
LINE X TES ER A LYSIS FOR COMBI G ABILITY 
I 

EGG PLA (Solanum nu,zongena ) 

THESIS 
U ITTED IN 

PARTI AL FULFILME T OF THE REQUIREMENTS 

FOR THE DEGREE OF 

DOCTOR OF PHI LOSOPHV 
IN 

GE ETICS l\ D P Ll1NT BREEDING 

2005 

By 

Kailash 'Ra m 
'd. No . CA .. 5026/ 0 1 

DEPARTMENT OF GENET C S AND PLANT BRE-E O ING 

CHA DBI SHEIKIH IZID UNIVERSITY OF AGRICULTURE & TECH OLOGY, 
I PUR - 208 002 (U. P. ) INDIA 





LINE X TESTER ANALYSIS FOB COMBINING ABILITY 
IN 

EGG PLANT (Solanum melongen(J L.) 

71-teSIS 
SUBMITTED IN 

PA RTIAL FULFILMENT OF THE REQUIREMENTS 

FOR THE DEGREE OF 

DOCTOR OF PHI LOSOPHV 
IN 

GE ETIes nND PLl\NT BREEDING 

2005 

By 

Kailash 'Ram 
rd. No. CA ... 5026/01 

.DEPARTMENT OF GENETICS AND PLANT BREEDING 

CHINDRA SHEIKAH IZAD U IVE SITY or AGRICULTURE & ECHNOLOGY, 
K PH ... 208 002 (U. P. INDIA 



..... •• I .. er"h ..... .. 

!:I ............. -----... -. 



gI.JuP~R~ 

Wftose 6Cessings 6rougfit 
me fiere up too •• o •• o .... 

~J. 



t'j),.. rplCahlad JingJ,_ 
M.Sc. (Ag.), Ph.D. 

Professor & For-mer Head 

Deptt. of Genetics & Plant Breedln~q 

Agriculture & Technology~ 
Kanpur-20B 002 (India) 

CERTIFICATE 

This is to certify that the thesis entitled, ULine x tester analysis for 

combining ability in egg plant (Solanum melongena L.r', submitted in 

partiaJ furfilment of the requirements for the degree of Doctor of Philosophy 

in Genetics and Plant Breeding~ C.S. Azad, University of Agriculture and 

Technology. Kanpur, U.P .. [ndia. is a record of bonafied research work carried 

out by Sri Kairash Ram, Id.No. CA~5026/01 under my supervision. The thesis 

embodies the work of the candidate himself. 

Dated: Oi t. o~-J 2005 
P () .J 

,~ 
(P. Singh) 



DEPARTMENT OF GENETICS AND PLANT BREEDING 
CHANDRA SHEKHAR AZAD UNIVERSITY OF AGRICULTURE AND TECHNOLOGY, 

KANPUR-208 OQ2 (U.P.) IN01A 

CERTIFICATE 

We,undersigned. members of the advisory committee of Shri Kailash 

Ram, Id. No~ CA-5026/01, a candidate for the degree of Doctor of 

Philosophy in Genetics :1n~ Pia nt Breeding. agree that the thesis entitled 

"Line x teste r analysis for combining ability in egg plant (Solanum 

meiongena L~r, may be submitted by him in partial fulfilment of the 

requirements for the degree. 

er 
fessor, 

V~<>·J\' 
(P. Singh) 

Chairman 
Professor & Former Head 

/ t...t-~efics & Plant Breeding . ~.1. " 
. _/ (__.... I- t '_ -., _________ 

"k .._..----

(R~ Mishra) 
Member 

Professor. 
Depa rtment of Vegetable Science Oepartme n t of Genetics and Plant Breeding 

,~ 
(S.K.S. Parihar) 

Member 
Associate Professor. 

Department of Plant Physiorogy 

---...,~ (-,./ \ 
'~(_~ ~1.') -, 

(Rajendra Singh) 
Member 

Associate Professor, 
Agricultural Statistics 



ACKNOWLEDGEMENTS 

I deenl ilia visualise a great opportunity (?!' pride und p/ellSllr(! 10 
express my deep sense of gratililde and Iwar/iesl venera/ioll to I1tY 

lnagnanbnous guide Dr~ Pralrlad Sing"~ PJ"l~t(:.\'·H'" & F(},.,,,c..'r I lead. 
Deparlnlent ofGenelics and Plant Breeding. Cluuu/ra .",'hl.'khur .·1="" l/"I\, • .:/"sily 
of Agriculture and Technology, Kanpur, for hi."!· inspiring guhhllu .. :t', lOlfiring 
help, keen inlere ... ·I. valuable suggestions. "·OIJSlrlU ... ·,iv<: crilic;isI11. CUIl. .. ·{al1f 

encouragel1u!nl unci scientific orientation of the prohh.!111. fhroughout (he {,:ours(' 

of pres en I invesligaJion and in preparalion o..flhis nutluls(.:ript. 

fmmenc..·e gratilude and praises ure lhe leust Iltal f..'lJ11 oJjer fo [Jr. R.P. 
Srivastava. Proji! .... sor. Department of Vegeluble .\·c:iC!Iu.:e: Dr~ R~ ,\-I;:'.IIr(l. 
Professor Depar(lnent of Genelics and Plant Bn':l"li"J.!.,- [Jr . . \'. A·.S. I'arillar. 
A.\·:.;ociale Professor, Department of Plant Physiology Ull" JJr. Rujellt/rll k\';lIgll. 
A .... soci{e Profes.\·or. Department of Agricu/luru/ 1~·c.:()Il(Jlllic.\·, sfalislic.·.\. Ij,(., 

Irwlnhers of my advisory comnlillee for providing ex/u,:r/ £Idvicc..' (llld al/ kinds (~/· 
help throughout the course ofinvesligalion. 

I Gnl deeply grateful to Dr. K.D. Upa"hyay. IJean ('ullege (~I 
/ilgriculture and Dr. R. K. Di:dt, Professor & Head. Deparflllenl of (icl1efic.: .... 
(lnd Plant Breeding, C.S. Azad Universily of Agriculture (Iud Techn%R"··' 
Kunpur for encouragemenl. inspiration and providing all the: .Ii.H:ililh!s jilr the 
investigalion. 

1 ani thunkfulto Dr. D~N~ Bhardwaj, Assislanl proje:,.-sur, Dep"rtlJu.:nl (~I 
Genelics and Plant Breeding for rheir keen interest and valuable ('"ooperulion. 

as and 'when required. 

I am highly graleful 10 all the teachers of the Depurfl1wnl oj' GC!llel;,:s 
and Plant Breedingfor their help during the tenure oj·rl1Y :audy llnd all kind,\' (~l 
.<iuggestions and co-opera/ion in the field ofresearch. 

I do not afford to forget in appreciating Ihe solenll1 co-oper(1/ion al1d 
liberal assistance oj~ ,ny all seniors. juniors and friend.~' and who helped Irle 

directly or indirectly during the course of present investigation. 

J¥ards fall shorr /0 express my gralitude for rhe affecliun, inspirCltion 
and rnoral support by my family metnbers. lvhose blessings and exhortation and 
financial support. gave a lot of encouragemenl in lny entire hie and 
upgradation oflny academic carrier. 

At lasl. J am Ihankfid 10 all those persons who 
during this invesligalion. 

: Oct. 05, 2005 

Piace Kanpur 

helped tnt! al any slage 

r~ 

(KAlLASII RAl\'1) 



CHAPTERS I 

,PAGE No. I' 
--------- -----------j 

t--------+~- _____ _ 

I INTRODUCTION 1-4 

II REVIEW OF LITERATURE 5-36 

III MATERIALSAND METHODS 37-53 

IV EXPERIMENTAL FINDINGS 54-93 

v DISCUSSION 94-115 

VI SUMMARY 116-120 

; LITERATURE CITED 121-138 

APPENDICES I-VII 

L _ _._______ ______________ _ I 

--.~ -j 



CHAPTER -I 

INTRODUCITON 

---~ . _-:-._ •. 4. ..... -_ 



Chapter-I 

INTRODUCTION 

Vegetables are emerging as nl2Jor source for human health and 

growth. The cou ntry's urge nt requi rem ent ;s to enhance the tJ"rod Liction of 

nutritious food in a sustainable manner and to improve the farm fan1ily income 

in order to ensure house hold food security. nutrttional security and economic 

security. Vegetables are rich source of n1inera\s. vitamins and dietary fibers 

and thus play an important role in hurnan nutrition and also pray a significant 

role in the economy of majority of SITlati and ma rgina I farmers. 

Althoug hind ia IS the second largest prod ucer of vegeta b les next onJy 

to Ch ina. accou nting for about 10 per cent of t he world's prod uction. More 

than 50 species of vegetable crops a re grown in I nd ia. The tota I area under 

vegetabJes in world is around 46.96 ITlillion hectares with total production of 

787.4 m iUion tonnes. Asia produces 53.3 rnill ion ton nes of vegetables from 

33,31 million hectares of land. I n I nd ia. the a rea. production a nd productIvity is 

about 5.73 mi II ion hectares, 78.2 mi Ilion ton nes and 500kg/t1a~ respectively; 

(The Hindu Survey of Indian Agriculture. 2004). Vegetable production of our 

country is 5t1l1 domir"1ated by the locally available varieties which may be due 

to fa rmer's i9 nora nee a nd poor exten sio n activitres. Develop me nt of hyb rId 

varieties in country has advailtage by productlon and protection technologies 

and increasing awareness of nutritional secu rity among the masses. 

Karnataka, Maharashtra, Gujrat and parts of Andhra Pradesh are the pioneer 

states to adopt hybrid production of tornato. cabbage, capsicum. brinjal. 

cucumber and water melon. 



Among various vegetable crops, egg plant (Solanum me/ongena L.) is 

one of the most popular vegetable grown in India. It belongs to the family 

So'anaceae and is an important commercial crop grown al1 over the country 

except on higher altitudes. It has high yielding potential and adaptability to 

various agro-climatic conditions throughout the country and capactty to grow 

around the yeaL Thompson and Kelly (1957) 'wvere of the opinion that India is 

a centre of variation of brinja1. one of many nan,es probabilj derived from the 

Arabic. The cultivated brinjat is undoubtedly of Indian origin and has been in 

cultivation fOT .. long time. A number of cuttivars are grown depending upon 

the yjeld, consumer's preference, colour, size and shape of the various 

cultivars. Yet it is of particular importance in the .... varmer areas of far east. 

being grown extensively in India, Bangladesh. Pakistan. China, Philippines 

and also popular in France, Italy and the Unitect Statps. 

Egg plant fruit is a staple vegetab~e in nlany countries. It is liked by 

both poor and rich people. As regard nutritive value, it has about 1_4% protein. 

4 % carbohydrate, 0.3% fat, 0.3% minerals and 1.3% fiber. Vitamin C content 

is around 6mg/100mg and vitamin A is 30 IU_ White cultivars contain twice 

amount of crude fiber than purple and green cuitivars. The arnino acid 

contents are higher in purple and iow in white cultivars. Potassium and 

Chloride contents are hig her in green and 1oVl.'er in pu rp ie varieties. 8ajaj et 

at (1979) reported that ~on an average ,the oblong fruited brinjal cultivars are 

rjch in total water soluble sugars, whereas the long fruited cultivars contain 

large amount of free reducing sugars. anthocynin. phenols, glycoalkaloids, dry 

matter and amide proteins. A higher anthocynin content and low giycoalkaloid 

content are considered essential. regardless of how the frult is to be used. For 

processing purposes. the fruit should have a high dry matter content and low 

level of phenolics. It is further observed that,on an average,the round types of 

bri nj a 1 have h ig her po ly ph enD 1 Qxid a se activ ity and 9 l ycoa I ka 10 id co nte nt than 



long types. Bitterness in brinjal is due to presence of glycoalkaroids which are 

of wide occurrence in species belonging to Solanaceae family. Generally, high 

amount of 9 Iycoalkaloids (20mg/1 ~Og fresh weight) prod uces a bitter taste 

and off flavour. UsuaUy glycoalk2.~oid content varr~ frorn 0.37 mg/1 ~Og to 

4.83mg/1 ~Og fresh weight in most of !he comrnercial cultivars. In addition to 

its nutrition a' value, it also has med icinal va lue. White varieties are treated to 

be good for diabetic patients. It has also been found to be an appetizer cardia 

tonic and beneficia' in Vata and Kaphn (Kirtikar and Basu t 1957). H can also 

cure toothache if fried brinjai fruit in til oB is taken and acts as an exceHent 

remedy for those suffering from liver comp\aints. 

The breeding nlethodology in autogamous crops, particularly in brinjal. 

have gone practically no further than pure 1ine serection in matu rity groups or 

hybrid ization induced genetic va riabtlity following the tradrtiona 1 ped ig ree 

method of breed ing. Such conventional meU10ds have failed to bri ng out any 

significant sh;ft in the yielding potential of this crop. tn general. hybrids are 

known to have h.gher yie\d potent!al in egg plant with uniform fru it size. early 

maturity, improved qua1ity and pest resistance. Thus findings of the present 

study will certain'y help in formulating appropriate breeding progranl.nleS for 

the deve lopme nt of h yb rid sin th is era p. 

For the development of superior varieties/hybrids to the existing 

once genetic ameiioration is needed. l n this regard,. the selection of desirable 

parents for hybr~dization is an important step in any breeding programme, It is. 

therefore, esseptial to .sort out desirable lines through varlous analytical 

methods, which can be utilized in further breeding progranlmes. For the 

purpose various mating designs like d~aHe!. partia\ dlallel and line x tester 

have been used to know the genetic a reh itectu re of breed i ng rnatedal. Among 



these, line x tester anaJysis is the potent method to test n10re number of lines 

at a time. 

Therefore, the present study" Li ne x tester analysis for combin i ng ability in 

egg plant (SolanunJ meJongena L..)" was undertaken with the following 

objectives to gather the information on various aspects. 

1- To estimate the extent of variability present in parents and their 

progenies. 

2- To determine general and specific conlbining ability variances and 

effects for characters under study. 

3- To estimate components of gene effects for yield and its contributing 

traits. 

4- To workout heterosis over economic parent [n F 1 and inbreeding 

depression in F 2 . 

5- To estimate the heritability and expected genetic advance. 

6- To deter!Tline the genetic correlation between yield and contributing 

traits. 

7- To partiHon the genetic correlation into direct and indirect effects for all 

the characters under study. 

--: :000: :--
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REVIEW Of LITERATURE 



Chapter - II 

REVIEW OF LITERATURE 

The sale objective of any plant breed~ng programme is to improve 

those characters of a species that contribute to its economic value. Comptete 

information pertaining to inheritance of yield and its conlponent traits is the 

prerequisite for the formulation of an efficient breeding programme. The 

relevant literature on various aspects which have direct relation to the present 

investigation is reviewed briefly under the iollo\lving heads: 

1. Components of genetic variance. 

2. Concept of combining ability and its estimation. 

3. Heterosis and inbreeding depression. 

4. Heritability a nd genetic advance, 

5. Correlation and path coefficients. 

COMPONENTS OF GENETIC VARIANC~ : 

The study of quantitative characters in plants started with the work of 

Johannsen (1909), Nilsson Eh Ie (1909) a nd East (1916). Theoretical basis 

of quantitative genetics was first established by RonaldA-Fisher (1918) who 

partitioned hereditary variance into (i) an additive conlponent arising from 

average effect of gene,(h) dominance component arising from the intra-allelic 

interaction and (m) epistatic part associated with non-alle\ic interactions. 



Wright (1921 ~ 1935) concluded that hereditary components of variation 

are composed of additive and non-additive (dominance and epitasis) types of 

gene action. 

Mather (1949) partitioned the observed phenotypic variance into three 

components as : 

(i) Heritable - fixable (additive and additive x additive). 

(ii) Heritable ~ non-fixable (dominance and epistatic variance expect 

additive x additive component). 

(iii) Non-heritable - non-fixable (environmental variance). 

Robinson et al. (1949) stated that additive genetic variance indicates 

the extent of relation between parents and progenies. 

Cockerham (1954) and Kc m pthorne (1955) further partitioned 

epistatic variance into fractional components of digenic and higher order 

interactions, such as (i) additive x add itive, (ii) additive x d onlLna nee and (iii) 

dominance x dominance for two Joci situations and additive x additive x 

additive for three ioci and so on. 

Jinks (1955) and Gamble(1962b) found that epistaSiS was corre'ated 

with yield. Santz et al. (1954), Bauman (1959), johnson (1963) and 

Eberhart (1964) have reported the importance of eptstasis in specific 

combining abHity. 

Gardner (1963) postulated the following genetic parameters which are 

very usefu' to plant breeders: 



1. Additive genetic variance (82A) : Which resutts from the additive effects 

of genes at all segregat;ng loct. 

2. Dominance variance (c:?O) : Wtllch resuits from intra-aUe~ic interactions 

of genes at all segregating loeL 

3. Ep;static variance (~2E) : Whicl1 results from inter-allelic interactions of 

genes at aU segregating loci and which is divisible into addihve x 

additive (ti2AA). addihve x do{ninance U~2 AO) and donllnance x 

dominance (62 DO) for two loc, situation a nd into additive x add itive x 

addit;vesetc .• for three ~oci and so on. 

4. Average degree of dominance ((')20/&2A)O 5 : 1t is represented by the ratio 

of dominance to additive genetic variances. 

5. Genotype x environmental interaction, which may be divided into 

additive gene effects x environment and non-additive effects x 

environment. 

6. Genotypic correlations among quantitative characters for the particular 

crop_ 

Schnell (1963) deve10ped an expectation for partitioning of genotypic 

variability into different components in the presence of linkage. The 

generalized equations;o though very complicated ,are extremely usefu' under 

such situations. 

METHODS FOR THE ESTIMATION OF GENETIC PARAMETERS: 

The foJfowing methods have commonly been utilized by different 

workers for the estimation of genetic parameters: 



1. Estimates based on segrega1ing generations from crosses of two pure 

lines (Mather, 1949). 

2. Covariance of half -sibs and full-sibs (Comstock and Robinson, 1948; 

1952; Anderson and Kempthornc ~ 1954 : Kempthorne J 1957). 

3. Diallel analysis (Jinks and Hayman, 1953; Hayman, 1954a, 1954b, 

1958; Griffing~ 1956a, 195Gb; Gamble, 1962a). 

4. Partial diallel analysis (Kempthorne and Curnow, 1961; Gilbert, 

1958). 

5. Powers partitioning method (Powers J 1951, 1963). 

6. TriaHe' and quadriallet analyses (Rawlings and Cockerham, 1962a, 

1962b; Ponnuswamy. 1971). 

7. lnference about gene actIon from cornbinlng abitity studies (Spragua 

and Tatum, 1942; Rojas and Sprague. 1952; Griffing, 1956a, 195Gb; 

Kempthorne and C urn ow ~ 1961). 

8. Generation mean ana\ysis (Mather. 1949; Hayman, 1958; Jinks and 

..Jones~ 1958). 

9. Line x tester ana\ysis (Kempthorne. 1957; Arunachalam, 1976). 

10. Triple test cross analysis (Kearscy and Jinks, 1968; Ketata et al. 

1976). 

11. Phenotypic stability analysis (Finley and Wilkinson, 1963; Eberhart 

and Russell) 1966; Perkins and Jinks~ 1968; Freeman and Perkins, 

1971). 



CONCEPT OF COMBINING ABILITY AND ITS ESTIMATION: 

The concept of general and specific combining ability was first 

developed by Sprague and Tatum (1942). They concluded that general 

combining ability occurs due to additive gene effect and specific combining 

ability from intra or inter alle~ic interactions. According to them general 

combining ability (gca) is the dverage performance of a tine in hybrid 

combinations,while specific combining abmty (sea) is to designate those cases 

in which certain combinations do relatively better or worse than wou'd be 

expected on the basis of the average performance of the line involved. 

Handerson (1952) exp'ained gca as the average merit with respect to 

some traits or weighed combination of traits of large n umber of progenies of 

an individual or line which mated with a randorn sample from some specified 

population under a specified set of environrnental conditions. The sea was 

defined as the "deviation of an average of an indefinitely large number of 

progenies of two individuals or lines from the values which would be expected 

on the basis of known gca of these two lines or individuals and the maternal 

ability of the female parent". 

Griffing (1956a) pointed out that general combining abWty involved 

both additive as well as additive x additive interaction. He also outlined the 

procedures for deternl:ning the general and specific comb~ning ability effects 

and variances (195Gb). The foltovving equations were derived by Griffing for 

the estimation of general and specific conlbining ability variances. 

2E,2 gca = &2 P. + 1/2 c? AA +. -- ... --..... -....................... - ....... . 

!ot 2 
U sea 

= 62 0+ 1/2 f-? AA + 6 2 AO+ c/ 00+ ... __ ........................... . 



Where, 

E? gca = Variance due to gca~ 

0 2 A =:: Additive genetic variance. 

0 2 AA = Additive x additive type inter al~elic interaction. 

t? sea = Variance due to sea. 

6 2 0 = Dominance variance. 

[,2 AD :::::;: Additive x dominance .nte.racbon -

(3.2 DO = Dominance x dominance interaction. 

Kempthorne (1957) proposed line x tester analysis which is analogous 

to design it of Comstoc~ and Robinson (1952). He explained general and 

specific combining abitity variances in terms of covariance of half-sib (H.S.) 

and full-sib (F.S.) in random matinq population. 

Where. 

:;:,2 gea :::::;: Covariance (H.S.)~ 

02sca :::;: COY. (F.S.) - 2 Cov. (H.S~). 

LINE X TESTER ANALYSIS: 

Davis (1927) was the first to suggest the use of inbred var,ety cross 

popularly known as 'top cross' as a method of eva'uating inbred lines of maize 

but the credit for establishing the top crosses test on a firm footing goes to 

Jenkins and Brunson (1932).They suggested that crosses of inbred lines 



with open pollinated varieties could well be used for the rapid screening of 

new lines in maize. 

Kempthorne (1957) advanced the method of Ii ne x tester analysis 

which was analogous to the North Carolina Design II of Comstock and 

Robinson (1952). In this design hybrid progenies are producatwith different 

genetical relations Hke full-sibs and half-sibs_ These genetical relations among 

individual aid in the analysis of suet1 polygenic system in terms of Cov. (H. So) 

and Cov. (F .8.) conducting the experinlent in which random sanlples of a s~re 

were mated to each of d dame. 

in this design, relatively 'arge number of variettes can be tested. This 

approach ,s not only useful for practical screening work but is also more 

comprehensive for the enquiry of genetical basis at popu lattan ~evel tha n other 

techniques like d iallel. which are generally based on fewer pa rents, 

Arunachalam (1974) reported the utillty of line x tester design in 

deciding about the relative capacity of a nurnber of male and female parents 

to produce desirable hybrids. In this design. a large nun1ber of tines (fema1e 

PBlents) are tested against a small number of testers (male parents). 

NATURE AND NUMBER OF TESTERS IN EVALUATING LINES: 

Jenkins and Brunson (1932) concluded on the basis of their studies 

that heterozygous tester has more capacity than homozygous one for 

evaluating the super!or lines for breed ing prog ramme. 

Federer and Sprague (1947) observed that an increase in number of 

testers in many cases would have greater value than more extensive 

rep'ications and the use of single tester. ~ .... , .... 
-I 



Hull (1947) pointed out 1,lat theoretically the most effIcient testers 

would be homozygous recessive at all ioci and that homozygos~ty for 

dominant alleles at any rocus should be avoided. 

Keller (1949) made a comparison involving the number and 

relationship between testers in evaluating the inbred lines of maize and 

concluded that high and low combining lines were,on an average, of equal 

va I ue testers. 

Matzinger (1953) defined a tester as "one that conlbiners the greatest 

simplicity in use with n,aximum information on the pertorrnance to be 

expected from the tested lines when used in other combinations or grown in 

other experiment." No single tester can fulftll these reqLJjrements. Therefore. in 

such breeding programme one has to keep a set of desirable testers to 

evaJuate th eli n e s effi cie n t Iy. 

Zongic a nd Morice (1958) used three d ifferept types of testers in 

maize, and found that the tester W.F.9. one of the best combining American 

inbred line had low additive or hlgh dOrllinance effects- The lovJest yield of 

crosses with th is teste r wa s re ported. 

Thomson and Rawlings (1960) evaluated four single cross testers of 

different ear height in corn and reported that testers were equally effective for 

measuring either ear height or yield_ Only a slight advantage was indicated for 

the two lowest yielding testers for yield evaluatlon. 

Studies on the nature and nunlber of testers were a\so made by 

Bolton (1948)~ Grogan and Zuber (1257). Burton (1959)~ Singh (1961)t 

Vahtin (1962) and Singh and Joshi (1966). 



In general. most of the workers agreed that for initial evaluation of large 

collection of inbred lines, more tha n one tester with good comb!ning ability 

possess i ng h ig h ad d itive ge netic com po ne n ts and h a vi n 9 bra a d 9 e netic ba se 

shou 1d be used. 

DEGREE OF DOMINANCE: 

In po1ygenic inheritance, the effect of individual genes can not 

ordinari'y be distinguished from one another. Therefore. the determination of 

mode of action of single gene is not feasible. However. on the basis of the 

study of their comtlined effects in segregating populations, one can judge 

some insight into their behaviour and (;an derive inference about the average 

level of dominance involved in the expression of a particular quantitative 

character. 

Comstock a nd Robinson (1948) fu rn ished the procedure for 

estimating the degree of dominance using the data of biparental progenies. 

They defined <a' (degree of d0minance) as a nleans of dominance overall the 

loci as : 

'f, 'a' = 1.0 means comp'ete dominance 

'a' > 1.0 overJjominance 

'a' < 1.0 partial dominance 

Comstock and Robinson (1948) stated that mag nitude of variance 

due to d om ina n ce de viahon re'aHve to that of the add 1tive 9 e netic va ria nces, 

furnished another basis for estimating the degree of dominance. 

Mather (1949) developed a fonnula ,""\ \"" I") for determining the degree 

of dominance. Robinson et at (1949) and Gardner (1963) recognized that 

: }]- ~ 



the estimates of degree of dominance in over dominance range for yie[d could 

be obtained as a result of repulsion phase linkage, even though none of the 

genes involved was more than completely or partially dominant to its alleles. 

Gardner and Lonnquist (1959). Robinson and Moll (1963), Moll et al. 

(1964) and Williams et al. (1965) have provided experimental evidence 

indicating linkage bias in the results r2ported earlier 

Kempthorne and Curnow (1961) estinlated U1e degree of donl~nance 

A brief review of the recent work done on combining ability. gene action 

and average degree of dorl1inance on egg plant is given below: 

Dharmegowda et al. (1979) carried out combining ability in egg piant 

and reported that yield per plant. nlll11ber of fruits per plant and days to 

flowering had the highest significant effects for general combining ability-

Bhutani et al. (1980) evaluated combining ability and related general 

and specific combining abi'ity (GCA and SeA) variances in brinja' and showed 

the significance for all 'the characters except yield (for GCA), plant height and 

fruit girth (for sca). Both additive a;ld non-additive gene effects were 

observed, the later being predominant for yield. Parents P 1T P 3 and P4 were 

observed as good general combiners for most of the characters. crosses with 

high SeA va'ues were P1 x P5, P2 x P4 and P3 x P6 for yield, P2 x P3 for 

earliness and P1 x P5 for fruits number. 

Sidhu et al. (1980) studied genetic component in an possible 

combinations of brinjal culHvarsand reported that yield, length of fruit, and days 

to flowering exhibited additive and dominant gene effech.Additive gene effects 



were more important than dominant gene effects for fruit number and fruit 

weight. 

Dixit et a14 (1982) studied general and specific combining ability for 

days to flowering, plant height. number of branches per pta nt, number of fruits 

per plant, length of fruit. fruH diameter. fruit weight and yield per plant in 

brinjal cultivars and reported that general combining ab;lity variances (GCA) 

were greater than specific combining ability (SeA) variances for aU 

characters. Highly significant differences for GCA and seA were found for all 

characters except length of fruit and first harvest of fruit for SeA. The best 

combiners for most of characters were Pusa Purple Long. PH-4 T S-16 and 

Aushey. The best specific combinations were Pusa Purple Long x Aushey: 

BR-112 x R-34, PH-4 x Pusa Kranti. PH~4 x 5-16 and PH-4 x Aushey for total 

yietd per plant; Pusa Purple long x R-34 and Pusa Kranti x Aushey for number 

of fruits per plant and PH-4 x BR-12 and Pusa Kranti x 8-16 for fruit weight. 

Raghavaish and Joshi (1982) studied cornbining ability in 10 I\nes 

and 4 testers and their 40 hybrids for the char acters days to flowering. plant 

height. number of branches/plant. fruits/plant. fruit length. fruit girth. fruit 

weight and yield/plant in egg plant. and reported that general combinIng ability 

and specific combing abiHty variances were highly significant for ali the 

characters under study. The gca variances were higher for aU the characters. 

suggesting the predominance of additive gene action. The gca effects 

indicated that none of the parents was a good generai combi ner for all 

characters. suggesting that separate parent \rvill have to be used for 

improvement of different traits studied. The predictability ratio is near unity for 

fruits/plant. followed by leaf area and days to flowering, suggesting greater 

importance of additive genetic variance for these characters. 



l 

Singh et al. (1982) studied gene action for yield and its cOlnponents in a 

fractional diallel design for the characters days to flower, days~first harvest, 

plant height, number of branches per plant. number of fru its per p1ant, fruit 

length, fruit diameter, fruit weight. yield per plant in brinja1 and assessed all 

the characters with over dominance except fruit length which was found to be 

partial dominance. 

Salehuzzaman and Alam (1983) did genetic analysis on Solanum 

me/ongena and reported that additive gene action predominated for fruit 

weight, while domina nee and duplicate epistasis were most important for fruit 

number and yield. 

Dixit et al. (1984) reported gene action in Solanum me/ongena and 

indicated the importance of both additive 2nd non-additive gene actions. for 

yield per plant, fruits per plant and pia nl height. Additive gene action was 

important for length of fru it, p'ant spread and weight of fi"u it. There was partial 

dominance for all the cha racters except yie~d per plant and plant height. 

which were controlled by over dominance a nd complete dominance) 

• respectively. Yield per plant, fruit circunlference and fruit weight were mainly 

determined by domina.nt alle1es. 

Dahiya et aJ. (1985) eva1uated ten females, four males and their 40 

hybrids in brinja' for days to flowering, branches/plant, fruit length. fruit weight, 

fruits/plant and total yield/plant. Variances due to general combining ability 

(GCA) of the parents and specific combining ability (SeA) of the hybrids were 

sig nifica nt for a II ch a ra cte rs stud ied ~ 

Gopinath and Madalageri (1986) analysed the gene action for 

yie1d/p1ant and five related characters. viz., first flowering. pia nt heig hi. 

number of branches/plant. fruit number and fruit weight in brinial. Additive 



dominance and epis~atic gene effects were significant for all ch~~racters except 

fruit number. 

Kumar and Ram (1987) observed combining abiltty from 6 x 6 diaUel 

crossl excluding reciprocalsin egg plant and revealed that Pusa P urp\e Long> 

Pusa Purple Cluster, Pant Samrat and T3 were the best general combiners 

among the pa rents. 

Singh and Mital (1988) studted genetics of yie\d and its components in 

a d;aUel crosses in egg plant and reported that days to flowering. plant height 

and yield/plant were controlled chieny by non-additive gene action. 

Chad ha and Sharma (1989) revealed that fruit yie1d and fruits/p'ant 

exhibited negative dominance effects_ Duplicate epistasis was noted for these 

characters in both crosses. 

Mishra and M ish ra (1990) reported that Rou nd White, Pusa Kranti. 

Bhubaneshwar-4 and Keonjhar-1 were good general combiners for most of 

the characters under study_ The crosses Pusa Purple Cluster x 

Bhubaneshwar-4, Pusa Purpie C'uster x Keonj llar-1, Shu mchai x Keonjhar-1, 

Deogarh x Bhubaneshar-4 and Oeogarh x Keonjhar-1 were good specific 

com b ~natie5. fo r yie ld/ p I a nt. 

Singh and Prasad (1992) observed variances due to general and 

specific combining abi\ity for the characters, plant hetght, fruits/plant, number 

of branches/plant and fruit weight. Both the variances were highly significant 

indicating the importance of additive and non-additive gene action. 

Ponnuswami and Irulappan (1992) studied combining ability analysis 

for the morphological traits (plant height, earliness, branches, number of 

fruits /plantl and fruit weight) in 6 testers and 17 iines and their 102 F 1 hybrids 



in brinjal and reported that useful material sho\i"ling good combining ability for 

individual character or all characters together were SM 78 and SM 75. 

Vadivel and Babu (1993) fau nd predominant role of additive gene 

action in the control of plant height. fruit yield/pia nt, number of fruits per plant 

and fruit length. 

Prakash et al. (1994) studied combining ability for 11 yield 

components in 18 hybrids from 9 'ines x 2 testers in brlnjal and reported that 

Eregere, Arka Shirish and Arka Sheel varieties were good general combiners 

for most of the characters. The cross WCGR x P 1269663 was a good 

specific combination for fruit yield, while SM6 x Eregere and WCGR x J1 

pertormed well for number of fruits per plant, fruit length and drameters. 

Kumar et al. (1996) observed combining ability an()tys~s ;n the brinjal 

cultivars and reported that significant differences for fruit yield per plant. 

number of fruits per plant and fruit \"'Jeight VJ-2re observed. SM6 was good 

general combi ner for days to 50 % floweri ng. fruit yield per plant and number 

of fruits per p'ant. SM6 x Pusa Purple Long. BB9 x PH4 and Pa nt Sam rat x T3 

had significant sea effect for fruit Yleld per plant_ 

Ingale and Patil (1997) reported th~lt a predominance of additive gene 

action was observed for length and girth of fruit. Non-additive gene action was 

predominant for yield/plant. 

Patil et a/~ (2000) studied the gene effects for fruit weight, number of 

fru,ts per p'ant and yield per pla nt in brinjal. They reported the pattern of 

dominance and additive gene effects for these tralts. 

Babu and Thiru.nurugan (2001) studied combining ability effects 

us;ng four l'nes and two testers in brinjal and found that parent and hybr;ds 
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differed significantly for general and specific combing ability effects. The 

parents EP 39. E P 165 and Pusa Kranti were 9 Dod com bine rs for most of the 

characters. High seA effects were expressed by the hybrid EP 39 x Pusa Kranti 

for fruit length. fruit we ig ht. number of fru its pe r p 1ant a nd fruit yield per plant. 

Da san d Sa ru a (2001) stud i ed co m bin i n 9 ab U tty ina u berg i n e cu ltiva rs 

and reported that the sig n ificant differences among geotypes were observed 

for characters days to fi rst flowering. days to 50 per cent flowering. plant 

height. primary branches per plant. fruit length. fruit girth. number of fruits per 

p1ant. fruit weight and yield. Both general and specific conlbining abHities were 

significant for plant height. fruit length,Jruitsper plant. fruits weight and yieJd per 

plant indicating the importance of both additive and non-additive gene actions. 

ParentsJC 2. and JC 4 were good combiners for yield. fruit weight, fruits per 

plant and fruit girth. JC· 2 x JC 4 and JC 4 x J C 6 were good specific 

combinatiornfor yield, fruit weig ht. fru its pe r plant and earli ness. 

Kaur et aJ. (2001) observed co~nbinins~ ability of aubergine cultlvars 

and reported that SI9 n ifieant generat combin i ng ability (gca) effects we re 

observed for fruit yield and branches. Approxirnately -j /3 of the hybrids 

exhibited favourable specific combining ability effect for days to flower and 

days to fi rst pick in 9 . 

5i ngh et al. (2002) studied combining ability for yield and its 

component using 28 hybrids and their 8 parents in brinjal for the characters, 

days to Howering, plant height. number of branches per plant. number of fruits 

per plant. 1ength of fruit, fruit diarneter. fruit size and yield per ptant and 

reported that general and specific con1bining abitity variances were significant 

for all characters e.(cept plant height and huit \ivcighl. In 31\ yield C0r11pOnents 

except p'ant height and fruit lengitl. GCA variance \-vas higher than SeA 

variance and the additive type of gene action vvas predominant. 1t was a'so 
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observed that the superior performance of F 1 hybrids IAras largely due to 

epistatic interactions. The predominance of additive gene effects for all yield 

components suggested that singlE: piant selection in the early segregating 

generation of crosses wou'd be highly effective in abergine. The additive and 

dominance components were significant for all characters. The additive 

component was predominant for number of branches per plant. fruit length 

and diameter and number of fruits per p\ant. The additive and additive x 

additive components were predominant for fruits size. whereas the dominance 

and additive x additive components \.vere predominant for plant height, fruit 

size and yie1d per plant. 

HETEROSIS AND INBREEDING DEPRESSION: 

The term heterosis is referred to the phenomenon in which the F, 

hybrid obtained by crossing of the two genetically dissimi1ar individuals which 

show increased or decreas8d vigour over the better parent or mid parent or 

standard parental value. Shull (1914) referred to this phenomenon as 

stimulus of heterozygosity. Now. it is widely recognized that this phenomenon 

is the result of action and interaction of unlike gametes in the heterozygote 

and the heterosis is only the better or worse than expected manifestation of 

this biological behaviour of hybrids. Further, it is pointed out that inbreeding 

depression is associated. with unfavou rab\e biolog leal effects resulting in ioss 

of v;gour. Wright (1921) stated that with the dominance hypothesis, the 

decline of vigour due to inbreeding was proportiona' to decrease in 

heterozygos ity . 

The work done on heterosis and inbreeding depression by various 

workers in brinja1 is presented as under: 



e 
Andronicescu (19E'O) reported heterosis in numerous inter varital 

"-
hybrids and found heterosis for yield and earli ness in F 1 hybrids of brinjal. The 

heterotic effect being considerably reduced in the F2 generation. 

Biswas (1964) reported heterosis for yield and related characters in 

ten all possible single crosses between five varieties. He reported that 

crosses of high x low yielding varieties gave the nlost productive t'ybrids 'Nhile, 

low x low combinations yielded slightly more than hybrids between the high 

yielding parents. 

Komochi (1966) observed heterotic effects in the hybrids for plant height. 

Randhawa and Sukhija (1973) reported nlaxLmurn heterosis for yield. 

fruits/p~ant, fruit weight, number of prirnary branches and plant height. 

Lal et at. (1974) observed maxirrlum heterosis of 112.37 per cent in the 

cross T2 x T3 for yield per plant over superior parent. Positive heterosis for fruit 

length (16.960/0), negative heterosis in fruit thickness (-13.04%) and increased 

number of fruits per plant (49.35°10) over superior parent was reported. 

Peter and Singh (1974) studied heterosis and showed that non­

additive genetiC variance was the more important for days to f!o\vering and 

, number of primary branches, while additive genetic variance was more 

important for number of flowers per inflorescence, anc! fruits per plant was 

controlled by both additive and non additive gene actions. 

Singh et al. (1974) studied heterosis in brinjal cu'tivars and noted 

heterosis over the better parent for p1ant height, days to flowering, fruit length, 

fruit width, fruit number, and yield per plant and predominance of negative 

heterosis for fruit width. Considerable inbreeding depression was occurred in 

the F2 for aU traits measured. 



Popova et al. (1976) observed intervarieta! crosses with heterosis for 

number of fruits per plant and number of seeds per fruit. Higher yield was 

obtained when the mixture of pollen from many prants was taken in 

pollination, rather than pollen from one plant. When the female parent was 

ear1y, the hyb rid a I so showed marked ea rl i nes s. 

Hani et aL (1977) assessed maxim um heterosis for yield per plant. 

Only two hybrids exceeded the better parent for number of fruits per plant. 

Dharmegowda et al. (1979) observed maximum heterosis in days to 

flowering, height, number of fruits per plant, number of branches per p1ant. 

fruit density and yield per plant. Addihve and non additive effects were 

pronounced for all of these characters. 

Partap and Dhankhar (1980) observed maximum heterosis for fruit 

yie~d/plantl number of fruits/plant and number of branches per plant. 

Joarder et al. (1981) observed high heterosis for fruit weig ht. fru it 

volume and fruit number per p1ant. Dominance effects were more important 

than additive effects for most characters as F 2 mea ns showed h ig h inbreed ing 

dep ress ion. 

Balamohan et a/. (1983) studied rnax;n1urn heterosis in nurnber of 

branches, fruit length and number of fruits. 

Dahiya et at (1984) studied heterosis from the crosses between 10 

females and 4 males in brinjal. They reported significant positive heterosis 

over the superior parent and best parent for fru~t length, weight, number of 

branches per plant and yield. The best hybrid w,th heterosis for yie\d and fruit 

number was observed. 



PatH and Shinde (1984) observed heterosis in egg plant and reported 

that heterosis in fruits/plant was positively associated with heterosis in 

fruits/c1uster and fruit number/plant in 50 % of the crosses studied. 

Singh (1984) studied heterosis and inbreeding depression from ninety 

crosses in egg plant and reported that partial dominance or over dominance 

effects contributed to heterosES in aU hybrids. Heterosis for yield/plant was 

highest in PPL x 5317 and was due to heterosis for fruit number and weight. 

For al1 traits, except fruit shape index, crosses between forms with low GCA 

and between forms with high and low GCA had high heterosis. Non-additive 

gene action predominated overall and hybrid breeding is recommended to 

exploit it. The maximum hetzrosfs was recorded for yield/plant, fruit number 

and fruit weight. 

Gopinath and Madalageri (1986) reported that significant heterosis 

over the mean parental value was observed for fruit number/plant, yield, fruit 

tength and pia nt he ig ht. 

Dixit and Ga utam (1987) observed maxim urn sig nificant positive 

heterosis over the beUer parent for number of fruits, fruit weight and fruit 

length. 

Shankaraiah and Rao (1990) reported maximum heterosis for plant 

height, plant spread and eariiness. 

Saha et aL (1991) found high heterosis in fruit length and yie\d/plant in 

the F" indicating good potentia' for hybrid varieties. 

MandaI and Dana (1993) studied heterosis in brinja\ cultivar and 

reported that the greatest heterosis was estimated for the number of 

secondary branches/plant foUowed by yie\dJ p\ant. 



MankaI'" et al. (1995) studied heterosis of brinjal cultrvars. They noted 

considerable heterosis over better parent for number of branches per plant 

number of fruits per p'anL diameter of fruit, fruit length, yield per prant, days to 

first harvest and fru it we ig ht. 

I"gale and Patil (1997a) presented data on mean, range and heterotic 

effects in egg plant and reported that heterosis over the better parent was 

significant for fruit yield, fruit weight, fruit girth, fruit length. indicating the 

presence of over dominance. 

Ingale and PaUl (1997b) observed greatest heterosis for earliness, 

fruit yield, number of fruits, plant height, plant spread, primary branches and 

secondary branches in brinjal and reported that the range of mean 

performance of hybrids was higher than the parents for all the characters 

except plant height. The magnitude of heterosis ranged between 77.9 and 

82.7 per cent over mid, better and top parent values for these characters. The 

positive association between per se performance and degree of heterosIS was 

observed for all characters. The frequency and magnitude of heterotic hybrids 

were observed more towards desired direction for days to flower, fruit yield, 

plant height, plant spread and fruits/plant, indicating the presence of 

overdominance. 

Babu and Thirumurugan (2000) observed heterosis among the 

hybrids of solanum me/ongt?na and reported significant positive heterosis for 

plant height, number of branches per piant, fruit length. number of fruits per 

plant and fruit yie1d. 

Prasath et al. (2000) studied heterotic effects from crossing of ten 

lines and three testers in brinjal and reported that yield/plant, p'ant height, 

branchesl plant, fruit length, fruit weight and fruits per plant possessed 
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maximum heterosis over the bette r parent revealing the presence of 

overdominance. Positive association between per se performance and 

heterotic effects was noticed in arl the characters. 

Babu and Thirumurugan (2001) observed heterosis from the crosses 

of brinjal cuftivars and reported that plant height. number of branches per 

plant, fruit length. number of fruits per plant, fruit weight and fruit yield per 

pia nt exh ibited maxi mum h ete ros is. 

Das and Barua (2001) found better heterotic cross in yield, fruit 

weight, fruits per plant, days to 50 per cent flowering and days to first harvest 

in brinjal. 

Patil et al. (2001) studied heterosis for 6 fruit characters of aubergine. 

The hete rosis ave r better pa re nt wa s s rg n ifica n t fo r fru it yi e Id . f ru it wetg ht. 

length of fruit and girth of fruit. 

HERITABILITY AND GENETIC ADVANCE 

The concept of heritability IS important In determtning whether 

phenotypic differences observed among var!ous individuals are due to 

genetica1 changes or due to effects of environmental factors. Heritability 

indicates the possibility and extent to which improvement can be brought 

about through selection_ 

Lush (1949) defined heritability as "the portion of the observed 

variance for which difference in heredity is responsible.·' A destination is made 

between heritability estimates in narro\ry and broad se'lse. Robi nson (1966) 

defined heritabiiity in broad sense as "the ratto of the total genotypic variance 

to the total phenotypic variance" and p rovide:3. a measu re of the avera\! 

importance of hereditary determination of a trait. Heritability in the narrow 

f.,,; • 
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sense is, "the ratio of additive genetic variance to the total phenotypic 

variance" and measures the portion of the total variation which can be utilized 

for improvement of a given popula tion with respect to that trait. He afso 

categorized the heritability estimates. as follows 

1. Low heritability (below 10 per cent). 

2. Medium heritability (10 to 30 per cent). 

3. High heritability (above 30 per cent). 

Several methods. (Mather t 1949; Warner, 1952; Crumpacker and 

Allard, 1962; Mather and jinks, 1971) have been developed for estimation of 

heritability in narrow sense. 

Genetic advance is still a more useful estinlate because heritability 

value by itself is not of much significance as it fails to account for the 

magnitude of absolute variability. It is, therefore, necessary to utilize 

heritability in conjunction with selection differential which would then indicate 

the expected genetic gain resulting from selection_ The expected response to 

selection is proportional to the narrow sense heritability (Falconer, 1960). 

Thus genetic gain in a character is the product of the het·itability and selection 

differentiai expressed in terms of phenotypic standard dev;ation of that 

character. 

The expected genetic advance depends upon (1) the alnount of genetic 

variability, (ii) the magnitude of masking effect of the environmental and 

interaction components of variabiJity on the genetic diversity, and (Hi) the 

intensity of selection (Comstock and Robinson, 1952). According to Mather 

and Jinks (1971) the speed of selective progress will depend upon (i) the 

vigour of selection (Le., proportion of F 2 chosen in breeding), (ii) the number of 
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genes, as organized into effective factors, (iii) the variation in magnitude of 

action of genes for factors, (iv) their dominance relations. (v) their linkage 

relations, (vi) the heritability of the characters In the F 2 . (vii) the sampling 

variances of the genotypic frequencies. 

The available information on heritability and genetic advance of y~eld 

and other quantitative characters has been reviewed as under: 

Dheshi et a/. (1964) observed high heritability for yie\d, fruit girth. number 

of fruits, fruit weight, plant height, nUIl1ber of primary branches per plant and fruit 

length. Low value of heritability was recorded for days to flowering. 

Srivastava and Sachan (1973) reported that fruits per plant, plant 

height, yield per plant and number of branches per plant had heritability value 

of 98.850/0, 92.120/0, 53.56% and 45.09%. respectively, with high genetic 

advance as percent of mean for nunlber for fruits per plant. 

Singh et al. (1974) studied heritability and genetic advance in brinjal 

and recorded high heritability for days to flowering, height, fruit 1ength, number 

of primary branches, number of secondary branches, fruit weight and yield per 

plant. 

Mishra and Roy (1976) observed high heritability values and high 

percentage of genetic advance fer yield per plant. number of fruits per piant 

and average fruit weight. 

Mital et al. (1976) recorded high estimates of heritability for days to 

flowering and fruit weight. but yie1d per plant exhibited a lO\N va1ue. 

Bhutani et al. (1977) found high habitabiHty estimates with high 

genetic advance for yield per plant and number of fruits per plant. 



Mehrotra and Dixit (1977) observed high heritability accompanied by 

high genetic advance as a percentage of mean for number of branches per 

plant. plant height and bottom girth of the fruit. 

Sidhu et aL (1980) studied heritability for yield per plant and ~ength of 

fruit, with values of 20_9% and 98.8%, respectively. 

Singh and Si ngh (1981) reported hig h estimates of genetic advance 

with high heritability for yield per plant. number of fruits per plant and fruit 

length. white days to flowering exhibited low value for both paranleters. 

Joarder et a/~ (1981) observed high estimates of genetic advance for 

fruit number and fruit yield per plant. 

Salehuzzaman and Alam (1983) reported that narrow sense 

heritabihty was high for fruit number. moderate for fruit weight and low for 

yield per plant. 

Gopimony et al. (1986) reported ra nge of heritabi1ity from 38.78 to 

99.120/0, being highest for single fruit weig~1t and genetic advance ranged from 

18.56 to 201.38 % of the overall mean being h~nhest for single fruit \ovelght. The 

association of high heritab11ity and hinh genetic advance vvas shown by yield 

per plant, single fruit weight and fruit d iameler. 

Vadivel and Babu (1989b) studied heritabinty and genetic advance in 

brinjal cultivars. They noted that days to flowering. plant height, number of 

fruits/p~ant and fruit yield/p\ant had moderate heritabiUty In the F2 and F 3 . 

Secondary branches, fruit length and fruit diameter recorded high heritabmty. 

Secondary branches, fruit 'ength, fruit dian1eter, number of fruits/plant and 

fruit yield/plant also exhibited hig h vaiue of genetic adva nee. 

Nainar et at (1991) observed high heritabtlity coupled with high 

genetic advance for fruits/plant. fruit weight anU~~/~~l~nt. 

~28~ ........ " 
.j~ ._~ ..... 



Gautam and Srinivas (1992) studied genetic advance in brinjaL They 

noted that plant spread and number of fruits per plant had high genetic 

advance. 

Bora and Shadeque (1993) reported high genetic advance with high 

heritability for fruit diameter, fruit weight, number of fruits per plant and yield 

per plant. 

Vadivel and Babu (1994) noted that fruit yield, number of fruits per 

plant. fruit weigh and fruit girth had high heritabIlity and high genetic gain. 

Sanwal et al. (19gB) observed high heritability coupled with high 

genetic advance for number of fruits per plant and fruit yield per plant. 

Behera et al. (1999) noted high heritabitity together with high genetic 

advance in fruit diameter, length of fruit and fruit yield per p'anL 

Chaudhary (1999) report:ed heritability in brinjal cultivars and noted 

that dominant and recessive aUeles were symrnetrically distributed among the 

parents for fruit length, days to 50% flowering. yie1d/plant. days to first picking 

and fruit weaghL 

Mohanty (1999) reported that ave rage fru it \iveig ht. n u nlbe r of fruits. 

and branches per plant, plant height. days to first ha rvest and yield exh ibited 

high heritability with high genetic gain. 

Patel et al. (1992) reported high heritability for most of the characte rs 

studied. Fruit weight. fruit volume and plant height had high hedtability 

coupled with high genetic advance as percentage of mean which suggested 

that these traits are under the control of add itive gene action and would be 

improved through simple selection. 



Rai et a/. (1999) reported high vafue of heritability coupled with h[gh 

genetic advance for fruit weight. yield. equatorial fruit length and total number 

of fruits. 

Singh and Gopalakrishnan (1999) reported the highest heritability 

estimates (0.94) for plant spread. average fruit weight. days to 50 per cent 

harvest. number of fruits per p'a nt a nd yield per plant a longwith high genetic 

advance. 

Negi et aJ. (2000) reported high genetic advance coupled with high 

heritability for number of fruits per p\ant. fruit yield per plant and average fruit 

weight. 

Sharma et aJ. (2002) observed high estimates of heritability for fength 

of fruit, number of fruits per plant, rTlean fru~t weight and yield per plant. In 

spite of high heritabiHty values for most of the traits, the expected genetic 

advance ranged from 11.47 to 95.36 per cent. 

CORRELATION AND PATH COEFFICIENTS: 

Associ alion of ch a ra cte ris tics wrth yi e ld , its com pone n t and oth e r 

economical traits is important for nlaking selection in the breeding 

programme. 't suggests the degree and direction of selection for more than 

one character at a t;me. The concept of correlation was presented by Galton 

(1989) which was elaborated later by Fisher (1918) and Wright (1921 a). The 

statistics which measures the re~ationsh'p and its extent, between two or more 

variables is known as correlahon coefficient. 

The concept of path analysis was origlnaHy developed by Wright 

(1921) but the technique was first used for ptant se'ection by Dewey and Lu 

(1959). Path. coefficient analysis is simply a standardized partial regression 

coefficien t wh ich s P I its the co rre la tion eoeffici e n tin to the m easu res of d 1 reet 



and indirect effects_ It n1easures the direct and indirect contribution of 

independent variables on dependent variable. The path analysis reveals 

whether the association of these characters vJ'ith yield is due to their direct 

effect or jndirect effects via other component characters. 

Peter and Si ngh (1973) fau nd n on-significant correlation between 

number of days to flowering and aU other characters. Pos~tive corre'ation was 

noted between number of flowers per inflorescence and number of fruits per 

plant, plant height and number of prinlary branches per plant. 

Hiremath and Rao (1974) reported that Yleld per plant had high 

significant posittve correlation with n Llrn ber of fruits per plant. vvhereas it has 

negative correlation with rind thtckness. N umber of fru its per plant showed 

negative correlation with fruit weight and girth of frUIt. 

Prabhu (1974) worked out phenotypic and genotypic correlations in 

egg plant and observed significant positive phenotypic correlation between 

days to first fruit set and equatorial perimeter of the fruit, flowers per 

;nnorescence and fruits per plant. tn general,genotypic correlation coefficients 

we re h i9 he r th a n p he n otyp;c co rre I atio n coeff~ci e n ts. 

Singh and Nandpuri (1974) reported significant positlve correlation of 

frutt yield with number of fruits per plant and the number of branches per 

plant. between fruit weight and he;ght of the plant and between days taken to 

fjrst picking. and height ot the plant and number of fruits per plant. Significant 

negative corre latia ns we re observe d betwee n Vie I d pe r pia nt I n umber of 

branches per plant and number of days taken upto first picking and the fruit 

weight. 



Singh and Khan na (1978) observed genotypic correration coefficients 

between plant heig ht and plant spread, plant heig ht and n umber of branches, 

fruit number and yield which were higher than phenotypic corretation 

coefficients_ The fruit yietd. plant spread. number of fruits and number of 

branches showed positive and significant correlations among themselves. 

Sinha (1983) reported that yield was positively correlated with fruits per 

plant, p1ant height and branches per plant. Path analysis indicated that fruits 

per p1ant and fruit length had the maxim UrTl drrect effects on yield per plant. 

Singh (1983) studled path co-efficient analysis of yield and related 

traits in brinjal and reported that yield was positively correlated with 

fruits/plant, plant height and branclles per plant at the phenotypic and 

genotypic levels, and with frujt length at the phenotyp ic level. Path analysis 

indicated that fruits/plant and fruit Jength had the maximum direct effect on 

yield/plant. 

Chad ha at aL (1984) reported that yield per pta nt was positively 

correlated with fruits per plant and plant height. 

Gupta and Yadav (1984) noted that yield/plant displayed the positive 

direct genotypic and phenotypic correlation effects on dry fru it yield/plant. 

Genotypic corre~ations was higher than phenotypic correlations. 

Krusteva (1985) observed highest posItive correlation of yield per plant 

with number of fruits per plant and mean fruit \II,eight. 

Sharma et a/~ (1985) observed path analysis from 39 genotypes in egg 

p'ant cultivars and revealed that total yield/plant was positively correlated with 

fruit number at both the phenotypic and genotypic levels. Tota\ yield was 

directly affected by fruit number. 



N uals ri et at. (1986) observed th c:1t yield per plant showtY\9 hig h pas itive 

correlation with fruit number per planL Jt is considered that varietal 

development could involve breeding either purelines or hybrtds, the latter 

being preferred. 

Khurana et a/~ (1988) reported that fruit yield showed positive 

correlation with frult diameter and mean fruit weight. These characters were 

positively and significantly correlated with number of branches per plant, 

length and width~ Number of fruits \vas negatively correlated with fruit 

diameter~ 

Randhawa et al. (1989) in correlaHon studies revealed that fruits per 

plant was positively correlated with total yield. Fruits/p\ant had maximum 

direct effect on yield. The long styled flowers also had high direct effect on 

tota 1 yield. 

Kumar et al. (1990) reported that yield per plant was positively 

correlated with fruit length, number of primary branches per piant and number 

of fruits per plant. 

Mishra and Mishra (1990) observed that yield per plant was 

significantly and positively assoc;ated with plant height, fruit weight, number of 

branches per plant and fruits per plant. while fruits per plant was negatively 

correlated with fruit girth and weight. Path analysis revealed that fruits, fruit 

weight and branches per plant were the most important traits contributing 

towa rd s yie Id. 

Nainar et a/~ (1990) reported that the nurnber of fruits per p\ant gave 

the highest, positive and most significant correlation with yietd. Other 

characters in order of importance were plant height, number of branches, 



p1ant spread and fruit weight with positive correlation among themselves. For 

path analysis yield was considered as dependent varfable. Other traits are 

treated as independent va riables. 

Vadivel and Babu (1990) observed that fruit yie1d was significantly and 

positively correlated with number of fruits per plant, fru~t length, number of 

branches per p1ant and plant height. Path analysis reported that number of 

fruits Iplant had the greater direct effect a n yield. b lit fru it length and weig ht 

had negative effects. Path analysis ranked the 111ain traits directly affecting 

yield in the following descend~ng ol·dar of irnporiance : number of fruits/plant, 

number of branches/plant, plant height and fruit ,"veight. 

Gautam and Srinivas (1992) reported that plant spread and number of 

fruits per plant showed significant positive correlation with yield. 

Mandai and Dana (1992) studied 20 genotypes of brinjai and noted 

the direct effect of fruits per plant and branches per plant on yield per plant 

indicating the importance for selection of superior genotypes. 

Bora and Shadeque (1993) observed 1hat fruit yield was significantty 

correlated with plant height and frutt diameter 

Usha Kumari and Subramanian (1993) observed genotypic and 

phenotypic correlations among 10 yield components of aurbergine and 

reveated that number of fruits had the hig':'lest positive correlation followed by 

number of branches with fruit yield. Path coefficient ana1ysis for number of 

fruits and fruit breath had the hig hest direct effect on fruit yield foHowed by 

fruit 1e n gth . 

Kumar (1995) studied correlations of 11 yield related characters in 

brinja' genotypes and reported that yield was positively associated with 



flowers per cluster, fruit length, fruit value, primary branches and fruits per 

plant 

Saraswathi et al. (1996) observed path analysis in F2 of crosses for 

yield components of brinjal and reported that fruits Iplant and fruit weight had 

direct positive effects. 

Sanwa I et al. (199B) reported that fruit yield per plant had positive 

significant correlation with number of fruits per p1ant. total flowers per plant 

and percent fruit set. 

Mohanty (1999) observed the path analysis of 15 genotypes in brinjal 

and reveated that yield displayed positive and significant genotypic and 

phenotypic association with plant he~ght and number of fruits/plant. Path 

coefficients studies explained that nu mber of fruits {plant and height exerted 

maximum positive direct effect on yield. 

Negi et al. (1999) reported that number of fruits per plant and fruit 

setting exhibited significant positive correlation with yield. Width of fru\t 

showed positive relationship with fruit weight. However. negative associaHon 

with number of fruits per plant and otller trt·l ~ts were observed. 

Mohanty (2001) reported high positive direct effect on yietd followed by 

number of fruits per plant. 

Singh and Singh (2001) observed correlation in brinjal culUvars and 

reported that fruit yield was positively correlated vvith number of fruits per plant 

at both genotypic and phenotypic levels. In path analysis fruits per plant. 

average fruit weight and number of branches per plant had maximum direct 

effect on Y'eld per plant at the both genotypic and phenotypic levels. 

Sharma et al. (2002) reported that genotypic correlations were higher 

in magnitude over phenotypic correlations. Most of the characters were 

I~':::;I 
~ - - . 



positively correlated with yield except days to 50 per cent flowering. Maximum 

direct effect of number of fruits per piant, mean fruit weight and diameter of 

fruit was observed both at genotypIc and phenotypic level. Number of 

branches per plant. plant height and length of fruit had positive indirect effect 

towards yield per plant via. number of fruits per p~ant. 

--::000::--
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Chapter-III 

MATERIALS AND METHODS 

The details of materia1s used. experimenta I procedu res and techniques 

foUowed are de scri bed as u nd e r. 

EXPERIMENTAL SITE AND CLIMATE: 

The present investigation entitled, "Line x tester analysis for combining 

ability in egg p1ant (Solanum nlelongena L. r was carried out in Kharif season 

of 2001-02. 2002-03 and 2003-04 at Veg€table Research Station, Kalyanpur, 

C.S.Azad University of Agricutture and Technology, Kanpur. 

Geographically, Kanpur is situated between 26°, 28' N latitude, 800,12'E 

longitude and at altitude of 125~g meters above the sea la-veL This area faUs in 

sub-tropica' climate zone. The soil type of area is fertile, alluvial toam and is 

characterised as the typical soil of the 1ndo~Gangetic plains. Nearly 60-11 Oem of 

total rainfall was received during mansoon season from July to September with 

few showers in the winter. The meteorologtca\ data of the crop season is 

presented in Table1 < The soil of the experimental site was sandy loarn. low In 

organic carbon, nitrogen, and phosphorus and rich in potash. 

A~ EXPERIMENTAL MATERIAL: 

Experimental materia~ used for the present investigation comprised 

fifteen lines, viz .. KS219. KS247. KS253. KS262, KS228. KS233, KS250, 

KS263. KS235. KS227, ACC5114, ACC8204, ACC8206, ACC8207. ACC2623 

and four testers, viz., T3. AB1. KS224 and DBR8 and their sixty F, hybrids 

derived by crossing the fifteen 11nes used as female parent with each of the 

four testers used as male parent in line x tester fashion. The source of 

experimental material is given in Table2. 
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BUfLDING UP OF MA TERfAL : 

During Kharif 2001-02, all the15 lines (femares) and 4 testers (males) 

were grown for making crosses in line x tester fashion and Fa seeds of all the 

resultant 60 hybrids were procured. Dur~ng .<harif 2002-2003, the F 1S were 

raised to get their seeds for raising F 2 popu la tion. Besides, fresh crosses were 

aga!n attempted to get Fo seeds for rais rng F -; s. 

METHODS· 

Plan of layout for the ex periment : 

The experiment comprising 139 treatments (19 parents, 60F IS and 

60F2 s) was conducted in Randomized Block Design with three repHcations 

durjng Kharif2003-04. The parents had 2 rows .. vvhereas F,s and F 2 s each had 

3 rows of 3m length in each replication_ The row to row and plant to plant 

distance was kept 60crn in each treatnlenL Recommended agronomic 

practjces were fcHowed to raise a good crop. 

Five prants from each parent and F 1S, and 10 plants in F 2S in each 

replicatjon were selected at random for recording data on days to flowering, 

days to marketabJe maturity, plant height, number of branches per ptant, 

number of fruits per plant, length of fruit , fruit width, fruit weight, plant spread 

and yield per plant. 

OBSERVATIONS : 

Five plants of each pa rent and F 1 sand 10 plants in F 25 were 

randomly selected a nd tagged for recordrng the observations. The data Viere 

recoyded on ten quantitative characters as under: 



1. Days to flowering: 

The date of opening of the first flower of each piant was recorded. The 

number of days taken from the aate of sowing to the date of opening of frist 

flower was counted_ 

2~ Days to marketable maturity: 

Days to marketable maturity were recorded as the interval in days from 

the date of flowering to date of marketable maturity_ 

3. Plant height: 

The data on plant height were recorded when hsrvesting of fruits was 

almost over in alJ the treatments. The length from the ground level to the top 

of the plant was recorded in centimeter for plant height. 

4. Number of branches per plant: 

Total number of branches enlergjng from the main shoot of tagged 

plants of each treatment were counted_ 

5. Number of fruits per plant: 

The harvested fruits were counted at Ule tirne of each picking and the 

tota' number of frlJits per p~a nt were recorded in the end of Ule complete 

harvesting of the crop. 

6. Length of fruit: 

The length in centimeter of 5 randomly chosen marketable fruits of 

equal age was recorded after every harvest and averaged to take length of 

fruit. Fruit length was measu red from its sta\k junction to the tip of fruit. 

: -l 1 ~ 



7. Fruit width: 

Five marketable fruits were chosen after every harvest and the 

diameter was taken by vernier calipers in centimeter at the thickest portion of 

the fruit. The average was taken for recording fruit width. 

8. Fruit weight: 

The average weight in gram of fruit in each treatment was calculated 

by dividing the total yie1d by number of fruits. 

9. Plant sprea d : 

The vertical length of plant from ground leve~ to top and horizontal 

length from one side end to other were recorded in centimeter at the end of 

harvesting. The recorded vertical and hortzontal length were multiplied and 

converted into meter to record pia nt spread in square meter (m
2
). 

10. Yield per plant: 

The average yield per p~ant was obtained by harvesting marketab'e 

size fruits at the interval of ten days. The yield per plant was calculated in 

kitogram by averaging the total yield of aU picking, 

c. STATISTICAL AND Bl0METR1CAi.... ANALYSES OF DATA: 

The experimental data were compiled by taking the mean of each 

treatment over replications. Then it was subjected to the following statistical 

and biometrical analyses: 

1. Analysis of variance (ANOVA). 

2. Mean, range and var,ability in parents. F ~ sand F 2 s-



3. Combining ability anaJysis : 

I. Analysis of variance for combining abrlity. 

ii. Estimates of components of variance, their magnitude and 

average degree of dominance. 

III. General combining ability effects. 

iv. Specific combini ng abi iity effects. 

V. Proportional contribution of females. tna!es and fenlales x rnales. 

4. Estimates of he{eros&s and inbreeding depression. 

5. Estimates of selection parameters: 

1. Heritability 

ii. Genetic advance 

6. Estimates of correlation coefficient 

7. Path analysis 

The out line of methodology used in the above analyses are given 

below: 

ANALYSIS OF VARIANCE: 

The analysis of variance for the experimental design was carried out 

according to the usual procedure suggested by Panse and Sukhatme (1967). 



COMBINING ABILITY ANAL YSJS : 

The analysis of varrance for combining ability was carried out according 

to the method outfined by Kempthorne (1957) and Singh and Chaudhary 

(1977)_ The partrtioning of treatments was done into females, males and 

fema]es x males_ The skeleton of analysis of variance for combining ability is 

given befow : 

Source of 

Variation 

Rep I icatio ns 

Crosses 

FemaJes 

Males 

Females x Males 

Error 

Where, 

Cov. (H.S.) 

Cov_(F.S.) 

d.f. r-
! 

1 

r-1 j 

'--',- --M.S·I 
-- .-~ 

E{M.S.) 

---l 
I 

fm-1 

f-1 

m-1 

(f-1) (m-1) 

(r-1) (fm-1) 

I 

-r 
j 

I 

m;-
;- --- -- . -- ---------1 

(~lL· -+- r [Cov. (F .S.) -2 Cov. (H.S.)] , 

+ rJ [Cov. (H.S.)] 

m, ;~2~ + r [Cov.(F.S.)-2 Cov. (H.S.)] + 

rt [Cov. (H.S.)] 
I -1 

m:;. i~2L' + r[Cov.{F .S_) -2 Cov. (H. S.)] 

... _-------
1 

I 
~~ 

m.-l, 
- . _._-------

. ...., 
t~-C I 

I 
~- -------

_ l<m1 - m 3 ) - (n12 .. rn3 ) J [Sr Cov. (H.S.) - r (~_~~? Cov. (H.S.)] - ----3r . - - . --- --- 3r 

= 0 2
S + 2 Cov. (H.S.) 



(i) Estimates of general and specific combining abjlity variances; 

Estimates of generaJ and specific combining ability variances were 

worked out as per methodology given by Kempthorne (1957). 

8 2
gca ::::: Cov. (H.S.) 

8
2

sca = Cov. (F.S.) - 2 Cov. (H.S.) 

(ii) Estimates of components of variance 

Where, 

= (m ~m )/Cr 
1 3 

8 2 dpooted) = (f m 1 - m 3 ) + (m 2 - m 3 ~/ r( r + 111) 

(m -m }/r 
3 4 

82~m = variance due to gca of males. 

8~l!f = variance due to gca of females. 

3 ~ ~'(pDoled) =- variance due to gca (pooled). 

82:" = variance due to sea. 

(iii) Estimates of general and specific combining abirity effects: 

The model to estimate the generaI and specific com bin ing ab il tty 

effects of ij kth obse rvatto n is give n below = 



Where, 

J.-1 = population mean. 

9i = gca effect of the jth maJe pa rent. 

Qj = gca effect of the t"' female parent. 

5fj ::;::::: sea effect of the ijth combi na tion, 

eijk = error common to air indfviduals. 

j = number of male parents. 

j = n urnber of fema Ie parents. 

k = number of replications. 

The indjvjdual effects were estirnated with the help of following 

re la tI 0 n s hip. 

p = X .. .Imfr 

Where, 

x ... :;;:: total of all hybrid combinations 

gi = Xi .. I fr - X .. .Imfr 

Where. 

Xi.. = total of jtl1 male parent over all the females and 

rep r j cati cns. 

9i:;:::: X.j./mr - X ... I mfr 

Where, 

X.j. = totaJ of jth fernale parent over all the males and 

rep I i ca tic n s. 

Sij = X jj . / r - XI" I fr - X + j. I m r + X ... I mfr 

Where. 

X jj . = i/h combination total over all the replications. 

{ 461 



Test of significance for general :.nd specific combining ability effects 

Standard errors of effects were calculated as the square root of 

variance of effects as follows ~ 

S.E.(g I) = fo ~ / L11r 

S.E.(s,,) = \Io~.' r 

Standard error of difference between the values of two general and 

specific combining ability effects:calculRted as follows: 

S.E.(g I - g', ) ,/26~ ,i-Ii· 

S E (g g ') = 128.~. / ll1r 
• + J - J V ~ 

S c' (s - s· ) = ,/')_. (_~ ,2. ,/ t· 
L • r::... 'I L Il ,,[) ~ • 

Average degree of dominance : 

It was ca]cu'ated according to rnethod suggested by Kempthorne and 

Curnow (1961). 

Average degree of dominance:::: (:-, 2 .-' t~ ~ )0 5 

Where, 

B.; = Estimated variance due to sen 

8; = Estimated variance due to gca 
eo 



(iv) Proportional contribution of Jines, testerSt and their line x tester 

interaction : 

s.s. (I) x 100 
Contribution of lines (females) = 

s~s~ (crosses) 

5.S. (t) x 100 
Contribution of testers (males) ;:::; 

S.S. (crosses) 

S.S. (I x t) x 100 
Contribution of iines x testers (females x males) = 

S.S. (crosses) 

ESTIMATION OF VARlAB1L1TY : 

(i) Mean 

The mean of i1h trait was measured by dividing the total of observation 

(Lxij) by their number and was denoted by X . 

x == 
n 

Where, 

x = Mean of the ith trait. 

X ij = The value of tl observationsof r trait. 

n = Number of observations. 

(ii) Range 

It was estimated as the difference between the lowest and the highest 

values of a series of observation of accessions. 



ESTIMATION OF SELECTION PARAMETERS: 

(i) Herita birity : 

Herjtabi lity in narrow sense (l~ ~) was estimated using the formu la 

suggested by Kempthorne and Curnow (1961)~ 

x 100 

Where. 

28:!g = Variation due to GCA. 

- ., 
B ~s = Variance due to SeA. 

A ~ 

8- c :;;;;: Variance due to error. 

(ii) Genetic advance : 

The expected genetic advance (GA) was calculated by using the 

formula of Robinson et a/~ (1949). 

GA 

Where, 

GA :;;;;: Expected genetic advance under selection. 

K = Standardized selection differential (2.06). at 5 per cent selection 

intensity. 

h 2 = Estimate of heritability coefficient. 

8ph :;;;;: Phenotypic standard deviation. I.~. ,JC20 2 g -+ 6 ~ s + D!e 



Genetic advance in per cent of mean W2S worked out by formula 

Genetic advance 
= --------- x 100 

x 

Where, 

x = Mear. of the character concerned. i.e., grand mean of the 

population. 

Estimation of heterosis : 

Heterosis in percent over econom ic parent was calculated by using the 

formula: 

F. - SV 
Hcteros i S 0 ve r cc 0 no n1 L C (standard) \.'~I 1"1";1~" -0;:: _L - ,:-=.- - .. -_ x 1 00 

SV 

Where, 

F. :::: mean of the F 1 hybrid. 

SV = Mean of the standard (economtc) variety (T3). 

Significance of the estimates was tested with help of C.D. at p = 0.05 

and p = 0.01 level of significance as : 

C.D. = S.E. x of (,1' va1ues at 5 and 1 per cent) 

Where, 

= estimate of error variance. 

r = number of rep'ication. 

~ 50: 



ESTIMATrON OF rNBREEDING DEPRESSION: 

The inbreeding depression was calCL.lated as follows: 

Inbreeding depression (°/0) ... 100 

Where, 

-
FI = mean value of F 1 generation 

-
F ~ = mean value of the F 2 generation 

Significance of estimates inbreeding depression was tested against 

C.D. value. 

ESTIMATION OF CORRELATION COEFFICIENT: 

The forlowing formulae were used for calculating the genotypic and 

phenotypic correlation coefficients as suggested by AI-Jibouri et al. (1958). 

(a) Correlation between characters x and y at genotyp~c level 

rg~ = 
Cov.xy (9) 

.JVar.x{g}.Var.y(g} 

(b) CorreJation between characters x and y at phenotypic level. 

rpxy =:: 
Cov.xy (p) 

JVar.x(p). Var. y(p) 

Where, 

rxy ~ Correlation coefficient between character x and y. ')'1_iJ.5- } 
U 1 &, 

COV~xy = Co-variance between characters x alld y. 
.. -. .~- . 

?,?j-.. lJ2P,.( /:j1-- ~ 51 } 
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Var.x = Variance of character x. 

Var.y = Variance of character y. 

Test of significance of correlation coeff~cients : 

Phenotypic correlations (rp) were tested against the table va1ue of 

correlation coefficients (Fisher and Yates, 1938) at n-2 degree of freedom at 

5 and 1 per cent level of probabi'ity. 

PATH COEFFICIENT ANALYSIS: 

Path coefficients were obtained according to the procedure suggested 

by Dewey and Lu (1959) using genotypic and phenotypic correJation 

coefficie nts . 

Fifteen characters wer e included in the path coefficient an a lysis to fj nd 

out their direct and indirect effects upon fruit yield. 

Residual factor was also included in the causal system, representing an 

the factors, which might affect the end-products, i.e., fruit yleid. The 

correiation of 'cause' with effects were calcu1ated by salvi ng the following 

simu Ita n eou s eq u aho n s : 

r m p = p m p + r m n p n p + r mop 0 p ............. (1) 

( n p :::: r n m p m p + p n p + rna pop ................ (2) 

r 0 p = rom p m p + ron p n p ... pop ............. ~ .. (3) 

where. 

p m P. p n p and pop are direct' effects' of m, nand 0 on 'cause' p 

and r m n, p n p. r m o. pop ...... are indirect effects on cause. These 



simultaneous equations were solved by using matrix method and are 

exp ressed as: 

l
rm p

] lrmm 
rnp = rnm 

r~p rom 

rmn 

r n n 

ron l
pm Pl 
pnp i orA=B.C. 

pop J 

Here, 

A and B vectors are known for calculating c vec~or, the forrnula used 

as: 

C = B-1 A 

Here, 

l 

S·1 is the inverse matrix of B vector. 

Residual factor was calculated as follows: 

Where. 

The rij'S. Le., r, 2 to f1516 denoted correlations between all possib1e 

combinations of independent characters and PI';. i.e., P, y t P lOy denote direct of 

various character y_ 

riy == correlation coefficient between i!h and Y chara::ter. 

P~y = direct effect of ith character on Y. 

--: : 0 00: :--
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Chapter - IV 

EXPERIMENTAL RESULTS 

The data derived from present investigation ... Line x tester analysis for 

combining ability in egg plant" for 10 characters, viz., days to flowering. days 

to marketable maturity. plant height, number of branches per plant, number of 

fruits per plant, length of fruit, width of fruit. fruit weight, plant spread and yield 

per plant were subjected to biometrical analyses and the results obtained on 

genetic estimates are described under the following heads: 

1. Analysjs of variance (ANOVA). 

2. Mean, range and variability in parents. F 1 sand F 2s. 

3. Combining ability analysis: 

(i) Analysis of variance (ANOVA) for combining ability. 

(ii) Estimates of components of variance, their magnitude and 

degree of dominance. 

(iii) General Comb;ning ability effects. 

(tv) Specific combining ability effects. 

(v) Proportional contribution of fenlales. males and females x 

males. 

t. Estimates of heterosis and inbreeding depression 

5. Estimates of selection parameters ~ 

(i) Heritability 

(ii) Genetic advance 

6. Estimates of correlation coefficient. 

7. Path anaiysis-



Analysis of variance (ANOV A) . 

The ana lysis of variance for arl the characters was ca rried out involving 

19 parents. 60 F,5 and 60 F 2 s for testing significance of differences among 

the treatm ents. In orde r to kn ow th e clea r p ictu re of pa re nts and ero sses, th e 

treatment variance was further partitIoned into its components, viz., parents, 

F 1s, F2S, parents vs F 15 and F ,5 VS F 2S. the mean squares for aU the 

treatments are presented in Table 3. 

The 'F' test reveafed that variances due to treatments, F1 sand F2S 

were h jg h Iy s ig n ifi ca nt fo r a II the c h a racters un d e r stud y. S ig n ifica nt 

d iffe ren ce sam 0 ng pare n ts were ob se rved fo r a II the ch a racters except wi dth 

of fruit wh ich showed non sig nificant difference. Among parents vs F 1 St 

sjgnincant differences were observed for air the characters except number of 

branches per plant. Highly significdnt differences for aU the characters except 

days to marketable maturity were a1so reported for F 1 S vs F 2 s . 

MEAN, RANGE AND COEFFICIENT OF VARIATION IN PARENTS, F 1 s 

AND F 2 s : 

Mean value of the parents. F 1S and F 2 s for all the characters are 

presented rn appendices1, IJ and 111. In general, the mean values of F1s were 

hjgher in comparison to parents and F 25 for all the characters except plant 

height. 

Among the parents, the maximum variabifity was recorded in number of 

branches per plant forlowed by number of fruits per plant, yietd per ptant. 

width of fruit and length of fru it, In F 1 genera tion:7 n umber of bra nches pe r 

plant had highest variability followed by number of fruits per plant. width of 

fruit, length of fruit and yield per plant. Among F 2 populatlons, the maximum 

~55! 
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· ~ 
variability was recorded in number of branches per plant followed number of 

I.. 

fruits per plant, width of fruit, length of fruit and plant spread _ 

COMBINING ABILITY ANALYSIS: 

(i) ANALYSIS OF VARIANCE FOR COMBINING ABILITY: 

The ana'ysis of variance for combining ability was done for aU the 

characters in both F 1 and F2 generations and find ings are presented in 

TableS. The variances due to females were highly significant for days to 

flowering, days to marketable maturity. piant height. number of fruits per plant. 

plant spread and yield per p1ant in both the generations, and length of fruit 

and number of branches per p1a nt In F i generation, wh ite width of fru it in F 1 

and number of branches per plant in F2 generation exhibited only significant 

differences. The variancesdue to n"lales were observed highly significant for all 

the characters. Significant differences amongst the femal~s x males were also 

observed for all the characters in both F, and F2 generations, except length of 

fruit and width of fru it in F 2 populations. 

(ii) ESTIMATES OF COMPONENTS OF VAR'ANCE. THEIR MAGNITUDE 

AND DEGREE OF DOMINANCE: 

The estimates of components of variance. viz., 3:2 g (pOQ ~ed) and ~ ~ s 

were worked out from combining abi1ity va rian ce for aU the characters j n both 

F1 and F2 generations_ Further, the {~2g (pooled) was p2rtitioned into 6,::! g due 

to females and {, 2 g due to males. The ratio between f.,.} g (pooled) and l~ ~:::. , 

(52 g I j., 2 s ) and average degree of donllnance (~~::!s I ~ ~ g )05 were also worked 

out. A ratio of 1: 1 between i~~S / i:. 2s Indicated the equal importance of l~ ~ g and 

525 for expression of particu lar character. wh i\e deviation from 1: 1 i nd icated 
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the relative importance of S2g or 8 2s depending on the magnitude. The values 

of estimates of either 52
g (females) or 51 g (males) for some characters were 

negative and were considered as zero. Hence. the ratio between S2g and 

S2s, degree of dominance, heritability and genetic advance for such traits 

could not be computed. 

The estimates of variance com pone nts. the ir ratio, deg ree of 

dominance, heritability and genetic advance for alt the traits in F, and F 2 

generat;on!iare presented in Table 6. 

The estimates of (~2 g due to fema les were fau nd to be lower than 

S2g due to mates for plant spread and yield per plant both in F 1 and F 2 

generations; days to flowering. number of fruits per plant only tn F, progeny; 

plant heig ht and VJidth of fruit j n F 2 pop U lation s. The va !ue of due to 

females was higher than (~:2 g due to rnales for days to marketable maturity in 

both generations; plant height and length of fruit only in F, progeny; days to 

flowering and number of fruits per plant only In F2 population. Estimated L~:: ~ 

due to females was negative for number of b ranches per plant and fru it weig ht 

both in F 1 and F 2 generations; width of frL: it in F 1 and length of fru it in F 2 

pop u lati on. 

The estimated vaiue of ;:;::!g (pooled) were lower than 02~ for days to 

flowering. days to marketable maturity, number of branches per plant. number 

of fruits per plant and yield per plant both In F 1 and F2 generations; plant 

height, length of fruit and width of fruit only in F 1 proggnies which indicated 

the preponderance of non-additive gene effects. The value of (i2g (pooled) 

was higher than 8 2
$ for fruit weight and plant spread in both the generations: 

~601 
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plant height, length of fruit and width of fruit only in F;.: popu!ation. It indtcated 

the preponderance of additive gene effects. 

The estimates of 8 2s. 62 g I ... ~ 2", and average degree of dom·~nance for 

width of fruit in F2 populations could not be computed due to negative values . 

• ., • ., 05-
The average degree of dominance expressed as (.5 -s 10-~ ). was 

found less than unity for fruit weight and plant spread in both generations~ 

plant height and length of fruit in F:2 populations, suggesting partial 

dominance. The characters, days to fio'Nering, days to marketable maturity, 

number of branches per plant, nunlber of fruits per plant and yield per plant in 

both generations and p'a nt height, ~ength of fruit and fruit weig ht in F 1 

progenies having value more than unity expressed over dominance. 

(iii) GENERAL COMBINING ABILITY (GCA) EFFECTS: 

The estimates of general combining ability (gca) effects of 19 parents 

(15 linesand 4 teste~) for all the characters in F 1 progenies and F2 popuiations 

alongwith their per se performance are tabulated in Table 7. The significant 

negative values of gca effects were considered desirable for days to 

flowering, days to marketable maturity. plant height. length of fruit and p'ant 

spread, whereas, for rest of the traits slgnificant posltive values were 

desirable. 

1. Days to flowering : 

Parents which started flowering ear\ier were considered better than 

those f10wered late_ As evident from the values of gca effects, the femaies 

KS 253, and KS 247 In both the generat"lons and KS 219 in F 2 generation 

were found to be good general combiners with significant negative va\uesand 
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low mean performance for early flowering. Among males KS 224 was best 

genera1 combiner in both the generations vvith significant negative values and 

low mean performance. 

2. Days to marketable maturity: 

The negative values of gca effect for this trait was considered 

desirable. The estimates~gca effects revealed that the females, KS 247, 

KS 253, and KS 228 in both generation: and KS 235 in F 1 showed high'y 

significant and negative values for early marketable maturity. Male parent 

KS 224 exh.bited negatively sfgnificant val ue in both the generations. Thus, 

these parents identifiE!d as good general combiners on the basis of gca effects 

and per se performance for early picking of fruits. 

3. Plant height: 
, 

The pattern of desirable general combining ability effect with negative 

value for plant height was same ;"lS in case of days to flowering and days to 

marketable maturity- The fema'es KS 262, KS 233. KS 219, AC 8207, 

KS 250, KS 228 and KS 253 were found desirab\e for d"'larfness on the basis 

of gca effect and per se performance in both F 1 and F2 generations. While, 

KS 227.- KS 228 and KS 235 with negative and sign1ficant val ues and low 

mean periormance were found desirable for dwarfness only in F t generation. 

Among mates. KS 224 and T3 were good general combiners in both the 

generations. 

4. Number of branches per plant: 

Among females, KS 219 and KS 247 in F 1 generation and among 

ma\es T 3 in both the generationswere found to be good general comb\ners as 



l 

they had significant positive gca effects and high mean performance for more 

number of branches per plant. 

5. Number of fru its per plant ~ 

In general, number of fruits per plant has a significant contribution to 

yield per plant. Among females, KS 228, KS 227 and KS 219 exhibited highly, 

significant and positive values expressi ng good general conlbi n ing abi1ity 

effect in both the generations. whereas KS 247 in F 2 ; KS 235 and KS 263 in 

F, exhibited significant and positive gca effects for more number of fruits per 

p1ant. Among the males T 3 was best general combiner over the generations. 

6. Length of fruit: 

If the length of fruit a10ngwith width of fruit is constant for round fruit 

then it may be advantageous and would get preference in marketing. , 
Therefore, negative effects of general combining ability may be taken into 

consideration. On the basis of per se periormance and gca effects, male 

DBR8 .n both the generations and felnates KS 262 and KS 233 in F, 

generation were good general combiners. 

7- Width of fruit: 

Among females, KS 263 and KS 235 in F 1 , and ACe 2623 in F2 

generation and T 3 among males over generations were found to be good 

general combiners as the parents exhibited significant positive gca effects and 

high per se performance for the trait. 

8. Fruit weight: 

For fruits weight, female parent ACe 8207 only in F2 generation 

showed significant gca effect. However. parent KS 263 and ACe 2623 had 



high and non-significant value of gca effect and per se performance for better 

fruit sjze_ Among males, T 3 ai1d AB 1 with positively signifrcant value of gca 

and high per se performance were considered as good general combiners. 

9. Plant spread ; 

Similar to the characters days to flowering, days to marketable 

matu rity, plant height and 1ength of fruit. parents with neg ative va lue are 

prefe rred fo r co m pa ct n atu re of p I ant. Th e fem are pare nts. KS 262, KS 247 

and KS 263 and males, AS 1, KS 224 and DBR 8 in both generations; and 

females KS 233 and KS 250 in F 1 progen~es were found to be good general 

combiners with negative and significant gca effects and tow per se 

performance. 

10. Yield per pia nt : 

As evident by the slgnificant and posit~ve gca effects, female parents 

KS 219, KS 228. KS 263, KS 227 and KS 247 and male T 3 in both the 

generations; and femate KS 235 on Iy In F, had positive and sig n ificant gca 

effects and were considered as good general con,biners for this conlplex trait. 

(iv) SPEC~FIC COMBINING ABiLlTY (SeA) EFFECTS: 

The mea n vatues of F 1 and F 2 and the lr respective esti n1ates of sea 

effects for yield and yield contributing traits are presented in Table 8. The 

criteria for sorting out the desirable and significant combiners are the same as 

described for gca effects. The characterwise description is given as under: 

1 ~ Days to flowering: 

F or this trait, the longest mean duration was recorded by the cross 

KS 233 x DBR 8 (63 days) and shortest by KS 253 x KS 224 (43 days) in F 1, 

:67~ 
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and in F2 by KS 263 x DBR 8 (63 days) to ACe 8206 x KS 224 (45 days). As 

earliness is the deslrable character: the negative estimates of sea effects 

were consjdered desirable. Out of sixty, on~y two crosses ACe 5114 x AS 1 

and KS 250 x T 3 had significant sea effect over the generations. 

However, the crosses with significant negative sea effects, VIZ., KS 253 

x KS 224. KS 247 x DBR 8, ACe 2623 x KS 224, KS 235 x DBR 8, KS 227 x 

T 3 1 KS 262 x T 3 and KS 233 x T 3 in F, and ACe 8206 x KS 224, KS 228 x 

KS 224, KS 227 x DBR 8, KS 250 x T 3 and KS 263 x T 3 in F z were good 

specific combiners for earliness. 

The cross combination KS 227 x KS 224 was superior specific 

combiner over generationsfo( late flowerlng. 

2. Days to marketable maturity: 

The highest mean value was recorded [n ACe 8206 x T 3 (83 days) 
~ 

and lowest in KS 247 x ORR 8 (62 days) in hybrid progenies. The longest 

mean duration was recorded by the cross KS 233 x AS 1 (81 days) and 

shortest by ACe ~206 x KS 224 (63 days) in F2 population. Negative sea 

effects were marked for their superiority with regards to earliness. The 

crosses showrng negative and sjgnificant sea effects in both the generations 

were ACe 2623 x KS 224 and ACe 5114 x AB 1. 

The significant negative sea effects In F 1 progentes were observed in 

KS 247 x AB 1, KS 247 x DBR 8, KS 235 x KS 224. KS 227 x T 3, KS 262 x 

T 3 and KS 233 x T 3. whereas crosses ACe 8206 x KS 224, KS 228 x 

KS 2241 KS 253 x AB 1, Ace 8207 x KS 224, KS 250 x T 3, KS 227 x DBR 8, 

KS 233 x KS 224 and KS 263 x T 3 showed negative and significant sea 

effects in F 2 ge ne ra ti ons. 



3a Plant height: 

For plant height. the highest mean value was recorded by ACe 2623 x 

AB 1 (101.07cm) and lowest by KS 262 x T 3 (62.53cm) in F t and for F
2

, 

ACe 2623 x KS 224 (91.13cm) to KS 253 x DBR 8 (62.93cm). The crosses 

ACe 8204 x AS 1 and ACe 2623 x T 3. KS 219 x T 3, Ace 5114 x DBR 8, 

Ace 8207 x KS 224 and KS 253 x DBR 8 were categorised as the better 

combinations for dwarfness exhibiting negative sea effects and comparatively 

low pe rfc rma n ce over the gene ra tic n s . 

Besides, 11 crosses jn F 1 and 4 crosses in F 2 generatrons with 

significant negative sca effects were superior for dwarfness. 

4. Number of branches per plant: 

The mean values for this character ranged from 4.87 (ACe 8207 x 

KS 224) to 11.87 (KS 247 x T 3) in F 1 and 6.00 (ACe 8204 x AS 1) to 8,53 , 
(KS 263 x DBR 8) in F 2 -

Among 60, seven combinatrons tn F, and four in F2 had positive and 

significant sea effects for more number of branches per plant. However, 

crosses KS 227 x AS 1 and KS 219 x AS 1 exhibited significant positive 

values of sea effect over the generations. These crosses also showed high 

per se pe rfo rma n ce. 

5. Number of fruits per plant: 

The mean va]ues of hybrids for number of fruits per plant ranged from 

12.21 (ACe 5114 x T 3) to 33.60 (KS 227 x AB 1), whereas, in segregating F2 

generation from 12.52 (ACe 8204 x AS 1) to 27.95 (KS 227 x AS 1). 



For this important yield trait. 13 combinations in F 1 and 9 combinations 

jn F2 showed significant positive estimates of sea effects. Crosses KS 227 x 

AB 1. KS 228 x AS 1. KS 263 x AB 1, ACe 8206 x T 3. KS 253 x T 3, KS 247 

x T 3, KS 219 x AS 1. Ace 8204 x T 3, and KS 250 x KS 224 were good 

specific combiners over the generations on the basis af sea effects and per- se 

performance. 

6. Length of fruit: 

The highest mean valLie for length of fruit W8S exh ibited by cross 

KS 235 x T 3 (12.14cm) and lowest by KS 262 x AS 1 (7.68 em) in Fll and 

ACe 2623 x T 3 (11.40cm) to Ace 5114 x OBR 8 (7.S2cm) in F 2 . Among 60 

crosses. only 3 cross combinations. viz., KS 262 x AB 1, ACe 5114 x KS 224 

and KS 263 x T 3 were found to be desirable with negative and significant sca 

effects in F1 hybrids. None of the crosses were negatively significant for 

reduced length of fruit in F7. g(~neration. 
J 

7. Width of fruit: 

The range of mean for the hybrtds varied frorn 6.38 C!l1 (ACe 2623 x 

DBR 8) to 10.43 em (KS 235 x T 3), while Tn segregants it was frorn 6.66cnl 

(KS 228 x DBR 8) to 9.20 cm (ACe 2623 x T 3). lncrease in width of fruit also 

increases fruit weight. which directly influences the total yield. 

Outaf60 crosses. five promising combinations with significant and 

positive sea effects in order of merit were KS 235 x T 3. KS 263 x AB 1, 

ACe 2623 x T 3, KS 228 x AS 1 and ACe 8207 x DBR 8 in hybrid progenies. 

None of the crosses was with positive and significant sea effects in F2 

generations. 



8~ Fruit weight: 

!n the present study. fruit wejght ranged from 88.209 (ACe 5114 x 

DBR 8) to 125.009 (ACe 8204 x T 3) in hybrids and 87.479 (KS 253 x DBR 8) 

to 123.80g (KS 233 x T 3) in F 2 . Out of 60 combinations, the positive and 

sign;ficant crosses were recorded in F T and F2 were seven and three, 

respective1y. The promising crosses on the basis of high sea effect were 

ACe 8204 x T 3, KS 263 x AB 1, KS 219 x AS 1, Ace 2623 x T 3, KS 228 x 

AS 1 and KS 253 x KS 224 in F,. and KS 233 x T 3 and KS 250 x DBR 8 in F2 

populations. Besides. cross KS 247 x KS 224 was be:::t specific com bindtio .... 

over the generation. 

9. Plant spread: 

The s ig n ifi ca nt and neg a tive sea effects we re cons i de red fo r th e 

compact ideotype per unit area for spread of plant. The mean values for 

this trait ranged from 0.85 m 2 (ACe 8206 x T 3) to a.43m2 (KS 263 x AS 1) in 

Fl. while in F2 generation it was fronl 0.81 m 2 (ACe 8206 x T 3) to 0.39 m
2 

(KS 263 x AS 1). For this character 8 and 2 combinations exhibited negative 

and srgnrficant sea effects in F1 and F2 generation. respectively. The lowest 

and signifjcant sea effects for compact prant type was recorded by KS 263 x 

AS 1 (0.43) in hybrids and by KS 235 x KS 224 (0.42) in F 2 . Cross KS 247 x 

T 3 was found as best specific combiner over the generation on the basis of 

sea effect and per se pefiormance. 

10. Yield per pia nt : 

The mean vaiue of yield per plant ranged from 1.51 kg (ACe 8204 x 

DBR 8) to 3.30kg (KS 219 x T 3) in tlybrids and from 1.31 kg (ACe 8204 x 

DBR 8) to 2.54 kg (KS 247 x T 3) in r 2 populations. Among 60 hybrids and 



sergeants, 17 Cross combinations ~n F 1 and 13 in F2 possessed sign1ficantly 

positive sea effect for the trail .. Twelve crosses. viz .. KS 219 x AS 1, KS 233 x 

T 3, KS 247 x T 3, KS 228 x AS 1, KS 253 x T 3, KS 263 x AS 1, KS 227 x 

AS 1. ACe 8206 x T 3. KS 235 x KS 224. KS 262 x DBR 8, KS 250 x KS 224 

and ACe 5114 x KS 224 were superior specific conlbiners over the 

generations. 

(v) PROPORTIONAL CONTRIBUTION OF FEMALES, MALES AND 

FEMALES AND MALES: 

Proportiona' contribuHon of fema~es. ma~es and females x nlales for ten 

characters have been presented in Table 9. In general, the contribution of 

fema1es was lower than that of males and femares x rnaies. The rnaximum 

contribution of males was recorded for plant spread, fruit weight. width of fruit 

in F, and F 2 ; yield per plant, number of branches per pfant. days to flowering, 

number of ffuits per plant in F 1 and length of fruit in F:~ generation. The 

maximum contribution of females was recorded for pia nt heig ht I days to 

marketable maturity. days to flowering both in F, and F 2; yie~d per plant, 

number of fruits per plant, number of branches per plant, length of fruit, width 

of fruit only in F 1 generations_ The proportional contribution due to ~nteraction 

of females and males varied from 1 1 .04 per cent for plant sp read to 147.1 B 

per cent for yield per plant in F 1 and 8.12 per cent for plant spread to 51.14 

per cent for days to flowering in F 2 . The maximum contribution of females x 

males was recorded for days to flowering, days to marketable maturity, 

number of branches per plant, length of fru it and width of fruit in both F 1 and 

F2 generation and plant height, number of branches per plant and yield per 

pia nt in F, generatio n on Iy-
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HETEROSIS AND INBREEDING DEPRESSION 

The extent of heterosis as per cent of increase or decrease of hybrids 

over the standard variety (SV) in F 1 a nd inbreed i ng dep ression (I D) in F2 (i n 

per cent) have been presented in Table-10. The promrsing strain (T-3) was 

used as standard variety for the calculation of standard heterosis. Negative 

and s i 9 n ifi ca nt va I ues of hete fa sis we re des ira b I e fo r day s to fl owe ri n g, days 

to marketable maturity, plant height length of fruit and pia nt spread. On the 

other hand, positive and srgnificant values were considered desirable for rest 

of the characters_ The character wise results of heterosis and inbreeding 

depression are given as under: 

1. Days to flowering: 

As stated earlier, negatjve hetE~rosis for earliness IS usually considered 

desirable for this character. The extent of heterosis ranged from -36.14 
.. 

(KS 253 x KS 224) to -6.92 (KS 233 x DBR 8). Out of 60 crosses, all the cross 

combinations had significant negative heterosis over standard variety, 

suggesting the du ration of almost all the crosses were sh orte r tha n th at of the 

sta n da rd va riety . 

Among 60 F 2 popu lation. in breed ing depression va ried from -17,84 

(KS 253 x KS 224) to 13.30 (ACe 5114 x T 3) per cent. Out of sixty F 2 

popu1ations, only eleven crosses s hawed s 19 n incant and posittve inbreed ing 

depression over F, hybrids for earliness. The ntaximum tnbreed ing depression 

was recorded in cross ACe 5114 x T 3 (10.91) fotlowed by KS 21 9 x T 3 

(10.91), Ace 8204 x T 3 (10.38). Ace 8206 x KS 224 (10.00) and ACe 2623 

x T 3 (9.78). 
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2~ Days to marketable maturity: 

The pattern of desirabre heterosis IS same as in case of days to 

flowering at which they ernerged first. The heterosis over standard variety 

ranged form -29.38 (KS 247 x AB 1 and KS 247 x DBR 8) to -5.34 (ACe 8206 

x T 3) per cent. Almost aU the crosses showed significant negative heterosis 

for days to marketable maturity,indicating earlrer harvesting of first fruit than 

standard variety (T 3). Best cross in order of merit was KS 247 x AS 1 

followed by KS 247 x DBR 8. KS 253 x KS 224. ACe 2623 x AB 1 and 

KS 228 x KS 224. 

The inbreeding depression varled franl -15.36 {KS 263 x KS 224} to 

11.27 (ACe 8206 x KS 224) per cent. Significant inbreeding depression with 

positive values were considered desirable for this particular trait. Crosses 

Ace 8206 x KS 224 (11.27%L KS 263 x DBR 8 (10.23 %
'). KS 262 x DBR 8 

(9.05%) and KS 250 x T 3 (8.93 %
) were identified for earlier harvesting of 

.... 
fruits than F 1 hybrids. 

3. Plant height: 

In the present study. dwarf hybrid was considered as better one. 

Heterosis for plant height over standard variety ranged from -18.51 (KS 262 x 

T 3) to 31.72 (ACe 2623 x AB 1) per cent. Among the 60 crosses studied. 

significant and negative heterosis was observed in eighteen crosses for 

dwarfness over standard variety. Positive and significant value was obtained 

in sixteen crosses for tallness over standard variety. Cross KS 262 x T 3 

exhibited maximum negative heterosis followed by KS 219 x T 3, KS 227 x 

KS 224, KS 233 x T 3 and KS 228 x KS 224. 

The inbreeding depression for this trait ranged from -10.76 (KS 227 x 

: 8 1 1 



DBR 8) to 16_40 (ACe 8207 x T 3) per cent. Out of 60 crosses, twenty two 

combinations were observed with signIficant and positive depression for 

dwarfness over Fl hybrids. Crosses with maxrmum inbreeding depression for 

dwarfness were KS 227 x DBR 8, KS 247 x DBR 8, and KS 235 x AS 1 in 

order of merit. 

4. Number of branches per plant: 

The extent of heterosis over standa rd variety ranged from -44.06 

(ACe 8207 x KS 224) to 34.89 (h.S 247 x T 3) per cent. Out of 60 crosses, 

nine crosses showed significant and positive heterosis over standard variety_ 

Cross KS 247 x T 3 was best hybrid followed by KS 235 x T 3, ACe 8204 x 

T 3, Ace 8206 x T 3 and KS 263 x AB 1 for rnore number of branches per 

plant. 

Inbreeding depression ranged from -16.13 (KS 247 x KS 224) to 28.24 

(KS 263 x AB 1) percent. The high inbreed ing depression with positive value 
/ 

was recorded in KS 263 x AB 1 (28.24%) followed by KS 235 x T 3 (26.68 %
), 

KS 253 x KS 224 (26.30 % ), ACe 8204 x T 3 (25.38°/0) and ACe 2623 x T 3 

(25.29%). 

5. Number of fruits per plant: 

The hybrid with positive heterosis wa3 desirable for this trait. The 

heterosis over standard variety varied from -20.70 (ACe 8206 x KS 224) to 

103.39 (KS 227 x AB 1) per cent. Out of 60 crosses, 25 con1binations showed 

highly sign5ficant and positive heterosis over standard variety. Out of 25 

combinations, the five desirable econornic cornbinations in order of Illerit were 

KS 227 x AS 1 (103.39 % ), KS 233 x T 3 (85 2.9 0/D), KS 219 x T 3 (81.84°/n), 

KS 228 x AS 1 (78.15 % ) and KS 263 x AS 1 (76.15%
). 



Inbreeding depression in F2 populations, varied from -16.01 (ACe 8206 

x DBR 8) to 25_06 (ACe 2623 x T 3) per cent for this trait. The highest 

depression 25.06 per ce nt was recorded in AC C 2623 x T 3 followed by Cross 

KS 262 x DBR 8 (24.80 Q/o), KS 233 x T 3 (24.730/0) and KS 219 x T 3 

(23.50%
). 

6. Length of fru it : 

Since I aU the genotypes in the study a re round fru ited. Hence I negative 

heterosis is considered desirable for round shape. The extent of heterosls 

varied from -15.51 (KS 262 x AB 1) to 33.55 (KS 235 x T 3) per cent. None 

of the crosses was found with significant negative heterosis for reduced 'ength 

of fruit towards round shape. However, crosses KS 26? x AS 1. KS 233 x 

DBR 8. KS 262 x DBR 8. KS 233 x KS 224 and ACe 8206 x T 3 with non 

significant values were superior for this trait. 

inbreeding depression ranged from -19.40 (KS 262 x AS 1) to 20.85 

/ 

(KS 2":1- 7 x AS 1) per cent. Significant and positive inbreed lng depression in F2 

population was observed for KS 247 x AS 1. ACe 5114 x DBR 8, KS 219 x 

T 3 and KS 219 x KS 224 ind icating sig n iflcant decreased length of fruit over 

thei r respective F 1 hyb rid s. 

7. Width of fru it : 

The magnitude of heterosis over standard variety. ranged fron') - 26.07 

(ACe 2623 x OBR 8) to 21 .67 (KS 263 x AS 1) per cent. Out of 60. the best 

crosses in the same order were KS 263 x AB 1 (21.67 %
) and KS 235 x T 3 

(20.86% ) for significant and positive heterosis over standard variety. 

lnbreeding depression for this trait varied from -36.36 (AC 2623 x DBR 

8) to 16.19 (ACe 5114 x OBR 8) per cent. The h'ghest negative depression 



was recorded on]y in two crosses, nameJy. Ace 2623 x DBR 8 (~36_36%) and 

ACe 2623 x KS 224 (-33.43 %
) for this character. 

B. Fruit weight: 

The heterosis over standard variety varied from -22.22 CAe C 5114 x 

DBR 8} to 10.23 (ACe 8204 x T 3) per cent a~ongwith desirable and highly 

significant economic heterosis in cross ACe 8204 x T 3 over standard variety. 

The parents wh ich exerted maximum heterotic response in their crosses were 

T 3 and ACe 8204. Out of 60 crosses. six crosses ACe 8204 x T 3. KS 263 x 

AS 1, KS 219 x AS 1. Ace 2623 x T 3, KS 233 x T 3 and ACe 8206 x T 3 

showed significant positive heterosis over standa rd vartety for bolder fruit size. 

Among 60 F2 population. inbreeding depression varied from -5.74 

(ACe 2623 x KS 224) to 8.86 (ACe 6:204 x T 3) per cent. Eight crosses were 

identified with significa ntly negative va lues expressing inbreed ~ng dep ress fon 

for this traits. Maximum depression -5.67 was observed in cross KS 235 x 
/ 

KS 224 followed by -5.44 (KS 250 x KS 224). -5.31 (KS 235 x DBR 8). -4.76 

(KS 228 x KS 224) and -4.52 (ACe 8207 x KS 224). 

9. Plant Sp read : 

The pattern of desirabte heterosis [s sanle as days to flowering, days to 

marketable matu rity. plant heig ht and length of fru it. The heterosis fa nged 

from -55.21 (KS 263 x AB 1) to 20_83 (KS 253 x T 3) per cent. Almost all the 

cross combinahons exhibited highly signIficant and negative heterosis over 

standard variety for decreased area for spreading of plant. 

For this tra;ts, inbreeding depression ranged from -2.22 (KS 262 x 

AS 1) and (KS 262 x KS 224) to 24.69 (KS 227 x T 3) per cent. Among 60 



crosses, positjve and significant inbreeding depression was showed by 11 

crosses in F2 populations indicating inbreeding depression for the trait. 

1Q. Yield per plant: 

The extent of heterosis over standard variety for this most important 

trait varied from -22.56 (ACe 8204 x DBR 8) to 69.23 (KS 219 x T 3) per cent. 

Twenty one cross combinations sho\rved significant and positive heterosis 

over standard variety for higher yield. The maximum heterotic values over 

standard variety were fo1lowed by KS 219 x T 3 (69.23%), KS 219 x AS 1 

(68.72 010), KS 233 x T 3 (66.15%), KS 235 x T 3 (60.00 %
), KS 247 x T 3 

(56.410/0), KS 228 x AS 1 (55.900/0). KS 253 x T 3 (54.87~/o), KS 263 x AS 1 

(54.36%), KS 227 x AS 1 (49.23 %
), ACe 2623 x T 3 (36.41 %), Ace 8207 x 

T 3 (35.38%) and ACe 8206 x T 3 (31.28 %
). 

The inbreeding depression for yield per plant ranged from -11.69 

(ACe 2323 x AB 1) to 32.39 (KS 250 x AB 1) per cent. "c\mong 60, none of the 
~ 

crosses showed significant negative inbreeding depression for reduced yield 

in F2 generation. 

ESTIMATES OF SELECTION PARAMETERS 

HERITABILITY AND GENETIC ADVANCE 

The magn~tude of heritable variability is most important which showed 

close bearing on the response to selection (panse, 1957). The estirnates of 

heritabi1ity In narrow sense and genetic advance in per plant of mean for all 

the ten metric traits are presented ~n Table 5. 

Heritability estimates (in narrow sense) have been classlfied accordlng 

to Robinson (1965) as : 



Low heritability 

Medium habitability 

High herrtabirity 

below 10 per cent 

10-30 per cent 

a bave 30 per cent 

As evident from Tabte 5 heritabilrty ranged from 31.20 (length of fruit) 

to 90.50 (plant spread) in F 1 and from 5.80 (width of fruit) to 83.90 (Plant 

height) in F 2 . All the traits in both the generations had high estimates of 

heritab ility except length of fruit and width of fru it in F 2 popu !ation. The 

estimates of genetic advance (GA) in per cent of mean did not fluctuate mlJch 

in F 1 and F2 generations. The expected genetic adva nee as per cent of mean 

ranged from 0.59 (plant spread) to 106.16 (fruit weight) per cent in F 1 and 

0.54 (plant spread) to 105.09 (fruit weight) per cent in F2 generations. High 

estimates of genetic advance in both the generations were recorded in fruit 

weight, plant height, days to marketable maturity and days to flowering. 

High heritability coup!ed with high genetic advance was recorded by 

days to flowering. days to marketable matu;-ity, plant height and fruit weight. 

Rest of the characters showed high herltabil ity with med iu m or ~ow genetic. 

CORRELATION COEFFICIENTS: 

The genotypic and phe notypic correlation coefficients among 

characters studied are present in Table 11. In general, the magnitude of 

genotypic correlations was hrgher than that of phenotyp ic correlation 

coeffi cie n ts. 

GENOTYPIC CORRELATION: 

I n parent. F 1 and F 2. the strong pas itive assoc~atjon was observed 

between yield per p'ant and nunlber of fruits per plant, width of fruit, plant 



2l 
c:::: 
CJ 
~ 

rv 
c. 
Cl 
s:::: 
o 
E 
CG 
en 
~ 

.!! 
u e 
CU 
.c 
o 
0-
"f""" ... 
~ 
II) 
t:: 
o 

+=l 
.!! 

Q,I ... ._ 
o 
o 
u 
Co 
~ o 
c 
4) 

.r:::. 
a. 

"C 
C 
nJ 
o 
'Q. 
~ 
o 
c: 
CD 
Cl ..,_ 
a 
II) 
(I) ... 
nJ 
E 

:.;:::0 
In 
W 

~,!~ 
90 

1 l 
--~-T--T--+--~~--~--r--+--T--+--~~--~~ 

~ OXINMNW=(")NI'-- o.n j ~ I, 
; g ~ ~ ~ ;;: ;; ~ ~ g ~ ~ ~'!i:::i~I~I~I~ ~;~ ! ~ ~ ~ f~ ~ ~ ~i~1 

t--

E
-----i""'---+----lr----+---+----1r---t--t-----t

I

----+---+--+------1 --~ !__j_J ~ ----t---j------t-~- f-----+--+--+--+-I --r 
-~ !XI co t--- N OX) ;:;. ;:;:; .- I = N ~ rn N i <c> :, toO 1 U) v on = 0'>.l:J ~ I: M:;:;:; = a I 

~ ~;:,; g ~ ~ C) ~ g 2 ~ to ~ =.I~ =r-C;;[;;!§i ~j::g ~ g :2: .L- ~,!~ g ..-, ~ = '2 d c:i 9 d a a a C) 9 0 a 0 ~! ~ ~ =; 0 ; -:=> 0 - Cl a ~ 0 i ~ 6 co! 0 ~ I 

lL L L I i 
--+--+---+----ir--t___t--+, --I -i ~-t___+-+--+----t-

j ! <Il 

~.~;~I!ri 1:0'~~~ E 
("-dN~t- <"') -w 0) ~ 

016(:j'~=:9 0 0 tJ: 0' 

r------+---t----J-l-t---t--t--t----t------t------t------t----t- - -- + -

I~ ! ~I : II-~~ I : co;::J;'::O ........ ;J., w Q'l on W M "01' 0;0 '"' ("") 'i:: Vl,~..n U::, U;. ,,_ :"""0 ~ Cl 

~ :;l ~ ;; q ~;; ;;I~;; ~ ~ ©I~I~ ~(u:.;~ :; ~;:; ~ ~i~ ~ ~':':l :'; ~I 

'--l --. i J ; , -r I ~H 
~ ~ ~ ~ 2 ~ ~ ~ ~ ~ ~ ~ ~~~i~:~"o6:8,~ 9. § Z~~ ~~~ ~~~ ~ ~ ffi '8 ~ 
N N N 0.0 N N M M,""" {'o.,I 0> = .._, LL. 'lL ~ ,~ , ('""l ('-4 - - <0 a:l t---' ~ 0 
c} 00 d 9 0 0 c} 9'; 9 <::> 0 0 :;:: C? ,0 9; 0 0 C? q ~ ci C:', 0 0, 0 6 .:::> 0 g ..; 

1 I ~ a:J 
l • I ~ ~ t-------II---+--t--+--I~-t--it----t---~ - -1-- - t ;- , _,- '--'1--- -- 0 U 

, 
r ! : ,~X 

~ ~ '! M !XI M co 0 ~ "<Z' D:! ::: :l en I: j: I Cl j 0 I = t--- b !"- N :.-. (") :~ ;._ ~ _~ :.... _ 1::;-oC_ ~ .! '5 a <:) ..,. 0 U") <:) ~. ("") .-. --- c: '" II) ('.I 1 0 .0 N \ W M N I'-- en 0 :.0 .n ;:::; n ., __ ~" ~ 

H &;; ~:;: d ~ d ~ ~ Si ~ u::- .. ;;1;;1~',:;;i;:;';; :;:;;:; d :;::; ;:;;:; ;; ~ ;; ~ it 
-E ~m_~ i1 rnDJ:Cw~~~,~,~W~ ~Nm~N II 
~ .~ :;::: 0 = ~ :g § w U! ~ ~ ~ ;:; ~ I "" I ~ :::; 0' g ::: j 2 g; ~ ~ :g 0'> g 0 ~ ~ g g. ~ 

c::: ~ c:) ci c:i ci a a ~ u.. u.. 0 9 a 911~ C? c:) = c> D 9 0 a 0 C? c:) c:i 9 9 c:' 9 '5 is 

:r; ~ 
c..~ 

o :h ~ N ~ W D m ~ '" = I J :L", f-~ -C)')+I-oo-+--o-+-~o-+-_.D--+-lD---If--<"')--~W--.l--... ->+-.;;,--+-.n-~---t-o--t-oo-----i:§- _g 

-:;; ~ -~ CCI a:;) 0 ~ CII en t() M lD t- en ...... 'Q' I en , <.D ,('oj ,~ N ~ <1'1 0 ~ <.D "'-l ,.._ a q ~ <0 
"'" _. co <0 en Q) - ... r') a 0 a N ~ .... ~: ~; D '0 ~ 0 0 "" 0 C".I (") ~ a 

E~ ~ a 0 ci ~ lL ......... c> 0 c:) a 0: a 9 r~ i aiD 9 0 c> = 0 cj Co a c:i c:;:i a "7 c:i a 

~_____I~--r+__~__+_,_~--+~~~,-LJ~,_~~-~~_+_~~_+_~ 
I 

l L-_ __jL-__ __J___--.l..__------'------'-------- ' 



spread. fruit weight in parent, F1 and F 2 • and Jength of fruit in F 1 and F2 and 

days to ffowerjng on Iy in F 1 ~ Days to flowering had strong association with 

days to marketable maturity, number of branches per plant in parents, F 1 s and 

F 2s; with plant spread. fruit weight in parents and F 15; with .... vidth of fruIt, 

number of fruits per plant in F 1 s and F 2 s and with yield per plant in F 1 s. Days 

to marketable maturity was positively associated with number of branches per 

plant and plant spread in parents, F, sand F 2 s: with leng"ih of fruit in parents 

and F2S ; with width of frurt. number of fruits per plant in F, and F2 and with 

plant height in parents only. Plant heIght strongly associated wah length of 

fruit, number of branches per plant a~d plant spread in parents and with width 

of fruit in parent and F2. Number of branches per plant was positively 

assocrated with length of fruit, width of fruit. plant spread I number of fruits per 

plant in parents, F,5 and F 2 s and w,th fruit weight in F 1 and F 2. Number of 

fruits per plant had strong associaHon with width of fruit and plant spread in 

parent, F1 and F2 and with tength of fruit and fruit weight in F 1 and F 2 . Length 

of fruit positively associated with fruit weight in parent, F, and F2 and with 

width of fruit and plant spread in F 1 and F 2" Width of fruit exhibited strong 

positive association with fruit weight and piant spread in parent, F 1 and F 2 

Fruit welght was positively associated with plant spread in all the populations" 

The strong negative association were observed between yield per p~ant 

and plant height in parent, F 1 and F 2 : days to nlarketable maturity and length 

of fruit in parent. Days to flowerlng had negative association with number of 

fruits per plant in parents and with length of fruit in parent and F 1· Days to 

marketable maturity was negatively associated with number of frutts per plant 

and width of fruit in parent. while with length of fruit in F t generation. Plant 

height was negative1y associated with number of fruits per plant in parent. F 1 

and F2; with plant spread in F1 and F 2 : with width of fruit in F" while, with 

length of fruit and fruit weight in F2 generation. Number of fruits per plant 



exhibited negative associatron with length of fruit and fruit werght only in 

parents. Likewise length of fruit had negative association with width of fruit 

and plant spread in parents only_ 

PHENOTYPIC CORRELATION : 

At phenotypic level yield per plant exhibited significant and positive 

association with number of fruits per plant and plant spread in parental 

population; with length of fruit and width of fruit in F 1 generation and with 

number 'Of branches per ptant, number of fruits per plant and fruit weight in 

both F, and F2 generation. Yield had signiflcant negative correlation on~y with 

plant height ;n aU the populations. Days to flowering had signifrcant positive 

relationship with days to marketa,)le maturity in all the populations; with fruit 

weight in parental and with number of branches per plant and plant spread in 

F, generation. Days to market<=3ble maturity had significant positive association 

with number of branches per piant and plant spread only in F'f. Positively 

significant corre1ation of number of branches per plant was observed with 

plant spread in parent and F 1: with fruit weight and w1dth of fruit in F 1 and with 

number of fruits per plant in F 1 and F2 generation. Number of fruits per plant 

had significant positive association with plant spread only in parental 

population. Length of fruit exhibited high~y signif~cant positive association with 

width of fruit in all the populations and with fruit weIght in Fl and F2 

generation. Whi1e, it had only significant positive relationship with plant spread 

jn F 2 • Width of fruit and fruit weight showed signiflcant posttive association 

with fruit weight and prant spread, respectively. in F1 and F2 generat[ons_ The 

negative and significant association of ptant height and number of fruits per 

plant in F 1 was also observed. 



PATH COEFFICIENTS· 

The tota I genotypic and phenotypic correlabon coefficients of yje ld 

were partitioned into direct and indirect effects of different traits on yield 

according to the method of Dewey and Lu (1959). The resu fts obtai ned from 

ten character combinations towards yiefd per plant is presented in Table 12. 

Only high magnitude of genotypic correlation and significant phenotyplc 

correlations were taken jnto cons~deratton-

GENOTYPIC PATH COEFFICIENTS 

Genotypic path coefficient analysis in F, and F2 generation revealed 

that number of fruits per plant. fruit weight and days to flowering in both the 

generations; plant height, width of fruit and pIa nt sp read in F, and n unlber of 

branches per plant and length of fru it in F 2 generation exhlb [ted hig h direct 

effect on yield per plant. Days to marketable maturity in both F 1 and F 2 • length 

of frui~ in F, and width of fruit in F 2 popu iation had neg ative d 1 reet effect on 

yield per plant_ 

The highest positlve indirect effect on yield per plant was observed by 

days to flowering via number of fruits per plant in both the generation: days to 

marketable maturity via number of fruits per plant and days to flowering in 

both F, and F2 and via number of branches per plant on Iy in F2 generation_ 

Number of fruits per piant in F1 Rnd F2r fruit weight and width of fruit in F 1 

generatjon showed strong positive rndirect effect on yield per plant via number 

of branches per plant- The high positive indirect effect on yield per plant were 

recorded by number of fruits per plant via fruit weight 8nd width of fruit in F 1 

and number of branches per plant in F z generation: length of fruits via number 

of fruits per plant and fruit weight 1n both the generations and number of 

~90} 
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branches per plant in F2 population. Number of fruits per plant and fruit wejght 

in F, and F2 and length of fruit and number of branches per plant In F2 had 

strong positive and substantial indirect effects on yieJd per plant via width of 

fruit. The positive and indirect effect on yield per plant was recorded by fruit 

weight via number of fruits per ptant in F 1 and iength of frutt and number of 

branches per plant in F2 generation: plant spread via numbe r of fruits per plant 

in both F 1 and F 2 a nd fruit weig ht in F 1 and length of frutt in F:2 popu lation. 

The high negative indirect effect on yield per plant was exhibited by 

days to flowering via days to marketabre maturity in F 1 and F2 and number of 

branches per plant in F 1 generation; plant heig ht via nUlllber of fruits per prant 

in both the generations: nurnber of branches per plant via days to marketable 
via: 

maturity in F, and F2 andL_.length of fruit in Fl generation. Number of branches 

per plant in F 1 and days to marketable maturity in F2 generatton had strong 

positjve indirect effect on yreld via nunlber of fruits per plant whereas negative 

indirect effect was exhibited by length of fruit via number of branches per plant 
I 

in F1 and days to marketable maturity in F2 generation; width of fruit via 

number of branches per plant and length of fruit in F 1 and vja days to 

marketable maturity in F2 generation. Fruit weight had considerable negative 

indirect effect on yield via number of branches per plant and length of fruit in 

F 1 and via width of fru it In F 2 generation. wh ile pia nt spread s hawed negative 

indirect effect via number of branches per plant in F 1 generation. 

PHENOTYPIC PATH COEFFICIENT: 

The highest positive and substantial direct effect on yield per plant was 

recorded by number of fruits per plant cind fruit weight In both the generations. 

whereas days to ma rketable maturity in F, a nd plant heig h tin F 2 generation 

exhibited negative direct effect on yield per plant. 



The hjgh order of jndirect positively effect on yield per plant was 

recorded by days to marketable maturity and number of branches per plant 

via number of frurts per plant in both the generations: number of branches per 

plant via fruit weig ht in F 1 generation; length of fruit via fruit weig ht in both the 

generations. Width of fruit had substantial positive indirect effects on yield per 

plant via fruit wejght in both the generations and via number fru its per plant in 

F1 generations; fruit weight via number of fruits per plant. Plant spread 

showed positive indirect effect via number of frults per plant in both F 1 and F2 

and via fruit weight in F, generation~ 

Plant height exhibited substantial negative tndirect effects on yield per 

plant via number of fruits per plant in both the generations I Rest of the 

characters for genotypic and phenotypic path coefficients had negligibJe direct 

and indirect effects in both the generations. The recorded resid ual effects ,n 

F~ was positive with 'ow magnitude at both genotypic and phenotypic level. 

whereas res id u a I effects was neg ative with low mag n itud e at 9 enotyp i can d 

positive at phenotypic level in F 2 . , 
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Chapter-V 

DISCUSSION 

For increasing genetic potentialities of any crop. the most complex 

problem faced by the breeden,the j ud icious selection of the pa rents from the 

gene pool, beca use the yield is a com p !ex ch aracter comp ris ing a n umber of 

components each of wh~ch is polygenically controrled and I therefore, they are 

susceptible to environmental fluctuations. :t [s also desirable that selection of 

suitable parents involved in a hybridization programme should be based on 

ability of a line to nick weir with other lines to produce superior segregants. 

For this purpose, breeders have utilized different bion1etrical techniques for 

assessing the breeding value of parents though estimation of the variances 

and effects. I n this rega rd nne x tester techn iq ue developed a nd advocated by 

Kempthorne (1957) has been useful In evaluating a large number of nnes at 

a time. 

AJthough the technique of line x tester analysIs has been utilized by 

various workers Singh and Joshi, 1966; Raghavaish and Joshi, 1982; 

Oahiya et aJ. 1985; Prakash et al. 1994a; Prasash et at. 2000; Babu and 

Thirumurugan, 2001 in the past for the improvement of egg plant. But it is 

still essential to assess the breeding value of newer lines of egg plant. a 

specific 9 roup of Solanum melon gena . With these consjderat~ons. the present 

investigation was designed to get the precise information rega rd ing the 

genetic architecture of various quantitative characters through the estimation 

of combining ability, heterosis and inbreeding depression. heritabHlty. genetic 

advance, correlatfon and path coefficients in egg p!ant. 

Ana1ysis of variance for mean sq uares of different traits (Tab le3) 

revealed highly significant differences among 



indicating much variabihty in base material as well as hybrids and segregating 

popuJation. Parents differed significantly for all the traits except width of fruit. 

Parents vs F1S and F,s vs F 2s also differed significantly for all the character 

except for number of branches per pIa nt due to parents vs F, s and for days to 

marketable maturity due to F,s vs F2S indicating significant heterosis in 

hybrids and inbreeding depression in seg regating population. 

VARIABILITY: 

The study of genetic variabimy among the parents and their progenies 

is pre-requls;te for planning successful breeding programme. The parents 

were selected on the basis of phenotypic differences. Considerable variability 

with substantial range (Table 4) was observed among parents and their 

progen;es (F ,s and F2s). The presence of wide range of variation among the 

parents was observed for days to flowering, days to marketable maturity. 

plant height and fruit weight whi1e among the F 15 maximum range of variation 

was observed for number of brarches per plant, number of fruits per plant, 

length of fruit, width of fruit and yield per plant. Among the different 

populations. F 1 S had maximum variabtlity than pa rents and F 2 S . 

I 
COMBINING ABlLlTY ANAL YSlS : 

Combining ab;lity analysis through line x tester technique was done us,ng 

methodology of Kempthorne (1957) which involves the study of Cov. (F.S.) and 

Cov. (H.S.) to get estimates to gca and sca variances and effects. This technique 

is based on the general structure of experiment with following speciations. 

i. The individuals within a plot resulting from a given cross are full-sibs. 

II. The individuals in different rep~icates resulting fran1 a particular 

cross are futl-sibs. 

iii. The individuals in the same or different replicates resu Iting from a 

common tester (sire) but different lines (dames) are half-sibs. 



The estimates of com bin ing abil ity variances a re translated Into genetic 

variance to understand the nature and magnitude of gene action and provide 

a guideJine for selecting parents for hybridization. 

A n a Iys is of va r I an ce fo r com bin i n gab i I ity revea Jed s i 9 n ifi ca n t 

differences among female and male genotypes in respect of gca for atl the 

characters in both the gene ration> except for width of fruit and frutt weig ht in 

both generations and length of fruit in F ~ generation_ The significance of gca 

variances thus reflected the importance of additive gene action for the traits. 

Similar findings were a1so reported by Daho/a et al_ (1985)t Das and Barua 

(2001) and Singh et al~ (2002) for all the characters except plant height. The 

differences among hybrids due to interaction between fenlales and males in 

respect of sea were also found significant for all the characters, except tength 

of fruit and width of fruit only in F2 generation indicating the inlportance of non 

additive gene action_ These findings are in agreernent with that of Oahiya 

et a/~ (1985) and Babu and Thiru m u rag an (2001) for a It the characters. 

Add ifive genetic varia nee results rnostly from additive gene action: 

whereas non-add itive variance is madeup of dam inance a nd epistasis. The 

dominance variance dimishes by half with each generatlon of selfing, and thus 
.... 

is un-exploitable in purelines. The epistatic variance also declines on selfing: 

but the add itive x ad d itive type is fi xa b te. 

The estimates of components of genetic variance due to (:)2g (pooled) 

and c?s ind icated that the importa nt ro te in the in heritan(:;e of fruit weig ht and 

plant spread was played by additive gene action in both the generations. 

Similar results of gene action for these traits we re also reported by Dixit et al. 

(1984), Gopinath and Ma ha lageri (1986), Nua Is ri et al. (1986), Vadivel and 

Babu (1993), Ingale and Patil (1997) and Singh et al. (2002). 
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The predominant role of non-additive gene action in F1 and addjtive 

gene action in F2 was observed for plant heig ht and length of fru it. The 

djfference in estimates obtained in F 1 and F 2 generations grown in the same 

environment may be attributed to the restricted sampring in the total variability 

to be expected in the F 2 generation a nd it may be due to cou p ling phase of 

linkage. Robinson et al. (1960) stated that if there was preponderance of 

repulsion phase linkage, additive genetic variance could increase, as the 

generations advanced; and if the linkage phase was predominantly coupling, 

additive genetic variance could decrease. Gopinath and Mahalageri (1986), 

Nua Is ri et al. (1986) and Vad iva I and Sa bu (1993) have also reported 

additive gene action for plant height and length of fruit. Contrary to this non­

add itive gene action for these traits were also reported by Dixit et al. (1984), 

Singh and Mital (1988) and Das and Barua (2001). 

For days to flowering, days to n~arketable maturity, number of branches 

per pia nt, number of fru its per plant, vvid th of fruit and yield pe r plant the ratio 

(82g/02S) value less than one indicated the predominance of non-add itive gene 

action in the inheritance of these tratts_ Sidhu et al. (1980}L~ingh and Mital 

(1988) for days to flowering and yield per plant: Dixit et al. (1984) for number 

of fruits per plant and yield per plant: Ingale and Patil (1997) for w~dth af fruit 

and yield per prant and Patil et al. (2000) for number of fruIts per plant have 

also reported the similar results. 

We might briefly consider the ~mpllcation of information gathered fronl 

th is study on breeding proced u res. The cha lacters, pia nt h eig h t. Ie ngth of 

fruit, fruit weight and plant spread were predOrTlinated by additive gene action. 

To exploit additlve genetic variance in the inlprovernent of such characters, 

pedigree method involving selection based on progeny performance can be 

used. However, it has been a general observation in se!f-pollinated crop that 

additive genetic variance fix rapidly after F2 generation resulting in restricted 



recombination. Linkage may arso cause bias in the estimates derlved from 

early generations. since linkage equillibrium is improbable (Mather, 1949; 

Comstock and Robinson 1952). The domrnance of additive effects for aJi 

yield components suggested that single p~ant selection In the early 

segregating generations of cross would be highry effective tn aubergine 

(Si ng h et al. 2002). 

Days to flowering, days to nlarketable matudty. Ilumber of branches 

per plant. number of fruits per plant. width of fruit and yield per plant have 

been shown preponderance of non-additive gene action. Conventional 

breeding methods exploit only that portion of genetic variability which is due to 

ad d it,ve a nd ad d itive x ad d itive typ e of 9 e n e action. Th e presence of 

predominantly large amount of non-additive gene action due to dominance, 

additive x dominance and dominance x dominance, would necessiate the 

maintenance of heterozygosity ~n the populatton. These type of gene action 

are non fixable. Therefore. breed ing methods such as b ipa renta~ mating 

followed by recurrent selecHon rllay hasten the rate of genetic improvement 

for these characters. These procedures. though difficult to be foHawed in se'f­

pollinated crops, have the promise to give encouraging resutts (Andrus 1 

19E.l3; Singh, 1974). 

DEGREE OF DOMINANCE 

in addition to other genetic parameters. the average degree of 

dominance is also of interest to plant breeders (Gardner t 1963). The degree 

of dominance in the present i nvestlgation has been estimated as (~;: ~~ )05. 

This formu'a is based on the assumptions that the genes are isodirectionaily 

distributed among the parents and all the increOlents have the same sign 

(Kempthorne and Curnow, 1961). This procedure, thus nleasures only the 

degree of dominance regardless of direction. If the dominance effect is in the 
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plus and minus d~rections. the trend to cancel each other, then F 1 may be 

equal to the mean of its better parent. 

't was seen that out of ten characters. fruit weight and plant spread with 

ratio (c,zsll:?g)o.5 vaiue less than one in both the generations reflected partial 

dominance. These results are in accordance with the find i ngs of Oi xit et al. 

(1984) for fruit weight and plant spread. The characters plant height and 

'ength of fruit showed change of over dominance to partiai d0111inance from F l 

to F2 generation. l t is in ag reement with the ge netic a nalysis. which ind;cated 

non-add;tive gene action in F 1 and additive gene action in F 2 for these traits. 

Comstock and Robi nson (1952) repa rted that the d eg ree of domina nee 

might be biased up-~ward either by linkage or epistasis or both. Experimenta\ 

ev;dence indicating linkage bias was also provided by Corns tack et al. 

(1957), Gardner and Lon nq u ist (1959), Robi nso n et al. (1960), Robi nson 

and Moll (1963), Ma11 et al. (1964) and Williams et al. (1965). Partial 

dominance was also reported by Singh et a/. (1982) for ~ength of fruit and 

Dixit et al. (1984) for p~ant height. 

Major role of over dominance was observed for days to flowering. days 

to marketable maturity. number of branches per plant r nutnber of fruits per 

plant. length of fruit. width of fruit and yield per p'ant in both the generations. 

These findings are in agreement with those of Singh et al. (1982) for aU the 

characters except iength of fruit and Dixit et at. (1984) for yield per p~ant. 

GENERAL COMBINING ABILITY EFFECTS: 

The know'edge of combin;ng abinty effects a'ongwith the mean 

performance is of paramount importance to the b reeders T because it assists 

him in the iso'ation of suitable germp\asm base for their uWizat,on in the 

subsequent breed;ng programme. Rank! ng of the good genera' combiners in 



Fl. F2 and over the generations for different metric traits is furn ished in 

Table13. 

In present investigation the parents differed significantly in their gca 

effects and none of them exhibited high general combining abiIJty for all the 

characters. Among the female lines, KS 253 and KS 244 for days to nowering: 

KS 247. KS 253 and KS 228 for days to marketable maturity; KS 262. KS 233. 

KS 219. ACC 8207. KS 250 and KS 253 for plant ht::'ight; ACe 2623 for 

number of branches per plant: KS 228. KS 227 and KS 219 for number of 

fruits per plant: KS 262, KS 247 and KS 263 for plant spread and KS 219, 

KS 228. KS 263, KS 227 and KS 24-; for yield per plant were good general 

combiners in both the generations. Further. it \-vas obServed that the female 

line KS 247, beside being good general combiner for yield per plant was also 

good combiner for days to f1owering, days to marketab!e maturity and plant 

spead. 

Among the male parents, KS 224 for days to floweri ng and days to 

marketable maturity: KS 224 and T 3 for plant height: T 3 for number of 

branches per plant, number of fruits per p\a nt, wid th of fru it and yield per 

plant: OBR 8 for length of fruit ; T 3 and AB 1 for fruit weight and AB 1 and 

OElR 8 for plant spread were superior generai combiners in both the 

generations. Kuma r and Ram (1987) a1so reported that T 3 was best generat 

com bin er ame ng th e pa re nts. 

Overall, among females, KS 219. KS 247 and KS 228 and among 

males" T 3 and KS 224 were good general combiners for one or more 

characters in desirable direction _ The ranking of the parents on the basis of 

gca and per se performance was a~most the same for most of the characters. 

This finding ind icated that the mean penorma nee might have pred icted value 

for gca effects_ Bhutani et al. (1980) Dixit et al. (1982), Mishra and Mishra 
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(1990), Prakash et al. (1994L Kumar et al. (1996)~ Babu and 

Thirumurugan (2001) and Das and Barua (2001) also observed sinlilar 

trend between gca effect and per se performance. 

High general combining ability effects observed for different characters 

of economic importance may be useful for sorting out outstanding parents 

with favourable alleles for the different components of yield. The effect 

includes additive and additive x additive components of gene action which 

represent flxabte genetic effect. (G ri Hi ng. 1956a! 1956 b; Sprag ue, 1966; 

Gilbert,.1967) also stated that the additive parentat effects. as measured by 

gca effects are of practical use to plant breeders, since non-allelic interaction 

are unpredictable. As aforesaid parents having good gca effects are superior 

to the rest for many characters, a multiple crossing programme or an 

intermating population involvlng all possible crosses among thefTI subjected to 

biparental mating may be expected to offer the maximum promise in breeding 

for high yield. Selection for econom~c traits in such a population is likely to 

result worthwhile gain the yield potential. The scheme of dial\el selective 

mating system proposed by Jensen (1970) for cereal breeding can also be 

employed successfully for the present material. This method provides to 

combine the favou rable gene or gene cornplexes by the use of series of 
1 

mu'tiple crosses which would supplement speedy recombination and also 

break genetic barriers, if present. 

SPECIFIC COMBINING ABILITY EFFECTS 

The sea effects normally did not contribute conslde rably in the 

improvement of self-pollinated crops. excep1 where commercial utilization of 

heterosis is feasible. However, in the production of homozygious lines 

breeders interest is usually confined upon transgressive segregation shown in 

the crosses. The good specific combiners are presented in Table 14. In order 

to -select out best specifIc combiners which may result desirable segregants in 
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segregating generations it becomes necessary to select such derivatives as 

are desirable from F 1 to F2 generation. The cross combinations exhIbiting 

higher estimates of significa nt and desirable sea effects common in both the 

populations were Ace 5114 x AS 1 and KS 250 x T 3 for days to flowering; 

ACe 2623 x KS 224 and ACe 5114 x AS 1 for days to marketable maturity; 

ACe 8204 x AB 1, Ace 2623 x T 3. KS 219 x T 3, ACC 8207 x KS 224 and 

KS 253 x DBR 8 for plant height; KS 253 x T 3 for number of branches per 

plant; KS 227 x AS 1, ACe 8206 x T 3, KS 228 x AS 1, KS 263 x AB 1 and 

KS250 x KS 224 for number of fruits per plant: KS 247 x KS 224 for fruits 

weight and KS 219 x AB 1, KS 263 x AS 1, KS 233 x T 3, KS 228 x AS 1 and 

KS 227 x AS 1 for yield per plant. All these common crosses over the 

generations are indicative of add ibve x additive type of gene interactions for 

the expression of different traits. Crosses KS 263 x AS 1, KS 228 x AS 1 and 

KS 227 x AS 1 besides being good specific combiners for yield per plant were 
) . 

,1.. (.~ ... 

superior over the generations for most importa nt yield tra tt numbe r of fru its 
"-

per plant. Rest of the crosses for different characters, having high sea in F 1, 

failed to repeat its performance in F 2 reflecting the presence of dominance 

and epistatic types of gene action. 

HETEROSIS AND INBREEDING DEPRESSION 

The magnitude of heterosis has been measured by different workers in 

different ways, such as the superiority of FrS over the mid-parent, better 

parent and standard variety. Heterosis wh 1ch is measured as mean 

superiority of F,s over the standard variety is thus, an important and desl~able 

p-arameter in such studies and would be declding factor for practical purposes. 

Keeping in view, the present study was carried out to workout the mean 

superiority of F lS over the standard variety (T 3}. It may however, be in rllind 

that the per se performance, being the realized value and the heterotic 
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response being an estimate the former shou[d also be given due 

consideration than latter while making the selectlon on cross combinations. 

[n general, considerable amount of desirable heterosis was observed 

for most of the characters. namely. days to flowering. days to marketa ble 

maturity, plant height, number of branches per plant, number of fruits per 

plant. rength of fruit, width of fruit, fruit weight plant spread and yjeld per plant 

in present study. but none of the crosses exhtbited srgnificant desirable 

heterosis for all the characters. Crosses, KS 219 x T 3. KS 219 x AS 1, 

KS 223 x T 3, KS 247 x T 3, KS 228 x AS 1. KS 253 x T 3, KS 263 x AS 1. 

KS 227 x AS 1, ACe 2623 x T 3, Ace 8207 x T 3, Ace 8206 x T 3. KS 235 x 

KS 224, KS 250 x AS 1. Ace 8204 x T 3 and KS 262 x DBR 8 showed 

significant heterosis for yield per plant. An insrght over the s.uperior tleterotic 

crosses for yield per plant in relation to other genetic parameters (Tab~e 15) 

rndicated that all the superior crosses exhibited significant inbreeding 

depression in F2 generation. Thus to exploit heterotic effect in F 1 generation 

and to avoid the deter j oration in yield performance in F 2 , the development of 

hybrjds at commercial scale in egg plant is suggested. Singh (1984) also 

advocated the exploitation of heterosis in F 1 hybrids. Further it is evident that 

superior crosses for yreld per plar.. involved high x high, high x low and low x 
, 

low general combiners and have a positive corretation ""lith sea effects. 

Besides yield, superior crosses also showed desirable and significant 

heterosis for one or more yield components. Among the yield components, 

crosses KS 247 x DBR 8, KS 235 x KS 224, KS 227 x T 3, KS 253 x T 3 and 

KS 227 x AB 1 for days to flowering: KS 235 x KS 224, KS 247 x DBR 8, 

KS 227 x T 3, KS 228 x DBR 8 and KS 253 x T 3 for days to marketable 

maturity~ KS 233 x T 3. KS 227 x T 3. KS 235 x KS 224, KS 262 x DBR 8 and 

KS 228 x DBR 8 for plant height: KS 247 x T 3. KS 235 x T 3, ACe 8206 x 

T 3. KS 263 x AB 1 and KS 227 x AS 1 for number of branches per plant: 

: lOS: 
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KS 233 x T 3, KS 228 x AB 1, KS 263 x AS 1. Ace 8206 x T 3 and KS 253 x 

T 3 for number of fruits per prant: KS 263 x AS 1 and KS 235 x T 3 for width of 

fruit ACe 8204 x T3, KS 263 x AS 1, KS 219 x AB 1. Ace 2623 x T 3 and 

KS 233 x T 3 for fruit weight: KS 263 x AB 1, KS 227 x AS 1, KS 262 x DBR 8, 

KS 228 x DBR 8 and KS 250 x AB 1 for plant spread showed significant 

desirable heterosis over standard variety. C rasses. KS 262 x 0 BR 8 and 

KS 263 x T 3 for length of fruit had r~latively good position with non-significant 

heterotic value. Komochi (1966) for p~ant he~ght: Ingale and Patil (1997) for 

days to flowering, fruit yield. plant ~leight, plant spread and fruits per plant; 

Prasath et aL (2000) for aU the ch aracters under study have a Iso reported 

highly significant heteroHc values \n egg plant. 

The superior combinations showing significant heterotic effect fo;­

different traits in F 1 generation also exhibited considerabte inbreeding 

depression in F 2 generation. Crosses., KS 253 x T 3, KS 263 x KS 224 and 

KS 263 x DBR 8 for days to flowering: KS 247 x DBR S, KS 253 x KS 224. 

KS 235 x KS 224 and KS 263 x KS 224 for days to marketab\e maturity: 

KS 247 x DBR 8 and KS 224 x DBR 8 for p~ant height: KS 227 x T 3, KS 235 

x T 3, ACe 8204 x T 3 and KS 263 x .A.B 1 for number of branches per plant 

KS 227 x AS 1, KS 233 x T 3, KS 219 x T 3. KS 262 x DBR 8 and Ace 2623 
~ 

x T 3 for number of fruits per plant: Ace 8204 x T 3, KS 263 x AB 1. KS 219 x 

AS 1, Ace 2623 x T 3 and ACe 8206 x T 3 for fruit we~ght and KS 219 x T 3, 

KS 219 x AS 1, KS 233 x T 3, KS 235 x T 3 and KS 227 x T 3 for yield per 

plant showed significant inbreeding depression in F2 indicating deterioration in 

performance in segregating generation. The crosses having heterotic effect ~n 

F 1 and significant tnbreed j ng dep ress 10 n in F 2 reflected Ole role of non­

additive gene action. The results are in the conformity with those of Peter and 

Si ng h (1974), for days to flowe ring and n umber of bra n che 5 per p la nl: 

Hani et aL (1977) for yield per plant and Singh (1984) for aU the characters. 
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HERITABILITY AND GENETIC ADVANCE: 

Heritability ;s one of the most important selection parameter for the 

breeders, beca use it indicates the extent to wh ich the rm provement of a 

population is possible through selecbon (Robinson, 1949). The heritability 

estimate in the popuration. influence the gains to be achieved from the 

selection. The genetic advance is yet another important selection parameter, 

which is not independent, and represents the expectation of genetic gain 

under selection. It has an added advantage over heritability as guid[ng factor 

to breeders in selection programnles where the improvement of character(s) 

is desired through segregating generations. 

In order to streamline the coherent selection breeding programme, 

Johnson et al. (1955) pointed out that genetic gain should be considered 

along with heritability, since the estimates of heritabiljty arone would not be of 

practical utility in selection based on phenotypic appearance. 

In the present study heritability was high for plant spread, plant height, 

yield per plant, fruit weight, days to nlarketable maturity, number of fru its per 

plant. days to flowering and nLJlnber of branches per ptant in both the 

generations, indicating that these characters were fargely rnnuenced by 

additive gene action. High heritahjlity estimates were also exhibited by lengtl-: 

of fruit and width of fruit only in F 1 generation. This indicated the primary 

control of additive gene action. These results are in conformity. with those of 

Dheshi et al. (1964), Mehrotra and Dixjt (1977)~ Vadivel and Babu (198SL 

Mohanty (1999), Patel et al. (1999), Rai etal. (1999), Singh and Gopalakrishnan 

(1999), Negi et al. (2000) and Sharma et al. (2002) for days flowering, days to 

first harvest or picking, plant height, number of branches per ptant, number of 

fruits per plant. fruit length. fruit diameter. frutt weight, plant spread and yield. 



The estimate value of expected genetic advance in percentage of 

mean was high for fruit weight, pJant height. days to marketable maturity and 

days to flowering in both the generations, Sinlilar results \ivere aiso reported 

for days to flower, days to first harvest. plant height, number of branches per 

plant, number of fruits per plant. fruit length. fruit weight and yield by Singh et 

a/~ (1974) I Vad ivel a nd Sa bu (1994), Moha nty (1999), Pate I et al. (1999), 

Rai et al. (1999), Singh and Gopala Krishnan (1999); Negi et al. (2000) 

and S ha rma et al. (2002). 

High heritability coupled with high genetic advance was exhihited by 

characters days to flowering. days to Inarketable maturity. plant hefght and 

fruit weight and thus improvement C2n be done through selection for these 

traits. Rest of the traits showed either high heritabitity and low genetic 

advance or vice versa indicating that improvement could not be achieved 

through selection. These results are in accordance with the previous findings 

of Mishra and Roy (1976)t Mehrotra and Dixit (1977), Gopimony et aL 

(1986), Nainar et al. (1991), Vadivel and Babu (1994). Mohanty (1999), 

Patel et al. (1999) and Singh and Gopalakrishnan (1999). 

CORRELATION COEFFICIENTS: 

,.. The knowledge of correlation between yield and its components may 

give valuable indications regarding the components on wh!ch setection 

pressure could most profitably be exercised in order to obtain an increase in 

yielding ability (Grafius, 1964)~ 

Understanding of the genotypic correlation between characters is of 

theoretical interest because a genotypic correlation may derive from genetrc 

Jinkage, pJeiotropy or developmentally induced relationship between components 

that are indirectly the consequence of gene lnteraction. The significance of 

genotypic associatfons could not be tested as no suitable statistical test is 



avairable (Nasar et at 1973), yet their magnitude is consjdered in relation to 

the correspond ing phenotypic estimates. 

In the present study, ~n general, genotypic correlation coeffIcients were 

higher than phenotypic correlation coefficients suggesting inherent 

relationship in different genotypes. This lS not unusual in egg plant and has 

earlier been reported by Prabh u (1974), Si ng hand Kh ann a (1978) and 

Sharma et al. (2002). 

At genotypic level, the coefficient of correlation s of yteld per p Jant were 

consistently strong and positive with number of fruits per plant. number of 

branches per plant, width of fruit, plant spread and fruit weight in parents, F ~s 

and F2S; length of fruit in F 1 and F 2 ; and days to flowering and days to 

marketable maturity in F 1 only. It is interesting to note that y~eld per plant had 

either weak or negative association with plant height in all the populations: 

and days to flowering and length of fruit in parents only. Further, the 

significant and posiHve association of yield per plant with number of fruits per 

plant in all the populations~ plant spread in parents and F IS: number of 

branches per plant and fruit weight in F, and F2~ and width of fruit and length 

of fruit only in F 1 progenies while plant height 1 n F 1 and F 2 exhibited negative 

and significant correlation with yield at phenotypic level ind leated the role of 
./ 

environment for these associations. Significant and negative association of 

yield with plant height indicated better yield from dwart plant type. These 

findings conc~rded well with the earlier results of Hiremath and Rao (1974), 
L 

Singh and Nandpuri (1974)t Sinha (1983), Chadha et aL (1984), Krusteva 

. (1985), Sharma et al. (1985), Nualsri et al. (1986), Khurana et al. (1988), 

Randhawa et aJ. (1989), Kumar et al. (1~90}t Mishra and Mishra (1990), 

Vadivel and Babu (1990), Guata~ll and Srinivas (1992). Usha Kumari and 

Subramanian (1993), Kumar (1995)~ Sanwal e(" a/. (1998)1 Mohanty (1999), 

Negi et al. (1999), Singh and Singh (2001) and Sharma et a/. (2002) for 
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different traits. 0 ue to wea k or neg ative corre ratron of yield pe r p ra nt with pia nt 

height and days to marketable matL'rity It IS expected that earfy maturing types 

will favour the higher production but ;t wouJd be contrary to said notions of 

better product jon by fate maturing types. Thus, resufts rndicated that high yierd 

is not favoured by earliness but it 'Nas due to strong association of days to 

maturity with other yield componer"lts. The(efore, selection pressure shou]d be 

exercised in favour of medium plant height. number of branches per plant. 

number of fruits per plant and fruit weight which cou1d ultimately result in 

higher yie1d per plant. 

When relationship among the co:--nponent traits were reviewed, it was 

found that at genotypic level days to flowering had strong positive association 

with days to marketable maturity and number of branches per prant in aU the 

three populations; fruit weight and p1ant spread in parents and F 1 s: number of 

branches per prant a nd width of fruit in F 1 and F 2: plant height in pa rent: and 

length of fruit in F 2 popu latian. Days to marketable matu rity showed hig h 

positive association with number of branches per plant and plant spread ln 

parents, F 1 sand F2S: fruit weight in parent and F i ~ width of fruit and n umber of 

fruits per plant in F 15 and F2S~ plant height and length of fruit in parents and F 2 

generation. Plant heig ht exhibited positive relatronship with n umber of 

"branches per plant, plant spread and fruit weight in parents: length of fruit in 

parents and F 1 ; and width of fruit in parent and F 2 . Number of branches per 

plant showed positive and high magnitude of association with nunlber of fruits 

per plant. width of fruit, length of fruit and plant spread in all the three 

populations~ and with fruit weight in F land F 2. Width of fru it and prant spread 

in parents, F 15 and F 2 s and length of frujt and fruit weig ht in F 1 and F 2 

exhibited comparatively strong and posdive association with number of fruits 

per plant. The length of fruit had positive correlations wrth fruit weight in 

parent, F 1 and F2 and with width of fru it and pia nt spread in F 1 sand F 2S. The 
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strong positjve association was also observed between width of fruit and plant 

spread. fruit weight; fruit weight and plant spread in all the populations. At 

phenotypic level. positive and significant assocjations were recorded by days 

to flowering with days to marketable maturity in all the three populations: with 

number of branches per plant and plant spread in F 1 s and with fruit weight in 

parents. Days to marketable maturity sllowed significant posit~ve association 

with plant spread and number of branches per plant only in F 1S. Number of 

branches per plant exhibited significant positive relationship with plant spread 

in parent and F 1 : with number of fruits per plant in F, and F 2 : with fruit weight 

and width of fru it in F" wh ile number of branches per pIa nt had posftjve and 

signifjcant association with plant ~ipread in parents. Length of fruit showed 

positive and significant association with width of fruit in aU the three 

population; with fruit weight in F, and F 2 : and with pJant spread only in F 2 . 

Width of fruit had significant positive association with fruit wetght in F 1 and F 2 , 

whiJe fruit weight also showed positive and significant association wrth plant 

spread. Such associations of days to flowering and days to marketabie 

maturity with different traits confirrned the said notions as 1t is expected that 

late maturing types wourd get more period for vegetative development 

resulting in taller pfant height and more number of branciles per plant towards 

/ higher yield. Srmilar findings on associationship with different traits were also 

reported by Singh and Nandpuri (1974). Singh and Khanna (1978)1 

Khurana et al. (1988), Nainar et al. (1990), Guatam and Srinivas (1992), 

Usha Kumari and Subramanian (1993). Negi et al. (1999) and Sharma et 

al. (2002). 

Among component traits, p:ant height with number of frldts per plant rn 

parent, F, and F2; with width of fruit in F, and with plant spread in F2 reflected 

strong and negative association at genotypic level, while at phenotYPlc ~evet, 

plant height also exhibited sig n ifica nt and negative correlation with number of 
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fruits per prant in F2 population. The strong and negative correlations were 

observed fordays to flowering and days to marketable maturity with number af 

fruits per plant n umber of fru its per plant Vl..'ith length of fru it and fru it weight: 

and length of fruit with width of fruit in parents at genotypic level. Similar 

findings were reported by Hiremath and Rao (1974), Khurana et a/. (1988), 

Mishra and Mishra (1990) and Negi et al. (1999), 

Over all, it is concluded that for gett~ng h fg her yie Id, selectio n s hou ~d be 

emphasized on dwarf plant height. nlore number of branches per plant. 

number of fruits per plant and fruit weight in this crop. However, as regards to 

character plant height. medium tall plant height should be taken into 

consideration rather than much more taIl or dwarf. 

PATH COEFFICIENT ANALYSIS: 

Yield is a complex character controlled by nlany factors. Selection for 

desirable types should not only be restricted to yield alone, but component 

traits related to yieJd shou Id also be consid ered. Si nee associatio n measu res 

the relationship between any two characters and does not indicate the relative 

importance of each character. a study was conducted to find out the efficiency 

of se!ections for yield ~mprovement based on yield components. Under such 

situation, path coefficient analysis provides a means of measuring the direct 
J 

as weir as indirect effects of a variable via other variables on the end product. 

The result of path coefficient analysis (Table 12) revealed that having 

higher positive direct effect, number of fruits per plant was the most important 

character foJlowed by fru it weig ht in F 1 and F 2 at both genotypic and 

phenotypic level, while at genotyptc level, days to flowering tn F 1 and F2~ width 

of fruit and p1ant height in parents~ and nunlber of branches per plant and 

length of fruit in F2 generation exhibited high positive direct effect on yield per 

plant. Days to marketable maturity in F 1 and F 2 : number of branches per plant 



and length of fruit in F 1 ; and width of fruit jn F2 had direct negative effect on 

yield per prant at genotypic revel. Whe~s days to marketable maturity in F 1 

and pfant height in F2 popuratron also showed negative direct effect on yield 

per plant at phenotypic rever. The negative direct effect of prant height and 

negative rndkect effects via other traits contributed to negative correlation of 

plant height with yield per prant 8nd this resulted higher yield from dwarf plant 

types_ The ea rlier workers, viz.. Sing h (1983), Ran dhawa et at. (1989), 

Mishra and MishTa (1990). Vadivel and Babu (1990). Usha Kumari and 

Subramaniam (1993), Mohanty (1999) and Mohanty (2001) reported similar 

results with respect to different traits. 

The genotypic and phenotypic path revealed that the highest positive 

indirect effects on yield per plant were recorded by c:lays to flowering via 

number of fruits per plant (except F2 at phenotypic level), by days to 

marketable maturity and number of branches per plant via number of fruits per 

plant, by length of fruit via fruit weight jn F 1 and F 2 generations. Width of fruit 

contributed via number of fruits per plant (except F2 at phenotypic fevel) and 

fruit weight, and plant spread exerted its effect via number of fruits per plant 

and fruit weight (except F2 at phenotypic fevef) in F 1 and F 2 populations. 

Besides, genotypic path revealed that indirect effect in positive direction on 

'yield per plant was shown by days to nlarketable maturity via days to 

flowering in F1 and F2 and via number of branches per plant in F2 Number of 

branches per plant exhibited positive indirect effect via frUIt weight and width 

of fruit in F 1 progenies. Number of fruits per plant had positive indirect effect 

via fruit weight and width of fruit in F, and via number of branches per plant rn 

F 2. Length of fru it contributed posit ively via n urnber of fru its per pIa nt in F 1 and 

F2 and via number of branches per plant only in F 2 . The higtl order of indirect 

positive effect on yierd per plant was recorded by width of fruit. fruit weight 

and plant spread via number of branches per plant and length of fruit in F2 



populations. At phenotypic level. number of branches per plant contr'buted via 

frujt weight in F 2 • Fruit weight aiso had positive indjrect effect via number of 

fruits per pfant on yierd per plant. Mishra and Mishra (1990) also reported 

high indirect effect of number of fruits per plant. fruit wejght and branches per 

plant on yield per plant. Contribution of number of fruits per plant via number 

of branches per p]ant. plant height and length of fruit were afso reported. 

The stro ng negative in d j rect effect were record ed by days to f10weri ng 

via days to ma rketa b rem atu rity in both th e gene ra tion s. via n umber of 

branches per plant in F1 progenips. Number of branches per plant showed 

negative effect via days to marketable maturity in both F 1 and F2 and via 

length of fruit in F 1. N umber of fru:ts pe r plant and length of fruits negativeJy 

contributed to yiefd per plant via days to marketable maturity in Fz and via 

number of branches per plant in F 1 generation at genotypic ieveJ. Width of fruit 

had negative indirect effect on yield per plant via days to marketable matur~ty 

in F2 and via number of branches per plant and length of fruit in F t generation 

at ge notyp i c level. Neg at ive and in direct effect on yi eJd per p 1a nt wa s a Iso 

reported by fruit weight via number of branches per pJant and Jength of fruit in 

F 1 and via width of fruit in F2 populations. Plant spread contributed negatively 

via number of branches per plant in F 1 at genotypic level. Thus on the basts of 

.I path analysis it was observed that character number of branches per plant. 

number of fruits per plant. plant heig ht and fru it weight were major 

contr~butors resulting desirable correlations with yiefd per plant. 
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Chapter-VI 

SUMMARY 

The present investigation. "Line x tester analysis for combining ability In 

egg plant (Solanum melongena L.)" was carried out to know the genetic 

architecture of yield contributing traits by computing variability. cornbjning 

ability variances and effects, degree of dominance, heterosjs and inbreeding 

depression, heritability and genetic advance and correlation and path 

coefficients jnvo~ving fifteen Hnes (females) and four testers (males), as per 

procedure of Kempthorne, (1957). 

The experiment. comprising 19 parents (15 lines and 4 testers), 60 F ~ s 

and 60F2 s. was laid out during Kharif. 2003-04 in a randonlized block d.esign 

with three replications at Vegetable Researh Station, Chandra Shekhar Azad 

University of Agriculture and Technology. Kanpur. The observations were 

recorded for 10 characters, viz., days to Howe ring, days to rn a rketa b te 

maturity, plant height, number of branches per plant. number of fruits per 

plant, length of fruit. width of fruit, fruit weight, plant spread and yield per 

plant. Th~ data recorded on these characters were subjected to different 

biometrical analyses as mentioned above. The results obtained on related 

aspects are summarized here under: 

The anlaysis of variance showed that variances due to parents, F 1S 

and F 2 s were sig n ificant for all the cha racters except width of fruit offering 

reasonable variability to carry out genettc studies. The effect related to 

parents vs F 15 and F 1 S vs. F 2S were a Iso Stg n Ificant for a II the ch a racters 

except number of branches per prant. 

High magnitude of variability was observed in the mean performance of 

parents, F,s and F 2s for number of branches per plant, number of fruits per 

plant, length of fruit, width of fru\t and yield per plant. 



The analysrs of variance for combin ing ability revea led sig nificant 

differences among femaJe and maJe genotypes in respect of gca for al1 the 

characters except width of fruit and fruit weight in F 1 and F2 and length of fruit 

in F2 generation among femares. The differences among hybrids due to 

interacHon between females and nlales in respect of sea were also found 

significant for all the characters. The estimated components of variance 

showed that additive gene action was predominant in the inheritance of fruit 

weight and pJant spread in both the generation s, wh i te non-add itive gene 

action p1ayed a major role for days to floweri ng, days to marketable maturity 1 

number of branches per plant, number of fruits pe r pIa nt, width of fruit and 

yield per plant. For plant height and length of fruit non-additive and additive 

gene action was observed in F, and F;: generations, respectively. 

Average degree of dominance showed partial dominance for fruit 

weight and plant spread in both the generations. Over dominance was 

observed for days to flowering, days to marketable maturity, number of 

branches per plant, number of fruits per plant and yield per plant in both the 

generations and for width of fruit in F, generation. Plant height and length of 

fruit showed change of over dominance to partial dominance fronl F 1 to F;.' 

gene ratio n s. 

None of the parents was found to be a good general combiner for aU 

the characters. Among fema Ie lines. KS 253 and KS 247 for ea rly floweri n g; 

KS 247, KS 253 and KS 228 for early marketable maturity; KS 262, KS 233, 

KS 219, ACe 8207. KS 5250 and KS 253 for dwa rf plant heig ht; KS 228, 

KS 227 and KS 21 9 for more number of branches per piant: KS 262, KS 247 

and KS 263 for compact plant type: KS 219, KS 228, KS 263, KS 247 and 

KS 297 for higher yield were good genera! combiners in both the generations. 

Among males. KS 224 for early flowerlng: KS 224 for early marketable 

maturity; KS 224 and T 3 for dwarf piant type; T 3 for more number of 



branches per prant~ T 3 for more number of fruits per plant: DBR 8 for less 

frujt fength~ T 3 for wjde fruit width~ T 3 and AS 1 for fruit weight; AB 1, KS 224 

and DBR 8 for compact plant spread and T 3 for high yierd, were superior 

general combiners over the generations. 

The study of sea effects also revealed that none of the crosses were 

good specific combiners for a II the cha racters in both the generations. Most of 

the crosses which did well in F 1 failed to do so rn F 2 and vice ve rsa. The cross 

combinations exhibiting comparatively higher estimates of significant and 

desirable sea effects. common in both the generations, were ACe 5114 x 

AS 1 and KS 250 x T 3 for eady flowering ~ KS 227 x KS 224 for late flowering; 

ACe 2623 x KS 224 and ACe 5114 x AS 1 for early marketable maturity: 

ACe 8204 x AB 1, Ace 2623 x T 3. KS 219 x T 3. Ace 5114 x ABR 8, 

Ace 8207 x KS 224 and KS 253 x DBR 8 for dwarf plant height; KS 227 x 

AB 1 and KS 219 x AS 1 for more number of branches per plant; KS 227 x 

AS 1, KS 228 x AS 1, KS 263 x AS 1, ACe 8206 x T 3. KS 253 x T 3, KS 247 

x T 3. KS 219 x AS 1, Ace 8204 x T 3 and KS 250 x KS 224 for more number 

of fru its per plant; KS 247 x KS 224 for desirable fruit weig ht; KS 247 x T 3 for 

compact plant spread and KS 219 x AS 1. KS 233 x T 3, KS 247 x T 3. 

KS 228 x AB 1, KS 253 x T 3. KS 263 x AS 1, KS 227 x AS 1. ACe 8206 x 

T 3, KS 235 x KS 224. KS 262 x OBR 8. KS 250 x KS 224 and ACe 5114 x 

KS 224 for high yield. 

The males.,contributed maximum In comparison to females for plant 

spread, fruit weight and width of fruit in both the generations. For ptant height. 

days to marketable maturity. number of fruits per plant and days to flowering 

maximum contribution were showed by fernales than mares in both the 

generations. 

In general, considerable amount of desirable heterosis was observed 

for aU the characters but none of the crosses exhibited heterosis for most of 
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the characters_ However, crosses, KS 247 x DBR 8, KS 235 x KS 224, 

KS 227 x T 3, KS 253 x T 3 and KS 227 x AB 1 for ea rliners; KS 235 x 

KS 224, KS 247 X DBR 8, KS 263 X DBR 8, KS 228 X DBR 8 and K S253 x 

T 3 for early days to marketable maturity: KS 233 x T 3. KS 227 x T 3, KS 235 

x KS 224, KS 262 x DBR 8 and KS 247 x DBR 8 for dwarf pJant height: 

KS 247 x T 3, KS 235 x T 3, KS 235 x KS 224. KS 263 x AB 1 and KS 227 x 

AS 1 for number of branches per plant KS 233 x T 3. KS 228 x AB 1. KS 263 x 

AS 1, ACe 8206 x T 3 and KS 253 x T 3 for nun,ber of fruit per plant: KS263 x 

AS 1 and KS 235 x T 3 for width of fruit: ACe 8204 x T3. KS 263 x AB 1. 

KS 219 x AS 1, Ace 2623 x T 3 and KS 233 x T 3 for fruit weight: KS 263 x 

AS 1, KS 227 x AS 1, KS 262 x DBR 8. KS 228 x DBR 8 and KS 250 x AS 1 

for pi a nt sp read and KS 21 9 x T 3, K S 2 1 9 x A B 1 I K S 233 x T 3. K S 247 x 

T 3 and KS 228 x AB 1 for yield per plant exhibiting significant heterotic 

effects. were in order of merit. 

Study revealed high heritability cuupl«fwith high genetic advance for 

days to f1owering, days to marketable matur\ty, plant height and fruit weight 

both in F 1 and F2 generations_ Either low or medium heritability and genetic 

advance were observed for rest of the characters in either of the generations. 

On the basis of gene actions. it is felt that improvement in egg plant 

may be made by adopting pedigree selection with intermating in early 

segregating populations: and biparental mating followed by recurrent setection 

procedure. 

I n general, genotypic corre~at(on coefficients were higher than 

phenotypic corre'ation coefficients. Studies on associationship at genotypic 

level revealed positive and strong corre1ation of yietd per plant with number of 

fruits per plant. number of branches per plant, width of fruit, p'ant spread and 

fruit weight in aU the three popu1ations; with 'ength of fruit in F, and F2 and 

with days to flowering and days to marketab\e maturity only in F"'I generations. 
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Negative associatjon of plant height in air the three populations; and days to 

flowering and length of fruit in parents only with yield per plant was also 

observed. At phenotypic level, significant and positive assocjation of yield per 

plant with number of fruits per plant in afl the populatrons; plant spread in 

parent and F 1: number of branches per pia nt and fru it weig ht in F 1 and F 2; 

width of fru it a nd length of fruit in F 1 was observed + PJant heig ht in F 1 and F 2 

showed negative and significant correlation with yield per plant. Positrve and 

significant association was found between yield per plant and number of fruits 

per plant, days to flowering and days to marketable maturrty. and length of 

fruit and width of fruit in a II the three population s. 

Path coefficient analysis indicated that number of fruits per p~ant had 

highest direct I desirable effect on yield per plant fo1lowed by fruit weight in 

both F 1 and F 2 at genotypic and phenotyp ic levels. and days to flowerl ng j n F 1 

and F2 onry at genotypfc leveL Hence, these traits could be considered as the 

most important yield contributing characters for direct selectton in order to 

improve the yield. Traits, days to marketable maturity, number of branches 

per plant and plant spread via number of fruits per plant: length of frult and 

wtdth of fruit via fruit weight in F1 and F2 at genotypic and phenotypic level had 

high indirect effect on yield per plant The hjgtler magnitude of indirect effect 

on yield per plant was recorded by days to flowerlng via number of fruits per 

plant: days to marketable maturity via days to flowering; length of fruit and 

wjdth of fruit via number of fruits per plant and plant spread via fruit weight in 

F1 and F2 only at genotypic level. This infornlation may be utilized to improve 

the yield in egg plant through indirect selection for these traits. 

-- : : 000 : : --
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