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SUMMARY

Slx CMS (CMS-342, CMS-343, CMS-349, CMS-35r, CMS-352 and CMS-
353) and flve testers (RHA -344, RF{A-345, RFIA-346, RHA-348 and RHA-354)
wtth high oleic acld were crossed for comblning ability analysis. It was carrted
out at GKVK, University of Agrtcultural Sciences, Bangalore, India. Non-addi-
tive gene action was observed for days to 50 percent flowertng, plant height,
head dlameter, stem girth, seed yield per plant, oil content and oleic acid
whereas additive gene action was noticed for 100 seed weight. Among females
FIA-35f was the best general combiner for oleic acid, F{A-342 for seed yleld per
plant and FIA-349 for earliness and oil content. The male tester RFIA-344 was
the best comblner for seed yield per plant and RHA-348 for oleic acid, oil con-
tent and plant helght. The crosses CMS-349 x RFIA-346, CMS-353 x RHA-348
and CMS-343 x RFIA-346 were the best cross combinatlons for oleic acid, oil
content and seed yield plant respectlvely.

K€y words: Oleic acid, s6m6ining ability, CMS, restorers.

INTRODUCTION

Sunflower is cultivated in an area of 18.35 m.ha with an annual production of
22.2L rn.tons and productivity of L2I2 kg}:a in the world. In India, sunflower is
grown over an area of 2.7 m.ha with a production of 1.8 m.tons (Anonymous, 1 996)
and having moderate productivity (666 kg/ha). Although the seed oil of standard
cultivated sunflower (Heltanthtts o,nrtulrs L.) is considered to be of good quality for
edible purposes, the development of hybrids with high oleic acid is currently an
important breeding objective for this crop.

One of the advantages of this type of oil is higher degree of oxidative stability
than the oil with low oleic acid content (Fuller et aI., 1967), which is desirable for
frying purposes, refining and storage. Therefore, oil with high oleic acid content has
greater shelf life than sunflower oil with high linoleic acid in both processed oil and
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HELIA,21, Nr.28, p.p.7-14, (1998)

o)

c)

àS

(E

c
(g
o
'Ë

6
0)

rO

(g

c
(d

E
c

U)

*i(OÈF-**
fj&à6ëo

lE5çL
: q è('. PÇeÇe;

.***:^ro*()cO)(-@
c.)0)xNo)
NLô"1 /-iO
Nrvr<'

ÈËEËh
9ooo;

*o(oNo*C\l--F-O)n <\'. 9 àooo9;

-*.*.IIxvsfÀ
r=:tcr)s
-N(9+;

,***ô:.Rax.rX_':=

oo"do

@

ôsLo(oco$'t;$\f,st<-Lr)ô???99F-<<
IIIIIÉ.crÉ.É.É.

1ii*a*+*iiY'<Irr$$r3ÈëSgsN(oNci-
,5

| * i -r^i95o)NXl@F-.:Nr:'À(9
t qa O):'a lJ)
;o-"9a,D

**+*r+cli+ct,
ocoN@$(o@Orr
oo'oo

***ii*+no*
NC!NO60
F*O)-:ÀO)
ciôi@"";

*i**+iinæ|*6(OLOÉr@eNOOO(orNf::N
-i;-i---i"-Y.i

E*bi,rL
i:5È3P

ooT
E

*i***++@@*
NcO@Or@ON(OrN()o?g':;ôi o?(oo(o"@

*****ii****i

(OcO-OO)(t
c'ic.iÀi Âi ;;

ooC!CDOr)-c!c)cssgr.c)trrtr):çççç9ç
I:EÏITI

Eg

c'=
o
3
F

c
oo^
->R
Gc
.\ 0)

o

àS

c
0)
c

c
'a)

=Eq)
o
6

'a*
ç(6

a

c)
3

q

aro
a
!
d

bo

o
L
O
û

6
o

,O
o

h

(6

I

ôi
a

F

c)

o
a
6

o

=c
a

a)

a)

ro
(s

c
G

E
c

a

****i*+**icostoo)(9@O)cO@Lr)CDOr
c9LCTOCO@(.O)NC!ôl \ ': ': \ ci ri oi r..-
$O)<f\trOOr(f)oo)

cD (O

*t+1*
i i * * * @o, l()(O
l\(\rNOr(DFLr)
>c!f.-o)@sc\i|r)-.
9qqc!q.j-i.i(\i
Ndiricdc"ir-Nr

l_+**(OOlrO{'sl\fF-I'-N(OÂl-Oq?OCDNT-OOtr)
qsLr)@A;A-iA
o-riÂi--

I i + * I"orumO
NERËÈ*38É-É*R:-

Nr

'-i 
ï ort@rcon

:tr)æOXOOON.yrrO:y:;:,;
voo

c<.oc)E3 (J
aa,^;i\
ËaËi*u:g55eXE888

EE
o;-
:co8

c
c)
C-ox

c)
0)o

q)
o-
E
E

oo
<t)

c
Ë

br

c
(Ë

o-

LI I -ooo)@@:l@(oo)sfsNF-|'-X\tO)N@-OrO)
J\Yr"iSrrOO|r)\, (o o

*i*****{**OTtr)COcOOO)F-Oc.)O(g(O
N@O)(f)O)(')sf$O)\n\1Cûi+Ëc.j
cooocfj(f)s(1)@tOF-r
stCf)O)Olr

i I I o* cooN6(O-tf)sl;O(OcO|r)
ScvN-}X@st(o@
:tl:N-OOTCD
NtôtOr'-(r, (o

Eo

c)

'=
o
3
E

ô
E
.o

o
CJ

I

c
'a)
-c
c(!

èS

ro
o
o
oô

coR,.roRR

o
F

a

o
I

I

a

€
I

G
L

q
'6

(g

;
q

F



HELIA, 21, Nr. 28, p.p. 7-14, ( r998)

the seed. From the nutrition point of view, monounsaturated high oleic acid sun-
flower oil is similar to olive oil; superior to other types of seed oils that have been
questioned in the past due to pol5runsaturated fats (Doty, 1978). More recent stud-
ies in this field, (Grundy, 1986) suggested that a diet rich in monounsaturated fatty
acids reduces cholesterol in blood plasma and therefore, the risk of coronary heart
disease. Development of hybrids with hlgh levels of monounsaturated oleic acid is
an important goal among sunflower breeders (Fernandez - Martinez et al., 19g3).
For the development of hybrids, selection of suitable parents is â prerequisite.
Although the lines and testers with high oleic acid content are available, the past
experience in sunflower as well as in other crops has proved that per se perform-
ance is not always a good indicator of their combining ability. Hence, the present
study was initiated to estimate the combining ability of six lines and five testers for
high oleic acid using line x tester analysis.

MATERIAL AND METHODS

Six cytoplasmic male sterile lines (CMS-342, CMS-343, CMS-849. CMS-3Sl.
CMS-352 and CMS-353) were crossed with five restorers (RHA-344, RHA-345,
RHA-346, RHA-348 and RHA-354) in a line x tester combination to synthesize 30
hybrids. The seeds were collected from the Project coordinating unit (Sunflower)
which were earlier received from usDA-ARS, Fargo North Dakota. These female
and male lines are reported to have high oleic acid content. The Bo F1's along with
their parents so slmthesized were grown in a randomized block design with four
replications during June 1995-96 at GKVK, university of Agricultural sciences,
Bangalore, India. All recommended cultural practices and plant protection meas-
ures were followed for raising a good crop. Observations were recorded on five ran-
domly selected plants from each entry in each replication for eight quantitative
characters viz., days to 5o percent flowering, plant height, head diameter, stem
girth, seed yield per plant, lo0 seed weight, oil content and oleic acid percentage.
The mean values of the five observations were subjected to line x tester analysis
(Kempthorne, 1957) to estimate combining ability effects.

RESULTS AND DISCUSSION

Analysis of variance for combining ability and estimates of variance due to GCA
and SCA are presented in Table l. The variance due to lines were significant for
days to 5o percent flowering, plant height, head diameter, stem girth, seed yield per
plant, IOO seeds weight, oil content and oleic acid content. Testers were also found
to be significantly different for all the traits except days to bo percent flowering,
head diameter and stem g,{rth, thus justiffing the selection of parents for combining
ability analysis. The crosses between these lines and testers were significantly dif-
ferent from each other for all the characters. The variance due to the interaction

I
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between lines and testers was found to be significant for a-ll characters except head

diameter suggesting the significant contribution of the SCA effects towards the vari-

ation among the crosses. Further, the ratio of GCA : SCA variances showed that

SCA variances were greater than GCA variances for all characters except lOO seed

weight, indicating the predominance of non-additive effects for seed yield and most

of the yield components and additive gene action for lO0 seed weight' These results

are comparable with earlier reports by Alba et al. (1985), Giriraj et al. (1987)'

Bindhu Madhava (1990), and Harini (1992). The estimates of general combining

ability effects for eleven parents a-re presented in Table 2. It is evident that no single

Iine or tester was a good general combiner for all the characters studied. Among six

females studied, FIA-351 and IIA-349 were the best general combiner for oleic acid

content and earliness. !IA-351 and HA-352 were good combiners for head diameter

and 10O seed weight. HA-342 was the best general combiner for seed yield per

plant, but was a poor combiner for lo0 seed weight and oleic acid content. IIA-349

was the best combiner for oil content. but a poor combiner for head diameter and

stem girth. HA-353 was a poor combiner for head diameter and stem girth' Of the

five male testers studied, RHA-348 was the best general combiner for oleic acid con-

tent, oil content and plant height. RF{A-344 was a good combiner for seed yield per

plant. RHA-354 was a good general combiner for earliness but it was a poor com-

biner for yield and majority of its components. Although' none of the testers showed

significant GCA effects for stem girth and head diameter, the testers RHA-344 and

RFIA-g4g exhibited higher magnitude of GCA effects. In general, there was no corre-

spondence between per se performance and GCA effects of lines and testers for all

the characters. However, the few parents which exhibited higlr significant GCA

effects also exhibited high per se performance. Amon$ female lines, HA-342 and

HA-343 had higlr GCA effects and higlr per se performance for seed yield per plant'

HA-351 had a high GCA effect and high per se performance for oleic acid content'

Hence, TJte per se performance of lines could be used as indicator for their GCA

effects. Among the testers, RIIA-348 had high per se performance and high GCA

effects for plant height, oil content and oleic acid content, whereas RHA-344 and

RIIA-354 had high per se performance and hlgh GCA effect for seed yield per plant

and lOO seed 'ù/eight, respectively. Although the female line, CMS 35 I and the male

tester RFIA 848 had good general combining ability for high oleic acid content' the

cross between these parents had a very low SCA effect for the trait' Interestin$y'

perusal of the SCA effects (Table 3) of various traits indicated that the crosses

which had high SCA effect (> 10.00) were high x low types, that is, one palent had

high GCA and other parent had low GCA effect for oleic acid content. Therefore, to

obtain crosses with high oleic acid content, it is desirable to select the parent such

that one parent should have higlr GCA and other low GCA effects. Such results are

not surprising, because, in several crops it is proved that crossing diverse parents

usually results in crosses with high heterosis. The estimates of specific combining

ability effects for 3O crosses are presented in Table 3' The crosses CMS 342 x RFIA
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345' cMS 343 x RHA 344, cMS 843 x RIIA 948, cMS 349 x RFIA 346, cMS 351 x
RlrA 346, cMS 352 x RFIA 345 and cMS 943 x RHA 3b4 were the best specific
combiners for oleic acid content. Interestingly these crosses a_lso had high per se
performance for oleic acid content. The crosses cMS-342 x RFIA-354 and cMS-343
x RHA-354 were best specific combiners for earliness. As regards plant height,
CMS-35lxRFIA-354 exhibited high SCA effect. The best specific cross for oil content
was CMS-353 x RHA-344. None of the crosses showed significant SCA effect for
head diameter, seed yield per plant, loo seed weight and oil content. This is
expected because the parents were selected for the study based on their oleic acid
content' This suggested that there was no interaction between female and male par-
ents' The crosses which have high GCA effect and high per se performance for these
yield components could be utilized in a heterosis breeding programme of sun-
flower. The parents I-IA-35 I and RFIA-348 which have good general combining abil-
it5r for oleic acid could be used as one of the parents to obtain crosses with high
oleic acid content. The parents F{A-349 and RHA-348 which have good general com-
bining ability for oil content could be used as one of the parents to obtain crosses
with high oil content. similarly the parents HA-s42 and RFIA-344 which have high
GCA could be used as one of the parents to evolve hybrids with higher yield.
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APTITUD COMBINATORIA DE LINEAS DE ALTO
CONTENIDO DE ÂCIDO OLÉICO EN EL GIRASOL

RESUMEN

Se cruzaron seis CMS (CMS-342' CMS-343, CMS-349' CMS-35f , CMS-

352 y CMS-353) y cinco testigos (RFIA-344, RFIA-345. RHA-346' RI-IA-348 y

RHA-354) con un alto contenido de âcido oiéico para un anâlisis de su capaci-

dad de combinacidn. Esta investigâciôn se llev6 a cabo en GKVK, Universidad

de cienciâs Agricolas, Bangalore, India. No se observaron efectos no aditivos

para los dias hasta 5O"/o de floraciôn, la altura de la planta, diâmeko del capi-

tulo, la circunferencia del tallo, la produccl6n de semilias por planta, el conte-

nido oléico y de âcido oléico mientras que se observaron efectos aditivos pa.ra

el peso de l0oo semillas. Entre las hembras, HA-35r fué la mejor combina-

dora para eI âcido oléico, FIA-342 para la producci6n de semillas por planta,

HA-349 para la precocidad y el contenido oléico. El testigo RHA-344 fué el

mejor combinador para la producciôn de semillas por planta y RHA-348 para

el âcido olélco, el contenido oléico y la altura de la planta. Los cruzamientos

CMS-349 x RFIA-346, CMS-353 x RHA-348 y CMS-343 x RHA-346 fueron las

mejores combinaciones para el âcido oléico, el contenido oléico y la produc-

ci6n de semillas por planta, respectivamente .

VALEUR EN COMBINAISON DE LIGNÉS RICHES EN ACIDE
ol,ÉrguE cH.Ez LE TOURNESOL

RESUME

Six lignées CMS (CMS-342, CMS-343, CMS-349' CMS-351' CMS-352, et

CMS-353) et cinq testeurs (RHA-344, RHA-354, RFIA-346' RHA-348 et RHA-

354) à teneur élevée en acide oléique ont été croisées pour I'analyse de la

valeur en combinaison. L'essai a été réalisé à GKVK, Unlversité des sciences

Agricoles, Banga_lore, Inde. Un effet génétique non additif est observé pour ie
nàmbre de jours à bO pour cent de floraison. la taille, le diamètre du capitule,

la circonférence de la tige, la production en grains par plante, la teneur en

huile et en acide oléique tandis que un effet génétique additif est noté pour Ie

poids de looo gains. c'est la femelle HA-35I qui présente la meilleure apti-

tude générale à la combinaison pour I'acide oléique, HA-342 pour la produc-

tion de grains par plante et HA-349 pour ia précocité et la teneur en huile. Le

testeur RFIA-344 combine Ie mieux pour le rendement en grains par plante et

RHA-348 pour I'acide olélque, la teneur en huile et la tatlle. Les croisements

CMS-349xRFIA-346,CMS-353xRF{A-348etCMS-343xRHA-346furent
respectivement les meilleures combinaisons hybrides pour I'acide oléique. Ia

teneur en huile et le rendement en grains par plante.


