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ABSTRACT 
The limitation of genetic materials and the genetic background information are 

two main problems hindering safflower (Carthamus tinctorius L.) planting in Egypt. The 

objectives of the present research were to identify the stability of local and exotic safflower 

genotypes and to assess the association among stability measures. Six safflower genotypes 

were cultivated under twelve environments (two locations × three plant densities × two 

winter seasons). A split-plot arrangement, in randomized complete blocks design with three 

replications was used. The main plots were devoted to the plant densities and sub-plots to 

the six genotypes. The used stability parameters were mean squares due to deviations from 

regression (S
2
d), regression coefficients (bi) and the three non-parametric measures S

1
, S

2
 

and S
3
. On the basis of five different stability measures, the exotic cultivar Demo-137 was 

the most stable genotype for seed and oil yields ha
-1

 followed by the Line-1697. Highly 

significant and positive correlations were detected between each pair of (S
1
 and S

2
) for seed 

and oil yields ha
-1

 and between (S
2
d and S

3
) for oil yield ha

-1
. Significant and positive 

association were observed between each pair of (S
2
d and S

1
), (S

2
d and S

2
) and (S

2
 and S

3
) 

for oil yield ha
-1

. Based on the safflower seed and oil yield performance and adopted 

stability measurements, the study tends to recommend the genotypes Demo-137 and Line-

1697 as stable genotypes can be grown under the current agro-climatic conditions.    
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INTRODUCTION 

Safflower, basically, originated in the Middle East (Knowles, 1976) 

is considered as one of the promising oil seed crops in Egypt (Abu-Hagaza 

et al. 2009). Genotypes of safflower are growing in more than 60 countries, 

however half of its production comes from India (Omidi, 2002). The ability 

of the Egyptian agricultural production sector to sustain the oil production to 

feed the mountain population is mainly depending upon the sustainability of  

the triple of genotypes productivity, available space, and agro-economic 

variables. Currently, Giza-1 is the only safflower cultivar grown in Egypt. 

This motivated the Egyptian oil production sector to evaluate new safflower 

genotypes under different Egyptian environments in order to optimize yield 

simultaneously with the improvement of genotypic stability.  

Introductions of the cultivated species can serve to expand the 

genetic diversity of such crop in developing countries. The selection of a 

new cultivar involves the evaluation of local and exotic germplasm is key 

step for cracking the lake of production and genotypes of oil crops in Egypt. 
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Hamza (2010) found that newly introduced safflower cultivars have 

contributed to increase productivity by permitting higher yields per unit area 

compared with the local cultivar and landraces.  

On the other hand, justifying the genotype × environment interaction 

(GEI) is an important determinant when safflower grown under different 

environmental conditions. The importance of GEI in selecting the widely 

stable genotypes had studied by many researchers (Abdulahi et al., 2009; 

Jamshidmoghaddam and Pourdad, 2013 and Shivani and Sreelakshami, 

2013). Moreover, various techniques of stability had been extensively 

studied by many researchers. Finlay and Wilkinson (1963) and Eberhart and 

Russell (1966) described the regression technique. Moreover,  Eberhart and 

Russell (1966) added the deviation mean squares S
2
d which describe the 

contribution of genotype to the interaction of G × E. With regard to 

repeatability of statistical measures, it is worthwhile to consider non-

parametric methods such as S
1
, S

2
 and S

3
 (Nassar and Huehn, 1987) which 

theoretically, are less susceptible to outliers. Correlation coefficients 

between the different stability parameters were studied by many 

investigators. Close association between stability parameters (S
2

d and bi) 

was detected by Pourdad (2011). Highly significant and positive correlation 

coefficients were detected between each of S
1
, S

2
 and S

3
 measures (Huehn 

1990 and Abdulahi et al. 2007). 

On the other hand, Weiss (2000) cleared that determination of the 

optimum plant density is essential to optimize safflower yield especially in 

the newly reclaimed soils. Many researchers reported that increasing plant 

density leaded to increase safflower seed and oil yields ha
-1

 

(Sharifomghaddasi and Omidi, 2009; Emami et al., 2011; Amoughin et al., 

2012; and Vaghar et al., 2014). However, Sharifi et al. (2012) showed that 

increasing plant density of safflower decreased seed and oil yields ha
-1

. 

Safflower seed and oil yields were significantly affected by the genotypes 

(Abu-Hagaza, 1990; Camas et al., 2007; Hamza, 2010 and Vaghar et al., 

2014). Sharifi et al. (2012) reported significant interaction between 

genotypes and plant densities. 

The objectives of the present study were to identify the stability of 

exotic and local safflower genotypes and to assess the association among 

stability measures. 

MATERIALS AND METHODS 

Experimental sites and treatments  

Six safflower genotypes presented in Table (1) were sown in yield 

trials under twelve environments (Table 2); three plant densities (80000, 

160000 and 240000 plant ha
-1

), two winter seasons (2011/2012 and 

2012/2013) and two locations belonging to Agricultural Experiments 

Station, Faculty of Agriculture, Cairo University. These locations were 

Wadi El-Natroon, El-Beheira Governorate and Giza Governorate.  
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Table 1. Code, name, characteristics, origin and source of studied safflower 

genotypes. 

Entry 

code 
Name of genotype 

Flower color 

Spine 

Oil 

content 

(%) 

Origin Source Before 

fertilization 

After 

fertilization 

1 Giza-1 cv. (middle 

Egypt) 

Yellow Orange Very 

spiny  

29.6 Egypt Agricultural 

Research Center 

(ARC), Ministry 
of Agriculture, 

Egypt. 

2 Bani-Suef (middle 
Egypt) 

Yellow   Red Very 
spiny 

30.6 Egypt Somosta center 
(farmer's seed 

lots) 

3 Aswan (upper 
Egypt) 

Yellow   Orange Very 
spiny 

28.5 Egypt Daraw center 
(farmer's seed 

lots) 

4 Demo-137 cv. Yellow   Orange Spiny  33.6 USA The exotic seeds 
were kindly 

offered by ARC 
5 Line -1697 Orange Red  Spiny  34.3 Cyprus 

6 Line -168 Yellow   Red  Spiny  32.1 Turkey 

 
Table 2. Code, locations characteristics, years and plant densities of tested 

environments. 
Environment 

code 
Location  Altitude  Longitude  Latitude Planting date Year  

Plant density 

(1000 plant ha-1) 

E1 Wadi El-

Natroon 

45.0 m 30º32' N  29º57' E 15 October  2011-2012 80 

E2   2011-2012 160 

E3   2011-2012 240 

E4   2012-2013 80 

E5   2012-2013 160 

E6   2012-2013 240 

E7 Giza 22.5 m 30°02' N  31°13' E 15 November 2011-2012 80 

E8   2011-2012 160 

E9   2011-2012 240 

E10   2012-2013 80 

E11   2012-2013 160 

E12   2012-2013 240 

 

Soil and water properties of the two experimental locations are 

presented in Table (3) and were carried out by the Reclamation and 

Development Center for Desert Soils, Fac. of Agric., Cairo Univ. Soil of 

Wadi El-Natroon site was sandy, saline and poor in nutrients (NPK), as well 

as, organic matter. Irrigation water was saline and poor in nutrients. Soil of 

Giza site was clay loam, rich nutrients (NPK) and organic matter. Irrigation 

water was low salt concentration for both seasons.  

Under Wadi El-Natroon conditions, single super-phosphate fertilizer 

(15.5% P2O5) at the rate of 72 kg P2O5 ha
-1

 was applied uniformly before 

planting. Nitrogen was added in five doses of rate of 144 kg N ha
-1

, in the 

form of ammonium nitrate (33.5% N). The first dose was added 21 days 

after planting and the rest of doses were applied at a 7-day intervals. 

Potassium sulphate (50% K2O) at the rate of 120 kg K2O ha
-1

 was added in 

five equal doses at a 7-day intervals. Fertigation system was used in drip 

irrigation. A mixture of micronutrients was also sprayed four times as a 

foliar application after thinning at 21-day intervals.  
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Table 3. Physical and chemical properties of soil and water at experimental 

locations in 2011-12 and 2012-13 seasons. 

Properties 
Experimental locations 

Wadi El-Natroon Giza 

Soil analysis 2011-12 2012-13 2011-12 2012-13 

Physical properties 

Sand % 95.16 94.85 36.5 33.2 

Silt % 3.14 4.00 30.2 31.5 

Clay % 1.00 1.15 33.3 35.3 

Texture Sandy Sandy Clay loam Clay loam 

Chemical properties 

Soil (pH) 8.23 7.89 7.5 7.7 

Ec (ds/m) 7.08 7.23 1.85 1.93 

Organic Matter (%) 0.20 0.30 2.33 2.15 
Total Ca Co3 (%) 3.50 2.55 3.40 3.49 

Available N (mg kg-1) 0.55 0.63 35.4 40.9 

Available P (mg kg-1) 1.33 1.45 9.00 9.88 

Available K (mg kg-1) 10 15 210 230 

Irrigation water analysis  

Ec of irrigation water (ds/m) 4.0 4.2 0.78 0.86 

pH of irrigation water 7.60 7.66 7.02 7.50 

Irrigation system Drip Flooding 

On the other hand, flooding irrigation system was used under Giza 

location. Single super-phosphate fertilizer (15.5% P2O5) at the rate of 36 kg 

P2O5 ha
-1

 was applied uniformly before planting. Nitrogen was added in 

three doses of rate of 72 kg N ha
-1

, in the form of ammonium nitrate (33.5% 

N). The first dose was added 21 days after planting and the rest of doses 

were applied at a 21-day intervals. Potassium sulphate (50% K2O) at the rate 

of 60 kg K2O ha
-1

 was added in two equal doses; before planting and 

flowering. A mixture of micronutrients was also sprayed twice as a foliar 

application after thinning at 21-day intervals and at the flowering stage.  

At harvest, seed yield (kg ha
-1

) was weighed from the whole area of 

each sub-plot and adjusted to kg per hectare. Oil yield (kg ha
-1

) was 

calculated by multiplying seed-oil percentage by seed yield ha
-1

. Seed oil 

percentage was determined according to AOAC (2000). 

Experimental design 

Experimental design was a split-plot arrangement in randomized 

complete blocks design, with three replications. The main plots were 

devoted to the three plant densities. The sub-plots were allotted to the six 

safflower genotypes. Each sub-plot consisted of 5 rows of 4 m length and 

0.60 m width with an area of 12 m
2
. Seeds were sown in hills 20, 10 and 7 

cm apart, thereafter were thinned to one plant hill
-1

 to give three plant 

densities (80000, 160000 and 240000 plant ha
-1

). The analysis of variance 

for obtained data were analyzed according to procedures outlined by Steel et 

al. (1997) using MSTAT-C computer package (Freed et al., 1989). Test for 

homogeneity of variance was used to compare between error variances over 

two years before deciding the validity of combined analysis. Regression 
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techniques were used for the analysis of Genotypes × Environments 

interaction to estimate S
2

d and bi by the method of Eberhart and Russell 

(1966). Huehn (1990) suggested non-parametric measures of phenotypic 

stability (S
1
, S

2
 and S

3
), which were computed by using the ranks based on 

corrected values (xij
*
) as follows: 

 

 1/21
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S

1
= mean of the absolute rank differences of genotype over the 

environments. 

1/.

2  


NrrS iij

 
S

2 
= is the common variance of the ranks. 



  ..

3 / iiij rrrS  

S
3
= sum of absolute deviations of the rij

`
s from maximum stability expressed 

in .ir . Stability measurements for seed and oil yields were calculated using 

Gene-Biometrics Computer Package (Cruz, 2006). Simple correlation 

coefficients were calculated between all possible pairs of stability measures.  

 

RESULTS AND DISCUSSION 

Analysis of variance: 

Combined analysis of variance based on Eberhart and Russell model 

presented in Table (4) shows highly significant differences among 

environment, genotypes, genotypes × environment, environment linear and 

genotypes × environment linear for seed and oil yields ha
-1

. Similar trends 

were obtained by Abdulahi et al. (2007), Jamshidmoghaddam and Pourdad 

(2013) and Shivani and Sreelakshami (2013). 
 

Table 4. Analysis of variance and Stability of seed and oil yields for six safflower 

genotypes grown in two locations and three plant densities in two years.  

S.V d.f 
Mean squares 

Seed yield Oil yield 

Environments (E) 11 2456654** 245377** 

Genotypes (G)  5 1468400** 316982** 

Genotype x Environment (GE) 55 184973** 22054** 

Environment + (GE) 66 563587** 59275** 

Environment Linear 1 27023196** 2699143** 

Genotype x Environments Linear 5 438807** 54398** 

Pooled deviation 60 132992 15683 

Pooled Error 120 78827 8020 

** indicate significance at 1% probability level 
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The percent contribution of G, E, GEI in the total sum of squares has 

been used as an indicator of the total variation attributed to each component, 

after eliminating the non relevant parts of variation due to replications and 

experimental error. The percent contribution of seed yield in the total 

variation was 61, 16 and 22% for E, G and GEI, respectively. Meanwhile, 

the percents of 49, 29 and 22% were recorded by oil yield for E, G and GEI, 

respectively. This indicates that the locations had the great impact on seed 

and oil yields. Moreover, such variation due to either G or GE interactions is 

a weight of how genotypes respond across environments or the differential 

response to different environments. GEI for both traits accounted for a 

relatively equal amount sum of squares. Significant GEI variation for each 

of both traits allowed for the subsequent analysis of GE interaction. 

Moreover, the safflower producer can exploit such variation and 

maximizing the genotype performance for each environment or a collection 

of similar environments. Similar trends were obtained by Abdulahi et al. 

(2007), Jamshidmoghaddam and Pourdad (2013) and Shivani and 

Sreelakshami (2013). 

Exploring the nature of GE interaction 

Averages of seed and oil yields and ranks for the six safflower 

genotypes across the tested environments are presented in table (5). The 

difference between the highest and lowest genotypic values overall 

environments was 1661.9 and 648.6 kg ha
-1

 for seed and oil yields, 

respectively, that is quite large and reflect the location and seasonal effects 

in the genotypes used. The changes in genotypes ranks from one 

environment to another indicating the presence of high crossing over GE 

interaction. Genotypes (Line-168 and Line-1697) were among the highest 

order for at least five environments for seed yield and Line-168 at seven 

environments for oil yield. Line-168 recorded a good performance in E12 

and E10 (2833.3 and 952.6 kg ha
-1

) for seed and oil yields, respectively. 

However it was the lowest performance in E7 and E3 (2050.0 and 595.8 kg 

ha
-1

) for seed and oil yields, respectively. When genotypes actually change, 

ranking from environment to environment this is often called “crossing 

over” or dynamic type of stability effect (Baker, 1990).  

Table (5) also, shows which environments have the most variable 

yields. Environments of E9, E11 and E12 have relatively high average 

yields for seed and oil. Such difference in environments signals to the 

breeder something very important and needs to be discovered. These 

differences will pose serious problem to production and breeding programs 

and limits choice of location which is most suitable to selected genotypes. 

This argument reflects the importance of understanding the type and 

magnitude of GE interaction in safflower production and breeding programs 

carried out under Egyptian conditions in order to select a highly 

performance and genotypically stable genotype. 
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Table 5. Genotype × Environment interaction and ranks of seed and oil yields (kg ha
-1

) of six safflower genotypes  grown in 

twelve environments. 

 
          Env.          

             

 G. 

E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12 
Mean 

Seed yield (kg ha-1) 

Giza-1 1257.1(5) 1452.4(6) 2452.4(2) 1190.5(5) 1795.2(6) 1961.9(5) 1921.4(3) 2252.4(4) 2471.4(6) 1795.2(2) 2666.7(2) 2388.1(5) 1967.1 

Bani-Suef 1738.1(2) 1961.9(3) 2333.4(4) 1785.7(3) 2142.9(4) 2338.3(4) 1302.4(6) 1571.4(6) 2495.2(5) 1529.5(5) 2595.2(4) 2397.6(4) 2016 

Aswan 1404.8(4) 1880.9(5) 2390.5(3) 1171.4(6) 1842.9(5) 1952.4(6) 1326.2(5) 2128.6(5) 2547.6(4) 1426.2(6) 2066.7(6) 2373.8(6) 1805.2 

Demo-137 1547.6(3) 1902.4(4) 2476.2(1) 1964.3(2) 2157.1(3) 2366.7(3) 2135.7(1) 2423.8(2) 2695.2(3) 1702.4(3) 2609.5(3) 2750.0(3) 2227.6 

Line -168 2071.4(1) 2309.5(1) 2185.7(6) 2064.8(1) 2209.5(2) 2504.8(1) 2050.0(2) 2261.9(3) 2759.5(2) 2642.9(1) 2509.6(5) 2833.3(2) 2366.9 

Line -1697 1223.8(6) 2019.0(2) 2333.3(5) 1666.7(4) 2263.3(1) 2481.0(2) 1540.5(4) 2452.4(1) 2933.3(1) 1619.1(4) 2678.6(1) 2847.6(1) 2171.5 

Mean 1540.5(12) 1921.0(8) 2361.9(4) 1640.6(11) 2068.5(7) 2267.5(5) 1712.7(9) 2181.7(6) 2650.4(1) 1785.9(10) 2521.0(3) 2598.4(2) 2104.2 

Env. Index -551.9 -171.3 269.6 -451.8 -23.9 175.2 -379.7 89.4 416.5 -306.5 428.6 506.0  

 
Oil yield (kg ha-1)  

Giza-1 368.7(5) 387.6(6) 648.2(2) 318.9(5) 456.2(6) 489.9(5) 611.2(3) 691.7(4) 733.0(4) 563.7(3) 824.2(4) 703.3(4) 566.4 

Bani-Suef 501.5(2) 563.8(3) 624.0(3) 514.2(3) 559.3(4) 606.9(4) 412.3(5) 469.3(5) 695.5(6) 476.0(4) 758.2(5) 665.5(5) 570.5 

Aswan 418.2(4) 492.5(5) 622.0(4) 304.0(6) 479.6(5) 485.1(6) 394.4(6) 613.3(6) 710.9(5) 418.2(5) 583.0(6) 641.9(6) 493.7 

Demo-137 464.7(3) 541.3(4) 718.6(1) 567.8(2) 601.6(3) 642.1(2) 739.3(1) 819.9(1) 877.5(3) 582.6(2) 885.0(1) 887.0(3) 693.9 

Line -168 645.5(1) 678.1(1) 595.8(6) 603.6(1) 626.8(2) 663.4(1) 728.0(2) 769.9(3) 915.9(1) 952.6(1) 853.5(3) 938.5(1) 747.6 

Line -1697 356.1(6) 585.8(2) 621.5(5) 488.8(4) 641.2(1) 637.2(3) 507.3(4) 787.1(2) 911.1(2) 532.9(6) 860.8(2) 889.5(2) 651.6 

Mean 459.1(12) 541.5(10) 638.4(5) 466.2(11) 560.8(9) 587.4(7) 565.4(8) 691.9(4) 807.3(1) 587.7(6) 794.1(2) 787.6(3) 624 

Env. Index -161.5 -79.1 17.7 -154.4 -59.8 -33.2 -55.2 71.2 146.9 -33.0 173.5 167.0  
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Eberhart and Russell (1966) explained that the ideal genotype is one 

which has the highest mean performance, a regression coefficient (bi) value 

does not differ significantly from one and S²d does not differ significantly 

from zero. Mean performance, mean squares due to deviations from 

regression (S²d), regression coefficient (bi) and non-parametric measures of 

S
1
, S

2
 and S

3
 are calculated and presented in Table (6). 

Table 6. Mean of seed and oil yields (kg ha
-1

), S
²
d, bi, S

1
, S

2
 and S

3
 for six safflower 

genotypes. 
Genotypes Mean S²d bi S1 S2 S3 

Seed yield (kg ha-1) 

Giza-1  1967.0 29011.70* 1.19 1.50 1.72 2.84 

Bani-Suef  2016.0 38929.13** 0.95 1.53 1.84 3.41 

Aswan  1805.2 32086.55* 0.91 2.02 2.93 5.38 
Demo-137  2227.6 -3641.12 0.99 1.52 1.97 6.77 

Line -168 2366.9 17475.30 0.52 2.18 3.52 5.60 

Line -1697 2171.6 -5531.79 1.45 2.11 3.17 5.22 

Oil yield (kg ha-1) 

Giza-1  566.4 1131.75 1.29 2.09 3.33 4.73 

Bani-Suef  570.5 3295.15* 0.61 2.09 3.42 4.80 

Aswan  493.7 2717.72* 0.66 2.03 2.97 5.40 
Demo-137  693.9 158.02 1.19 1.59 1.90 4.57 

Line -168 747.6 7290.44** 0.82 2.26 4.02 6.62 

Line -1697 651.6 734.14 1.43 1.82 2.42 4.36 

* and ** significant and highly significant different from 0.0 for the deviation mean squares at 0.05 and 0.01 

levels of probability, respectively. S2
d = Mean squares due to deviations from regression, bi = Regression 

coefficient. S1, S2 and S3 = Non-parametric measures. 

Results in Table (6) reveals that averages seed yield (kg ha
-1

) for 

safflower genotypes ranged from 1805.2 kg for the land race Aswan to 

2366.9 kg for the exotic Line-168. Values of S²d ranged between -5531.79 

for the exotic Line-1697 to 38929.13 for the land race Bani-Suef. Only one 

genotype (Bani-Suef) exhibited highly significant S²d value. The two 

genotypes (Giza-1 and Aswan) were significant. Regression coefficient (bi) 

ranged between 0.52 for Line-168 to 1.45 for Line-1697. None of the 

coefficients was significant. Figure (1A) reveals that line-1697 that enclosed 

by the upper portion circle exhibited seed yield greater than the grand mean 

and regression coefficient greater than one, therefore, it would be more 

adapted to grow under environments of favorable conditions (positive 

environmental index) or that of high input environments.  

 
Figure 1. Safflower seed (A) and oil (B) yields ha-1 for six genotypes averaged over twelve environments 
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On the other hand, genotypes enclosed by lower portion circle 

exhibited regression coefficient smaller than one and mean performance 

greater than the grand mean. These genotypes would be more adapted to 

grow under unfavorable growth conditions (negative environmental index). 

Genotypes (Line-1697, Demo-137 and Line-168) were high mean seed yield 

and non-significantly different from a unit regression coefficient (bi = 1) and 

had small non-significant deviation from regression (s
2
d). Thus, they 

possessed average (ideal) stability and highly predictive behavior and can be 

grown in the studied range of environmental conditions. The non-parametric 

stability measures (S
1
, S

2
 and S

3
) showed that Giza-1 cv. exhibited the 

lowest values of S
1
, S

2
 and S

3
 followed by Bani-Suef for S

2
 and S

3
, as well 

as, Demo-137 for S
1
. Based on parametric and non-parametric stability 

measurements, it could be concluded that the exotic cultivar Demo-137 was  

the most stable genotypes for seed yield ha
-1

.  

Results in Table (6) shows that the oil yield (kg ha
-1

) for safflower 

genotypes ranged from 493.7 kg for Aswan to 747.6 kg for Line-168. The 

Line-168 exhibited highly significant S²d value, the two genotypes (Bani-

Suef and Aswan) exhibited significant S²d. Values of S²d ranged between 

158.02 for Demo-137 (more stable) to 7290.44 for Line-168. Regression 

coefficient (bi) ranged from 0.61 for Bani-Suef to 1.43 for Line-1697. All 

genotypes exhibited insignificant regression coefficient.  

Figure (1B) reveals that genotypes enclosed by the upper portion 

circle exhibited safflower oil yields greater than the grand mean and 

regression coefficient greater than one. Thus, it would be more adapted to 

grow under environments of high input environments. On the other hand, 

Line-168 exhibited regression coefficient smaller than one and mean 

performance greater than the grand mean. This genotype would be more 

adapted to grow under unfavorable growth conditions. Genotypes (Line-168 

and Demo-137) were high mean oil yield and non-significantly different 

from a unit regression coefficient (bi = 1) and had small non-significant 

deviation from regression (S
2

d). Thus, they possessed average stability and 

highly predictive behavior and could be considered ideal, since they 

maintained good performance in environments with low oil yield inputs.  

On the other hand, significance of S
2

d from zero associated with 

genotype Line-168 invalidates the linear prediction. This genotype had the 

top mean oil yield, S
2

d deviated significantly from zero and regression 

coefficients less than one, thus it was regarded as sensitive to environmental 

changes, and one may not be able to comment on its stability from Eberhart 

and Russell's model point of view. Regarding the non-parametric measures 

(S
1
, S

2
 and S

3
), genotype Demo-137 exhibited the lowest values of S

1
 and S

2
 

followed by Line-1697. Also, Line-1697 exhibited the lowest value of  S
3
. 

Based on the safflower oil performance, a parametric and non-parametric 
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measurements of stability, genotype Demo-137 and Line-1697 were 

considered as wide stable for the studied growing conditions.  

Simple correlation coefficients: 

Rank correlations among the stability parameters ranged from low to 

high in magnitude (Table 7). Results indicate that highly significant and 

positive correlation coefficients were detected between the pair (S
1
 and S

2
) 

for seed yield ha
-1

, and each pair of (S²d and S
3
) and (S

1
 and S

2
) for oil yield 

ha
-1

, which indicates that any of these parameters could be a satisfactory 

parameters for measuring stability. Therefore, significant and positive 

associations were observed between (S²d and S
1
), (S²d and S

2
), as well as, (S

2
 

and S
3
) for oil yield ha

-1
. Results in Table (7) clear that S²d and other 

stability parameters could be used in addition to mean oil yield by safflower 

breeders in the selection process when G × E interaction is present. Similar 

trends were obtained by Huehn, (1990), Abdulahi, et al. (2007) and Pourdad 

(2011). 
 

Table 7. Spearman correlation coefficients between the stability parameters 

(Index I vs. Index II) for seed and oil yields of safflower. 
Index I Index II Seed yield (kg ha-1) Oil yield (kg ha-1) 

 S2
d -0.63 0.32 

 bi -0.29 0.31 

 S1 0.26 -0.14 

 S2 0.37 -0.01 

 S3 0.48 0.33 

    

S2
d bi -0.35 -0.63 

S2
d S1 -0.24 0.80* 

S2
d S2 -0.29 0.84* 

S2
d S3 -0.69 0.94** 

    

bi S1 -0.21 -0.53 

bi S2 -0.28 -0.53 

bi S3 -0.25 -0.54 

    

S1 S2 0.99** 0.99** 

S1 S3 0.41 0.70 

    

S2 S3 0.48 0.73* 

* and ** significant and highly significant at 0.05 and 0.01 levels of probability, respectively. 

  = Mean, S2
d = Mean squares due to deviations from regression, bi = Regression coefficient,  

S1, S2 and S3 = Non-parametric measures. 
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 ححج بعض الخزاكيب الوراثيت من القزطملمحصول البذرة والزيج لثببث ححليل ال

  بيئبث مخببعدة في مصز
 

 محمد حمزة
 

يصز- جبيعخ انقبْزح- كهٍخ انشراعخ- قسى انًحبصٍم  

 
 قهخ انززاكٍت انٕراصٍخ ٔكذنك انًعهٕيبد الأسبسٍخ عٍ ربٌ رئٍسًيشكهزبٌرٕاجّ سراعخ انقزطى فً يصز  

.  يٍ انقزطىادصلاصخ رزاكٍت ٔراصٍخ يحهٍخ ٔصلاس يسزٕرد ٌٓذف ْذا انجحش إنى انزعزف عهى صجبد. انززكٍت انٕراصً

جبيعخ انقبْزح ًْٔب يحطخ ,  ثٍئخ عجبرح عٍ يٕقعٍٍ ربثعٍٍ نكهٍخ انشراعخ12سرعذ انززاكٍت انٕراصٍخ انسزخ فً 

 َجبد  160000,240000, 80000)انجحٕس انصحزأٌخ ثٕادي انُطزٌٔ ٔيحطخ ثحٕس انجٍشح ٔصلاس كضبفبد َجبرٍخ 

ْكزبر
-1

اسزخذو رصًٍى انقطع انًُشقخ يزح ٔاحذح فً . (2013-2012 2012ٔ- 2011)ٔيٕسًٍٍ شزٌٍٍٕ يززبنٍٍٍ  (

اجزي رحهٍم . حٍش ٔضعذ انكضبفبد انُجبرٍخ فً انقطع انزئٍسٍخ ٔانززاكٍت انٕراصٍخ فً انقطع انًُشقخ, صلاس يكزراد

ْكزبر)انضجبد نًحصٕل انجذرح ٔانشٌذ 
-1

يزٕسظ يزثعبد الاَحزافبد عٍ خظ الاَحذار :  ثبسزخذاو يقبٌٍس انضجبد انزبنٍخ(

(S
2

d) , يعبيم الاَحذار(bi) , ًْ ٔصلاصخ يقبٌٍس لا يعهًٍخ(S
1
, S

2
, S

3
ٔرى رقذٌز رقذٌز يذي قٕح انزلاسو ثٍٍ ْذِ  (

 كبٌ 137-اظٓزد انُزبئج رفبعلا يعٌُٕب ثٍٍ انززاكٍت انٕراصٍخ ٔانجٍئبد ٔاٌ انصُف انًسزٕرد دًٌٕ. انًقبٌٍس انخًسخ

ٔأظٓزد َزبئج الاررجبط ثٍٍ يقبٌٍس انضجبد . 1697-ٌهٍّ انسلانخ ٔانشٌذ أكضز انززاكٍت انٕراصٍخ صجبربً نًحصٕل انجذٔر

S )اررجبطب يٕججبً ٔعبنً انًعٌُٕخ ثٍٍ انًقبٌٍس انلا يعهًٍخ
1

ٔ S
2

ٔكذنك ثٍٍ يزٕسظ , نًحصٕنً انجذرح ٔانشٌذ( 

S )يزثعبد الاَحزافبد عٍ خظ الاَحذار
2
dٔ S

3
S)اٌضب نٕحع اررجبط يعُٕي يٕجت ثٍٍ .  نًحصٕل انشٌذ(

2
dٔ S

1
) ,

(S
2

dٔ S
2

S ) ٔكذنك ثٍٍ (
2

ٔS
3

ٔثُبءاً عهً آداء ٔصجبد انززاكٍت انٕراصٍخ يٍ انقزطى نًحصٕنً .  نًحصٕل انشٌذ(

يذي  رحذ 1697- ٔانسلانخ137-سراعخ انززكٍجٍٍ انٕراصٍٍٍ انًسزٕردٌٍ دًٌٕةانجذٔر ٔانشٌذ رٕصً ْذِ انذراسخ 

 . انذراسخانجٍئبد يٕضع

 


