0.1 0.42
b Tncidence of WH 0.0 ¢ 002 009+ 006 o™ 005 o0’ ¢+ 005 5001 & 0.03 003" + 0.01 LI 019 2.4
17, Incidence ¢ shoot- and . ] @ ' .

fruit borer 2t 04 23 ¢ L8 0.5+ 150 5207 e Ll L0+ LOT 4180 ¢ 025 LOF 0,067 -0.07-

& Significant (P€0.05) 3] Signifi:ant'(P(0.0l)
(1i Dosinance action of genes
12} Asyasetry in the distribution of genes.
(3) Ratio of total number of dominant genes to total nusber of recessive genes.
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Table 9.'Esti|afes of genetic paraseters and-their proportions for parents and reciprocal Fys- )

st A A A A Ag N tos [30HyoF

No. Character D+SE Hy +8E Hp+SE F+5E h™+5E E+5E [--— o e
amy JoonF
2 3

1. Days to first flower Laos bz 2498+ 103 2,08t ¢ 923 L2+ A9 190+ LSS o8 038 454 020 079

2. Leaf axil hearing the - _ o _ .

First flower 059 e 0,02 038 ¢ 025 0.8 £ 022 000 & 042 -0.03&  0.04 - 0.07 0.00 0.80 027 0.8
3. Leaf nusher L9+ 123 40 ¢ 1246 22,88 + 113 -LA2 + 59 097 g LBt o+ 06 3B 0.2 0.2
§, Leaf area ' - oo - ‘ - - - - - -
113 ' & % % 13 ) }

5. Nusber of branches’ Lt 007 ™ o 30" e oss 088 £ 035 030 £ 001 006 ¢ 0.03 L3 025 1.3

6. Nusber of floers/plant  -0.21 ¢ L3 1854 ¢ 1L93 1371 & 12844 <040 ¢ 670 -0.60 % 2.09 18+ 052 KE 0.8 NE

7. Mumber of fruits/plant - - - - - - - - -

8. Length of fruit - - - - - - - - -

9. Birth of fruit - _ - - - - - - - -

, . . tH ’ " R i! o

10, Weight of single fruit 02 ¢ 0.5 LI+ 25 302 & 226 TTE £ L2 34 03 LD ¢ 009 L300 ~0; 54

1L, Weight of fruits/plant 11221 ¢ 360.86 6264.35 s366h26 SIMLL  ASZRIT TLTE MTERA4 BOASS £ 5S0.B0 22273 43639 747 0. 0.91

12. Nusber of seeds/fruit - - - - - - - - -

{3. Fruiting phase 045 + 186 ST.ABT e 1888 39220 ¢ 1687 L9+ .08 -0.56 + 2.84 LI £ 070 NE 047 ME

14, Height of plant 153.77°° ¢+ 38,90 128,057 ¢ 395,04 7BL.90° ¢ 35290 4665 ¢ 190.08 16235 ¢ 59,38 29.69° ¢+ 1AT0 2.82 006 233

15. Percentage fruitset - - o - - " - - - - -

16, incidence of YU o0t ¢ 005 LePTe 048 LT e 043 026 ¢ 0235 002 ¢ 0,07 0.03 : 007 &0 0.2 L

17. Incidence of shoot and

fruit borer - ‘ - -

¢ Significant (P<0.0D) s+ Significant (P€0.01)
{1) Dominance action of genes.
(2) Asymoetry in the distribution of genes.

{3) Ratio of total nuaber of doainant genes to total nusber of recessive genes.
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as 1indicated by the negative.value of'g.‘ The-average degree .otl
dominance (4.54) and proboftion‘df dominant and recessive .genes:
among parents (0 79) did not possess unit value and the ratio of
Hz to 4H1 valued upto 0.21. It was seen from +the standardised‘
- deviations graph that the parents Pl and’ P4' possessed dominantx
genes with positive effects while P6 possessed recessive genes

'With negative effect on this character (Fig. 2.1).
4.3.1.2 Leaf:axil bearing the first flower

- The assumption of the absence of reciprocal differences
among crosses was not satisfied. With regard to parents and Fls,

significant estimates were obtained for D,'Hl, ~H2’ F ‘and' E

whereas the dominance effect (hz) was nonsignificant. The value 3fgwm
, A . . : , . .
of F being greater than zZero indicated dominance of increasing

A

alleles inAthe.parents. The value of D was almost equal to Hy o

indicating complete dominance for this character. The average ' =

degree of * dominance equalled unity‘"ﬁhile-~the vproportion of _f“\

dominant and recessive genes among parents deviated from unit -

value. The value of Hz/4H1 came upto 0.18. According to the fﬂt

standardised deviations graph, parent Pz alone had ‘dominant genes S

with positive effect while P3 had recessive genes w1th negative _Laff

effect on this_character (Fig. 2.2). Py possessed recessive.

genes with positive effect while dominant genes with negative':

effect were mostly'concentrated in Py. Parents Py and Pg seemed d‘Tff

to possess genes with negative effect that were both dominant and__dJ

recessive in nature.
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A
: While considering parents and reciprocal Fls only D and;
A
E were significant. The negative value of F indicated domlnance'

of decreasing alleles. The value of Hl was lesser than that of Dv”'”

suggesting the presence of partial dominance for this character.fA
The average degree of dominance (0.80) and the proportion of -

" dominant and recessive genes among parents (0.81) were lessef

 than unity. The ratio of H, to 4Hy had a value of 0.27. ‘Eigure‘gtj

2.2 revealed that none of the parents possessed dominant genese"u

with positive effect while parents Pl’ ‘Pa and P5 possessed ’

dominant genes with negative effect. However, the genes with . -

negative effect in Pg and Py seemed to be both dominant and(iﬁg

recessive in nature. Parent Pz was a border line case having":’

genes possessing both dominant and recessive nature with positive .

effect. P4 had reoessive genes with positive effect. Genes with Aff

dominant and recessive nature were noticed in P6 with negative

effect.

2

4.3.1.3 Leaf number

The - assumption that there are no differences betWeenﬁn'

reciprocal crosses was not satisfied for this character. The~_«'

estimates of D and E were significant when parents and Fls. were,ig74

' considered The other varianee components were nonsignificant.
Though the estimate of F was nonsignificant, its positive value’

indicated dominance of increasing alleles in the ~ parents.
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Partial dominance was indicated By the significantl& higher value}"
of B tha; ﬁl' The aVerage‘degrée of dominance and p;oportiqn of
dominant and recessive genes émong pérehts were not 'eStimable;f.
The ratio of Ho to 4 Hl (-0.45) deviatedbsignificantiy from 0.25iv

Parents P3 and P4 were seen td poséess dominant genes with’

. positive effect from the standardised deviations graph (Fig{ﬂ;ﬁ j

2.3). Pg was.a border line case with positive genes that had-ff»

both dominant and recessive nature. The genes with negative .

. effect in P1 were dominant and in Py and Py were recessive.

Analysis with parents and reciprocal Fls 'revgaled

. - : A . A A :
significant values for Hy and E only. The value of F being
“lesser than zeto indicated ddminance of decréasing'alleles. The

A A _ L
- value of H; was higher than D indicating overdominance for this - .~

character. The avérage degree of dominance_(S.SB) was greater‘

than unity while the proportioh of dominant and recessive genes-ﬁ}?_

among parents (0.82) was lesser than unity. The ratio of Hjp to

4H1 (0.22) was very closé:tq~the maximum attainable vaiue fof
0.25. Preponderance of dominant genes with positive effect ~was

seen in ' parent P3 and with negative effect in Py and Py (Fig.

2.3). Parents P4 and Pg had recessive genes with positive effectff‘

on leaf number. The genes with hegative effect seen in'Pl’and sz'

had both dominant and recessive nature.
4.3.1.4 Leaf area

There were no differences between reciprocal crosses

for leaf area, thus satisfying the assumption of no reciprocal.
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differences. None cf the estimates cf_variance components were
significant except enyironmental component (E) which alone was
highly significant Though the estimate of F was nonsignificant,

its negative value indicated dominance of decreasing alleles

The higher value of Hl than D indicated overdominance for this

trait. The average degree of dominance’was greater than unity
(1.29) while the proportion of dominant and recessive genes among
parents was lesser than unity (-0. 62) “The ratio of Hz and 4H1
valued upto 0.85. The standardised deviatiens graph showed that
parents Pz and Py possessed most of the dominant genes with
positive effect for leaf area (Fig.-2.4), while Pl’ P3 and P5
possessed recessive genes with negative effect. The genes with
positive ‘effect seen in Pg had both - dominant and recessive .’

nature.
4.3.1.5 Number of branches

The assumption of no‘reciprocal differences was net
satisfied for number of branches. Analysisrﬁith parents and Fls
indicated significance for the estimates of Dy, Hy, H, and. F
while those of h? and E were not significant. The significant.
positive value of F indicated preponderance»of dominant falleles
with increasing effect The estimate of-ﬁikwas slightly greater
than that of D indicating overdominance for this trait. The:
average degree of dcminance (lfIO), and the proportion ’of
dominant and recessive geneS»among narents (3.48) were greater

than unity. The value of H2/4H1 (0i17) sas'lssser than 0.25. It
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was seen from Figure 2. 5 that parent P4 possessed recessive genes
with positive effect The dominant genes with negative effect
were Sseen in Pl’ Pz, PB and Pg. The genes with ‘negative effect

found in P5 seemed ‘t0 show both dominant and recessive nature

Considering parents and rediprocal Fls,'all the six".
variance components were significant ‘The positive value of . \F]ﬁ:“

1ndicated preponderance of dominant genes with increasing effect fﬂtﬂ'

A

The significantly  higher value of F, than D indicated ',
overdominance | for this characterr ' The average degree df}f}jﬁ
dominance (1 51) and. the proportion of-dominant and‘ recessivej':x
.genes in the parents (1. 52) were greater than unity. The ratio*;?.
of Hy, to 4H; valued exactly upto 0.25. The graph 1ndicated thatfﬁ{:
parents er, P3 and P5 had dominant genes with negative effectaitf
while Py had recessive genes with positive effect (Fig. 2.5). Pl?ﬁi_
had genes with negative effect possessing both dominant andep,;

' recessive nature

- 4.3.1.86 Number of flowers per'plant

The analysis of variance for combining ability revealedif;}_
that this character did not satisfy the assumption :of no;f

reciprocal differences among crosses. Among the variance '

A

components obtained using vparents and Fls, only 'hz and E"‘~T

. A : :
were significant. The negative value of F though nonsignificant

indicated thatlthe parents had more of decreasing alleles~ with '
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o - A A
dominant effect. The 'higher value of Hl t+han D indilcated

overdominance governing this ~trait. The average degree of ~L”

dominance (1,76)‘was greater than unity while the proportion of

dominant and recessive genes among'parents (0.04) was lesserAthan

unity. The value of H2/4H1 was only»0.05.' It was = seen 'frém a

Figure 2.6 that fheldominant genes with bpositive effect épW@S»

possessed by parent P3 and with négative effect by P4 and Pl' The '

genes with positive_effect possessed by Pg seemed to have bdthﬂfh

dominant and recessive nature. Py ahd.P5 had recessive genés} f

with negative influence on this trait.

Analysis using barents and . reciprocal Fls ‘indioated
sighifidant estimate for ehvironmehtal componént (E) alone.
Prepoﬁdérahce of decreasingaaileles was indicated by the négative J¥
#alﬁe -of. g. The ’vefy hiéh value ' of ﬁl théh '6 indicated€ ;

overdominance for this 1character;- The average degree = of i

- dominance and proportion of dominant and recessive genes were'noti"

estimable. The value of H2/4ﬂl came upté‘O.lB. ,The’standardised}ﬁ 
'deviatidns graph’ indicated  thaﬁlPa. had dominant genes with ”l
positive " influence while P2 and P5 had domihéﬁt’ genes vwith"
negative influence on thé chara;ter (Fig. 2.8). Py and El!
pbssesséd mostly recessive genes with'negative‘effect and Pg had?”f;

recesivewgenes with pbsitive effect.
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4.3.1.7 Number of fruits per plant

This character‘was seen to satisfy the assumption of mno
reciprocal differences among Crosses. Estimation of wvariance
components using parents and Flé revealed that only the
énvironmentalicomponent (E) -was significant. The positive value
of F indicated the presence of increasing alleles with dominance
effect among parents. The value of Hy ' was greater than D
jndicating overdominance for fruit number. The average degree of
dominance (1.31) was greater than unity but the proportion of
dominant and recessive genes valued only upto -15.59. The
ratio of‘HZ to 4H4 (0.07) was also very low. -The graph revealed
that the dominant genes with pcsitive influence were preponderant
in narent Pg and with negati?e influence in P4 and‘Ps (Fig. 2.7).
The recessive genes with positive effect were mostly concentrated

in Pz and P3 and with negative effect in Pl'
4.3.1.8 Length of fruit

The assumption of no diffe:ences among reciprocal
crosses was satisfied for fruit length as indicated by the
analysis of variance for combining ability. The analysis ‘using
parents and Fls indicated significance for the estimates of Hl’

Hg and E while those of D, F and h2 were nonsignificant. The

- positive value of F indicated preponderance of increasing alleles
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with dominant effect among parents ' The higher value of Hl than
'~D indicated overdominance for this character The ratio of Hz to
4H4 (0 21) neared the maximum attainable value of 0.25. The )

average degree of dominance (3.09) as well as the proportion of

dominant ‘and recessive genes among parents (1.58) were greater'rjpgi

than unity. The standardised deviations graph revealed thatwﬁ

parent Pq possessed dominant genes with positive- influence andf,'

_parents Pz and P5 possessed recessive genes with positive effectﬁigﬁj

(Fig. 2.8). Parents P4 and PB had recessive genes with negative(.ﬁ '

influence while P4 had dominant'genes with negative influence on. . ﬁ:

fruit length.

4.3.1.9 Girth of fruit

[

The assumption of the absence of differences between

reciprocal crosses was satisfied for this _character vThe‘ftf"

’ A N
analysis using parents and Fls showed that the components D, F,

Hl’ Hz and E were significant while h2 alone was nonsignificant

The positive value of F indicated that the parents had more of

- increasing alleles with dominant effect. The value of Hl was.grﬁf

' greater than D suggesting the pfesence of éoverdominance for this

trait. The average degree of dominance (1.52) and the proportion :ﬁ?l

of dominant and rece551ve . genes among parents (3.24) were higher ot

than wunit value. The ratio of Ho to 4Hjy valued upto O. 16 only.
It was seen from Figure 2.9 that none of the parents had dominant

genes with positive effect:while the parents Pz,,P4, P5 ~and Ps,-
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had dominant genes with negative influence on fruit girth. P3»
was seen to possess recessive genes with positive effect whereas

those with negative effect were present in Py.

4.3.1.10 Weight of single'fruit

This character did not satisfy the assumption of no-'fb
reciproCal‘differences among crosses. The analysis using parents”rdﬁ
- and Fls _revealed signiflcant estimates for Hl' Hz, h2 and E
f while those of D and F were not significant The positlve valuelis;fﬁ‘
of F indicated preponderance of 1ncrea51ng alleles with dominantiihi;t'
effect among parents. The significantly ‘higher value of H1 than 1t;!¢
% indicated that this character was governed by 'ﬁoverdominance.t-?lu
The value of Hy/4H, (0.23) was very close to the maximom -

attainable value of“0.25. The average degree of dominance’(2.91)'v”°

and the proportion of dominant and recessive genes among parents;'

(1.24)'.were greater than unity. The graph indicated that parent

‘P3 possessed dominant genes with positive influence (Fig. 2.10).

The genes with negative effect posSeSsed by Pl and EB seemed to.
possess both dominant and'recessive nature. Parents Pz and Py
possessed recessive genes with positive effect whereas: P4 had

recessive genes with negative effect on weight of single fruit.

Considering ' the‘ parents and reciprocal Fls,
significant estimates were obtained for D F h2 and E while Hl

' A
and Hz were nonsignificant. Preponderance of decreasing alleles

. . A
in the parents was indicated by the negative value of F. - The
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A A . ‘
value of Hl- was greater than D implying the presence of
overdominance for this trait. The value of Ho/4Hy - (0.47) was
very much higher than 0.25. The'average degree ‘of dominance

(1.39) was greater than unity ﬁhereas the value of the proportion

"of dominant and recessive genes‘(—d.54) was very low. Figure

2.10 revealed the parents Py and Pg to possess most of the
dominant genes with positive effect and Py to posséss dominant
genes with negative effect. Preponderance of recessive genes

with positive effect was seen in Pg and with negative effect in

P4 and Ps
4.3.1.11 Weight of fruits per plant

The ahalysis of variance for combining ability revealed
significant differences between, reciprocal crosses. ‘Thé analysis
using parents and Fls revealed significant estimates for Hl, h2
and E while B, ﬁz and % were‘not‘significant. The positive value
of g though nonsignificant indicated excess of increasing
alleles bwith. dominance in the'parents.A The value of %1 ﬁas
greater than g indicating overdominance for yield. The average
degree of dominance (3.85) as well as the value 6f the proportion

of dominant and recessive genes among parents were greater than

"unity. The ratio of Hz'to 4 Hy (0.20) seemed to approach 0.25.

The graph revealed that the parents Po and Pj possessed dominant

genes with positive effect while PB had dominant genes with
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negative effect (Fig. 2. 11) The genes with p051tive efbct .seen
in P5 and those with negative effect in P4 seemed to show both

dominant and recessive nature.

The analysis using parents and reciprocal Fls indicated

that none of the variance components were significant. However,

the negative value of F indicated excess of decreasing alleles in.i;:f.
the parents. The higher values of Hl than D indicated over_?ﬁi;h
dominancevfor yield. The ratio of HZ to 4H, (0.21) ‘was close to s
the maximum attainable value of 0.25. The average degree of';y7f
: dominance (7 47) was greater than unity while the proportion of
dominant and ‘recessive genes among parents (0.91) was close tof?f(“
.unit value. Figure 2;11 showed that the dominant genes'seen -in’lﬁTf
parents P, and Py had positivedeffect while in P4  and - Pg theyihhﬁ(
~ showed negative influenCe on fruit yield. Preponderance ofﬁif}i

recessive genes with positive effect was seen in P5 ramdl with

negative effect in Pi.

4.3.1.12 Number of seeds per fruit

The assumption of the absence of differences betweeni_fjf
reciprocal crosses was satisfied for this trait. The ~analysis

.using the parents and Fls revealed that the variance ccmponents

A

_ . ' A ,
'Hl, ‘ Hz ‘and ' E were significant while D, F and h2 were

nonsignificant. The positive value of F indicated preponderance

.of increasing ,alleles in the parents. The value off Hl was :
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.greater than D suggestlng the presence of overdominance. The

average degree of dominance (2. 30) and the proportion of dominant
and recessive genes among parents (2 99) were greater than unity.
The value of Hy/4Hy came upto 0.20. The standardised deviatlons
graph indieated that‘the genee with positive effect seen in thei
parent P3 were dominant asrwell as recessive in .nature (Fig.'x

2.12). Preponderance of dominant genes with negative effect were

observed in Pg. Recessive genes with positive effect weref;g?f

observed in P5 and PS and' with negative effeet in Py and P4.
4.3.1.13 Fruiting phase

The analysis of variance for combining ability

- indicated +that +this character showed . significant reciprocal:"T‘

*

differences. Considering the parents and Fys, only the

environmental component.of variance was significant while‘alltthe_jiﬁk“
‘ . g o T Al
other estimates were nonsignificant. The negative value of Ff,jL;
indicated dominance of decreasing alleles in the parents. ThedfﬁfV

o A A i)
" higher value of H; than D indicated overdominance governing.

fruiting phase. The value of H2/4H, (0.22) was cloee to 0.25.fﬁ

The average degree of dominance and proportion of . dominant and i

recessive genes among parents were not estimable. The graphf‘

_showed that the genes with positive effect in the parent -P4dﬁ7f5

showed dominance as well as recessiveness (Fig. 2.13). 'Thed"

‘parents ?1 and Pz had dominant genes :with negative effect.

Preponderance of reCessive genes:with positive effect were: seen -

in Pgq and with negative effect in P5'and‘P6.
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The analysis using parents énd reéiprocal Fis revealed
significant estimates fér ﬁi; Hy and E only. Preponderanée of
increasing allélés among parents was indicated by the positiVe
value of g.' The value‘of.ﬁl was greatér than 8 ihdicating_

overdominance for this trait. The wvalue of H2/4H1 (0.17) waé low

compared to the maximum attainable valué of 0.25. The averagé.”gﬁ .

‘degree of = dominance and proportion of dominant and recéSsi#éjfﬁ”‘

genes among parents were not estimable. Figure 2.13 revealed“]j'

that the dominaht genes with positive effect were seen in parent,ﬁff;

Py, and with negative effect iq Pl and 'Pz.v The genes with'f"'

negative effect seen in Pg seemed to show dominance as well as:“iw3>

recessiveness. Preponderance of recessive genes .with positive '~ -

effect was seen in P3 and with negative effect in P5.

4.3.1.14 Height of plant

This character did not satisfy the assumption of noif’ﬁ

reciprocal differences among crosses.  The . analysis dsing;;ij

parents and Fis revealed significant estimates 'for_;all the . B

variance components. The highly significant positive value Of‘ﬁE'gf”ﬁ

indicated dominance of increasing alleles among the parents. Thelﬁqm

~greater value of Hy than D indicated overdominance for plant

height. The average degree of dominance (1.12) as well as the!!“

proportion of dominant and recessive genes among parents (3.27)
were greater +than unity. The ratio of Hz to 4 Hl valued 'upto

0.18. The standardised deviations graph revealed preponderance :
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of dominant genes w1th positive effect in the parents Pl’ PB and
'Ps and with negative effect in Pz (Fig., 2.14), Parents P4 and
P5 possessed recessive genes with negative influence on plant

height.

Con51der1ng the parents and the reciprocal Fls, the

estimates of D, Hy, Hz, ho and E were significant. The positive -

value  of F though nonsignificant indicated dominance of,];“

AT
increasing alleles in the parents. The higher value of Hl than D .-

indicated presence of overdominance for plant height. rThe@Ml;

average degree of dominance (2.82) as well as the proportion of . -

dominant :and recessive genes among parents (2.33) were greaterfmif

than unity. The ratio of Hy to 4Hllvalued upto 0.16. The graph":._;_'"T

showed preponderance of dominant genes with positive effect in.f”

thevparent Pl and with negative effect in P4 and P5 (Fig. 2.14),"

The recessive genes possessed by the parent P6 had positiveaﬁ_ﬁ

effect while those in Pz had negative influence cn plant height.
4.3.1.15 Percentage fruit set

This character satisfied vthe assumption  of | notf

differences between reciprocal crosses. The estimation ‘Qf,ﬂyﬁr

variance components using parents and Fys revealed significance':f"

A A A A

A A ‘ _ o
for D, Hl’ hz and E while Hz and F were nonsignificant. The &=

» . A L
negative value of F indicated the presence of decreasing alleles

among the parents. The value of Hl was higher than D indicating :

overdominance for this trait. " The average degree of domlnance
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(1.45) was greater than unity while the value of the proportion
of dominant and recessive genes among parents (O 42) was low.
The_"ratio ‘of ’Hz to 4H1 valued upto 0.18. The gr%pn - showed
preponderance of dominant genes with positive effeét in. the
parents Pl and P6 and with negative“effeot in P3 (Fig 2.16).
The genes with positive effect seen in P4 and P5 seemed to show .
both dominant_and.recessive-nature. Parent Py possessed mostly

recessive genes with negative effect.

4.3.1.16 1ncidence of yellow vein mosaic

This cnaracter showed significant differences between
reciprocal crosses. The analysis using parents and Fls revealed
that the estimates of D, Hy, Hy, F and E were significanf. Tnep
positive value of F indicated. preponderance of increasing alleles
among the parents. The greater value of H1 than D implied the
presence of overdominance. The average degree of dominance‘
(1.37) as well as the proportion of dominant and recessive genes
among parents (2.11) were‘greater than unity. The ratio of Hy to -

4H1 valued upto 0.19. Figure 2.16 indicated that the genes with

positive effect seen in the parent Pg showed both dominance and -

_recessivenesspp‘ Parents Py, Py and Py possessed dominant genes

with negatiye effect. There was preponderance of recessive genes

with positive effect in PB and with negative effect in Pl

Considering .parents and_reciprocal Fls, the ‘estimates

of D, Hy and HZ were Significant while those of F, h® and E were
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V H - A N ». .
nonsignificant. The positive, sign .of F indicated more of

increasing alleles with‘dominani effect in the parents.'v The
“higher value of %1 than 6 indicated overdominance for resistance
tb< the wvirus. The‘average degree of dominance (4.10) “and ’the'
propoftion of dominént and‘recessive genes among the parents

(1.91) were greater thén.unity. The ratio of Hz to 4H1~ (0.21)"

was Qlose' to the maximum attainable value of 0.25. The graph‘-n‘

revealed that parent P6 possessed dominant genes‘ with positive o

influence while parents P2 anva4v had dominant” genesu with:'

negative influence 1(Fig._2.16). The geneé with negative effect:an“

seen in P5 seemed to show dominance as well» as recessiveness.

in P4 and with negative effect in Pq.
4.3.1.17 Incidence of shoot and fruit borer

Analysis of wvariance for combining ability revealed

that this éhgracter'satiSfied the assumption of no reciprocal Cl

differences among crosses. Estimation of wvariance components

A A A

There was a preponderance of recessive genes with'positive effect i”

using parents and Fys revealed significance for D, F and E only.fiﬁi&

A

The negativé"value of F was an indication of dominance ofﬁ**jf

A

decreasing' alleles 1in the parents. The value of Hy was almost'ff*“

equal to D indicating complete dominance for this trait. The . .-

average degree of dominance aimoSt equalled unity while therf‘"

proportion of dominant and recessive genes among parents (fo.o7)f

was lesser than unity. The value of H2/4H1 (0.06) was also' very .
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low. The standardised deviations graph revealed that,there' was
preponderance of dominant genes with positive effect ‘in" the
parents. é6 and Pz (Fig. 2.17). The parents Py, Po. and P5-:.
possessed»’recessive genes'withgnegative influence‘on resiStance‘
vto fruiﬁ borer, while P4 nad‘recessive genes with bosiiive'effectf<s,

- on the pest incidence.
4.3.2 Graphical analysis

The data with respect to each of the 17 characters werei7”

subjected to a graphical analysis only if each character showedﬂ?;'

- adequacy of additive - dominance model. For adequacy of this o

model, the regression (b) of Wr on Vr should equal unity, ie.;, -
the linear regression line should have uniq slope. Tﬁe'Jf;

regression equations wused to plot the'VrfWr graphs - for the 17 -

characters are presented in Tables 10 and 11. They also depict‘°:i

the average level of~dominance for each character. The analysisff,j

was carried . out independently for parents and a set of Fls andef
for parents and a set of reciprocal Fls for those characters for -

which significant reciprocal differences were'observed.

4.3.2.1. Days to first flowering

The combining ability analysis revealed vsignificanf'ﬂ “‘
‘reciprocal differences among crosses} Considering parents and,_fﬂ
Fys, the assumption regarding adequacy of the additive-dominance

model was satisfied. In the Vr-Wr graph, the regression line cut
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Table 10, Regression équatiohs used to plot the
' Vr—wrfgraph;for parents and Fj s

sl. icharaéter .RegressionAEquatibn Average level
No. ' W, = a + bV, of dominance
1 |Days to first fldwering Wy = -0.23 + 0.22V, Overdominance
2 |Leaf axil bearing the |W, = -0.004 + 0.91V,|Complete
first flower dominance
3 |Leaf number W, = 0.02 + 0.81v, |Partial
' ’ dominance
4 |Leaf area Wr = =-3,.51 + 0.46V£' Overdominance
5 |Number of hranches Wy = -0.09 + Q.98Vf'v00mplete
. . : dominance
6 |Number of flowers/plant W, = -0.47 + 1.16V, |Overdominance
7 Number of fruits/plant |[W, = -0.04 + 0;27Vr overdominance
8 |Length of fruit W, = =0.09 + 0.22V, |Overdominance
9 -|Girth of fruit Wy = ~-0.06 + 0.86V£ Overdominance
10 |Weight of single fruit W, = -1.30 + 0.67V, |Overdominance
11 |Weight of fruits/plant b deviates from . overdominance
unity - '
12 |Number of seeds/fruit b deviates from Overdominance
' 4 unity
113 |Pruiting phase b deviates from Overdominance
- ; unity ‘
14 |Height of plant -|b deviates from |overdominance
, unity ‘ ‘
18 |Percentage fruit set Wy = -4.54 + 0.95V, Overdominahce
16 |Incidence of yellbw Wy = -0.05 + 1.17V, Overdoﬁinance
vein mosai¢ : ‘
" {17 {Incidence 6f shoot and |W, = 0.001 + 0.35V, |[complete VV
fruit borer. ' ’ R dominance
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Table 11. Regrass;un equatlons used to plot the vr—wr
graph for parents and reciprocal Fy s.

Si. Acharéétér Regress;on Equatlon Average»level
No. W = at bV, of dominance
1 |Days to first flowering|W, = -0.09'+v0.03V£ Qverdomihance‘
2 |Leaf axil bearing the |W, =/0.13 + 0.87V, Partial
‘Ifirst flower ' dominance
. 3 JLeaf number b dev1ates from overdominance
) unlty :
. . \
"4 |Leaf area | - -
5 Numbér(qf’branches W, =!—0.03 + 1,33V Overdominance1-
6 ‘Numbér~ofgfrowers/p1ant b,deﬁiates from ‘ Overdominance
‘ unity _
) A _ : !
7 |Number of fruits/plant | - -
\
8 |Length of fruit ! - -
9 {Girth of fruit } - -
10 |Weight of single fruit |b deviates from Overdominance
: o unity .
11 |Weight of fruits/plant |b’ dev1ates from Overdominance
' _ unlty
. ’ ’ V
12 |Number of seeds/fruit f - -
13 |Fruiting phase b deyzates from Overdominance
' unity : '
14 Height of plant Wy = =7.74 + 0,52V, bvérdominance
15 |Percentage fruit set - -
16 Incidencefof yellow b dev1ates from Overdominance
vein mosaic unlty : z
‘117 |Incidence of shoot and - -
fruit borer. '
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the Wr-axis below the origin (Eig. 3.1). Wide scattering of
array points was noticed. The érray points 2 and 5 were nearer
 to the origin while points 1 and 6 seemed to be far away from the .

origin.

With respect to parents and reciprocal‘Fls also, them 1'

adequacy = of additive-dominance model was satisfied. Thej o

regression line cut the Wr-axis below the origin (Fig. 3.1). All .

-the array polnts were scattered far away from the origin.

4.3.2.2. Leaf axil bearing the first flower

The reciprocal crosses showed significapt differences
for this characﬁer. Adequacy of;the additive-dominance model was
noticed for parents and Fys.. The regression(line passed almost.
through the origin. (Fig. 3.2). iThe:e waS-ho much scatteringv of<
array_points for this character.  The array péints 1,72, 3, 5 and ;

6 were closer to the origin thanfpoint 4.

For parents and reciprocal Fys also, the additive?g'a;

dominance model was found to be adequate. The regression lipe 

cut the Wr-axis Just above thg origin (Fig. 3.2). - The _array?,7n

points were seen close to each’other. The point 5 was the

closest to the origin.
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 4.3.2.3 Leaf number

The | analysis of variance for combining' ability
indicated significant reciprocal differenCes among Crcsses. With

respect to parents and_Fls, the regression of Wr on Vr ‘indicated

adequacy of additive-dominance model. It was seen from Figure - .

3.3 that the regression line cut the Wr—axis just above the -

origin. A wide scattering of array p01nts was noticed for 1eaf¢ﬁf"

number. All the array points were far away from the origin.

kFcr parents and reciprocal Fis, the regression cf Wr
cn Vr showed significant deviation from ‘unity indicating the

presence of non-allelic interaction for leaf number.
4.3.2.4 Leaf area

! - The assumption of no reciprocal differences among -

crosses was satisfied for this ttait as indicated by the"'

combining ability analysis. The regression of Wr on Vr indiceted'ff{f

adequacy of the additive-dominance model. The regression line inn“”':

Figure 3.4 cut the Wr-axis below the origin. The graph also '

showed a wide scattering of array points except points 1 'and 3 f@fn

which were close to each other. Parent P4 had its array point fﬁ'”

nearest to the origin.
4.3.2.5 Nnmber of branches

The ~assumption of n0-recip£ocal differences was "not:

satisfied for this character as indicated by +the analysis ’cf“'
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Variahce for combining ability. For paren£s  and Fls,
assumption of +the adequacy fdf' additive—doﬁinénce model waéhg
satisfied. The . Vr-Wr graph shpwed-fhe linear‘ regressiqn»vline
cutting the Wr-axis juét below the origin (Fig._3.5). The arréy
points were qQuite close to each otherywith”points 1; 2, 3, 5 and

6 being nearer to the origin than point 4.

VConsidering parents and reciprocal Fls, the additive-

dominance model was adequate. The linear regression line in the PR

Figure 3.5 cut the Wr-axis just below the origin. The array e

-point & was seen closest to the origin followed by pointv3. Point

4 was the farthest from the ofigin.

.

4.3.2.6 Number of flowers per plant - L -

The combining ability analysis indicated that the. =~

assumption of no reciprocal differences was not satisfied for = - .

flower number. The regression of Wr on Vr for parents and Fis
~confirmed the adequacy of the additive - dominance model. In

Figure 3.6, the regression line cut the Wr-axis well Dbelow the

origin. The array points were seen lying quite close to each #fﬂ;T

other. Array point 4 was the closest to the origin and point 2

farthest from the origin. The other points 1, 3, 5 and 6 weref‘; ‘

seen lying between points 2 and 4}

Considering parents and reciprocal Fys, the regression
of Wr‘on Vr showed significant deviation from unity.thus giving(f

evidence of the presence of noﬂéllelic interaction.
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4.3.2.7 Number of fruits per plant

'Thev assumptioh of no reciprocal différehces' ambng
crosses was satisfied for this character as revealed by the
combining ability analysis.-.The regression of Wr or Vr revealed
~the adéquaoy of _the additive - dominance modél ,fof fhis

character. Figure 3.7 revealed the regression line cutting the

Wr-axis Just bglow the origin“ There was a wide scattering offf;f

array-points with point 6 being nearest to the origin'and points

1 and 3 far'away from the 6rigin.b-The array‘points 2, 4 andb 5

were seen at varying distances from the‘ofigin.
4.3.2.8 Length of fruit

buThe analysis of variance for'cpmbining ability revealedi7'

| that this character satisfied the assumption of no reciprocal ﬁ*ff

differences. The regréssion ;of Wf‘on Vr.for‘ pérents and Fls
revealed adedﬁacy of +the additive dominance model. for this

character. in the Verr graph, the regression line cut. the erﬁ'{
axls below the oriéin (Fig. 3.8). The array pdintuﬁ.was nearesﬁ:-‘
to the origin and‘point 1 wasffarthest'from.'the origin.' The

points 2, 4, 5 and 6 were séen'lying between points 1 and 3.
4.3.2.9 Girth of fruit

The assumption of - no. reciprocal differences was
‘satisfied for this charaqter.‘ The adequacy of additive-dominance
model for this character was confirmed byvthe'regression of Wr on

Vr. The regression line in Figure 3.9 cut. the Wrraxis well
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below ‘the' origin. ) Except for array points 1 and ‘3;' all the
others were seen crowding near the origin. Parents P6’ P4, TP57
and Pz had their array points near the origin ' Points_l and + 3 |

. were the farthest from the origin.
- 4.3.2.10 Weight of single fruit -

The analysis of variance for combining ability revealedzni
significant reciprocal differences among crosses. Con51deringﬁ;
parents and fFls, the regression of Wr on Vr indicated thefl%
vadeQuacy of the additive—dominance modellv The linear 'regressiongﬁ'
line of -the Vr-Wr graph,cut_theiwr—axis well below the originlﬁ"
(Fig. :B.iO).l There was a ﬁide_scattering of array. points withih;
.paints 3 and 4 1lying farthest from: the origin.s, The othe;ig,
array’ points 1,'2; 5 and 6 were Seen at‘varying 'distances fronfﬁf

the origin within points 3 and 4.

With ‘respect ~to - parentS' and' recibroCal -Fls, the:l;j

regression of Wr on Vr deviated significantly from unity thusgrt

~indicating the presence of non-allelic interaction for weight. ofé‘:

single fruit.
4.3.2.11 Weight of fruits per plant

The analysis of variance for - combining ability revealed

51gnificant differences among reciprocal crosses. The regre551onu"
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of Wr on Vr for parents and Fls as well as for parents and
reciprocal Fls deviated significantly from unity indiQating the
‘presence of nonallelic interaction in both the cases for vield

lper plant.
4.3.2.12 Numbex of seeds per fruit

The analysis of variance for combining ability revealed

that the assumption of no reciprocal differences was satisfaotofy i

for +this character. However, the regression of Wr on Vr forv‘ 

parents and Fls deviated significantly from unit value indicating

the presence of nohéllelic interaction for seed number per fruit.

4

4.3.2.13 Fruiting phase | .

The assumption of no reciprocal differences among‘
crosses was not satisfactory_for this character as indicatéd by'“
the analysis of variance for combining ability. In the analysis
with parents and Flsvas well as with parents and reciprocal Fls,'
the.'regreSsionl of Wr on Vr showed significant deviation froml
unity revealing the presence of nohéllelic interaction in both

the cases for fruiting phase.
4.3.2.14 Height of plant

The analysis of varlance for combining ability‘revealedn

significant differences among reciprocal crosses. For parents



and,'Fls, the assumption of adequacy-of additive—dominance model
was | not satisfied “indicating the presence of nonallelic

interaction for parents and Fls.

However, for parents and reciprocal Fis, the regre551on@;;,

of Wr on Vr indicated adequacy of the additive-dominance modelnf‘c

for this character. It was seen from Figure 3.14 that the linearv"

regression 'line cut the Wr axis below the origin. The arrayf
"points were widely scattered w1th the p01nt 3 lylng closest to[

the origin closely followed by point 5.

4.3.2.15 Percentage fruit set

~ The assumption of no reciprocal vdifferences ‘.was‘vw

satisfied for this character as indicated by . the combining?;l

ability analysis. The regression of Wr on Vr indicated that thedfaﬂ

'additive—dominance model was satisfactory for this trait Figurefff

3. 12 showed the linear regression line cutting the Wr- axis below i
the origin The array points were not much scattered for this
character. Array points 6, 1, 3 and 4 were close to the origin'

and the point 2 was the farthest from the origin.
'4.3.2.l6' Incidencerof yellow vein mosaic

" The analysis of variance for combining ability revealed
significant differences between reciprocal crosses. The.adequacy.

of additive- dominance. model was satisfactory in. the case of
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» parents. and Fls. The graph shbWedvthe linear regression line
cutting thg'Wr—axis weli below the origin (Fié. 3.13)._ There was.
a wide scattering of arfay points for'this trait. Pérent P5 'Ha@‘
its array point closer to the origin than péféntsgPZ, P, and P3L

The péint 6 was the farthest from the origin.

Analysis with 'parents and reciprocai »Fls, revealed

significant regression of Wr on Vr indicating the presence .of}_

noﬁ%llelic interaction for resistance to the virus.

4.3.2.17 Incidence of shoot and fruit borer

This character satisfied the assumption of the absence .

of reciprocal differences among crosses.

The regressidn of Wr on Vr for parents and Fqs Showed %;”

adequacy of the additive-dominance model. In the Figure 3.14 thefﬂf*'

linear regression 1line was seen passing through “the origin._7i

There was some amount of scaﬁtering among the array points, with .

point 6 lying closest to the origin. All the other parents _hédf:l'

their array points at varying distances from the origin.

4.4 Heterosis

The mean values of the pérents and hybrids'were used to
detérmine the heterosis manifested by the hybrids for each

character. The results are presented below.
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Data on the percentage heterosis over mid parent (MP); S
better,'parent‘(BP) and check variety (CP) for the 17 characters

ere furnished in Table 12.
4.4.1 Days’to_first»flowering'

The pereentagé heterosis over mid parent for the 30

"hybrids ranged from -T. 02% to 6.96% for days to first flowering

Significant negative heterosis over mid parent was exhibited by

five hybrids viz., Pl X P4 (-7.0%), Pz X P1 (-8. 14), Pl x P5 and

P5 b4 Pl (-5. 9%) and Pz x Pg (-5. 9%), all being on par with each‘

other. Compared to the better parent, the range of heterosis was

from -6:4% to 11.8% but only_» eb hybrid Py x P, showedi‘vg

significant negative heterosis of -6.4%. . The standard heterosisii :

ranged from -0.7% +to 14.6% but'nene' 6f' the hybrids’ showed'viﬂ

significant negative heterosis for this character.

-4-4-2, Leaf=axil bearing the firstvflower

The cross Py x Py exhibited the highest negative .
heterosis overvmidrﬁarentaiivalue (—23.2%) for +this character;f}iv
The ~other h&brids had heterosis velues lying between-—23.2%v and?ffqi
27.8%. - Considering heterobeltiosis, the least heterosis wanid
shown by the cross Py x Ps (-10.5.%) and the highest by Pj x Py

(42.0%). However, none of them exhibited-significant- heterosisf:“

in the negaﬁive direction. Similar situation was noticed in the:
case of istandard heterosis also, which ranged from -0.02% +to-

44.1%.



Table 12. Percentage béterosis over mid parent (MP)

Crosses
Pl b3 92
Pl X ’23
Py x Py
Py x Pg
By x Pg
Pz x_P3
Py x Py
Pz x Pg
P2 X Pg
Py X Py
Py X Pg
Py x Pg
Pt x pg
94 x Pg
Pg X Pg
Py x Py
Py z Py
Py x Py
P& x By
Py X Py
By % B3
Py x By
Pg x P,
Pg x P3
Pg X Py
PG X Pl
Pg x Py
Peg X Py
x
x

99

__------—---—-_-_——------_---------------—----

-3.6
5.2
0.3
3.1

2.3

-0.8
11.7
~3.8

1.1
-0.5
-2.8

0.5 .

3.5

-0.2

-0.6

-0.3

7.9"
14.6"
1.3
2.9
6.7
3.5
11.8""
7.8
12.1™
1.8
6.9
-0.1
2.8
5.7
8.8"

MP BP
5.8 8.5
-9.2 -1.8
-6.4 13.7
-1.9 6.0
-11.3 -10.5
4.6 16.2
1.5 19.7"
-4.6 6.0
-1.6 1.8
2.3 36.0""
10.2 10.2
12.2 20.1
-9.7 20.1
4.4 28.2""
-12.2 -6.0
0.8 3.4
5.5 14.1
27.8"*.  42.0™
6.4 -1.8
-12.8 3.2
-5.2 26.1"
-9,2 -1.8
-2.7 8.1
2.1 2.1
-23.2*" 2.1
0.9 1.8
6.7 10.5
8.5 16.2
-12.7 7.1
6.6 14.1

- -

Leaf axil bearing first flower
Heterosis (%) over

better parent (BP) and check parent (CP)

@ o et . e e A RS

cP MP BP cP
21.0" 11.9  1l.1  19.9
-0.6 -8.6  -12.7 3.5
26.8 13.7" 3.7 35.8™"
1.7 2.8 -2.9 4.8
-1.5 -13.5  -19.2 0.4
11.5 0.4 -4.9 12.8
40.3"  13.5 2.7 34.5"
1.73.  12.9 7.5  14.1
11.5 -9.0  -15.6 4.8
30.5°*  -18.8" -22.6" 1.3
5.8 2.2 -7.5 9.7
15.3 -6.4 -8.5 13.7
15.3 0.2 -13.2 13.7
40.3"" 1.9 9.1 42.9™"
9.8 -1.9  -13.1 7.9
. 15.3 8.3 7.4  15.93
9.5 9.4 4.5 23.9
36.3°° 13.4 7.4 21.4"
441" 9.6 6.0 30.9"
21.0" 22.7%  11.1  45.5™"
21.0" 2.3 -2.5 21.6"
5.8 0.6 -4.9 2.6
3.7 8.5 3.3 9.7
-2.0 6.8 -3.4  14.6
-2.0 -12.7  -24.3"" -0.9
11.5 6.3 -0.7  23.4
21.0 12.5 4.3 29.6"
11.5 -2.3 -4.6 18.6
17.3 -16.4% -18.5° 6.6
9.5 18.5 5.0 30.5"



Table 12. continued..

----------—----.—------—---——-————-—---———--——---——---------— - . D ve W " S B A A0 PV G T B GRS A

Leaf area V Number of branches - Number of flowers/plant
Crosses Heterosis (%) over Heterosis (%) over ' Heterosis (%) over
HP BP ce HP BP cp HP BP cp
P, x P, 2.7 -1.9 45.2" 28.1  -10.8 224.2" 8.9 4.3 19.7
Py x By -10.2  -12.5 15.4 lo1.6  -94.2"  -78.8  -13.0 -19.2 -l.2
Py x By 12.0 4.7 50.7"" 3w 514 asgt 348" 29.0" s
P, X Py 4.8 1.3 36.1" -29.8  -40.3 21.2 -4.1  -5.2 1.8
P, X Bg -20.1% -26.5" 9.5 -80.6  -80.6 -60.6  -12.9  -21.0" 1.8
Py x Py 2.9 5.5 491" 21.5 21.5 363.6" -7.3  -10.1 9.9
P, X Py 0.1 5.2 66.0" 268" 513" wse™ 172 172 8
P, x Py ~5.9  -12.9 37.4" -28.3 © -44.2 103.3 -3.9 -12.6 6.8
P, X Pg -7.9  -10.5 41.2" -93.2  -94.2"" =788  -11.4 162 6.1
Py x By 0.2 4.4 17.6" - -51.0" -67.6"™  263.6" - -7.8 -10.6 9.3
Py X Py 5.9 4.9 41.0" -14.4  -10.8 22¢.2"  -2.2 -8l 123
Py X Pg 0.2 -5.5 s0.7" -3.4  -16.7  203.0° 9.1 115 4.2
Py x By 6.1  -9.2 30.7 -45.1™  -67.6™  263.6  -l.1  -43 9.9
Py X Pg 6.8 4.9 56.3"" 5.0 -3 e27.3" 8.4 2.4 321"
Pg X Pg 1.4, 6.2 39.7" -12.9  -22.9 103.0°  -8.6 -16.2 8.1
B, X. P, 3.7 1.0 46.7""  -43.7  -60.8" 424 -84 123 0.6
Py X Py 24.7" 216 60.3"" -21.8  -50.0 81.8 49  -2.5 19.2
Py x By 8.5 -0.4 57.2"" 5.8 5.8 284.8"" 1.6  -1.5 20.4
Py X Py 7.9 0.9 45.3"*  -10.3 -49.85" 4667 17 -2.7 118
Py xB, 4.6 8.8 43.9"™  -e2.0™ -74.9"  1061.8 16,1 161 33.3"
P X By -10.3  -14.1 23.6 -46.2"*  -65.7""  284.8"" 9.4 6.1 29.6"
Py x Py 1.2 -4.6  28.2 77.2 -80.6 - 60.6 1.5 8.6 -1.8
Pg X P, -15.9  -22.2% . 22.7 -49.7  -60.8" 42.4 3.9 . -5.5  19.2
By X Py 29.9"* 28.8F  72.9™ 20.9 -5.8  242.4" 8.1 1.5 24.1
Py x Py 13.2 10.5 58.9"" 57.4% 749" 1018 5.6 8.6 4.9
Pg % By 1.9 9.8 34.4% 29.8 0.0 163.6 5.5 -4.3  23.4
Pg X P, -14.1  -16.5  31.7 35.3 - 16.7 324.2" 185 119 444"
Pg X Py 10.6 4.3 5547 -22.7  -33.3 142.4 -8.6  -10.9  14.8
PgxPy - 2.8 1.0 50.5"" -88.2"  -92.7™"  -18.1 -4.8  -10.1  16.0
Pg X Py 6.7 1.5 51.2"" 81.8"  60.9 324.2"% 118 2.4 321"
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Table 12. continued..
Numbet of fruits/plant Length of fruit _ Girth of fruit
Crosses Heterosis (%) over Heterosis (%) over Heterosis (%) over
e BP cp HP BP cp HP BP ce
Py X P, 2.3 -8.2 10.6 18.3"  17.5"° 118 15.3* 105" 9.3
P, & Py 141 -24.3 -5.0 -0.5 -2.2 -6.9 -3.9  -12.9  -3.0
Py x By 3.2 351" a8 11.9" 7.5 2.3 1.1 3.9 1.3
P, X Pg 5.0 0.7 5.0 -4.6 -8.9 -4.8 11 -3.1  -4.3
P, X Bg 12.9  -20.7 -7.8 3.3 -0.6 -5.4 0.8  -1.9 -5.9
P, X P, -10.1  -11.9 10.6 16.6"  15.4" 8.3 -9 -T.4 3.0
Py x By 2.5  -4.1 15.6 4.4 0.9 -5.3 9.9 9.2 1.9
P, X Bg 4.1 -10.6 1.8 10.0 4.4 9.1 -5.7 . 5.6 4.5
P, x Pg 101 -11.7 6.4 11.3 7.8 1.1 3.6 2.1 0.9
Py X B -2.2 -10.2 12.8 4.9 2.5 5.8 31 -9.2" 1
Py x Py -8.6  16.4 5.0 . 7.1 0.7 5.2 1.4 43 6.5
Py X Bg -3.2 6.8 17.0 8.5 6.1 -2.5 0.1  12.5"  -2.6
P, X By -5.1  -5.5  -0.7 6.9 -1.7 2.6 5.4 -4.7 3.3
B, X Pg 6.4 1.3 17.8 -12.5 4.4, -16.1%  -3.2 3.9 -6.4
Pg X Pg -4.2 -9.1 56  -0.7 -8.6 -4.6 -3.5  -4.8  -6.1
P, X B, 4.9 -14.6 2.9 15.1%  14.3 8.8 15.6* 109" 9.7
Py % P) 3.2 -9.1 14.1 8.1 6.2 1.1 1.4 -8.0 2.4
Py X By -1.2 -9.1 14.1 B N 2.4 -3.9 -4.2  -9.6 0.6
o X P 13.7. 8.7 141 7.1 2.8 -2.1 11" 7.2 4.8
Py x F, 12,5 5.3 26.9 13.5 -2.4 -8.5 -0.7  -1.4 -2.5
Py X Py 13.2 3.9 30.5" -9.5 -11.6 -18.8*  -12.1  -17.6  -8.3
Pg X By 2.1 -6.1 -2.1 7.5 37.0 1.2 1.9  -2.3  -3.5
Pg X P, -1.9  -14.1 3.5 -4.9 -9.7 -5.7 -5.9 -5.9  -7.0
Pg X Py 49 -39 20.5 -1.7 -7.6  -3.5  -0.8 6.4 4.1
Pg X P, . -6.5  -6.8 -2.1 5.3 -3.2 11 1.8 7.1 5.7
Pg X By 15,1 4.9 22.0 10.3 6.1 0.9 7.3 43 01
P X P, 6.6 4.8 26.3 -4.7 7.7 -13.4% <31 4.5 -5.6
Pg % Py -8.5  -11.9 10.6 1.1 <11 - -9.1 - -4.5 -11.0  -0.9
Pg X Py 2.6 -2.4 13.5 . -6.5 2.1 -10.3 2.2 -2.9 -5.4
‘Pg % By 164 10.4 28.4" 9.9 1.2 5.7 2.7 1.3 0.0
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Weight of single fruit Weight of fruits/plant Number of seeds/fruit
Crosses Heterosis (%) over Heterosis (%) over - Heterosis (%) over
e BP ce i BP cp ¥P BP ce
Py x By 15.1 6.9 15.3 56.4" 416" 99" 206" 147 169
Py X Py 3 -6.6 - -5.3 -8.3  -18.1 -10.6 -5.6 -16.1  -0.7
x By 3 5.2 -2.6 3.6 237 207 21,8  19.6 9.9
P, X Pg 7 -8.2 3.1 0.7  -14.0 4.3 0.2 -7.8 0.8
Py x Pg 10.6 8.6 0.4 21  -10.4 - -3 - -0.8  -58 -3.7
P, x Py 13.6  10.2 18.9 18.9 17.2 27.8"  11.9 4.2 23.4"
P, x By 9.4 1.6 9.7 19.9  15.2 21.9 14.7 7.4 9.5
P, x Py 1.9 9.7 23.4 13.9 6.6 29.3" 1.1 7.3 173
P, X Pg 13.9 3.1 12.2 14.3 12.9 19.6 6.3 2 8.5
Py X By -0.5 -4.8  -3.5 4.4 -1.1 7.8 -0.2  -12.5 3.5
By x Pg 12.3 6.7 19.9 10.1 4.5 267" 571  -9.3 1.3
Py x Pg 13.5 6.7 8.1 17.9 14.9 .25.3 -8 -17.8" -2.8
p* x pg 9.6  -0.1 12.4 1.5 -8.5 10.9 6.4 -3.5 5.5
P, X Pg 3.8  -5.6  -12.6 2.4 ~0.5 2.9 12.8 5.6 7.9
Pg X Pg 2.5  -8.1 3.3 -6.4  -13.2 5.2 -0.7 -3.9 5.1
P, X By .45 238" 33.6 67.2" 514" s0.2°  37.5" 30.8™ 333"
Py X Py 13.3 8.3 9.7 25.9"  12.5 22.7 1.5 -9 16.1
Py X -Fy 5.9 2.7 10.8 17.7 15.9 26.5%  -4.5 -1l 5.1
Py X By 21.2" 211 12.1 s7.1% 289" 26,7  11.3 9.6 0.7
Py X Py .41 -10.9,  -3.8 234" 186 25.5 12.3 5.2 1.3
B, x By 18,7 -22.2 -21.2" -16.6  -21.1 -13.9  -16.5  -26.9"" -13.4
By x By 17.3" 6.8 20.1" 14.1 - -2.6 - 18.1 43 4.0 4.9
Pg X P, -10.1  -11.9 -0.9 8.3  -14.2 4.1 11 -2.3 6.8
Py X By .19 6.7 - 4.8 8.9 3.4 25.4 7.0 2.0 218"
Pg X Py 7.1 2.3 9.8 0.3  -9.5 9.7 27.2"* 1s.5  26.2™
Pg X By 21.9" 19.7  10.7 42.6"  30.4” #.9" 27" 156 18.2
Pg X P, -19.3  -26.4  -20.5" -5.7 -6.8 -1.4 0.9 0.8 3.1
Pg X Py 5.8  -1.2 0.1 2.8 0.2 2 10.8 3.3 22.2"
Pg X P, -0.9  -2.7 -9.9 0.8  -2.1 1.2 16.4 8.9 11.4
Pg X Py 10.9  -0.6 11.7 26.8"  17.5 42,5 188" 15,0  25.7"

-__---_---__--___--__-_--—----~--_--_———----_—-___--_—--_------__-_--_-_a-—-----—_----------_ ------
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Table 12. continued..

Fruiting phase 'Height of plant Porcentage fruit set
Crosses Heterosis (%) over _ Heterosis (%) over Heterosis (%) over
MP BP  CP HP' BP ce . we - BP cp
P, x P, 5.2 47 -1.3 29.6*  23.3" 1.6 53 1.6 -5.9
By x Py 0.2 -1.6 -3.6 11.9 6.8 8.5 4.9 3.7 -4
By x Py 1.2 0.8 4.2 35.8"  12.9 4.8 2.9 2.4 4.3
Py x By - 8.4 8.3" 2.1 1.0 -9.9° -32.5" 7.9 5.4 2.2
P, x Pg 4.1 3.7 -2.2 -14.7 - -21.3 -20.4* 0.9  -1.1  -8.5
P, X Py -0.2  -2.6 -4.5 9.2 8.8 0.6 n.s" s -7
P, X By 2.7 -3.6  -8.4" 46.7%  21.2) 16.8 -4.2  -1.9 -14.0"
P, X Pg -3.7  -4.1 -9.8™* 15.5 7.8 -0.9 8.4 - 2.3 -0.8
P, x B 2.1 1.6 -5.1 16.6 2.8 23.7" 6.2 5.3 -2.8
Py X By -10.1™ -11.8™ 132" 22.7 6.2 -1.9 12.2¥ 103 3.1
Py X Py 1.9° -0.1 -2.1 6.5 -0.8 -8.4 -0.1 3.5 -6.4
Py x Pg -2.4 5.1 -6.9" -8.7  -19.3 -2.9 10.5 9.4 -0.9
Pt x By -5.6 -6.1  -10.8"" 23.7 14.3 9.0 -4.0  -5.8  -8.7
Py X Pg -0.8  -2.1 -6.9" 2.5  -19.9 -3.8 -3.7  -7.8  -10.6
Py % Pg 10.4™ 9.5 3.0 -5.9  -21.8 . -5.9 2.4  -0.1- -3.2
P, x By 2.9 2.4 3.4 8.4 3.2 49 - 134" 94 1.2
P3xB - 11 -0.8 -2.7 4.5  -0.2 1.4 3.1 1.9  -5.7
Py x P, -2.0  -4.4  -6.3" 25.2  24.8" 15.3 7.5 . 4.9 5.2
Py x Py 3.8 -4.2 -8.9™  _ 15.2 4.1 -2.6 8.9 8.4 1.3
Py X By . -2.3 :3.2 -8.0"  s0.3"  30.4" 19.8° 4.2 0.1 = -6.5
By x Py 1.7 -9a™ -109™ - 330 15.2 6.4 - -6.3  -1.8 -13.9"
Pg % By 0.9 0.8 ~4.9 ' 17.5 4.1 6.4 7.1 4.7 1.5
5 X Py 1.7 1.3 -4.1 17.5 8.7 0.7 0.3 -5.3  -8.2
Py x By 0.7  -1.4 -3.3 18.5  10.3 1.9 1.7 LT -4
Py x By 7.8"  7.2" 1.9, 48.8"  37.4" 9.4 -7 -3.5 -6.4
Pgx B L7 -2.6 -8.2 7.8 -0.6 19.6" 5.7 5.6 -2.3
Pg x Py .45 7.0" -0 7.0 5.6 13.8"  -2.3 -3.1  -10.6
Pg x Py -0.9 -3)7  -5.6 -5.6  -16.6 0.3 5.5 4.5 -3.6
Pg X Py -4.5  -5.7  -10.5"" 17.2 -8.5 110.0 4.9 © 0.5 -2.6
Pg x Py -6.6"  -7.3"  -12.8 131 -6.0 13.0 14 -ll -4l



Table 12. continued...

Incidence of YVM Incidence of shoot and fruit borer
Crosses Heterosis (%) over Heterosis (%) over '
NP BP cp MP BP CP
By X Py 45.4"" -2.5 39.2" -0.7 1.0 -15.5
Py x Py 1.2 -16.9"  26.9 -12.6 -1.7 -22.8
Py x Py -18.1  30.6"  -21.6 5.8 17.3 -1.9
Py X Py 20.6 3.6 13.1 -14.7 <137 - -21.9
P, x Pg 10,0 -28.9" -39 5.2 17.9 -1.3
P, x Py -26.5* -35.2""  -3.9 23.2 27.6 -10.6
P, X By 4.0 -4.1 17.6 12.5 22.4 5.9
P, X Py -5.9  -1.5 4.6 11.7 12.4 -3.8
P, x Bg 15.8 6.3 43.8"" -4.1 5.4 - -8.7
Py X By -40.0™* -47.1™  -21.6 8.7 13.9 5.8
By x:By - 18.3 2.6 52.3"" 23.6 8.9 10.3
Py x Pg 1.4 -26.4" 9.1 - 14.5 21.3 12.6
P x e 2.8 19:6 35.3" -3.9 5.2 -10.0
P, X Bg -12.1 -19.3 9.1 -8.1 -7.1 -5.5
Pg X Pg -3.8  -13.0 17.6 2.5 13.5 -2.9
P, X By 9.2 -43.6™ 4.6 -42.6" -41.6"" -51.1""
P;xP . .-26.8" 1.9  -16.9 1.3 13.2 -5.3
Py x Py -20.0 -29.5"" 4.6 31.9 36.6 18.3
Py X By -4.4 -19.1  -8.5 19.5 32.5 10.8
P xP,  -l11.6 26.6  -16.9 165 . 26.7 9.8
By X Py -10.0  -20.7 17.6 -14.3 -10.2 -16.6
Py x Py 16.4 0.0 1.7 -12.9 -11.9 -26.4
Pg X Py -10.0  -11.6 0.0 -12.4 -11.9 -24.6
Py % Py, 18.3 2.6  52.3" -4.9 -0.9 -15.2
Pg X Py 10.0 8.1 22.2 11.9 22.6 4.8
Pg x Py 26.6" 0.0 35.3" 15.4 29.4 8.2
Pg X P, -22.6% -28.9%  -3.9 8.1 189 2.9
Pg X Py 19.8"  14.5 69.9™" -11.1 -5.9 . -12.6
Pg X By -8.9  -16.4 13.1 -14.3 -13.4 -11.9
Pg x Py -18.2 . -26.1" 0.0  13.4 25.6 7.4

- - - = = > o 7 A = S8 A = T A e - A S e o L G 8 S e U M W T O D M 4R G e W G S e oy

* significant (P < 0.05) %% significant (P < 0.01)



4.4.3 Leaf number

The vrelative ‘heterosis for leaf number ranged from
-18.8% (P3 x P,) to 22;7% (P4 x Pz). However, significant
positive heterosis wés' exhibted by only one hybrid Py x Py
(22.7%). None of <+the hybrids showed significant positive
heterobelticsis for this trait, while three hybrids showed
significant negative heterobeltiosis. Compared to the standard
check, the least heterosis of -0.9% was shown by P5 x Py and the
highest by Py x P, (45.5%). Among the 30 hybrids, significant
heterosis was exhibited by nine hybrids viz., ’ P4 b'e Pz;
,P4 x P6, P1 X P4, P2 X P4, P4 x Pl' P6 x P5, P6’x Pz, P4 b'e P3
and Py x Py Of these, the crosses Py x P, and Py x PS were the

outstanding ones with 45.5% and 42.9% heterosis respectively.

4.4.4 Leaf“area‘

The percentage heterosis over midparent for the 30
hybrids ranged from -20.1% to 29.9%. Two hybrids P x P and
PS x Pl showed significant positivé heterosis of 29.9% snd 24.7%
respectively while significant negative heterosis of -20. I% was
also seen in Pl X PB In comparison to the better parent, the
heterosis ranged from -26.5% in Py x Pg to é8.8% in Pg x P5 which -
alone showed significant positive Qalue The cross P5>x Pz also
exhibited significant negative heterosis of -22.2%. Among the 30

hybrids 23 crosses exhibited significant positive heterosis over
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the check” parent. All these hybrids were on par with each other.‘
The superior ones among them were P5 x PS (72.9%), Pz b'4 P4
(66.0%), P3 x Pl (60.1%), P5 x Py (68.8%), P3 x P2 (67.2%) and

'P4 x Pg (56.3%).

4.4.5 Nunﬁer of branches

Only’ one hybrid Pg x Pg showed significant positive
heterosis of 81.8% over ﬁhe'midparent. ‘However, seven hybrids
exhibited significant  negative heterosis. The  poorest
performance compared to the~midparental value was shown by the -
Cross PS x P4 (-88.2%). When compared to the better parent,
none of the crosses were found to exhibit significant positive
heterosis. However, 14 . hybrids exhibited signifidant
heterobeltiésis in the negative difection, the maximum by the
crosses Pl b'4 P3 and'Pz‘x PG (-94.2%). Meanwhile, significant
positive heierosis over the standard check was seen in 16
hybrids. Thé best aﬁong them was P4 x PS with 627.3% heterosis:
followed by Py x P; (466.7%), Py x P4 and Py x P4 (445.4%)
and Py x 4P3. (363.6%). Thé léwest heterosis of 203.0% was

exhibited by the cross P3 x Pg:
4.4.6 Number of flowers per plant

Significant positive heterosis over the midparent‘ was

exhibited bf only one hybrid Py x P4 (34.8%). The ‘Qalues ranged
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‘between -13.0% in Py xi%; and 34.8% ih Py x Py. The hybrid
Pl x P4 was also the only one to show signifibant‘ positive o
heterobeltiosis of 298.0%. Significant negative value was seen in  ,
the c?oss Py bes (—21.0%); Comparéd to the standard 'éheck,f:tﬁ:
significant ﬁOSitive heterosis was exhibited by» seven 'crosses;V w“v

the highest value by Py x P4 (48.1%) folléwed by Pg x Py (44.4%),?v:‘"
4.4.7 Number of fruits per plant

None of the hybrids weré outsﬁanding when compared toff
the midm;arental value with respect to this bharacter. However,i
'heterosis over the better paréhﬁ was  exhibited by one
vvhybrid Pllx P4‘(35.1%). Amohg(the 30 hybridé, standard heterosis
was exhibited by three hybrids. The highest vaiue-was . seen in.
the crqsé Pl X‘P4 (41.8%) followed by P4 X P3 and éﬁ x‘ P5 wiﬁh

30.5% and 28.4% heterdsis ;espeoti§ely.
4.4.8 Length of fruit -

Significant<heterosis'over ﬁid parent for'fruit ~length Ce
was exhibited by  four hybrids and over better = parent b& two
hybrids. The maximum felaﬁive heterosis of 18.3% was expressed.Ahya
by Pl x PZ followed by P2Ax Pa’(16.6%),-P2-x Pl (15.1%) and Pi x
P4 (11.9%). Cdmpared to the'bettef parent, P1 b4 Pz was the best p
hybrid with .17.5% heterosis followed b& PZ x Pg with 15.39%
‘heterosis.. None " of +the hybrids showéd 'siénificant standard ;

heterosis.
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4.4.9 Girth of fruit

Significant positive relative hgterosis was expressed
by four hybrids. The highest values were seen in the crosses Py
x Py and Py x Py (15.8% and 15.3% respectively) followed by P4 X
Py with 11.1% and Py, x Py with 9.9% heterosis. In compariéon
with the better parent, three hybrids showed significant positive
heterosis viz., P3 x Pg expressing the maximum heterobeltiosis
of 12.5% follqwed by Pp x Pl (10.9%) and Pl X Pz _(10.5%), the
latter two being on par with each other... Significant negative
heterobeltiosis was also noticed in P3 x P4 (-9.2%). Compared to
the standard check, only one hybrid P2 X Pl showed significant

positive heterosis of 9.7%.

4.4.10 VWelght of single fruit

Among the. 30 hybrids, significant positive relative
hetercsis was noticed in four hybrids of ﬁhich the maximum of
33.4% was seen in P, x P; followed by Pg x Py (21.9%), Py x Py
(21.2%) and Pg x Py (17.3%). Compared to the better parent, the
hybrid P2 X Py alone expressed significant positivé heterosis ‘bf
23.8% for this character. The hybrid P, x Py was also one amoﬁg
the three hybrids that showed significant positive .heterosis
(33.8%) over the standard check, the other two being Pz x P5 and

P5 % Pl with 23.4% and 20.1% standard heterosis respectively.



101

4.4.11 Weight of fruits per pléht

Significant positive heterosis over mid parent was

exhibited by eight hybrids, over the better parent by foqr  :7

_hybrids andoner the standard check by eight hybrids. 'Méximum
relative heterosis for _yield per plant_waé séen in P2 x Pl

(67.2%) which was on par with the hybrids Pi bid P2 (56;4%), PS,»X .
Py (42.6%) and Py x Py (37,1%). These four hybrids -also
expressed similat trend for heﬁe}obelﬁiosis wiﬁh 51.4%, 41.é6%,
30.4% and 28.9%  respectively. Compared to thé standard ohéok.

the best hybrid was again szx Ei with 60.2% heterosis.  Two
other hybrids Py x Py and Pg x Pg were aléo found to be superior
Ayﬁith 49f9% and 4215%'heterosis,respectively, fol%pwed by P6 X él
| f34!9%),4 Pz x Py (29.3%) and the otheré, all being on par with

each othér.

4.4.12 Numbef_of seeds per fruit

Compared to the 'mid' parental value six- :hybrids'f”;
expressed  significan£ positive heterosis. The hybrid Pz x 'Pli

showed' the maximum heterosis of 37.5% which was on par with ,thei

cross Py x Py (27.2%) and supefior to Pg x Py (21.7%), Py x ,P4}51‘

(21.5%) and P; x P, (20.6%). The cross Pg x Pg expressed the

least heterosis of 18.8%. Hybrid P, X P; alone showed

significant.positive heterobeltiosis of 30.8%, while two hybrids -
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P3 X P6 and 'P4 bld PB expressed significant negativev heterosis

 of -17.8% and -26.9%.  Standard heterosis was found to be:

significant and positive in six hybrids of which Pz X Pl was the -
most outstanding -w1th'J33.3% heterosis. However, the Yhybrids:
Pg x E4 (26.2%), PB x Pg '(25175%), Po x P3 (23.4%), Pg x Pat:

(22.3%) and P5.x Pé (21.8%) Wwere on par with Pz X Pl'
4.4.13 Fruiting phase

Signiflcant positive ‘heterosis over the mid parent “as

.well as over the better parent was noticed in four crosses viz.,

Pg x Pg (10.4% and 9.5%), Py x Pg (8.4% and 8.3%), Ps x P, (7.8%

and 7.2%) and Pg x Py (7.4% and 7.0%). Three crosses Pgx Py, Py

X . P3 and-P3 b'e P4 showed significant negative heterosie over

mid parent as well as over the better parent. When  compared to

fthe standard» check, none of the orosSee_‘exhibited significant"

positive heterosis while 12 of them showed significant mnegative
heterosis for fruiting phase.

4.4_.14 Height of plant

Five of the 30 hybrids expressed eignificant positive‘
heterosis for plant height. The supericr crosses ’were Py x le
'(50.3%);'P5 'x Py (48.8%) and Py x Py (46.7%) follOﬁed'by Py xiP4

(35.8%) and Pl X PZ (29.6%). " Significant positive heterosis over |
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the better'perent was also noticed in five crosses viz.,'P5 x P4,
‘P4 X Py, Py x P4,.P1'x'P2 and Py x Pz with 37.4%, 30. 4%, ‘27}2%,
. 23.3% and 24. 87 respectively, all of whlch were on par with each -
other. Signlficant positive standard heterosis was notlced ‘inf
three hybrids P2 X P6,-P4 x Pz and P6 x Pl with 23.7%, 19.8% and‘v
19.6% heterosiswrespectively. Tho hybrids Py x Pg and Py x Pé;_
were found to\”erpress significant negative heterosis over}

standard check for plant height.
4.4.15 Percentage fruit set

In ‘comparisoﬁ with  the mid psrental value,’ three
:hybri‘c'is‘ Pp x Py, Py x Py and P, x P3 were found to exhibit
significant positive heterosis_ of '13.4%; 12.2% aﬁd 11.5% .
respecﬁirely, all of which were on par with each otﬁer. None of
the hybrids expressed significant heterobeltiosis for' percentage
fruit Se£ Similarly‘in comparison with the standard check also,

none of the hybrids expressed significant positive heterosis.

However, +two hybrids P4 x P3 and Pz x Py, exhibited significant'ﬁ:'~'

negative heterosis of -13.9% and ~-14.0% over‘the standard check

for this trait.
4.4.16 Incidence of yellow vein mosaic
-When compared to the midparental value, _negativef

heterosis was . exhibited: byf four hybrids and nine hybrids‘~

expressed negativevheterosis when compared to the better parent.



The maximum relative heterosis of -40.0% was noticed in P3 b'e P4

followed by P3 b'e Pl with -26.8%, Pz b'e PB w1th -26.5% and PB x Pz
with -22.6% heterosis. The percentage heterobeltlosis was the
highest in PB X P4 (-47.1%) >followed by Pz X Pl (-43.6%) and.
Pz b'd PB-(—35.2%). Though six crosses*i'exhibited significent
positive heterosis over the check parent, none of them expressed

useful heterosis in the‘negative direction.
4.4.17 Incidence of shoot and fruit borer

The percentage heterosis over the.mid parent ranged'
froﬁ -42.6% to 31.97% énd the hybrid Pz x Py alone was found ‘to.
express 'significant negative heterosis (- 42 6%) over the nid "
parent. This cross (Pz X Pl).also showed significant negatlve
heterosis over the better parent (-41.6%). The same hybrid
PZ X Pl exhibited significant negative heterosis of -51.1% over‘

the check parent.

From the above resultsfit is evident that the cfosses'

Pz b Pl and P1 x PZ were the most outstanding for yield and;”.

related characters (Figures 4.1 and 4.2). It was seen that many?:f

of the hybrids involving either parent Pl or Pz were heteroticf

Figures 4 3 and 4 4 illustrate the hybrid vigour exhibited by the L

- crosses Pz X P5_an§ P5 X Pl'
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Discussion



5. DISCUSSION

- The diallel.mating system involved in the present study.
is an,effective method of determining the combining ability of
the parents which enables a rational choice-‘of the| parental
material to be used in a heter051s breeding progranme This i
method also helps to study the nature of gene action ‘governingv
“the different characters based on which an appropriate§ breediné
methodology can be adopted In the present study, sikﬁ parental.
lines and thelr 30 Fl hybrids obtained by cr0551ng the parents in
all possible comblnatlons were subjected to diallell analy51s
employing Griffing s method 1 for studying combining ability ‘and
‘Hayman’s numerical as. well as graphical approach for studying theA

.

gene actions involved.

5.1 Combining ability

,The studyﬂof the combining ability of the paients is .an
effectivev technigue Vthat‘ rermits identification - of. superior
varieties to be used as parents for hybridization and also
pPinpoints cross. combinations likely to be. supefior in +their -
Aperformance. Results of the combining ability analysis of the

six'parental lines and their 30 F4y hybrids-are discussed below.
The analysis of variance for combining ability revealed
that the Variancesl'duev to g.cia.. as well as s.c.a. vwere

significant only for six charactefs viz., leaf axil bearingvthe
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£irst flower, number of branches, length of fruit, weight of

single fruit, height of plant and incidence of  yellow vein

mosaic. ..

The character days to first flowering exhibited

significant variance. due to s.c.a. alone indicating the

_predominance of nonadditive gene action in the inheritance of
Vthis character. This is in conformity with the findinés of Rgo

and Satiyavathi (1977), Sharma and Mahajan (1978), Singh and

Singh (1978) and Singh (1886). Involvement of additive gene

action for this character was also stressed by Rao and Bamu

(1978), Singh and Singh (19798b), Pratap et al. (1981), Vijay_and

Manohar (1986a) - aﬂd Randhawa (19889). This character exhibited
significant réciprocal diffefences which may be due to
cytoplasmic genes including mitochondrial genes. Itb was seen
that the two straight crosSeé Py x P4 and P, x Py and the three
reciprocal crosses P5 b'4 P4, P5 x P3 and;Pa X Pz that showed high

s.c.a. effects were a result of poor x poor combiners.

The significance of Hl and Hz indicated the operation

of <dominant genes for this character. This is in line with the

finding of Kulkarni et al. (1976). Days to flowering was also

found to be ipfluenced by the environment. The dominance of
increasing alléles observed was also réported by Kulkarni et al.

(1976) and Pratangp gl. (1980). The value of Hz/4H1 suggested
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a 'somewhat asymmetrical distrib@tion of genes‘with positive and- 
negative effects (Kﬁlkarni et al., 1976). The proportion off
dominant and' recessive genes also indicated an asymmetric ',
distribution of these gehes Amqng'parente. .This is confirmed by.l'
the positive value of ﬁ which indicated preponderance of dominant
alleles -among the pe¥ents. Tﬂe overdominance indicated in _thev

numeiical.analysis was confirhed by the graphical analysis. This

is. in“ confermity with the report of Kulkarni et al. (1976).

HoweVer; peftial‘ dominance was aleo stressed by Pratap et al.

(1980) and Randhawa (1989). The Vr-Wr grabh also Endicatedvthat, |
the parents were genetically divergent for this trait andv_that,’
' the dominant genes were moetly concentrated in pareﬁts Pz‘andiP5.
. Paienfs Pi anvaB seemed to possess recessive genes'also;in the
case of reciprocal crosses however, preﬁonderande of recessive

genes was seen in all the parents.

- Bignificant »variances due to g.c.a. and e.c.a.‘ were
}observed for leaf axil bearing‘the first flower, ,implying that
,. both additive and non-additive components ofvgenetic variance are
operating for this character. 'Similar observation was noticed by
Elangovan et al. (1981a). The g;c.a. variance was,\hOWevef,}-
greater +than .thee s.c.a.viariance indicating a majer role of
additive gene action as wee reported by Praﬁap gj al. (1981).
But Singh.and_Singh (1978), Elangovén et al. (1981a) and. Singh

(1986) observed non additive gene action <for +this character.
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Here, combining ability effects in the negative direction is;n

desirable. Of the +two crosses that possessed 51gnif1cantly”ggnf'

negative s.c.a. effects viz., Pz X P4 and P5 b4 P4, the former wa;
a combination of two poor general combiners and the latter was a
result of good X poor comblners as the parent P5 alone was the
gdod general combiner for this trait. |
' A A A

Significance of H1 and Hz as well as D suggests the
operation of additive and dominant genes in réspect of leaf axil
bearing the first flower. Environmental influence is also seen.
The positive wvalue ofxﬁlindicated more of dominant‘aileles in the
parents. - This ﬁas aiso confirmed by the proportion of dominant
“and 'recessivé alleles among‘the parents whigh' indicated an
asymmetrical .distribution of these genes. The genes with
‘poéitive and negative effects  were also asymmetrically‘
distributed in parents. The averagen degree . of dominance
indicated complete ﬁominancé which was confirmed by the Vr-Wr
graph.l Very little genetic divergence among the parents' was
noticed from +this graph. The pérents Pq, PZ’ P53, Py and Pg
seemed to possess more of dominant genes while- P4 hadbl
consideraﬁle amount of recessive genes also. The nature‘ of.
dominance in the reciprocal crosses seemed~to be in the range of

partial dominance.
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With respect to leaf number,'signlficant g.c.a effecte-'
were noticed as reported by Akram and Shafi (1967) thus revealing‘
the important role of additive genetic variance . in " the
inheritance of leaf Inumber .‘Parent’P4 was. the Vnest generai

ombiner and though the s.c. a. variance was not significant, high‘
s.cra. .effect was expressed in the hybrid P3 X P5 involving two’
poor >general combiners Reciprocal effects were also signi-
ficant and two re01proca1 crosses Py x Pa and Pg x Py involving
poor general combiners as male and female parents exhibited high

s.c.a. effect.

Additive genes Were.preponderant-when _the Fqys ‘were

f»considered while dominant 'genes were found in the case of

reciprocal Fys. Leaf number ‘was also under environmental_
influence. _Prepqnderence,of dominant genes was indicated by the
positive value of ?. But»recessiye genes were Seen in the
reciprocal crosses,: - The ratio'of H2‘ to 4Hy indicated an
esymmetricai distribution of genes with posiﬁive. and -negetive |

effect in £he parents. The nnmerical as well  as graphical"

‘analysis indicated the presence of partial dominance for _leaf"'

number. However, the greater value of Hl than D in the case of

reciprocals indicated overdominance governing leaf number. The

Vr-Wr graph showed a wide scattering of array poinﬁs indicating -
genetic- divergence among the parents for this trait. In the

reciprocal crosses non allelic interactions were noticed;
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. Considering leaf area, only the variance due to g.cra.

was significant. “This emphasises the importance of additive

-genetiC- variance for this character Though parent P4 showed

high g.c.a. effect, none of the crosses involving this parent »

proved +to be good specific combinations. rThis shows that good_~i”

general combiners needgnot produce superior hybrids with good

s.c.a. effects as opined by Rao (1977).

Leaf area was found to be highly influenced by the
environment. - The negative value of F indicated the presence of
more of decrea51ng alleles _in the 'parents. This was also
confirmed by the value of the proportion of fdominant and
recessive ‘genes anong parents which indicated an asymmetrical
distribution of these genes. An asymmetrical distribntion of.
genes with positive and negative effects was .also indicated byx'

the ratio H2/4H1. Gene action was in the range of overdominance-

" as revealed by the numerical analysis as well as the Vr-Wr graph

The array points in this graph indicated genetically divergent
parents for leaf area except parents Pl and P3. P4 was seen to
consist mostly dominant genes while all the other parents seemed;

to possess recessive genes also.

The variances due to g.c.a., s.c.a. and reciprocalv
effects were significant for number of branches, indicating'the

importance ~of additive as well as non additive gene actions.
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rThis is in conformity with the reportsvof Vijay ~and Manohar‘
'(1986a),' Randhawa ) (1989) and Lakshmi . (1992). waever,"
preponderance_ of non additive gene effects was also reported byv'

Singh and Singh (1978 1979b), Elangovan et al. (1981a)' and

Singh (1986). Parent Py was theibest general combiner‘for branch -iif

. pnpumber and an examination of the hybrids possessing high s}c,a.
effects showed that crosses»iinvolving poor X Ppoor generaI‘W

combiners gave higher expression of this character!

‘Operation -of additive as well as dominant genes was
seen for number of branches. However, predominance of additive
effectshalone was stressed by the Randhawa (1989). The positive"‘
value of F indicated preponderance of dominant alleles. This .
uneqdal distribution of dominant and recessi;e genes was

confirmed by the value of their proportion in the parents. The

increasing and decreasing alleles were also:'asymmetrically'

distributed. The overdominance ‘observed for this Characterlif

through numerical analysis was confirmed by the -'graphicalff‘l

analysis. However, Randhawa (1989) observed partial to oompletef
’dominance operating for branch numberr- The Vr-Wr graph revealed
very little genetic dlvergence among the parents " The 'parents ‘T
Pl' Pz, P3, Py and P6 were seen to possess more of dominant genes

while P4 alone had an excess of recessive genes.

In the case of number of flowers per plant neither the

s.c.a. nor the g.c.a variance was significant However,
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significant reciprocal}differences were detected This may be
attributed to cytoplasmic inheritance of the maternal effect.
The +two reciprocal crosses Pg x Pz and Pg x that showed high

s.c.a. effects were a result of poor x poor general combiners.

Dominance effect was found to be operating for flower
number per plant, which was highly influenced by environmental
effects. The parents were . seen to possess more of decreasing
alleles since F had a negative value. The proportion of dominant
and recessive alleles among ‘the parents also showed = an
asymmetrical_distribution of these genes thus supporﬁing the
negative value of F. The ratio of Hp to 4H1.also showed a highly
asymmetrical dietribution of genes with positive and _negative
- effects among the parents. The average degree of doﬁinance
indicated presence of overdominance for this character end this
was supported by the erWr graph. Not much genetic divergence
~ among the parents was seen in the graph. The parent P2 seemed to
possess more of recessive genes while P4 had more of dominent
genes. The other parents possassed varying proportions of these
genes. - The graphical ‘analysis indicated the presence . of

epistasis in the reciprocal crosses.

For number of fruits per plant, neither g.c.a. nor
s.c.a. variance was significént, " indicating the role of

environmental effect in the expression of the character.
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‘However,'impbrtance of nonadditive genetic variance was 'reported'
byi4Rao and SatiYavathi (1977),.Sharma and Mahajan (1978), Singh
and Singh (1978, 1979b), Pratap et al. (1980), Elangovan et al.

al.

© (1981a), Thaker et al. (1981), Singh (1986), Chaudhary

et

(1991) and Shivagamasundari et al. (1992a). Predominance of

additive . gene action'was also stressed by Ramu (1976), Rao and

VRamu (1978), Vijay and Manohar (1986a), Randhawa (1989), ’Vashist  “;5

(1990), Veeraraghavathatham and Irulappan (1991a) "and Lakshmi " f h

(1992). Involvement of both additive and non additive types of
~ gene action was also reported by Kulkarni (1976), Kulkarni et al. .
(1976), Ramu (1976), Pratap and Dhahkar' (1980a), Poshiyab and'}
Shuklavk(1986b) and Veeraraghavathatham and Irulappén (1990) for ‘
this .character.' " Though none of the pareﬁts were fgood generall;'
combiners, high’s.c.aQ.was expressed.in a cross Pl x Py involvingf
very Ppoor X poor general combiners and also in two reciprocalg
crosses (Psyk Ps and Pg x Py) involving POOr X Very poor general

combiners.

The fruit number was found to be under  higﬁI    ,

ehvironmental - influence. Kulkarni gi al. (1976)“' and?
Veeraraghavathathaﬁu and Irulappan (1990) also repdrted‘ thi$ 
charaéter to be‘inflﬁenggd»ﬁ& énvironmentf Itrwas evident ffdm'
the positive value of gAthat tﬁe parents had preponderance of
‘dominant .alleles for‘this charadte:. This was suppdrted by the

proportion' of dominant and recessive genes which indicated an
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asymmetrical distribution 'of " these genes -emeng parents.
 Preponderance of dominant alleles for fruit number was also
reported vby Kulkarni et al. (1976); Pratap at al. ‘(1981)‘

Veeraraghavathatham and Irulappan (1980).- Unequal _distribution
" of positive vs’negative alieles was. indicated by ﬁhe ratio of 'Hz

to 4Hy. This is in line with the reports of Kulkarni. et gl .

(1981). The presence of overdominance was jndicated - by the

numerical as fwell' as graphical anaiysis. However partial
dominance was reported by Kulkarni et al. (1976), Randhawa (1989)
-and Veerardghavathatham and Irulappan (1990) and complete
dominance by Pratap et al. (1981) It was seen from the Vr-Wr .
greph ﬁhat the parents were genetically dlvergent for - fruit.
‘number with papent Ps‘having more of dominant genes and parents
Py and P3 having an exceSs of recessive genes for this trait.
The other parents seemed to have varying proportions of these -

genes.

A Significant variance due to g.c.e. .end  s.c;e; were
A detecﬁed' for length of fruit_indicating that both additiverAand'
nonadditive éenetic variance are operatingzin the-inheritance of
fruit length in;bhindi. Similar-resultsrwere repoited by'lPratap
and Dhankar (1980a), Pratap et al. (1980), Poshiya and Shukla
(1986b), 'Vijay and Manehar (1986a);.Shuk1a et ‘él. (1989) and
'Veeraraghavathatham and Irulappan (1990). The ratio of g.c}a. to

s.c.a. variance - was less +than unity implying that +the non
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-additive component was more important than the additive component

}of genetic variance. This is in llne with the reports of Singh

and Sinéh (1978), Elangovan et al. (1981a), Vijay and Manohar -
(1986a), Chaudhary et al. (1991) and Shivagamasundari gt ~al.
(1992a). Findings contradlctory to this was also reported by
Pratap et al. (1980) and Thaker et al. (1981). It was seen that:

among the three crosses that showed high s.c.a. effects, only one

‘hybrid (Pl X PZ) had a good general combiner (Pz) as one of 1its

parents, while the other two Crosses (P5 x P6 and Pl X P4) were
combinations of PoOOYr X poor and poor X very poor general

combiners.

It was evident. from the significant values of H; and Hj

that dominant genes are operating for this character. 'ﬁowever,

the presence of dominant and additive genes 'was reported by

Pratap ~§t ~al. (1981) and Veeraraghavathatham and Irulappan

o A(1990). Randhawa (1989) stressed the importance of additive gene.

effects alone. Influence of environment was also seen for frniti

~length. Preponderance of dominant alleles was indicated by'vthe.

positive value of F and by the proportion of dominant and

recessive genes. An almost. unequal distribution of genes with ‘

'positive and negative effects among parents was also indicated by

the value of H2/4H1. This is in agreement with the findings of

Pratap gt al. (1981) and Veeraraghavathatham ‘and Irulappan

(1991). The average degree of dominance and the Vr-Wr graph
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revealed overdominance gcverning'frnit‘length."chever,‘anatapi’

_et al. (1981) and. Veeraraghavathatham and Irulapban (1991)d:’

reported partial domlnance for this tralt ;The graph revealedn

not much genetic divergence between the parents Pz, P4, P5 and

P6' 'Dominant‘ genes were preponderant in the parent P3 andf’f';
recesSive genes in‘Pl. The other parents had varying proportion54 o

- of these'genes.

For girth of fruit Only'the variance due to s.c.a. was

significant indicating the importanoe of non additivel4genetic o

M

variance for this _character. This is in agreement with the

- reports of’Elango?an Qi‘él{ (1981a),fRadhika:(1988), Chaudhary et

al. (1991) and Shivagamasundari et al. (1992a), whereas the major

role of,addiii#e genetic.variance‘was‘stressed by Pratap et al,'

(1980), >Vijay"and' ManoharT:(1986a),v Veerafaghavathathan and
R '

Irulappan (1991a)jand Lakshmi (1992). ;Though'none of the parents -

exhibited significant 'g.c.a, . effects,. three crosses (Pg x PS;

'-Pi x Py and Pl'x'P4) resulﬁing from poor x poor general combiners

showed high s.c.a. effects.

Dominant as well as additive genes were seen pperatingd

for fruit girth.  Similar results were observed by Pratap et gl;

(1981) and Veeraraghavathatham and Irulappan (1991) ‘ The

N 1nfluence of env1ronment was also evident The positive value of -

F indicated dominance of increasing alleles in- the parents,. and
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this was confirméd by the value of the proportion of dominant and
recessive genes which ihdicated.an uneqﬁal distribution of these
genes among the parents. The genes with positive and negative
effects were also unequally distributéd. Similar findings were .
reported by Pratap gﬁ al. (1981) and Veeraraghavathathém aﬁd'f
Irulappan (1991a). The numerical and graphical _aﬁalySés‘_.
indicated ovérddminance for fruit girth. This was‘also ieported
by Veeraraghavathatham and Irulappan (1991&)' whilé partial:
dominancev was reported by Pratap et al. (1981);Y_Little"genetié j
divergence among parentévwas revealed by the Vr-Wr graph. Except
for parents Pl and P3, the others -had preponderancevof  dominaht

genes for fruit girth.

With,respéct to the wéight of single frui£ significant
g.c.a; and s.c.a. variances.were obtained'indicatihg kthat both
additive and non additivergepetic varianﬁe are Qperating forwthié

character. This is in conformity with the findings of Vijay and
Manohai (1986a) and Veeraraghavathatham aﬁd Irulappan (1980).

But the s,c.a.'variance was‘sliéhtly greater thén g.c.a. varianoé
implying a major role of the‘nbn édditivé component of genetic
vafiance. Thiﬁ-was%also reported‘by Sharma énd Mahajah (1978),

Radhika (1988), Chaudhary et al. (1991) and Shivagamasundari et
gl.. (1992a),'vwﬁere as Thaker et al. (1981); Randhawa (1989),.
Vijay. and.Manohaf (1986a) and VeeraraghaVathatham and Irulappan .

(1991a) reportedvon.the important role of additive gene action
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vfor wéight of single ffuit._'This character exhibited significant_.
reciprdcal. differences 'alsd ~which may be due %o cytoplasmic
inheritance' of .materﬁal effect. Veeraréghavéthatham» (1983),
Veeraraghavathatham andvIrulappan (1991a) and Shivagamasundari et
al. k1992a) also observed: reciprdcal differenceé for thisi
character. 'An_examination-of the crosses and théir reciprocalsi
revealed that the two straight croﬁses (P5 X PS anval x Py) and - -
two reciprocal crosses (Py x.Pl and Py val) which showed high :-

s.c.a. effects resulted from poor x poor general combiners.

Single‘ fruit wéight was mainly governed ‘by dominént:
genes as  indicated by the' significance of Eﬁl ;and ﬁé.'
Environmental influence was also seen. Domiﬁaﬁt'geQés operatihg
’for’this trait was reportéd by Veeraraghavathatham and Iruiappan
(1991a) while additive effects were stressed.by Randhaﬁa (1989)
as was seen iﬁ the case of- reciprocgls.' The Fis revealed

preponderance of dominant alleles while the vrecipfocal Fls

revealed more of recessive alleles. The proportion of dominant . o

and recessive genes confirmed the unequal distribution of these'
genes in ‘the Fys as ﬁell as in fhe :eciprocals. This .is iﬁ'
confOrmity with the.report of Veeraraghavathatham and Irulappan
(1991a). An almost éymmetrical distribution of positive .and o
negative alleles was observed. Howevér, Veeraraghavathatham and
Irulappan (19912) observed an uﬁequal distribution of thesé_

alleles among the parenté. _The numerical and graphical analyses
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revealed overdomlnance which is in accordance with the findings
of Veeraraghavathatham and Irulappan (1991a) but contradlctory to

the report of Randhawa (1889). The Vr-Wr graph revealed

considerable genetic divergence among the parents. Parents Pg»fffd

and P4 possessed more of recessive genes while the vothers had
varying proportions of dominant and recessive genes for this -

trait.

Results of the combining abilit& analysis‘for weight of
fruits per plant revealed significance for s.C. av variance only
| indicating the predominant role of nonadditive gene action This
is in conformity with the findings oi Sharma and MahaJan (1978),
Singh and Singh (1978), Elangovan et al. (1981a), Poshiya 'and
‘Shukla (1986b), Singh (1986), Chaudhary et al. (1991) ‘and .
ShivagamaSundari et al. (19925). Howener,'additive type of gene
action for_Yield per plant was reported by Rao and}Ramu (1978),_

Singh and Singh (1979b), Pratap and Dhankar (1980b), Thaker et

al. (1981),_Vijay and Manohari(1986a), Radhika (1988), Randhawa

'(1989), Vashiet (1990), Veeraraghavathatham and Irulappan (1991a).d
and Lakshmi (1992). The parent P4 was the'best‘general_ combinerj
. and the hybrid Pi x Py involving'the good combiner showed

' the highest s.c.a. effect closely followed by Pg x Py and Pl x Py

resulting from poor x poor generai combiners. The cross P4 x Plv
involving one good combiner was also a good combination. This
character exhibited significant reciprocal differences . as

reported by Shivagamasundari et al. (1992a).
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This character seemed to be'_undef the control of
dominance gene effects théugh there was environmental influehce~
also. Similar> finding wés reported by Véeraraghavathatham and
Irulappan (1991a)7‘ Dominance of increasihg alleles was ndticed‘
when the Fls weté considered. But ﬁith ﬁhe reciporcal fls} the

. decreasing alleles were found to be dominant. Pratap et al.

(1981) and Veeraraghavathatham and Irulappan (1991a) noticed

dominance of increasing alleles. The dominant and recessive 
genes were also asymmétrically distributed. The genes withig;Jl"
positive and ‘negative effects were almost . symmetrically

distfibuted among the parenfs. -The average degree of vdominénéef
indicated voverdominahcevfbr yiéld per plant.' But the graphicai.
analysié revealed the Presence of epistésis for‘thig trait; Over ‘
dominance was also reported By Pratap et gl; (1981) Korla and 
Sharma (1987), Randhawa (1989) and Veeraraghavathatham and

Irulappan (1991a).

'Highiy vsiénificant s.c.a. variancé was Aobsefved for
ﬁumbéf of seeds pérvfruit indiééting thé'predomihant role of ﬁon
additive gene‘actién for this chéracter. This is in”agreement
with the findiﬁgs of Rao.and Raﬁu (1978). 'Howevef imbortance df;
additive geneiicnvariance for seed number was stfessed by Vijay
and Manohar (1986a), Réndhawa (1989) and Lakshmi;(1992). Though

none of the parents showed high g.c.a. effects, high s.c.a.



129

effects were observed in three straight crosses (P x Pg, Py x Py
and Pl X Pz) and three reciprocal crosses (P4,x Pl' P6 X Pi and
Pg x Py) resulting from poor x poor general combiners..

-~

' . N . A/ . .
" Significance of Hi and Ho implied the presence of

dominaﬁce effects - for seed numbéf. However , environmental
influénce~ cannot be ruled -out. ‘Randhawa (1989) reported .
predominance of additive gene effects for this trait. The

parents séemed to have an excess of dominant alleles +than the

“recessive alleles. This was confirmed by the asymmetrical 

distribution of these genes indicated by the value of theirﬁli

proportion in the pafents.’ The valué‘of Hé/4H1 aiso indicated an
almost . asymmetrical distribution of genes with"positive and:
negative effects. The overdominance bbserved for this trait in
thé numerical analysis was donfirmed by the Vr-Wr graph. But the
presence of partial tb compléﬁe dominance was emphasizedv’byf
Randhawa ,(1989). The graphical analysis however_ indicatedt"

the presence of epistasis for seed number.

The character fruiting‘phasé showed ‘no significant
g.c.a. and s.c.a. variance bﬁt shOwed significant reciprocal
differences “owing fo eitﬁer cytoplasmic }nheritance.of maternal
effect or parental effécts of both the parents or vpaﬁerhal .and
maternal interaction as opined by Véeraraghavathatham Zand

Irulappan (1991a). The non significant g.c.a. and s.c.a. effects
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imply +that fruiting 'phasev is much under the _influence"of
environment. The‘parent'Pl exhibited high g.c.a. effect but the
two reciprocal crosses (PB x Pz.and P4 x‘Pz) and one ‘straight

cross (P3 x Pg) that showed ' high s.c.a. effects were a

combination of poor x poor general combiners indicating that'goodc ‘Tv

general combiners need not always prodnce superior crosses with

high s.c.a. effects (Rao, 1977).

Fruiting phase was found to be highly influenced by -

‘ environment Dominance effect was observed iné the case . of

reciprocals. The Fls exhibited dominance of decreasing alleles‘
vwhile the reciprocal Fls showed dominance of 1ncrea51ng alleles,i
An almost symmetrical distribution of genes with- positive and
negative effects was indicated by the Fls but their distributlon

was more towards asymmetry when the reciprocals were considered

‘Though _the numerical analy51s revealed fruiting phase to be '

governed by overdominance.the graphiCal analysis »indicated the

presence of epistasis also.

For plant height, significant g.c.a. as well as s.c.a.-
effects were obtained indicating the.operation of both additive
and non additive types of gene action in the inheritance of plant
height.f This is in conformity with the reports of Kulkarni et
al. (1976), Ramu (19786), Eratap et al. (1980), ViJay and Manohar

(1986a), Shukla et al. (1989) and Veeraraghavathatham and
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Irulappan (1990). ' HoWever, the g.c.a. variance was greater than

5.c.a. variance implying preponderance of additive component than.a o

the . non additive component for plant height as observed by Rao'

and Satiyavathi (1977), Reddy gt al. (1985), Vijay and Manohar_

(1986a), Radhika (1988), Randhawa (1989) and Veeraraghavathathamri'“

and Irulappan (1991a). Plant height exhibited significanti‘gdl
reciprocal differences valso.' Similarvobservation was made byfdn'

Veeraraghaﬁathatham (1989), Veeraraghavathatham - and Irulappan :‘5

'(1991a); and Shivagamasundari ot al. (1992a).  Of these three

_crosses that showed high s.c.a. effects only one cross (P4 bid P6)

had a good general combiner (P6) as one of its parents. while the

.other two crosses (PZ b'd P5 ‘and Pl X P4) were combinations of poor,’

X poor general combiners The two reciprocal crosses (Pg x Py and

"P4 b'e P3)'showing high 5.c.a. effects were. a result of good b'd poor,"’

and very poor X poor combinations.

Plant height was under the influence of additiﬁe;
dominance{ asj well as environmental effectsg,. Similar .reSults
were obtained by Pratap gt”gl. (1980) and Veeraraghavathatham and
Irulappan (1991a) The distribution of‘dominant 1and recessive

genes was asymmetrical with dominant alleles being preponderant

' as indicated by the p051tive value of F as well as by the value

of their proportion in the parents. But a higher proportion of
recessive alleles than dominant alleles was reported by Kulkarni

et al. (1976), Pratap QL al. (1980) and Veeraghavathatham and
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Irulappan (1991a) An asymmetrical distribution of - genes with

pOSitive and negative effects was also noticed as was reported by

~Pratap et al. (1980) and Veeraraghavathatham "and Irulappan

(1991a); The overdominance indicated by the average degree . of

dominancer was ,confirmed by the Vr—Wr'graph.k Kulkarni et 21

- (19786) alSo' reported %ovérdominance butvpartial« dominance for

plant height was reported by Pratap et al. (1980), Randhawafl;

f(1989) and Veeraraghavathatham and Irulappan (1991a). The graph

’indicated> considerable genetic divergence with parent Pg hav1ng’r

mostly' dominant genes closely followed by P5._ Varying

probortionsiOf these genes were observed in the other parentsl"'

The character percentage fruit set failed to -exhitit
significant g c.a. and s.c.a. effects, indicating this character‘
to be under. environmental influence g.However' Chandrashekhar .
(1988) reported non additive gene action for this cnaracter in |
tomato and the role. of additive gene action for percentage fruit E

set was also stressed by Abdelmoneim (1977) in- tomato.

Significant ‘dominance and 'additive effects wéreiT

~observed for percentage fruit‘ set. There was evidence of

environmental influence also. More of decreasing ‘alleles with
dominance ﬁas noticed. Similarly, the proportion of dominant and .

recessive genes among the parents indicated an unequali

distribition of these genes. The genes with positive and
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negative effects 'were also asymmetrically distributed. The
overdominance indlcated by the numerical analysis was confirmed
by the Vr-Wr . graph. The graph revealed“not much genetic
divergence among vthe barents " The parents Pl’ P3, P4 and P6'
possessed predominantly ~dominant genes while Pz ~alone had an

'excess of’ recessive genes.

Significant g.c.a.’and s.c.a. effecﬁs were observed for
the incidence of_yeilcw,vein mosaic disease. Combining ability‘
'effecﬁs in the negative direction was desirable for the disease”
incidence. The ratio of g.c.a. variance to s.c.a; varience wss
greaﬁer then unity_ indicating that ‘though additive' and non
'additive gene actionsAwere pfevalent, the additive componehﬁ had
a greater role. This is in confcrmity with ﬁhe findings of“
Veeraraghavathatham and Irulappan (1990, 19915). The disease
incidehce was influencedxb& reciprccal differences aiso. All‘the
crosses viz!, P3 x Pg, Pz ﬁ P;- and Pslk P, that showed high
s{c.a.‘ effects in the hegative direction were a cOmbination' of .

pcor. X 'poor general combiners. The parent with high negative -

g.c.a. (P4) could not:produce superior crosses with high s.c,a;’“'"

as observed by‘Rao (1877).

The disease incidence was governed by dominance andc
additive gene ~effects.  There was considerable influence of.

environment also. Veeraragheyaﬂvﬂ%am " (1989) and
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AVeeraraghavathatham .and Irulappan _(1991a)~:reported the same
results. .Preponderance of increasing-alleles was denoted by - the
pcsitive Qalue” of ?' This was confirmed by the value of the
" proportion of dominant and rece551ve genes among the parenta

The value of H2/4H1 also revealed an asymmetrical distribution of

positive and negative genes - The average.degree'of dominancevand o

the Vr-Wr graph revealed dominance'in the range of overdominance.
However, Veeraraghavathatham and lrulappan (1991a) _ reported
partial dominance afor the disease resistance The4 graph'
indicated genetic divergence among the parents. Parent P5 had .
mostly..dominant genes' while PB had more of 'receseive genes.
Varying proé?tion-of these genes were‘observed in the parents Pz,
._;P3vand:P4. The graphical~analysis also revealed the presence of
Vepistasis in_the case of reciprocalcrossee.
The g;c.a. andisrc.a. effectsiwere not significant vfor

the incidence of shoot and fruit borer Here‘alsc, the combining

ability effects in the negative direction was -favourable; The

nonsignificant g.c.a. and s.c.a. effects were an indication of

environmental 'effect on the incidence of shoot and fruit borer.

None of theA parents were good combiners and the two crosses_? R

(P4 X Pl and Pl X P4) that exhlblted significnatinegative s5.C.a.

effects_resulted from poor general combiners.

Incidence of the pest was under the control of additive

'-gene effects as well as'environmental effects. v The Anegative
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value of % indicated dominance of decreasing allelés. This was
confirmed By the proportion of dqminant and regessive;genes among
- the parents. The ratio of Hy to 4Hy; also indicated an
asymmetrical distributidn of genes with positive and negative
effects among +the parents. The average degree of‘ dOminance
indicated complete dominance and this was confirmed by the Vr-Wr
graph. The graph also indicated considerable amount of genetic
divergence among the parenté for this trait,»with the parent PS
 having more of dominant genes and all the others having both

dominant and recessive genes in varying proportions.

The contradictory results on the nature of gene action
controlling inheritance of the different characters obtained by
the Qarious authors may be due to the difference in the parental

material used in the study.

An overall ranking of therlinés:for' all the traits
indicated that good general combiners gave either average or good
‘per se performance fbr only seven of the ten characters for which
g.c.a. effects were significant. This suggests that combining
ability of parents cannot alwa&s bévjudged accurately by their

per se performance and hence the g.c.a. estimates and per se.

performance of the breeding lines should be taken together for

assessing their breeding potentiality. Sharma and Mahajan (1978)

and Elangovan et al. (1981a)‘had similar opinion.
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In soﬁe' of the charactéfs- studied, - parents with
Significanfly high g.c.a. -pfoduced hybrids- with low s.c.a.:
éffects. This may‘ be due to the role of complementary gene
action. On thé'éther hahd,parents‘with poor g.c.é. produced
~ hybrids - with high s.c.a. effects Which can be attributed to the
complementation of faQourable genés (Shivagamasundari’ et al.,

1992a).

The overdominaﬁce observed for weight;of‘ fruits - per
plant, number ofvseeds prer fruit, fruiting rhase, height of plant
and also for the'réciprocalicrqsses in number -of flowers"per
.pIant, weigﬁt of_:f‘single fruit'and'incidence of yellow vein
mosaic may be spu:idus' becauée of the presence of noﬁéllélic
interactions for theée traits as revealed by the graphical
anal&sis., CommerCial expiditation of heterbéis is possible Vfof.
all fhose characters exhibiting ovérdominange while - those -
characters gb&erhéd by partialyto complete ddminahcé can be
iméroved by selection in early generationsvas opined by Randhawa

(1989).
5.2 Heterosis

'Exploitationrof hybrid vigour to,increasé_the yvield of
fruits has become 6ne of_thé most. impdrtént‘ techniques in-
vegetable breeding. Ménifestation of" heterosié for various
economic traits in bhindi has been reportéd by'ElmékSoud gi‘g;.'

(1984) +thus jusfifying the commercial utilization of hybrid
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vigour - in bhindi The present'study was also aimed to identify ’
. superior hybrids and to find out the magnitude of heter051s on

yield and its components. The results are discussed below,

For days to first flowefing, five hybrids were found to
exnibit significant negative heterosis‘when compared tovthe mid
parental value .and ~one crossf : expressed» vsignificanti‘
heterobeltiosis. Agarrado and RaScov(1986) and_Elmaksond et al.

(1986) reported heterosis over mean parental value in most of the

hybrids studied for days to flowering, whlle heterobeltiosis 'for.i

this +trait. was reported by Kulkarni and Virupakshappa (1977),
Vijay and Manohar (1986b), Shukla‘eﬁ al. (1989) and Singh and
Mandal (1993).’ Expression of relative heterosis' as well as
heterobelsiosis for this trait was also ‘reported by, Rao (1977)i
and Elangovan et al. (1981b). None of-the hybrids'were found tof
exnress-significant standard heterosis fof this trait. Thus, the
hybrid Pl x P4 which showed signlflcant heterosis over the mid(

and better parental values can be considered as the earliest in -

flowering.

Consideringv the leaf axil bearing the first flower,
only one hybrid P5 x P4 expressed significant heterosis over the
mid parental value, . while'none of the hybrids were‘ superior in

comparison with the midparent and the check variety . This is in

conformity_ with the flndings of Slngh et al. (1977) However, .
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Elangovan et al. (1981b) found'the presence of bothbmid parental

"and better paféntal heterosis for the first fruiting‘node.

Wifh régérd to leéf number, . one hybrid 7P4f ' ?2
expressed significant  relétive -héterpsis while none . of the
”hybridé'vexbreséed signifiéanﬁ heterobéltiosis. Howévér,' in
comparison with the check pafent, heterosis was observed in nine‘
hybrids, . the oﬁtstanding ones being Py xPz; Py x‘Ps, Pl x_‘P4,4;
Po x Py and Py x Pq. ItAis evident that most of the outstanding

hybrids have the ﬁarent P4 as one of its parents.

vao hybrids Py x P3 and Pg x Py exhibited significant
relative 'heterosisb for 'léaf ‘area | while significaht
heterobeitiosisr ﬁas' ndtiéed..in one hybrid P5 "x P3 alone.
Ho#ever, in comparison with the standard check, heterosis was
observed‘ in 23 hybrids? the best being P5 x‘PBKfollowed by Pz x:‘
Py, Py x P; and many others. Thus,the hybrid Py x Py was found
to have the highest leéf»area in‘all the threé comparisons‘of‘

heterosis.

 In the éase of number ofAbranches, the hybrid'PS x P5x'
alone exhibited vsignificantjheterosis over mid jparentél value
.while"none of +the hybrids performed better +than the better 
ﬁarent. .Howe§er,standafd heterosis was observed in 15 hybrids
including Py .'x( Pg, Py x Py, Pp x P,, P, x Py, Pg x Pg etc.

A
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Elangovan et al. (1981b) and'Changani and Shukla (1985) obéerved
heterosis over the midparent and better parent for branch ﬁumberL
Vijay and Manohar (1986b) observed heterobeltiosis alone whilé
Singh and Mandal (1993) noticed only relative heterosis for this
" character. However, .significant heterosis with respect to all

the three types of compérisons was reported by Lakshmi (1992).

The hybrid‘Pl X P4nwas found to exhibit heterosis in
all the three types of comparisons for number of flowers .pef
plant. This was the only hybrid expressing relative ‘hetérosis'
and heterobeltiosis  while six more hybrids exhibited standard
heterosis for +this character. It was seen that mosf. of vthe

hybrids that exhibited heterosis had P4 as one of its parents. . .

- For number of f;uits per plant, heterosis over the
better parent was exhibited by onl# one hybrid Pl b'e P4 “whereas
none of +the hybrids were outstanding when compared +to the‘
midparental ~value. High.heterosisvover the better parent for 
number of fruits per plant was also reborted by Singh and Singh
(1979a), Thaker gi al. (1982) and Shukla et al. (1989), while
‘significanf heterosis over mid parental value was -reported'vby"
Aéarfado aﬁd Rasco (1986) and Elmaksoud et al. (1986). waeVer,‘*r
relative "heterosis as well as heterobeltiosis was repoftéd‘ by

:Singh et al. (1977) and Poshiya and Shukla (1986a). Standard

heterosis was exhibited by three, hybrids Py x P4; Py x Pjy

»
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and Pg x Pg.  Shukla et al. (1989) and Kumbhani et al. (1993)

also obtained standard heterosis for fruit number per plant.

Sigﬁificant heterosis aver mid parent and bettar parent"'
for length qf fruit was exhibited by .fpur and twb hybrida
respectively. Maximum relative heterosis was expfessedbby Pl X
Py, followed by lex PB, Pp-x El and Py x Py. Agarrado and Rasco
(1886) also obtained significant relative heterosis for. fruit
leﬁgth in bhiﬁdi.:'Comparad'to the better parént, Pl X Pz was tﬁen
best hybrid followed by Pz b'e Psi' Significant heteroﬁeltiosis for
fruit léngth‘waa also reported by Thaker et al. (1982), Vijay and
Manohar (1986b) and Shukla et al. (1989) . Both these types ‘of
heterosis were obtained by Elangovan et al. (1981b) and Changani
and Shukla (1985). ANOne of +the hybrids‘vshOWed significant
standard heterdsis.‘ Hdwever;Kumbhani et al. (1983) reported :

useful heterosis for fruit length in bhindi.

_ Foar hybrids showed significant relative heterosis for
‘girth of fruit, the maximum being exhibited by Pr x Py iciosely_
follbwed' by Pi x_Pz. Thesé'twq_hybridsvalso showed significantt
heterobeltiosis for this charactér}v HoweVéf, the hybridi showing
maximum heterobeltiosis was Pg x PG' Lakshmi (1992) obéerved the
bresenoe pf relative heterosis for ffuit girth while Agarrado aﬁd.‘
Rasco (1986) and Vijay and‘Manohar-(1986b) found hetérobeltiosis_a

for +this character. Hybrids‘éxpressing both mid and better
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parental ‘heterosis were aleo‘ reported by Elangovan e&v al.
(1981b). Compared fo the stendard check, only one hybrid szlel
showed signifieant heterosis. Lakshmi (1é92)'andrKumbhani et al. |
(1993) observed useful heterosis in some of the hybrlds for fruit.
glrth in bhindi. It is clear from the results that the hybrld-<'
Pz b'e P1 exhibited‘significant,sﬁperiority for fruit girth'in .alll

the three comparisons of heterosis.

‘Among  the 30 hybrids, only fou? ‘hybrids  showed
significant relative heterosis for we1ght of single fruit. The
maximum value Wwas seen in Pz b'e Pl followed by -P4 X Pl eﬁd
PB x Pl ~ The hybrid Pz X Pl also exhlblted 51gn1f10ant heter051s
in comparison w1th the better parent as well as the standard
check, indicating +this hybrid to be the best for eihgle fruit

weight.

Significant positive heterosis over mid barent, better

_ parent and standard check for weight of fruits per plant (yield

prer plant) was exhibited .byieight, four and eight hybrids»,

respectively.  Singh et al. (1977), Elangovan et al. (1981b),
Agarrado and‘Raeco (1986), Poshiya and Shukla (1986a) and Singh
and Mandal (1993) reported heteresis over mid and better parental
values. HeteroSis over the hid parental value was observed by
Lakshmi (1992) and over beﬁter perent by Singh and Singh (1979a);
Thaker eL-gl. (1982), Vijay and Manohai (l986b)jand Shukla et al.

(1989). Maximum relative heterosis was noticed in .ther hybrid
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P2 x Py followed by Py x Pz and PB X Pl These three hybrids
expressed 51m11ar trend for hetefobe1t1051s also Comparedf tég
standard check, the best hybrid was again Pz X Pl indicating this
hybrid to be the best for yield per plant Shukla et al. (1989), 
Lakshmi (1992) and Kumbhani, g& al. (1993) also Obtaiﬁed :
significant stéhdard heterosis for yield; The résuits-'revéaled 
- that the crosées‘ involving the parénts P, and Py éxhibited”
significant superiority for yield per plant, the mqst seconomiéﬂ
‘character. Hence , - these two parents offer immenée stpe fo#,

'-developing superior hybrids with high &ield potential in bhindi.

Among the 30 hybrids, significant'relativeA heterosis,
heterobeltiosis and standard heterosis weré exhibited in six, oné
and six hybrids réspectiVelyrfdr number of seeds-per fruit} The
hybrid _P2 Q Piiwaslséen tp express significant heterosis-in -all
the three types of comparisons, implying this hybrid to haye the
maxiﬁum number of_ éeeds per fruit. Lakshmi ‘(1992) _observed
~ significant heterosis over the mid parental value_as well as thet
standard - cheqk, while’Vija& and Manohar (1986b) and Korla and

Sharma (1988) observed heterobeltiosis for seed number in bhindi.

With regard to‘fruiting phase, three hybrids exhibited '
significant heterosis over mid parent, the maximum being in the
cross Pg x Pg followed by Plvx'P5‘and Pg x Py. These three

hybrids were found to exhibit significant heterobeltiosis also
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for fruiting phase, thereby“indicating”that these hybrids have
longer fruiting phase _than the others. None ofi the hybrids

showed- significant standard heterosis.

_ When comparéd to the mid'parental _vélue, sigﬁificant
heterosis for plant height';was 'observed in five hybridé
viz., Py x Py, Pg x Py, Pz.x Py, Py x P4 and Py x.Pz.”Except thé 
cfoss Pl vx P4,‘thé other four fcrdssés expressed ‘significanf
heterobeltiosis - aisé. for plént héight;'Relaine héﬁerosis for
thisl,character was reported earlier Ey éhéngani  and Shukla
(1985), Agarrado and Rascb (1986),E1maksoud et al. (1986) and
| Lakshmi (1992); while Vijay and Manohar<(1986b) and Shukla et al.

(1989) obsérved Heterobeltiosis. However, Elangdvan et

B

(19815) reported both relative heterésis.and heterobeltiésis for“
plant height in bhindi. Standard heterosis was ébserved‘in three
hybrids P, x Pg, Py x Py and Pg x P;. Shukla et al. (1889),
Lakshmi (1992) and:Kumbhani (1993).also réported useful héterosis
for plant heighti in bhindi. It was seen that +the crosses
involving‘ eithei.parent PZ or parent P4 were in general taller

"than the others.

- For percéntage fruit set only mid ‘parental heterosis
was observed in three hybrids Pz x‘Pl, P3 X P4 and P2 X PB -while
none of _thevhybrids exhibited'significant_ heterosis . over ‘the'f

better parent and the check variety.
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The hybrid Py x P, was found to exhibit significant
negative heterosis with respect to the three types of compariSOnsf
for +the incidence of yellow #eiﬁ mosaic. Five more hybrids,f 

‘expressed significant standard hetérosis but only Py x Py can  be -

considered to be tolerant ﬁo the disease compared to the chers. -_ﬁH

~ In the case of incidence of shothand frﬁit bérér also;“
only one hybrid P2 b'd Pl was found to exhibit significant negative
heterosis over all the three types of’comparisonS'suggesting thap

this hybrid alone was_tolerant td the pest.

It was seeﬁv that amoﬁg the 30 hybrids, P2 x Py waé'the
most Qutstanding one for majority of the yield related characters
when comparéd to the‘mid-paréntal value; the better parent and
the standard check. - The‘crosé P1>x Py was also found to be-
heterotic. In genefal, thebhybrids involving.the parénts‘Pl, Pz
and P, were found_to be superior in - their performance-'wiﬁh

respect to most of the charaéters.studied.
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6. SUMMARY

The present study on the combining ability in. bhindi
Qas carried out in the Department of Plant Breeding and Genetics,
College of Agriculture, Vellayani during 1994-95 in order to
determine the comgining ability of the parental strains, to study
the nature of gene action governing the different characters and
also to study the heterosis for the different characters. The
experimental material consisted of six parental lines obtained
from six genetically divergent clusters, their 30 F1 hybrids
obtained by prossingrthe parents in all possible combinations and
a check variety Kiran.- The experiment was laid out in Randomised
Block Désign with three replications. The observations wsre
recorded on yield oflfruits apd important yield attributes and
also on the incidence of yellow vein mosaic disease and incidence

of shoot and fruit borer.

Significant differences were detected among.' the
genotypes for all the 17 characfers studied. It was seen that
the parent P5 showed the highest valués for length of fruit,
weight of single fruit, weight of fruits per plant and percentage
fruit set. Among the hybrids, Py x Py had the tallest plants and
the longest fruits while its reciprodal Cross lex P1 exhibited
the maximum girth of fruit, weight of'singie fruit, weight of
fruits per plant and number of seeds per éod and it was also the

-

Aleast affected by shoot and fruif borer incidence.
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The ccmbining ability analysis carried out by the
.Method 1 under Modelvlvas suggested by Griffing (1956) indicated
"significant variances due to g.c.a, s.c.a.'and reciprocal effects
for eight, ten andlten characters reSpectively. The combining'
ability analysis revealed that the parent P4 was the best general
combiner/for the acononmic character, yield per plant and also for
‘a few related charactersi Among the crosses, Pl x Py exhibited :
outstanding' s.c;a. "effects for yield per plant followed by_
'P; x Py and ?5 x Pg. In general the crosses involving parent P4'

were good specific combinations.

The s‘c a. variance was fosnd to be greater than the
-g;c.a. varlance for days to first flowering, numberi of flowers
per plant, length of fruit girth of fruit,' weight of single
.frdit, welght of fruits per plant and number of seeds per fruit
‘1nd1cating the operation of non additive gene action -in: the
inherltance of these traits. For the remaining characters the
presence',of 'additive gene action was indicated by the"greater

magnitude of g.c.a. variance than s.c.a. variance.

The numerical analysis by Hayman s approach indicated
that the parental strains had more of ddmihaﬁt genes for days to
first flowering, length of. fruit, welght. of 51ng1e fruit, weight
of fruits per;‘plant and ~number of seeds per fruit 'while'

predominance ]of* addibivie  genes was seen for leaf number and
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.incidence Lof shoot and fruit borer. Howéver{-the presence of
additivellas well as dominant genes in the parents was found for

six characters. Environmental influence was also seen for a few

traits.

The dominance of increasing alleles in the pérents was
'indicated: by the positive wvalue of ﬁ'for almost all characters .
except 1eaf‘area,vnumber‘of:flowers per plant, fruiting phase,
percéntagé fruit set and 1nciden¢e of shoot and fruit borer fdr
- which rdecreésing allélés were predominant. Similarly the ’value
of the propoftidn-qf'ddmiﬁant and recessive genes also indicated>
”an aéyﬁmetricalVdistribution of these genes among the parents for
all the characters. ‘An unegual distribution of genes bwith
positive and negative effects was alsg indicated by the ratio of

Hy ﬁo 4H1 for all the characters except fruiting phase.

The.average'degree of dominance indicated bverdominanée
for almost _all-characters excépt leaf axil béaring the first
'flower and incidence of shoot and-fruit borer for whiqh ‘completeA
dominance was seen and leaf number for which partial dominance
was noticed. This was confirmed by the graphical aialysis. In
the graphical v&n&lysis the regiession'of - Wr on Vr deviated
| significantly from unity for weight of fruits per plant, number .
' of seeds per fruit, fruiting phase and height of plant indiéating"

" the presence of epistasis for these +traits. Thus the
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overdominance indicated by‘ the numerical analysis for these

traits may be spurious.

The Vr-Wr graph also indicated that the - parents were
genetically divergent for seven characters viz., days tq first
flowering, leéf number, leaf area, number’of fruits per plant,
weight of single fruit, incidencé.of vellow vein mosaic and
incidence of shoot‘and,fruiﬁ borer while very 1little .genetic

divergence was seen among the parents for the remaining six.

' gharacters.

Manifestation of heterosis was seen 5f¢r all the
characters studied. Among the SO hybrids eQaluated, the = hybrid
Py x Py was found to be the most outstanding for yield and yield
relateq characters viz., weight of single fruit, girth of fruit,
length of fruit, percentage fruit set and also for seed number
per fruit when compared to the mid parent, better parent and the
standard check and it also exhibited heterosié for tolerance to
shoot and fruit borer. The hybrid P, x Py was found to show
heterosis for earliness, number of flowérsﬁper plant and leaf
numbgr. In general, the hybrids involving eithér the parent Py
(NBPGR/TCR 893) or the parent P, (NBPGR/TCR 861) were found to be

heterotic.
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ABSTRACT

The study was carried out in the ﬁepartﬁent of Plant
Breeding and Genetics, College of Agricultufe; Vellayani during
1984-95 +to estimaté the combining ability 1of“six genetically
divergent parental strains of bhindi and their 30 F1 .hybrids
obfained, by crossing the six parents in a diallel pattern. The
magnitude of heterosis and nature of gene action governing the
vield of fruits and other important yield aﬁtributeé was also

elicited through Hayman’s numerical and graphical approach.

The combining ability analysis by the Method 1. of
Griffing’s (1956) approach revealed thaﬁ'the'parent Py (NBPGR/TCR
864) was the bést general combiner for vield and a few. yield
related characters. Among the‘hybrids, Py x P4'(NBPGR/TCR &93 X
NBPGR/TCR 864) exhibited ouystanding s.c.a.neffects‘ for yleld.
~Non additive gene action was found to govern days to first
flowering number of flowers‘pervplant, leﬁgth of fruit, girth of
fruit, weight of single fruit, weigﬁt of fruits per plant and
numﬁer of seeds per fruit:while the remaining characters were

governed by additive gene action.

The numerical and graphical - analysis indicated
overdominance for almost all characters eicept leaf axil Dbearing

the first flower and incidence of shoot and fruit borer;forQWhich



complete dominance was seen and leaf number for which partial
' dominance was noticed. The Vr-Wr graph also indicated the
presence of epistasis fdr weight of fruits per plant, nﬁmber of

seeds per fruit, fruiting phase and height of plant.

There was manifestation of hetérosisv for all the
qharacters studied. The hybrid P, x Py (NBPGR/TCR 861 x
NBPGR/TCR 893) was the most outstandiné for yleld and yield
related characters when compared‘to the mid parent, Better parent
- and ‘the standard check and it also exhiBited heterosis for
thierance to shoot and fruit borer. The cross'Pl x Py (NBPGR/
TCR 893 x NBPGR/TCR 864) was also heterotic for earliness iﬁ
flowering. In general, the parents NBPGR/TCR 893 and NBPGR/TCR

861 either alone or together produced heterotic combinations.
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