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ABSTRACT

Five Cytoplasmic Male Sterility (CMS) lines and four restorer lines
(tester) were crossed in a line x tester scheme in order to analyze
general and specific combining abilities and gene effects on sunflower
for some agronomic and physiologic traits. Hybrids were evaluated
in a randomized complete block design, with three replications under
optimum and limited water conditions. The results of combined
analysis of variance for different traits in optimal conditions showed
that the mean square, except for the % RWC traits in the limited
conditions for plant height, head diameter, number of seeds per head,
1000-seeds weight, proline, catalase enzyme, superoxide dismutase
enzyme, chlorophyll a, chlorophyll b, grain yield, and oil yield were
significant. Results of data variance analysis indicated that the general
combining ability for lines and tester was significant, as well as the
specific combining ability (line x tester) for most traits. Based on the
AGHK30 and AGHK44 combining ability, the RGHK25, RGHK50
and RGHK50 x AGHK56 and the RGHK56 x AGHK44 tester were
identified as the most suitable line for the hybrid test in both conditions.

INTRODUCTION

Sunflower (Helianthus annuus L.) is an

yield. However, Joci¢, Miladinovi¢, & Kaya (2015),
Jockovi¢ et al. (2018), and Makanda et al. (2014)

important oilseed crop with high quality of edible
oil in the world. Sunflower hybrids are preferred
by farmers because of their uniformity, high yield
performance, better qualities, and resistance
against diseases. |dentification of superior parents
for hybridization is an important step in plant
breeding. Combining ability of parental lines should
be estimated to find the best hybrid combinations.
Furthermore, estimation of gene effects could be
done by analyzing combining ability values based
on F, mean values (Jockovic et al., 2018).
Combining ability of inbred lines could be
estimated with various methods, such as top cross;
line x tester analysis, in which several testers are
used (Ghaffari & Shariati, 2018). Joci¢, Miladinovic,
& Kaya (2015) analyzed four male sterile lines and
10 testers and found additive gene effects for seed

analyzed gene effects of inbred lines using line x
tester method and they showed that non-additive
gene effects were more important for seed yield.
Lariépe et al. (2017) also observed the after that
gene component was more important than the
additive component in managing seed yield in
sunflower. In addition, Saba, Khan, Sadagat, &
Rana (2016) reported the importance of dominant
genes for seed yield in this crop. In general, most
of the experiments carried out by breeders indicate
the importance of non-additive gene effect for seed
yield in sunflower. Therefore, production of hybrid
varieties is justified due to the existence of non-
additive type of gene action for seed yield.

Not only additive gene action was reported
to have significant impact on plant height (Razzaq,
Nadeem Tahir, Ahmad Sadaqat, & Sadia, 2017) and
head diameter (Rameeh & Andarkhor, 2017), but
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also non-additive gene effects have been reported
to play crucial role in regard with plant height. Tan
& Tan (2011) and Tyagi, Dhillon, & Kaushik (2018)
showed significant general combining ability for
plant height, seed number per head, 1000-seeds
weight and seed yield. Abd El-Satar (2017) indicated
the importance of both additive and non-additive
gene action in controlling 1000-seeds weight and oil
percentage, while Mohyaiji, Moghaddam, Toorchi, &
Valizadeh (2014) and Neelima & Parameshwarappa
(2017) stressed the preponderance of additive type
of gene effects and non-additive gene effects for oil
percentage.

Though sunflower hybrids are high yielders,
the G x E interaction influences their performance
(Chigeza, Mashingaidze, & Shanahan, 2014).
Biradar, Vijaykumar, Naidu, Vastrad, & Immadi
(2019) analyzed 60 hybrids in two environments
and reported a significant line x tester x environment
effects for head diameter, seed yield, days of
flowering, plant height and 1000-seeds weight. The
main objective of the present study was to determine
the combining ability in sunflower, using a line x

tester method with five lines and four testers.

MATERIALS AND METHODS

Experimental Site

The Khoy experimental station (44°58" N 38°33
E, 1103 masl) has cold and dry climates. Minimum,
average and maximum annual temperatures
are 12.5, 30, and 42 °C, and the average annual
rainfall in this region is 292.6 mm. The physical
and chemical properties of the soil are presented
at Table 1.

Table 1. Physical and chemical properties related to
the soil of the site

Value
Character Standard Measured

range values
OC (%) 0.5-1 0.87
Total N (%) 0.1-0.007 0.008
Fe avalable (mg/kg) 4-5 4.9
K available (mg/kg) 300-400 361
P available (mg/kg) 10-15 9.4
Soil saturation (%) 42-46 46
pH 7-7.5 7.5
Clay (%) 26-28 27
Silt (%) 42-45 36
Sand (%) 25-27 18

Plant materials consisted of five CMS lines
(AGHK2, AGHK30, AGHK44, AGHK110, AGHK260)
and four male restorer lines (RGHK25, RGHK46,
RGHK50, RGHK56) were used in this study. CMS
lines were crossed with testers in a line x tester
method. The progenies were evaluated during
2017 and 2018 growing seasons, using randomized
complete block design with three replications in
each year. Each plot consisted of two 5 m long rows.
The distance between rows was arranged at 65
cm and between plants within the row was 25 cm.
Samples of photos taken in conditions of stress and
non- stress that three replications were non-stress

and three replicates of stress on the field (Fig.1).

Fig. 1. Plant performance under (A) non stress and (B) stress conditions
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The following traits were measured: plant
height (cm), head diameter (cm), seed weight per
head (g), seed number per head, Leaf Area Index,
RWC (%), % proline content (%), CAT (unit per mg
protein), SOD (unit per mg protein), chlorophyll a
(mg/g), chlorophyll b (mg/g), oil content (kg/h), seed
yield (kg/h) and 1000-seeds weight (g).

Data for hybrids were subjected to “Line
x Tester” analysis (Singh & Chaudhary, 1977) to
estimate general combining ability (GCA), specific
combining ability (SCA), and their respective
variance components. The estimation of general
combining ability and specific combining ability
effects of parents and hybrids were obtained
through the following equations:

Estimation of GCA effects:

Lines: GCA = (Xi../fr) - (X.../fmr).......ccoovvvnnnnnnn. 1)
Testers: GCA= (X.j./mr) - (X.../fmr).....cccceeeen..n. 2)
Where:

f = number of CMS lines (female parent)
m = number of testers (male parent)

r = number of replications

X = total number of the F, resulting from

crossing i" lines with all the testers

X, = total number of all crosses of jth tester
with all the lines
X = total number of all crosses

Estimation of SCA effects was calculated through
the following formula:

SCA = Sij- (Xij/r) - (Xi../fr) - (X.j./mr) + (X.../fmr)....3)

where X. is total number of F  resulting from
crossing i" lines with j" testers.

Estimation of GCA and SCA variances were
obtained by expected values of mean squares,
assuming lines and testers as fixed and years as
random factors. The additive genetic variances
for lines and testers was calculated through the
following formula:

> 1+F ,
O Gea ZTO-A

where, assuming that the coefficient of inbreeding
is unity, 0%, and o2, are additive genetic variance
of lines and testers (Singh & Chaudhary, 1977).
Dominance variance (02,), narrow sense
heritability (h? ) and broad sense heritability (h?;)

were obtained using the following formula:

2
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where o?, represents additive variance, 07,

dominance variance and o? represents error
variance.

The MSTATC and SPSS22 software was
used to analyze the data.

RESULTS AND DISCUSSION

The results of variance analysis of different
traits in stress and non-stress conditions indicated
that mean square for all traits was significant.
Mean squares of lines were significant for plant
height, head diameter, number of seeds per head,
1000-seeds weight, proline content, catalase,
superoxide dismutase, chlorophyll a, chlorophyll b,
grain yield and oil yield (Table 2). Significance of the
mentioned traits indicates that there is a significant
difference in the general combining ability of lines
for these traits. The general combining ability of

the lines indicates the additive effects of genes.

Chahal et al. (2019) also indicated the importance
of dominant genes in controlling the seed yield in
sunflower.

According to the table of analysis of variance
(Table 2), The mean squares of the line x tester for
plant height, head diameter, number of seeds per
head, 1000 grain weight, proline content, catalase,
superoxide dismutase, chlorophyll a, chlorophyll
b, grain yield and oil yield were significant in both
normal and stress conditions. Significance of these
traits indicates the hybrid specific combining ability
for these traits. As a result, it shows the dominant
effects of genes. Also, some traits (Table 3) were
controlled by over-dominance effects. Tan & Kaya
(2019) achieved similar results. But Bonnafous
et al. (2018) indicated the importance of both
additive and nonadditive gene action in controlling
1000 seed weight and oil percentage.

Copyright © 2019 Universitas Brawijaya
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Table 3. Broad and narrow sense heritability estimates on an entry mean basis and degree of dominance
of sunflower morpho-physiological characteristics under stress (S) and non-stress (NS)

Broad sense Narrow sense Degree of
Character heritability heritabili dominance
S NS S NS S NS

Plant height 0.30 0.553 0.077 0.039 2.41 5.13
Seed number head 0.35 0.98 0.013 0.117 6.99 3.83
1000-seeds weight 0.14 0.562 - 0.08 - 3.46
% Proline 0.85 0.7 0.05 0.014 5.37 96.98
Chlorophyll a 0.18 0.65 - 0.148 - 2.60
Chlorophyll b 0.74 0.578 0.25 0.136 1.97 2.54
Oil yield 0.14 0.354 - 0.068 - 2.87
Seed yield 0.14 0.56 - 0.08 - 3.46

In the study of general combining ability
of lines (Table 4), the best lines for AGHK2
and AGHK30 plant height were the highest and
most suitable for general and negative traits in
normal and stress conditions. A negative and
significant combining ability for plant height is a
desirable breeding trait. Also, the AGHK44 line
had the most positive and significant GCA under
normal conditions. In examining other AGHK30
lines traits, the number of seeds per head, 1000
grain weight, grain yield and oil yield had the
highest positive and significant GCA under stress
condition. In normal conditions AGHK2 had the
most positive and significant combining ability with
a thousand seed weight attribute, which could be
selected from the hybrid under normal conditions
as the preferred line. Also, AGHK44 line for
relative water content and superoxide dismutase
has the most positive and significant general
combining ability. For proline content, chlorophyll
a, chlorophyll b assessments, AGHK110 had the
most positive and significant general combining
ability under stress and normal conditions which
indicates the additive effects of genes and the top
line can be chosen. But According to the results
Smith et al.(2018) non-additive component was
more important than the additive component.

In examining the testers for plant height,
the RGKH50 and RGKH25 testers had the most
negative and significant general combining ability
in normal conditions, which could be corrected for
the trait. Also, the RGHK25 for head diameter had

the highest positive and significant under stress
and normal conditions. The RGHK56 tester had
the most positive and significant combining ability
under optimum and limited conditions. For proline
traits, the RGHK46 tester had the most positive
and significant combining ability under stress
conditions. RGHK50 and RGHK56 testers have
positive highest combining ability catalase and
superoxide dismutase and significant genotypes
in stress condition. Also, RGHK56 tester had the
most positive and significant general combining
ability in chlorophyll a under stress conditions.
RGHK56 and RGHK25 had the highest positive
and significant combining ability with chlorophyll
b in stress conditions and RGHK56 testers under
normal conditions. RGHK50 and RGHK25 testers
also had the highest positive and significant
general combining ability in grain yield and oil
yield under normal and stress conditions (Table
5). Ghaffari & Shariati (2018) also achieved
similar results.

In the study of hybrids, the RGHK46 x
AGHK260 and RGHK46 x AGHK30 had the
most negative and significant specific combining
ability for plant height, which can be identified as
superior hybrids. RGHK25 x AGHK260 had the
most positive and significant combining ability
for head diameter in stress conditions, which is
a good hybrid for selection. RGHK50 x AGHK30
had the most positive and significant combining
ability for normal head diameter and for the
number of seeds per head.
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The RGHK50 x AGHK260 hybrid had the
highest positive and significant combining ability,
which is a good hybrid in stress conditions and
also the RGHK25 x AGHK30 hybrid has the
highest specific combining ability in normal
conditions. For 1000-seeds weight, RGHK56
x AGHK44 hybrid had the highest positive and
significant combining ability under stress and
normal conditions. While, RGHK25 x AGHK44
had the highest positive and significant specific
combining ability in normal conditions. For the
relative water content of the hybrid RGHK50 x
AGHK30 showed that it was superior in terms
of hybrid combining ability in stress conditions
and RGHK56 x AGHK2 hybrids had the highest
combining ability in normal conditions (Table 6).

In the proline content, RGHK56 x AGHK2
hybrid had the highest positive and significant
combining ability in stress conditions, which is a
good hybrid in stress conditions. Also, RGHK46
x AGHK260 hybrids had the most positive and
significant combining ability for catalase in stress
and normal conditions. In the observation of
superoxidase dismutase, RGHK50 x AGHK260
hybrids showed it has the highest potential for
positive and significant combining ability under
stress and normal conditions. While other tested
accessions, the RGHK46 x AGHK30 hybrid had
the highest positive and significant combining
ability for chlorophyll a under stress conditions
and RGHK46 x AGHK260 in normal conditions.

In examining the trait of chlorophyll b,
RGHK50 x AGHK44 hybrid had the most positive
and significant combining ability in stress
conditions. While, RGHK46 x AGHK30 hybrids
gave the highest combining ability in normal
conditions. The RGHK56 x AGHK44 hybrids had
the highest positive and significant combining
ability for seed yield and oil yield under stress
conditions. The hybrids of RGHK50 x AGHK30
and RGHK25 x AGHK44 showed similar patterns
in seed yield and oil yield (Table 6), with the
highest degree of combining ability in normal
conditions that indicate the non-additive effects
of genes, or those of dominant effects (Table
3). Andarkhor, Mastibege, & Rameeh (2012)
achieved similar results.

As it was indicated, dominance effects
(line x tester interaction) were significant for

plant height, head seed number, % proline and
chlorophyll b under water stress. Therefore,
these characters were controlled mainly by
dominant gene action. Andarkhor, Mastibege, &
Rameeh (2012) reported the role of both additive
and dominant gene action in the inheritance of
1000-seeds weight. However, for stem diameter,
days of flowering, 1000-seeds weight and days
to maturity of GCA/SCA ratios were > 1 showing
the importance of additive gene effects (not
proved by obtained data). Azad et al. (2016) also
observed that additive type of gene action was of
paramount importance for plant height and days
to 50 % of flowering in sunflower. Furthermore,
Hladni et al. (2018) reported significant general
combining ability for plant height, 1000-seeds
weight and seed number per head. On the other
hand, Gami, Patel, Patel, Chaudhary, & Soni
(2018) indicated the significance of non-additive
gene effects for plant height in sunflower. Dhillon
& Tyagi (2016) and Panda, Wali, Kachapur, &
Harlapur (2017) also reported the role of either
additive or non-additive gene effects on oil
pecentage. The study also confirmed that the
non additive were more important than additive
components in controlling seed yield, though
Rajesh, Sudheer Kumar, Narsimha Reddy, &
Siva Sankar (2018) concluded the balance
strenght for both components. Riaz, Tahir,
Rizwan, Nazir, & Riaz (2017) also indicated the
importance of dominant genes in controlling the
seed yield in sunflower. Non-additive type of
gene action for seed yield justifies the production
of hybrid varieties in this crop. However, different
results obtained by different researchers may
be attributed to different genetic material and
the environmental conditions in these studies.
Our results are also restricted to the lines and
testers used in the study. The average degree
of dominance for most of the traits ranged from
incomplete dominance to over-dominance,
suggesting the existence of non-additive gene
action for these agronomic traits in sunflower
(Table 3). Tan (2010) also reported high heritability
estimates for 1000 seed weight, seed number
per head, oil content and seed yield in sunflower
using line x tester analysis. Kaya, Balalic, & Milic
(2015) found similar results for other accessions
in sunflower.
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The average degree of dominance for most
of the traits ranged from incomplete dominance
to over-dominance, suggesting the existence of
non-additive gene action for these agronomic
traits in sunflower (Table 3). Rauf, Shahzad,
Teixeira da Silva, & Noorka (2012) also reported
the preponderance of dominance effects for this
trait. As shown in Table 3, broad sense heritability
ranged from 0.3 (plant height) to 6.99 (head seed
number). Most of the traits under investigation
showed average narrow sense heritability. Average
to high narrow sense heritability estimates over two
years indicates the efficiency of selection for these
traits. Memon, Baloch, Baloch, & Jatoi (2015) also
reported high heritability estimates for 1000-seeds
weight, head seed number, oil content and seed
yield in sunflower using line x tester analysis.
Naghavi, Pour Aboughadareh, & Khalili (2013) and
Tan & Kaya (2019) found similar results for other
plant material in sunflower.

CONCLUSION

In terms of general combining ability under
stress conditions, the AGHK30 line was the best line
and RGHK50 was the best tester. Hybridization of
RGHK56 x AGHK44 was considered the best hybrid
in optimum and stress conditions. The hybrids were
examined for the first time and their hybrids were
resistant and had optimum performance under
optimum and limited conditions. It is suggested that
the best lines and the best parent pair should be
tested for stability analysis in different areas.
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