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ABSTRACT  
  

           The materials used for the present study consisted of sixteen flax genotypes 
(G) which were evaluated over six environments (E), 2 seasons (2004/05 and 
2005/06) x 3 locations (two locations at El-Fayoum Governorate and one location at 
El-Beheira Governorate), Egypt. 
            The analysis of variance revealed highly significant differences among 
genotypes, environments and G x E interaction for all studied traits, indicating a wide 
range of variation among genotypes, environments and these genotypes exhibited 
differential response to environmental conditions. The significant variance due to 
residual for all characters indicated that genotypes differed with respect to their 
stability suggesting that prediction would be difficult, which means that mean 
performance alone (mean yield) would not be appropriate. Interaction component of 
variance (σ2ge) was less than the genotypic variance (σ2g) for all characters except 
each of straw weight per plant, seeds number per capsule and fiber fineness. This 
means that genotypes differ in their genetic potential for these traits. This was 
reflected in high heritability and low discrepancy between PCV and GCV values for 
these traits. These results indicate the possibility of using these characters as 
selection index for improving both of straw and seeds weight per plant. 
              The criterion, yield stability (YSi) statistic indicated that S.31/3/2  (local strain 
classified as dual purpose type) was proved to be superior in yield and stability for 
most characters studied as well as Daneila (introduction classified as fiber type) was 
stable for fiber characters (straw yield, fiber yield, fiber fineness and fiber percentage). 
Therefore, the two genotypes (S.31/3/2 and Daneila) maintained mean performance 
advantage across nearly all the environments sampled by maintaining high level of 
the previous mention traits and they are recommended to be released as commercial 
stable high yield cultivars and/or to be incorporated in breeding program for producing 
stable high yield lines.      
           Phenotypic (rp) and genotypic (rg) correlation coefficients indicated that straw 
weight per plant was significantly positively correlated with each of plant height, 
technical stem length, 1000-seed weight and oil percentage. Also, plant height 
exhibited positive correlation with technical stem length, indicating possibility of using 
both of plant height and technical stem length as selection index for improving straw 
weight per plant. Seed weight per plant, exhibited positive association with each of 
capsules number per plant, 1000-seed weight and oil percentage. Also, the 
relationship between capsules number per plant and 1000-seed weight was significant 
and positive in direction, indicating possibility of using both of capsules number per 
plant and 1000-seed weight as selection indices for improving seed weight per plant. 
Fiber percentage was positively correlated with fiber fineness, indicating that selection 
for genotypes had high fiber percentage and high fiber fineness is possible.  
 

INTRODUCTION 
 

            Flax (Linum usitatissimum L.) has been grown since the beginnings of 
civilization, and people all over the world have celebrated its usefulness 
throughout the ages, both as a food and in the manufacture of clothing. In 
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Egypt, flax is one of the important oil and fiber crops (cultivated for two 
purposes).  
          Stable performance of varieties under different environments with 
regard to the economic characters like straw yield and/or seed yield is of 
major significance in any breeding program. In order to initiate the 
development of stable genotypes, information on various stability aspects and 
their mode of transmission would be very essential. The yield level, yield 
stability and genetic variance of the base populations would thus determine 
the success of any selection programs (Kofoid et al., 1978). Efforts have 
been made to combine yield and performance stability into a single selection 
criterion (Kang et al., 1991 and Bachireddy et al., 1992). Benefit to farmers of 
emphasizing stability of performance during the selection process has been 
demonstrated (Kang, 1993 and Kang and Magari, 1995). Identification of 
yield–contributing traits, and a knowledge of GE interactions and yield 
stability are important for breeding new cultivars with improved adaptation to 
the environmental constraints prevailing in the target environments. With the 
availability of improved statistical tools to analyze and understand GE 
interactions, it is now possible to develop improved cultivars for target 
environments by exploiting GE interactions and marker – based selection 
integrated with traditional plant breeding (Boema and Kang, 1998 and Kang, 
1998).  Many investigators studied  GE interactions and stability of flax 
genotypes under different environments, and recorded different results for 
their stability across different environments (Abo El-Zahab et al., 1994; 
Mahto, 1995; Mahmoud, 1998 and El-Hariri et al, 2004). The ultimate goal of 
flax breeding program in Egypt is to select genotype, which has high yielding 
potentiality and stable under different environments.      
         Therefore, the main objective of this study was to evaluate the yield 
potential of sixteen flax genotypes via a new yield-stability (YSi) statistics 
using the data of flax trials conducted in Fiber Research Section, ARC, Egypt. 
Another objective was to estimate genetic and GE variance for deriving 
statistics, unbiased by GE variance such as heritability and genetic coefficient 
of variation, and to discuss the possibility of implications of these genotypes 
for obtaining stable lines to be released as cultivars or to be used as stable 
experimental lines to be incorporated in breeding program for selecting stable 
high yielding potential cultivars. 
 

MATERIALS AND METHODS 
 

           The materials used for the present study consisted of sixteen flax 
genotypes (five local varieties, seven local strains and four introductions). 
The classification and pedigree of the sixteen genotypes used are partially 
described in Table1. 
         These sixteen genotypes were evaluated in two successive seasons 
(2004/05 and 2005/06) at three locations viz: Etay El-Baroud Exp. Sta., El-
Beheira Governorate (clay, organic matter of 3.5%, available nitrogen 42.12 
ppm and pH = 8.05); Dar El-Ramad Exp. Farm of Faculty of Agric. El- 
Fayoum, El-Fayoum Univ., (clay, organic matter of 1.63 %, available nitrogen 
33.16 ppm and pH = 8.62) and Demo Exp. Farm of Faculty of Agric. El- 
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Fayoum, El-Fayoum Univ., El-Fayoum Governorate (loamy sand, organic 
matter of 0.92 %, available nitrogen 17.25 ppm and pH = 8.32). The 
experimental design was randomized complete block with three replications 
per each of the six environments (combination of locations x years). Flax 
seeds of each genotype were sown during the last week of October for all 
trials in both seasons. Plot consisted of 10 rows, 3 m long and 2 m wide 
(1/700 fed.). Plant density of 2000 seeds / m2 was used. Recommended 
agronomic practices were followed. 
 
Table 1. Pedigree of the sixteen flax genotypes under study, origin and 

the classification (fiber type, F; dual type, D; oil type, O).  
No. Genotypes Pedigree Origin Type 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

Giza 4 
Giza 8 

Sakha 1 
Sakha 2 
Sakha 3 

S.2419/1/2 
S.2465/1/3 
S.402/12 

S.402/2/2/5 
S.402/3/18/9 

S.402/21/10/9 
S.31/3/2 
Gentiana 
Daniela 

Jitka 
Belinka 

Giza oil x Giza purple 
Giza 6 x I. Santa Catalina 6 (I. Argentina) 

I. Bombay (U.S.A.) x I.1485 (U.S.A.) 
I. 2348 (Hungary) x I. Hira (India) 

I. Belinka  x  I. 2569 
Selected from I. Humpata (Hungarian) 

Selected from I. Neelum (India) 
Giza 5 x  I. 235 (U.S.A.) 
Giza 5 x  I. 235 (U.S.A.) 
Giza 5 x  I. 235 (U.S.A.) 
Giza 5 x  I. 235 (U.S.A.) 

S.402/21/19/3 x S.400/5/6 
Introduction from Romania 
Introduction from Romania 

Introduction from Czech 
Introduction from Dutch 

Local variety 
≈ ≈ ≈ ≈ ≈ ≈ 
≈ ≈ ≈ ≈ ≈ ≈ 
≈ ≈ ≈ ≈ ≈ ≈ 
≈ ≈ ≈ ≈ ≈ ≈ 
Local strain 
≈ ≈ ≈ ≈ ≈ ≈ 
≈ ≈ ≈ ≈ ≈ ≈ 
≈ ≈ ≈ ≈ ≈ ≈ 
≈ ≈ ≈ ≈ ≈ ≈ 
≈ ≈ ≈ ≈ ≈ ≈ 
≈ ≈ ≈ ≈ ≈ ≈ 
Introduction 
≈ ≈ ≈ ≈ ≈ ≈ 
≈ ≈ ≈ ≈ ≈ ≈ 
≈ ≈ ≈ ≈ ≈ ≈ 

D 
D 
D 
D 
F 
O 
O 
D 
O 
O 
O 
D 
O 
F 
F 
F 

          
             At harvest, data on ten randomly guarded plants from each plot were 
recorded to determine the averages of the individual plant traits. Straw, seed 
and fiber yields / fed was calculated on plot basis. Oil percentage (%) was 
determined as an average of two random seed samples / plot using Soxhlet 
apparatus (A.O.A.C. Society, 1995). The following characters were recorded: 
I) Straw yield, fiber yields and their related characters: 
(1) Straw yield (ton) / fed,  (2) Fiber yield  (ton) / fed, (3) Straw weight (g) / 
plant, (4) Plant height (cm), (5) Technical stem length (cm) and (6) Fruiting 
zone length (cm).  
II) Seed yield, oil yield and their related characters:  
(1) Seed yield (kg) / fed (2) Oil yield (kg) / fed, (3) Seed weight (g) / plant, (4) 
capsules number / plant, (5) 1000-seed weight (g), and (6) seeds number / 
capsule.                         
III) Technological characters: 
(1) Fiber fineness (Nm) were determined according to the technique 
described by Radwan and Momtaz (1966), (2) Fiber percentage (%),  and (3) 
Oil percentage (%).  
Statistical analysis: 
            Plot means were used for statistical analysis. Data from each of six 
environments (combination of years and locations) were analyzed. Bartlett’ 
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test of homogeneity was used before combined analysis. The estimates of 
the variance components were calculated by using the expected mean 
squares as outlined by the procedures described by Johnson et al., (1959). 
Analysis of variance was conducted, which revealed that genotype x 
environment interaction was significant for each trial. 
             A yield – stability statistic (YSi) developed for simultaneous selection 
for yield and stability was calculated according to Kang (1993). The various 
steps involved in the calculation of the YSi statistic are as follows:  
1) Genotypes  were ranked according to yield with the lowest-yielding 

genotype receiving a rank of 1;  
2) An adjustment to the yield rank was made; +1 if genotype mean yield was 

> overall mean yield (OMY) for a test, +2 and +3 if genotype mean yield 
was ≥ OMY by1 LSD, respectively; -1 if genotype mean yield < OMY, -2 
and –3 if genotype mean yield was ≤1 LSD below OMY;  

3) The adjusted rank was labeled Y;  
4) A stability rating (S) was assigned as follows; 0, if σ2 was not significant; 

and -2, -4, and -8 if σ2 was significant at 10%, 5% and 1% probability level, 
respectively ;  

5) The adjusted rank, Y and the stability rating, S, for each genotype were 
summed; and  

6) The genotypes that had YSi > ∑YSi / t(No. of genotypes) were selected. 
             Phenotypic (rp) and genotypic (rg) correlation coefficients were 
calculated according to the formula suggested by Al-Jibouri et al., (1958). 
 

RESULTS AND DISCUSSION 
 

Variability: 
              The analysis of variance (Table2) showed that genotypes (G) 
displayed highly significant differences for all characters, indicating the 
presence of genetic variability among the tested genotypes for all characters 
studied. Environments (E) differed highly significantly for all traits, indicating a 
wide range of variation among the environments studied.  Also, GxE 
interaction was significant for all characters. This result indicated that 
genotypes had considerable different responses to environmental conditions. 
The ratio between the two variances (G and GxE) was greater for all 
characters studied indicating that improvement of these characters could be 
achieved by selection. Whereas, heterogeneity due to all characters studied 
was significant except each of technical stem length, fruiting zone length, 
fiber percentage and oil percentage. 
           When GxE interaction was partitioned into heterogeneity due to the 
environmental index and residual, the variances due to heterogeneity (GxE 
linear) were statistically significant for all traits, suggesting that linear 
components of genotype – environment was present. This means that 
heterogeneity among genotypes for these traits relative to the environmental 
index was significant (Table 2). The environmental index ranged from 5.65% 
(oil percentage) to 82.93% (seeds number / capsule) of the total GxE sum of 
squares for these traits. The significant variance due to residual (pooled 
deviation) for all characters indicated that genotypes differed with respect to 
their stability suggesting that prediction would be difficult, which means that 
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mean performance alone (mean yield) would not be appropriate. In such 
situation, methods that combine yield and stability of performance are useful 
(Bachireddy et al., 1992).  
Variance components: 
              Estimates of variance components among sixteen flax genotypes 
grown at six environments for straw, seed weight / plant and their 
components as well as some technological characters are shown in Table 3. 
Interaction components variances (σ2ge) were less than the genotypic 
variance (σ2g) for all characters except each of straw weight per plant, seeds 
number per capsule and fiber fineness. This means that genotypes differ in 
their genetic potential for these traits. This was reflected in high heritability 
and low discrepancy between PCV and GCV values for plant height (H 
92.90%, PCV = 10.14%, GCV = 10.77%), technical  stem length (H = 98.55, 
PCV = 21.17%, GCV = 21.02%), seed weight / plant (H = 98.30, PCV = 
38.64%, GCV =38.31%), capsules number / plant (H = 96.92%, PCV = 
28.03%, GCV =27.60%), 1000-seed weight (H = 99.90%, PCV = 25.44%, 
GCV 25.42%), fiber percentage (H = 99.15%, PCV = 8.40%, GCV = 8.36%) 
and oil percentage (H = 97.79%, PCV = 6.06%, GCV = 6.00%). These results 
indicating the possibility of using both of plant height and technical stem 
length as selection indices for improving straw weight / plant and both of 
capsules number / plant and 1000-seed weight as selection indices for 
improving seed weight per plant. In contrast, Interaction component of 
variance (σ2ge) was more than the genotypic variance (σ2g) for both seeds 
number / capsule and fiber fineness. This was reflected in low or mediate  
heritability values and the clear gap between PCV and GCV for seeds 
number / capsule (H 59.05%, PCV = 10.38%, GCV = 7.98%) and fiber 
fineness (H 50.21%, PCV = 27.28%, GCV = 19.33%). This result clearly 
indicates that variation among flax genotypes in the two previous traits are 
mainly due to environmental variation plus the GE interaction ones. These 
results are in harmony with that reported by Abo El-Zahab et al., (1994), 
Mourad et al., (2003) and Abo-Kaied et al.,(2006). 
Stability analysis:   
                Mean performance, ranking of means and yield stability statistic 
(YSi) for straw, fiber, seed and oil yields / fed as well as some technological 
characters for sixteen flax genotypes are shown in Table 4. S.31/3/2 followed 
S.2419/1/2 showed high mean performance (high ranking) for each of seed 
yield / fed (769.29, 754.52 kg), oil yield / fed (323.14, 316.27 kg) and oil 
percentage  (41.87, 41.83 %), respectively. Also, Daniela and Sakha 3 mean 
performance exhibited high ranking for both of fiber fineness (356.80, 309.90 
Nm) and fiber percentage (18.30, 18.15%). Whereas, S.402/12 and Sakha 1 
for straw yield / fed (4.048, 3.950 ton), in addition  Sakha 1 and Sakha 3 for 
fiber yield / fed (678.40, 645.44kg) exhibited first or second ranking for mean 
performance for above-mentioned characters, respectively. 
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Results indicated that S.31/3/2 and S.2419/1/2 proved maximum mean 
performance for seed yield / fed and its related traits as well as Sakha 1 and 
Sakha 3 for straw yield, fiber yield and fiber percentage, in addition Daniela 
for fiber technological traits (fiber fineness and fiber percentage).Therefore, 
the previous mentioned  genotypes specially  S.31/3/2 and S.2419/1/2 may 
be released as commercial cultivars and/or to be incorporated as breeding 
stocks in flax breeding program aiming at producing high yielding lines.   
            The presence of GE interaction (Table 2) indicated that conclusions 
based solely on genotypes means were not reliable. Genotypes responded 
differently to changes in environments; therefore, measure of stability (Ysi) 
was deemed appropriate (Table 4). Yield stability according to Kang (1993), 
revealed that Sakha 2 and S.2419/1/2 exhibited high degree of stability for all 
characters studied except for fiber fineness. Whereas, S.2465/1/3 and 
S.402/12 were stable for all characters except fiber fineness and fiber 
percentage but, S.402/3/18/9 was unstable only for fiber yield and fiber 
percentage and finally S.31/3/2 exhibited high degree of stability for all 
characters with the exception of fiber percentage. These results indicated 
that, the above mentioned genotypes are considered as ideal stable 
genotypes (according Ysi measurement) to all characters except fiber 
fineness. On the other hand, Giza 4 showed superiority for all characters 
except for oil percentage and also Sakha 1 exhibited the same trend except 
for oil percentage and fiber fineness. Concerning Daniela exhibited high 
degree of stability for straw yield, fiber yield, fiber fineness and fiber 
percentage. Also, Sakha 3 showed degree of stability for fiber yield, fiber 
fineness and fiber percentage. In contrast, S402/21/10/9 was unstable for all 
characters,  while S.402/2/2/5 was stable only for oil percentage.  
          It is worth to mention here that S.31/3/2  (local strain classificed as dual 
purpose type) was proved to be superior in yield and stability for most 
characters studied as well as Daneila (introduction classificed as fiber type)  
was stable for fiber characters (straw yield, fiber yield, fiber fineness and fiber 
percentage). Therefore, the two genotypes (S.31/3/2 and Daneila) maintained 
mean performance advantage across nearly all the environments sampled by 
maintaining high level for the above-mentioned traits and they are 
recommended to be released as commercial stable high yielding cultivars 
and/or to be incorporated in breeding program for producing stable high 
yielding lines.      
Genotypic mean performance for straw, seed weight / plant and their 
components: 
            Mean performance for straw, seeds weight / plant and their 
components of sixteen flax genotypes averaged over six environments are 
presented in Table 5. The strain 31/3/2 gave the highest values for straw 
weight / plant (1.87 g) and its important components; plant height (113.274 
cm), and technical stem length (91.944 cm). Followed by S.402/3/18/9 for 
straw weight (1.773 g) as well as Sakha 1 for both plant height (98.735 cm) 
and technical stem length (79.048 cm). On the other hand, Belinka gave the 
lowest value for straw weight (1.100 g) and Gentiana for both plant height 
(70.959 cm) and technical stem length (54.776 cm). 
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 Concerning seed weight per plant and its components, S.2419/1/2 gave the 
highest value for both  seed weight / plant (0.741 g) and capsules number / 
plant (11.384); S.31/3/2 for 1000-seed weight (10.284 g) and Jitka for seeds 
number / capsule (7.318). In contrast, the lowest values were recorded by 
Deniela for seed weight / plant (0.183 g); Jitka for capsules number / plant 
(4.095); Belinka for 1000-seed weight (4.393 g) and Sakha 2 for seeds 
number / capsules (4.844).  
 
Table 5. Mean values for straw weight, seed weight per plant and their 

components of sixteen flax genotypes (combined over six 
environments). 

Means  identified by the same letter are not significantly different at 0.05 level of robability 

according  to FLSD. 
            

 In general, S.31/3/2 exhibited high straw weight / plant potential and 
its important components (plant height and technical stem length), in addition 
to the highest value of 1000-seed weight. Also, S.2419/1/2 (oil type) gave 
highest values for seed weight / plant and capsules number / plant. The 
previous collected data support the evidence that these two strains (S.31/3/2 
and S.2419/1/2) may be recommended to be included in any breeding 
program for improving straw weight per plant by using S.31/3/2 and also, 
improving seed weight per plant by using S.2419/1/2. 
Correlation studies:                
           Phenotypic (rp) and genotypic (rg) correlation coefficients among straw, 
seeds weight per plant and their components as well as some technological 
characters in sixteen flax genotypes on based data of six environments are 
shown in Table 6. 

Genotypes 

Straw weight / plant and its 
components 

Seed weight / plant and its 
components 

Straw 
weight / 

plant 
(g) 

plant 
height 
(cm) 

Technic
al stem 
length 
(cm) 

Fruiting 
zone 

length 
(cm) 

Seed  
weight / 

plant 
(g) 

Capsule
s 

number 
/ plant 

1000-
seed 

weight 
(g) 

Seeds 
number 

/ 
capsule 

Giza 4 1.341 fg 87.927 k 66.578 k 21.348 c 0.512 h 8.731 j 8.421 k 6.909 f 

Giza 8 1.499 d 88.564 j 61.897 n 26.667 a 0.463 i 8.212 k 9.199 g 6.121 k 

Sakha 1 1.398 e 98.735 b 79.048 b 19.687 f 0.411 k 6.144 m 9.491 h 7.013 d 

Sakha 2 1.458 de 90.456 g 72.522 g 17.933 j 0.408 l 8.769 i 9.667 e 4.844 p 

Sakha 3 1.272 g 86.358 l 70.439 i 15.919 n 0.432 j 11.092 c 5.579 m 7.182 c 

S.2419/1/2 1.603 c 89.226 i 63.687 m 25.538 b 0.741 a 11.384 a 9.918 c 6.883 g 

S.2465/1/3 1.754 b 93.848 d 75.149 f 18.698 h 0.558 f 9.154 h 9.947 b 6.090 l 

S.402/12 1.608 c 81.546 n 61.459 o 20.086 d 0.585 e 9.367 g 9.709 d 6.464 i 

S.402/2/2/5 1.528 cd 90.707 h 71.809 h 18.897 g 0.540 g 9.714 e 9.407 i 5.862 n 

S.402/3/18/9 1.773 b 93.463 e 75.751 d 17.713 k 0.629 c 11.127 b 9.533 g 5.729 o 

S.402/21/10/9 1.360 f 85.186 m 68.555 i 16.631 n 0.594 d 9.368 f 9.659 f 6.524 h 

S.31/3/2 1.870 a 113.274 a 91.944 a 21.330 c 0.646 b 10.719 d 10.284 a 6.027 m 

Gentiana 1.326f g 70.959 p 54.776 p 20.592 d 0.226 m 4.987 o 6.381 l 7.272 b 

Daniela 1.272 g 96.004 c 77.376 c 18.629 k 0.183 o 5.025 n 5.069 o 6.435 j 

Jitka 1.158 h 80.946 o 66.127 l 19.760 e 0.188 o 4.095 p 5.253 n 7.318 a 

Belinka 1.100 h 92.641 f 75.441 e 17.200 l 0.210 n 6.605 l 4.393 p 6.928 e 

General mean 1.458 89.990 70.785 19.789 0.458 8.406 8.244 6.475 
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Straw weight / plant was significantly positively correlated with each of plant 
height, technical stem length, seed weight / plant, capsules number / plant, 
1000-seed weight and oil percentage. Also, plant height exhibited positive 
correlation with technical stem length  indicating that maximization of straw 
weight per plant may be obtained by selection for these two component 
variables. These results are in harmony with that reported by Momtaz et al., 
(1977), Abo El-Zahab et al., (1994) and Abo-kaied et al., (2006). On the other 
hand, straw weight / plant showed significant negative correlation with each 
of seeds number / capsule, fiber fineness and fiber percentage. Seed weight 
per plant, exhibited positive association with each of capsules number / plant, 
1000-seed weight and oil percentage. Also, the relationship between 
capsules number / plant with 1000-seed weight was significant and positive in 
direction. These results indicated that capsules number / plant with 1000-
seed weight are main components for seed weight / plant. In contrast, seed 
weight per plant exhibited negative correlation with both of fiber fineness and 
fiber percentage. In respect to oil percentage, significant positive correlation 
was obtained with each of straw weight, fruiting zone length, seed weight and 
1000-seed weight, but exhibited significant negative correlation with each of 
fiber fineness and fiber percentage. Fiber percentage exhibited positive 
correlation with fiber fineness only, indicating that selection for a genotype 
which had high fiber percentage and high fineness is possible. But it was 
negatively correlated with each of straw weight, seed weight and 1000-seed 
weight. These results are in agreement with those obtained  by Momtaz et 
al.(1977), Kumar and Chauhan (1979), Abo El-Zahab et al. (1994) and Abo-
kaied et al., (2006). In general, these results indicated that plant height and 
technical stem length are main components of straw weight / plant and also, 
capsules number / plant and 1000-seed weight are the main components of 
seed weight / plant. These results indicate the possibility of using both of 
plant height and technical stem length as selection indices for improving 
straw weight / plant and both of capsules number / plant and 1000-seed 
weight as selection indices for improving seeds weight per plant. 
 

REFERENCES 
 
A.O.A.C. (1995) Official Methods of Analysis. 16 th ed. Association of Official 

Analytical Chemist’s. Washington, D.C., U.S.A. 
Abo El-Zahab, A.A.; N.K. Mourad and H.M.H. Abo-Kaied (1994). Genotype – 

environment interaction and evaluation of flax genotypes. 1 straw yield. 
Proc. 6th Conf Agron., Al-Azhar Univ., Egypt, 1: 129-152.  

Abo-Kaied, H.M.H; M.A. Abd El-Dayem and Afaf E. A. Zahana (2006). 
Variability and covariability of some agronomic and technological flax 
characters. Egypt J. Agric Res. 84: 1117-32. 

Al-Jibouri, H.A.: P.A.Miller, and H.F.Robinson (1958). Genotypic and 
environmental variances and covariances in an upland cotton cross of 
interspecific origin.Agron.J.50: 633-636. 



Abo-Kaied, H.M.H. et al. 

 3300 

Bachireddy, V.R.; R. Payne; Jr. K.L. Chin and M.S. Kang (1992). 
Conventional selection versus methods that use genotype x 
environment interaction in sweet corn trials. Hortscience 27: 436-438. 

Boema, H.R. and M.S.Kang (1998). Application of DNA markers for selection 
of intractable soybean traits. Korea Soybean Digest.15: 106-121.  

El-Hariri, D.M.; M.S. Hassanein and Amna H.H. El-Sweify (2004) Evaluation 
of some flax genotypes straw yield, yield components and 
technological characters. J. of Natural Fiber 1: 1-12. 

Johnson, H.W.; H.F.Robinson, and R.E. Comstock (1959). Estimates of 
genetic and environmental variability in soybeans. Agron.J.47: 314-
318. 

Kang, M. S. (1993). Simultaneous selection for yield and stability in crop 
performance trials: Consequences for growers.  Agron. J. 85: 754-
757. 

Kang, M. S. (1998). Using Genotypes-by- environment interaction for crop 
cultivars development Adv. Agron. 35:199-200. 

Kang, M. S.; D.P. Gorman and H.N. Pham (1991). Application of a stability 
statistic to international maize yield trials. Theor. Appl. Genet. 81: 162-
165. 

Kang, M. S. and R.Magari (1995).  Stable a BASICA program for calculating 
stability and yield - stability statistics. Agron. J. 87: 276-277. 

Kofoid, K.D.; W.M. Ross and R.F.Mumm (1978) Yield stability of sorghum 
random mating populations. Crop Sci. 18:677-679. 

Kumar,S., and B.P.S.Chauhan (1979) Association analysis in the segregating 
populations of linseed. Indian. J. Genet. Pl. Breed. 39:506-510.  

Mahmoud, E.L. (1998). Phenotypic and genotypic variability in some 
genotypes of flax Ph.D.Thesis, Fac. Agric. Al-Azhar Univ. 

Mahto, J.L. (1995).Genotype x environment interaction stability and genetic 
diversity study in linseed for yield and yield attributes under dry land 
situation. Madras Agric. J. 82: 601-605. (C.F. Pl. Breed. Abs. 
66:1309). 

Momtaz, A.; A.K.A. Selim and G.H. El-Shimy.1977. Association studies 
between flax seed yield and some other characters. Agric. Res. Rev., 
55: 45-55. 

Mourad, N.K.M.; S.H.A. Mostafa and Afaf E.A. Zahana (2003). Yield, yield 
components, quality and variability assessment of some flax 
genotypes. Egypt J. plant Breed. 7: 129 -142. 

Radwan, S.R. and A. Momtaz (1966). The technological - properties of flax 
fibers and methods of estimating them. EL-Felaha. J.46: 466-476(in 
Arabic). 

 
 

 
 
 
 



J. Agric. Sci. Mansoura Univ., 32 (5), May, 2007 

3301 

 

في  يةتصادالصفات الاقالانتخاب للقدرة المحصولية العالية وثبات السلوك لبعض 
 الكتان

 دويدار** سوقي حسندمحمد ال و أمين عبدالدايم* مصطفي ,حسين مصطفي حسين أبوقايد*

   لجيزةا-ركز البحوث الزراعيةم-معهد المحاصيل الحقلية*
 امعة الفيومج -لية زراعة الفيومك -**قسم المحاصيل

 
       لح  ظتت   ب              بيئتت ) ولتتا  يا    1        يلهتت   تته  ي                           د كيتتو ا ا تته لتتا ا كدتت ا دتتف د     61                      استتدم ف  تته اتترا ا   استت                          

    ( .    4001 /    4002  ،       4002 /    4002            ملال  لاسله    -    لص    -                                  ا فياف الا ع ااح  بلح  ظ  ا بحي ة 
  ( GxE          عتل بيتنهف و      اا دف    (  E )            ( اا بيئت )  G                                                     دشي  ند ئج دحليل ا دب يا أا كل لا ا د اكيو ا ا ا ي  و                        

      امتدلاا                                                                                          جلي ه  ك ن) ل ناي  ، للت  يت ل علته لت خ افمتدلاا ا ااستع بتيا ا د اكيتو ا ا ا يت  اا بيئت ) اكتر  
     يشتي             ا ا دف عتل                                                                                         اسدج ب  ارا ا د كيو  لظ اا ا بيئي  ، كر   ا ل نايت  ا    يت   لدبت يا ا  اجتع  لجتمت ا لدب ته لت

        يلت           ل   علته ا                                                          بينه   علااة عله ص اب  ا دنبؤ ب ب ) سلاكه  ا ا ا ه عن  افعد                             إ ى امدلاا ارا ا د اكيو  يل 
    )ge2σ(                                                  د ت ي ا) لكانت ) دبت يا ا دف عتل بتيا ا صتن ا اا بيئت )     ك ن)  0                              ا لحصا يه ولداسط ا لحصال(   ط 

      بستا      / ك                      / ا نبت ) اعت   ا بترا       ا  ت                                    كتل ا صتف ) ا ل  است   يلت  عت ا اما   (  g2σ(                    أ ل لا دب يا ا صن ا 
     ااتترا                   هتترا ا صتتف ) ي                                                                         ان التت  ا  يتت ا . اتترا ي نتته أا اتترا ا صتتن ا دمدلتتا  يلتت  بينهتت   تته ا  تت  ة ا لحصتتا 

       صتف )                                                                                            ان كس  ه د  ي ا)   ج  ا دا يث ا    ي  اا فت    ا لتنمفب بتيا ل ت لله ا دبت يا ا ظت ا خ اا تا ا ه
    ف )                                   تتا بتتر ة  تتر   يلكتتا استتدم اف اتترا ا صتت                                                      ا طتتال ا كلتته اا طتتال ا ف تت ل اعتت   ا كبستتاف)  لنبتت ) ااما ا 

                                                     ك فئل اندم بي   دحسيا صفده اما ا    اا برا   لبن ). 
       ا ستتلا                                                      ( اا ترخ ي تتيس  بتت ) ا ستتلا  لتع ا لحصتتال ا  تت  ه إ تتى أا  iYS                         كلت   أشتت    ل يتت س ا  بتت ) و                      

  )                         بت ) ا ستلا   ل ظتف ا صتف                                        ا غت ب ( ظلت) لحدفظت  بدفا هت   ته ا لحصتال ا         ن ئيت            سلا   لحليت   و   4 / 1 /  16
       ا  ت  /                           الحصال ع  ي   صف ) لحصتال       ع  ي                                                             ا ل  اس  ، كر   ا لسدا    اني ل و لسدا    يفه ( أظه   ب د 

   ،   4 / 1 /  16  س                                                                                          اا ، الحصال ا  ي ا /   اا ، اا ن الت  ، اا نستب  ا لئايت   ا يت ا .  تر   اتراا ا د كيبت ا و
   لتت                                                        أصتتن ا دج  يتت  جندتت ل لحصتتال عتت  ه ا  بتت)  تته ستتلاكه ا تتا ا ه ك                                   انيتت ل( يلكتتا ا داصتتي  ب ستتدم الهل  ك

            ف ) ست  ف    لصت                                                                          ه ب ن لج ا د بي  جند ل سلاف)   بد   ه سلاكه  ا ا ا ه اع  ي  ا لحصتال ل             يلكا اسدم اله
       .            ا رك 

       ا  ت  /        ا اما                                                                         كل  دشي  ند ئج اف دب ط ا ظ ا خ اا تا ا ه إ ته اا انت   ا دبت ط لاجتو ال نتاخ بتي                      
    نتت    ا                                                                                        نبتت ) اكتتل لتتا ا طتتال ا كلتته اا طتتال ا ف تت ل ااما ا  تتا بتتر ة ، اا نستتب  ا لئايتت   لميتت) . كتتر   كتت ا 

           دحستيا اما                                                                                        ا دب ط لاجو ال ناخ بيا ا طال ا كله اا طال ا ف  ل ،  ر   يلكا اسدم الهل  ك فئل اندم بيت   
    ) /                                       ا اما ا بترا   لنبت ) اكتتل لتا عت   ا كبستتاف                                                  ا  ت   لنبت )  . كتر   كتت ا انت   ا دبت ط لاجتو ال نتتاخ بتي

      ا عت             خ بتيا كتل لت ا   ل نت ا                                                                          نب ) ، ااما ا  ا بر ة ، اا نسب  ا لئاي   لمي) ، كر   ك ا ان   ا دب ط لاجتو 
    ا         . كتر   كت                                                                                        ا كبساف) ااما ا  ا بر ة .  ر   يلكا اسدم الهل  ك فئل اندم بي   دحسيا اما ا بتر ة  لنبت )

           دنب ط صتنا                                                                      ال ناخ بيا ا نسب  ا لئاي   ا ي ا ان ال  ا  ي ا اارا ي ل علته إلك نيت  است                  ان   ا دب ط لاجو
      .                                       كد ا ع  ه  ه كل لا نسب  ا  ي ا اا ن ال 
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Table 2.  Genotype x environment interaction mean squares and its partitioning into heterogeneity due to 
environmental index and residual from the combined analysis of  variance over six environments for straw , 
seed yields and  their related characters. 

 
Table 3. Variance component estimates from combined ANOVA, phenotypic (PCV) and genotypic (GCV) coefficients of 

variability and broad sense heritability (H) for the combined analysis of variance over six  environments of 
straw weight, seed weight / plant and  other related traits as well as some technological characters.                                                  

** = Indicate significant and highly significant, respectively. 
2
g, 

2
ge, e  are the variance attributed to , genotypes , genotype x environment interaction and  plot error,  respectively. 

 
 
 

Characters                        S.O.V. 
Genotypes(G)     

( 15)# 
Environment (E) 

(5)# 

Interaction 
(GxE)                             
(75)# 

Heterogeneity      ( 15)# 
Residual             

(60)# 
Pooled Error                       

( 180)# 

Straw yield / fed (ton) 3.872 ** 25.993 ** 0.213 ** 0.375 * (35.25)$ 0.375 ** 0.0058 ** 
Fiber yield / fed (kg) 139149.600 ** 724684.800 ** 6233.440 ** 13067.713 ** (41.93)$ 4524.872 ** 192.0320 ** 
Straw weight / plant (g) 0.885 ** 4.457 ** 0.134 ** 0.228 * (34.10)$ 0.110 ** 0.0026 ** 
plant height (cm) 1497.487 ** 5375.062 ** 106.388 ** 241.249 ** (45.35)$ 72.672 ** 0.7686 ** 
Technical stem length(cm) 4042.048 ** 3624.112 ** 85.708 ** 88.554 ns (20.66)$ 51.246 ** 1.1103 ** 
Fruiting zone length (cm) 154.430 ** 147.839 ** 13.622 ** 16.612 ns (24.39)$ 12.875 ** 0.7903 ** 
Seed yield / fed (kg) 68246.867 ** 670609.200 ** 5226.080 ** 20741.667 ** (79.38)$ 1347.183 ** 34.1510 ** 
Oil yield / fed (kg) 130722.333 ** 124016.860 ** 1252.450 ** 4855.167 ** (77.53)$ 351.771 ** 7.0659 ** 
Seed  weight / plant (g) 0.563 ** 0.350 ** 0.010 ** 0.033 ** (68.98)$ 0.004 ** 0.0002 ** 
Capsules number / plant 99.955 ** 62.648 ** 3.076 ** 5.417 * (35.21)$ 2.491 ** 0.0677 ** 
1000-seed weight (g) 79.159 ** 10.920 ** 0.077 ** 0.178 ** (46.08)$ 0.052 ** 0.0010 ** 
Seeds number / capsule 8.129 ** 12.436 ** 3.329 ** 13.804 ** (82.93)$ 0.710 ** 0.0165 ** 
Fiber fineness (Nm) 64452.100 ** 1444.800 ** 32092.717 ** 89146.435** (55.55)$ 17829.287 ** 4.1012 ** 
Fiber percentage (%) 33.948 ** 25.118 ** 0.287 ** 0.189 ns (13.21)$ 0.311 ** 0.0251 ** 
Oil percentage (%) 100.547 ** 143.363 ** 2.218 ** 0.627 ns (5.65)  $ 2.615 ** 0.0415 ** 

Characters 2
g 

2
ge e H% PCV% GCV% 

Straw weight / plant (g) 0.042  ** 0.044 ** 0.003 84.90 15.22 14.02 
plant height (cm) 77.283 ** 35.206 ** 0.769 92.90 10.14 10.77 
Technical stem length(cm) 221.297 ** 19.199 ** 1.110 98.55 21.17 21.02 
Fruiting zone length (cm) 7.823 ** 4.277 ** 0.790 91.18 14.80 14.13 
Seed  weight / plant (g) 0.031 ** 0.003 ** 0.000 98.30 38.64 38.31 
Capsules number / plant 5.382 ** 1.003 ** 0.068 96.92 28.03 27.60 
1000-seed weight (g) 4.393 ** 0.025 ** 0.001 99.90 25.44 25.42 
Seeds number / capsule 0.267** 1.104 ** 0.016 59.05 10.38 7.98 
Fiber fineness (Nm) 1797.744 ** 10696.205 ** 4.102 50.21 27.28 19.33 
Fiber percentage (%) 1.870 ** 0.087 ** 0.025 99.15 8.40 8.36 
Oil percentage (%) 5.463 ** 0.725 ** 0.042 97.79 6.06 6.00 
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Table 4. Mean yield, rank (assigned before stability analysis was made), yield stability statistic (YSi ) and stable 

genotypes  of straw, fiber, seed and oil yields / fed as well as some technological characters  for sixteen 
flax genotypes . 

       #= Genotype selected on the basis of YSi 

Genotypes 

  
Straw yield / fed 
(ton) 

  
Fiber yield / fed 
(kg) 

  
Seed yield / fed 
(kg) 

  
Oil yield / fed 
 (kg) 

  
Fiber fineness 
(Nm) 

  
Fiber percentage 
(%) 

  
Oil percentage  
(%) 

Means Rank Ysi Means Rank Ysi Means Rank Ysi Means Rank Ysi Means Rank Ysi Means Rank Ysi Means Rank Ysi 

Giza 4 3.586 10 5# 640.57 14 9# 515.15 8 10# 194.30 7 4# 260.03 12 7# 17.84 13 8# 37.56 4 1 

Giza 8 3.446 7 -2 528.87 6 -5 704.12 13 8# 288.92 14 9# 180.26 4 1 15.37 5 2 40.91 13 16# 

Sakha 1 3.950 15 10# 678.40 16 11# 563.18 10 5# 220.98 10 5# 187.28 9 6 17.13 11 6# 39.00 7 0 

Sakha 2 3.728 11 14# 631.32 13 8# 623.15 11 6# 247.29 11 6# 183.36 7 4 16.93 10 9# 39.56 9 12# 

Sakha 3 3.543 8 3 645.44 15 10# 345.95 4 -7 121.89 4 -7 309.90 15 10# 18.15 15 10# 34.94 2 -9 

S.2419/1/2 3.837 14 9# 618.57 11 6# 754.52 15 10# 316.27 15 10# 173.56 2 -1 16.13 8 5# 41.83 15 10# 

S.2465/1/3 3.767 12 7# 588.34 7 6# 694.22 12 7# 287.29 13 8# 169.05 1 -2 15.60 6 3 41.29 14 9# 

S.402/12 4.048 16 11# 588.39 8 3# 705.52 14 9# 286.55 12 7# 181.66 5 2 14.53 3 0 40.51 12 15# 

S.402/2/2/5 3.338 5 2 509.20 4 1 495.70 7 -4 199.16 8 -3 175.71 3 0 15.26 4 1 40.01 10 13# 

S.402/3/18/9 3.577 9 4# 516.18 5 -6 559.25 9 4# 218.42 9 12# 184.56 8 5# 14.42 2 -1 38.92 6 5# 

S.402/21/10/9 2.642 2 -9 372.84 1 -10 437.06 6 -5 171.24 6 -5 182.50 6 3 14.23 1 -2 39.06 8 1 

S.31/3/2 3.777 13 8# 606.21 10 5# 769.29 16 11# 323.14 16 11# 197.49 11 8# 16.02 7 -4 41.87 16 11# 

Gentiana 2.856 3 -8 489.06 3 -8 347.42 5 -6 141.62 5 -6 192.36 10 7# 17.21 12 7# 40.34 11 6# 

Daniela 3.372 6 4# 620.36 12 7# 224.88 3 -8 84.34 3 -8 356.80 16 11# 18.30 16 11# 37.67 5 -6 

Jitka 2.407 1 -10 399.70 2 -9 212.28 1 -10 77.84 2 -9 286.78 13 8# 16.55 9 4 36.15 3 -8 

Belinka 3.287 4 1 596.35 9 4# 218.23 2 -9 74.58 1 -10 288.90 14 9# 18.06 14 9# 34.03 1 -10 
General mean 3.447  3.06 564.36  2.00 510.62  1.31 203.36  1.5 219.39  4.875 16.36  4.25 38.98  4.125 

LSD 0.05 0.123     22.40     9.45     4.30     3.27     0.26     0.33     
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Table 6. Phenotypic (rp) and genotypic (rg) correlation coefficients among straw, seed weight / plant and their 
components as well as some technological traits of sixteen flax genotypes  data of combined data. 

*,** = Indicate  significance at the 0.05 and 0.01 levels of probability,  respectively. 

 
 
 
 
 
 
 
 
 

characters 1 2 3 4 5 6 7 8 9 10 

1- Straw weight / plant (g)            

2- plant height (cm) rp 0.476 *          

  rg 0.504          

3-Technical stem length(cm) rp 0.535 * 0.934 **         

  rg 0.486 0.784         

4- Fruiting zone length (cm) rp 0.272 0.006 -0.320        

  rg 0.401 0.367 -0.101        

5- Seed  weight / plant (g) rp 0.793 ** 0.313 0.135 0.269       

  rg 0.351 0.214 -0.143 -0.147       

6- Capsules number / plant rp 0.665 ** 0.314 0.195 0.044 0.888 **      

  rg 0.209 0.211 0.317 0.334 0.669      

7- 1000-seed weight (g) rp 0.818 ** 0.319 0.141 0.323 0.853 ** 0.622 **     

  rg 0.431 0.108 0.258 0.219 0.798 0.516     

8- Seeds number / capsule rp -0.566 * -0.394 -0.347 0.067 -0.356 -0.406 -0.564 *    

  rg 0.222 0.025 0.078 0.140 0.069 -0.112 0.117    

9- Fiber fineness (Nm) rp -0.678 ** -0.008 0.131 -0.333 -0.665 ** -0.432 -0.865 ** 0.431   

  rg 0.159 0.418 0.507 0.247 -0.254 -0.314 -0.491 0.133   

10- Fiber percentage (%) rp -0.631 ** 0.024 0.098 -0.138 -0.656 ** -0.453 -0.703 ** 0.409 0.738 **  

  rg 0.437 0.508 0.486 0.058 -0.159 -0.310 -0.513 0.293 0.658  

11- Oil percentage (%) rp 0.794 ** 0.171 -0.037 0.567 * 0.624 ** 0.347 0.813 ** -0.429 -0.795 ** -0.588 * 

  rg 0.313 0.247 0.254 0.478 0.719 0.481 0.694 0.094 -0.325 -0.341 



Abo-Kaied, H.M.H. et al. 

 3306 

 
 
 

 


