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INTRODUCTION

Vegetable oils arising from tree orop apeoies such 
as oil palm and coconut palm to annuals such as sunflower, 
safflower, castor, groundnut and sesamum form an Important 
constituent of the diet of Indian people. The advantage of 
having a cafeteria of oilseed crops suited to different 
agroolimatic regions enable the country to cater to the 
different needs and tastes of the people. In spite of the 
large variety of crops yielding oil the Indian production 
has been stagnant for the lost 25 years leading to acute 
soarcity and There has been a considerable drain
in our foreign exchange resources due to import of vegetable 
oils. Considerable importance has been given for increasing 
vegetable oil production in the country whioh is exemplified 
by the high priority given to it in the new 20 point 
programme •

Two main approaches have been made to meet these 
requirements • One is the introduction of new oil seed 
arops such as sunflower and oil palm. Both these have been 
highly suooeosful, the former in the dryland regions of 
Peninsular India and the latter in the monsoon troploal 
belt of Kerala. Another approach has been the improvement 
programmes of oil seed crops especially annuals. In the 
improvement of annuals oonsidorabls (progress has bean mads



s

in the case of groundnut. Under the All India Co-ordinated 
Project an Oil seeds considerable work is currently being 
carried out in linseedy rape seed, mustard, sesamum and 
castor* Of these sesame is the most important annual oil 
seed crop as far as Kerala is concerned.

Sesamum originally a native of Africa, finds mention 
in the Rig Vedic and Yajurvedic scriptures and is known to 
have been used in the rituals of the ancient Aryans 
De Candolle (1886) reported that if not originally a native 
of the warm temperate tracts of India, it was probably 
brought to India before it found its way to Egypt and Europe.

Annual world production in 1970 approached 2 million 
metric tonnes from altogether 63 countries. India is the 
world’s major producer with a third of the world's aoreage 
and approximately a quarter of total global production 
(Anonymous, 1977, 1978). In India sesanum is cultivated in 
about 24 lakh hectares with an annual production of about 
5 lakh tonnes. The average yield in India is about 200 kg/ha 
against the average yield of 300-700 kg/ha in other oountries 
(Anonymous riy/.b). In India among the different states 
which cultivate sesamum Uttar Pradesh stands first for 
produotion (Anonymous, 1970) • In Kerala sesamum is 
cultivated in about 14*75 thousand hectares with an annual 
produotion of about 3033 tonnes of whioh the maximum 
contribution is from the Alleppey Uistriot (Anonymous, 1903) •



Sesamum is essentially a crop of the tropios and 
is a herbaceous annual graving U'̂ ll in- Bandy loam soils. 
Sesamum belongs to the family Pedaliaceae • A confusion 
still prevails in the species differentiation* Index 
Kewensis has so far listed 36 species* As many as 8 wild 
speoies have been reported from Africa - the original home* 

Morinaga et al* (1929) first reported the chromosome 
number of the cultivated sesame as 2n = 26. The available 
cytological data indicate the close affinity between 
w»esaLnm radiatum and desamum occidentalo (both n = 52), 
d, pro stratum and *3. laclni at urn (both n = 16) and £. lndicum 
and lndicum sub species malabaricum (both n = 15) •

desaau. seeds are very nutritive containing upto <scf? 
o'i I and 25$ protein with on exceptionally high amount of 
methionine. It is rich in calcium (about 1/), phosphorus 
(about 0*7$) and Vitamin E. The most useful property of 
seoamu/noil is its high stability because of the presence 
of powerful antloxidanto whioh prevents ranoidity. The 
antioxidant synerglatio properties are provided by sesamolin 
(0.5 to 0*5/0 and oesauiin (0.5 to V/») in the oil (Yermanos 
ot al., 1964| Nayor and Mehra, 1970).

The volume of research work on sesamum, especially 
basic studios leading to plant improvements is very limited* 
Khidir (1Q81) has rightly pointed out that seoamuia is 
produced by small and subsistence farmers. Breeding of



better varieties in view of this ccruld produce immediate 
and spectacular yield increases substantially benefitting 
subsistence farmers living on the fringes of the poverty 
line, besides improving the Rational production of sesamum. 
Seshadri (1957) while reviewing the work in India has 
pointed out that characters such as profuse branching habit 
close setting, multi pod development in leaf axils, multi 
loculec/ . capsules, high oil content of seeds etc. are some 
of the characters that should be considered in a breeding 
programme. Recently with the evolution of the plant type 
concept, considerable stress is being made for increasing 
production from • unit area by changing the architecture 
of present day oultivars. A basic understanding of the 
genetic faotors determining the more important yield contri 
buting characters, nature of association of different 
characters, combining ability of varieties and the mode of 
inheritance of different oharactero, is probably the 
3ine quo non for launching any plant breeding programme of 
oonsequanoe on nesannnn. Sinco our knowledge on the fore
going is meagre and skotohy tho present study has been 
found to be of top priority. The study has been thorofore 
undertaken with the following objectives.
1) to find out the extent of varietal variation

available in aesnmu )?i 
ii) to find out the meohaniam of inheritnnoo of quanti

tative (yield attributing) oharaotoro.



iii)

iv)

V)

▼1)

Tii)

to find out the interrelationship among various 
yield attributing characters#
to find out the extent of heterotio effect operating 
in various characters in different cross combinations • 
to find out the combining ability among different 
varieties available for various characters, 
to find out the gene notion mechanism in character 
expression of various quantitative traits, 
to find out the effects of single and double crosses 
in ohoracter expressions.
to find out the segregation pattern of various 
characters in segregating populations.





REVIEW OP LITERATURE

1. Variability analysis
a) Genotypic and phenotypic variability

Quantitative characters are known to be governed by 
the oo-ordinated action of genos at many loci* Gaul (1967)

t
reported that the individual substitution of these jointly 
acting gene□ provides snail effcots at the phenotypic level 
and on the environmental influences'* "Any change in the 
environment produces differences in the plienotype, of a 
similar order to changes in the set of genos co-operating 
to produce a given trait* Usually different genes co-operating 
to determine the sane trait are kept together in blooks 
InterEilnglod with genes co-operating to influence other 
traits* Such polygenio traits arc the results of a natural 
aoleotian proccso but thoy may be broken by recombination* 
Thoroforo, one nay soy that in such blocks a genetic 
variation is otorcd which represents the potential to face 
ooologiool roquir on ant□ at difforant loontiano ond in 
different yeora, to faoo ovolutionaiy trends or to provide 
variability for artificial solaotion" •

Hanoo, the information on the typo of variability 
available in the ganatio ntook end the part played by 
environment on the expression of oharaoters is a pre
requisite for any crop improvement programme* Saaanrm la a 
crop shoving much variability for the difforant morphologlool 
dhamet era*



OOncn and Khidir (1974) fron their etudioe on forty 
two strolno of GeaaaoQ indloua. oooprlnlng twenty ana 
indlgflnoua end twenty ono osotio linoa, rooorded that tho 
variability proaant aaong the varietioo for tho fifteen 
ohr-PT-otaro etudiod showed olcnifleant dlfforonooa • Uucbor of 
prisary hranolieo9 raiabor of podo per plact* oocJo per plant 
and ylold chawed eoaparativGly high level of variability 
while oil content and daya to maturity exhibitod a low lovol. 
Chavaa ot cl. (1902) otudiod a total of eighty two ML i.rogGnica 
derived fTor ganno, irradiation of tljrco varlctioa of ocDanun 
for twelve ylold componenta. Tha otudioa indicated that 
mi-ibcr of ca:xn\ldo por pleat# coed yield por jlont, number of 
primary brenohoc, hoi^it up to tha firct bronoh and number of 
oopeuloc an tho naln ohoot ehovod tho greatcot variability.

Tlio progress in brooding dopondo upon tho nognibudo of 
gmatia variability in tho poj (illation and tha oxtont to uiiioli 
the dcilrabla oharaatoro ora horitablo. Go to oxplora tho 
gcnotlo variability tho aagnitudo of phanotypio and gonotypio 
coefflo Lento of variation* horitnbilifcy and gonotlo oflvnnoe 
aro bo bo dotoroinod.

I<T*I5 hncu>ioojft'»§l ol ( 1964) reportod that in QeDrmxe the 
of bmnohen per plant and nunbor of ooedo per anpnile 

ware least affoobed ).iy environmental influenoo. woo® and 
Ihldir (1974) etndiod fifteen ohnraotem of aooaLu2 rnd 
reporbad tiir.t tho phenotypic variance in almost *11 the 
oheracter'1 wae thnn tho gonotyplo varianoe. lut the



*

major portion of variance vas contributed by tho Genotypic
coBponont • All tho characters had higher genotypic coefficient 
of variation (g.c.v)• nig£i phenotypic end genotypic 
ooefflcicnte of variability ware obtained for hei^it up to 
first pod end number of primary branches per plant uheroao 
they vcro lou for oil, moioturo and protoin percentageo, 
r!snJoeviGh and Joahi (1974) otudiad tho morphological 
claracuGro aaooaiatod ulth yield in thirty one variotica of 
B6B00UD, colleotal fron all avor India and had roportc that 
number of oapouloD on main branch, number of nodoo on min 
branch smid nunbor of bi*nnoheo were little influenced by 
environment • Oooffioient of ^xietic variation uaa higher for 
number of oapsulss on main branch, nm.bor of brancl̂ oa nnd 
yield por plant • Bolaniii and aliual (VJ6D from thoir atudiea 
on gsiotlc variability in oooairjo roxortod that the gcnotypio 
end phenotypic vorlcmcon uero high for cnioulca per plant and 
ocada par oapoulo. Pj.ll et al, (1'Jt/l) otudicd tha gunotic 
variability of noarnua and i-olntod out that numbor of 
hrttinheo per >lant bod hii$\ ganotio oooffioiont of variation 
and uno lean influennrxl by onvlronmont, Choreic t ora liko
capoulo lai jt’i and plant height oxhlbltod Ioj oatioatc:) of 
g«o

bj Ilari lab ility  and ganabio odvonoo

Johnson at al, (1955) suggested that tha eetlioatas of 
heritability indloatou only tha effectiveness vith vliioh 
Co jotlon of genotype oon bo made baaad an tha x<hanotyilo



pepfopoenoo but falls to lndlooto its genetic progress that 
csn bo achieved. Svarup and Chougale (1962) bad cautioned 
that bltfi haritablllty per so was no Index of high genetio 
griin but should be aooonpenied by high gonetlo advance*
Herlt ability and genotio advance of different norphologicol 
characters hove boon analysed by various uoriioro In qooqouq as 
detailed belowi

Oajoii end ZLidlr (1D74) reported that in ooa&rxi a:oopt 
for yield, protein and uiolci-i*c content all the other 
oharaetere amah cd deys to flowering and naturluj f plant height, 
height Uj to flrai jod, nuobar of iriuaucy branches, to.od length, 
iiXibcr of r.odc par ^lcni, number or ocodj per pod, weight of 
□oeclo per pod, nuobor of o^ods ner _iaat, iDdd-acol weight 
end oil oontant govo Iiorliatollity Got’.mat®a exeeodlnj ol^ity 
per cant in o:io aoasan or tho other. 'ivo aharncbejfl vie*,up
heightato first pod, nucber of prinary hranohon, nunbur of 
aoada jot plant, days to flowering and minor of jofo per .lent 
axhlbi to n. very liigh nognitudo of jonotlo advnnoo ulicrono 
o il, idpoteln. and moisture oontant grrvj vary loo vnluos• 

lenjoTvioh and Joehi (1JTd) otudlcd the ]>ionotypla alnvraotoro 
aemaiatad with ylold in thirty one varlatiau of ocoGauc nnd 
re i ©rtf* I that hexit ability oublcntco wcro very hiijh for plant 

holfjhb, number of oaioulaa on naln branch and nuubar of 
branohefl par plant* Iwirit ability vn\ low far oeod yield and 

otheir oliarretc.ro.

Ral at nl« (1901), froci thoir otudleo on gonetlo
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otheir oliarretc.ro.

Ral at nl« (1901), froci thoir otudleo on gonetlo
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variability in 3eeonua lndloua. concluded that oncng the 
different characters studied» only nunbor of branches 
poooeaood high values for haritabllity ond genetic advance* 
riant holghb rooorded high haritabllity In conjunction with 
low genetio advance* Horitability atudica on ocoanun 
oanduoted by Solonbl and Paliwal (1961) indicated that 
horitability was high for 1000-oced weight9 capaulo lcngth9 
□oodo pea: capaulo9 doya to maturity and capsule girth* i-edlm 
horitability waa rocordod for ylohl por plant nnfl eapaulos 
per plant* Ilî i iioritability combined with high jeuetic 
advanco uao recordoJ for ooodo per capsule9 d^yu to maturity 
and nunbor of oapcruleo -or plant, Ohavon og ul* (19J2) 
studied the »L progeniou of tliroo varioGiou of oeeauo^ for 
tvolvo yield oonpononbu and reported that higu haritabllity 
ootloatoe accompanied by high oxpcotod ganobio advunoe uora 
found for nuubor of oayauloa por plcnt9 numoer 01 primary 
bronchoof height up to the flrot oapoule ond number of 
oopeuloa an tho oaln alioot.

II* Correlation otuflton
ft) -»i.'tple9 partial ond uultlplo oorralatlons

An understanding of oorrolation9 eopealally the 
geno'y/j La n d  phanotypio oorrolnbion9 ie of great importance 
since it in a praXlnlnory requirement in a breeding jarOuraEjao 
design#? to eonipulato ]>lnnt nroiiibooturo. Oraflua (1959) 
JUggented that there may not be ganoe for yield per eg* but 
rather vari our amponenta9 the ■ultipliaative in tarnation of



whloh results in tho artifoot of yield* The association 
between two oharootaro is a port of the oonplioated pathway 
in which other troito are aloo intorwovon* Greater the 
znacber of variables included in a correlation study, aoro 
cocrolex vill bo their indircot associations*

Knowledge of the relation of yield sad its ooayononta 
is invaluable to tho plant brooder in selecting desirable 
strains* Slnoo a ohanga in one character ic aeoonponied by 
changes in several others, oonolueloa oi practical application 
cannot bo drain fron olaplo correlation ctxI regression 
cooffioioato* Fhsootypic aooociuiiion between variables uay 
be gonotioally controlled or may be brou^it about by 
enrdronnontal influences. Chey iiay bo brought about oy tho 
diroot 1 nfluanco of ano varia'jlu on another by correlated 
oocr:an osmes* Tho infonoation on tho typo of variation 
'Tatiable in the gene bio steel: end on tho rolo played by the 
environment on expire scion of d̂xuit oharooters io a pro- 
reqaiaite far any aro „r-bra uti lnj jrocraaDo*

riiidir ancl Oana:i (VJ70) conducted correlation studios 
on aoao egrTioalo oharaotere in ninty local typos of ouuauo 
and nado tho following oonoluolano* Yield par plant uao 
positively m d  sign if loan tly correlated with atom height, 
torrnoheo per plant, ooeds par pod, ocods par plant and 100G- 
oesd weljiit* numbor of days to first flowering pi'ovod to be 
positively end significantly oorrolatod with deys to first 
maturity and significantly and ncfptlvoly oorrclatod with



ataL height* Nuober of ooodo por plant wao positively 
correlated with the nuubor of podo per plant9 oteo height, 
ntoher of bronchos per plant ond with pod length* Timber of 
seeds per plant woo negatively and significantly correlated 
with tho 1000-ocod uoight • Otca height was positively 
eosTQlatod with the nuubor of bronchos por plant, pod longth 
end tho nuubor of pods por plant but nogativoly correlated with 
1000-ocod uoi£ht* Hunbor of bronchos por plant was positively 
correlated with tho nunbor of pods por plant end negatively 
with tho nunbor of ooodo por pod. Hunbor of podo par plantv 
bronchos ond aoods per pod oliouel no correlations uith v*od 
length*

Iloooohandron ot ol* ( 1972) uoiliod out tho correlation 
coofflolanto tailing ylold» dry uoigliu of ocodu i>or plant ond 
four char act ora vis., height of plant, nunbor of brandies, 
oapeulo also and girth of stou using tha vcriaty of doscmuo 
ienojE, fho otudiao rovoalel idji dCijroo of
aoooo lot I on of ylold uith hol.ght of t̂lont and nuubor of 
branches* iianjoovloh ond Joohl ( 1974) roi*ortod positive 
genetio correlation botwoon hoight and nuubor of nodos on 
■bIn branch* Genetio correlation wao idgh for plant height 
aid niKibor of branahen aloo* Ylold was found to bo strongly 
correlated with nuobar of oapoulao on tho br&nalioo and 
number of brcnohca por plant • At rang nogot I vn correlation 
m m  rccorlcd for nuubor of oapaulea end nuubor of branoliac* 
■hekla nod Varna (1974) from their otudicc on twenty eight



aesanum cultivars reported that number of secondary branches, 
capsules on main branch and oapsules per plant contributed 
■axLmum to seed yield. Negative relationship vas found 
betveen number of days to flowering and seed yield.

Chaudhary et al. (1977) from the trials conducted with
fifteen sesanutyeultivars reported that seed yield per plantIvas positively correlated with days to first flowering and 
fifty per cent flowering and number of capsules and branches 
per plant. Plant height was negatively correlated to capsule 
length. The yield was found higher in toll cultivsrs than 
in dwarf ones. Murugesan et al. (1979) studied the genotypic 
and phenotypic correlations of five quantitative characters 
in Sesamun indicun and reported that significant positive 
genotypic and phenotypic correlation existed between grain 
yield and total nunber of podo per plant, number of primary 
as well as secondary branches per plant in sunner and monsoon 
seasons. Yadova et al. (19̂ 30) reported association of yield 
and its component characters in sesaniwuusing correlation and 
path analysis. The rooults clearly showed that the genotypic 
correlations wero highor than phenotypio correlation. Seed 
yield was found to bo positively and significantly correlated 
with the number of primary bronohoo, total numbor of oapsules 
and weight of 1000 seeds. Totol number of oapsules shoved a 
significant positive association with the primary branches.
Ths number of days taken to first flowering vas found to be 
positively and Bignifloantly correlated vith the time taken



for fifty per cent flowering*
The degree of association between yield and other 

auxiliary characters in sesamum was analysed by Hal et al. 
(1931) and reported that yield was significantly and positively 
correlated with number of capsules on main stem, number of 
capsules on branches and total capsules per plant* Chavan 
and Chopde (1991) studied correlation in eighty two Mg 
progenies and reported that phenotypic ond genotypic associa
tions were strong for seed yield per plant, number of primary 
branches, number of day9 to fifty per cent flowering end 
length of capaule. Genotypic correlations were higher than 
phenotypic correlations. 3ocd yield per plant was highly 
correlated with the number of branches ond capsules per 
plant. The number of seeds per capsule was negatively 
correlated with seed yield per plant. The number of primary 
branches, days to fifty per cent flowering, jjlont height 
and length of capsule v/ere correlated positively with the 
number of capsules per plant bub negatively with the number 
of seeds por oapsulo oxcopt length of capsule ond plant 
height. The numbor of ooodo por oapsulo had a positive 
assoolation with the length of oapsulo and plant height.
Zhr?n («903) basod on the studies on quantitative characters 
in oessuMreported that height, number of seeds per oapeule 
and 1000-seed weight wore positively oorrelatod with yield 
per plot*



t5~

Simple, partial and multiple correlations of height 
of plant, number of branches and number of capsules against 
yield in three varieties of sesactum vas worked out by Sikka 
and Gupta (1949^ and the results showed that from amongst the 
three characters studied, the greatest contribution to yield 
vas made by the number of capsules, followed in order, by 
number of branches and height, Ihahanmed and Durairaj (1964) 
analysed the association between yield and three yield 
components viz., 1000-seed weight, capsule number and capsule 
size in one hundred varieties of Sesamun indlcum that were 
classified into three seed colour groups. Total, partial 
and multiple correlations were calculated for the characters. 
Capsule number, capsule size and 1000-seed weight were found 
to have significant positive association to yield. Among 
the three attributes, 1000-seed weight did not seen to be 
a dooiaive character in determining the yield. Inter- 
oomponental correlation showed absence of any association 
be tween oapcrulo number and 1000-see J woi$it. Positive 
significant association was observed between capsule size 
and oapsulo numbor. Do tween capsule size and 1000-seed 
weight also there was significant positive correlation.

Osiranand fcjhidi* (19^4) studied In detail tho relation 
of yield components in sesame. Simple and partial correlation 
and regression oooffioionto, multiple oorrolation coefficients 
and coefficients of determination wore workod out. The 
Btudios ehowed that apart from protoln, yield per plant was



positively correlated with all the characters studied. Days 
to flowering and maturity, plant height 9 height to first pod9 

pods per plant and number of seeds per plant gave positive 
and highly significant correlation coefficients with yield 
and with one another in the two seasons tried. Number of 
pods per plant gave significant coefficients with plant 
height and with number of primary branches when either or 
both of the other two attributes were kept constant. Yield 
was significantly and positively correlated with late 
flowering, late maturity, height to first pod, number of pods 
per plant and total number of seeds per ijlant. The above 
characters; besides being correlated with yield were highly 
correlated with each other.

b) Path analysis

Correlation coefficients could be helpful in measuring 
the association between two characters but they clo not 
provide the causal basis of such an association. Phenotypic 
associations bo tween variables may be brought about by 
environmental influences. A positive genotypic oorrolation 
between two variables can be counteracted by a negative 
environmental oorrolation, thus making it imponaibla to 
seleot for any two variables at tho same time because of tha 
cancelling out of foots of environment. Tho reverse may also 
be true. Further more selection for a trait in one direction 
may oauoe an undeolrod diminution of another trait by direct



or indirect effeot through a third variable. Therefore it 
becomes necessary for a plant breeder to look more closely 
at the nature of the association among traits in which he 
is trying to make progress*

The path-coefficient analysis devised by Wright (1921 a) 
is an effective means of examining the direct and indirect 
relationships permitting a critical examination of the 
specific factors that produce a given correlation. Dewey 
rmA Lu (1959) stated that the path-coefficient is simply a 
standardised partial regression coefficient and as such 
measures the direct influence of one variable upon another 
and permits the separation of the correlation coefficient 
into components of direct and indirect effects. The use 
of the method requires a cause and effect situation among 
the variables and the experimenter must assign direction 
in the oauoal system based upon experimental evidence.
After the pioneering work of Dewey and Lu (1959) on crested 
wheat, the technique of path-cocfficlent analysis wa3 

extensively used by different workers in a large number of 
orop plants for Qeano.

Kaushnl ot al. (1974) reported thnt capsule number 
per plant and jjlant hoight had a positive diroot effoot on 
yield in ereot types of oasacrum.

Dixit (1975 Iconduotod studies on six parents, six 
Pg's and twelvo back cross! progeny of 3 osmium lndloum and



the results shoved good genotypic correlation between yield 
frnfl number of capsules per plant, length of main fruiting 
branch and number of capsules on main fruiting branch. 
Number of branches shoved a direct positive effeot on grain 
yield. The maximum direct effect was shown by number of 
capsules on main fruiting branch. Plant height and days 
for flowering showed negative direct effects on grain yield 
and number of days to flowering was negatively correlated 
with yield.

lfarugesan et al. (1979), from their studies on some 
quantitative characters in seeamum during the summer and 
monsoon seasons of 1976, reported that number of primary 
branches per plant had the highest direct effect on seed 
yield followed by number of secondary branches. The plant 
height had minimum direct effect on seed yield during 
summer 1976. Path analysis of monsoon 1976 data revealed 
that the choroctori plant height at which first capsule 
was formed hod tho highest dircot offoot on Deed yield 
followed by plant height. The characters, total number of 
aapeulos por plant and number of secondary branoheo per 
plant had very low diroot effocto on seed yield.

Yadova et al. (1900) carried out path analysis in 
sesamu*nbo measure the direot and indiroot effects of 
characters Influencing yield. The number of oapsules had 
the maximum direot effeot on seed ylold followed by 1000* 
seed weight, days to 50 per oent flowering and number of



primary branches. The number of days for first flowering 
exerted a high, direct bat negative effect on seed yield*
The number of oapsules had indirect positive effeots via 
plant height, 1000-seed weight and days to first flowering, 
but had negligible^ indirect effects via the remaining 
characters* Besides high direct effects, primary branches 
also affected the seed yield indirectly via days to maturity 
and 50 per cent flowering*

Gupta and Gupta (1977) studied the variability, inter
relationship and path-coefficiento of some quantitative 
characters in sesamum and reported that the number of 
capsules had a direct effect on seed yield, Path- 
coefficients were worked out in 28 genotypes of sesame by 
Shukla (19Q3) for six agronomical characters including yield. 
The study revealed that number of capsules per plant and 
number of primary branches per plant were tho major component 
characters showing highest direct effects on seed yield.
Days to 50 per cent floworing and plant height showed negative 
direct of foots on seed yield but both the characters 
produced positive offoots on yiold via numbor of primary 
branches* Humber of primary bronchos showed negative effects 
via days to 50 per oent flowering and plant height* It was 
indicated that early flowering reduood plant height and more 
primary branohes contributed to seed yield* Plant height 
had a positive effeot on yield via numbor of capsules per 
plant, which exerted negative effeot on yield via plant



height. Hence it would be desirable to select a dwarf plant 
type* The positive indirect effects of secondary branches 
per plant as veil as via plant height were high which 
resulted in significant correlation between secondary branches 
gnd seed yield. In addition, secondary branches showed 
positive correlations with the number of capsules per plant. 
Hence secondary branches could be important component of a 
desired plant model in sesame.

Heterosis^^^^HpR^^^^
The manifestation of increased vigour, greater size, 

higher productivity and similar intensifying effects have long 
been observed by biologists in many plant and animal hybrids. 
Exploitation of heterosis in cultivated plants and animals is 
to date by far the most important application of the science 
of genetics in agriculture.

This phenomenon resulting from hybridization has boon 
designated os Stimulating affects of hybrid!ty', 'hetero
zygosis1, 'stimulus of hotorozygosis', 'hoterozygotic 
stimulation', 'hybrid vigour', or more comprehensively 
'heterosis' as first proposed by Shull (19H). One of the 
many explanation of hotorosis is that it ia tho expression of 
the joint notion of favourable combination of genes at 
different looi. iff lift interaction ouoh as complementary
action between non-ollolio ganos brought together from the 
parents, surpassftS* the simple surmatIon of the effeot of 
those genes In the parents. Subsequently Powers C1944)»



Hull (1945, 1949) recognised partial dominance, complete 
dominance and over dominance in different cases of heterosis. 
Comstock and Robinson 1(1948) pointed out that non-allelio 
interaction or epistasia could inflate measures of inter- 
allelic interaction and later they suggested that epi stasis 
might be partly responsible for heterotic effeots. Jinks 
(1955) suggested that apparent over-dominance may be partly 
due to epi stasis, Mather (1949) concluded that non-alleli c 
interaction was a more likely and more frequent cause of 
heterosis rather than any special relation between the 
alleles of the same locus. Bowman (1959) reported that a 
combination of the three types of gene interaction 
(dominance, ovcr-dominance and opi3tasis) might be operative 
in heterotic crosses. '.Jallace (19*33) supported that a pair 
of alleles may show over-dominance in one genetic background, 
but not necessarily in another. It was also pointed out 
that tho apparent over-doninoncc detected under visual 
observation io not always a case of true over-dotiinanoe.
Many workers supported the role of epistasis in heterosis 
such os Sharrna (19&5) fn bhindi, 3warup and Shnrma (1965) 
in cabbage and tiworup and Pol (1966) in oauliflower oto.

Shakhbozov (1978) advanced tho hypothesis that 
heterosis la associated with electron interaction between 
homologous ohromooomon in tho hetorozygoto. It was 
suggested that a reduction in complementary interaction 
between homologous ohromoso7ies lnorcoDos their active



surface and the total electrical change of the cell nucleus 
end that this increases the resistance of the cells to 
external influences and also their mitotic activity*
Heterotic hybrids are characterized by a high mitotic index 
and a rapid mitotic oycleiT^ V ̂ 5 9 ^ H

The importance of a proper understanding of hybrid 
vigour is now universally admitted. In recent years the 
search for the causes of hybrid vigour nnfl its practical 
utilization has passed the experimental stage and reached 
that of large-scale commercial application in a few crops 
particularly in maize, sorghum etc*

Pal (1945) studied hybrid vigour in gram, sesamum, 
maize and chillies. The characters mainly studied were height 
of plant, number of leaves per plant ond number of branches 
per plant. Number ond weight of fruits were also studied.
He concluded that among the four crop plants, maize is the 
moat suitable one for conducting experiments 011 hybrid 
vigour. In oosamum manifestation of liybria vigour was 
estimated for ohoractcro ouch as height of plant, number of 
leaves por plant, number of bronchou por plant, number of 
days from sowing to maturity, number of capsuloo per plant 
ond ylold por plant* The rosulto ohowed that there wao no 
hybrid vigour in respect of height in moot of the hybrids 
from different crosses* Thoro wao no evidence of hybrid 
vigour for the number of loaves por plant, number of 
branoheo per plant, number of dayo from Bowing to flrot



flowering end to maturity. For number of oapsules per plant, 
the hybrids approached the better parent. Six out of eight 
hybrids showed striking increase in yield over the better 
parent* ' 0arxl Daffib a"

Sarathe (1969) estimated heterosis in Sesamum
A  '"

orientale for characters like cotyledon area, days for flower
ing, leaf area, flowering node number, number of branches, 
height, number of flowers per plant, days for harvesting, 
capsules per plant, seeds per capsule, 1000-seed weight, 
yield per plant and oil content • Hybrid vigour was recorded 
for leaf area, number of flowers and capsules per plant and 
yield. For seeds per capsule and 1000-seed weight slight 
increase was noticed over the mid parental value. But for 
oil oantent there was no increase.

Murty (1974) reported from his studies on heterosis 
in sesamum that heterosis over mid parent was conspicuous 
for all characters studied. Yield and oomponent characters 
viz., numbor of primary and secondary branches and number 
of oapsules per plant exhibited heterosis over the best 
parent. The developmental traits showed hotorooio over the 
better parent only.

Josephl(1979) had estimated heterosis for tubor yiold 
in sweet potato hybrids and reported that seven out of 
sixteen hybrids showed significant increase over the higher 
parental value and the peroentage inorease ranged from 
31-26 to 04*65. Heterosis was estimated for three characters



viz., number of pods per plant, height of plant at maturity 
pwfl number of branches per plant in Sesamnm Indlcum by 
Sverup John 1(1980).

Heterosis was observed in nine out of twelve 
characters in the intervarietal hybrids derived from diallel 
crosses, involving five parents, in green gram by Wilson
(1982). Components of heterosis and inbreeding depression 
were studied by Chaven et al. (1982) in sesamum and they 
reported that significant positive heterosis was manifested 
for characters such as capsules per plant, number of days 
to maturity and yield per plant. Paranasivon et al. (1982) 
also studied heterosis in hybrids of sesanum. The quanti
tative traits viz., height of plant, number of capsules per 
plant and seed yield per plent v/ere recorded in the inter
varietal hybrids as well as their parents. Number of seeds 
per capsule and weight of 1000 seeds also were observed in 
eaoh cross combination. Heterooio wao calculated as the 
percentage increaoc/dooroaoo over superior parent. All the 
hybrids oxprosood hoteroolo for number of capsules per 
plant oxoept ono. Hoborooio for ylold and yield components 
In a number of crosses wao due to favourable action and 
interaction of genes for tho traits. The differences in 
heterosis might be duo to several reasons suoh as 
(i) genetio diversity of the parents usod (ii) agronomic 
conditions in the experiment, particularly soil type and



plant spacing and (1 1 1 ) non-alle 1 1c interaction which can 
either increase or decrease the expression of heterosis. 
Results of the study also indicated the involvement of a 
few modifier genes vhioh are negative in effect in the 
expression of seeds per oapsule. Por weight of 1000 seeds 
the values were lower than the low value parent.

Heterosis for yield and its component characters in 
relation to P- hybrid of sesame was studied by Tyagi and 
Singh (1981)* Pronounced heterosis was recorded for the 
number of branches, plant height, number of capsules and 
yield. The vigour was less marked for oil content, test 
weight, length of capcrilo and numbor of 3eeds per capsule.

IV. Combining ability

The development of a plant breeding strategy hinges 
mainly on the support provided by genetic information on 
the inheritance and behaviour of major characters associated 
with yield and quality. To derive suoh genetic information 
it is necessary to conoeive a genetio model in relation to 
the material that is proposod to bo utilized. This prooess 
involve in most oases, the designing of a suitable mating 
system to fit into the ohooon genetio modol. Diollel 
G r o s s i n g  is one suoh important mating system enjoying 
universal applioation in plant breeding. The diollel 
analyeie provides a considerable amount of genetio 
information. It provides information on the (i) nature and



amount of genetio parameters and (ii) general and specific 
combining ability of the parents and their crosses respec
tively • The term "general combining ability" (g.o.a) was 
used by Sprague and Tatum (1942) to designate the average 
performance of a line in a number of hybrid combinations ■ 
They used "specific combining ability" (s.c.a) to designate 
those cases in which certain hybrid combinations did 
relatively better or worse than would be expeoted on the 
basis of the average performance of the line involved. The 
two main approaches being followed for diallel analysis ores 
(i) Hayman's approach (ii) Griffing'o approach.

Hoyman (1954 b) defines a diallel system os "the set
of all possible matings between several genotypes"• This

2 ' gives rise to p combinations including the selfs, crosses
and reciprocals among the *p* parental lines. Griffing
(1956/j demonstrated the method of estimating g.c.a and
s.c.a effects along with their variances. He pointed out
that twice the g.o.a varianco contains not only the additive
genetic varianoe but also a portion of the opistatic
variance (additive x additlva) and that the o.o.a varianoe
includes all the dominance ond remaining portion of
apiotatio varianoe. When intorprotod in terms of the
classical method of oovorionco between relatives (Fisher,
1910# 1950), the g.o.a varlanoo is equal to the oovurianoe
between parent and offspring in a random mating population
at equilibrium.



Griffing |( 1956) has given a mathematical treatment 
of the problem of estimating general and spe c ific combining 
abilities ftom diallel orosses involving fou>T methods 
depending upon whether or not the parental inbreds or the 
reciprocal P-'s or both are included. Again, depending 
upon whether the experimental material can be assumed to be 
a random sample from 3ome population about which inferences 
are to be made or whether the experimental material 
constitutes the entire population about which valid 
inferences are to be made, two models also have been 
suggested by him.

Hayman (1957) pointed out that in the absence of 
epistasis, g.c.a is composed of both additive and dominance 
portions, while s.c.a consists of mainly dominance portion, 
’/hen epistaois is present both these combining abilities 
contain epistatic portion. In g.c.a this portion is an 
average of epistatic effects in the corresponding array, 
while in s.o.a it rolateo more direotly to the opisbusio 
in a particular cross.

Analyses of combining ability wore oarrled out in
a ^seramum by Murty (1974) acoording to the prooedure outlined 

by fcriffing (1956s for Method I Model 1. The results 
showed that g.o.a variances were larger bhon s.o.a varianoes 
for days bo flowering, planb height, number of primary and 
secondary branches and number of oapsules per plant indicating 
tho predominance of additive gene aotion. However, tha
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magnitude of s.c.a variances were double o: 
for percentage of oil and were in moderate proportions for 
plot yield and percentage of protein. In the presence of 
s.o.a variances the g.o.a variances reflect not only 
additive variances but also non-additive variances (Griffing, 
1956). Hence, Murty (1974) concluded that additive as well 
as non-additive gene action might be controlling the 
inheritance of the various characters.

Dixit (1978) conducted combining ability analysis 
using five strains of sesamum along with their 10 hybrids.
The parents and hybrids we re evaluated for protein content 
and test weight. Both additive ond non-additive type of 
gene action were responsible for the inheritance of protein 
content. Additive type of gene action was predominant for 
test weight. The variety ’Kanpur local' was the best 
general combiner for both the traits the other good combiner 
being ’Jhanai local' and 'TC-62'. 'Kanpur local' x *T4' 
and 'TC-62' x 'Kayamkulam local' wore the best speoifio 
combinations for protein oontent and 'Jhanei local' x 
'Kanpur local’ for test woight.

Rathinaswamy (1980) conducted genetio analysis in 
Sesamum indioum. Nine parents belonging to India, Israel, 
Japan, Uganda, U.3.A, and U.3.S.R. having a brood morpholo
gical and yield dissimilarities were seleoted and 36 

hybrids obtained from 9 x 9 diallel oross without reciprocals 
formed the breeding material for study in aix environmental



magnitude of s.c.a variances were double of g.c.a variances 
for percentage of oil and were in moderate proportions for 
plot yield and percentage of protein. In the presence of 
s.o.a variances the g.c.a variances reflect not only 
additive variances but also non-additive variances (Griffing, 
1956). Hence, Murty (1974) concluded that additive as well 
as non-additive gene action might be controlling the 
inheritance of the various characters.

Dixit (1978) conducted combining ability analysis 
using five strains of sesamum along with their 10 hybrids.
The parents and hybrids we re evaluated for protein content 
and test weight. Both additive and non-additive type of 
gene action were responsible for the inheritance of protein 
content. Additive type of gene action was predominant for 
test weight. The variety 'Kanpur local' was the best 
general combiner for both the traits the other good combiner

f

being 'Jhansi local' and 'TC-62'. 'Kanpur local' x 'T4' 
and 'TC-62' x 'Koyamkulam local' wore the best specific 
combinations for protein oontent and 'Jhansi local' x 
'Kanpur local’ for test weight.

Rathinaswamy (1980) conducted genetio analysis in 
Sesamum indioum. nine parents belonging to India, Israel|yjfl 
Japan, Uganda, U.3.A, and U.S.3.II. having a broad morpholo
gical and yield dissimilarities were seleotod and 36 

hybrids obtained from 9 x 9 diallol cross without reciprocals 
formed the breeding material for study in six environmental



conditions. A perusal of analysis of variance in individual 
environments and in pooled analysis indicated that hybrids 
and parents differed among themselves for all the characters. 
The g.o.a and s.c.a variances were significant for plant 
height in all but one environment establishing the presence 
of both additive and non-additive variances but the 
predominant one is additive variance. In respect to branohes 
per plant both g.c.a ond s.c.a variances were significant in 
all environments but the additive gene effect was more 
predominant. Capsules per plant showed high g.c.a variance 
indicating additive gene action. Por capsule length even- 
though additive and non-additive variances were there, the 
additive variance was predominant • Seed yield per plant 
was under additive gene action which was well established 
by the g.c.a, s.c.a ratios. Gupta (1981) studied combining 
ability of yield components in scoamum and reported that 
g.c.a had higher magnitude for plant height, number of 
branohes, capsules por plant and grain yield.

Combining ability studies were conducted by Patteh 
et al. (1962) using six parents and thirty P-'s of SesamuimB B  
Indiana according to Method I aiid Model-2 of GriffJLng (1956). 
Ylold, seven yield-related traits and oil oontont were 
subjeoted for estimation. The s.o.a and g.o.a offeots were 
highly significant for all the characters. The ratio 
g.c.as s.c.a revealed that the variances due to g.o.a were 
higfrer for all the characters oxoopt oil percentage and
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number of effeotive branches suggesting thereby that the 
additive type of gene action might be governing the former 
traits and the nan-additive type of gene action appears to 
have been involved for the latter tvo traits*

Singh et al* (1983) from their investigation on 
combining ability in a set of twelve strains and P^*s and 
Fg's of thirty crosses of oesomum could br about some
important conclusions. Analysis of variance shoved that 
the genotypes exhibited significant variances for all the 
characters exoept days to reproductive phase, harvest index, 
oil content and protein content. The F^'s differed signi
ficantly for all tho characters except days to reproductive 
phase, days to maturity, number of seeds per capsule, 
harvest index, oil content and protein contents. Similarly 
the Fp*o differed significantly for days to flowering, 
number of primary branches, number of secondary branches, 
number of seeds per capsule, plant height and protein 
content. In both and F^, g.c.a •variances wore significant 
for days to flowering, number of primary branches, plant 
height and yield per plant. In F^, horvoot index and 1000- 
aeed weigifc showed significant g.o.a variance. In Fpf g.o.a 
variances were significant for number of seoondory bronchos, 
number of oapsules per plant, number of soods per capsule 
and oil loontent•

Variances for s.o«a were significant for number of 
ptrlsary branches in ths and for days to flowering,



number of primary and secondary branches, days to maturity 
and oil content in Fp* Additive variance was responsible 
far the expression of days! to flowering, doyo to maturity, 
number of sooondaxy branches, days to reproductive phase 
and harvest index* Over dominance was expressed for days 
to flowering, days to maturity, number of secondary branohes 
and harvoot index in j?2* Partial dominance was expressed 
for number of secondary branches end harvest index in the 

• Thus bao results indicated that yield and it3 imijortont 
components showed preponderance of both non-additive ond 
additivo genetio variance.

V* Components of genetio variation
Sinoo gonos aro gen orally inferablo only from the 

effects of their differences in ohanging the expression of 
the characters observable in on organism, oil genetical 
study requires oomo consideration of the relation batwean 
genes and oharaotoro. Oligogencs aro mostly responsible 
for tho quailtafclvo oliaraotoro while polygenoo aro responsi
ble for tho quantitative oharaotors which show continuous 
-rerlntlcn. Polygenan oxoopt In opeoial oiroumotanoos 
cannot bo counted as individual units* They laok speoifioity* 
Their expression, duo to their proocnoo or sb0enoe, may be 
inel&iif leant.

Most of the economic oharaotera are polygenioally 
inherited and henoe it is of prime importance to study their



Inheritance in terms of the components of genetio variance. 
The estimation of the magnitude of the component has been 
made possible by methods that partition the genetio varianoe. 
The basic concept of partitioning the total varianoe into 
heritable (fixable) and non-heritable (non-fixable) 
components was developed by Fisher (1918). He further 
partitioned the heritable variance into three components 
viz., (i) additive component resulting from the average 
effeot of genes; (ii) dominance component arising from 
intra-allelic interaction and (iii) on epistatic component 
associated with non-allelic interactions. Taking the mid- 
parental value as the origin, Mather (1949) denoted the 
effeots of the recessive hooozygote, the heterozygote and 
the dominant homozygote as -a, h and f d respectively. Thus 
the contribution of that I o c u b to the fixable genetic 
variance woo proportional to d, while h represented the 
dominance deviation contributing to the non-fixable 
component of the genetio varianoe. hummed over all the 
looi the ganotio vorlanoo has been taken to be due to 
additive oomponent (D) and dominance deviation (H) •

Based on Mather's components of variation, D and H, 
Jinks end Reyman (1953) developed on approach to the 
analysis of data from diollel orosses of homozygous lines. 
Determination of the genetio parameters D, , BL and F 
provides the estimates of ovor all dominance, distribution 
of dominant end reoessive alleles in the parents, eto.



To test the accuracy of the estimates9 standard errors 
vere derived from the varianoe of Wr-Vr. Hayman (1954 h)
presented in detail the theory and algebraic basis of the
analysis of diallel crosses giving new notations and adding

2tvo more statistics9 h and Frv in addition to those given 
by Jinks and Hayman (1953) • He further stated that classi
fication of the experiment into one of the four categories 
exhibiting, no dominance, partial dominance, complete 
dominance or over dominance is possible by testing the
deviation of D-IL from zero combined with the test of signi
ficance of IL.

Later, Jinks (1956) extended the applicability of 
diallel analysis to P„ ond bade cross generation derived 
from a set of diallel crosses. He concluded that the 
expected statistics for the Fg generation were of the same 
general form as those of the F̂  except that the contribution 
of h wao halvod by one generation of inbreeding. Thus the 
coefficients of and Ilg aro the same ao those of the F- 
statistics but jhe coefficient of h is reduced to half.

The rolativo importance of additive ond dominanoe
cl cj

variation was analysed by ZuberiA(1972) in Drassica 
oampeatrio and reported that opistasis had inflated additive 
variation in the segregating progenies. Inheritance of 
kernel weight in wheat was studied by Hondhu end Anand (io72).The 
studies revealed that both additive and dominanoe effaots



were responsible for the character. Dominance and epistatio 
effects were greater in magnitude than additive effects.
Of the epistatic effects, additive x additive and additive 
z dominance types were important whereas dominance x 
dominance effect was also important in late sowings.

Gill et al. (1972) studied the inheritance of different 
characters in wheat and reported that additive and dominance 
genetic variances were important for 100-grain weight, tiller 
number and ear length. Predominance of additive genetic 
variance was observed for grain per ear, 100-seed weight 
and tiller number. Over dominance was operative for 100- 
groin weight, tiller number and ear length, whereas partial 
dominance waa observed for grain per ear and plant height. 
Murty (197^  from the studies on oombining ability of 
different characters in sesame reported that additive gene 
action was predominant for days to flowering, plant height, 
number of primary and secondary branches and number of 
oapsules per plant. Murty and Hashim (1973) reported that 
oil and protein oontent in sesame wore controlled by 
additive as well an dominant gone offocto.

Inheritance of eight agronomic characters in winter 
wheat was studied in detail by Kotata ot al. (1976). The 
P<l deviated significantly from the mid-parental values for 
heading date, plant height and kernels per spikelet 
indicating non-additive gene action for those traits.



Additive effects were the main source of genetio variation 
for kernel weight. Batede ot al. (1977) reported that 
number of podo per plant in soybean was controlled both by 
additive and non-additive gene action. The 7 value was 
positive for the character suggesting preponderance of 
dominant alleles. Chaudhary et al. (1977) reported that 
number of days to initial flowering and fifty par cent 
flowering, number of branohes per plant, yield per plant 
and plant height were controlled by additive gene action in 
sesame. a  preponderance of non-odditive gene action in 
the expression of grain yield was reported by Srivuotava 
ot al. (1970) in soybean. Singh et al. (1970) suggested 
the Importance of additive gene action for this character 
in gram. Romakrlolrin ob al. (1979) reported that number of 
brandies per plant uos cantrollod by non-auditive gene 
action in bengal gram. Kabiyar on1! Pinjh (1979) observed 
in ohiokpoa that days to flowering showed additive action 
in 3j\j nnd non-addltlvc in Pp. and Yap (10(30) roporbod
partial doninanao for days to flowering in long bean 
(Tima oosqulireflnllo). Sengupta (1900) from his studios 
on tha containing ability of senonn reporbed that except for 
sin{£le plant ylold for no othor ohorootoro, tho g.o.a/s.o.a 
ratio oxoeoaed unity indioating that ylold is totally under 
tha influence of additivo gone notion.

Ounta (1901) conducted studies on the yield 
oomponanta of h n b d h i  end reported that ncm-additlve gene



effeots were more important in the inheritance of number of 
branches9 capsules per plant and grain yield* Singh et al.
(1983) studied gene action in sesame and had reoorded over 
dominance for days to flowering, days to maturity, number 
of secondary branches and harvest index in the Fp and 
partial dominance for number of secondary branches and 
harvest index in the F-j • For number of seeds per capsule, 
1000-seed weight, oil content and protein content, non
additive gene action v/as predominant in both the F̂  and Fg. 
The average degree of dominance also suggested over dominance 
for number of seeds per capsule and oil content in the Fg 
and l000-3eed weight in both F̂  and F0.

VI. Inheritance studies in sesanum

Inheritance studies hod been conducted by many workers 
in seaanun and they are reviewed hereunder.a*d Giupl'a.

Ali Mohammed/t( 1941; studied the inheritance of 
alternate and opposite arrangement of loaves in Sesamum 
indloum. The F-j ohowod dominance for alternate leaves.
In Fg the segregation oboorved for the two phenotypes agreed 
well with the 3*1 ratio indicating that there io only a 
r.onogenio differenco botween alternate and opposite leaved 
characters JLn IsGoamiinu

Culp B i960) oonduotod investigations on the 
lnheritonoe of planb height and oapsule length in sesame.
Bata from three out of four orosses studied indicated



complete dominance of genes for toll plants. The character 
vaa highly Influenced by environment as Indicated by the 
vide ranges In height of the parents and F* generation.
From the Fp data the number of effective factors conditioning 
the inheritance of plant height was estimated. It was 
found that a minimum of 3 to 3 pairs of genes conditioned 
the inheritance of plant height in crosses which showed 
complete dominance for tall plants. Number of effective 
factors conditioning inheritance of capsule length was also 
analysed and it was found that a minimum of two to five 
pairs of genes are involved in the expression of the 
character. In one cross, complete dominance of long capsules 
was found. In the other crosses partial dominance of long 
capsules was formed.

Inheritance of paper shell capsules, capsule number 
and plant colour were studied by Culp (i960) in sesomo.

frc.ok cross progenies were studied. In one cross, 
tho paper shell character was inherited as a simple 
recessive and the F~ showed segregation. But in tho 
other crosses a duplicate rooesoive epistasis was indicated. 
The observed segregation of capsule number per leaf axil 
in tho Fp and the baok crosses Indioated tliat ono capsule 
per leaf axil was dominant over three capsuloalper leaf 
axil and controlled by one pair of Ilendelian faotors.
Plant colour also wao found to be controlled by a single 
pair of genes, Igreen aolcnir being dominant to purple.



There wa$- no indication, of linkage between any of the

Prabhakara Reddy^(1971) inveetigating the inheritance 
pattern of six contrasting characters including non
shattering in sesame, reported that all the characters 
studied were recessive and segregated monogenically. No 
recombination of characters were found in the Fp anĵ  hence 
a pleiotropio effect was attributed to the non-shattering 
gene which controlled the other characters also. Sverup 
John (1980) from the genetic studies on pod characters 
in sesamum reported that two independent recessive genes 
were responsible for the expression of multipod and 
multiloculed conditions.
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MATERIALS AND METHODS

The present investigations were carried out at the 
Department of Agricultural Botany, College of Agriculture, 
Vellayani, Kerala Agricultural University during the period 
from 1980-81 to 1982-83.
Materials

Forty four varieties of Sesamum indlcum L. including 
both exotic and indigenous types collected from different 
states of India were used for biometrical analysis. These 
varieties showed much variability in their morphological 
characters, duration and yield. The name, origin and source 
of the varieties are given in table 1 and the salient features 
in table 4.

Six varieties with varying phenotypic expression for 
the plant type characters were selected ond used as parents 
for hybridization programme. The performance of these 
selected varieties aro given in table 2. A diallel set 
(without reoiprooals) was analysed in dotail in F̂  and F« 
generations. Double cross hybrids obtained by intercrossing 
F-j’a were also used for variability analysis.

Method

The field experiments were laid orut in tho garden land 
attached to the Department of Agricultural Dot any, as an 
irrigated crop adopting uniform management praotioea as



SI.
No. None of variety Source TreatmentNo*

1. Key arlrul on— 1 Hice Research Station, Kayankulam Ti
2. Manacavu -do- V2
3. TM7-3 —do— V34. PT 58-35 -do—
5. B-14 —do— v56. Selection-4 -do— v6
7. K.R.R -1 —do—
8. Vayalellu -do-
9. Multipoded mutant -do- V10
10. Hoouri —do— n^^Hi211. No .42 -do- ■ mmV2912. E.S.2 Departnent of Agri

cultural Botany,
College of Agriculture, 
Vellayani

V13

13. T.12 -do- VH14. Aoaon Local -do- ■ V
T1515.

16.
E.C.36-345 
E.3.400 A 

A
0 

O
1 

1 V16
V1717. Paton-64 -do- ■ 1 
V1818.

19.
0-05
TH7-2

-do-
-do- V19v2020. E.S.183 -do- V2121. E.3.104 -do- mm W

22. E.8.112 —do— La M
V23

J J c o n t i n u o d )



SI,
No.
23.

24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.

Name of variety Source TreatmentNo.
Y<P. 66-173 Department of Agri

cultural Botany, College of Agriculture 
^^^wellayani

V24
t

si 11-14 —do— ro <X*si-914 . -do-
58-2 -do- t27
No.128 -do- V28Punjab til No.1 —do— LaV30M3-2 -do- V31N66-135 -do- V32N62-32 -do- ✓

V33NP-6 -do- T34
V35
V56

T.C.30 -do-
S1 15-51 -do-
HT-1 (37) -do- v37SP 111-2 -do- V36P31 -do- v39P10 -do- Vq
P5 -do- •7

TiiP32 -do- V 1

V40P35 -do- Tv

V41P23 -do- roP28 -do- V43P19 —do— V44



Treat-
No.

riant
hei^tat
matu
rity
v-T»*

Ho. of No. of prinory prodac— 
produc— tive 
/illve nodes bran- on 
ches/ sain plant axis

Ho.of
pods
oncalnaxis

Total
pods/ No.of

seeds/pod
1000- Dura- Peroen- eeed tion tage of 
weight for multi- 

v first poded 
flower- nodes/ ing plant

Percentage of nnilti-
loQix lep/
podo/
plant

Oil
content(percentage)

Seedyield)
plait

T2 71-90 6.40 20.30 18.20 77.00 53.06 2.65 34.33 2.26 0 37.33 12.56

713 79-63 4-26 14.73 15.46 37.66 55.73 3.06 34.33 0 0 38.33 6.05

725 112-00 5-46 26.60 41.33 133.53 56.53 3.21 40.33 36.70 0 37.33 21.05

729 64.60 4-33 16.60 19.46 54.20 68.00 3.30 55.00 0 0 ^ H 59.33 8.53

737 69-40 1-53 22.60 33.86 45.26 66.66 2.81 39.33 40.60 0 47.33 6 .6 3

741 68.73 1.66 12.00 11.93 29.00 69.20 4.00 40.66 0 100 45.33 5.28



recommended in the package of practices for the crop by the 
Kerala Agricultural University (1978). The crops were raised 
during the first crop season of April-May to July-August and 
during the second crop season extending from August-Sept ember 
to October-November*

Seeds were sown in lines vith a spacing of 30 cm 
between rows and 15 cm between plantB. Thinning was done 
fifteen days after sowing retaining 15 single plants in each 
row. Cattle manure at the rate of 5 tomies/ha was incorporated 
to the coil along with the last ploughing and NPK was 
applied at the rate of 30:15*30 lig/ha. Urea was used to 
supply nitrogen and it was given in split doses; 50^ as basal 
and the balance, 25 days after sowing. As far as possible 
uniform conditions were provided for tho crop.
I• Varietal evaluation

The first part of the study consists of varietal 
evaluation. The forty four varieties selected were planted 
in Randomized Blook Design with 3 replications. Ten plants 
were seleotod from oaoh row re pro seating a treatment in eaoh 
replication and the following observations wero recorded*
1 • Number of days for first flowering

The number of days taken from the dato of sowing to 
the opening of the first flower waa reoorded for eaoh plant 
and the average was calculated •

2. Plant height at maturity
Haight of tho planb from tha ground level to the tip



of the main stem was measured and recorded in centimetre.
3 # Number of primary productive branches per plant

The number of primary branohes bearing pods was 
observed and reoorded at crop maturity for each plant.
4. Number of productive nodes on main axis

The number of nodes which develop pods on the leaf
axils on the main axis was observed end recorded at crop
■maturity.

5. Number of pods on main axis

The total number of pods produced on the main axis was
counted ond recorded at crop maturity.

6. Total pods per plant

The number of total podo produced per plant including
those produced on tho main axis and branches was recorded at
harvesting •

7 * Seed yield por plant

Total oeod ylold por plont was observed ond recorded 
in grams.

8. 1000-seed weight
Random samples of 1000 seeds were taken from eaoh 

variety and their weight were reoordodl in gram. Five samples 
were observed from eaoh variety under eaoh replication.



9. Humber of seeds per pod
The number of fully developed seeds in each pod was 

counted. Five pods from the middle part of the main stem 
from each plant were selected for recording the seed number 
per pod.

The percentage of oil present in 0,3 g of seeds was 
estimated from all the entries. Five samples were analysed 
from each treatment under each replication. Extraction of 
oil from the seeds was done following cold percolation method 
as described by Kartha and Sethi (1957).
Estimation of oil content

Samples of 0.3 C of seeds were used for oil estimation. 
The seeds, along with 2 g of anhydrous Ko(S0 )3 were 
powdered in a glass mortar. A small quantity of 0lass powder 
was also added to the mixture for easy crushing of the socdo. 
The powdered mixturo was transferred to 2 om x 1.5 cm glass 
peroolator which was packed over a layer of coarsely powdered 
anhydrous potassium sulphate (about 0.0 cm thick) supported 
over a thin pod of cotton. The mortar and peotlo used for 
crushing wore waohnd bwloo with 0.5 g of anhydrous potassium 
sulphate and tho washings were also poured ovor the sood 
po^or. Tho mortar and pen tie woro then wnnhod with 3.5 oa 
carbon tetrachloride and poured it over the packed powder.
This was allowed to remain as ouch for five minuteo to make



the mixture wet. Then. 15 cc of carbon tetrachloride was 
poured from the upper portion of the column slowly. The 
percolate was collected in an already weighed petridish. The 
solvent, carbon tetrachloride was allowed to evaporate 
completely by placing the petridish in an oven. The oil 
portion remained in the petridish aa the residue. The petri
dish was again weighed. The difference in the weight of the 
petridish at the two weighings was the weight of oil. The 
percentage oil content was calculated as
BB Welrtit of nim x 100.

Weight of thgpgaggm-ê

Statistical Techniques
a. Variance - Covariance analysis

The total observed value of a character (X) can bo 
made additively by gcnotynic and environmental effects, i.e.

)C - 0 + E
where G io determined genetically and Ef environmentally•
The extent of variation in is duo to genetic forces and 
environmental forces and shall bo determined following the 
method given by Kompthome (1957).

V(X) a V(G) +V(E) +2 Cov (GrpE) 
where a variance of x
^ ^ B ^ C r )  * variance duo to genotype

V(E) a variances due to environment and
OovKG,!’) a Covarianoe between gemotypo and environment.

If the genobypoo and envlromannt are aoaoointod at random,
Gov (G# :) is equal to zoro so that



V(X) = V(Gr) +Y( B)| OP
2 2 2 o-p(x) = cr- g(x) + <T~e(x)
2 2 

whereerp(x) la the phenotypio variance of xt<r"o(x) is the
genotypic variance of x ond^f'eCx) is the variance due to 
environment •

If we have two observations x and y on each individual, 
the extent of covariation between x and y due to genetic and 
environncntal forces shall be determined by the sane nethod 
given by Kcnpthome (1957) oo,

Cov (x,y) = Cov (G(x,y) )+ Cov (E(x,/) )
or <r p(x,y) = cr g(x,y)+ cre (x ,y )

wherecTg(x,y) io the covorionce between x and y attributable
to genotypes and (Te(x,y) is the covrrioncc between x and y
attributable to environnent.

If the experiment io dcoigncd in a Kandomioed Complete
Block Deoign with v troatoonto and r rcplicationa, tho2 2 2 2 2 2 
eob imatos ofcrp(x)fl, p(y)^rg(x), ,rc(y)* » c(x), o e(y),
cr p(*,y), <re(x#y) end o o(x»y) oxo derived from the
analysis of covariance table {[rile 'ij.

Tho phenotypic correlation coefficient io then estimated
as a

A  rr p(x,y)
p(*»y) <5'P(x)-'T-p(y)

whera (p p(x) and A^p(y) arc the standard deviations of x and y.



treatment(Varieties) v-1

Srror (r-1)(v*-1)

Total

MS(x) Expectation of US(x)

2 2 
e(x) ♦rc~g(x)

Hence we have the following estinateo:
. 2 A



— n — — — —HSl(xfy) Expectation ofMSP(x.v)
MS(y) ExpeoM3(y)otation of

2 2 
r̂~" e(y)*r 6~g(y)

E <3- e(y)



"able 4* Varietal variation on different yield

Variety Height ef plant 
at
naturity(tfn-.)

no. of No. of No. ofprimary produc- podo on
produc- tive nodes maintive on nuL. axisbranches/ axis

1. 83.46 4.60 21.40 20.26
2. 71.30 6.40 20.30 18.20
3- 84.46 4.60 21.20 22.46
4. 78.80 3.80 19.13 17.06
5. 81.53 5.26 16.53 18.93
6. 95.00 5.53 25 .00 25.80
7. 65.00 4.26 22.33 22.26
8. 88.93 6.80 23.60 23.13
9. 77.06 3.20 18.86 37.53
10. 62.73 3.26 16.93 17.86
11. 77.13 2.00 17.86 15.33

ro • 68.73 2.13 15.20 15.20
13. 79.83 4.26 14.73 15.46
14. 70.66 4.06 19.13 20.33
15. 86.80 4.20 21.40 23.60
16. 85.46 6.26 15.40 14.93



Totalnumber
of
pods/
plant

No. of Seed 1000-seed Oil Beedo/ yield/ weight $Qnb,i 
pod pliant (g) (£)

No. of daya to 
first 
flower-ing

43.33
77.80 
65.26 
52.00 
50.06
51.20 
56.26
69.80
57.33
32.40
33.13
21.93
37.66 
43-00
37.66
53.53

47.73
53.06
52.53
53.53 
52.26  
57.60 
51.20  
56.80 
55.46 
50.93 
64.80 
52.00
55.73
58.40
58.13
61.20

6.89 
12.56 
10.43 

8.32 
7.74 
8.07 
8.99 
11.16 
9.10 
5.18 
5 .10 
3.85 
6.05 
6.88 
5.97 
8.47

2 .6 0

2.65 
2.78 
2.70 
2.72  
2.58
3.56 
2.61 
3.20 
2.70 
2.93 
3.10 
3 .0 6

2.65
3.57 
3.76

48.60
37.33 
46.00 
58.66
43.33 
36.66
37.00
65.33
60.00 
50.10
44.60
54.00
38.33
51.33
44.00
39.33

39.33
34.33
37.66
43.66
39.66
39.33
40.66 
42.00
40.33 
40.66
45.66
53.66
34.33
49.00
44.00
46.33



Variety Height 
of plant at
maturity/VkM'tvj- wy

No* of No. of No. ofprimary produo- podaproduc- tive nodes an
tive on main mainbranches/ axis axisplant

17. 71.40 4.26 19.66 16.60
13. 79.53 2.00 17.33 17.06
19. 79.33 4.00 22.66 17.60
20. 74.36 5.33 18.40 18.73
21. 82.13 4.40 16.73 20.00
22. 70.00 2.86 14.30 11.86
23. 90.20 3.33 30.00 25.33
24. 66.86 4.56 19.26 16.40
25. 112.00 5.45 26.60 41.33
26. 91.53 1.66 24.60 25.46
27. 69.13 3.00 15.26 14.33
28. 104.13 4.45 25 .06 24.60
29. 84.60 4.33 16.60 19.46
30. 35.36 3.73 18.53 22.20
31. 76.86 1.23 20.23 24.20
32. 92.86 2.40 20.13 26.30
33. 82.53 2.60 19.53 22.26



Totalnumberof
pod a/ 
plant

No. of □eeda/ pod

21.66
27.46
52.15
57.06
50.46
50.75
55.60 
27.35
135.55
55.46
27.60 
55 .46
54.20 
49.60
37.06
42.20 
41.66

Seed 1000-seed 011 yield/ weight content ĵ lant (g) \%)

No. of 
dayo to first 
flowering

55.66
68.26
64.60
56.53 
60.80
57.06
64.53 
52.00
56.53
56.40
54.13
61.06 
68.00 
57.86
66.93 
65.73
66.40

3.60 
4.39
11.59
5.99
7.74
4.94 
3.89 
4.23
21.05 
5.27
4.94 
8.88

8.53
6.61
6.83
6.99
7.74

3.79
3.75
4.00
2.77
2.66
3.53 
3.45
3.53 
3.21 
3.35 
2.72  
3.48 
3.30 
2.92 
3.17 
3.60 
2.88

45.33
47.33 
50.66
34.66
47.33
49.33 
50.00
48.66
37.33 
58.66
45.33
54.66
59.33
41.33
44.66
39.33
51.33

48.00 
46.00 
41.00
49.66 
40.00
37.00
40.00 
51.00
40.33
39.00
36.33
48.66
55.00 
50.00 
42.66
50.33
44.33

— 1

( continued)



Variety
— —

Height 
of plant 
atoa taxi ty

O<S'K ^

No. of No. of
priiiary produc-
produc— tivetive nodesbranches/ an Lain
^lant axi b

No. of
podo
annain
oxiB

Totalnumber
ofpoda/
plant

34. 77.50 2.53 19.40 27.53
35. 79.13 4.00 15.66 13.26
36. 95.13 3.40 21.60 23.13
37. 69.40 1.53 22.60 33.86
38. 90.33 2.66 20.93 24.66
39. 59.60 3.00 10.00 15.33
40. 74.53 4.13 13.46 12.46
41. 63.73 1.66 12.00 11.93
42. 83.93 3.13 15.60 16.53
43. 30.46 1.93 20.46 20.13
44. 99.33 2.73 17.53 20.06

G.M. 
M.S.3.

30.37
339.00

3.67
,  »*6.08

19.20
< * * 46.31

20.35**115.42.
C.D. 19.61 2.10 7.33 8.57

49.13 
42.60 
53.40 
45.26 
41.20
20.DO
36.13
29.00 
27.26 
32.73 
27.40
44.50

27.03
-  ■ ■ —  —

**3ignificanb at 1 ;



No. of
OGGC* O/
pod

Seed 1000-aeed Oil 
yield/ wei(£it §conten£ 
plant (g) C/')
la)

No, of dayo to 
flrat flowering

63.20 8.21 3.15 41.33 41.33
50.60 7.04 3-25 48.00 48.66
64.ec 9.28 3.03 40.00 43.00
66.66 6.63 2.81 47.33 39.33
54.15 6.66 I 2 .6 4 50.66 52.00
61.36 5.52 3.16 46.66 39.00
67.46 4.47 2.58 48.00 48.33
69.20 5.28 4.00 45.33 40.66
56.53 4.73 2.55 52.00 55.33
67.60 5.25 3.52 44.661 47.66
52.53 10.18 3.40 47.33 49.00
59.07 7.41 3*13 46.931 43.96

102.19
**27.33 0.55 152.29* 90 M

0.12 5.11 7.72 5.64 7 .7 2



b. Coefficients of variation
Coefficient of ’variation, being a unitless measurement 

is a good basis for comparing the extent of variation between 
different characters with different scales.
Phenotypic coefficient of variation _ 1ork(POT) fox character X - * 100

where X is the mean of X
Genotypic coefficient of variation _/_\ inn(GCY) for character X * -J x 1UU

X
c. Estimation of genetic parameters 
(i) Heritability (H2)

Heritability is the fraction of the total variation 
which is heritable and is estimated in the broad sence as
H H H ?H2 h ' —  following Crow and Kimura (1970). H2 is

cr P
called the heritability coefficient and can take values

pin the range 0 to 1 . Heritability (H ) provides a measure 
of genetic variation, i.e. the variation upon which all 
the possibilities of ohanging the genetio composition of the 
population through selootion depend.

1(11) Genotvpio correlation
An estimate of genotypic correlation gives an idea 

of the extent to whioh two characters have the same physio
logical basis for their expression. Tha genotypio correla
tion between x and y is estimated as



<ng(x.y)
rg(aty) " crg(x)a(Tg(y) vfcefce

^g(x) end 0-g(y) are the standard deviation of X and 7 
The significance of genotypic correlation is tested hy 
students' t-test given by S^al^and Chaudhav^(l 9 m

a rg(x,y) SE r̂g(x#y) )

where SE ( r ^ y ) )  = f ^  G (1~r|(x,y) )2 4  C1“r|(x,y>)

( 5  -  r p(x,y) r g ( x ,y ) l  + 4( r y ( x , y ) “ r p(x,y)
2

2 ( 1 "r g ( x ,y ) ) ( 1 "r p ( x , y ) ^ .
«2 ./

where J = i —  ♦ J — )
K s B  H Hx y

H2 ■ heritability of x

H2 a heritability of y,Bwl
C B (H2 H2)*t andA  J

f a error degrees of freedom

(lii) Genetio gain or genetio advanoe
Genetio advance is a measure of the ohange in the mean 

genotype level of the population produced by aeleotion and 
depends upon heritability of the character and selection 
differential. It is estimated as

jru / (00 irGfl ■ ^ where X is the mean of oharacter
ExptcUfcanaotHcfce X H «  .

f  A f U t i f  ‘  3l 4



z fpui ic is the selection, differential which is taken as 1.76 

at 1# selection (Allard»|1960) •
d. Path analysis

The method of path analysis was developed by Wright 
(1921, 1934, 1954* 1960 a* b) to study the cause and effect 
relationship among a system of variables. Given a linear 
system which is fully determined apart from pure random 
variation and given a path diagram which gives the qualita
tive nature of the oausality, path coefficients shall be 
obtained. This method depends on the combination of 
knowledge of degree of correlation among the variables in a 
system with such knowledge as may be possessed of the causal 
relations; and helps to measure the direct influence along 
each separate path in such a system and to find the degree 
to which the variation of a given effect is determined by 
each particular cause.

The following points ore noted to interpret the path 
ooeffioient.

1. If tho correlation coefficient between a causal 
factor and the effeot is almost equal to its direct effect, 
then correlation explains the true relationship and a 
directed seleotion through this trait will be effective.

2. If the correlation ooeffioient is positive, but 
the direot effeot is negative or negligible, the lndireot 
effeots seem to be oause of oorrelation.



3« Correlation ooeffioient may be negative but the 
direct effect is positive and high restrictions are to be 
imposed to nullify the undesirable indirect effects in order 
to make use of the direct effect (Singh and Kakar, 1977)*

The simultaneous equations which give solutions for 
path coefficients are

r i y  "  r l l P i y  *  r 1 2 P 2 y + “ ^ l y *  r i k V  w h e r e

Xjfy, i = 1,2, -— K are the correlation coefficients between 
the dependent variable (y) and K independent variables r-, 
r2-r-rrk . , "X-gTTr x^ rik i= 1,2, ---,K are the inter- 
correlations between independent variables, p. is the 
direct effect of factor x^ and 
effect of ittl (x^) factor via faotor (rk) on y.

II. ^ytogehetic analysis
The Bix selected varieties (Table 2) were crossed in 

all possible combinations (excluding reciprocals) and the 
seeds of each cross combination were collected separately.

Teohnlque of grossing

As the flowers are bisoxual and naturally self
pollinated, emasoulatlon was done so that the flower beoomes 
functionally female. The time of normal anthesis is 
between 6 a.m. and 7 a.m. ^inasoulatlon was done in the 
previous evening. Emasoulation in the case of sesame is 
eany slnoe the stamens are epipetalous. The mature flower 
buds whioh would open on the next day were selected and the

rik ^ky în̂ ^rec^



corolla tube waa carefully pilled out without damaging the 
pistil using a pair of finely pointed foroeps. The androeoium 
will be completely removed along with the corolla tube. The 
emasculated bud was then covered with a paper cover to 
prevent contamination. Similarly flower buds of the pollen 
parent were bagged to prevent contamination. On the next 
day, by about 7 a.m., newly opened flowers from the male 
parent plant were taken and the dehised anthers were rubbed 
an the pistil of the emasoulated flower using the fine camel 
hair brush. After pollination the paper cover was replaced 
and properly labelled. The paper cover was retained for one 
week. The pods were collected in labelled bags on maturity.
Planting and layout of F̂

Seeds from the 15 cross combinations and the 6 parents 
were sown in the field in R.B.D. with 2 replications.
Twenty five plants were retained in each treatment under 
each replication. Observations woro recorded from 15 plants 
in eaoh treatment under eaoh replication. Five plants in 
eaoh treatment under oaoh replication were used for 
oytologlcal studieB and the remaining five plants were used 
for selfing in eaoh treatment. The F̂  orosses were repeated 
using the parental varieties at the same time to get fresh 
F̂  s. The crop was raised following the package of practice 
recommendations made for the crop by Kerala Agricultural 
University. As far as possible, uniform management practices



were provided for the crop. Observations recorded from 
population include s

1. Plant height at maturity
2. Number of primary productive branches/plant
3. Number of productive nodes on main axis
4. Number of pods on main axis
5. Total pods per plant
6. Seed yield per plant
7. 1000-seed weight
8. Oil content (Percentage) and
9. Number of days for first flowering

Technique of self inn:
The technique of selflng is eaoy as the plant is 

naturally self pollinated, llature floucr buds which would 
open on the next day were oelcctcd and covered with 3HI3II 
paper covers on the previous evening of ontheois. A label 
bearing date of solfing was tied at the node of the stem.
The paper oovor wao rotainod for oono wool:. The oolfed podo 
were oolleoted at maturity and dried properly.

Pollen sterllit:/ estimation and o.ytolorloal techniques
Pollen oberllity wao estimated from fivo plants under 

each treatment. The pollen grains from one flower eaoh from 
eaoh plant were stained in acetocormlno^glyoorine medium on
a slide and sterility counts were token. Ten fields from 
each slide was scored. The poroantoge of sterility was 
estimated for eaoh treatment.



For cytologioal observations, flower bads of 
appropriate size from each treatment were fixed separately 
in a 3s4:1 mixture of absolute alcohol,, chloroform and 
propionic acid fixative whioh has been previously saturated 
vith ferrio chloride. The fixation was done between 11 a.m. 
end 12 noon. The maximum division was noticed between 
11.15 a.m. and 11.45 a.m. The fixed buds after 24 hrs were 
transferred to 70p ethyl alcohol. Anthers were tapped in a 
drop of 1/1 propiono-carmine stain. Gentle tapping and 
judicious warming favoured excellent spreading and differen
tial staining of the chromosome and oytoplasm in the pollen 
motherlcell•
Planting of F« with F̂  s

The selfed seeds of were used for raising the Fg. 
The 15 Fp progeny along with the six parents and the 15 
fresh F.j0 were evaluated in a field trial laid out in an 
R.B.D. with 3 replications. Port of the F- seeds were kept 
for double crossing programmo. Observations were recorded 
in the F̂  and F^ from 40 plants in each treatment under 
eaoh replication. For studying the segregation pattern of 
different characters a total of 120 plants were observed 
in the F« different orosseB.

Planting and layout of double cross hybrids
Part of the seeds from the different orooBes kept 

were sown in the field and intercrossing of hybrids were



carried  out. The seeds of these double crosses were 
collected separately at maturity. The 27 double cross hybrids 
obtained were plented in the field along with the six parents 
and 15 P^b in an R.B.D. with 3 replications and observations 
on the nine characters listed for were recorded.
Statistical techniques

Genetic analysis of quantitative characters was done 
using the following statistical techniques both in F. and Fp 
generati ons.

i) Analvsig of variance
Analysis of variance was carried out in F̂  and Fp 

and double cross hybrids for every character following Panse 
and . Sukhatme (19 57).

ii) Combinljftg ability analysis
The combining ability analysis was carried out both

in F<j and Fp generations following the method 2 under Model I
as suggested by Griffing (1956 b) . The Model I was selected
beoause the varieties were a chosen fixed set. It follows
that variety and block effects are fixed. In this approach
using the suitable statistical model the component variances
due to general and specific combining ability estimated whioh
in turn may be translated into genetioal components such as 
2 2_ A and,r J under certain assumptions.

Before proceeding for oombJLning ability analysis the 
null hypothesis that there was no signlfioant differenoe



among the orosses vas tested as suggested by Premrmrejntian 
et el* (1979)* The statistical model for the purpose vas

Xijk »*j /* * sij + bk + eijk
vhere^HP^ QfWI i ‘ % .& ^  ^ T f

ijk was meen observation on (i x j)
+Vicross in the ka| block 

was the general mean
+ Vlgj. was the effect of (i x j) cross

bk was the effect of k^1 block
eijk wa0 error effect with SCe^^) = 0

and V( e. ) = __v ijk' '•> e
From the analysis of variance a3 given below, the mean sum 
of squares of the crosses were tested against the mean sum 
of squares of error for significance using F values.
Estimation of sum of squares.

Sum of squares due to g.o.a = ~(n+2y ^?i + Xii) ~ n ^

Sum of squares due to s.o*a «
0

“ n*2 Yi.+ Tll) * (n*1)(n*2) j2

Stun of squares due to error 1
The sum of squares obtained from the earlier analysii 

of variance was further divided by number of replications*



Analysis of variance for combining ability analysis

Source & H) 02 02 M.S E(M.S)

g.o.a (P-1) Mg. ^  ^ ♦(n+2)(T~e crs v o g

s.c.a p(p“1)/2 Ms _ 2 + I 2j e c5~SI
H I 2Error Me* o  e

Estimation of component variances and their genetic inter
pretations OsnA- ̂ (aO-LXoUnC»-Ŷj ^1979)

2
'Tg

Where

2
rs
2

Te
2

Ms-11 * e

M'e

g %0 and ore the estimates

Accordingly =» 2

-D
t 6
2r~ O

Estimation of g.o.a effects
1 <Yi.

g.o.a. effects for all parents were oaloulated.



E s t i m a t i o n  o f  s . c . e  e f f e c t *
S * Y±J~ n+2 (Yi. + Yii+ Y.J + YjJ) + (n+i)(nt2)" '

S . c . a  e f f e c t *  f o r  a l l  t h e  c r o s s e s  w e r e  e s t i m a t e d .
s t a n d a r d  e r r o r * .
S.E. ( g .  ) -  I (n+2)) **
f! tG. (S^) m ffl (n2+n+2 ^Z(n+ (n+2
s .e . ) m,

( 2

s*s.(s1.) “ (f (n (n-3) <r̂ /(n-» 1) (n+2)^)15
a ((2(n-2) c-^/(n+2) )

>,E*<slj“slk) a (tt<n+l)cr̂ /(n+2) )**

-

Each g,•c.a and s.c.a ootirnate was subjected
t e a t  to know the significance*

t  -  <*r° and t -  |(9H ~ 0)
Sn(gJ) SF (S't .)

T he • t*  v a l u e  o b t a i n o d  w a* t e s t e d  a g a i n s t  t a b l e  " t*  
v a l u e  a t  5% a n d  ni p r o b a b i l i t y  l e v e l  f o r  ' n a d e g r e e *  o f  
f r e e d o m .

F o r  t e s t i n g  t h e  s i g n i f i c a n c e  o f  d i f f e r e n c e  bo tw om  
tw o  e f f e c t * ,  t h e  c r i t i c a l  d i f f e r e n c e  w as  c a l c u l a t e d  by  m u l t i 
p l y i n g  t h e  r e s p e c t i v e  s t a n d a r d  e r r o r  o f  d i f f e r e n c e  w i t h



*t* value at ’m* degrees of freedom.
ill) Heteroais

The magnitude of heteroais was calculated in comparison 
to the mean value of the better parent as well as mid-parental 
value. Heteroais expressed in percentage increase or 
decrease of F..' a over mid-parent and better parent were 
calculated following the teohnique suggested by Hayes et al.
(1955) and Briggle (1963).

In the estimation of heterosis for days to first 
flowering, the parents of early flowering were considered as 
the better parents.

To test tho significance of difference of mean 
over mid-parent and better parent, critical difference was 
calculated from their standard errors of differences as 
mentioned below

Mid-parent heterosis
M.P

Better parent heterosis

To test the significance over mid-parent

C.T). (0.05)



To test the significance over "better parent

C.D. (0.05) » t;£-(0.05) r

Where

IE
e
e

= degrees of freedom for error 
= mean sum of squares for error

r » number replications

Using the same method heterosis in double cross 
hybrids over mid-parent and better parent was also calculated 
taking the single cross hybrids as parents.

iv) Estimation of genetic components of variation and 
related genetic parameters

The components of genetic variation and related genetic 
parameters were calculated from and Fp generations 
following dayman (1954 b) and Jinks (1954* 1956). The 
assumptions on which the biomotrical analysis based are:-

Diplold segregation,
Only environmental differences between reoiprooal crosses, 
Independent aotlon of non-allelio gene,
No multiple allelism,
Homozygosity of parents and
Genes independently distributed among the parents.
The expeoted values of the oomponents of genetio 

variance were estimated by solving the following equation* 
separately for f- and F2 generations.



The expected values of the components of variation
in P1 derived by Hayman (1954) are|lf

AB = Expected environmental component of variation
A  Wm. AD o VQ1 -E a Variance due to additive effects

F = 2  V0Lq-4 tyV v̂ E = Mean of arrays

•\ 'jB A
Hi V I  - 4 W L i+ 4Vihi1- P̂n~2.)„ 2 = Variance due to 

o o  o o i  I l  n

dominance effect of the genes
a W M  AH2 = 4 Vfr- 4 VQL1-2E

oI jJ["'I Eh I I  J jE I I^ IE  IJH Ih = 4(1CL.̂—IUjo) -4(n-1) E « dominance effect
n2

In Fg generation, the components of variation were 
estimated by the formula given by Jinks (1956). The 
expected statistics for Fg generation aro of the same form 
as those of F- except that contribution of 'h1 is halved by 
one generation of inbreeding. For this reason the co
efficients of ft. and Hg are i of those of the statistics, 
while the coefficients of F io halved, being second and 
first degree statistics in 'h* respectively (Jinks, 1956 j 
Heyman, 1958 and Mather and Jinks, 1971). Thus the 
composition of Fg variances and co-variances acoording to^H 
Jinks (1956) were as follows*-



H.j-1/8 P+®2 “ Mean variance of
arrays

Wr * WQ10g a J-D+1/8 F+(1A0 Ep s Mean covariance
between the parents and the arrays

v„ - V012 = jfD+1/16 Hr (1/16) H2-1/8 P ♦ i B2

Y = VqLo = D+.E = Variance of parent

where 9
n = number of parents and the components of variation in

Fc orei-
U A

Eg = Expected error component of variation
AD = V L -Eo o
A \
p = 4 V0l0-8 Woto1-4(n=2i ^

n

®i » 16 T i V 16 V o r 4 vo V  Es

h2 - 16 v ^ - 1 6  v0ir  M e = l i  ^

An o \h » (4 ML*-4 ML ) -16 (n-QE^n
Where9

D « Component of genetic variance due to additive
effect of goneot

■ rolativo froquenoy of dominant to rooosoivo alleles
in the parental papulation and variation in the
domLnanno level ovor loci|



H<j a Component of genetic variance due to the
dominance effect of the genes;

H2 = H ^ w n - T ) 2] where,
u a proportion of positive genes in the parents
V = proportion of negative genes in the parents
2h a dominance effect (as the algebraic sum over

all loci in heterozygous phase in all the 
crosses);

= variance of the parents;
V1L1 = mean variance of the arrays;
70L  = variance of the mean of the arrays;
V/qLo1 a mean covariance between parents and the arrays

(HL--MLq) = the difference between the mean of 'p' parents
and the mean of P(p-1) progenies and

E = the expected component of variation due to
environment.

To test the validity of the assumptions of diallel 
oross *t' test was used*

2Vnr .MjBrckr. Wr)M||||M J U  
(Vor.VrxVar*1fr) -Cov (Vr,Wr)

+2 n-2I 3 ~ir

Whioh is an P with 4 and (n-2) degrees of freedom
(Singpi end Chaudhoryf 1979)#

The standard errors, to test the significance of 
the components of genetic vorianoo, were calculated using 
the! following formula*



Standard error (S.E)(D) a (38 x OD)*
(S.E)(F) a (S2 x OF)*
(S,E)(H^) a (s2 X C^)*

(S.E)(H2)I a (S? X

(S.E)(E)j => (S2 x CE)*

Where, S2 a -J- Var (V.’r-Vr) and CD, CF, CĤ , CHg, Ch2 
and CE are the multipliers, the berms of the main diagonal 
of the covariance matrix given by Hayraan (1354).

The significance of the various statistics was tested 
by *t' test at n-2 degrees of freedom as

HI I Estimate ________________t = rr-o.ii. of estimate

The allied genetic par'imotcrs lil:c degree of dominance, 
proportion of the genes with positive end negative effects 
in the parents, proportion of dominant and recessive genes 
in the parents woro also estimated.

jiii  ^Mean dogreo of dominance was given by When
the ratio was more than one, over dominance was indioated, 
whan equal to one, oomplote domlnanoe and whnn lose than one, 
it was a case of partial dominance.

2
The ratio H0/4 H- ■ - ^  ■ ■ uvi

4(4 uvh >
giveo the product of gene frequencies.



I f  n ■ t  a i ,  then Hg/4 H- » 0.25- Any discrepancy in gene 
frequency gives a value less than 0.25.

The proportion of dominant to recessive genes in the 
(4DH..)**Fparents

v) Estimation of heritability in narrow sense
Heritability in narrow sense is defined as the ratio 

of additive and/or additive x additive genetic variance to 
the total phenotypic variance. Narrow sense heritability 
was estimated as percentage both in and Fp according 
to Mather and Jinks (1971) and as suggested by Verhalen and 
Murray (Singh and Chaudhary, 1979) respectively, using the 
formula.

■JrDHH.j-iHp-iF
Heritability (F^) =
(narrow sense)

Heritability i
(narrow eonoo) I S  t X  _ 1 F+E

vi) Analffljjf oroatod variability 
ft) Means and variances

Detailed observations on quantitative traits likei-
1) Plant height at maturity
2) Number of primary productivo branches per plant
3) Number of produotlve nodoo on main axis
4) Number of pods on main axis



5) Total number of pods per plant
6) Seed yield per plant 

1000-seed weight
8) Oil content and
9) Number of days taken for first flowering were 

carried out from the Fg generation. The mean values were 
calculated for the parents and Fp progeny. The variance and 
coefficient of variation were calculated for individual Fp 
families and parents. Using 'F* test the variances of 
different Fg families were compared.
b) Frequency and spectrum of Fg distribution

Detailed observations on individual plants of each 
oross for the various quantitative characters were made in 
the Fg generation and the phenotypes were grouped under 
different classes to analyse the frequency ond spectrum of 
created variability. The different class categories selected 
for each characters wore as followsi-

(1) Plant hoi ght
Category Class interval

3

1

2
Dolow 63 cm 
63 to 108 om 
Above 108 cm

(2) Number of primary productive branches per plant 
Category Class intorvnl

1 Below 0*3



2 0.5 to 5.0
3 3.1 to 5.6
4 Above 5.6

Number of productive nodes on i
Category Class interval

1. Below 15
2 15 to 30

31 to 46
4 Above 46

Number of pods on main axis
Category Class interval
1 Below 21
2 21 to 30

3 31 to 40
4 Above 40

Total number of pods per plant
Category Class interval

1 Below 20
2 20 to 40
3 41 to 60
4 61 to 60
5 Above 80

Seed yield[ per plant
Category Olase interval
1 Below 3«0 g
2 3.0 to 6.5 g
3 Above 6.5 g



(7) 1000-seed weight
ate gory Class Interval
1 Belov 2I5 g
21 2.5 to 3.5 g
3 Above 3.5 g
Icont

Category Claas interval
1 Below 4-0#
2 40 to 50#
3 Above 50#

(9) Number of days taken for first flowering 
Category Claoo interval

1 Below 35 days
2 35 to 41 days
3 Above 41 days



RESULTS



EXPERIMENTAL RESULTS

! •  yariab llity nrmi yg< a

A. Varietal evaluation
Bata oolleoted from forty four varieties of sesamum 

are presented in table 4* Statistical analysis of the data 
exhibited significant variation in respeot of all the ten 
characters studied. Multipoded and multiloouled characters 
were excluded from statistical analysis and henoe only there 
were ten characters for variability analysis*

The height of plants varied very much with a range 
in value from fJ3 &o cm in V,9 to 112 cm in ^25* Por 
of primary produotlve bronchos the lowest value of 1 *26 was 
reoorded by and the highest value, 6.0 by Vg. The 
nuobor of productive nodes on main axis ranged from the 
minimum value of 10 in V39 to the maximum value of 30* as 
reoorded by 7^3 • *'or n<un̂ er pods on main axis also the 
variation was very ouch. It ranged from the minimum value 
of 11.86 in Vg2 to the maximum voluo of 41.33 in Vg,- • Total
number of pods per plant varied vary widely from the minimum
value of 20.00 in V-^ to the maximum value of 133.53 in V ^ .
for seed yield per pltfit the highost value (21.03) was
reoorded by Vge end the lowest (3*60) by V17 • Number of 
seeds per pod varied from 47.73 In V^ to 69.20 in V4l. The 
highest value of 4.00 g for 1000-seed weight was reoorded in 
V41 and V19. The lowest value of 2.53 was reoorded in



For oil content the nwrinmin percentage was reoorded by 
T0 (65.33) and the minimum by V2Q (34.66). For firat 
flowering Vg and V^- took the minimum days of 34.33 while 
742 took the maximum of 55.33 days.
B. Genetic parameters

Analysis on components of variance, coefficient of 
variation, heritability and genetic advance for the different 
characters arc presented in table 5.

The phenotypic vorionoe for the different characters 
ranged from the mini pun of 0.26 for number of seeds per pod 
to the maximum of 542.79 for total number of pods per plant. 
The values of phenotypic variance were 209.42, 3.13* 31.42,
56fG6, 15.64* 45.10, 50.74 and 50.50 for height of plant, 
number of primary productive broncheo, number of productive 
nodes and podo an main oxlo, ooed yield per plant, 1000-seed 
weight, oil oantent and nunbor of days for first flowering 
respectively •

Genotypic variance for tho different oharootero 
ranged from the minimum of 0.12 for number of oeeds per pod 
to tho maximum of 260.73 for total podo per plant. The 
values of genotypio variance reoorded were 65.12, 1.47, 7.44* 
29.20, 5.84, 20.03* 46.77 end 25.00 for hei(£it of plant,
rnrtber of primary and productive branches per plant, number 
of productive nodea on main axis, number of pods on main axle, 
seed yield per plant, 1000-seed weight, oil content and 
umber of days for first flowering respectively.



fable 5 • Components of variance, coefficient of variation, heritabilityin sesanup. auu genetio advance

31. Characters 
No.

VarianceEnviron-
nentol

Geno
typic

iheno-
typic

Coefficient of variation 
Phono- Geno- 
ty pi c typi c Herita*bility

Genetio advance 
(as percentage over mean)

1. Height of plant 
maturity 144.30 65.12 209.42 17.89 9.98 0.31 9.44

2. Number of primary and productive branches/plant 1.65 1.47 3.13 48.50 33.27 0.47 39.94
3. Number of productive nodes cm main axis 23.98 7.44 31.42 29.30 14.26 0I23 12.17
4. Number of pod 3 cm main axis 21.5Q 29.28 56.86 36.28 26.03 0.51 32.78
5. Total pods per plant 274.06 268.73 542.79 52.14 36.69 0.49 45.42
6. Seed yield per plant 9.79 5.84 15.64 53.50 32.70 0.37 35.09
7. Number of seeds per pod 0.15 0.12 0.28 17.14 11.47 0.45 10.80
e. 1000-seed weight 22.35 28.83 45.10 15.29 10.87 0.50 13.53
9. Oil rontirk •- 11.96 46.77 58.74 16.35 14.59 0.79 22.87

10. Number of days for first flowering 24.77 25.80 50.50 12.04 8.60 0.51 13.59



Environmental variance ranged from 0*15 for number 
of seeds per pod to ^74*06 for total pode per plant. The 
values of environmental variance reoorded for other characters 
were 144*30 for height of plant 9 1.65 for number of primary 
productive branches, 23*98 for productive nodes on main axis, 
27*58 for number of pods on main axis, 9*79 for seed yield 
per plant, 22*35 for 1000-seed weight, 11*96 for oil content 
and 24*77 for number of days for first flowering*

The phonotypio coefficient of voriation was minimum 
for numbor of days for first flowering (12.04) and was 
oaxioun for ooed yield per plant (53*50)• It was closely 
followed by tho character total podo per plant having a value 
32*14* The values recorded for tho other characters were 
17.89, 40.50, 29.30, 36.20, 17*14, 15.29 and 16.35 for plant 
height, number of primary productive bronchos, number of 
productive nodes on main axis, number of pods on main axis, 
numbor of coeds por pod, 1000-oood weight and oil content
reopootlvoly •

Genotypic oooffioiont of variation was minimum for 
number of days for first flowering (0.60) and maximum for 
total pods par plait (36.69). The values for tho o her act era, 
numbor of primary produotLvo branoheo and seod yield por 
plant (33.27 and 32.70 respectively) were also oloaa to ths 
mnximm vnluo. Tho values!roooidod for the remaining 
char no tors like, plant height, numbor of produotivs nodes an 
main Axis, numbsr of pods on main axis, number of seeds par



UTlrcBSBflDital variance ranged from 0*15 for number 
of seeds per pod to 274*06 for total pods per plant* The 
values of environmental variance reoorded for other characters 
were 144*30 for height of plant , 1.65 for number of primary 
productive branches, 23*96 for productive nodee on main axis, 
27*56 for number of podo on rmin axis, 9*79 for seed yield 
per plantf 22.35 for 1000-seed weight* 11.96 for oil content 
and 24*77 for number of days for first flowering*

The pfaonotypio cooffioient of variation was minimum 
for number of days for first flowering (12.04) and was 
maximum for seed yield por plant (53*50). It was closely 
followed by the character total podo por plant having a value 
52.14* The values recorded for the other characters were 
17*69t 46.50, 29.30, 36.26, 17*14, 15.29 and 16.35 for plant 
height, numb or of primary produotivo brandies, number of 
productive nodoo on main axis, number of pods on main axis, 
number of ooedo por pod, 1000-ooed weight and oil eon tent
reopootively•

Oenotyplo oooffioiont of variation was minimum for 
number of days for first flowering (Q.60) and maximum for 
total pods por plant (36*69). The valuoo for tho oharaotore, 
number of primary produotlve brnnohen and seed yiold por 
plant (33*27 end 32*70 respectively) were also olooe to the 
mn-rimun value. The values roooidod for the remaining 
characters like, plant height, numb or of produotlve nodea on 
main axle, number of pods on main axle, number of soada per



pod, 1000-seed weight end oil content were 9*98, 14.26, 26.03, 
fMftt 10.87 end 14.59 respectively.

The heritability values for the different characters 
ranged from the minimus of 0.23, recorded for number of 
productive nodes on train axis to the maximum of 0.79 recorded 
for oil content. The heritability values did not show much 
difference for nunber of podo on uain axis (0.51 ), number of 
days fbr first flowering (0.51), 1000-seed weight (0.50) and 
total pods per plant (0.49). Heritability valueo for the 
other chorectera were 0.31 for plant lioight, 0.47 for number 
of primary and prou active broncho a per plant, 0.37 for soed 
yield por plant and 0.43 for numbor of seeds per pod.

■ laidmum jemabic advance (45.42) wao reoordGu for total 
podo por plant and ima minimum (9*44) for plant height at 
maturity. The values of genetio advanoe recorded in the 
other characters woro, 39.94 in numbor of urinary productive 
branohoa por plant, 12.17 in number of productive nodes cm 
main /ixlo, 32.70 in numbor of pods on main axis, 35.09 in 
oeod ylold yor plant, 10.00 in number of oocdo per pod,
13.53 in 1000-seod uol/jhb, 22.07 in oil oontcnt and 13*59 
in numbor of flays for first flowering*

0 • Covariance Qjnd oorrQlatlona
Analysis of covorlanoa waa done in all the possible 

combinations f or different pairs of oharaotare. The geno
typic, phonotypio md  environmontal oovnrienoe ooaponmti



w t q  canputed and sr6 presented In table 6« From tas 
variances and covariances the genotypic gmfl phenotypic 
correlation cosfficleato uoro also estimated end are 
presented in table 7* The different pairs of characters 
showed different degrees of correlations. Among the 45 
character pair combinations, 14 were significant| 10 at 1 
per cent level end 4 at 5 por cent level in the genotypic 
correlation coefficients. In the phenotypic correlation 
coefficients 14 ware significant at 1 per cent level and 4 
wore significant at 5 por co.ut level. In the environmental 
correlation coefficients, 1/1 out of 16 were significant at 
1 por cent level end the root at 5 per cent level*

Plant height showed a positively significant corre
lation with ;vu lber o? productive nodes vr* oinin aris, nunbor 
of pods on main oodo, total pofs per plant end weight of 
Mods per jlrnb both at phenotypic and genotyvlo levels.
Bat It oorrclafceu id th number of primer., productive 
brenobQ.i per plant only at fci<enotupie level. Rnvlronnarirh. 
correlation uoaffloicnbs were also positively significant 
In all bhn above ahamctcr Anlra.

Number of* jcioaay produotlvj branches i/er plant 

lihouod positively s i^ if lo a n t  gcnobyplo oorrolobian with 
total pods i-ior i'lant, sood ylall* por plant and number of 
day* for fircb flowering. Hub tlio correlation was negative 

in tho ooae of number of days for f i r s t  floworj^ig. At 
phenotypic liv e l nunbar of primary productive lnanohos



Height of 
plantl at ( ^ 1/4 ) 
maturity

No. of primary
productive
bronohea

No. o f produc
tive nodes an 
■tin a x is

No. o f pods 
on main a x is

Total pods/ 
p in t

Seed y ie ld /  
plm t (  j )

No. of acedo/ 
pod

1000-oeed 
weight ^ )

Oil Content(i)

No. of daye to
f iro t
flowering

Gr3P
G
n
J

P
G
SP
G
EP
GE
P
G
E
P

GEP
GEP
G
EP

Height
of
plant at 
maturity

No. of 
primary 
produc
tive
branohee

-------------

3.1647 5.6080 
8.7734

No. of 
productive 
nodes on 
main axis

No. of 
podo on 
main 
axio

12.5868 23.8962
40.3723 34.671952.9591 48.5682

■ H l l0.7079 -0.10951.3268 0.39841.0948 0.1983
11.3110

• 15.6663
26.9773



covariance between different characters

Total 
pod a/ 
plant

91.738478.5212
170.3874
11.9970
7.738519.7356

29.2292 
35.4209 64.6501
64.210232.5960
96.13062

oeedyield/
plant

No. of 
aeeds/ pod

1000—seed weight
)

15.7334 0.3810 11 .449b 0.1099 
27.1883 0.4909
1.8294 -0.1604 0.7328 -0.0031 2.5622 -0.1655
4.6455 0.1055 4.3022 -0.2117 8.9477 -0.1062

9.3238 -0.0956 
5 .1662 -0.2021 
14.4889 -0.2976
41.9847 -0.7135 33.8775 -1.1652 75 . 3622 -1.8847

0.0049-0.1756-0.1689

2.7356
5.08997.8257
-1.4259 0.5626 
- 1.0632

2.5427-0.7542
-3.2969
4.98120.1881
5.1693

-29.2280 
-0.8343.30.0626
-5.25291.4385 -3.8144
0.18040.11180.2922

Oil 
content
(JO

-5.7609
-0.1947-5.9637
-0.7167-0.0834-0.0002
1.3876 0.5576 
1.9453
2.1874-0.15912.0283

-16.4616
0.47J -15.91

- 1.8652 -0.4896 -2.45 48
-0.2329 0.1186 
-0.1143

8.2396 -0.7252 7.5144

-4.750621.098916.3481
-4.07741.1487-2.9287
-4.57699.64395.2670
-0.79845.21174.4133
-15.914317.38571.47H

- 2.70462.4137-0.2906
0.9716
-0.25770.7139
3.51933.1*256.6623
1.31 -1.51-0.1967



Helghtlof 
plant at ,, 

turity

Ho, of primary 
produotlve 
branohe a

No, of produc
tive nodes on 
putln ax is

Ho, of podo 
on naln 
axis

Total ijodo/ 
plant

Seed y ie ld /
plant

V

Ho. of seeds/ 
pod

1000-aeod 
vtififrt ( r .j  )

Oil oontentuil 00

?o. of days 
to f l r o t  nowarin«

--------------

G
EP
GEP
G
E
P
G
E
P
GEP
GE
P
G
E
P

G
E
P

GE
P

Height No, ofof primary
plant at produc- 
maturity tive

) branches

0.3230 
0.3626** 
0,5426**

No. of productive 
nodeo on 
main axis

Ho. of 
pods onmairfr
axis

0.5717* 0.5472*
0.6862** 0.5496*
0.6528** 0.5367*
0.2319 -0.0167
0.2104* 0.0456
0.2115* 0.0146

0.7663*
0.6091*0.6381*



Total
pods/plant

Seed 
yield/ 
plant

0.6944** 0,QOC>7** 0.5940* 0.3045**
0.5054** 0.4750**
0.6020** 
0.3630**0.4736**
0.6536*-
0.4369**0.4949**
0.7238**0.3749**0.5510**

0.6235**0.1813O.366O**
0.7044*
0 . 2606**
0.4035**

0.1313
0.0230
0.0633
-0.3676
- 0.0061
-0.1725
0,1077-0.1038
-0.0353

0.7127** -0.0492 
0.3143**0 . 4858** -0.0737
1.0005*
0.6538**
0.8233**

- 0.1222-0.1722
-0.1510
0.0556-0.1399-0.0797

0.07090.0396
0.0804

-0.245S
0.0596
-0.0893
-0.1951-0.0326
—0.0074
—0.1926-0.0076
-0.1019
-0.3731-0.0106
-0.1919
-0.45470.0972-0.1434
0.10500.05960.0311

-0.1045-0.0047-0.0537
-0.0863-0.0167-0.0589
0.07430.0329-0.0452
0.0591-0.00860.0350
-0.1468
0.0084-0.0895
-0.1188-0.0452-0.0809
-0.09460.0884-0.0279
0.2521
-0.0413
0f145B

-0.1159* 0.3529** 0.1536
-0.6611**0.1792-0.2326**
-0.33030.4038**
0.1320

- 0.0290
0.19940.0622
—0.1911 0.2109* 0.0088
-0.2202 
0.1549 —0.0103
0.5323*-0.13040.1674*
0.14490.13360.1393
0.0379 -0.0881 

-0.0036



shoved positively significant correlation with sorter of 
jroductive nodes on main axis, total pods per plant end seed 
yield per plcnt, ^it It ohowed algnlflcent negative oorre~ 
lotion with sorter of eeede per pod and sorter of deys for 
flr3t flowering.

Ltobor of produotlve nod on on tiiafn axis showed 
positively olgnifleant correlation. with number of podo cn. 
nfl-in aiciot total podo per plant end seed ylold per plant at 
gonotypic levol. At nhanofcyplo end onvtronnicnt al levels 
also the correlation ccGfflcianto wora poaitively significant 
for tai.: cbov: oh&raoter om.birtntion.Oe Timber of productive 
noueo oil mein ax in s' owe) ponltivoly sil'piifioant correlation 
with irxaber o? deyr for firot flowering only at environmental 
levels 1 Timber of pods on rain axis recorded positively 
significant correlation with total podn per plant end ooed 
yield por plant at genotypic j  phanotypio end environmental 
levolo.

7)10 correlation oooffiolcntc were pooltlvely oigni- 
fleant at gcnotyplo, phanotypio end environmental lovolo 
between total polo par plant and oood ylold par plant* Total 
pods per pi -i*'» sfcowod a nogntlvoly oigniiiccnt correlation 
with 1000-oood weight at phanotypio level. Tbit it ohowed 
pCTLtivo pigplfioKiee with nunbnr of flaye for f lr ot f loir 05 .in/, ■

Hunbor of aoodo por pod nhoved significant t ,onott, plo
and phenotypic correlation with number of dnyo for firol 
floorer Inge



In order to obtain a clear picture of the cause and 
effect relationship of various plant characters and seed 
yield* a path-coeffioient analysis was undertaken. The 
observed Gcnobypio correlation coefficients were partitioned 
into direct and indiroot effects. The direct and indirect 
effecto of the components ore presented in table Q. The 
causo effect relationship brought out by the path-coefficient 
analysis is represented diagram iicnlly in Fig.1.

Among ths five componentd of seed yield* the direct 
cffeot was highest for total pods por plant (0.7930) 
followed by height of plant (0.2123) » number of productive 
nodes an main axis (0.0809) and number of primary productive 
branches per plant (0.0572). Humber of pods on main axis 
had nogativo offoct (-0.0306). Tho effect of all other 
attributes wore nob conoidorod in tho model* i.o. tho 
rooidual of foot works out bo only -0.0295604.

Tho indiroot offooto of tho above oharnctoro aro also 
conoidorod. Holghb of plant had a otrong positive correla
tion with oood ylold (0.0067) and shoved a dlroob positive 
offoct of 0.2123. I bo indirect offoct via number of primary 
productive bronohoo por plant* number of productive nod00 

on main axis and total podo por planb were 0.0105, 0.0463 
and 0.5500 rospootlvoly* the maximum boing through total 
pods per plant. Indirect of foot through number of pods on 
main axio woo negative* the value being 0.0211.
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Variables
Direct 
effect 
on seed 
yield

Indirect effects on seed yield via
Height of 
plant at 
maturi ty

Number of 
primary 
productive branches/ 
pi art

Number of produc
tivenodes on 
main axis

Number of pods on 
main axis

Total Total pods/ oorre- 
plant lations

Height of plant at 
maturity 0.2123 0.0105 0.0463 -0.0211 0.5500 0.8067
Number of primary 
productive branches/ plant 0.0572 0.0606 0.0108 0.0006 0.4781 0.6232

labor of productive nodes on main axis 0.0009 0.1214 0.0133 - -0.0296 0.5184 0.7044

Humber of pods on main axis -0.0306 0.1162 -0.0009 0.0620 - 0.5741 0.7127

Total pods/plant 0.7930 0.1475 0.0345 0.0529 -0.0279 0.9999

Reoidual factor -0.0295604



m

Woaber of primary produotlve branches per plant also 
hid oigalfic^nt positive correlation with seed yield» the 
correlation coefficient being 0.6232. Its direct effect on 
□eed yield was 0.0572. Indirect effects via plant height, 
number of productive nodeo on main axis, number of pods on 
main axis and total pods per plant were 0.0606 , 0.0188, 0.0006 

and 0.4781 respectively• Hore also the above character 
influence□ the yield, maximum through total pods per plant 
indirectly.

Uunber of produotlve nodes on main axis was strongly 
end positively correlated with seed yield, the correlation 
ooofficient being 0.7044. It exerted a direct effect of 
0.0309. The indiroat effeoto via plant height, number of 
primary productivo branches per plant and total podo per plant 
were positive, tho valuoo being 0.1214, 0.0133 and 0.5184.
?ho Indirect offcot was maximum via total podo por plant. 
Indirect of foot through number of podo on main axio was 
negative, tho valua bolng 0.0296.

Wi lber of podo on main axio ohowod oignifleant 
ponLthve oorrolctlon with oood ylfcld, the correlation 
coefficient being 0.7127 but the diroot of foot on oood yield 
was negative, tho value boing 0.0306* The indiroot effeot 
via plant hoi £h b aal number of produotlve nod eel on main axis 
and total p'ldo per pleat wers positivo, the values bolng 
0.1162, 0.0620 w d  0.3741 respectively. Maximum indirect 
affect was via total pod el per pl«t. Indirect ciffeot. via



number of prinoâ y productive bronchos per plant was negative, 
the value being 0.0009.

Total pods per plant hod tho highest significant 
correlation with seed yield (O.9999). Ite direct effect on 
seed yield waa high the value being 0.7930. Its indirect 
effects via plant height v number of primary productive 
branchoo per plant ocd number of productive nodes on tmin 
axis were positive, the values being 0.1475 , 0.0345 and 0.0529 

respectively. The maximum indirect effect was through plant 
height. Indirect effeot via number of podo an main axis was 
negative, the value boing 0.0279.

Anong the different yield oonponcnto studied, total 
podo per plant hod the highest correlation (0.9999) and the 
ro-tim n  direct effect on aoed yield (0.7930). The seoond 
important yield component uao plant height. The correlation 
coefficient v/ao hi£i (0.0067) and the direot offect (0.2123) 
.ma more than its indirect effect via othor ohnraotero.

Tho third Import ant ylold component was numbor of 
productive nod on on nnin oxio. Tho oorrolation ooeffioiont 
waa hl^h (0.7044). Bvanthough ito diroot effoot an seed yield 
is low It had higher positive lndireot offeot via totol pods 
per plant (0.51B4M and pln-it hei^xi (0,™14)»

The fourth Inportent yield etjjtributo woo number of
primary productive branoh n per plertt. It hod eignifioant 
positive correlation ooeffloi®it of 0.6232. Kvwi though its 
direot effeot on need yield was only 0«0fff2 its indlreefy



effects via total podo per plant (0*4-761) and plant hei&it 
(0.0666) were higher and positive*

The fifth yield component viz., number of pods an mln 
axis shoved high correlation (0*7127) with seed yield but 
exerted a negative direct effect on seed yield (-0*0366)* Its 
indirect effects via total pods per plant (0*5741), plant 
height (0*1162) and number of productive nodes an main axis 
(0*0620) were positive and the maximum being through total 
pods per plant. Indirect effect through number of primary 
productive branches was negative bub was very much low*
II • Cyto.ienotio analysis
A • Performance enal.yaio in single cross hybrids

Tho neon values and tho analyaio of variance in tho 
single cross hybrids (F*) and parents with roopeot to the 
nino charaotoro aro presented in tablo 9*

dignifioont differences wore exhibited oy who hybrids 
aver their parents for all tno oliaraoboro oxoopt oil oontent* 
The roaults aro summarised below.

Plant height at maturity 1
The moan height reoorded by tho parents ranged from 

64*90 to 107.25 on In and respootlvoly whereas it
rongod ffcor 70*35 to 121.40 cm in the hybrids, V2 x and 
Yg x respectively. Among tho hybrids, the hsight was 
intoroodiate to those of parents in most of tha crosses*
The variation in plant hsl/fht of single oross hybrids and



Table 9- Phenotypic expression in various yield attributing characters in the single oroaahybrids (P-‘s) and parents.

31. Treat enta 
No.

Number 
of days 
for first 
flowering

Plant
height
at
oaturity
(in go)

Humber 
of pri
mary 
produc
tivebranches/
plant

Hunber of 
productive 
nodes on main axis

Humber of 
podo on 
main axis

Total 
number 
of pods/ 
plant

Seed 
yield/ 
plant (in g)

1000-seed 
weight 
(in g)

Oil
content(Percen
tage)

1 . 2 48.00 96.40 3.10 19.75 19.75 58.15 7.21 2.6s H 44.50
2 . 2 x 25 48.00 106.75 4.90 20.95 20.60 56.85 18.04 2.69 61.33
3. * x 13 39.50 78.35 3.40 16.20 14.70 79.70 10.82 3.06 50.13
4. 2 z 29 45 .50 92.65 inO.tn 17.85 16.30 59.85 7.87 2.50 55.53
5- 2 x 37 44.00 95.40 3.60 23.30 20.45 76.30 7.66 2.98 39.29
6. .2 x 41 47.50 121.40 2.75 22.80 23.15 62.90 6.73 3.06 44.03
7. 25 43.00 106.65 4.55 25.70 25.60 72.15 9.30 3§18 41.91
8. 25 x 13 40.50 99.30 4.70 21.05 21.05 54.55 5.08 2.42 58.17
9. 25 x 29 43.50 104.95 3.35 25.70 27.20 60.45 8.29 2.94 52.42
10. 25 x 37 47.50 97.70 1.70 24.05 35.95 44.95 6.63 2^62 46.74
11. 25 x 41 50.50 110.75 2.80 20.50 19.70 70.45 10.58 3.06 52.04
12. 13 39.50 64.90 3.25 12.10 12.10 24.45 6.46 2.97 42.25
13. 13 x 29 43.00 82.40 3.50 14.65 16.30 73.70 12.08 2.59 48.08
14. 13 x 37 40.50 83.15 2.75 19.10 19.10 58.90 9.29 2.36 65.25
15. 13 x 41 47.00 104.20 3.65 19.60 19.65 74.45 11.61 2.89 61.25



31.No.
Trsatsaaits Nuuber Plant 

of days height 
far at 
f i r s t  oaturi ty fiercer— (in cm) 
in&

[limber of pri-
uary
productive
branches/plant

Number of Number of 
productive podo on 
nodes on main main axis axis

Total 
number 
of pods/ 
plant

Seed 
yield/ 
plant 
fin g)

1000- 
seed 
weight 
(In g)

Oil
content(Percen
tage) a

16. 29 45.50 107.25 3.50 24.45 25.05 95.60 13.21 3.30 53.91
17. 29 x 37 42.50 94.40 2.70 21.15 23.95 57.95 11.20 3.14 51.17
18. 29 x 41 47.00 116.55 3.20 25.05 24.20 106.70 14.99 3.04 59.08
19. 37 40.50 81.00 0.75 21.20 22.05 36.40 6.39 2.78 46.99
20. 37 x 41 45.50 95.90 1.70 18.40 18.05 44.10 7.33 3.02 53.50
21. 41 56.00 79.60 1.85 11.30 10.05 23.60 3.79 4.19 43.49

1. • -J qi 33.32** 593.31** 2.14* 53.66* 62.32* 844.98** 15.69* 0.30** 90.95

C .D• 6.10 21.09 2.06 7.00 9.81 23.79 5.27 0.57 -

* Signifleant at 5 per cent level
** Significant at 1 per cent level

coo<i



Humber of primary productive branches per plant i

number of primary productive branches in tbs 
parent g ranged from 0.J5 to 4.55 • The mini nun was recorded 
by Vyj end the maximum by 7^. Among the hybrids, tho minimum 
number of primary productIvo bronchos (1.70) was recorded in 
the crosses Vg~ x 7 ^  and 7„^ x 7^. Maximum number of 
primary productive bronchos (4*90) was observed in lIic cross 
Vo x Vgc • In moct of the croc sco the number of branches was 
intermediate to thooo of the parents. The variation in the 
nmbcr of primary rroduotivc bronchos per plant in the single 
crooo hybrids and parents io represented in Fig.3.

number of productive nodes on main axint
Humber of productive nodes un uaLi oxio showed a wide 

range of variation in the parento. It ranged from the mininum 
of 11.30 no reoordad by to tho maximum of 25.70 in . 
Anonj tho hybrids, tlio minis uu vsluo of 14.i>:> woo recorded 
by the cross 7 ^  x /gg wliila lha maximum value 25.70, was 
reoorded by 7ge x 2̂9* In all tho orooooa number of 
productive nodeo an main axis woo intojreuxllato to those of 
the parents. The variation for numbor oC productive noduaj|gJ| 
on iruxin axis in the single orooo hybrids and p-va:<\̂ o io
represented in Pig. 4#
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Ember of pods on exist

The number of pods on 
varieties ranged from the mi
to the maximum of 25 .60 recorded by Vgn whereas the value 
ranged from the minimum of 14.70 reoorded by Vg x V ^  to the 
maximum of 55.95 reoorded by V25 x 1 . The hybrids showed
a wide range of variation compared to their parents. In all 
the hybrids tho values were found to be intermediate to those 
of the parents. Variation for number of pods an main axis 
in the single cross hybrids and parents is represented in 
Fig.5.
Total number of pods per planti

Totol number of podo per plcnt in parents ranged from 
the minimum of 25.60 recorded by V^ to the maximum of 95.60 
reoordod by Vgg. Aiaang the hybrids , tho range woo from the
minimum of 44.10 reoorded by ^  maximum of
106.70 reoordod by Vg9 x V ^ . Tho values reoorded by hybrids 
were intermediate or highor than tho parental values. 
Variation for total numbor of pods por plant in tho oinglo 
oroao hybrids and parents io ro pro sen tod in Fig.6.

peed yield per plant 1
Among the parents sood yield per plant 

in V41 (5.79 g>. Mwdjn* seed yield per plant wae reoorded
by (15.21 f)* Among At froa ***•
minimum of 5.08 g reoordod by V ^  x V ^  to the iuud.«ixi Of



r ig &  S e e d  w e i g h t  per  plant in the parents and single anddouble Cross hybrids
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14 *99 g recorded by Vgg x * The hybrids were intermediate 
or better than (both the parents in their yielding ability*
The variation for seed yield per plant in the single arose 
hybrids and parents is represented in Pig.7.
1000—seed weight

•'’eight of 1000 seeds ranged from the minimum of 2*68 g 
in Tg to the maximum of 4*19 g in V.^* The range for this 
character among the hybrids was from the minimum of 2*36 g 
reoorded by x V,y to the maximum of 3*14 recorded in 
V29 * T37’ The hybrids showed a very narrow range of varia
tion* They were intermediate or inferior to their parents* 
The variation for 1000-seed weight in the eingle cross hybrid 
nrvri parents io represented in Pig*8*

Oil oontent *
Tho poroentogo oil con tent among tho parent □ showed

range
53*91 in V . Among tho hybrids it ranged from the minimum29
of 39.29 rooorded by V2 x to a maximum of 65.25 reoorded
by V*, % V The hybrids recorded la wide rongo of variation *3 37
The hybrids In general wero intermediate or bettor than 
their parents in thoir oil yield* Tho variation for oil 
content in the single oroaa hybrids ond p a r  onto is represented
in Fig* 9*
number of days for first flowering«

Th. rango of wlrtlon for n«*or of 4*y- for fl nt.



ranged
of 56.00 recorded by V - ^ .  Among the hybrids, the range wao 
from the minimum of 39.50 reoorded by Vg z V^- to a mazinnm 
of 50.50 reoorded by Vg,. z V ^  • The hybrids ohowed a narrow 
range of variation. The hybrids were intermediate or early 
flowering typeo when compared to their parents. The varia
tion in duration for first flowering in the single cross 
hybrids and parents is represented in Pig. 10.

A-1. Heterosis In alnrlo croso hybrids
Data collootod from diallel analysis involving six 

variation end ana cot 0:? hybrids wore analysed statistically 
and tho results ore presented bolow.

Tho analysis of variance was conducted with respect to 
all the charactors to toot tho significance of orooses and 
parents and are presented in tnblo 9. Tho hybrids and parents 
showed significant differenooo for all the characters studied.

Tho extant of hotorooio wao calculated in comparison 
with tho mean value of the bettor parent as well as with the 
mid-parental values. In tho ostlmation of heterosis for 
•arlinesB, tha early flowering parent □ wero conoid orod os 
better parents. Tho data and the percentage of hotoroeie 
over mid—parent and better parent with roopeot to vorloue 
ohoraotere are presented in tables u D l o  10-3*

Plant height at maturity 1
m.vi. in 4 4Vj» MHPAflnifi n of hctaroflii nrnlfeefced



'Table 1#— 1. on heteroais JLn single croaa hybrids
si.No* Parentsandhybrida

Percentage of 
heterosis over 
H X  Setter 
parent parent

Mean number
of primary productive branches/ plant

i wm+mm mm* mm mmmm mm mm* mm mm warn mm*mam mm mam mmm m m

Percentage of heterosis over 
hid ^Better 
parent parent

Mean number of produc
tive nodes an main 
axis

Percentage of
m r ” 0,,1BattS
parent parent

Keanpleat
height

1. 2 96 -40 - - 3.10 - - 19.75 - mm

2. 2 x 25 106.75 5.14 0.09 4.90 27.93 7.69 20.95 -7.83 -18.48
3. 2 x 13 79.35 -2.85 -18.72 3.40 6.92 4.62 16.20 1.89 -17.97
4. 2 x 29 92.65 —8.11 -13.61 3.85 16.66 10.00 17.85 -19.23 -26.99
3 . 2 x 37 95.40 75.54 -1.04 3.66 86.53 16.13 23.30 13.77 9.91
6 . 2 x 41 121.40 37.95* 25.93 2.75 10.89 -11.29 22.80 46.81* 15.44
7. 25 106.65 — — 4.55 - - 25.70 - -
Q 25 x 13 99.30 15.77 —6.99 4.70 20.51 3.29 21.05 11.38 -18.09
9* 25 x 29 104.95 -1.97 -2.14 3.85 -4.47 -15.38^ 25*70 4.47 0
10. 25 x 57 97.70 4.07 -8.39 1.70 -35.85 -62.64 24.05 2.56 -16.20
11. 25 x 41 110.75 13.92 3.34 2.80 -12.50 -38.46 20.50 10.81 -20.23
12. 13 64.90 - - 3.25 - - 12.10 - -
13. 13 x 29 82.40 -4.28 -23.17* 3.50 3.55 0 14*65 -19.86 -40.08*
14. 13 x 37 63.15 13.98 2.65 2.75 37.50 -15.38 19.10^H 14.72 -9.91
15. 13 x 41 104.2© 4^.22* 30.90* 3.65 43.14 12.31 19.60 67.52* 61.98*
16. 29 107.25 - - 3.50 - - 24.45 - -
17. 29 x 57 r 4 .40 0.20 -11.99 2.70 26.76 -22.86 21.15 -7.36 -13.49
18. 29 x 41 116.55 24.75* 8.67 3.20 19.40 -8.57 25105 40.10* 2.45
19. 37 81.00 - - 0.75 - - 21.20 - -
20 * 37 x 41 95.90 19.43 18.39 1.70 30.77 -8.11 18.40 13.23 -13.21
21. 41 79.60 — — 1.85 - - 11.30 - -
S.D.CQ.05) 18.27 21.09 1.78 2.06 6.07

t wmm • Wi

7.01

♦Significant at 5 per cent level



V

by the fifteen hybrids over their mid—parents better 
parents • Compared to the mid—parental value v the percent age 
of heterosis in the fifteen hybrids ranged from —0.11 to 
75,54. Positive heterosis was found in eleven hybrids viz.,
V2 * V37 (75.54), V13 x (44.22), Vg x V41 (37.95),
29 * V41 (24.75), V ^  x V41 (19.43), Vg5 x V41 (18.92). x

P$l3 (^*77), x \r3y (13*98), Vg x ̂ 25 (5.1)4), x Vyj 
(4.07) and Vg^ x V-^ (0.29). Pour hybrids recorded negative 
hetorosis. They were Vg x V13(-2*85), Vg x V2g (-8.11),
Vg3 x Vgg (-1.87) and V13 x Vgq (-4.26)* The positive
heterosis recorded by V13 x V41f V2*V41 v29 x V41 wcro
statistically ei^xlfieemt.

Compared bo bothor parent the per cent ago of heterosis
ranged from -23.17 to >0.90. Tlie seven hybrids which recorded
positive hctorooio were V 3̂ x V'«j (30.90), Vg x (25.93),
Vyj x V"4-| (10.39), Vg9 x V41 (8.o7), ^25 ^41 (5.04;,
V13 x V'yy (2.65) ond V"2 x V25 (O.Oj). Tho positive lioterooio
rooorded by Vg x V41 and V13 x V41 wore statistically olgni-
fioant • Tho oroof* * %  showed a significant nogative
heterosis.
Humber of primary produo tlvo broncho a per plant 1

Tho norrenntogo °* heterooie manifootod by the fifteen 
hybrids over their mid-paronto and better perm to are 
iSnamtad In table 1*-1. «»« pwroontogo of haturo.lo rwig.d
flrora -35.(6 to 06.53 in the Hybrids vfiien oonporod to the 
mid-par aiti Tnluea. il.toro.i. wea M r t t «  in Uw hybrid. -



T25 x V29 (“+**7), Vgg x Tj7  (-35.85) and Vgg x V41 (-12.50).
# r l a o  oxpreooed positive hcfcsroBis ■ t'nxlnuQ 

percentage of positive hoteroais uea reoorded in Vg x Vyj 
(06.55) followed by tho hybrids V1? x V.., (43.14), V,, x V ™  
(57.50), V5? x V41 (30.77), Vg x Vgg (27.93), Vgg x V37 (26.76) 
725 * T13 (£0.51), x V41 (19.40), Vg x Vgg (16.66),
72 2 T41 (10»39), V2 x V13 (6.92) and V13 x Vgg (3.55). But 
none of the hybrid□ qLquqC statistical Gi^nificcncc• Compared 
to the better parent, tho peroenta^c of heterosis ren£Gd from 
-62.64 in V25 x to 16.13 in V2 z Oat of the fifteen
hybrids, positive hoterooio woo reoordod in six hybrids vis., 
V2 z V37 (16.13), V13 x V41 (12.31), Vg z (10.00),
Vg x V25 (7.69), V2 x V13 (4.62) end x V13 (3.29). All 
the other hybrids roooidou negative heteroaic. xlio necativo 
heterooio rocorded in Vg~ z woo statistically significant.

11 unbar of produotivo nod go on main oxioi

Table 10-1 (5ivoo tho poroentofto of hotcroBlo oanifoofced 
by tho fifteen hybridn over thoir mid parent o ond hotter
parents.

The poroantnco of hotoroalo ranged from -19.86 in 
Y x Vgg to 67.52 in V|L x V4l whan ooraporod to tho nid-
po Tit el value*. Out of tho fifteen hybrids, pooltiva
hotorosio wno rooordod by the hybrid□, z V ^  (67.52),
Vg x V41 (46.01), Vgg x l41 (*0.10), V13 X  k’37 (14.72),
Vg x vJdJ.77). V3? x ?41 (13.23), Vgg x u  (11.30),



725 * V41 (10*Q1)t V25 x V5? (2.56), V25 x (4.47) and 
72 x 713 ^ -̂ 9). Pour hybrldo reoorded negative heterosis 
viz., Y2 x Ygg (-19.23), Y13 x (-19.86), Yg x V25 (-7.83) 
and Ygg x Y~7 (-7.36). The positive heterooio manifested by 
the hybrids - V2 x V ^ f x and Ygg x were statis
tically significant • The percentage of heterosis over better 
parent ranged from -40.08 to 61.90. Except V-j- x (61.98),
V2 * 741 (15*44), V, x V37 (9.91) and s Y , (2.45), all 
other3 showed negative hetoroois over better parents# The 
"oaitiv? heterosis recorded in Y ^  x V„.j and negative heterosis 
reoorded in x Vgg wore statistically significant.
rlimber of podo on nnin axist

Tho porocntage of heterooio manifested by tho fifteen 
hybrids over their E&d-porcnto and better parents are given
in table 1fc-2.

Canparc'l to tho oid-parcntnl vnluco, the percentage of
hotcroolo in tho fifteen hybrldo ranged from -27.23 in 
Y x to 77.35 in x V-.. Heterooio woo positive in
«1 awm hybrids vis., x v ̂  (7/.35), x (55.37),■ r
▼25 x T,.|7 (50.06), Vpg * VA1 (37.09), V25 x V15 (26.99),
7g? X V/, 1 (12.46), 715 * I57 (11.03), V25 x Vj.) (10.49),
V25 x 7jg (7.39), V2 x V,, (4.26) and 72g x V, 7 (1 .69). In
the rscr’J.nlne four hybrldo heterooio hod neentlve. llexlm*
po.lt I’m  heteroele rooorfl 1 in vv_, * snd th“ po el tire 
feetewele reoorflftl In Vg, x 7g? were ot.ll.tLMlly oleniflo«it.



31.’Jo. Barentsandhybrids
Mean
number of pods/ 
plant

Percentage of heterosis over Mean seedyiald/
plant

Percentage of 
hoteroais over Mean numbe of pods on 

main axis
r Percentage of hoterosis overHidparent Setter

parent Mid
parent

Betterparent Mid
parent Betterparent

1. 2 58.15 — 7.20 — 19.75
2. 2x25 56.85 -12.74 -21.21 8.03 -2.61 -13.55 20.60 -9.17 -19.53
3. 2x13 79.70 92.97* 37 .06 10.82 58.33 50.11 14.70 4.26 -25.57
4. 2x29 69.85 -9.14 -26.94* 7.86 -22.95 -40.42 16.30 -27.23 -34.93
5. 2x37 76.30 61.39* 31.21 7.65 12.66 6.27 20.45 -2*15 -7.26
5. 2x41 62.90* 53.86* 8.17 6.73 21.26 -6.63 23.15 55*37 17.22
7. 25 72.15 - - 9.30 - - 25.60 - -
3. 25x13 54.55 12.94 -24.39 5.07 -35.59 -45.38 21.05 26.99 -17.77
9. 25x29 60.45 -27.93* -56.77* 8.28 -26.42 -37.24 27.20 7|39 6.25
10. 25X37 44.95 -17.19 -37.69* 6.62 -15.49 -28.71 35.95 50*86* 40.43*
11. 25x41 70.45 47.14* -2.36 10.57 61.13 13.76 19 *.70 10.49 -23.05
12. 13 24.45 — - 6 .46 - - 12.10 -1 -
13. 13x29 73.70 -12.94 ■-22.91 12.08 22.86 25.51 16.30 -12.27 -34.93
14. 13x37 58.90 93.56* 61.81 9.29 44.74 -0.62 19.10 11.83 -13.38
15. 11x41 74.45 209.82* 204.49* 11.60 126.46* -20.74 19.65 77.35* 62.39
15. 29 95.60 - - 13.21 - - 25.05 - -
17. 29x37 57.95 -12.19 -39.38* 11.20 14.35 -25.89 23.95 1.69 -4.39
1£. 29x41 106.70 79.03* 11.61 14.99 76.41* -35.73 24*20 37.89 -3.39
19. 37 36.40 - - 6.38 - - 22.05 - -
20. 37x41 44.10 47.00 21.15 7.33 44.19 -20.28 18.05 12.46 -18.14
21. 41 23.60 - - 3.78 - - 10.05 - -
C.D.C0.05) 20.61 23.79 4.56 5.27 8.49 MB 9.81

* Significant at 5 per cent level



Tho percentage of heterosis over bettsr parent 
ranged from -34.93 to 62.39. Compered to the better parent 
four hybrids shoved positive heterosiB9 vis. v V^- x 
(62.39). Vgj x Yyj (40.43). V2 x (17.22) and Vg5 x V29
(6.23). other hybrids expressed negative heterosis.
The positive heterosis manifested by Vg^ x Y^y was statistically 
significant.

Total number of podo por plant i
Table 1S-2 shows the percentage of heterosis manifested 

by the fifteen hybrids over their mid-parents and better 
parents in respect to total number of podo per plant. Compared 
to the mid-parental values the percentage of heterosis in the 
hybrids ranged from -27 #93 in Vg^ x Vg^ to 209.02 in x • 
Heterosis was positive in 7 ^  x (209.82). x Y^y 
(93*56). YgX (92.97). Ygg x V41 (79*03). Yg x 7yj (61.39). 
72 x 7+1 (53.86), V25 x 7^, (47.14), lyj x V4, (47.00), and 
V x V. (12.94). In the remaining hybrids hoterosis was23 I n  Hf||i
no-allt*. The positivo hotorosio rooorded by Vg x V^.

V2 x V37# V2 x V4V  V25 X V41f V13 x V37f V13 x V41 BDd
T x Yx. and negative heterosis reoorded by Yg,-x Vg^T ■
ware* itatistlasUy .

Conporc’3 to bat tar paucmat t ha paroantoge of hataroale
raneod from -39.30 to 204.49. Tha aavan hybrid, with pomltiTa
hatarosl. lnolnd. (▼„ * % |  (204.49), T „  x (61.81),
Ta x T13 (37.06), Ta * 7j7  (31.21), TJ7 x T41 (21.15),



T29 * T41 end Vg x V41 (8,17).
Seed yield per plant i

D m  percentage of heteroais manifested by the different 
hybrids over Bid-parent and better parent are presented in 
table 1§-2. Compared to mid-parental value the percentage of 
heterosis ranged from -35.59 to 126.46. The ten hybrids vith 
positive heterosis inolnde V13 x V41 (126.46)t V ^  x V41
||6.41), V25 x V41 (61.63), V2 x V13 (58.35). V13 x (44.74),
V37 * V41 (44-l9)» V 13 * v 29 (22.86), Vg x V41 (21.26), V ^  x 
^37 ^4*35) 0nî  ^p * V y j  (12.66). The remaining five hybridBi 
shoved negative heterosis. The positive heteroais reoorded 
in V^3 x V j and V ^  x V ^  wero statistically eignifioant.

Compared to better parent, positive hoteroais vas noted 
in four hybrids. The percentage of heterosis rongod from 
-45.38 to 50.11. The hybrids vhich showed i>ooitivo heterosis 
wars V2 * V13 (50.11), 7 ^  x V2g (25.51), V25 x V41 (13.76)
end V„ x 7„(6.27). Tho negativo heterosis reoorded by2 37
V x V _  (-40.42) vas statistically significant.b ' • J

weight
Table 10-3 shows the peroentage of heterosis manifested 

by the fifteen hybrids over their mid-parents and better 
parents. The peroentage of heteroele ranged from -21.43 to
9.16 in the hybrids When compered to the aid-parental values.

th. hakaroala M l  n.«otlY* In » U  okhw Hybrid.. Th. n.g»tlr.



heterosis Manifested by tha hybrids 7&  x T1? (-21.43)*
T13 * T57 W8,06)* t i3 * V41 (19.27), x Y+1 (-18.93),
V13 * T29 (_17*52), T25 x V41 (17.07), Vg x (-16.39) end
V37 * 741 f"'3<4l) were atetlstloelly significant■

Coopered to better parent* the percentage heteroais 
ranged fron -38.37 to 7.19. Positive heterosis was recorded 
only by the two hybrids V2 x V ? (7.19) end Vg x V13 (3.03). 
A U  the other hybrids showed negative heteroais* of which 
those nonifested by the hybrids Vg x Vgg® Vg x V^* Vg3 x V13*

V25 * V41# V13 X V29f V13 x V37# 713 x V41* Y29 x V41 0X14 
lyj were statistically significant.

Oil oantent (Percentage)i
The percentage of heterosis manifested by the fifteen 

hybrids over their mid-parent□ and better parents in respeot 
of oil content are presented in table 1d-3. The percentage 
of hetorooio ranged from —14.If to 4^.23. flomparcd to mid 
parental voluos. Heteroais wao negativo only in the hybrid 
V x V . In thirteen hybrldu heterosis was positive. Tho 
ponltive hetorooio rooorded for the different hybrids were

46.23 <715 * 73 7 * 2,07 *V13 * T*1 50424 *T25 * T13^*
24.57 (V^ x 7gg), 21.07 (7^ x T4^* 21*51 ^agl* T41*»
10.79 (72 x V25), 10.26 (T37 x V41), 15.56 (T2 x V1?), 12.04 
(72 x Y29), 5.15 (725 * 73?). 1.91 (i2 * 741) and 1.43

(T29 * V *  In * *  hytel* T«  * T a 9  h9t*” U ° *****
nil. Thn poslklT* h.teroxl. r.oord*l In 7,, x V,7 H



T13 x T41 ■tatletioaUy eignifioant.
Compared to better parent, the peroentage of hateroala 

la the dlffermt hybrlda ranged fron -16,39 to 40,84.
Heteroais was positive la V13 x V41 (40.84), T1? x Yyj (38.86), 
T25 * V13 (37*68), *25 * T41 (19*66). \  x V25 (15*35).

x V41 d3*®5). * T1? (12.65), x V41 (9.59), V2 x
72g (5.01) and Vg x V ^  (0.74). The regaining five hybrids 
recorded negative lioterosio. None or the hybrids showed 
statistical significance•

tTuobcr of doyo f or first flowerings

Table 1fr-3 ohowo the percontago of heterosis manifested 
by the fifteen hybrids over their mid-parents and better 
parents in rospeot of number of days for first flowerings 
Coopered to the mid parental valuoo, the percentage of 
hateroeis ranged from -9.71 to 7.34. foaitive heterosis was 
found cnly in five hybridsf V25 x V^y (7.34), V^y x (5.69), 
V13 x V41 (1.57), V13 x V37 (1.25) ond V,3 x V2g (1.18). Nino
hybrid ) showed negative heterosis end one oroeo showed no 
antarooie. None of ths hybrids ohowod statistical signifioenos 
for ths hstsrotio effects• Maximum negative heterosis vas
exprsoaed in the oroso Vg x (“9.71).

nonpared to tho bsttar pawnt (sorly flowering parent),
thn percentage of hsteroelii rwged from -4.39 to 16.99. The
hybrid. - V2 x Va . T2 * ’1, ■ 1 V T29 *  h*ter°U *
effeot. Tan hybrid a ahovod positive hatoroela. They vara
V ^  x V41 (10.99), » »  * v 37 (1T.20)» lyj * v4i (18*39),



Table 1#-3 • ^nalyaia on heteroaia single croaa hybrid a •

bl. Parents 
T'o • and hybrids

Mean 1000-seedweight
Percentage of heteroaia over Mid Better
parent parent

  ----

Mean oil 
content
( o i r l

1. 2 2.68 - - 44.50
2. 2 x 25 2.69 -8.19 -15.41 51.33
3. 2 x 13 3.06 8.30 3.03 50.13H<M• 29 2.50 -16.39* -24.24* 55.53
5. 2 x 37 2.98 9.16 7.19 39.29
6. 2 x 41 3.06 -11.65 -26.97** 44.83
7. 25 3.18 - - 41.91
8. 25 x 13 2.42 —21.43* -23.89* 58.17
9. 25 x 29 2.94 -9.26 -10.91 52.42
10. 25 x 37 2.62 -12.08 -17.61 46.74
11. 25 x 41 3.06 -17.07* -26.97* 52.04
12. 13 2.97 - - 42.25
13. 13 x 29 2.59 -17.52* -21.52* 48.05
H. 13 x 37 2.36 -18.06* -20.54* 65.25
15. 13 x 41 2.89 -19.27* -31.03* 61.25
15. 29 3.30 - - 53.91
17. 29 x 37 3.14 3.29 -4.85 51.17
18. 29 x 41 3.04 -18.93* -27.45* 59.08
19. 37 2.78 - - 46.99
20. 37 x 41 3.02 -13.47* -38.37* 53.50
21. 41 4.19 - - 43.49

Significant at



Percentage of 
heteroeio over lITd better
parent parent

Mean No* 
of days for first 
flowering

Peroentage of 
heteroais over
n n ----
parent—— ———i

Better
parent

18.79 15.35 48.00 0 0
15.56 12.65 39.50 -9.71 0
12.84 3.01 45.50 -2.67 0

-14.12 -16.39 44.00 -0.56 a .64
1.91 0.74 47.50 -8.65 -1.04
- - 48|00 - -
38.24 37.60 40.50 -7J43 2.53
24.57 -2.76 43|50 -6.95 -4.39
5.15 -0.53 47.50 7.34 17.28
21.87 19.66 505,50 -2.88 5.21
- - 39.50 - -
- -10.81 43.00 1[g18 8.86
46.23* 38.86 40^50 1.25 2.53
42.87* 40.84 47.00 1.57H 18.99
- - 45.50 - -
1.43 -5.08 42.50 -1-.16 4.94

21.31 9.59 47.00 -7.39 3.29
- - 40.50 - -
18.26 13.85 45.50 5.69 12.35
— — 96.00 - -
16.91

j per cent level
19.52
-  mm _ « »  m m ~ m —

5*28 6.10

Q



t13 x T29 Y.
T7 A A i \

2 x v 3 7 (8.64), x V41 (5.21), Y ^  x 
41 (3.29), V15 x Y37 (2.53) and V25 x Y15

exhibited by the two hybrids 7 ^  x V41 and Yg5 x VJ7 ware 
statistically significant.

A .2. Combining

generation is presented in table 9. Tha data clearly show a 
highly significant difference for all the attributes except 
oil oontent•

The analysis of varianoe for general and specific 
combining ability is presented in table 11. The mean squares 
due to general combining ability (g.o.a) were significant for 

i the characters except oil o on tent whereas the mean squares 
dne to speoific combining ability (s.o.a) were oignificont
for characters like j>lant height, total number of pods per 
plant, seed yield per plant and 1000-seed weight.

The estimates of the g.o.a effeots of the six parental
populations and s.o.a effects of the fiftema F, populations 
and tests of significance are presented in tables 1Z and 13

1
Analysis of varianoe of the various characters in F̂

respectively•
Plant height at maturityi

highly signified

AMlyaia of r a r l a a o *  duo to g.o.« «id o.o.» wwf.
Thl. Indio, t o  th.t both rtdltlT. and



Moan sum of squares
Source I>.F. Days

for
firstflower
ing

Plant
height
at
maturity

No. of 
primary 
produc
tive
branches/
plant

No. of 
produc
tive 
nodeo 
on nain 
axis

No. of
pods
onmain
axis

Total 
number 
of pods/ 
plant

Seed
yield/
plant

1000-
seedweight

Oil
content(Percentage)

S.C.A. 5 54.5^0 430.179 3.147 38.714 70.0lfl| 639.433 11.994 0.502 29.108
S mCmkm 15 4.050 119.150 0.303 9.674 18.214 350.181 6.467 ##0.102 50.936
-Zrror 42 4.280 51.131 0.407 5.645 11.063 65.059 3.188 0.038 43.785

* Significant at 5 per cent level
** Significant at 1 per cent level



Parents Days for first 
flower
ing

Planthel^it
at
maturi ty

No. of 
primary 
produc
tive
brandies/plant

No. of 
produc
tive nodes 
on main 
axis

No. of
^ods annet n
axis

Total number of 
pods/ 
plant

1000-seedweight
Oil
content(Percen
tage)

Seedyield/plant

2 0.500 1.767 0.335 -0.127 -1.285 3.481 -0.105 -2.729 0.748
25 1 .137 **7.442 **O.o29 »*2.751 ♦ *3-339 -0.313 -0.051 -1.304 0.539
13 -0.337 -12.000 0.310 *»“3 .352 ft#-3.748 -5.481 -0.154 1.551 0.035
29 -0.439 4.029 0.260 1.460 1.633 ##15.725 0.040 2.393 2.4*7
37 1.937 -5.563 »*-1.003 0.340 2.077 -9.881 -0.103 -0.627 -8.283
41 *#4.125 4.343 -0.527 -1.580 -2.517 -3.531 **0 . 3 7 3 ^ H 0.718 -0.337

S.E. (gi) *3.66? ♦2.307 ♦0.225 *0.767 11.073 12.603 *0.063 ♦2.136 *0.576
3.3. (gi*&j) M  .034 13-575 10.349 11.187 11.66 3 14.032 *0.097 ♦3.308 10.893

e.D.co.05)
gi-&3 2 .068 7.150 0.693 2.374 3.326 8.064 0.194 6.620 1.766

* Significant at 5 per cent level •♦Significant at 1 per cent level



wroaaea

5.B.(3lj)

B a y sforfirst
flowering

Plant height 
at
maturity

No. ofprimaryproductive
branches/
plant

— — —  i ■■ ii

r 3ti)

1.833
2.736
2.533

6.333
9.459
8.753

0.618
0.923
0.855

C .3. (0.05)3:*ij-fllk)
f f lij"Skl)

5.472
5.066

18.920
17.520

1.846
1.710

No. of productive
nodes on main axis

2 x 25 1.098 1.367 0.790 -1.900
2 x 13 -2.839 -7.588 -0.391 -0.552
2 x 29 0.285 -9.319 0.109 -3.714
2 x 37 0.223 3.042 1.128 2.348
2 x 41 -2.339 19.112** —0.204 4.279*
25 x 13 -2.526 7.686 0.615 1.416
25 x 29 -2.402 -2 .695 -0.185 1.254
25 x 37 3.036 -3.321 -1.066 0.217
25 x 4-1 -0.027 2.786 -0.447 -0.902
13 x 29 1.661 -5.801 -0.216 -3.690
13 x 37 0.598 4.561 0.303 1.373
13 x *1 1.035 15.680* 0.721 4.304*
29 x 37 -0.276 -0.219 0.303 -1.389
29 x 41 -1.839 11.999 0.321 4.942*
ZL A l l  . 1.901 .  0.962 0.090 -1.095

2.106
3.143
2.909
6.286
5.820

* Significant 
** Significant



No. Ofpods on main 
axis

Total number of 
pods/ 
plant

1000seed
weight

— ------Oil
oontent(Percen
tage)

Seedyield/plant

-2 .666 -0.033
--- -----
-0.080 4.656 0.535

-0 .979 19.595** 0.392* 0.601 2.745
-4 .759 -11.363 -0.357* 5.159 -2.509
-1 .054 20.690** 0.262 -e.055 0.446
6.240* 0.943 -0.134 -0.865 -0.972
0 .246 -1.663 -0.300 7.212 -3.209*
1 .015 -16.969* 0.024 0.619 -2.301
9 .321** -6.863 -0.155 -2.036 -7.794
-2 .534 12.287 -0.189 1.922 2.666
-2.297 1.449 -0.225 -6.574 0.842
0.059 12.255 -0.313 13.614* 1.300
5.203 21.455** -0.247 0.271 3.]120*
-0 .472 -9.900 0.272 -1.308 0.020
4.571 32.499** -0.301 5.264 4.124**

-2.222 -4.495 -0.175 2.702
2.948 7.149 0.173 5.865 1.503
4.399 10.670 0.258 8.754 2.360
4.073 9.878 0.239 H 0 s1O4 2.187
8.798 21.340 0.516 17.510 4.720
8.146 19.760 0.478 16.210 4.370

at 5 per cent level 
at 1 per cent level

o



nan-additive gene actions | 
character. The ma^iitude of varianoe due to g.o.a was about 
tore, w d  . half tinea of that duo to o.o.a depleting pro- 
panderance of additive gone action.

Parents V ^ # end V s h o w e d  significant g.o.a 
affects. Among tlieBe only Vg*. had the positive g.o.a effeot 
(7*442) while the others9 V ^  and Y shoved negative g.o.a 
effects of -12.00 end -5.5B3 respectively. Thus Vĝ . is a good 
general combiner for incorporating hi gfrer plant height and Y^, 
and for dvarfness. Amottlg the P^st the s.c.a effeots were 
□ignifioant and positive in Vg x and x V the s.o.a 
effects being 19.112 end 15.600 respectively. The 
value was noted in Vg x V^,
(lumber of primary productive branches per plant i

Varianoe due to g.o.a was highly significant and voa 
times higher than that due to s.c.a An insignificant 

s . o . a  effeot supports the foot that thia particular character 
Ls influenced by preponderance of additive gene notion.

Ttih parent V05 bad significant positive g.o.a effeot 
(0.629) While V 7 m l  V4, reoorded significant negative 
effeofce, -1.008 m l  -0.527 reepeotlvely. So V25 la a good 
genar^. oomblner for Incorporating higher branohlng ability, 
All. 7 * i l T t (ri good general combiner* for ncn-branching- 
neae. Hone of the f,. *hoved aignifioent a.o.n effeot.



for

M*ber of productive nodea on nal*
Variance g.c.a was highly significant end was

about four and a hni-p -n—  .tines higher than that due to a.o.a.
The s.c.a effeot was not significant which indicated that the 
character is governed mostly by additive genes. Ths parental 
varieties and V^ reoorded eignifioant g.o.a effeots.
Variety 25 showed sigiifioant positive effeot (2.754) while 
B w o t h a r  two varieties and V  ̂showed signlfleant 
negative effects of -1.008 and -0.527 respectively. Variety 
25 is screened out as a general combiner for higher number of 
productive nodes on main axis.

Among the different P-jS, Vg xc x and
Vgg x V41 reoorded significant positive s.c.a effeots of 4.279* 
4.304 and 4.942 respectively.
Number of pods on. main axisi

In the case of number of pods on main axis also 
variance due to g.o.a was highly significant and was about 
three tines hi^ier than that of o.o.a. Tho s.o.a effeot was 
not .lgniflcant Indicating that the abaraoter la governed 
■oetly by additive gene a. The variety 25 shoved high po.ltlve 
g.o.a effect of 3.3E9 while and V+1 ehoved eignifioant
negative g.o.a effect, of -3.748 end -2.517 re.pootlv.ly. 
Variety 25 M  the heat general oonhlnor for .ailnu. maber of 
pod. on main axle. A**g the dlffer«t oroe. oo.bln.tlan.
V2 x V 1 m d  Vj, x Vyy blsnlfio^t poeltlv. ..o..



^ ^ ^ 5  *240 Inntmlj1 B H  1»0 <il reepeotlvely. It indicates that
theoe are specific H H S s H I  H H  BIoooblnaticnia which con yield imun podo
go main audLa.

Total ziamber of pods per plant i

Tho highly aignifioent g.o.a and s.o•& variances 
recorded for this oharaoter showed that both additive and 
non—additive gene actions were involved in the expression of 
this particular character. The magnitude of g.c.a varianoe 
was almost double to that of s.o.a. Variety 13 and V_^ 
recorded significant negative g.c.a effects while V  ̂showed 
significant positive g.o.a effeot of 15.725. The g.o.a 
effeots of and V-^ were -5.481 and -9.831 respectively. 
The variety 29 is the best general oomblner for maximum pods 
per plcnt. Among the different crosses, V * ̂ 13* ^2 x V37*
V25 x V29* V13 * V41 V29 * V41 rooordQd significant
s.c.a effects, the values being 19«593» 20.690. 16.969,21.455
and 32.499 respectively. Tho o.o.a effects were positive in
pii the above orooeeo except in tho oroos x Vg^. The
.7imi.tn positive s.o.a offeot waa rooorded by the cross

V29 * V41 followed by V15 * V^1’ V2 X V37 ^  V2 x V13
rcnpmtlrcly. These aro good spcolfio combinations which yield 
maximum podo per plant.

3«ed yield per plant 1
As regards grain yield per plant, analysis of variance

•howl .lgnlfloont g .o .a « *  • • » * «  * « * « “>"»• auU rtlori.



analysis indioates the inn«^.inriTmnue of both additive ^  nan-
additive genes in the expression of this oharaoter. The g.o.a 
▼ariaaoe waa almoat double to that of a.o.a depioting pre
p o n d e r a n c e  Qf additive gene action. Two varieties (V^ and
Vyj) showed eignifioant g.o.a effects. The g.o.a effeot of 
v29 waa Bisnlfioant and positive (2.417) while the g.o.a 
effeot of Tyj was eignifioant end negative. The croasest
^25 * ^13I ^13 x ^41 ^29 x ^41 eignifioant s.o.a
effoobs of which 7 x̂ showed negative effeot (-3.209).
Tha s.o.a effoctB of the other two orosses were 3.120 end
4.124 roapaotively.

1000-seed weight!
Both g.c.a «nd s.o.a varianoes were highly significant. 

Here also both additive end non-additive genes contribute 
equally for the expression of this trait. Among the different 
parental variefciee significant g.o.a effects were observed in 
Vj, ^41 • combiner waa vith the
highly significant positive effect of 0.373 vhilo

recorded algnlfleeut negative effeot (0.154). The a.o.a 
effeot. vara .lgnlfloant only In two croaM.. The oroaa Vg * 
y Showed algnlfloant positive o.o.a effect «nd It waa th. 
beat aoeoiflo combination for naxlmun 1000-eeed weight. The

. . . . . «  * , * » „ * “  —  -  —
Oil contenti

Th. farUno." due to g.o.a and a.o.a were not .lgnlflomt.



Aa regards g.c.a sffecta, nose of tha varieties showed 
significant effect. Among the different crosses, z 
only recorded si©iifioaat positive s.c.a effect of 13*614*
Nusher of days for first flowering i

The g.o.a variance was hisignificant for this 
particular character. The magnitude of g.o.a variance was 
thirteen and a half times greater than that due to s.o.a 
It indicated that the character is completely under the 
control of additive gene action. Among the g.o.a effects 
of parental varieties and V  ̂ showed significant positive 
effects of 1.937 and 4.125 respectively. None of the 
crosses recorded significant a.o.a effect.
A—3. Compontota of variation and allied parameters

The components of variation and genetio ratios were 
mode from F- • The analysis of variance for F̂  is presented 
in table y. The results on oompononto of variation, genetio 
ratios and heritability per cent (narrow senao) are presented 
In tables Xi\ and 1 The validity of the assumptions of 
diallel croas was tested using t2 test aa suggested by Hayman 
(1954)* The results revealed that the assumptions underlying 
diallel analysis werslvalld for ALlnhe traits.

Plant height at maturltyi
A A AThe estimates of D, H1 and P were significant In F p  

The value of h^ was not significant in F p  The mean degree



of dominance In (1*31) Indicated over dominance. The 
distributicd of genes with positive and negative effects 
were not synsaetrical in (0.14) as the value wae less then 
^ Proportion of dominant to recessive alleles
indicated that dominant alleles were in ezoess in F- • Herit* 
ability estimate was 60 per cent in P- •

..unbar of primary productive brenohoe per plant I
^ ̂  A  /\ A  /V pThe estimates of D, H1# li0 and h were significant in

A  s K l I* F was not significant in F^. The non-significant values
Aof ? In ?1 indicated that the expression of this character 

wee not affected by the dominant genes* The mean degree of 
doninance in P.] (0*84) indicated partial dominance* The 
distribution of genes with positive and negative effeots was 
not symmetrical in P- ao the value was only 0*22* The propor
tion of dominance to recessive alleloB in P̂  (1*18) indicated 
tho predominance of dominant alleles* The heritabili^y 
eatlmate was 66 *0 par cent in F̂  •
./umber of productive nod eo on main axio i

/\ A N
In F- the valuos for D, F» H1 and Ug wore significant

indicating the importance of both additive and non-additive 
component* • V  wa* not algnlflcmt In »,. Xta valuo for
 dagra* of dominant* In (1.04) lndloatod ovar-domlnano*.
Th# distribution of g«n*« vlth poaltlT* and n.gntlr. affaota 
tma not aymmatrloal In ?1 (0.19). Dominant nUat.o war* found 
■era in ?1. Harltability ..tlmat. —  46.00 p«- o.nt In F,.



ris

number of pods on main axiai

The estimates for D, Hg, F and h^ were not significant 
in • The value for mean degree of dominanoe in (1*30) 
indioated over dominanoe* The distribution of genes with 
positive and negative effeota showed asymmetry as indioated 
by the value, 0.20 in F^. The dominant alleles were in excess 
in F1 as indioated by the value 1.39 in F-. Heritability 
estimate for was 25.00 per cent•
Total number of pods per plant i

A A A pThe estimated values for D, H^f Ilg, h and F in F-
were significant, indicating the influence of additive and
nan-additive components. The value for mean degree of 
dominance indioated partial dominance in F̂  (0.13)* In this 
case also the distribution of genes with positive and negative 
effeots showed asymmetry as indioated by the value 0.17 in 
F̂  • The proportion of dominant to reoessiva genes in the 
parents showed excess of dominant ollolco in F.. The 
haritabllity estimate for F̂  was 32.0 per oant.

1000-seed weighti
 ̂ A A An A

The eatlmataa for D, U-j. H2» h Bni r var. significant
in F lndloatfBt tha lnfluanoo of both additive and non- 1
additive oomponante. The naan dagrea of dominano. was 1.18 
in Pt indlooting over dominanoe for the exproealan of tha 
oharaot Tha dlatrlbutlon of ganaa with poaitivo and 
negative affaota shoved aeyametry aa it waa in tha other



characters* The proportion, of dominant to reoessive genes In 
the parents shoved excess of dominant alleles In ?1. The 
heritability estimate was 25 *00 per oent for Pj •
Seed yield per planti

A W  A AThe estimates of Df H^# H« F were significant in 
indicating the importance of both additive and non-additive 

components* Thd mean degree of dominance was 2*76 in P̂  
indicating over dominance fbr the expression of the character*
In this case also the distribution of genes vith positive and 
negative effeots shoved asymmetry* The proportion of dominant 
to recessive gonco in the parents shoved excess of dominant 
alleles in ?-• Heritability estimate vas 27*00 per oent.

Oil content (Percentage)«
A A A A A pThe estimates of D„ H«|t H2, P and h vere not significant 

in P- • Mean degree of doinlnanoe for the character indioated 
over dominance in F-,. Distribution of genes vith positive and 
native effooto shoved oaymmetry. The proportion of dominant 
and recessive genes in the parents slioved excess of dominant 
allnion in Fj. Heritability estimate vas 16.00 per cant for

Humber of days for first fleveringi
A  A A A o ^

The estimates of D, 1L,, Hg* h and P vars significant
in F- indicating the influanoe of additive and non-additive
components* Estimate for mean degree of domlnanoe in F1 vma



?ara-istera
Days
far
firstflower
ing

Plant
height
at
maturity

No. of 
primary 
productive
branches/
plant

No. of 
produc
tive
nodea on
main
qjcLq

No. of 
pods
onmain
axis

Total No. of
podo/
plant

1000-
seed
weight

Seed
yield/
plant

Oil
content
(Percen
tage)

AD 140.20 1096.83 6.S7 144.10 163.36
**32U8.79 1.11 »•37.08 31.85

1?.3S ♦503.36 lO.53 120.28 1174.91 1366.18 10.01 ♦11.04 ♦202.18A
? 43.30 860.64 0.91 120.29 70.77 4058.84 «#0.98 59.55 61,86

a

3i
14.15

**52.99
1370.54 
1900.60

Ip .64 

4.74
124.77

_**156.30
1260.97

*«279.54
♦447.28 
5975.?T

♦0.01
1 .4S

♦15.48
K *#
102.57

1344.60 
671.40

A

*2
^3.59
48.12

1770.08
1135.68

13.52
4.33

151.49
119.08

11127.21
233.96

.♦929.58
4126.88

10.05
* *1.18

♦28.02
75.85

1716.31
565.88

17.67 l687.93 ♦0.29 145.99 1899.55 1830.41 ♦0.04 ♦25.03 1639.92
A o hr

* *21.03 24S.fl$l 1.85 24.63 50.59 2226.83 * *1 . 3 ^ H 22,17 529.11

As
♦*>.16 1463.03 ■jjip.81 130.96 1407.51 1558.92 ♦0.02 116.85 1430.71
4.20 40.75 0.47 5.37 10.77 69.13 ’o.55 4.29 49.42
♦1.28 ♦114.67 *0 .20 17.66 124.99 1138.41 ♦0.01 14.17 1106.66

value 0.38 4.03 1.55 0.12 0.17 0.01 0.03 2.21 0.76

* Significant at 5 per cent level 
** Significant at 1 per cent level



indicating partial dominance. The distribution of genes
vith positive and nnrm1 1   _ _gative effectb shoved asymmetry as it was
in the case of other aharacters. The proportion of dominant 
and recessive genes in the parents showed excess of dominant 
alleles in F^. Heritability estimate vas 74*00 per cent for



3m

The mean values and the analysis of variance for various 
characters in the single and double arose hybrids and parents 
are presented in table 1c • In general the treatments showed 
significant differences for nil the nine characters studied*

Plant height at maturity*

The variation in plant height in the double cross 
hybrids i s  represented in Fig.2 .

The neon height recorded by the parental varieties 
ranged from 65.86 to 112.0 on in and respectively 
whereao the range in double cross hybrids were from 69*06 in

(729 X V41)(V2 * V13} t0 90,46 in (V29 x V37)(V25 x V13)# The 
values recorded by the hybrids (V25 * V1 3 ^ V29 x ^41 *̂ ^V2xV13^
(V25 x V^) end (V25 x V4i)(V2 xV37̂  were 91.93 end
90.73 respectively which ware vory close to the highest value. 
In general the double oross hybrids showed a higher value in 
plant height oompered to dwarf variotios used as parents. The 
dwarf vari a ties in combination with tall, medium or dwarf 
vsrintloe gave medium plant height in double croaa hybrida.

Number of primary produotlve branoheo per plant*

The variation in the number of primary produotlve 
branches per plant in the double cross hybrids i s  represented

in Fig*3«
Ham numbar of primary produotira branches raoorded far

the parental r s r le t la .  Vj, v25* V29* V37* V41 *nd V13 W8r*  
6 .40, 5.30, 4. 33, 0 .33, 1.76 md 4.16 ra.peotlraly. Hlnlnn.

P 02*f ormnn ft* Isis in donibla nynaa hybrids



nueber f primary productive branches was recorded by the
Y37 an<̂  maximum number of primary produotiTe branohes 

vas recorded by the parent Vg. Among the double otobb hybrids
the number of primary productive branches ranged from 0.46 in
(7gg x 7^)(Vg x Vyj) to 2.40 in two hybrids namely (Vgc * 7^-)
(V2 * V29} * “* (V2 x Y13)CV25 x V29)# The 1̂ bpide V̂25 x V37)
(729 X 741)f (/25 x V29)(V2 x V41>» CV29 x V37} (V2 x V25 >•
^Y2 x V2 5 ^ v29 x V37̂  61111 V̂2 x V2 ^ V29 x V41^ 61180 peoorded 
lower values being 0.73* 0.06, 0.73, 0.86 end 0.80 respectively.
In almost all the combinations the mean number of productive
branches per plant shoved a significant positive shift in mean
values•

IT unbar of productive nodeo on main oxisi
The variation in the number of productive nodes on main 

axis in the double orooo hybrids is represented in Fig.4*
ilean number of productive nodes on main axis recorded

for the parental varieties were 20*3̂ v 14*73* 26.60, 16.60, 
22.60 and 12.36 in Vg, V^, Vg5, V29, and respectively. 
The lowest value was recorded by the parent and the highest
value was reoorded by ^25* Thsro*ranfc° on& 7g also
reoordad higher values. Amang the double oross hybrids, the
values ranged from 22.20 in (|2g x V37^V25 x V13* to 12""L 
reoordad by (V2 * V25)(V29 * V41). The Hybrid (V25 x V2g)
(V2 x Vyj) reoordad a value of 12.46 vhioh vno very oloee to
the lowoet value reoorded for the hybrid (V2 x Vj5>^V29 x V41^’



the values raoorded for the hybrids (V„ i T— )(V, i 7.^, 
(V29 X T37) (T2 * v25) and (7^ x 7+1)(72 x 725) were 20.00, 
21.93 end 20.20 reapeotively which were very close to the 
highest value recorded for the hybrid (7^ x T37)(V25 

of pods on axles
x V15}

The variation in the number of pods an main axis in the
double cross hybrids is represented in Fig.5.

Moon number of pods on main axis recorded by the parental 
varieties - Vg, V^, V^, V2g> v and Y+1 were 18.27, 14.36, 
39*96, 19.02 , 23.02 and 12.00 respectively. The highest value
was recorded by the parent Vge and the lowest by • The
ffipwn number of 23*32 recorded for the parent was also 
higher* I ho other parents Vg, V2q and recorded lower 
values of 1o.27, 19.82 and 14.36 respectively. Among the 
double cross hybrido the volueo ranged from 9.66 recorded by 
(V x V41)(/25 * V57) to 20.40 raoorded by (V25 x V^)
(V x V . 1). Iba value recorded for (/2 x '25 ̂ ̂
won 12.74 and was olose to the loweet value rooorded by the 
per mit V . 1. The values rooorded by (V25 x V^)|V2 x /2g) and
(V x 7 )(V2 x 725) were 20.06 and 20.27 respectively which
were oloee to the highest value recorded by (Vgg x V^)

;37 .1
Total pods per plant*

run /. nation in total pods per plsnt in t|ie double
oroas h y b r i d  a  la r e p r e s e n t e d  in *ig.6.



parental varieties the mean number of pods
32.33 in V37 to 87.66 in V25 . Tha 

parents Vg and reoorded intermediate values of 51.26 end 
50.00 respectively. The values reoorded by the double cross 
hybrids ranged from 16.53 reoorded for the hybrid (V2 x Y25>
(V29 X V37^ t0 41 ̂  recorded for (V2g x x V15). The
hybrid (.g x (V^ x Vg^) reoorded a value of 41.13 which 
R^^H§P|o^o^ekto the highest value. The values recorded for 
the hybrids (V^ x V41)(v2 x V^) and (V2 x x V13}
were 16,07 and 18,60 which were olose to tho lowest value*
Geed yield per plant*

The variation in the seed yield per plant in the double
cross hybrids is represented in Pig, (j •

Keon values for seed yield per plant in the parental
varieties ranged from 5.07 reoorded for to 16.72 recorded
for 7 - . Among the hybrids, the values ranged from 2.45 25
recorded for (V2 x V25)(V2g x VJ?) to 5.37 recorded for 
(v29 x v?7)(v 25 x v13) .  Th. J^brld. (v29 x v41)(v2 x v13),
(72 X 741)(V29 X Vyj), (T2 X T29)(V25 x V13), (V25 x V^g)
(7j X Vj7), (V25 X v29)(|2 X v41) 0Jia (V25 x V41)(V2 X vj7)
recordod vary low vnlueo compared to poronto. Hut tho T«lueo 
reoorded by the hybrids (V2 x | 15KV25 x V2g), (y25 x V1?)

<V29 * V  (V29 * V <V2 * V  •nd *** * V-*l K V «  * V
very oloa. to the hlgheet v*lu«.wars



variation in thousand seed weight in the double 
cross hybrids is represented in Pig. 7.

^mong the parental varieties, the mean values ranged 
£rom 2 .65 recorded for V2g to 2 .88 recorded for Vyj. The value 
recorded for «r̂  (2 .85) was very olose to the highest value.
The other parental varieties recorded close values. Among the 
double cross hybrids, (V^ x x ^29  ̂ maximum
weight of 5.44* The hybrids (Vgc x x 2̂9̂  recorded a
closer value of 3.35. The minimum value of 2.62 was recorded 
for the hybrid (Yg x V25) (V2| x ) •

Oil oontent:
/oriation in oil content in the double oroso hybrids is

represented in 5n.g»9«
In the parental varieties, the pcroentoge of oil content

ranged from 53.20 recorded for ^ 7 to 43.26 recorded for .
Ito ;> I 'at V2o olflo rooorded a hlchor value of 5 1.26. Amon£
the double orooo hybrids, 75.33 per cent woo recorded for
(V x V XVpj * V,,). Oil percentage rooorded for ( %  x V ^ j B

(Vo x CV2 * V29H V25 * T41) (V25 * T15)(T2 1 V
U U  lijXtiJ ond 66.00 reepectlvely will oh w ere oompmre-were 72.00, i

. u _ M 1,M. The minimum vmLue of 26.33 wn. rooorded tlvely hleher umluea.
, „ T , V.,). the valueo reooxdod for th. hybrid.
for (V«- x **7 >'*29 41J ( (V-q x v.-)(v^ x » ,) were 29.l| and (V„„ x V..)(Voc * v13;* 25 "  2V 41

H h cEIow oompored to thoac of other hybrid.
32.16 whioh W.re
and also
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C^/414)
A A(♦30,)

3, 0.23

A A 1 *(43E1r -  f

0.14

1.85

0.22 0.19 0.20

1.18 2.54 1.39

0.17

2.70

0.20 0 .1 8

2.21 1.95

Heritability(narrow
H T ) F, 0.74 0.60 0.66 0.46 0.25 0.32 0.25 0.27



.able 1G* Phenotypic expressions an various characters
m nyhcros brlds.

SI. Treatments timber 
Wo. of days

for first 
flOWCr-truT

Plant
height
atnaturity (In cn)

WuBber Number of
cf uri- productive
mary nodes onproductive main axis 
branches/ ulant

1. 2 34.33 71.80 6.40 20.33
2. 25 40.33 112.01 5.30 26.60
3. 29 53.33 34.60 4.33 16.60
4 . 37 39.00 65.86 0.33 22.60
5. 41 40.66 68.76 1.76 12.36
6. 13 35.00 67.23 4.16 14.73
7. 2 x 25 43.00 100.50 4.20 13.50
8. 2 x 13 38.50 78.35 3.40 16.10
9. 2 x 29 45.50 90.65 3.85 17.85
10. 2 x 37 44.00 95.40 3.60 23.30
11. 2 x 41 47.50 121.40 2.75 22.80
12. 25 x 13 40.50 99.30 4.70 21.05
13. 25 x 29 43.50 104.95 3.85 25.70
14. 25 x 37 47.50 97.70 1.70 24.05
15. 25 x 41 50.50 110.75 2.80 20.50
16. 13 x 29 43.00 62.40 3.50 14.65



Number of Total Seed 1000- lOllCbnfSnipodo on number of yield/ seed peroen-
main podo/ plant weight tage)axis plant vjin g)| (in

■ i i r «
18.27 51.26 12.54 2.76
39.96 07.66 16.72 2.67
19.82 50.00 8.53 2.65
23.82 32.33 6.63 2.68
12.00 33.06 5.25 2.66
14.36 37.66 5.07 2.85
17.00 55.50 8.02 2.69
12.70 79.70 10.80 3.06
16.30 69 .85 7.87 2.50
20.45 76.30 7.66 2.98
23.15 62.90 ■ 6 . 7 3 3.06
21.05 54.55 5.08 2.42
27.20 60.45 8.29 2.94
35.95 44.95 6.63

10.58
2.62

19.70 70.45 3.06
16.30 73.70 12.08 2.59

45.00 
45.06 
51.26 
53.20 
43.26
46.53 
51.00 
50.13
55.53 
39.29 
44.63 
58.17
52.42
46.74
52.04
48.00



31* TTe«tTW‘ts -lant Number
?c. of days of nri-for at î aryfirst □aturi ty pspoduo-flower (in co) tlveing branolieo/

plant

17. Yi x 37
18. 13 x *1
19. 29 x 37 
20 . 29 x 41
21. 37 x 41
2 2 . (29x41X25x37)
23. (23x41X25x13)
24. (29x41X2x13)
25. (29x41X2x25)
26. (29x41X25x37)
27. (2x41)(29x37) 
26. (2x41X25x29)
29. (2x41X25x13)
30. (25x37)(2x41)
31. (25X37X 2x29)
32. (25x37)(29x41) 

(25x37X2x13)33 *

40*50
47.00
42.50
47.00
45.50
35.66
58.00
35.66
37.33 
33.00
36.33
37.67
37.67
36.33 
36.66
37.33
40.33

83.13 
104.20
94.40
116.55
95.90
74.86
81.46
69.06
00.86
87.20
89.13
60.33 
85.66
60.33 
87.20 
87.66 
64.73

2.75 
3.65 
2.70 
3.20 
1.70 
1.40
2.33 
1.13 
1.73 
2 .0 0  
1 .20  
1.60  
2 .0 0
1.33 
1 .20  
0.73 
1 .20



? lumber 
or produc
tive
nodes on Liain axis

lumber Total of pods number 
on of 
main podo/ oxi s plant

. .  jJB. ! 1  1 1 1

Seed 1000- Oil 
yield/ seed content 
plant weight (Perceao 
(in g) (in g) tage)

19.10 19.10 58.90 9.29M 2.36 65.25
19.60 19.65 74.45 11.61 2.89 61.25
21.15 25.95 57.95 11.20 3.14 51.17
25 .05 24.20 106.70 14.99 3.04 59.08
18.40 18.05 44.10 7.33 3.02 53.50
15.20 14.55 22.15 3.00 3.07 48.66
19.40 15.15 24.00 3.07 2. 84 29.17
16.40 14.40 18.07 2.64 3.10 56.66
20.20 16.60 24.60 3.19 2.92 36.66
16.66 9.66 26.86 3.80 3.05 38.66
16.95 16.55 25.95 H 2 . 9 2 3.22 44.00
16.26 16.15 29.20 4*36 3.44 58.00
15.20 15.15 24.86 3.24 3.23 58.66
18.75 16.80 22.75 3.69 2.90 39.66
20.00 20.06 29.55 3.78 3.17 54.33
19.00 20.40 25.55 3.08 2.97 26.33



1. Treatments:io.
___

Number 
of days 
for 
firstflower
ing-------

Plantheight
at
maturity (in cm)

34. (2x29X 25x41) 36.00 85.60
55. (2x29 X 25x37) 36.66 84.00
36. (2x29)(25x13) 36.33 71.40
37. (25x13)(2x37) 35.00 74.66
3a . (25x13) (29x41) 42.00 92.66
39. (25x13)(2x29) 40.00 67.80
40. (25x29 X 2x37) 39.66 87.53
41. (25x29 X 2x41) 38.00 76.66
42. (29x37)(2x25) 34.66 79.73
43. (29x37X 25x13) 37.33 98.46
44. (25x41X2x37) 38.00 90.73
45. (25x41X2x29) 36.33 89.00
46. (2x25)(29x37) 39.33 84.33
47. (2x25X29x41) 37.67 69.86
48. (2x13X 25x29) 36.66 91.93

Number of primary 
produc
tive
branches/
lant
1.26
1.60
1.66
1.48
1.80
2.40
1.66
0.86
0.73
1.73
0.46
1.12
0.86
0.80
2.40

Number of produc
tive
nodes on 
main axis

17.66
18 .26
14.00 
14.20 
16.07
14.00 
12.46
14.33
21.93
22.20
18.20
18.80
16.00
12.26
19.20

Number of pods 
on
main
axis

Totalnumberof
pods/
plant

Seed yield/ 
plant 

^■Sin g)

1000- Oil 
seed content weight (Percen- 
(in g) tage)

17.40 23.60 3.24 3.29 70.50
18.06 27.93 3.34 3.09 59.33
13.67 18.80 2.51 2.92 75.33
14.33 23.80 3.43 2.96 66.00
13.86 27.20 4.59 3.24 32.16
14.13 28.93 3.29 2.99 40.66
16.53 24.73 2:.92 3.07 50.66
14.93 21.13 2*76 3.24 56.35
20.27 30.60 4.18 3.10 40.00
19.20 41.80 5.37 3.07 49.16
17.40 19.80 2.73 3.23 72.00
18.33 25.20 3.29 3.33 60.66
14.13 16.53 2.45 2.62 48.33
12.74 20.06 3.02 2.80 59.33
18.60 41.13 4.64 2.91 54.33

fTBIS-lm-rtr____ I—
11.90** 187.10** 5.45** 31.96** 74.23* 536.68** 26.26** 0.13** 417.28**

C J>. 2.72 10.14 0.83 3.86 4.54 14.50 2.24 0.28 14.68

* Significant at 5 per cent level
** Significant at 1 per cent level



lumber of day* for flP8t flowering,

oriation. for number of days for first flowering in 
the double areas hybrids is represented in Pig. 10.

The minimum number of days (34*33) was taken by the 
parental 'variety Vg. The variety also recorded earliness 
for flowering taking 35 days.
flavoring wua taken by Y ^  (53*33). In the double cross 
hybrids, the duration varied froo 34,66 in (V2g * V
(▼2 x V25^ t0 42 <lQy8 ^  V̂25 * V13^V29 x The
(?25 x T57)(V2 x V13) end (V25 x V^XVj x V2g) were late
flowering types taking 40.33 ond 40.00 days respectively. All 
the o-ther hybrids took below 40 days for first flowering.

3-1. Heterool3 in donblo croao hybrids.

I'lent height at maturity*
fhe pcroantagc of hetcroois manifested by tho double

crooo iiybrlcla over the uld-pnrent cuid better parents for plont
helfjht at maturity lo ro pro eon tad in table 17-1.

In barentol olnglo oroeo hybrido tho mean plant helfiht 
r.rjv;ed fro. 7U.35 on In tho oroeo Vg x to 121.40 on In
V r, V . In the double oroeo hybrids the minimum Toluee 
for ..lmt height 69-06 and 69.06 cm vere recorded by ( v j x
T ) €T4 x V  - a  ifg * V (TW  1 V rMP*°UT,ly' Tb*
mlxLmum valued 90.46 cm -aa recorded by (V2g x ▼„>(?„ '<

HuLaterosls over mid-parent waslnogatrireV ), ieroentega or n«wc
3 „ ,»,n orono hybride exoept In one. Tho positiveIn all the double ororu. v



heterosis recorded by the double cross hybrid (V^ x V^)
25 13^ v®3 no^ significant • The negative heterosis of

t enty two out of twenty six double orose hybrids were signi
ficant. The percentqge of heterosis in the double cross 
hybrids ranged from -37.45 to 1.66, Aa regards heterosis 
over better parent, the percentage of heterosis was negative 
in all the double cross hybrids. Bxoept in (^>9 ^ 7)
(^25 x ^13)» heterosis was significant in all other crosses. 
The peroentage of heterosis ranged from -40.75 in (^29 x ^4.1  ̂
(?2 x t° "0«35 recorded in (V2g x x V13^*
ITunber of primary productive bronohee per plant:

The percentage of hoterosio manifested by the double 
cross hybrid□ ovor the mid-parent and better parent for number 
qr primary nroduotive branches j>er plant la represented in 
table 17-1. In the parental single cross hybrids the number 
of primary productive bronchos per plant ranged from 1.7 in

V2 * ?T7 t0 ** /2 * *2rIn ^  d°UblQ OrO00 liybrid0f
mean numbor of brnnohoo vnrlod from 0.4G In tho orose

(V „ x V41)(^2 % V37) t0 2‘/,° ^  <Va * V15H V 25 * V  Bnd
(7 x V )(V z ^29 *̂ P0rosnta®e h°tero0i0

end b<rtt« S P « *  v s  negative in oil the double
•punnfcv six out of twanty ooveu double oro.e cross hybrids. Lvonsy

M g S t o  shoved statistical slgnlfloano. in both oose.. Over
ranged

S L T  f#j) to -05.63 m  (V?5 X V41KV2 X  V ) .  
(v2 * V4.1)( 25 57



o n *  Wittar pereat the valuss ranged fr4  -2 7.CT to 
in the crosses (V2 x T4 1)(t25 i y > * *  (y x y )(y2 x V^) 
respectively 

flunber of productive nodes on main ajd.ni

Table 17-1 shove the percentage of heteroslB for
p i

nunber o f  productive nodes on main axis manifested by the 
double cross hybrids over their mid-parent ana better parent 
values in single cro3ceo. In the single cross perentsf the 
mean number of productive nodes on main axis ranged from 16.20 
in the cross x to the maximum of 25*7 in V25 1 V29*
In the double cross hybrids it ranged from the minimum of 
12.26 in (V2 x VjjXVgg x V41) to 22.70 In (Vzg x Vyj)
(7 _ x V . . ercentage of heteroBio of double oroao hybride25 13
over the riid-'.arcnt ranged from -4^93 in (V^ x V^HVg * Vyj'
to j .21 In C72g - V C V 25 X V13)- °Ut 0f tU0 Uenty 0CTan
cubic crooo hybrido only tvo shoved positive lieterools over  

aid-parent no well oo bettor porent ovcntkoush thoy vera not 
et.tletio.lly Bioilflcnnt. Over mid-parent ninotoon and 
over batter i«rant twenty tlureo double oroeo hybrids shoved 
algnifloent negative heteroslB. The tvo double orose hybrids
vhloh shoved positive hetorosls vero |v2g x V^jV,, x V2g)

, . - v Hetoroaio over better parent
and (V2g * V ( 25 * V ‘ , , oC ,_*  <*. «\M  -> 1 V‘T« 1V “ *•* ■*
(V29 * V (T®  % V’5} ’



percentage
y e double croaa hybrids over their mid—parent and better 
parent single cross hvh-ri t\n
main axis. In the Binglo cross parents the mean number of
poctc cn main axis ranged from H .70 in the cross V« x to
the BBximam of 35.95 in the oroBB Vor x V,„. In the double25 371
cross hybrids the mean varied from the minimum of 9*66 in 
(7g x x Y_^) to the maximum of 20.40 in the cross
(7^- x V_y)(Ygg x Y^). Hybrids such aa (Ŷ j. x Y^yKVg X V29^ 
ctnd (Ygq * Y—7^^Y2 x Y^) also recorded values oloee to the 
maximum value, j ercent&£0 of heterosis over mid-parent 
was negative in all the double oross hybrids except in 
(Vgc * V41;(V2 x Ygg) with 1.65 per cent rnd (V^ x Y^HVgg x 
Y . ) with 36.5C por ocnt. The percentage of heterosis
over aid-parcnt ranged from -67.31 to 36.58. The positive 
heteroele exhibited by (V2 x V25)(V29 x 'lyj) wcu elgni- 
fleant. The negntivo hoterooln of twenty double orooe 
bybrld- over mid-parent wore oisnlflount. Over the better 
poxent all the double oroeo hybrldo exhibited negative 
heteroalB ranging fron -73.13 Por cent In (V, x V„)
(V * V ) "6 *95 par oant ln ( ' 25 X V411 T2 * Vz9)*
r.Zty tSeo double oroee hybrldo ohowed alsnlficant

. ...mil over better porent.1 The beet hybrid negative heteroele « «  _______
gmxinum



Total number of pod a per pi**,

tags of heterosls for total ymmhwr of pods par 
p manifested by the double arose hybrids over their single
cross mid parents and better parents are presented in table 
17-2.

in "^0 parentb the mean value ranged from 44*95 In 
^25 x *yi ^°6.70 in v'2q x in tho double crosB hybrids*
it ranged from tho nlniuum of 16.53 in (Vg x x 737̂
to 41 .'JO in (7^ x ‘̂,7)CV25 x V^). All the double cross
hybrid□ recorded significant negative heterosls over mid- 
parent no well no better parent where it ranged from -25.62f» 
to £30.61 over niid-porent end from -27-76.. to -u5.9b over
bettor parent.

1000-ceod weight:
Table 17-3 represents the peroantrvo of heterosla 

manifested by the double crooe hvbrldn over thslr mid-porent 
Mid better p U W t  vith renpeot to thousand oood weight.

In the single oroeo parento, the mean ranged from 
2.42 in V25 x V,, to 3.14 In T *  * Y,r  In the double oroo. 
hybrid■» It ranged from tho minimum of 2.62 In (Vg x V
(y x V ) to the maximum of 3.3i In <■ ', V l )<TS * V *
29 57 <• hrheroslo over mid-parent ranged from -10.27percentage of hoteroora
/ , r X V  x V,7) to 23.03 1“ * ;37,(v 2 x ‘2 p •in ( X 'oq'' 2fJ 7 I
' f  i floont hetoroolo vno recorded in twelve hybrid,ioeltlva .l^llfloon1

_  4«lflo«»t hoterooio voo rooorded In (Vj x v2gi and nogatlvol olgnl noon . S . H 9
t-osIo over hotter permit ranged from



- 1 6 .5 6 £ in ( 7  x v V v  „ x
2 25 29 x v57) to 25.50# in (Yg x V41)

29 37 -̂ be positive heterosis of five double cross
hybrids were significant. The negative heterosis of (V2 x
TT } (V T V N25 29 37' over better parent was also statistically
significant.

Seed yield per plants

Table 17—3 represents the percentage of heterosis
manifested hy the double arose hybridb over their singleIPlPVVilRlBfl 
cross mid-parent and better parent with respeot^to the seed
yield per plait.

In the single cross parentst the mean weight of seeds
per plant ranged from 5.08 in the cross x to 14.99 in
Y x Y - • In the double oross hybrids, it ranged from 2.45 29 41
in (Y2 x V25)(V2g x V^7) to 4.64 in (Yg x X V29)-
The percentage of heterosis over mid-parent ranged from
-79.55 in (V2g x V41)(V2 x V15) to -34.03 in (V2g x Y^)
(V x -/_) . Iloteroolo over mid-parent no wall no batter 
w a i t  war. all Blgnlfloantly negative. Over bettor parent, 
the paroantage of heteroaio ranged from -02.39 to -43.54.

Oil oanteut (Percentage)*
? ble 17“? deplete the peroentage of heterosis manifested

mnmrnhybrids over their single cross mid-par«it by the double crosa uj
m m a m I ,^  rQ0pe0t to percentngo of oil content, 
and better per .

the parents the mean peroentngo of oil oontent
I " ™  3<J 2 9  In V, x V 7 to 59.00 In V29 x V41. In ranged from 3 2 ?*



hvmpl A n J . Ifl m\Bf it ranged from 26.33 in (Vot; x V^)(7-30 x 7 j  to 75 ^  , L I  fe I mm
^ *  ̂2 x ̂ 29^7^5 x 7^-). Percentage of

heteroais over mid-parent ranged from -50.25 in (V29 x
(725 X ^13^ t0 57*6s (725 x 741)(72 x 7^). Out of the
uwenwy seven double croea hybrids, fifteen hybrids recorded
positive heteroais and twelve hybrids recorded negative

hetcrooia of five hybrids were signifi
cant. Over better parent, percentage of heteroais ranged 
from -55.43 in (725 x V37)(V29 x V41) to 38.36 (725 x V41)
(7g x Twelve hybrido recorded positive heteroais, of
which, three were statistically

Iheterooio was recorded In fourteen hybrids end elx hybrids 
recorded statistical oi^iificance.

dumber of days for first flowering:
Table 17—3 represents tho data on the percentage of

*heteroais exhibited by the double croao hybrlde over their 
mia-pwmt and better parent with reopeot to the duration
for first flowering.

In the olngle oroeo porento, moan valueo ranged from
39.50 in Y, * *1, *  50.50 In V25 x Y+ r  In tho doubl. oroo.
hybrid. It ranged fro. 34.66 In (V29 * V,7)(Y2 x V25) to

rr \(v x V * *) • Ov0r nid-parent, all the 42.00 in (V25 * ?13>(V29 * *41'
doubl. arc., hybrid. —  * *
p r o « w g .  of hataroalo r«*od from -4.0 In V25 V >

«* in (V*, * V41)(V25 * Y57). Except on.,
(V x Y.J to 24.53 29 429 41 ma other doublo oroo. hybrid.
( Y „-  X *  V



£L.
!;o.

Parents (Sinaia 
croaa hybrid a) 
and double 
croaa hybrids

Mean, 
number of 
productive 
branches/ 
plant

Percentage of 
heteroais over 
FH3 Better 
parent parent

— —

Mean
number of 
productive nodes on 
main axis

1. 29 X 41 3.20 - - 25.05
2. 25 x 37 1.70 - - 24.05
3. 25 x 13 4.70 - — 21.05
4. 2 x 13 3.40 - - 16.20
5. 2 x 25 4.90 — - 20.95
6. 2 x 41 2.75 - - 22.80
7. 29 x 37 2.70 - - 21.15
8. 25 x 29 3.85 - - 25.70
9. 2 x 29 3.85 - — 17.85
10. 25 x 41 2.80 - — 20.50
11 . 2 x 37 3.60 jm ĝ 23.30
12. (29x41X25337) 1 .40 -42.30 -56.25 15.20
13. (29x41X25x13) 2.33 -41 .o i l -50.43̂g 19.40
14. (29x41X2x13) 1.13 -65.76 -66 .7o 16.40
15. (29x41)(2x25) 1.73 -57.28 - 64.69 20.20
16. (2x41)(25x37) 2.00 -10.31 -27.27 16.66
17. (2x41)(29x37) 1.20 -56.04 —56.36 16.93
13. (2x41X25x29) 1.60 - 51.52 —50.44 16.26
19. (2x41X25x13) 2.00 -46.36 -57.45 -15.20

Percentage of 
heteroaia overp H H B H B S r a
parent parent

Mean
plant
heightat
maturity

----------------------

116.55
97.70
99.30
76.35

- - 106.75
- - 121.40
- _ 94.40
- - 104.95
- - 92.65
- - 110.75
- * * 95.40

-38.,09y> - 39.32 74.86
-15.,84 -22.55 81.46
-20.,50 - 34.53_ 69.06
-12. 17 -19.3? 80.86
-28. 72 -30.56 87.20
-23. lfl -25.88 89.13

•CMKN1 78 - 36.5& 80.33
-30.,69 -33.33 85.66

Percentage of 

parent parent

- 30.12
-24.53
-29.13
-27.58
-20.45
-17.39 
-29.53 
-22.37

-35.77 
-30.11 
-40.75 
-30.72 
-28.1? 
- 26.58 
-33.83 
-29.44

(continued)



Parenta (Single 
oroaa hybrids and double
crosa hybrid a)

Mean
number of 
orovluetive 
branciie a/
plant

Percentage of 
hetorosla over 
Mid Better 
parent parent

Msan
number of 
product!vo 
nodoa on 
‘-lain axis

Peroentage of 
heteroais over 
Ilid Better
parent parent

20. (25x37X2x41) 1.33 -40.30 -51.64 18.73 -20.19 -22.25
2 1 . (25X37)(2x29) 1.20 -56.63 - 60.33 20.00 -4.53 -16.84
22. (25x37)(29141) 0.73 -70.20 - 77.19 19-00 -22.61 -24.15
23. (25*37)(2x13) 1.20 -34.43 -74.70 15.2b -23.29 -36.38
24. (2x29)(25x41) 1-26 -6 2 .l5 -67.27 17.66 -7.72 -13.66
25. (2x29)(25x37) 1.60 -42.45 -58.44 18.26 -12.65 -31.42
26. (2x29)(25x13) 1.66 -51.21 - 64.68 14.00 -28.02 -33.49
27. (25x13)(2x37) 1.48 -64.34 - 0G.5* 14.20 -35.98 -39.o5
28. (25x13) (29x41) 1.30 -54.43 -61.70 16.07 -30.15Ji -35.73
29. (25x13)(2x29) 2.40 -43.93 -43.94 14.00 -28.02 -33.49
30. (25x29)(2x37) 1 .6 6 -53.49 -56.83 12.46 -48.98 - 5 1 .36
31. (25x29X2x41) 0.36 -73.94 -77.65 14.33 -41 .o f, -44.36
32. (29x37)(2x25) 0.73 -s o .79

 ̂•-85,10M 21.93 4.04 3.55
33. (29x37)(25x13) 1.73 -53.24 - 63.19 22.20 5.21 4.96
34. (25x41X2*37) 0.46 -65.6P -87.22 18.20 -16.89 -21.09
35. (25x41)(2x29) 1.12 -66.37 -70.9? 18.80 - 1 .9e -8.29jj|L36. (2x25X29x37) 0.86 -77.37 -82.45 16.00 -23.99 -24.35
37. (2x25)(29x41) 0.00 -8 0 .2 ^ - 03.67 12.26 -4b.52 -50.89Kjl38. (2x13)(25x29) 2.40 -33.88 - 37.66 19.20 -8.35 -25.29

Mean
plant
height
at
maturity

00.35 
07.20 
07.66 
84.73 
85.60 
84.00 
71.40
74.66 
92.86 
87.80
87.53
76.66
79.73
98.46
90.73 
89.00
84.33
69.86
91.93

Peroentage of 
heteroeia over 
m  Better 
parent parent

-26.67 -7.69 
-18.17 
-3.75 

-15.83 
-11.75 
-25.6? 
-23.3?
-13.9?
-8.52
“12#6f-32.27
- 20.73 

1.66
-11.98
-12.49
-16.iS
-37.43

-33.83
-10.ll
-24.7
-13.2S
-22.7?
-14.o£
-28.10
-24.8?
-20.33
-11,58
-16.59 
-36.85 
-25.28

-10.O0B  
-19.64 
- 21.00
-40.08 

-0.31 -12.4?
0.36 0.82 3.28 3-78

* Significant at 5 per cent level
9.94



Si. i-aren-ts (Single 
Ho. croaa hybrids) and double 

cto 33 hybrid a

ŷ oan
number of 
p od a can
sain axis

Percentage of 
h3t0.ro9ia over
MI3” hotter 
ryprmt uarent

1. 29 x 41 24.20 - -

2. 25 x 37 35 .95 - -

3 . 25 x 13 21.05 - -

4 . 2 x 13 14.70 - -

5 . 2 x 25 20.60 - -

6 . 2 x 41 23.15 — -

7 . 29 x 37 23.95 - -

3. 25 x 29 27.20 - -

9 . 2 x 29 16.30 - -

10. 25 x 41 19.70 - -
11. 2 x 37 20.45 mm -
12. (29x4D(25x?7) 14.53 -51.69 -59.56
13. (29x41X25x13) 15.13 -55.14 -57.48
H . (29x41X2x13) 14.40 -25 .9b -40.49
15. (29x41)(2x25) 16.60 -25.69 -51.40
16. (2x41X25x37) 9.66 x- *- 67.51 -75.15W17. (2x41)(29x37) 16.53

JJ*
-29.61•

w-31.11
18. (2x41X25x29) 1.3.13 -27.99 -55.55
19. (2x41X25x13) 15.13 -31.54 -54.64«20. (25x37X2x41) 16.30 -43.13 -53.27



son Percanbogo of Mean oil Percentage of
oLibor of hateroaio ovor content heteroaLa over
3da per Mid Bettor (Percen— Mid Better
Lrmt paz*ent parent toga) parent parent

106.70 - - 59.09
44.95 - - 46*74
54.55 - - 58.17
79.70 - - 50.15
56.85 - - 51̂ .55
62.90 - - 44.83
57.95 - - 51.17
60.45 - - 52.42
69.85 - - 55*53
70.45 - - 52.04
76.30 - - 39.29
22.13 -70 *.82 -79.2? 48.66 -8.03 -17.64
24.00 -70 .23 -77.51 29.17 w-50.25 -50.63
18.07 -00 A -83.oS 56.66 3*75 -4.101
24.60 -69 ■5r.92 -76.94 36.66 -33.59 -37.95
26.86 -50 X.19M -57.29 38.66 -15.57 -17.29
23.95 -60 .40 -61 .90 44.00 -8.85 -14.89
29.20 -52 ,6(d -53.58 

» •
58.00 19.27 10.64

24.b6 -57 .67 -60.48 58.66 13.90 0.84
22.73 -57 ,a8 - 63. 8§ 

-----------------------------------

39.66 -13.39 -15.15

(continued) >»m



31.
No.

Parents (Single cross hybrids) rmd double 
cross hybrids

Mean 
number of 
pods an
main axis 

 -------

Percentage of Mean 
heteroais over number 
Kid Better podo pe 
parent parent plant

21 * (25X37)(2x29) 20.06 -23.23 -44.20 29.53
22, (25x37)(29x41) 20.40 -32.1$ -43.25 23.53
23. (25x37)(2x13) 15.87 -37 .34 -55.8? 23.20
24. (2x29)(25x41) 17.40 -3.33 -11.68 23.60
25. (2x29)(25x37) 18.06 -30.83 -49.70 27.93
26. (2x29)(25x13) 13.67 -26.82 -35.00 18.80
27. (25x13) (2X37) 14.33 -30.94 -31.92 23.80
23. (25x13) (29x41) 15.86 -29 .92 -34.42 27.20
29. (25x13)(2x29) 14.13 -32.20 -32.87 28.93
30. (25x29)(2X37) 16.53 -30.63 -39.22 24.73
31. (25x29)(2x4D 14.93 -40.71 -45.11 21.13
32. (29x37)(2x25) 20.27 -9.02 -7.01 30.60
33. (29x37X 25x13) 19.20 -14.67 -13.78 41.80
34. (25x41X2x37) 17.40 -13.35 -14.91 19.80
35- (25x41X2x29) 18.33 1.83 —6.95 25.20
36. (2x25X29X37) 14.13 36.58 -41.00 16.53
37. (2x25X29x41) 12.74 -43.13 -47.3b 20.06
38. (2x13X25x29) 18.60 -11.22 -31.62 41.13

-------

C.D. 3.85 4*44



Percentage of 
heteroola ovor 
n n  Setter 
parent parent

Mean oil content 
(Percen
tage)

Percentage of heteroala ovey
m
parent Setter

parent
-40.55 -57.72 54.33 6.24 -7.91i
-60.97 -77.6|jjjL 26.33 -50.24 - 55.45
-62.81 -70.09 62.66 29.36* 24.99®
-60.50 -66.3S 70.50 31.0? 26.9S
-60.01

It-51.34 59.33 16.01 6.84
-69.77 -73.09 75.33 32.5? 29.49
-63.63 —68.81 66.00 35.44 13.46
-66.27 -74.50 32.16 -45.15 -45.5$
-53.49 -58.58 40.66 -28.48 -30.10
-63.03 -67.59 50.66 10.47 -3.36
-65.74 —66.41 56.33 15.83 7.46
-46.69
-25.62
-73.02 
-64.08 
-71.25 
-75.47 
-41.31
12.51

or cent level



Ql« Parents (Sjjoglo Mean 1000 Percentage of
Wo. cross hybrids) seed hetarooia cuatr

and double uei^it FES Setter
croaa hybrids parent parent

»— — — — — —
1. 29 x 41 3.04 - -
2. 25 x 37 2.62 - -
3. 25 x 13 2.42 - -
4. 2 x 13 3.06 — -
5 . 2 x 25 2.69 - -
6. 2 x 41 3.06 - -
7. 29 x 37 3.14 - -
8 . 25 x 29 2.94 - -
9. 2 x 29 2.50 - -
10. 25 x 41 3.06 - -
11. 2 x 37 2.98 - -
12. (25x41) (25x37) 3.01 6.36 -0.99
13. (29x41)(25x13) 2.84 4.03 -6.58
14. (29x41)(2x13) 3.10 1.64 1.31
15. (29x41)(2x25) 2.92 1.74 -3.95
16. (2x41)(25x37) 3.05 7.39 -0.33
17. (2x41)(29X37) 3.22 3.67 25.50
18. (2x41)(25x29) 3.44 14.67 12.42
19. (2x41X25x13) 3.23 17.86 5.56
20. (25137X2x41) 2.90 1.96 -5.23
—  -



lean oeod 
/Ield per 
ulant

14.99
6.63 
5.08 
10.82 
8.04 
6.73 
11.20 
8.29 
7.87 

10.58 
7.66  
3.01 
3.07 
2.64 
3.19 
3.60 
2.93 
4.36 
3.24 
3.70

Percentage of Mean No. 
hetoroolg over of days 
Hid Bcmer t ok can for 
parent parent flrat

flowering

Percentage of 
heteroais over
m r  BcttiS
parent parent

-72.1? 
—69 *42 
-79.55 
-72.3* 
-43.11 
-67.33 
-41.94 
-45.10
—44*61

-79.92 -24.53

-21.4?
- 20.00

-24.13
-6.17
—9.75
-20.57
- 20 .00
-14.52
-13.48
-6^9

-23.52 -23.52
-14.39

(continued) N



31.
Ho.

Parents (Single 
cross hybrida) 
and double 
cross hybrids

Mean 1000
seedvei&ht

Percentage of 
heteroais overHid-
parent "Setter 

parent

Mean seed 
yield per 
plant

21. (25x37X2x29) 3.17 23.83 20.99 3.76
22. (25x37)(29*41) 2.97 4.95 -3.62 3.06
23. (25x37)(2x13) 3.00 5.63 - 1 .96 3.82
24. (2x29)(25x41) 3.29 16.35 7.52 3.24
25. (2x29)(25X37) 3.09 20.70 17.94 3.34
26. (2x29)(25x13) 2.92 18.69 16.60 2.51
27. (25x13)(2x37) 2.9b ^  *9.65 -0.67 3.43
23. (25x13)(29x41) 3.24 18.25 5.88 4.59
29. (25x13)(2x29) 2.59 21.54 19.60 3.29
30. (25x29X 2x37) 3.07 3.72 3.02 2.92
31. (25x29X2x41) 3.24 8.00 5.80 2.76
32. (29x37)(2x25) 3.10 6.16 -0.01 4.18
33. (29x37)(25x13) 3.07 10.43 -2.23 5.37
34. (25x41 X2X37) 3.23 6.95 • * 5.56 2.73
35. (25x41)(2x29) 3.33 19.78 •« 8.02 3.29
36. (2x25 X 29x37) 2.£2 -10.27 -16.56 2.45
37. (2x25X29x41) 2 • j -2.44 -7.69 3.02
36. (2x13X25x23) 2.91 -3.00 -4.90 4.64



Percentage of 
heteroaio over
Hid Dc|ier
poren b parent

-48.14

Mean No. 
of days 
taken for 
first 
flowering

Peroent&ge of 
heteroBla over 
It l i  d 'H o t t e r
parent parent
!- — ■■■ » — ~ ~ — "I ■
-21.16 -19.43 
-20.9a -20.57 
-7.29 2.10

-19.79 -20.8§
- 21.1 5 - 19.4?  
-10.8? -5.36 
-17.1? -13.5?

3r cent level



recorded ei0 alfioantly negative heteroais. Compared to 
better parent (early flowering parent) only two hybrids 
rlZ'i (V25 x V^)(v2 * V^) and (y^ x V^XVgg x V^) showed 
positive heteroaia but they were not statistically significant. 
The negative heteroele of twenty two double c r o s s  h y b rid s  

were statistically significant■ Percentage of heteroais 
over better parent ranged from -24.15 la (V2g x V.pCVj x V„.) 
to 3 . 7 0  In ( V 2 5  x  V ^ K V , * ,  x  V ^ ) .



C* {S^olog±oal Btod

o analysis vas done in the pollen mother eelli 
of single cross hybrids and double arose hybrids* Normal 
melotic stages were observed in all oases* No oytologioal 
abnormalities were noted in any of the hybrids.

Pollan sterility

Peroentage of pollen sterility calculated in the 
parents, single cross and double cross hybrids are 
presented in table 18* In the parents the percentage of 
pollen sterility ranged from 0.21 in V2 to the maximum of 
4.49 in V\|,. In the single cross hybrids percentage of 
pollen sterility varied from the minimum of 2.76 found in
,ao o r o a o  Vg x to the maximum of 9-6 found in tho cross 
V x V . In the double orosa hybrids, percentage of
pollm atari 11 ty ranged from the minimum of 1.25 found in

/tr «r v 1(V x V„r,) to the maximum of 9.22 the cross (IL5 *f4lA V 2 37£ f l j j | I I H B
found in the crossE^S x V29^V2 X V37)#



>le 18. Pollen sterility analysis.

Single cro33 hybrids

2 s 25 
2 x 37 
2 x 29 
2 x 41 
2 x 13 
13 x 29 
13 x 37 
13 x 41 
25 x 29 
25 x 13 
25 x 37 
25 x 41 
29 x 37 
29 x41

Percentage of 
pollen sterility

8 .12
2.76  
9.60 
6.06 
8.03 
5.25 
3.81 
6.02  
6.28 
4.41 
4.92 
3.48 
6.13 
6.66



Percentage of 
pollen sterllH

(29x41) (25x37) 
(29x41) (2x13) 
(29x41) (2x13) 
(29x41) (2x25) 
(2x41) (25x37) 
(2x41) (29x37) 
(2x41) (25x29) 
(2x41) (25 x13) 
(25x37) (2x41) 
(25x37) (2x29) 
(25x37) (29x41) 
(25x37) (2x13) 
(2x29) (25x41) 
(2x29) (25x37) 
(2x29) (25x13) 
(25x13) (2x37)

(continued)



 -------------------------

Percentage of 
Double cross hybrids pollan sterility

---------

(25x13) (29x41) 5.83
(25x13) (2x29) 7.60
(25x29) (2x37) 9.22
(25x29) (2x41) 5.18
(29x37) (2x25) 2.81
(29x37) (25x13) 2~20
(25x41) (2x37) 1.25
(25x41) (2x29) 5.77
(2x25) (29x37) 1.43
(2x25) (29x41) 6.46
(2x13) (25x29) 4.90



Per oent age of 
Parents pollen sterility

2 0.21

25 0.80
13 4.49
29 2.56
37 2.86
41 VO. 72



Tho mean values eng tho analysis of variance la the
*2 f^®S®ny find perents with respect to the nipn characters
ere presented In table 19.

Significant differences were exhibited by the F«2
compared to the original parents for nil the nine characters 
studied.

Plant height at maturity:
Plant height at maturity in the parents ranged from 

6<1.90 cm observod in to the highest value of 105.17 
observed in 2̂5* ^2# °̂ iai‘8,ĉ er showed & wide
range from the minimum of 65.73 cm observed in the cross
V x V to a maximum of 124.56 cm observed in the orose2 13
y x y Tho ? 2 Qeon Toluea of tlie oro0Be3 V13 x 4̂ 1*
7 X V41 and V29 x V37 were significantly different from
tholr parental moon values. In tho crosses V2 x V25 and
V x 7 the ?2 010011 valuuu were oLt'n1' f f<M*Ltl$|
tLt oA 2- The i'2 aoon of tho cross V25 x V13 ohowod
n^dflosnt differenoe with that of the pnront :yy In tho

„ V V the mean woo BifiJilXioanbly dlfforent from oroao 7oc * '29
that of V25- In the orossoo 725 * and VgJx 7^ the 2 
ae.n ° ^ fL0ant aifrcren0° rr°"
parent V.r  In the other oroosoa, V25 * 73T V 2 * V37

41 ir - * T  the i'n moon values did not
* v29’ V13 * V57 77 41 - ______

ohow 11
13 M* * 37 2* *dlfforenoo from their parental —  valuss.



Primary productive 
parento renged from 0.7 recorded by Yyj to the maximum value 
o_ t .96 recorded by Yg. In the Fg the number of branches 
renged from the minimum of 1.26 reoorded by the cross Y ^  x
^37 narinun of 4.43 reoorded by the crose Vg x 7g^.

Comparing the mean values of Pg with the mean values 
of parents, the following results were obtained. In. the three 
crosses viz., Vg x Vg5, V ^  x Vgg and Vg^ x the Fg mean
values were significantly different from their parental mean 
value0. I11 the cross Vg x V^- the Fg mean was significantly
different from that of Vg and in the orooa Vg x the Fg
menu was significantly different from that of • In the 
crosses Vg x Y ^  and Vg5 x Y^ the Fg mean values ware 
significantly different from that of Vgf̂. Similarly In the 
crosses Vg x Yy{ and Vg5 x Yy  the Pg mean valuca were 
significantly different from that of V^. The Pfi mean in the 
cross Vr, x V3? showed oigniflcnnt difference with that of
V . In the other orossea Y^ x V^, Vg5 x V^, V x V^,
^ . -rr v hhelF« moon vnlues did not deviated

V ,  * VA1 ^  37 X V41 6 2
signifloently from their parental mean values.

dumb nr of productive nodcn on mln axlo.
In the perente, the number of produotlve nodee on main

, fr.al the iii.nl num veluo of 14.55 rooordod by V,, axle rengod frora tn.
„ o» V “ •>’«

tt, . » « . «  •“ * ■



cross x Vgg to the
maximum of 32.90 recorded in the oroes V2 x n s p p

Comparing the mean values the F0 showed significant 
difference from both the parents in the crosses V0 x V,
2 x V37f V2 x V41» V25 x V37» V25 x V41* V29 x V37 

7^7 x 7^. In the crosses 7 ^  x 7^- «nd x the mean
value8 of were slgiificantly different from that of
In the oross x the Fg mean was significantly
different from that of the cross VOQ • The 77 o mean values

fsH'lwere not significantly irom those of the parents in the
remaining croosoD viz#l Vg x ^13* ^2 x ̂ 29* ^13 x ^29* ^13 X 
7yj end v'gg x 7^.
Number of pods on main aidLoi

"Tsabor of podo on main axis ranged from the minimum 
of 16.23 reoorded by V2g to tho maximum of 30.20 recorded
ty v anon/' the parents. In the F2 progeny, it roused
widely from tho minimum of 14.00 reoorded by the oroeo

x. V to tho maximum of 42.77 recorded by V25 x 'iy[. Tho*

variation v^e very wide in tho L  rroCeny.
The neon vnluo of ohowod alsilflonnt difftrshOi^H

^ ■ M L . H l L J o f  both the poronto in the croooos fron the naan vnluo
„ - T y , and Vor. x V 7. In the oroooco V£5 x V29,

T2 r 23'  ̂ 4 * , meBn values were Dlsnlflosntly
tr r v and von * va1 2
f;r J  * .  2 -  •' »»• «* * -  ~  ’■ * “  >ZZ  °r v  “



25 x  41 p2 mean Waa significantly different fron 
^ 4 1 Ban̂  the cross Y ^  x y ^  Fg mean wee signi

ficantly different from that of the parent Y^. In the 
remaining erosaea viz., vg x Y13, y25 x Y13, Y13 x Vgg,
^ 1 3 x ^ 4 1 Bn& Vj,rj 1  7^ the F| mean values were not signi
ficantly different from those of their parents*

„Total number of podo per plants

I n  th e  p a r e n ts  the t o t a l  number o f pods p er p la n t  

ra n g e d  from  th e  minimum o f 21.B0 record ed  by V^3 t o  th e  

n /ix imra o f  4 9 *77  reco rd ed  by Vg. A. -very h igh  amount o f  

v a r i a t i o n  was ob served  in  th e ? 2 progeny . The ran ge o f  

v a r i a t i o n  was v e ry  w id e . I t  extended from th e  minimum 

o f  2 8 .2 6  re c o rd e d  by th e c r o s s  f 2 x 1 to  a  maximum o f

119.03 reco rd ed  by th e  c r o s s  V2 X v2 5 .

The F moan valueD showed significant difference a.rom

both the pnrento in the croaseo '?2 x ^2ry '-2 * 'yi< V2 * V»* 
V__ x  V r . .  V 2 5  x V3 7 . V 2 5  x V4 1 , V 1 5  x  V2 g . V 2 9  x V 3 7  ana  

T x 7 In the crooaen V2 x V „  end V2 x V2g the P£ moan
rSuen showod alGnlfloent difference with that of T,. In tha

,  v the F„ mean won e lg n i f l c e n t ly  d i f f e r e n t  from  cross / 25 * v29 2
that of V20 and in the oroaeee V,, x V37 end V,, x V,, the
,  mean Taloee were e l e n l f l o o n t l ,  d i f f e r e n t  from th a t  of 

2 rtf V x V.- Showed no significantV . The P2 dean value if V2<J|* 41
15 <Ml those of its parents.Bdiffersnoe with th



sd yield per plant In the parents ranged from the
pJ.n l g un o f  3 «35 &  thiahwia j  w ^g reoorded by V^_ to a maximum, of 6.58 g
recorded by Yg,_, Among the hybrido the variation shoved a
vide range. It extended from a minimum of 3*69 reoorded by
the cross Vg^ x to a maximum of 17.26 recorded by the 
oroea Vg x vJL

The 3'g mean value showed significant difference vith 
those of parents in the crosses V2 x Vg5l Vg x V^, Vg x V41# 
Vg^ x V" ^ end /ĝ  x V^  • In the cross Vĝ  x V^» the Fg 
mean snowed significant difference from that of V^. In the 
cross VgQ x V ? tho Fg mean showed significant difference 
from Vgq end the Fg mean of the oroBS Yyj x showed 
oi^J-fiCBiit difference from that of V^  • In. the other
erooaoo V2 x V^y V2 x V29* V25 31 V29‘ V13 * '29’ 'ri3 * V37'
7 x V and Vgg x V^, the Pg noon values were not signi
ficantly differant from those of their parents.

10QO-osa<l weight*
T h o u s a n d  seed vel£*t In tho psrents ranged from 2.65 g

(7 ) to 3.35 (V15>. ABOn« th0 ?2 hybrl‘,° “  rmCCa fr°m
thf lowest volue of 2.03 reoorded by the crossk x ̂  to 
||g jji^oet volue of 3.49 recorded by tho cross V2g x V4,.

of variation In ^  thBn th°
" The ?2 moon value- showed significant difference from

those of their parent. In the "rofl"M  T2 * T25* V2 * V



_  —

S Plwrt in the parents ranged from the
mini mum of 3 . 3 5  g reoorded by V^ 3 to a maximum of 6 . 5 8  g
reoorded by Vg^. Among the hybride the variation shoved a
vide range. It extended from a Tnininnim of 5*69 reoorded by
the cross Yg^ x ^ 4 1 to a maximum of 1 7 . 2 6  recorded by the 
cross V2 x V25#

The r'2 mean value showed significant difference with
those of parents in the crosses Vg x V25* V2 x V37* V2 X V41' 
Vg^ x 7 yjend x • In the cross x V ^ f the Fg
mean snowed significant difference from that of V^,. In the
croc a x the neon showed significant difference29 37 2
fyon the 1 0 mean of the cross V x  7^ showed
Bi^Lificcnt difference from that of V^1. In the other 
erosooo V? x V.,., V2 x V2g, Vg5 x V2Q1 V1? :: .'2g, V,5 x t57,
7.,, x V41 and V2g x V41, the P2 neon values were not Digni-
flcantly different from those of their parent3.

1000-oood weight!
Thouwnd oood weight In the parente ranged fron 2.65 (

(V ) to 7.55 (V13)> W  th0 P2 ^ brla0 U  roncca fr°m 
tbf lowaot value of 2.05 recorded by the oroeo V, x to
‘he hipest value of 5.49 recorded by the orb.. V2g x V^.

of variation In *2 we. «*» * .  P~«tel renge.
■ T  ^  , noon ynluee showed significant difference fr«

thoee of their perant. 1- « -  <’r088e” V2 * V25* V2 * V



31.
lo.

Treatment a Hunber 
of days 
for first 
flowering

Plant
height at 
n^turity( ca)

Humber of
primry
productive
bronchos/
slant

1. 2 38.87 63.33 2.96
2. 2 x 25 39.13 98.37IBr^ 4.43
3. 2 x 15 39.28 65.73 2.00
4. 2 x 29 38.73 79.03 2.80
5. 2 x 37 38.73 85.13 2.35
6. 2 x 41 41.33 105.43 3.63
7. 25 39.67 105.17 2.70
8. 25 x 13 39.00 102.25 2.10
9. 25 x 29 40.13 84.27 3.26
10. 25 x 37 38.37 95.95 2.26
11. 25 x 41 36.53 116.95 1.93
12. 13 38.40 66.90 2.43
13. 13 x 29 37.30 79.85 3.86
H. 13 x 37 35.53 79.57 1.26



Number of Humber of 
produc- poda on 
tive nodeo main axis on main 
axis

Total 
number of pods 
per 
plant

Seed
yield/
flante)

1000-
seed
weight
k s)

18.57 19.03 49.77 4.26 2.76
32.90 39.33 119.03 17.26 2.03
18.78 14.00 28.28 4.45 3.18
15.97
51.55

15.96
32.40

30.30
69.80

5.53
9.27

2.78
2.92

29.00 26.67 86.80 12.08 3.43
20.43 23.37 46.77 6.58 2.67
24.40 23.35 67.27 8.43 2.88
24.92 26.28 59.20 6i46 2.24
29.57 42.77 78.15 14.02 2.83
29.88 29.08 79.50 7.63 2.76
14.53 18.73 21.80 3.35 3.08
14.37 16.15 46.58 6.22 3.24
10.12 20.35 40.60 5 §68 2.99

Oil
oontoni
(Peroextage)

(continued)
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31*
3o.

?r*at®6ata Bft\jberOf (iCLjO
far first 
flowerinj

riant Nuuber of 
boi^hc at primary 
■ntirf^y produe- 
( in on) t i  v g

branches/
plant

Humber of produc
tivenodco an 
Lain asio

ITui.it)cr of podo on 
UiJ.ii axlo

Totalnumber
of poda
por
plant

Seod
yield/
plant 
(in g)

1000-  occd 
weight (in c)

Oil
oontont 
(forcen* tngo)

15. 13 x 41 39*47 99 *3 7 1.56 21.73 22.00 41.73 5.99 2.53 46.93
IS. 29 39*50 87.20 O.oO 15.97 16.25 24.37 3.67 2.65 49.07
17. 29 x 37 40.13 124.50 2.26 32.70 35 .27 65.26 7.97 2.55 49.47
18. 29 X 41 36*47 94.52 1.66 10.05 24.50 31.37 3.69 3.49 51.33
19. 37 40.6? 86.67 0.70 22.95 50.20 33.97 5.45 2.68 53.20
20. 37 x 41 38-93 94.10 1.55 32.00 25.08 57.00 8.02 2.8? 48.53
21* 41 42.40 82.50 1.90 16.27 19.60 34.20 4.03 2.67 47.13

S40.§8 2 M 120.48 105.98 1001

12.01 0 .92 6.15 7.19 16.02 3.29 0.33

* Oignlfleant at 5 per cent level 
#* Si/pilficant at 1 per cent level

78.0$
10.42



^25 1 ^29 an^ T . . . .    .y ~-r \7 .«  29 41* 111 the 0T0B8 Vg x V--, the F,
^lOVQd E3if9i1 flAimi at iî l

2t h e  c r o s s e s  Y„_ x  v  «*** w ~
25 v ^5 and x v^  the Fg mean Trainee

showed significant difference from that of the parent V^.
In the cross 7 ^  x Vgg the Pg shoved significant difference 
froa that of Vg^ and in the cross Vg^ x lyj the mean of Fg
showed significant difference from that of V-y. In all the
other crosses viz., Vg x Vgg, Vg x V^, Vg5 x V^, Vg5 x V ^ 9 

x V„7 and V„7 x V^ the Pg neon values showed no signi
ficant difference with those of parents.
Oil content (Percentage)*

Anang the parent □, oil o on tent ranged from the 
aininun of 45.07 recorded by Vg5 to the moxinun of 55.20 
recorded by V-7. In the Pg progeny of different crosses it 
r:-nged from 30.67 recorded by the crooo Vg5 to a
caxinia of 50.67 rooordcd by the orooo Vg x Vĝ . Tho rango
of variation was vido in the "g.

The F ncan woo significant^/ different from those
of the porontB only In the oroee T „  x Vgg. In tho croso

, r _ tho P2 noon uaD elpimoo different ftp0Q UlQt

Of T25 ‘ 0lBllarly ln ^  0r00B * * *  th8 '*
p^oo .howl .lcnlflomt fllfforanoe from that of V,r  In
.11 the other oroeeeo »2 ■«» « * ■ “  ald not d0vial0d 
.lenlfloantly from thooe of tholr parents.



^i0n ^â *ein for flowering 
ranged from 38,40 days recorded by to a maximum of
42.40 reoorded by , Among the Pg hybrids it ranged from
55*53 reoorded by the cross V..- x V_„ to the ™a.vi ™ n  of
41 by the cross x V2 41

Only in the cross x 7_7 the Pg mean showed
oigrJ.ficant difference from those of the parents. The Pg
Bean of the oroas V0 x 7^ showed significant difference
with that of the parent 70 end the "p mean of the cross
7^- x V_„ showed signifleant difference fron that of the2o 37
parent 7-7* In the other crosses Vg- x V ^ , 7 ^  x Y^,
7 x V,-, and V,- x V.- the mean values were significantly29 41 B|| m | •1
different from that of the parent .



P *2
Analysis

<4 In table 19* Highly significant 
^ ^ ercn,Ge8 wor® shown by the different crosses for all the 
characters. Except for oil yield the differences were 
significant both at 5 and 1 per cent levels*

iCl. b t b i 'h  i m hThe analysis of variance for general and specific 
combining ability is given in table 20. The mean squares

leral combining ability were significant for all 
the characters except for oil yield. The mean squares due to 
speolfic combining ability were also significant for all the 
characters. Por number of primary productive branches, 
(productive nodes on main axis and oil content the effects
were significant at 5 per cent level only.

The estimates of the s.c.a effects for different 
charaotera among different oroaoeB ore presented In table 21.

Plant height x
Varlanoe due to g.o.a and a.o.n were algnlfloant J  

J p r cent level. The g.o.a variance was about double to
Among the f| progenleo .lgnlfloant a.o.a

0rr«;.r. were reoorded In the oroaeee |2 x V,,, V2 x V41,
11 V x V . i i f f x  V.. and Tqq x V-..25 * 29’ 25 * 41* «  41 29 57
   nacatlve In the oaee of two orooeeeBut tha affeota ware negativ|-m a  ■ ■ ■  U H j

m Maxim® po.ltlve a.o.a effeot waa 
V i V.. and >25 29* . .

v  t V (51.905) • Th* 0I’0■■ V25 * V2‘J r*° shown by Vgn x JJ
*i-. value of *"15 *328* the maximum negative v



9

K-ber of primary productive branohee par plant,

Ih* Tarl<m0e dua io g.o.a as well a. a.c.a were signi
ficant at 5 per oent level. n *  g.c.a vaptanoe was about

timee to that of a.o.a. The a.o.a affeota were signi
ficant in alx orosses viz., Vg x Vg5, Vg x V15, Vg x V^1

25 X ^29* ^13 x ^29 an̂  ^29 x ̂ 37 wkl°k the a.o.a effoots
in orossea Vg^ x Vg^ and Vg^ x V^7 were eignifioant at 5 per
oent level only a The 0aC»a effect wae negative in the cross
Vg x 7^* Maximum positive s.c.a effect was reoorded in the
oroso V15 x V29 (1 ,695)•

Number of productive nodes an main axis 1

The analysis of variance for g.c.a and s.c.a showed 
aignifleant variation. The g.o.a variance was about two and 
a half times higher than that of s.c.a. Significant s.c.a 
effects were observed in eight out of the fifteen crosses 
▼la., Vg x V25, Vg x Vgg, Vg x V57, Vg x V+1, Vg5 x V̂ .,,

V13 * V37* V29 * %  °nd V3? * V<1‘ T1“  8’08ff80tB °f
Vg x Vgg, Vg x VJ7, Vg5 x V41 and V,, x V,? were algnlfloant
n-' 5 per oant level only* The lo.o.o effeoto of orossea 
-1-  JlI —  a y x V-sJ waro negative. Maximum poaitlve s.o.a

affaot w «  reoorded by «» «•" V29 x V37 (8*965) foUowed 
by the oroaaiVg x Vgj(6.684).

Number of pod" on ®aln °*lB>
m(H a.o.a were highly •ignlfloanVariance da* to g.o.a «oa

The mnj-yMfor fchie character.



  w* o.o.a. m e  s.c.aeffects were «lgnifioan1i u,
°rOBBea via.. V, x V,5, V, x 

13* 2 X ^29* T25 1 VT 7 . V.» X V am* V V wv
.rr.ee. .- f  - f 13 *  " *  T29 1 V37* «-■••••—  -m * o  37 Too * »*•?• ino o.o.aeffects In V. i y v ~ xr2 131 2 29 ^*|5 x V_„ were negative and
significant at r  x. only. Maximum positive s.c.a
effect of 1 1 . 1 6 9  wae shown by the arose V2 x V25 followed hy 
the oroso x V3? with 8.374.
Total number of pods per plant i

Analysis of variance showed that g.o.a nnd s.c.a 
variances were highly Bignifioant. The g.c.a variance was 
double to that of G.o.a variance. Eight oroBses reoorded 
significant s.Oea of fee to. The arosses include, x

2̂ x T/13* ^2 x ^29* ^2 x V419 ^25 x ^13* ^25 x ^41* ^13 x ^29 
wnri Vgo x ^37* AmQa* these the two crosses V23 x and
V__ x V,. showed significance only at 5 per cent level. Thei& I ■ I j H I  H B n g H |
s.c.a effects of the two orooses V2 x V13 and V2 x V2g were 
nogatlvo. Maximum poeitivo o.o.a effeot was reoorded by the 
arose V2 x ?25 (42.464) followad by tho oroooeo V2 x
(26.616) end V2g x Vyj (22.300).

1000-seed weight!
AneSynV  vari®100 Bhowe<1 b<ah g*o.a and o.o.a

▼arlanoss were el<shlfl°*‘ •* 1 P "  ° ® ‘ leTel<
of g.c. rerlanoe v u  •!*»■* W *  t0 that of Th*
a.o.. effeote of aaran oroasaa vara algalfloenk at 1 par oait

m  —  /.roif at 5 omt level. The aroeees level end that of ana oronn no  ̂ ■ e l T H H T l I  ! ■ ■



■howlBg ftl®ilfloant »arxaticn inoluia V x V V x 7 W U  
w x T t  _ - 2 1 25* 2 1 '41 •
T x V29' I L  29’ 713 * V  T«  * V  T29 * *41 -25 * V37. Aac^ theae ^  %Q>a ^  ^  ̂  ^

* 2 X V25 * T25 x T29 and Tgg x vj7 were negative. The
a.o.a effect was positive and maximum in the oroee V2g x T+1
(0.6 11) which wee closely followed by the orosees 72 x V 
(0.522) end 713 x (0.518).
Oil content:

* nelysio of variance showed that only s.c.a variance 
vac significant a$ 5 per cent levels The gaCaa variance was 
only half to that of sacaa variances The sacaa effects were 
significant in the three orosses viz., V2 x ̂ 25* ^25 x ̂ 37 an^
7^. x ^29* w*1̂ 0*1 ̂ 15 x ^29 waa Qt 5 per cent
only. The Baoaa effects of the two orosses x and
V„, z were negative, Maximum positive s.c.a effect was 

13 Zy
recorded by the cross Vg x Vg5 (9*956),

Seed yield per plant 1
The g.c.a and 0*0,a varienoee were highly eignifioant 

and the g.o.a variance waa ana and half tlmoo higher than 
that of a.o.a. Tho a.o.a affaots of four oroaaaa vie., V2 x
V25. 72 x V41. V29 , ^  %  * V29 war8 —
pool tire. Only the oroaa V,, * ****  elgnifloenoe at 5
pop oalt ur,!. Haxlaan po.ltlT. a.o.a effect we. recorded
by th. oroaa V, a %  <7.110) followed by tb. oro.... V, x
7,, (4.614)|and 729 * %  <4'025)-



uToaaea Days Plant
for hei gbt
first atflower- laaturi ty
ing. .. ------

No. of 
primary 
proauc tive brandies/
plar.t

No. of
produo-
tivenodes on 
main axis

2 x 25 -0.231 3.623 1.099** 6.684**
2 x 13 0.358 -11.504** -0.879** -0.460
2 x 29 -0.498 -7.215 "0 .044 -4.674*
2 x 37 -0.398 -3.117 0.052 4.213*
2 x 41 1.152* U . 346** 0.943** 5.194**
25 x 13 0.519 1 1 .669** —0.561 * 2.974
25 x 29 0.34b -15.325** 0.641* 2.100
25 x 37 -0.321 —5 .644 0.187 0.255
25 x 41 -1.304* 12.519** -0.330 3.903*
13 x 29 -0.543 -1.735 1 .695** -1.435
13 x 37 -2.715** -4.021 -0.358 -3.931*
13 x 41 0.169 12.942** -0.550 2.767
29 x 37 1.079 31.935** 0.693* 8.963**
29 x 41 -1.637* -0.919 -O.315 -2.356
37 x 41 -1.071 -3.337 0.174 5.093**
s . s . ( s 1,)
3.J.(3ij-31]c)
3.3.(Sij-Skl) 
C -D.C0.05)

(siJ-ski>f »

0.574 4.096 0.296 1.960
0.877 6.113 0.443 2.925
0.794 5.659 0.410 2.708

1.714 3.056 0.886 5.850
1.588 1.318 0.820 5.416

* Significant** Si/̂ nificant



No. of
podo 
on iiain
G L X iO

Total 
number of 
podo/ plant

1000oeed
weight

Oil
content
(Percentage)

Seedyield/
plant

11.169** 42.464** -0.596** 9.936** 7.110**
-4.884* -19.709** 0.198 -4.889 -2.014
-5.082* -19.367** -0.028 -3.625 -0.900

3.147 7.869 0.071 4.594 0.506
3.630 26.616** 0.522** -6.023 4.614**

-0.673 11.407* 0.120 -0.756 0.730
0.095 1.666 -0.350** 3.577 -1.201
8.374** 8.353 0.208* -10.539** 4.023**
0.907 11.449* 0.072 -1 .299 -1.065

-0.759 17.626** 0.288** -7.9Q1* 2.244*
-4.763* -0.619 0.006 4.636^M —0.629
3.103 2.259 0.51Q** O.6Q6 0.983
7.988** 22.388** -0.269;** -0.497 1.694
3.438 -0.782 0.511** 4.486 -1.286

-4.182 4.588 -0.076 -0.431 0.714
2.299 5.380 0.105 3*331 1.052
3.431 9.029 0.157 4.971 1.569
3.176 7.434 0.145 4.602 1.453
6.860 16.058 0.314 9.942 3jl30
6.352 14.868 0.290 9.204 2.906

at 5 per cent level at 1 per cent level



3 orarc e T>.?.
Mean aan of squares

-

Day9
for
first
flower
ing

Plant
li eight
at
maturity

No. of 
primary 
produc
tive
trenches/
■nlont

No. of 
produc
tive 
nodes 
cn main 
axis

No. of 
I ods 
on
main
axis

Total 
number 
of pods/
plant

Seed
yield/
plant

1000- Oil
seed contentweight (Percentage)

3.C.A. 5 **2.521 331.87o 1.627 75.539 130.610 **961.190 17.05? 0.119 14.054
S.C.A. 15 *«•1.592 174.247 0.674 31.918 38.22? 460.280 11.120 *•0.124 29.992
2rror 63 0.419 21.353 0.112 4.889 6.725 36.840 1.407 0.014 14.122

---------- -----

* Significant at 5 per cent level
** Significant at 1 per cent level



of Ibr ftrrt flowering,

Variance due to ff « . ,g. .a and a.o.a vare highly significant.
SigBia<*nt b .c .a effects were recorded by the croeae,
T2 x V41' 725 1 T41, y13 i Yjj od x T+1. Kxwrpt the 
01088 ^2 x 741 other three oroesea recorded negatire 
B.c .a exiecta. .-axiznm positive b . c . a effect vbb recorded by
-he crooo .g x <^(1.152). .̂axinnn negative s.c.a effect
waa by the croeB 7 ^  x (-2.715) followed by the
two croeseo x v4l (-1.637) end Vg5 x V (-1.304).



The components of variation and genetic ratios made 
from Fg data are presented in tables 22 and 23.
Plant height;

The estimates of D, and Hg were significant. F was 
not significant. The value of h2 was also not significant in 
‘2* mean degree of dominance in Fg (2.24) indicated over
dominance. The distribution of geneB with positive and 
negative effects were not symmetrical in Fg (0*22) as the 
value was less than 0.25. The proportion of dominant to 
recessive alleles indicated that dominant alleles were in 
excess. Heritabllity estimate was 3.00 per cent.

Number of primary productive branches per plant;

In Fp estimates of 3), and Hg were significant but 
h2 was not significant. F was not significant in Fg. The 
non-«Lgniflcant values of F in Fg indicated that the expression 
of this oharaotor was not affected by the dominant genes.
The mean degree of dominance in Fg (1.69) indioated over 
iominance. The distribution of genes with positive and 
negative e f f e c t s  was not eymmetrioal in Fg as the value wae 
&.20. The proportion of dominance to reoeoolvo alleles In 
F (2.0) indioated tho prodomlnnnoo of ffiBmlMnt .Helen.
Che heritabllity estimate was 2U.00;i in P2.



productive nodes on main exist
131 *2 ,®®t*iinate of uaB only statistically eignifioant 

Setimatea of Dp pf and Hg were not eignifioant. The value
for mean degree of dominance in p (2.86) indioated over

C,

dominance. The distribution of genes with positive and 
negative effccte were not symmetrical In F2 (0.17). Dominant 
allole3 ./ere found more in 3?„. Heritability estimate waa 
7.00?' in ?2.
Humber of pods on main axisi

/\ y\The eotimatee of II- and Fu were highly significant in
A A <\  0Fg. The estimates of Df F and h were not significant. The 

value for mean degree of dominance in F0 (2.57) indicated 
over dominance* The distribution of genes with positive and 
negative effects showed ^symmetry as indicated by the value 
0,19 in ? . The ntoninant alleles were in exoess in F̂  aa 
indicated by tho -vnluo 0.31. Heritability estimate wio 9.00*
in Fg.
Total number of

In Fg estimates of and U2 wore aignlficmiiv.
Ih. s.tlnates of D, t snd'h2 wars not significant. Tha valua 
of H B  dsgr as of domlnanoa indloatad over dominsno. in f, 
0.00). In this oaas •!*<> distribution of S«nas with 
posit Its and n.gatlv asyoai.try as indloatsd
by ths vslus 0.21. Th. proportion of dominant to r.o.s^T.

, .......„r dominant sUsles. HarltsblUtygenoa ahowsd sxoonfl 01 » ™ " S I  j "T- ■ - .. u !£.-...\Wm



estimate fop pj]was 5.00$.
weight

In Fg/the estimateef or D, H.J, Hg, h2 and F were not 
significant. The mean degree of dominance was 2.4-6 <"<*inating 
over dominance for the expression of the character. The 
distribution of genes with poaitive end negative effects showed 
aaymmetry and the proportion of dominant to recessive genes 
in the parents shov;ed excess of dominant alleles. The herit- 
abllity estimate was 3«00,c for the character in Fg.
Seed yield per planti

A AIn Fg only the estimates of end Hg were significant. 
The neon degree of dominance in Pg was 6.19 indicating over 
dominance for the expression of the character. The distri- 
but ion of genes with x>osii. /‘o and negative effects showed 
asymmetry anrl the proportion of dominant to rooessive genea 
in the parents oliovod excess of dominant alleles. The herit- 
sbility estimate was 2.00$ in Fg.
Oil content (Percentage)i

A A A A p AThe estimates of P, Hg, h and F wore not slgni- 
fleant. Mean degree of dominance for the character indioated 
over dominance in Fg. Distribution of gones with positive and 
negative effects showed asymmetry and the proportion of 
dominant and recessive ganaa in the parent a showed excess of 
dominant allalea. Harltabillty estimate was 2.00^.



Table 22. Batistes of conpanents of variation in F0 generation.«_

s \F

=1

*2

B

•M M

Planthei^t
atmaturity

Ho. of
primaryproductive
branches/
plant

No. of 
productive
nodoo an
main
axis

No. of
pods an
mnln
axis

Total
No. of 
pod 0/ plant

1000-oeedweight
Seed
yield/plant

Oil
content(Percentage)

17.3? 1156.52 8.38 74.62 202.60 1051.19 0.30 9.*9 
160.91

23.90
16.15 1305 .25 12.14 ♦113.99 1175.90 ♦2129.68 ,1.56 1211.69
30.72 175.15 9.52 -419.75 -541.09 -5405.34 -0.51 -98.33 -40.28
129.24 12456.74 110.43 1573.57 1855.29 110361.40 17.59 1309.84 ♦1030.30
292.0? 23293.43 **95.73 2457.2§ 5386.So 60959.ss 7.46 1427.9? 3609.46
I62.53 13130.56 121.79 11203.26 11786.15 121632.00 115.85 1618.56 12151.63
268.24 20683. §7 »*77.43 1750.24 4151.93 52537.09 15.96 1201.05 3606.46
1P5.86 ♦4533.26 l19.4.6 11079.37 11595.61 +19321.00 114.16 1552.58 11922.11

6.09 744.13 3.22 966.15 360.86 14109.40 0.43 272.40 -475.22
137.59 13084.49 ♦13.10 1726.41 11073.83 ♦13007.90 19.53 1371.92 11293.56

1.25 64 *00 0.33 14*66 20.17 110.52 0.04 4.22 42.36
12.32 1190.93 10.81 144.97 l66.49 ♦805.97 10.59 123.02 180.09

—
*
»* Significant at 5 per cent level 

Significant at 1 per cent level



Parsnetera

A ACL./D)*

/\ A * ♦A

AUrn,)7 - p

0 .2 2

2.51

Plant
height
atma turi ty

2.24
0 .2 2

1.00

No. of primary 
productivehrancliea/plant

1.69

0.20

2.01

Heritability 
''narrow aen3e)

0.21 0.03 0.28



No. of Ho. of Total Seed 1000- Oilproduc DOd 5mt number yield/ seed contenttive nodes on main 
axis

onmainaxis
ofpods/plant

plant

-

weight (Poroen tage)

2.86

0.17

0 .01

0.07

2.57

0.19

0.09

5.80

0.21

0.31 -0.91

0.05

0.21

0.07

0.02

2.46 6.14

0.53

0.49

0.03 0 .02



’limber days for firet floweringi
TiLa I "B _i_ %. A ^in î ĝ tne estimates for Df E. H« ware aignifleant•^ <̂ 2

P and h were not significant. Estimate of mean degrees of 
dominance in P_ was 2.05 Indicating over dominance. The 
distribution of genes with positive end negative effects 
showed asymmetry arid the proportion of dominant and recessive 
genes in the parents showed excess dominant alleleB in Fg» 
Heritability estimate was 21.00$.



frequency and spectrum of phenotypio variants 
created in the Pg generation in the fifteen diallel set of 
oroeeee were studied and the results are given below* The 
phenotypic distribution in ^  - — —  —*primary productive branches, number of productive nodes an
main axis, number of pods on mpin axis, total number of pods
per plant, seed yield per plant, 1000 seed weight, oil content 
and duration for first flowering are presented in tables 25-1
to 25—9•
Plant height at maturity 1

The frequency distribution in percentage is represented 
in table 24-1, Pig. 14. Compared to the parental range 
(63-100 cm) the frequency of positive types ranged from 1.66#
In V1? x V5? to 49.«$ 1“ ^29 x V37* Th8 0r0B8eB V2 x V13*
725 1 V29* V25 * T15' V25 * V37 “ d V25 * V41 “h°'"d “°
positive typeo. The perosntoge of negative typeo oompared 
to pnrantal values ranged from 4.00 in Vgg x Vyj to 66.4(’ln 
y , y The oross v i  * vl| reoorded no negative type.
The .peotrua of variants in eaoh oroee la represented in 
table 25-1 along with varianoe and ooefflolent of variation. 
Maximum number of poaltlv. vmrlanta were reoorded in x 
y falling in the olaaa categories from 109 to 14B.

number of negative variant, were recorded in the oroee
V x V rolling In the olaaa oat.gorlee from 45 to b2. Th.
2 1 '>



V2 x V13 t0 769*75 111 V13 * V,. Coeffioiant of variation in 
the different aroesee for the oharaoter ranged from 14.7$ in
725 x 741 20*6o£ in. V13 x The rF' test analysis on
varience showed that there was significant difference in the
distribution of individuals in different croBBee. The different 
cross combinations and their statistical significance in the 
?2 distribution ere represented in table 26-1. The F« distri
bution in x V^_ shoved the maximum difference from those 
of otber crosses and minimum difference was shown by V37 X ?41 
and V.,.. x V,,-.

■ H n u g i f l

Number of primary productive branches per plant:
The frequency distribution in percentage for the 

character la represented in table 24-1# \3 • Compared
to the parental range (0.5 to 3.0) the frequency of positive 
types ranged from 8.30$ in x Vyj 54.70^ in Vg x i/gg 
which vss closoly followed by the croso x V^g (54.12 )•
?ho frequency of negative typoo run god from 1.66S In V2 x V25 
to 20.75' In V29 x V41 whioh woe oloaely followed by the
oroase. 71? x VJ7 and V25 x (19.92 ).

Ths aneotnnn of varlanta In onoh oroas la raproaented
In table along with their varlanoea and ooefflolent of 
7 , lotion. Maximum number of positive varianta were recorded
in the oroanea V2 x V2g. x V2g and V25 x V J falling In 
tha olaa. oatocorla. fro. 3.1 to 11.5. Maximum numb.r of



negative variants were reoorded in the cross 7 ^  x V ^  and
2̂5 x v37 in the class category from 0.1 to 0.4* Tk®
coefficient of variation in the different Fg families ranged 
iron 41.9/- in the cross Vg x Vgg to 134. in the cross x 
V^7 « ihe variance for the character ranged fron 0.83 in. the 
croos lyi x V41 to 12.20 in the cross Vg x vai* The varianoe 
of - 2 different crosses viere tested for difference and the 
results ore presented in table 26-2. There v/as significant 
difference; in the distribution of individuals in different 
crosses. The Fg diatrLbuti.cn in Vg x V.̂  shoved the maximum 
difference from those of other orosses and minimum difference 
vsa shown b.y Vg~ x V^.

number of productive nodes on main exist

The frequency distribution is represented in table 24-2, 
fig. | ►'j. Compared to the parental range (15—30) the percentage 
of positive typeo ranged from 1.66 to 44.82 in crosses x
V ond Vgt x V5? roopootively. In the orono Vg x V aloo41
percentage. of positive t;pos waa high being 41.50. The three

orosaoo 12 * '^9 • V2 x V13 "* V25 X V13 0h0uea n° 1'00lUv8 
type. Tho p.rocntBtfO of negative typaD ranged fron 6.64 In
tlia orooooo V25 X ond V2g x VJ? to 71.58 In x Vzg.

The apaotrum of vnrL«ntn In «aoh oroso In raproaantod 
in Lpiji- 23*2 .Ions with vnrtnnoe and cnpffioltot of Tarlotlan. 
Hwiuua niamb.r of pooltlva vnrianto vara reoordad in x 
V foiling In th. olno. oataflorlos fro. 31 to 65. Maximum37



res

number of negative variant a were recorded in the cross
V13 X ̂ 29 1 ̂ 6  in the olaas category from 5 to 15# The
variance in the different crosses ranged from 34.74 in 
Vg x to 238.04 in Vg x V2,_. Coefficient lof variation in 
the different crosses ranged from 31.23# in Vg x to 63.36^

13 x ̂ 29" ie0t analysis on varianoe showed that
there was significant difference in the distribution of 
individuals in different crosses. The different oroBS 

combinations and their statistical significance in the ?2 
distribution are recorded in table 26-3. The ?2 distribution 
in V2  ̂x Vyj and V2 x were the most significantly different 
ones and the minimum difference was recorded in V̂ _ x

Number of pods on main axis*

The frequency distribution is represented in table 24-2, 
7ig# j(;. . Compared to the parental range (21-30) the percen
tage of positive types ranged from 3*32 in x *41 76.04
in V r x V,7 followed by the croooos V2 x (73.02) and
V x V..7 (67.23). Tho crooo V2 x showed no positive57
type. The percents of necntlvo typon rnnGod fron 9.15 In

V29 x V57 t0 69,72 1,1 2̂ * V15*
?bo njfoeotrum of varianto in eaoli oross is repreaanted 

in table 25-4 along with varianoe and ooeffiolent of variation. 
Maximum number of poeltlYO vwluite were recorded In SL x 
falling in the cImb o.tegorloBl from 3̂  to 69. Maximum 
number of negative rarlante war. recorded In Vg ■ V,, filing



class categories from. 1 to 19 • The varianoe in the 
“t crosses ranged from 23.61 in Vg x Vn- to 442.35 in 

^25 x V37* Coefficient of variation ranged from 26.1£ in 
^29 x ̂ 41 4-7 .4̂  In Vg,. x Vgg. The *P' teat analysis on
variance allowed that there was significant difference in the 
distribution of individuals in different crosses* The 
different cross combinations anri their statistical signifi
cance in the Pg distribution are represented in table 26-4*
The Fg distribution in Vg x Vg^p Vg x V ^  and Vg^ x 7 
showod the maximum difference from those of other crosses and 
minimum difference was recorded in V̂ _ x V-^.
Total number of pods per plenti

The frequency distribution is represented in table 24-3# 
^lg. 17 • Compared to the parental range (21-40) the percen
tage of positive types ranged from 19.92 in Vg^ x V^ to
££,32 in V x Vg followed by Vg5 x V-7 (78.02). The percen
tage of negative types ranged from 6.64 in V ^  x to 41.50
in Vg 7. Vr?. T'hJB oroBs Vg x Vg,. allowed no negative type.

*To nr.octrun of variants in each orooB is represented 
In table 23-5 along with varianoe and coefficient of
vnrlatian. Hojtlnum number of pooltlve w l m t e  wore reoorded 
In V x Vg- falling In thc clnnn oategorleo from 41 to 300.
Maximum number of negative variant. v.re recorded in Vg x | p  
falling in the olaaa category from 1 to 19. i'he variance In 
the different orooe.o ranged from 259.49 In Vg * to 
4403.59 in Vg x Vg5- Coefficient of variation ranged frw



54 *9" 111 V25 * \ i  to 122.05? ta ̂
® le ? teat analysis showed that there was signi

ficant difference in the distribution of individuals in 
different crosses. The different oross combinations and 
their statistical significance in the Fg distribution are 
presented in table 26-5. The Fg distribution in Vg x V1-

*13 x 4̂1 hhowed the maximum difference from those of 
other crosses and minimum difference was shown by Vr.,- x V.-2b ipn
and Vgg x V_„.

Seed yield per plant*
The frequency distribution is represented in table 24-3* 

Fig. J 9 • Compared to the parental range (3.0 to 6.5 g) the 
percentage of positive types ranged from 24.9 In V ^  x Vg^ to 
01.34 in V^x V0f. followed by Vg x (79.68). The percen
tage of negative types ranged from 4.15 in V,^ x 7,̂  to 37.35
in Vg x

The npectnrn of variants in oaoh cross is represented 
in table 25-6 along with varlanae and ooefflolent of variation. 
Maximum number of positive variants were reoorded in Vg x V25 
filing In the olaos oategories from 6.6 to 36.5. Maximum 
number of negative varlonto were reoorded In Vg x V,3 falling 
in tho olaes categorloo from 0.1 to 3.0. Variance in the 
different croonon ranged Prom 3*^6 in Vg x V ^  to 92.1b in 
y x V Coefficient of variation ranged from 41.6* in
Vgg x V41 to 95.7y to V13 x v29*



m

^ test analysis on variance showed that there 
was significant difference in the distribution of individuals 

different orosses* The different cross combinations and 
their statistical significance in the Fg distribution are 
represented in table 26-6. The Fg distribution in Vg x V ^ 9
72 x 725 x ^41 showed the maximum difference from
those of other crosecQ and minimum difference was recorded in
V25 * V29*
1000—seed weight*

The frequency diotribution is repreoented in table 24-4» 
Fig. )£’ . Compared to the porental ronge (2.5 to 3.5 g) the 
peroenta^e of positive types ranged from 10 to 95 in V2 X v25 
end Vgg x respectively. In Vg x aloo percentage of 
poaitive variants were very high being 90. The percentage
of negative typeo ronged from 20 in crooseo x 9 2̂5 x 
V3?iV25 x V29, V15 x V3? and Vg x Vg9 to 40 in the croooes
Vg x /g9 and x V̂ -j. In '.r2 x V ^ f /g x V ^ f Vg x V ^ f

V!3 * V29» V25 * V4 V V29 X V41 ^  V37 x 741 
wars absent*

/no o boot rum of variants in each oroso is represented 
1 n table 25-7. along with varianoe and coefficient of 
variation. Coefficient of variation in tha different orooaea
ranged fron 4.66; In th. oroea V, 7 x 4̂1 to 14.04/ In th. 

v x V Varianoe in the different orosaeo ranged
Z l  0.02 X f41 to 0.14 in V2 x V,,. th. t..t
«nJj.l. on wri«no. •h0« d ttot thaM ““



/n

difference in the dietrihution of individuals in different 
crosses. The different cross combinations their 
statistical significance in the Fg distribution are reoorded 
in table 26-7. The Fp distribution in Y-« x VA1 shoved the

T Wdifference from those of other orosses while the
crosses x 7^  and 7 ^  x showed minimum difference 
Oil contenti

The frequency distribution of Fp sei£regant3 of different 
crosses is represented in table 24-4, Fig, 12. • Compared to 
the parental range (40 to 50) the percentage of positive 
types ranged from 6.66 in x Vgg to 69.95 in x Vyj 
followed by 65.27 in Vg x V^. The percentage of negative
types ranged from 16,65 in V15 x V57’ V29 x V57 *57 * V41
to 75*26 in x

Tho Dr-octrum of variants in each cross is represented 
in table 25-8 along with varianoe and coefficient of variation, 
Coefficient of variation ranged from 18.50# in x V^ to 
55.92" in Vp x V25- Maximum nunbor of positive variants
. . v x V ~ and maximum nunbor of negativewerel recorded in 7 ^  * iyj
w l « t .  w.r. reoorded In x falling In the olae.
categorise from 51 to «0 and from 20 to 59 respective!,. 
MH.no. in the different oroanee rnnged from 7*.5j in
V * to 515.97 in V, x V,,. Th. *P* to.t an.1,.1. on 
Z lJ . * * , *  that there -a. Igniriaant dlff.rano. In th.



different cross combinations end their statistical significance 
in the Fg distribution are represented in table 26-8. The Fg 
distribution in x Vg^ showed the maximum difference from
those of other orosses and the crosses V25 x and Vg5 x 
reoorded minimum differenoe.
Number of dojB for first floweringi

Table 24-4* -;’ig• 11 repreoents tho frequency distribu
tion of the fg scgroganta. Compered to the parental rsnge 
(35 to 41) the percentage of positive typeo ranged from 6.66 

in x and x to 53.28 in Vg x ond Vg^ x
The croBseo Vg x ‘25* '2 x 2̂9* v13 x V29* V13 X 3̂7* ‘25 x
V13* ^25 x ^37 011,1 ^29 x V41 ohowo,i n0 Pooi1;3*vo variant,
Ths percentage of negative types ranged frou o.C6 in Vgg x V-yj
to 19.95 in V15 x V^. The two other orooeee whioh showed
negative varianta were Vg x ond V ^  x Vgg. The remaining
crooseo did not record any negative type.

Tho npeotrum of vorionto of each cross is represented 
25-9 along with variance ond ooeffioiant of variation.

Maximum number of po.ltlve wlanta w.r. recorded In x 
V andil V x v L  falling In the olomm categories from 42 to 
49! Maximum neg.Ure *mrlant. were reoorded In V,, x VJ? 
falling in th. ol«- «.t.gorl.. from 30 to ,4. Th. oo.ffiol.nt
o f  v a r i a t i o n  r a n g e d  fro m  2 . 1 *  m  V2 x  V,, t o  W ' m ^ x  V„.

. .V,- v famllie. of different oroeeee rmgedthe varianoe In th. ‘2 '•■y m



Frequency Li j tributl on (percentage) of P0 
priaary productive hrerichoo.

^aracters Plant height at natority

categories
T ^ —iw ̂ w —

^roaaea
5’3-104.* cn ( ; arental
renje)

>100 CQ

14.94
9.56
5o2
14.94

6.64
1.66

24.07

49.00
6.64
15.92



liuLibor of primary productive bronchoo/plant
’ — —

< 0 .5 0.5-3.0 
( i'orceitnl 
range)

3.1-5.6 >5.6

1,66 24.90 3 1 .5 4 4.15
6.64 59.76 23.24 9.96
4.15 40.67 44.62 9.96
13.28 48.14 23.24 13.20
9.96 59.76 29.66 -
7.47 37.35 22.56 31.54
19.92 71.30 6 .6 4 1.66
17.43 60.59 16.60 4.90
11.62 36.52 46.4e 4.90
8.30 73.04 13.28 4.98
19.92 49.80 23.24 6.64

12.45 62.25 23.24 1.66
6.64 44.02 34.06 11.62
20.75 65.57 1 1 .6 2 1.66
16.60 69.72 13.28 -



rabla 24*2. Frequency distribution (iercanta*and pods on noli:, axis.

Characters Number of productive n<_____________  aain axio____________
\  Clase\  categories 

-ro3aea \
d 5 15-30(Parental

rcn^o)
y

2 x 25 3.30 56.10 r
2 x 37 11.62 46.40 2\
2 x 29 51.46 46.14
2 x 41 16.60 43.16 y
2 x 13 59.76 39.04
13 x 29 71.30 19.92 i
13 x 37 44.02 46.40
13 x 41 23.22 63.08 i
25 x 29 16.26 60.06 T
25 x 13 23.24 76.36
25 x 37 19.92 40.14 1i
25 * 41 6.64 54.70 2
29 x 37 6.64 40.14 2
29 x 41 26.22 69.72 1|



Frequency distribution (Forcenba^ seed yield per plant.

Characters

CTOSixi^

?otel aunber or
<20 21-40(PoreLibal

ronje)

2 x 25 — 15.23
2 z 57 11.6 2 26.56
2 z 29 33.13 29.80
2 z 41 11.62 16.60
2 z 15 41.50 30.52
15 z 29 51.54 56.52
15 z 57 29.68 43.16
15 z 41 24.90 33.20
25 z 29 21.56 16.60
25 z 15 18.26 21.53
25 z 57 8.50 13.28
25 z 41 6.64 19.92
29 z 57 9.9o 29 .as
29 z 41 25.24 56.44
57 z 41 8.50 24.90



X>or plant Ooai yield per plant
61-00 80 <T 3 .00c 3.00—6.(Parent5g>6.5 g

range)
9.96 64.74 4.90 13.28 61.34
6.64 46.43 18.26 26.22 53.12
0.30 - 31.54 -36.52 31.54

16.60 42.33 9.96 9.96 79.6S
1.66 - 37.35 35.69 26.56
3-32 11.62 33.20 41.50 24.90
1.66 9.96 5.01 40.67 53.12

11.62 9.96 30.71 32.37 36.52
19-92 23-24 9.96 34.86 54.78
14-94 30.10 13.28 23.24 61.42
19-92 33-20 17.43 9.13 73.04
16.60 33-20 13.28 53.12 33.20
19-92 23-24 5.81 22.41 71.36
4.90 4.90 13.28 53.12 33.20
10.26 21.56 4.15 29.05 66.40



rable 24-4. Frequency distribution (Feroonta^e)floverinj, 1000-aeed ufcî at end oil

Characters Zfrmber of days for firotn
35-41(Parentalrsn^o)

~~41

2 x 25 — 100.00 —
2 x 37 - 79.92 19.90
2 x 29 - 100.00 -
2 x 41 - 46.62 53.20
2 x 13 13.32 66.60 19.98
13 x 29 19.98 79.92 -
13 x 37 49.95 49.95 -
13 x 41 - 93.24 6.66
25 x 29 - 66.60 33.30
25 x 13 - 1*00.00 -
25 x 37 - 100.00 -
25 x 41 - 79.92 19.90
29 x 37 6.66 39.96 53.20
29 x #1 - 100.00 -



I-'p OGtprejanto for number of dayo for fir atLtGnt •

1000-aood weight
—

Oil oantent

2 .5g
--------

2.5-3.5c >3.56(Parentalrange)
40 40-50

(Parentalrange)
>50

40 50 10 33.30 13.32 53.28
- 40 60 19.98 16.65 63.27
20 50 30 29.97 23.31 46.62
- 30 70 43.29 6.66 49.95
- 10 90 53.28 23.31 23.31
- 20 GO 73.26 19.98 6.66
20 30 50 16.65 13.32 69.93
40 25 35 33.30 39.96 26.64
20 35 45 53.30 33.30 33.30
30 35 35 36.63 49.95 13.32
20 55 25 46.62 29.97 23.31



—
50- 59' 53 67 68- %■ 76 05 86- 95- 104' 94 105 112

2 x 25 0 8 12 10 10 16 28 10
2 x 37 0 6 34 24 18 10 10 6
2 x 29 4 4 14 22 32 18 10 4
2 x 41 0 16 10 12 18 24 2 20
2 x 13 10 34 3b 36 26 10 4 0

13 x 29 8 26 24 a 14 18 14 0
13 x 37 0 8 28 44 18 14 2 4
13 x 41 2 6 14 6 20 14 12 16
25 x 29 12 6 14 28 29 16 12 8
25 x 13 2 6 18 24 16 18 18 16
25 x 37 0 2 4 20 26 30 12 14
25x41 0 0 0 2 12 14 10 28

29 x 37 0 0 6. 2 0 12 14 28
29 x 41 0 2 10 16 20 34 24 6
37 x 41 0 2 8 12 12 22 24 16

2 0 6 12 14 8 10 4 4
25 0 2 6 6 4 4 13 6
29 0 2 6 10 22 16 2 2
37 2 6 10 8 12 8 4 6
41 0 6 12 10 6 20 6 0
13 10 16 10 6 H 2 0 0



140- 149- 150- 167- 140 157 166 175 c .v
—

2 0 0 0 112.00> 553.19 21.0
0 0 0 0 04-5 49.13 26.2
0 0 0 0 86.7 251.73 18.3
0 4 0 0 95.5 715.08 28.6
0 0 0 0 65.3 163.81 19.4
0 0 0 cm 78.3 574.07 30.6
0 0 0 0 76.2 252.00 20.3
4 0 2 0 99.8 769.75 27.8
0 0 0 Ho 81.5 428.53 25.4
0 0 0 0 86.3 344.27 21.5
0 0 0 0 93.5 276.80 17.6
0 0 0 0 113.2 276.90 14.7
10 0 0 2 122.7 638.09 20.6
0 0 0 0 92.7 277.80 17.9
6 0 0 0 103.2 583.16 25.4
0 0 0 0 82.0 340.40 22.5
4 0 0 0 104.7 701.67 25.3
0 0 0 l o 84.7 157.14 14.8
0 0 0 0 84.7 488.71 26.1
0 0 0 0 81.7 248.63 19.5
0 0 0 0 67.7 341.59 27.5



2--—  -

.0— 1.9-.3 2.7
2 .8-3.6 3.7-4.5 4.6- 5.5- 

5.4 6.3

2 x 25 0 30 24 16 22 16 14
2 x 37 0 24 56 16 12 10 2
2 x 29 0 16 38 36 18 12 0
2 x 41 4 46 24 26 4 0 4
2 x 13 3 28 46 26 8 0 0

13 x 29 12 16 26 10 16 2 22
13 x 37 48 24 33 6 2 0 0
13 x 41 13 46 30 20 0 0 2
25 x 29 6 36 16 44 12 6 0
25 x 13 0 42 56 0 16 2 2
25 x 37 30 4 48 2 28 0 4
25 x 41 12 28 50 18 10 2 0
29 x 37 8 16 38 26 18 6 4
29 x 41 10 54 40 0 14 2 0
37 x 41 12 43 44 14 2 0 0

2 0 14 6 20 14 6 0
25 0 20 10 18 6 2 0
29 34 3 14 4 0 0 0
37 28 24 4 4 0 0 0
41 20 14 6 10 10 0 0
13 14 0 24 2 14 0 6



panse
Trtut-nenta \ 5-13 14-22 23-31 32H

2 i  23 10 >2 33 16
2 x 37 14 20 36 36
t  x 29 62 44 14 0
2 x 41 20 32 20 44
2 x 13 72 42 C 0

13 x 29 06 22 2 8
13 x 37 54 46 10 6
13 x 41 34 56 20 10
25 x 29 22 28 54 16
25 s  13 2Q 43 44 0
25 x 37 24 30 2o 20
25 s  41 8 43 10 34
29 = 37 8 24 34 36
29 s  41 34 70 H 2
37 x 41 20 32 26 20

2 20 32 4 4
25 18 12 24 2
29 30 26 4 0
37 22 12 12 a
41 22 34 4 0
13 36 22 2 0



Table 25—4 - Spec-two at a e jr^ a n te far pod
V  C la n  \ « « k  T reat- 
amta 1-9 10-13 19-27 20-36 37-

2 x 25 0 14 26 29 2(
2 x 37 0 14 18 38 32
2 x 29 0 60 46 14 C
2 x 41 0 24 34 36 24
2 x 13 2 82 36 0 C

13 x 29 0 72 32 4 1C
13 x 37 2 40 48 18 c
13 x 41 0 30 56 22 Vc

25 x 29 0 26 32 42 M
25 x 13 0 28 44 40 C
2 5 x 37 9 12 14 26 fi
25 x 41 0 12 46 18 y
29 x 37 3 S 30 31 3(
29 x 41 2 30 78 10 (
37 x 41 0 24 44 30 2<

2 0 20 36 2 /

25 0 19 14 21 >

29 0 34 16 6 t

37 0 30 26 4 (
41 0 20 23 4 i

t

13 2 30 12 8
--■■■ - —

i



46-54 55-63 64-72 73-61 I 2
G C.V.

14 6 2 10 41.5 375.8 46.7
16 2 0 0 37.0 116.7 29.2
0 0 0 0 21.2 47.1 32.4
2 0 0 0 39.5 114.5 27.1
0 0 0 0 17.0 23.6 27.3
2 0 0 0 21.3 99.7 46.9
4 2 0 0 25.5 131.3 44.9
0 0 0 0 26.3 81.3 34.3
0 0 2 4 31.5 £22.9 47.4
a 0 0 0 28.0 107.9 37.1

16 18 8 12 47.8 442.5 44.0
10 0 0 0 33.7 138.3 34.9
18 2 0 0 36.4 171.7 56.0
0 0 0 0 23.0 36.0 26.1
2 0 0 0 29.3 107.5 35.4
0 0 0 0 22.7 45.1 29.6

4 0 0 0 28.2 134.3 41.1
0 0 0 0 21.8 81.5 41.8

0 0 0 0 20.7 38.0 29.8

0 0 0 0 22.0 43.3 33.5



riasaranje
Ciwt- 
aocita \

1-
15

20-
53

39- 5a- 77-
57 76 95

9o— 115— 
114 135

134-
152

2 x 25 0 16 14 12 20 16 10 8
2 x 57 14 52 10 8 26 18 6 0
2 x 29 46 56 28 #•0 4 9 0 0
2 x 41 14 20 16 20 21 6 2 2
2 x 15 50 44 24 2 0 0 0 0
15 x 29 56 44 20 4 0 0 4 2
15 x 57 56 52 16 2 4 0 2 0
15 x 41 50 40 24 14 4 6 2 0
25 x 29 26 20 22 24 6 12 10 0
25 x 15 22 26 Q 18 28 8 0 4
25 x 57 10 16 50 24 16 6 6 2
25 x 41 8 24 20 20 14 12 10 4
29 x 57 12 56 29 24 12 8 0 0
29 x 41 28 60 12 6 6 0 0 0
57 x 41 10 50 52 22 16 2 2 2

2 20 12 18 0 4 4 0 0
25 20 16 12 6 2 2 2 0
29 54 1G 6 4 0 0 0 0
57 22 16 H 4 4 0 0 0
41 50 26 4 0 0 0 0 0
15 22 28 6 2 2 0 0 0

.



podo  p e r  p l a n t *  
——————      - -
172- 191- 210- 229 
190 209 228 247

248- 267-
266 285 C.\

4 4 4 4 2 2 116.6 4403.5 59*
0 4 0 0 0 0 69.6 2100.3 65.
0 0 0 0 0 0 31.0 474.2 70*
4 2 2 2 4 0 84.0 4325.9 78.
0 0 0 0 0 0 26.3 259.4 61.
4 0 2 2 0 0 46.0 2862.0 116.;
0 0 2 4 0 0 42.0 2627.6 122 «c
0 0 0 0 0 0 41.3 842.9 70.3
0 0 0 0 0 0 56.6 1423.9 66.6
0 0 0 0 0 0 64.0 1910.7 68.3
0 0 0 0 0 4 76.0 2907.5 70.9
0 0 0 0 0 0 67.3 1365.1 54.9
2 2 0 0 2 0 62.6 2390.2 78.1
0 0 0 0 0 0 32.3 385.6 60.00
2 0 0 0 0 0 59.0 1346.7 62.2
0 0 0 0 0 0 38.0 867.3 77.5
0 0 0 0 0 0 39.3 951.7 78.5
0 0 0 0 0 0 23.3 327.7 77.7
0 0 0 0 0 0 34.0 560.1 70.1
0 0 0 Jo 0 0 21.3 157.5 57.0
0 0 0 0 0 0 28.0 356.1 67.4



Clszm

E reat-

2 x 25 
2 x 57 
2 x 29 
2 x 41 
2 x 15 
15 x 29 
15 x 57 
15 x 41 
25 x 29 
25 x 15 
25 x 57 
25 x 41 
29 x 57 
29 x 41 
57 x 41 

2
25
29
57
41
15

CO
I
o

s
C\i 80

VO
5*vJTV

LTV
f nl>

2 8 12 
6 52 18 
22 52 28 
10 4 10
18 54 16 
14 52 24 
2 10 44
20 54 22
2 20 52 
4 24 16 
14 H  4 
4 24 52
4 6 24
4 24 52
2 6 32 
10 26 18 
4 4 26
10 52 16 
2 18 10 
4 H  18 
4 20 18

6 
8
14 16

12 4
8  10

4
12 12 20 
20 10 0 
12 6 0 
50 18 8 
18 10 12 
20 12 12 
14 8 12
16 16 18
52 4 2
32 10 20
32 4 2
22 22 18

4 - 0 2
14
2
H
16
14

0
0
6
4
4

4
0
6
2
0

COm CM % lom•t<\ in cr>
T*•r-

1
*to

X•UNt—
HICM•t-f—

14 o 6 8
14 6 10 6
2 0 0 2
18 14 4 2
2 0 0 0
0 2 0 0
0 0 4 0
4 0 0 0
6 4 4 4
20 8 0 4
10 4 4 6
0 2 0 0
8 0 2 2
0 2 0 0
6 8 0 0
0 0 0 0
0 2 0 2
0 0 0 0
2 2 0 0
0 0 0 0
0 0 0 0

12 2 8 2 4 8 4 2 16.0 92.1 60.0
0 2 0 0 0 0 0 0 6.6 32.8 66.6
0 0 0 0 0 0 0 0 5.0 12.1 66. 8
0 2 2 6 2 2 0 0 11.7 50.2 60.2
0 0 0 0 0 0 0 0 4.3 3.2 42.0
2 4 0 0 0 4 0 0 5.9 32.5 95.7
0 2 0 2 0 0 0 0 7.3 19.2 59.8
0 0 0 0 0 0 0 0 5.2 10.7 62.2
2 0 2 0 0 0 0 0 8.1 25.6 62.3
4 0 2 2 0 0 0 0 9.7 59.6 79.6
6 0 0 4 0 4 0 0 10.5 54.9 70.6
0 0 0 0 0 0 0 0 12.5 55.8 59.8
4 8 0 0 0 0 0 0 9.3 30.2 59.1
0 0 0 0 0 o 0 0 5.4 5.0 41.6
2 2 0 0 0 0 0 0 6.5 17.2 48.8
0 0 0 0 0 0 0 0 3.8 4#4 55.3
2 0 2 0 0 0 0 0 6.2 26.9 83.7
0 0 0 0 0 0 0 0 3.5 2.0 43.8
0 0 0 0 0 0 0 0 6.3 11.1 53.1
0 0 0 0 0 0 0 0 5.3 5.3 43.5
0 0 0 0 0 0 0 0 4.8 4.3 43.5

(23



1 .6-  1 .9-  2.2  
1.3 2.1 2.4 2.5- 2.0- 3.1’

2.7 3.0 3.3 I t

2 x 25 2 4 2 6 4 2 0
2 x 57 0 0 0 2 6 Q 2
2 x 29 2 2 0 4 l o 4 2
2 x 41 0 0 0 0 6 6 4
2 x 15 0 0 0 0 2 6 415 x 29 0 0 0 2 2 0 4

1*5 x 57 0 0 4 0 6 4 415 x 41 0 4 4 0 5 4 325 x 29 0 4 0 0 7 3 6
25 x 15 0 2 4 3 4 7 0
25 x 57 0 0 4 5 6 5 0
25 x 41 0 0 0 1 5 4 6
29 x 57 0 2 2 2 5 1 6
29 x 41 0 0 0 0 1 6 557 x 41 0 0 0 0 6 10 42 0 0 0 2 3 4 1

25 0 0 1 2 4 1 2
29 0 0 1 0 4 0 2
37 0 0 00 1 1 4 2
41 0 0 0 2 2 1 0
13 0 0 \ m

0 0 3 4



3 .7 - 4 .03.9 4.2
0
2
0
4
4
4
2
0
0
0
0
2
2
4
0
0
0
3
2
0
2

0
0
0
0
4
0
0
0
0
0
0
2
0
1
0
0
0
0
0
3
1

0
0
0
0
0
0
0
0
0
0
0
0
0
3
0
0
0
0
0
0
0

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0

2.4
2.9
2.5
2.9 
3.1
2.9 
2 .0  
2 .0
2.5
2.6 
2.6
3.0 
2.8
3.1 
2.8
2.7
2.7
2.9
2.9
3.3 
.̂1

■ o .i 
0.1
0.2 
0.1 
0.1 
0.1 
0 .1  
0.2  
0.2  
0 .1

12.0
7.3

14.8
6.7

8.3
8.0
8.9

12.6
13.9
10.7

0.1  8.1
0.1
0.1
0.1
0 .1
0.1
0.2
0.1
0.1
0.3
0.1

6.9
13.1
9*2
4.8
6.5
8.9

11.3 
8.0

18.3 
3.4

crj



M \ 15-19
20-
24 25-

29
30-
34 35-

39
40-
44

45-
49

2 x 25 2 2 1 2 3 1 3
2 x 37 3 1 1 0 1 0 5
2 x 29 2 3 0 3 1 2 6
2 x 41 0 2 2 6 3 0 2
2 x 13 2 1 1 5 7 4 3

13 x 29 0 4 4 3 11 2 4
13 x 37 0 1 2 1 1 2 2
13 x 41 0 0 0 0 10 0 4
25 x 29 0 0 0 0 10 6 4
25 x 13 1 0 0 2 0 6 9
25 x 37 1 1 2 2 8 4 5
25 x 41 2 1 0 4 7 3 1
29 x 37 1 0 1 0 3 3 9
29 x 41 1 0 0 1 4 2 5
37 x 41 0 0 0 1 4 3 7

2 0 0 0 2 4 1 8
25 1 1 0 3 7 4 5
29 0 1 0 2 4 3 7
37 0 1 0 3 3 2 5
41 0 2 2 0 8 4 10
13 2 0 0 4 7 3 2



50- 55- 60- 65- 7 0 - 75 
54 59 64 69 74 79

c.v

3 5 3 1 1 3 49.33 313.97 35.
3 5 6 0 2 3 52.33 294.97 32.
3 3 2 3 1 2 40.33 296.86 35.
3 3 2 4 0 3 48.67 293.00 35.
3 2 2 0 0 0 40.67 135.77 28.I
2 0 0 0 0 0 36.33 74.39 23 .i
4 5 6 4 0 2 54.17 195.78 25.£
4 2 0 0 0 2 46.17 108.20 22.5
4 0 4 0 2 0 47.50 113.21 22,4
1 2 0 1 0 0 43.50 82.26 20,3
2 4 0 0 0 1 42.67 144.00 20.1;
4 4 0 0 1 3 45.67 260.64 35.35
5 3 1 2 0 2 50.00 158.00 2 5 .H
2 7 3 3 1 1 52.50 176.70 25.32
Q 4 0 2 1 0 50.00 84.46 18.58
2 6 4 3 0 0 51.33 106.02 20.06
2 4 2 0 0 1 44.83 152*98 27.59
4 2 1 2 2 2 50.83 197.24 27.63
4 5 1 1 2 3 51.16 254.70 31.20
2 2 0 0 0 0 42.17 28.27 20.98

5 3 0 1 1 2 46.17 233.27 33.08



Tm&JLm S p a o l r o n  oof

?0— 35- 40— 45' 
54 39 44 49

2 x 25 2 2 1 2 3 1 32 x 37 3 1 1 0 1 0 52 x 29 2 3 0 3 1 2 6
2 x 41 0 2 2 6 3 0 22 x 13 2 1 1 5 7 4 313 x 29 0 4 4 3 11 2 413 x 37 0 1 2 1 1 2 213 x 41 0 0 0 0 10 0 425 x 29 0 0 0 0 10 6 425 x 13 1 0 0 2 a 6 925 x 37 1 1 2 2 Q 4 525 x 41 2 1 0 4 7 3 129 x 37 1 0 1 o 3 3 929 x 41 1 0 0 1 4 2 537 x 41 0 0 0 1 4 3 72 0 0 0 2 4 1 825 1 1 0 3 7 4 529 0 1 0 2 4 3 737 0 1 0 3 3 2 541 0 2 2 0 8 4 1013 2 0 0 4 7 3 2



50- 55- 60-  65- 70- 75- 54 59 64 69 74 79 C.M

3 5 3 1 1 3 49.33 313.97 35,
3 5 6 0 2 3 52.53 294.97 32 <
3 3 2 3 1 2 40.33 296.66 95.
3 3 2 4 0 3 40.67 293.00 35.
3 2 2 0 0 0 40.67 135.77 20.!
2 0 0 0 0 0 36.33 74.39 23.;
4 5 6 4 0 2 54.17 195.70 25 .«
4 2 0 0 0 2 46.17 100.20 22.5
4 0 4 0 2 0 47.50 113.21 22 ?4
1 2 0 1 0 0 43.50 02.26 20*0,
2 4 0 0 0 1 42.67 144.00 20.1;
4 4 0 0 1 3 45.67 260.64 35.3i
5 3 1 2 0 2 50.00 150.00 25.14
2 7 3 3 1 1 52.50 176.70 25.32
0 4 0 2 1 0 50.00 84.46 10.36
2 6 4 3 o l 51.33 106.02 20.06
2 4 2 0 0 1 44.03 152.90 27.59
4 2 1 2 2 2 50.03 197.24 27.63
4 5 1 1 2 3 51.16 254.70 31.20
2 2 0 0 0 0 42.17 20.27 20.90
5 3 0 1 1 2 46.17 233.27 33.00



25 x 13 0 0 10 20
25 x 37 0 0 14 16
25 x 41 0 0 16 8
29 x 37 0 2 6 6
29 x 41 0 0 16 14
37 x 41 0 0 12 13

2 0 0 12 16
25 0 0 6 20
29 0 0 6 20
37 0 0 0 14
41 0 2 4 6
13 0 0 18 12



2 x 25 
2 x 37 
2 x 20 
2 x 41 
2 x 15 

13 x 29 
13 x 37 
13 x 41 
25 x 20

30-32 33-35 36-33 39-41
0 0 6 24
0 0 1Q 6
0 0 10 20
0 0 0 14
0 4 2 18
0 6 14 10

11 4 13 2
0 0 4 24
0 0 2 18
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42-44 45-47 4U-50 51-53 54-56 O.V.
0 0 0 0 0 30.6 0.6 2.1
6 0 0 0 0 38.2 0.0 4.2
0 0 0 0 0 30.9 0.0 2-4
12 0 4 0 0 39.6 3-7 4.9
6 0 0 0 0 38.7 3.1 4.6
0 0 0 0 0 37.3 2.0 3.8
0 0 0 0 0 38.6 4.3 5.4
2 0 0 0 0 30.9 0.1 2.3

10 V 0 0 0 38.5 0.1 3.4
0 0 0 0 0 30.6 0.8 2.4
0 0 0 0 0 30.1 0.9 2.6l
2 4 0 0 0 37.9 0.1 5.5

12 4 0 0 0 39.7 5.1 5.7
0 0 0 0 0 37.9 0.9 2.6
2 0 0 0 0 30.4 2.0 4.4
2 0 0 0 0 38.9 1.4 3.1
4 0 0 0 0 38.9 0.3 1.5
4 0 0 0 0 38*91 0.3 1.5

14 2 0 0 0 40.2 0.1 3.0
7 6 0 2 M 41.3 16.0 9.7
0 0 0 0 0 37.8 0.9 2.6

?S»



table 26—1 • Teou 01* significance foi* plant, heijht vnrlcntu in floaoratlOBu

2x25 2x57 2x29 2x41 2x15 15x29 13*57 15*41 25*29 25x13 25*37 25x41 29x37 29x41 37x41

2 x 25 
2 x 37 
2 x 29 
2 x  41 
2 x 13 
13 x 29 
13 X 37 
13 x 41 
25x 29 
25 x 13 
25 x 37 
25 x 41 
29 x 37 
29 x 41 
37 x 41

*
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ft
ft ft

ft
ft

ft
ft
ft

ft
ft
ft
ft

ft
ft

ft
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2x29
2 x 25 
2 x 57 
2 x 29 
2 x 41
2 x 13
13 x 29 
13 x 37 
13 x 41
25 x 29 
25 x 13 
25 x 37 
25 x 41
29 x 37 
29 x 41
37 x 41

»
»
» »

»
# »

»

»

Significant - a Not aignificant
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2 x  25 
2 x 57 
2 x 29 
2 x 41 
2 x 15 
15 x 29 
15 x 57 
15 x 41 
25 x 29 
25 x 15 
25 x 57 
25 x 41 
29 x 37 
29 x 41 
57 x 41

■■■
2x25 2x37 2x29 2x41 2x13 13x29 13x37 13x41 25x29 25x13 25x37 25x41 29x37 29x41 37x41
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»
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Significant Hot significant
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faille 2o-5 • Teat of aljnlfiooucc of vnrionto Ln ^onoration for total number of podo/plont
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2 . S
2 x 37 
2 x 29 
2 x 41 
2 x 13 
13 x 29 
13 x 37 
13 x 41 
25 x 29 
25 x 13 
25 x 37 
25 x 41 
29 x 37 
29 x 41 
37 x 41

----
2x25 2x37 2x29 2x41 I
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n
f
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2 z 23 
2 x yj
2 x 29
2 x 41 
2 x 13
13 x 29
13 x 37 
13 x 41 
25 x 29 
25 x 13 
25 x 37 
25 x 41 
29 x 37 
29 x 41 
37 x 41

—
2x25 2x37 2x£9 2x41 2x13 13x29 13x37 13x41 25x29 25x13 25x37 25x41 29X37 29x41 37
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2325 2x?7 2x29 2x11 2x15 13x29 13x37 13x41 23x29 2:
i

2 x 25 
2 x 37 
2 x 29
2 x 41
2 x 13 
13 x 29 
13 x 37 
13 x 41 
25 x 29 
25 x 13 
25 x 37 
25 x 41 
29 x 37 
29 x 41 
37 x 41

«
*
»

*
*
»
*

Not oi^nlficant
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F R E Q U E N C Y  DISTRIBUTION FO R FLOWERING IN F2 
(F IR S T  FLO W ER OPENING) I

jj fgx37l [2 x29] faTTTI [gTi31 fialgj] fisH?! | i b m i |  |2m ct| | a n 3  
    C R O S S  C O M B I N A T I O N S -----------------------------------------------

F I G  1 2  F R E Q U E N C Y  D I S T R I B U T I O N  F O R  O I L  Y I E L D  IN F a  (  P E R C E N T A G E )  L E G E N D __□ <• 4 0
■  4 0 - 5 0  (PABLNTAl  RANGE *□ > 50

I2X25I | ? X 3 7 |  \Sl29\ 12 X 4 1 1 12 X  IJ>| | l M ? 9 |  f l 3 * 3 7 |  | l 3 H l j  l 2 a » » |  p S l l S )

------------------- — ----------  CROSS COMBINATIONS--------------
F I G  1 3  F R E Q U E N C Y  D I S T R I B U T I O N  F O R  P R I M A R Y  P R O D U C T I V E  B R A N C H E S  in R  l - E G E N D __

□  < 0  5
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< 3 7 X 4  f ;| l 3 » g » _ l  H 8 X 3 7  |  I * 8 X 4 1  |

CROSS COMBINATIONS
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F I G  1 4 .  F R E Q U E N C Y  D I S T R I B U T I O N  O F  H E I G H T  V A R I A N T S  IN F 2

 L . E . G E N D ___
□ <63C«■ 63-106 Cm .(PARENTAL &AJ1GE ) B >108 Cm

2 X 3 7 1 | 2 X 2 9 | 2 * 4 l |  12113 1312? 1 3 1 3 7 )  [ 1 3 X 4 1 2*51 Zr 2 1117 21l«l 29137 37x«»*

C R O S S  C O M B I N A T I O N S

F I G  1 5  F R E Q U E N C Y  D I S T R I B U T I O N  O F  P R O D U C T I V E  N O D E S

O N  M A I N  A Y I S  IN F 2

 legend_□ <15
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[ 2 5 x 2 9 ]  | 2 5 >  1 3 1 l ' g 5 > J 7 ~ |  12 5 X 4 1  | j p 9 X 3 7 j  12 9 x 4 1  [ ^ 3 T x 4 l l

--------------------------------------- C R O S S  C J
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fron 0.01 l n Y j J  7^, V2 x 7^, 7,, x 741 «nd 725 x T ^ t i  
5,12 in Ygg x The ,F* test analysis on variance showed
that there was significant difference in the distribution 
of individuals in different drosses. The different arose 
combinations and their statistical significance In the F«

mm

distribution are presentod in teble 26-9. The Fp distri
bution in V2 x V25# V2 x ;29# V13 * V29* V13 X V4V V25 x V29
nnî  Vnr. x V\- showed maximum difference from those of other*■"“ 25 41
crosses and minimum difference was recorded by Vg x V.^,



Plate— 1. Varieties used as parents









Plate-3. Single cross hybrids





Plata—4. Double cro.a hybrid, .bowing variation
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hybrids showing variation
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hybrids showing variation







DISCUSSION

The development of plant breeding strategy hinges 
mainly on the support provided by genetic information on the 
jfcattem of inheritance and behaviour of major quantitative
characters associated with yield and quality. In addition,
a knowledge on the basic information on the extent of varia
bility present in the different cultivars, heritebility of 
characters, genetic association between various characters 
and the type of gene action operating in their expression, 
enable the choice of appropriate parental material for

H;| J H Hemploying the most suitable breeding methodology for a crop. 
The present study provides the above basic informations, from 
the analyses on the heterotic effects, combining ability 
and patterns of segregation for the different quantitative 
characters in Sesamum lndicum. The results obtained are 
discussed in the ensuing sections.

Variability, heritability and genetlo advance

SesoJnuTn is an essentially solf-pollinated crop and 
hence the expocted natural variability is low. However, the 
present study revealed that appreciable amount of variability 
in respeot of several characters still prevails within the 
speoies. This may be as a result of the attempts made for 
creation of varieties due to different stress conditions.



/ it

Statistical analysis of the data pertaining to plant height, 
number of primary productive branches, number of productive 
nodes on main axis, number of pods an main axis, total pods 
per plant, seed yield per plant, number of seeds per pod, 
1000-seed weight, oil content and duration for first 
flowering in a total number of forty four varieties showed 
significant variation for all the characters analysed. Total 
number of pods per plant, seed yield per plant and number of 
primary productive branches per plant showed wide range of 
variability while seeds per pod, duration for first flowering 
and 1000-seed weight exhibited less variability. Osman and 
Khidir (1974) and C ha van et al. (1982) in Sesamum indicun L. 
observed high amount of variability for total pods per plant, 
seed weight per plant and primary productive branches per 
plant.

Highest phenotypic variance recorded for total pods 
per plant in the present investigation confirms the results 
reported by Solankl and Poliwnl (1981). For plant height 
also phenotypic variance was very high, l’henotypio variance 
was minimum for number of seeds per pod and number of 
primary productive branches per plant in the present study. 
Genotypic variance was maximum for total pods per plant which 
is in agreement with the findings of Solankl and Paliwal 
(1901). Genotypic variance was less for number of seeds 
per pod, number of primary productive brnnoheo per plant 
and weight of seeds per plant in the present study. As



reported by Rai et al. (1981) in total podB per plant and 
plant height, the environmental variance was very high and 
it was very low in the oase of number of seeds per pod, 
number of primary productive branches, weight of seeds per 
plant and oil content in the present study. Further,
environmental variance was comparatively less for the number
of produutive nodes on main axis and number of pods on main 
axis, 1000-seed weight and duration for firBt floweringT 
Agreeing with the results obtained by Sanjeeviah and Joshi 
(1974)i in the present study also less environmental variance 
was observed in the case of number of productive nodes and 
pods on main axis. Earlier report made by Krishnamoorthy 
et al. (1964) that the number of branches per plant and 
number of seeds per pod in sesamum were least affected by 
environment also supports the present findings. Results 
obtained by Rai et al. (1901) also confirms the present 
result that number of branches per plant is less influenced 
by environment.

High phonotypio and genotypic ooofficiento of varia
bility were obtained for total pods per plant, weight of 
seeds per plant and numbor of primary branches per plant.
Osman and Khldlr (1974) reported high phenotypic as well as 
genotypic coefficients for the above oharaoter. oanjceviah 
and Joshi (1974) and Rai et al. (1901) obtained high gsno- 
bypio coefficient of variation. The high genotypic coefficient 
lof -variation reported by Sanjeeviah and Joshi (1974) for



seed yield per plant was also in favour of the present 
result* The phenotypic and genotypic coefficients of 
variation were very low in the case of duration for first 
flowering, 1000-seed weight, oil oontent, number of seeds

the present study. In the 
obtained by llai et al?

Rj1981) was also the sane.
Heritability estimates provide an exact and preciseI

information of the influence of environment on various 
characters. In the present study high heritability was 
estimated only in the case of oil content. otudieB by Osman 
and ?Ihidir (1974) supports the present finding. In the case 
of pods on main axis medium heritability was observed in the 
present study. But high heritability estimates were reported 
by Sanjeeviah and Joshi (1974) and Chavan et al. (1982).
For number of days for first flowering medium heritability 
was observed in the present study as against the high herita
bility estimate reported by Osman and Khidir (1974) for the 
oharaoter. j?’or number of seeds per pod high heritability 
estimates wore reported by Osman and Khidir (1974) and 
Solanki and Paliwal (1Q81)- But only medium heritability 
estimate waa obtained in the present study for number of 
seeds per pod. For total pods per plant the medium herita-

M
bility estimate obtained by Solanki and Paliwal (19*31) 
completely agrees with the present rooult for the oharaoter* 
But high heritability estimate was obtained by Ghavnn et al.

per pod and height of plant in 
case of plant height the result



(1982) for the sane character. For number of productive 
branches per plant the herltabillty estimate obtained was 
medium in the present study. But high heritability estimates 
mere reported by Osman and Khidir (1974), Sanjeeviah and Joshi 
(1974), Rai et al. (1981) and Chav an (1982). Medium herita
bility was observed in the present study for number of seeds 
per pod. But high heritability estimates were reported by 
Osman and Khidir (1974) and Solanki and paliwal (1981).

Weight of seeds per plant recorded low heritability 
estimate in the present investigation which is in line with 
the findings of Sanjeeviah and Joshi (1974). But medium 
heritability was reported by Solanki and Paliwal (1981) for 
the same character. Low heritability estimate was obtained 
for height of plant in the present investigation. But 
contradictory to this high heritability estimates were reported 
by Osman and Khidir (1974), Sanjeeviah and Joshi (1974) and 
Rai et al. (1981).

For oil content eventhough the heritability estimate 
was high, genetic advance was found to be very low.

On the contrary low heritability and low genetic advance 
was reported for the character by Osman and Khidir (1974).

The observed low value for heritability seems to 
raise a sense of suspicion, since it gives chance to believe 
that percentage oil content is an attribute that aould be 
adjusted well for manipulation at the environmental 
level, which is neither observed during the study, nor 
reported elsewhere. There is great significance to 
maintain the percentage content of oil constant, since any



enhancement in this attribute can be facilitated only at the 
loss of advantage of the protein and carbohydrate content, 
which are essential to keep up the yield standard of seeds. 
Estimates of heritability and genetic advance were very low 
for plant height and number of productive nodes on main axis 
in ths present study. For plant height Rai et al. (1981) 
reported high heritability followed by low genetic advanoe. 
Number of productive branches showed medium heritability but 
genetic advance was comparatively high in the present study. 
High genetic advance -./as also reported for this character by 
Rai et al. (1981) and Solanki and Paliwal (1981). Number of 
pods on main axis which was having medium heritability also 
showed comparatively high genetic advance. High genetic 
advance was reported by Chavan et al. (1982) for the character. 
Total pods per plant which had medium heritability allowed 
comparatively high genetic advance as reported by Osman and 
Khidir (1974)» Solanki tmd Paliwal (1981) and Chavan et al. 
(1982). Genetic advance was low in the case of number of 
seeds per pod which was having medium heritability in the 
present study. But Solanki and Paliwal (1981) reported high 
heritability and genetic advance for the ohobaoter. For 
duration for first flowering the results indioated that it 
had only low genetic advanoe inspite of medium heritability. 
Contradictory results were reported by Osman and Khidir (1974) 
for this character. For 1000-seed weight also genetic 
advance was low in spite of its having medium heritability in



_______the present study. Comparatively high genetic advance was 
observed in the present study for weight of seeds per plant 
eventhough its heritability value was slightly less. Johnson 
and Bernard (1963) had stated that there was no single basis 
for comparing the various reported estimates of heritability 
and in applying this concept to plants. They, however, 
suggest that the data could provide information of value.

Estimates of high heritability values have been found 
to be helpful in making selection of superior genotypes on 
the basis of phenotypic performance of the quantitative 
characters. But, heritability alone conveys no clear out 
indication of the amount of genetic progress. Johnson et al. 
(1955) had suggested that heritability estimates alongwith 
genetic gain was more useful than heritability value alone 
in predicting the resultant effect and selecting the best 
individuals. Hence from the foregoing discussion and as 
suggested by Johnson et al. (1955) the characters, number of 
primary productive branches per plant, number of pods on 
main axia and total number of pods per plant and weight of 
seeds per plant which had moderate values for genotypio
coefficient of variation coupled with moderate heritability

i' k js8iwi8-<ii H J U i dand genetic advance would provide the scope for selection in
these characters to bring about further genetio improvement 
in sesamum.

The estimates of heritability (narrow sense) for the 
nine oharaoters from the F1 and F2 generations are presented



in tables 5 and 23. Higher heritability estimates were 
recorded for number of days for first flowering aid number of 
primary productive branches per plant in the F-j and F  ̂generar- 
tions. The consistency of heritability from F̂  to Fp genera
tion for these traits indicated considerable amount of additive 
and additive x additive component in controlling the 
inheritance of these traits. The heritability values were 
lower in the F2 than in the F. for all the characters indicating 
the predominance of over dominance in the F-j generation. Over 
dominance was most prevalent in the case of plant height. 
Heritability value in the F̂  was very high compared to that 
in the F„. Po£ seed weight also the F̂  heritability value 
was much higher than the F0 heritability indicating the

C-

prevalence of non-additive factors in the F̂  . i’or number of 
pods on main axis the heritability values in the F̂  and F2 
did not show much difference indicating the action of 
additive factors. Heritability estimates were very low in 
both the generations for oil content. The principal role of 
non-additive genetic variance is evident in this oase.
Analysis of the data relating to varietal evaluation and hybrid 
and segregating populations dearly demonstrated that oil
yielding ability in saoamum is muoh influenced by environment

intTfti -itrr i .t iiVit̂ irfT rn and hence management praotloeo can induce variation in thia
particular character.



Correlations

Genotypic correlations, in general, were higher in 
magnitude than the corresponding phenotypic correlation. This 
is in close oonfirmity with the findings of Yadava et al.
(1980) and Chavan and Chopde (1981) in sesamum.

Seed yield had significant positive correlation with 
five out of the ten characters studied. It was positively 
and significantly correlated with plant height, number of 
primary productive branches, productive nodes on main axis, 
pods on main axis and total pods per plant.

Correlation between plant heLght and seed yield in 
sesamum was studied by several workers and the results 
reported v/ere uniform. Sikka and Gupta (1949)* Khidir and 
Osman (1970), Ramachandran et al. (1972), Osman and Khidir 
(1974) and Shan (1983) reported positive correlation of seed 
yield with plant height. Seed yield showed positive and 
significant correlation v/ith number of primary productive 
branches per plant. This result is in confirmity with the 
findings of Sikka and Guxrta (1949)* iinmachandron et al. (1972), 
Chaudhary et al. C1977)» 3onjeevinh and Joshi (1974), Yadava 
et al. (1980) and Chavan and Chopde (1981). Seed yield 
showed significant positive correlation with number of 
productive nodes and pods on main axis. In oonfirmity with 
the present finding significant pooitivo correlation of seed 
yield with number of pods on main axis was reported by other 
workers in sesamum including Shukla anil Vorma (1974)1 and



Bai et al. (1981). The correlation between seed yield and 
number of total pods per plant was significantly very high 
and positive. The positive correlation between seed yield 
and total pods per plant was reported by several workers in
sesamum (Sikka and Gupta, 1949; Mohammed and Dorairaj, 1964;

Chaudhary
al., 1977; Yadava et al., 1980; Rai et al., 1981 and Chavan 
and Chopde, 1981). In the present study maximum positive 
correlation with seed yield was shown by total number of pods 
per plant followed by plant height, number of podB on m»An 
axis, number of productive nodes on main axis and number
of primary productive branches per plant. Present study 
showed very low correlation between seed yield and 1000-seed 
weight. Positive correlation between these two traits in 
sesamum was also reported by Mohammed and Purairaj (1968), 
Yadava et al. (1930) and Zhan (1933).

Negative correlations were observed between seed yield 
and number of days for first flowering in the present study. 
This is in conflrmity with the report of Shukla and Verma 
(1974). But contradictory to this Oomon and Khidir (1974) 
and Chaudhary et al. (1977) reported positive oorrelation 
between these two traits in sesamum. In the present study 
correlation was found negative between seed yield and number 
of seeds per pod. Chavan and Chopde (1981) also reported 
negative oorrelation betwoen these two traits in oesamum as



toU UHXOwas noted In the present study. But contradictory 
Zhan (1983) reported that number of seeds per capsule was 
positively correlated with yield. In the case of oil content
also correlation with seed yield was negative in the present 
study,*

In the present study, phenotypic correlations were more 
than genotypic correlations in about all the yield components. 
Plant height had an appreciable amount of positive correlation 
with number of productive branches per plant, productive nodes 
and pods on main axis and total pods. The genotypic corre
lation between plant height and number of primary productive 
branches was not oignificont. Positive correlation of plant 
height and number of branches in sesamum was reported by 
Khidir and Osman (1970) and Sanjeevioh and Joshi (1974). The 
correlation of plant height with number of productive nodes 
on main axis was positive in the present study. Sanjeeviah 
and Joshi (1974) reported a positive correlation of plant 
height with number of nodes on main axis whioh is in agreement 
with the present study. Positive correlation was also 
observed for plant height and nunber of pods on main oxiB. 
Similar results woro reported b} Jhukla and Verma (1974) 
nnd Rai et al. (1981). Height was positively correlated 
with total pods per plant whioh wan in ogreennnt with the 
resultB obtained by Khidir and Osman (1970) and Chavan and 
Chopde (1901). Plant height reoordod a very low positive 
correlation with 1000-seed weight ond number of days for



first flowerings But Khidir ayid Osman (1970) reported 
negative oorrelation between height and 1000 seed weight in 
sesamum. Positive correlation between height and number of 
days for first flowering in soybean was reported by Kaw and 
Menon (I972)ssu< - * *

Plant height had negative correlation with oil content 
both at phenotypic and genotyjjic level suggesting that tall 
varieties produce seeds with less oil content. Plant height 
Bhowed negative genotypic correlation with seeds per pod.

  S J S P j f  *Similar results were reported by Chavan and Chopde (1981) in
sesanmm.

Humber of primary productive branches was positively 
correlated with number of productive nodes on main axis but 
it was negative at genotypic level. Number of primary 
productive branches showed very little positive correlation 
with number of pods on main axis and it was also negative at 
genotypic level as in the previous cases. In general it is 
indicated that there is not much relation of number of primary 
productive bronoheo either with number of productive nodes 
on main axis or v/ith number of productive nodes on main axis
or with number of pods on main axis. Number of primary
productive branches had oignifioently high positive genotypic 
and phenotypio oorrelation with total pods per plant* Similar 
results v/ero reported by Khidir nnd Osman (1970) in sesamum.
The results indicated that number of primary produotive 
branches in an important contributing oharaoter to be considered



in selection programmes.
In the present study, number of primary productive 

branches both at phenotypic and genotypic levels recorded 
negative correlations with 1000-seed weight, number of days 
to flowering,oil content and number of seeds per capsule. 
Chavan and Chopde (1Q81) also reported that number of primary 
productive branches hnrl negative correlation with number of 
seeds per pod. Thus it is very clear that plants with high 
number of primary productive branches v/ill be high yielding 
but will be poor in respect of 1000-seed weight, number of 
seeds per capsule and oil yield.

Number of productive nodes on main axis had signi
ficantly high positive correlation with number of pods on 
main axis and total pods per plant both at phenotypic and 
genotypic levels. jut it showed very little relationship 
with 1000-sced weight, number of days to first flowering, 
oil content and number of seeds per capsule. Number of pods 
on main axis was also highly correlated with total number 
of pods .'•or plant. But it showed negative relationship with 
1000-seod weight, number of days for first flowering and 
seeds per capsule. Correlation with oil content also was
very poor.

Number of tonal pods per plant hod negative correlation 
with 1000-aood weight, number of days for first flowering, 
oil oontent and scads per capsule. Thousand seed weight 
had very little correlation with numbor of days for first



flowering and very low negative relationship with oil content. 
But it showed positive significant correlation with number of 
seeds per capsule* Number of days for first flowering had 
very little positive correlation with oil content and seeds 
per capsule* Correlation between oil content and Beeds per 
capsule also was vary low and negative*

In general the different correlations project the fact
that tall plants with high number of productive nodes and 
pods on main axis will give maximum yield of pods and seeds 
per plant* Number of primary productive branches is also a 
decisive character for yield of pods and seeds. But it is 
not much related to number of productive nodes and pods on 
main axis. If for ideel plant type non-branching type is 
preferred, selection should be concentrated on maximum number 
of pods on main axis. Association of other characters pointed 
out that the high yielding plants will be poor oil yielders, 
with less number of seeds per capsule, 1000-seed weight and 
with late flowering habit. Osman and Khidir (1974) conducted 
simple partial and multiple oorrelation studies in sesamum 
and reported that yield was significantly and positively 
correlated with late flowering, late maturity, plant height 
to first pod, number of pods per plant and total number of 
seeds per plant. He alsol reported that all the above 
characters were lnteroorrelated*



of productive nodes and 
but comparatively less.

Number of productive nodes on m^in axis shoved positive 
direct effect an seed yield. But its indirect effect on seed 
yield via total pods per plant was very high. Indirect
effects through plant height end number of primary productive
branches were also positive while that through number of pods
on main axis was negative. This suggests that number of 
productive nodes on main axis does not give a correct indica
tion of number of pods on main axis.

Number of pods on main axis showed negative direct 
effect on seed yield in the present study. But Dixit (1975) 
reported that maximum direct effect on seed yield was shown 

>er of capsules on main fruiting branch. However the 
high positive correlation observed between number of pods on 
main axis and seed yield was mainly by its indirect effect 
through total pods per plant. The indirect effects through 
plant height and number of productive nodes on main axis were 
also positive. But indirect effoot via number of primary 
produotive branohes woo negative. The negative direct effeot 
of this oharaoter bo seed yield may be duo to this negative 
indireot effeot on number of primary productive branches.
This suggests that in plants with high number of produotive 
branohes, the number of pods on main axis will be le<3s.



Path analysis at the genotypic level revealed that 
number of pods per plant had the highest direct effect on seed 
yield* Similar results were reported by several workers in 
sesamum including Kaushal et al. (1974), Yadava et al. (1980) 
and Shukla (1983).

It is apparent that plant height also had marked direct 
influence on seed yield indicating that selection for tall 
varieties would enhance unit area production in sesamum. This 
result is in agreement with the findings of Kaushal et al. 
(1974). But contradictory to this, Dixit (19750 and Murugesan 
et al. (1979) reported that plant height recorded negative 
direct effect on seed yield. The significant positive corre-

reen plant height and seed yield was mainly due to 
the indirect effect of plant height via total number of pods 
per plant. Shukla (1983) also reported that plant height 
showed positive direct effeot on yield mainly through number 
of Icapsules 
through
nodes on main axis were also positive but very low.

Number lof primary productive branches per plant also 
showed positive direot effect on seed yield. Dixit (197^)v 
Murugesan et al. (1979) and Yadova et al. (1980) also obtained 
similar results in sesamum. The indireot effect through number 
of total podslper plant is higher than its direot effeot on 
[seed yield. The indireot effeot via, plant height and number



Number of total pods recorded the maximum direct 
effect on seed yield* Similar results in sesamum were 
reported by Kaushal et al. (1974)» Gupta and Gupta (1977)» 
Yadava et al. (1980) and Shukla (1983). The indirect effects 
of plant height, primary productive branches and productive 
nodes on main axis on seed yield were also positive. Yadava 
et al. (1980) also reported that total number of capsules 
had indirect positive effects via plant height. The indirect 
effect through number of pods on main axis was negative which 
suggests that number of pods on main axis has a negative 
influence or reduces the total number of pods per plant which 
will be reflected in the seed yield also.

On the basis of this investigation, the major attri
butes of a suitable 'plant type' which would give maximum 
yield under optimum conditions can be developed. In the 
first instance, seed yield had significant positive corre
lation with plant height, number of productive branches per 
plant, number of productive nodes and pods on main axis and 
total number of pods per plant. Howover, path-coefficient 
analysis projected that total number of pods per plant and 
plant hei/fit had substantial direot effects on seed yield. The 
direct effeots of number of primary produotive branches per 
plant and number of produotive nodes on main axis were also 
positive. But the positive correlations of plant height, 
number of productive nodes on main axio and total pods per



plant with seed yield was influenced with the negative 
indireot effeot of pods on main axis. Similarly in the 
positive association between number of pods on main axis and 
seed yield, number of productive branches exert negative
BE**;indirect effect. Based on these results it is possible to
suggest a plant type in sesamum with tall stature with maximum
number of primary productive branches, productive nodes on 
main axis and total number of pods per plant for maximising 
the production of seed yield per plant. Van Rheenen (19B1) 
discussing the breeding objectives of sesamum pointed out 
that the higher positive correlation between branching and 
seed yield does not necessarily mean that branching habit is 
desirable. Non or almost non-branching types could produce 
well if planted in high densities. However, when farm 
conditions are tough and the stands ere patchy and irregular 
a branched type can compensate better. So moderate branching 
potential is a security against poor conditions.

Combining ability and components of genetic variance ' —

Results of analysis on combining ability of the six 
parents chosen for diallcl cross and the components of 
genetic variance are discussed below.

The analysis of varianoe for combining ability 
revealed that both additive and non-additive type of gone 
actions were important in the expression of plant height, 
total number of pods per plant, seed weight par plant and



1000-seed weight since they possessed significant g.c.a and 
s.c.a variances, Rat/iJnaswamy (1980) reported significant 
g.c,a and s.c.a variances for the characters plant height 
number of branches per plant aB in the present investigation, 
Fatteh et al. (1982) also reported significant g.c.a and 
s.c.a variances for plant height, total pods per plant, seed 
yield, 1000-seed weight and duration for first flowering.

In the present investigation a preponderance of additive 
gene action was observed over non-additive gene action for 
number of days for first flowering, number of primary productive 
branches per plant, number of productive nodes on main axis 
and number of pods on main axis as evidenced by larger g.c.a 
variance. In general except in the case of oil content g.c.a 
variance was higher than s.c.a in all the characters studied, 
showing the dominant role of additive gene action. In the Fg 
generation also the g.c.a and s.c.a variances were significant 
in all the characters except oil content. For oil content 
s.c.a variance was higher indicating non-additive gene action 
as in the oase of F-.

The high g.c.a variance observed for plant height in 
F̂  is in oonfirmity with the findings of Murty (1974)P 
Ratiiinaswamy (1960), Gupta (19Q1)f Singh et al. (1963) and 
Fatteh et al. (1982). However, the role of non-additive 
faotors indioated for the oharaoter in the present study is 
in agreement with the reports of Uatinnaewamy (1980) and Fatteh 
et al. (1982). In F2 also g.c.a was higher, showing



preponderance of additive gene action event hough g.c.a and 
s.c.a variances were significant in the study as in P.,

For number of primary productive branches the results 
of F1 indicated high g.c.a variance favouring for additive 
gene action. This is in oonfirmity with the results reported 
by Murty (1974)» Rat/iinaswamy (1980), Gupta (1981) and Singh 
et al. (1983). But contradictory results were reported by 
Fatteh et al. (1982) where non-additive gene action was 
reported to be responsible for the expression of productive 
branches in sesamum.

Singh et al. (1983) reported significant s.c.a variance 
for the character in the F-'s of some intervarietal crosses 
in sesamum. In the Fp of the present study both g.c.a and 
s.c.a variances were significant. But the magnitude of g.c.a 
is higher showing the major role of additive gene action for 
the expression of the character.

In the present study g.c.a varianoe was higher than 
s.o.a variance for number of productive nodes on main axis as 
well as for number of pods on main axis in F̂  showing additive 
gane action for the two characters. In the Fp both g.c.a 
and s.o.a varionooo were significant indicating additive as 
well as non-additive types of gene action. But the higher 
magnitude of g.o.a in both oases indicate the predominant 
role of ladditive Igene action.

Higher g.o.a varianoe observed for total number of 
pods!per plant over the s.o.a varianoe in F̂  indicate much



stress for additive gene action. The s.c.a variance was also 
significant showing that nan-additive factors were also 
involved in the expression of the character. Parallel reports 
were made by Murty (1974)» Ratfinaswamy (1980), Gupta (1981), 
Singh et al. (1983) and Fatteh et al. (1982). In the Fg also 
g.c.a and s.c.a variances were significant confirming the 
results of F^. But higher g.c.a variance showed predominance 
of additive gene action in the present study.

Weight of seeds per plant was also found to be 
controlled predominantly by additive gene action as it was 
expressed by higher magnitude of g.c.a variance. Non-additive 
factors are also involved in the expression of the character 
Bince there was significant s.c.a variance. Ratlvnaswaray 
(1980), Gupta (1981), Fatteh et al. (1982) and Singh et al. 
(1983) had reported that weight of seeds per plant is mainly 
controlled by additive gene action. In the F2 also both 
g.o.a and s.o.a variances were significant. But the magnitude 
of g.c.a variance was higher indicating predominance of 
additive gene action for the character.

For 1000-secd weight also additive as well as non- 
additive gene action was JLndioated by the significant g.o.a 
and s.o.a variances. But g.o.a variance was higher showing 
preponderance to additive gene aotion. Additive type of 
genm aotion for this particular oharaoter was reported by 
Fatteh et al. (1982) end Singh et al. (1983). In the present 
study also showed aignifioant g.o.a and s.o.a variances



fo c u b  sing additive and non-additive gene action* But the 
g.c.a variance was higher indicating predominance of additive 
gene action.

In the F1f duration for first flowering showed signi
ficant g.c.a varianoe and the magnitude of g.o.a variance 
was higher than s.c.a variance favouring for additive gene

H H B H I M M B f l l l f l Y  ■ TK TT T T T 1 H Haction. Earlier reports made by Murty (1974)# Fatteh et al.
(1982) and Singh et al. (1983) are in support of the present 
results. In the present study Fp showed significant g.c.a 
and s.c.a variances indicating additive and non-additive 
factors in the expression of the character. But the magnitude 
of g.c.a variance was higher than s.c.a variance giving more 
stress to additive gene action. Singh et al. (1983) also 
reported significant s.c.a variance in Fp favouring for over 
dominance.

For oil content g.c.a as well as s.c.a variance was 
not significant in and the s.o.a variance was found to 
be higher than g.o.a variance indicating the major role of 
non-additive gene action. Thin is in line with the reports 
made by Murty (1974) and Fatteh et al. (1982). But contra
dictory to this Singh et al. (1983) reported higher g.o.a 
variance for oil content in P^. In the present study the 
Fp ohowed significance for a.c.a variance and the magnitude 
of s.c.a variance was also higher than g.o.a varianoe. This 
indicated a predominent role of non-additive gone action in



this character. Singh et al. (1983) also reported significant 
s.c.a variance in the showing non-additive gene action in 
the expression of the character.

The estimates of g.c.a and s.o.a effects will he of 
great value in selecting out elite parents and desirable cross 
combinations to be used in the formulation of systematic crop 
improvement programme. A perusal of general and specific 
combining ability effects revealed useful genetic informations.

For plant height maximum positive (tallness) g.c.a 
effect was expressed by followed by V.-j, V2g and V2. 
Negative g.c.a effect (dwarfness) was expressed by and 
V^. Among the different cross combinations maximum B.c.a 
effect was Bhown by V2 x followed by x Y ^  and V2g x 
Y .̂. Here t he parents involved in the first and third crosses 
were with positive g.c.a effects. waBthe best general
combiner for tallness. In the second cross the parents 
involved were and of which the female parent showed 
negative g.c.a effect and male showed positive g.c.a effect. 
This indicates dominance of tallness over dwarfness. More
over Vgjj whioh showed maximum positive g.c.a effect and 
which showed maximum negative g.o.a effect do not show 
high s.o.a effeot. All these suggest that in addition to 
additive faotors non-additive faotorB also influence the 
expression of the oharaoter. In the analysis of varianoe also 
glo.a as well as s.o.a varianoes wore significant f or the



character. Raitaxnaswamy (1980) and Sengupta (1980) also

productive branches 
per plant recorded maximum positive g.c.a effect followed 
by V2, Y ^  and ^29* Negative g.c.a effects favouring non- 
branching character were recorded by Y,y and Y^ • Among the 
different cross combinations maximum positive s.c.a effect 
was recorded in the cross Y2 x where the parents were 
with positive and negative g.c.a effects. Maximum negative 
d.c.a effect was recorded by the cross V2j- x 7^7 • ^ere &lso 
the parents were with both positive and negative g.c.a effects. 
This indicates that genes with varying degree of dominance 
were involved in the expression of the character. In the 
analysis of variance study of data, g.c.a variance was 
significantly higher favouring additive gene action for the 
character. In the P2, g.c.a and s.c.a variances were signi
ficant indicating the presence of additive and non-additive 
factors for the character expression. Additive gene action 
for the oharaoter was reported by Murty (1974), Ratinaswamy 
(1980), Gupta (1Q8D end Oingh et al. (1983). But non-additive 
gene action was reported by Fatteh et al. (1982). Sengupta 
(1980) reoorded significant g.o.a and s.o.a variances for
the oharaoter and the magnitude of s.o.a varianoe was much 
higher than g.o.a varianoe favouring for predominance of 
non-additive gene action.

recorded similar results in sesamum.
In the case of number of primary



Number of productive nodes on main axis shoved highest 
positive g.c.a effeot in Vgej vhioh was followed by V^q 8014 

Negative g.c.a effects were shbwn by and Vg#
Among the different crosses highest positive s.o.a effect 
was recorded in the cross Ygg x where the parents were 
with positive and negative g.c.a effects. So dominance is 
indicated in the above cross. More over positive s.c.a 
effects were shown by the crosses x and x where 
the parents involved were with negative effects only. This 
indicates the effect of over dominance in the expression of 
the character. In the analysis of variance of F-, significantly 
higher g.c.a variance indicate additive gene action in this 
particular character. But in F̂ t g.c.a and s.c.a variances 
were significant indicating additive and non-additive gene 
action in the expression of the character.

As regards number of pods on main axis Vor. was the best 
general combiner followed by V^y and go evidenced by the
positive g.c.a effects. Negative g.c.a effect was shown by

and V2 • In the different crosses s.c.a effeot was 
maximum in x V^y followed by Vg x and x . In 
the first oross additlvo gene action was indicated since 
ahd V̂ r, were good general oombiners • In the other two crosses? i
the parents are with negative g.o.a of foots. Over dominanoe 
may be responsible for the expression of the charaoter. So 
additive with dominant relationship as well as non-additive 
factors are Involved in the expression of the trait. Analysis



on Fg data also showed significant g.c.a and s.c.a variances.
In the case of total pods per plant the good general

combiners were V^g and . The other parents showed negative
g.o.a effects. Maximum s.c.a effect was expressed in v29 % 

| 41 where the parents were with positive and negative g.c.a 
effects. Here also dominance is indicated for higher number 
of pods. In the cross x V^, where the parents were with 
negative g.c.a effect, positive s.c.a effect was manifested
favouring over dominance in the expression of the trait. In
the analysis of variance of and Fp the g.c.a and s.c.a 
variances were significant indicating both additive and non
additive factors in the expression of the character. The 
high mag nitude of g.c.a variance indicate predominance of 
additive gene action. Earlier workers (Kurty, 1974; 
tlat/jinaswamy, 1980; Gupta, 1981; Fatteh et al., 1982 and 
Gingh et al., 1983) had recorded additive gene notion for 
the character as evidenced by high g.c.a variance. But 
Gengupta (1'JUO) recorded predominance of non-additive factors 
as evidenced by high s.c.a variance.

For seed weight por plant V2g was the beat general 
combiner with maximum g.c.a offeet. It wao followed by 
VJt and Negative g.o.a effeoto were recorded by

and V--. Maximum s.c.a effeot was manifested in Vori x 37 41 29
V.. where the parents were with positive and negative g.o.a 411
effeots indicating dominance effeot for high seed yield.



In crosses like x and V2  ̂x also tlie same 
results were obtained. In the analysis of variance of F- 
and Fp g.o.a as well as s.c.a variances were significant 
indicating additive aB well as non-additive gene action in 
the expression of the trait. Additive gene action based on 
high g.c.a values were reported by Murty (1974)* Ratbi’naswamy 
(1980), Gupta (1981), Fatteh et al. (1982) and Singh et al.
(1983). Additive gene action was also reported by Sengupta 
(1980) based on g.c.a/s.c.a ratios for the character. As

'K J M H B  I  n M M H T E J iregards 1000-seed weight high g.c.a effects were observed in 
and Vgg. For all other parents g.c.a effects were 

negative. The s.c.a effect was maximum in V2 x followed 
by V2g x Vjrj and V2 x In tlie ^ rs‘b 011(1 third crosses,
parents were with negative g.c.a effects. Hence the positive 
s.c.a effect may be due to over dominance. In the second 
cross the parents were with positive and negative effects 
thereby showing dominance in the expression of the character. 
In the analysis of variance g.o.a as well as s.c.a variances 
were significant in and F2 indicating the role of additive 
as well as non additive gene action. Additive variance 
baaed on high g.c.a values was reported by Fatteh et al. 
(1982) and Singh et al. (1983) in sesamum.

For oil oontent the best general combiner was V2g 
followed by and based on their g.o.a effects. Other 
parents reoorded negative g.o.a effeots. Positive s.o.a 
effeots were recorded in Vy j, x



T29 1 T41 end T2 s T 29* Here first9 third and fourth crosses 
possess parents with positive and negative effects. In the 
second cross both parents were with positive g.c.a effects.
In the last cross both the parents were with negative g.c.a 
effects. The results indicate dominance and over dominance 
in the expression of the character. In the analysis of 
variance g.c.a and s.c.a variances were not significant and 
the magnitude of s.c.a variance was high. In ? 2 a -̂s0 "the 
s.c.a variance was higher £han g.c.a variance and it was 
significant. Non-additive type of gene action based on high 
s.c.a variance for this particular trait was reported by 
I'furty (1974) and Fatteh et al. (1982). But Singh et al. (1983) 
reported high g.c.a variance for the same character.

In the case of duration for first flowering maximum 
possible g.c.a effect was recorded by V ^. It was followed 
by ^37* ^25 Vg. Negative g.c.a effects were recorded by 

and V2g. Among the different crosses maximum s.c.a effect 
was reoorded in V25 X V37 where both the parents were good 
general combiners. MaxLmiam negative s.c.a effect (for early 
flowering) wan reoorded in the oroos V2 x tho
paronts were with ponltlvo and nogntivo effects. Dominance 
is indicated for earlineso. In x Vgg where both the 
parents were negative, positive s.c.a effeot was reoorded 
indicating over-dominsnoe for the expression of the oharaoter. 
In the analysis of varianoe g.o.a varianoe was higher and 
significant in F-j indioating additive gene action. In



both g.c.a aid s.c.a variances were significant and g.o.a 
variance was higher in magnitude. Additive gene action based 
on high g.o.a values were reported by Murty (1974)# and 
Patteh et al^ (1982) • . .

The parental lines involved in the study were ranked 
for their general combining ability effects with respect to 
the various characters and are presented in table 27 .In this 
study Vgg# the best general combiner for seed yield per plant 
was also a good combiner for most of the other yield contri
buting traits. Thus, combining ability for number of pods 
per plant seemed to be Influenced by combining ability of its 
component characters like plant height, number of productive 
branches, number of productive nodes and number of pods on 
main axis as was evidenced by correlation studies. In the 
light of the combining ability effects the varieties 7^,
729' V13 and Yyj should be given due consideration while 
framing breeding programmes. Cro3se3 involving these parents 
viz., V2 x (maximum plant height), V25 x (non-
branchlngneos and maximum number of pods on main axis),
Y ^  j V.. (maximum productive nodes on main axis, total pod 23 411
and sead yield per plant), Y2 x (early flowering and
maximum 1000-seed weight) and V13 xV37 (maximum oil content) 
were the best speciflo combinations for the different
characters.

The component analyses of the pJ and P2 diallole have 
nloo thrown considerable light on the nature of expression of



Table 27• Ranking of parental lines for their general
combining ability effects with respect to 
various characters.

Characters

Plant height at 
maturity
Number of primary 
productive branches 
per plant
Number of productive 
nodes on main axis
Number of pods on 
main axis
Total number of 
pods per plant
Seed yield/plant
1000-seed weight
Oil content 
(Percentage)
Number of days 
for first 
flowering

Parents
13 29

G(T) G(D) B(T) G(D) G(T)

C“(B) G(B) G(B) G(B) G(NB) G(NB)

p G P G P P

p G P G G P

G P P G P P
G G P G P P
P P P G p G

P P G G P G

P G(L) G(E) G(E) G(L) G(L)

G a Good T « Tall
P a Poor D <= Dwnrf
E a Early B a Branching
L a Late NB « Non branching



various quantitative characters studied and in the type of 
gene action. Additive and non-additive variances were 
significant in most of the characters in both generations.
More or less similar results were obtained in the component 
analysis also.

For plant height g.c.a and s.c.a variances were signi
ficant in and Fp. In the component analysis also additive 
(D) as well as non-additive (iL ) variances were significant 
in F| and Fl.

For number of primary produotive branches per plant
g.c.a variance was significant in F-, and F0. But in F0 only1 2 2
s.c.a variance was significant. In the component analysis 
both additive and non-additive variances were significant in 
F.j and fI.

Combining ability analysis showed significant g.c.a 
variance im F̂  and Fp. But s.c.a variance was significant 
only in Fp. In. the component analysis additive variance was 
significant only in F̂  while non-additive variances were 
significant in F̂  and Fp. For number of pods on main axis
g.o.a varianoe was significant in F.j and F« while s.c.a
varlanoe was significant in Fp only in tho combining ability 
analysis. In component analysis additive and non-additive 
variances were not signifioant in F1 but non-additive 
varianoe wae signifioant only In F5,

Total poda per plant ahowed signifioant g.c.a and s.o.a 
variances in F-j and Fp in the combining ability analysis.



In the component analysis additive variance was significant 
in and non-additive varianoe was significant in and Fg.

For 1000-aeed weight g.o.a and a.c.a variances were 
significant in F.. and F„ in the combining ability analysis.i 2
But in component analysis additive and non-additive variances 
were significant in F^.

In the combining ability analysis seed yield per plant 
showed significant g.c.a and s.c.a variances in F-j and Fg, 
while in component analysis additive and non-additive variances 
in F̂  were significant. But in Fp only non-additive varianoe 
was significant. For oil content g.c.a and s.c.a variances 
were not significant in F̂  and s.c.a variance waB significant 
in e2 in the combining ability analysis. Additive and non
additive variances were not significant in F̂  and Fg in the 
component analysis. In the combining ability analysis, for 
number of days for firat flowering g.c.a variance was signi
ficant in F-j and Fg and s.c.a variance was significant in Fg. 
In the component analysis both additive and non-additive 
variances were aignifioont in F̂  and Fg.

In F-j, only in the oase of number of pods on main axis, 
additive varianoe wao not significant in spite of significant 
g.o.a varianoe. But the non-additive varianoe was also not 
significant for the oharaoter.

In F2« number of produotive nodoo on main axis, total 
pods per plant and seed yield per plant showed significant 
g.o.a varianoe in the oombining ability analysis. But in



the component analysis nan-additive variance was found to be 
significant. Similar results as is noted in the present 
investigation were reported in other crops in respect of 
various traits. Singh and Singh (1972) obtai 
g.c.a variance for number of seeds per pod in nrung bean,

Awhereas component analysis revealed that additive (D) and
A

non-additive (Ĥ ) components of varianoe were significantly 
high for number of seeds per pod. Singh et al. (1974) 
observed in soybean that only g.c.a variance was significant 
for 100-seed weight. But components of genetic variance 
revealed that non-additive component played an important role 
in the expression of this trait. They also reported that 
only non-additive gene action was significant for seed yield, 
though the variance due to g.c.a and s.c.a were significant 
for the character in the combining ability analysis. Singh 
et al. (1y74) asserted that this discrepancy in the estimates 
of components of variance might be attributed partly to the 
presence of inter-allelic interactions, the magnitude of 
whloh cannot bo ascertained through this analysis.

Number of days to flowering, plant height, number of 
produotive nodes on main axis, total pods per plant, 1000- 
seed weight and seed weight in showed signifioant

A
difference in F test indioating the availability of exoeoo 
of dominant alleles in the parents.

A A
In both and FgJ the ratio (H^/D)“ indicated 

over-dominanoe for plant height, number of produotive nodes



on main axis, number of pods on main axis, 1000-seed weight,
Beed yield per plant and oil content# For number of days 
for first flowering, primary productive branches per plant 
and total number of pods per plant, partial dominance was 
observed in F̂  . But in Fp over-dominance was observed# As 
was noted in the present investigation, partial dominance 
for days to maturity and days to flowering was reported by 
3rivastava et al. (1970) in soybean. Over-dominance 
observed for seed yield per plant is similar to the result 
obtained by Srivastava et al. (1970) in soybean.

The distribution of genes with positive and negative 
effect3 wa3 not symmetrical for all the traits as indicated

A A
by the ratio Hp/4H^.

The comparative evaluation of results of different 
statistical analyses used to study the genetic architecture 
for various characters in F̂  and is presented in table 28. 
The results showed that the genetic information suggested 
by ilayman (1954 b) and Jinks (1954, 1956), supplemented with 
the genetic information on combining ability analysis by 
Griffing (1956 b) would halp tlio plant breeders to make 
important oonolusiana regarding the selection of suitable 
parents for breeding programmes and to unveil the genstic 
arohiteoture of various quantitative characters. In this study 
both methods i.e. oombining ability analysis and component 
analyeis for estimating the type of geno action have given



evaluation of results of different statistical analyses used to study the 
for various characters in F̂  and Fg.

Characters

Washer of days for 
first flowering

Plant height

Number of primary 
productive branches 
per plant
Number of productive 
nodes on main axis

1

1

Number of pods an 
moln axis
Total number of 
pods per plant
1000-seed weight

Seed yield per 
plant
Oil content 
percentage

Combining ability onents of 
ances

fic
Average degree 
of dominance

Heritability t  (Narrow 
sense)

p
1

3
S
o
S

D
s
U.S.

1
F,

s
s
s
r*U

F
r<a 1

2 3

3
3

S
S
S
3

Partial 
dominance 
Over dominance

Partial dominance 
Over dominance

Significant U.S. = Not significant



comparable results for most of the characters.

H e te ro B is

During the course of the present investigation marked 
heterotic effeot was observed in various single
■ ■ ■ ■ ■ ■  m m  B a m m m
cross combinations for most of the characters Btudied with^■MM M l IHMM1JBMMIHMM MMMIIthe maximum heterotic expression for number of pods and seed 
yield per plant.

A maximum of 75.54# to 30.90# heterosis over mid- 
parent and better parent respectively was observed in the 
case of plant height. Positive heterosis was recorded by 11 
hybrids over mid-parent and 7 hybrids over better parent.
Two hybrids Vp x ̂ 41 anx* ^-\3 x ̂ 41 showed aignificant 
heterosis over better parent. The s.c.a effects were also 
significant for these two crosses in the combining ability 
analysis. The other hybrids which excelled the better
parent were x V41# "̂ 2.0 x Vpcj x ^41* l̂"3) ^37 

^2 X ^25* Bventhough Pal (1945) reported that heterosis was 
not manifested in sesamum for plant height, Strerup John 
(1980) and Tyagi and Singh (1981) reported positive 
heterosis for this ohnraoter as was noted in the present 
investigation. In the present study among the doublo cross 
hybrids only one of the total twenty seven viz., (Vpg x ^57) 
(V x V_) showed positive heterosis over mid parent and25 15
none showed positive heterosis over better parent.



As regards number of primary productive branches per 
plant maximum heterosis of 86.93# over mid-parent and 16.135̂

over better parent was observed in the single crosB hybrids. 
Positive heterosis was recorded by 11 hybrids over mid-parent 
and 6 hybrids over better parent. The hybrids which surpassed
the better parent were Vg x V ^ x  Yyj, x V^, Vg x

^29* V2 x V25* ^2 x V13 aild V25 x ^13* Eventhough these 
crosses reoorded positive s.c.a effects, they were not
statistically significant. Maximum negative heterosis over
mid parent, favouring non-branohing nature was expressed in

^25 x ^37 ^°^owe(̂  ^25 x ̂ 41* ^945) evaluated the
number of branohes for heterotic effect and reported that
heterosis was not manifested for this character. But oarathe
(1969)» Sverup John (1900) and Tyagi and Singh (1981)
recorded good heterotic effect for number of branches in
sesamum. The double cross hybrids recorded only negative
heterosis over mid parents as well an better parents.
Maximum nogatlve heterosis was recorded in the cross (Vgc x
vLjKVg x Vyj) only in the present study.

Humber of productive nodes on main axis exhibited a
maximum hoteroois of 67.52,; over mid-parent and 6 1.98# over
better parent in the single oross hybrids. roBitive
heterosis was reoorded by 11 hybrids over mid-parent and 4

mybrids over better parent. Hybrids whioh surpassed the

bettor parent were * 1̂ 1 1 * ^2 x ffljjl * V2 x V37 V29 x V41*



Heterosis was significantly higher in the first crosst
x ̂ 4 1* positive g.c.a effects were also signifioant in

the crosses x Y^ , Y2 x V  ̂and V2^ x V^. In the doable 
cross hybrids the heterotic effect was negative in almost all 
cases in the present study*

Among the single cross hybrids as regards number of
pods on main axis, a high degree of positive heterosis was 
exhibited by 11 hybrids over mid parent with a maximum of 
77.35$. Four hybrids showed positive heterosis over better 
parent with a maximum of 62.39$. The hybrids which showed 
positive heterosiB over better parent were x Y ^ , x 
V37, V2 x Y^ and x V2g. In the second cross, V,^ x V^, 
heteroBis was significant. All these hybrids recorded 
positive s.c.a effects and the s.c.a effects of the crosses

^25 x ̂ 37 02111 ^2 x ^41 were statistically significant.
A very high degree of positive heterosis for total 

number of pods per plant was manifested among the single 
cross hybrids of the 15 crosses. Nine hybrids showed 
positive heterosis over mid parent with a maximum of 209.82$. 
Seven hybrids recorded positive heterosis over better parent 
with a maximum of 204.49$. Tfce hybrids whioh dominated

over the better parent were V 13 * V41* V29 X V41* V2 x V13t 
V , x x Vjrj, V5? x V41 and V | x  . The s.o.a
effects of the first four orosseB were positive and signi
fioant in the oombining ability analysis. Eventhough



Fal (194-5) reported that the hybrids of Besamum showed 
heterosis for seed yield only upto the mark of better parent, 
several other workers reported positive heterosis in sesamum. 
Sarathe (1969) reported positive heterosis over mid-parent 
while Murty (1974) reported high amount of heterosis for the 
character over the best parent. Sverup John (1980), Tyagi 
and Singh (1981), Chavan and Chopde (1981) and Paramasivan 
et al. (1982) reported positive heterosis for total pod 
production in aesanrum. In double crosses heterotic expression 
was all negative in the preeent study.

The positive heterosis exhibited over mid-parent 
extended upto a maximum of 126.46# in the case of seed yield 
per plant in the single cross hybrids. Ten hybrids showed 
positive heterosis over mid-parent and four hybrids over 
better parent. The percentage of heterosis over better 
parent extended to a maximum of 50.11. The hybrids 
V2 x Y^-, x V2g, V25 x and V2 x V_^ surpassed the 
better parent for the character. A11 these hybrids 
exhibited positive s.c.a effects of which that of V2 x Y ^  
was significant. Pal (1945) had reported that six hybrids 
of sesamum recorded heterosis over better parent for seed 
yield. Sarathe (1969), Tyagi and Singh (1981) end Chavan 
and Chopde (1981) also roported high magnitude of positive 
heterosis for this trait in sesamum. In tho double croBB 
hybrids heterosis was negativo for the character in the 
present study•



The heterosis manifested for 1000-seed weight in the 
single cross hybrids was very limited* Negative heterosis 
was manifested in a large number of hybrids* Positive 
heterosis over mid-parent was manifested only in 3 hybrids 
and pap p p j heterosis was only 9.16$. Two hybrids showed 
heterosis over better parent which extended to a maxi mum of 
7.19#* These hybrids poss«2ss>dpositive s.c.a effects and in 
the first cross, Vg x V^» it was significant also. The 
present finding is in line with the reports of Sarathe (1969) 
that heterosiB was very low for 1000-seed weight in sesamum 
and it was slightly higher than the mid-parental value.
In the present study moat of the double cross hybrids showed 
positive heterosis for the character.

Heterosis was limited in the case of oil content in 
the single croBS hybrids. The percentage of heterosis over 
mid-parent extended upto a maximum of 46.23. Thirteen hybrids 
recorded positive heterosis over mid-parent while 10 hybrids 
recorded positive heterosis over better parent upto a maximum 
of 40.04. The hybrids which dominated over better parent 
were, 7^^ x 7^y, x 7^, 7g^ x 7^, Vg x 7g^, 7 x 7^,

V25 X V41* V29 X V41' V2 * V29* V2 x V13j*nd V2 x V41" 
Heterosis of the first two crosses over mid-parent was
significant. The s.o.a effeots were positive and that of
V*, x V-r, was statistically significant. Sarathe (1969)
ju jg H H g jjU
reported that heterosis was not manifested for oil content



in sesamum. Tyagi and Singh (1981) reported that the vigour 
shown by the hybrids was very little for this character in 
sesamum. Among the 27 double cross hybrids 15 recorded 
positive heterosis. Maximum positive heterosis was recorded 
in the cross (V^ x x V^) • Positive heterosis of
5 hybrids were statistically significant.

For number of days for first flowering the magnitude 
of positive heterosis as well as the number of hybrids showing 
heterosis was leBS in the single crosses. Compared to mid 
parent, only 5 hybrids recorded positive heterosis with a 
maximum of 7.34$. Nine hybrids recorded negative heterosis 
compared to mid-parent and one recorded no heterosis at all. 
The negative heterosis extended upto a maximum of -9.71$» 
recorded in the cross V^ x ̂  favouring for early flowering. 
Compared to better parent (early flowering), heterosis was 
shown by 10 hybrids and the magnitude of heterosis extended 
upto -4.39$. Two hybrids viz., V0 x and x ^29 sll0wed 
negative heterosis which also recorded negative s.c.a 
effects in the combining ability analysis. The heterotio 
effects and s.c.a effeoto were not statistically significant. 
Pal (1945) reported that positive heterosis was not manifested 
for this oharaoter in sesamum. Among the double cross hybrids 
heterotio effeot was all negative for the oharaoter.

The details of the expression of heteroBis for various 
characters in tills Investigation have presented valuable 
information. From the table 12-1 to 12-3 it was established
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pollinating agents, do at present for the practical 
possibility for commercial production of hybrid seeds as 
was confirmed in preliminary field attempts.

Frequency and spectrum of Fg variants*

Studies on Fg variants related to yield attributing 
characters (Tables 24-1 to 24-4 and 25-1 to 25-9 and 
Figures 11 to 19) enlightens further scope for selecting 
suitable plant types from among the segregants. As reported 
by Culp (i960) in the present study also dominance was 
observed for tallness in the Fg of all crosses irrespective 
of the parents involved. In crosses involving medium x 
medium or short x short varieties the Fg showed a pre
ponderance for medium height. The specific crosses which 
showed high amount of positive variability were Vg^ x 
Vg5 x Vgg, x V ^ t Vg x Vg5 and Vg x V ^ . The results 
discussed in the previous chapters of the present investiga
tion and the segregating pattern available in Fg clearly 
demonstrates that tall plant types with high yield 
potentiality can be identified from the Fg populations of the
above crosses.

The segregation pattern noted in the present study
JLndioated that branohing habit is dominant ovor non-brnnohing 
habit. This is in line with the roports made by Joshi (1961) 
in thin particular orop variety. In orosses involving



profuse branching types, profuse and medium branching types 
and profuse and shy branching types predominance was shown 
for profuse branching habit. In crosses of medium and shy 
branching types medium branching habit was dominant - The 
specific crosses in the present study which showed high 
amount of positive variability favouring branchingness were

V2 x V29* V13 x V29 021(1 V25 x V29* amount of negative
variability favouring non-branchlngness was expressed in

orosses such as x V29 x V41 1311,1 V37 x V41' Floats 
with shyness for branching habit and with compact pod bearing 
nature has been noted in crosses like Vg x Vg^ and Vg x • 
The same crosses showed maximum positive variants for tallness.

Number of productive nodes on main axis does not 
show positive correlation with number of pods on main axis.
It 1b particularly so in the case of multipoded varieties. 
Number of pods on main axis is having a negative direct 
effect on total seed yield since it exerts a negative 
influence on branching. Hence it is suggestive that the 
non-branching types are not ao high yielders as branching 
types. In the Fg analysis it is seen that orosses such as

r25 x V37* V2 x V37# V29 x V37* V2 x V25* V2 x V41 01111 
V x Vgg are with segreganto poooesoing high number of
productive nodes on main axis.

Total number of pode per plant is having the maximum
direot offeot on seed yield. In the Fg,I orosses like



Yg z ̂ 2 5f ^25 x ̂ 37* ^25 x ̂ 41* ^2 X ̂ 41f ^2 x % 7  an̂
V25 X V29 show maximum frequency of positive variants for
number of pods per plant. The orosses Vg x Vĝ  and Vg z V^ 
shoved an incorporation of all the desirable attributes 
favouring maximum seed production per plant. These crosses 
gave maximum frequency of positive variants for tallnesst 
shyness in branching, maximum number of pods on main axis 
and total number of pods per plant. The phenotypic 
frequency distribution analyses clearly indicate that a 
plant type with all desirable attributes favouring maximum 
unit area production can be isolated from among the 
different cross combinations involved in the present 
inve s t i gati on •



SUMMARY



SUMMAET

The present investigation was carried out at the 
Department of Agricultural Botany, College of Agriculture, 
Vellayani during 1980 to 1983. Forty four varieties of 
Sesamum indlcum. both exotic and indigenous were evaluated 
in a field experiment to assess the extent of variability 
available in this particular crop variety. Genetic parameters, 
correlations and path-coefficients were also analysed and 
included as the first part of the study. The characters 
studied were plant height at maturity, number of primary 
productive branches per plant, number of productive nodes* 
and pods on main axis, total number of pods per plant, seed 
yield per plant, 1000-seed weight, oil content, number of 
seeds per pod and duration for first flowering.

The second part consists of the analysis on the 
hybrids and the created variabilities in Six varieties
having maximum expression for the different yield related 
characters were selected and crossed in random combinations 
as a diallel set without reolprocalo. Combining ability, 
heterosis and genetic basis of different character 
expressions in and combining ability, gene aotion and 
inheritance pattern in Fg were analysed in detail. Double 
oroones were also carried out and evaluated for tho extent 
of heterosis for various polygenio traits. The different 
I^Bgonlc characters studied in thel hybrids and FJ were



plant height, number of primary productive branches per
plant, number of productive nodes on nmjn axis, number of
pods on main axis, total number of pods per plant, seed
yield per plant, 1000-seed weight, oil content and duration 
for first flowering.

Investigations on meiotic abnormalities and pollen 
sterility in the single and double cross hybrids were 
carried out.

The data collected were analysed using appropriate 
statistical techniques and the salient points reflected 
from the results are summarised below:

1. The analysis of variance study conclusively 
proved that sesamum, in spite of being an essentially self 
pollinated crop is rich in varietal variability. The range 
of variability was very wide in the case of total number of 
pods per plant, seed yield and number of primary productive
branches per plant.

2. Phenotypic variance waB very high for total 
number of pods per plant and plant height. In the case of 
total number of pods per plant the genotypic variance was 
also maximum. Genotypio as well as phenotypic variance was 
minimum in the case of number of primary productive branches 
oor plant and number of seeds per pod. dnvironmentul 
variance was comparatively less for number of produotive 
Hbdos and pods on main axis, 1000-seed weight and duration



3* High phenotypic and genotypic coefficients of 
variation were obtained for total pods per plant, seed yield 
per plant and number of primary productive branches per plant 
while they were low in the case of duration for first 
flowering, 1000-seed weight, oil content, number of seeds 
per pod and height of plant.

4. High heritability estimates along with low genetic 
advance was met with in the case of oil content. Number of 
3eedo per pod, 1000-seed weight and duration for first 
flowering showed very low heritability estimates and genetic 
advance.

5. Higher heritability values were recorded in F- 
and Fg consistently in the case of duration for first 
flowering end number of primary productive branches per plant. 
In general, heritability values were lower in the Fg than
in for all the characters indicating the predominance of 
over dominance in hybrid population.

6. Inheritance of number of primary productive 
branches and duration for first flowering showed considerable 
amount of additive and additive x additive component
interact i ons *

7. Total number lof pods per plant showed maximum 
positive genotypic correlation with seed yield.



3* High phenotypio and genotypic coefficients of 
variation were obtained for total pods per plant, seed yield 
per plant and number of primary productive branches per plant 
while they were low in the case of duration for first 
flowering, 1000-seed weight, oil content, number of seeds 
per pod and height of plant.

4. High heritability estimates along with low genetic 
advance was met with in the case of oil content. Number of 
3eedo per pod, 1000-seed weight and duration for first 
flowering showed very low heritability estimates and genetic 
advance.

5. Higher heritability values were recorded in 
and Fp consistently in the case of duration for first 
flowering end number of primaiy productive branches per plant. 
In general, heritability values were lower in the Fg than
in for all the characters indicating the predominance of 
over dominance in hybrid population.

6. Inheritance of number of primary productive 
branches and duration for first flowering showed considerable 
amount of additivo and additive x additive component
JLnterao t i ons.

7. Total numberlof pods per plant showed maximum 
positive genotypio correlation with seed yield.



8. Number of seeds per pod, duration for first 
flowering and oil content recorded a negative correlation 
SjSjJi total seed yield per plant*

9 • Number of total pods per plant had negative 
correlation with 1000-Beed weight, number of days for first 
flowering, oil content and seeds per capsule*

10. Analysis in cause effect relationship showed 
that total number of pods per plant is exerting maximum 
direct effect on seed yield. Plant height, number of 
productive nodes on main axis and number of primary productive 
branches also showed positive direct effect on seed yield.
But number of pods on main axis showed negative direct 
effect on seed yield.

11. The analysis of variance for combining ability
in generation revealed that both additive and non-additive 
gene actions were important in the expression of plant 
height, total number of ixjds per plant, seed yield and 1000- 
oeed weight. Except in the case of oil content g.c.a 
variance was higher than s.c.a in all tho characters studied.

12. In Fp g.c.a and s.c.a varianoes were significant 
in all the oharaoters oxoopt oil content.

13. Based on the g.o.a effects Vgn found to be the 
best general combiner for seed yield and total numbor of 
pods per plant. Variety 25 was the boot general oombiner 
for plant height and number of primary productive branches



8. Number of seeds per pod, duration for first 
flowering and oil content recorded a negative correlation 
with total seed yield per plant.

9 • Number of total pods per plant had negative 
correlation with 1000—Beed weight, number of days for first 
flowering, oil content and seeds per capsule.

10. Analysis in cause effect relationship showed 
that total number of pods per plant is exerting maximum 
direot effect on seed yield. Plant height, number of 
productive nodes on main axis and number of primary productive 
branches also showed positive direct effect on seed yield.
But number of pods on main axi3 showed negative direct 
effect on seed yield.

11. The analysis of variance for combining ability
in F.j generation revealed that both additive and non-additive 
gene actions were important in the expression of plant 
height, total number of pods per plant, seed yield and 1000- 
seed weight. Except in the case of oil content g.c.a 
variance was higher than s.c.a in all the characters studied.

12. In ?2 G*c,a anc* o.c.a varianoeo were significant 
in all the oharaoters except oil content.

13. Based on the g.c.a effeots Vgq found to be the 
best general combiner for seed yield and total number of 
pods per plant. Variety 25 was the best general combiner 
for plant height and number of primary productive branches



per plant. For non-branchingness Yyj and were good 
general combiners

14* Based on the significance of s.c.a effects the 
specific combinations showing maximum hybrid vigour for the 
different characters were as followst
Ph x ̂ 41 ” Maximum plant height, productive nodes and

pods on main axis.
^13 x ̂ 41 ” Maximum height, productive nodes and pods on

main axis, total number of pods/plant and 
seed yield.

V25 X V37 " Maximum non-branchingness, late flowering
and maximum pods on main axis, 

x V~rj - Maximum number of primary productive branches
and pods.

V2q x - Maximum productive nodes on main axis, total
pod and seed yield.

V2 x V13 ~ Early flowering, maximum 1000-seed weight
and pod yield. 

x V,„ - Maximum oil yield.

Considering the yielding ability, the crosses 
Vgo x V̂ -j and x wero the best combinations.

1 5. Studies on moiosis and pollen sterility in the 
gjjglo and double cross hybridB showed that there is no 
oytologlcal barriers for intervarietal orosses in sesamum.



16. Marked heterotic effect was observed for number 
of pods and seed yield per plant in single crosses.

17. In double cross hybrids positive heterosis was 
recorded in the case of productive nodes and pods on main 
axis, 1000-seed weight and oil content.

10. For seed yield, plant height, number of primary 
productive branches, total pods and duration for first 
flowering all the double cross hybrids recorded negative 
heterosis TP*

19. Analysis on components of variation in F,. and 
?2 shov/ed that except in oil content all the other eight 
characters Btudied were governed by both additive as well 
as non-additive factors. All the characters were mostly 
controlled by dominant allele3 and expressed over dominance 
in f! and Fp.

20. The Fp segregants of different crosses showed 
wide range of variability for the different characters. The 
spectrum and frequency of Fp variants revealed that crosses 
ouch as Vp x Vp^, Vp x and Vp^ x possessed high 
percentage of positive variants with ideal plant type 
oharaotero like tallness, shyness in branching, maximum 
number of productive nodes, maximum number of pods per plant 
end maximum seed yield per plant.

21• Combination breeding in sesamum reveals soope for 
further improvement in the existing genotypes for increasing 
the unit area production.
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