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ABSTRACT

Diversification of the cytosterile base of sunflower requires utilization of alien cytoplasm in sunflower hybrid

production but before incorporating them in breeding program, it is essential to study the impact of alien

cytoplasm on seed yield and its attributing traits. In the present study the CMS analog ARG-2-1-2

(H. argophyllus) was significantly better than MUT2-8-3-2 (H. annuus) for 100 seed weight, volume weight,

seed yield, oil content and oil yield while it performed on par to 234 from classical (H. petiolaris) PET-1

source for these traits. Similarily, hybrids per se performance based on ARG-2-1-2 cytoplasm were superior

over MUT-2-8-3-2 cytoplasm based hybrids for days to 50 per cent flowering, head diameter, days to maturity,

100 seed weight, seed yield, oil content and oil yield. The differences in these CMS analogues could probably

be attributed to the favourable cytoplasmic effect / nuclear interaction of ARG-2-1-2 cytosterile source over

MUT-2-8-3-2 in both inbreds and hybrids.
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SUNFLOWER (Helianthus annuus L.) is an important
oilseed crop widely adopted and accepted for its
high-quality edible oil. It was introduced to India
during 1969 from Russia in view of its distinct
advantages, viz., photo insensitivity, short duration,
high seed multiplication ratio, high seed yield and
better quality of oil. Sunflower hybrids are preferred
over varieties because of their agronomic and
economic advantages over them (Nehru et al., 2000).
The favourable characters of sunflower hybrids
including high productivity, response to high input
agriculture, high self-fertility, uniform growth and
maturity shifted the focus towards heterosis
breeding. The synthesis of hybrids with high
heterotic effect became possible after the discovery
of the first cms source (Leclercq, 1969) and
subsequent detection of fertility restoration genes
(Kinman, 1970) that gave the required impetus to
commercial hybrid seed production leading to the
release of first ever sunflower hybrid BSH 1 in
India (Seetharam, 1980), which provided required
thrust to expand sunflower cultivation in the country.
Since then, many hybrids have been released for

commercial cultivation based on cytoplasmic genetic
male sterility system.

Most of the commercial hybrid production in
sunflower are based on PET 1 cytoplasm resulting in
the genetic uniformity for the cytoplasmic back
ground in the crop. Prevalence of genetic uniformity
of this kind over a large area could result in genetic
vulnerability of hybrids which can be avoided by
using different cytosterile sources in hybrid production.
One of the practical solution to widen the cytoplasmic
base of the crop is the development of sterile CMS
analogues of lines used in sunflower breeding. Seiler
et al., 2017 reported that as many as 72 CMS sources
have been developed in sunflower by intraspecific and
interspecific crosses, which resulted in several CMS
sources being available. Utilization of these CMS
sources requires development of lines having different
cytoplasms in common nuclear genetic background
(isonuclear alloplasmic lines) in order to understand
the impact of alien cytoplasm onseed yield and its
contributing traits. Even in hybrids differing in their
cytosterilitya thorough understanding of the interaction
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between alien cytoplasm and nuclear genes from
commercially cultivated source and the impact of this
interaction on heterosis for yield-related traits is
required for utilizing these alloplasmic lines in hybrid
development. Keeping this in mind, present study
was conducted to compare per se performance of
alloplasmic lines and hybrids having cytosterile
sources from H. argophyllus and H. annuus in
common nuclear genetic background.

MATERIAL AND METHODS

Isonuclear alloplasmic lines in 234 nuclear genetic
background were developed by repeated back
crossing for six generations with 234 as recurrent
parent and H. argophyllus, H. annuus and
H. petiolaris as cytosterile donor parent to compare
them for their per se performance of seed yield
and its component traits. These alloplasmic lines
derived from Helianthus argophyllus (ARG 2-1-2)
and H. annuus (MUT 2-8-3-2), were crossed with
ten restorers viz., GKVK-3, RHA 6D-1, RHA 95-C-
1,LTRR 822, M-17R, MR-1, RHA-272-II, X-15-NB-
10, GKVK 2 and RHA 93 to obtain 20 experimental
hybrids. Hybrids along with isonuclear alloplasmic
lines were evaluated in kharif 2016 and rabi / summer
2016-17 with two replications each and experiment
was laid out in randomized block design. Each genotype
was represented by single row of 3.0 meter length
with a spacing of 60 cm between rows and 30 cm
between plants. Observations were recorded in each
entry on randomly selected five plants for characters
viz. days to 50 per cent flowering, plant height (cm),
stem diameter (cm), head diameter (cm), days to
maturity, seed filling (%), 100 seed weight, hull content
(%), volume weight (g/100ml), seed yield (kg/ha) and
oil content (%) and oil yield (kg/ha). Significance of
differences between isonuclear alloplasmic lines for
their per se performance was determined using CD
which was computed as :

CD= (MSe/r) x ‘t’ table value at error df at
P =0.05 & 0.01 x \2

Paired ‘t’ test was used to test the significance of
differences among hybrids for their per se
performance. Significance of differences among

hybrids for their per se performance was considered
as an evidence for the presence of cytoplasmic effects
on hybrid mean performance.

REsuLTS AND DIScUSSION

Comparison of per se Performance of Isonuclear
Alloplasmic Lines for Seed Yield and its
Contributing Traits

The results indicated that for days to 50 per cent
flowering, the per se performance of inbreds
were significantly different (Table 1) as inbreds
based on MUT-2-8-3-2 cytoplasm flowered earlier
(54.5 days) compared to PET 1(56.0 days) and ARG-
2-1-2 (58.0 days) while tested inbreds were on par
for characters viz. plant height, head diameter, stem
diameter and seed filling per cent. With reference to
100 seed weight inbreds based on CMS ARG-2-1-2
(4.71 g) had significantly higher seed weight than MUT-
2-8-3-2 (4.22 g) and was on par with PET 1 (4.50 g).
Inbreds based on MUT2-8-3-2 (41.57 g) recorded
significantly lower volume weight as compared to
ARG-2-1-2 (45.80 g) and PET 1 (46.90 g) which were
at par with each other. With reference to seed yield

TaBLE 1

Comparison of per se performance of alloplasmic
lines with 234 nuclear genetic background
for seed yield and its contributing traits

Per se performance of alloplasmic
lines under 234 nuclear background

Character R c
R MUT D

212 2832 CEF P=O.%@5
Days to 50 % flowering 58.0 54.5 56.0 1.41
Plant height (cm) 14448 13397 138.11 13.14
Head diameter (cm) 13.11 11.84 12.96 2.12
Stem diameter (cm) 1.96 1.87 1.93 0.23
Days to maturity 88.75 86.25 86.25 3.99
100 seed weight (g) 4.71 4.22 4.50 0.48
Volume weight (g/100ml) 45.80 41.57 46.90 2.19
Seed yield (kg/ha) 973.12  669.71 889.07 126.66
Hull content (%) 28.27 25.30 25.54 1.40
Seed filling per cent 94.00 93.58 93.11 2.52
Oil content (%) 36.69 35.11 36.64 1.36
Oil yield (kg/ha) 357.51 23527 325.76 51.56
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inbreds based on ARG-2-1-2 (973.12 kg/ha) and T [
PET 1 (889.07 kg / ha) were on par but were 'S § & § S lg S g g % 5 §
significantly higher yielder than MUT2-8-3-2 A
(669.71 kg/ha). For oil content tested inbreds Yy s az2es e s
with cytoplasmic sources ARG-2-1-2 (36.69%) slz2d2x22xE a3
and PET-1 (36.64%) were on par but were a =
significantly better than MUT2-8-3-2 (35.11 %). £ g Clogonenggsn gl
Similarily for oil yield inbreds based on MUT a g Al 5 = o $ == g
2-8-3-2 (235.27 kg / ha) were significantly low S 2
yielder than ARG-2-1-2 (357.51kg / ha) and = ol 0
PET-1 (325.76 kg / ha) LA EEEENEEERE]R
. 10 Kg [ ha). a mg%?’@?b’%%?@@b’i@
The present results indicated the presence of a §
influence of male sterility inducing cytoplasm 2 o
on the expression of inbreds for overall per se < - E SESR2ULISBEIR
performance. The CMS analog ARG-2-1-2 8= HITERETBIRREFC
(H. argophyllus) was significantly better than § E %
MUT2-8-3-2 (H. annuus) for 100 seed weight, = - R
volume weight, seed yield, oil content and oil yield E S ZI2=S58=S323838518
while it performed on par to 234 from classical z % X M
(H. petiolaris) PET-1 source for these traits E\ &
.- Q
indicating that this inbred line derived from new a2 § 2123824 & § g ‘g Z |8
cytoplasmic male sterility sources can be a substitute § = & | Pldcd <o S e =l
of the classical (PET-1) source. Similar inferences = 3 = g
were also derived from the studies of Shankar et al. % 3|2 aDE LESLEE8S LIRS RIN
(2006); Tyagi & Dhillon (2017) and Sharma & 2 g% -y R P A
Shadakshari (2021). =2 3]a
Teleldlggnresas sl
Comparison of per se Performance of Alloplasmic o % S ‘;:' TERARIISTLRRSHN
Hybrids g2 A2
g 5
. . . N LH
The cytoplasm showed significant influence on the g ~ %
performance of hybrids for days to 50 per cent “% TR E8LLELLEERER %
flowering (Table 2) and days to maturity (Table 4) % YRR ERREB AR A AR cf;:
which was evident from significant differences 2 % <
between overall means. Hybrids based on cytosterile 2, -3 a i = 5
e en AT o =
source ARG-2-1-2 not only flowered significantly E T | 8% %_19 % g‘ S E
earlier (56.60) but also matured early (87.88) S § v é % g ; 2‘ é 2 g é .go
when compared to MUT-2-8-3-2 based hybrids 'é %” (;2 W SRR § (’2 » E
which is evident from the significant p value g S 2 ::. 2' ﬁ: ﬁ :: ﬁ ﬁ ; ; N
of <0.001. The significant differences between O E|aaERTnLERA S
hybrids for days to 50 per cent flowering and days §D E E' S = 5 E 5 E E §
to maturity were present in six of the ten nuclear 5 < < E % § < § % % = o
genetic backgrounds depicted that the cytoplasm ST T T T T YT T T §
did have significant influence on per se performance Z 03D oD DD g s
for earliness in sunflower. % % % % % % % % % % S )
=
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For plant height the non-significant differences

(p>0.05) between hybrids across all nuclear genetic 8 =2d484838552 |8
S O O O O o o o o o (o
backgrounds (Table 2) depicted that the cytoplasm A~
did not have significant influence on per se 9w oo e 6 = e o |
performance for plant height. Overall mean of the SIS [KRIFI XL SN
. . PO N = = N n OO AN Ao
hybrids for head diameter (Table 3) based on ) -
cytosterile source ARG-2-1-2 (14.24 cm) was @ ,g
. o0 S|EIEE8822388528218
significantly higher than the MUT-2-8-3-2 ) B|A|lsS3S333333|8
(13.89 cm) based hybrids as indicated by p<0.05. S 2
But except in one nuclear genetic background > g ) o o o M % o
in all other hybrids based on these two cytosterile i E :i i da9s94949c 4y %
sources were on par with each other. However -~ ” 5
cytoplasm did had significant influence on per se Q =
. o]
performance for head diameter. Among the & o
ARG-2-1-2 hybrids, stem diameter ranged from 2.08 <, Z A59898548 <8
n V| N [S IR BEe !
cm to 2.37 cm while it ranged from 2.12 cm to 2.44 9 & oo IR [
~
cm among the MUT-2-8-3-2 hybrids. For this trait = %
the overall means of the hybrids based on o 2 slsaxnns o= =
ARG-2-1-2 was 2.265 c¢cm while those based on = g 282538828883
1 =] o > O O O O O O O O o o (o
MUT-2-8-3-2 was 2.260 cm with p>0.005 8"; -9
indicating that diverse cytosterilie source were 5 o) A
on par and differed only in GKVK 3 and MR 1 n gé = %§§§§§%§§§ §
nuclear genetic background. E g = ZIAN ~ = = == =S
< o |=
: . = °
The per se performance of hybrids differed —‘12 % Lf), aﬁ: N2RLRBA{ YA
significantly for 100 seed weight. The significant S5 8 D 2hatiadiatiadidis Shediadl hod
differences between the means were observed 23 § ~
in five nuclear genetic backgrounds (Table 4). %% % g LSR8 RSe R[S
The male sterile cytoplasm ARG-2-1-2 based & |g|Y|i i inn 2
hybrids, manifested high 100 seed weight (5.14g) 3 =
compared to MUT-2-8-3-2 based hybrids (4.82g) g
] indicating cytoplasmic influence on this important g Q
S yield contributing trait. For vol ight g AEFEEAa898 =498
S vield contributing trait. For volume weight none g SQESiQEE*iEi
'% of the 10 nuclear genetic backgrounds registered o %
w2
)y significant differences for per se performance 5 _ o
B} between ARG-2-1-2 and MUT-2-8-3-2 based = 3 99 . & é S
Rl hybrids (Table 5). o g = 3 é o o DR 2
£ 3 3 |Z % é =30 =g %
%0 In the present study seed yield ranged from ‘g %‘J (2 " e = é E % >§ (5 <
by 1745.69 kg/ha (ARG-2-1-2 x M-17-R) t0 2369.30 kg E 2 |4 2: : 3 2: 2: 2: g: o 2:
E / ha (ARG-2-1-2 x LTRR-822) for ARG-2-1-2 o ;é 2 (0\10 2 ﬁ z : 2 ﬁ % 2
Y cytosterile source while it ranged from 1609.58 5 é EEEES55EEE
o 2
S kg / ha (MUT-2-8-3-2 x RHA 6D-1) to 2397.08 :: S =2 E E E E E S 2
9 ke /ha (MUT-2-8-3-2 x GKVK-3) for MUT-2-8-3-2 i BORDRDRDI DD D)
é basedhybrids (Table 5). Signiﬁcant differences in Z B ODDddd g
N per se performance for seed yield were observed ‘iﬁ % % % iﬁ iﬁ iﬁ % % % S
=
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between hybrids in five nuclear genetic °
—_ N = = = = N A O Q>
backgrounds. The overall mean of these two group g 8335888 =2=358|8
of hybrids showed significant differences for seed e |TCCTTTCCCeC
yield with p<0.05 indicating the positive cytoplasmic o oo w - o o
effect / nuclear interaction in ARG -2-1-2 cytoplasm *; § - - g § E 2423 %
based hybrids compared to MUT-2-8-3-2 based ~ o |+
counterparts. < =
ﬁ g &'QE TEHSEAKIT =
Lower hull content is desired in the hybrids as e g @ T e g e T
it has negative impact on oil content. The per se § 2la
performance of ARG-2-1-2 and MUT-2-8-3-2 3 = g FLIBIILRI= TN
based hybrids were comparable and they differed o 3 QI EETLRE KIS
only in three nuclear genetic backgrounds (Table 6). Z @ %
The overall mean of the ARG-2-1-2 group of 2
hybrids (28.28%) and their corresponding < a YT RSz R B LR
MUT-2-8-3-2 group of hybrids (29.06%) were 2 8' SO ILSSe B Yld
comparable which is evident from non-significant g o %
difference between overall means indicating that 2 g
both cytosterile sources were equally efficient for Lé 3 S eI RrISz g™
. i 5 5 = e B R BT R B B A
hull content. For seed filling percentage, six of the < a3, S |83 g SIS
. ] 9
10 nuclear genetic backgrounds registered % %D
C . o =
significant dl'ffere.nces. for. per fe performa.n.ce © g = E § g oll:o 8 % E § § 0 § @
between hybrids differing in their male sterility o = '§ g | = AaasS <08 sl=
cytoplasms. The ARG-2-1-2 based hybrids as a group 2 o z
did not show significant differences with their = § 812 |y ST LRSI A=
corresponding MUT-2-8-3-2 group of hybrids for S §5|§ RS B BRI Al S
seed filling percentage which is evident from é S| g A
non-significant difference between overall means = é S D oo om o momwe—wnolo
0 0 o= o=l DR R R s G e A
of ARG-2-1-2 (92.38%) and MUT-2-8-3-2 (91.21%) o B Ty seasen Ry
based hybrids confirming that both the cytosterile Q 2 2
sources were comparable for this trait. §
e} = N
') . . 1
2 T‘he. .cytoster.lle source 'ARG-2-1-2 differed c.g T2 g8 hRERe gy
i significantly with respect to it’s per se performances & O IEESIIRIAISRIANK
& for oil content in all the nuclear genetic back 2 %
= . . =
N grounds. The ARG-2-1-2 group of hybrids and their g, -3 a = 2
= . . ! N
) corresponding MUT-2-8-3-2 group of hybrids k) - g g2 v & RS % g &
¥ manifested significant differences for oil content § § < % é g ; oza % =g %
50 . . . e . & =
= which is evident from significant difference *g %0 (3 = = n % ﬁ E v
S~ : N AN A I
S between their overall means (Table 7). Fu.rth.er, g = ) g 2: 2 b :. g )
S ARG-2-1-2 group of hybrids showed superiority O 2 9 % 0 00 % 0 D 0 oo P
N - Yy s |daggaaqaqgaqq
N over MUT-2-8-3-2 group of hybrids. As oil yield is a 5 S == = 5EEE
8 derivative trait of oil content and seed yield, it is 5 b E E = E = 2 E E
N . . (5] [\ I o> I o I oN NN oN I o IR o\ I N I o\ I o\ |
)y cxpected to have cytoplasmic influence on per se e SR AL/ S B R R >
2 its 1 Qg aaaaaaaaaqa
g performa.n.ce as for both these? tra.ut's influence of z L N N §
o cytosterilie sources were significant. On the EEEEEEEEE A
=
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N R expected lines ARG-2-1-2 group of hybrids and
slz2ZSs2222¢g2 their corresponding MUT-2-8-3-2 group of hybrids
A v v manifested significant differences for oil yield
g y
Slemamean s oo which is evident from significant difference
E § 5 § g § g E Zé ; < E between overall means of ARG-2-1-2 (768.50 kg /
) = ha) and MUT-2-8-3-2 (587.29 kg / ha) based hybrids
o Sl o+ 0w o0 =0 F = | confirming significant influence of cytosterile
i SIEIe =3I amS oA e
a WA |G S S =@ S = S| sources on per se performance for this trait.
) 2 2FETIF T ===
o
§ T;), a Overall, the hybrids based on different cytosterile
& = ob § g % 2 é E 883 5 § sources showed significant variations for days to
2 clE2ggeexsnes 50 per cent flowering, head diameter, days to maturity,
a E 100 seed weight, seed yield, oil content and oil
Eg yield. However, for per se performance for all these
< E S ER2ARPeL TR traits ARG-2-1-2 cytoplasm based hybrids were
3 VNEEIELEIEESFRE® superior over MUT-2-8-3-2 cytoplasm based hybrids.
o Q|06 X ®wo &R~ R ®|E . .
5 % The differences in these CMS analogues could
Q o .
z probably be attributed to the favourable cytoplasmic
T ,;5: 8283883882388 effect/ nuclear interaction of ARG-2-1-2 cytosterile
5 o : 3 3 > S .
e Z|ISYSYTYVYCYYYT source over MUT-2-8-3-2. While there were no
‘5 —T significant nuclear cytoplasm interaction for plant
Qo . . .
~ 2 2 iﬁ T83825I258 3|k height, stem diameter, volume weight, hull content
22 2 SR ER8RT =8 &N and percentage seed set indicating equal efficiency
m o . . .
£ _g § of both cytosterile sources in manifesting these
S = . ) : . .
% 3| &':d SR 2EERT 3 8% traits. Previous studies of Rajanna ef al. (2001); Patil
~ 3|5 @ 00 RPN i S ek et al. (2003); Tavoijanskiy et al. (2004) and Tyagi
= S5 | et al. (2020) have also confirmed the positive and
2“ é vl g x g negative influence of the cytosterile sources for various
5 NNEARARRAES &R yield attributing traits in sunflower hybrids.
5} =)
= = REFERENCES
| e | )
LE :'1 M ZN2 RS SR KmmMman, M. L., 1970, New developments in USDA and N
2 IR EE RIS state experiment station sunflower breeding [
2 % programmes. In: Proc. 4th Inter., Sunflower Conf., A
g ! =2 Memphis, Tennessee, U.S.A., pp.: 181-183. S
“ o 5' g § I N % DI £
© = TR LT ~qZ ) LECLERCQ, P., 1969, Line sterile cytoplasmique chezk B
5 g <2 BS TS < ytoplasmiq &
__% gb % E E 5 2‘ % % ; (MD E tournesol. Ann. Amelior Planta, 12 : 99 - 106. 5
—
< 4 Moo o XXX M e X I
g* 2 AR qaqAqAqaq Q NEHRU, S. D., EswarAPPA, G., RANGAIAH, S. AND KULKARNI, “‘@
3 e DV R VN i i i 3
@) L ﬁ 0 00 0 00 00 0O O ob % R. S., 2000, Studies on heterosis for seed yield and [
3= 8 S
g lggegg % £ % DD oil content to develop hybrids with high oil yield [
g E E E = = = % E E in sunflower (Helianthus annuus L.). Mysore J. Agric. <
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