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ABSTRACT

In this study, the effect of foliar-applied salicylic acid (SA) on counteracting the adverse effect of salinity
stress (3000 and 6000 mg/l) on two flax cultivars (Sakha 2 and Amon) were carried out. Salinity with different
concentrations induced deleterious effects as it significantly was reduced chlorophyll a, chlorophyll b, total
chlorophylls, carotenoids and total pigments, polysaccharides and total carbohydrates content of the shoot of the
two tested cultivars Sakha 2 and Amon except, carotenoid content of cultivar Amon it significantly increased.
Meanwhile increased TSS, proline and free amino acids of the two cultivars. Salinity at both concentrations
(3000 and 6000 mg/l) increased the absorption of Na and Cl and decreased the absorption of other elements (K,
Ca, Mg, P and N) of the two cultivars. Yield and yield components (number of fruiting branches/plant, capsules
number/plant, capsules weight /plant, seeds number/capsule, seeds weight /plant and 1000 seeds weight and oil
% of the yielded seeds) were also reduced significantly. Exogenous application (foliar spray) of SA with
different concentrations (200 &400 mg/l), counteracted salinity deleterious effects on flax two cultivars. SA
enhanced flax salt tolerance in terms of improving most of yield measured parameters. Fatty acid profile of oil
of the yielded seeds of the two cultivars, were varied in response to different salinity levels and different
concentrations of SA used. Salicylic acid with 400 mg/l concentration was more effective than 200mg/l in
counteracting the effects of salinity stress at both levels.
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Introduction

Flax plant (Linum usitatissimum L.) is an important plant, and has been grown in many different countries
as fiber, seed or double purpose plant (fibers and seeds). Flax is grown in Egypt as dual purpose crop. Flax seeds
show a very high antioxidant activity and are increasingly proposed as an important source for oil and
antioxidants. There is no doubt that the need of traditional edible oils will be increased due to the growth of
population over the world. Flax seeds produce a vegetable oil known as flaxseed or linseed oil. The oil quality is
usually valued according to the content of essential fatty acids (EFAs) (Johnson et al., 2008). Omega 3, 6, 9
groups of fatty acids are necessary for good health. The high level of Omega-3 fatty acids consumed by Eskimos
reduced triglycerides, blood pressure and atherosclerosis (Morris, 2004). Omega-3 and omega- 6 fatty acids are
used to create cell membranes and hormones that regulate the hormonal cycles. Flax seed has a high ratio of a-
linolenic (omega-3) to linoleic (omega-6) fatty acids, and it is one of the richest sources of omega-3 fatty acid.
Treatment with 1 g per day of Omega-3 fatty acid reduced the occurrence of cardio-vascular diseases and
sudden cardiac death (Johnson et al., 2008).

Salinity is one of the major environmental factors limiting plant growth and productivity. Excess salt in the
soil may adversely affect plant growth either through osmotic inhibition of water uptake by roots or specific ion
effects. Specific ion effects may cause direct toxicity or, alternatively, the insolubility or competitive absorption
of ions may affect plant nutritional balances (Silva, et al., 2008). Salt stress has toxic effects on plants and lead
to metabolic changes, like loss of chloroplast activity, decreased photosynthetic rate and increased
photorespiration rate which leads to an increased reactive oxygen species (ROS) production (Parida & Das,
2005). Salinity continues to be one of the world’s most serious environmental problems as elevated levels of
NaCl are naturally present in many agricultural fields. Global scarcity of water resources and the increase
salinization of soil and water are reducing agricultural productivity. Crop performance may be adversely
affected by salinity as a result of nutritional disorders. These disorders may derive from the effect on nutrient
availability, competitive uptake, transport or partitioning within the plant (Silva, et al., 2008). Therefore, the
development of methods and strategies to ameliorate the deleterious effects of salt stress on plants has received
considerable attention. Enhancing stress tolerance in plants has major implications in agriculture and
horticulture (Senaratna et al., 2000).

Salicylic Acid (SA) has been shown as an important signal molecule for modulating plant responses to
environmental stress. (SA) is an endogenous growth regulator with phenolic nature (Sakhabutdinova et al.,
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2003) and plays an important role in the protection of plants under various abiotic stresses including salt. SA
acts as a potential, non-enzymatic antioxidant and plays an important role in regulating some plant physiological
processes, providing resistant biotic and abiotic stress (Noreen et al., 2009). Ameliorative effect of salicylic acid
on growth of crop plants under abiotic stress conditions may have been due to its role in nutrient uptake, water
relations, stomatal regulation, photosynthesis and growth (Sakhabutdinova et al., 2003). Salicylic acid induces
flowering, increase flower life, retards senescence and increases cell metabolic rate. The sustained level of
salicylic acid may be a prerequisite for the synthesis of auxin and/or cytokinin (Metwally et al., 2003).

Keeping in view the harmful effects of salinity on plant growth and productivity, the present study is an
attempt to evaluate the role of SA as a protectant to ameliorate the influence of salt stress on flax cultivars and
thereby increasing its salt tolerance. Photosynthetic pigments, polysaccharides, total carbohydrates, proline,
TSS, and free amino acids contents of the two cultivars were determined and to improve yield quality and
quantity of two cultivars of flax plants.

Materials and Methods

A pot experiment was conducted during two successive seasons at the green house of National Research
Centre, Dokki, Cairo, Egypt. Two flax (Linum usitatissimum L.) cultivars seeds (Sakha 2 and Amon) were
obtained from Agricultural Research Centre, Egypt. Salicylic acid used in the present work was supplied from
Sigma Chemical Company, USA. Seeds were sterilized with HgCl, for three minutes then washed with sterile
water and sown in pots of 30 cm diameter filled with equal amounts of homogenous clay and sand (2:1).
Thinning was done after 15 days so that 5 uniform seedlings per pot were left for experimentation. All pots
received recommended dose of NPK fertilizers. Phosphorus and potassium fertilizers were added to the soil
before sowing at the rate of 5g P,Os / pot in the form of calcium superphosphate (15.5 P,0s) and 2g K,O/pot in
the form of potassium sulphate (48% K,0). Ammonium nitrate (33% N) was added at the rate of 4g N /pot in
two equal portions; the first during seedling stage and the second at vegetative stage. Seeds were irrigated till 60
days from sowing with tap water, then was subjected to different salinity levels used 3000 and 6000 mg/l in
addition to control (0.0). The salt type used in irrigation was mainly the chloride mixture suggested by
Stroganov (1962). The salt components of salt mixture are shown in Table (1).

Table 1: The component of salt mixture used for salinization expressed as % of total salt content.
MgSO, CaSO, NaCl MgCl, CaCOs
10 1 78 2 9

The component of specific anions and cations in the mixture expressed as percentage of total
milliequivalents, as follows.

Na* Mg™ Ca® S0? Cl CO5*?
38 6 6 5 40 5

The experiment was arranged in a complete randomized design with five replicates.Pots were irrigated with
equal volumes of the three various salinity levels, after spraying with salicylic acid 200 and 400 mg/l in addition
to control (0.0) at 45 and 60 days from sowing. Irrigation was run as follows 3 times with saline solutions and
one with tap water. At the beginning of budding stage (at 75 days after sowing) samples were taken for
estimation of photosynthetic pigments, total soluble sugars, polysaccharides, total carbohydrates, proline and
free amino acids. At maturity, plant samples were collected randomly to record yield and its components
(number of fruiting branches/plant, capsules number/plant, seeds number/capsules, capsules weight/plant, seeds
weight/plant and 1000 seeds weight). Also oil percentage of the yielded seeds and fatty acid profile of the
yielded seeds were determined.

Photosynthetic pigments as chlorophyll a and b and carotenoids contents in fresh leaves were estimated
using the method of Lichtenthaler and Buschmann (2001). Total soluble sugars (TSS) were extracted by the
method of Homme et al. (1992) and analyzed as described by Yemm and Willis (1954). Extraction of total
carbohydrates was carried out according to Herbert et al. (1971). The total carbohydrates were determined
Colorimeterically according to the method of Smith et al., (1956). Free amino acid and proline contents were
extracted according to the method described by Vartainan et al., (1992). Free amino acid was determined with
the ninhydrin reagent method Yemm & Cocking (1955). Proline was assayed according to the method described
by Bates et al., (1973). The oil of flax seeds were extracted according to Kates and Eberhardt (1957).
Methylation of the extracted oil were carried out to determine the fatty acid profile as described by Harbone,
(1984). The methylated samples were subjected to analysis by GLC in GVC pye Unicam gas-liquid
chromatography equipped with dual flame ionization detector and dual channel recorder.
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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% level.

Results and Discussion
Photosynthetic pigments:

Increasing the efficiency of photosynthesis has long been a goal of plant research. The site of the
photosynthesis in plants is directly depends upon the chlorophyll bearing surface area, irradiance and its
potential to utilize CO,. Photosynthesis is a key metabolic pathway in plants. In fact, maintaining good
photosynthetic rate leads to maintenance of growth under water stress (Dubey, 2005). Data in Table (2) clearly
indicate that, irrigation of the two flax cultivars with different concentrations of saline water caused significant
decreases in photosynthetic pigments (chlorophyll a, chloropyll b, total chlorophylls and consequently total
pigments) as compared with their control plants. Meanwhile, salinity stress decreased significantly, carotenoid
contents of Sakha 2 cultivar while increased significantly in Amon cultivar. The percentage of decreases in total
chlorophylls of Sakha 2 was 19.26 & 27.36 and of Amon cultivar were 17.50 & 24.39 at 3000 and 6000 mg/I
salinity stress respectively. The percentages of decreases of Amon cultivar are less than Sakha 2 which means
that Amon cultivar is more tolerant than Sakha 2 in response to salinity stress. Similarly, the adverse effect of
salt stress on chlorophyll content has been shown by Karlidag et al. (2009) on strawberry, Khan et al, (2010) on
Brassica, and Saeidnejad et al. (2012) on maize plant. These decreases in photosynthetic pigments of the two
flax cultivars may be due to that, salt stress is reported to damage the photosynthetic machinery at multiple
levels, such as pigments, stomatal functioning and gaseous exchange, structure and function of thylakoid
membrane, electron transport and enzymes (Sudhir and Murthy., 2004). In this respect, Sultana, et al. (1999)
added that, the decrease in chlorophyll content in stressed plants could be attributed to the increased activity of
the chlorophyll-degrading enzyme, chlorophyllase, or inhibition in chlorophyll biosynthesis. The decrease in
carotenoids of cultivar Sakha 2 under stress condition may be due to the degradation of B-carotene and
formation of zeaxanthins, which are apparently involved in protection against photoinhibition.

Table 2: Effect of salicylic acid on photosynthetic pigments of the leaves of two cultivars of flax (Sakha 2 and Amon) plant grown under
salinity stress at 75 days after sowing. (Data are means of two seasons). The values of photosynthetic pigments were expressed as
mg/100g fresh weight.

ua/g Salicylic Chlorophyll a Chlorophyll b Total chlorophylls Carotenoids Total pigments
fresh acid
weight (mg/l)
Cultivar Sakha2 | Amon Sakha2 | Amon Sakha2 | Amon Sakha2 | Amon | Sakha2 | Amon
0 0 1736 1378 574 233 2310 1611 291 278 2601 1889
200 1946 1607 705 308 2651 1915 352 362 3003 2277
400 2092 1628 736 312 2828 1940 369 383 3197 2323
3000 0 1376 1126 489 203 1865 1329 251 293 2116 1622
200 1565 1331 574 227 2139 1558 279 384 2418 1942
400 1683 1346 615 248 2298 1594 302 396 2600 1990
6000 0 1213 1027 465 191 1678 1218 231 306 1909 1524
200 1354 1137 508 206 1862 1343 255 399 2117 1742
400 1460 1192 470 208 1930 1400 240 417 2170 1817
LSD at 5% 33.72 15.73 39.67 8.542 41.64

Regarding to SA treatments significant gradual increases in photosynthetic pigments (chlorophyll a,
chlorophyll b, total chlorophylls, carotenoids and consequently total pigments) were recorded. The highest
increases were obtained at treatment 400 mg/l SA in both cultivars as compared with control and the
corresponding salinity levels. In this respect, treatment with SA increased pigment contents in Solanum
bulbocasanum (Daneshmand, et al., 2009), maize (Saeidnejad et al., 2012) and flax (Bakry et al., 2012) grown
under normal and stressed conditions. The positive effect of SA on photosynthetic pigments might be explained
by the fact that SA had a protective effect on leaves ultrastructure and preventing nucleus and chloroplast
degradation. Salicylic acid act as one of antioxidant substances concentrated in the chloroplast and protect
photosynthetic apparatus when a plant is subjected to salinity stress, by scavenging the excessively reactive
oxygen species known as free radicals (Kranner, et al., 2002). In addition, the stimulating effect of SA may be
due to the fact that SA led to increase leaves longevity on stressed plants by retaining their pigments content,
therefore inhibit their senescence (Yildirim et al., 2008).
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Carbohydrate contents of shoot:

Polysaccharides and total carbohydrates contents were decreased significantly in flax two cultivars shoots
with increasing salinity levels. On the contrary, significant increases in total soluble sugars of shoots under
salinity levels were found (Table 3). The decreases in total carbohydrates reached to 16.46% & 10.14%, due to
3000 and 20.09% and 15.26% at 6000 mg/l salinity for Sakha 2 and Amon cultivars respectively, compared with
control plant. While the percentage of increases of total soluble sugars reached 9.47 & 8.89 at 3000 mg/l salinity
level and 15.55 & 11.84 at 6000 mg/I salinity level as compared with control plants for Sakha 2 and Amon
cultivars respectively. Data of total soluble sugars showed that, the sensitive cultivar (Sakha 2) accumulated
more soluble sugars than the resistant one (Amon). These results are in agreements with those obtained by
Sadak et al. (2010) on faba bean and Jalal et al. (2012a) on shara (Plectranthus tenuiflorus). These decreases of
total carbohydrates and polysaccharides are concomitantly with the reduction in leaf photosynthetic pigments
(Table 2) led to the conclusion that salinity may inhibit photosynthetic activity and/or increased partial
utilization of carbohydrates into other metabolic pathways. In this concern, Yazdanpanah et al. (2011) found
that net photosynthesis, transpiration rate and stomatal conductance were significantly affected by water stress
due to changes in chlorophyll content and chloroplast structure. Jalal et al. (2012b) found that water stress
decreased chl a, chl b, carotenoids and caused stomatal closure in P. tenuiflorus plants. Stomatal closure, in turn,
restricts CO, entry into leaves thereby decreasing CO, assimilation and rate of transpiration (Chaves, 2002).
Moreover, Osmotic adjustment has been considered as one of the crucial mechanisms in plant adaptation to
various stresses. Soluble sugars are major constituent of osmoregulation in the expanded leaves of many species
(Morgan, 1994). A complex essential role of soluble sugars in plant metabolism is well known as products of
hydrolytic processes, energy production. Soluble sugar may also function as a typical osmoprotectant,
stabilizing cellular membranes and maintaining turgor pressure (El Tayeb and Ahmed, 2010).

Salicylic acid application with different concentrations (200 and 400 mg/I) resulted in obvious increases in
polysaccharides and total carbohydrates with the increases of total soluble sugars of flax two cultivars compared
with the untreated controls and the corresponding salinity levels. These obtained results are in harmony with the
results obtained by EI Tayeb and Ahmed (2010), Bakry et al., (2012) and Jalal et al., (2012a) on different plant
species. EI-Tayeb (2005) investigated that; total soluble sugars were accumulated in salt-stressed barley plants
treated with 1 mM salicylic acid (SA). Furthermore El-Tayeb (2005) reported that, exogenous application of SA
appeared to induce preadaptive response to salt stress leading to promoting protective reactions to the
photosynthetic pigments and maintain the membranes integrity in barley plants, which reflected in improving
the plant growth.

Table 3: Effect of salicylic acid on carbohydrate constituents (TSS, polysaccharides and total carbohydrates as mg/100g dry weight),
proline (ug/100g dry weight) and free amino acid (mg/100g dry weight) of two cultivars of flax (Sakha 2 and Amon) plant grown
under salinity stress at 75 days after sowing. (Data are means of two seasons).

Salinity Salicylic Total soluble Polysaccharides Total Proline Free amino acids
(mafl) acid sugars (mg/100g (mg/100g dry wt) carbohydrates (ng/100gdry wt) (mg/100g dry wt)
(mg/l) dry wt) (mg/100g dry wt)
Cultivar Sakha | Amon | Sakha2 | Amon Sakha2 | Amon Sakha Amon Sakha2 | Amon
2 2
0 0 1627 3587 13290 13290 14917 16877 25.46 47.97 124.80 175.50
200 1655 3591 13360 14470 15015 18061 29.67 52.93 146.00 198.60
400 1736 3607 14440 16210 16176 19817 35.73 65.63 157.40 205.30
3000 0 1781 3906 10680 11260 12461 15166 27.93 54.28 153.00 206.10
200 1792 3942 12310 12540 14102 16482 32.24 76.95 156.30 217.70
400 1841 3911 12950 13100 14791 17011 38.33 78.58 166.80 233.40
6000 0 1880 4012 10040 10290 11920 14302 42.67 95.10 164.50 245.80
200 1954 4087 11270 12090 13224 16177 46.70 104.00 177.40 274.00
400 1914 4043 12810 12920 14724 16963 48.32 114.00 186.50 287.60
LSD at 5% 335 154 219 1.601 1.941

Proline and free amino acid contents:

Data recorded in Table (3) indicate that, proline and free amino acid contents were significantly increased
in shoots of flax plant (two cultivars) grown under both salt levels. These results are in harmony with those
obtained by Hosseini et al. (2010), Rady et al. (2011) and Saeidnejad et al. (2012) on several plant species.
Proline accumulation in response to environmental stresses had been considered by a number of researchers as
an adaptive trait concerned with stress tolerance. The accumulation of proline during salt stress mainly results
from increased synthesis and reduced degradation (Verbruggen and Hermans, 2008). Proline serves as an
important compatible osmolyte, and its accumulation is believed to reduce cellular water potential and avoid
deleterious toxicity of high ionic strength (Hare and Cress, 1997). Proline has also been proposed to serve as
reactive oxygen species scavenger and molecular chaperone (Verbruggen and Hermans 2008), and its
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accumulation can stabilize the structure of membranes and proteins to minimize the damage of cells under salt
stress. Accumulation of free amino acids may be involved in osmotic adjustment, free radical scavenging and
maintenance of protein and membrane integrity (Keutgen and Pawelzik, 2008).The accumulation of some free
amino acids may be involved in osmotic adjustment, free radical scavenging and maintenance of protein and
membrane integrity (Keutgen and Pawelzik, 2008).

The interactive effect of foliar spraying of salicylic acid and different salinity levels caused significant
increases in proline and free amino acid contents of the two used flax cultivar shoots (Table 3) compared with the
corresponding salinity levels. Moreover, under saline stress, proline contents had the percentage of increases at 400
mg/l salicylic acid with 3000 and 6000 mg/I salinity were 50.55% & 89.79% for Sakha 2 and 63.81% & 137.65%
for Amon cultivars compared with control plant. While, free amino acids increased by 33.65 % and 49.44% for
Sakha 2 and 32.99% and 63.87% for Amon cultivars at 3000 and 6000 mg/l salinity levels, respectively. The
obtained data confirmed that the resistant cultivar (Amon) accumulates more proline and amino acids than
sensitive one (Sakha 2). The stimulative effect of salicylic acid on amino acid and proline contents are in
agreement with those of El Tayeb and Ahmed (2010), Rady et al. (2011), Bakry et al. (2012) and Saeidnejad et
al. (2012) on different plant species. It could be deduced that, a positive correlation between increased cellular
proline levels and the capacity to survive the effects of salt salinity.

Macroelement contents of shoot:

Na, K, Ca, Mg, ClI, P and N contents in shoots of the two flax cultivars (Sakha 2 and Amon) given in Table
(4). Data clearly show that, increasing salinity levels from 3000 to 6000 mg/l caused significant increases in Na
and Cl accumulation in shoot. Meanwhile, decreasing K, Ca, Mg, P and N significantly compared with control
plants. These obtained results are in agreement with the results obtained by Sadak et al. (2010) on faba bean and
Rady et al. (2011) on sunflower plant and Hui, et al. (2012) on Caragana korshinskii Kom. Na* is the main
toxic ion in saline soils for most plants (Lunde et al., 2007). The influx and accumulation of Na* competes with
K*, Grattan and Grieve (1999) reported that under saline conditions, high level of external Na* not only interfere
with K* acquisition by roots but also may disturb the integrity of root membranes and alter selectivity. Many
scientists attributed the decrease of N concentration to Cl antagonism of NO; uptake (Lea-Cox and Syvertsen,
1993). Phosphate availability is decreased in saline soils not only because of ionic strength effect that reduce the
activity of phosphate but also because phosphate concentration in soil solution is tightly controlled by
absorption processes and by the low solubility of Ca and P minerals. Therefore, it is understandable that
phosphate concentration in field grown agronomic crops decreased as salinity increased (Mohamedin et al.,
2006). Salinity has an antagonistic effect on the uptake of Ca and Mg which caused by displacing Ca in
membranes of root cells (Asik et al., 2009) on wheat plant.

Regarding to SA application on macro-element contents of the two used flax cultivars, data clearly show
that, SA application counteract the harmful effect of different concentrations of salinity stress. SA treatments
decreases the uptake of Na and Cl element while increasing the uptake of K, Ca, Mg, P and N significantly as
compared with control plants and the corresponding salinity levels. These results are consistent with those of
Yildirim et al. (2008) for cucumber and Karlidag et al. (2009) for strawberry who found out that exogenous SA
application inhibited Na accumulation, but stimulated N, P, K, Mg, Fe, Mn and Cu uptake. An increase in
concentration of K and Ca in plants under salt stress could ameliorate the deleterious effects of salinity on
growth and yield (Grattan & Grieve, 1999). Alteration of mineral uptake from SA applications may be one
mechanism for the alleviation of salt stress. In this study, increased nutrient content seems to be involved in
stress-tolerance mechanism and play an important role to enhance the activity of enzymes responsible for
salinity resistance. Application of SA might improve physiological performance in terms of production of
photosynthates, total oil and dry matter accumulation, which can be related to increased nutrient uptake by SA-
treated, plants (Karlidag et al. 2009).

Table 4: Effect of salicylic acid on macro-element contents (mg/100g dry wt) of two cultivars of flax (Sakha 2 and Amon) plant grown under salinity stress at 75 days after sowing. (Data
are means of two seasons).

Salinity
(mg/l)

Salicylic
acid
(mg/l)

Na

K

Ca

Mg

Cl

P

N

Cultivar

Sakha

Amon

0

371

578

200

448

695

400

581

758

3000

0

200

368

538

400

411

545

6000

0

287

460

200

400

383

422

LSD

20.28
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Yield and yield components:

Data in Table (5) show that, increasing salinity levels from 3000 to 6000 mg/I caused gradual reduction in
yield components (number of fruiting branches/plant, capsules number/plant, capsules weight/plant, seeds
number/capsule, seeds weight/plant and 1000 seeds weight) of the two cultivars of flax plant as compared with
their control plants. The percentage of decreases at 6000 mg/l reached 18.76% & 6.60% in number of fruiting
branches, 26.67 & 18.20% in capsules number/plant, 30.61% & 27.78% in capsules wt /plant, 17.47% & 12.0%
in seeds number/ capsule, 29.66% & 23.53% in seeds wt/plant and 33.71% & 25.24% in 1000 seeds wt for
Sakha 2 and Amon cultivars respectively, as compared with control plant. Regarding to 0il% of the yielded
seeds, data in Table (5) show that, increasing salinity levels from 3000 to 6000 mg/l caused significant decreases
in oil % of the two used cultivars (Sakha 2 and Amon). The percentage of decreases in Sakha 2 cultivar were
7.66% and 13.80% and in Amon cultivar 4.74% and 10.95% at 3000 and 6000 mg/I respectively. Caterina et al.
(2007) demonstrated that, the percent of seed yield decrease was higher per unit increase in electrical
conductivity of irrigation water in sunflower plant. Zadeh and Naeini (2007) have also reported reduction in
number of canola seeds, number of flowers as well as weight loss of its 1000 seeds under saline conditions.
Moreover, Taffouo et al. (2009) found that, the weight of 1000 seeds, number of pods/plant and grains yield of
cowpea cultivars decreased significantly under salinity conditions. Decreases in yield components of stressed
flax cultivars might be attributed to the rapid decrease in leaf photosynthetic pigments (Table 2) and assimilates.
Therefore, translocation of assimilates from stem to seeds is the main source as well as limiting factors for
growth and development of seeds. According to Taffouo et al. (2009) salinity reduced plant productivity first by
reducing plant growth during the phase of osmotic stress and subsequently by inducing leaf senescence during
the phase of toxicity where excessive salt is accumulated in transpiring leaves.

Table 5: Effect of salicylic acid on yield and yield components of two cultivars of flax (Sakha 2 and Amon) plant grown under salinity stress. (Data are means of two seasons).

Salinity Salicylic No of fruiting Capsules No / Capsules wt/plant Seeds no / seeds wt /plant (g) 1000 seeds wt (g) Oil %
(mg/l) acid branches / plant plant (9) capsule
(mg/l)
Cultivar Sakha Amon Sakha Amon Sakha 2 Amon Sakha Amon Sakha Amon Sakha Amon Sakha Amon
2 2 2 2 2 2

0 0 5.33 5.00 15.00 14.67 0.98 1.08 7.67 8.33 0.72 0.68 8.90 6.26 37.33 35.88
200 6.33 5.33 19.00 18.67 1.08 1.61 9.00 9.33 0.81 0.82 9.38 7.78 38.85 37.69
400 7.00 6.67 24.00 22.00 1.32 1.89 9.67 10.00 1.05 1.00 10.52 8.30 39.58 38.58
3000 0 5.00 4.67 12.33 12.33 0.75 0.90 7.00 7.67 0.60 0.58 7.78 5.78 34.47 34.18
200 5.67 5.00 16.00 16.00 0.99 1.39 8.67 8.67 0.87 0.76 8.62 6.00 36.20 36.03
400 6.67 5.33 19.00 19.00 1.09 1.45 8.67 9.33 0.95 0.89 9.44 6.70 37.90 37.09
6000 0 4.33 4.67 11.00 12.00 0.68 0.78 6.33 7.33 0.51 0.52 5.90 4.68 32.18 31.95
200 5.33 5.00 12.00 13.00 0.96 1.20 7.67 8.33 0.68 0.68 6.08 5.36 34.25 33.58
400 6.00 5.33 16.67 15.00 0.99 117 8.33 8.67 0.82 0.82 7.98 5.98 34.03 33.66

LSD at 5% 0.792 1.307 0.1047 0.902 0.0053 0.24 1.410

Table (5) clearly demonstrate that salicylic acid foliar treatment caused obvious increases in yield and yield
components (number of fruiting branches/plant, capsules number/plant, capsules weight /plant, seeds
number/plant, seeds weight/plant, 1000 seeds weight and 0il%) of the two used flax cultivars, as compared with
the untreated control plants and the corresponding salinity levels. Maximum increments in yield and yield
components were obtained by application of 400 mg/l salicylic acid. These results are confirmed by the results
of Daneshmand et al. (2009), Khan et al. (2010), Bakry et al. (2012) and Ali & Mahmoud (2013) 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 from source to sink in flax cultivars. The present results clearly show that the
improvement in yield component of the two flax cultivars due to SA application was associated with improved
photosynthetic capacity (Tables 2&3).

Fatty acid profile of the yielded oil:

Data presented in Table (6) show fatty acid constituents of Sakha 2 and Amon cultivars. These fatty acids
are Lauric (C12:0), Myristic (C 14:0) palmitic (C16:0), Stearic (C18:0), Oleic (C18:1), Linoleic (C18:2),
Linolinic (C18:3), Beheric (C 22:0) and Lignocenic (C 24:0). However, the predominant saturated fatty acids
were palmitic acid and stearic acid in the two cultivars. While, Linolneic and Oleic acid were the predominant
as unsaturated fatty acid in Sakha 2 cultivar and Amon cultivar respectively. Concerning salinity effect it was
evident that palmatic acid increased with increasing salinity levels in both cultivars. However stearic acid
decreased slightly in response to different salinity levels of the two used flax cultivars as compared with control
plant. Meanwhile total saturated fatty acid % in increased in Sakha 2 cultivars in the same time it show slight
decreases in Amon cultivar. The data also revealed that different salinity levels 3000 mg/l and 6000 mg/I caused
decreases in total unsaturated fatty acids %, of cultivar Sakha 2. On the other hand, Amon cultivar show an
increase in unsaturated fatty acid compared with control plants. It was observed mainly decreases in Sakha 2
while an increase in Amon cultivar in oleic and linoleic acid content. Regarding to linolenic acid (the



3579
J. Appl. Sci. Res., 9(6): 3573-3581, 2013

predominant fatty acid of Sakha 2 cultivar) it show slight decrease in response to 3000 mg/l and then increased
slightly in response to 6000 mg/l salinity levels. While in Amon cultivar it shows slight increase at 3000 and
then slight decrease in 6000 mg/I salinity level. These obtained results confirmed the results of Chartzoulakis,
(2005) and Abou Leila et al. (2007). The above mentioned results might be due that salinity decreased
incorporation of photosynthates into lipids.

Exposure of flax plant to different concentrations of SA (Table 6) induced marked increases in the levels of
unsaturated fatty acids particularly Oleic and Linoleic acids. On the other hand, saturated fatty acids markedly
decreased. Noreen and Ashraf (2010) reported that the percentage of unsaturated fatty acids proved the
efficiency of desaturation in oil. Data also show that the effects of SA treatments on individual fatty acids varied
between varieties. Noreen and Ashraf (2010) reported that high doses of salicylic acid caused marked increases
in flax oil content especially some key fatty acids. The increase in unsaturated fatty acid with decreasing of
saturated fatty acids and consequently, increasing in total unsaturated/saturated fatty acids (TUS/TS). Thus the
yielded oil becomes safer for human consumption. Poly unsaturated fatty acid (PUFA) from flax oil are essential
for human diet and lower the risk of diseases related to cholesterol oxidation. Consumption of oleic, linoleic and
linolenic acids lowers the level of LDL in human blood. Unfortunately, flax oil with high PUFA content is
readily oxidized and thus has a minor role in human diet. Moreover, diets high in saturated fats are correlated
with an increased incidence of atherosclerosis and coronary heart disease (Hu et al., 2000).

Table 6: Effect of salicylic acid (mg/l) on fatty acid% of two cultivars of flax (Sakha 2 and Amon) plant grown under salinity stress.

Cultivars Sakha 2 Amon
Salicylic 0 3000 6000 0 3000 6000

asid (mg/l)

Fatty acids 0 200 400 0 200 400 0 200 400 0 200 400 0 200 400 0 200 400
Lauric 0 0 0.358 | 0.256 0 0.258 0.368 0.258 0 0 0.985 0 0 0.125 0.321 0 0 0.258
(C12:0)

Myristic 062 | 0542 | 0.125 [0.893 | 0.625 | 0.568 | 0.985 | 0.854 1.35 0.92 | 1.252 | 0.258 0 [ 0104 | 0.258 | 0.985 | 0.258 | 0.895
(C14:0)

Palmitic 4.15 3.021 2.58 |5.253 3.25 2.365 5.98 1.351 5.26 6.47 6.255 7.35 6.98 2.698 5.698 7.25 7.358 8.147
(C16:0)

Stearic 311 | 0365 | 1.358 |2.985 135 | 0.142 2.68 | 1.368 | 2.369 4.37 | 3.689 4.69 3.98 | 4.685 | 5.698 258 [2.5486 | 0.717

(C18:0)

Oleic 22.14 |20.358 |23.368 |20.47 23.65 21.35 20.68 21.26 21.25 | 68.63 68.64 65.25 69.35 70.36 71.36 70.98 |72.629 |70.582

(C18:1)

Linoleic 18.03 [20.358 |20.258 | 17.98 19.36 19.25 17.02 19.35 20.35 | 10.96 11.37 13.69 12.98 13.37 14.26 10.98 [10.981 |13.577
(C18:2)

Linolenic 50.74 | 54.98 | 51.23 |49.58 | 50.25 | 51.35 | 50.26 | 51.02 | 49.08 5.98 | 6.689 7.35 6 | 7.865 | 2.358 5.98 [3.8209 |[4.6298
(C18:3)

Beheric 0 0 |0.0214 | 0.125 0.358 1.25 0.256 1.685 0 0 0.125 0 0.263 0 0 0.358 |0.4157 |[0.1325
(C:22:0)

Lignocenic 0 [ 0.125 0 [0.258 | 0.125 158 | 0.358 0 | 0.158 0.12 | 0.258 | 0.258 | 0.258 | 0.589 | 0.258 | 0.256 0 [0.5195
(C:24:0)

Total known | 98.79 99.749 [99.298 | 97.8 [98.968 [98.113 [98.585 [97.147 [99.817 | 97.45 [99.259 [98.845 [99.811 |99.794 [100.21 [99.369 |98.011 |99.458
Total 7.88 4.05 4.44 9.77 571 6.16 10.63 5.52 9.14 | 11.88 12.56 12.56 11.48 8.20 12.23 11.43 10.58 10.67
saturated
Total 90.91 |95.696 |94.856 |88.03 | 93.26 | 91.95 [87.958 [91.631 | 90.68 | 85.57 |86.695 |86.289 | 88.33 |91.593 |87.974 | 87.94 |87.431 |88.789

unsaturated

TUS/TS 11.54 23.61 21.35 9.01 16.34 14.92 8.277 16.61 9.924 | 7.203 6.9 6.872 7.694 11.17 7.192 7.694 8.264 8.322
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