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ABSTRACT

To estimate the heterosis, combining ability and
nature of gene action Line x Tester analysis involving four
cytoplasmic male sterile lines and ten restorer lines was
carried out in sunflower (Helianthus annuus L.) for seed
vyield and yield contributing characters and certain physio-
logical parameters. The experimental material comprising of
fourteen parents and forty hybrids along with three checks
viz., APSH-11l, MSFH-17 and Adarsh 3425 was evaluated in a
Randomized Block Design with three replications. Analysis
of the mean performance of parental lines and crosses for
yield and yield attributes revealed the superiority of the
lines CMs 7-1 and CMS 302, the restorer 111-R and the cros-
ses CMS 7-1 x RHA 271 and CMS 302 x RHA 586. However when
evaluated for the physiological parameters, the line CMS
302, the tester MRHA-1 and the cross CMS 300 x 111~-R were
found superior. The magnitude of heterosis over better
parent was -10.11 per cent for days to 50 per cent flowe-
ring, 75.34 per cent for plant height, 74,70 per cent for
capitulum diameter, 37.13 per cent for 100 seed weight,
26.85 per cent for oil per cent, 75.08 per cent for seed
yield per plant, 196.28 per cent for LAI, 209.28 per cent
for CGR, 82.09 per cent for RGR and 126.84 per cent for NAR.
The cross CMS7-1 x RHA 298 recorded maximum heterosis for
seed yield over better parent while the cross CMS 302 x bD-1
exhibited maximum heterobeltiosis for 100 seed weight and
0il per cent. The cross CMS 302 x RHA 272 expressed maximum
positive heterobeltiosis for LAI and CGR, Whereas the cros-
ses CMS 302 x RHA 297 and CMS 7-1 x RHA 271 expressed
maximum heterobeltiosis for RGR and NAR respectively.




The combining ability analysis revealed that sca
variance component is more than that of gca, indicating
predominance of non additive gene action for all the charac-
ters. The estimates of gca effects indicated the lines CMS
302 and CMS 7-1 as superior combiners for yield and yield
contributing and physiological parameters, while the resto-
rers RHA 271 and RHA 586 found to be good combiners for seed
yield and yield contributing characters. Ffurfiey the resto-
rers 111-R and MRHA-1 were good combiners for physiological
parameters. The estimates of sca effects indicated the
superiority of the cross CMS 7-1 x 111-R for yield and yield
contributing characters whereas CMS 7-1 x RHA 271 and
CMs7-1 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 o0il 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 o0il (Jones, 1984); sunflower was originated 1in
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 o©0il' seed crop to bridge the gap of recurring edible
0il shortage in the country. It was taken up in view of its

obvious advantage in terms of short duration, high vyield,



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 1lakh
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 Growth Rate (RGR)
and Net Assimilation Rate (NAR) are less understood. Iden-
tification of growth parameters influencinyg yield and Lheir
genetic control will make it possible to plan crosses to get
transgressive segregants possessing physiological complemen-
tation for predictable yield improvement (Wallace et al,

1973).

The breeding of hybrid sunflower has been greatly
assisted by the discovery of cytoplasmic male sterility
”{Leclercq, 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 ccono-

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 vyield, yield contributing characters and

certain physiological parameters.
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CHAPTER II

REVIEW OF LITERATURE

A Dbrief 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 HETEROSTIS

2.1.1 Seed Yield and Yield Contributing Characters

Heterosis may be defined as the superiority of an
Fy hybrid over mid parental value or over better parent
(heterobeltiosis). In terms of yield or some other
characters heterosis 1is manifested as an increase 1in
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 c¢ross 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). <Kurnik and
ﬁ/ieller (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
study Putt (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 vyield.
Similarly Vulpe (1966)erported that some of the hybrids
produced by utilising male sterility and restorer lines
gave-higher seed yield, o0il 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 Fy 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 o0il content

ranging from 13 to 58 per cent.

/’Stoyanova et als(1971) in a study involving 192
stabilised inbred 1lines and 140 Fl 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).

“YKovacik and Skaloud (1972) found marked heterosis for



plant height, head diameter and seed yield per head in
certain diallel crosses involving four inbred 1lines.
“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 Fl hybrids obtained from a full diallel involving
eight inbred 1lines. In another study Vranceanu
et al. (l%l}) observed heterosis of 8 to 44 per cent
for seed yield over the standard variety. “Shcherbak et al-
(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 et al. (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
Fl hybrids developed from cytoplasmic male sterile lines
were 8 to 10 days earlier. In certain Fl hybrids derived

from cytoplasmically male sterile and restorer lines,

- Seetharam et als(1977) recorded very high and significant



heterosis for days to flowering, plant height, 100-seed

welght, o0il content and seed vield in desirable direction.

7Singh et als(1978) reported heterotic response
for seed yield, number of filled seeds and 100-seed weight
in ten intervarietal hybrids. Similarly Rozhkova (1978a)
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).

< Sudhakar (1979) analysed data from 27 crosses
involving nine inbreds and three testers and found hcelero-
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 /Reddy (1980).
Increased hybrid vigour for seed yield and o0il 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 astranceanu
(1981) reported hybrid vigour for oil content in 172 Fl
cross combinations. Heterosis in sunflower was also
studied by“Shrinivasa (1982) in nine crosses and noticed

superiority of the F;s 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
100-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 et al: (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 1000-seed weight, seed
yield, head diameter and low for oil content, number of
leaves and days to flowering. < Kadkol et als(1984) ana-
lysed data from a line x tester analysis of 14 sunflower
inbred 1lines and found heterosis for earliness. Both
positive and negative heterosis for plant height, number
of 1leaves 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 1000~-seed

weight.



~"Bnashchenko et alf(1985) reported highest oil
yield of 9.0 to 40.0 per‘cent in some single cross
hybrids, while Reddy et al. (1985) obéerved heterobeltiosis
corresponding to their better parent when exceeded 100 per
cent and 10 per cent for seed yield and oil content
respectively. “Sheriff et al. (1985) noticed both positive
and negative heterosis over»bétter parent for number of
filled seeds per capitulum and seed yield.

" Giriraj et al, (1986) 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 auﬁhors found that the
characters viz., number of filled achenes, head diameter
and 100-achene weight contributed 37.7, 15.2 and 9.7 per
cent respectively towards heterosis for achene vyield.
<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 g;.' (1987) recorded heterosis for days to

maturity, oil content and seed yield per plant.

“ 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 100-seed weighpj
dhere as /Vagvolgyi (1987) reported heterosis for 1000-
achene weight especially oil content. Naik et al. (1988)
studied seed yield and eleven yield components in 36 Fl
hybrids derived from crosses between three cytoplasmically
male sterile 1lines 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.

r 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, 100-seed weight,

0il 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 100-seed weight, while
positive heterosis for plant height, head diameter, number
of filled seeds per head, o0il 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, 100-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, 100-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,

100-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.

¢/ 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 drowth
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 et al. (1980) observed significant hetero-
sis for Relative Growth Rate (RGR) throughout the growth

period for Fls involving Jai and PS~-10 parents of cotton.

1



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.

“Gautam 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
“'Nijhawan and Chandra (1986) in mungbean and glngh, et al.

(1986) in sesame.

~Anitha (1988) while studying heterotic effects in
sesame revealed that most of the crosses were exhibiting

heterosis and heterobeltiosis for LAI.

/Madhavi (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 (1983) 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 1is 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 1into 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 dgenes, while
sca to dominant deviation is an epistatic interaction.
(non - additive effects). Later’ﬁenderson (1952) defined
sca as the deviation from average of an infinitely 1large
number of progenies of two individuals. /Sprague and
Federer (1951) and éojas 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, %riffing (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.

s 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 1lines
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,

/Putt (1966) reported significant mean square for gca and

sca for all the characters. Estimates of gca were greater

16



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-

1
loped through 4 x 4 diallel mating system. - Klimov (1974)
observed both low and high gca estimates for different

varieties.

Ana@hckenkp ond Ra;hkbya\ (1974) reported high estimates

of gca for seed yield in the F hybrids. Similarly, Alba

1
and Porceddu (1975) reported the importance of high gca
for plant height, yield per plant, head diameter and
flowering date in 96 Fq 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

(1978b) observed the performance of additive gene action
for the éharacters studied. Sindagi et al. (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 to Dua (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 /k1979) 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 (1955) also observed highly signifi-

cant effects in four per cent of the total crosses.

Tuberosa et gl.‘/(l982) 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 o0il 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

P
and Yadav (1983) have assessed combining ability from a
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diallel «cross of 12 diverse varieties and inferred the
predominance of dominant gene action for all the charac-
ters except days to flowering aﬁd 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

et al. (1984) reported that all the characters, except

days to flowering were controlled predominantly by non-
additive gene action. “Sudhakar et al. (1984) observed the
phenomena of additive gene action for seed yield, hull and
0il content and non-additive gene action for days to
flowering, capitulum diameter, days to maturity, number of
filled seeds and 100-seed weight. /4 Pathak et al. (1985)
reported the preponderance of non-additive gene action for
plant height, head diameter, 1000-achene weight, yield per
plant, achene filling, achenes per plant and oil content.
/Cruz (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. ~Giriraj et al. (1987) reported predominance of

non-additive gene

height,

action for days to

100-seed weight and seed yield and also

flowering, plant

observed

that the crosses involved parents with high x low or low x

low

gca effects recorded high sca effects.

al. (1988) reported non-additive gene action for days to

50 per cent flowering, plant

diameter, seed filling per

plant, 100-seed weight, oil

plant. Similarly -Sreedhar

their separate studies also

action for several characters

Sudharani (1992)
additive
plant height, head diameter,

and plant yield.

reported predominance of
gene action for days to 50 per

100-seed weight,

height, head diameter, stem

cent, number of leaves per

per cent and seed yield per

(1989) and Kumari<(1990) in

reported non-additive gene

in sunflower.

non-
cent flowering,

oil content

#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

s

v
Deshmukh and Bhapkar (1982) observed non-additive

gene action

for Leaf Area Index (LAI),

Crop Growth Rate

“Vanisree et



(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. «Mahon (1983) also observed predominance of non-
additive gene action for the physiological attributes

viz., LAI, CGR, RGR and NAR.

Jsasi Kumar et al. (1983) observed additive gene
effects for 1leaf 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 “Nijhawan and Chandra (1985) showed the mean
squares due to the gca and sca were significant for all
characters. From this study, it appears that upto bud
initiation stage, substantial components of genetic
variance for vegetative phase T-0 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-0 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.

“Nijhawan 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 (cmzh,Net Assimilation Rate
(NAR) (mg/sgcm/day) and harvest index in pearlmillet. It
was concluded that both additive and non-additive dgene
effects are important for most of the morphological and

physiological traits.

/Baoncelli et al. (1987) 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, ang Phenotypic and genotypic correla-
tions Dbetween 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 gcas sca ratio of 1l: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

directionn can be used as good donors for improvement of

this characters.

Line x tester analysis in Pennisetum was done by

-~
Mungse et al. (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
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Kharif, rabi 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 (1990)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 drain 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 gJenotypes.
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 “11992) recorded non-additive gene
action for LAI and harvest index in 28 corsses of sesame

involving 4 male sterile lines and 7 restorer lines.

24



MATERIALS AND METHODS

20



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 rabi 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

80.5°N and a longitude of 77.53°E.

3.1 MATERIALS

Four male sterile source of sunflower (Helianthus
annuus L.) viz., CMS 851, cMs 300, CMs 302 and CMS 7-1 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 -1
3. RHA 297 8. bD-1

4. RHA 298 9. 111-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

-

e
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remaining part of the nitrogen (30 kg N) was applied at the

time of flowering and seed filling stage. Weeding and

intercultivation were done twice during the crop growth

period 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 11 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 F; s 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 hillsg with a row length of 5.00 n. A fertilizer

dose of 30 kg N: 90 kg P and 30 kg XK per hectare was applied

as a basal dose at the time of sowing. The remaining nitro-

gen (30 kg N) was applied at flowering and seed filling

stages. Effective Plant protection measures were undertaken
as a preventive measure against possible infection of pests

and diseases and suitable agronomic practices were followed

to 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.

3.2.3.1.4 100-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 oj _
O1l content: The 0il content of seeds was deter-

mined b Nucléay - i
Y ,FQY Magnetic Resonance (NMR) on a random

sample of approximately 12 g of seed and expressed as a per

cent.

3.2.3.1.6 seed yield per Plant: The seeg yield per plant was

weighed 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 wunder 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 1/5th 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.
2 Dry matter accumulation: After sampling all the

plants were separated into the components viz., leaves,

stem, flower, seed (1lst component) and roots (2nd component)

according to the stage of sampling. All the plant parts
were dried uniformly at 70°C 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 (LAIL), Crop Growth Rate (CGR), Relative
Growth Rate (RGR) and Net Assimilation Rate (NAR) by follo-

wing the formulae of Watson (1952), -Radford (1967) and

v Sestak et al. (1971).

3.2.3.2.4 Leaf Area Index (LAI)

Leaf area

Unit land area

-2 -1
3.2.3.2.5 Crop Growth Rate (CGR) (g m “day )

where, Wl and W2 are the total plant dry weights at

times tq and t, 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)

(74
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f?gff? _________ d.f. M.S.
Replications (r-1)

Genotypes (a) (a-1)

Parents (p) (p-1)

Parents Vs. Crosses (1)

Crosses (c¢) (c-1)

Lihes (1) (1-1) M1
Testers (t) (t-1) M2
Lines x Testers (1-1) (t-1) M3
Error (r-1) (z-1) M4
where, r,a,p,c,1 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 Fq
from the better parent and was calculated as per cent using

v
the formula given by Liang et al. (1972).

—f’l - B.P
Heterosis percentage = ———S-—-—-————- x 100
.PI
where,
F. = Mean volume of the hybrid for the character

1
under study.



BP, = Better Parental value, the mean of the
superior parent in the respective Cross

combination.

Standard heterosis was calculated based on standard
checks.
F, - Mean of check
Percent standard heterosis = =—=—=c—mmemmo o _____ x 100
Mean of check
To test the significance of heterosis, the
following formula as suggested byJArunachalam (1980) was

utilized.

where,
r = number of replications

t _ cal value was compared with the tabulated wvalue

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 by~Kempthorne

(1957) was followed. The linear mathematical model for

combihing ability analysis is as follows:

= A .. + e, .
Tige “AF9:,7 95 T %5 T Tk T ik
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where, Yijk = Any measurable character of the cross ixj in

th
the k replication.

M = population mean effect.
gi‘ = gca effect of the female parent.
qﬂ = dgca effect of the male parent.
i3 = sca effect of the cross (i x 7)
_ th . .
ry = Kk replication effect.
eijk = environmental effect particular to (ijk)th

individual.

ANOVA
Source daf MSS EMS
Replications (r-1)
Females (d-1) Ml E + rI + rdy
Males (s-1) M., E + rI + rsy
Females x Males (s-1) (d-1) M3 E + rI
Error (r-1) (sd-1) M4 E
Where,

r = number of replications.
s = number of male parents.

d = number of female parents.

y = covariance of holf sibs = variance general combining
ability.

I = variance specific combining ability.

E = Environmental effect.



3.2.4.4 Estimation of combining ability effects
X.oo Xeooo
gca effects of females (g.) = e
. SY sdr
Xoj- X e
gca effect of males (g.) = e S
] dr sdr
. X.oo X-j
sca effects of crosses (s..) = S 5 D S
+J r sr dr
(a-1)
variance (g;) S x E
sdr
(s-1)
variance (g.) = mm— x E
] sdr
(s-1) (a-1)
variance (s; .) = e — = x E
+J sdr
2
variance (g.-g.) females = ———— x E
1) sr
2
i - males = -——— X E
vVariance (gi gk) ir
2 (s-1)
i ( - s5..) = -TTTTTTTT x E
variance Sij 145 or
2 (da-1)
: ) = emem—————TTTT X E
Variance (Sij Sik ar
(28d - s — d)
) =  emmm————TmTTTT x B
Variance (Sij - 51k rsd

34



3.2.4.5 Estimation of components of variance

To .
calculate the gca and sca variance components,

the following formula of Singh and Chaudhary /(1977) was

followed.

_ M, - M
covariance of hal$ sibs (lines) = _1 2 3_

rs

_ M, - M

covariance of half sibs (testers) = ——gf___§__
rd
1 Ml(s—1)+M2(d—l)
covariance of half sibs = ———-—-—-==- | ~"T77Tm7TTTTTTO - M
(average) r(2sd-d-s) L s+d-2 3
(M.-M, ) + (M,-M,) + (M3—M,)

Covariance of = SRS S, R 2__&______§__é__ +
full sibs 3r

_.—___..——_._——____._._.___.__._.._.._——._

M. = MSS due to males-.

M. = MSS due to females.

=
Il

Mss due to females X males.

=
Il

MSs due to error-
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number of replications.

o)
1l

number of females.

S = number of males.

gca to sca 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. -0
t-cal = ———=L———— ; t-cal = ———F—o—-n-
SE(gi) SE(g.)
A
S. . -0
t-cal = -—-%d———__
SE (sij)

t-cal value is compared with t-table value at error degreeés

of freedom.
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CHAPTER IV

RESULTS

The experimental material comprising of 4 male
sterile 1lines 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 Dblock design. The data was collected on six
quantitative characters viz., days to 50 per cent flowe-
ring, plant height, capitulum diameter, 100 seed weight,
0il 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 Bnalysis 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 yca 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 (Table.l) 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 o0il 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.

oo
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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
Ccharacters (Table.2) and certain physiological parameters

are presented in Table.-3.

4.2.1 Yield and Yield Contributing Characters

4.2.1.1 Dpays 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 (CMsS 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-1 (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-1).



Tzble 2: Mean performance of parents and hybrids of sunflower for the yield and yield
contributing characters

Days to Plant Capitulum 100 seed 01l Seed yield
Source 50% height diameter weight per cent .per plant
flowering {cm) (§;§ {g) {9)
Cines T
E:: gz; :9.33 87.40 8.43 3.35 31.44 21.83
9.33 94,00 7.83’/ 3.03 33.07 16.70
tMs 302 55.33 82.80 8.37 4.30 32.26 14.37
CMS 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 15.17
bD-1 59.33 104.60 6.73 3.40 32.45 17.60
RHA 859" 58.67 90.60 6.70 3.57 31.18 17.67
RHA 271 56.00 95.13 6.37 3.59 30.43 18.50
MRHA-] 58.33 100.47 6.60 3.52 29.58 17.53
RHA 297 57.67 99.20 6.47 3.62 36.49 17.87
111-R 57.67 88.93 7.80 4,20 35.04 23.717
1B-29 57.67 88.00 8.80 3.99 33.02 21.77
RHA 272 58.67 100.33 6.53 3.62 37.57 16.37
RHA 58§ 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 bD-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 37.88 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-R 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 bD-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 IB-29 55.00 99.47 10.30 4,29 39.78 25.35
CMS 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 Plant Capitulum 100 seed 011 Seed yield
Source 50% height diameter weight per cent per plant

flowering {cm) {em) (9) {q)
CMS 302 x RHA 298 53.67 109.20 11.60 4.04 36.89 26.55
CMS 302 x bD-1 56.67 122.60 12.33 5.89 41.16 28.30
CMS 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 25.76
CMS 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 IB-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 1B-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 111-R).
The hybrid CcMs 851 x 111-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:§§‘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 (IB-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 111-R). The hybrids CMS 851 x 111-R recorded -

highest mean value (14.73 cm) followed by CMS 7-1 x IB-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 g (CMs 300) to 4.30 g (cMs 302). Among

the male parents the range was from 3.30 g (RHA 298) to

4.20 g (111-R).

Among the hybrids, the mean seed weight ranged bet-

ween 3.58 g (CcMsS 851 x bD-1) and 5.89 g (CMS 302 x bD-1).
i

The hybrid CMS 302 x bD-1 recordedlhighest mean value

(5.89 g) followed by CMS 7-12 x RHA 586 (5.18 g) and

cMs 851 x 1l11-R (5.02 g).
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4.2.1.5 0il per cent ()

The mean o0il 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 (CMSs 302 x IB-29) to 44.87 per cent (CMS 300 x RHA
586) . The hybrids which recorded high o0il per cent were
CMS 300 x RHA 586 (44.87%), CMS 7-1 x RHA 297 (44.22%),
CMS 7-1 x MRHA-1 (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 (g)

The average yield per plant among the female
parents ranged from 16.70 g (CMS 300) to 23.20 g (CMs 7-
1). BAmong 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 g (CMS 300 x 111-R) and 31.33 g (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 g) followed by CMS 7-1 x 111-R

(31.30 g) and CMS 7-1 x RHA 859 (29.67 g).
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LEAF AREA INDEX

—+— CMS 302 x bD-1

-¥- CMS 802 x RHA 271
| B CMS 302 x RHA 272
—>%- CMS 851 x RHA 208

~&~ CMS 302 x 111-R

|

30 46 60 76
DAYS AFTER SOWING

Fig.l: LEAF AREA INDEX (LAI) IN DIFFEENT HYBRIDS OF
SUNFLOWER 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.l.

Among the female parents, CMS 851 showed higher
mean values for LAI at all stages except at initial stage

(30 pas).

Among the male parents, RHA 859 showed higher
values for LAT 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-1 showed compara-
tively high mean values at all stages of growth period
viz., 0.3544 (30 pas), 1.1749 (45 pAas), 4.114 (60 DAS) and

3.8337 (75 DAS).

. -2 -1
4.2.2.2 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.Z2. 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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CROP GROWTH RATE (g m~2day

60

40

30

20

10

- CMS 802 x RHA 288

© CMS 302 x MRHA-1

CMS 302 x 111-R

CMS 302 x 1B-28
CMS 302 x RHA 272

30-46 456-60 60-76
DAYS AFTER SOWING

Fig.2: CROP GROWTH RATE (CGR) IN g m~2day~2 AT VARIOUS

GROWTH STAGES IN DIFFERENT HYBRIDS OF SUNFLOWER
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RELATIVE GROWTH RATE (g g~ldgay1)
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Fig.4: NET ASSIMILATION RATE IN g m 2 day ! AT VARIOUS
GROWTH STAGES IN DIFFERENT HYBRIDS OF SUNFLOWER
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Among the female parents, CMS 302 performed well
at all stages while among the male parents MRHA-1
exhibited comparative high mean values at all growth
stages. Among the hybrids CMS 300 x 111-R showed higher

mean values at all the stages.
} . -1 -1
4.2.2.3 Relative Growth Rate (RGR) in g g “day

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-1 was found
to be better at all stages. The hybrid CcMS 300 x 111-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 wupto 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, (dhile some other hybrids showed
highest mean values at 30-45 DAS but exhibited steep

decline in values at later stages.

-~

N-.



, PLQte fUo.l. Field lay out of the experiment.

P Lo te No.2. Variation in plant height between
parents and hybrids of sunflower

o3



'PLOJ:B NO-3., The head of sunflower hybrid
. CMS 851 x 111-R

Plake No.4. The head of sunflower  hybrid '
CMS 7-1 x IB-29
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4.3
HETEROSTIS l4r‘lI‘ﬁQZ

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-
pited by any of the hybrids. Negative heterosis ranged
hetween —2.25 (CMS 851 x RHA 586) and -10.11 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

Aamong the forty hybrids, all the hybrids except

three of them exhibited significant positive heterosis

over better parent. Negative heggggsis was exhibited by
the hybrids CMS 300 x MRHA-1 (-3.45%), CMS 300 x 111-R
(-8.72%) and CMS 300 x RHA 297 (-11.41%) - Tn all the
three CYrossesS: the male sterile source was common (CMS

300). pPositive heterosis ranged from 5.35 (CMs 300 x bD-=

1) to 75 34 per cent (cMs 851 x 111-R). Maximum positive

heterosis was shown py the hybrid CMS 851 x 111-R (75.34%)

followed by CMS 851 x IB-29 (57.35%) -

d)
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4.3.1.3 Capitulum diameter

All the hybrids exhibited positive heterosis
4 Lwhlle none recorded negative heterosis over better parent.

Positive heterobeltiosis ranged from 17.0 (CMs 300 «x

b ﬁ_}\ v\ "

N T,

IB-29) to Z4.70, ‘per ‘cent (CMS\851, x "41. R ). Maximum posi-
(= - /

tive heterobeltiosis was exhibited by CMS. 951 x 711.R
cont! L w P28 kT U '

(74707.) followed by CMS 7.1 x IB-29 (&5.53%).
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
0.3 to -15.89 per cent. Highly significant positive
heterobeltiosis was exhibited by the hybrid CMS 302 x bD-1

(37.13%) followed by CMS 851 x RHA 272 (31.83%).

4.3.1.5 0il 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-1). Highly significant positive

heterobeltiosis was recorded by the hybrids CMsS 302 x bD-1

(26.85%), CcMs 300 x bD-1 (24.44%) and CMS 300 x RHA 586

(24.37%) .

71
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4.3.1.6 Yield bPer plant

All the hybrids except one hybrid recorded posi-
tive heterosis over better parent. Only one hybrid CMs
300 x 111-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-1 (63.50%).

4.3.2 Physiological Parameters

4.3.2.1 Leaf Area Index (LATI)

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 -89.52
(cMS 7-1 x RHA 298) to -31.62 per cent(CMS 851 x RHA 859),

ghereas positive heterosis ranged between 6.77 (CMs 300 x

111-R) and 196.28 per cent (CMS 302 x RHAS272).

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 of-16.66 per cent (CMS 300

x MRHA-1). Positive heterobeltiosis ranged from 5.12



(CMS 851 x RHA 271) to 209.28 Per cent (CMS 302 x RHA

272) . Highly significant positive heterosis was showed by
hybrids CMS 302 x RHA 272 (209.28%) followed by CMS 302 x
111-R (136.77%) and CMs 302 x IB-29 (120.85%), all of them

having 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-1). 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 111-R (80.66%) and the
lowest significant positive heterosis in the hybrid CMS

851 X MRHA-1 (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

CMS 302 X RHA 586)

values of which ranged between 4.50 (

and 126.84 per cent (CMS 7-1 x RHA 271).
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4.4 ) rES
COMBINING ABILITY ANALYSIS 7 ol

1 Estimates of gca and sca Variances (ﬁhbk—5)
1.1 Yield and Yield Contributing Characters
1.1.1 Days to 50 per cent flowering: The sca variance

com
= onent (0.4347) was more than the gca variance compo-

nent o .
=-. (0.0728) indicating the predominance of non additive

ene . :
g action (gca:sca = 0.1675). The degree of dominance

vas 1.728.

4.4.1.1.2 Plant height: The variance component due to sca
(105..31) was greater compared to the variance component
due to gca (8.6563) indicating predominance of non addi-
tive= gene action (gca:sca = 0.0822). The degree of domi-
nancze was 2.4663.

4.4 _.1.1.3 cCapitulum diameter: The variance component due
to sca (0.68%3) was more compared to the variance compo-
nen+ due to gca (0.0196) indicating predominance of non

add dtive gene action (gca:isca = 0.0284). The degree of

domiinance was 4.1929.

4.4 .1.1.4 100 seed weight: The variance component due to

sca (0.1941) was more compared to the variance component
L

due to gca (0.00E%) indicating predominance of non-

add itive gene action (gca:sca = 0.0087). The degree of

dorminance was 7.6307.

4_.4.1.1.5 0il per cent: The variance component due to sca
(3 .6136) was more compared to the variance component due

to 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 (LATI): 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 sca (0.000lQ)_ ~was 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 4.99%50. .
4.4.1.2.4 Net Assimilation Rate (NAR): The sca variance
component (18.1302 ) was more than gca variance component

(—0.30§§,) indicating predominance of non additive gene

action (gca:sca = -0.1690). 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&&ejgﬁ
4.4.2.1.1 Dpays 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 (IB-29).

Among the 1lines CMS 302 (-1.1000) and CMS 300
(-0.7338) 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 DbD-1
(0.9833) recorded significant positive gca effects while
the testers RHA 297 (-1.6000) and RHA 271 (-1.1833) recor-

ded significant negative gca effects.

4.4.2.1.2 Plant height: All the parents recorded signifi-

cant gca effects ranging from -17.247 (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., IB-29 (6.636), bD-1 (5.119), RHA 271

(4.069) and RHA 272 (3.627). Highly significant negative
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gca effects were observed in RHA-298 (-7 03)

followea by
RHA 297 (-6.529) and 111-Rr (-4.431).

4.4.2.1.3 Capitulum diameter:

All the

Parental 1ines
recorded significant

gca effects for the Capitulum dia-
meter ranging from ~1.0675 (RHA 297) to 0.9658 (111-r)

Among the lines, only one line CMS 300 (-0.8092)

recorded negative gca effects whereas

remaining thre€

lines CMSs 851 (0.3875), CMS 302 (0.2708)

and cMs 74
(0.1508) recorded significant positive gca effects.

Among the testers, four recorded significant posi”

tive gca effects and six recorded significant negative geca
effects. Highly significant positive gca effect wa%
recorded by the tester 111-R (0.9658) and highly Signifi’
cant negative gca effect was recorded by the tester RHA

297 (-1.0675).

4.4.2.1.4 100 seed weight: The gca effects for the 100
054
seed weight ranged between -0.3284 (MRHA-1) and 0.39°

(RHA 586) -

Among the lines, two lines CMS 7-1 (0.2789) and
cMs 302 (0.1277) recorded significant positive gca effect?®
- =
nile two lines CMS 300 (~0.2701) and CMsS 851 (-0.136%)
whi

recorded significant negative gca effects.

. .e:~ant
Among the testers, three recorded 51gn1f;u-ffln

. . . .. ~ant
Positive gca effects while three recorded su_:mlfl‘-*"ln
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gca effects were observed in RHA-298 (-7.03) followed by

RHA 297 (-6.529) and 111-R (-4.431).

4.4.2.1.3 Capitulum diameter: All the parental lines
recorded significant gca effects for the capitulum dia-

meter ranging from -1.0675 (RHA 297) to 0.9658 (111-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 7-1

(0.1508) recorded significant positive gca effects.

Among the testers, four recorded significant posi-
tive gca effects and six recorded significant negative Jca
effects. Highly significant positive gca effect was
recorded by the tester 111-R (0.9658) and highly signifi-

cant negative gca effect was recorded by the tester RHA

297 (-1.0675).

4.4.2.1.4 100 seed weight: The gca effects for the 100

seed weight ranged between -0.3284 (MRHA-1) and 0.3954

(RHA 586) .

Among the lines, two lines CcMs 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 significant

positive gca effects
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negative gca effects. Highly significant positive gca
effect was showed by the tester RHA 586 (0.3954) and

highly significant negative gca effect recorded by the

tester MRHA-1 (-0.3284).

4.4.2.1.5 0il 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, two 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 -1.6349 (RHA-297) to

1.4653 (RHA 271).

Significant positive gca effect was exhibited by

the 1line CMS 7-1 (1.0263) and significant negative gca
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effects exhibited by the lines CMS 300 (-0.6321) ana
CMS 302 (-0.3221).

Among the testers, RHA 271, RHA 586 and MRHA-1
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 111-R (-0.5368).

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 (IB-29) to 0.6594 (CMs 302).

Among the 1lines, 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 1IB-29 (-0.3466)

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 (2.66)
whereas the line CMS 302 (6.824) recorded highest signifi-

cant positive gca effect.
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Among the testers, RHA 85¢ (-3.536) recorded
highest significant negative gca effect while 111-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

(111-Rr).

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 111-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—1.9734 (RHA 586).

Among the lines, CMS 300 (-0.6737) and CMs 302

(-0.3734) showed significant negative gca effects while

cMs 851 (0.5706) and CMS 7-1 (0.4766) exhibited signifi-

cant positive gca effects.
Among the testers, RHA 272 (-3.0366) exhibited

maximum negative gca effect while highest positive gca
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effect exhibited by CMS 586 (1.9734) followed by RHA 859

(1.6618) and MRHA-1 (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-7.
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-1) 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-1 (-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 111-R). out of forty F s, 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 ﬁHA 298 (18.0301) whereas the hybrids CMS 300

70



1
-

7

*x8G60° [ - *x(800°0

xx81p°G x+bp6€°0-  xx8920°1- ¥6€2°0 G180°0- #x85¥8°0- =xxp¥80°El xx££E£272- L-YHYW X 20§ SWI
*x£100°¢ 9000°0- tvet *x26£2°0 *x0G16°2- L18€°0  xx0952°0 8G6L°0  *x95107 [~ 00G1°0- LL2 ¥HY X 20¢ SWD
xxY[6G6°G- xx0110°0- ¥xp60 - 6600°0-  »x/[801°2- *x9E2L"1L 90000 8020°0- =xx£2£8°[- £910°1 658 YHY X 20¢€ SWI
xx38909°6¢- xx0400°0~ #x698°G-  xx5088°0 *1218'L  *x8[60°L  xxl£02°1L 85¥L°0- yveL0 »005€° 1 1-09 X 20¢ SW)
xx[966°§ *x[110°0- xx600°€-  *x87286°0- G2h0°0  »x86Y6° L~ ¥xGEVE"O- 86t2°0- 961670~ £995°0- 862 YHY X z0¢ SW)
6L%1°0 *x8210°0 *x[88°7 *x[129°0- 1200°0- =*x209€°% 65¥L°0 *2h€E°0  »x108L7¢ £esL 0~ 986 YHY X 00€ SWd
xx8892°¢- £200°0- OvL*l-  xx£80£°0- PS6L°0  xx1996°1 8L¥0°0 800¢2°0 6¥69°0- £3810° (- ¢LZ YHY X 00€ SWI
*x29/2°2 xx1600°0- 882°0 #x[09.°0 18211~ xx61€2°1L *8LLL°0 »x80%9°L- +x6696°01- [910°L- 6Z-81 X 00€ SWJ
xx|205°€- =x0010°0 *x50L° ¥ xx93809°0-  xx620L°%- 6961L°0  »x[€82°0- =xx8GLL°0~ =xx669S°CL~ 000b°0 d-L1L X 00¢ SWJ
*x8ELL79- 6100°0~ #x[21°€~  *x9650°0 8hvy 0~ *x9000°€~ {$L0°0 *8G1E 0~ *»x/[G6E°6- 0006°0 £6C YHY X 00€ SWIO
xx6[LG°Y +x8800°0- *xG19°G-  *x625L°0 *»»662G°1  +x9000°¢~ b921L°0  *xx2HEH0  xx2E€0L°G- £990° L L-YHYW ¥ 00f SWI
xx[8E86°0 #x6.00°0~ 0ve"o *x£8L9°0- ¥8G¥°0 68¢2°0- G601 °0- =x*xS2HL°L *»xH€99°0L £918°0 142 VYHY X 00 SWI
xx292¢°1 *x£900°0 G2¥°0-  *x0090°0 »x6LLE°L  *xv969°0- 6620°0- xx5268°0  +x108.°9 £€89°0~ 668 YHY X 00E SHWI
xx6269°0- +£€00°0- xx096°¢ ##EY22°0 *x88¢L° L 8LEZTO0 *BL9L"0- ¢660°0- 1082t »+006¢€° L~ 1-0q X 00¢ SW3
*x$048°€ xL€00°0 0¥8°0-  »x¥LGE"OQ *x5/80°1 »x¥990° L - £y20°0 G2€2°0- xx10£0°8L £990°1 86¢ YHY X 00E SWI
x*x20%€°¢€ *x9€00°0 *x0[L°2 #+[6LG'0 xx12¥1°2~ *xb0E6°C~ xxbblb 0- x856970- +x6819°21-  L918°0 989 VHY X 148 SW3
*x9£50° L *x£500°0- xx008°€~  »x£G92°0- *886L'0  xxb506°0  »xG16%°0 8660°0- x»xy6€8° 9 €£86°0 LT YHY X 168 SWI
8v€2°0- *££00°0~ #x[92" %~ £L00°0 GLL0°0- %x6/2.'0  xxG8GE°0- x»xB0L9°0- =xx95€¥°6- £910°0~ 62-91 X 168 SW3
*x2092°¢ x»y510°0- xx0PL"E-  *xG6LE°0- L£69°0  *x$0€9°0- xx0888°0  »x29¥G6G°1 *x[[60° 6L £992°0- d-11l X 168 SWI
2500°0 ¥x1£00°0 *x829°9 *x1£S0°0 *x6225°C  +x$%868°0  *x¥6[€°0 Zh50°0  xx2S6L°Y Egey 0~ [62 YHY X 168 SWI
9¢sL-0 xx€210°0 xx016°6-  »x6LEV°0- SvLp 0~ €L9E°0-  »€261°0- =xxGLE9°0  xxbPOL°S £990°0 L-VHYH X {68 SWI
xx£208° ¢~ *»£600°0~ *xG40°€-  xxp0bG°0- PEVETO  xx1[€9°7 2600°0 802270~ 96¢€° 0~ £gsL 0~ (L2 YHY X 1498 SWI
x| 8L "€~ 6000°0- xx012°Y »x8G51 "0~ [8ly"0-  xL[£ES°0- G180°0 G¢292°0 11860 L9100~ 658 YHY X 1498 SW3
*xP6lG°E ¥x5900°0 *SELTY **x8lyY°0- ELAT €90y°0- xx8L98'0- #xG29G°0- 968L°0- 005¢€°0- -39 X {68 SHD
*»x£/21 7€~ ¥x[900°0 *x§69°¢ +x[91§71 *8028°0- xx2969°0 L2¢g0°0- 6292°0~ »x£20L°LL-  0009°0- 86¢ YHY X 148 SKI
(YyN)e3ey  (¥9Y)arey {¥93) {1v1) (6) (6) (w2) (wd) Buyiaamoyy
uot el tuw YIMOoOUY 210y UM X3put juepd 43d  juad aad Jublam d333welLp 1ybLay %05 304n0%
-Lssy 33N anljeay  -o4n doud eady jeal pLaLA Y pass 0oL  wniniide) jueld 03 sfeg
PBLPNIS SUS3DRURYD UBY 3Y3 JOJ} JBMOLJuns Jo SpLaqhy A3403 30 5323343 Artiirqe Bururquod oLiLdads jo sajewt3s]d i/ 91qe]



r?:3

19A3] 3udd 4ad [ e JuedLJLUBLS xx f{o8A3] Ju3d x3d G 3 JuedLjrubLg

¥v0€2°0 6£58100°0 690L2°1 8.6800°0 G606 0 €4962°0 LOOOELL'O 962Le°0 €096E°1L  £L096£6°0 (3fs-C15)3°s

5629170 LELELOO O 2586870 6¥£900°0 £896€°0 28602°0 £066.0°0 860GL°0 bLL86°0 €0¥Y¥99°0 (f1s3)3-s
w2y L- xx1%00°0- x10€°¢ xx00Ly 0~  xxG0€2°1- »xl0EE"L-  »£502°0  x*xGL0E"0  »xl119°8 00610~ 985 YHY X L-L SWI
*xZH8L°¢E £100°0- vee’o *x809¢€°0- £061°0 x«E92L°€- *x906€°0~ xx5269°0- «xb628°V €£8670- 242 VYHY X L-f SW)
*x80/8°¢- *x8900°0 826°0-  xxG960°0 x2228°0- =*x£88L°1 9080°0~ *%8599°L  xx[[8G"9 00G6€°0 62-91 X 1=L SWD
»xb269°1 - xx£010°0~ *x180°L-  *xG695°0 #x0289°¢  »x10G6°0-  *CLLL°0  xxG2hP°0- #x¥9G2°S 000L°0 d=111 X L~L SH)
*x6516°¢ xx2{00°0- *£96°L-  xx6£GG5°0 ¥+2€68°1- »x[S00°¢ 9210°0- 8060°0  xx8YLL°C- L8900~ £62 VHY X L-L SWD
xx8G€9°¢- «x9110°0- *x688°6 »x¥6.0°0 9820°0- «xxt2ll°E ZA 2 892270~ xx9G5$G5°2L- oool-"1t L-YHYW X L~ SHD
#x[198°0 *x[L10°0 v6e°l «x$€86°0 x»x€ELL°L »x€68L°C- 8LSL"0- xxGZLL"L- xx€2LL°E- €EBY 0~ 1242 YHY X 1-L SWD
xx26L9°L *x9500°0 60£°0 *x/G01°0 *x§602° 1~ 990L° 0 2260°0~ xx2EL°L- 120t [9LE° 0~ 6G8 VHY X L-£ SWD
*x10vL°C *¥8200°0 *»998 (-  xx0£398°0-  x»x£865°2- =x£626°0-  =xLy6l°0- =*»xG/08°0 6822°1L- 00G6E° 0 1-09 % 1-4 SW3
xx66/£9°9- 6100°0 yeL°L xx/068°0- 2h22°0- xx6662°2 xx026€°0  x»x80PL'0  *x£218°G- 000L°0 862 YHY X L-/ SHI
*x85%0° ¢~ *xp210°0- *x196°/[- xx0915°0 xx9bL€°€  xx2006°0 1€90°0 Z2¥50°0 £2€8° 0~ £E8Y°0- 898G YHY X Z0E SWD
xx[ 689" ¢- *x£600°0 #x12°9 »x49€6°0 9981 L= *x/[2/8°0 L[2v1°0- *xG/[8S°0  xx6E€.6°8- £910°1 L2 YHY X 20€ SKWI
xx£6¢8°1 *x3500°0 *x606° Y *x6998°0-  xx6L10°7  »x18PL°E- *x€£92°0  *x8G99°0  x»xL[18°EL ££89°0 62-81 X 20€ SWJ
#x2956° 1 *x8¥10°0 +x921°9 *»99G€° 0 29€1°0- »x9E8BE"L *xG18L°0- *x8G6E°0- xx£78.°0L- £eE2 0~ d-1LL X 20€ SW)
*x9261°Y 0¢00°0 9€6°{~  xx90.9°0~ 8%81'0- *x39006°0- *xSlytv"0- 80/1°0  xxl5lE°B 000tv°0- L62 YHY X 20€ SWO
(¥yN)21ed  (y9Y¥)ejey (¥92) (1v7) (6) (6) (w2) (w2) Butdamoy 4

uotyeftiw 43mMouy 310y Yim X3pul jueld 42d 3u3d uad 2ybLam 43j8werp  3ybray %06 324N0§
-LSSy 13N 3AL3e|3Y -049 dou) e3Jdy jean plLatLA LLo paas QoL wninitde) jueld 01 sAed

£ @2lqel *°p3juold



x 111-R  (-13.5699), cMs 851 x RHA 586 (-12.6189) and

CMS 7-1 x MRHA-1 (-12.5456) exhibited significant negative

sca effects.

4.4.3.1.3 Capitulum diameter: Estimates of sca 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 111-R (1.5542) and CMS 300 x RHA 271 (1.1425).
Highly significant sca effects in the negative direction

was exhibited by the hybrids cMsS 300 x IB-29 (-1.6408),

cMS 7-1 x RHA 859(-1.1342) and CMS 7-1 x RHA 271 (-1.1175).

4.4.3.1.4 100 seed weight: The sca effects for the trait
ranged from -0.8478 (CMS 851 x bD-1) to 1.2037 (CMS 302 x

bD-1) . 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-1 (1.2037) followed by CMs 851 X 111-R (0.8880).

Significant negative sca effect was maximum in the hybrid

cMs 851 x bD-1 (-0.8478) followed by cMs 302 x 111-R

(-0.7815) -
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4.4.3.1.5 0j .
11 per cent: The sca effects for o0il per cent

ranged between -3.9304 (cMs 851 x RHA 586) and 4.3602 (CMS

300 : s
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 111-R) to 3.6820 (cMs 7-1 x
11kRr). 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 CMsS 7-1 x 111-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 111-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 -0.9828 (CcMs 302 x RHA 298)

to 1.5161 (cMs 851 x RHA 298). out of forty hybrids, 18

recorded significant negative gca effects while 20 recor-

ded significant positive gca effects. Highest negative
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sca effect expressed by the hybrid cMs 302 x RHA 298
(-0.9828) followed by CMS 7-1 x bD-1 (~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 -7.9615 (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
111-R  (6.126). The maximum negative sca effects were
observed in the hybrids cMS 302 x RHA 586 (-7.9615) and

CcMs 7-1 x 111-R (-7.081).

4.4.3.2.3 Relative Growth Rate (RGR): The significant sca

effects for the RGR varied from -0.0154 (cMs 851 x 111-R)

to 0.0177 (cMs 7-1 x RHA 271). out of forty hybrids, 17

significant positive sca effects with maximum 1n

showed
the hybrid CMS 7-1 x RHA 271 (0.0177) followed by CMS 302
x 111-rR (0.0148). The significant negative sca effects

recorded by 16 hybrids with highest in the hybrid CMS 851

x 111-R (-0.0154) followed by cMs 302 x RHA 586 (-0.0124).

4.4.3.2.4 Net Assimilation Rate (NAR): The significant

between —6.7138 (cMs 300 x

sca effects for the NAR ranged

76



RHA 297) and 7.4192 (CMS 7-1 x RHA 85Q). Among the 460

hybrids 17 exhibited significant negative sca effects with
maximum in the hybrid CMS 300 x RHA 297 (-6.7138) followed
by CMS 7-1 x RHA 298 (-6.6799). Whereas 19 hybrids expre-
ssed significant positive sca effects with maximum in the
hybrid CMS 7-1 x RHA 854Q (7.4192) followed by CMS 302 x

RHA 298 (5.9567).

7



DISCUSSION
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CHAPTER V

DISCUSSION

The discovery of cytoplasmic male sterility by
Leelercqg (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 wusing 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 éttempt 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
s

weight while the line CMS 7-1 exhibited dwarfness, highgz/

mean values for capitulum diameter, oil per cent and seed

vield per plant.

Among restorererHA 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 111-R recorded higher mean values for 100

-

seed weight and seed yield per plant.
The data on mean performance of Fl hybrids indi-
cated that the crosses CMS 302 x RHA 297, CMs 300 x 111-R

and CMS 851 x 111-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 Aanand (1984), Kadkol et al. (1984) and

e

Sreedhar (1989) reported early flowering while Sheriff et

al. (1985) and Giriraj et al. (1986) reported a reduction
. - . » ) \
in plant height in certain Fl crosses. Higher mean values

for 100 seed weight and oil per cent was observed in the

e

hybrids CMS 302 x bD-1 and CMS 300 x RHA 586, respec-
tively. On the other hand, higher values for seed yield
per plant was noticed in CMS 7-1 x RHA 271 and CMS 302 x

RHA 586. Earlier workers Putt (1964), Sheriff et -al.

(1986), vanisree (1987), Rajini (1988)7 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 was

1
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 perfofmed 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 1is practiced.

Since, no single parent possegg)all desirable traits,

selection should be done on the basis of yield possibly

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 iﬁ hybridisation programme for
improving seed yield and other yield contributing traits.

A close study of the data regarding F hybrids revealed

1
that the crosses CMs 302 x RHA 586, CMS 7-1 x RHA 271, CMS
7-1 x 111-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-1 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

production per unit land area over a certain time

matter
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 111-R showed comparati-
vely high mean values for CGR and RGR at all the growth
stages. This shows that the cross CMS 300 x 1l11-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 1t 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
F, 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 =-10.11 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.
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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 (l959)jalso reported that heterosis

expressed for component characters.

A positive heterosis for yield was reported Dby

several workers like Putt (1964), Grebenjuk (1968), Vulpe

(1966 and 1977), Shankara (1983), Chaudhary and Anand’
(1984), sSailaja (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 al. (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-1

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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Table 8: Average seed yield of promising hybrids of present study in relation to their
parents and checks viz., APSH-11, MSFH-17 and Adarsh 3425

Average seed Percentage increase over
S.No. Hybrids Yield per  m oo oo e
piant (g) Mid Better APSH.-11» MSFH-7 - Adarsh.
parent parent (28.67¢] Tag.0714] 3425
__________________________________________________________________________________ Czs:213]
1. CMS 302 x RHA 586 31.33 71.48 47.32 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 1B-29 28.85 63.15 32.52 0.98 2.78 2.21
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

10. CMS 302 x bD-1 28.30 77.10 60.79 - 0.82 0.32



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 CcMs 300 x RHA 272 (-10.11%). The

positive heterosis for plant height was maximum in the

hybrid cMS 851 x 111-R (75.34%).

Vranceanu (1981) and Anashchenko et al. (1985)

observed hetecrosis for oil content while Sectharam ct al.

(1977) and Singh et al. (1978) reported heterosis for 100
seed weight. Vulpe (1966) and Setty and Singh (1977)
observed heterosis for earliness and reduced height in Fl

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 Dbetter over mid parent, better parent and also

over standard checks viz., APSH-11, 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.

pParticularly encouraging is the marked heterosis exhibited

for seed yield and 0il per cent which are the economic

characters.
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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 IB-29.
Singh et al. (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
et al. (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 per se 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, CcMs 302 x 111-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 111-R. But these
crosses were not better yielders indicating that hetero-
beltiosis for RGR does not contribute much to the seed
yield. Gupta et al. /11980) 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 ang 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-1 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 (1971) in corn hybrids, Deshmukh
and Bhapkar (1979) in chickpea, Gupta et al. 7(1980) in
cotton, Niranjana Murthy et al. (1991{ in rice and Damodar

(1992) in sesanme.
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 1line 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

were predominantly under the control of
7

the characters

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 et ”
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present study for other characters is in agreement with
the findings of Pathak et al. (1985), sheriff et al.

(1986), Sreedhar tl989) 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, 1line CMS 851 recorded
significant positive gca effects fdr days to 50 per cent
flowering, plant height, capitulum diameter while
exhibited significant negative gca effects in case of
economic traits 1like 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.
Tt 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

capitulum diameter, 100 seed weight and oil per cent will

also be good combiner for seed yield per plant.

Among the male parents, IB-29 and bD-1 were

proved to be good combiners for days to 50 per cent flowe-

ring and plant height, while 111-R was found to be good

combiner for capitulum diameter. For 100-seed weight and

0il 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 271 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
111-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-1
(1.8121) were found to be pbest specific combiners for seed
yield per plant. among the hybrids showing significant
no female parent contributed more

positive sca effects,

than 50 per cent of the crosses with positive sca effects.
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Th
€ sca effects of top five crosses (Table-9)
reve
aled that none of the crosses combined high sca effect

for all the economic traits viz., seed vield, 100-seed

weight i jor i
g 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 (19835 found that c¢rosses with

high sca effects rarely involved two good combining

ability parents.

vVanisree et al. © (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

)
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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 sca 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 LATI
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 et al. (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 et al.
(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 Dby 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
et al. (1990) in pearl millet and Damodar (1992) in sesame
while Niranjana Murthy et al. (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 RIA 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 111-R expressed significant positive gca effects
for CGR. The hybrids CMS 7-1 x RHA 271 and CMS 302 x 111-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
pe 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 -10: Good general combiners and best specific crosses of
sunflower for various characters studied

Parents
Character Crosses
Lines Testers
Days to.5O per cent CMS 302 RHA 297 CMS 302 x MRHA-1
flowering CMS 300 RHA 271 CMS 300 x bD~-1
CMS 300 x RHA 272
CMS 300 x 1IB-29
Plant height CMS 851 IB-29 CMS 851-111R
bD~-1 CMS 300 x RHA 298
RHA 271 CMS 302 x IB-29
CMS 302 x MRHA-1
Capitulum diameter CMS 851 111-R CMS 7-1 x IB-29
CMS 302 IB-29 CMS 851 x 111-R
RHA 859 CMS 300 x RHA 271
100 Seed weight cMS 7-1 RHA 586 CMS 302 x bD-1
CMS 302 bD-1 CMS 851 x 111-R
RHA 272 CMS 851 x RHA 272
CMS 851 x RHA 297
0il per cent CcMS 7-1 bD-1 CMS 300 x RHA 586
CMS 851 RHA 272 CMS 7-1 x MRHA 1
RHA 586 CMS 7-1 x RHA 297
Yield per plant CMS 7-1 RHA 271 CMS 7-1 x 1l11-R
RHA 586 cMS 302 x RHA 586
CMS 851 x RHA 297
Leaf Area Index cMSs 302 RHA 271 CMS 851 x RHA 298
(LAIL) MRHA-1 CMS 7-1 Kx RHA 271
CMS 302 x RHA 272
Crop Growth Rate cMS 302 111-R CMS 851 x RHA 297
(CGR) RHA 272 cMs 302 x 111-R
MRHA-1 CMS 7-1 x MRHA-1
Relative Growth cMs 302 111-R CMS 7-1 x RHA 271
Rate (RGR) RHA 271 CMS 302 x 111-R
CMS 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-1 CMS 300 x MRHA-1
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CHAPTER VI

SUMMARY

The present investigation was taken up with a
view to estimate the heterosis, combining ability and gene
action 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-1, bD-1, 111-R and IB-20. 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, 100 seced
weight, o0il 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 et al. (1971).

Analysis of wvariance for combining ability
revealed significant denotypic differences for all the

characters studied indicating that the differences

98
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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 rccorded higher mecan values for capi-
tulum diameter, oil per cent, vyield per plant and RGR.
CMS 300 and CMS 851 recorded higher mean values for plant
height and LAI respectively. Among the testers, MRHA-1
recorded higher mean values for CGR and RGR while 111-R
exhibited superior performance for 100 seed weight and
yield per plant whereas RHA 271, bD-1, IB-29, RHA 272, RHA
859 and RHA 586 recorded better performance for carly
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-1 and CMS 300 x RHA 586 recorded high mean

values for LAI apnd 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 -10.11 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-1l for 100 seed weight
over Dbetter 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
LATI 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-
siological parameters. Among the lines (females) CMS 302
and CMS 7-1 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 Dbe good combiners for seed yield. MRHA-1 and

111-R were found to be good combiners for physiological
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parameters. The cross CMs 7-1 x 111-R showed maximum sca

effect for

yield while highest positive sca effects for

vield 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.,

LAT, 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.

1

01



LITERATURE CITED



LTUVERATURE CITED

Agricultural Situation in India 1993 All 1India Final

ggiimates of Principal Crops 1992-93, Vol.XLVITT No.8

Alba‘E and Porceddu E 1975 Combining ability estimates in
1nbreq sunflower 1lines. Annali della Facolta di
Agraria Universita di Bari 27 : 869-877.

Allison J C s 1971 Analysis of growth and yield of inbred

and crossbred maize. Annals of Applied Biology 68 :
81-92.

Anashchenko A V, Burlov V V, Buchuchanu M I, Vilichku F K,
Gorbachenko F I and Ryabota A N 1985 The productivity
of different sunflower hybrids types. Maslichnye
Kul'tury 4 ¢ 31-32.

Anashchenko A VvV and Razhkova Vv T 1974 A study of
combining ability for seed yield in sunflower. Trudy
PO, Prikladnoi Botanika, Genetika i. Selektsii 53 (3)
: 221-227. Plant Breeding Abstracts 54, 1975.

Anitha N 1988 Studies on genetic divergence, heterosis
and combining ability in Sesamum indicum L. M.Sc.(Ag)
thesis, Tamilnadu Agricultural University, Coimbatore.

Arunachalam V 1980 Cited by Upendranath K 1980. M.Sc.
(Ag) thesis, Andhra Pradesh Agricultural University,

Hyderabad.

Baoncelli S, Cecconi F, Pugliesi C and Rocca M 1987
Genetic analysis for some agronomic characters of a
sunflower diallel cross. Helia 10 : 21-27.

Chaudhary S K and Anand I J 1984 Heterosis and inbreeding
depression in sunflower. Crop improvement 11 : 15-19.

jeterosis for seed yield
Chaudhary S K and Anand I J %985 I :
trai{s in sunflower (Helianthus annuus L.). GCenetika

17 ¢ 35-42.




Chi
hidambaram S and Sundaram N 1990 Heterosis in varietal

crosses of sunflower. Madras Agri
(9-12) : 517-519. M gricultural Journal 77

$Cruz Q D }986 Heterosis and combining ability for yield
and yield components in sunflower (Helianthus annuus

L.). Philippine Journal of Crop Science 11 : 171-174.

7 Damodar G 1992 Genetic analysis of yield and certain

physiological parameters in sesame (Sesamum indicum

L.)- M.Sc- (Ag) thesis, Andhra Pradesh Agricultural
University, Hyderabad.

Dedio W 1982 Variability in hull content kernel oil
content and whole seed o0il content of sunflower
hybrids and parental lines. Canadian Journal of Plant
Science 62 : 51-54. e

7 Deshmukh R B and Bhapkar D G 1979 Phiysiological basis of
heterosis in chickpea (Cicer arietinum L.). Legume
Research 2 : 89-92.

/Deshmukh R B and Bhapkar D G 1982 Physiological genetics
of yield in chick pea (Cicer arietinum L.). Legume

Research 5 : 66-68.

“pua R P 1979 Studies on the stability of genetic
parameters for the o0il and yield components in
sunflower. Thesis Abstracts. Haryana Agricultural

University 5 : 94-95.

-pua R P and Yadava T P 1983 Combining ability in
sunflower. Indian Journal of Genetics and Plant

Breeding 43 (2) : 129-136.

. Faure M F 1976 Hybrid sunflowers : They're here now.

World farming 18:16-17.

Fisher R A and Yates F 1967 Statistical tables for

Biological Agricu
Group Limited, London. y7p
{

1tural and Medical Research. Longman \
i

A

03



JE i
ureitnfi and Frank J 1981 Study of combining ability in
ower lines and genetical analysis of combinations

ggang the Criffing method. Novenytermeles 30 : 289~

“Gautam P L and Jain K B L. W 1985 Hetexrosis for various

characters in Duram wheat. Indlan Journal of Genetics ¢

and Plant Breeding 45 : 159°165.

“Ge C F 1981 Study on the utilisation of hybrid vigour in
sunflower. Liaoning Agricultural Sciences 3 : 11-14.

“Giriraj K, Shanta R H and Seenappa K 1987 Combining
ability of converted male sterile lines of sunflower.
Indian Journal of Genetics and Plant Breeding 47 :
315-317.

" Giriraj K, Shivaraju N and Shantha R H 1986 Studies on
heterosis and inbreeding depression in selected cross
combination of sunflower. ~Journal of Oilseeds

Research 3 : 67-72. .

-Grafius J E 1959 Heterosis in Barley. Agronomy Journal
51 : 551-554. '

Grebenjuk G K 1968 The results of a study of ways of

using inbred 1lines of sunflower in breeding for -

heterosis. Bull. Acad. Sci. Moldav. U S S R 11 : 51-
59. N

v Griffing J B 1956 Concept of general and specific
combining ability in relation to diallel <crossing

systems.
463-493.

studies of the heterosis effect and the

“ grozev D 1963
Inst. Rasten

method of hybrid seed production. Izv.
News. Inst. Pl. Industri. Sofija 51 : 69.

—.

Australian Journal of Biological Sciences 9./_

o o=



105

Guptgr SthN, Avtar_slngh, Mor B R and Jatasra D S 1980
ow analysis of parents and hybrids for
developmgntal traits in Upland cotton. Indian Journal

of Genetics and Plant Breeding 40 : 338-346. 7

" Haripriya s 1989. Combining ability analysis, heterosis
and correlations in sesame (Sesamum indicum L.).
M.Sc. (Ag) thesis, Andhra Pradesh Agricultural

University, Hyderabad.

. Hendergop C R 1952 Specific and general combining
ability, heterosis. Chp 22 Iowa State Cell Press
Ames. Iowa.

~Jensma J R 1973 International conference reflects

igcendency of the sunfflower. World Farming 15 : 16-

« Jones O R 1984 Yield, wateruse efficiency, oil

concentration and quality of dryland sunflower grown

in the southern high plains. Agronomy Journal 76
227-235.

Kadkol G P, Anand I J and Sharma R P 1984 Combining
ability and heterosis in sunflower. Indian Journal of
Genetics and Plant Breeding 44 : 447-451.

. Kanakadurga K 1992 Genetic variability and combining
ability studies of new plant types in sesame (Sesamum
indicum L.). M.Sc. (Ag) thesis, Andhra Pradesh

Agricultural University, Hyderabad.

- Kempthorne O 1957 An introduction to genetic. statistics.
John Wiley and Sons, Ing., ‘ew York.: .

“Kheiralla A I and Willington W J 1962 Genetic analysis of
growth in tomato : The Fy generation. Annals of
Botany 26 : 489-504.

Kinman M L 1970 New Developments in the USDA and state
experiment station sunflower breeding programmes . In
Proceedings of 4th International sunflower conference
(Memphis Tenn, 1977) USA 181-183.



106

Klim
v M M 1974 The combining ability of sunflower

vari . : :
Kiifiﬁie?. 71{25 selektsiya i _semenovodstov mashich
o : . Plant Breeding Abstracts 46 (2)

Klimov .M M and Ermoshin s A 1977 Inter-varietal hybridi-
sation of sunflower. Seletksiya i Semenovodstvo Resp. .
Mezhed. temat. nauch. 6 : 1-22. N

"Kloczowskii 2 1971 Evaluation of the uniformity of height
and f}owerlng of certain varieties lines and hybrids
of o1l sunflower. Biuletyn Instytutu Hodowli i
Aklimatyzacji Roslin 5 : 3-9.

s

v < Rovacik A and Skaloud V 1972 Combining ability and
preélction of heterosis in sunflower. Scientia
Agriculturae Bohemoslovaca 4 : 263-273.

~Kumari D S L 1990 sStudies on heterosis and combining
ability in certain male sterile lines of sunflower
(Helianthus annuus L.) through Line x Tester analysis.
M. Sc. (Ag) thesis, Andhra Pradesh Agricultural

University, Hyderabad.

« Kurnik E and Zeller J 1962 Physiological heterosis in
hybrid progenies of members of sunflower clones TIII.
The characterisation of hybrid vigour on the basis of
developmental physiology. Iregsz. Bull. 2 : 63-70.

. Laxmi Kumari D S 1990 Studies on heterosis and combining
ability in certain male sterile lines of sunflower
(Helianthus annuus L.) through Line x Tester analysis.
M.Sc. (Ag) thesis, Andhra Pradesh Agricultural

University, Hyderabad.

studies on conversion of male sterility,

heterosis and combining ability in sunflower
(Helianthus annuus L.). Ph.D. thesis, Andhra Pradesh

Agricultural University. Hyderabad.

“Tawrence M 1986

Leclercqg P 1969 A case of cytoplasmic male sterility in
sunflower. Ann. Bmelior. Pl. 19 : 99-106.

Production of sunflower hybrids utilising

P 1971
Leclercq Sementi elette 17 : 3-9.

male sterility.



\_Llang bG H, Reddy C R and Dayton A D 1972 Heterosis
in ieedtpg depression and heritability estimates in é
Systematic series of grain sorghum enot

Science 12 : 400-411. ° senctypes. 2

‘ Madhayi K s 1988 sStudies on some morphological characters
with reference to their inter-relationship and
heterosis in Arachis hypogea L. M.Sc. (Ag) thesis,
Andhra Pradesh Agricultural University, Hyderabad.

Mangat B K and Satiya D R 1987 Genetic analysis of some
mgrphologlcal and physiological +traits in pearl
millet. Crop improvement 14(2): 145-148.

~Mahon J D 1983 Limitations to the use of physiological
variability in plant breeding. Journal of Plant and
Science 63 : 11-21.

“ Manjunath A and Goud J V 1983 Genetics of quantitative

characters in sunflower (Helianthus annuus L.) IT.
Days to flower and days to maturity. Genetica Iberica
35 ¢ 13-23.

‘Mohammad N 1983 Heterosis and combining ability studies
in sunflower (Helianthus annuus L.). M.Sc. thesis,
Andhra Pradesh Agricultural University, Hyderabad.

/ Mungse H B, Harinarayana G and Bhapkar D G 1990 Genetics

of physiological parameters in pearl millet. In
Abstracts (1990), Andhra Pradesh Agricultural
University, Second National Seminar on Genetics of
Pennisetum.

' Naik N M, Pawar B B and Dumbre A D 1988 Heterosis 1n
sunflower. Journal of Maharastra Agricultural

University 13 : 39-42.

hybrids between

M 1970 Performance of some F
neas: e I3 : 549-557.

mutant sunflower lines. Agronomi

Cross H Zz 1990 Diallel analysis of

/ o M E and ;
Nevad maize synthetics. Crop

relative growth rate in
Science 30 : 549-552.

107



. NljhaWin p C and Chandra S 1985 Role of parental
se ec?lon ﬁor _leaf area and T-0O value in deriving
superior yielding 1lines from a diallel cross of

mungbean (Vigna radiata (Ro x B) Wi
Research 8 (1) : 1-6, 1985. ) Wilczek).  Legume

Nijhawan D C and Chandra S 1986 Estimation of heterosis
ani_ componen?s of genetic variation for leaf area
ratio 1in a diallel cross of mungbean (Vigna radiata

(Ro x B) Wilczek). Legume Research 9 (1) : 1-6.

- Nikolicvig Y and Skoric D 1972 sunflower breeding in
Yugoslavia. Proceedings of 5th International Sunflower
Conference 262-266.

//Niranjana Murthy, Shiva Shankar G and Uday Kumar M 1991
Genetic analysis of photosynthelic efficiency in rice
(oryza sativa L.). In Abstracts Volume II, Golden
Jubilee Symposium on Genetic Research and Education
Current trends and the next fifty years. February 12-
15, 1991 New Delhi.

Nuthan D 1980 Study of heterosis and stability index in
sunflower. Mysore Journal of Agricultural Sciences
14(1) : 125-126.

Pathak A R, Singh B and Kukadia M V 1983 Heterosis 1in
sunflower. Gujarat Agricultural University Journal

9:62-65.

. pathak A R, Singh B and Kukadia M V 1985 Combining
ability analysis in sunflower (Helianthus annuus L.).
Indian Journal of Heredity 17 « 12-22.

_Peat W E and Willington W J 1965 Gengtic analysis of
growth in tomato segregating generations. Annals of

Botany 29 : 725-738.

vield in single inter line hybrids

Pogorletskii B K 1973
selekts. genet.

of sunflower. Sb. nauch. br. vses.
in-t 10 : 122-126.

/ putt E D 1964 Heterosis and combining ability in a
diallel cross of 10 inbreds of sunflower. Abstract of
the annual meetings of the American Society of

Agronomy U S A PP- 126.

108



P .
ug 3 dp 1966 Hetgros;s and combining abilitty and
predicted synthesis from a diallel cross in sunflower

Radford P J 1967 Growth analysis formulae, their use and
abuse. Crop Science 7 : 171-175.

Rao P X A 1980' Diallel analysis of +ten quantitative
cha;acters in sunflower. Mysore Journal of
Agricultural Science 14 : 260. =

Rao N M and Singh B 1977 Inheritance of some guantitative
characters in sunflower. Pantnagar Journal of
Research 2 : 144-146.

Reddy VvV C 1880 Evaluation of certain male sterile

genotypes of sunflower (Helianthus annuus T..) for
combining ability and heterosis throuygh line x tester
analysis. M.Sc. (Ag) thesis, Andhra Pradesh

Agricultural University, Hyderabad.

Reddy P S, Reddy MV, Lawrence M and Sarma N D R K 1985
Heterobeltiosis for seed yield and oil content in
sunflower (Helianthus annuus L.). Indian Journal of
Cenetics and Plant Breeding 45 : 166-170. '

Rajini D 1988 Studies on combining ability, inbreeding
depression and other related aspects in a 10 x 10
diallel set of crosses in sunflower (Helianthus annuus

L.). M.Sc. (Ag) thesis, Andhra Pradesh Agricultural
University, Hyderabad.

/Rojas B A and Sprague G F 1952 A comparison of variance

components in corn yields trials. IIT. genergl,
specific combining ability and their interaction with
location and years- Agronomy Journal 44 : 462-466.

The sunflower collection as initial

v T 1978a
Rozhkova Byul. NTT

material in breeding for heterosis.
pomaslich. Kul'turam (VNIIMK) 2:8-12.

103



Rozhkoxﬁ V. T 1978b Study of combining ability in a
collection  of sunflower varieties. Biyulleten
Vsesoyuzuogo Ordena Lennia i. Orodena Druzyhby Naroba

igstituta Raslenievodata Imeni M. Valviva No.78:47~

- Rozhkova V T 1982 Evaluation of a collection of sunflower
varieties for <combining ability. Plant Breeding
Abstracts 7412, 1980.

/- sailaja A S 1984 Studies on heterosis and combining

ability in sunflower (Helianthus annuus L.). M.Sc.
(Ag) thesis, Andhra Pradesh Agricultural University,
Hyderabad.

‘{ sarathe M L and Dabral K C 1969 Heterosis studies in
Sesamum orientale L. Science and Culture 35 : 572-

573.

~Sasi Kumar B, Jaisani B G and Patil N M 1983 Genelic
effects of governing yield and its attributes in Bidi
tobacco. Indian Journal of Genetics and Plant
Breeding 43 : 59-62. T

_Seetharam A, Kusuma Kumari P, Patil N M and Sindagi S S
1977 Performance of hybrids of sunflowers produced by
means of cytoplasmic male sterility. SABRAO Journal 9
: 51-55.

~ gSestak Z, Catsby J and Jarvis P G 1971 Promotion of leaf
expansion by kinetin and benzylaminopurine. Plant
Physiology 31 : 231-322.

/ setty K L T and Singh B 1977 Line x Tester analysis of
combining ability in sunflower. Pantnagar Journal of

Research 2 : 23-26.

./ Shankara A C 1983 Evaluation of sunflower 1inbreds ?or
their combining ability by line x tester analysis.
Thesis Abstracts 9 : 284.

. Sharma R Ny, Rai B, BAgarwal R L and Gautam P L 1987
Heterosis 1n inter varietal crosses of §unflower
(Helianthus annuus L.). Rajendra Agricultural
University Journal of Research 5 : 30-39.



111

SharTa fD and Saxgna.K B.l983 Genetic analysis of some
ea charactgrlstlcs in pigeon pea (Cajanus cadjan (L.)
Millsp.). Field Crops Research 7 : 257-263.

: Shashikala T 1992 Heterosis and combining ability studies
in sunflower (Helianthus annuus L.) through diallel

ana%ysis. M.Sc. (Ag) thesis, Andhra Pradesh
Agricultural University, Hyderabad.

< Shcherbak S N, Femova V V, Klechkovaskaya M S and Gerik S
B 1975 Genetic and physiological principles of bree-
ding sunflower for high oil content, combining with a
short growth period. Nekolov. Vopr. Genet. 1i.
selektsii vast Voronezh. Univ. (1975) : 85-91. Plant
Breeding Abstracts 8724, 1977.

» Shchori Y and Pinthus M J 1969 Hybrid sunflower breeding
Res. Rep. Hebrew Univ. Jerusalam Sci. Agric. 1 : 549.

v Sheriff N M, Appadurai R and Rangaswamy R S 1985
Heterosis 1n varietal crosses of sunflower. Madras
Agricultural Journal 72 : 6-8.

‘ z

Sheriff N M, Appadurai R and Rangaswamy R S 1986
Combining ability in sunflower. Indian Journal of
Agricultural Sciences 55 (5) : 315-318.

Shrinivasa 1982 Inheritance of fertility restoration and
0il content in sunflower. Thesis abstracts 8 : 70-
71.

shuravina L G 1972 The influence of inter-varietal and
variety x line crossing on the chemical compositiop of
first generation of sunflower seeds. Trudy P.O. Piklea
duroi Botamika Senetike I. Sleksii 48 : 168-176.

sindagi S S 1976 Productivity of sunflower hybrids.
Proceedings of the VII International Sunflower
conference 27 June-3 July, Krasnodov USSR 1 : 152-161.

sindagi .S S, Kulkarni R S and Seetharam A 1579 Line x
testér analysis of the combining ability in sunflower.

sunflower Newsletters 3 ¢ 11-12.



Si

1nggua§t§t:2§ Chaudhary B D 1977 Biometrical methods in
ive eneti i i i

o pitat genetic analysis. Kalyani Publishers,

SlnghK B and Jain R P 1970 Heterosis in Mungbean. TIndian
Journal of Genetics and Plant Breeding 30 : 244-250.

Singh V K, Singh H G and Chauhan Y S 1986 Heterosis in
sesame. Farm Scilence Journal 1:65-69.

Singp J VvV, ¥adava T P and Kharb R P S 1978 Heterosis in
inter-varietal crosses of sunflower (Heljianthus annuus

L.). Crop Improvement 5 : 84-85.

Sprague G F and Federer W T 1951 A comparison of variance
components in corn yield trials II Error, year x
variety, location x variety and variety components.
Agronomy Journal 43 : 535-541.

Sprague G F and Tatum L A 1942 General vs specific
combining ability in single crosses of corn. Journal
of American Society of Agronomy 34 : 923-932.

Sreedhar N 1989 Studies on heterosis and combining
ability in newly developed male sterile lines in
sunflower (Helianthus annuus L.). Ph.D. thesis,

Andhra Pradesh Agricultural University, Hyderabad.

Inheritance of

Stoyanova I, ZIvanov P and Georgiev 1971
Genetika 1

some sunflower characters in the Fl'
Selektsiya 4 : 3-14.

v and Ivamov P 1975 Features and
Byul. nauchtekhn.
2 : 7-11 Plant

Stoyanova I Velkov
problems of heterosis in sunflower.

infornormorpo maslich. Kutaram
Breeding Abstracts 9720, 1977.

Sudhakar D 1979 Heterosis and compining abiliFy in
sunflower. Mysore Journal of Agricultural Sciences

13:476.

s 1984 BAnalysis of

etharam A and Sindagi S !
Sudnakar D/ 52 Journal of Oilseeds

combining ability in sunflower.
Research 1 (2) @ 157-166.

112



Sudhgii?it S _N 1992 $tudies on heterosis and

Tinit ¥ in certain ma}e sterile lines and restorer

o .tlg §unflower (Helianthus annuus L.) through Line

: cstoer unalys%s. M.Sc. (M) thesis, Andhra Pradesh
gricultural University, Hyderabad. | |

combining

Tubegosi Rf Alba E, . Greco I and Paradisi U 1982
valuation of combining ability in pure 1lines of
sunflower. Sementi Elette 28 - 19-22.

Vagvolgyi S 1987 Study on ways of increasing oil vyield

in sunflower. i:j: Hungarian Agricul :
36(3): 428. g griculture Review

Vanisree G 1987 Combining ability studies in sunflower

(Helianthus. annuus L.) +through diallel analysis.
M.Sc. thesis, Andhra Pradesh Agricultural University,
Hyderabad.

Vanisree G, Ananthasayana K, Nagabhushanam G V S and
Jagadish C A 1988 Studies on combining ability in
sunflower. Journal of Oilseeds Research 5 : 46-51.

Vanisree S 1992 Genetic analysis of morphological, phy-
siological and yield attributes in sesame (Sesamum
indicum L.). M.Sc.(Ag.) thesis, Andhra Pradesh Agricu-
ltural University, Rajendranagar, Hyderabad.

Venkateswarlu V 1978 Studies on heterosis and genetic
parameters in sunflower (Helianthus annuus L.). M.Sc.
(Ag.) thesis, BAndhra Pradesh Agricultural University,

Hyderabad.

Voskoboinik L K and Soldatov K I 1975 Results of studies
on breeding for heterosis 1in sunflower. Byul

nauchtekhn. inform PO maslich Kul'turam 1 : 3-6.

Vranceanu A V 1981 The performance of sunf}ower hybrids
in production. Actual and prospective progress.
Analele Institutului de cercefari pentru cereale si

plante tehnice 48 : 67-74.

Vranceanu A V and Stoenescu F M 1969 sunflower single
hybrids a production prospect for the near future.
Probl. Agric. Bucuresti 21 : 21-32.

113



Paqgs 114
Idk‘ltﬂ?

Vranceany
reStOrei V and Stoenescu F M 1971 Pollen fertility
annuus I, )gene from cultivated sunflower (Helianthus
——== L-J. Euphytica 20 : 536-541.

Vrance
anu A V, Stoenescu F M and Mandillesca H 1973

Ach 4
Bi?iezgments and prospects in sunflower breeding.
€etlin de 1'Academic des sciences Agricoles et

iggistieres 3 : 17-30 Plant Breeding Abstracts 4598,

Vulpe V V 1966 Study of some sunflower hybrids produced
through male sterility and fertility restoration.
Analele 1Institutului de cercetari Pentru Cereale Si
Plante Technice, Fundlea 34 : 391-399.

Vulpe V V 1977 Experimental results on breeding sunflower
hybrids. Analele Institutului de Cercetari Pantru
Cereale Si Plante Technice 42 : 53-60.

Wallace D H, Ozbun J L and Munger H M 1978 Physiological
genetics of crop yield. Advances in Agronomy 24 : 97-
l146.

Watson . D J 1952 The physiological basis of variation in
yield. Advances in Agronomy 4 : 101-145.

Whaley W G 1952 Heterosis (ed J.W. Gowen), Iowa State
College Press.

Yadav A K and Harisingh 1987 Gene action of some
physiological attributes in Indian mustard (Brassica
juncea L. (Zern and coss). 1In 7th International Rape-
seed Congress, Poznam Poland pp. 11~14.








