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I- Straw yield and related characters:  

1- Plant height (cm): 

           The results in Table (3) indicate the effect of plant density 

and bio-fertilizer levels on plant height (cm) of some flax 

varieties in 2002/03 and 2003/04 seasons as well as their 

combined analysis. 

A- Varietal differences: 

           Regarding flax varieties, results reveal that Sakha1 cv. 

was superior over Belinka and Sakha 2 in plant height in both 

seasons and combined analysis. The mean values obtained by 

Sakha 1 cv. were 83.75, 82.5 and 82.90 cm in the 1
st
, 2

nd
 seasons 

and combined analysis, respectively. While, the shortest flax 

plant obtained by Sakha 2 which recorded 77.81, 78.24 and 

78.02 cm in The 1
st
, 2

nd
 seasons and combined analysis, 

respectively. However, The difference between Sakha2 and 

Belinka was not significant for this treat in both seasons and 

combined analysis. These results which appeared as varietal 

differences are due to the genetical make up for each flax 

genotype. The above mentioned data agreed with those obtained 

by El-Gazzar and Abou-Zaid (2001), El-Borhamy (2003) and 

Afaf Zahana (2003). 

 

RESULTS AND DISCUSSION 
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B- Bio-fertilization level : 

         Results presented in Table (3) show insignificant 

differences in the mean values of plant height as affected by bio-

fertilizer application. On the other hand EL – Azzouni (2002) 

and El-Banna (2002) reported significant differences in the mean 

values of plant height (cm) as affected by bio–fertilizer 

application. 

C- Plant density : 

            The results in Table (3) indicated that plant density 

significantly increased plant height in both season. Data showed 

that there were gradual increments in plant height when plant 

density increased from 1750 to 2250 seeds / m
2
 showing mean 

values of 80.09, 80.37 and 82.54 cm in the 1
st
 season for the 

plant densities 1750, 2000 and 2250 seeds / m
2
, respectively. 

The corresponding estimates in the 2
nd

 season were 77.94, 78.04 

and 79.00 cm for the seed densities, respective.  

         The combined average both seasons showed that 

increasing seeding rate did not significantly affect flax plant 

height. The results showed that the significant difference was 

clear between the lowest (1750) and the highest (2250 seeds/ m
2
) 

seeding rates in both seasons, and the increase in plant height 

was 3.06 and 1.36% in the first and second season, respectively. 

Similar results were also obtained by Mostafa (1999), Easson 

and Molloy (2000), Abou-Zaied and El-Azzouni (2003), Abd El 
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-Daiem (2004) and Nashy (2005) who found that there was an 

increase in plant height when the plant density increased.  

Interaction effects: 

          All the effects of the interactions between the 

experimental factors were not significant on plant height in both 

seasons as well as in the combined average. These results 

indicate that these factors acted independently. 

2- Technical stem length (cm): 

          Data presented in Table (4) showed the effect of plant 

density and bio-fertilizer levels on technical stem length (cm) of 

some flax varieties in 2002/03 and 2003/04 as well as the 

combined analysis.  

A- Varietal differences:  

            Results indicted that there were significant differences 

among the three flax varieties under study, in technical stem 

length (cm) in the first and second seasons. In the first season 

Belinka variety significantly surpassed Sakha 1 and Sakha 2 by  

5.51 and 13.19% in technical stem length, respectively. 

Similarly, Belinka variety was superior than Sakha1 and Sakha2 

by 10.17 and 2.04% respectively in the second season.  

             The combined analysis of both seasons indicated the 

superiority of Belinka over the Egyptian varieties Sakha 1 and 

Sakha 2 by 7.69 and 7.57%, in technical stem length, 

respectively.  
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              Similar varietal differences were reported by Kineber 

(1991), Abo-Kaied (1992), El-Shimy et al. (1993), El-Sweify  

(1993), Mostafa (1994), El Kady et al. (1995), El-Shimy et al. 

(1997) and El-Shimy et al. (2002). 

B- Bio-fertilization level:  

         The results in table (4) showed that bio-fertilization 

significantly affected technical length in the combined average 

of both seasons. The application of Nitrobin at 250, 500 and 750 

g / fad increased technical length by 5.23, 4.78 and 3.33%, 

respectively compared with the check treatment. The results 

showed the good effect of the lower levels of Nitrobin which 

induced significant effect. 

            Positive results on technical length and growth characters 

of flax were reported by Afify et al. (1994), El-Gazzar (2000), 

Abd-El-Samie et al. (2002), and El-Azzouni and El-Banna 

(2002), by the application of bio-fertilization to flax.  

C- Plant density: 

         The results in (Table 4) indicated significant difference in 

technical length due to planting density in both seasons. 

Increasing plant density from 1750 to 2250 seeds / m
2 

significantly increased technical length by 4.49 and 2.34% in the 

first and second seasons, respectively, being 3.45% on the two 

seasons average.  
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          The results showed that no significant differences were 

observed in this character between the lowest and middle 

planting densities in both seasons. Also, the results of the 

combined analysis showed no significant differences. 

          The increase in technical stem length due to increasing 

planting densities is expected as a result of the increase in plant 

height resulting from the elongation of plants grown under dense 

population searching for light. The present results are in 

agreement with those reported by Mostafa (1990), El-Shimy et 

al. (1993) and Amany El-Refaie (1996). 

Interaction effects: 

            data reported in the same Table indicated that  technical 

length (cm) was affected significantly by the interaction between 

varieties and plant density in the first season. The highest value 

of technical length (70.83 cm) was obtained by combining 

Belinka x  2250  plan t/ m
2
. 

3- Stem diameter (mm) : 

          The effects of plant density and bio-fertilizer levels on 

stem diameter (mm) of some flax varieties in 2002/03 and 

2003/04 seasons as well as their combined analysis are presented 

in Table (5). 

A- Varietal differences: 

           It was clear that stem diameter significantly varied among 

the three flax varieties in both season and combined analysis. 
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 Stem diameter of Sakha1 and Sakh 2 were significantly greater 

as compared with Belinka. This was true in both seasons. Such  

difference may be due to the genetical differences among the 

three flax varieties. Flax plants obtained by Belinka variety are 

considered as more superior plants for fiber production in 

comparison with the thicker ones which produce coarse fibers. 

Many investigators observed varietal differences in main stem 

diameter among them El-Shimy et al. (1993), EL-Swefiy (1993), 

Moawed (1996), Abou-Zaied    (1997), and El-Borhamy (2003), 

who reported that Sakha1 cultivar was superior in straw yield 

and its components compared with Belinka. 

B- Bio-fertilization level: 

           Results presented in Table (5) show that bio-fertilizer 

application significantly increased stem diameter in the second 

season only. Applying 250,500 and 750g Nitrobin / fad 

increased the stem diameter over control treatment by 0.18, 0.05 

and 0.14 mm in 2
nd

 season. However, the differences between 

250, 500 and 750g Nitrobin levels were insignificant in first 

season and the combined analysis. These results confirm those 

obtained by Omar et al. (1991), Omar and Hassan (1993) and 

Fares (1997).             

C- Plant density: 

           The results presented in Table (5) showed that stem 

diameter was significantly reduced with dense planting. 

Increasing rate from 1750 to 2250 seed / m
2
 significantly  
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reduced stem diameter by 5.26, 3.19 and 4.23 % in the first 

season, second season and the combined average, respectively. 

Significant differences were only observed in stem diameter 

between the lowest and highest densities. 

            This result is mainly due to the increase in competition 

among flax plants when grown under dense seeding rate. 

Consequently taller plants with thinner stems are produced. 

Similar results were also obtained by Easson and Molloy (2000), 

El-Borhamy (2003), Kineber (2003) and Abd El-Daiem (2004). 

 

Interaction effects: 

           All the effects of the interactions between the 

experimental factors were not significant on stem diameter in 

both seasons as well as in the combined average. These results 

indicate that these factors acted independently in affecting this 

trait. 

4- Straw yield/plant (g) : 

             The results in Table (6) show the effect of plant density 

and bio-fertilizer levels on straw yield (g / plant) of some flax 

varieties in 2002/03 and 2003/04 seasons as well as the 

combined analysis.  
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A- Varietal differences: 

                Statistical analysis showed significant differences 

between the three varieties in straw yield/plant (g). Sakha 1 

variety gave the highest straw yield/plant (1.48, 1.68 and 1.58 g /  

plant) in the 1
st
, 2

nd
 and combined analysis respectively. While, 

Belinka variety gave the lowest straw yield/plant in both seasons 

and combined analysis, being 1.14, 1.48 and 1.31 g, 

respectively. The present results are mainly due to differences in 

the genetical constitution of the tested varieties. Similar findings 

were reported by El-Borhamy (2003), Afaf Zahana et al. (2003) 

and Nashy (2005) who reported that Sakha1 variety significantly 

produced the highest values of straw yield and its components. 

B- Bio- fertilization level: 

              Data in Table (6) indicated that bio-fertilizer application 

significantly increased straw yield / plant (g) in the 2
nd

 season 

only. Applying 250 and 500 (g) Nitrobin significantly increased 

straw yield / plant over the check treatment by 0.18 and 0.36 g / 

plant in the second season, respectively. The results showed that 

no significant effect of bio-fertilization season as well as in the 

combined analysis.  

           Similar results were also obtained by Hamed (1998), El-

Gazzar (2000), Abd-El-Samie et al. (2002) and El-Azzouni and 
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El-Banna (2003) who found positive effect for bio-fertilization 

on straw yield per plant in flax. 

C- Plant density: 

           The results in Table (6) indicated that straw yield/plat (g) 

was reduced significantly with increasing plant density up to 

2250 seeds / m
2
 in the first season only. The results showed that 

increasing seeding rate from 1750 to 2000 and 2250 seeds / m
2
 

in the first season reduced straw yield / plant significantly by 

3.45 and 17.24%, respectively. Neither in the season nor in the 

combined analysis, straw yield / plant was significantly affected 

by population density. El-Sweify (1993), Mostafa (1999) and El-

Borhamy (2003) found that increasing plant density decreased 

straw yield per plant. 

Interaction effects: 

            The results in Table (6) indicated that the interaction 

between (VxD) was significant in the combined average only. 

The highest straw yield (1.62 g / plant) was obtained by Sakha 1 

with 1750 seeds / m
2
 in the combined average. The interaction 

between (VxF) was significant in the 2
nd

 Season only .The 

maximum value recorded (2.01g / plant) by Sakha 2 with 500g. 

Nitrobin / fad in the 2
nd

  season.  The interaction between 

(VxDxF) was significant in the 2
nd

 season. The highest straw 

yield (2.60 g / plant) was obtained by Sakha 2 x 2250 seeds / m
2
 

x 500g Nitrobin / fad in the 2
nd

 season. 
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5- Straw yield (ton/fad):  

              Data presented in Table (7) show the effect of plant 

density and bio-fertilizer levels on straw yield (ton / fad) of 

some flax varieties in 2002/03 and 2003/04 seasons as well as 

their combined analysis. 

A- Varietal differences:  

         Analysis of variance indicated significant differences in 

straw yield / fad between the three flax varieties i.e. Sakha 1, 

Sakha 2 and Belinka in both seasons and combined analysis. 

Sakha1 variety produced the highest straw yield / fad with mean 

values of 3.60,3.58 and 3.59 ton / fad in the 1
st
, 2

nd
 seasons and 

the combined average, respectively. On the other hand, Belinka 

cultivar produced the lowest straw yield / fad, being 14.17, 10.16 

and 12.53%, lower than Sakha 1 cultivar in the first season, 

second season and the combined average, respectively. All 

differences between Sakha 1 and Belinka in straw yield / fad 

were significant. 

         The results showed that Sakha 2 cultivar was in-

between both above mentioned cultivars in straw yield / fad and 

the differences compared with both cultivars were almost 

significant. 

        The present results are mainly due to differences in the 

genetical constitution of the tested varieties. Similar findings 

were reported by, El-Gazzar (1990), Kineber (1991), El-Shimy 
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 et al. (1993), El-Sweify (1993), El-Sweify and Mostafa (1996), 

Afaf Zahana (2004) and Nashy (2005) who  found that marked 

differences in straw yield / fad of the tested varieties. 

B- Bio-fertilization levels:  

              The results showed that the application of 500 g 

Nitrobin / fad significantly increased straw yield / fad over the 

control by 14.15, 23.02 and 18.27% in the first season, second 

season and the combined average, respectively. Also, applying 

750 g / Nitrobin / fad induced increases in straw yield / fad being 

16.72, 21.31 and 19.27% in the two successive seasons and their 

combined average, respectively. 

             The present results indicate clearly the positive effect of 

bio-fertilization on straw yield of flax. The results obtained by 

Afify et al. (1994), Hamed (1998), El-Gazzar (2000), Abd El-

Samie et al. (2002) and El-Azzouni and El-Banna (2002) 

reported positive effects on straw yield of flax by bio-fertilizer 

application.  

C- Plant density : 

              The results in Table (7) indicated some increases in 

straw yield / fad in both seasons. The increase in straw yield was 

linear and was estimated as 2.40 and 3.59; 4.92 and 6.46; and 

3.64 and 4.85% when plant density increased from 1750 to 2000 

and 2250 seeds / m
2
, in the first season, second season and the 

combined average, respectively. However, the statistical analysis 
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showed that the differences were only significant in the two 

season average. These results are in harmony with those 

obtained Mostafa (1990), El- Shimy et al. (1993), El-Sweify and 

Mostafa (1996),  Mahdy (1996), Mostafa (1999), Abu El-Dahab 

(2002) and Abou-Zaied and El-Azzouni (2003) who found that 

increasing seeding rates increased straw yield / fad. 

Interaction effects 

         Data in Table (7) show that the interaction between (VxD) 

was significant in the combined average only. The highest straw 

yield (3.69 tons / fad) was obtained by Sakha 1 with 2000 seeds / 

m
2
. The results showed also a significant effect for varieties and 

bio-fertilization interaction (VxF) in the first season as well as in 

the combined analysis.  

            The best combination in the first  season as well as in the 

combined average was recorded by Sakha 1 supplied by 750 g 

Nitrobin per fad, being 3.78 and 3.80 tons / fad, respectively. 

            The interaction between density and bio-fertilization 

(DxF) was similarly significant in the second season as well as 

in the combined analysis. The results showed that the highest 

straw / fad was 3.84 tons in the second season resulting from 

combing a density of 2000 seeds / m
2
 with 250 g Nitrobin / fad. 

In the two seasons average the highest density (2250 seeds / m
2
) 

+ 750 g Nitrobin / fad recorded the maximum straw yield, being 

3.65 tons / fad.  
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               The results in (Table7) showed that the second order 

interaction (VxDxF) significantly affected straw yield / fad in 

the second season as well as in the combined average. 

       Combining Sakha 1 + 2000 seeds / m
2
 + 250 g Nitrobin / 

fad, produced the maximum straw yield / fad, being 4.59 and 

4.15 tons in the second season and the combined average, 

respectively. 

6- Fiber yield ( kg/fad):  

           The effects of plant density and bio-fertilization level of 

some flax varieties on fiber yield (kg / fad) in 2002/03 and 

2003/04 seasons as well as their combined average are given in 

Table (8). 

A- Varietal differences:  

             The average values of fiber yield showed significant 

differences among the three flax varieties in, 2002/03, 2003/04 

seasons and combined analysis. Sakha 1 gave the highest fiber 

yield  (738.95, 728.03 and 733.49 kg / fad) in the 1
st
, 2

nd
 and 

combined analysis, respectively. Sakha 1 variety outyielded 

Sakha 2 and Belinka in fiber yield / fad by 7.68 and 9.90% in the 

first season, 13.90 and 4.38% in the second season.  10.68 and 

7.12%, in the combined average, respectively. All these 

differences were significant except between Belinka in the 

second season. It is worthy to note that Sakha 2 outyielded  
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Belinka in the first season, but an apposite trend was observed in 

the second season and the combined average. 

            The present results are mainly due to the differences in 

the genetic make up of the tested varieties. Similar findings were 

reported by El-Borhamy (2003) and Afaf Zahana et al (2004) 

She found that Sakha l flax variety produced the highest straw 

yield and its components compared with Belinka.  

B- Bio-fertilization level:  

           Bio-fertilization significantly affected fiber yield / fad in 

both seasons (Table 8). The application of Nitrobin at 250, 500 

and 750 g / fad significantly increased fiber yield over the 

control treatment by 5.29, 12.66 and 18.51%, respectively in the 

first season, corresponding to 20.07, 23.69 and 20.71%, in the 

second season. The same levels of Nitrobin induced increases in 

fiber yield / fad in the combined average, being 12.27, 17.96 and 

19.57% compared with the check treatment, respectively. It 

could be concluded that Nitrobin application at 500 or 750 g per 

fad was effective in increasing fiber yield of flax when grown in 

sandy soil. Similar results were obtained by El-Gazzar (2000) 

and El- Azzouni and El-Banna (2002).   

C- Plant density:  

              The  results in Table (8) indicated that increasing plant 

density from 1750 to 2000 and 2250 / m
2
 increased fiber yield 

per fad by 3.31, and 4.05% in the first season. These increases 
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were far below the level of significance. In the second season a 

positive result for increasing plant density was obtained, where 

raising seeding rate from 1750 to 2000 and 2250 / m
2
 

significantly increased fiber yield / fad by 6.04 and 7.27%, 

respectively. Also, the combined analysis showed significant 

increases in fiber yield by 4.66 and 5.63% due to raising seed 

rate, respectively. The present results agree with those obtained 

by El-Sweify (1993), Scheer et al. (1997), Mostafa (1999), Abd 

El-Daiem (2004) and Nashy (2005) who found that there was an 

increase in fiber yield / fad when the plant density increased 

from 1500 to 2000 seeds / m
2
. 

Interaction effects: 

           The results in Table (8) showed significant effects for the 

interaction among the experimental factors. 

          Varieties x densities had significant effect on fiber yield 

per fad in the second season and the combined average. The 

highest fiber yield recorded 757.87 kg / fad in the second season 

and 756.20 kg in the combined average. These yields were 

obtained by Sakha 1 variety seeded at 2000 seeds / m
2
.  

         Varieties x bio-fertilization had significant effect on fiber 

yield / fad in the first season as well as in the combined analysis. 

Combining Belinka  variety + 750 g Nitrobin / fad produced the 

highest fiber yield in the first season, being 790.74 kg /fad, 
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whereas Sakha 1 + 750 g Nitrobin was the best combination on 

the two seasons average, recording 756.76 kg / fad. 

           Also, a significant DxF effect on fiber yield / fad was 

recorded in the second season and the combined average. The 

maximum fiber yield / fad in 3003/04 season was 790.73 kg 

produced by seeding 2000 seeds / m
2
 + 250 g Nitrobin / fad. On 

the average of both seasons, combining 2250 seeds / m
2
 +750 g 

Nitrobin produced the highest yield, being 745.63 kg / fad. 

     The second order interaction significantly affected fiber yield 

per fad in both seasons and the combined analysis. The 

combination of Sakha 1 + 2000 seeds / m
2
 + 250 g Nitrobin / fad 

produced the maximum fiber yield, being 807.53, 940.07 and 

873.80 kg / fad in the first season, second season and combined 

average, respectively. 

7- Long fiber yield (kg/fad): 

         The effects of plant density and bio-fertilizer levels on long 

fiber yield (kg / fad) of some flax varieties in 2002/03 and 

2003/04 seasons as well as their combined analysis are presented 

in Table (9).  

A- Varietal differences:  

             Data in Table (9) indicated that flax cultivars 

significantly differed in long fiber yield kg/fad in both seasons 

and the combined analysis. It could be noticed that Sakha 1  
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surpassed Sakha 2 and Belinka in long fiber yield per fad in both 

seasons and the combined analysis. Sakha 1 outyielded 

significantly Belinka variety by 12.27 and 9.27% in long fiber 

yield in the first season and the combined average, respectively. 

On the other hand, in the second season Sakha 1 produced 

increases of 7.01 and 6.33% in long fiber yield compared with 

Sakha 2 and Belinka. However, these increases were not 

significant. 

         The results of the combined analysis showed clear 

differences among the three varieties in long fiber yield. Sakha 1 

surpassed significantly Sakha 2 and Belinka by 4.50 and 9.27%, 

respectively. 

           The present results are expected sine Sakha 1 variety was 

the best in technical stem length and in fiber yield / fad. The 

present results are mainly due to the differences in the genetic 

constitution of the tested varieties. Such results are in harmony 

with those obtained by El-Gazzar and Abou-Zaied (2001), El- 

Borhamy (2003) and Afaf Zahana et al. (2003) who found that 

Sakha 1 flax variety significantly produced the highest fiber 

length when compared with Belinka. 

B- Bio-fertilization levels:  

      Data in Table (9) showed that bio-fertilizer 

application significantly increased long fiber yield (Kg / fad) in 

both seasons. Applying 250, 500 and 750g Nitrobin per fad 
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increased the long fiber yield (kg / fad) over the control 

treatment by 5.1, 12.7 and 16.5% kg / fad in the 2002/2003 and 

by 22.2, 24.9 and 16.8% in the 2003/04, respectively. However, 

the differences between 250, 500 and 750 g Nitrobin per fad 

were not significant in the combined analysis. 

   The present results indicate a good response of the yield 

characters of flax to bio-fertilization and agree with those 

reported by El-Gazzar (2000), Abd El-Samie et al. (2002) and 

El-Azzouni and El-Banna (2002). 

C- Plant density :  

         Data in Table (9) indicated that long fiber yield (kg / fad) 

was increased significantly with increasing plant density up to 

2000 seeds / m
2
. While, the differences between 2000 plants and 

2250 seeds / m
2
 were not significant in both seasons and the 

combined analysis. The results showed that increasing seeding 

rate from 1750 to 2000 and 2250 seeds / m
2 

increased long fiber 

yield per fad by 6.30, and 6.23 in the first season; 7.21 and 

8.99% in the second season and 4.74 and 7.58% in the combined 

analysis, respectively. Significant increases were observed in the 

first season as well as in the two seasons average.  

          The present results are mainly due to the increase of 

technical length and stem height when flax plants were grown 

under dense planting and greater competition. The present 

results agree with those obtained by El-sweify (1993), El-Sweify 
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and Mostafa (1996), Scheer et al. (1997), Mostafa (1999) and 

Nashy (2005) who reported that there was an increases in long 

fiber yield when the plant density increased. 

 Interaction effects:  

          The interaction between varieties and densities 

significantly affected long fiber yield per fad in the combined 

analysis (Table 9). The results showed that combining Sakha 1 

and 2000 seeds /m
2
 was the best treatment with a long fiber yield 

of 499 kg / fad. Also varieties x bio-fertilization significantly 

affected long fiber yield in the first season. The highest long 

fiber yield / fad was produced by Sakha1 supplied with 750 g 

Nitrobin / fad, being 539.53 kg. 

         The results indicated a significant effect for the second 

order interaction on long fiber yield per fad in the first season. 

Combing Sakha 1 + 750 g Nitrobin + 2250 seeds / m
2
 produced 

the maximum yield, being 539.53 kg /fad. 

 

8- Biological yield (ton/fad):  

          The results in Table (10) showed the effect of plant 

density and bio-fertilizer levels on biological yield (tons / fad) of 

some flax varieties in 2003/04 and 2003/04 seasons as well as 

their combined analysis.  
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A- Varietal differences:  

              Analysis of variance indicated significant differences 

among varieties in both seasons and the combined analysis. 

Sakha 1 was superior over the other varieties in relation to 

biological yield / fad fallowed by Sakha 2 in both seasons, and 

the combined analysis. The mean values recorded by Sakha 1 

were 4.55, 4.63 and 4.59 tons / fad in the 1
st
, 2

nd
 seasons and 

combined analysis respectively.  

While, the lowest values of biological yield / fad were obtained 

from Belinka variety (3.67, 3.84 and 3.75 tons / fad) in the 1
st
, 

2
nd

 season and combined analysis respectively. The results 

showed no significant differences between Sakha 1 and Sakha 2 

in biological yield in both season and the combined average . on 

the other hand, Belinka variety was significantly lower 

compared with the other two varieties. The present results 

followed a similar trend as shown by stem diameter, straw yield 

per plant and per fad and long fiber yield per fad. Therefore, the 

results are expected. 

             Similar results were reported by El-Gazzar and Abou-

Zaied (2001), El-Borhamy (2003), Afaf Zahana et al. (2003) and 

Abd-El-Daiem (2004) who ensured the superiority of Sakha 1 

variety in yield characters.  
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B- Bio-fertilization 

            The results in (Table 10) Showed that in both seasons the 

application of bio-fertilizer (Nitrobin) at all levels significantly 

increased biological yield / fad in both seasons. The application 

of 250, 500 and 750 g Nitrobin / fad significantly increased 

biological yield by 7.00, 14.51 and 18.91% in 2002/03, 

respectively, corresponding to 12.50, 17.71 and 18.23%, in 

2003/04. 

            It could be concluded that biological yield of flax grown 

in sandy soil showed great response to bio-fertilization. This 

response was also evident by the different yield components of 

flax. 

             The results agree with those reported by Afify et al. 

(1994), Hamed (1998), El-Gazzar (2000) and Abd-El-Samie et 

al. (2002). 

C- Plant density:  

              The results showed that increasing plant density 

increased biological yield / fad with significant differences in the 

second season as well as in the combined analysis, Table (10). 

             Raising seeding rate from 1750 to 2250 seeds / m
2
 

increased biological yield by 2.88, and 3.61% in 2002/03; 7.65 

and 11.11% in 2003/04 and 5.11 and 7.30% in the combined 

average,  respectively.  
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              This result is expected since increasing the population 

density increased fiber yield, plant height and straw yield / fad. 

             Similar results were also obtained by Sorour et al 

(1992), El-Soweify (1993), Mahmoud (1993), El-Seweify and 

Mostafa (1996), El-Borhamy (2003) and Kineber (2003). 

 Interaction effects: 

          The results showed significant effect for (VxD) on 

biological yield / fad in the first season and the combined 

average (Table 10). Combining Sakha 1 + 750 g Nitrobin / fad 

was the best treatment and recorded the greatest biological yield 

/ fad, being 4.82 and 4.90 tons in the first season and the 

combined average, respectively.  

            Also, the second order interaction significantly affected 

biological yield in 2002/03 season. The highest yield was 4.92 

ton / fad which was recorded by Sakha1 supplied by 750 g 

Nitrobin and seeded at 2250 seeds / m
2
. 

 

II- Seed yield and its components: 

1- Upper branching zone length (cm): 

            The results in Table (11) showed the effect of plant 

density and bio-fertilizer levels on upper branching zone length 

(cm) of some flax varieties in 2002/03 and 2003/04 seasons as 

well as their combined analysis. 
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A- Varietal differences: 

             Statistical analysis showed significant differences 

among the three varieties in upper branching zone length (cm). 

Sakha 1 variety exceeded the other two varieties in this trait and 

was significantly superior than Sakha 1 by 19.41 and 13.65% in 

the first and second seasons, respectively. Sakha 2 variety 

showed deferent trend in this trait and was the second variety in 

2002/03, but the third one in 2003/04. 

         On the overage of both seasons Sakha 1 surpassed 

significantly Sakha 2 and Belanka by 16.57 and 22.09%, 

respectively, whereas Sakha 2 and Belinka did not differ 

significantly. These results are in harmony with those obtained 

by El-Borhamy (2003), Afaf Zahana et al. (2003) and Nashy 

(2005) who noticed that Sakha 1 variety produced highest values 

of fruiting zone length compared with Belinka. 

B- Biofertilization levels: 

            Table (11) indicated that the upper branching zone length 

did not respond significantly to bio-fertilizer with Nitrobin. 

These results were true in both growing seasons. 

C- Plant density: 

             Data in Table (11) indicated that no significant 

differences were obtained due to the different plant densities in  
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upper branching zone length (cm) in both seasons and combined 

analysis. 

             Similar results were obtained by Sorour et al (1992), and 

Amany El-Refaie (1996) reported significant increases in upper 

branching zone length with the increase in seeding rate. 

Interaction effects: 

            All the effects of the interaction between the 

experimental factors were not significant on upper branching 

zone length in both seasons as well as in the combined average. 

These results indicate that these factors acted independently. 

2- Number of  capsules / plant :  

             The effects of plant density and bio-fertilizer levels on 

No. of capsules/plant of some flax varieties in 2002/03 and 

2003/04 seasons as well as their combined analysis are presented 

in Table (12). 

A- Varietal differences:  

              The results showed significant differences in number of 

capsules / plant in both seasons and the combined average 

(Table 12). Sakha 1 and Sakha2 did not differ significantly in 

this character and produced greater number of capsules / plant 

compared with Belinka. Sakha 1 surpassed significantly Belinka 

in No of capsules / plant by 34.25, 47.82 and 41.06% in 

2002/03, 2003/04 and the combined average, respectively. 
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       Similarly Sakha 2 produced significantly 44.14, 46.18 and 

45.07% more capsules / plant than Belinka in the two  

successive seasons and their combined average, respectively. 

The present results are mainly due to the differences in the 

genetical make up of the tested genotypes. Similar results were 

also reported by Zedan (1990), El-Borhamy (2003), Abd El-

Daiem (2004), Afaf Zahana et al., (2004) and Nashy (2005)who 

found that Sakha1 flax variety significantly produced the highest 

values of No. of capsules / plant compared with Belinka variety. 

B- Bio-fertilization levels: 

            Table (12) shows the response of No. of capsules per 

plant to the bio-fertilizer levels. A significant increase in No. of 

capsules / plant was emphasized at 750 (g)/ fad Nitrobin in first 

season and the combined analysis. Applying 250, 500 and 750 g 

Nitrobin increased the No. of capsules per plant over control 

treatment by 8.83, 2.42 and 8.76% in the first season and by 

6.39, 4.75 and 8.17% in the combined analysis, respectively. 

However, the difference between 250, 500 and 750 (g) Nitrobein 

were not significant in second season. The present results 

indicated clearly the vital role of N in plant life. These results 

agree with those of El-Gazzar (2000), Abd El-Samie et al (2002) 

and El-Azzouni and El-Banna (2002) who reported positive  

effects of bio-fertilizer application to flax concerning seed 

characters. 
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C- Plant density: 

              Results in Table (12) Showed that number of capsules / 

plant was not significantly affected by number of seeds / m
2
 in 

both seasons. 

               The results reported by Sorour et al (1992), El-Shimy 

et al (1993), El-Sweify (1993), Amany El-Refaie (1996), El-

Sweify and Mostafa (1996), Abd El-Samie  and Zedan (1998) 

and Mostafa (1999) indicated that increasing seeding rate 

decreased number of capsules / plant. 

Interaction effecters: 

            The results in Table (12) showed that VxF had 

significant effect on number of capsules / plant in 2003/04 

season and the combined average. The highest capsules number 

was 8.87 in 2003/04 which was recorded by Sakha 2 supplied 

with 500 g Nitrobin / fad. Similarly the same treatment produced 

the highest capsules number in the combined analysis, being 

8.41 capsules / plant. 

             The results of the second order interaction indicated 

significant effect on No. of capsules / plant in both seasons as 

well as in the combined analysis. The highest No. of capsules / 

plant was produced by Sakha 2 + 500 g Nitrobin / fad + 2250 

seeds / m
2
 being 9.47 capsules. In 2003/04 as well as in the 

combined average, combining Sakha 2+500 g Nitrobin + 2250 
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seeds / m
2
 was the best combination recording 9.60 and 9.35 

capsules / plant. 

3- No. of seeds / capsule: 

              Data presented in Table (13) show the effect of plant 

density and bio-fertilizer levels on No. of seeds / capsule of 

some flax varieties in 2002/03 and 2003/04 seasons as well as 

their combined analysis. 

A- Varietal differences: 

             Results presented in Table (13) show that genotypes 

significantly differed in No. of seeds / capsule in the combined 

analysis only. Belinka variety gave the highest No. of seeds / 

capsule being 7.44 in the combined analysis, which was 

significantly higher than that of Sakha 1 and Sakha 2 by 9.57 

and 9.75%, respectively. While, Sakha 2 variety gave the lowest 

No. of seeds / capsule in combined analysis. The present results 

are mainly due to differences in the genetical constitution of the 

tested varieties. Similar results were also reported by El-Sweify 

(1993), Moawed (1996), Abou-Zaied (1997), Kineber and El-

Kady (1998), and Nashy (2005) who found that Sakha 1 cv. was 

superior to Belinka variety in the No. of seed / capsule. 

B- Bio-fertilization levels: 

     Data in Table (13) indicated that number of seeds per capsule 

in both seasons and the combined analysis was not significantly 

affected by  bio-fertilizer levels. The results reported. 
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by EL-Azzouni and El-Banna (2002) indicated that bio-

fertilization increased number of seeds / capsule. 

C-  Plant density: 

          It was clear from Table (13) that number of seeds / 

capsule in both seasons and the combined average was not 

affected by the various plant densities. The results reported by 

Abd El-Dayem et al. (2002) and Nashy (2005) showed that 

increasing plant density decreased number of seeds / capsule. 

Interaction effects: 

              The interaction between (VxD) was significant for No. 

of seeds/capsules in the combined analysis.The maximum value 

recorded 7.53 seeds / capsule produced by Belinka with 2000 

seeds / m
2
 in combined average . 

4- Seed index (g): 

               Data presented in Table (14) show the effect of plant 

density and bio-fertilizer levels on seed index (g) of some flax 

varieties in 2002/03 and 2003/04 season as well as their 

combined average. 

A- Varietal differences: 

             Results presented in Table (14) showed that the three 

tested varieties significantly differed in seed index in the two 

successive seasons as well as in the combined average. Sakha 2 

significantly recorded the highest seed index followed by 

Sakha1  
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and Belinka. The difference between Sakha 1 and  Sakha 2 was 

significant but was not that great as between each of them and 

Belinka  which is considered as fiber flax. Sakha 2 exceeded 

Sakha 1 and Belinka by 5.78 and 141.97%, in the first season; 

5.51 and 145.55% in the second season; and 5.64 and 144.39%, 

in the combined average, respectively. 

         The results obtained by Zedan (1990), Kineber (1991), 

Abo-Kaied (1992), Abou- Zaied (1997), El-Shimy et al. (1998), 

and El-Shimy et al. (2002), indicated marked differences in seed 

index of flax varieties.  

B- Bio-fertilization: 

                Data in Table (14) showed that seed index was not 

significantly affected by bio-fertilizer levels in both seasons and 

the combined analysis. The results obtained by El Azzouni and 

El-Banna (2002) indicated positive effects of bio-fertilization on 

seed characters of flax.  

C- Plant density: 

              It was clear that seed index (g) in both seasons and the 

combined analysis was not affected by the various plant 

densities (Table 14).  

            The results obtained by Abu El-Dahab (2002), El-

Borhamy (2003), Abd El-Daiem (2004) and Nashy (2005) 

showed that seed index was decreased with the  increase in plant 

density. 
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Interaction effects: 

               All the effects of the interactions between the 

experimental factors were not significant on seed index in both 

seasons as well as in the combined average, These results 

indicate that these factors acted independently. 

5- Seed yield / plant (g): 

         The results in Table (15) show the effect of plant density 

and bio-fertilizer levels on seed yield / plant (g) of some flax 

varieties in 2002/03 and2003/04 seasons as well as their 

combined analysis. 

A- Varietal differences: 

              Statistical analysis indicated significant differences 

between the three cultivars in seed yield (g / plant). The results 

showed that Sakha 2 significantly outyielded Sakha 1 and 

Belinka in the first season by 31.58 and 194%, respectively. 

Also Sakha 1 produced higher seed yield / plant than Belinka 

and the increase reached 123.53%. But in 2003/04 season, Sakha 

1 and Sakha 2 produced the same seed yield / plant (0.43 g ) 

which surpassed Belinka significantly by 26.47%. 

             It could be concluded that both Sakha 1 and Sakha 2 

were more productive in seed production than Belinka. This 

result showed that the genetical constitution of the tested 

varieties possessed great differences.  
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                The results obtained by El-Sweify and Mostafa (1996), 

Moawed (1996), Abou-Zaied (1997), El-Shimy et al. (1998), 

Afaf Zahana et al. (2003), Abd-El-Daiem (2004) and Nashy 

(2005) showed marked differences among flax varieties in this 

trait.   

B- Bio-fertilization levels: 

          Results in Table (15) indicated that bio-fertilization of flax 

did not significantly affect seed yield / plant in both seasons and 

their combined average.  

       The present results are not in agreement with those obtained 

by El-Azzouni and El-Banna (2002) who found that nitrogen 

fixer bacteria (Bio-fertan) significantly increased seed yield per 

plant of flax.   

C- Plant density: 

            The results presented in Table (15) showed that seeding 

density had no significant effect on seed yield / plant in both 

seasons and their combined average. 

          The results obtained by Freer (1992), Sorour et al. (1992), 

El-Shimy et al. (1993), El-Sweify (1993), Amany El-Refaie 

(1996), El-Sweify and Mostafa (1996), Kineber et al. (1997), 

Mosalem et al. (1999), Mostafa (1999), and Abu El-Dahab 

(2002) showed that increasing seeding rate significantly 

decreased seed yield / plant of flax. 
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Interaction effects: 

               The results in Table (15) indicated a significant effect 

of the interaction between varieties and bio-fertilizer application 

on seed yield / plant in 2002/03 season as well as in the 

combined average. 

                The results show that in the first season as well as in 

the two seasons average the maximum seed yield / plant was 

recorded by Sakha 2 supplied with 750 g / fad bio-fertilizer, 

being 0.58 and 0.53 g, respectively.  

6- Seed yield (kg/fad): 

            The effect of plant density and bio-fertilizer levels on 

seed yield (kg / fad) of some flax varieties in 2002/03 and 

2003/04 seasons as well as their combined analysis are presented 

in Table (16). 

A- Varietal differences; 

                Results recorded in Table (16) clearly indicate the 

significant differences between the three varieties in seed yield 

(kg / fad). Sakha 2 variety gave the highest seed yield / fad 

(451.39, 479.70 and 465.55 kg / fad) in the 1
st
, 2

nd
 season and 

combined analysis, respectively. While, Belinka variety gave the 

lowest seed yield / fad in both seasons and combined analysis. 

Sakha 1 was in-between Sakha 2 and Belinka in both seasons 

and the combined average. All differences in seed yield / fad 

among the 3 varieties were significantly. The results showed that  
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Sakha 2 significantly outyielded Sakha 1 and Belinka by 7.54 

and 205.96 in the first season, 15.20 and 205.96% in the second 

season and 11.35, and 170.81% in the combined average, 

respectively. The present results are mainly due to differences in 

the genetical constitution of the tested varieties. Similar findings 

were reported by El-Swefiy and Mostafa (1996),  El-Gazzar and 

Abou-Zaied (2001), Afaf Zahana et al.(2004) and Nashy (2005). 

B- Bio-fertilization levels: 

             Data in Table (16) indicated that bio-fertilizer 

significantly increased seed yield in both seasons as well as in 

the combined average. Applying 250, 500 and 750 g / fad 

Nitrobin increased the seed yield over the control treatment by 

22.43, 19.49 and 24.87% in the first season; 15.32, 22.86 and 

27.81% in the second season and 18.75, 21.23, and 26.39% in 

the combined average, respectively. 

          All these increases were significant when compared with 

the check treatment. However, the differences among the 3 

Nitrobin levels (250.500 and 750 g / fad) were almost not 

significant. The present results indicate clearly the positive 

effect of bio-fertilizer on seed yield of flax. 

             The results obtained by El-Azzouni and El-Banna 

(2002) showed that Bio-fertan application increased also seed 

yield of flax. 
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 C- Plant density: 

          Results presented in Table (16) showed that increasing 

seeding density from 1750 to 2000 and 2250 seeds / m
2
 

significantly increased seed yield / fad by 4.87 and 3.54% in 

2002/03 season. On the other hand, no significant effect on seed 

yield / fad was detected for seeding density in the second season 

as well as in the two seasons average.    

              The results obtained by Mostafa (1990), Sorour et al. 

(1992), and  Jurie et al. (1994) showed that plant density did not 

significantly affect seed yield per fad (or ha), whereas El-Sweify 

and Mostafa (1996), Mahdy (1996) and Abd El-Samie and 

Zadan (1998) found that increasing plant density increased seed 

yield / fad. On the other hand, El-Sweify (1993), Abd-El-Fatah 

(1994), Kineber et al. (1997) and Mosalam et al. (1999) reported 

that increasing plant density decreased seed yield / fad.    

Interaction effects: 

           The results presented in Table (16) showed significant 

effects for the interaction between the experimental factors. 

Varieties x densities significantly affected seed yield / fad in 

both seasons. The best combination was that between Sakha 2 

and 2000 seeds / m
2
 in the first season, but in the second season 

as well as in the combined average combining Sakha 2 and 1750 

seeds / m
2 

produced the highest seed yield / fad. The maximum 

seed yield for these combinations was 468.95, 510.43 and 
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473.35 kg / fad in the first season, second season, and the two 

seasons average, respectively. 

           The interaction between varieties and bio-fertilizer levels 

significantly affected seed yield / fad in both seasons and their 

combined analysis. The highest seed yield was 460.50 kg / fad 

which was produced by Sakha 2 supplied by 750 g Nitrobin / fad 

in the first season. In the second season as well as in the 

combined data, combining Sakha 2 + 250 g Nitrobin produced 

the greatest seed yield / fad, being 514.11 and 500.70 kg / fad, 

respectively.  

             Also, density x bio-fertilization significantly affected 

seed yield / fad in the second season and the combined average. 

The best combination was produced by seeding 1750 seeds / m
2
 

and applying 750 g Nitrobin / fad with a seed yield of 416.76 

and 386.06 kg / fad in the second season and the combined data, 

respectively. 

              Similarly, the second order interaction significantly 

affected seed yield / fad in both seasons and their average. The 

maximum seed yield in the first season was 528.98 kg / fad 

produced by Sakha 2 + 250 g Nitrobin / fad +2000 seeds / m
2
. In 

the second season Sakha 2 + 750 g Nitrobin + 1750 seeds / m
2
 

produced the highest seed yield, being 547.94 kg / fad. The 

combined average data showed that the maximum yield was 
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513.27 kg fad, resulting from Sakha 2 + 250 g Nitrobin + 2250 

seeds / m
2
.   

7- Oil yield / fad (Kg): 

                 Data presented in Table (17) indicate the effect of 

plant density and bio-fertilizer level on oil yield / fad (kg) of 

some flax varieties in 2002/03 and 2003/04 seasons as well as 

their combined analysis. 

A- Varietal differences: 

                 Results showed significant differences among the 

studied genotypes in their oil yield / fad in both seasons and the 

combined analysis. The local varieties (Sakha 1 and Sakha 2) 

recorded higher values of oil yield / fad. Oil yield was 182.54, 

194.71 and 188.63 kg / fad in the 1
st
, 2

nd
 seasons and combined 

analysis for Sakha 2; and 167.23, 166.84 and 166.98 kg / fad for 

Sakha1 compared with Belinka variety which recorded the 

lowest values of oil yield / fad being 53.94, 73.80 and 63.87 

kg/fad in the 1
st
, 2

nd
 seasons and combined analysis, 

respectively. The results showed that Sakha 2 outyielded Sakha 

1 and Belinka by 9.16 and 238.41 in the first season; 16.98 and 

163.83% in the second season; and 13.17 and 195.33% in the 

combined analysis, respectively. 

            The present results are mainly due to the superiority of 

Sakha 2 and Sakha 1 varieties in seed yield / fad over Belinka 

variety which is known as fiber flax type. These results may be  
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attributed to the differences in the genetic make up for each flax 

genotype. The abovementioned results agreed with those 

obtained by El-Gazzar (1990), Kineber (1991), (1994), El-

Sweify (1993), Abou Zaied (1997), Mostafa (1999), Abd El-

Daiem (2004) and Nashy (2005) who found that flax varieties 

differed in oil yield. 

B- Bio-fertilization level: 

                 Data in Table (17) indicated that bio-fertilizer 

significantly increased oil yield / fad in both seasons as well as 

in the combined average. Applying 250, 500 and 750 g Nitrobin 

increased the oil yield / fad over control treatment by 26.02, 

23.34 and 31.00 kg / fad in the first season and by 21.65, 33.88 

and 42.55 kg / fad in the 2
nd

 season, being 23.84, 28.61 and 

36.77 kg / fad in the combined average respectively. The present 

results indicated clearly that bio-fertilization compensated the 

reduction of the nitrogen dose and the deficiency of N in the 

soil. Similar results were also recorded by Hamed (1998) who 

found that inoculation + adding urea fertilizer at 35 Kg N / fad 

produced the highest oil yields. 

C- Plant density: 

                  the results in Table (17) showed that seeding rate 

significantly affected oil yield / fad in the first season only. 

Increasing plant density from 1750 to 2000 and 2250 seeds / m
2
 

significantly increased oil yield by 4.55 and 6.0%, respectively. 
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It was observed that in the first season no significant difference 

was detected between 2000 and 2250 seed / m2 in their effect on 

oil yield / fad. The present result is expected and followed the 

same pattern of response as shown by seed yield fad / fad (Table 

16). 

          The results obtained by Mahmoud (1993), Mahdy (1994) 

and Nashy (2005) indicated that oil yield of flax increased by 

increasing seeding rate.  

Interaction effects: 

          The results in Table (17) showed that the effects of the 

interaction between the experimental factors were almost 

significant on oil yield / fad. Variety x density indicated that the 

best combination was that between Sakha 2 and 2000 seeds / m
2
 

in the first season; Sakha 2 and 1750 seeds / m2 in the second 

season as well as in the combined average. The maximum oil 

yield was 188.45, 206.42 and 191.36 kg / fad in the first season, 

second season and the combined average, respectively. Variety x 

bio-fertilization significantly affected oil yield / fad. The best 

combination was between Sakha 2 and 250 g Nitrobin in the first 

season (203.25 kg / fad), Sakha 2 and 750 Nitrobin in the second 

season (215.87 kg / fad), as well as in the two seasons average 

(202.23 kg / fad). Density x bio-fertilizer significantly affected 

oil yield / fad in the second season as well as in the combined 

average. The best combination was between 1750 seeds / m
2
 + 
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750 g Nitrobin, with an oil yield of 166.97 kg / fad in the second 

season, and between 2000 seeds / m
2
 + 750g / Nitrobin with an 

average oil yield of 155.53 kg / fad in the combined average. 

             The second order interaction indicated that the highest 

oil yield was produced by Sakha 2 when combined with 2000 

seeds / m
2
 + 250g Nitrobin in the first season, and with 1750 

seeds / m
2
 +750 g Nitrobin in the second season as well as in the 

combined average. The highest yield was 215.40, 228.88 and 

207.28 kg / fad in the first season, second season and combined 

average, respectively.  

III- Technological characters: 

1- Long fiber percentage (%): 

           The results in Table (18) show the effect of plant density 

and bio-fertilizer levels on long fiber percentage of some flax 

varieties in 2002/03 and 2003/04 seasons as well as their 

combined analysis. 

A-Varietal differences: 

Results revealed that  Belinka was superior over Sakha 1 

and Sakha 2 cv in long fiber percentage character in both 

seasons and the combined analysis. The mean values obtained 

by Belinka were 14.11, 13.76 and 13.93% and the corresponding 

values of Sakha 1 recorded 13.59, 13.45 and 13.52%, while, 

Sakha2 recorded the lowest values, being 13.55, 13.29 and 

13.42% in the  
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two seasons and the combined analysis, respectively. The 

present results are mainly due to differences in the genetical 

constitution of the tested varieties. These findings are in 

harmony with those obtained by El-Gazzar (1990), Zedan 

(1990), El-Sweify and Mostafa (1996), Kineber and El-Kady 

(1998), and Nashy (2005) who found that Belinka cv. gave the 

highest mean values of fiber length and fiber percentage . 

B- Bio-fertilization level: 

            Results in Table (18) showed that the application of 

Nitrobin did not significantly affect long fiber percentage in both 

seasons and their combined average. 

              The results obtained by El-Gazzar (2000) showed that 

Rhizobacteria inoculation of flax seeds did not significantly 

affect fiber characters, whereas Cerealin gave the highest value 

for fiber length.  

C- Plant density: 

                The results showed also that the long fiber percentage 

increased with increasing plant density per unit area (from 1750 

up to 2250 seeds / m
2
). Long fiber percentages were 13.47, 

13.81and 13.96% in the first season; and 13.32, 13.53 and 

13.65% in the second season; being 13.39, 13.67 and 13.81% in 

the combined analysis, for the three plant densities of 1750, 

2000 and 2250 seeds / m
2
, respectively. It could be concluded 

that dense planting increased plant competition for 
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environmental factors and induced elongation of plants and 

thinner plants were produced. Similar results were also obtained 

by El-Shimy et al. (1993), El-Sweify (1993), Mahmoud (1993), 

Amany El-Refaie (1996), El-Sweify and Mostafa (1996), 

Kineber (1997), El-Gazzar and Abou-Zaied (2001), Abd El-

Dayem et al. (2002), Abou-Zaied and Al-Azzouni (2003), El-

Borhamy (2003), Abd El-Daiem (2004) and Nashy (2005) who 

found that there was an increases in fiber length and fiber 

percentage, when the plant density increased.
 

Interaction effects: 

             The results in Table (18) showed that variety x bio-

fertilization significantly affected long fiber percentage in the 

first and second seasons. 

              The best combination was obtained by Belinka without 

Nitrobin application in the first season and Belinka + 500g 

Nitrobin in the second season. The recorded long fiber 

percentages were 14.29 and 13.97%, respectively. 

         Also, density x bio-fertilization significantly affected long 

fiber% in the second season. The highest value was 13.72% 

which was recorded by 2250 seeds / m
2
 without bio-fertilization 

in 2003/04 season. 

2- Total fiber percentage (%): 

The effects of plant density and bio-fertilizer levels on 

total fiber percentage of some flax varieties in 2002/03 and 
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2003/04 seasons as well as their combined analysis are presented 

in Table (19). 

A- Varietal differences: 

              The data in the same Table clearly indicate significant 

differences between the three varieties in total fiber %. Belinka 

cv. gave the highest total fiber percentage (21.75, 21.80 and 

21.77%) in the first season, second season and the combined 

analysis, respectively. While, Sakha 2 cv. gave the lowest total 

fiber percentage in both seasons and combined analysis. The 

results indicated that all differences among the three varieties in 

total fiber percentage were significant in both seasons and their 

combined average. Belinka was the leading variety, Sakha 2 was 

the worst and Sakha 1 was in-between, with average of 21.77, 

19.25 and 20.45% of total fibers, respectively.  

             The present results are mainly due to differences in the 

genetical constitution of the tested varieties. Similar findings 

were reported by  El-Sweify and Mostafa (1996), El-Gazzar and 

Abou-Zaied (2001), Afaf Zahana et al(2004), Abd El-Daiem 

(2004) and Nashy (2005) who found that fiber variety differed in 

total fiber percentage. 

B- Bio-fertilization level: 

         The results presented in Table (19) showed that total fiber 

percentage was not significantly affected by  bio-fertilization in  
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both seasons and their combined average. 

            The results reported by El- Gazzar (2000) showed that 

Biogin application produced the highest values of fiber 

percentage. 

C- Plant density: 

            The results presented in Table (19) showed that plant 

density did not significantly affect fiber percentage in both 

season as well as their combined average. The differences found 

in this trait were far below the level of significance. 

               The results obtained by El-Gazzar and Abou-Zaied 

(20001) Abu-Eldahab (2002), Abou –Zaied and El Azzouni 

(2003) and Nashy (2005) indicated that increasing plant density 

significantly increased fiber percentage. 

Interaction effecets: 

            The results in Table (19) showed that varieties x density 

significantly affected fiber% in the second season only. The 

highest value was 21.98% in 2003/04 season which was recoded 

by combining Belinka + 2250 seed / m2. 

Also, varieties x bio-fertilization had significant effect on fiber 

% in both seasons and the combined average. The results in 

Table (19) showed that Sakha 1 produced the highest fiber % 

when it was not treated with Nitrobin. The fiber% was 21.20, 

20.44 and 20.82%, in the first season, second season, and 

combined data, respectively. Whereas Sakha 2 recorded the 
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highest fiber% when it was supplied with 750 g Nitrobin in the 

first season (19.84), 250 g Nitrobin in the second season (19.23) 

and with 750 g Nitrobin in combined average (19.84%). With 

Belinka variety the highest values were recorded with 750 g 

Nitrobin in the first season (21.98%) as well as in the combined 

average (21.81%). The second order interaction significantly 

affected fiber % in the first season as well as in the two seasons 

average. The highest values were recoded with Belinka + 2250 

seeds / m
2 

when supplied with 750 g Nitrobin in the first season 

(22.1%), and with 250 Nitrobin in the combined data (21.98%). 

 3- Fiber fineness (Nm):  

              Data presented in Table (20) showed the effects of plant 

density and bio-fertilizer levels on fiber fineness (Nm) of some 

flax varieties in 2002/03 and 2003/04 seasons and their 

combined analysis . 

A- Varietal differences: 

             Results in Table (20) indicated that the three flax 

varieties differed significantly in fiber fineness. Belinka variety 

was superior compared with Sakha 1 and Sakha 2 in both 

seasons and the combined analysis. Belinka variety gave the 

highest values (265.73, 266.32 and 266.03 Nm) in the first and 

second seasons and the combined analysis, respectively. While, 

Sakha 2 variety gave the lowest fiber fineness (195.758, 195.928 

and 195.843 Nm) in the 1
st
, 2

nd
 seasons and combined analysis.  
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Sakha 1 was in-between with 217.62, 219.18 and 218.40 Nm, 

respectively. 

           The present results are mainly due to differences in the 

genetical constitution of the tested varieties. Similar findings 

were reported by El-Sweify and Mostafa (1996), El-Gazzar and 

Abou-Zaid (2001), Afaf Zahana  et al (2004), Abd El-Daiem 

(2004) and Nashy (2005) who found that flax varieties widely 

differed in their fiber fineness. 

B- Bio-fertilization level: 

                 Data in Table (20) showed that Nitrobin application 

significantly increased fiber fineness in both seasons as well as 

in the combined average. Applying 250, 500 and 750 g Nitrobin 

increased the fiber fineness over the control treatment by 1.34, 

2.22 and 2.17%  (Nm) in the first season and by 2.30, 2.38 and 

4.28% (Nm) in second season being 1.81, 2.78 and 3.14% (Nm) 

in the combined average respectively.  

                  The present results indicated the encouraging effect 

of bio-fertilization on flax plants. The present results agree with 

those obtained by El-Gazzar (2000) who found the Bioagin 

application produced the highest values of fiber fineness. 

 

C- Plant density: 

               Data in Table (20) indicated that fiber fineness (Nm) 

was increased significantly with increasing plant density up to 
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2250 seeds / m
2
. Also, the differences between 2000 seeds / m

2
 

and 2250 plant / m2 were significant in both seasons and the 

combined analysis. The increase in seeding rate from 1750 to 

2000 and 2250 seeds / m2, significantly increased fiber fineness 

(Nm) by 2.15 and 4.53%, respectively in 2002/03; 3.72 and 

4.97% in 2003/04; and 2.93 and 4.75% in the combined data. 

              The results showed that increasing plant density 

decreased stem diameter which in turn resulted in increasing the 

fiber fineness. Similar results were also obtained by El-Shimy et 

al. (1993), El-Sweify and Mostafa (1996), Mahdy (1996), 

Kineber et al., (1997), Mostafa (1999),Abd El-Dayem et al. 

(2002), El-Borhamy (2003), Abd El-Daiem (2004) and Nashy 

(2005)who showed that there was an increase in fiber fineness 

when the plant density increased. 

 Interaction effects: 

           The results in Table (20) showed that all effects of the 

interaction on fiber fineness between the experimental factor 

were significant in the first season as well as in the combined 

average, whereas in the second season the interaction between 

bio-fertilization and density and the second order interaction 

were not significant. 

             The variety x density showed that the best combination 

was between Belinka and 2250 seeds / m
2
 in both seasons. The 

maximum Nm value was 268.16, 267.67 and 267.91 in 2002/03; 
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2003/04 and the combined average, respectively. Also, the best  

combination for variety x bio-fertilization was between Belinka 

+ 250 g Nitrobin (269.30 Nm) in 2002/03, Belinka + 500 g 

Nitrobin (269.28 Nm) in 2003/04, as well as in the combined 

data (267.99 Nm). 

          The density x bio-fertilization showed that the best 

combination for fiber fineness was between 2250 seeds / m
2
 + 

750 g Nitrobin in both seasons and the combined average with 

fineness values of 234.79, 235.29 and 235.04 Nm in 2002/03, 

2003/04 and average, respectively. 

           The second order interaction among varieties, bio-

fertilization and density showed that the best combination for 

producing the finest fibers was that between Belinka seeded at 

2250 seeds / m
2
 and supplied with 250 g Nitrobin / fad, with Nm 

of 269.30, 270.67 and 269.98 in 2002/03, 2003/04 and the 

combined average, respectively. 

4- Oil percentage (%): 

             The results in Table (21) indicate the effect of plant 

density and bio-fertilizer level on oil percentage of some flax 

varieties in 2002/03 and 2003/04 seasons as well as their 

combined analysis. 

A- Varietal differences: 

            With regard to the varieties, Sakha 2 and Sakha 1 

recorded higher oil percentages and significantly surpassed the  
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imported variety Belinka in both seasons and the combined 

analysis. Mean values of Sakha 2 achieved maximum oil 

percentage, being 40.44, 40.51 and 40.47% followed by Sakha 1 

with 39.82, 39.95 and 39.89% in both seasons and combined 

analysis, respectively. While, the lowest percentages were 

recorded for Belinka which gave 36.55, 37.53 and 37.04 % in 

the two seasons and the combined analysis, respectively. These 

differences are mainly due to the genetical constitution of the 

studied flax genotypes. These results are in agreement with those 

obtained by El-Gazzar (1990), El-Sweify (1993), El-Kady et al. 

(1995), Abou-Zaied (1997), El-Borhamy (2003), Abd El-Daiem 

(2004) and Nashy (2005) who found marked differences in oil% 

among the tested flax varieties. 

B- Bio-fertilization level: 

                Data in Table (21) showed that bio-fertilizer level 

significantly affected oil percentage in both seasons. Applying 

250, 500 and 750 g Nitrobin increased the oil % over control 

treatment by 0.13, 0.36 and 0.78 in the first season, respectively. 

        In the second season, the application of 250, 500, and 750 g 

Nitobin increased significantly oil % by 0.83, 1.62 and 2.19%, 

respectively. Similarly, the application of the three Nitrobin 

levels induced significant increases in oil % over the control 

treatment by 0.48, 0.98 and 1.48%in the combined data. The 
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differences among the bio-fertilization levels in the second 

season and combined analysis were significant. 

           The present results indicate a good response of oil % to 

bio-fertilization by flax plant. The results reported by Hamed 

(1998) showed that inoculation with Azotobacter increased seed 

and oil yields in flax. 

C- Plant density: 

           The results presented in Table (21) indicated that oil % 

was not significantly affected by plant density in both seasons as 

well as in the combined average. There were some slight 

increases in oil % due to the increase in seeds number / m
2
, but 

these increases were below the level of significance. 

           The present results are in agreement with those obtained 

by Sorour et al. (1992) and Amany El-Refaie (1996) who found 

that oil% was not affected by plant density. On the other hand, 

Mosalem et al. (1999), Abu El-Dahab (2002), El-Borhamy 

(2003) and Nashy (2005) found that raising planting density 

reduced oil %.      

Interaction effects:    

         The results presented in Table (21) indicated that there are 

some significant interaction effects in the second season and the 

combined analysis whereas all effects of the interaction between 

the experimental factors in the first season were not significant.  
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           The results showed that varieties x bio0fertilization 

significantly affected oil % in the second season. The maximum 

value was 41.72% which was produced by Sakha 2 supplied 

with 750 g Nitrobin / fad in 2003/04 season. 

          Also density x bio-fertilization significantly affected oil % 

in the second season. The highest oil % was 40.92% recorded by 

seeding at 2250 seeds / m2 combined  with 750 g Nitrobin / fad. 

        The second order interaction was significant on oil % in the 

second  season as well as in the combined average. The 

maximum oil % was 42.07 % in the second season which was 

produced by Sakha 1 seeded at 2250 seeds per m
2
 and supplied 

with 750 g Nitrobin. Whereas in the combined analysis, 

combining Sakha 2+2000seeds / m
2
 +750g Nitrobin / fad 

produced the highest oil %, being 41.39 %. 

   


