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CHAPTER-I

Lo INTRODUCTION

Sunflower' (Hellanthus annuus L. ) is among the most |mportant

oil crops in the wor'ld The major sunflower producmg countries
|n the world are “the Sovuet Unlon Argentina, Chlng, USA, ’France,
Spain, ,Romania,‘ Turkey and Hungary. Sunflowér vbec?am’e an oil crop
around the end of the 15‘)‘th cent}qry,vwhen 'Ipopulaf' selection"w.as
practiced in several parts of Russia to impro‘v;e $unf‘lower poéulatic;ns

grown at that time.

‘The cultivated sunflower (Helianthus annuus L.) is a member

bf' th‘e"‘family compositae, The genus Helianthus has a basic
. chromosome number of X=17, and contains diploid, tetraploid and

<h*ex'aploin ‘spec‘ies.i Helianthus annuus L. 1is a  diploid species

(2n"= 2x = 34) and is highly cross-pollinated crop. Heiser et al.

(1969), reported 67 species in the genus Helianthus.

The oil of sunflower possesses good odour which can be
used for a variety of cooking purposes like any other edible oil.

Sunflower oil' is a rich source of linoleic acid (64%)’which ‘helps

in washing out cholestrol deposition ‘in the c'orvonary arteries of théf



the. heart. Oil is also used in the manufacture of soaps and
: c.os‘metif:s. kThe sunflower meal, obtained after the oil extraction
ffoﬁ séed, “has a  high protein percentage and is’ usedr primarily
in ~ food _rations ‘for livestock and poultry. -Certain cultivars are *.
»‘g‘rvovlvyn‘ “f’or hon 6i|seed _o‘r co_nfectiqqery purposes, éspecia_lly in‘the’
UFSA. Its‘ s}eed.‘ oll can be used as a raw m\ateé:riAal for oleochemistry
and ’aél substi;ute ,f?!'x minerja! ’oil in ;varipu,s applications,’ such as

fuel, lubricant or an oil for hydraulic systems.

. . ' Breeding and selectioln work lto» improve sun.flower at
»expevr'lme‘ntal _stations was initiated in 1910 in the‘ USSR (Pustovoit,

.51964).' whe,r‘e‘ 1‘mas’s ’\ ’sel"ection‘_ wals | commonly’ used during the ~’early_
sfages yokf ;cultiva’r ifﬁprq\}ement (Crunadaev', 1971). Hybrids were first
obtainédvthrroug’hi mbechanica‘l or chemical,emasculatiorf, the discovery
~ of genetic mal_ewy"sx_tg’ri.lity (Guﬁadéé\), 1966) “anc_j the‘/“linkageh of male
ster’l"l’it‘y‘to ge‘nbe_tic’ markers (Leclercq, - 1966) :é:llovged .‘v,the production
of  ;the‘ first coméﬁerciailx\ hybrids" in 1970 in Romania (Vranceand et
a_l_.,‘:‘197lll). The di;covéry of ’c’:yt'oplas'mic ma[e isterility (Lecle’rcq,
1‘9v69 bin‘Fra‘ncé) ~and fertility restoring genes (Kinman, 1970 in
USA’) lvea’d to the - phenomenal rise in ’sunflovyer. production in USA
and//,/ffEuropean counfries. The first hybrid seed from this system
bévc):ame available in 1972 in USA and virtually 100 per ‘cent of
oi Iseed éunflower production is under hybrids in USA, Western

Europe, Argentina and Australia. |

kUhrau,and White (1944), Unrau‘ (1947) and Putt (1966)

conducted ’sovme of the earliest studies designed specifica'lly htov

]



evaiuate mbred lines in hybrid combinations. }They observed marked
dlfferences among iinee for combining abiiity}. Putt (1966) ‘repor\ted
.that specnfic combmmg abllitykwas ‘mo‘re |fmportant than generaii
combining ability for seed yield ’suggestmg that non-addltive genetlc
variance was. more lmportant than additlve‘ in mfluencmg yleld
»Assuming a relativeiy large, non-additive genetic component breedmg
procedures that involve some form of test cross evaluation and

ensure adequate genetic divergence among -‘parents entering crosses

might be most effective.

Ever since the:.introduction of.sunflower to India from former
| USSR in 1965, itlremalned: aimost‘confined to institutions for academic
sktudies_ and. due to inherent problems it did not “find fai/our with
farmers..‘ of late, manf potential hybrlds »are: available for
‘-commerciai euirti\‘/‘ation wnth mcreased ylelds »' icv/ii/sease resistance,
high self-‘incompat'abili.ty and uniformity of plant’iieigﬁt and maturity
(Gill,\ 1993), ;Conséduently; farmere ‘have shown great interest in
this economically viable, profitaioie crop. It is evident from the
fact that area under sunflower in Haryana increased to 1 lakh

e : ¥
hectares with a production of 1.5 lakh tonnes during 1991-92.

e
e

Major goals in sunflower breeding include improved seed
yield, earlier maturity, shorter plant height, uniformity of ‘piant
type, disease and insect resistance, and, in oilseed types, high

oil percentage.

Most of the germplasm of sunflower has been introduced

and represent, rather a narrow gene pool. Despite considerably:‘high;;




yield potential, sunflower hybrids are also impregnated with
- potential risk associated with monoculture and narrow gene pool,

as most of the cultivated hybrids are based on single cytoplasmic

male sterility source, Helianthus petiolaris, (Leclercq, 1969; -

Arnaud, 1986). Any improvement programme in sunflower therefore
should precede with infusion of more genetic variability in breeding

populations,
y ,

Keeping this information in view, the present studies were

planned with following objectives :

»i‘)"“‘ - To ClasSify the elite sunflower inbreds on the basis of

genetic d_lvergenc'e/distance, among parents entering crosses (18)

iif) . To assess the extent of heterosis.
iii) To determine combining ability effects (GCA/SCA).
iv) To determine relationship between genetic  divergence,

heterosis ‘and' combining ability.

i
7

7/
e



CHAPTER-II

REVIEW OF LITERATURE

The relevant literature on different aspects of the. present

- study has been reviewed as under :
Genetic divergénce

in sunﬂower,‘ sporadic reports are available on this 'aspect.
Ming (1987) ° identified three basic groups, ' on the basis of an

analysis of genetic divergence in 8 varieties. This allowed useful

parents to be identified for crossing to produce heterotic hybrids.

Yadava et al. (1988) classified 36 genotypes obtained from
10 countries belonging " to different continents into 9 clusters. No
relatlonship was observed between  gerotypic and geographic ’
A diy,elfsity'. Based on genotypic d'ivergence, performance and g_eogréphic
o}"igin,' E‘C74_27290, EC 68415, EC 85815, EC (97916,‘ EC 101492 and

Sunrise were useful for further exploitation,

Combining ability .

Some ' parents combine well and produce promising hyb\yi»rf;c”ls",

} I
whereas, certain others produce very poor hybrids in “cross:



combinations. The most valuable parents for the breeder are those
gwhlch combine well with other parents. It is, therefore, essential

to identify the parents having desirable combining 'abiiity. So
comblning ablllty studies are of major‘k interest ‘where‘ a breeding
programme aims at the production of hybrid progenies and their

~

derlvatives .

Davis (1927) ‘suggested . the use of top crosses. for the
estimation of general combining ability of corn! inbreds. Jenkins and
’Brunso,n‘ (1932)- stud'ied. the top cross ,progenies in .corn and were
f"‘of;_;th'é ‘view that inbred. lines in corn could be evaluated from their

,.c_:ombini'ng ability rapidly by top cross method.

: Spraglie ‘and ~Tatum . (1942) defined general combining ‘ability
as the;wai/erage performance‘ of a line.in hybrid combinations, while.
specific. combining ~ability refers to those cases in which' certain
combinations; do relatively Dbetter or worse than that could ‘be
expected on the basis ofi.average performance of the lines involved.
Cenerai combining ability.: (gca) ‘“accounts _for additive’ gene = action,
whereas, 1specific> combining ability accounts .for dominance and
epistatic interactions. Most efficient means of testing specnflc
combining ability (sca) is single tester, whlie more than one tester
is reqmr;ed for the estlmation of general comblnlng ablllty.

. Federer and Sprague (1947) and Nakamura (1956) suggested
general ~combining ability as an index of  effective genes, whereas,
specific combining ability was found to be lndex _o%w:ciommon .genes

and interaction between alleles. ' ¥



Kovacik and Skaloud (1972) studied combining ability 'in
Fi hybrids of sunflower obtained. from diallel fci"oss'es of fpurkvlii‘wes.
Thel':great'est differences in gcé'wére found for ;piéht heig:h't“and byyiye’lc’i .
of seeds per head. The high sca effects for seed yvield‘ p:etrl head
and. 0“- ‘co"ntent’ Qere shown by 'combinyatioqs 'iof Zliries derived from
Ruzy’m"a: 9 and Slo‘ven‘ska siva (Slovaki’an Ash-gfey). The fétio’ of
the va’rial‘oi‘lity' cdmpoﬁents bf generalk and speciﬁc cdmbl;ﬁing abiiity
Was 19.64 for seed weight per head, indicating that suitable

. hybrids rather. thén - parental lines ,shoul_d ‘be . selected for this

~ character.

"Anakséhén‘kok“and _Rozhkova (1974) studied c;ombi‘ning " abllity
for se‘ed'_“y‘ield'in 39'}f'or'nlls ‘of sunflower and observed that best
gca was shown by K 2140 from Australia. P‘ol‘ycros’\s,n diallel cross
and top cross method were used to study the fg"::a of 30 Soviet
varieties and g.obd‘ gca was shown by Voronezh 151, Chakinskii 269,
Chernyanka 66 and Enisel, while medium ‘,gca was. shown by

Peredovik, Armavir 3497, VNIIMK 6540 and - VNIIMK . 1646

(Klimov, 1974). .

| Alba 7and".Porced‘du" (1974) observed ‘good gca effects for
héight, stekm‘“ d:ia“mete}',k; y‘iéld. per planv"cx, head diameter and flowering
date in male sterile lines BA: 001‘ (Enisel), BA 004 (Kenia), BA 005
(Peredovik) and BA 0075 (VNIIMK 8931) and normal lines BA 020

(Chernyanka), BA 027 (Mayak), BA 034A (lreg early striped), BA 079

{0

L A
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{(Kenia) and BA 007F (VNIIMK 8931).



In an analysis of line x tester, vinvolving 10 inbred |lines
and 2 open pollinated sunflower varieties, it was observed that the
~ nature of gene action for flo'wering, head diameter, seed filling,
-husk‘ contjent and seed vyield was predominantly ‘non-additive but was
additive- for maturity and pl-ant height. Among females CM 365 and
~ CM 379 were good combiners for );ield an;i ;yield componyents‘and
CM 323 was good combiner for plant height and maturity (Shetty
and Singh, 1977).

.'”“Rozhkﬁovabl (1.978)‘ determined gca effect§ of 64 varieties and
-variou‘s-‘ inbred lines by means of top crosses using U testers. A
line frlovm the‘,var'iéty, Sputnik  showed high gca, as did 18 other
forms, including Peredovik uluchshennyi (Improved vanguard) and
a Iine. from variety G 22.l Some . reciprocal differenéles in gca were
found; wh'en,usedi,as female; eg. the line ZhS 17 gayé more heterotic

progeny than when used as male.

Rozhkova (1979) while studying the gca for yield in 43
varieties observed that the use of two testers was sufficient to give
a reliable evaluation of gca in 80% of the varieities, ‘while three
testers were needed to gi;\ZIe a reliable evaluation for 95% of the
v'ariéﬁties. The best individu?;l tester was ZhS 1.7.

Burlov  and Buntovskii (1979) identified .2 _inbr"edr lines
namely Od 2586 and K 395 which had high gca effects. for most
characters. These were the most promising for further breeding
work»’._ The g'ca, of short stemmed inbreds were determined by.:_-vtipé‘::",f#’fiz"*‘

crosses with tall Mayak and Zenit and the short Donskoinizkoroslyi
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47 and the Chernyanka 66, High gca for seed yield was shown by
.inbredsv' 3/95, 3/102, 4/13 and 3/11 and also by Chernyanka 66,
Intervarietal hYbrids betwéen the short and the tall testers also
prerd 'p'r'oAmisingl. Of these, Doﬁkoinizkoroslyi x Chernyanka 66 was
best for seed yield. In respect of oil yield the best.hybrids were
- 4/8 x Mayak, #4/13. x Chernyanka 66 and 3/45 x - Chernyanka 66

(Alekseev é_tgl_.,' 1979).

, 'Sindagi et gl_; (1979) carried out- line' x tester analysis to
fstudy,»_cc‘)mbining ability of the material comprising of 11 selfed lines
"and thr'ee,dpeh,pollinated varieties. ‘Among the lines, SZRR 234 and

3 2
had the best gca  for oil content, husk percentage and test welight,

s 69874-91 hadA‘good gca for yleld and yield - components, and S.161

The best sca for 'the number of achenes, yield, capitulum diamete'r\,
oil content and test weight was observed in Szu1541/6u X Morden,

526987H¥91 X Ramson Record and 52u15-2/1'51 x EC 68415,

The gca in 1.-1, lines was evaluated. indicating that a single

6 9
assessment, ‘using the top cross method is - sufficient to determine
gca ‘for  1000-seed weight, husk percentage and oil content

(Buntovskii, 1979).

Furedi and Frank (1981) in 10 x 10 diallel experiment

‘reported ’that lines 195, 196 and 273‘ were “isig‘nif\icantly superior

”in gca’ for'k seed yieldllro plantvs’.@elffé;cts ‘iNer‘e Hiéher"than sca
orulréc;:i:blrocalyb effect‘s‘.k Lfnes  19;'>, 1916‘ arid 137 were signji_f_i:cgnt\ly

e,
A R

superior in GCA for oil percentage of the seed, Four lines were

superior as seed parents and five as pollen parents,
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- Tuberosa et al. (1982) reborted that gca effects in the. seed

- parents ‘were fsi'g'nificant for all characters except oil and ‘seed
yield, whereas gca effects in pollen parents were significant for
all characters studied. SCA effects were sighifiéant for all the
characters eXCept oil content and plaht"héi‘gh;c'.r SCA effects for

" seed yield and oij’Ayield were greatef than gyc'a effer):ts.‘

Shankara (1983) evaluated sunflower inbreds for their
combining ab‘ili‘t);‘ by. line x’ tester ‘anayly‘sisk.' .Data’k”‘onk yield y;'an'd yield
related '.ir'cry'rait‘s v”\/"verel éhalysed fkom crosses inilflol'.\)ing 22 foreign
inbredsand the fe_stéfs bl\jAorcAiven, “ EC 68415 andu Génébool; Inbreds
275, ’ 276’,\12511,'\ 289, ‘26’3A.”a’nd 256 sh'o‘wed. gbod gca | for mbét Vi’r‘np’brytz’ant

yield ‘r‘elated traits.

Dua and Yadava (1983) observed highly significant general
and specific combining ability wvariances for Yyield and vyield

components over 7 énvironments,

Alba et al. (1985) reported good gca for seed yield and

"‘“ffz‘oil Contér!{t- in ’a 'r"esto’t“‘er )line“M’GB"H'RB and CMS'vxline‘s‘ ‘FMGB'HSEOHL ‘and
and MCBHS06. The crosses MCBHSOM x MGBHRI and MGBHS06 x MGBHR3
were”/’prorﬁi:sing' for seed yield“;an\d “the fofﬁér also for the early

f“lowerl'n‘g.*

The highest gca effects were found in lines 3 and 7 for
capitulum diameter. The crosses 7 x Armavirskii 14, 8 x Armavirets,
9 x Armavirets, 1 x Arrhavirslfii 3497, 10 x Sbutnik, 9 x

Armavirskii 14, 1 x Armavirskii 15, ‘5‘x Armavifskii 15; and
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10 'x ‘VNIIMK1646 showed high sca effects for capitulum diameter

(Cherzhentseva, 1985) .

; In comblning ability studies Pathak et al (1985) observed
PIL 2965 as one of the best general combiner for yield and yleld
components. Seven cross combinations were identified showing

positive sca efffects for yield and seeds/plant.

- Combining ability studies were carried out by Sheriff et al.

,(1985) 7r plant‘ height, capitulum diameter seeds/capltulum and

i

"vseed yleld/capltulum ‘in' 20 hybrlds obtained by crossmg 5 lmes
and 4 testers. For seed yield one line and 2 testers were identnfied
as the best combiners and 3 hybrids showed significant sca effects.

) Kadkol et al. h(1986) throngh line‘ x'tester analysis reported
that the inbreds EC 681315 EC 68414 and EC 68413 were best general
combiners while the cross EC 68415 x ES 353 showed the highest

sca effects for oul yield.

%
i

Cruz (1986) studied comblnlng ablllty for yield and vyield
components |n sunflower. Among testers, CLSUNI was the best general
combmer for plant height and Siponto was the best line., The best

combinations were VNllMK x DK Gold and Romsun. H_S§2 x Contiflor,

which were recommended for: breeding for head diameter.

Nalk et al. (1987) studied ‘combimng abillty of 3 male

sterile llnes and 12 open pollinated varletles. Among females,’ MSMOA,

1

was a good combmer for all ‘the characters except oil content,
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while " MS43A proved to be the best combiner for' oil content.  Among
b'm‘a'_l'es-, EC 42461 and EC 50277 were good combiners for yield and
its components. The best , spec1f|c combinations were MSHOA X
EC 100163 for yleld/plant and 100- seed welght and M522A X EC 93403

for oil ccontent.

Vanisree et al. (1988) studied combining 'ability for -yield

components in 10 genotypes and their F, hybrids., EC 68415, EC 68414

1
and Inbred 303 had “high gca effects for ‘most characters whereas
"{Karllc 11 8 X Inbred 303, EC 68415 X lrrago Export and Borowskn X

EC 110673 had significant positlve sca effects for seed yieldlplant

‘,Giriraj~‘gt._zi;'.:~"(1988) reported that the CMS line F48 was
a good*‘ general combiner for ﬁs’eed yield, 100-seed weight and oil
content. Among the males PR-1 and RHA27y werer’: good general
'comblners for 0|l'content and seed yleld respectlvely The cross
,F50 X PRI was the best spec1f|c comblnatlon for seed yleld/plant

and oil content.

" Cherzhentseva (1990), while studyin'g the combining ability
for seed yleld in 10 inbred lines, reported high gca effects for
lines 194 235, 237 and 255. |

e
oy o7

Rudranaik et al. (1990) evaluated 24 hybrids and the 10
parents for combining ability of yield and its attributes. GCA -effects
showed * CMS 234 to be the most desirable female parent and PR-1

and RHA801 as most desirable among testers. SCA effects reveasl_ted,,
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CMS308 x RHAS01 and CMS234x PR-1 as the best crosses for seed

yield, nUmber of leaves, leaf area index and 100-seed weight.

- Petkov (1992) studied the effect of the tester on evaluations

of gca in .inbred lines of sunflower and reported that in assessing

the GCA "of new lines, it was most ‘promising to .use oil yield/unit
U

area as' the criterion -and to use a single male-sterile hybrid. as

the tester..

o “ ‘ Baldlnl et al' (1992) evaluated new high 'eleic inbred’ lines
b‘and their hybrids for quantltatlve and qualitative yleld The best
comblmng ablllty for seed yleld and oil content was found in new
line R66 and this, combmed wuth HA3 female line produced the

hybrid with the highest oleic .acid content of 86%.

All et al. (1992) studied combininé abi\it’y of yield
cer‘neenents in a 4 x 4 dlallel cross. The cross combmatlons of
Suncom 1-1>0,- KNI and Romama wnth Suncom 90 showed the best SCA
for ) cil ‘k percentage protein percentage | a‘nd' seed yleld/plant

i
o

respectively.

/ Morales and’Mendoza (1993) studled comblnmg ablllty for
seed yield and oil content from 60 hybrids derwed w1th 5 CMS lmes |
and 12 restorer Ilnes. Among poIIen parent lmes 833R and S30R’
s:ho“\.;ed V‘g.ood ca‘ for both’ traits. The maternal lines 285 and 486

7-showed good (GCA)for ‘both traits. '
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H’gtekrpsis

| Putt (1966) reported considerable heterosis for seed yield
fvand plant height. Néagu (1970) studied thé performance of F1
hybrids b"etween mutant; sunflower lines." Hybri;ds (35) eménating
from ‘chemically and physically induced 20 mutant lines, originally
from VNIIMK 8931 x Chernyanka x (T18 x Smena), were compared
with the parents. The hybrids had a faster growth rate. Of these,
28 hybrids exhibited higher yield ranging between 118 and 245%
of the control values. Plant height showgd the greatest heterosis.
In 23 cases, the'parent with the flower head of‘tlﬁe greater dliameter’

had the greater effect on the hybrid.

"~ Burlov - (1972) s‘tudie__d the possibility of  using genetically
controlled .heterosis in sunflower breeding. Genesl for male fertility.
and for red pigmentation were inherited independentl;', each being
co‘ntrolled by amsi‘ngle dominant Qene. On cros§|ng ’/fthe green male
sterile plants with- the red culti\‘/ar Fuksinkaygﬁyll, the two genes:
proved to Ee closely linked and this brovidesy the possibility ’of
employing the pigmentation gene as a marker ini breeding sunflower

hybrids with heterosis.

¢
" Volf and Dumacheva (1972) studied heterosis in interline and
~ variety-line hybrids., Heterosis for seed vyield is more strongly

expressed than heterosis for oil content.

Pogorletskii (1972) studied the productiveness of sunflower

hybrids. The highest yield of seeds was given by a variety-line
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hybrid -obtained using the line MS2976/65-4; it exceeded Armavir
3497 in. oil content. In the best single hybrid, obtained by crossing
the lines L2658 and L2586, the oil content was 46.12% as against

44.2 in Armavir 3497.

Stoyanova et al. (1975) studied heterosis in 2500 interline
hybrids -and observed that 90% of the hybrids had marked h'eterosis,’

but only 3% exteeded the standard Peredovik, in oil yield/ha.

4 Vdskoboinik - and - Soldatov (1975',) studied heterosis and
",xr'épo‘rtedif tha.t ‘hybrids® MS$S257, MS353 and ?M127‘-,k‘exceéded the
;"‘standa‘,rc.l‘, 'VNl'IMK 8931, iby 18-30% in seed vyield and the hybrid
MML41, _obtained by crossing mutant lines, exceeded 'VNIIMK 8931 in

.'/

oil yield by 13%.

Gorba'chen‘ko> (1977) stu'died heterosis in 520 F1 »inter"linAeu,.
variety-line and intervarietal hybrids produced by diallel crosses
between short and tall varieties. The h/igh'esvt yielding hybrids were
obtained by crossing short ""‘linés‘,'.familie’s"’and varieties ‘With)'the.
variety Chernyanka 66. The best hybrid, 3/102, yielded upto 30.7°
g/ha. The best Fl'bhybrids, ‘which had 'Donsk‘oiéi;nizkdrb'slyi’ 47 as
the /shor't parent, gave a 15-24% higher seed yield than the b(etter‘w

parent,

Using ;line‘sv-“ derived from - Bulgaria, USSR, USA, France,
Romania and - Argentina, 320 interline' hybrids were bred, some - of

them outyielding the standard variety Peredovik by 10.‘7—33.8%. The



16

single interline hybrid 5 (485 x 1485) out yieldgd the standard by

- 14-15% over three years of varietal 'tr_iais (Voskpboinik, 1977) .

| Voskoboinik (1978) studied heterosis and observed that the
interlinev.hybr‘id ML3(NA234 x VK66), based on cytoplésmic male
sterility ripened in 97 days, three days before Peredovik yielding
33.3 qg/ha of seed, 16.7 q/ha of oil, respectively which was

h.h q/ﬁa .and 2.6 gq/ha more than Peredovik.

Singh et al. (1978) determined 4 yield components in ten
ihtéryafietal ‘hybrids. The variety EC 93611-1 produced good hybrids
lf used‘ as"‘the male parent. P2Ims x EC 93611-—i, EC 27638 x
EC 93611-1 and EC 27631 x EC 93611-1 were superior to the control
variety 'f_o;' seed yield‘, nurﬁber bf filled seeds and 100-seed weigh'g.
The first two of thesé“ were superior in seed yield to the better

;‘parent .

~ Heterosis for 13 quantitative characters, including vyield
components, was measured in hybfids from 27 crosses involving 9
inbreds and 3 testers. Heterosis. relative to the mid parental value

ranged upto 41% for yield and 31% for oil dconAtent;_.(Sudhakar, 1979).

Ce  (1981) studied the utilization of ~hybrid vigour in
‘sunflower. In ' the F{ ‘of 172 combinations vlvith 'a common’ cyto-
plésmically male-sterile parent, there was an' ‘average increase of
75.9% in yield, u7%fin"s;éeds/head,“ds.s%"Viri; head diameter ‘and 2243

in stem diameter.
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_Burlov et al. (1982) studied the possibilities of combining,
short é’rowth p’erjiod with high vyield invsunflower. A study of
hybrids from a complete 6 x 6 diallel indicated _that‘the fertiylity-
resforing “line 40 was the mostk promising for‘ use - in breeding for

earliness combined with heterosis for yield, leaf number and

. flower number.

Gupta and Khanna (1982) studied heteroéis for oil ,yieid
and component characters in ‘sunflower,» and ‘observed ‘ addi‘tive,
_’_domvina_ﬁc‘e and .epistatic gene action in crj;osses\‘ involving two
s;elgv‘cfio‘ns fro'm’ Peredovik and a dwarf selection from Smena.
jReciprocal récufreni selection is recommended as the most suitable

method of ffnprovement for Indian conditions.

Heterosis for seed yield, oil content and eight traits related
to vyield from 21 crosses involving seven inbr'eds" was studied by.

Pathak et al. (1983).

Chaudhary and Apand (198.u)'studied heterosis in 100 F1
hybrids. ffom 77 crosses inyquing 20 inbred; lines gnd 5 pollen
~parents in'a‘, line x tester dvesbig’n.‘ Tﬁe values of}h’etero‘siﬂs vov‘er”the
better ;:‘oargr_l):t‘were 66.23% for -1000-sed weigi?t, 69.69% for seed
yield, 64.65% for head diamefer, 2:3.17% for oii con'tent, 18.47% for
number of leaves and -7..69% for’ days to floweirikng. BY "c’ro’ss‘ing
selected lines haQirig high _combin‘i‘ng _abﬂity |wifh the best li_ﬁgs
from the world collection aof the Vavilov Institute of Plant lndustry
(VIR), high yielding hybric’isv were obtained with 10-24% higher ofl

yield than VNIIMK1646 (Buchuchanu et al., 1984).
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Heterosis for yield and 8 related traits was studied in 66
: »crossés‘ and heterosis in the F] was correlated with the performance
- of the better parent for days to maturity, head dijameter and

'.'shell_ing percentage. The range of heterosis was 47-206% for yield

and 5-55% for other traits (Singh et al., 1984).

i

~

Heterobeltiosis was observed for séed vyield in 46 h,‘y;br'fds
and for oil parentage in 41 hybrids, out of 49 hybrids derived by
crossing 7 CMS lines with 7 restorer lines. In 8 hybrids, heterosis
for seed yield exceeded 100% while in 10 hybrids, heterosis for
ovil‘ conteﬁt exceeded 10%, in ’each case over the respective better

parents (Reddy et al., 1985).

Sheriff\g_t_ al. (1985, 1986) reported that ou'g of 20 <cross
combinations involving 5 female and 4 male parents, seven crossés‘
exceeded their respective better . parents in seed /\/'feld/capitulum;
The best cross, EC 85820 x BSH1, did so by 147%'.‘ The following
crosses viz., Morden x Col, EC 75270 x Col, EC 4428 x Morden

and SUF 3 x Morden were heterotic for seed yie;ld{

" Cruz (1986) studied heterosis for yield and yield components

in 24 F] hybrids derived from eight S. lines and three open-

2
pollinated testers CLSUN1, VNIIMK and Romsun HS52, Average
heterosis for yield/plant was highest in crosses involving Sigco 37,
Contiflor ‘and Cross 5. Most of the heterotic effects for head

diameter were positive, while significant heterosis for 1000-seed

weight was exhibited only by Romsun HS52 x Contiflgr."f\f'k[hevgreatest
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‘négative heterotic effect for plant height was observed in Hysun 31

x CLSUNI:

Heterosis for vyield and 5 'compqnents was‘ studied’ in. a
diallei’crosvs involving 6 genotypes. Heterosis for Yield/plént, seéd
oil content -and 100-seed weight showed a close positive co’rrélation‘
with the GCA of the parents, Heterosis formva)'rious charaéférs
showed a hegative correlation with heritabilit)". Hence heterosis
could be predicted from the heritability value of the trait concerned

(Sun, 1986).,

Giriraj et al. (1986) studied heterosis in 10 hybrids
' de—fived ‘from crogses between 5 CMS lines a‘nd 2i resto;ers. A’ve‘rage‘
heterosis ranged from -7.7% f§r dayﬁ to flowering to 192.4% for ‘seed
yield/plant.. The percentage contributions .of Jnumber :ofkv,:filled.seeds,'\
leaf area, head diameter and 100-seed --weight towar‘drsﬁl heterosis for

seed vyield were 37.7, 20.7, 15.2 and 9.7%, respectively.

Gorbachenko (1986) studied the nature c\>f’ the expression
of heterosis for y.ield components in short sunflower ‘hybrids derived
from topcrosses between the;vari'ety Mayak and short lines. Of
these, "271 hybrids (88.6%) showed heterosis for seed yield relative
to the short standard vaiety Chernyanka 66 and 149 hybrids
exceeded the astandard by > 10%. Better results in terms of vyield
we’re obtained by crossing the short lines with the standard variety.
The high degree of heterosis was mainly due to an increase in seed

number/capitulum,
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Naik et al. (1988) studied seed yield and 11 vyield
cpniponents in 36 F1 hybrivds derived from 3 cms lines and 12
"restorers. The highest heterosis (52.34%) was recorded for 100-
seed weight in the cross MS40A x EC 75194, followed by vyield/
plant‘(3u‘.57%) in MS22A x Morden, Heterosis for vyield/plant was
mainly attributable to heterosis for percgnt\agi'a, filled seeds/he‘ad’

and head diameter.

Cumenyuk et al. (1989) used interspecific Hybridization for
heterosis breeding.” A high degree of 'hevterosis was, obt-ai.knéd_ by
c"roésikng‘r_male-'stgrile testers with populations produéed by’ distant
hy,bridiza‘tion; lnEred lines and hybrids bred with these populations
are recommended: for use bin "breeding.

Waﬁg et al. (1990) reported negative ,heterof‘sis for husk
percentage while stﬁdying 11 parents and their 30 hyb'r/ids. Heterqsis\.
fovrk husk percentage was highly correlated .‘with the sca of the female

parents and negatively correlated with their phenotypic values.

Deido (1993) studied heterosis for seed oil content in two
sets of hybrids derived from female parents that were cms -lines
and ma!e parents with or without restorer genes, A heterotic effect -
of u7 ;;/kg over the mid parental value was observed for seed oil
cqntenf. For the seed oil componénts, heterotic effects of 44 and
24 g/kg were obtained for kernel oil content and kernel content,

respectively.



CHAPTER-111

~

MATERIAL AND METHODS

The present investigation was carried out at the Research
Farm of ,Departm'ent of Plant Breeding, CCS Haryana Agricultural

University, Hisar, during the year 1993-94, .

The experimental material consisted of 30 .genotypes
involving 18 F1 hybrids, ) parents and 3 checks., The 18 F1 hybrids

were developed by crossing 6 elite inbred lines IB 2, 1B 4, IB 14,

. , v ,
IB 28, IB 28-1 and 1B 43 with 3 testers EC 684158, EC 68415C and
Morden in Line x -Tester fashion. Nine parents alongwith their 18
F,'s and 3.cheAck§§~_-(Tablie 1) were grown in randomised block design
with 3 replications. Each genotype was accomodated in two rows
plot of 4.2 m length with plant t;)' planf and row to row distances

being 30 cm and 60 cm, revspectively. All the recommended package

of practices were followed to raise the crop.

Recording of observations
Data were recorded on 5 randomly selected plants in each

genotype per replication for the following characters.

1. Plant height {cm)



Table . 1: -

Showing the details of parents, hybrids and checks

~Parents Hybrids Checks
Lines . IB 2 x EC 684158 APSH 11
1B 2 IB 2 x EC 68415C U 5002
IB 4 IB 2 x Morden MSFH 8
IB 14 IB 4 x EC 684158
1B 28 IB 4 x EC 68415C
\IB 28-1 IB 4 x Morden
lB 43 IB 14 x EC 68415B
IB 14 x EC 68415C
Testers
o IB 14 x Morden
EC 684158
IB 28 x EC 68415B
EC 68415C :
‘ IB 28 x EC 68415C
*Morden
. IB 28 x ' Morden
IB 28-1 x EC 68415B
‘lB 28-1 x EC 6,8415(:
IB 28-1 x Morden
IB 43 x EC 68u415B
IB 43 x EC 68415C
IB 43 x Morden
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2. Days to 50 per cent flowering

3. Days to full blooming

ll '~ Days to maturity

5. . Stem girth (cm)

6. Head diameter (cm)

7. | Seed y‘ie.ld per plant (g) \
8 lod—seed weight (g’)

9. | 0il content (%)

10, 0il yield per plant (mi)
Description of characters
1. Plant height

The plan\t kheight was measured in centimeters from the base

of the stem to the head at the time of maturi‘ty.

2. Days to 50 per cent flowering
The number of days were counted from the date of sowing
to the day when 50 per cent of the plants in éacH genotype in each

replication came to blooming.

3. Days to full blooming
The number of'days were counted from the date of sowing

to the day when all the plants in each genotype in each replication
came to blooming.
L Days to maturity

The number of days were calculated from the date of sowing‘v
to the day of maturity of the head i.e. when the head turned -yellow

and the involucral bracts began to turn brown.
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5. Stem girth
The girth of the stem was - measured in centimeters with
‘the help of varnier's calliper at about one foot from the ground

level.

6. . Head diameter

~

The diameter of the head was measured' in centimeters with

the help of meter tape.

7. Seed yield per plant
_'The average yield of seeds per plant was recorded in grams

after weighing the sun dried seeds of each plant.

8. 100-seed weight |

100-seeds were taken' from individual plant and the weight .

was recorded in grams,

9. 0il content

- The per cent oil content of the oven dried seeds was. deter-

mined by Nuclear Magnetic Resonance (NMR).

10. Oil yield per plant

_The oil yield per plant was calculated as function of seed

yield"per plant x oil content (%) and expressed in millilitres.

Statistical methods

The mean values of each plot were used for statistical
analysis. The following statistical methods were applied for the

analysis of data.
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1. Analysis of variance

The data for different characters were statistically analysed

'_on the basis of fol

jth block effect and

lowing model (Panse and Sukhatme, 1967).

m+a, +b, +e,,
i ij

any observation” in ith treatment and ith block,

general mean,

th

i treatment (genotype) effect,

th

random error associated with i treatment and

th

' j block assumed to be NID (0.02),.

Table 2: Analysis of variance

Source d.f. Sum of - Mean sum  Expected Fvalue
squares of square mean sum of '
square
, v 2
Replications (r-1)  RSS M. O‘Z + L z_ bj
r-1
- 2 T2 g? My
Treatments (t-1) " TSS M 0 + ——  —
A A t B e: . Do . . M s
t-1 e
Error (r=1)(t-1) ESS M 62
« e e
Where,
t = number of treatments,
r = number of replicationé' or blocks,h
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2,

§ = error mean squares, and
e

2

O't- = treatment mean squares

/
The mean squares of treatments (genotypes) were tested
against corresponding error mean squares and the calculated F was

compared with table value of F at 5 per cent level of significance. -

2, Statistical parametérs
i) Mean
The - mean valuglof each character was worked out
by dividing total sum of all the values by number of

corresponding observations.

ZXi

>
u

ii) Range
Range was calculated by taking the 'xlowesf and the

highest value for each character,

iii) Standard error
S.E. of difference between two means were

calculated with the help of error mean square from ANOVA

table.
S.E.(d) =V ZErMS |
Where,
S.E.{d) = Standard error of difference between two
means.
EMS = Error mean square
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r = Number of replications

iv)  Critical difference

Critical difference (C.D.)  of all characters was
calculated to compare the variation among genotypes. It was
computed with the help of S.E. (d) and tabulated value

of t at 5% level of significance and error degree of freedom,

c.p, =V2EMS

r

In all cases C.,D. is «calculated at 5% level of

significance.

Genetic parameters
i) Coefficient of variation

Cenotypic and phenotypic ”coeff'icient of y"ériations were\
calculated by the formula suggested by Burfon and De Vane
(1953).

Genoty;;ic coefficient of variaﬂon (GCV) = _(_T.g_ x 100
‘ L X

Phenotypic coefficient of variation (PCV) = 9:_3 x 100
% :

ii) Heritability (in broad sense)
Thef;._hAeritability in broad sense was calculated using

the formula suggested by Hanson et al. (1956).
o’zg
H (%) = —x 100

042
P
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Where,
H = Heritability in broad sense *
0 zg = Genotypic variance
¢ 2p = Phenotypic variance

iii) Genetic advance
Cenetic advance was computed by the following formula

proposed by Lush (1949) and Johnson et al, (1955},

. 5l
GA = —3 x K

7%

'Where,
| GA\ = Genetic advance
o 29 = 'Genoty‘p‘k‘: variance
(sz = Phenotypic variance
K = Selection differential,

At 5% selection pressure the value of K is 2.06 (Lush,

1949 and Allard, 1960).

iv) Expected genetic gain
Genetic gain ' represents, geneti‘c advance expressed
as per cent ‘of mean. It was calculated by the method

suggested by Johnson et al. (1955).

Expected genetic gain = @ x 100
: X
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Where,

CA = GCenetic advance

X = . Mean of the character under study.
v) Correlation

Correlation coefficients = among ‘various estimates  were

computed using variances and covariances formula as

_ Cov. 1.2
1,2

- \/Var.l. Var.2

The significance of correlation coefficients was tested

at 5 per cent level of significance at n-2 degree of freedom,

comparing them with table value (Fisher and Yates, 1949).

‘Analysis of covariance

Analysis of covariance ~was carried out using the following

model (Ostel, 1956);

Where,

¥

Yij= v+ Ty v By v b (Xgy- X) teny

ijk = effect of kth observation of ithgtreatment in ith
block,

u = general‘ mean,

Ti = effect of ith tr‘eatment adjusted for X,

B‘. = effect of’ jth block adjusted for X,

b = regression coefficient of Y on X, linear and:

additive with treatments,
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th th

Xij = observation on X in i treatment  from j block,
‘ and
e.. = environmental ' effect ' associated - with: “e,;, th
ijk ijk
observation.
5. Genetic. divergence (Multivariate ahal';ysis:-o‘f'Ma‘l'i‘aIénobis,‘ 1936]

The variance-covariance data were subjected to multivariate
analysis. The original i'nter-relalted ‘variables (X's) were transformed
into a set of mutually uncorrelated var'iabl/es (Y's as linear function
Qf X's). Pivotal condensation method was used to- compute .inverse
'ma.tri_xv "o_f thek'_error disp‘érs;ion matrix (Rao, 1952)..The géneralki;ze'd
:dvi.s:t‘ah;e"f'uncfi:on. (D) between two genotype; is given by the simple
."sum‘kokf»sq)uar’es of differences in Y's as shown by: h
o T vt

i=1

The D2 value between the variables_on the basis of p characters is

2 o
D >
P i=1

o)
ST (AL d d
r=1 ”_ bl

Where,
sz = D2 value between the variables on the basis
of p characters, |
)\'ijb =  inverse matrix  of (xii)' the pooled common
dispersion obtained from error matrix, and
d = difference in mean ‘varlues. for the characters of

respective genotypes as indicated by i and j.
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The calculation of D2 involved the following steps as described by
Rao (1952) : |
1. Pivotal condensation of error variance and covariancé matrix

to obtain inverse matrix.

2. Transformation of the original measurements to uncorrelated
variables.

3. Calculation of the mean valu_es of the transformed characters,

4y, Calculation of D2 values.

_‘For‘ each combination deviation between the means was
compﬁted .'and 02 were computed and arranged in. the form a matrix.
Tﬁev Dz, values ’presente'd ~in ihe matrix form - were arranged in
increasing _order of magnitﬁde. Gene‘tic’ dis’tan‘c‘e‘ afnong parents .
entering crosses was computed as thek ‘s:quare’ roo,t' of 02 valt»xev i".e;‘_

genetic divergence,

- Genetic distance = \/ p?

6. Combining ability analysis
The combining ability analysis was carried out as per

method suggested by Kempthorne (1957). v

The analysis of combining ability was based on the model :

X =m+gi+g.+s..+b + e

ijk i ij k ijk

Xijk = phenotypic value of the ijkth genotype in the kth

replication,
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general mean,

general combining ability of ith male parent,
general combining ability of jth female parent,
specifié combining ability of cross between

ith male and ith female,

th hlock (replication) effect, and

k
. ' . .th
random error associated with ij genotype

and kth replication.

Each character was analysed for ‘combining ability- in the -

form given below :

Table 3: = Analysis of variance for combining ability

Source d.f. - Mean sum Expected mean ‘ F
of squares sum of squares
Replications (r-1) |
Hybrids o (mf-1)
L] M
- _ 2 rm 2 1
Lmei (f-1) M, g et TN Z fi o
i l 3
Testers (m-1) M 72 rf 2 M
2 2 * e (m-]) Z m —3
; . ’ ) M3
. - 2 r M
Lines x (m=1)(f-1) M fm(ij”) 3
Testers 3 e (f-1)(m-1) 'Z El: (i) Mo
4
Error (r-1)(mf-1) M 72
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.Where',

‘ r = number of repliéat_ions,
"m b= number of males,
'f = number of females, anq
O'Ze = error variance

Mean surﬁ of squares due to line x testér were tested against
error variance, whereas the mean sum of squares due to lines as
~ well ‘as due to testers were tested against line x tester ;component.
| The cal‘c_u'l‘ate'd vélue of F wazs Compared with F tab‘ulated at P=0.05

. for‘ éorresponding degrees of freedom.

Combining ability effects

The individual general and specific combfnjng abitlity effects

of parents and hybtii'ds, respectively were calculated as follows:

Population mean (u) =
mfr
Where,
x... =  total of all observations
' o Xi ) X
CCA effects of males (gi) = 0 " Tmir
Where, _
X - ’ .th
iee. = total of i male parent over all female

parents and replications.



- S X . X
GCA effects of females (g,) = —l= . =22
| ] mr mfr
Where,
xi = total of jth female pare_ntr;;ove_r_ all
| parents and replications
‘ - : X.. X, X X
SCA effect of ijt" cross (s,.) = —tb o —tee o Zele | oo
: 1 r fr mr mfr
Where,

,}x”
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.male ~

. total over all replications for‘*l]th'combinatlon E

" For - testing the general combining ability effects of

-individual vli\nes and testers and specific combining effects of the

crosses, their standard errors (S.E.) were calculated as follows:

;]

S.E. (gca for females) Mulrm

|

S.E. (gca for males) My /rf

:

~S.E. {gca effects) Ir

i]

Ee

'S.E. (9,,~ 9,
951792

'

S.E‘. (s”- skl)‘ | 2Mu/r

The relevant critical differences (C.D.) were calculated

by multiplying respective ‘standard errors (S.E.) of differences

with respective 't' value for appropriate degree of freedom at

P=0.05.
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7. Estimation of heterosis

Heterosis is the increase or decrease in F, performance from

1

. e p
their respective mid-parent value (MP . = —1-———2—) and expressed
' 2
in per cent as :
. F, - MP ,
Per cent heterosis over mid parent (MP) = x 100
: " MP

In the same way heterobeltiosis/standard heterosis values were
c'alculgtéd as the -increase or decrease of F, over respective better

parent and best check under study as

, F, - BP
Per cent heterosis over better parent (BP) = L x 100 and
’ ' BP
F. - BC
L % 100
Per cent heterosis over best check (BC) = -
§ BC

To test the significance of extent of heterosis, standard error

(S.E.) and then critical difference (C.D.) were calculated as under:

C.D. = S.E. (d) x t value

Where,

¥

S.E.(d) =  standard error of difference of mean =/2Me/r ,‘ for

heterosis over BP and BC.
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S.E.(d) = /3Me/2r, for heterosis over MP
t = tabulated value of 't' at error degree of freedom

at 5 per cent level of significance

The level of significance was given to the corresponding values

of heterosis, by '\éomparing C.D. values with (F]- ﬁ\;), (FI- B_P) and
(':—1 - B—C)c |



CHAPTER-IV

. EXPERIMENTAL RESULTS

The results obtained from present investigations have been

_ presented ,undv,er the ’folylowing sub-heads :

A g Ané!ysis of variance for experimental layout

B. o Mean‘ perfofmance and range for different characters
C. | Components of variation |

D, Geﬁetic divérgen;e/distance

" - Analysis of variance for combining ability

Estimation of gca and sca effects

GC. Extent of heterosis in hybrids

A. ;Anajlysis of variance for expe:rimental layout

;Meén _sum. of équare§ due to replication, genotypes and error
for différ‘eritti characte};s have been'presehted in Table 4, The mean
squa;'e valde; dﬁe to genotypes were found to be significant for all
the kcharac;te;sk,? -except foir stem Qirth. This indicated that the
genotypic differences existed in f‘espect of different progenies
including‘ parents and F1 hybrids for all the characters except for
~stem girth., No further genetic analysis with respect to stem girth
was "'cam:ied out as mean square value due to genotypes for this trait

was -non-significant.
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B. Mean performance and range

.'Mean values of parents and F1 hybrids in respect of various
plant characters were studied and presented in Table 5. The
combaratlvé }performance of nine parents, 18 F1 hybrids and three
standard - checks for - various ‘character's . has been diséussed

-characterwise as under: -

1. - Plant height

The hybrid IB 4 x Morden (113,05 cm) attained the minimum
."plan,t 5§ight, whvile the» parent 1B 28-1 (195.53 cm) was observed
to be tallest. The standard checks APSH 11, U 5002 and MSFH 8
é‘tyta‘in‘ed the b‘lént height of 166.38 cm, 166.35 cm and 173,87 crﬁ,
respect.ivvely‘. The hybrid IS b x Mor'.den was found to be sfgnifi-—
cantly superior over its better parent and best chev‘ck U 5002 fgr;

. dwarfness.

2, Days to 50 per cent flowering

| The maximum number of days for; 50 per cent flowerin‘g were
taken by _hybfid IB 28 x M&rden (72.67 days) and the minimum by
the hybrid IB 28-1 x EC’68!I15C (66.67 days) compared to checks
APSH 11 (71.67 days), U 5002 (71.67 days) and MSFH 8 (72.67

dayS). The hybrids IB 4 x Morden, IB 14" x Morden and IB 43 x
Morden were found to be éignificantly superior over their respective

better parent for earliness to 50 per cent flowering.

3. Days to full blooming
The maximum number of days for full blooming were taken

by the hybrid [B 28 x Morden (77.67 days), while the minimum



Table 5:  Mean values, range, S5.E.(d) and C.D. for varlous characters In sunflower

0

. 1B

2.84

13,75

Genotypes Plant . 50% Full Maturity  Head Seed . 100-seed - Oil Ol yield/
height flowering blooming (days) diameter yield/ weight  ‘content plant
(cm) (days} (days) (cm} plant (9) (%) (ml}
(g) -
Hybrids
IB 2 x EC 684158 131.69 67.33 72,33 94,33 14,83 63.00 4.96 25,20 15.87
IB 2 x EC 68415C 134,38 67.00 72,00 96.00 17.43 59.13 5.63 23,73 14,04
IB 2 x Morden 142,10 70.67 76.67 93,00 15.87° 59,13 5.64* 31,70 18.80
1B 4 x EC 684158 135,24 67.33 72,33 32,00 15.87 120.00* 5.74 34,40 41,23
IB 4 x EC 68415C 146,04 67.33 72.33 90,67 18.60 100.67 4,36 21.97 22.16
1B 4 x Morden ' 113.05}’ 67.00* 72.00* 91,00 13.39 123.00',‘/ -6.55* :33.83 - 41,68%
IB 14 x EC 68415B 154,83 71.33/ 76,33 92,33 18,05 100,33 6.08 38,63 38.76
IB 14 .x EC 68415C 157.53 71.33 77.33 92,33 18.58 96.33 5.63 37.97* 36.57
iB 14 x Morden A160.33 68,33* 73.33*% 93,33 17.37 120.67* 3.09 30,10 36.23*
1B 28 x EC 684158 145,10 - 70,33 73.67 94,00 16.83 70.53 5.71 32,53 23.01
28 x EC 68815C 19,67 70,33 76.33 9u.33/ 15.97 109.00 5.47 32,60 36.29
IB 28 x Morden 194,90 72,67 . 77.67//' 93.33 18.07 120,00% 6.21 29,53 38.31
1B '28-1 x EC 68415B .- 150,80 67.33 72.67 93.67 15.13 104.87 4.41 31,00 32,59
IB 28-1 x EC 68u415C 166,82 66.67 71.67 91,67 16.73 87.40 5.05 28.00 23,46
IB 28-1 x Morden 166,87 68.67 73.67 92.67 15.85 108.40* 4.80 30.67 33,32
I8 33 x EC 6848158 161,13 68,67 74,67 92,67 17.17 76.33 5.08 29,57 22,56
B 43 x EC 68415C 179.30 68,00 ) 74.00 93.00 17.33 111.87 6.40 33,67 37.65
1B 43 x Morden 160,42 68.67"/ 73.67 93.33 20.73// 122.00* 5.71 33,03 40.38*
Parents ‘ ‘ .
I8 2 1'8'11.2'% . il.OO 76.00 93.67 15.43 76.47 3.24% 28,53 21.81
‘IB L] ) 145,17 71.00 76.00 92,00 16.25 81.00 ' 5.28 24,50 19.85
1B 18 134,90 70.67 76.67 92.33 14,40 74.67 6.76 35.00 24.33
iB 28 128,53 68,00 73.00 94,00 15.71 75.73 6.19 36,10 25.71
I8 28-1 195,53 68.00 73.00 93.33 18,22 73.33 6.01 31.73 23.28
IB 43 147.28 © 71.33 76.33 92,33 17.52 97.00 6.06 34,53 33.74
EC 68815B 163.43 67.67 72.67 90,00 18,75 97,47 5.68 36,73 35,48
EC 68415C 173.25 67.00 73.00 : 88.00*’ 16.4’2 102,67 4.95 32.50 33.33
Morden 160.37 70.00 75.00 92.00 18.47 91.50 .15 33.10 30,87
Standard checks
APSH 11 166,38 66.67 71.67 90.00 17.0s 114,20 4,01 28.60 32.70
U 5002 166.35 ‘ 66,67 71.67 94,67 17.58 116.13 G‘.Oi 40,83 47.83
MSFH 8 173.87 67.67 72,67 94,67 19.27 133,13 5.59 39.80 50.00
G;M./'v 154,96 68.82 74,04 92,69 16.96 96.20 5.35 32,00 30.95
Range 113,05-  66.67-  71.67-  83.00-  13.39- 59.13-  3.09- 21.97- 14,08~
195.53 72,67 77.67 96,00 20.73 133.13 6.76 40,83 50.00
S.é.(d) 8,53 0.49 0.71 0.81 1.42 6.87 0.39 1.32 2,48
€.D. 5% 17.08 0.98 1.82 1.62 0.78 2.64 %.96

*
Significant at 5 per cent
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by the Hybrid IB 28-1 x EC 6§415C (71.67 da;'s). The two checks
APSH ”~ and U 5002 also took minimum period (71.67 days) for full
blooming, The hybrids IB 4 x Morden and IB 14 x Morden were
found';co be significantly sqperior over theif respective better parent
for full Kblooming. "
4, Days to maturity

The hybrid IB 2 x EC. 68415C took maximum days to mature
(96.00 days), Qhereas the genotype (parent) EC 68415C, the minimum
(88.00 days) period - to reach maturity. Among checks, APSH 11 took

“minimum period of 90 days to reach mafﬁr‘ity.

5, ”Head diameter‘

‘The lat;geét' size of head was produced by the hybrid IB 43 x
Morden. ('20.73‘ cm), while‘the hybrid IB 4 x Morfien (13.39 cm)
“had smaijlest ‘head... Among checks MSFH 8 (19.27 cm) attained the
largest head size followed by U 5002 (17.58 cm) and APSH 11

A(17.05 cm).

6. Seed yield per plant

The highest seed vyield was recorded by the check genotype
MSFH 8 (133,13 g), while lowest seed yield was attained by hybrids
IB 2 x EC 68415C (59,13 g) and IB 2 xv Morden (59.13 g). The
hybrids IB 4 x EC 68415B, IB 4 x Morden, IB 14 x Morden,
1B 28 x Morde.n,. IB 28-1 x Morden and IB 43 x Morden were found
to be significantly superior to their respective better parent for

seed yield per plant.
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7. 100-seed weight

The highest 100-seed weight was recorded for the genotype
(parent) IB 14 (6.76 g) and the lowest for the hybrid IB 14 x
Morden (3.09 g) as against 4,01 g, 6.01 g an‘d. 5.59 g of checks
APSH 11, U 5002 and MSFH 38, respectively: The hybrids IB 2 x
Morden and IB 4 x Morden were found to be significahtly superior

over their respective better parent for 100-seed weight.

8. 0il content v
}  T4he higheét oil contenilz was recorded for check U 5002
'(40.83%)~an"d ‘the lowest for the hybrld IB 4 x EC 68415C (21.97%).
Afnong checks', U 5002 (40.83%) produced highest oil content followed
by MSFH 8 (39.803) and APSH 11 (28.603). The hybrid 1B 14 x
EC 68181501 was found to be gignificantly superior to 'it; better pare\nt\
for per cent oil céntent. / |
9. Ofl yield per plant
The highest yield of oil was recorded for check MSFH 8
(50.00 ‘ml) and the lowest for the hybrid IB 2 x EC 68415C
(14,04 ml). nThe hybrids IB 4 x Morden, IB 14 x Morden and
IB 43 x Morden were found to be significantly superior over their

respéctive better parent for oil yield per plant.

Cc. Coefficient of variation
The estimate of components of variation for various characters
have been presented in Table 6. The magnitude of phenotypic

coefficient of variation was higher than the genotypic coefficient
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of variation for all the traits under study. The genotypic coefficient
of‘ va‘r:iation ranged from 1.65 to 29.13 pér cent, while ‘the
phenotypic coefficient of variation ranged from 1.97 to 30.74 per cent,
The maximum phenotypic as well as genoiypic coefficient of
variability was observed in case ‘of' oil yield per plant (30.74 and
- 29,13%) followed by seed vyield per plant (23.09% and 21.37%) and
100~-seed welight (18.56% and 16.27%). Days to maturity recorded the

least phenotypic and genotypic coefficient of variability.

'.‘The;he'ri'tability estimates in broad sense ranged from 32,64
Ato 89,80 per cent. In general the heritability was high for all the
'traits:‘;gxcept head divsmeter. The highest heritability was shown
by oil yield p'er plant (89.803), followed by days to 50% flowering
(89.55%:) énd oil content (85.65%), while the head diameter recorded

lowest heritabi.lity (32.64%).

Maximum expected genetic gain was observed for oil vyield
per plant (56.86%). followed by seed vyield per plant (40.75%). The
lowest expected' genetic gain was recorded in case of days to

maturity (2.86%).

D. - Genetic dfvergenéeldistancé

AItHough“, the gendtypes showed genotypic variation for all
the characters except 1;6r stem girth ‘(Table 4), however, such a
variation does not form fhe basis for measufi’ng the extent of genetic

diversity. In order to measure extent of genetic diversity and to



45

quantify the genetic distance between two genotypes, the numerical

measure of diversity was obtained with the help of D2 statistics.

The lowest D’ value (32.08) was qbtained between parents
1B 2 ahd ‘Morden, while the maximum wvalue 129.47 was obtained
between parents IB 14 and EC 68415C. -The parents involved in
hybridization were classified as having high, medium and low genetic
distance-as ‘shown iﬁ Table 7. Low genetic distance group consisted
of 8 crosses namely; IB 43 x Morden, IB 2 x Morden, [IB 28-1 x
EC 68415B, IB 43 x EC 68415B, IB 4 x Morden, IB 28-1 x Morden,
IB 28 x EC. 68415B and IB 28-1 x EC 68415C, medium group of 4
crosses namely;‘lB 28 x Mordeen, IB 43 x EC 68415C, IB 14 x
vMor"den., 1B 28 x EC 68415C and high group of 6 crosses namely
1B lli x EC 68415B, IB 4 x EC 68415C, IB 2 x EC GBIHVSC, IB 2 x

EC 68415B, 1B 4 x EC 68415B and IB 14 x EC 68415C.

E. vv}\nalysis of variance for combining ability

AII.V the characters except stem girth, whose mean square
value for‘_genoty.pes was non-significant, were subjected to combining
ability analysis of line x tester design as proposed by Kempthorne
(1957). The ANOVA for combining ability (Table 8) revealed that
m'e'aﬂn squares due to specific combining ability (SCA) variénce were
significant for all the characters. The mean squares due to ‘combining
ability for lines (females) were significant for seed yield per plant,
dayé to maturity, days to 50 pér cent flowering and oil yield per
plant. Vériaﬁce due to testers (males) was significant in case of

100-seed weight only.
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Table 7: Cenetic divergence (Dz-statisf'ic; among parents entering -
: crosses
Crosses Cenetic divergence Cenetic distance
' (02 value) . ‘ (D value)
p? Low | \
IB 43 x Morden 28.04 ©5.30
IB 2 x Morden | 32,08 \ 5.66
IB 28-1 x EC 68415B | 44,35 6.66
IB 43 x EC 68415B 54,55 7.38
1B 4" x Morden S4.64 T 7.39
B 28-1 x Morden 55.50 | 7.45
IB 28 x EC 68u415B" o 56.35 : 7.51
IB 28-1 x EC 68415C 59.35 7.70
. D? Medium
IB 28 x Morden | 65.74 8.11
IB 43 x EC 68415C 78.24 | 8.85
1B 14 x Morden 82. 24 ’ 9.07
IB 28 x EC éemsc} 89.02 9.44
p? High
1B 14 x EC 684158, 104.60 10.23
IB 4 x EC 68415C 108.98 10.44
IB 2 x EC 68415C 114,71 , 10.71
IB 2 x EC 684158 121.50 11.02
IB 4 x EC 68415B 123.80 11.13

IB 14 x EC 68415C 129.47 . 11.37
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F. Estimation of gca and sca effects
‘The characterwise estimates of general combining ability (gca)
effects and specific combining ability (sca) effects presented in

Table 9 & 10, respectively are discussed as follows:

1. Plant height ~ .

A perusal of . the results presented in Table 9 indicated
skignific’ant negative gCé effects for B 2 (-16.69‘) and IB 4 (-21.30)
améng females and EC 68415B (—6.35)‘ among males. These parents

-were considered as good combiners for dwarfness.

The h)’lbrids‘ showing significant negative sca effects were
IB 4 x Morden (-21.92) and [B 28 x EC 68415C (-16.37), whereas
signif'icanlt positive- sca efféct was shown by hybrid IB 28 x Morden

(28.14).

2. Days to 50 per cent flowering

Significant negative gca effects were shown by femal‘es IB 4
(-1.61) and 1B 28-1 (-1.28), which indicated their suitability as
source kmatgrial for earliness.r On the contrary, significant positive
gca effects were observed in case of IB 14 (1.50) and IB 28 (2.28).'
Thf\zse' - parents weré ca}__egorized as poor general combiners for this
try'nait. Among maleé, none of the parent showed significant negative
gca effects., However, significant positive gca effects were recorded
for Morden (0.50) indicating its suitability for developing late

maturing material.
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Only one hybrid IB 14 x Morden (-2.50) exhibited significant
negative sca effects indicating a good combination for days to 50

per cent flowering.

3. Days to full blooming
~ Significant negative gca effects weré shown by the females
IB 4 (-1.87) and IB-28-1 (-1.09) indicating that these parents were

good general combiners for earliness to full blooming.

‘Two hybrids IB 14 x Morden (-2.91) and IB 28 x EC 68415B
‘(--1_.79) 'showed significant negative sca effects énd‘ were categorized

~as .good specific combinations for earliness to full blooming.

ﬁ. | ‘Days tb maturity

'The parent B 4 t-1.76) among ' females showed signifigaht
negative. gca effects was categorized as good gengk’al combiner \for
earliness. Among males only Morden (-0.20) s’howed non-significant

negative gca effect, ¢

Among the hybrids, none showed significant negative sckak
effects, .although the hybrid IB 2 x Morden (-1.24) showed highest

negative sca effects.

5.' Head diameter

The female parent IB 43 (1.53) was categorized as good
general combiner for head diameter as it showed significant positive
gca effectslfor this trait. Among male parents, none exhibited

significant positive gca effects.
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None of the hybrid combination showed sighificant positive

sca effects for head diameter.

6. Seed yield per plant

It.' was apparent from the results that among females, IB 4
(17.1‘9)"and IB 14 (8.41) aﬁd among males, Morden (11.50) had
signifbicant positi\)e gca effects for seed yield per plant,’indicating

that these were good general combiners for this character.

 The hybrid IB 4 x EC 684158 (13.64) was the most desirable
v'.k:c.:on‘libinatlon as it showed ’significant‘ positive sca “effects.VOn’ the
~ other «-hand,,'hybrids IB 28 x EC 684158 (-21.22) and IB 43 x
EC - 68415B (-i8.87) were most undesirable combinations as they

exhibited significant negative sca effects.

7. 100-seed weight '

None of thg parents, showed sfgnificant positive gca effect
for this character. However, significant negative gca effects were
observed for female IB 28 (-0.61) indicating" that it is poor general

combiner for 100-seed weigh‘t. |

The results pertaining to sca effects indicated that hybrids
IB 4. x Morden (1.03) and IB 14 x EC 68415B (1.17) were best
combinations for 100-seed weight owing to thier significant positive

sca effects.

8. Per cent oil content
For this character the fémale IB 14 {4.56) exhibited

significant positive gca effects pointing it to be a good general
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combiner for per cent oil content whereas the female IB 2 (-4.13)
‘was ".btobor combiner for this character owing to its significant
négative gca efféct. None of the male parents exhibited p‘ositivei
gca effeéts but the male EC 681115C. (-1.35) showed significant
negative gca effect indicating it to be a poor general combiner for

~

this character.

Thé maximum ﬁositive and significant sca effect "for ‘this
charaﬁter vv\Vlas recorded for the hybrid iB 2 x Morden (4.35)\
followed by B 14 x EC 68415C (3.75), IB & x EC G84ISB (3.45)
1B lA!‘-xA Morden (3.30) a.nd IB 43 x EC 68415C {('2.93%). These hybrids

~were characterized as good specific combinations for this trait.

9. . 0il yield per plant

An examination of gca effects in respect of/‘r‘ oil yield per
plant revealed that females, (B 4 (4.47), ’IB' 14 /(‘»6.64) and IB 43
(2.98) and ‘the male, Morden (3.57) were good general comb‘iners

as these recorded significant positive gca effects.

The hybrids IB 4 x EC 68415B (7.76), IB 28 x EC 68415C
(7.11) and 1B 43 x. EC 68415C (6.14) exhibited significant positive
sca effects for oil yield per plant indicating that they are good

specific combiners for this character.

G. Extent of heterosis in hybrids
Heterosis over mid parent (relative heterosis), he‘terosis

over better parent (heterobeltiosis) and heterosis over best check



(standard heterosis)k was calculatéd fbr various characters and
,expre;c;sed in percentage. The results have been presented in
Table 11. Abbrief description of the heteroticresponse of the
h).'brids'for vario.us characters is given below

~

1. | Planf height
Negative Heterosis is desirable in sunflower because it
indicates reduction in plant height. Relative heterosis, heterobeltio-
sis and standard heterosis over best’ch'eck U 50;02 ranged frorﬁ
~26.00 to 34.93 per cent, -42.40 to 34.43 per cent and -55.58 to
-7.61 ‘byper‘ cent, respéctively. The hybrid IB 4 x Morden attained
highést signiffcant negative relative heterosis (-26.00%), heterobeltio-
s,Is (-22.1%) and standard; heterosis (-32.1%). The ‘hybrids ’IB 2 x
/EL‘C 68141‘58 (-20.8%), IB 2 x EC 6841v5C (-19.2%) f‘and IB 4 X ‘EC
684158 (-18.7%) also showed significant negative xsltandard heterosis
over best check ‘U 5002, while only oﬁe hybrid [B 14 x EC 68415B

(-14.5%) showed significant negative heterobeltiosis.

2. | Days tb 50 bef cent flowering

For days to 50 per cent flowering t'he_ range for relative
hetc}érosis, hetei‘obebltiosis and standard heterosis over best check
U'/’5/002 varied from -4.96 to 5.32 per cent, -4.29 to 6.87 per cent and
0.00 to 9.00 per cent, respect’ively. The hybrid IB 4 x Morden
exhibited highest significant negative heterosis (-4.96) over mid
parent and heterobe!ltiosis (-4.30) indicating earliness for 50 per
cent flowering. The hybrids IB .14 x Mor;den (-2.39) and IB 43 x

Morden (-1.90%) also showed significant negative heterobeltiosis. Not a
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single hybrid showed standard heterosis over best check for

earliness to 50 per cent flowering.

3. Days to full blooming "

. ‘For days to full blooming, the range for relative heterosis,
heterobeltiosis - and heterosis 6ver -best check U ~5002«,varied: from
-4.64 to 4,96 per cent, -4.00 to 6.40 per cent and 0:00"to 8.37
per ce‘nt,f' respectively; The hybrid IB: 4 x  Morden -exhibited highest
significant negative values for both heterosis over mid parent (-4.64)
/ and. heterobeltiosis (-4.00) . indicating earliness for full : blooming-
.*.'I;he: Hy_b'r'id IB 14 x Morden (-2,23) also showed significant negative
’,.heterobeltiosis., None of the hybrids showed standard heterosis over
.b'ést' check for earlines$ ’t,o full bloom{ing, owing to their positive

heterosis. over best check.

i, . ‘Days to méturity

Heterosis over mid parent and 'étandard heterosis over best
check for days to‘ méturity variedv from -1,09 to 5.68 per cent and
-1.09 to 4.09 per cent, respect'ively”. The’hybrid IB 4 x Morden
showed ' non-significant negative wvalues for heterosis (-1.09) :over
mid. . parent and heterobeltiosis (-1.09). All other hybrids :showed
positive values for heterosis over mid pa“ren,t. and ‘heterobeltiosis
indicating their late maturity. The standard heterosis  over best
check lAPSH 11 ranged from 0.74 to 6.67 perrcent, withr the hybrid

IB 2 x EC 68415C taking maximum days to mature.
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5. Head diameter

The range for relative heterosis and hetérobeltiosis for head
diaméter_‘ was -22.87 to 20.57 per cent and :27.50 to 13.28 per cenf,—
respectively. The hybrids IB 14 x EC 68415C (20.57) and IB 43 x
Mordeh"(15.17) exhibited significant positive heterosis over mid
parent., Out of 18 -hybrids, 4 and 1 hybrid (s) displayed non-
significarit positive heterobeltiosis and heterosis over best check,
réspectively. The: heterosis over best check MSFH 8 ~varied from
-30.51 to 7.58 per cent ‘and not even a single hybrid showed

s,ign‘i“fibcaht‘ positive heterosis over best check..

“ 6. | ~Seed yield per plant

| The range‘of hetefosis over mid pa’rent an’d bue:iter parent
was —33.98 to 45.23 and -42.40 fo 34.43 perb ce}ht, EéspeciiVeI‘y.
“ The highesty re‘lative heterosis’ (45.23%) was seen/ for; Uthek hybrid
IB 14 x Morden, followed by hybrids IB 28 x Morden (43.513),
IB 4 x Mor:‘den (42.66%) and 1B l&vx EC 6814158 (34.47%). The highest
heterobeltiosis (34.43%) was ‘seen for thej hybrid IB 4 x Morden
followed by hybrids IB 14 x Morden (31.88%), 1B 28 x Morden
o (31.15%) -and IB 43-x Morden (25.77%). The range for heterosis over:
bgst was =-55.58 to -7.61 per cent for seed vyield per plant. All

the hybrids-showed negative heterosis over best check MSFH 8.

7. 100-seed weight
The range for relative heterosis, heterobeltiosis and heterosis
over best check was =-43.41 to 52.43, -54.29 to 35.90 and -48.59

to 8.99 per cent, respectively, for 100-seed weight. The highest
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and significant positive relative heterosis (52.43%) and hetero-
‘beltio‘sis (35.90%) was observed for the hybrid IB 2 x Morden
followed by hybrids IB 4 x Morden‘and IB 2 x EC 68415C., None
of the"hybrids was able to exhibit significar\lt; positive standard

heterosis over best check U 5002,

8. Per cent oil content

The range for relative heterosis and heterobeltiosis was
-22,91 to 17,47 and -31.39 to 8.49 per. ;ept, respec.t‘iv‘ely. T‘he
~highest and Significant positive relative_- hgterosis (17.447%)‘ was
sh'own‘::b‘yvth‘e hybrid IB 4 x Morden, followed by the hyBrids
1B 14 x EC 68415C (12.50%), IB 4 x EC 68415B (12.343) and IB 14 x
EC 68415B \(7,.69%). Only one hybrid to show si/gnificant’positive
(8.49%)‘ heterobeltiosis w‘/as IB 14 x EC, 68415C. The range of
© heterosis over ‘best check U 5002 was -5.39 to —/4/6.19 per cent and
none of the khybrids was able to aftéin posi»ti]ve’ standard heterosis

over best check.

9. 0Oil yield per plant

The range for relative heterosis and heterobeltiosis was -4, 60
to 64.35 and -57.88 to 35.02 per cent, respectively, for oil yield
péf plant. The highest and significant posiitiVe heterosis (64.35%)
and heterobeltiosis (35.023) was shown by the hybrid 1B & x
Morden. Thei other promising hybrids showing significant positive
heterobeltiosis were IB 43 x Morden (19.68%), IB 14 x Morden
(17.36%) and IB 4 x EC 68415B (16.21%). The range for standard
heterosis over best check MSFH 8 was -16.64 to =-71.92% and none

of the hybrids was able to producé positive standard heterosis over

best check.



CHAPTER-V

" DISCUSSION

It is only in recent years that skunfklower ‘has attained the
E status'.‘of farm érop in commercial sense. Mostk‘of the ge'rmpl'a.sm, a‘vairl-
' kabl'e :at,prese'n‘t has been introduced and represents, rather a narrow
. gene pool«. Sl'mflozwer hybrids are impregnatéd with bo_tential_risk
associated wfth monoculture and narrow gene pool,'as most' of the
cultivateAd hybrids are bésed on single cytoplasmic male sterility
. source H.. Ee'tio‘lari's (Leclercq, 1969; AEnaud, 19/8/6J’). Any impréve-
ment in sdnflower should preCede with infusi_o’n, of more genet‘ic
variability - in ‘brkeed‘ing population. Fpr 'cr‘_éating.; the genetic vari-
'ab‘i‘lit:'y thr’ou'“‘gh hybridization, the choice ’of\ a suitable pareﬁt is
a matter of great concern to the plant-breeders. The importance
A(‘)f‘genetic divérsity in ‘Choosing desirable parents for hYbr‘idization
has ﬁ’been stressed upon by many workers (Pfasad and Singh,"1986;
'Ming‘, 1987; Yadava et al., 1988). Besides the selection of
genetically diverse parents for hybridization, it is most crucial
to realize high heterosis and productive recombinants "in subsequent
generétions. Mahalanobis D2 statistic ’(‘Mahalanobis, 1928) approach,
which is . based on multivariate “analysis is a powerful to;)l for

measuring genetic diversity using the concept of statistical distance
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v

uff'iliz'ing multiple measurements. Further more, several 'g’enetical‘
;design.'s are available to study the genetic ‘architecture . and to
idéntif‘).'_‘desirable pa'réntis and cross cqmbinations. The line x tester
arnlalysi's'_bropos:ed by k"emﬁthyc\n‘?r;e (1957) used in the present study
is  one of the potent methods as’ it in'volve\s‘ large number of parents
compared to diallel cross technique which are generally based on

fewer parents.

Keeping the above points in view, the present investigation
‘was. l‘x‘ndyertak'en to study the ‘'Genetic. distance in relation to

heterosis <an_c'l' combining. ability in sunflower (Helianthus annuus L.)".

The results obtained in the present study have been discussed in

the ,l_ight‘,.of latest available literature,

i

Mean performance and range

Sufficient amount of variability>was" oBéerVed amotng. the
various genotypes” for al.'l ‘the characters ‘ex‘cept' for stem girth which
indicated that the material used 'in't/he stﬁudy was appropriate for
é‘stimation’ of wvarious g.en‘etic 'par'am'e,ters. Maximum r'angey was
observed for plant height ‘and seed yield per plant. On the
con,trary, " the r"ahge was vet;); narrow for 100-seed weight.
(;Bhsidering the mean ‘ﬁerforméﬁéé of the 'parents ‘and hybrids, for
seed y}ieldﬂ and other important traits, hybrid I.B TR Morden
(123.00 g) had the highest seed yield followed by IB 43 X Morden
(122.00 g), 1B 14 x Morden (120.67 g), IB 4 x EC 68415B and IB 28 x

Morden (120.00 g), whereas among parents EC 68415C (102.67 g)
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e}xhibited highest seed vyield compared to APSH 11 (114,20 g),

U 5002 (116.13 g) and MSFH 8 (133.13 g),' the standard checks.
The lowest seed vyield among parents and hybrids was recorded for
two hybrids IB 2 x EC 68415C and IB 2 x Morden (59.13 g). It
was ver;l. int.er"esting to note that all the: high'yielding hybrids
mentioned above “had at least high mean value either for 100-seed '
weight - or head diameter the main vyield contributing traits. The
hybrid IB 4 x Morden possessed the boldest seeds weighing 6.55 g/
100 seeds followed by 6.40 g, 6.21 ,g"‘and 6.08 g of IB u43 x
EC‘~684i5C,- IB 28 x Morden and IB 14 x EC 68415B, respectively.
"‘_Among -parents'_lB 14 (6.76 g), IB 28 (6.19 g), IB 43 (6.06 g) and
1B 28-1 (6.01 g) were characterized bold seeded. The large;t head
size among hybrids was attained by IB 43 x Morden (20.73 cm)
compared .to 1l9.2}7 cm of‘ MSFH 8, the . best checl{. None «of the
barents exhibitéd” lérger head siie compared to th’e”’lhybrid IB 43 x
Mo>rden and standard check MSFH 8. The standér‘d check U 5002
(u0.83%)’ kecﬁrded highe.st oil content comvbared to parents and
hybrids. Noné. of the parerﬁs and hybrids’ had higher oil yield per

plant (ml) compared to best check MSFH 8 (50.00 ml). These results

O

were in confirmation to the findings of various previous workers

(Giriraj et al., 1979; Lakshmanaiah, 1980; Rao, 1980).

Components of variation

In breeding, the varietal development programme through
selection is mainly dependent on the ektent of genetic variabflity
present and also the genetic architecture of vyield and its

¥
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components. Traits with high heritability, as it is likely to give
high genetic advance provided the traits are direct components of
yield are more amenable for improvement through selection. The
results of present study have shown élose. relationship between
phenotypic aﬁd genotypic cogfficients\ of variation in . all the
characters studied. . Further, the magnitude of phenotypic ,coefficient‘
of variation was higher than their corresponding genotypic - variation.
These results were in close agreement with results reported by
Reddy ‘and-“:R’eddy~ (1979), Pathak et al. - (1987) and Singh énd
“I;a_bana (1990). ' ‘

v

It is a fact' that genetic coefficient of variation alone is
not s»ufficient'for deté'rmination of the am<)>untv of heritable variation,
whi?:l% can be')found out with greater accuracy when heritability in
conjunction With genetic advance is studied. Esfimates of hef\itability
were observed  , to be high for vall the traits except for head
diameter. The cﬁaracters oil vyield per/vplant (89.80%), days to 50
per cent flowering (89.55%), oil coni;ant (88.65%) ‘aknd seed vyield
per plant,(85.65%) were found to be highly heritable. To a larger
extent the present results were in confirmation to the finding of
. 'Volf and Dumacheva (1973), Miller et gl_.‘ (1977), Fernandez et al.
(1979), --Reddy & Reddy '(1979), Lakshmapaiah (1980), Venkateswarlu

et al. (1980) and Dilruba Begum et al. (1988).

The high heritable variation coup]ed with high genetic gain
is very useful in predicting the resultant gain from selection. Panse

(1957) reported that high héritability with  high genetic advance
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was indicative of additive gene effects and high heritability
associated with low genetic advance was indicative of dominance
and ' epistatic effects. In the present - study, high heritabivlity
‘estvimates accompanied with high genetic. advances were observed
for ‘seed‘b yi_el‘d per plant, plant height . and oil ~yield per plant
indica_tihg thereby that these characters could be imp/r,oved through
simple selecfion. Although, days to 50 per cent flowering, days
to full blooming, days to maturity, head diameter, 100-seed weight
and ~oil cdntent ~exhibited high heritability estimates but the
'magnitude'of »ger‘xetic advance was low révealing thereby the presence
of _do_minante and epistasis. Johnson et al. (1955) also reported fhat
higher éstimates of heritability need not to ;{_be associated with

higher values of genetic advance.

Combining ability variances

The m‘ea"n‘ square values due to combining ability for lines
(females) were significant for. seed yfeld per plant, days = to
maturity, days to 50 per cent flowering and oil yield per plant.
The variances due to testers wére significant only for 100-seed
’weight. Further,i the mean squares due to lines x testers (SCA) were
rsignlficant for all the traits. Though both GCA and SCA variances
played thgif role for the inheritance of seed yield and ‘othery
component characters, but thé Ialtter” ’being‘ more irﬁportant | (’Shevtt’y
anvd Singh, 1977; Shar‘lkara,‘ 1983; Dba andh Yadava, ‘198‘3;> ’Sheriff

et al., 1985).




Genetic evaluation of parents and hybrids

Relative evaluation of the pérents as genetic stocks'for
ffﬁtui'e population improverﬁent is always one of the objectives and
indeed an advanfage in the line x tester analysis. A consideration
of the general and specific combining ability effects'/ might be of
help in isolating ’isuitable- genotypes for genetic enhancement of the
breedking material., Results on ,the:_a' c'ombining ability effects showed
that the: female parent IB U was géod combiner for '6 characters
_V'iz., plant height, days to 50 peri cent flowering, days. to full
blbomihg; dayé to maturity, seed yield per plant and oil yield per
'plya'nt. The female parent IB 14 was a good combiner for seed yield‘
pér ‘plént, oil content and oil yield per plant but it was poor
combiner for days to 50 ‘per cent flclawerin/g" and days to full
blooming. Thé female '‘parent IB u43 was a gqoc/lvr general combiner for

head d_i,a‘meter and oil yield per plant.

~Among testers, Morden was a good combiner for seed vyield
per plant and oil yield per plant, while EC 68415B was good general

combiner for dwarfness@a poor combiner for yield and its

component characters: -

l»h order to find out some relationship between Eg_ se
‘perf‘ormance and general combining ability of genotypes, correlation
coefficients between gca effects and per se performance were
computéd;:for all the characters _and aré presented in Table 9, Non-

significant association existed between these two for all the

characters studied. It is also evident from Table 12, three best
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parents selected on the basis of per se and gca éffects were not
Vetxactly the same. However, Vlittle agre‘ement did éxist§ ~b&etw‘een gca
and per gb performance for oil yield, 100-seed ‘we>igh"t 'andk oil
confent. The results indicated thathgﬂ §g_ pe’rformance, as usuch does
not .qualify for effective use in jddging the combinihg ability “of

parents (Kumar et al., 1984; Pathak et al., 1985).

In preseﬁt Sfudies, none of thet\hybrids showed égnéistently
high sc’a effects simultanéous|y<forv‘a|;| the characfers. Few crosses
figdred wOrfh. mehtioning as‘ théy wé;'e ‘s(ignific’amt' for a few
charactes. These <were IB kl& x EC 68415B for seed yield ’per plant,
p'er ceni-oil content and oil yield per plant; IB 4 x Morden fdr
per cent oil confent, 100-seed weight and plk‘ant height; IB 14 x
Mér;i:len for days to 50 per cent f.lowering and gjays fo full bIOOnﬁing;
I:BA-:,28 X E’C 68415C for plant height and oil: yield per [:;lant and
’li; 43 x EC 68415C fbr per cent oil content a/;d' o‘il yield per plaht.
Some of fhe above hybrids resulted from_ﬁa/t least one good combining
parent for the character with Eeéar‘d to whfch they had high sca
effects. But in some cases, 'none of thke parents involved was a good
combiner for a particular character, tﬁe high sca effeéts }i;ight havé

arisen purely from genic interactions.

Correlation coefficients between sca effects and" per se

. ¥
performance and sca effects and heterosis (mid parent) are. presented
in Table 10.  The correlation coefficients between sca effects and

per se performance were found to be significant for all the
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characters under study, indicating that per se performance of
hybrids provided a fair index for isolating a good cross comb‘in‘ation
on the basis of per se performance. These results were in con-
firrhation. to the finding of ‘Dua and Yadava, V\(1983) and Pathak

et ‘al. (1985).

For obtaining a comprehensive picture of sca effects viz-
a-viz per se perfc;rrﬁance, consid/ering’oil yield and its major
components simultaheously, five -best hybrids were selected for
seed yield per pl’ant, 10,0?seed weight, per cent oil content and
- oil yield per plant.» These have been listed in descending order
of magnitude of sca effects and per se performance (Table 13). It
appeared that hybrid 1B 4 x EC 68415B ex‘pressed high sca effects
and per s_é_ performance for  seed yield ‘pé’r plant, whereas, in
general, no agreement' was found betweenzf ;ca effects and per se
perfofmance for this character in other/ hybrids. Out of five best
hybrids., four showed high séa effects as well as per se performance
for per cent oil content and 100-seed wéight. These hybrids were
IB 14 x EC 68415C, IB 4 x EC 68415B, IB 4 x Morden and IB 43 x
EC 68415C for perrcent oil content and IB 14 x EC 684158, IB 4 x
Morden, IB ué x EC 68415C and IB 28 x Morden for 100-seed weight.
For oil yield the hybrids; IB 4 x EC 68415B, IB 43 x EC 68415C
and 1B 43 x Morden exhibited high sca and per se performance.
Thus, in general there was gpod agréement between v‘sca effects and

per se performance for these characters.
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Extent of heterosis in hybrids

Sunflower being a highly cross pollinated crop, offers lot
~of scope for developing new and Superier high vyielding hybrids
and varieties through heterosis breeding. Studies on heterosis have
' revealed considerable ‘gain for seed and’ oil ’yield‘ (Chaudhary and

Anand, 1984; Singh et al., 1984),

The . highest and S|gn|f|cant posntlve relatlve ’hehterb'osisv
(Gll 35%) and heterobeltnos:s (35. 02%) was shown by the hybrld IB 4 X
Morden - indicating ‘highest oil yleld for this ‘hybrld’. The other
| nremising " hybrids showing sigmflcant vposxti‘ve “hevterobel"cviosis were
1B . 43 x vMerden (19. 68°) IB 14 x Morden (‘1'7.36%) and IB 4 ‘x

EC 684158 (16 210)

None of the hybrids was able to broducee significant
heterosis _ovef best check for any character ex’rcept for plant height.
Highest . signiﬁcan‘t negative heterosis for  plant height over check
was recorded for 1B 4 x Mbrden (-32//.04%) followed by IB 2 x

EC 68415C (-19.22%) and IB 4 x EC 68415B -(-18.70%).

It appeared that for dlfferent character's, hybrids showing
"SIgmflcant heterosxs over MP and BP were different. However, few
hybrids showed significant heteros:s simultaneously for more than
one character, for example IB 4 x Morden for plantf height, days
to 50 per cent flowering, days ‘to full 'bloomingf, seed yield per
plant, 100-seed weight and oil yield per plant; IB 14 x Morden

for days to 50 per cent flowerxing, days to full blooming, seed yield
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pér plant and oil vyield per plant; IB 43 x Morden for days to
50 per cent flowering, days to full ,bloorping, head diameter, seed
yield per plant and oil yield per plant; IB 4 x EC 68415B for plant
.fheigh'_t, day‘s to 50 per cént ﬂowering, d‘ayﬂls‘ to full blooming, seed
yield per plant, per cent oil content and oil yield per plant and
IB 14 x EC 68415C for head diameter, per cent oil k\c:on'tent and oil
yieldA per plant. Use of these five hybrids in hybridization
programme would facilitate synthesis of a Wpulation. Similar
results were also observed by Sudhakar (1979) z_md'Seej:ha Ram
.(>19V84).' They reported moderate to high degree of heterosis for seed
Yield over. the check varieties. Chaudhary and Anand (1984) reported
'6.9.8 per cent heterosis for seed yield. Singh et al. (1978) found
heterosis in intervarietal crosses of sunflower, tThey observed that
heterosis for seed yield ~per plant in most of the cases ‘was
associated with main components in »most of the crosses i.e. 100-
seed weight, ‘*head- diameter and per geht seed - filling. Similar
observations on heterosis were 'alsorrepor{ed by Naik et al. (1988).
They observed that heterosis for percentage of filled seeds, 100-
seed weight and head diameter contributed towards the vyields o—f
§unflower. Shrinivasa (1982)’, reported significant heterosis for plant

height, head diameter and yield per plant."

Five best heterotic hybrids for oil yield and its components
were selected to assess relationship, if any,. between heterosis and
per se performance. These are indexed in Table 14, It appeared

that there was a fairly good agreement between E'er se performance
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and heterobeltiosis for per cent oil content, 100-seed weight and
oil vyield per plant. However, all the five hybrids revealed high
per se pervformance as well as heterobeltiosis for seed yield per
'plant; indicating complete agreement betwéen ~per se performance
band heterobeltiosis. It was also seen that hybrids showing
heterobeltiosis “for = oil yield, also  depicted considerable
heterobeltiosis for all the yield cbmponents, the most frequent being

seed yield per plant and -100-seed weight.

- Genetic divergence in relation to heterosis and sca effects

Genetic divergence between parent genotypes involved in
crosses has been greatly emphasized. High genetic divergence has
been advocated to be desirable for high heterotic effect and/or for

obtaining new desired recombinants.

Accordingly, correlati‘on coefficienvts/ of genetic divergence
(Dz)val}ue with  sca effects, relative heterosis, heterobeltiosis and
standard heterosis were calculated for different chara.cters studied.
Results are presented in Table 15. No clear cut association was
evident between magnitude of genetic divergence/distance on one hand
-~and relative heterosfs, heterobeltiosis, standard heterosis or sca
effects on the other hand. Perhaps, some §pecific compatible range
of genetic divergence might be more impc;rtant for expression of
heterosis. With this view, 18 hybrids were partitioned i.nto three
categories on the basis of the magpitudeb of genetic divergence. Total

2 .
range of D - value among parents involved in hybridization was
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l}partitioned into low (28.04 to .59.35); medium (65.718 to 89.02) an.d'
high (104,60 to 129.47). Correlation coefficients of partitioned D2
~values with relative heterosis, heterobeltiosis, standard. heter;o;sis
and sca effects were calculated for various  characters “studied
(Table 16). The significant negative associations for plant height
were recorded between genetic divergence (medium) ’anc;.l relative
heter‘osisl"f»» standard heterosis and sca effects. } All  correlation
coefficients among various divergence limits and heterosis were found
to' be non-sivgnif»icant for all other characters. It‘dwas élso evident
’that correlation coefficients among genetic dlvergence and sca effects

were non- S|gmf|cant for all the categories for all other characters.

On overall basis, hybrids IB 4 x Morden, IB 4 x EC 68415B
and IB 43 x Morden were good for further breeding programmes
including fdevelbpment of improved = populations for selection of

inbreds and development of composites.
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CHAPTER-VI

SUMMARY

The pfesent investigation was carried out at> the Research
‘Farm of . Department of Plant Breeding, CCS _Hafyana Agricultural
Uhiversity-;‘Hisér, during the year 1993-_914. A total of 30 genotypes
'in\}olving‘ 18 F1 hybrids, nine parents and three standard checks,
pianted in randomized block design with three replications were

/

grown.

The objectives ‘were to classify the sunflower inbreds on
the basis of genetic divergence/distance, among parents entering
crosses, to assess the extent of heterosis, to determine combining

ability = .effects and to = determine relationship between genetic

divergence, heterosis and combining ability.

The obser\‘/‘at.ions wer‘e‘. récorded von' L fivé randdm‘ly ﬁelectéé
plants in each genotyp‘ejr pér re;’)likc'atic’)n wifh réspect tc; plant height,
days to 50 per cent flowering, days to; full blooming, days to
maturity, stem girth, head diameter, seed ,yield per plant, 100-seed
weight, oil content ‘and oil yigl:d per,’ plant‘._ ,'I»'he“‘data_yg_rgycorded »lon

various ,characteré ~was subjected to biometrical analyses' to gather

information . on genetic divergence/distance, heterosis, combining

;
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ability and the relationship of genetic 'divergence with heterosis

and combining ability."

The anaIyS|s of variance showed. presence of considerable

variabillty for all the characters, except stem glrth.

The" niagmtlide of‘phenotypic coeff:cnent of \rarlatlon was
higher" than “ the' genotypic coefﬁc:ent of variatlon ‘for ali | the
characters. iieritablilty estlmates (broad sense) were generally high
for all the characters -ex)cepit head dlameter.‘ Expected genetic gain

indicated that seed and oil yleld can p0551bly¢be‘ improved upto

a conSIderable extent,

Genetic divergence among parents - entering crosses was
considerable. The parents involved in hybridization were classified

as having high, medium and low genetic divergence.

The analysis of variance for  combining ability revealed that
specific‘ combining - ability variances were 'significant for all the
characters., General combining ability - variances '~ for  lines : were
significant for seed yield per plant, 'days -to maturity, days to
50 per cent flowerlng and oul yield per plant and variance due

'to testers was sugnlflcant in case of 100-seed welght only.

Femaie parent IB" 4 ‘was good general combiner for six
characters viz., .piant height, 'days to '50"‘per cent flowering, days
to" full blooming, days to maturity, seed vyield per plant and oil
yield per plant., Among the testers, Morden was the best general

combiner for seed yield and oil yield per plant.
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Among the crosses, IB 4 x EC 68415B exhibited highest
sca effects for seed yield and oil yield per plant, IB 14 x Morden
for days to 50 per cent flowering and days to full blooming, and

IB 2 x Morden for days to maturity and per cent oil content.

Standard heterosis was found for the character plant height"
only._ The hybrid 1B % x Morden recorded the highest negative
standard heterosis for plant height. The hybrid 1B 4 x'jMorden
showed highest heterobeltiosis for plant: h'eight,‘ days to 50 per
cent floweing, ;:iays‘ to full blooming, days to maturity; seed vyield
'a;ldk oil yield per plant. The same hybrid also ‘produc’ed significant
heferobelti'osis for' 100-seed weight. The hybrid 1B 14 x EC 68415C
shéwed ﬁighest heterobeltiosis for oil content and .the »hyb’rid

IB 2 x Morden produced highest heterobeltiosis for 100-seed wgic_jht.

Correlation s.tudies fevealed signif‘icant' negative relationship
df "geneiic divergence (medium) with relative heterosis, standard
heteroéié and sca effects for plant’height.’ It was also evident that
relationship of genetic divergence limits with heterosis and combining

ability was non-significant for all other characters.

On over all basis hybrids IB 4 x Morden, .IB 4 x EC 68415B
IB 43 x Morden were identified to be good for further breeding
programmes including development of improveéd populations for

selection of inbreds and development of composites.
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