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ABSTRACT

The effect of cytoplasm on hybrid mean performance for seed yield and its contributing

Keywords traits was investigated by evaluating 50 hybrids (25 AxR and their corresponding 25 BxR
Isonuclear hybrids) and 10 parents (five CMS A lines and corresponding maintainer lines) along with
alloplasmic, standard check hybrid DRSH-1. These isonuclear alloplasmic hybrids were observed for

Cytoplasm, CMS A
line, Maintainer line,
Combining ability, per
se performance

quantitative traits viz., days to 50 per cent flowering, head diameter, stem diameter, plant
height, 100 seed weight, volume weight, days to maturity, hull content, seed yield plant®
'and oil content. Significant variation was observed within the AxR and BxR group of
hybrids for all the traits. But, differences between AXR and BxR group of hybrids were

Avrticle Info not significant for any trait except for hull content and oil content indicating poor influence
Joy— of male sterility inducing cytoplasm. However, significant differences observed in few
Oﬁiﬂfar'y 2018 AxR and BxR hybrids for mean performance might be attributed to cytoplasm x nuclear
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interactions. The differences varied in their direction and magnitude without showing a
definite pattern in favour of a particular cytoplasm. However, the differences so detected

varied with the trait and nuclear genetic background.

Introduction

Cytoplasmic genes of plants including
mitochondrial and chloroplast genes of plants
are known to play a vital role in various
metabolic processes. Apart from male sterility,
cytoplasmic genes show influence on
agronomic traits as reported in rice (Young
and  Virmani, 1990; Rosamma and
Vijayakumar, 2007), chilli (Neelavva, 2012;
Haritha, 2011), sorghum (Aruna et al., 2013;
Sanjana et al., 2011; Reddy et al., 2009) and
pearl millet (Chandrashekar et al., 2007;
Yadav, 1999). Further, influence of cytoplasm
on response to insects and diseases has been
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reported in pearl millet (Kumar, R. et al,,
2010; Reddy et al., 2007). In commercial
sunflower hybrid seed production,
cytoplasmic male sterile (A) lines, sterility
maintainer (B) lines and fertility restorer (R)
lines are used. Elite Maintainer (B) lines
which maintain sterility are backcrossed to
sterile cytoplasm source for sufficient
generations to obtain CMS A lines. Hence,
CMS A lines and CMS B lines share same
nuclear genes but differ for their cytoplasmic
genes. Further, CMS A lines are maintained
by crossing with maintainer lines and are
crossed with restorer lines for Hybrid seed
production. Since, the CMS B lines are used
for the development and further maintenance
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of corresponding CMS A lines in sunflower
breeding, the possible influence of cytoplasm
on the key traits must be studied.

With the objective of determining the effect of
cytoplasm on combining ability and vyield
attributes, we compared A x R hybrids with
their corresponding B x R hybrids. Significant
difference, if any, between them indicates the
influence of cytoplasm on combining ability
and yield attributes in sunflower. Studies have
been reported in sesame (Mosjidis et al.,
1984) and soybean (Davde et al., 1989) for
cytoplasmic effects on oleic-linoleic fractions
and protein content, respectively. Similar
attempts have been made to study cytoplasmic
effects in wheat (Liu and Li, 1994), pearl
millet (Thakur et al., 1991), rice (Kadoo et al.,
2002), sorghum (Ramesh et al., 2006) and
chilli (Neelavva, 2012). Cytoplasmic effect on
seed yield, oil content and flowering time was
reported by Serieys et al., (1992) by
comparing reciprocal crosses. However, our
present investigation was to determine
cytoplasmic  effect  without evaluating
reciprocal crosses but comparing alloplasmic
isonuclear hybrids.

Materials and Methods

The material for the study comprised of five
CMS lines viz., CMS 335A, CMS 17A, CMS
234A, CMS 135A and NDCMS 4A and their
corresponding maintainer lines and five testers
(RHA 6D-1, RHA 95-C-1, GKVK 3, RHA 93
and RHA 23). The five CMS lines (A-lines)
were hand-pollinated using pollen collected
from the five testers to produce 25 AXxR
crosses during kharif 2014. The maintainer
counterpart of A-lines were induced male
sterility by Gibberlic acid at 100 ppm during
star bud stage and pollinated using the pollen
collected from the same five testers to produce
25 BxR crosses during kharif 2014. A total of
50 hybrids (25 AxR and 25 BxR) were
evaluated along with check (DRSH-1) and

parents in contiguous blocks in randomized
block design with two replications at Zonal
Agricultural Research Station, UAS, GKVK,

Bengaluru during Rabi 2014. All the
recommended agronomic practices were
followed to raise a good crop. Five

competitive plants were taken randomly in
each plot in each replication and observations
were recorded on days to 50 per cent
flowering, plant height (cm), stem diameter
(cm), head diameter (cm), stem diameter (cm),
Volume weight (g/100ml), 100 seed weight
(9), Seed yield per plant (g), Hull content (%),
Oil content (%) and Days to maturity.
Replication-wise mean values were computed
and used for statistical analysis.

Analysis of variance of A x R and B x R
hybrids was carried out separately, the error
mean sum of squares of individual analyses
were pooled after testing their homogeneity
(Bartlett, 1937). The pooled error mean sum
of squares was used for estimating critical
difference (CD) to compare A x R and B x R
hybrids in terms of the hybrid mean
performance. The combining ability analysis
was performed following Kempthorne (1957).

Since yield is associated with several other
characters, positively with some and
negatively with others, it is necessary to know
the overall performance status of the parents /
hybrids for all the characters simultaneously.
The overall status of a parent or a cross with
respect to per se performance was determined
as per the method of Arunachalam and
Bandopadhyay (1979) with slight modification
as suggested by Mohan Rao (2001). The
estimates of per se performance of hybrids
were ranked by giving the highest rank for the
parent or the cross which manifested the per
se performance in desirable direction. The
lowest rank was given for parent or the cross
with the per se performance. This was
repeated for each character except days to 50
per cent flowering, days to maturity and hull

107



Int.J.Curr.Microbiol. App.Sci (2018) 7(2): 106-119

content (%) for which the ranking was given
in reverse order. The ranks obtained by the
parent / hybrid were summed up across all the
characters to arrive at a total score for each of
the parent / cross. Further, the mean of the
total scores of all the genotypes (parents and
hybrids) was computed which was used as the
final norm to ascertain the status of a parent or
a hybrid with respect to per se performance.
The parent / hybrid whose total rank exceeded
the final norm were given high (H) overall per
se performance. On the other hand, the parents
or the cross, whose total rank was less than the
final norm were given low (L) per se
performance.

Results and Discussion

Both A x R and B x R groups of hybrids
varied significantly among themselves as
evident from the significant mean squares due
to A x R and B x R hybrids. This variation so
observed within the A x R and B x R hybrids
provided statistical basis for comparing the A
x R and corresponding B x R hybrids to assess
the effect of cytoplasm. However, A x R
hybrids as a group differed significantly from
B x R hybrids as a group only for hull content
and oil content which is indicated by the
significant mean squares due to A X R vs. B x
R hybrids as shown in table 1.

Cytoplasmic effects on combining ability

Both A and B lines showed significant
variation for all traits except head diameter,
stem diameter, seed yield plant® and hull
content. While A lines varied significantly for
head diameter while the B lines varied
significantly for stem diameter and seed yield
plant™ (Table 2). Mean squares due to both A
lines x testers and B lines x testers were
significant for plant height, seed yield plant™
and hull content. A linesxtesters were
significant for head diameter, stem diameter
and oil content. A x R hybrids as a group
differed significantly from the group of B x R

hybrids only for hull content and oil content
which is indicated by the significant mean
squares due to A x R vs. B x R hybrids,
indicating the possibility of presence of
cytoplasmic influence.

Cytoplasmic effects on per se performance
of hybrids

The mean performance of the A x R and
corresponding B x R hybrids along with the
difference between them is depicted in table 3.

Days to 50 per cent flowering

Days to 50 per cent flowering ranged from 51
days (CMS 234A x RHA 23) to 69 days
(CMS335A x GKVK-3) among A x R hybrids
and from 52 days (CMS 234B x RHA 93) to
70 days (CMS335B x GKVK-3) in B x R
hybrids. A x R and their corresponding B x R
hybrids did not differ significantly for days to
50 per cent flowering with respect to their
mean performance in any of the 25 nuclear
genetic backgrounds. A x R group of hybrids
and their corresponding B x R group of
hybrids did not show significant difference for
days to 50 per cent flowering which is evident
from non-significant difference between
overall means of A x R and B x R hybrids.

Plant height

Plant height ranged from 146.13 cm
(NDCMS4A x RHA 93) to 188 cm (CMS
234A x RHA 95-C-1) among A x R hybrids.
Among the B x R hybrids, it ranged from
142.5 cm (NDCMS4B x RHA 93) to 189.5 cm
(CMS 335B x RHA 95-C-1). Significant
differences between A x R and B x R crosses
for per se performance were observed in three
nuclear genetic backgrounds, of which two
were in favour of male sterile cytoplasm and
one was in favour of male fertile cytoplasm.

Head diameter

108



Int.J.Curr.Microbiol.App.Sci (2018) 7(2): 106-119

The variation among A x R hybrids and also B
x Rhybrids was narrow for head diameter.
Head diameter ranged from 12.25 cm (CMS
17A x RHA 95-C-1) to 17.03 cm (NDCMS4A
x GKVK-3) among the A x R hybrids while
the range was 13.90 cm (CMS 17B x RHA
93) to 16 cm (CMS 335B x RHA 93) among
the B x R hybrids.

Three of the 25 nuclear genetic backgrounds
registered significant differences between A x
R and B x R hybrids for per se performance,
of which, two were in favour of male sterile
cytoplasm and one was in favour of male
fertile cytoplasm.

Stem diameter

Among the A x R hybrids, stem diameter
ranged from 1.97 cm (NDCMS 4A x RHA 23)
to 3.10 cm (CMS 17A x GKVK 3) while it
ranged from 1.77 cm (NDCMS4B x RHA 93)
to 2.8 cm (CMS 17A x RHA 6D-1) among the
B x R hybrids. A x R and B x R hybrids
differed significantly for per se performance
in two nuclear genetic backgrounds which
were in favour of male sterile cytoplasm. The
A x R group of hybrids and their
corresponding B x R group of hybrids did not
differ significantly for stem diameter which is
evident from non-significant  difference
between overall means of A x R and B x R
hybrids.

Volume weight

Volume weight ranged from 27 g/100ml
(CMS 17A x RHA 95-C-1) to 47.8 g/100ml
(CMS 135A x RHA 23) among A x R
hybrids. Among B x R hybrids, it ranged from
26.05 g/100ml (CMS 17B x GKVK 3) to
49.03 g/100ml (CMS 234B x RHA 95-C-1).
Three of the 25 nuclear genetic backgrounds
registered significant differences for per se
performance between A x R and B x R

hybrids differing in their female cytoplasm, of
which, two were in favour of male sterile
cytoplasm and one was in favour of male
fertile cytoplasm.

The A x R hybrids as a group did not show
significant differences with their
corresponding B x R group of hybrids for
volume weight which is evident from non-
significant difference between overall means
of A x R and B x R hybrids.

100 seed weight

Among the A x R hybrids, 100 seed weight
ranged from 3.33 g (CMS 335A x RHA 95-C-
1) to 7.24 g (NDCMS 4A x RHA 93) while it
ranged from 3.23 g (335B x RHA 95-C-1) to
6.09 g (NDCMS 4B x RHA 23) among B x R
hybrids. The per se performance of A x R and
B x R hybrids were comparable and they
differed only in three nuclear genetic
backgrounds viz., CMS 335A/CMS335B x
GKVK-3, CMS 17A/CMS 17B x RHA 95-C-
1 and NDCMS4A/NDCMS4B x RHA 95-C-1
for 100 seed weight. The male sterile
cytoplasm based hybrids, CMS 17A x RHA
95-C-1, NDCMS4A x RHA 95-C-1 and a
fertile cytoplasm based hybrid CMS335B x
RHA 23 manifested high 100 seed weight.
The A x R group of hybrids and their
corresponding B x R group of hybrids were
comparable for 100 seed weight which is
evident from non-significant difference
between overall means of A x R and B x R
hybrids.

Seed yield plant™

Among the A x R hybrids, seed yield plant™
ranged from 39.9 g (NDCMS 4A x RHA 23)
to 75.2 g (CMS 135A x RHA 95-C-1) while it
ranged from 28.5 g (NDCMS 4A x RHA 6D-
1) to 72.7 g (CMS 135B x GKVK-3) among B
x R hybrids.
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Table.1 Combined analysis of variance of iso-nuclear alloplasmic hybrids for seed yield and its contributing traits in sunflower

Source of variation

Days to 50% Plant

flowering height

(cm)

1 1.96 87.98
Hybrids 49 66.00** 347.75**
24 eLssw  aTee

AxR vs. BXR 1 0.04 78.32
GOl e se =a

*Significant at P= 0.05, ** Significant at P=0.01,
A: male sterile line, B: maintainer line, R: restorer line

Source of
variation 100 seed Seed yield
weight (g) plant™ (g)

1 0.89 0.12
49 1.56** 233.57**
24 1.88** 239.27**

AXR vs. BxR 1 1.16 1.06

49 0.55 21.76

*Significant at P= 0.05, ** Significant at P= 0.01
A: male sterile line, B: maintainer line, R: restorer line

24 1.26** 237.55**
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Mean sum of squares
Stem diameter

Head
diameter
(cm)
0.12
1.082**

1.69**
0.48

0.81
0.47

0.09
9.81**
11.50**
8.43**
2.25

1.27

(cm)

0.02
0.103**

0.114**
0.10**

0.01
0.03

Mean sum of squares
Days to maturity

(%0)
5.26

32.83**
23.74**

43.05**
5.82**

it

Volume weight
(9/100ml)

22.08
93.36**

99.14**
90.95**

12.41
11.69

Contd...

Hull content Oil content

(%0)
0.85

5.66**
6.36**
4.69**
12.39**

1.28
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Table.2 Analysis of variance for combining ability of alloplasmic hybrids and their parents for seed yield and its
Contributing traits in sunflower

Source of | df
variation Days to 50% Plant height Head Stem diameter  Volume weight
flowering (cm) diameter (cm) (9/2100ml)
(cm)
AxR BxR AxR BxR AxR BxR AxR BxR AxR BxR
1 0.72 1.28 70.09 23.94 0.003 0.9 0.02 0001  19.82 3.19
24 73.19**  61.55**  329.80** 376.92** 1.69** 048 0.11* 0.09** 96.26**  90.95**
4 308.27** 259.07**  710.00**  686.10** 1.68* 072 0.11 0.28** 438.39** 386.02**
4 103.07**  92.72**  908.19** 1022.64** 0.61 029 010 0.14*  54.24 57.03
Lines x 16 6.95 4.38 90.16**  138.20** 1.96** 047 0.12* 0.04 21.23 25.66
Testers
24 359 8.28 19.74 37.59 039 056 004 0.02 10.57 13.98

*Significant at P= 0.05, ** Significant at P= 0.01

Contd...
variation - - - 2
100 seed Seed yield plant Days to maturity Hull content Oil content
weight (g) (9) (%0) (%0)
AxR  BxR AxR BxR AxXR BxR AxR BxR AxR BxR
1 1.11 0.07 0.387 1.15 0.08 0.50 42.55 5.38 1.94 0.008
Hybrids 24 1.88** 125 239.08** 237.55** 1150**  8.44**  148.02** 287.45**  6.36** 4.69*
4 890** 3.11** 332.04 544.20* 52.92** 3857** 235091 395.71  17.47**  14.89**
4 010 2.90** 453.34 256.26 0.77** 5.27* 247.92 523.03 8.55 6.78*
Lines x 16 057  0.38 162.27** 156.22** 1.58 1.69 101.07**  201.50**  3.03** 1.62
Testers
24 046  0.63 17.31 27.01 0.99 1.58 26.64 21.90 0.73 1.85

*Significant at P= 0.05, ** Significant at P= 0.01
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Table.3 Comparison of per se performance of AXR and BxR sunflower hybrids for seed yield and its attributing traits

Nuclear genetic background
AxR  BxR  Diff. AxXR BxR Diff. AXR BxR Diff. AXR  BxR Diff.
69.0 685 050 17650 168.40 8.10 267 254 013 15.90 1530 0.60
68.0 69.0 -1.00 187.00 189.50 -2.50 247 257 -0.10 15.40 15.40 0.00
69.5 705 -1.00 187.00 180.30 6.70 221 256 -0.35* 1450 1520 -0.70
645 655 -1.00 173.10 171.10 2.00 261 246 0.15 16.10 16.00 0.10
650 665 -150 17054 18250 -11.96* 258 262 -0.04 1550 15.10 0.40
63.0 630 000 17438 17150 2.8 251 280 -0.29 1550 15.40 0.10
685 640 450 17250 17620 -3.70 200 272 -0.72 1225 1510 -2.85**
650 660 -1.00 186.80 180.80 6.00 310 250 0.60 1650 14.90 1.60*
550 57.0 -2.00 15475 159.80 -5.05 247 250 -0.03 1460 13.90 0.70
59.0 585 050 169.25 160.80 8.45 267 250 017 15.83 1520 0.63
530 540 -1.00 170.00 15450 1550* 250 229 0.21 1510 15.30 -0.20

CMS 234A/CMS 234Bx GKVK-3 59.0 60.5 -150 18550 181.30 4.20 246 256 -0.10 1490 1590 -1.00
CMS 234A/CMS 234Bx RHA 93 52.5 525 000 163.00 15530 7.70 222 216 0.06 1450 1530 -0.80
CMS 234A/CMS 234Bx RHA 23 51.0 535 -250 156.50 158,50 -2.00 223 215 0.08 1490 1490 0.00

CMS 234A/CMS 234Bx RHA 95-C-1 56.5 580 -150 188.00 182,50 5.50 247 242 0.05 16.20 1550 0.70
CMS 135A/CMS 135Bx RHA 6D-1 55.5 58.0 -250 15250 158.40 -5.90 220 223 -0.03 1490 1450 0.40

580 59.0 -1.00 177.00 174.00 3.00 228 241 -0.13 15.70 1580 -0.10
60.5 610 -0.50 162.00 17350 -11.50 244 251 -0.07 1520 15.10 0.10
525 560 -350 14650 146.10 0.40 226 221 005 15.10 15.00 0.10
520 530 -1.00 15410 157.60 -3.50 226 246 -0.20 1480 15.80 -1.00
545 560 -1.50 164.00 164.00 0.00 246 233 013 16.43 14.97 1.47

NDCMS4A/NDCMS4Bx RHA 95-C-1 55.5 555 000 163.00 150.00 13.00* 247 228 0.19 1580 1470 1.10

NDCMS4A/NDCMS4Bx GKVK-3 60.0 63.5 -350 17325 180.00 -6.75 269 249 0.20 17.03 1500 2.03*

NDCMS4A/NDCMS4Bx RHA 93 52.0 535 -150 146.13 14250 3.63 233 177 0.5** 1563 1420 1.43

540 545 -0.50 151.50 149.50 2.00 197 211 -0.14 15.00 15.30 -0.30
58.9 59.8 -0.90 168.19 166.74 1.45 242 241 001 1533 15.15 0.18
139 198 172 382 5.09 4.50 013 0.09 011 051 057 0543
402 571 494 11 14.63  11.94 039 027 033 146 165 156

CD @ P=0.01** 5.39 767 6.63 14.77 19.65 17.38 052 037 045 1.96 2.22 2.09

A: male sterile line, B: maintainer line, R: restorer line, *Significant at P= 0.05, ** Significant at P=0.01
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Contd...

Nuclear genetic background Volume weight (g/100ml) 100 seed weight (g) Hull content (%)

AxR BxR Diff. AxR BxR Diff. AxR BxR Diff.

28.67 27.40 1.27 411 505 -0.94 31.30 3269 1.39
31.90 39.20 -7.30 481 458  0.23 28.32 3212 -3.80*
28.81 3215 -3.34 351 567  -2.16** 3244 3572 -3.28
27.06 29.76 -2.70 333 323 0.10 3499 3177 3.22
27.90 26.05 185 490 438 052 33.98 3251 147
36.57 41.49 -4.92 447 411 036 3327 3351 -0.24
27.00 3399 -6.99 536 329  2.07** 3595 4453 -858**
36.00 39.44 -3.44 500 405 0.96 38.88 43.39 -451*
4718 4642 0.77 414 408  0.07 3482 3658 -1.77
40.48 4172 -1.25 492 515  -0.23 41.35 3558 5.77**
4531 4266 2.65 538 529  0.09 30.92 2868 224
4179 49.03 -724* 451 526  -0.76 36.81 42.62 -5.81**
4334 40.02 3.32 448 542 094 28.69 3347 -4.78*
44.04 4536 -1.33 455 438  0.17 3532 3319 213
4453 4524 -0.72 515 6.00 -0.85 3232 2801 4.31*
4462 3921 541 490 509 -0.20 30.25 4350 -13.2**
40.74 4324 -250 529 473 057 4142 3920 222
4428 4573 -1.45 493 491  0.02 33.86 33.28 0.58
4451 4225 2.26 526  4.84 042 3344 3229 1.15
47.80 4634 1.46 572 540 0.32 3530 3497 0.32
4569 3568 10.1** 612 541 071 33.09 37.12 -4.04*
4540 3046 14.9** 666 430 2.37** 3450 3499 -0.49
4030 3538 4.92 6.53 6.07 046 31.87 3055 1.32
4545 4352 1.93 724 583 141 32.06 31.61 045
4424 4434 -0.10 675 6.09 0.65 3513 3264 2.49
39.74 39.04 0.70 512 490 022 34.98 3546 -0.48
222 274 249 049 051 0.50 1.29 125 1.27
639 788 717 141 146 143 370 360 365
858 1058 9.63 1.89 196  1.93 496 483  4.90

A: male sterile line, B: maintainer line, R: restorer line, *Significant at P= 0.05, ** Significant at P= 0.01
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Nuclear genetic background

CMS 335A/CMS335B x RHA 6D-1
CMS 335A/CMS335Bx RHA 95-C-1
CMS 335A/CMS335Bx GKVK-3
CMS 335A/CMS335Bx RHA 93
CMS 335A/CMS335Bx RHA 23

CMS 17A/CMS 17Bx
CMS 17A/CMS 17Bx

RHA 6D-1
RHA 95-C-1

CMS 17A/ICMS 17Bx GKVK-3
CMS 17A/CMS 17Bx RHA 93

CMS 17A/ICMS 17Bx RHA 23

CMS 234A/CMS 234B x RHA 6D-1
CMS 234A/CMS 234Bx RHA 95-C-1

CMS 234A/CMS 234
CMS 234A/CMS 234Bx
CMS 234A/CMS 234Bx

Bx GKVK-3

RHA 93
RHA 23

CMS 135A/CMS 135Bx RHA 6D-1
CMS 135A/CMS 135Bx RHA 95-C-1
CMS 135A/CMS 135Bx GKVK-3
CMS 135A/CMS 135Bx RHA 93
CMS 135A/CMS 135Bx RHA 23

NDCMS4A/NDCMS4Bx
NDCMS4A/NDCMS4Bx

RHA 6D-1
RHA 95-C-1

NDCMS4A/NDCMS4Bx GKVK-3

NDCMS4A/NDCMS4Bx

RHA 93

NDCMS4A/NDCMS4Bx RHA 23

Overall mean
Sem. £

CD @ P=0.05*
CD @ P=0.01**
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A: male sterile line, B: maintainer line, R: restorer line, *Significant at P= 0.05, ** Significant at P= 0.01

114

Contd...
AxXR  BxR Diff. AXR BxR Diff. AXR BxR Diff.
9750 96.00 1.50 45.20 48.30 -3.10 36.79 36.37 0.42
97.00 97.00 0.00 48.60 57.20 -8.60 3430 36.79 -2.49*
97.00 9850 -1.50 48.30 46.40 1.90 35.89 38.39 -2.50*
96.50 93,50 3.00** 43.80 45.00 -1.20 33.15 36.45 -3.30**
9750 97.00 0.50 47.50 51.40 -3.90 36.51 36.21 0.31
92.00 91.00 1.00 47.50 59.30 -11.80* 3556 3381 1.76
92,50 92.00 0.50 46.00 39.80 6.20 3413 33.72 041
96.50 93,50 3.00** 71.00 65.20 5.80 33.47 36.54 -3.07**
94.00 93.00 1.00 70.30 69.70 0.60 35.84 3530 0.55
93.50 93.00 0.50 42.40 55.10 -12.70** 3359 33.63 -0.04
91,50 92.00 -0.50 55.90 4450 11.40* 38.94 38.29 0.66
92.00 9250 -0.50 62.90 63.10 -0.20 38.13 3792 0.20
94.00 94.00 0.00 64.20 72.70 -8.50 36.30 36.61 -0.31
90.50 9250 -2.00 60.40 53.90 6.50 3798 3857 -0.59
91,50 92.00 -0.50 47.80 47.40 0.40 3478 36.59 -1.81
92.00 90.50 1.50 45.15 49.60 -4.45 38.15 37.73 0.42
93.00 9250 0.50 75.20 70.00 5.20 38.17 38.24 -0.06
94.00 9250 1.50 64.00 51.60 12.40** 36.59 38.01 -1.43
91,50 9250 -1.00 42.70 53.30 -10.60* 38.73 3755 1.19
91.00 9150 -0.50 40.50 55.00 -14.50** 35.66 36.23 -0.57
91.00 9150 -0.50 42.20 28.50 13.70** 3769 36.38 1.32
91.00 9150 -0.50 41.90 40.70 1.20 35.14 36.54 -1.40
93,50 92.00 1.50 59.90 54.00 5.90 3442 3913 -4.71
90.00 91.00 -1.00 40.00 38.10 1.90 33.87 36.46 -2.60*
91,50 91.50 0.00 39.90 38.60 1.30 3459 3453 0.06
93.28 9298 0.30 51.73 51.94 -0.21 3593 36.64 -0.71
071 083 0.78 2.97 3.15 3.06 0.56 0.82 0.70
205 240 223 8.52 9.06 8.80 1.60 236 201
275 322 299 11.44 12.17 1181 2.15 3.16 270
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Table.4 Overall status of hybrids across traits for per se performance

Nuclear genetic background

AR
147
177
156
132
140
141
157
83

119
152
114
87

125
130
158
166
73

113
249
160
134
133
110
177
164
147
177
156
132

Rank Overall per se performance

BxR
156
156
125
133
145
110
163
100
119
128
170

73
77
143
163
143
81
117
155
123
167
195
110
199
179
156
156
125
133

AxR BxR

rrrrr rrrr T TITr T T I I ITTT
rr I IrIrTrTr XTI IrCc T TIrrCc T ITIc TIrrTTT

Final norm= 143. L- Low overall specific hybrid combination, H-high overall specific hybrid combination, A: male

sterile line, B: maintainer line, R: restorer line

Significant differences in per se performance
for seed yield plant™ were observed between
A x R and B x R hybrids in seven nuclear
genetic backgrounds, of which, three viz.,
CMS 234A/CMS 234B x RHA 6D-1, CMS
135A/CMS 135B x GKVK-3 and NDCMS
4A/INDCMS 4B x RHA 6D-1 were in favour
of male sterile cytoplasm and four viz., CMS
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17A/CMS 17B x RHA 6D-1, CMS 17A/CMS
17B x RHA 23, CMS 135A/CMS 135B x
RHA 93 and CMS 135A/CMS 135B x RHA
23 were in favour of male fertile cytoplasm.
The A x R group of hybrids and their
corresponding B x R group of hybrids did not
show significant differences for seed yield
plant® which is evident from non-significant
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difference between overall means of A x R
and B x R hybrids.

Hull content

Hull content ranged from 28.32% (CMS335A
x RHA 95-C-1) to 41.42% (CMS135A x
RHA 95-C-1) among the A x R hybrids and it
ranged from 28.01% (CMS 234B x RHA 23)
to 44.53% (CMS 17B x RHA 95-C-1) among
B x R hybrids. A x R and B x R hybrids
differed significantly in their per se
performance for hull content in nine of the 25
nuclear genetic backgrounds. The A x R
group of hybrids and their corresponding B x
R group of hybrids showed significant
differences for hull content which is evident
from significant difference between overall
means of A x R and B x R hybrids. So, B x R
group of hybrids were found to be superior to
A x R group of hybrids with respect to hull
content.

Oil content

The A x R hybrids varied for oil content from
33.15% (CMS 335A x RHA 93) to 38.94%
(CMS 234A x RHA 6D-1) while it ranged
from 33.63% (CMS 17B x RHA 23) to
39.13% (NDCMS 4B x GKVK 3) among the
B x Rhybrids. A x R and B x R hybrids
differed significantly with respect to their per
se performance only in five nuclear genetic
backgrounds. The A x R group of hybrids and
their corresponding B x R group of hybrids
manifested significant differences for oil
content which is evident from significant
difference between overall means of A x R
and B x R hybrids. Further, B x R group of
hybrids showed superiority over A x R group
of hybrids.

Days to maturity

The hybrids varied for days to maturity with a
narrow range. Accordingly, it ranged from 90
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days (CMS 234A x RHA 93 and NDCMS 4A
x RHA 23) to 97 days (CMS 335A based
hybrids) among the A x R hybrids while it
ranged from 90 days (CMS 135B x RHA 6D-
1) to 98 days (CMS 335B x GKVK 3) among
B x R hybrids. Only two of the 25 nuclear
genetic backgrounds manifested significant
differences between A x R and their
corresponding B x R hybrids with respect to
per se performance for days to maturity, both
being in favour of male fertile cytoplasm. The
A x R group of hybrids and their
corresponding B x R group of hybrids did not
differ significantly for days to maturity which
is evident from non-significant difference
between overall means of A x R and B x R
hybrids.

Overall per se performance status

The iso-nuclear alloplasmic hybrids differed
for their overall per se performance in eight
nuclear genetic backgrounds (Table 4).
Among them, B x R hybrids performed better
than the A x R hybrids in five nuclear genetic
backgrounds viz., CMS335 A/B x RHA 23,
CMS 234 A/B x RHA 6D-1, CMS 234 A/B x
RHA 93, NDCMS4 A/B x RHA 6D-1 and
NDCMS4 A/B x RHA 95-C-1. The A x R
hybrids performed better in three nuclear
genetic backgrounds viz., CMS335 A/B x
GKVK-3, CMS 17 A/B x RHA 23 and CMS
135 A/B x RHA 23 across all the traits.

The A lines as well as B lines showed
significant combining ability effects across all
the traits except for hull content indicating
that they differed among themselves in their
abilities to transmit genes having additive
effect with testers. Also, the A and B lines (in
case of five traits) differed for their overall
ability in combining with common testers
used in the study. Similar results were
reported by Neelavva (2012) in chilli. The
iso-nuclear alloplasmic lines (A & B lines)
were found to interact with the common
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testers for plant height, seed yield plant-1 and
hull content. Similar findings were also
reported by Ramesh et al., (2006) in sorghum,
Chandrashekar et al., (2007) in pearl millet
and Neelavva (2012) in chilli. Further, the
male sterile lines showed interaction with
common testers for head diameter, stem
diameter and oil content. These results
provided statistical validity to compare and
contrast A x R and B x R hybrids for their per
se performance. The cytoplasm showed
significant influence on the performance of
hybrids for hull content and oil content which
was evident from significant differences
between overall means. The A x R group of
hybrids showed superiority over B x R
hybrids for hull content. The B x R hybrids
were superior to A x R hybrids for oil
content.

The non-significant differences between A x
R and B x R hybrids across all nuclear genetic
backgrounds depicted that the cytoplasm did
not have significant influence on per se
performance for days to 50 per cent
flowering. Similar results were reported by
Moran et al., (2003) in sorghum, Reddy et al.,
(2006) in sorghum, Rosamma et al., (2007) in
rice and Reddy et al., (2007) in sorghum. A x
R and B x R hybrids did differ significantly in
few nuclear genetic backgrounds for
remaining traits i.e., head diameter, stem
diameter, volume weight, 100 seed weight,
seed yield plant™, hull content, oil content and
days to maturity. However, these differences
were observed in both positive and negative
directions with varying magnitudes dependent
on nuclear background. The results were in
agreement with the results reported by
Hariprasanna et al., (2006) in rice, Faiz et al.,
(2007) in rice, Haritha (2011) in chilli and
Neelavva (2012) in chilli.

Overall per se performance status of the A x
R and corresponding B x R hybridsprovide
weak evidence for the presence of effect of
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male sterility inducing cytoplasm on the per
se performance of hybrids. Though there were
significant differences in few nuclear genetic
backgrounds, they did not show any trend in
favour of a particular cytoplasm. For
example, B x R hybrids performed better than
A x R hybrids in five nuclear genetic
backgrounds while the reverse was true in
three nuclear genetic backgrounds. Similar
results were reported by Nanda (2011),
Haritha (2011) and Neelavva (2012) in chilli.

The significant variation observed within the
AxR group of hybrids and BxR group of
hybrids provided statistical basis for
comparing the AxXR and BxR hybrids to
assess the effect of cytoplasm. AxR hybrids
as a group differed significantly from the
group of BxR hybrids only for hull content,
oil content and oil yield. This also supported
the idea of comparing AxR and BxR hybrids
to assess the effect of cytoplasm for per se
performance. Influence of male sterility
inducing cytoplasm was evident in the
expression of hybrids mean performance for
few traits which was indicated from
significant difference between AxR and BxR
hybrids for these parameters. Such differences
so obtained between isonuclear alloplasmic
hybrids may not be due to the influence of
cytoplasm alone, but also due to its
interaction with testers.

However, it is difficult to discern the effects
of the cytoplasm per se and cytoplasm x
nuclear interactions. The present results
provided no reasons to believe the presence of
influence of male sterility inducing cytoplasm
effects on the expression of hybrids for
overall per se performance. However the
influence was not in favour of any particular
cytoplasm. To conclude, there is no
significant influence of cytoplasm on seed
yield and its attributing traits of sunflower as
evident from the comparison of AxR and their
corresponding BxR hybrids.
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