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ABSTRACT 
 

Salicylic acid (SA) is an important signal molecule modulating plant responses to stress. Recently,it has 
been reported that it induces multiple stress tolerance in plants including salinity.Adverse effects of salinity 
(3000 and 6000 mg/l) on growth, some physiological responses and yield quantity and quality of two cultivars 
(Sakha 2 and Amon) of flax (Linum usitatissimum L.) plant were studied. Salt stress induced reduction in 
growth (length in cm, fresh and dry weight / plant in g of shoot and root) and indole acetic acid (IAA) 
content.While increased total phenol contents of plants of the two cultivars at 75 days old.  Also, yield and yield 
components (technical and total shoot length in cm, and dry weight of shoot / plants in g) and fibre yield (fibre 
length (cm), fibre weight /plant (g), fibre % and straw yield /plant in g) were decreased except fibre % of Amon 
cultivar increased, as compared with those of control plants. In addition, cellulose % and cellulose/lignin % 
were decreased significantly meanwhile lignin % increased when compared with those of control plants. Foliar 
application of salicylic acid (SA) at 200 and 400 mg/l counteracted the adverse effect of salinity, this 
accompanied generally by significant increases in plant growth, IAA & phenol contents and yield components. 
Moreover, foliar treatment of salicylic acid(SA) resulted mostly in an increase in fibre yield when compared 
with those of the control plants and the corresponding salinity levels. In addition, cellulose% and 
cellulose/lignin% were increased significantly over control and the corresponding salinity levels plants 
meanwhile decreased lignin%. 
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Introduction 
 

Flax (Linum usitatissimum) plant has been grown in many different countries as linen fibre, linen seed and 
double purpose plant (seeds for oil and shoots for fibre) in the same time. It is grown in Egypt as dual purpose 
crop. Flax is the second fibre crop after cotton in our country with regard to the cultivated area and economic 
importance. Now it could be considered as a versatile crop, however flax fibre can be exploited to produce many 
different products, it is the raw materials of textile, twines and different kinds of paper especially bank note. For 
its importance it is considered an important crop in our economic policy through its local fabrications as well as 
exportation (El Harriri, et al., 1998).The cultivated area through the last 20 years was decreased from 60.000 to 
30.000 feddan due to the great competition of other economic winter crops resulting in a gap between 
production and consumption. Therefore, it is necessary to increase flax productivity per unit area which could be 
achieved by using high yielding cultivars (Ibrahim, 2009) and use some compounds such as antioxidants. 

In Egypt, the large scale land reclamation requires enormous amounts of water for irrigation in order to 
ensure vigorous plant growth and high yield. This has made it necessary to use various sources of irrigation 
water, which often have relatively high salinity levels such as well water. Salt stress is considered one of the 
most important abiotic stress limiting plant growth and productivity (Sairam and Tyagi, 2004), through the 
increase in reactive oxygen species (ROS) which may cause oxidative stress resulting in cellular damage by 
oxidation of lipids, proteins and nucleic acids (Beltagi, 2008).To minimize the effect of oxidative salt stress, 
plant cells have evolved a complex antioxidant system which is composed of low molecular mass antioxidants 
as well as ROS-scavenging enzymes (Apel and Hirt, 2004). One approach for inducing oxidative stress 
tolerance would be to increase the cellular levels of antioxidants such as salicylic acid. Salicylic acid (SA) has 
been considered as a signal molecule that may promote the generation of reactive oxygen species during salt 
stress thus play an important role in stress tolerance (Horvath et al., 2007a). Salicylic acid (SA) acts as a 
potential non-enzymatic antioxidant as well as a plant growth regulator, which plays an important role in 
regulating a number of plant physiological processes. Some earlier reports show that exogenous SA could 
ameliorate the damaging effects of salt stress (Arfan et al., 2007). These observations suggest that SA being an 
oxidant could be linked to oxidative stress. Several developmental, physiological and biochemical functions of 
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exogenously-applied salicylic acid in plants have been reported, e.g., enhancing the drought and salt stress 
resistance of plants (Tariet al., 2002), influencing seed germination and fruit yield (Raskin, 1992), membrane 
permeability (Barkosky& Einhellig, 1993), growth and photosynthesis (El-Tayeb, 2005). 

The goal of the present work was to determine the influence of salicylic acid as foliar spray on two cultivars 
of flax plant subjected to saline stress during growth through growth criteria, fiber yield and quality. Also, 
cultivar differences were noticed. 

 
Materials And Methods 

 
Two green house experiments were carried out in the National Research Centre, Cairo, Egypt during two 

successive seasons to study the role of salicylic acid on growth characters, some chemical compounds (indole 
acetic acid and total phenol contents), fibre yield and fibre composition of flax plant under salinity stress 
conditions. Salicylic acid used in the present work was supplied from Sigma Chemical Company, St. Louis, 
MO, USA.  

Salt type used in irrigation was mainly the chloride mixture suggested by Stroganov (1962). Salt 
components of salt mixture are shown in Table (1). 

 
Table 1: The component of salt mixture used for chloride salinization expressed as % of total salt content. 
MgSO4 CaSO4 NaCl MgCl2 CaCO3 
10 1 78 2 9 

 
The component of specific anions and cations in chloride mixture expressed as percentage of total milli-equivalents. 

Na+ Mg+2 Ca+2 SO-2 Cl- CO3
-2 

38 6 6 5 40 5 

 
 Two cultivars of flax Sakha 2 and Amon obtained from Agricultural Research Centre Giza, Egypt, were 

separately sown in pots containing equal amounts of homogenous clay and sand (2:1). The pots were divided 
into two main groups, i.e. the first group were sown with seeds of cultivar Sakha 2 and the second group were 
sown with seeds ofAmon cultivar. Each group was divided into three treatments; the first group of each is 
control (0.0). The other groups were sprayed twice (after 45 and 60 days after sowing) with aqueous solutions of 
salicylicacid (200 and 400 mg/l). 

 Each of the previous groups (two cultivars) were divided into three subgroups according to irrigation with 
different levels of saline solutions by using Stroganov nutrient solutions at 0.0, 3000 and 6000 mg/l. Every 
treatment consisted of 5 replicates distributed in a completely randomized design system. Pots were irrigated 
with equal volumes of the three various salinity levels, after spraying with salicylic acid (200 and 400 mg/l) at 
45 and 60 days from sowing. Irrigation was run as follows 3 times with saline solutions and one with tap water. 
Thinning was done after 15 days so that 5 uniform seedlings / pot were left for other tested parameters. 
Phosphorus and potassium fertilizers were added to the soil before sowing at the rate of 5g P2O5 / pot in the 
form of calcium super phosphate (15.5 P2O5) and 2g K2O/pot in the form of potassium sulphate (48% K2O). 
While ammonium nitrate (33% N) was added at the rate of 4g N /pot in two equal portions; at seedling stage and 
50 days after sowing. 

 Plant samples were taken at 75 days after sowing for estimation of growth parameters (length in cm, fresh 
and dry weight in g / plant of shoot and root), indole acetic acid and total phenol contents. When signs of full 
maturity stage, measurements for yield and its components were also recorded (total shoot length in cm, 
technical shoot length in cm and dry weight of plant in g). Quality parameters i.e. fibre yield (fibre length, fibre 
yield / plant and fibre %) as well as chemical fibre composition in % (cellulose, lignin and cellulose / lignin) 
were determined. 

 
Chemical analysis:  
 
Indole acetic acid contents: 

 
A known weight of the fresh samples was taken and extracted with 85% cold methanol (v/v) for three times 

at 0OC. The combined extracts were collected and made up to a known volume with cold methanol. Then take 
1ml of the methanolic extract and 4ml of PDAB reagent (para-dimethylamino benzoic acid 1g dissolve in 50 ml 
HCl, 50 ml of ethanol 95%) and left for 60 min in 30-400C. The developing colour was measured 
spectrophotometrically at 530 nm wave length as described by Larsen et al., (1962). 
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Total phenol contents: 
 
The extract was extracted as IAA extraction, and then 0.5 ml of the extraction was added to 0.5 ml Folin, 

shaked and allowed to stand for 3 min. Then one ml of saturated sodium carbonate was added to each tube 
followed by distilled water shaken and allowed to stand for 60min. The optical density was determined at wave 
length of 725 nm using spectrophotometer as described by Danil and George (1972). 
 
Fibre analysis: 

 
At full maturity, flax defoliated plants were collected for retting process as described by El – Hariri (1968). 

Then the separated fibres were combed with special comb as reported.The obtained fibres used for measuring 
fibre quality as evident in terms of fibre length (cm),fibre yield / plant (g) and fibre%. 
 
Cellulose determination:  

 
Cellulose% was determined according to the method of Updegraff (1969) where the fibre dissolved in 

acetic acid and nitric acid to remove lignin, hemicellulose and xylosans. The resulting cellulose was allowed to 
react with anthrone in sulforic acid. The resulting coloured compound was assayed spectrophotometrically at a 
wavelength of approximately 635 nm.    
 
Lignin determination:  

 
The fibre lignin% was determined by the method described by Collings et al.,(1978). Fibre was dispersed in 

0.5% ammonium oxalate, boiled for 2h, and filtered. The extracted fibre was resuspended in 1% acetic acid at 
70°C, sodium chlorite (1.25 g) was added and lignin was oxidized for a maximum of 45 min. Oxidation was 
stopped by adding ascorbic acid, and the suspension was filtered and dried at 60°C for 4h. The difference in 
weight was lignin       
 
Statistical analysis: 

 
The obtained results were subjected to the statistical analysis by M-STAT-C statistical analysis program 

(MSTAT, 1988). Since the trend was similar in both seasons, Bartlett’s test and the combined analysis of the 
two growing seasons were applied. Means were compared using least significant difference test at 5% 
probability level. 

 
Results and Discussion 
 
Plant growth: 

 
Growth of the two flax cultivars (Sakha 2 and Amon) in terms of length in cm, fresh and dry weights per 

plant (g) of shoot and root are presented in Table (2). Results showed continuous significant decreases in length, 
fresh and dry weight per plant of shoot and root of the two cultivars with increasing the concentration of salinity 
except, root length, salinity has no effect on it, as compared with control plant. Similar results were obtained 
with various plant species by Karlidag et al., (2009), who showed that NaCl salinity caused a marked reduction 
in growth parameters of strawberry plant and El Hariri et al., (2010) found that salinity stress reduced 
morphological criteria of flax plant. In this respect,the reduction in growth parameters could be attributed to the 
osmotic effect resulting from salt stress thereby cause disturbances in water balance of the stressed plants. This; 
in turn; lead to stomat alclosure, reduction of photosynthesis, accumulation of toxic ions and consequently 
inhibition of growth as reported by Shalata and Neumann(2001). Everadoet al., (1975) suggested that the 
inhibitory effect of salinity on plant growth might be due to the reduction in cell division and/or the inhibition of 
both cell elongation and activity of meristematic tissues. Furthermore the retarded growth of salt–stressed plant 
may result from a decrease in the activity of auxins within the plant and/or an increase in the activity of growth 
inhibitors (Table 3).   

Our results also added that, exogenous application of salicylic (200 and 400 mg/l) improved significantly 
growth under normal conditions as well as under salinity stress conditions in the two tested cultivars. The 
magnitude of increase was more pronounced particularly at 400 mg/l except for root length at normal conditions 
and root dry weight at 3000 mg/l salinity levels, compared with the corresponding salinity levels. In this 
connection, exogenous application of salicylic acid mitigated partially and in some cases completely the adverse 
effects of salt stress on growth parameters. Similar results were reported by Yildirim et al., (2008) for 
cucumber,Karlidag et al., (2009) for strawberry and  Sajid & Aftab  (2012) for potato. This positive effect of SA 



5084 
J. Appl. Sci. Res., 8(10): 5081-5088, 2012 
 

 

could be attributed to an increased CO2 assimilation and photosynthetic rate and increased mineral uptake by the 
stressed plant under SA treatment. These ameliorative effects of salicylic acid on growth of stressed plants may 
be due to the fact that SA potentiates the generation of reactive oxygen species and increases the production of 
H2O2 in plants that in turn reduce the oxidative damage under saline stress (Wahid et al., 2007). 

 
Table 2: Effect of salicylic acid on growth parameters of flax cultivars (Sakha 2 and Amon) under salinity stress at 75 days after  
              sowing (combined analysis of two seasons). 

Salinity 
(mg/l) 

Salicylic 
acid 
(mg/l) 

Shoot 
length 
 (cm) 

Shoot fresh 
weight (g) 

Shoot dry
 weight (g) 

Root 
length 
 (cm) 

Root fresh  
weight (g) 

Root dry
 weight (g) 

Cultivar 
Sakha 
2 Amon 

Sakha 
2 Amon 

Sakha 
2 Amon 

Sakha 
2 Amon 

Sakha 
2 Amon 

Sakha 
2 Amon 

0 43.67 35.00 2.83 1.47 0.73 0.54 10.67 10.00 0.38 0.36 0.060 0.042 

0 
200 47.00 39.67 3.61 2.97 0.86 0.99 11.67 11.33 0.49 0.46 0.071 0.054 
400 50.33 45.67 4.00 3.29 1.01 1.26 11.00 13.00 0.58 0.58 0.076 0.075 

3000 

0 35.00 31.67 1.45 1.26 0.55 0.50 10.67 10.00 0.33 0.29 0.048 0.033 
200 40.33 35.33 2.57 2.70 0.64 0.68 11.00 10.67 0.39 0.40 0.052 0.050 
400 42.33 37.33 3.23 2.92 0.75 1.00 11.00 10.67 0.43 0.48 0.048 0.060 

6000 
0 28.67 28.67 1.13 1.16 0.37 0.35 11.00 9.00 0.30 0.22 0.029 0.023 
200 35.33 31.67 1.63 1.93 0.50 0.77 11.33 9.67 0.39 0.30 0.053 0.032 
400 37.00 34.33 1.76 2.02 0.56 0.79 11.00 10.00 0.43 0.30 0.054 0.032 

LSD 1.977 0.2028 0.0234 1.477 0.0165 0.0052 
 

Indole acetic acid and total phenol contents: 
 
Data in Table (3) illustrate clearly that, increasing salinity levels up to 6000 mg/l significantly decreased 

total indole acetic acid of the two cultivars (Sakha 2 and Amon) as compared to control plants. Similar results 
were obtained by Ghanem et al., (2008), Hassanein et al. (2009) and El Hariri et al., (2010).This decrease in 
IAA concurrent with the decrease in growth rate as shown in Table (2). Salinity stress leads to sharp changes in 
the balance of endogenous IAA. It is noteworthy that the reduction in auxin (IAA) contents in the two flax 
cultivars in response to salinity could be attributed to salinity stress which severely inhibits biosynthesis of IAA 
(auxins) and/or increases their degradation or transformation into inactive form.  

Foliar spray of salicylic acid increase significantly, contents of IAA as compared to control plant and/or the 
corresponding salinity level, this increase concurrent with the increase in growth rate as shown in Table (2). 
Similar results were obtained by Bakry et al., (2012). It could be concluded that this increase may be due to the 
role of endogenous hormone in stimulating cell division and/or the cell enlargement and this in turn improve 
plant growth. In this connection, Shakirova, et al., (2003), reported that, SA promoted plant growth via increase 
in IAA and cytokinins under no stress conditions. Moreover, Sakhabutdinova, et al., (2004) found that, SA 
treatment caused accumulation of both ABA and IAA in wheat seedlings. 

Regarding to total phenol contents as shown by Table (3), results show that salinity levels showed 
significant increases in total phenol contents. The obtained results are in agreement with those of El Hariri et al., 
(2010) on flax plant. These increases may be due to total phenols role to play a significant mechanism in 
regulation of plant metabolic processes and consequently overall plant growth as well as lignin synthesis (Lewis 
and Yamamoto, 1990). Moreover, phenols act as a substrate for many antioxidants enzymes, so, it mitigates 
salinity stress injuries (Khattab, 2007). Another mechanism underlying the antioxidative properties of phenolic 
compounds is the ability of phenols to decrease membrane fluidity (Gaballah et al., 2006). 

 
Table 3: Effect of salicylic acid on total indole (µg/100 g fresh wt) and total phenol (mg/100 g fresh wt) of flax cultivars (Sakha 2 and  
              Amon) under salinity stress at 75 days after sowing. (combined analysis of two seasons). 

Salinity (mg/l) 
Salicylic acid 
(mg/l)      Total indole           (µg/100 g fresh wt) Total phenol (mg/100g fresh wt) 

Cultivar Sakha 2 Amon Sakha 2 Amon 
0 33.85 40.15 112.95 227.35 

0 
200 43.15 52.20 124.60 255.85 
400 47.80 70.95 130.60 267.55 

3000 

0 22.30 29.60 135.30 234.80 
200 27.60 39.80 145.15 254.05 
400 38.20 55.70 158.15 277.75 

6000 
0 15.55 19.60 131.80 260.80 
200 18.65 28.90 140.50 273.00 
400 28.85 32.15 174.30 306.90 

LSD  0.8778 17.56 

 
Foliar treatment of different concentrations of salicylic acid (200 and 400mg/l) caused gradual increases in 

total phenol contents. In the present study, total phenol content increased of both cultivars (Sakha 2 and Amon) 
compared to the corresponding salinity levels, SA at 400 mg/l was the most effective treatment in both cultivars 
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as show in Table 3. Increases in phenol content in different tissues in response to SA under osmotic stress have 
been reported in many plants (Pokorny, 2001). This increases may be one aspect of the role played by SA in 
alleviating the suppressive effects of salinity, phenols possess ideal structural chemistry for free radical 
scavenging activity.  

 
Yield and yield components: 

 
Data recorded in Tables (4&5) show clearly that technical shoot length (cm), total shoot length (cm), 

fruiting zone length (cm), dry weight of shoot (g), fibre length (cm), fibre weight/plant (g) and straw yield 
(g),generally show an inhibitory response as a result of salinity stress and this effect was significant decreases. 
Moreover, increased salinity concentration from 3000 to 6000 mg/l cause gradual reductions in all yield 
components. Meanwhile, fibre % of cultivar Sakha 2 decreased significantly in response to different salinity 
levels and Amon cultivar show an obvious increases as compared with control plant. In addition, it was noticed 
that, flax cultivar Sakha 2 appeared to be more sensitive to salinity as compared with Amon. Since the decrease 
in shoot length, at 3000 and 6000 mg/l were 10.1%& 18.75% in Sakha2 and 6.07% &11.6% in Amon, in 
technical shoot length 8.68% & 17.78% in Sakha 2 and 5.57% and 10.65% in Amon, in fruiting zone length the 
percentage of decreases were 0% and 11.82% in Sakha 2 and 2.91% and 5.74% in Amon and in dry weight 
17.05% and 23.26% in Sakha 2 and 16.3% and 28.15% in Amon. Results suggest that,Amon cultivar had the 
ability to avoid water stress induced by salinity than Sakha 2.  
 
Results: 

 
Added also that, the percentage of reduction in fibre length (cm) were 7.08% & 16.17% in Sakha 2 and 

6.22% 11.86%  in Amon, fibre weight/plant 31.11% & 42.22% in Sakha 2 and 14.29% & 21.43%  in Amon and 
straw yield (g) 14.55% & 22.54% in Sakha 2 and 17.6% & 29.60%  in Amon. Meanwhile,in fibre % the 
percentage of decrease were 16.56% & 21.09% in Sakha 2 and the percentage of increases were 7.52% & 
30.80% in Amon, in 3000 and 6000 mg/l salinity levels respectively. The obtained reductions of yield and yield 
attributes were in good agreement with those obtained by Sadak et al., (2010) on sunflower and El Hariri et al., 
(2010) on flax. It could be concluded that these reduction may be attributed to the inhibitory effect of salinity on 
growth (Table 2), chemical composition of plant, such variation were reflected in the produced yield. 
Furthermore the retarded growth of salt – stress plants may result from the accumulation of toxic ions, impaired 
uptake of essential nutrients and / or damage in cellular organelles (Torres–Schumann, et al., 1989). Abd El – 
Haleem et al.(1995) concluded that reduction of wheat yield / plant due to salinization might be due to the 
harmful effect of salt on growth as well the disturbance in mineral uptake and/or enhancement of plant 
respiration.  

 
Table 4: Effect of salicylic acid on yield parameters of flax cultivars (Sakha 2 and Amon) under salinity stress. (combined analysis of two  
              seasons). 

Salinity 
(mg/l) 

Salicylic 
acid (mg/l) 

Shoot 
length 
 (cm) 

Technical  
shoot length 
(cm) 

Fruiting zone length 
(cm) 

Dry 
 weight (g) 

Cultivar Sakha 2 Amon Sakha 2 Amon Sakha 2 Amon Sakha 2 Amon 
0 69.33 60.33 80.67 72.00 11.34 11.67 2.58 1.35 

0 
200 71.67 68.00 84.67 82.00 13.00 14.00 2.89 1.68 
400 75.67 71.67 89.00 85.67 13.33 14.00 3.12 1.98 

3000 

0 62.33 56.67 73.67 68.00 11.34 11.33 2.14 1.13 
200 63.00 61.67 75.67 74.00 12.67 12.33 2.58 1.35 
400 69.33 64.33 82.33 77.00 13.00 12.67 2.65 1.45 

6000 
0 56.33 53.33 66.33 64.33 10.00 11.00 1.98 0.97 
200 59.33 56.67 69.67 68.67 10.34 12.00 2.01 1.09 
400 60.67 59.33 72.67 71.67 12.00 12.34 2.36 1.35 

LSD 1.314 3.120 1.014 0.151 

 
Regarding to foliar treatment of  salicylic acid (200 and 400 mg/l), data show that foliar treatment of 

salicylic acid could be mitigated partially the adverse effects of salt stress on yield and yield components of the 
two tested flax cultivars as compared with the corresponding salinity levels under test. Data also show that 
salicylic acid at 400mg/l was more effective treatment as compared with control plant and the corresponding 
salinity levels.It is clear from the results that, the enhancement effect of SA increased with the increase in SA 
concentration up to 400 mg/l in both cultivars,Sakha 2 and Amon. These results are confirmed by the results of 
Abd el-Wahed et al., (2006), Daneshmandet al.,(2009), Khan et al., (2010) on different plant species. These 
increases in yield and yield components might be due to SA stimulation of physiological processes that were 
reflected on improving vegetative growth that followed by active translocation of the photosynthetic products 



5086 
J. Appl. Sci. Res., 8(10): 5081-5088, 2012 
 

 

from source to sink in flax cultivars.In addition, these changes may be attributed to the increase in nutrients 
uptake and assimilation. 
 
Table 5: Effect of salicylic acid on fibre yield components of flax cultivars (Sakha 2 and Amon) under salinity stress. (Combined analysis of  
              two seasons). 

Salinity 
(mg/l) 

Salicylic 
acid (mg/l) Fibre length (cm) Fibre weight/plant(g) Straw yield /plant(g) Fiber% 

Cultivar Sakha2 Amon Sakha2 Amon Sakha2 Amon Sakha2   Amon 
0 66.00 59.00 0.45 0.14 2.13 1.25 17.45 9.97 

0 
200 69.00 66.67 0.47 0.18 2.33 1.43 16.39 11.79 
400 74.67 69.00 0.53 0.24 2.64 1.69 16.62 12.91 

3000 

0 61.33 55.33 0.31 0.12 1.82 1.03 14.56 10.72 
200 63.67 59.00 0.35 0.15 2.23 1.22 13.72 11.01 
400 66.67 62.33 0.37 0.19 2.26 1.15 14.08 14.47 

6000 
0 55.33 52.00 0.26 0.11 1.65 0.88 13.77 13.04 
200 56.33 54.00 0.30 0.13 1.78 0.96 14.29 11.50 
400 59.00 57.67 0.34 0.15 2.05 1.23 14.35 11.06 

LSD 2.287 0.0166 0.189 2.525 

 
Chemical fibre composition: 

 
Changes of chemicalfibre composition of the two tested flax cultivars (Sakha 2, and Amon) as cellulose%, 

lignin% and cellulose/lignin% in response to different levels of salinity and salicylic acid are presented in Table 
(6). Data revealed that increasing salinity levels from 3000 to 6000 mg/l resulted in significant gradual reduction 
of cellulose% in the two used cultivars. In the same time, increase lignin % and consequently decrease cellulose 
/ lignin ratioin the two tested flax cultivars(Sakha 2 and Amon).The percentage of reductions at 6000 mg/l 
reached 9.11 and 8.0 of cellulose % and 26.67 & 22.60 for cellulose / lignin ratio while the percentage of 
increases of lignin% were 26.08 and 18.66 at Sakha 2 and Amon cultivars respectively.The above mentioned 
data was in agreement with those obtained by Shukry (2001) and Shukry et al.(2007) who suggested that the 
percentage of fibre, cellulose% and cellulose/lignin % were decreased in flax grew in calcareous soil comparing 
with the control soil. Also, El Hariri et al., (2010) confirmed our obtained results in response to salinity stress of 
flax plant. It could be concluded that this effects may be attributed to theeffect of salinity on decreasing 
chlorophyll synthesis which reduce the biosynthesis of carbohydrates.Meanwhile, the increase in lignin% (Table 
6) by increasing salinity levels are concurrent with the increases in total phenols (Table 3) and this also may be 
due to phenol which used in the biosynthesis of lignin (Lewis and Yamamoto,1990 and Shukryet al,.2007). 
Moreover, the gradual increase in lignin% due to salinity levels stimulates the generation of active oxygen 
species (ROS),these ROS are used for lignification processes and function as signals in the defence to salt and 
drought stress (Lee, et al., 2007). 

 
Table 6: Effect of salicylic acid on fibre chemical composition of flax cultivars (Sakha 2 and Amon) under salinity stress(Combined  
             analysis of two seasons). 

Salinity 
(mg/l) 

Salicylic acid 
(mg/l) Cellulose% Lignin% Cellulose/lignin ratio 

Cultivar Sakha2 Amon Sakha2 Amon Sakha2 Amon 
0 66.88 71.13 20.90 16.29 3.30 4.38 

0 
200 73.58 74.54 18.76 14.72 3.93 5.07 
400 75.36 78.57 16.41 12.62 4.60 6.24 

3000 

0 63.36 67.73 24.80 19.33 2.64 3.50 
200 67.83 71.06 20.82 16.95 2.21 4.20 
400 70.16 73.54 18.72 14.95 3.75 4.92 

6000 
0 60.79 65.44 26.35 19.33 2.42 3.39 
200 65.16 68.90 22.39 17.13 2.91 4.03 
400 66.82 70.17 19.84 14.62 3.37 4.81 

LSD 1.218 1.179 0.683 

 
Addition of salicylic acid at 200 and 400 mg/l at normal conditions or under salinity levels caused 

significant increases in cellulose% and cellulose/lignin% and decrease in lignin% as compared with the control 
plants or the corresponding salinity levels (Table 6).This may attributed to the synthesis of chlorophyll which 
involved in increasing photosynthetic metabolites and lead to the accumulation of different fractions of soluble 
sugars and nitrogen contents in plant tissues. So plants directed the excess amounts of organic compounds 
towards the yielded fibrse and/or the high endogenous levels of promoters such as IAA (Liu et al., 2008). This 
evidence points at salicylic acid being an important part of the plant defence machinery maintaining the integrity 
and normal function of the photosynthetic apparatus.  Moreover, it was noticed that the flax cultivar Amon is 
more tolerant to salinity stress than Sakha2. As Amon cultivar gave the least percent of reduction in growth and 
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yield components this is related to its phenol contents. Also, Amon gave the highest values of cellulose % and 
cellulose/lignin % as compared with Sakha2 at untreated controls and all the treatments. 
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