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ABSTRACT 
 
 Genetic parameters for different characteristics related to salinity tolerance were studied by a half-
diallel method using eight safflower genotypes. The parental genotypes were such chosen as to represent a 
broad range of salt stress resistance. Thirty six genotypes of F2 generation were evaluated in a complete 
block design with three replications under greenhouse condition. Different characteristics including fresh 
weight, dry weight, rootlet length and plantlet height of genotypes were calculated. Also, some salt 
tolerance indices such as mean productivity (MP), geometric mean productivity (GMP), stress susceptibility 
index (SSI), stress tolerance index (STI) and Tolerance (TOL) were calculated. Analysis of variance 
revealed significant general and specific combining ability mean squares for all studied traits, except SCA 
effects for SSI and TOL indices. A little deviation of PF from unity and high narrow-sense heritability 
estimates were observed for fresh weight, rootlet length with two tolerance indices including SSI and TOL, 
indicating the prime importance of additive effects in their genetic control. Thus, it seems that SSI and TOL 
might be better yield-based salt tolerance indices to be employed in plant breeding programs of safflower, 
because of their high narrow-sense heritability and the inherent ability of selecting high yielding genotypes 
in either stressed or non-stressed conditions. GE62918, A2 and C111 were tolerant and good general combiners 
based on most of the studied characteristics. Also, these parental genotypes could be proposed for salinity 
tolerance programs.  
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Introduction 
 
 Salt stress is a serious problem in arid and semi-
arid regions and continues to be one of the most 
complex traits for breeders and plant geneticists 
[1,24]. Salt tolerance in considered to be a polygenic 
trait and its expression is affected by various genetic, 
development and physiological interactions within 
the plant and in addition between genotypes and 
external environments [24,25]. Flowers and Yeo [10] 
underlined the fact that salt tolerance is a complex 
character controlled by a number of genes or groups 
of genes and involves a number of component traits, 
which likely to be quantitative in nature. 
 Safflower (Carthamus tinctorius L. ) is related 
as moderately salt tolerant and it can produce 
profitable crops on saline soils [3]. It has well-
defined tap root that generally penetrates up to a 
depth of 2-3 (m) [26]. This deep-rooting 
characteristic allows the plant to absorb moisture and 
nutrients from different volumes of soil [7].  
 Salinity of agricultural lands and irrigation water 
is one of the factors of environments, which limits 

the growth and yield of safflower and other crops in 
many arid and semiarid regions of the world [25]. 
Information on the mechanisms involved in salt 
tolerance and their genetic control is essential to 
facilitate selection for characteristics and to design 
efficient breeding programs for genetic improvement 
of salinity tolerance [1]. Identifying proper selection 
criteria for salinity tolerance is also a major problem. 
Rapid screening techniques based on heritable 
characteristics for selecting salt tolerance plants are 
needed [11]. Traits with high heritability are easier to 
be improved than those with lower heritability. 
Besides measuring ions and metabolites that act on 
osmotic adjustment, comparison of yield potentials 
of genotypes in stress and non-stress condition is a 
suitable way to identify stress tolerance [4].  
 An understanding of the genetic basis of 
desirable attributes and identification of parent lines 
which are superior in those attributes, can improve 
these attributes [13].  
 In this respect, some selection criteria including 
Geometric Mean Production (GMP) [9], Stress 
Tolerance Index (STI) [9], Stress Susceptibility 
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Index (SSI) [8] and Tolerance Index (TOL) [21] have 
been defined. Heritability for salt tolerance has been 
studied in different oil seeds such as cotton [17] and 
rapeseed [20]. Although, the nature of variation for 
salt tolerance in safflower has been the subject of 
different studies [3,7,12,27], but literature review 
showed that the genetic control of salt tolerance has 
not been fully investigated in safflower.  
 From the information about the diallel genetic 
information, salinity tolerance could be increased in 
crops using appropriate breeding methods [13]. Also, 
this study provides information on narrow and broad 
sense heritability associated with the studied 
characters. This study enables breeders to carry out 
efficient selection in the segregating generations, 
leading to improvement of certain characters in 
breeding populations under stress condition.  
 Available data for salt tolerance in some 
important species such as wheat [5,22], tomato [11], 
rice [14], maize [18] and brassica [20] suggested that 
both additive and non-additive gene effects are 
important in controlling tolerance. Flowers and Yeo 
[10] underlined the fact that salt tolerance is a 
complex trait that controlled by a number of genes or 
groups of genes and involves a number of 
components traits, which are likely to be quantitative 
in nature. 
 The method of quantifying salinity tolerance in 
hybrid progenies from seedling stage, does not 
necessarily quantify tolerance at the whole plant 
level under saline field conditions, but it could be a 
preliminary screening for large numbers of crop 
accessions in breeding populations [18].  
 The present study was designed to estimate the 
genetic parameters for some seedling stage and 
different selection indices related to salinity tolerance 
in eight safflower breeding lines that crossed in a half 
diallel method. Heritability of tolerance indices has 
been investigated in different oil seeds such as 
brassica [20] and other crops as like as wheat [22] 
and tomato [6] but literature review showed that 
there is no any study about genetic analysis of salt 
tolerance indices in safflower. For this reason, the 
objective of the present study was to determine the 
important genetic parameters for plantlet dry weight 
(DW) (g), plantlet fresh weight (FW) (g), root length 
(RL) (cm), shoot length (SHL) (cm), number of the 
leaflets (NL), geometric mean productivity (GMP), 
stress tolerance index (STI), Tolerance Index (TOL), 
mean productivity (MP) and stress susceptibility 
index (SSI), based of dry weight, in order to select a 
suitable breeding program for safflower breeding line 
and cultivars. 
 
Materials and Methods 
 
Field Experiments: 
 
 Eight diverse safflower (Carthamus tinctorius 
L.) genotypes for salinity tolerance were crossed in a 

half diallel fashion and their F1 progenies were selfed 
by bagging each genotype of F1 separately. The seeds 
of 28 progenies of F2 generation with their parental 
genotypes (36 genotypes) were evaluated in sand 
culture under normal and saline environments. 
Experimental design for each condition was a 
randomized complete block design with three 
replications. Sterilized seeds were germinated in 
Petri dishes at 25±2˚C for 3 days. Then 35 uniform 
seedlings were transplanted into trays containing 
gravel. Seedlings were irrigated on the first day with 
half strength-Hoagland ̉s solution [16] with electrical 
conductivity of 1. 5 dsm-1 and raised to full strength 
after one week. In the salt- stress treatment, at 2-3 
leaf stage NaCl concentration was reached to a final 
concentration of 130 mM NaCl with electrical 
conductivity of 12. dsm-1. Electrical conductivity of 
the saline treatment was increased to the desired 
level by incremental addition of the saline treatment 
and finally, was increased to the desired level by 
incremental addition of the salt over 7-day period to 
avoid osmotic shock to the seedlings. Plantlets in 
both environments were harvested nearby 45 days 
after planting at 8-10 leaf stage. The different 
characteristics that mentioned before were measured 
randomly on 30 plantlets of each genotype. The five 
salt tolerance indices were calculated for every 
genotype using the corresponding non-stressed and 
stressed blocks in each replication. The salt tolerance 
indices were calculated as follows: 

1) Mean productivity [21]: 
2

s pY Y
M P


   

2) Tolerance [21]: TOL =YP-YS, on the other hand, 
the stress tolerance index (TOL) measures the 
differences between the dry weight in stress (Ys) 
and the non-stress (YP), environments.  

3) Stress Susceptibility Index [8]: 
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in non-stressed environment.  
 

 Mean comparisons and correlation coefficient 
was calculated by SAS program [23]. Genetic 
components of variance including general combining 
ability (GCA) and specific combining ability (SCA) 
and heritabilities were estimated using Griffing٫s, 
Method 2, Model 1 [15] with SAS program [28]. 
Finally, narrow-sense heritability 
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analysis [19]. The relative importance of variances 
due to GCA and SCA were compared by the 
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predictability factor [ )2(/2 222
SCAGCAGCA   ] that 

was introduced by Baker [2].  
Results and Discussions 
 
 Analysis of variance showed that there were 
significant variations for crosses in all studied traits 
and indices (Table 1). General combining ability 
(GCA) and specific combining ability (SCA) were 
significant for fresh weight (FW), shoot length 
(SHL), root length (RL), Leaf number (LN) and three 
tolerance indices including MP, GMP and STI. This 
result indicated the importance of both additive and 
non-additive gene effects for genetic control of these 

traits. For dry weight (DW) and two indices 
including TOL and SSI, GCA effects were 
significant (Table 1). This result showed the 
predominance importance of additive gene effects in 
genetic control of these characters. Also with 
considering high narrow-sense heritability for fresh 
weight (FW), TOL and SSI (>%70) and high ratios 

of [ )2(/2 222
SCAGCAGCA   ] for these traits 

implied the predominance effect of additive gene 
effects in genetic control of these characters. 
Therefore the efficiency of selection based on these 
traits is expected to be high (Table 1). 

 
Table 1: Analysis of variance for studied traits in saline environment and 5 tolerance indices for diallel crosses. 

      Mean squares     
Crosses df FW DW SHL RL LN MP GMP TOL STI SSI 

 35 0.015** 0.0005** 0.3** 1.58** 2.64** 0.00022** 0.00025** 0.001** 0.067** 2.27** 
GCA 7 0.06** 0.0014** 0.96** 6.32** 8.49** 0.00007** 0.00071** 0.004** 0.19** 8.16** 
SCA 28 0.003** 0.00028ns 0.13** 0.39*8 1.18** 0.0001** 0.00014** 0.00032 0.035** 0.74 
Error 70 0.00044 0.00018 0.01 0.031 0.06 0.00004 0.000057 0.00021 0.015 0.58 

h2
n  0.69 0.46 0.50 0.60 0.39 0.42 0.43 0.75 0.48 0.71 

PF  0.84 0.76 0.56 0.76 0.56 0.64 0.65 0.88 0.62 0.88 
*and ** significant at P<0. 05 and P<0. 01 respectively. 
FW: Fresh weight, DW: Dry weight, SHL: Shoot length, RL: Rootlet length; LN: Leaf number. 

 
 
 The performance of the parental genotypes is 
represented in Table 2. For fresh weight and dry 
weight, parental genotype of A2 was the best parent. 
For shoot length and leaflets number, GE62918 had the 
highest mean. Also for root length, ISF14 had the 
highest mean among parental genotypes. In 
comparison for tolerance indices, GE62918, was the 
best genotype for MP, STI and GMP. Parental 
genotype of K21 had the highest value for TOL and 
SSI indices. These result implied that superior 
parental genotypes for salt tolerance could be 
implied, through selection or hybridization programs, 
in safflower.  

 According to Table 3, high positive GCA effects 
for fresh weight were denoted to A2 and K21. For dry 
weight, GE62918 and C111 were the best combiners for 
shoot length. For root length, ISF14 and A2 had the 
most positive GCA effects. In leaflets number, 
GE62918 and C111 were the best parents for GCA 
effects. In MP, GMP and STI indices, GE62918 and 
C111 were the best positive combiners among parental 
genotypes. Mex. 22-191 and IL. 111 were the best 
parents for TOL (Table3). IL. 111 and K21 showed 
the highest positive GCA effects for SSI indices. 
According to Table 3, C111 and GE62918 had positive 
and significant GCA effect for STI.  

 
Table 2: Performance of parental genotypes for a 8×8 diallel cross in safflower. 

Parent FW DW SHL RL LN MP GMP TOL SSI STI 
GE62918 0.72 0.106 7.38 6.63 8.43 0.113 0.11 0.012 0.54 1.07 

C111 0.71 0.110 7.52 6.28 7.31 0.114 0.113 0.008 0.34 1.06 
C4110 0.73 0.076 7.30 6.74 5.70 0.09 0.089 0.034 1.63 0.67 
ISF14 0.71 0.095 7.15 7.95 5.52 0.098 0.096 0.002 0.13 0.78 

A2 0.94 0.096 6.78 7.34 5.82 0.091 0.09 -0.01 -0.82 0.68 
IL. 111 0.63 0.063 7.30 5.72 6.64 0.096 0.09 0.066 2.78 0.67 

K21 0.75 0.056 6.70 5.26 5.94 0.089 0.082 0.065 2.94 0.57 
Mex. 22-191 0.70 0.083 7.05 5.65 5.29 .091 0.089 0.015 0.86 0.68 

LSD (1%) 0.16 0.019 0.45 0.89 0.51 0.014 0.01 0.02 0.77 0.26 
FW: Fresh weight, DW: Dry weight, SHL: Shoot length, RL: Rootlet length; LN: Leaf number. 
 
 
 The correlation between GCA effects and their 
parental means in salt condition is shown in Table 3. 
Significant and positive correlation between GCA 
effects and parental means were observed for all the 
characteristics (Table 3). This implied that for traits 

with high narrow-sense heritability estimates, 
selection based on the means would improve their 
GCA effects. 
 

 
Table 3: GCA effects for different evaluated traits and tolerance indices in saline condition. 

Parent FW DW SHL RL LN MP GMP TOL SSI STI 
GE62918 -0.02** 0.01** 0.106* 0.108** 0.74** 0.006** 0.006** -0.007** -0.37** 0.12** 
C111 -.006* 0.09** 0.19** -0.11** 0.68** 0.006** 0.007 -0.006** -0.28** 0.11** 
C4110 0.005 -0.004 0.097** 0.25** -0.28** -0.003** -0.003** 0.003 0.20 -0.05* 
ISF14 -0.01* 0.002 -0.024 0.61** -0.70** 0.001 -0.001 -0.009** -0.41** -0.02 
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A2 0.1** 0.0002 -0.19** 0.53** -0.103* -0.006** -0.005** -0.01** -0.69** -0.09** 
IL. 111 -0.05** -0.007** 0.001 -0.35** 0.26** 0.001 0.0001 0.017** 0.77** -0.0005 
K21 0.01** -0.005* -0.32** -0.65** -0.05 0.001 0.0007 0.013** 0.58** 0.009 
Mex. 22-191 -0.02** -0.005* 0.13** -0.40** -0.54** 0.004** -0.004** 0.023** 0.20 -0.066** 
r (GCA, mean) 0.98** 0.89** 0.88** 0.98** 0.93** 0.71* 0.80* 0.65ns 0.96** 0.82** 

*and ** significant at P<0. 05 and P<0. 01 respectively. 
FW: Fresh weight, DW: Dry weight, SHL: Shoot length, RL: Rootlet length; LN: Leaf number. 

 
 The best selected crosses based on their 
performances and specific combining abilities are 
given in Table 4. According to Table 4, in most of 
the crosses with high SCA there was a high GCA 
effect for their parents, especially for leaf number, 
fresh weight, dry weight and three indices including 
GMP, STI and MP. Although some crosses were the 
best specific combiners for more than one character. 
(C111×Mex. 22-191) was one of the best crosses for 
GMP, MP and STI indices along with dry weight. 
Also ISF14× Mex. 22-191 had the highest mean for 
shoot length and root length. Therefore, (ISF14×Mex. 
22-191) and (C111×Mex. 22-191) were considered as 
superior crosses in this study. These crosses could be 
implied in safflower breeding programs for salt 
tolerance. (C111×IL. 111), (C4110×Mex. 22-191) and 
(A2×K21) had the best performance for fresh weight 
among 28 genotypes of F2 generation.  
 The cross of C111× Mex. 22-191 was one of the 
best crosses based on its significant positive SCA 
effect for DW, SHL, MP and STI. Also, this cross 
was one of the best crosses in view point of 

performance for DW, SHL, MP and STI. Most of the 
crosses with high positive significant SCA effects 
had at least one parent with positive and significant 
GCA effect (Table 2). In some crosses, the parent 
with negative GCA effects, the SCA effect was 
positive. For example for SSI indice in C111×ISF14 
cross, two parental genotype had negative GCA 
effects. Therefore, this superiority may be due to the 
some complementation indicating importance of non-
additive effects. Among the crosses, GE62918× K21 
and C111× Mex. Mex. 22-191 were the superior 
crosses for DW, MP and STI. According to Table 4, 
in most of the superior crosses, GE62918, Mex. 22-191 
and A2 were the common parent. This result shows 
that parental genotypes of GE62918, Mex. 22-191 and 
A2 could be selected in salt breeding programs as a 
tolerance parent. Also, the results regarding selection 
criteria for salt tolerance were obtained using stress 
indices. For MP and STI indices, C111× Mex. 22-191 
and GE62918× K21 were the best crosses for SCA 
effects.  

 
Table 4: The best selected crosses for different trait based on SCA and performance of the crosses under saline condition.  

Character Three top crosses SCA Three top crosses  Performance 
DW K21× GE62918 0.017 K21×GE62918 0. 11 
 Mex. 22-191 × C111 0.012 IL. 111× C4110 0. 10 
 IL. 111× C4110 0.023 Mex. 22-191 × C111 0. 10 
FW A2× GE62918 0.06 A2× GE62918 0. 89 
 A2× C111 0.05 A2× C111 0. 88 
 IL. 111× K21 0.089 A2× C4110 0. 85 
SHL Mex. 22-191 × C111 0.49 C4110× GE62918 7. 66 
 Mex. 22-191 × K21 0.21 ISF14 × C4110 8. 03 
 Mex. 22-191 × IL. 111 0.17 Mex. 22-191 × K21 7. 56 
RL IL. 111× C4110 0.43 ISF14 × C4110 7. 46 
 K21× ISF14 0.44 A2 × ISF14 7. 62 
 Mex. 22-191 × A2 0.81 Mex. 22-191 × A2 7. 30 
LN C4110× GE62918 1.56 C4110× GE62918 8. 44 
 A2× C111 1.08 A2× C111 8. 09 
 IL. 111 ×C111 0.82 IL. 111 ×C111 7. 87 
MP K21 ×GE62918 0.0086 C111× GE62918 0.112 
 Mex. 22-191 × C111 0.0086 K21 ×GE62918 0.116 
 IL. 111× C4110 0.01 Mex. 22-191 × C111 0.110 
GMP K21 ×GE62918 0.008 C111× GE62918 0.11 
 Mex. 22-191 × C111 0.013 K21 ×GE62918 0.111 
 IL. 111× A2 0.008 IL. 111× C4110 0.108 
TOL ISF14  ×C111 0.016 K21× C4110 0.034 
 Mex. 22-191 × C4110 0.01 IL. 111× K21 0.046 
 IL. 111× A2 0.013 Mex. 22-191× IL. 111 0.042 
SSI ISF14  ×C111 0.86 K21× C4110 1.94 
 IL. 111× C4110 1.19 Mex. 22-191 × C4110 1.87 
 IL. 111× A2 0.74 IL. 111× K21 2.003 
STI K21 ×GE62918 0.17 C111× GE62918 1.03 
 Mex. 22-191 × C111 0.14 K21 ×GE62918 1.11 
 IL. 111× C4110 0.20 Mex. 22-191 × C111 1.01 

FW: Fresh weight, DW: Dry weight, SHL: Shoot length, RL: Rootlet length; LN: Leaf number. 
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 For MP, SSI and STI indices, C4110×IL. 111 was 
one of the best crosses for SCA effects. In 
comparison among crosses K21 ×IL. 111 was in the 
group of the best crosses for TOL and SSI. Also, 
GE62918×K21 was the best for MP and STI. Over ally, 
highly significant and positive correlations were 
found between SCA effect and mean performance of 
the crosses (data not shown). This result implied that 
it could be possible to estimate the magnitude of 
SCA effect from the mean of the crosses.  
 Selection for tolerance could be performed on 
correlated characteristics. Correlation coefficients 
between studied traits and tolerance indices are 
presented in Table 5. There was a negative and 
significant correlation between fresh weight with MP 
(r= -0. 41*), TOL (r= -0. 38*) and SSI (r= -0. 45**). 
Also, fresh weight had a negative correlation with 
shoot length (r=-0. 34*). Shoot length had negative 

significant correlation with TOL (r=-0. 63**) and 
SSI (r=-0.63**). There was a positive and significant 
correlation between MP and STI (r= 0. 36*), GMP 
and STI (r=0. 38*) and TOL and SSI (r= 0. 97**). 
This correlation is reported in other studies [22]. 
Therefore by considering the positive correlation 
among studied traits in early stages of growth could 
be a good index for improving fresh weight in saline 
condition. According to Fernandez [9] selection 
based on TOL favor genotypes with low yield 
potential under non-stress condition. GMP and STI 
could be used by identify genotypes that produce 
high yield under stress and non-stress condition. On 
the other hand, STI is an overall index for yield 
potential and stress tolerance [17]. In this case, 
GE62918 and C111 were the best parents for positive 
GCA effects.  

 
Table 5: Correlation coefficients of different studied traits and stress indices in F2 genotypes from diallel design in safflower. 

 FW DW SHL RL LN MP GMP TOL SSI STI 
FW 1          
DW -0.12 1         
SHL -0.34* 0.07 1        
RL 0.38* -0.05 0.15 1       
LN -0.027 0.09 0.12 -0.18 1      
MP -0.41* 0.047 0.20 -0.25 0.54** 1     
GMP -0.30 0.052 0.21 -0.13 0.55** 0.96** 1    
TOL -0.38* 0.13 -0.09 -0.63** -0.03 -0.08 -0.21    
SSI -0.45** 0.12 -0.08 -0.63** -0.10 0.10 0.24 0.97** 1  
STI -0.106 0.004 0.19 -0.03 0.36* 0.36* 0.38* -0.13 -0.12 1 

*and ** significant at P<0. 05 and P<0. 01 respectively. 
FW: Fresh weight, DW: Dry weight, SHL: Shoot length, RL: Rootlet length; LN: Leaf number. 

 
Discussion: 
 

Significant variations in general and specific 
combining ability estimates were observed for FW, 
RL, SHL, LN, MP, GMP and STI. High narrow-
sense heritability estimates of FW, RL and two 
tolerance indices including SSI and TOL, indicated 
the more involvement of additive gene effects in 
their genetic control. DW, LN, SHL and GMP, MP 
and STI indices were controlled predominantly by 
non-additive gene effects. When gca effects are not 
predominant in self-pollinated crops, the major 
portion of the variability, is due to additive×additive 
genetic effects or divergence among progenies in the 
same parental array and therefore, should be delayed 
to later generation.  
 Our results revealed the importance of both 
additive and non-additive gene effects. Since both 
additive and non- additive components of genetic 
variance were involved in governing the inheritance 
of these salinity tolerance traits. With considering 
that SCA effects were not significant for SSI and 
TOL, the most suitable breeding procedure would be 
one which maintains the additive genetic variance. 
Also, bi-parental mating and inter-mate desirable 
segregates, beside suitable selection to accumulate 

favorable additive genes could be the proposed 
methods for improving salt tolerance in safflower.  
How ever, it could be resulted that, the parental lines 
including GE62918, A2 and C111 were tolerant and 
good general combiners based on most of the studied 
characteristics. These parents were classified as 
tolerant based on higher performance in saline 
condition. K21 and IL. 111 were salt sensitive 
genotypes and other parental genotypes had 
moderate tolerance to salinity.  
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