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Abstract

Background and Objectives

As the world's population grows, increasing demand for edible oils is inevitable. In addition to
plant genetics, environmental variability plays a key role in plant yield. Drought is one of the
most important environmental stresses that reduce the productivity of sunflower and other crops.
Understanding the nature of phenotypic traits that improve performance under stress conditions
and identifying the complex physiological and genetically mechanisms is fundamental to plant
stress. Improving drought tolerance and increasing water productivity in plants is one of the most
important goals of the breeders. Gaining knowledge of the amount of phenotypic and genetic
parameters in the plant species for genetic and plant breeding studies is very important for the
exact selection of the genotypes according to the objectives of the breeding programs.
Understanding the nature of morphological, physiological, genetic and molecular mechanisms
under the influence of drought tolerance can play an important role in the development of
drought tolerant genotypes for cultivation in arid and semi-arid areas. The main aims of this study
included investigation of genetic diversity of sunflower germplasm (to understand the
relationships between morphological traits and their heritability) and accurate identification of
the most important traits that affect the sunflower yield in each of the normal conditions and
drought stress.

Materials and Methods

An experiment was conducted in a randomized complete block design with three replications in
normal and drought stress conditions in 2014 growing season on 12 sunflower genotypes in a
research field of Islamic Azad University, Karaj Branch. Each block consisted of 12 plots and
each plot contained five rows. Each row was 5 meters length with 60 cm spacing, and plant
spacing on rows was 20 cm. The studied traits included grain yield, seed length, seed width, seed
diameter, leaf length, leaf width, plant height and stem diameter.

Results
The results of combined analysis of variance confirmed the significant diversity among
genotypes for most traits. Grain yield showed higher values for parameters of genetic efficiency,
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genotypic and phenotypic variation coefficients under drought stress and non-stress conditions
compared to other traits. While the highest percentage of heritability in the normal condition
belonged to grain yield, it belonged to plant height in the stress conditions. Plant height, leaf
width, stem diameter and leaf length showed the highest change in terms of traits in stress
conditions compared to normal conditions. Dendrograms derived from cluster analysis classified
genotypes into three groups based on studied traits under both drought stress and non-stress
conditions. According to the cluster analysis, under drought stress condition, the Sor and Progress
genotypes were identified as tolerant genotypes and, in contrast, genotypes of Favorite, Record,
SHF81-90, Master and Lakomka were recognized as sensitive genotypes.

Discussion

In the combined analysis of variance the significance of the environmental effect shows that
drought stress has significantly affected all traits. Therefore, the applied stress reveals the
differences between the cultivars and the evaluation of the cultivars in the stress environment can
lead to the selection of suitable cultivars. The effect of genotype was not significant for some
traits, which suggests that the selection of cultivars for these traits is complex because the
differences between the cultivars are not clearly defined. Selection is more reliable for traits that
are significant, such as grain yield. The interaction between genotype and environment also
increases the complexity of selection, which was significant only for plant height in this study.
The high coefficient of phenotypic variation for traits indicates that the expression of these traits
is greatly affected by the environment. Also, the high coefficient of genotypic and phenotypic
variation for some traits indicates the wide range of changes for these traits. In general, the
correspondence of the phenotypic coefficient and the genotypic coefficient in some traits
indicates that the environmental effects on trait expression are negligible. However, when the
phenotypic variation coefficient is higher than the genotypic variation coefficient, it indicates a
high environmental effect. The low difference between the phenotypic and genotypic coefficient
of variation for some traits suggests that these traits are more controlled by genetic factors.
Therefore, the selection of parents for these traits is appropriate for hybridization programs.

Keywords: Abiotic stress, Coefficients of genotypic and phenotypic variation, Genetic gain
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Table 1. Names and origin of the studied sunflower genotypes

Genotype no. Genotype Origin Genotype no. Genotype Origin
G1 Zargol Iran G7 Lakomka Russia
G2 Armaverski Russia G8 Record Romania
G3 Azargol Iran G9 Zaria Iran
G4 Favorit Russia G10 Sor Russia
G5 Master Russia G11 Progress Russia
G6 SHF81-90 Russia G12 Gabur Russia
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Table 2. Mean square in combined analysis of variance for different traits of sunflower genotypes

S.0.V. df Seed yield Plant height  Stem diameter  Leaflength  Leafwidth  Seed length  Seed width Seed diameter 100 Seed weight
Environment 1 8603090.27" 3449951 326.95" 240.31" 317.18" 3.65" 0.95" 0.70” 2.63"
First error 4 718337.04 59.55 13.61 10.32 15.12 0.44 0.37 0.21 1.67
Genotype 11  3888080.31" 1076.58™ 9.27™ 9.84™ 8.66™ 0.73 081" 0.25" 2117
Genotype x Environment 11  101655.74"™ 645.13" 6.72" 483" 8.19™ 0.20™ 0.16"™ 0.10™ 0.31"
Second error 44 334146.27 199.99 5.27 3.12 451 0.33 0.21 0.06 0.54 .
Coefficient of variation (%) - 14.42 10.11 15.75 11.73 14.82 5.13 8.35 7.79 14.04 G
* ** and ns: Significant at 5 percent, 1 percent and non-significant. (V
v
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Figure 1. Percent of reduction in traits amount in drought stress conditions compared to normal conditions in sunflower genotypes.
Table 3. Analysis of variance results for sunflower agronomic traits under normal condition
S.0.V. df Seed yield Plant height Stem diameter Leaf length Leaf width Seed length  Seed width Seed diameter 100 Seed weight
Block 2 40724.00™ 42.48™ 20.72"™ 1.14™ 1.28™ 0.22"™ 0.03™ 0.10™ 0.55™
Genotype 11 1859600.68~  846.45 9.08" 5.62" 7.98" 0.25™ 0.20™ 0.12™ 0.92"
Error 22 163624.88 255.18 6.60 2.45 3.33 0.27 0.14 0.06 0.59
Coefficient of variation (%) - 9.29 9.87 15.37 9.28 11.10 4.56 5.50 7.43 14.16

* ** and ns: Significant at 5 percent, 1 percent and non-significant.
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Table 4. Analysis of variance results for sunflower agronomic traits under drought stress condition

QA

S.0.V. df Seed yield  Plant height Stem diameter Leaflength Leaf width  Seed length Seed width Seed diameter 100 Seed weight
Block 2 1395950.09™  76.62" 6.50™ 19.51" 28.95 0.67™ 0.72™ 0.33" 2.79"
Genotype 11 2130135.08"  875.26" 6.91" 9.05 8.87™ 0.69™ 0.77 0.23" 1.50"
Error 22 504667.65 144.81 3.95 3.78 5.70 0.39 0.27 0.06 0.49
Coefficient of variation (%) -  19.40 10.20 15.97 14.71 19.51 5.67 9.79 8.17 13.88

*, ** and ns: Significant at 5 percent, 1 percent and non-significant.

Table 5. Heritability and variance components of traits in sunflower genotypes under normal condition

Genetic parameters Seed yield  Plant height Stem diameter Leaf length Leaf width Seed length Seed width Seed diameter 100 Seed weight
Genetic variance 565325.26 197.09 0.82 1.05 1.55 -0.007 0.02 0.02 0.11
Coefficient of genetic variation (%) 17.27 8.67 5.43 6.09 7.57 - 2.52 4.12 6.09
Phenotypic variance 728950.14 452.27 7.42 3.50 4.88 0.26 0.16 0.08 0.70
Coefficient of phenotypic variation (%) 19.61 13.14 16.30 11.09 13.43 4.46 7.13 8.24 15.38
Environmental variance 163624.88 255.18 6.60 2.45 3.33 0.27 0.14 0.06 0.59
Heritability percentage 77.55 43.57 11.13 30.13 31.76 - 12.50 25.00 15.71
Genetic efficiency (%) 26.70 10.05 3.18 5.87 7.49 - 1.56 3.62 4.24

Table 6. Heritability and variance components of traits in sunflower genotypes under stress condition

Genetic parameters Seed yield  Plant height Stem diameter Leaflength Leaf width Seed length Seed width Seed diameter 100 Seed weight
Genetic variance 541822.47 243.48 0.98 1.75 1.05 0.10 0.16 0.05 0.33
Coefficient of genetic variation (%) 20.10 13.22 7.97 10.02 8.39 2.86 7.59 7.36 11.47
Phenotypic variance 1046490.12 388.29 4.93 5.53 6.75 0.49 0.43 0.11 0.82
Coefficient of phenotypic variation (%) 27.94 16.70 17.84 17.79 21.23 6.34 12.29 10.57 17.98
Environmental variance 504667.65 144.81 3.95 3.78 5.70 0.39 0.27 0.06 0.49
Heritability percentage 51.77 62.70 19.98 31.72 15.63 20.40 38.16 48.57 40.72

Genetic efficiency (%) 25.32 18.33 6.24 9.88 5.81 2.27 8.21 8.98 12.82
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Figure 2. Dendrogram in cluster analysis of sunflower genotypes based on studied traits using
Ward method under normal condition

Table 7. Clusters mean and percent deviation from total mean in studied traits for sunflower genotypes

under normal condition

o €
Group ] <
[722=N o

height

Stem
diameter
Leaf
length
Leaf
width
Seed
length
Seed
width
Seed
diameter
100 Seed
weight

First group mean
Second group mean 5221.05
Third group mean 3336.71

Total mean

4266.50 154.22
Percentage deviation from total mean -0.82 -1.94
170.72
Percentage deviation from total mean  6.65 1.85
162.38
Percentage deviation from total mean -5.83 0.10
435224 161.76

1646 17.45 1697 11.57 568 354 586
-064 141 134 030 05 139 320
1718 1695 16.64 1144 558 337 533
092 013 040 014 016 -0.61 -0.68
16.53 1584 1529 1141 552 332 489
-0.27 -153 -1.75 -016 -040 -0.77 -2.52
16.72 16.88 1644 1149 561 343 544
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Figure 3. Dendrogram in cluster analysis of sunflower genotypes based on studied traits using
Ward method under drought stress condition

Table 8. Clusters mean and percent deviation from total mean in studied traits for sunflower genotypes

under drought stress condition

°© — —

2 22 £8 %E %E vE gE uE BE

3 ° - -
First group mean 3996.25 120.08 12.88 14.00 12.70 11.03 5.67 3.37 550
Percentage deviation from total mean  3.82 0.74 141 245 156 -0.02 227 177 363
Second group mean 2839.19 10740 11.79 11.94 1134 10.96 547 3.05 4.67
Percentage deviation from total mean -9.35 -3.74 222 -407 -3.07 -030 072 -238 -3.21
Third group mean 4876.79 139.16 13.06 14.51 13.35 11.25 441 335 4.93
Percentage deviation from total mean 5.54 2.99 081 162 150 032 -299 061 -042
Total mean 3660.90 117.98 1245 13.23 12.24 11.04 538 3.23 5.06
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