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Salinity is one of the environmental challenges in the world affecting on several physiological processes
and the most limiting factor of plant productivity and quality. Two pot experiments were conducted at
the wire house of National Research Centre, Cairo, Egypt during two successive seasons of 2010/2011
and 2011/2012 to assess the efficiency of two antioxidant vitamins (ascorbic acid at 1.13 and 2.27 mM
or α tocopherol at 0.46 and 0.93 mM) and/or salinity stress at (0.0, 3.08, 6.16, 9.23 ds/m) on
photosynthetic pigments, protein, carbohydrate, minerals, oil contents and yield as well as fatty acids
composition of the yielded oils of three flax cultivars (Sakha 3, Giza 8 and Ariane). The data revealed that
salinity stress caused significant and gradual decreases in total photosynthetic pigments,
polysaccharides, total carbohydrates, total proteins and the uptake of Mg, K, Ca and P in the leaves of
three flax cultivars with increasing salinity levels (3.08, 6.16, 9.23 ds/m). Otherwise, significant and
gradual increase appeared in both Na and Cl. Ascorbic acid and α tocopherol at different concentrations
caused significant increases in photosynthetic pigments, total carbohydrates and protein contents in the
leaves of flax plants irrigated either with tap water or saline solution as compared with their
corresponding controls. Exogenous application of ascorbic and α tocopherol at different concentrations
exhibited decreases in Na and Cl whereas increases appeared in Mg, K, Ca and P relative to their
corresponding control. Ascorbic acid (1.13 and 2.27 mM) and α tocopherol (0.46 and 0.93 mM) caused
marked increases in yield and yield attributes of three flax cultivars either in plants irrigated with tap
water or saline solution as compared to corresponding control. Ascorbic acid effects were more
pronounced than α tocopherol effects. In addition, the higher level of two vitamins was more
pronounced than the lower level. Regarding plants irrigated with tap water, it was noted that ascorbic
acid at 2.27 mM caused significant increase in oil content by 19.75 % in Giza 8 whereas α tocopherpl at
0.93 mM caused significant increase by 14.83% in Sakha 3 and 13.70% in Ariane. Regarding plants
irrigated with saline solution (9.23 ds/m), it was found that α tocopherol at 0.93 mM caused significant
increase in oil % by 30.84 %, 9.66 % and 35.62 % in Sakha 3, Giza 8 and Ariane cv. respectively.
Responses of three flax cultivars to salt stress were more or less similar; since salinity stress caused
marked increases in total saturated fatty acids accompanied by decreases in total unsaturated fatty
acids as salinity levels increased. Myristic acid (C14:0) and oleic acid (C18:1) were the most affected
saturated and unsaturated fatty acids in response to different salinity levels. The effect of ascorbic acid
at 2.27 mM and tocopherol at 0.93 mM were found to be contrary to that of salinity as marked
increases appeared in unsaturated fatty acids as compared with control plants.
It could be concluded that foliar application of ascorbic acid and α tocopherol could play an
enhancement role and alleviate the harmful effect of salinity stress on many metabolic and physiological
processes of three flax cultivars that reflected in increasing seed yield quality and quantity.
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Flax (Linum usitatissimum L.) is one of

the use of non-traditional sources such as saline

economically important oilseed crops over the

water in irrigation become necessity in recent

world. In Egypt, it is grown as a dual purpose crop

years. Overcoming deleterious effects of salinity

i.e. fibre and seed oil. The flax seed oil quality is

stress and improving salt tolerance is considered

usually valued according to the content of essential

one of the challenges for increasing plant growth

fatty acids. Flax oil is one of the richest sources of

and productivity.

omega-3 fatty acid (α-linolenic) and omega-6 fatty

Antioxidants have synergistic effects on growth,

acid (linoleic). The genetic constituent is the main

yield and yield quality of many plant species. These

factor controlling the fatty acids profile in flax oil

compounds have beneficial effects on catching the

and linolenic acid represents more 50% of total

free radicals or the active oxygen that produced

fatty acids. Flax seeds show a high antioxidant

during photosynthesis and respiration processes

activity. Ascorbic acid is the most abundant

(Foyer et al. 1991). Exogenous application of

antioxidant in flax seeds (Morris, 2005).

antioxidants in the form of vitamins has gained

Salinity is a common environmental challenge in

considerable attention as a possible approach to

the world and one of the major problems that limit

ameliorate the adverse effects of salinity stress on

agricultural production. According to the report of

plants for improving plant growth, development

the world’s irrigated lands, about 20-27 % may be

and yield (quantity and quality) (El Bassiouny et al.

salt affected (Ezz El-Din et al. 2005). Salinity stress

2005). Vitamins could be considered natural and

can affect several physiological processes, from

safety bio-regulator compounds which relatively in

seed germination to plant development. Moreover,

low concentrations exerted profound influences

high salt content affects the physiology of plants,

upon many physiological processes.

both at the cellular as well as whole plant levels

Ascorbic acid (vitamin C) is one of the most

(Murphy and Durako, 2003). In saline environment,

important water soluble antioxidants in plants,

NaCl is usually the most injurious and predominant

acting as a modulator of plant development

+2

salt but also other salts including Mg , Ca

+2

and

through hormone signaling and as coenzyme in

SO4 may be presented (Yamaguchi and Blumwald,

reactions by which carbohydrates, fats and proteins

2005). Salinity stress, similar to many abiotic stress

are metabolized (Pastori et al. 2003). Ascorbic acid

factors, is known to induce oxidative damage to

is involved in the regulation of many critical

plant cells from reactive oxygen species that affect

biological processes such as photo-inhibition and

the physiology and biochemistry of plants and can

cell elongation (Noctor et al. 1998); many other

lead to a reduction in plant yield (Azevedo-Neto et

important enzymatic and non enzymatic reactions

al. 2006). Reactive oxygen species such as

(Smirnoff, 2000); as well as in regulating plant

-2

2-

superoxide radical (O ), hydrogen peroxide (H 2O2)

growth and development, since it plays an

and hydroxyl radical (OH-) are responsible for the

important role as plant growth regulator (Athar et

damage of membranes and other essential

al. 2008). Moreover, ascorbic acid is very important

macromolecules such as photosynthetic pigments,

for the regulation of photosynthesis, flowering and

proteins, DNA and lipids (Noctor and Foyer, 1998).

senescence

Egypt suffers from water shortage problems and

investigations reported that ascorbic acid plays

(Barth

et

al.
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important roles in enhancing the salt tolerance of

MATERIALS AND METHODS

different plants (Athar et al. 2008; Paital and

Experimental procedure

Chainy, 2010; Hussein et al. 2011; Ejaz et al. 2012).

Two pot experiments were conducted at the

α Tocopherol (vitamin E) is a lipophilic

wire house of National Research Centre, Cairo,

antioxidant synthesized by all plants; its levels vary

Egypt during two successive seasons of 2010/2011

in

during

and 2011/2012. Three different cultivars of flax,

development and in response to abiotic stresses. It

Sakha 3, Giza 8 (Egyptian origin) and Ariane (French

interacts with the polyunsaturated acyl groups of

origin) were obtained from Oilseed Department,

lipids,

and

Agricultural Research Centre, Giza, Egypt. The two

quenches various ROS (Maeda and DellaPenna,

applied vitamins, ascorbic acid and α tocopherol

2007) thus protects polyunsaturated fatty acids

were supplied from Sigma Chemical Company, St.

from lipids peroxidation and modulates signal

Louis, MO, USA. The salt type used in irrigation was

transduction (Noctor, 2006). In cooperation with

mainly the chloride mixture suggested by Stroganov

the xanthophylls cycle, vitamin E fulfills at least two

(1962). The salt components of salt mixture are

different functions in chloroplasts at the two major

shown in Table (1).

different

tissues

stabilizes

and

fluctuate

membranes,

scavenges

sites of singlet oxygen production: it preserves PSII
from photoinactivation and protects membrane
lipids from photooxidation (Havaux et al. 2005). α
Tocopherol levels change differentially in response
to environmental constraints, depending on the
magnitude of the stress and the species’ sensitivity
to stress. Changes in α tocopherol levels result from
altered expression of pathway-related genes,
degradation and, recycling, and it is generally
assumed that an increase in α tocopherol
contributes to plant stress tolerance (Munne-Bosch,
2005).

Plants

pre-treated

with

α-tocopherol

showed induced stress tolerance and protection
against oxidative damage due to various stresses
(Kumar et al. 2012).

clay and sand soil (2:1) were grouped into three
main groups, the first main group was sown with
flax seeds of Sakha 3 cv., while the second main
group was sown with flax seeds of Giza 8 cv. and
the third main group was sown with seeds of Ariane
cv. Thinning was done after 15 days from sowing
leaving 5 uniform seedlings per pot. Phosphorus,
potassium and ammonium fertilizers were added to
the soil at the recommended doses. Each group was
divided into five sub-groups, the first sub-group of
each cultivar was sprayed with tap water (control);
while pots of the other four sub-groups of each
cultivar were sprayed twice during vegetative
growth stage (after 45 and 60 days from sowing)

This investigation aimed to assess the efficiency
of two antioxidant vitamins (ascorbic acid and α
tocopherol) in alleviating salinity stress on three flax
cultivars through their actions on photosynthetic
pigments, minerals, protein, carbohydrate, oil
contents and yield as well as fatty acids
composition.

Pots containing equal amounts of homogenous

with either ascorbic acid (at 1.13 or 2.27 mM) or α
tocopherol (at 0.46 or 0.93 mM).
Each sub-group was divided into four sub-subgroups according to irrigation with different levels
of saline solutions by using Stroganov nutrient
solutions at 0.0, 3.08, 6.16 and 9.23 ds/m. Every
treatment consisted of 5 replicates distributed in a
completely randomized design. The pots were
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Statistical analysis

starting at 60 days from sowing. Irrigation was run

The data were subjected to the analysis of

as follows 3 times with saline solutions and one

variance (ANOVA) appropriate to the randomized

with tap water. Plant samples were taken after 90

complete block design applied after testing the

days from sowing (at beginning of flowering stage)

homogeneity of error variances according to the

for determination of photosynthetic pigments,

procedure outlined by Gomez and Gomez (1984).

proteins,

minerals

The significant differences between treatments

content. At harvest, plant samples were collected

were compared with the critical difference at 5%

to determine yield and yield components (capsules

probability level.

total

number/plant;

carbohydrates,

seeds

and

number/capsule;

seeds

weight/plant and 1000 seeds weight), oil content
and fatty acids composition of the yielded oils.

RESULTS AND DISCUSSION
Photosynthetic pigments
Table

Chemical analysis

(2)

shows

that

Giza

8

cv.

was

characterized by the highest content of total

Photosynthetic

a,

photosynthetic pigments followed by Sakha 3 cv.,

chlorophyll b and carotenoids) in the fresh leaves

whereas, Ariane cv. had the least either under salt

were determined

according to the method

stressed conditions or unstressed conditions.

described by Moran (1982). Total carbohydrates

Salinity stress caused significant and gradual

were determined in the dry leaves using the

decreases in total photosynthetic pigments with

colorimetric method described by Dubois et al.

increasing salinity levels. The highest salinity level

(1956). Polysaccharides were determined according

(9.23 ds/m) caused the highest significant decrease

to Naguib (1963). Minerals content of Na+, P, K+,

in total photosynthetic pigments by 29.08, 31.29,

2+

pigments

(chlorophyll

2+

Ca , Mg and N were determined according to the

and 24.41 % in Sakha 3, Giza 8 and Ariane cultivars

method described by Chapman and Pratt (1978). N

respectively relative to unstressed control. This loss

and

Spekol

of chlorophyll due to stress may be occurred due to

Spectrocolourimeter Carl Zeiss. While, Ca, K and Na

inhibition in biosynthesis or degradation of

contents were determined by the use of flame

chlorophyll

P

were

determined

photometer, and Mg

+2

using

(Kumar

et

al.

2012)

and/or

was determined using

disorganization of chloroplasts (Camejo et al. 2006).

atomic absorption spectrophotometer. Cl -1 was

The disruption in the fine structure of the

determined according to Johnson and Ulrich (1959).

chloroplast, instability of the pigment protein

Protein content was calculated by multiplying N% x

complex and enhanced chlorophylase activity are

6.25. The oil content of the seeds was determined

directed to decrease in chlorophyll content under

according to the procedure reported by A.O.A.C.

saline conditions. Madan et al. (2004) reported that

(1990). As the quality of the oil depends on the

salinity stress marginally decreased the rate of

proportion

their

photosynthesis and chlorophyll content in the salt

composition was determined quantitatively by Gas

tolerant cv. however in the sensitive one showed

Liquid Chromatography according to the method

greater reduction.

of

different

described by Harborne (1984).

fatty

acids,

Ascorbic acid and α tocopherol at different
concentrations caused significant increases in total
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photosynthetic pigments in plants irrigated either

nitrate absorption as reported by El Zeiny et al.

with tap water or saline solution relative to their

(2007).

corresponding controls (Table, 2). Ascorbic acid

Meanwhile, foliar application of ascorbic acid

treatment (2.27 mM) showed pronounced and

and α tocopherol at all concentrations showed

significant effect in alleviating the harmful effect of

opposite trends to salinity effects. At low salinity

salinity stress on photosynthetic pigments of three

level (3.08 ds/m), the two applied vitamins caused

cultivars of flax. The increase of chlorophyll content

significant increases in total carbohydrates and

due to ascorbic acid application depends on the

proteins not only relative to corresponding stressed

scavenging of reactive oxygen species by this

plants but also to unstressed untreated plants. In

antioxidant molecule and removing them directly

addition, under moderate salinity stress at 6.16

from the cytoplasm (Beyer, 1994). Moreover, it has

ds/m, the higher ascorbic acid level (2.27 mM)

a supplementary role in protecting or regenerating

showed the highest pronounced effect on total

oxidized carotenoids or tocopherols (Shao et al.

carbohydrates and proteins. The enhancement

2006). Gonzlez et al. (1998) mentioned that the

effect of ascorbic acid on photosynthetic pigments

depletion in endogenous ascorbic acid before the

as shown in Table (2) reflected on total

start of paleness and falling of plant leaves occurs

carbohydrate and protein contents (Table, 3). Khan

under the influence of different types of stresses

et al. (2011) mentioned that foliar spray of ascorbic

and exogenous application of ascorbic acid have

acid encouraged synthesis of chlorophyll that

effective role in resisting stresses.

involved in increases of photosynthetic metabolites,

The enhancement roles of α tocopherol on

which lead to the accumulation of different

photosynthetic pigments of flax leaves (Table,2) are

fractions of soluble sugars and nitrogen content in

in agreement with those reported by Kumar et al.

plant tissues under saline conditions or this could

(2012) on stressed wheat and Al Qubaie (2012) on

perhaps alleviate the inhibitory effects of salinity on

sunflower, since, α tocopherol may be protected

glucose incorporation to cell wall polysaccharides.

the organization of the chloroplast thus minimize

Moreover, Dolatabadian et al. (2010) reported that

chlorophyll loss.

ascorbic acid scavenged reactive oxygen species

Polysaccharides, total carbohydrates and total

and prevented protein oxidation and degradation.

proteins

The positive effect of ascorbic treatments on N

Table (3) shows that salinity stress caused
significant decreases in polysaccharides, total
carbohydrate and protein contents of three flax
cultivars as compared to control (irrigated with tap
water). The inhibitory effect of salinity on
chlorophyll synthesis as mentioned in Table (2)

concentration could be explained by the finding of
Talaat (2003) who showed that the accumulation of
nitrate by ascorbic acid foliar application may be
due to the positive effect of ascorbic on root
growth which consequently increased nitrate
absorption.

might be reduced the biosynthesis of carbohydrates

Regarding α tocopherol effects, Sadak et al.

(Table, 3). The reduction in protein content under

(2010) demonstrated that application of α-

salinity stress (Table, 3) may be due to the

tocopherol on sunflower plants led to the

disturbance in nitrogen metabolism or inhibition of

accumulation of total carbohydrates, stimulation of
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protein synthesis and delaying senescence of

of ascorbic acid might increase the organic acids

sunflower plant.

excreted from the roots into the soil and

Minerals content

consequently increase the solubility of most

Table (4) illustrates that the uptake of Mg +2, K+,
Ca+2 and P in flax leaves were decreased gradually
by increasing salinity levels however increasing
salinity levels caused increases in Na + and Cl- uptake

nutrients which release slowly into the rhizosphere
zone. Moreover, the increase in Ca+2 concentration
is important for preserving membrane integrity
(Rengel, 1992).
Application of α tocopherol led to an increase in

as compared to those irrigated with tap water.
Na+ might

Excess of

cause

problems with

the contents of ions in the leaf through their role in

membranes, enzyme inhibition, and disturbance in

increasing

metabolism

division,

regulating various processes including absorption of

elongation and structure (Abo Kassem, 2006). In

nutrients from soil solution (Buschmann and

this connection, Kiarostami et al. (2010) suggested

Lichtenthaler, 1979).

that increased accumulation of sodium (Na +) and

Yield and yield components

which

disorganize

cell

-

osmotolerance

and/or

through

(Cl ) ions in the tissues inhibits biochemical

Table (5) indicates that seed yield/ plant was

processes related to photosynthesis through direct

more pronounced in Giza 8 cv. > Sakha 3 cv. >

toxicity and led to low water potential. The

Ariane cv. at all treatments. These results were

promotion

of

Na

+

uptake

by

salinity

was

concomitant with photosynthetic pigments results

+

that reported in Table (2). It was noted that yield

concentration, showing an apparent antagonism

and yield attributes (number of capsules/plant,

accompanied by a corresponding decline in K
between K

+

and Na

+

(Cuin et al. 2009). The

number of seeds /capsule and weight of 1000

+2

reduction in Ca and Mg uptake under salt stress

seeds) of three flax cultivars were decreased

conditions might be due to the suppressive effect of

gradually by increasing salinity levels (0.0, 3.08,

Na+ and K+ on these cations or due to reduction of

6.16 and 9.23 ds/m). The highest decrease in seed

+2

+2

+2

transport of Ca and Mg ions (Asik et al. 2009).

yield/plant due to the highest salinity level (9.23

Meanwhile, Ashish et al. (2010) proposed that

ds/m) were 61.70% in Giza 8 cv., 50.0 % in Sakha 3

phosphorus does not contribute to osmotic

cv. and 47.37% in Ariane cv. These results are in

adjustment but accumulates in cell walls of stressed

agreement with those reported by Sadak et al.

plants.

(2010); Abdelhamid et al. (2010); Kumar et al.

On the other hand, plants irrigated either with

(2012) on different plant species. Wright et al.

tap water or saline solution at different levels and

(1988) stated that the reduction in seed number

undergo exogenous application of ascorbic acid or α

due to increasing in salinity levels is believed to be

+

-

tocopherol exhibited decreases in Na and Cl ,

the

consequence

of

decreasing

assimilates

whereas increases appeared in Mg +2, K+, Ca+2 and P

production associated with decreasing plant size.

relative to their corresponding control. Thus, the

On the other hand, Table (5) shows clearly that

two applied vitamins partially mitigate the adverse

ascorbic acid (1.13 and 2.27mM) and α tocopherol

effect of salt stress on minerals content in flax

(0.46 and 0.93 mM) caused marked increases in

leaves. Ahmed (1996) mentioned that foliar spray

yield and yield attributes of three flax cultivars
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either irrigated with tap water or saline solution as

addition to seed yield quality (protein and oil

compared to corresponding controls. It is worthy to

contents) of soybean.

mention that the effect of ascorbic acid at the
higher level was the most pronounced.

Both applied vitamins (ascorbic acid at 2.27mM
and α tocopherol at 0.93mM) caused significant

Ascorbic acid was identified as a growth

increases in oil% of the three flax cultivars either

regulator affects many metabolic and physiological

irrigated with tap water or saline solution relative

processes. Addition of ascorbic acid externally is an

to

important factor for cell growth and division

irrigated with tap water, it was noted that ascorbic

(Franceschi and Tarlyn, 2002). Emam et al. (2011)

acid at 2.27 mM caused significant increase in oil

mentioned that ascorbic acid significantly increased

content by 19.75 in Giza 8 cv. whereas α tocopherpl

the yield components of flax plants in terms of

at 0.93 mM caused significant increase by 14.83% in

number

of

Sakha 3 cv. and 13.70% in Ariane cv. Regarding

seeds/capsule, seed yield/plant, seed yield/feddan

plants irrigated with saline solution (9.23 ds/m), it

as well as seed index compared with the control.

was found that α tocopherol at 0.93 mM caused

of

capsules/plant,

number

corresponding

controls.

Regarding

plants

The enhancement effects of α tocopherol on

significant increase in oil % by 30.84 %, 9.66 % and

flax yield and yield components (Table, 5) were

35.62 % relative to corresponding control in Sakha

proved earlier by El Bassiouny et al. (2005); Sadak

3, Giza 8 and Ariane cv. respectively. The promoting

et al.(2010); Soltani et al. (2012); Al Qubaie (2012)

effect of the two applied antioxidants on seed yield

on different plant species. α Tocopherols plays a

and

role

enhancing oil yields. Gamal El Din (2005) reported

in

a

range

phenomena
development,

of

including

different

components

surely

reflected

on

growth

and

that ascorbic acid significantly increased oil

preventing

lipid

percentage of sunflower seeds. Contrary to the

plant

senescence,

physiological

yield

peroxidation and to interact with the signal cascade

present

results,

Dolatabadian

et

al.

(2010)

that convey abiotic and biotic signals (Baffel and

mentioned that, the highest corn oil percentage

Ibrahim, 2008).

was achieved from stressed plants while ascorbic
acid treatments decreased it.

Oil contents
Table(6) shows clearly that the trend of oil
contents of three flax cultivars were correlated to
photosynthetic pigments (Table,2) as well as yield
and yield attributes (Table,5). It was noted that, oil
% in Giza 8 cv. > Sakha 3 cv. > Ariane cv. under all
treatments. Three salinity levels caused significant
decreases in oil % relative to control. Decreasing oil

Regarding α tocopherol, Ayad et al. (2009)
indicated that α-tocopherol treatments significantly
increased essential oil percent and yield of
Pelargonium graveolens L. and these increases
might be due to a pronounced enhancement of α
tocopherol on synthesis and accumulation of oil.
Fatty acids composition

% of three flax cultivars (Table, 6) with increasing

Table (7-A,B,C) shows that oils extracted from

salinity could be mainly attributed to the reductions

three flax cultivars characterized by the presence of

in seed yield per plant under saline conditions

nine fatty acids, including six saturated fatty acids

(Table, 5). Abdelhamid et al. (2010) mentioned that

(lauric, myristic, palmitic, stearic,behenic and

soil salinity reduced all seed yield parameters in
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lignoceric) and three unsaturated fatty acids (oleic,

and some damages to all enzymatic activities,

linoleic and linolenic).

including that of oleate desaturase (Flagella et al.

At normal conditions (untreated and unstressed

2004). In addition, relative compositional changes

plants), it was found that oil of Giza 8 cv.

in fatty acids induced by NaCl resulted in decreased

characterized by the least total saturated fatty acids

unsaturated/saturated ratio, more so in tolerant

(11.19 %) followed by Sakha 3 cv. (13.96 %) and

cultivar as reported by Mansour and Salama (2004).

Ariane cv.(15.96 %). Regarding unsaturated fatty

The effects of ascorbic acid at 2.27 mM and α

acids, it was noted the two cultivars Giza 8 and

tocopherol at 0.93 mM were found to be contrary

Sakha 3 have approximately the same percentage

to that of salinity as marked increases were

(84.59 %and 84.28 %) while Ariane cv. had the least

observed in unsaturated fatty acids as compared

(81.64%). The predominant fatty acids were

with control plants. The highest increase in linolenic

linolenic followed by oleic and linoleic. Responses

acid was detected in Giza 8 cv. under low salinity

of fatty acids composition of three flax cultivars to

level (3.08 ds/m) with α tocopherol treatment as

salt stress were approximately similar; since salinity

well as at moderate salinity level (6.16 ds/m) with

stress caused marked increase in total saturated

ascorbic acid. Emam et al. (2011) revealed that

fatty acids accompanied by decreases in total

ascorbic acid treatment caused marked decrease in

unsaturated fatty acids with increasing salinity

saturated fatty acids (palmitic and stearic). The

levels as compared with untreated unstressed

increase in linolenic acid with vitamin treatments

plants.

might be attributed to the acceleration of the

Myristic acid (C14:0) and oleic acid (C18:1) were
the most affected saturated and unsaturated fatty

biosynthetic pathway of linolenic acid (Joshi et al.
1998).

acids in response to different salinity levels. The

El Lethy et al. (2010) found that foliar

highest level of salinity (9.23 ds/m) caused

application of α tocopherol, significantly affected oil

increases in myristic acid by 446.15% and 538.46%

yield of flax plant and linolenic acid was found to be

and decreases in oleic acid by 11.16% and 20.64% in

the main fatty acid. The most prominent function of

Sakha 3 and Giza 8 cultivars respectively as

α tocopherol is protection of polyunsaturated fatty

compared with untreated unstressed plants. Special

acids from lipid peroxidation (Farouk, 2011).

attention must be paid to linolenic acid content.

α Tocopherol breaks a propagation chain of lipid

Since, it was decreased sharply by salinity levels in

oxidation by reduction of radical intermediates

Ariane cv. and slight decreases were observed in

(Vollhardt and Schore, 2011). One molecule each of

Sakha 3 and Giza 8 by salt stress. Hashem et al.

the α-, β-, γ-, δ-tocopherol is capable of protecting

(2011) indicates that mystiric acid may play an

220,

important role in salt tolerance mechanism of

polyunsaturated

plants.

respectively (Fukuzawa et al. 1982).

120,

100,

30
fatty

and
acid

20

molecules

from

of

oxidation,

Under saline conditions, both osmotic and toxic

The biphasic action of vitamin treatments which

stresses do occur and it is possible that water

was generally reflected in attenuated saturated

deficit occurring under salt stress might have

fatty acids level and augmented in unsaturated

caused a shortening of the lipid accumulation phase

fatty acids could be a successful step in improving
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the quality of flax seeds. The increase of

It could be concluded that foliar application of

unsaturated fatty acids in response to vitamins

ascorbic acid and α tocopherol could play an

treatments improves the nutritional value and the

enhancement role and alleviate the harmful effect

economic importance of the flax seed oil, as the flax

of

seed oil health benefits are, primarily, due to it

physiological processes of three flax cultivars that

being the highest food source of omega 3 fatty acid

reflected in increasing seed yield quality and

(linolenic acid).

quantity.

salinity

stress

on

many

metabolic

and

Table 1 : The component of salt mixture used for chloride salinization expressed as % of total salt content.
MgSO4
10

CaSO4
1

NaCl
78

MgCl2
2

CaCO3
9

The component of specific anions and cations in chloride mixture expressed as percentage of
total milliequivalents.
Na+
38

Mg+2
6

Ca+2
6

SO-2
5

Cl40

CO3-2
5

Table 2 : Effect of ascorbic acid (Asc) and α tocopherol (α Toc) on photosynthetic pigments (µg/g fresh
weight) of three flax cultivars grown under salinity stress at 90 days after sowing (combined
analysis of two seasons)
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Table 3 : Effect of ascorbic acid (Asc) and α tocopherol (α Toc) on polysaccharides, total carbohydrates
and total proteins (%) of three flax cultivars grown under salinity stress at 90 days after sowing
(combined analysis of two seasons).
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Table 4 : Effect of ascorbic acid (Asc) and α tocopherol (α Toc) on minerals content (mg/g) of three flax
cultivars grown under salinity stress at 90 days after sowing (combined analysis of two seasons).
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Table 5 : Effect of ascorbic acid (Asc) and α tocopherol (α Toc) on yield (g/plant) and yield components of
three flax cultivars grown under salinity stress (combined analysis of two seasons)
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Table 6 : Effect of ascorbic acid and α tocopherol on oil contents (%) of three flax cultivars grown under
salinity stress (combined analysis of two seasons).
Salinity (ds/m)

Materials
(mM)

Cultivars
Sakha 3

Giza 8

Ariane

0

35.54

38.62

32.99

ascorbic acid (2.27)

39.39

46.25

35.89

α tocopherol (0.93)

40.81

42.85

37.51

0

30.97

33.27

28.04

ascorbic acid (2.27)

33.58

36.61

29.89

α tocopherol (0.93)

35.19

37.81

30.61

0

26.21

30.56

22.25

ascorbic acid (2.27)

30.64

36.33

25.89

α tocopherol (0.93)

34.39

34.59

31.82

0

20.46

29.50

17.94

ascorbic acid (2.27)

23.44

31.50

23.59

α tocopherol (0.93)

26.77

32.35

24.33

0.78

1.28

0.86

0

3.08

6.16

9.23

LSD 5%

Table 7 : (A) Effect of ascorbic acid (Asc) and αtocopherol (αToc) on fatty acids composition of oil content
of Sakha 3 cultivar grown under salinity stress.
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(B) Effect of ascorbic acid (Asc) and αtocopherol (αToc) on fatty acids composition of oil content
of Giza 8 cultivar grown under salinity stress.

(C) Effect of ascorbic acid (Asc) and αtocopherol (αToc) on fatty acids composition of oil content
of Ariane cultivar grown under salinity stress.

salinity on growth and yield of soybean.
Proceedings of the Second Science Africa
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