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ABSTRACT

To estimate the heterosis, combining ability andnature of gene action Line x Tester analysis involving fourcytoplasmic male sterile lines and ten restorer lines wascarried out in sunflower (Helianthus annuus L.) for seedyield and yield contributing characters and certain physio—logical parameters. The experimental material comprising offourteen parents and forty hybrids along with three checksviz., APSH—ll, MSFH—l7 and Adarsh 3425 was evaluated in aRandomized Block Design with three replications. Analysisof the mean performance of parental lines and crosses foryield and yield attributes revealed the Superiority of thelines CMS 7-1 and CMS 302, the restorer lll-R and the cros—ses CMS 7-l x RHA 271 and CMS 302 x RHA 586. However? whenevaluated for the physiological parameters, the line CMS302, the tester MRHA-l and the cross CMS 300 x lll—R werefound superior. The magnitude of heterosis over betterparent was —10.ll per cent for days to 50 per cent flowe—ring, 75.34 per cent for plant height, 7LIIO. per cent forcapitulum diameter, 37.13 per cent for 100 seed weight,26.85 per cent for oil per cent, 75.08 per cent for seedyield per plant, 196.28 per cent for LAI, 209.28 per centfor CGR, 82.09 per cent for RGR and 126.84 per cent for NAR.The cross CMS7—l x RHA 298 recorded maximum heterosis forseed yield over better parent while the cross CMS 302 x bD—lexhibited maximum heterobeltiosis for 100 seed weight andoil per cent. The cross CMS 302 x RHA 272 expressed maximumpositive heterobeltiosis for LAI and CGRJ Whereas the cros-ses CMS 302 x RHA 297 and' CMS 7-1 x RHA 27l expressedmaximum heterobeltiosis for RGR and NAR respectively.



The combining ability analysis revealed that scavariance component is more than that of gca, indicatingpredominance of non additive gene action for all the charac—ters. The estimates of gca effects indicated the lines CMS302 and CMS 7-1 as superior combiners for yield and yieldcontributing and physiological parameters) while the resto—rers RHA 271 and RHA 586 found to be good combiners for seedyield and yield contributing characters. Foxfi&Y the resto—rers lll-R and MRHA—l were good combiners for physiologicalparameters. The estimates of sca effects indicated thesuperiority of the cross CMS 7—1 x lll-R for yield and yieldcontributing characters whereas CMS 7-1 x RHA 271 andCMS7—l x RHA 859 for physiological parameters.
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CHAPTER I
INTRODUCTION

Oilseeds occupy a pride of place in the Indian
economy, next to food grains and they constitute the most
important farm commodity group. The availability of oils
and fats in our country is only 12 g per day per head as
against a minimum requirement of 18 g recommended by FAO.
Just to meet the minimum nutritional requirements the pro-
duction be doubled.

Sunflower (Helianthus annuus L.) forms a potential
source of low cost vegetable oil and protein. Among oil
seeds, sunflower crop which once ranked very low in the
world, now occupies second place (after soybean) as a source
of edible oil (Jones, 1984). Sunflower was originated in
North America and has been introduced into India in the year
1969 from Russia. The Russian cultivars viz., VNNIMK 8931
(EC 68413), Peredovick (EC 68414), Armavirskij 3497 (EC
68415), Armarerts (EC 69874) along with the cultivar
Sunrise, a selection from Canada were also introduced into
India and tested in different parts of the country and were
found suitable.

Sunflower was introduced as a supplement to tradi—
tional oil seed crop to bridge the gap of recurring edible
oil shortage in the country. It was taken up in view of its
obvious advantage in terms of short duration, high yield,



photoinsensitivity and better quality of oil with low cho—
lesterol content. Sunflower until mid seventies was less
known to Indian farmers. After two decades of its chequered
growth and development, today occupies a prominent place in
the country's vegetable oilseed scenario, with an area of
20.38 lakh hectares, 11.4 lakh tonnes of seed production and
the productivity is 559 kg per hectare (Agricultural Situa—'
tion in India, 1993).

Although the sunflower crop displayed impressive
and positive growth rates in its total output (2.3 lakh
tonnes in 1974—75, 11.4 lakh tonnes in 1992—93), much of the
additional output was brought about through expansion in
acreage rather than any worthwhile improvement in its pro—
ductivity per se. In general, per hectare yields which have
been stagnating around 400 to 500 kg per hectare are not
only one of the lowest in the world 1339 kg per hectare,
(France 2250 kg per ha; USSR and Argentina 1460 kg per ha),
but less than 40 to 50 per cent of their proven genetic
potentials on the experimental farms in the country.

Though sunflower has many desirable agronomic
attributes the yield of the crop is low, unstable in India
which necessitates the genetic improvement of this crop by
adopting suitable plant breeding methods. The reasons for
low production are mainly due to several genetical, agrono—
mical and physiological causes. So productivity of this
important oilseed crop has to be stepped—up by evolving high



yielding varieties involving multidisciplinary approach.
For this purpose, selection based on the yield and yield
components coupled with physiological parameters is gaining
importance. Though growth analysis studies were reported in
this crop, the heterosis, combining ability and gene action
of yield dependent growth parameters like Leaf Area Index
(LAI), Crop Growth Rate (CGR), Relative month Rate (RGR)
and Net Assimilation Rate (NAR) are less understood. Iden-
tification of growth parameters influencing yield and Lhcir
genetic control will make it possible to plan crosses to get
transgressive segregants possessing physiological complemen-
tation for predictable yield improvement (Wallace gt a1,
1973).

The breeding of hybrid sunflower has been greatly
assisted by the discovery of cytoplasmic male sterility

VfLeclercq, 1969) and restoration of fertility genes. There—
fore, current emphasis in sunflower breeding is laid on the
utilisation of heterosis.

The magnitude of heterosis provides a basis for
genetic diversity and a guide to the choice of desirable
parents for developing superior Fl hybrids so as to exploit
hybrid vigour. Further, the breeding method to be adopted
for improvement of crop depends on the nature of gene action
included in the expression of quantitative traits of econo—
mic importance. The combining ability analysis helps to



identify the parents with good general combining ability
(gca) and crosses with good specific combining ability (sca)
effects. Combining ability analysis helps the plant breeder
to select the parents, crosses and the appropriate breeding
methodology to achieve the objectives quickly and reliably.

Keeping these points in View, in the present inves—
tigation it is planned to study heterotic and genetic system
of seed yield and its component characters and certain
physiological parameters by taking four male sterile lines
and ten restorers with the following objectives.
1. To study the mean performance of parental lines and

crosses for yield, yield attributes and certain physio—
logical parameters like LAI, CGR, RGR and NAR.

2. To assess the magnitude of heterosis for seed yield,
yield contributing characters and physiological
parameters.

3. To investigate the nature of gene action for seed yield,
yield contributing characters and physiological
parameters.

4. To identify better parental lines in respect of seed
yield, oil yield, yield contributing characters and
certain physiological parameters.
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CHAPTER II
REVIEW OF LITERATURE

A brief review of work done by earlier research
workers in sunflower (Helianthus annuus L.) in respect of
heterosis, nature of gene action, combining ability for
seed yield, yield components with special reference to
some of the physiological parameters, is given hereunder.
2.1 HETEROSIS
2.1.1 Seed Yield and Yield Contributing Characters

Heterosis may be defined as the superiority of an
F5 hybrid over mid parental value or over better parent
(heterobeltiosis). In terms of yield or some other
characters heterosis is manifested as an increase in
vigour, size, growth rate, yield or some other characte—
ristics. Among different methods adpoted for crop
improvement, the exploitation of heterosis was originally
employed to cross pollinated crops. The magnitude of
heterosis is generally more in the case of cross polli—
nated species when compared to self pollinated crops.

In sunflower, heterosis has been repOrted and
commercially utilised by several researchers (Putt, 1964;
Grebenjuk, 1968; Shchori and Pinthus, 1969). fKurnik and

.yfieller (1962) reported heterosis for plant height, 1000—
seed weight and seed yield in hybrid progenies involving
two sets (A&B) of sunflower Clones. Grozev (1963) reported



12 to 17.8 per cent heterosis for seed yield. In another
studyJPutt (1964) observed a very highly significant hete—
rosis among a set of 10 x 10 diallel for days to flowe—
ring, plant height, head diameter and seed yield.
Similarly Vulpe (1966)Vreported that some of the hybrids
produced by utilising male sterility and restorer lines
gave—higher seed yield, oil yield and oil content. Posi-
tive heterosis was identified for number of leaves per
plant, stem diameter, 100 seed weight and oil content.

/.Vranceanu and Stoenescu (1969) found heterosis in
seven most successful hybrids to an extent of 78 and 13
per cent for seed yield and oil content respectively.

~ Neagu (1970) studied Fl hybrids and observed significant
heterosis for plant height, capitulum diameter and seed
yield in addition to the identification of early flowering
hybrids corresponding to their earliest parent.

Kloczowskii (1971) reported heterosis for plant
height, seed yield and an improvement in oil content
ranging from 13 to 58 per cent.

/ stoyanova gt gle(l97l) in a study involving 192
stabilised inbred lines and 140 F1 hybrids reported high
heterosis for plant height and very low heterosis for oil
content. Heterosis of 12 to 40 per cent for seed yield over
the standard variety was reported by /Leclercq (1971).

JKovacik and Skaloud (1972) found marked heterosis for



plant height, head diameter and seed yield per head in
certain diallel crosses involving four inbred lines.

- Shuravina (1972) reported high heterosis for 100—seed
weight and low heterosis for oil content.

Considerable hybrid vigour was reported by
Pogorletskii (1973) for number of filled seeds per head,
capitulum diameter, test weight and for seed yield in a
study of F1 hybrids obtained from a full diallel involving
eight inbred lines. In another study Vranceanu
EELVggio (1979) observed heterosis of 8 to 44 per cent
for seed yield over the standard variety. Véhcherbak gt El“
(1975) stated that marked heterosis in sunflower for seed
yield and oil content is due to the genetic diversity of
the variety differing in physiological character. Simi—
larly, /Stoyanova 3: 31. (1975) reported heterosis for oil
content in 90 per cent of the interline hybrids.

/Voskoboinik and Soldatov (1975) investigated
hybrid vigour in several promising hybrids and reported 18
to 30 per cent heterosis for seed yield and 13 per cent
for oil yield over standard variety. ”Sindagi (1976) mea—
sured heterosis for earliness and found that some of the
F hybrids developed from cytoplasmic male sterile lines1
were 8 to 10 days earlier. In certain Fl hybrids derived
from cytoplasmically male sterile and restorer lines,

/ Seetharam gt 212(1977) recorded very high and significant



heterOSiS for days to flowering. plant height, lOO-seed
weight, oil content and seed yield in desirable direction.

/Singh 3: alw(l978) reported heterotic response
for seed yield, number of filled seeds and lOO—seed weight
in ten intervarietal hybrids. Similarly’fiozhkova (l978a)’
reported significant effects of seed yield on the expres—
sion of heterosis in sunflower. Heterosis of 13.52 per
cent for number of filled seeds per head was observed by

/Venkateswarlu (1978).

fSudhakar (1979) analysed data from 27 crosses
involving nine inbreds and three testers and found heLcro—
sis over the mid-parental value ranged upto 41 per cent
for seed yield and 32 per cent for oil content. Positive
heterosis for plant height, seed weight and number of
filled seeds per capitulum and negative heterosis for days
to 50 per cent flowering was reported by ifieddy (1980).
Increased hybrid vigour for seed yield and oil content
over the mid parental value in certain hybrids was obser—
ved by Nuthan (1980).

/Ge (1981) observed significant heterosis for seed
yield, head diameter and stem diameter, where asJVranceanu
(1981) reported hybrid vigour for oil content in 172 F1
cross combinations. Heterosis in sunflower was also
studied by’shrinivasa (1982) in nine crosses and noticed
superiority of the F15 over the better parent in plant



height, stem girth, head diameter and yield per plant.
Further heterosis for oil content was found to be signifi—
cant only over the mid—parental value and negative for
lOO—achene weight. Contrary to the above, Dedio (1982)
reported very high heterosis for oil content over better
parent. «Mohammad (1983) in his diallel study involving
six inbred lines reported heterosis in both positive and
negative direction for plant height and stem diameter.

/Pathak gt 215(1983) reported heterobeltiosis from
20.5 to 28.7 per cent for head diameter, 22.6 to 70.1 per
cent for 100—seed weight, 4.0 to 6.5 per cent for oil
content and 15.22 to 147.99 per cent for seed yield.

/Chaudhary and Anand (1984) studied 100 Fl hybrids
and measured the value of heterosis over the better parent
which was found to be very high for lOOO—seed weight, seed
yield, head diameter and low for oil content, number of
leaves and days to flowering. . Kadkol gt al;(1984) ana—
lysed data from a line x tester analysis of 14 sunflower
inbred lines and found heterosis for earliness. Both
positive and negative heterosis for plant height, number
of leaves per plant and only positive heterosis for stem
and head diameter was observed by ’Sailaja (1984). In
another study, /Chaudhary and Anand (1985) reported nega~
tive heterosis for days to flowering, plant height, capi—
tulum diameter and negative heterosis for lOOO-seed
weight.



v’Anashchenko gt a1f(1985) reported highest oil
yield of 9.0 to 40.0 per cent in some single cross
hybrids, while Reddy 3: al.(l985) observed heterobeltiosis
corresponding to their better parent when exceeded 100 per
cent and 10 per cent for seed yield and oil content
respectively. /Sheriff gt a1. (1985) noticed both positive
and negative heterosis over better parent for number of
filled seeds per capitulum and seed yield.

Giriraj gt al,(l986) in their study consisting of
’.10 hybrids observed average heterosis ranged from -7.7 per

cent for days to 50 per cent flowering to 192.4 per cent
for achene yield per plant. These authors found that the
Characters viz., number of filled achenes, head diameter
and lOO-achene weight contributed 37.7, 15.2 and 9.7 per
cent respectively towards heterosis for achene yield.

/Lawrence (1986) reported positive heterosis for days to 50
per cent flowering, number of filled seeds per head and
number of unfilled seeds per head where as for plant
height and 100—seed weight it was found to be both posi—
tive and negative. A positive heterosis was also observed
for head diameter, 1000—seed weight and yield per plant by
Cruz (1986). On evaluation of certain cross combinations,

'Sharma et a1.“ £1987) recorded heterosis for days to
maturity, oil content and seed yield per plant.

I Vanisree (1987) recorded both positive and nega~
tive heterosis for days to 50 per cent flowering, number

10



of leaves per plant, stem diameter and lOO—seed weight]
where as [Vagvolgyi (1987) reported heterosis for 1000-
achene weight especially oil content. Naik 3: a1. (1988)
studied seed yield and eleven yield components in 36 F1
hybrids derived from crosses between three cytoplasmically
male sterile lines and twelve restorers. Appreciable
heterosis was observed for all characters. Heterosis for
yield per plant was chiefly attributable to heterosis for
percentage filled seeds per head and head diameter.

/Sreedhar (1989) observed positive heterosis for
plant height and head diameter, while positive and nega—
tive heterosis for days to 50 per cent flowering, stem
diameter, number of leaves per plant, number of filled
seeds per head, number of unfilled seeds, lOO-seed weight,
oil content and yield per plant.

Laxmi Kumari (1990) reported both positive and
negative heterosis for days to 50 per cent flowering,
number of leaves, stem diameter and lOO-seed weight, while
positive heterosis for plant height, head diameter, number
of filled seeds per head, oil content and seed yield per
plant. In other study, Chidambaram and Sundaram (1990)
recorded significant effects in desirable direction for
days to 50 per cent flowering on the expression of hetero-
sis for earliness and significant positive heterosis for
plant height, head diameter, number of leaves, lOO—seed
weight and seed yield per plant.

11



/Sudharani (1992) recorded positive heterosis for
characters days to 50 per cent flowering, plant height,
head diameter, lOO—seed weight and seed yield per plant in
28 hybrids of sunflower derived from four cytoplasmic male
sterile lines and seven restorer lines

/Shashikala (1992) recorded a high degree of hete-
rosis for all the ten biometrical characters viz., days to
50 per cent flowering, plant height, stem diameter, number
of leaves per plant/head diameter, number of filled seeds
per capitulum, number of unfilled seeds per capitulum,
lOO—seed weight, oil content and seed yield per plant.
2.1.2 Physiological Parameters

The growth analysis (technique) helps in under—
standing the growth pattern and also contribution of
various plant components to economic yield. It also aids
in finding—out the growth and yield characters directly
relevant -to the productivity of crops and thus forms the
basis for manipulation of productivity. A knowledge of
physiological variations of the cultivars may be helpful
in manipulating for seed yield and oil yield. The under—
standing of physiological parameters and source—sink
relationship appears necessary to assess the pattern of
partitioning of the assimilates which largely decides the
yield potential.

12



/ Whaley (1952) studied the physiological basis for
heterosis, and concluded that heterosis arises vice nume—
rous physiological mechanisms and frequently including the
inheritance of the Relative Growth Rate (RGR) of the
faster growing parent and sometimes overdominance for RGR.

’Kheiralla and Willington (1962) and( Peat and
Willington (1965) in tomato observed that heterosis for
RGR was apparent only during initial and final growth, the
latter resulted in slower decline of RGR on approaching
maturity. In a study with six parents and seven hybrids
by /Sarathe and Dabral (1969), noted heterosis for leaf
area in sesame. (Allison (1971) found that both Net Assi—
milation Rate (NAR) and Relative Growth Rate (RGR) of the
corn hybrids to be heterosis, exceeding values of the
parents by 15 per cent.

H'Deshmukh and Bhapkar (1979) reported heterosis
for early growth, Leaf Area Index (LAI) and Net Assimila-
tion Rate (NAR) during pod formation and seed filling
stages in chick pea and indicated that rapid early growth
and maintenance of LAI at.a high level with higher NAR
during pod formation and filling stage has great influence
on the heterosis for grain yield.

' Gupta 2: El- (1980) observed significant hetero—
sis for Relative Growth Rate (RGR) throughout the growth
period for Fls involving Jai and PS—lO parents of cotton.

pa £9



For NAR, on the other hand more of the hybrids exhibited
significant heterosis at all the stages of plant growth.
They concluded that heterosis in physiological traits was
low, the hybrid breeding programme could not be suggested.
Hybrids which are showing heterosis have been advocated to
use in the varietal breeding programme.

”VGautam and Jain (1985) reported heterosis for
leaf area in wheat, however concluded that it was not
related to grain yield. Similar observations were made by

’fNijhawan and Chandra (1986) in mungbean and gingh~ gt a1.
(1986) in sesame.

,/Anitha (1988) while studying heterotic effects in
sesame revealed that most of the crosses were exhibiting
heterosis and heterobeltiosis for LAI.

dfladhavi (1988) reported higher levels of heterosis
for different cross combination for seed yield and yield
components on one hand, and physiological traits such as
drymatter production, Leaf Area Index, Specific Leaf
Weight and chlorophyll content on the other hand and
suggested genetically divergent parents, which could be
used in groundnut hybridization.

Haripriya (1989) reported that out of 36 hybrids
of sesame, 23 recorded significant positive heterosis over
their mid parental value and 13 hybrids recorded signifi-
cant positive heterobeltiosis. The good general combiners
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which are involved in these crosses also could be
exploited for improving LAI in sesame, being additive
genetic component prevailing in these crosses.

,/Damodar (1992) recorded significant heterosis for
LAI, CGR, RGR and NAR in 21 hybrids of sesame. Vanisree
(1992) reported heterosis in desirable direction for LAI,
NAR and harvest index in 15 hybrids of sesame. Kanakadurga

“reported positive heterosis for leaf area and harvest
index in a line x tester analysis involving 28 hybrids of
sesame obtained from 4 male sterile lines and 7 restorer
lines.

2 .2 COMBINING ABILITY
2.2.1 Seed Yield and Yield Contributing Characters

Combining ability is the ability of an inbred
line to transmit desirable performance to its hybrids. It
helps the plant breeders in identifying parents to be
utilised in breeding programme. Thus the combining ability
is frequently employed to identify desirable parents and
to study the value of genetic variation. The concept of
combining ability was first put forward by Sprague and
Tatum (1942) using single crosses in maize. Combining
ability is partitioned into general combining ability
(gca) and specific combining ability (sca). They defined
general combining ability (gca) as the average performance
of a line over a series of crosses and specific combining



ability (Sca) is the deviation in performance of a cross
combination predicted on the basis of gca of the parents.
They attributed gca to additive effects of genes, while
sea to dominant deviation is an epistatic interaction.
(non._additive effects). Later genderson (1952) defined
sca as the deviation from average of an infinitely large
number of progenies of two individuals. /Sprague and
Federer (1951) and fiojas and Sprague (1952) examined, the
combining ability has not only involved dominance and
epistasis but a considerable amount of genotype x environ—
ment interaction. However, briffing (1956) expressed that
general combining ability involved both additive effects
as well as additive and additive interaction.

Several research workers have studied combining
ability and nature of gene action in sunflower.

, Putt (1964) was the first person to study the
combining ability effects in sunflower. In his study
involving a diallel set developed from 16 inbred lines
found that the mean squares of general combining ability
and specific combining ability for seed yield and oil
percentage were highly significant. Mean squares of gene—
ral combining ability for seed yield was 3.3 times higher
than that of specific combining ability and for oil per
cent the ratio was 11 times higher. In another study,

/§utt (1966) reported significant mean square for gca and
sca for all the characters. Estimates of gca were greater
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than those for sca for days to flowering, maturity, bushel
weight and oil per cent. Kovacik and Skaloud (l972)°/
observed great difference in gca for plant height and seed
yield per plant and a high specific combining ability for
seed yield per head and oil content in F hybrids deve—1loped through 4 x 4 diallel mating system. ~‘K1imov (1974)
observed both low and high gca estimates for different
varieties.

QHOSBCkenkQ and Ra;hkoyA. (1974) reported high estimates
of gca for seed yield in the F hybrids. Similarly, Alba1
and Porceddu (1975) reported the importance of high gca
for plant height, yield per plant, head diameter and
flowering date in 96 F1 hybrids. Rao and Singh (1977)
reported significant additive genetic variance for plant
height, head diameter, 1000—seed weight and oil content,
whereas dominant gene action was reported for days to
flowering and number of filled seeds per plant. Rozhkova I
(1978b) observed the performance of additive gene action
for the characters studied. Sindagi gt 31. (1979)“obser—
ved greater magnitude of general combining ability for oil
content and test weight and greater effects of specific
combining ability for the number of achenes, seed yield,
capitulum diameter, oil content and test weight.

According tofbua (1979) additive genetic variance
was relatively more stable with respect to number of days
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to flowering, number of days to maturity and oil content
and dominant component in case of yield per plant, plant
height and 100—seed weight. Sudhakar /X1979) recorded
additive genetic variance for number of leaves, yield and
oil content while non-additive variance for other
characters.

Rao (1980) in his study involving 8 x 8 diallel
excluding reciprocals realised the preponderance of domi—
nance gene effects in the control of number of days to
flowering, plant height, number of leaves and oil content.
“Furedi and Frank (1981) in their study involving 10 x 10
complete diallel reported the superiority of gca for
achene yield and high effects of gca than sca effects.
Similarly, Rozhkova (1988) also observed highly signifi—
cant effects in four per cent of the total crosses.

Tuberosa gt al.'/(1982) in their report on 24
hybrids involving 6 cytoplasmic male sterile and 4 fertile
lines of sunflower observed that gca effects in the seed
parents were significant for every character except oil
yield and achene yield where as gca effects in the pollen
parents were significant for all the characters. Further,
the sca effects were significant for every character
except oil content and plant height in pollen parents.
However, sca for seed yield and oil content were greater
than gca effects in both the seed and pollen parents. Dua/and Yadavw(l983) have assessed combining ability from a

18



diallel cross of 12 diverse varieties and inferred the
predominance of dominant gene action for all the charac—
ters except days to flowering and days to maturity. In
another study fManjunath and Goud (1983) have estimated
combining ability for several characters involving 10 x 10
diallel crosses and found that additive effects were more
important than dominant effects for number of days to
flowering but converse was true for number of days to
maturity. In crosses involving 22 exotic inbreds and 2
testers “Shankara (1983) reported high gca for most of the
important yield related traits and further observed the
importance of non—additive gene action for 7 traits and
additive gene action for 3 traits.

In a line x tester analysis for 14 inbreds'Kadkol
2: al. (1984) reported that all the characters, except
days to flowering were controlled predominantly by non—
additive gene action. 'Sudhakar et a1. (1984) observed the
phenomena of additive gene action for seed yield, hull and
oil content and non-additive gene action for days to
flowering, capitulum diameter, days to maturity, number of
filled seeds and 100—seed weight. I Pathak gt El- (1985)
reported the preponderance of non—additive gene action for
plant height, head diameter, lOOO—achene weight, yield per
plant, achene filling, achenes per plant and oil content.

ECruz (1986) recorded that variance due to the interaction
of line x testers was significant only for head diameter
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indicating the predominance of non—additive gene action
for this trait while additive gene action for plant
height. VGiriraj gt _l. (1987) reported predominance of
non-additive gene action for days to flowering, plant
height, lOO—seed weight and seed yield and also observed
that the crosses involved parents with high x low or low x
low gca effects recorded high sca effects. “Vanisree 3:
_l. (1988) reported non—additive gene action for days to
50 per cent flowering, plant height, head diameter, stem
diameter, seed filling per cent, number of leaves per
plant, lOO—seed weight, oil per cent and seed yield per
plant. Similarly fSreedhar (1989) and Kumari (1990) in
their separate studies also reported non—additive gene
action for several characters in sunflower.

Sudharani (1992) reported predominance of non—
additive gene action for days to 50 per cent flowering,
plant height, head diameter, lOO—seed weight, oil content
and plant yield. /Shashikala (1992) reported that the
parents possessed significant gca effects for several
characters and the gene action was found to be predomi—
nantly non—additive for all the yield and yield contribu—
ting characters studied.

2.2.2 Physiological Parameters
,2’IIDeshmukh and Bhapkar (1982) observed non—additive

gene action for Leaf Area Index (LAI), Crop Growth Rate



(CGR), Relative Growth Rate (RGR) and Net Assimilation
Rate (NAR) in chick pea and suggested progeny selection
for exploiting additive genetic variance controlling the
expression of characters in Phule G—S, a best general
combiner. vMahon (1983) also observed predominance of non—
additive gene action for the physiological attributes
viz., LAI, CGR, RGR and NAR.

jSasi Kumar gt a1. (1983) observed additive gene
effects for leaf area in some of the tobacco crosses,
Sharma and Saxena (1983) noticed predominance of additive
gene action and high narrow sense heritability for leaf
area, Specific Leaf Weight (SLW), fresh leaf weight,
petiole length and petiole fresh weight. They suggested
that improvement for any of these traits can be achieved
through simple selection procedures such as pedigree and
mass selection in pigeon pea.

The combining ability analysis in mungbean stu-
died by qjhawan and Chandra (1985) showed the mean
squares due to the gca and sea were significant for all
characters. From this study, it appears that upto bud
initiation stage, substantial components of genetic
variance for vegetative phase T—O values (a cumulative
leaf areas integrated over the growth period), were gover—
ned by additive causes. However, the non additive compo—
nent became important for T—O value after the bud initia—
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tion stage (reproductive phase). The sca for leaf area
was relatively quite high as compared to gca indicating
predominance of non—additive gene action.

iNijhawan and Chandra (1986) studied the compo—
nents of genetic variance for Leaf Area Ratio: (LAR) in 10
parent half diallel crosses of mungbean. Their study
revealed that sca variance exceeded gca variance by many
times and it was concluded that the predominant form of
gene action for LAR in the material at hand was non—
additive which includes dominance and epistatic forms of
genic interactions.

/Mangat and Satiya (1987) recorded data on morpho-
logical and physiological traits such as Early Growth
vigour (EGV), growth rate by weight (dry weight per plant
per unit time), flag leaf area (cmZL,Net Assimilation Rate
(NAR) (mg/sqcm/day) and harvest index in pearlmillet. It
was concluded that both additive and non—additive gene
effects are important for most of the morphological and
physiological traits.

/Baoncelli 23 El' (l987) reported, in a 4 x 4
complete diallel cross estimates of general combining
ability and specific combining ability for mean plant
growth rates from emergence to heading and from heading to
anthesis, for Leaf Area Index at three growth stages and



for harvest index, and phenotypic and genotypic correla—
tions between these characters and seed yield per plant,
suggested that mean plant growth rate at both stages was
useful as a selection criterion.

Yadav and Hari Singh (1987) observed that LAD,
NAR and LWR were predominantly controlled by additive gene
effect while LAI, CGR and LAR were largely controlled by
dominant gene effects in mustard.

Combining ability studies in sesame by Anitha
”(1988) revealed that both additive and non—additive gene
actions were predominant for Leaf Area Index and suggested
biparental mating followed by pedigree method of breeding
for improvement of this character.

In a 9 parental diallel cross Haripriya (1989)
observed the gca; sca ratio of 1:1 indicated equal impor—
tance of both additive and non-additive gene action for
Leaf Area Index at 60th day after emergence in sesame.
She concluded that parents showing high gca in positive
direction can be used as good donors for improvement of
this characters.

Line x tester analysis in Pennisetum was done by
Mungse gt El' (1990) to study the combining ability for
grain yield and other physiological parameters namely
Average Growth Rate (AGR), Relative Growth Rate (RGR) and
Net Assimilation Rate (NAR) in pearl millet, during



Kharif, Egg; and summer seasons. Both additive and non—
additive genetic variances played important role though
the former was more important during all the seasons.
Combining ability variances were very sensitive to seaso-
nal changes and most of these physiological parameters
recorded inconsistent combining ability variances during
different seasons.

Nevado and Cross (l990)Jobserved highly signifi—
cant mean squares for gca for RGR and other yield contri-
buting characters in maize synthetics and concluded that
it should be easier to select parents of high performing
progenies for kernel row number, kernel weight, Relative
Growth Rate, leaf length and silking date than for kernels
per row or grain yield.

<Damodar (1992) reported predominance of additive
gene action for LAI, CGR, RGR and NAR in 21 hybrids of
sesame derived from diallel cross of seven genotypes.
Vanisree (1992) reported both additive and non-additive
gene action for LAI and NAR whereas non—additive gene
action for harvest index in her studies with 15 hybrids of
sesame. Kanakadurga “(1992) recorded non-additive gene
action for LAI and harvest index in 28 corsses of sesame
involving 4 male sterile lines and 7 restorer lines.
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CHAPTER III
MATERIALS AND METHODS

The present investigation was undertaken with a
view to study the heterosis, combining ability and magnitude
of gene action for various growth and yield parameters in
sunflower. The F1 material was generated by effecting
crosses during winter, 1993. A field trial was laid out
during gab; summer, 1994 at Agricultural College Farm,
Hyderabad, which is situated at an altitude of 542.60 metres
above MSL, and geographically it lies at a latitude of
80.50N and a longitude of 77.53OE.

3.1 MATERIALS

Four male sterile source of sunflower (Helianthus
annuus L.) viz., CMS 851, CMS 300, CMS 302 and CMS 7—l were
utilized for the study. The ten restorers (R) which were
used as testers are as follows:
1. RHA 271 6. RHA 859
2. RHA 272 7. MRHA —l
3. RHA 297 8. bD—l
4. RHA 298 9. lll-R
5. RHA 586 10. IB—29
3.2 METHODS

The crossing block was maintained with a spacing of
45 x 30 cm in winter, 1993. Fertilizer dose of 30 kg N, 90
kg P and 30 kg K per hectare was applied as basal dose. The

.
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remaining Part of the nitrogen (30 kg N) was applied at the
time of flowering and seed filling stage. Weeding andintercultivation were done twice during the crop growthperiod i.e-, at 15 and 45 days after sowing (DAS). Plant
protection measures were provided against pests and
diseases.
3.2.1 Crossing Technique

Each male sterile line was sown in 10 rows while
each restorer was sown in 2 rows. The male sterile heads
were covered with paper bags just before the emergence of
stigmas from the peripheral rows of disc florets. The heads
of the restorer lines were also covered with paper bags to
avoid contamination. Pollen from the concerned male parent
was collected on a butter paper bag during morning hours (8
am to ll am) and applied to the stigmas of the male sterile
head with a piece of sterile cotton. The paper bags were
replaced after pollination. The butter paper bags and
sterile cotton were Changed for every cross to avoid conta—
mination. The pollination was continued till all the disc
florets had opened.

3.2.2 Field Plot Technique
The 40 Fl 5 in single row plots and their parents

in 3 row plots with three checks were sown during rabi-
summer of 1994 in randomized complete block design repli—
cated thrice with a spacing of 45 cm between rows and 30 cm
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between hills with a row length of 5.00 m. A fertilizerdose of 30 kg N: 90 kg P and 30 kg K per hectare was appliedas a basal dose at the time of sowing. The remaining nitro—gen (30 kg N) was applied at flowering and seed fillingstages. Effective plant protection measures were undertakenas a preventive measure against possible infection of pests
and diseases and suitable agronomic practices were followedto raise healthy crop.
3.2.3 Observations Recorded
3.2.3.1 Biometric Observations

From each entry, 5 randomly selected plants were
tagged in each replication to record the following
observations.

3.2.3.1.1 Days to 50 per cent flowering: Number of days
taken for the completion of flowering of 50 per cent plants
in each treatment was recorded.

3.2.3.1.2 Plant height: The height of a fully matured plant
was measured in centimetres from the ground level to the
basal surface of the capitululm.

3.2.3.1.3 Capitulum diameter: The diameter of the mature
head was measured in centimetres.

3.2.3.1.4 lOO-seed weight: The weight of 100 seeds was
recorded in grams on a digital electronic top pan balance.
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3.2.3-1-5 - _ I011 Content. The 011 content of seeds was deter—mined b Nucl'/ ~ 'Y [Fur Magnetic Resonance (NMR) on a randomsample of approximately 12 g of seed and expressed as a percent .

3'2'3'1'6 Seed yield per plant: The seed Yield per plant wasweighed and expressed in grams.

3.2.3.2 Physiological Parameters
To study some of the physological parameters, 3

randomly selected plants from the middle of the plot from
each entry replication—wise were sampled at 30, 45, 60 and
75 DAS to measure the leaf area and dry matter production.
The period under observation represents active stages of
plant growth in sunflower. Hence, the observations were
used to calculate various physiological attributes.

3.2.3.2.1 Leaf area: From the total leaves of the sample a
subsample of l/Sth or 20 per cent of the total leaves of all
the categories viz., young, medium and old leaves were
randomly selected. These leaves were fed separately to area
meter (LI—3100, Lincoln, Nebraska, USA) to obtain leaf area
in square centimetres directly. The dry weight of these
sampled leaves were taken and expressed in grams. From the
leaf area and dry weight of the subsample, the total leaf
area of the sample was computed.



3.2.3.2. I2 Dry matter accumulation: After sampling all the
plants were separated into the components viz., leaves,
stem, flower. seed (lst component) and roots (2nd component)
according to the stage of sampling. All the plant parts
were dried uniformly at 700C for 72 hours and the dry weight
of these two components were recorded separately and
expressed in grams.

3.2.3.2.3 Growth analysis: The pattern of dry matter accu—
mulation in different plant parts and the variation in
assimilation area were studied over the growing period. All
plant components excluding roots were taken into considera—
tion. The data generated above were used for calculating
Leaf Area Index (LAI), Crop Growth Rate (CGR), Relative
Growth Rate (RGR) and Net Assimilation Rate (NAR) by follo—
wing the formulae of Watson (1952), »Radford (1967) and

MSestak 2: El- (1971).
3.2.3.2.4 Leaf Area Index (LAI)

Leaf area
Unit land area

1-2 _3.2.3.2.5 Crop Growth Rate (CGR) (g m day )

where, W1 and W2 are the total plant dry weights at
times t1 and t2 respectively and 'p‘ is the unit land area.
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3.2.3.2.6 Relative Growth Rate (RGR) (g g—lday_l)

where Al and A2 are total leaf areas at times t
and t2 respectively.
3.2.4 Statistical Analysis

The recorded data were analysed for the following
statistical parameters.
3.2.4.1 Analysis of variance

Analysis of variance of the randomised complete
block design for parents + Fls was carried out as per the
line x tester model given by Singh and Chaudhary (1977)?



___________________________ M.S.
Replications (r—l)
Genotypes (a) (a—l)
Parents (p) (ptl)
Parents Vs. Crosses (l)
Crosses (C) (0-1)
Lines (1) (1—1) Ml
Testers (t) (t—l) M2
Lines x Testers (l—l) (t—l) M3
Error (r—l) (z—l) M4

where, r,a,p,c,l and t are number of replications, geno—
types, parents, crosses, lines and testers respectively, and
M1, M2, M3 an M4 are the mean squares of lines, testers,
lines X testers and error, respectively.

3.2.4.2 Heterosis

Heterosis was considered as the deviation of the F1
from the better parent and was calculated as per cent using

I”the formula given by Liang gt El- (1972).
E1 - .P

Heterosis percentage = ‘-—‘—T------- x 100
.P.

where,
E. = Mean volume of the hybrid for the character1

under study.



B3 = Better parental value, the mean of the
superior parent in the respective cross
combination.

Standard heterosis was calculated based on standard
checks.

— Mean of checkPercent standard heterosis = ————————————————————————— x 100Mean of check

To test the significance of heterosis, the
following formula as suggested by/Arunachalam (1980) was
utilized.

F - Mean of better parent or check

where,
r = number of replications
t._cal value was compared with the tabulated value

of t at error degrees of freedom.

3.2.4.3 Estimation of combining ability

For the estimation of combining ability of various
characters, the line x tester model suggested beempthorne
(1957) was followed. The linear mathematical model for
comdning ability analysis is as follows:

= . + . + S.. + r + e..Yijk [14-91; 9,] 13 k 13k



wher

Repl
Fema
Male
Fema
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e, Yijk = Any measurable character of the cross ixj inththe k replication.

= population mean effect.
= gca effect of the female parent.
= gca effect of the male parent.
= sca effect of the cross (i X j)g $ . .— k replication effect.
: environmental effect particular to (ijk)thindividual.

ANOVA

ce df MSS EMS

ications (r—l)
les (d—l) Ml E + rI + rdy
S (5—1) M2 E + rI + rsy
les x Males (s—l) (d—l) M3 E + rI
r (r-l) (sd—l) M4 E

9-!

number of replications.
number of male parents.
number of female parents.
covariance of half sibs = variance general combining
ability.
variance specific combining ability.
Environmental effect.



3.2.4.4
gca effects of females (gi)

gca effect of males (9.)J

sca effects of crosses (s..l

Variance (gi)

Variance (9.)

Variance (s. )

Variance (gi—gj) females

Variance (gi—gk) males

Variance

Variance (5.. ‘ Sik)

Variance (s.- ‘

H
II

Estimation of combining ability effects
_f;;;_ _ _§;;;
sr sdr

x.j. x.
dr sdr

_§;j; _ _f_:; _ f_3_
r sr dr

(d—l)------ x E
sdr

(s—l)———————— x E
sdr

(s—l) (d—l)—————————————— x E
sdr

2———— x E
sr

2———— x E
dr

2 (8-1)————————— x E
sr

2 (d—l)——————————— x E
dr

(25d — s - d)————————————— x E
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3.2.4.5 Estimation of components of variance

To .Calculate the gca and sca varlance components,
the following formula of Singh and Chaudhary f(l977) was
followed.

_ M — M
Covariance of hal¥ sibs (lines) = __l____§_

rs

_ M — M
Covarlance of half sibs (testers) = ——2¢___§__

rd

1 Ml(s—l)+M2(d—1)
Qmmriance of half sibs = ————————————————————————— — M3
(average) r(25d—d—s)v, s+d—2

. _ (M —M4) + (M2—M4) + (M3—M4)
Covarlance of ~ ----------------------------- +
full sibs 3r

._—___.——_-————___..—_._.__._._.__.._._

AGnca = Covariance of half sibs.

2 3 4
6" sca : ————————r

Where,
Ml = MSS due to males.
M2 = MSS due to females.
M3 = MSS due to females x males.
M = MSS due to error.
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r = number of replications.
d = number of females.
s = number of males.

gca to sea ratio was calculated to know the type of gene
action involved i.e., additive or non—additive.

The gca and sca effects were tested against zero
for significance by calculating t-value, by using the
following formulae.

(3. -0 3—0t-cal = ———$------ 7 t—Cal = ---£-----SE(gi) SE(g )
9.. —0t-cal - ——$3 ——————SE (5..)1]

t-cal value is compared with t—table value at error degrees
of freedom.
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CHAPTER IV
RESULTS

The experimental material comprising of 4 male
sterile lines and 10 restorers were crossed in a line x
tester programme. The resulting 40 hybrids along with
their 14 parents and 3 checks were sown in a randomized
complete block design. The data was collected on six
quantitative characters viz., days to 50 per cent flowe-
ring, plant height, capitulum diameter, 100 seed weight,
oil per cent and yield per plant and on four physiological
parameters viz., Leaf Area Index (LAI), Crop Growth Rate
(CGR), Relative Growth Rate (RGR) and Net Assimilation
Rate (NAR).

The data from present experiment was statis—
tically analysed and are presented under the following
heads.

4.1 Analysis of variance
4.2 Mean performance of parents and crosses

4.2.1 Yield and yield contributing characters
4.2.2 Physiological parameters

4.3 Heterosis
4.3.1 Yield and yield contributing characters
4.3.2 Physiological parameters

4.4 Combining ability analysis
4.4.1 Estimates of gca and sca variances
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4.4.1.1 Yield and yield contributing characters
4.4.1.2 Physiological parameters/

4.4.2 Estimates of general combining ability effects
4.4.2.1 Yield and yield contributing characters
4.4.2.2 Physiological parameters

4.4.3 Estimates of specific combining ability effects
4.4.3.1 Yield and yield contributing characters
4.4.3.2 Physiological parameters
4.1 ANALYSIS OF VARIANCE

The analysis of variance (Tab1e_1) revealed that
the genotypes registered highly significant differences
among themselves for all the characters. The parents
showed significant differences for all the characters
except for oil per cent. Crosses were found to be
significant for all the characters. Similar behaviour was
exhibited by the mean squares of parents vs crosses for
all the characters.

The effect of crosses was partitioned into lines,
testers and interaction effects. The lines were found to
be significant for days to 50 per cent flowering, plant
height, capitulum diameter, 100 seed weight, oil per cent,
Leaf Area Index (LAI) and Relative Growth Rate (RGR).
With regard to testers, only the characters days to 50 per
cent flowering and capitulum diameter were found to be
significant. The interaction effects were found to be
significant for all the characters.
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4.2 MEAN PERFORMANCE OF PARENTS AND HYBRIDS

Mean performance of (14) parents and (40) hybrids
in the present study for yield and yield contributing
characters (Table-2) and certain physiological parameters
are presented in Table43.

4.2.1 Yield and Yield Contributing Characters
4.2.1.1 Days to 50 per cent flowering

The mean number of days to 50 per cent flowering
among the female parents ranged from 55.33 (CMS 302) to
59.33 (CMS 851 and CMS 300) dayS. Among the male parents,
the range was from 56.00 (RHA 271) to 59.67 (RHA 298)
days.

The hybrids exhibited a range of 52.33 (CMS 302 x
RHA 297) to 58 (CMS 851 x IB—29) days. The hybrids which
flowered very early were CMS 302 x RHA 297 (52.33 days),
CMS 302 x MRHA—l (52.67 days), CMS 302 x RHA 271 (53.00
days), CMS 302 x RHA 586 (53.33 days) and CMS 300 x RHA
272 (53.33 days).
4.2.1.2 Plant height (cm)

The mean plant height of the female parents
ranged between 82.80 cm (CMS 7—1, CMS 302) and 94.00 cm
(CMS 300). Among the male parents the range was from
85.87 (RHA 586) to 104.60 cm (bD—l).



Table 2: Mean performance of parents and hybrids of sunf1ower for the yield and yie1dcontributing characters

Days to P1ant Capitu1um 100 seed 011 Seed y1e1d
Source 50% height diameter weight per cent .per p1antf1owering (cm) (§%§‘ (9) (9)

Lines ________________________

CMS 85‘ 59.33 87.40 8.43 3.35 31.44 21.83CMS 300 59.33 94.00 7.83_/ 3.03 33.07 16.70CMS 302 55.33 82.80 8.37 4.30 32.26 14.37CMS 7-1 59.00 82.80 8.63 4.17 38.02 23.20
Testers
RHA 298 59.67 88.67 5.53 3.30 29.45 15.1758-1 59.33 104.60 6.73 3.40 32.45 17.60RHA 859‘ 58.67 90.60 6.70 3.57 31.18 17.67RHA 271 56.00 95.13 6.37 3.59 30.43 18.50MRHA-J 58.33 100.47 6.60 3.52 29.58 17.53RHA 297 57.67 99.20 6.47 3.62 36.49 17.87111-8 57.67 88.93 7.80 4.20 35.04 23.7718-29 57.67 88.00 8.80 3.99 33.02 21.77RHA 272 58.67 100.33 6.53 3.62 37.57 16.37RHA 586 58.00 85.87 7.07 3.86 36.08 22.17
Hybrids
CMS 851 x RHA 298 56.00 122.53 11.70 4.08 38.59 26.38
CMS 851 x 50-1 57.33 145.60 12.03 3.58 38.71 26.02
CMS 851 x RHA 859 57.33 140.73 11.87 4.20 34.82 26.94
CMS 851 x RHA 271 55.33 145.00 11.83 4.10 37.89 28.86
CMS 851 x MRHA-1 57.33 145.33 12.57 3.65 36.83 27.22
CMS 851 x RHA 297 54.67 139.53 11.20 4.23 38.69 27.94
CMS 851 x 111-8 56.67 155.93 14.73 5.02 36.85 27.08
CMS 851 x IB—29 58.00 138.47 12.47 3.89 37.48 27.08
CMS 851 x RHA 272 57.33 149.73 11.90 4.78 40.09 26.96
cms 851 x RHA 586 57.00 129.80 11.83 4.15 34.78 26.07
CMS 300 x RHA 298 _ 55.67 114.80 10.53 4.01 38.65 27.37
CMS 300 x 60-1 54.33 110.20 11.30 4.13 41.15 27.32
CMS 300 x RHA 859 54.67 108.07 11.30 3.95 36.45 28.12
CMS 300 x RHA 271 54.33 118.33 12.00 3.86 36.82 28.42
CMS 300 x MRHA-1 56.33 97.00 11.17 3.83 35.99 28.67
CMS 300 x RHA 297 54.00 87.88 9.63 3.79 36.59 24.42
CMS 300 x 111-R 55.33 85.80 11.27 3.72 39.47 21.86
CMS 300 x 18-29 55.00 99.47 10.30 4.29 39.78 26.35
6M5 300 x RHA 272 53.33 106.73 11.00 4.19 42.93 25.80
CMS 300 x RHA 586 54.00 109.73 11.67 4.58 44.87 27.65



Contd.. Table 2
Days to P1ant Capitu1um 100 seed 011 Seed yieldSource 50% height diaggger weight per cent per p1antf1owering (cm) (:Em) (g) (9)

CMS 302 x RHA 298 53.67 109.20 11.60 4.04 36.89 26.55CMS 302 x bD-1 56.67 122.60 12.33 5.89 41.16 28.30CMS 302 X RHA 859 56.00 107.40 11.47 4.38 37.43 25.00
CMS 302 X RHA 271 53.00 113.80 12.13 4.62 36.58 25.76CMS 302 X MRHA-1 52.67 128.73 10.97 4.02 38.38 26.42
CMS 302 X RHA 297 52.33 118.53 11.20 3.67 37.85 24.99
CMS 302 x 111-R 54.33 101.53 12.67 3.62 39.81 26.13
CMS 302 X 18-29 56.33 137.20 13.67 4.79 34.55 28.85
CMS 302 X RHA 272 55.00 111.40 12.47 4.41 41.01 24.73
CMS 302 x RHA 586 53.33 117.07 12.47 4.89 40.56 31.33
CMS 7-1 X RHA 298 56.00 109.53 12.47 4.88 43.62 27.72
CMS 7-1 x bD-1 57.33 126.27 13.17 4.65 41.60 25.24
CMS 7-1 X RHA 859 56.33 121.93 10.23 4.48 38.88 29.67
CMS 7-1 x RHA 271 54.33 123.33 10.70 4.36 35.88 31.33
CMS 7-1 x MRHA-1 57.67 108.73 11.47 4.40 43.74 28.77
CMS 7-1 x RHA 297 54.33 112.13 11.00 4.25 44.22 24.63
CMS 7-1 X 111-R 56.33 123.20 12.50 4.73 39.95 31.30
CMS 7-1 x 18-29 57.67 135.60 14.57 4.59 41.36 27.36
CMS 7-1 X RHA 272 54.67 130.83 11.07 4.31 38.89 27.45
CMS 7-1 x RHA 586 85.33 132.20 12.60 5.18 40.80 28.08



The mean plant height of the hybrids ranged from
85.80 (CMS 300 x 111—R) to 155.93 cm (CMS 851 x lll—R).
The hybrid CMS 851 x lll—R recorded higher value for mean
plant height (155.93 cm).
4.2.1.3 Capitulum diameter (cm)

The mean capitulum diameter among the female
parents ranged between 7.8§;cm (CMS 300) and 8.63 cm (CMS
7—1). Among the male parents, the range was between 5.53
cm (RHA 298) and 8.80cm (TB—29).

The mean capitulum diameter for the hybrids
ranged between 9.63 cm (CMS 300 x RHA 297) and 14.73 cm
(CMS 851 x lll-R). The hybrids CMS 851 x lll-R recorded/
highest mean value (14.73 cm) followed by CMS 7—1 x 18—29
(14.57 cm).

4.2.1.4 100 seed weight (g)
The mean 100 seed weight among the female parents

ranged from 3.03 9 (CMS 300) to 4.30 9 (CMS 302). Among
the male parents the range was from 3.30 g (RHA 298) to
4.20 g (lll—R).

Among the hybrids, the mean seed weight ranged bet—
ween 3.58 9 (CMS 851 x bD—l) and 5.89 9 (CMS 302 x bD—l).lg:The hybrid CMS 302 x bD-l recordedlhighest mean value
(5.89 9) followed by CMS 7-12 x RHA 586 (5.18 g) and
CMS 851 x lll—R (5.02 g).

4(3



4.2.1.5 Oil per cent(/)
The mean oil per cent among the female parents

ranged from 31.44 (CMS 851) to 38.02 per cent (CMS 7—1).
Among the male parents the range was between 29.45
(RHA 298) and 37.57 per cent (RHA 272).

The hybrids recorded mean values ranging from
34.55 (CMS 302 x IB—29) to 44.87 per cent (CMS 300 x RHA
586). The hybrids which recorded high oil per cent were
CMS 300 x RHA 586 (44.87%), CMS 7-1 x RHA 297 (44.22%),
CMS 7—1 x MRHA—l (43.74%), CMS 7—1 x RHA 298 (43.62%) and
CMS 300 x RHA 272 (42.93%).
4.2.1.6 Yield per plant (9)

The average yield per plant among the female
parents ranged from 16.70 9 (CMS 300) to 23.20 g (CMS 7—
1). Among the male parents, the range was between 15.17 g
(RHA 298) and 23.77 g (111—R).

The mean yield per plant in the hybrids ranged
between 21.86 9 (CMS 300 x 111~R) and 31.33 9 (CMS 7—1 x
RHA 271 and CMS 302 X RHA 586). The hybrids which showed
highest mean yield per plant were CMS 302 x RHA 586 and
CMS 7-1 X RHA 271 (31.33 9) followed by CMS 7-1 x 111-R
(31.30 g) and CMS 7—1 x RHA 859 (29.67 g).

44
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+ OMS 302 x 00—1

916 CMS 302 x RHA 271
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DAYS AFTER SOWING
Fig.1: LEAF AREA INDEX (LAI) IN DIFFEENT HYBRIDS OFSUNFLOWER AT VARIOUS GROWTH STAGES
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4.2.2 Physiological Parameters
4.2.2.1 Leaf Area Index (LAI)

The LAI showed fluctuations during the growth
period. It increased slowly during the early vegetative
phase and attained its maximum at the time of seed set (60
DAS) in all the genotypes. Thereafter, it slightly
decreased towards maturity. All the parents and hybrids
followed the same trend and is depicted in Fig.1.

Among the female parents, CMS 851 showed higher
mean values for LAI at all stages except at initial stage
(30 DAS).

Among the male parents, RHA 831 showed higher
values for LAI at 60 DAS and 75 DAS while exhibited mode—
rately high values at 30 DAS and 45 DAS.

Among the hybrids, CMS 302 x bD-l showed compara—
tively high mean values at all stages of growth period
viz., 0.3544 (30 DAS), 1.1749 (45 DAS), 4.114 (60 DAS) and
3.8337 (75 DAS).

. -2 -14.2.2.2 Crop Growth Rate (CGR) in g m day
The data on CGR (g m_2 day—l) recorded at diffe—

rent growth stages in sunflower parents and hybrids are
depicted in Fig.2. In general, the mean values for CGR
increased upto 45—60 DAS and declined towards maturity.
Hybrids exhibited higher values than that of parents.
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Among the female parents, CMS 302 performed well
at all stages while among the male parents MRHA—l
exhibited comparative high mean values at all growth
stages. Among the hybrids CMS 300 x lll—R showed higher
mean values at all the stages.
4.2.2.3 Relative Growth Rate (RGR) in g g_lday_l

In general. RGR (g g_lday_l) values increased
upto 30—45 DAS and showed gradual decline thereafter
(Fig.3). Hybrids showed higher mean values for RGR than
parents at all growth stages.

Among the female parents, CMS 302 showed better
mean values while among the male parents, MRHA—l was found
to be better at all stages. The hybrid CMS 300 x lll—R
showed comparatively higher mean values at all stages.
4.2.2.4 Net Assimination Rate (NAR) in g m_2day“l

The trend depicted in Fig.4 indicated that NAR
increased upto 30—45 DAS and showed gradual decline
towards maturity. Among the female parents, CMS 302
showed better performance for NAR at all stages while the
male parent RHA 586 performed well at all stages. Among
the hybrids, the performance of CMS 300 x RHA 586 was
better at all stages} while some other hybrids showed
highest mean values at 30-45 DAS but exhibited steep
decline in values at later stages.
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' PLOLEB No.1. Field lay out of the experiment.

PLO\ tfi M12. Variation in plant height betweenparents and hybrids of sunflower
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K) _ _l LQLB N0.3- The head of sunflower hybrid, CMS 851 x lll—R

PLaLe No.4- The head of sunflower hybrid‘CMS 7—1 x 13—29
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4.3 HETEROSIS Me U ‘Cifii'

Heterobeltiosis is calculated as the deviation of

the hybrids from the better parental mean for the forty
hybrids under StUdY and is presented in the Table—4.

Yield and Yield Contributing Characters
4.3.1.1 Days to 50 per cent flowering

All the 40 hybrids recorded negative heterosis
over the better parent. No positive heterosis was exhi—
bited by any of the hybrids. Negative heterosis ranged
between«—2.25 (CMS 851 x RHA 586) and —lO.11 per cent (CMS
300 x RHA 272). Significant negative heterosis was expres—
sed by the hybrid CMS 300 X RHA 272 (—10.11%) followed by

CMS 302 x RHA 298 (-10.06%).

4.3.1.2 Plant height

Among the forty hybrids, all the hybrids except

three of them exhibited significant positive heterosis

over better parent. Negative heterosis was exhibited by

the hybrids CMS 300 X MRHA—l (—3.45%), CMS 300 x lll-R

(—8.72%) and CMS 300 x RHA 297 (—11.41%). In all the

three crosses, the male sterile source was common (CMS

300). Positive heterosis ranged from 5.35 (CMS 300 x b0—

1) to 75 34 per cent (CMS 851 x 111—R). Maximum positive

heterosis was shown by the hybrid CMS 851 X lll—R (75'34%)

followed by CMS 851 x IB—29 (57.35%).
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4.3.1.3 Capitulum diameter

All the hybrids exhibited positive heterosis
Q [while none recorded negative heterosis over better parent.Positive heterobeltiosis ranged from 17.05 (CMS 300 xW) \/3\IB-29) t0174¢7oélbe£ "cent (CMS \351,‘ x 7111423. Maximum posi—- Itive heterobeltiosis was. exhibited by CMS~95l' x lflnRir'l'U. \’ '(7g707,) followed by.CMsv-1 x 13—29 (65433n).

4.3.1.4 100 seed weight
Out of forty hybrids, thirty recorded positive

heterobeltiosis while ten recorded negative heterosis over
better parent. Positive heterobeltiosis ranged from 1.47
to 37.13 per cent. Negative heterobeltiosis ranged from

40.3 to —15.89 per cent. Highly significant positive
heterobeltiosis was exhibited by the hybrid CMS 302 x bD—l
(37.13%) followed by CMS 851 x RHA 272 (31.83%).

4.3.1.5 Oil per cent

Out of forty hybrids, all of them except two recor—
ded positive heterosis over better parent. Positive hete—
robeltiosis ranged from 0.29 (CMS 300 x RHA 297) to 26.85
per cent (CMS 302 x bD-l). Highly significant positive
heterobeltiosis was recorded by the hybrids CMS 302 x bD—l
(26.85%), cMS 300 x bD—l (24.44%) and cms 300 x RHA 586
(24.37%).

H,-



4.3.1.6 Yield per plant
All the hybrids except one hybrid recorded posi-tive heterosis over better parent. Only one hybrid CMS300 x lll—R (-8.04%) recorded significant negative hetero-sis for yield. Positive heterobeltiosis ranged from 6.15

(CMS 7—1 x RHA 297) to 75.08 per cent (CMS 302 x RHA 298).
The hybrid which showed maximum positive heterobeltiosis
was CMS 302 x RHA 298 (75.08%) followed by the hybrid CMS
300 X RHA 298 (63.91%) and CMS 300 X MRHA—l (63.50%).
4.3.2 Physiological Parameters
4.3.2.1 Leaf Area Index (LAI)

All the forty hybrids exhibited significant posi-
tive and negative heterosis. Out of the forty hybrids,
only eight hybrids exhibited negative heterosis and rest
of them expressed significant positive heterosis over
better parent. Negative heterosis ranged from —9.52
(CMS 7—1 x RHA 298) to -3l.62 per cent(CMS 851 x RHA 859))
whereas positive heterosis ranged between 6.77 (CMS 300 x
lll—R) and 196.28 per cent (CMS 302 x RHA9272).
4.3.2.2 Crop Growth Rate (CGR)

Out of forty hybrids, 34 hybrids showed signifi—
cant positive heterosis while only one hybrid showed
Significant negative heterosis ofel6.66 per cent (CMS 300
x MRHA—l). Positive heterobeltiosis ranged from 5.12
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(CMS 851 X RHA 271) to 209.28 per cent (CMS 302 x RHA272). Highly significant positive heterosis was showed byhybrids CMS 302 x RHA 272 (209.28%) followed by CMS 302 xlll-R (136.77%) and CMS 302 x IB-29 (120.85%), all of themhaving common male sterile source.
4.3.2.3 Relative Growth Rate (RGR)

Out of forty hybrids, all of them except two showed
significant heterobeltiosis both in positive and negative
direction. Twelve hybrids showed significant negative
heterosis which ranged between—3.79 (CMS 851 X RHA 272)
and—32.75 per cent (CMS 300 x MRHA—l). Twenty six hybrids
showed significant positive heterosis for RGR with highest
positive heterosis in the hybrid CMS 302 x RHA 297
(82.09%) followed by CMS 302 x lll—R (80.66%) and the
lowest significant positive heterosis in the hybrid CMS
851 X MRHA-l (2.37%).

4.3.2.4 Net Assimilation Rate (NAR)

All the hybrids except four showed significant
heterobeltiosis and fourteen hybrids showed significant
negative heterosis which ranged between —5.62 (CMS 7—1 x
RHA 272) and —49.75 per cent (CMS 302 x RHA 272). Signifi—
cant positive heterosis exhibited by 22 hybrids, the
values of which ranged between 4.50 (CMS 302 X RHA 586)
and 126.84 per cent (CMS 7—1 x RHA 271).
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4.4 - ~ 9 '-COMBINING ABILITY ANALYSIS 7 6”“ '4.4- .1 Estimates of gca and sca Variances (flabt-5)4.4 § . .1.1 Yield and Yield Contributing Characters
4“} ~ 1 1 1. . Days to 50 per cent flowering: The sca variance
com:-9aonent (0.4347) was more than the gca variance compo—
nent; . . .(0.0728) indicating the predominance of non additive

e e». -g n , action (gcazsca = 0.1675). The degree of dominance
was 1.728.
4-4-— 1.1.2 Plant height: The variance component due to sca
(lOEE--3l) was greater compared to the variance component
due to gca (8.6563) indicating predominance of non addi-
tives gene action (gca:sca = 0.0822). The degree of domi—
nanCée was 2.4663.

4.4..1.1.3 Capitulum diameter: The variance component due
to sea (0.68g8) was more compared to the variance compo—
nent: due to gca (0.0196) indicating predominance of non
add:itive gene action (gcazsca = 0.0284). The degree of
donuinance was 4.1929.

4.4..1.1.4 100 seed weight: The variance component due to
gca (0.1941) was more compared to the variance component
due: to gca (0.00é?) indicating predominance of non—
addiitive gene action (gcazsca = 0.0087). The degree of
dorninance was 7.6307.

4 4.1.1.5 Oilgper cent: The variance component due to sea
(3 -6136) was more compared to the variance component due
tc> gca (0.0028) indicating predominance of non—additive
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gene action (gca:sca = 0-0008). The degree of dominance
was 25.272.
4.4.1.1.6 Yield per plant: The variance component due to
sca (5-1940) was more compared to the variance component
due to gca (0.0888) indicating predominance of non-
additive gene action (gca:sca = 0.0171). The degree of
dominance was 5.4064.
4.4.1.2 Physiological Parameters
4.4.1.2.1 Leaf Area Index (LAI): The sca variance compo—

'nent (0.5105) was more than gca variance component
(0.0035) indicating the predominance of non—additive gene
action (gca:sca = 0.0068). The degree of dominance was
8.4989.
4.4.1.2.2 Crop Growth Rate (CGR): The sca variance compo—
nent (21.8007) was greater than gca variance component
(1.3120) indicating the predominance of non—additive gene
action (gca:sca = 0.0602). The degree of dominance was
2.8824.
4.4.1.2.3 Relative Growth Rate (RGR): The variance compo-
nent due to sea (0.00010) Awas greater compared to the
variance component due to gca (0.000002) indicating predomi—
nance of non-additive gene action (gca:sca — 0.0200). The
degree of dominance was 4.9959,...

/
4.4.1.2.4 Net Assimilation Rate (NAR): The sca variance
component (18.1302 ) was more than gca variance component
(-O.308§,) indicating predominance of non additive gene
action (gca:sca = —O.1690). The degree of dominance was
not estimable.
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4.4.2 Estimates of General Combining Ability Effects
4.4.2.1 Yield and Yield Contributing Characters (Th&flej€§
4.4.2.1.1 Days to 50 per cent flowering: Estimates of gca
effects for days to 50 per cent flowering varied from
—1.6000 (RHA 297) to 1.3167 (IE—29).

Among the lines CMS 302 (—l.1000) and CMS 300
(—0.7333) recorded significant negative gca effects while
lines CMS 851 (1.2667) and CMS 7—1 (0.5667) exhibited
significant positive gca effects.

Among the testers, IB—29 (1.3167) and bD—l
(0.9833) recorded significant positive gca effects while
the testers RHA 297 (—1.6000) and RHA 271 (—1.l833) recor—
ded significant negative gca effects.
4.4.2.1.2 Plant height: All the parents recorded signifi—
cant gca effects ranging from —l7.247 (CMS 300) to 20.219
(CMS 851).

Among the lines CMS 851 (20.219) recorded highly
significant gca effect in positive direction followed by
CMS 7—1 (1.329) whereas the lines CMS 300 (-17.247) and
CMS 302 (-4.3011) recorded significant gca effect in nega—
tive direction.

Significant positive gca effects were expressed
by testers i.e., 113—29 (6.636), bD—l (5.119), RHA 271
(4.069) and RHA 272 (3.627). Highly significant negative
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(~36
gca effects were observed in REA—298 (_7 03) follow bRHA 297 (-6.529) and lll—R (-4431). ed Y
4.4.2.1.3 Capitulum diameter: All the parentalgca effects for the cap
meter ranging from —l.0675 (RHA 297) to 0-9658

' . linefirecorded Significant .itulum dia’
(ill—R).

Among the lines, only one line CMS 300 (—0 8092)
recorded negative gca effects whereas remaining thrpc
lines CMS 851 (0.3875), CMS 302 (0.2708) and CMS 7~l
(0.1508) recorded significant positive gca effects.

Among the testers, four recorded significant posi'
tive gca effects and six recorded significant negative 9U“
effects. Highly significant positive gca effect Wdfi
recorded by the tester lll—R (0.9658) and highly signifi’
cant negative gca effect was recorded by the tester “H0
297 (~l.0675).

4.4.2.1.4 100 seed weight: The gca effects for the 100
seed weight ranged between -0.3284 (MRHA—l) and 0.3954

(RHA 586).
Among the lines, two lines CMS 7—1 (0.2789) and

CMS 302 (0.1277) recorded significant positive gca effC‘Jts
while two lines CMS 300 (-0.2701) and CMs 851 (_0.1365)
recorded significant negative gca effects.

Among the testers, three recorded significant
positive gca effects while three recorded signififiant
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gca effects were observed in RHA—298 (—7.03) followed by
RHA 297 (—6.529) and lll—R (—4.43l).
4.4.2.1.3 Capitulum diameter: All the parental lines
recorded significant gca effects for the capitulum dia-
meter ranging from —l.0675 (RHA 297) to 0.9658 (lll—R).

Among the lines, only one line CMS 300 (-0.8092)
recorded negative gca effects whereas remaining three
lines CMS 851 (0.3875), CMS 302 (0.2708) and CMS 7—l
(0.1508) recorded significant positive gca effects.

Among the testers, four recorded significant posi-
tive gca effects and six recorded significant negative gca
effects. Highly significant positive gca effect was
recorded by the tester lll—R (0.9658) and highly signifi—
cant negative gca effect was recorded by the tester RHA
297 (-l.0675).

4.4.2.1.4 100 seed weight: The gca effects for the 100
seed weight ranged between -0.3284 (MRHA—l) and 0.3954
(RHA 586).

Among the lines, two lines CMS 7—1 (0.2789) and
CMS 302 (0.1277) recorded significant positive gca effects
while two lines CMS 300 (‘0-2701) and CMS 851 (‘0‘1365)
recorded significant negative gca effects.

Among the testers: three recorded Significant
while three recorded significantPOSitive gca effects

(28



negative gca effects. Highly significant positive gcaeffect was showed by the tester RHA 586 (0.3954) and
highly significant negative gca effect recorded by the
tester MRHA—l (—0.3284).
4.4.2.1.5 Oil per cent: All the parents except one recor—
ded significant gca effects both in positive and negative
direction. The gca effects ranged between ~2.2244(RHA 271)
and 1.8784 (CMS 7—1).

Among the lines, tw0 lines CMS 7—1 (1.8784) and
CMS 300 (0.2548) recorded significant positive gca
effects whereas CMS 851 (—0.0721) and CMS 302 (—0.5919)
recorded significant gca effects in negative direction.

Among the testers, four testers recorded signifi—
cant negative gca effects while five testers recorded
positive gca effects. Highly significant positive gca
effect was recorded by the tester RHA—272 (1.7173) and
highly significant negative gca effect was recorded by the
tester RHA 271 (—2.2244).

4.4.2.1.6 Yield per plant: The gca effects for the
character yield per plant ranged from —l.6349 (RHA—297) to
1.4653 (RHA 271).

significant positive gca effect was exhibited by
the line CMS 7—1 (1.0263) and significant negative gca

(27



effects exhibited by the lines CMS 300 (—0.6321) and
CMS 302 (—0.3221).

Among the testers, RHA 271, RHA 586 and MRHA-l
expressed positive significant gca effect of 1.4653,
1.1524 and 0.6405 respectively. Significant negative gca
effect was recorded by the testers RHA—297 (-1.6349),
RHA 272 (-0.8918) and lll—R (—O.5368).
4.4.2.2 Physiological Parameters
4.4.2.2.1 Leaf Area Index (LAI): Estimates of gca effects
for LAI varied from —0.3466 (IE—29) to 0.6594 (CMS 302).

Among the lines, only CMS 302 (0.6594) showed
highly significant positive gca effect while CMS 851
(-0.3369) showed highly significant negative gca effect.

Among the testers, RHA 271 (0.4469) showed highly
significant positive gca effect while IB—29 (—O.3466)
exhibited highly significant negative gca effect.

4.4.2.2.2 Crop Growth Rate (CGR): The significant gca
effects among the parents ranged from -3.855 (CMS 300) to
6.824 (CMS 302).

Among the lines CMS 300 (—3.855) recorded highest
significant negative gca effect followed by CMS 851 92.66)
whereas the line CMS 302 (6.824) recorded highest signifi—
cant positive gca effect.



Among the testers, RHA 85q (—3.536) recorded
highest significant negative gca effect while lll-R
(5.9065) recorded highest significant positive gca effect.
4.4.2.2.3 Relative Growth Rate (RGR): Estimates of signi~
ficant gca effects ranged from —0.0092 (RHA 586) to 0.0098
(lll—R).

Among the lines CMS 300 (—0.0061) exhibited maxi—
mum negative gca effect followed by CMS 851 (~0.0049)
while CMS 302 (0.0115) exhibited maximum positive gca
effect.

Among the testers, maximum negative gca effect
was showed by the tester RHA 586 (-0.0092) while maximum
positive gca effect recorded in lll—R (0.0098).

4.4.2.2.4 Net Assimilation Rate (NAR): All the parents
except two showed significant gca effects both in positive
and negative direction which ranged between —3.0366 (RHA
272) and»l.9734 (RHA 586).

Among the lines, CMS 300 (—O.6737) and CMS 302
(—0.3734) showed significant negative gca effects while
CMS 851 (0.5706) and CMS 7—l (0.4766) exhibited signifi—
cant positive gca effects.

Among the testers, RHA 272 (—3.0366) exhibited
maximum negative gca effect while highest positive gca

6‘9



effect exhibited by CMS 586 (1.9734) followed by RHA 859
(1.6618) and MRHA—l (1.5234).
4.4.3 Estimates of Specific Combining Ability Effects

Estimates of specific combining ability (sca)
effects for all characters under study are furnished in
the Table-j.

4.4.3.1 Yield and Yield Contributing Characters
4.4.3.1.1 Days to 50 per cent flowering: For days to 50
per cent flowering, the sca effects varied from —2.2333
(CMS 302 x MRHA—l) to 1.3500 (CMS 302 x RHA 298). Out of
forty hybrids only one recorded significant positive sca
effect while two recorded significant negative sca
effects. The hybrid CMS 302 x RHA 298 (1.35) expressed
highest significant positive sca effect while hybrids
cms 302 x MRHA-l (—2.2333) and CMS 300 x RHA 851 (1.3500)
expressed significant negative sca effects.
4.4.3.1.2 Plant height: The sca effects for the trait
ranged from —13.5699 (CMS 300 x 111-R) to 19.0977 (CMS 851
x lll—R). Out of forty Fls, fifteen of them exhibited
significant negative sca effects while fifteen exhibited
significant positive sca effects.

Highly significant positive sca effect was
recorded by the hybrid CMS 851 x 111—R (19.0977) followed
by CMS 300 x RHA 298 (18.0301) whereas the hybrids CMS 300

'70
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X lll-R (“13.5699), CMS 851 x RHA 586 (-12.6l89) and
CMS 7-1 x MRHA—l (~12.5456) exhibited significant negative
sca effects.

4.4.3.1.3 Capitulum diameter: Estimates of sea effects
ranged from -1.6408 (CMS 300 x IB—29) to 1.6658 (CMS 7—1 x
RHA 586) for the trait. Out of forty hybrids, twelve of
them exhibited significant positive sca effects while
twelve hybrids exhibited significant negative sca effects.
Highly significant sca effects in the positive direction
was exhibited by the hybrids CMS 7—1 x RHA 586 (1.6658),
CMS 851 x lll—R (1.5542) and CMS 300 X RHA 271 (1.1425).
Highly significant sca effects in the negative direction
was exhibited by the hybrids CMS 300 x IB—29 (—l.6408),
CMS 7-1 X RHA 859(-1.1342) and CMS 7-1 X RHA 271 (-l.1175).

4.4.3.1.4 100 seed weight: The sca effects for the trait
ranged from —0.8478 (CMS 851 x bD—l) to 1.2037 (CMS 302 x
bD—l). Out of forty hybrids, ten expressed significant
positive sca effects whereas eleven of them expressed
significant negative sca effects. Highly significant

positive sca effect was recorded by the hybrid CMS 302 x
bD-l (1.2037) followed by CMS 851 X lll-R (0.8880).

Significant negative sca effect was maximum in the hybrid
CMS 851 x bD—l (-O.8478) followed by CMS 302 x lll—R

(-0.7815).
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4.4.3.1.5 0'11 Per cent: The sca effects for oil per centranged between —3.9304 (CMS 851 x RHA 586) and 4.3602 (CMS300 - . .x RHA 586). significant sca effects in the positive
direction were observed in seventeen hybrids while signi—
ficant negative sca effects were observed in fifteen
hybrids. The hybrid CMS 300 x RHA 586 (4.3602) followed
by CMS 7-1 x RHA 271 (3.1224) exhibited significant posi-
tive sca effect. Significant negative sca effects were
recorded by the hybrids CMS 851 x RHA 586 (-3.9304) and
CMS 7—1 x RHA 272 (-3.7243).
4.4.3.1.6 Yield per plant: The sca effects for the trait
ranged from —4.1029 (CMS 300 x lll—R) to 3.6820 (CMS 7—1 x
llLR). Among the forty hybrids, twelve of them exhibited
significant positive sca effects and twelve showed signi—
ficant negative sca effects. Highly significant positive
sca effects were recorded by the hybrids CMS 7—1 x lll—R
(3.6820), CMS 302 x RHA 586 (3.3746) and CMS 851 x RHA 297
(2.5229). Highly significant negative sca effect was
recorded by the hybrid CMS 300 x lll-R (~4.1029).

4.4.3.2 Physiological Parameters
4.4.3.2.1 Leaf Area Index: All the hybrids except two
exhibited significant sca effects for the LAI. The signi—
ficant sca effects varied from —O.9828 (CMS 302 x RHA 298)
to 1.5161 (CMS 851 x RHA 298). Out of forty hybrids, 18

nt negative gca effects while 20 recor—recorded significa
ded significant positive gca effects. Highest negative



sca effect expressed by the hybrid CMS 302 x RHA 298(—O.9828) followed by CMS 7—1 x bD—l (~0.8907), while
highest positive sca effects exhibited by the hybrids CMS
851 X RHA 298 (1.5161) and CMS 7-1 x RHA 271 (0.9834).
4.4.3.2.2 Crop Growth Rate: The significant sca effects
for this trait ranged between -7.96lS (CMS 302 x RHA 586)
to 6.628 (CMS 851 X RHA 297).

Out of 40 hybrids 14 showed significant positive
sca effects while 14 showed significant negative sca
effects. The highest positive sca effect was observed in
the hybrid CMS 851 X RHA 297 (6.628) followed by CMS 302 X
lll—R (6.126). The maximum negative sca effects were
observed in the hybrids CMS 302 x RHA 586 (-7.9615) and
CMS 7—1 X lll—R (-7.08l).

4.4.3.2.3 Relative Growth Rate (RGR): The significant sca
effects for the RGR varied from -0.0154 (CMS 851 x lll—R)
to 0.0l77 (CMS 7—1 x RHA 271). Out of forty hybrids, 17
showed significant positive sca effects with maximum in
the hybrid CMS 7-1 x RHA 271 (0.0177) followed by CMS 302
x lll—R (0.0148). The significant negative sca effects
recorded by l6 hybrids with highest in the hybrid CMS 851
X lll-R {—0.0154) followed by CMS 302 X RHA 586 (-0.0124).

4.4.3.2.4 Net Assimilation Rate (NAR): The significant
d between -6.7l38 (CMS 300 xsca effects for the NAR range
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RHA 297) and 7.4192 (CMS 7—1 x RHA 850). Among the 40
hybrids l7 exhibited significant negative sca effects with
maximum in the hybrid CMS 300 x RHA 297 (—6.7138) followed
by CMS 7—]. x RHA 298 (—6.6799). Whereas l9 hybrids expre—
ssed significant positive sca effects with maximum in the
hybrid CMS 7-1 x RHA 85G (7.4192) followed by CMS 302 x
RHA 298 (5.9567).
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CHAPTER V
DISCUSSION

The discovery of cytoplasmic male sterility by
Leelercq (1969)/in sunflower and subsequent identification
of gene totality restoration (Kinman,' 1970 and Vranceanu
and Stoenescu, 1971) have resulted in wide spread produc-
tion of hybrids using cytoplasmic male sterility and
fertility restoration system. Thus, amongst several oil
seed crops cultivated in the country, sunflower offers
scope for commercial exploitation of heterosis utilising
cytorestorer system. One of the prerequisites in such a
breeding programme would be the isolation of lines with
good combining ability from the available genetic
resources. The magnitude of heterosis depends much on the
genetic diversity of the parental lines. Hence, informa—
tion on the various quantitatively inherited attributes
viz., the nature of gene action controlling their expres-
sion and heterosis is basic to any attempt to improve the
yield. Breeding programmes based on sound knowledge of
the genetic nature of the yield and yield components and
physiological parameters alone can help to achieve the
target quickly and reliably.

5.1 MEAN PERFORMANCE
5.1.1 Yield and Yield Contributing Characters

The success of crop breeding programme depends
upon the choice of the parents possessing genetic
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divergence and combining ability. Parents with a good
mean performance are expected to yield desirable segre—
gants in the succeeding generations and the potentiality
of such genotypes will reflect the performance of the
hybrids.

The analysis of variance revealed significant
genotypic differences for all the characters studied
indicating that the differences existed among parents,
crosses and parents VS crosses.

Mean performance of four lines and ten restorers
(Table-—2) indicated that the male sterile line CMS 302
exhibited early flowering, dwarfness and higher 100 seed/,/
weight while the line CMS 7—1 exhibited dwarfness, higher/
mean values for capitulum diameter, oil per cent and seed
yield per plant.

Among restorersyRHA 271 showed early flowering
whereas the restorer RHA 586 expressed short stature. The
restorers IB—29 and RHA 272 exhibited higher mean values
for capitulum diameter and oil per cent respectively while
the restorer lll—R recorded higher mean values for 100

/
seed weight and seed yield per plant.

The data on mean performance of F1 hybrids indi—
cated that the crosses CMS 302 x RHA 297, CMS 300 x lll—R
and CMS 851 x lll-R exhibited early flowering, dwarfness
and higher capitulum diameter and oil per cent respec—
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tively which is in conformity with the earlier studies of
Chaudhary and Anand (1984): Kadkol gt al. (1984) and

/Sreedhar (1989) reported early flowering while Sheriff et,
a1. (1985) and Giriraj et a1. (1986) reported a reduction

n n . n \in plant height in certain Fl crosses. Higher mean values
for 100 seed weight and oil per cent was observed in the
hybrids CMS 302 x bD-l and CMS 300 x RHA 586, respec—
tively. On the other hand, higher values for seed yield
per plant was noticed in CNS 7—1 x RHA 271 and CMS 302 x
RHA 586. Earlier workersJPutt (1964), Sheriff gt “El-
(1986). Vanisree (1987), Rajini (1988)? Sreedhar (1989)
and Shashikala (1992) also observed increased mean perfor—
mance for head diameter, 100 seed weight and seed yield
per plant in F hybrids. In the present study, it was1
observed that the mean performance of parents had no
relation with hybrid mean performance with respect to
plant height, capitulum diameter and oil per cent. For
early flowering, 100 seed weight and seed yield per plant,
the best performed hybrids included one best parent for
that respective character. Probably this may be attri—
buted to the dominance.

From an agronomic point of view, seed yield is an
important trait based on which selection is practiced.
Since, no single parent possesséall desirable traits,

should be done on the basis of yield possiblyselection
coupled with as many desirable characters as possible.
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From the data, it is evident that the lines CMS 302 and
CMS 7—1, which possess desirable agronomic characters can
be used as potential donors in hybridisation programme for
improving seed yield and other yield contributing traits.
A close study of the data regarding F hybrids revealed1
that the crosses CMS 302 x RHA 586, CMS 7—1 x RHA 271, CMS
7—1 x lll—R, CMS 7—1 x RHA 859 and CMS 851 x RHA 271
recorded more seed yields and these crosses are expected
to provide better segregants in the succeeding
generations.

5.1.2 Physiological Parameters
Leaf Area Index indicates the ability of plants

to produce leaves per unit ground area. In general, LAI
attained maximum values at 60 DAS in most of the parents
and hybrids. The hybrid CMS 302 x bD—l showed comparati~
vely high mean values at all growth stages. But it recor—
ded moderate yield per plant probably due to mutual
shading of leaves and poor partitioning of photosynthates
to seeds.

Crop Growth Rate (CGR) indicates the total dry
matter production per unit land area over a certain time
period. Relative Growth Rate (RGR) indicates the increase
in dry weight per unit of original weight over a time
interval or the plant's capacity to add to its own dry



weight and is also known as Efficiency Index. Net Assimi—
lation Rate (NAR) express the plant's capacity to increase
dry weight in terms of the area of its assimilatory
surface. The term therefore represents photosynthetic
efficiency of the crop in conjunction with Leaf Area Ratio
and Relative Growth Rate.

In general, CGR increased upto 45—60 DAS while
RGR and NAR values were higher at 30—45 DAS and declined
steadily thereafter and reached lowest values at the time
of maturity. The hybrid CMS 300 x lll—R showed comparati—
vely high mean values for CGR and RGR at all the growth
stages. This shows that the cross CMS 300 x lll—R is a
high biomass producer. Inspite of that, yield levels were
very low which may be due to less partitioning of assimi—
lates to the economic part. The hybrid CMS 300 x RHA 586
exhibited comparatively better performance at all growth
stages with regard to NAR, but it showed moderate seed
yield. Thus it is interesting to note that though the
photosynthetic efficiency is high in this hybrid, parti—
tioning may be poor to head.

5.2 HETEROSIS

Heterosis is defined as the increased vigour- of
Fl over parental mean and is a genetic expression of
beneficial effects of hybridization. Heterosis could be
used as an indicative of the crosses which are likely to
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throw productive transgressive segregants (Singh and Jain,
1970).

Sunflower being a cross—pollinated crop offers
scope for development of new and superior varieties
through heterosis breeding. During the last 4—5 decades,
sunflower improvement has largely been through individual
plant selection followed by mass breeding of the superior
germplasm. But with the discovery of cytoplasmic male
sterility in 1969 by Leclercq, there has been a shift in
emphasis from population breeding to development of single
cross hybrids (Jensma,' 1973 and Faure, 1976). Hybrid
performance can be ensured in sunflower at a stable and
high level in view of the fact that inbreds once stabi—
lized donot generally show depression in the succeeding
generations of inbreeding (Nikolicvig and Skoric, 1972).

5.2.1 Yield and Yield Contributing Characters

An examination of the data revealed that all the
hybrids exhibited heterosis for more than one character.
Heterosis, to an extent of —lO.ll per cent for days to 50
per cent flowering, 75.34 per cent for plant height, 65.53
per cent for capitulum diameter, 37.13 per cent for 100
seed weight, 26.85 per cent for oil per cent and 75.08 per
cent for seed yield per plant over the better parent was
observed in different crosses.

93



The cross CMS 302 x RHA 298 which exhibited high
heterosis for yield over better parent, also recorded
significant positive heterosis for plant height, capitulum
diameter, oil per cent and significant negative heterosis
for days to 50 per cent flowering and 100 seed weight.

Thus the heterosis for seed yield can be mainly
attributed to the manifestation of heterosis in component
characters like plant height, capitulum diameter and oil
per cent. Grafius (1959) also reported that heterosis
expressed for component characters.

A positive heterosis for yield was reported by
several workers like Putt (1964), Grebenjuk (1968), vulpe
(1966 and 1977), Shankara (1983), Chaudhary and Anand‘
(1984), Sailaja (1984), Sreedhar (1989), Laxmi Kumari/
(1990) and Sudharani (1992). Both positive and negative
heterosis ranging from —62.3 to 147 per cent over better
parent was observed by Sheriff et 21- (1985) as was obser—
ved in the present study.

Heterosis was maximum and significantly positive
in the hybrid CMS 302 x bD—l (26.85%) for oil per cent and
for 100 seed weight (37.13%). The hybrid CMS 302 x bD—l
exhibited significant positive heterosis for all the cha—
racters except for days to 50 per cent flowering. When
head diameter was taken into consideration maximum posi—
tive heterobeltiosis was recorded in hybrid CMS 7-1 x IB—
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Tab1e 8: Average seed yield of promising hybrids of present study in re1ation to their
parents and checks viz., APSH-11, MSFH-17 and Adarsh 3425

Average seed Percentage increase over
S-No. Hybrids yie1d per ———————————————————————————————————————————————————

piant (9) Mid Better APSH..11t MSFH-17 '~ Adarsh-parent parent [29's7 87 {1810733 3425__________________________________________________________________________________57.2.2183
1. CMS 302 x RHA 586 31.33 71.48 41.32 9.66 11.61 11.06
2. CMS 7-1 x RHA 271 31.33 50.26 35.04 9.66 11.61 11.06
3. CMS 7-1 x 111-4 31.30 33.30 31.68 9.55 11.51 10.95
4. CMS 7-1 x RHA 859 29.67 45.23 27.89 3.85 5.70 5.17
5. CMS 851 x RHA 271 28.86 43.15 32.20 1.01 2.81 2.30
6. CMS 302 x 18729 28.85 63.15 32.52 0.98 2.78 2.27
7. CMS 7—1 x MRHA—1 28.77 41.31 24.01 0.70 2.49 1.98
8. CMS 300 x MRHA—1 28.67 67.56 63.55 0.35 2.14 1.63
9. CMS 300 x RHA 271 28.42 61.48 53.62 - 1.17 0.74



29 (65.53%). Negative heterosis. which is a desirable
trend for days to 50 per cent flowering was predominant in
all hybrids and highly significant negative heterosis was
exhibited by the hybrid CMS 300 x RHA 272 (—10.11%). The
pOSitive heterosis for plant height was maximum in the
hybrid CMS 851 x lll-R (75.34%).

Vranceanu (1981) and Anashchenko et a1. (1985)
observed heterosis for oil content while Seetharam 9; al.
(1977) and Singh et a1. (1978) reported heterosis for 100
seed weight. Vulpe (1966) and Setty and Singh 11977)
observed heterosis for earliness and reduced height in F1
hybrids.

The best performing ten hybrids for mean seed
yield per plant over mid parent, better parent and

standard checks were given in the Table-8. The cross CMS
302 x RHA 586 followed by CMS 7—1 X RHA 271 found to
perform better over mid parent, better parent and also

over standard checks viz., APSH—ll, MSFH—17 and Adarsh

3425.
Heterosis is desirable for all the characters exa—

mined, except plant height. Short plants are usually

considered more desirable for mechanical harvesting.
Particularly encouraging is the marked heterosis exhibited

for seed yield and oil per cent which are the economic
characters.



5.2.2 Physiological Parameters
Higher heterobeltiosis for LAI was recorded in

the cross CMS 302 x RHA 272 followed by CMS 851 x RHA 271,
CMS 851 x RHA 586, CMS 300 x RHA 586 and CMS 851 x 18—29.
Singh et a1. (1986) reported that heterosis for leaf area
is not related to seed yield. Heterosis for this charac-
ter was also reported by Sarathe and Dabral (1969): Singh
2: a1. (1986): Anitha (1988) and Haripriya (1989) in
sesame, by Deshmukh and Bhapkar (1979) in chickpea and by

[Madhavi (1988) in groundnut. Damodar (1992) found that
the crosses with high heterobeltiosis values for LAI also
recorded higher pg; sg performance for LAI and seed yield
per plant in sesame.

Maximum positive heterobeltiosis for CGR was
observed in the hybrids CMS 302 x RHA 272, CMS 302 x lll—R
and CMS 302 x IB-29. Deshmukh and Bhapkar (1979) observed
heterosis for CGR, and this heterosis contributing for
seed yield in chickpea. Damodar (1992) also reported the
similar results in case of sesame.

Heterobeltiosis for RGR was highest in the hybrid
CMS 302 x RHA 297 followed by cMs 302 x lll-R. But these
crosses were not better yielders indicating that hetero—
beltiosis for RGR does not contribute much to the seed
yield. Gupta 2: 31. /(l980) reported lower magnitude of
heterosis for this trait in cotton hybrids while high
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positive heterosis for RGR was reported by Whaley (1952),Kheiralla and Willington (1962) and Peat and Willington(1965) in tomato and Allison (1971)’ in corn hybrids.Damodar (1992) reported negative heterosis for RGR in the
hybrids of sesame.

For NAR, the crosses CMS 7—1 x RHA 271, CMS 7—1 x
RHA 859 and CMS 300 x MRHA—l recorded high positive hete—
rosis and were also found to record high mean yields.
Thus, it indicates that heterosis for NAR significantly
contributed to seed yield per plant. Heterosis for NAR was
also reported by Allison'(197l) in corn hybrids, Deshmukh
and Bhapkar (1979) in chickpea, Gupta gt El. ‘(1980) in
cotton, Niranjana Murthy 2: a1. (1991) in rice and Damodar
(1992) in sesame.

5.3 COMBINING ABILITY ANALYSIS

Combining ability analysis helps the breeder in
selecting the parents and the breeding method to be
employed for improving a particular trait, by providing
information on the genetic nature of the characters.

General combining ability (gca) refers to the
average performance of a line in a series of hybrid
combinations and is attributable to additive (fixable)
gene action, while the specific combining ability (sca)
refers to the deviation in the performance of a cross that
would be expected on the basis of the average performance
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of the line involved and is attributable primarily to
dominant, over dominant and epistatic effects of genes
(non —additive). The non—additive gene action is mostly
non-fixable and often brings about the phenotypes that are
not available under normal additive gene action.

The sum of the additive gene effects produced by
the genes lacking dominance (additive genes) and by the
additive contribution of genes along with dominance or
epistatic effects is the additive components of genetic
variance. Additive gene action tends to produce a normal
phenotypic distribution. The non-additive gene action
results from dominance, epistasis and various other
interaction effects which are non-fixable. The comparison
of 'gca' to 'sca' variance components provides an estimate
of the predominance of additive gene effects or the non-
additive gene effects.

5.3.1 Yield and Yield Contributing Characters

The analysis of variance components for combining
ability (Table/5) revealed that the higher magnitude of
sca variance in relation to gca variance implied that all
the characters were predominantly under the control of

/

non-additive gene action,
al. (1984) reported that additive gene action was
important in the inheritance of days to 50 per cent
flowering. The non-additive gene action obtained in the

while Putt (1966) and Kadkol gt'
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Present study for other characters is in agreement with
the findings Of Pathak g; fl_ (1985), Sheriff et a1.
(1986), Sreedhar (1989) and Sudharani (1992).

The degree of dominance was maximum for seed
yield per plant (25.27) and 100 seed weight (7.631).

The gca effects of the parents (Table—6) revealed
that none of the parents was superior for all the
characters studied. Neverthless, line CMS 851 recorded
significant positive gca effects for days to 50 per cent
flowering, plant height, capitulum diameter while
exhibited significant negative gca effects in case of
economic traits like 100 seed weight and oil per cent.
The line CMS 7—1 showed maximum positive gca effect for
100 seed weight, oil per cent and seed yield per plant.
It also showed significant positive gca effects for other
characters viz., plant height, days to 50 per cent
flowering and capitulum diameter. This indicates that the
line which is a good combiner for economic traits like

100 seed weight and oil per cent willcapitulum diameter,
also be good combiner for seed yield per plant.

Among the male parents, IB—29 and bD—l were
proved to be good combiners for days to 50 per cent flowe—
ring and plant height, while lll—R was found to be good
combiner for capitulum diameter. For lOO—seed weight and
oil per cent, the testers RHA 586 and RHA 272 are the good
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general combiners respectively. For seed yield per plant,
the tester RHA 27l followed by RHA 586 was good general
combiner. RHA 271 showed negative gca effects for all the
other yield contributing characters except plant height.
But RHA 586 exhibited significant positive gca effects for
all the characters except days to 50 per cent flowering.

Thus, in general, good general combiners for
yield possessed gca effects in the desired direction for
yield contributing characters. Rao and Singh (1977)
observed that no parent was found to contain all favou—
rable or unfavourable genes for all the characters as in
the present study. Setty and Singh (1977) observed that
gca for yield was related to gca for one or more yield
components which was also proved in the present study.

The sca effects of the crosses (Table~7) revealed
that twelve cross combinations had significant positive
sca effects while twelve had significant negative sca
effects for seed yield per plant. The crosses CMS 7—1 x
lll—R (3.682), CMS 302 x RHA 586 (3.3746), CMS 851 x RHA
297 (2.5229), CMS 302 x IB—29 (2.0119) and CMS 302 x bD—l
(1.812l) were found to be best specific combiners for seed
yield per plant. Among the hybrids showing significant
positive sca effects, no female parent contributed more
than 50 per cent of the crosses with positive sca effects.
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The sca effects of top five crosses (Table—9)revealed that none of the crosses combined high sca effect
for all the economic traits viz., seed yield, lOO—seedweight and oil content. In majority of the crosses high
sca effeCt was due to low x low or low x high and high x
low combining parents which further substantiated the
operation of non—additive gene action for the characters
studied. The crosses involving high combiners for econo—
mic traits can be exploited for breeding programme for
production of hybrids.

Dua (1979) reported the non—involvement of two
good combining parents for the high sca effects of the
crosses, indirectly indicating the rare occurance of
additive gene action which was in agreement with the
present study.

Dua and Yadava (1983) found that crosses with
high sca effects rarely involved two good combining
ability parents.

Vanisree g: a1. “ (1988) reported that the
performance order of the hybrids were high x high, high x
low and low x low parents which was attributed due to the
major role of non—additive gene action in determining the
character expression.

Sudharani (1992) reported that the crosses with
high sca effect was either due to low x low or low x high

a c.-



combining parents indicating the involvement of non-
additive gene action for the characters studied.
5.3.2 Physiological Parameters

Non—additive gene action was predominant for LAI
as sea variance component was more than that of gca.
However, Anitha (1988) and Haripriya (1989) indicated the
existance of both'additive and non-additive gene action
for LAI in sesame. The predominant role of non—additive
gene action was reported by Deshmukh and Bhapkar (1982) in
chickpea and Nijhawan and Chandra (1985)‘ in mungbean,
while Damodar (1992) reported additive gene action for LAI
in sesame. Among the lines CMS 302 and among the testers

RHA 271 were found to be good general combiners for this
trait.

Prevalence of non—additive gene action for CGR
was indicated by the higher value of sca variance compo—
nent in the present study. Similarly Deshmukh and Bhapkar
(1982) reported predominance of non-additivity in chickpea
while Mungse 3; 31. (1990) and Damodar (1992) observed
predominance of additive gene action for this trait in
pearl millet and sesame respectively. The line CMS 302
and the tester RHA 859 registered high significant
positive gca effects for this character among the parents.

Non—additive gene action was predominant for RGR
as the variance component due to sca was more than that of
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gca. Non—additive gene action for this trait was also
reported by Deshmukh and Bhapkar (1982) in chickpea,whereas additive gene action was reported by Mungse gt 31.
(1990) in pearl millet, Nevado and Cross (1990) in maize
and Damodar (1992) in sesame. The line CMS 300 and the
tester RHA 586 exhibited maximum positive gca effects
which indicate that they are good general combiners for
the trait.

Net Assimilation Rate (NAR) was observed to be
governed by non—additive gene action. similar results
were also reported by Deshmukh and Bhapkar (1982) for NAR
in chickpea. Additive gene action was observed by Mungse
3: 31. (1990) in pearl millet and Damodar (1992) in sesame
while Niranjana Murthy gt 2;. (1991) observed additive as
well as non—additive genetic system contributing to this
trait in rice. Among the parents, the line CMS 851 and
the tester RHA 586 were found to be good general combiners
for NAR.

The hybrids CMS 851 x RHA 298, CMS 7—1 x RNA 271
and CMS 302 x RHA 272 recorded high positive sca effects
for LAI while the hybrids CMS 851 x RHA 297 followed by
CMS 302 x lll—R expressed significant positive gca effects
for CGR. The hybrids CMS 7—1 x RHA 271 and CMS 302 x lll-R
showed high positive sca effects for RGR whereas the
hybrid CMS 7—1 X RHA 859 followed by CMS 302 x RHA 298
exhibited highest positive sca effects for the character
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NAR. None of the hybrids expressed maximum positive sca
effects for all the physiological parameters.

Thus from the present study, it can be concluded
that all the yield components and physiological parameters
were governed by non-additive gene action. The hybrids
which showed high sca effects for yield and yield compo—
nents involving one or both good combiners as parents can
be utilised in the breeding programme to get increased
yields in sunflower. The hybrids showing high sca effects
involving good general combiners as parents for physiolo—
gical parameters can be utilised in the breeding program—
mes to improve photosynthetic efficiency which might lead
to high dry matter accumulation and seed yield. Thus, due
to predominance of non—additive gene action and manifesta—
tion of high heterosis in the desirable direction for all
the characters studied, it can be suggested that exploita—

tion of hybrid vigour through heterosis breeding using
cyto restorer system is the best method for improving the
yield potential in sunflower crop.
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Table—40: Good general combiners and best specific crosses of

sunflower for various characters studied
ParentsCharacter —————————————————————— CrossesLines Testers

Days to 50 per cent CMS 302 RHA 297 CMS 302 x MRHA-lflowering CMS 300 RHA 271 CMS 300 x bD-lCMS 300 x RHA 272
CMS 300 x IB—29

Plant height CMS 851 IB—29 CMS 851—111RbD—l CMS 300 x RHA 298
RHA 271 CMS 302 x 18—29

CMS 302 x MRHA-l
Capitulum diameter CMS 851 lll—R CMS 7—1 x lB—29CMS 302 IB—29 CMS 851 x 111—RRHA 859 CMS 300 x RHA 271
100 Seed weight CMS 7—1 RHA 586 CMS 302 x bD—l

CMS 302 bD-l CMS 851 x 111—RRHA 272 CMS 851 x RHA 272CMS 851 x RHA 297
Oil per cent CMS 7—1 bD-l CMS 300 X RHA 586

CMS 851 RHA 272 CMS 7—1 x MRHA l
RHA 586 CMS 7—1 x RHA 297

Yield per plant CMS 7—1 RHA 271 CMS 7—1 x lll—RRHA 586 CMS 302 x RHA 586
CMS 851 x RHA 297

Leaf Area Index CMS 302 RHA 271 CMS 851 x RHA 298
(LAI) MRHA—l CMS 7—1 Kx RHA 271

CMS 302 x RHA 272

Crop Growth Rate CMS 302 lll—R CMS 851 x RHA 297
(CGR) RHA 272 CMS 302 x lll—R

MRHA—l CMS 7-1 x MRHA—l
Relative Growth CMS 302 lll-R CMS 7—1 x RHA 271
Rate (RGR) RHA 271 CMS 302 x lll—RCMS 300 x RHA 586

Net Assimilation CMS 851 RHA 586 CMS 7-1 x RHA 859
Rate (NAR) CMS 7—1 RHA 859 CMS 302 x RHA 298

MRHA—l CMS 300 x MRHA-l
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CHAPTER VI
SUMMARY

The present investigation was taken up with aView to estimate the heterosis, combining ability and geneaction in the hybrids using 4 male sterile lines and 10
restorers. The 4 male sterile lines used were viz., CMS
851, CMS 300, CMS 302 and CMS 586. The ten restorers
included were RHA 271, RHA 272, RHA 297, RHA 298, RHA 586,
RHA 859, MRHA—l, bD—l, lll—R and IB-29. The combining
ability analysis was done adopting line x tester analysis
as proposed by Kempthorne (1957). Data were collected on
six quantitative characters viz., days to 50 per cent
flowering, plant height, capitulum diameter, lOO seed
weight, oil per cent and yield per plant and also on four
physiological parameters viz., Leaf Area Index (LAI), Crop
Growth Rate (CGR), Relative Growth Rate (RGR) and Net
Assimilation Rate (NAR). For calculating leaf area and
drymatter production, distructive sampling was done on
30th, 45th, 60th and 75th days after sowing and this data
Were used for estimating LAI, CGR, RGR and NAR as per the
methods suggested by Watson (1952), Radford (1967) and
Sestak gt a1. (1971).

Analysis of variance for combining ability
revealed significant genotypic differences for all the
characters studied indicating that the differences
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eXisted among the hybrids, females, males and males x
females.

Among the lines, CMS 302 registered highest mean
values for 100 seed weight, CGR, NAR and recorded early
flowering. CMS 7—1 recorded higher mean values for capi—
tulum diameter, oil per cent, yield per plant and RGR.
CMS 300 and CMS 851 recorded higher mean values for plant
height and LAI respectively. Among the testers, MRHA—l
recorded higher mean values for CGR and RGR while lll—R
exhibited superior performance for 100 seed weight and
yield per plant whereas RHA 271, bD—l, IB—29, RHA 272, RHA
859 and RHA 586 recorded better performance for early
flowering, plant height, capitulum diameter, oil per cent,
LAI and NAR respectively. No tester was found to be
superior for majority of characters.

Out of 40 hybrids studied, higher mean seed yield
per plant was recorded by CMS 302 x RHA 586, CMS 7—1 x RHA
271, CMS 7—1 x 111R and CMS 7-1 x RHA 859. The hybrid CMS
300 x 111—R was the best performer for CGR and RGR, while
CMS 302 x bD—l and CMS 300 x RHA 586 recorded high mean
values for LAI and NAR respectively.

Hybrids exhibited significant heterobeltiosis for
all the characters in the desirable direction. Positive
heterobeltiosis to an extent of 75.34 per cent for plant
height, 65.53 per cent for capitulum diameter, 37.13 per
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cent for 100 seed weight, 26.85 per cent for oil per cent
and 75.08 per cent for yield per plant while negative
heterobeltiosis to an extent of -lO.ll per cent for days
to 50 per cent flowering over the better parent were
observed in different crosses. The cross CMS 302 x RHA
298 registered maximum significant positive heterosis for
yield per plant and CMS 302 x bD—l for 100 seed weight
over better parent. Heterosis for seed yield can be
attributed to the heterosis in component characters such
as plant height, head diameter and oil per cent. The cross
CMS 302 x RHA 272 recorded maximum positive heterosis for
LAI and CGR whereas the crosses CMS 302 x RHA 297 and CMS
7—1 x RHA 271 showed higher positive heterobeltiosis for

RGR and NAR,respectively.

The analysis of variance components for combining
ability revealed that the component due to sca was greater
than the component due to gca indicating the predominance
of non—additive gene action. Degree of dominance was
maximum for oil per cent followed by 100 seed weight among
yield components while it was maximum for LAI among phy~
Biological parameters. Among the lines (females) CMS 302
and CMS 7-l recorded significant gca effects for seed
yield, several yield components and physiological parame—
ters. Among the testers (males) RHA 271 and RHA 586 were
found to be good combiners for seed yield. MRHA—l and
lll—R were found to be good combiners for physiological
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parameters. The cross CMS 7-1 x lll—R showed maximum sca
effect for yield while highest positive sca effects for
yield components were found in different crosses.

The crosses CMS 851 x RHA 298, CMS 851 x RHA 297,
CMS 7—1 x RHA 271 and CMS 7—1 x RHA 859 exhibited highest
positive sca effects for physioilogical parameters viz.,
LAI, CGR, RGR and NAR respectively.

In the light of the above findings, it can be
suggested that the crosses with maximum sca effects for
yield, yield contributing characters and physiological
parameters involving good general combiners as one or both
the parents, can be utilised for exploitation of hybrid
vigour through heterosis breeding in sunflower.
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