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Abstract: In breeding programs, it is imperative to recognize the genetic
variations and levels of association between traits that directly or indirectly
affect the yield. Achene yield and related traits in forty-nine sunflower geno-
types were studied for genetic variability, correlations and path coefficient
analysis. The phenotypic coefficient of variation (PCV) were higher than the
genotypic coefficient of variation (GCV) for the all the studied traits in sunflower.
The most active association of achene yield was found with achene/head, 100-
achene weight and plant height. However, oil contents had a negative associa-
tion with achene filling percentage, 100-achene weight, number of leaves and
stem diameter. The maximum direct influence on achene yield were exerted by
head diameter followed by achene filling percentage, 100 achene weight,
achene/head and number of leaves. In contrast, plant height, days to maturity
and stem diameter had the negative direct impact on yield. The genetic correla-
tions were higher than phenotypic correlations which suggest that
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environmental influences were very low. Our results showed that achene/head,
100 achene weight, plant height and head diameter are important plant traits
which should be considered while planning any breeding program for higher
achene yield in sunflower.

Keywords: genetic variability, correlation, path coefficient, sunflower, achene
yield

Introduction

Achene yield in sunflower (Helianthus annuus L.) is a complex polygenic char-
acter influenced by physiological, morphological and environmental factors
(Razzaq et al., 2017; Zia et al., 2013). The ultimate objective of any breeder is
to increase seed yield and oil contents (Vrânceanu et al., 2005). The manifesta-
tion of genetic variability is a pre-requisite in the breeding material for the
selection of genotypes with desirable traits and further plant improvement (Ali
et al., 2009; Riaz et al., 2017). To quantify the extent of variability for the
inherited traits is an important tool in plant breeding. It produces high-value
knowledge by estimating the genetic parameters and generates an efficient
selection. Also, more accuracy and heritability can be estimated through the
study of the relationship between genotypic and phenotypic variances.
Therefore the extrapolations of average phenotypic and genotypic variances
are very useful to check the effectiveness of different traits associations
(Resende and Duarte, 2007). Accuracy and heritability are also essential to
study the impact of environmental stresses on several yield-related traits for
active selection (Cruz, 2004). The explorations for more adapted genotypes from
genetic variances must be constant throughout the breeding programs for
research progress.

The accomplishment of breeding programs mainly depends on the variation
present for yield and yield components as well as the nature of the hereditary
material (Nehru and Manjunath, 2003). The extent of the relationship between
phenological, seed yield and oil traits would ultimately enhance their selection
efficiency for the above traits. Therefore, it is essential to size the mutual
associations between agronomic traits to define the component traits which
may be capitalized as reliable selection criteria for genetic improvements of
yield and other essential traits (Memon et al., 2014).

The value of the net effect of a relationship between two traits is known as
correlation. The familiarity about correlation and path coefficients can play a
significant role in the genetic improvement of various traits during a selection
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procedure. Correlation coefficients conclude the traits that directly affect to the
achene produce. Correlation and path coefficient analyses have been used by
many researchers to check the relationship among seed yield and other related
components (Kaya et al., 2009; Machikowa and Saetang, 2008; Mijić et al.,
2009).

Correlation analysis explains the interactions of morphological traits with
achene yield per plant. It may be partitioned into genetic and phenotypic
correlations. When the genetic association is higher than phenotypic, environ-
mental effects are not playing an important role (Ashok et al., 2000). Correlation
studies also help to improve different traits simultaneously (Sujatha and Nadaf,
2013). However, the drawback is that it only measures the relationship among
the traits. There is another analysis, i. e. path coefficient analysis which mea-
sures the direct and indirect influences of traits on achene yield (Marinković,
1992). Correlation and path coefficients analyses assist in identifying the traits,
valuable as selection criteria to enhance achene yield of sunflower.

This study was aimed to discover genetic variation and association among
different achene yield contributing traits in sunflower genotypes for developing
new varieties with better combinations of these traits.

Material and methods

The research study was conducted at the research area of the Department of
Plant Breeding and Genetics, University of Agriculture, Faisalabad, Pakistan
during 2014–15. Forty-nine genotypes of sunflower were sown in a randomized
block design (RBD) with three replications.

The sowing of sunflower genotypes was done keeping row-to-row 0.75m
and plant-to-plant 0.25m distance. The length of each planting row was 5m in
length. Planting of seeds was done by using a dibbler. All the cultural and
agronomic practices were maintained to have good crop stand. Monthly average
minimum and maximum temperature and monthly total rainfall of 2014–15
during the crop period have been shown in Figure 1.

The data were collected on the following pre-harvest and post-harvest plant
traits including DM (days to maturity), PH (plant height), SD (stem diameter), HD
(head diameter), NOL (number of leaves per plant), APH (number of achene/
head), AYP (achene yield per plant), 100AW (100-achene weight), FA (achene
filling percentage and oil contents). The mean values of the evaluated trait in
this study are given in Table 1.
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Statistical analysis

The genotypic (GCV) and phenotypic (PCV) coefficients of variation of the
studied traits were calculated as follows:

PCV=ϭ2ph/XG x100 and GCV=ϭ2G/XGx100
Where: XG=Grand mean
Genetic advance (GA) was estimated proposed by Johnson et al. (1955) and

Falconer (1989). Heritability in the broad sense (h2) was estimated according to
Burton and Dewane (1953) which is given as,

h2 (B.S.) = (Vg/Vp) × 100
Where,
Vg = the genotypic variance
Vp= the phenotypic variance
h2 (B.S.) = heritability (Broad sense)
The data collected were subjected to correlation analysis to determine the

association among different traits at a genotypic and phenotypic level among
the characters as proposed Kwon and Torrie (1964) and path coefficients were
calculated following Dewey and Lu (1957) to study direct and indirect effects of

Figure 1: Metrological conditions prevailing during the crop season (2014–15).
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morphological traits on achene yield. Achene yield/plant was kept as a resultant
trait and yield contributing traits as causal variables.

Results

Genetic variability

Genetic variability is an important tool for the enhancement of achene yield in
sunflower. The variation reflects the diverse geographic origin and distribution
of genotypes. The study of components of variation including genetic and
phenotypic variability, h2 and GA reveal the heritable portion of overall varia-
tion in genetic material. Finally, such a considerable range of variation provides
an excellent opportunity for seed yield improvement. PCV and GCV, h2, and
genetic advance expressed as per cent of the mean (GAM) revealed significant
variation among sunflower genotypes for the ten traits (Table 2).

The PCV and GCV were highest for stem diameter and filled seed percentage
and moderate for some leaves, head diameter, plant height and days to

Table 2: Estimation of mean and different genetic parameters in sunflower.

Traits Mean PCV GCV h (BS) GA GAM (%)

DM . . . . . .
PH . . . . . .
SD . . . . . .
HD . . . . . .
NOL . . . . . .
APH . . . . . .
AYP . . . . . .
AW . . . . . .
FA . . . . . .
OC . . . . . .

PCV=phenotypic coefficient of variation, GCV= genotypic coefficient of variation, h2 (BS)=
broad sense heritability, GA= genetic advance, GAM= genetic advance as percent of mean.
DM=days to maturity, PH=plant height, SD= stem diameter, HD=head diameter,
NOL=number of leaves, APH= achene/head, AYP= achene yield/plant, 100AW= 100-achene
weight, OC= oil contents
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maturity. GCV and PCV were high for achene and oil yield and moderate for
plant height, stem diameter, head diameter, 100 achene weight and oil
content. h2 estimates were high for all the characters studied, except for oil
contents but achene yield per plant and oil contents had moderate h2. Stem
diameter and number of leaves exhibited high heritability and moderate
genetic advance. GAM ranged from 2.47 to 42.23 for the traits under study.
These results suggested the greater effectiveness of selection and improve-
ments expected for these traits in the future breeding programs as estimated
from GAM.

Correlations

Study of the actual association between achene yield and its related traits
helps to reveal their importance in sunflower breeding programs. The strongest
positive associations of achene yield were observed with achene per head
(r = 0.575, 0.386) followed by 100 achene weight (r = 0.524, 0.373) plant height
(r = 0.414, 0.262) and head diameter (r = 0.259, 0.168) both at genetic and
phenotypic levels respectively (Table 3). In addition, stem diameter (r = 0.165)
was significant positively correlated with achene yield only at the phenotypic
level.

Plant height revealed significant and positive association with number of
leaves (r = 0.498, 0.442), achene per head (r = 0.383, 0.295) and head diameter
(r = 0.382, 0.262) both at genetic and phenotypic levels. However, the strongest
correlation was found between number of leaves and plant height at both
levels. Oil contents were positive and significantly correlated with days to
maturity (r = 0.623) while negatively correlated with achene filling percentage
(r =−0.852) and 100 achene weight (r =−0.552), number of leaves (r =−0.488)
and stem diameter (r =−0.201) only at genotypic levels. Concomitantly, stem
diameter and head diameter, 100 achene weight and achene/head had signifi-
cant positive associations both at genetic and phenotypic levels. In addition,
achene filling percentage was strongly associated with number of leaves at the
genetic level.

For the development of new cultivars with the greater genetic potential to
increase achene yield is ultimate objective by implementing continuous selec-
tion, improving, maintaining and enhancing other related components. Our
results suggest that achene/head, achene weight, plant height and head dia-
meter are important yield-related traits and could be considered as selection
criteria to increase achene yield in sunflower.
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Path coefficient analysis

Path coefficient analysis (Table 4) showed that head diameter (0.68) had
maximum positive direct effect followed by achene filling percentage (0.67),
100 achene weight (0.62), achene/head (0.30) and the number of leaves (0.16).
These results explained that head diameter is directly contributing to achene
yield per plant and this effect is mainly through achene filling percentage and
100 achene weight. Head diameter had a positive indirect impact through stem
diameter, plant height, days to maturity, number of leaves and 100-achene
weight. Increase in these traits will ultimately cause some increase in achene
yield of sunflower. The maximum adverse direct effect was found in days to
maturity (−0.66) followed by stem diameter (−0.47), oil contents (−0.41) and
plant height (−0.06). Notably, plant height had the least negative direct effect
which suggests that achene yield would be less affected as compared to other
traits.

Stem diameter showed an indirect positive impact on achene yield through head
diameter while negative via days to maturity. However, oil contents had nega-
tive direct effects while positive indirect effects through days to maturity, head
diameter, stem diameter, achene/head and achene filling percentage on achene
yield.

Table 4: Direct (bold diagonal) and indirect effects of various characters on achene yield/plant
of sunflower genotypes.

Traits DM PH SD HD NOL APH AW FA OC rg

DM −. . −. . . . . −. . .*
PH −. −. −. . −. −. −. . −. −.
SD −. . −. . . −. . . . .**
HD −. . −. . . −. . −. . .
NOL −. −. −. . . −. −. −. . −.
APH −. −. . −. −. . −. −. −. −.
AW −. −. −. . −. −. . . −. −.
FA . . −. −. −. −. . . . −.
OC . . . −. −. . . −. −. .*

*= significant at 0.05 probability level **=highly significant at 0.01 probability levelDM=days
to maturity, PH=plant height, SD= stem diameter, HD=head diameter, NOL= number of leaves,
APH= achene/head, FA= achene filling percentage, 100AW= 100-achene weight, OC= oil con-
tents, AYP= achene yield/plant
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Discussion

The significant higher PCV and GCV for traits including stem diameter and
achene filling percentage (Table 2) proposed that these traits be under the
influence of genetic architecture. Therefore, pure selection can be dependent
on these traits for further improvement. In addition, a greater influence of PCV
over GCV indicates that there is involvement of environmental factors, which
influence maturity; hence selection for this trait should be delayed to study the
extent of environmental factors. These results are following previous studies
(Khan et al., 2007; Rani et al., 2017; Sujatha and Chikkadevaiah, 2002). h2
estimates reveal the heritable portion of variability present in morphological
traits. The h2 information gives a clue to plant breeder to decide the course of
the screening process by following under a given situation. However, h2 esti-
mates coupled with GA would be more reliable (Johnson et al., 1955) and
valuable in framing the screening procedure. The moderate h2 for oil contents
and achene yield have also been reported by Mijić et al. (2009).

The highly heritable traits with high or moderate GA could be further
improved with individual plant selection. Traits with higher h2 and low GA
indicated little scope for further increase via individual plant selection. Our
results suggested the superior efficiency of selection and enhancement be
expected for these traits as the genetic variations are mostly due to additive
gene action (Jocković et al., 2018; Mijić et al., 2009; Rani et al., 2017; Yankov and
Tahsin, 2015).

The genetic and phenotypic correlation coefficients among achene yield and
contributing traits (Table 3) showed that most of the traits have higher genetic
correlation coefficients than corresponding phenotypic correlation coefficients
because the relationship was affected by the environment at the phenotypic
level, indicated the low phenotypic correlation coefficients (Ghias et al., 2018;
Omikunle, 2003). Existing knowledge about relationships between traits helps in
appropriate selection process due to a greater share in crop improvement
(Gonçalves et al., 2017). Previous studies have reported head diameter as a
good selection criterion for achene yield improvement in sunflower (Chambó
et al., 2017; Rigon et al., 2014; Zia-Ullah et al., 2013; Yasin and Singh, 2010;
Singh and Chander, 2018). Positive association of plant height determines more
plant height with more number of leaves giving higher carbon fixation and
accumulation of more dry matter. Also, there is an increase in stem diameter,
head diameter, 100 seed weight which are responsible for higher yield (Nirmala
et al., 1999; Singh and Chander, 2018). Oil contents in sunflower genotypes
mainly depend on genetic potential and environmental conditions. Early
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maturing or harvesting, the achene weight and other traits may have a negative
impact on oil contents and achene yield (Hladni et al., 2008; Miklič et al., 2012).
Increase in head diameter that produces more number of flowers attract polli-
nators and ultimately increase of achene per head lead to higher yield in
sunflower.

Path analysis suggested head diameter is consistent selection criteria for
increasing achene yield in sunflower. A strong direct positive effect of head
diameter has also been reported by various other authors (Yasin and Singh,
2010; Jocković et al., 2015; Ghias et al., 2018). The maximum positive direct effect
of head diameter and high positive correlation with achene yield (Figure 2)
suggested that breeding on this trait can be useful for achene yield improvement
in sunflower.

Figure 2: Genotypic path diagram showing the relationship of various traits on achene yield/
plant of sunflower.
AYP=Achene yield/plant, DM=Days to maturity, PH= Plant height, SD=Stem diameter,
HD=Head diameter, NOL=Number of leaves, APH=Achene/head, 100AW= 100-achene weight,
FA= achene filling percentage OC=Oil contents.
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Conclusions

The studied breeding material had enough genetic variability for all the traits.
Genetic correlations and path analysis indicated that head diameter, stem
diameter, achene/head, 100 achene weight and the number of leaves showed
more positive influences over achene yield and can be used in the selection for
better achene yield. Head diameter, achene filling percentage, 100-achene
weight, achene per head and the number of leaves had shown the strongest
direct positive effects on achene yield. Positive direct influences of these traits
were associated with significant and positive correlations with achene yield. It
can be concluded that these traits can be useful as selection criteria for achiev-
ing improved achene yield of sunflower.

Acknowledgements: We highly acknowledge National Agriculture Research
Center (NARC) Islamabad, Pakistan for providing sunflower genotypes for the
entire research program.
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