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ABSTRACT

The present investigation was carried out during three successive summer seasons,
2005, 2006 and 2007 to study combining ability and proportional contribution (%) of
lines, testers and line x tester interaction in sunflower hybrids for yield and yield
contribution traifs. Twenty four crosses produced by crossing between six introduced
cytoplasmic male sterile lines (CMS-lines) with four restorer lines (RF-lines) using line x
tester mating design at Shandaweel Agric. Res. Station, Sohag, in 2005 season. These
genotypes were: twenty four crosses, four restorers, six fertile lines (B-lines) along with
two check cultivars (Sakha53 and Gizal02) were evaluated during 2006 and 2007
seasons. The experiment was conducted in a thiee replcaled, randomized complete block
design with three replicates in the two seasons. Data were recorded on: days fo 50%
SJlowering, days to maturity, plant height, stalk diameter, head diameter, 100-achene
weight, achene pield/plant, achene yield/plot and achene cil percentage. Separate and
combined analysis of varignce and line x tester were completed for the studied traifs.
Besides, estimated combining ability estimates and proportional contribution of lines,
testers and line x tester interaction were also computed. The obtained results revealed
that the ratios of d’gea/ ¥'sca were less than unity for all studied traits; indicating that
the dominance gene action (nom-additive effects) had an important role in the
inheritance of the trail. Proportional contribution (%) of lines, testers and their
interaction showed that the non-additive components were predominant for plant height,
head diameter, achene yieldplot and oil percentage characters. General and specific
combining abilily effects were estimated for studied traits over the two years. The restorer
lines Rf1, Rf4, Rf5 and RfI10 showed significant or highly significant GCA for 50%
Slowering. Also, GCA effect of L5 was the highest and if was significantly negative. These
lines might be considered as good combiners for earliness. For achene yield/plot, nine
crosses registered positive and significant or highly significant $§CA effects, these crosses
were exerted the best combinations for this trait. For achene oil percentage, two lines (L1
and L?) had positive and significant or highly significant GCA effects. Besides the Rf10
showed also positive and kighly significant gca values. The single crosses (L1 x Rf1} and
{L21 x Rf10) had positive and significant or highly significant SCA effects for achene oil
percentage. These crosses may be considered as the best combinations for this trair.

Key words: Sunflower, Helianthus annus, CAS-lines, Combining ability, GCA, SCA.

INTRODUCTION
In Egypt, due to severe shortage of edible oil, it imports more than
90% of its consumption of vegetable oil. This indicates the size of the
problem and shows the need for horizontal and vertical improvement of oil
crops in Egypt. Thus, more care should be given to this crop for increasing
its productivity to minimize the gap between the production and



consumption. In Egypt the cultivated area was 18 thousand hectares
producing 43 thousand tons with an average of 2.39 ton/ha (F.A.O. 2006).
Sunflower breeders have extensively used and exploited heterosis to
improve seed and oil yield in sunflower. The cytoplasmic male sterility and
fertility restorer system is used to produce hybrid seed. Rao er a (1992)
found that the non-additive components of the genetic variances were
predominant for all the characters. Madrap and Makne (1993) found that the
specific combinations were highly adaptable with high levels of heterosis.

Alone et al (1996) found significant sum of squares due to males and
females for all the characters which indicated enough variability among the
males and females used in their study. In addition the nature of gene action
was predominantly non-additive for all the characters. Hussain et al. (1998)
and Burli et al. (2001) illustrated that the specific combining ability (SCA)
variances were higher than general combining ability (GCA) variances for
all the traits studied which were generally controlled by non-additive gene
action. However, substantial amounts of additive variance were detected for
plant height and oil content (Sassikumar et al (1999). Besides, Ravi ef al
(2004) discussed the preponderance of non-additive gene effects in the
expression of seed yield and its component traits. Radhika ef a/ (2001) and
Uttam et al (2005) found that the non-additive type of gene action was
important in the expression of days to 50% flowering, plant height,
capitulum diameter, 100 seed weight, oil percent and seed yield/plant.
Majority of the good specific combinations for different characters resulted
from the crosses among the parents with high x high or high x low GCA
effects. Masood et al. (2005 & 2006) found that the SCA effects were of
greater magnitude than that of GCA effects, which showed high
contribution of non-additive gene effects. The GCA:SCA ratio also revealed
predominance of non-additive gene effects. Khan et al (2008) showed that
the contribution of maternal and paternal interaction (line x tester) was very
high for all traits. It revealed preponderance of paternal and maternal
interaction influence for all these traits. The objective of this study was to
estimate general and specific combining ability effects to identify the
parental lines of the best crosses.

MATERIALS AND METHODS

Four restorer lines (Rf-lines), i. ., Rfl, Rf4, Rf5 and Rf10 of sunflower,
were crossed with six introduced cytoplasmic male sterile (CMS) lines (A-
lines) during the flowering period at Shandawee! Agriculture Research
Station, Agric. Res. Center in 2005 summer season, for characterization and
developing twenty four crosses. The geographical origin and agronomic
characteristics of the six male sterile lines (CMS) and the four restorer lines
(Rf-lines) along with check varieties are presented in Table (1). The twenty
four single crosses were obtained by bagging the sterile heads before
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flowering and pollinated with the pollen grains which collected from each of
the four restorer lines. in 2005 season. The twenty four obtained sunflower
crosses, the four testers, the six B-lines and the two check cultivars (Sakha
53 and Giza 102) were planted at Shandaweel Research Station, Sohage
governorate on 30" and 26" July, 2006 and 2007 seasons, respectively. A
randomized complete block design (RCBD) with three replications was used
in the two seasons. The plot size was 2 rows, 4 meter long and 60 cm apart.
Planting was done in hills spaced 20 cm apart. Seedlings were thinned to
one plant per hill before the first irrigation (two weeks after planting in both
seasons). '

Table 1. Type, geographical origin and agronomic characteristics of materials
used (Shandaweel 2005 season).

A. Male Sterile(A) lines and fertile " -
. Agronomic characteristics
(B} lines
No. . . Days to | Plant Stalk Head
Lines Ceogra_api:leq Lines beo(g)r?;!hlcal, 50% , height, |diameter,/diameter,
e T8N flowering; (em) | (em) | (em)
1 Al Romania B1 Romania 56 140 2.00 16.50
2 [ A3 » B3 » 54 160 2.04 18.00
31 A5 » B5 » 52 156 2.03 14.50
4 1 A7 Local B7 | Argentine 55 158 1.81 16.00
5| A19 ] w B19 » 54 145 2.05 17.00
6 | A21 o B21 Russia 57 148 2.08 16.60
No. B. Restorer (Ri) lines
1 | Rfl1 53 110 1.44 6.70
2 ! R4 54 108 1.30 - 7.50
3 | Res Local s4 | 126 | 183 | 1400
4 | Rf1G 55 118 149 8.50
No C. Check varieties _
1 | Sakha 53 ARC : 56 177 2.11 19.50
2 | Giza 102 ) ) 52 137 1.58 12.50

The cultural practices were followed as the recommendations for oil
seed sunflower production. The traits studied in this research could be
divided into three groups: earliness, growth traits and yield components.

Earliness traits

1- Days to 50% flowering: number of days from sowing date until 50%
of the plants showed their heads.

2- Days to maturity: was measured as number of days from sowing date
until the head became yellow.

Growth traits

The following traits were taken from a random sample of five guarded
plants. These plants were chosen from each plot. These samples were
assigned to be fixed for the following measurements.
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1- Plant height (cm): average length in cm from soil level to the tip of
the head.

2- Stalk diameter (cm): measured at 30cm above the soil surface with
vernier-calipers, at nearest 0.Icm.

3- Head diameter (cm): estimated as an average of maximum width of
the head. '

Yield and yield components : '

1- 100- achene weight (g): One hundred seed were counted and
weighed from the bulk of the guarded plants in grams.

2- Achene yield/plant (g): estimated as avcrage of seed weight per
head.

3- Achene yield/plot (g): measured from the adjusted seed yield per
plot.

4- Achene Oil percentage: determined by soxalet apparatus- using
petroleum ether (Bp40-60 c°) as solvent according to the official
method (A.O.A.C. 1980).

Statistical analysis

Data on a plot mean basis in each season and combined over the two
seasons were subjected to analysis of variance for the randomized complete
block design (RCBD) according to Gomez and Gomez (1984). The line x
tester analysis was calculated according to Kempthorne (1957).

The expectation of the mean squares for the combined analysis of
variance is presented in Table (2). Mean squares were equated to obtain
estimates of the components of variance for lines (8%), testers (6%) and lines
x testers (8% ) and their interaction with years (6%, ,, 8%, and &%, ;,).
Variance components were estimated according to Singh and Chaudhary
(1977&1985). General combining ability effects for the lines and testers and
specific combining ability effects of the crosses and the proportional
_ contributions of lines, testers and their interaction to total variance were.
estimated. ‘

RESULTS AND DISCUSSION

Combmmgalﬁhty

Estimates of general comining ability (gca) and specific combining
ability (sca) variances are given in Table 3. The magnitude of &%sca was
higher than that for 8°gca for all studied traits. The ratios of &%gca/ 8%sca
were less than unity for all studied traits, indicating that the dominance gene
" action (non-additive effects) had an important role in the inheritance of
these trait. Similar results were reported by Sassikumar et al (1999), Burli ef
~al. (2001), Goksoy and Turan (2004) Ravi ef a (2004) and Masood et al
(2006). .
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‘Table 2. Combined ANOVA for F, single crosses and expectations of mean

squares.
Source of variance D.F s;f::::s Expectation of mean square
Year (Y) y-1
Rep/year Y(r-1)
F; single crosses (C) (It-1)

| 82+ 182 2, + rtd?, +

Line (females) L (-1 M1 iyazfa y + TyS% + 1t%
2 4 18?4y, + + 1182, +
Tester (males) T (t-1) M2 flyafs ny  1ySu+ Ty
I3

LxT (I-1) (t-1) M3 | &%+ 1d%y + rydy
Fsingle crosses x y i
Years ' (1) (¥-1)
LxY : -1 (Y-1) M4 | 8% +18? , +1td%.
TxY O t-D(Y-1) M5 | 82+ 187 py, + 1187,
LxTxY (-1) (i')l) -1 M6 |82+,
Error Y (r-1) (c-1) M7 | &

Where ,c, 1, y, | and t are the number of crosses, reps, years, lines and testers, respectively.
Subscript denotes to the variance symbol designate the type of variance.

Contribution of lines, testers and their interaction to total
variance ‘

Proportional contribution (%) of lines, testers and their interaction for
the studied traits, combined over two seasons (Table 4) showed that both
additive and non-additive gene effects controlled days to 50% flowering,
stalk diameter, 100-achene weight and achene yield/plant. While, days to
maturity showed the predominance of additive gene action. However, the
non-additive components were predominant for plant height, head diameter,
achene yield/plot and oil percentage characters. These results are in line
with those reported by Khan er af (2008).

Combining ability effects

Estimates of general and specific combining ability effects for studied
traits over the two seasons are shown in Table 5. For days to 50% flowering,
the fertility restorer lines Rfl, Rf4, Rf5 and Rf10 showed significant or
highly significant values. While, GCA effects of L5 recorded the highest
significantly negative estimates, indicating that, this line had favorable gene
action for earliness and this line might be considered as good combiners for
earliness. The data clearly showed that three crosses had negative significant
or highly significant SCA values, indicating that these crosses were earlier
when compared to their parents.
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Table 3. Estimates of general and specific combining ability variance and their interaction with years for studied traits
over the two seasons.

. Days to ‘ Plant | = Stalk Head | 1% | Acheme | Achene .
Variance o Days to . . . achene | . . Achene oil
50% ... | height | diameter | diameter . yield/plant | yield/plot
component . maturity | weight percentage
flowering (cm) (cm) (cm) (@) (&) (g.)
o’geag 0.7921 1.2535 | -9.1613 | 0.0068 -0.0566 0.0522 7.8414 -9974.662 -0:1771
d*gca,, 0.1400 0.8752 187700 0.0022 0.1576 0.2319 -2.9169 -2064.219 -0.1191
d*gca 0.0604 0.1343 0.5087 0.0006 0.0056 0.0172 0.3432 -778.451 -0.0187
d%sca 0.9450 0.8533 |56.2730] 0.0050 2.3650 0.4000 25.9183 44717.832 1.0550
d*gcacyy 0.2042 0.1333 | -6.4730 | 0.0008 0.0675 -0.0008 -1.5058 -143.151 0.2300
o*gean 5y 0.0394 03406 | -4.7970 | 0.0001 -0.0139 0.0967 -1.5767 213.432 0.3289
&sca yy 0.1000 0.6700 {37.2100| 0.0100 0.4767 0.0833 8.5667 4006.107 2.2600
; .

ﬁﬁii:/ 0.0639 0.1574 0.0094 0.1200 0.0024 0.0430 0.0132 -0.0174 -0.0177

All negative estimates of variance are considered equal to zero.
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Table 4. Proportional contribution (%) of lines, testers and their
interaction to total variance for the studied fraits, the
combined mean over the two seasons 2006 and 2007.

Studied traits lines testers Line x tester
Days to 50% flowering. 46.900 29.243 23.855
Days to maturity. ' 48.881 | 13.328 37.790
Plant height, cm, 7.593 33.768 58.639
Stalk diameter, cm. 47.029 17.313 35.659
Head diameter, cm. 19.104 17.630 63.266
100-achene weight, g. 21.136 36.375 42.490
Achene yield/ plant, g. 40.486 3.805 55.709
Achene yield/ plot, g. 3.499‘ 12.269 84.232
Oil pgrcentage. 9.971 5.884 84.145 |

For days to maturity, the highest negative effect was recorded by the
restorer line Rfl. While the female lines LS5 and 121 exhibited negative and
highly significant GCA effects, indicating that, these lines had favorable
genes for earliness. Four crosses; L3 x RfI, L3 x Rf4, L5 x Rf10 and L21 x
RfS exhibited negative and significant or highly significant SCA effects.
These crosses could be considered as the best combinations for days to
maturity.

For plant height, the female lines L21 recorded the highest negative
and significant GCA. effects. While, male lines Rfl and RfS had negative and
significant or highly significant values, indicating that, the lines had
favorable genes for shortness. Four crosses recorded negative and significant
or highly significant SCA effects. These crosses were considered to be the
best combinations for shortness.

For stalk diameter, the highest positive signiﬁc_ant GCA effect was only
registered by the restorer line Rf4. While, only the female line; L.19 showed
the highest significant positive value. Only two crosses showed positive and
significant SCA values. These crosses were considered as good combinations
for stalk diameter.
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- For head diameter, the tester Rf4 possessed positive and highly
significant GCA effect. Also, the lines 1.7 and L19 had positive and highly
significant GCA effects, indicating that these lines could be considered as
good combiners for head diameter. Eleven crosses had positive and
significant or highly significant SCA effects. These crosses. could be
considered as the best combinations of head diameter.

For 100-achene weight, the two lines .7 and L19 had positive and
highly significant GCA effects. Also, the restorer lines Rf4 showed positive
and highly significant values. Seven crosses registered positive and
significant or highly significant SCA effects. These crosses were considered
as the best combinations for increasing the 100-achene weight.

For achene yield/plant, the restorer lines, Rfl and Rf4 had positive
and highly significant GCA effects. Also, the female lines L7, L19 and L21
had positive and highly significant GCA effects. Nine crosses were recorded
positive and highly significant SCA effects. These crosses could be
considered as the best combination of head diameter. Moreover, most of
highest crosses in seed yield/plant resulted from crossing lines having
positive and significant GCA values. It may be concluded that GCA and
SCA effects, were effective in predicting hybrid performance in this trait.

For achene yield/plot, testers Rf4 and Rf10 and the line L7 had positive
and highly significant GCA effects. Nine crosses registered positive and
significant or highly significant SCA effects. These crosses exerted the best
combinations for these traits.

For achene oil percentage, two lines L1 and L7 had positive and
significant or highly significant GCA effects. While, Rf10 showed positive
and highly significant GCA value. The single crosses (L1 x Rf1) and (L21 x
Rf10) were positive and significant or highly significant with respect to
SCA effects. These crosses may be considered as the best combinations for
achene oil percentage and can be tested in a large scale. Generally, the
restores lines Rf4 and Rf10 and Line L7 had significant and positive gca for
yield and most of its components and may be considered as the best
combiners for these traits. Similar results were obtained by Madrap and
Makne (1993) and Goksoy and Turan (2004). They found that variance due
to specific combining ability was highly significant for seed yield, number
of seeds per head and plant height. These traits of sunflower were
influenced, mostly, by dominant gene actions. Neither general nor specific
combining ability variances were found to be significant for head diameter
and 100-seed weight. Most of the total genetic variation in these

-characteristics was caused by epistatic gene actions due to SCA effects,
which were higher than GCA effects.
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Table 5. Estimates of general combining ability effects for male and
-wm . - . female lines and specific combining ability for crosses for all
studied traits in the combined mean over the two secasons

2006, 2007.
SCA [
Traits FET;Ie Restorer lines (Males) GCA S.E
Rfl Rf4 RfS | RO
L1 0639 | 0417 | -0111 | 0111 | 0306 | geam=
:s_" L3 | -0.986* | -1.375%¢ | 1264** | 1.097** | 0.431* | 0.161
3 L5 0.736 | 1.875** | -0486 | -0.653 | -1.653** | geaf=
g L7 0.806* | -1.250%* | 0444 | 0.889* | 1.472** | 0.197
P L19 0.514 0.125 0097 | -0.736 | -0.236 | sca=
E’ 121 0236 | 1.042% | 0319 | -0486 | -0319 | 0.394
GCA | -0.597** | 0.625°* | 0.319* | -0347%
L1 -0.069 0.569 0.097 | -0.597 | 0.431* | gcam=
- L3 | -144a0 | 0972% | 1056+ | 1361%+ | 0.194 | 0.168
E LS 0444 | 0694 | 0.3889% |-1.139%* | -1361** | geaf=
§ L7 0556 | -0972¢ | -0278 | 0.694 | 2.139** | 0.206
g, L19 0.597 0236 | -0236 | -0.597 | -0.069 | sca=
A L21 0.806 0444 | -1.528%* | 0278 | -0.944%** | 0.412
GCA | 0889+ | 1.472% | 0222 | 0361
L1 3.965% | 6.660% | 4.632% [-15257**) -1.771 | geam=
L3 2285 | 4076% | -4785% | 2993 | 0979 | 0.780
E L5 1243 | 7451%% | -5.743% | 0465 | 0271 | geaf=
E L7 | -7.535% | 2010 | -1201 [10.743** | 4229%* | 0.956
é L19 | -0243 | -3215 2.257 1201 | -1.563 =
L21 | 7.340%* |-12.965%*| 4.840* | 0.785 | -2.146** | 1911
GCA | -1.549% | 0.424 | -5.882%+ | 7.007**

*, ** Significant at 0.05 and 0.01 probability levels, respectively.
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Table S. Continued

SCA N
Traits Ffif::e Restorer lines (Males  GCA S.E
Rfl Ri4 Rf5 Rf10 ]
L1 0.018 0.044 -0.056 -0.007 | -0.049 | gcam=
L3 0.078 -0.120 -0.038 0.081 -0.035 | 0.029
{:"-} L5 0.058 0.017 0.082 | -0.156* j-0.128**| geaf=
;‘s 1.7 0.025 -0.110 -0.010 0.095 0.005 0.035
g L19 -0.168* 0.094 0.043 0.032 | 0.148** | sca=
-L21 -0.001 0.075 -0.020 -0.045. 0.060 0.071
GCA 0.039 0.063* | -0.065% | -0.038
11 SLETIRX L 1.024*% | 1.246%* | -0.599%* | 0.132 | gcam=
L3 1.054%*% | _1.651%* | -0.596** | 1.193** |-0.526%*| 0.082
% L5 0.97 1#* | -0.435*% | -0.246 | -0.290 |-1.143**) gcaf=
g L7 1.013** | .2,660%* | 0.629%* | 1.018** ; 0.882** | (.100
E L19 |-1 .988*"‘ 2.307+* 0.063 -0.382 | 0.582%* | sca=
' L21 0.621%*% | 1.415%* | -1.096%** {-0.940**] 0.074 0.200
GCA | -0.213** | 1.060** | -0.696** | -0.151
L1 -0.224 | 0.446%* 0.261 |-0.483**] 0.039 | gcam=
EV L3 0.115 —0.035 -0.440** ; 0.359** | -0.074 | 0.062
.'.g L5 | -1.013%* | -0.565%* | 0.624%* | 0.954** [-0.282**| gcaf=
* g L7 0.494%* 0.168 0216 [-0.877**10.613** | 0.076
E L19 -0.029 -0.122 0.360* : -0.209 :0230%* | sca=
= L21 0.657%* 0.108 | -1.021** | 0.256 |-0.526%*| 0.153
GCA {-0.271** | 0.810%* | -0.399** | -0.140*

* ** Significant at 0.05 and 0.01 probability levels, respectively.
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Table 5, Continued

Traits FEI:;"’ Restoreri(i::es (Males) GCA | SE
: Rf1 Rf4 Rf5 Rf10
L1 | -6.113% | 8991%+ | 5033%+ |.7.910%* |-4.367**|gcam=
= L3 1226 | 3.833** | 4.498** | -0.561 |-4.868**| 0331
= _
_:3" LS 0.678 | -6.379%* | 3.898** | 1.802* | 0.660 | geaf=
2 | L7 | 0335 |-2814% | 3353 | 5.832%% | 4.499%* | 0.406
E L19 | -0223 | 2.780** | 2.339** | 0.664 |1458°*| sca=
< L21 | 4098+ | -0.852 | 3.418** | 0.172 |2.619**| 0.811
GCA | 0.893%% | 1.207** | -1.248%+ | -0.852%*
L1 ]07_1'73.,,, 198.334%% | 198.344%% |0 11 4a| -30.072% | geam=
. L3 | 34749 | -2.535 |161.117**]128.903**| 6.657 | 11.980
§- LS |57g g4ges|158.821%%|-182.081*%|301.303** 48.774%+| B2
§ L7 |25L175%* s o en 66.434**_ 43.792 [58.771%+ 14.672
§ L19 |-88.571%*[100.531**| 20876 | -32.837 | -3.986 | sca=
L21 |187.861%* 181.333%4| 57545 | 64073 17.405 29.345
GCA | -36.35%+ | 68.123%% |-87.055%* | 55.283**
L1 | 2.125%* | -0.534** | -1.233** | -0.357% [ 0.522%* |gcam=
L3 | -0.492* | 0317 0.127 0.048 | -0.228* | 0.085
§° L5 0.111 | 1.044%* [ -0.646** | 0287 | -0.197 | geaf=
§ L7 | -0.525* | 0.864** | -0.048 | -0.291 | 0.212* | 0.104
g L19 | -0.643%* | -0.719%* | 1.767** | -0.405* |-0.282**) sca=
L21 | -0.354 | -0973**| 0034 | 1.293** | -0.028 | 0.208
GCA | -0.165% | 0.038 | -0.215% | 0.342%*

*, ** Significant at 0,05 and 0.01 probability levels, respectively.
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