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ABSTRACT: This investigation was carried out at Sakha Agricultural Research Station
Farm, ARC, Egypt during the two growing summer seasons (2015 and 2016). Six parents
namely; Line 4, Line 10, Line 16, Line 17, Line 63 and Giza 102, were crossed in half diallel
mating design, giving a total of 15 crosses, which were evaluated under three water
treatments; (T1) normal irrigation every 14 days, irrigation every 21 days (T2) and irrigation
every 28 days (Ts) and compared with a check variety namely; Sakha 53. Through this
study, general and specific combining ability were estimated for earliness attributes, yield
and its components, seed oil percent and oil yield.

Data revealed that, most of the variance due to irrigation treatments (I), genotypes (G), G x
I, crosses (Cr), (GCA), (SCA), Crosses x |, GCA x | and SCA x I, showed highly significant
differences for most traits under the three irrigation treatments and their combined
analysis. The parents; (Giza 102) and (Line 63) considered as good combiners for earliness
under the three irrigation treatments and their combined analysis. The parents; (Line 4),
(Line 10), (Giza 102) and (Line 63) considered as good combiners for yield and its
components under the three water treatments and their combined analysis. These parents
could be used in breeding program aiming to regenerate genotype (s) characterized by
high seed and oil yields. Based on the estimates of (s"j), it could be summarized that the
best crosses were; (Line 10 x Giza 102) and (Linel7 x Giza 102) for earliness under Tz, T2
and Tz and their combined data. For yield and yield components, the crosses; (Line 4 x
Line 63), (Line 17 x Line 63), (Line 16 x Line 17), (Line 10 x Giza 102) and (Line 4 x Giza 102)
under Ti, T2, T3 and their combined data are the best crosses. These parents and crosses
could be used as a hybrid varieties in sunflower cultivation under water stress conditions
to cover a part of oil production gap in Egypt.

Key words: General combining ability, specific combining ability, water stress
conditions, sunflower hybrids.

INTRODUCTION edible oils are (20-25,000 MT) and (2.8

Sunflower (Helianthus annuus L.) is MMT)* in 2017, respectively, and fulfill
one of the important oil crops allover the this gap by importation. The main source
world. The total cultivated area reached of edible oils production in Egypt is
23.99 million hectars that produced 40.19" cotton seed oil, which produced about 18
million metric ton seeds which produced thousand ton beside 7 thousand ton,
15.44 million metric ton, of oil in 2018 from sunflower and soybean oil during
year representing the fourth source of 2018.

edible oils in the world. In Egypt, the
local production of vegetable oils does
not exceed 1% of local consumption and
the total production and consumption of

* Foreign Agricultural Service, United States
Department of Agriculture, October, 2018.

79



R.A. EL-Refaey, et al.,

Water plays an important role in
augmenting the growth and development
of crop plants in their different stages of
ontogeny (Kadasiddappa et al.,, 2017).
Since, water is the life line for accruing
desired vyield levels, its time of
application and method of application
plays an important role in increasing the
yield levels besides saving water.
Further, water is the prime natural
resource, which is often costly and
limiting input particularly in arid and
semi-arid regions, hence needs judicious
use to reap the maximum benefit from
this limiting resource.

The main aims of this study are to
obtain new sunflower hybrids
characterized by high seed yield and oil
percent as well as evaluating these
hybrids under water stress conditions in
North Delta region. Therefore, it was
nessesary to determine general and
specific combining abilities (GCA and
SCA) and nature of gene action for many
traits. Analysis of half diallel data is
usually conducted according to the
methods of Griffing (1956) which partition
the total variation of half diallel data into
GCA of the parents and SCA of the

crosses. Combining ability information is

necessary for selection of suitable
advanced lines for hybridization and
identification of promising hybrids that
could be recommended to hybrid
sunflower breeding program
(Darvishzadeh et al, 2011 and

Pourmohammad et al., 2014).

MATERIALS AND METHODS

This investigation was setup to obtain
and evaluate some sunflower hybrids
under water stress conditions. The present
study was carried out at Sakha Agricultural
Research Station Farm during 2015 and
2016 growing summer seasons.

The parents used in this study were six
inbred lines via., Line 4, Line 10, Line 16,
Line 17, Line 63 and Giza 102, in addition
to, Sakha 53 as a check cultivar. These
parents were chosen to represent awide
range of variability for some agronomical
characters, seed yield, its components and
seed oil percentage.

A brief summary of the origin and main
characters of the parental lines are given in
Table (1).

Table (1): Origin and some agronomic characteristics of the parental lines used in this

work.
Characteristics
Genotypes Origin Dg)(/)ﬁ@to hPeI%nr;[t yielsde/g?ant Se(% 2)0”
flowering (cm) (9)
1- Py (Line 4) Bulgarian line 56.00 167.00 41.50 39.00
2- P (Line 10) Local inbred line 54.00 163.00 42.00 39.65
3- P3 (Line 16) Local inbred line 51.00 145.00 40.00 38.00
4- P4 (Line 17) Local inbred line 51.00 150.00 39.25 37.98
5- Ps (Line 63) Local inbred line 49.00 140.00 40.90 38.73
6- Ps (Giza 102) Indian line x mayak 47.00 155.00 43.00 40.00
Ch. Var. (Sakha 53) |Mayak x Bulgarian line| 55.00 160.00 43.50 40.61

The parents were obtained from Oil Crop Res. Sec., FCRI, ARC, Egypt.
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In June, 2015 summer season, a half
diallel mating design was made among the
six parents giving atotal of fifteen crosses.

The plants used as a females, were
made sterile by a solution of gibberelic
acid with a concentration of 0.16% (0-5 mg
GA/3 mL H20) per plant at the beginning of
the stage of budding (Skoric, 1981).

The sunflower hybrids were obtained by
bagging the sterile heads (female parents)
before flowering and, therefore, the pollen
grains were collected from the fertile
parents (male parents), which were
covered by paper bags before flowering to
prevent foreign pollen grains to
contaminate from other sources.

In June, 2016 summer season, three
field experiments were carried out i.e, the
first one was irrigated every 14 days as
(T1), the second one was irrigated every 21
days as (T2) and third one was irrigated
every 28 days as (T3). A randomized
complete blocks design with three
replications was used in each experiment.

Each replicate consists of 16 plots (15
Fi- crosses) and Sakha 53 as check
cultivar and each plot consists of four
rows, (4m long and 60 cm apart), the
distance between hills was 20 cm and the
plot area was (9.6 m?).

All agricultural practices were carried
out as recommended for oil seed
sunflower production in this region. The
inner two rows were harvested at the
maturity stage and seeds were air dried.
Data were recorded on an individual plant
basis from a random sample of ten
guarded plants from each plot.

The following characters were
scored:

Days to first flowering, days to 50%
flowering, days to full flowering, days to
physiological maturity, plant height (cm),
stem diameter (cm), head diameter (cm),
100-seed weight, seed yield per plant (g),
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seed yield (kg/fad.), oil content and oil
yield (kg/fad.).

Statistical analysis procedure:
Combining ability analysis.

General (GCA) and specific (SCA)
combining ability effects were estimated
according to Griffing (1956) method 4,
model 1.

RESULTS AND DISCUSSION
1. Analysis of variance:

Analysis of variance of 15 F1 crosses
and one check for the studied traits of
the three irrigations and their combined
data are presented. Results indicated
that, irrigations (I) mean squares were
highly significant for all studied traits.
These results revealed that, there were
overall differences between the three
irrigations for these traits.

Genotypes (G) mean squares were
highly significant for all traits in the three

irrigations and their combined data,
indicating the wide diversity of
genotypes used in this study and
providing evidence for presence of large
amount of genetic variability, which
considered adequate for further
biometrical assessment Therefore, the

genetic analysis was felt valid to be
undertaken to reveal the inheritance and
gene action controlling the economic
characters in sunflower.

The mean squares of G x | interactions
were highly significant for all traits
revealing that the genotypes respond
differently to water regime for these traits
and reflecting the possibility of selecting
the most tolerant genotypes, except for
plant height, stem diameter and head
diameter which exhibited non significant
differences suggesting that the response
of these three characters to water
treatments by a given genotypes does
not vary between water treatments.
These results are in agreement with
those obtained by, Rauf and Sadaqgat
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(2007) and Kazemeini et al. (2009) who

found that genotypes differed

significantly for all the studied traits.

2. Mean  performance  of
genotypes:

The mean performance of the fifteen
Fi1 crosses and the check variety under
the three irrigation treatments for all
studied traits are presented in Table (2).

It's to be noted that, for seed,oil yield
and it’s components showed that among
crosses; No. 9 (Line 10 x Giza 102), No. 5
(Line 4 x Giza 102), No. 1 (Line 4 x Line
10) and 4 (Line 4 x Line 63) gave the
highest values for these traits and they
were higher than the check variety also,
they were earlier than the check variety
under Ti, T2 Ts and combined data.
Similar trend of results were obtained by
Gholinezhad et al. (2012), Heidari and
Karami (2014) and Kadasiddappa et al
(2017).

3. Combining ability analysis:

The results in Table (3) showed that,
crosses (Cr) mean squares were highly
significant for all traits at the three
irrigation treatments and their combined
data, indicating the wide diversity
between the crosses used in this study.
Mean squares due to general combining
ability (GCA) and specific combining
ability (SCA) were highly significant for
all traits at the three irrigation treatments
and their combined, indicating that
additive and non-additive gene actions
had important role in the inheritance of
all studied traits.

On the other side, the interactions
mean squares between crosses, GCA
and SCA mean squares with irrigations
were highly significant for all traits,
indicating that the behavior of the two
types of gene actions varied from
irrigation regime to another, except for
plant height and stem diameter, which
exhibited non significant variances for

the
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the interactions between crosses, GCA
and SCA mean squares with irrigations,
this might indicated that, the two types of
gene actions did not changed from,
irrigation treatment to another for the
traits in view. Also, for head diameter
which exhibited non significant variances
for the interactions between crosses and
SCA with irrigations, in addition to, 100-
seed weight, which exhibited non
significant variances for the interactions
between SCA with irrigations, which
might revealed that the non-additive gene
effects seems to be stable at the three
irrigation regimes. Similar trend of
findings were obtained by Tyagi and
Dhillon (2016).

Regarding GCA / SCA mean square
ratio, the data pointed out that, this ratio
exceeded the unity for all studied traits at
the three irrigations and their combined
data. This might indicate that, additive
and additive x additive gene effects were
more important than non-additive ones
for the inheritance of all studied traits.
Thus, superior genotypes could be
identified from their phenotypic
expression and selection in early
generations, would be effective to
improve these traits.

Moreover, the ratio of GCA x | / SCA x
| interaction mean squares was more
than unity for all traits, except for No. of
days to full flowering, No. of days to
physiological maturity, plant height and
stem diameter indicated that the additive
gene effects were more suitable to
interacted with irrigation treatments than
non-additive genes for all traits and , in
another words, the additive gene effects
were more influenced by irrigation
changes than non-additive ones for these
traits. For the expected traits, where the
same ratio was approximately one for No.
of days to full flowering, plant height and
stem diameter, which might indicated
that both types of gene actions were
suitable to estimate and were equally
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interacted with irrigation environments
for the traits in question. While, for No. of
days to physiological maturity, where the
ratio was less than one, which might
indicating that non-additive gene effects
were more interacted and more suitable
to estimate than additive ones for the
trait in focusing. Similar trend of findings
were obtained by Darvishzadeh et al.
(2011), Hladni et al. (2011). In addition to
Rauf and Sadagat (2007), who found that
both additive and non additive gene
actions were involved in the expression
of the most studied traits.

4. General combining ability
effects (g™):
Estimates of (g"i) for all parental

genotypes for each trait under normal
irrigation and the two water stress
treatments are presented in Table (4). The
detection of the general combining ability
of the parental genotypes provide better
information not only for selection the
parent for hybridization, but also in
choosing the proper breeding scheme.
High positive values would be interest for
the most traits, except for the No. of days
to first flowering, No. of days to 50%
flowering, No. of days to full flowering,
No. of days to physiological maturity and
plant height.

For No. of days to first flowering, No.
of days to 50% flowering, No. of days to
full flowering and No. of days to
physiological maturity, estimates of (g"i)
for the parental genotypes Table (4)
revealed that Ps (Line 63) and Ps (Giza
102) as a parental genotypes had highly
significant (g"i) in negative direction
under the three water treatments and
their combined analysis. These parents
may possess favorable genes, which
could be utilized in breeding for earliness
in sunflower (Helianthus annuus L.).
Ashok et al. (2000) and Ciri¢ et al. (2013)
found some sunflower genotypes gave
desirable (g") for these traits in their
respective studies.

90

In case of plant height, data showed
that highly significant negative (g"i) were
detected by P4 (Line 17), Ps (Giza 102)
and Ps (Line 63) under the three water
treatments and their combined analysis.
These parents could be used as good
combiner for shortness under normal,
stresses irrigation regimes and their
combined data. On the other hand, P;
(Line 4) and P, (Line 10) showed highly
significant  positive (g"i) indicating
tendency towards tall plants under
normal irrigation, the two water stress
treatments and their combined analysis.
Similar trend of results in sunflower
(Helianthus annuus L.) were obtained by
Ciri¢ et al. (2013) who found significant
(g") for plant height.

Concerning stem diameter, estimates
of (g") for each parent showed that Ps
(Line 63), P, (Line 10) and P; (Line 4),
under Ti, T2, Tz and their combined
analysis gave highly significant positive
direction (g"i). So, these parents seem to
be the best combiners for stem diameter
under the previous conditions. Similar
trend of results in sunflower were
obtained by Kholghi et al. (2014) who
found that the additive gene effects were
important for stem diameter.

For head diameter, seed yield per
plant, 100-seed weight, seed yield per
faddan, seed oil content and oil yield per
faddan, the (g"i) revealed that the
parental genotypes Pi1 (Line 4), P2 (Line
10), Ps (Line 63) and Ps (Giza 102), could
be considered good combiners as their
(9"i) values were highly significant in
positive direction under T1,T2 , T3 and
their combined analysis. These results
indicated the great values of such
parental lines as promising progenitor for
high expression of high yielding ability
due to highly significant (g"i) of these
traits. Similar trend of results in
sunflower were obtained by Turkec and
Goksoy (2006) who found that the
additive gene effects were important for
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head diameter. On the other hand, Awad
(2011) who, found that the non- additive
gene effects were important for this trait.
In addition to, Abou-Mowafy (2015) who
found that the additive gene effects were
important for seed yield per plant.
Moreover, Sawargaonkar and Ghodke
(2008) found that the additive gene
effects were important for 100-seed
weight. Also, similar trend of results were
suggested by Kholghi et al. (2014) who
found that the additive gene effects were
important for seed vyield per faddan.
Ghaffari et al. (2011) and Nasreen et al.
(2014) found that the additive gene
effects were important for seed oil
content and oil yield per faddan.

From the above results, it could be
concluded that, the parental genotypes;
Ps (Line 63) and Ps (Giza 102) could be
considered as good combiner parents
possessing additive and additive x
additive genes to their hybrids in
breeding program aiming to releasing
new genotypes in sunflower
characterized by earliness and high
yielding potentially for seed and oil either
at normal irrigation condition or at stress
irrigations due to their highly significant
(g") in favorable direction at all irrigation
conditions and their combined analysis.
On the other side, the parental
genotypes; Pi (Line 4), P, (Line 10), Ps
(Line 63) and Pg (Giza 102) considered as
good combiner parents could be used in
breeding program aiming to regenerate
genotype (s) characterized by high seed
and oil yields due their highly significant
(g") in positive direction at normal as
well as stresses irrigation regimes.

5. Specific combining
effects (s"ij):

The data listed in Table (5) revealed
that, the cross 9 (Line 10 x Giza 102) and
cross 14 (Line 17 x Giza 102) exhibited
highly significant (s";) in negative
direction for all earliness attributes i.e.,
No. of days to first flowering, No. of days

ability
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to 50% flowering, No. of days to full
flowering and No. of days to
physiological maturity at normal as well
as two stresses irrigation regimes and
their combined data. The cross 2 (Line 4
x Line 16) exposed highly significant (s"j)
in negative direction for all earliness
attributes at irrigation treatments and
their combined analysis, except at T, and
T3 for No. of days to first flowering and
T, for No. of days to physiological
maturity, where the values of (s"j) did not
reach to the level of significant and the
cross 11 (Line 16 x Line 63) revealed
highly significant (s";) in negative
direction for all earliness attribute at
normal as well as the two stresses of
irrigation treatments and their combined
analysis, except at T, for No. of days to
first flowering, No. of days to 50%
flowering and No. of days to full
flowering, where the values of (s"jj) were
not significant. However, these crosses
could be used in breeding program to
releasing genotype (s) characterized by
early maturing at the irrigation condition
referred. These results are in agreement
with those obtained by Sank et al. (2003)
and Farhatullah and Khalil (2006) where
they indicated the predominant role of
non additive gene action for flowering.
Also, Khan et al. (2008) reported that, non
additive gene action was important for
No. of days to physiological maturity.

For plant height, the crosses 2 (Line 4
X Line 16), 7 (Line 10 x Line 17), 8 (Line
10 x Line 63) and 12 (Line 16 x Giza 102)
had highly significant values of (s"j) in
negative direction at normal as well as
the stresses of irrigation treatment for
short stature plants. On the other side,
the crosses 1 (Line 4 x Line 10), 6 (Line
10 x Line 16), 10 (Line 16 x Line 17), 11
(Line 16 x Line 63) and 13 (Line 17 x Line
63) exhibited highly significant (s"j) in
positive direction for the tall plants at
normal as well as the two stresses of
irrigation regimes and their combined
analysis. Similar trend of results were
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obtained by Sank et al. (2003), who found
significant (s"j;) for plant height.

For stem diameter, the crosses 1 (Line
4 x Line 10), 4 (Line 4 x Line 63), 6 (Line
10 x Line 16), 9 (Line 10 x Giza 102), 10
(Line 16 x Line 17), 13 (Line 17 x Line 63)
and the cross 15 (Line 63 x Giza 102) had
highly significant values of (s"j) in
positive direction for the trait in view at
all irrigation treatments and their
combined data. Similar trend of results
were obtained by Farhatullah and Khalil
(2006) who found significant (s";) for
stem diameter.

The crosses 4 (Line 4 x Line 63), 5
(Line 4 x Giza 102), 9 (Line 10 x Giza 102),
10 (Line 16 x Line 17) and the cross 13
(Line 17 x Line 63) had highly significant
inter and intra - allelic interactions in
positive direction for all seed and oil

yields and their vyield components
studied herein at normal as well as the
two irrigation stresses and their

combined analysis with one exception
i.e., head diameter in the cross 4 (Line 4
x Line 63), where the values of (s"j) did
not reach to the level of significant at all
irrigation regimes and their combined
analysis. However, from the obtained
data, it could be concluded that the
previous crosses could be used as a
hybrid varieties in sunflower cultivation
after more evaluation in yield trials,
especially with possibility to obtain
cytoplasmic male sterile line in sunflower
to overcome the difficulties of
emasculation. Similar trend of results
were obtained by Abou-Mowafy (2010),
who reported that non additive gene
action was important for head diameter.
Also, several researchers obtained
significant (s"jj); e.g. Kholghi et al. (2014)
and Tyagi and Dhillon (2016), who
investigated that non additive gene
action was important for seed yield per
plant. Nasreen et al. (2016) reported that,
non additive gene action was important
for 100-seed weight. Karasu et al. (2010)
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determined that non additive gene action
was important for seed yield per feddan.
Nasreen et al. (2016) found significant
(s"ij) for seed oil content. Ghaffari et al.
(2011) suggested that, non additive gene
action was important for oil yield per
faddan.

The results obtained herein
concerning general and specific
combining ability effects could indicate
that, the excellent hybrid combinations
were obtained from the three possible
combinations between the parents i.e.
high x high, high x low and low x low.
Consequently, it could be concluded that
general combining ability effects of the
parental lines in some time were
unrelated to the specific combining
ability effects of their respective crosses.

From the results, it could be
concluded that Pg (Giza 102) and Ps (Line
63) are the best combiners for earliness.
Also, Pg (Giza 102), P (Line 10), P; (Line
4) and Ps (Line 63) appeared to be good
combiners for seed and oil yields and
their yield components studied. The
progeny of the cross 9 (Line 10 x Giza
102) and cross 14 (Line 17 x Giza 102) are
the best for earliness. Also, the crosses;
4 (Line 4 x Line 63), 5 (Line 4 x Giza 102),
9 (Line 10 x Giza 102), 10 (Line 16 x Line
17) and13 (Line 17 x Line 63) are the best
for seed and oil yields and their vyield
components studied and these crosses
could be used as a good hybrids to
cultivate sunflower under water stress
conditions to cover a part of oil
production gap in Egypt.
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