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ABSTRACT  
 

Salinity is abiotic stress adversely affected on plant growth and yield. Antioxidants compounds 
considered as one of the methods and strategies to ameliorate the deleterious effects of salinity stress 
on plants to reduce the effect of oxidative stress. Thus, the present experiments are designed to study 
the evaluation of some flax cultivars (Sakha 1, Sakha 3 and Sakha 5) under different levels of salinity 
(0, 4, 6 and 8 dsm-1) and spraying with ascorbic acid (200 mgl-1 and 400 mgl-1). Experiments were 
conducted at Lyzometer of Sakha Agricultural Research Station, Kafr El-Sheikh, Egypt during the 
two growing winter seasons of 2015/2016 and 2016/2017. The data indicate that salinity stress caused 
significant and gradual decreases in all growth characters (seed yield /p and fiber ratio), physiological 
parameters (photosynthetic pigments, Water relation and Na/K ratio), and increases biochemical 
parameters {(Ascorbic acid (ASO), Peroxidase (POD) and Catalase (CAT)} in the leaves of three flax 
cultivars with increasing salinity levels except proline which exhibited an increase compared to the 
control plants. The highest salinity level (8 dsm-1) caused the highest significant decrease in total 
photosynthetic pigments in the first season by 22.82, 33.24 and 17.64 % and in seed yield/plant 
37.44,71.85 and 28.20% in Sakha 1, Sakha 3 and Sakha 5 cultivars, respectively compared to the 
control plants (the second season tended to be the same trends with the first one). However, 
application of ascorbic acid at different concentrations exhibited increases appeared in physiological 
parameters (photosynthetic pigments, Water relation and proline). Whereas, decreases in leaf content 
of  Na/K ratio compared with control in both grown seasons.  Ascorbic acid (AA) (200 mg l-1 and 400 
mg l-1) caused obvious increases in seed yield and fiber ratio of three flax cultivars either in plants 
which irrigated with tap water or saline solution as compared with control. In addition, the higher 
level of Ascorbic acid was more effective alleviating the adverse effects of salinity stress than the 
lower level. The results indicated that Sakha 5 cv. has the best performance for seed yield and most 
studied traits under salinity stress condition; also, this cultivar exhibited highly significant differences 
for all salinity tolerance indices.  

It is realized from data that foliar application with 400 mgl-1 ascorbic acid increased stem 
diameter compared to the control. This increment in stem diameter was mainly due to the prominent 
increase in thickness of all included tissues. Xylem thickness had upward increase when flax plants 
were grown under salinity stress especially high level of salinity. Additionally, there were changed in 
xylem formation and arrangement in stressed plants. RAPD Molecular markers for three cultivars was 
also investigated. 

 
Keywords: Ascorbic acid, salinity stress, flax cultivars, salt tolerance 

 
Introduction 
  

Flax (Linum usitatissimum L.) is economically important fiber crop and oilseed (linseed) plant 
grown all over the world. The increasing demand for flax is mainly due to it contains high amount of 
protein, -linolenic-rich oil, lignans and fiber Sadak and Dawood, (2014). Natural fibers from flax are 
commonly used in the material industry; also have good potential as strengthening agents in 
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compound polymers. In Egypt, flax is cultivated for a dual purpose (seeds for oil and stem for fiber) 
and the cultivated area was decreased 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 and stress tolerant cultivars 
Ibrahim, (2009). Water in Egypt have shortage problems and the use of non-traditional sources for 
example saline water in irrigation become necessity in recent years. Salinity is one of the detrimental 
abiotic stresses and a complex physiological phenomenon in plants that results into reduced crop 
productivity Ashraf and Fooled, (2007); Munns and Tester, (2008). The harmful effects of salinity 
stress on growth and physiology include the reduction in plant growth Tambhale et al., (2011); Helaly 
et al., (2017). In addition, salinity stressed plants show reduced water potential in the root zone 
causing water deficit, phytotoxicity of ions such as Na+ and Cl-, and nutrient imbalance by depression 
in uptake and/or shoot transport.  NaCl is the major salt causing salinization and affects morpho-
physiological, biochemical and molecular processes, including seed germination, plant growth and 
water and nutrient uptake in number of crop plants Kaya et al., (2011). Salt stress commonly reduce 
content of chlorophyll in plant leaves and the salinized plants showed the highest values of proline 
Mervat et al., (2013). It has been revealed from many studies that high salinity levels mostly cause 
distance between vascular bundles and epidermis cell number Cavusoglu et al., (2007). Dolatabadian, 
et al. 2011 found that, salinity stress significantly increased cutin thickness and trichome density on 
epidermal cells of soybean plant, on the other hand, cortex thickness was decreased while xylem 
thickness increased when soybean plants were grown under salinity stress. Under abiotic stress, the 
anatomical characters of faba bean stem and leaf such as stem diameter, cortex thickness and number 
of xylem vessels/bundle as well as lamena thickness were decreased Abdelaal, (2015). Antioxidants 
compounds considered as one of methods and strategies to ameliorate the deleterious the harmful 
effects of salt stress on plants to reduce the effect of oxidative stress.  Ascorbic acid (AA) is an 
important antioxidant in plant tissue which plays an important role in plant stress tolerance. Plant with 
higher amount of ascorbic acid content showed better protection against oxidative stress, influences it 
many enzyme activities, minimizing the oxidative damage through synergetic function with other 
antioxidants Foyer and Nectar, (2005).  

Thus, the present work is designed to study the behavior of three flax cultivars under different 
levels of salinity and ascorbic acid treatments on morphological physiological characters, yield (fibers 
and seeds per plant) as well as stem anatomy, to improving salt tolerance and decrease the harmful 
effects of salinity stress. 

 
Materials and Methods 
  
Plant material and treatments 
 

The present investigation was carried out to elucidate the roles of ascorbic acid on the oxidative 
defense systems of the three different cultivars of flax (Linum usitatissimum L.) grown under saline 
conditions. Also, to elucidate that role in nullifications of all salt injuries. Seeds of flax cultivars 
(Sakha 1, Sakha 3 and Sakha 5) obtained from fibers Research Section, Field Crops Research 
Institute, Agricultural Research Centre, Giza, Egypt. Ascorbic acid (AA) was supplied from Sigma 
Chemical Company, USA. The experiment was carried out under lysemeter condition of Sakha 
Agricultural Research Station, Kafr El-Sheikh, Egypt during the two growing winter seasons of 
2015/2016 and 2016/2017. Salinity irrigation as accurately controlled to adjust different salinity 
levels, water artificially salinized by applying NaCl and CaCl2 (2:1 molar respectively at 
concentration 4, 6 and 8 dsm-1) in addition to control. Three flax cultivars seeds of (Sakha 1, Sakha 3 
and Sakha 5) were separately sown on 15th of November in the first season and a 19th of November in 
the second one. In plots containing equal amounts of homogenous clay and sand (2:1). The plants 
were sprayed twice during vegetative growth stage (after 45 and 6o days from sowing) with aqueous 
solutions of ascorbic acid (200 mg l-1 and 400 mg l-1). Irrigation was run as followed 3 times with 
saline solution and one treated with tap water. All plots received recommended dose of NPK 
fertilizers. A split-split plot design was used in this experiment with three replications, which cultivars 
in the main plot, salinity levels in sub plot and ascorbic acid treatments in sub - sub plot.  
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Physical and chemical analysis for the soil of the experimental sit 
 

Sites in each growing season were done before sowing according to Jackson (1967). The 
preceding crop was Rice (Oryza sativa L.) in both seasons. The soil type was clay and physical and 
chemical properties are presented in Table (1).  

 
Table 1:  Physical and chemical properties for the soil of experimental site during 2015/2016 and 

2016/2017 seasons. 
Chemical analyses 2015/2016 2016/2017 

pH 8.03 7.94 

E.C. dSm-1 2.34 2.28 

Cations (meq./100 g soil) 

K+ 0.20 0.20 
Na+ 12.82 12.49 

Ca++ 8.65 8.43 

Mg++ 1.72 1.69 

Anions (meq./100 g soil) 
HCO3- 4.08 3.98 

CL- 13.19 12.85 
SO4-- 6.13 5.98 

 
Growth and yield parameters 
 

At the beginning of flowering stage (at 90 days after sowing) samples were taken for estimation 
of growth parameters (leaf area and plant height /plant). At maturity (150 days after sowing), plant 
samples were collected randomly from each subplot for recording the following yield parameters per 
plant seeds yield and fiber ratio after retting process. The means of data (seed yield g/p) for two 
seasons 2015/2016 and 2016/2017 was calculated and intended salinity tolerance indices. 

 
Plant height: The length of main stem from the cotyledonary node to the apical bud of each 

plant was measured. 
Leaf area per plant: Leaf area/p was calculated in square decimeters (dm2) using protable area 

meter. 
Fiber ratio was calculated as follow; fiber ratio= weight of fiber/weight of plant x 100  

Salinity tolerance indices were calculated according to the equations given in (Table 2). 
 
Table 2. Stress tolerance indices used for the evaluation of flax cultivars to salinity tolerance 
No.  Stress tolerance indices  Equation1  Reference 

1 Stress tolerance index STI) = Yp × Ys/Yˉp2 Fernandez, (1992), 

2 Yield stability index (YSI) = Ys/Yp Bouslama and Schapaugh, (1984) 

3 Yield index (YI) =Ys/Y ˉs Gavuzzi et al., (1997), 

4 Mean productivity (MP)  = (Ys+Yp)/2 Bouslama and  Schapaugh,(1984) 

5 Geometric mean productivity (GMP) = =√Ys × Yp Sio-Se Mardeh et al., (2006) 

6 Harmonic Mean HM = 2(Ys×Yp) /(Ys+Yp) Rosielle & Hamblin,( 1981) 

7 Tolerance index TI= Yp – Ys Rosielle and  Hamblin(1981) 

Where: Ys and Yp are the yields of cultivars evaluated under (stress) and (non-stress) conditions and Yˉs and Yˉp are the 
mean yields of all varieties evaluated under stress and non-stress conditions, respectively.  

 

Biochemical and Physiological Parameters 
 

 Antioxidant enzymes at the beginning of budding stage (at 75 days after sowing) at applied 400 
mgl-1of ascorbic acid samples were taken for estimation Catalase (CAT EC 1.11.1.6) activity was 
assayed following the method of Xu et al., (1997) while Ascorbate oxidase (ASO EC 1.10.3.3) 
activities were assayed by the method reported by Maxwell and batman (1967). Peroxidase (POD, EC 
1.11.1.7) activity assayed using to the method of Bergmeyer (1974).  
At the beginning of flowering stage (at 90 days after sowing) samples were taken for estimation of 
Biochemical and physiological parameters: 
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Photosynthetic pigments (chlorophyll a, chlorophyll b and Total chlorophyll mg g-1 fresh 
weight) in the fresh leaves were determined according to the method described by Moran (1982).  

Minerals content calculated Na/K ratio by determined Na and K+ in dry ashing leaves of plants 
according to the method described by Chapman and Pratt (1978) using flame photometer.  

Proline content was assayed according to the method described by Bates et al., (1973).  
Water relation was calculated as follow: 

Total water content (TWC) =fresh weight –dry weight / dry weight x100 
Relative water content (RWC) = fresh weight –dry weight /Turgid weight- dry weight x100 
Leaf water deficit (LWD) = 100 – RWC 
Antioxidant enzymes at 75 days after sowing (at applied 400mgl-1of ascorbic acid) samples 

were taken for estimation Catalase (CAT EC 1.11.1.6) activity was assayed following the method of 
Xu et al., (1997) while Ascorbate oxidase (ASO EC 1.10.3.3) activities were assayed by the method 
reported by Maxwell and batman (1967). Peroxidase (POX, EC 1.11.1.7) activity assayed using to the 
method of Bergmeyer (1974). 
  
Anatomical studies 
 
1. Samples were observed by light microscope  
 

For anatomical investigation, specimens of selected treatments were taken during the second 
season of 2016/2017 from the middle part of the main stem at the age of 92 DAS. Samples were killed 
and fixed in FAA solution (50 ml 95% ethyl alcohol + 10 ml formalin + 5 ml glacial acetic acid + 35 
ml distilled water) for 48 h. Samples were then washed in 70% ethyl alcohol dehydrated and cleared 
in tertiary butyl alcohol series, embedded in paraffin wax of 54-56°C m.p. Using a rotary microtome, 
cross sections, 20 μ thick, were cut then stained with 1 % safranin and 4 % fast green. The sections 
were cleared in xylene and mounted in Canada balsam (Nassar and El-Sahhar, 1998). Sections were 
documented using light microscope. Measurements were done, using a micrometer eyepiece and an 
average of five readings were calculated. 
 
2. Samples were observed by fluorescence microscope 

 
 Stem sample of each treatment was taken and fixed into 70% ethanol for anatomical assay. 

Samples were collected at 92 determined DAS. Stem sections were cut with a razor blade and placed 
in distilled water. Sections were stained for 15 min in safranin was used for lignified tissue and fast 
green for parenchymatous cells and observed under fluorescence microscopy. Olympus microscope 
equipped with a digital camera. 

 
DNA Extraction and PCR Amplification 
 

DNA was extracted from fresh leaves of flax plant by Cetyltrimethyl Ammonium Bromide 
(CTAB) according to (Doyle and Doyle, 1990). RAPD was performed using eight random decamer 
primers Table (1). Polymerase Chain Reaction (PCR) was carried out in presence of 1X Taq DNA 
polymerase buffer (10 mM Tris-HCl, pH 8.3, 50 mM KCl, 1.5 mM MgCl2), 100 µM dNTPs, 5 
picomole single random primer, 25 ng template DNA, 0.5 unit of Taq DNA polymerase in a total 
volume of 25 µl. PCR amplification was performed in automated thermal cycler (MJ-Mini, Bio Rad) 
programmed as follow, 95C for 4 min followed by 40 cycles of 1 min for denaturation at 94C, 30 
sec for annealing at 37C and 1.30 min for polymerization at 72C, followed by a final extension step 
at 72C for 7 min. The amplification products were resolved by electrophoresis in 1.5% agarose gels 
in 0.5 X TBE buffer using O'GeneRuler™ 100 bp Plus DNA Ladder, gels were documented on Gel 
Documentation UVITEC, UK. Each reaction was repeated twice and only reproducible bands were 
considered for analysis. 
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Table 3: Sequences of the 10-merRAPD primers (5'-3') 
No. Name 5'-3' Sequences 
1 OP-A06 5'-GGTCCCTGAC-3' 
2 OP-A10 5'-GTGATCTCC-3' 
3 OP-A17 5'-GACCGCTTGT -3' 
4 OP-B02 5'-GGACTGGAGT-3' 
5 OP- B14 5'- TCC TGG TCC C -3' 
6 OP- B16 5'- AGT CGG GTG G -3' 

 

Statistical analysis 
 

The data were statistically analyzed according to the technique of analysis of variance 
(ANOVA) for the split- split plot design as published by Gomez and Gomez (1984) using MSTAT 
statistical package. Duncan Multiple Range (DMRT) Test was used to test the significant differences 
between treatment means at 5% level of probability as defined by Duncan (1955). Molecular Data 
analysis the amplified bands from ten RAPD primers were scored as a binary data under the heading 
of total scorable fragments which determined for each cultivar. The data were used to estimate the 
genetic similarity on the basis of number of shared amplification products (Nei, 1973). Polymorphism 
information content (PIC) values were done according (Anderson et al. 1993). Cluster analysis was 
performed to produce 0 using PAST program adapted by Hammer et al. (2001). 

  
Results and Discussion 
 
1- Growth and Yield Parameters  
 

Growth parameters are presented in table (4). It is clear that there is a significant difference 
between control and NaCl treatments for plant height at the first and second season.  

Significant reduction was directly proportion to the applied concentration of NaCl, plant height 
reaching maximum reduction at 8 dsm-1NaCl (40.03, 45.80 and 20.70%) for Sakha 1, Sakha 3, Sakha 
5 cultivars, respectively as compared with control plants (similar trend was noticed at the second 
season). Also, there is a significant and gradual decreases in leaf area  /  plant with increasing salinity 
level, at the first and second seasons. The maximum salinity level at 8 ds m-1 casued the highest 
decrease in leaf area by (34.23, 60.24 and 22.65%) for Sakha 1, Sakha 3, Sakha 5 cultivars, 
respectively compared with unstressed plants (similar trend was noticed at the second season). Many 
authors stated that salt stress inhibits the growth of several species, including Vicia faba Cordovilla et 
al., (1994); Gylcine max Durand and Lacan, (1994); Zea mays Hassanein et al., (2009); Blackgram 
and mungbean plants Hasan et al., (2017). It was might be due to salinity caused an osmotic inhibition 
of water absorption Mekki and Orabi, (2007) and increased the amount of work necessary to stabilize 
osmotic and ionic stress for normal cellular conservation; as a consequence, these are leaving less 
energy for growth requirements El-Saidi, (1997). The first plant response to salt stress is a reduction 
in the rate of leaf external expansion, followed by ending of expansion as the stress increases Parida 
and Das, (2004). Decreased in leaf area by water stress is an important cause of decreased in crop 
yield through the reduction of Photosynthesis (Rucker et al., 1995). Data presented in Table (4) 
clearly show that sprayed ascorbic acid with concentrations of 200 and 400 mg l-1 induced significant 
increase in all studied characters. The maximum significant promotion was detected when flax plants 
were sprayed with 400 mg/l ascorbic acid causing significant increases in the values of plant height 
and leaf area per plant as a result to increasing the efficiency of water uptake and utilization, 
enhancing cell division and enlargement. Similar results were obtained by Hashem et al. (2011), who 
mentioned that stigmasterol caused stimulation of plant height and leaf area.  Furthermore, application 
of yeast as source of antioxidants led to improve growth characters of maize under water deficit stress 
(Abdelaal, et al., 2017). In Table (5) plants were found to decreased gradually in seed yield by 
increasing salinity levels of three flax cultivars, the highest decrease in seed yield/plant due to the 
highest salinity level (8 dsm-1) were 71.85% in Sakha 3 cv., 28.20 % in Sakha 5 cv. and 37.44% for 
Sakkha 1 cv. These results are confirmed by the results of Mervat Sh., et al., (2013) on flax plant and 
Sadak et al. (2010); Abdelhamid et al. (2010); Kumar et al. (2012) on different plant species. Table 
(5) showed that also, decrease in fiber ratio with the increase in the applied concentration of NaCl as 
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Table 4: Effect of ascorbic acid on growth parameters of flax cultivars grown under salinity stress during 2015/2016 and 2016/2017sesons. 

S
al

in
it

y
 

d
sm

-1
 

  
AA. 
Mgl-1 

                                              plant height /plant (cm) Leaf area / plant(dm2) 

2015/2016 2016/2017 2015/2016 2016/2017 

cultivars cultivars cultivars cultivars 

Sakha1    Sakha3 Sakha5 Sakha1    Sakha3 Sakha5 Sakha1    Sakha3 Sakha5 Sakha1    Sakha3 Sakha5 

0 

0 83.23c 93.04b 68.35c 89.11d 99.34c 71.11d 0.555h 0.377e 0.641f 0.725de 0.441f 0.765f 

200 88.36b 95.24b 72.81b 95.41b 103.68b 76.77b 0.857b 0.509b 0.823b 0.917b 0.596b 0.938b 

400 94.89a 102.54a 77.48a 103.84a 109.17a 82.52a 0.887a 0.549a 0.872a 0.963a 0.633a 0.986a 

4 

0 71.77f 80.23de 64.26ef 85.76f 87.54f 66.15f 0.621f 0.291f 0.613g 0.745d 0.396g 0.738g 

200 75.90e 81.79d 67.82cd 90.60c 89.33e 70.38d 0.753d 0.423d 0.728d 0.863c 0.524c 0.838d 

400 79.91d 87.34c 72.82b 96.75b 94.44d 75.91bc 0.793c 0.475c 0.796c 0.906b 0.464e 0.889c 

6 

0 57.03i 71.21f 59.31gh 78.23 79.36h 64.27g 0.524i 0.197h 0.535h 0.615f 0.345h 0.668h 

200 60.58h 71.91f 62.68f 82.55h 82.80g 68.40e 0.635f 0.294f 0.632fg 0.705e 0.453ef 0.756fg 

400 63.79j 79.44e 65.72de 87.34g 87.48f 74.56c 0.676e 0.276f 0.666e 0.747d 0.497d 0.788e 

8 

0 49.91k 50.43h 54.20i 69.70j 66.16k 57.34i 0.365j 0.134i 0.496i 0.538h 0.206j 0.572j 

200 53.22j 52.29h 57.18h 73.93i 69.32j 60.96h 0.547hi 0.247g 0.611g 0.569g 0.308i 0.643i 

400 51.49jk 56.83g 59.86g 77.15h 74.08i 65.01fg 0.597g 0.287f 0.609g 0.613f 0.348h 0.684h 

AA.xsal.xcul. * * ** ** 
Means followed by the same letter are not significantly different at the 5% level by DMRT 

Table 5: Effect of ascorbic acid on seed yield and fiber ratio of flax cultivars grown under salinity stress during 2015/2016 and 2016/2017sesons. 

S
al

in
it

y 
 

ds
m

-1
  

 
AA. 
Mgl-1 

Seed yield /plant (g) Fiber ratio 
2015/2016 2016/2017 2015/2016 2016/2017 
cultivars cultivars cultivars cultivars 

Sakha1    Sakha3 Sakha5 Sakha1    Sakha3 Sakha5 Sakha1    Sakha3 Sakha5 Sakha1    Sakha3 Sakha5 

0 
0 0.820c-e 0.437a-c 1.060c-d 0.850d-e 0.518bc 1.256cd 19.23d 21.11d 17.22e 19.75d 21.67d 21.67d 

200 1.010ab 0.527ab 1.261ab 1.074ab 0.626ab 1.498ab 20.19b 21.84b 18.09b 20.23b 22.03b 22.03b 
400 1.085a 0.572a 1.321a 1.168a 0.680a 1.567a 20.84a 22.47a 18.64a 20.93a 22.92a 22.92a 

4 
0 0.707e-g 0.323c-e 0.949d-f 0.714fg 0.382de 1.123d-f 18.22g 20.00g 16.30g 18.53g 20.09g 20.09g 

200 0.887b-d 0.408b-d 1.022de 0.930cd 0.484cd 1.211d-e 19.06e 20.66e 16.99e 19.13e 20.83e 20.83e 
400 0.942b-c 0.448a-c 1.170bc 0.996bc 0.532bc 1.388bc 19.68c 21.29c 17.60c 19.70d 21.76c 21.76c 

6 
0 0.600gh 0.214e-g 0.850fg 0.586h 0.251fg 1.004fg 17.52j 19.11i 15.72i 17.83i 19.35j 19.35j 

200 0.773d-f 0.287d-f 0.900ef 0.793ef 0.338ef 1.064ef 18.65f 19.64h 16.83h 18.83f 19.86h 19.86h 
400 0.835c-e 0.332c-e 1.036de 0.868i 0.392de 1.228d 19.58c 20.27f 17.84f 19.91c 20.73f 20.73f 

8 
0 0.513h 0.123g 0.761g 0.481gh 0.150g 0.898g 17.00k 18.05k 15.11k 17.13j 18.52l 18.52i 

200 0.663fg 0.173fg 0.874fg 0.663fg 0.202g 1.033fg 17.66i 18.68j 15.62j 17.80i 19.03k 19.03k 
400 0.699e-g 0.219e-g 0.926df 0.704fg 0.257fg 1.096d-f 18.08a 19.08i 16.13i 18.31h 19.73i 19.73i 

AA.xSal.xCul. ** ** ** ** 
Means followed by the same letter are not significantly different at the 5% level by DMRT 
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compared with the control. Similar results were obtained by El Hariri et al. (2010); Hashem et al. 
(2011) whose proved that salt stress induced reduction in growth, yield components and fiber yield in 
flax plants as compared with unstressed plants.  Decreases in seed yield and fiber ratio of flax 
cultivars under salinity might be due to the decrease in leaf area (Table 4), leaf photosynthetic 
pigments (Table 6) and assimilates. Therefore, translocation of assimilates from stem to seeds is 
important factors for growth and development of seeds. Agreeing with Taffouo et al. (2009) salinity 
reduced plant productivity in the first by decreasing plant growth during the phase of osmotic stress 
and later by decreasing leaf senescence during the phase of toxicity where too much salt is 
accumulated in transpiring leaves. 

On the other hand, Table (5) indicated clearly that ascorbic acid (200 and 400 mgl-1) caused 
obvious increases in yield seeds and fibers of three flax cultivars either irrigated with tap water or 
saline water as compared to untreated plants, maximum increases were obtained by application of 400 
mg l-1 ascorbic acid. At low salinity level (4 dsm-1), the applied vitamin caused significant increases in 
seed yield and fiber ratio not only relative to unstressed plants but also to unstressed untreated plants, 
that is at low salinity level (4 dsm-1). Ascorbic acid is an essential factor for cell division and growth 
Franceschi and Tarlyn,( 2002), and was endogenous as a growth regulator affects many metabolic and 
physiological mechanisms. Emam et al. (2011) revealed that ascorbic acid significantly increased the 
yield of flax plants compared with the untreated plants. The present results clearly show that the 
improvement in seed and fiber yield component of the three flax cultivars due to ascorbic acid 
application was connected with enhanced photosynthetic capacity. 
 
2- Biochemical and Physiological Parameters   
  
2.1. Photosynthetic pigments  

 
Photosynthesis is a key metabolic pathway in plants as well as continuing good photosynthetic 

rate leads to continuance of growth under salinity stress Dubey, (2005). Data in Table (6) revealed 
that, irrigation of the three flax cultivars with different concentrations of saline water caused 
significant decreases in chlorophyll a and total chlorophylls and non-significant decreases in 
chlorophyll b as compared with control plants. The highest salinity level (8 dsm-1) caused the highest 
significant decrease in total photosynthetic pigments by 22.82, 33.24 and 17.64 % in Sakha 1, Sakha 3 
and Sakha 5 cultivars respectively compared with unstressed control, the second season tended to be 
the same trends with the first one. In this respect, El-Rodeny, and EL-Okkiah, Samira A.F. (2012) 
showed that the chlorophyll a and b values were significantly decreased in the salt sensitive genotypes 
in comparison to the resistant one. The harmful effect of salinity stress on photosynthetic pigments 
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 three flax 
cultivars could be attributed to that, salt stress which lead to damage the photosynthetic mechanism at 
several levels of salinity such as pigments, stomata functioning and the increased activity of the 
chlorophyll-degrading enzyme and chlorophylls Kumar et al. (2012) and Sudhir and Murthy, (2004). 
Also, Madan et al. (2004) stated that salinity stress marginally decreased the rate of photosynthesis 
and chlorophyll content in the salt tolerant cultivars. However, in the sensitive one presented greater 
reduction. Concerning to Ascorbic acid treatments significant gradual increases in photosynthetic 
pigments (chlorophyll a, chlorophyll b and total chlorophylls were detailed. The highest increases 
were obtained at treatment 400 mg l-1 AA in three cultivars as compared with control and the 
corresponding salinity levels. In this respect, treatment with Ascorbic increased pigment contents in 
flax (linum usitatissimum L.) by Mervat Sh., et al., (2013) grown under normal and stressed 
conditions. Under low salinity stress (4 dsm-1) the high level of ascorbic acid (400 mgl-1) gave the 
highest data effect on all photosynthetic pigments. The positive effects of Ascorbic acid on 
photosynthetic pigments depend on scavenging the excessively reactive oxygen species known as free 
radicals and eliminating them directly from the cytoplasm Beyer, (1994). In this study reported to 
institute that applied Ascorbic were generally effective of inhibitory effects of salt stress on net 
photosynthetic rate, pigments biosynthesis and membrane integrity by exerting a stimulatory action on 
these parameters, especially in plants subjected to moderate and low salinity levels.  
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Table 6: Effect of ascorbic acid on Photosynthetic pigments of flax cultivars grown under salinity stress during 2015/2016 and 2016/2017sesons. 

S
al

in
it

y 
ds

m
-1

 

 
AA. 
Mgl-1 

    Chlorophyll (a) mg g-1                               Chlorophyll (b) mg g-1              Total Chlorophyll mg g-1             

2015/2016 2016/2017 2015/2016 2016/2017 2015/2016 2016/2017 

cultivars cultivars cultivars cultivars cultivars cultivars 

    
Sakha1 Sakha3 Sakha5 Sakha1 Sakha3 Sakha5 Sakha1 Sakha3 Sakha5 Sakha1 Sakha3 Sakha5 Sakha1 Sakha3 Sakha5 Sakha1 Sakha3 Sakha5 

0 

0 1.846d 1.696c 1.354cd 1.908d 1.580d 1.386de 0.609 0.561 0.448 0.632 0.523 0.457 2.455e 2.257d 1.802c 2.540e 2.103d 1.843b 

200 2.067b 1.892b 1.571a 2.256a 1.783b 1.626a 0.683 0.626 0.519 0.745 0.589 0.537 2.750b 2.518b 2.090a 3.001a 2.372b 2.163a 

400 2.197a 2.038a 1.582a 2.289a 1.920a 1.658a 0.725 0.674 0.531 0.758 0.636 0.545 2.922a 2.712a 2.113a 3.047a 2.556a 2.203a 

4 

0 1.714f 1.445e 1.295e 1.767f 1.351g 1.342ef 0.567 0.469 0.427 0.583 0.447 0.445 2.281g 1.914g 1.722d 2.350g 1.798g 1.787e 

200 1.925c 1.611d 1.489b 2.000c 1.537de 1.544c 0.636 0.535 0.492 0.662 0.509 0.516 2.561d 2.146e 1.981b 2.662c 2.046e 2.060b 

400 2.025b 1.737c 1.507b 2.103b 1.653c 1.576bc 0.669 0.641 0.505 0.729 0.547 0.523 2.694c 2.378c 2.012b 2.832b 2.200c 2.099b 

6 

0 1.615g 1.360f 1.201f 1.672g 1.253h 1.255g 0.534 0.451 0.392 0.551 0.415 0.417 2.149h 1.811h 1.593ef 2.223i 1.668h 1.672fg 

200 1.781e 1.485e 1.302de 1.853e 1.405f 1.373e 0.583 0.488 0.437 0.618 0.467 0.466 2.364f 1.973f 1.739d 2.471f 1.872f 1.839d 

400 1.867d 1.591d 1.363c 1.948d 1.506e 1.437d 0.621 0.523 0.451 0.646 0.497 0.475 2.488e 2.114e 1.814c 2.594d 2.003e 1.912c 

8 

0 1.312j 1.140h 1.109g 1.570h 1.038j 1.150h 0.434 0.377 0.366 0.521 0.345 0.384 1.746k 1.517k 1.475g 2.091j 1.383j 1.534h 

200 1.435i 1.233g 1.176f 1.709g 1.151i 1.248g 0.476 0.403 0.378 0.566 0.381 0.418 1.911j 1.636j 1.554f 2.275h 1.532i 1.666g 

400 1.525h 1.310f 1.225f 1.804ef 1.217h 1.291fg 0.508 0.433 0.411 0.597 0.411 0.431 2.033i 1.743i 1.636e 2.401j 1.628h 1.722f 

AA.xSal.xCul. ** ** ns ns * ** 

Means followed by the same letter are not significantly different at the 5% level by DMRT 
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1.1. Water Relations 
 

It is clear from Table (7) that salinity water at all levels significantly decreased total water 
content and relative water content while increased leaf water deficit tended to increasing with increase 
salinity levels, the maximum reduction was noticed by 8 ds m-1 at all cultivars under study, these 
finding were achieved at the both seasons. These results may be attributed to the accumulation of 
toxic ions (Na and cl), reducing leaf expansion and stomata closure leading to a reduction in 
intracellular Co2 partial pressure Table (7). The most tolerant cultivars Sakha 5 gave the best results 
under stress condition compared with control, while the susceptible cultivar in this study Sakha 3 gave 
the worst one. Sprayed treatments with ascorbic acid are reduced the harmful effect of salinity at all 
levels on water relations and increases in total water content and relative water content and decreased 
leaf water deficit that noticed at Table (7). Ascorbic acid treatment (400 mg l-1) showed significant 
effect in alleviating the harmful effect of salinity stress on water relation of the three cultivars of flax. 
These results differ from cultivars to another, this depend on the cultivars and its response to ascorbic 
acid as well as its susceptibility to salinity.  

  
1.2. Na /K ratio and proline contents  

 
Data in table (8) showed that gradually increasing in the uptake Na/K ratio accumulation in 

shoot by increasing salinity levels from 4 to 8 ds/m compared with control this increase due to 
increases in uptake of Na+ and decreased in the uptake K+. These results are in harmony with those 
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. Accumulation of Na+ competes with K+, Kiarostami et al. 
(2010) demonstrated that under saline conditions, increased accumulation of (Na+) ion inhibits 
biochemical processes connected to photosynthesis through direct toxicity and led to low water 
potential. Also, Grattan and Grieve (1999) reported that   high level of outside Na+ not only by 
antagonism between it and K+ gaining by roots but also may disturb the integrity of root membranes 
and alter selectivity, overcome dislocate cell division, elongation and structure which that cause 
problems with membranes, enzyme inhibition, and disturbance in metabolism Abo Kassem, (2006). 
Application of ascorbic acid revealed decreases in Na/K ratio These results are in agreement with 
those obtained by Mervat Sh., et al., (2013) on flax plants.  Thus, the applied ascorbic acid moderately 
mitigates the adverse effect of salt stress on the uptake of minerals in flax plants by increasing the 
organic acids excreted from the roots into the soil and therefore increase the solubility of most 
nutrients which release gradually into the rhizosphere zone. In shoots of flax plant (three cultivars), 
proline accumulation was significantly increased that observed in all stressed plants of three tested 
cultivars relative to their corresponding controls (Table 8). These results are in agreement with those 
reported by Hosseini et al., (2010); Rady et al., (2011) and Saeidnejad et al., (2012) on several plant 
species. Proline is considered as reactive oxygen species scavenger, and accumulation by increased 
synthesis and reduced degradation response to environmental stresses (salt stress conditions), which 
can stabilize the structure of membranes and proteins to minimize the damage of cells under salt stress 
Verbruggen and Hermans, (2008). Data in Table (8) clearly that the interactive effect of foliar 
spraying of Ascorbic acid at different salinity levels caused significant increases in proline contents of 
the three flax cultivars under study compared with the untreated treatments. However, stressed plants 
of Sakha 5 cultivar accumulated much more proline compared to that of Sakha 3 and Sakha 1. It could 
be proved that, a positive correlation between increased cellular proline levels and the capacity to 
adverse the effects of salinity stress. 

 
1.3. Enzyme activities 

 
Table (9) showed that NaCl levels increase the ASO (EC 1.10.3.3), POD (EC. 1. 11. 1. 7)  and 

CAT (EC 1.11.1.6) activities of the flax cultivars (Sakha1, Sakha 3 and Sakha5). Several antioxidant 
enzyme systems are complicated in the enzymatic scavenging of Reactive Oxygen Species (ROS). 
Hydrogen peroxide is scavenged by catalase CAT (EC. 1.11.1.6) by breaking it directly to form water 
and oxygen and an increase in its activity is related to an increase in stress tolerance. Antioxidant 
enzymes protect the plant cells from oxidative stress caused by reactive oxygen species under biotic 
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Table 7: Effect of ascorbic acid on Water Relations of flax cultivars grown under salinity stress during 2015/2016 and 2016/2017sesons. 

S
al

in
it

y
  

ds
m

 -1
 

 
 

AA. 
Mgl-1 

                                               Total water content % Relative water content % Leaf water deficit % 

2015/2016 2016/2017 2015/2016 2016/2017 2015/2016 2016/2017 

cultivars cultivars cultivars cultivars cultivars cultivars 

Sakha1    Sakha3 Sakha5 Sakha1    Sakha3 Sakha5 Sakha1    Sakha3 Sakha5 Sakha1    Sakha3 Sakha5 Sakha1    Sakha3 Sakha5 Sakha1    Sakha3 Sakha5 

0 

0 70.74a-d 60.79a 78.63bc 72.22bc 61.77bc 79.89c 79.46a-c 65.82a-d 85.83a-c 84.40g 68.71b-d 87.63d-f 20.54b-d 34.18d-g 14.16b-d 15.60d-f 31.29d-f 12.37a-c 

200 72.81ab 58.19ab 82.07ab 73.65b 62.82ab 82.88b 80.82ab 67.69ab 83.37bd 86.23ab 71.41ab 89.04b-e 19.17cd 32.31fg 16.63a-c 13.77fg 28.59gh 10.95b-e 

400 74.44a 62.36a 84.42a 75.45a 63.57a 85.60a 82.00a 68.66a 81.53d 87.41a 72.33a 89.43b-d 18.00d 31.33g 18.47a 12.59g 27.66h 10.57c-e 

4 

0 68.35b-d 59.77a 75.78c 69.70de 60.76cd 76.56ef 76.42cd 61.25ef 84.11a-d 81.12d-f 65.24e-g 87.79c-e 23.58ab 38.75bc 15.89a-d 18.88a-c 34.76c 12.20b-d 

200 70.83a-d 61.26a 77.57bc 71.37cd 61.44bc 77.88de 78.80a-c 65.24b-d 85.56a-c 83.33b-d 69.41c-e 88.47b-e 21.20b-d 34.75d-f 14.43b-d 16.67c-e 30.59e-g 11.52ef 

400 72.19a-c 63.78a 78.97bc 72.88bc 64.15a 79.29cd 80.03ab 66.33a-c 86.71ab 85.41a-c 70.61a-c 90.62ab 19.97cd 33.67e-g 13.29cd 14.59eg 29.39f-h 9.38ab 

6 

0 67.62b-d 48.44cd 73.43c 68.34ef 49.89f 74.77fg 76.12cd 59.07f 83.23b-d 80.13ef 62.36fg 86.63ef 23.88ab 40.92b 16.77a-c 19.87ab 37.64b 13.37b-e 

200 68.44b-d 53.70bc 75.19c 69.38e 55.57e 75.58fg 77.86b-d 63.21c-e 81.67d 80.50c-e 66.40fg 88.43be 22.14a-c 36.79c-e 18.32a 19.49ab 33.60cd 11.57f 

400 69.26a-d 59.44a 76.47bc 69.86de 59.40d 76.39ef 78.96a-c 64.82b-d 86.20ab 82.53b-d 67.08d-f 92.58a 21.04b-d 35.17d-f 13.79cd 17.47b-d 32.91c-e 7.42a 

8 

0 65.41d 44.00d 73.44c 66.08g 44.75g 74.73fg 74.71d 47.71g 82.61cd 79.70f 51.53g 85.13f 25.29a 52.29a 17.39ab 20.29a 48.47a 14.87ab 

200 66.41cd 52.44c 64.42d 67.15fg 55.12e 74.24g 77.72b-d 62.46de 84.53a-d 80.32c-e 66.23fg 87.23d-f 22.27ac 37.53cd 15.47a-d 19.68ab 33.77cd 12.77c 

400 68.16b-d 58.34ab 74.54c 68.33ef 61.60bc 74.74fg 77.83b-d 63.84ce 87.42a 81.53c-e 67.12e-g 90.37a-c 22.17ac 36.15ce 12.58d 18.47a-c 32.88c-e 9.63d-f 

AA.xSal.xCul.  * ** ** ** ** ** 

Means followed by the same letter are not significantly different at the 5% level by DMRT 
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Table 8:  Effect of ascorbic acid on Na/K ratio and proline (mg g-1 fresh weight) in flax cultivars grown under salinity stress during 2015/2016 and 2016/2017sesons.              

S
alinity 
dsm

-1 

 
 

AA. 
Mgl-1 

                                                Na/K ratio proline mg g-1 fresh weight 
2015/2016 2016/2017 2015/2016 2016/2017 
cultivars cultivars cultivars cultivars 

Sakha1    Sakha3 Sakha5 Sakha1    Sakha3 Sakha5 Sakha1    Sakha3 Sakha5 Sakha1    Sakha3 Sakha5 

0 
0 0.393f 0.374l 0.413e 0.337e 0.329l 0.353e 0.363g 0.266h 0.490l 0.421g 0.322g 0.547l 

200 0.241g 0.282j 0.299f 0.199f 0.242j 0.246f 0.413g 0.306ch 0.538hi 0.468g 0.357fg 0.589hi 
400 0.184h 0.227k 0.224g 0.143g 0.188k 0.174g 0.519f 0.365ef 0.643g 0.573f 0.413e 0.690g 

4 0 0.730c 0.734e 0.679b 0.706b 0.707e 0.646p 0.409g 0.303gh 0.569h 0.466g 0.337g 0.618h 
200 0.534e 0.547g 0.488j 0.500d 0.513g 0.443d 0.587e 0.326fg 0.737f 0.640e 0.405ef 0.783f 
400 0.382f 0.435h 0.349f 0.360e 0.396h 0.296f 0.627e 0.388e 0.767f 0.679e 0.434e 0.811f 

6 0 0.919b 1.205b 0.769a 1.029a 1.207b 0.740a 0.64e 0.447d 0.861e 0.688e 0.488d 0.903e 
200 0.574de 0.927d 0.546c 0.539cd 0.887d 0.496cd 0.721d 0.480cd 0.931d 0.767d 0.518cd 0.971d 
400 0.431f 0.670f 0.420e 0.391e 0.638f 0.371e 0.805c 0.515c 0.996c 0.849c 0.549c 1.034c 

8 0 1.036a 1.298a 0.796a 1.035a 1.356a 0.787a 0.815c 0.595b 1.024c 0.851c 0.626b 1.058c 
200 0.597d 1.015c 0.547c 0.565c 0.986c 0.507c 0.903b 0.641ab 1.094b 0.935b 0.667ab 1.125b 
400 0.52e 0.692ef 0.492d 0.485d 0.664ef 0.450d 0.983a 0.672a 1.166a 1.011a 0.697a 1.195a 

AA.xsal.xcul.  ** ** ** ** 

Means followed by the same letter are not significantly different at the 5% level by DMRT 

 

Table 9: Effect of ascorbic acid on activity of antioxidant enzymes of flax cultivars grown under salinity stress 

S
alinity dsm

-1 

 
 

AA. 
Mgl-1 

              CAT. μmol of H2 O2 destroyed g-1 Fw.min-1      POD. μmol of H2 O2 destroyed g-1 Fw.min-1                                                ASO mM g-1 fresh w. min-1 

2015/2016 2016/2017 2015/2016 2016/2017 2015/2016 2016/2017 

cultivars cultivars cultivars cultivars cultivars cultivars 

Sakha1 Sakha3 Sakha5 Sakha1 Sakha3 Sakha5 Sakha1 Sakha3 Sakha5 Sakha1 Sakha3 Sakha5 Sakha1 Sakha3 Sakha5 Sakha1 Sakha3 Sakha5 

0 
0 1.13e 0.72f 1.41e 1.15e 0.86f 1.53c 0.44e 0.38e 0.32f 0.52f 0.47d 0.37e 11.5e 12.3g 9.8e 12.8f 13.6g 11.1f 

400 1.48d 0.35g 1.36e 1.57d 1.47bc 1.42c 0.24f 0.17f 0.22g 0.33g 0.26f 0.26f 10.6f 11.4h 8.3g 11.9g 12.7h 9.6g 

4 
0 1.52d 1.06e 2.12c 1.62cd 1.15e 2.27b 0.70c 0.54d 0.41de 0.80d 0.55c 0.49d 13.3c 15.5d 10.7d 14.6c 16.8d 12.0a 

400 1.86b 1.58b 2.02d 1.97b 1.63ab 2.16b 0.54d 0.74b 0.37ef 0.62e 0.36e 0.42e 12.5d 13.2f 9.17f 13.8d 14.5f 10.47e 

6 
0 1.63c 1.14d 2.34b 1.76c 1.25de 2.33b 0.93a 0.53d 0.51b 0.99b 0.74b 0.58ab 15.3b 18.4b 12.2b 16.6b 19.7b 13.2c 

400 1.89b 1.68a 2.11c 1.97b 1.73a 2.31a 0.81b 0.83a 0.44cd 0.87c 0.69b 0.52cd 12.2d 14.3e 9.1f 13.5e 15.6e 10.4ef 

8 
0 1.85b 1.24c 2.52a 1.96b 1.37cd 2.51a 0.96a 0.66c 0.59a 1.07a 0.87a 0.63a 16.3a 20.7a 14.2a 17.6a 22.7a 15.5b 

400 2.16a 1.59b 2.33b 2.24a 1.71a 2.51a 0.85b 0.35e 0.48bc 0.95b 0.73b 0.57bc 13.4c 17.3c 11.3c 14.7c 18.6c 12.6d 

AA.xSal.xCul. ** ** ** ** ** ** 

Means followed by the same letter are not significantly different at the 5% level by DMRT 
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stress conditions (Abdelaal et al., 2018). Genotype Sakha 5 recorded the highest enzyme catalase 
activity in control and salt stressed plants, while Sakha 1 and Sakha 3 were the lowest. Peroxidases 
decline H2O2 by oxidation of phenolic. These obtained results are in harmony with the results 
obtained by El–Bassiouny and Bekheta (2005); Khattab (2007) and Agarwal and Shaheen (2007). 
Sairam and Srivastava (2002) reported that plant with high levels of enzymes either constitutive or 
inducible have been reported to have greater resistance to this oxidative damage. Foliar application of 
ascorbic acid significantly decreased ASO in the three tested cultivars at all NaCl levels. while 
catalase activity at Sakha 3 and Sakha 1 cultivar, which was increased and decreased at Sakha 5 at all 
salinity levels as compared to the corresponding salinity levels. However, in the three tested cultivars 
POX activity increased by application of ascorbic acid at (4 and 6 dsm-1) of Sakha 3, while decreased 
in Sakha1 and Sakha 5 at all salinity levels.  These reduction in enzyme activities could be due to 
antioxidants direct effects on scavenge ROS, hydrogen peroxide (H2O2) and singlet oxygen (O2) or 
inhibiting the enhancement of the mentioned activated oxygen species Asada, (1999). In addition, 
Padh, (1990) reported that ascorbic acid plays an important role in antioxidant activity of flax 
cultivars under salinity stress. Ascorbic acid performances as a primary substrate in cyclic pathway 
for enzyme cleaning of hydrogen peroxide Shalata and Neumann, (2001). 

 
3- Salinity tolerance indices for water stress tolerance 

 
The means seed yield/p for two seasons 2015/2016 and 2016/2017 in table (5) demonstrated 

that values of seed yield were found for the cultivar Sakha 5, Sakha1 and Sakha3 (1.158, 0.835 and 
0.478 g/p) under normal condition and (0.830, 0.497 and 0.137 g/p) under salinity condition at the 
highest level of salinity, respectively. While the maximum values under normal and stress conditions 
was obtained by Sakha 5 cv. therefore, that has the best performance for seed yield under salinity and 
non-salinity stress conditions. Also, this cultivar exhibited highly significant differences for all 
salinity tolerance indices. In Table (10) showed that the highest values of yield index (YI), stress 
tolerance index (STI), Mean product (MP), Geometric mean product (GMP) and Harmonic Mean 
(HM) were performed by Sakha 5 cv. which has the maximum seed yield under normal and stress 
condition and were identified as a salinity stress tolerant variety. Whereas the lowest values of YI, 
STI, MP, GMP and HM indices were found by Sakha 3 which had the minimum seed yield values 
under normal and stress conditions, therefore that was recognized as a sensitive salinity stress cultivar, 
and the remained cultivar (Sakha1) which had moderated, the results reported that application of 
ascorbic acid were increased these indices for all cultivar under salinity stress. So, the higher MP, 
GMP, YI and STI values is indicating more tolerance to salinity stress. These results are corroborated 
with the findings of Bouslama and Schapaugh (1984); Gavuzzi et al. (1997). The great value of TI 
characterize quite more sensitivity to stress, thus the Sakha3 cv. which has the highest values of TI 
indices were more sensitive to salinity stress conditions which has the lowest yield production in 
salinity conditions compared to other cultivars.  

While the Sakha5 cv. and Sakha1 had the lowest TI Table (10), it is clear that, theses cultivars 
were more tolerant genotype due to low values of TI. The maximum value of YSI was recorded for 
Sakha5 and Sakha1 and the lowest value for Sakha3. Therefor the TI and YSI indices were found to 
be more useful indices in discriminating water stress tolerant and sensitive varieties. 

 
4- Anatomical studies 

 
4.1. Samples were observed by light microscope 

 
The data presented in Table (11) and microphotographs shown in Fig. (1) revealed that that 

salinity with concentration of 8 dS m−1 decreased the stem diameter by 10.4% compared with the 
control. This decrease in stem diameter was due to a decrease included tissues. The thicknesses of the 
epidermis, cortex, xylem tissue and parenchymatous area of the pith were increased in treated plants 
compared with the control by 10.9, 12.1, 2.8, and 8.1%, respectively. In conclusion, salinity stress at 8 
dsm−1 caused considerable thinned stems of flax plants. These results are generally in harmony with 
those results reported by Reda et al., (2000) for Leucaena plants and by Reda, (2007) for Coffee senna 
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Table 10: Means of salinity stress tolerance indices of the three flax cultivars under different levels of salinity and ascorbic acid for two seasons. 

S
al

in
it

y 
ds

m
-1

 

 
AA. 
Mgl-1 

Seed y/p (means of data for two seasons) 
Tolerance index (TI) Yield stability index (YSI) Mean productivity (MP) 

Sakha1 Sakha3 Sakha5 Sakha1 Sakha3 Sakha5 Sakha1 Sakha3 Sakha5 Sakha1 Sakha3 Sakha5 

0 0 0.835 0.478 1.158 

                  

4 

0 0.711 0.353 1.036 0.124 0.125 0.122 0.851 0.738 0.895 0.773 0.416 1.097 

200 0.909 0.446 1.117 0.074 0.032 0.041 1.089 0.933 0.965 0.872 0.462 1.138 

400 0.969 0.490 1.279 -0.134 -0.012 -0.121 1.160 1.025 1.104 0.902 0.484 1.219 

6 

0 0.593 0.233 0.927 0.242 0.245 0.231 0.710 0.487 0.801 0.714 0.356 1.043 

200 0.783 0.313 0.982 0.052 0.165 0.176 0.938 0.313 0.981 0.809 0.396 1.070 

400 0.852 0.362 1.132 0.017 0.116 0.026 1.020 0.362 1.132 0.844 0.420 1.145 

8 

0 0.494 0.137 0.830 0.338 0.341 0.328 0.595 0.287 0.717 0.666 0.308 0.994 

200 0.663 0.188 0.954 0.172 0.290 0.204 0.794 0.393 0.824 0.749 0.333 1.056 

400 0.702 0.238 1.011 0.128 0.240 0.147 0.847 0.498 0.873 0.771 0.358 1.085 

  Geometric mea productivity (GMP) Stress tolerance index(STI) Harmonic Mean(HM) Yield index(YI) 

0 0                         

4 

0 0.771 0.641 1.095 0.356 0.177 0.518 0.768 0.406 1.094 1.016 0.504 1.480 

200 0.871 0.470 1.137 0.455 0.223 0.559 0.870 0.461 1.137 1.103 0.541 1.356 

400 0.899 0.702 1.217 0.485 0.245 0.640 0.897 0.484 1.215 1.061 0.537 1.401 

6 

0 0.703 0.333 3.328 0.297 0.117 0.464 0.693 0.313 1.030 1.015 0.399 1.587 

200 0.809 0.387 3.337 0.392 0.157 0.491 0.808 0.378 1.063 1.130 0.452 1.417 

400 0.843 0.416 0.145 0.426 0.181 0.566 0.779 0.278 1.145 1.090 0.463 1.448 

8 

0 0.644 0.255 0.980 0.249 0.069 0.415 0.623 0.213 0.967 1.018 0.281 1.701 

200 0.744 0.300 0.332 0.332 0.094 0.477 0.739 0.270 1.046 1.101 0.312 1.585 

400 0.768 0.338 0.354 0.354 0.119 0.508 0.766 0.318 1.080 1.258 0.423 0.799 
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plants and by El-Rodeny, and EL-Okkiah,,Samira (2012) showed that salinity at levels 9 dS/m and 
12dS/m leads to increase in cortex and pith tissues thickness. 

 The foliar application with 400 mgl-1 ascorbic acid induced an increase in the stem diameter by 
3.9% compared with the control. This increment in the stem diameter was due to the increments 
induced in the thickness of all included tissues, (3.4, 3.9, 3.7, 4.5 and 3.6%) for the thickness of the 
epidermis, fiber tissue, phloem tissue, xylem tissue and parenchymatous area of the pith, respectively. 
compared with the control. Ascorbic acid treatment enhanced all histological characteristics of salinity 
stressed stems of flax plants, which observed increment by 6.9% in fiber tissue and decreased by (7.38 
and 10.54%) in xylem tissue and the epidermis, respectively, compared with the salinity stress. In this 
result suggests that ascorbic acid treatment recovered the harmful effects of salinity on the stem 
anatomy of flax plants. However, some investigators confirmed the present findings using ascorbic 
acid on other different plant species; for instance, El-Kobisy et al. (2005) using 400 ppm ascorbic acid 
on pea plants, Nassar and Abdo (2009) using 400 ppm ascorbic acid on Egyptian lupine plants, Nassar 
(2013) using 450ppm ascorbic acid on mung bean plants and Nassar et al. (2016) using 450 ppm 
ascorbic acid on flax plants. They recorded favorable changes in anatomical structure of the main 
stem of each of the investigated plant species due to the effect of ascorbic acid which induced 
prominent increases in thickness of most of included tissues of the main stem of each investigated 
species, being in harmony with the present findings. 

 
4.2. Samples were observed by fluorescence microscope 

 
Microscopic results showed that high salinity level (8dsm-1) enhancement of increased cutin 

layer thickness in compare with control treatment. Cutin layer is distinct by a bright and orange layer 
on the epidermal cells under florescence microscope Fig. (2-B). 

On the other hand Fig. (3-B) showed that high level of salinity stress (8dsm-1) has been 
supplementary with a greater deposition of lignin in vascular tissues and/or xylem development. In 
flax-stem vascular tissue, high salinity level caused earlier and stronger lignification, Vascular bundle 
area increased significantly, but the phloem area decreased as the salinity level.  Under stress 
conditions, the apoplastic pathway is reduced and the hydraulic conductance of the stem diminished 
proportionally. In a saline environment, the cell-to-cell pathway would impart greater selectivity and 
reduced ion uptake than bulk flow of water and solutes along the apoplastic pathway. Because the 
water permeability of the lignified secondary walls of the tracheary elements is low, water entering 
the xylem must cross the plasma membrane of xylem parenchyma cells underlying the pit membrane, 
a modified primary cell wall that is highly permeable to water (Steudle and Peterson, (1998).  Thus, 
enhanced development of lignified tracheary elements in flax stem under salt stress may compensate 
for the reduction in water permeability of these lignified cells in a process that is concurrent with 
greater solute selectivity during xylem sap loading. Fig (4-A) Phloem area showed a significant and 
consistent decrease with increase in high level of salinity. Lignification of phloem and fibers and 
damage in the phloem complex are NaCl-induced responses. Area of metaxylem gradually increased 
with increasing salinity levels. It is clear from the results that salinity has contrary effects on xylem 
and phloem area of the stem.  

 
Table 11: Microscopical measurements of histological characters in transverse sections through the 

main stem of flax cultivars grown under salinity stress and sprayed with ascorbic acid. 
Treatments Histological  

Characters (µ) 
± % To 
Control 

Asco.+Salt ± % To 
Control 

Asco. 
400 

± % To 
Control 

Salt (8dsm-1) Control 

-5.1 1999.0 3.9 2189.0 -10.4 1889.0 2107.0 Diameter of the section 
-0.8 26.3 3.4 27.4 10.9 29.4 26.5 Thickness of epidermis 
3.0 40.7 4.1 41.1 12.1 44.3 39.5 Thickness of cortex 

-3.8 63.4 3.9 68.5 -43.1 37.5 65.9 Thickness of fibrous region 

-6.0 108.0 3.7 119.1 -38.0 71.3 114.9 
Thickness of secondary 
phloem 

-4.8 223.4 4.5 245.1 2.8 241.2 234.6 Thickness of xylem tissue 

-4.2 1103.0 3.6 1193.0 8.1 1245.0 1151.4 Diameter of the pith 
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                            500µm                                                             500µm 

Fig. 1: Changes in transverse section of the stem of flax plants grown under salinity and application 
of ascorbic acid. 

A- From untreated plant (control).          B –Salinity high level 8 dsm-1. 
C- Ascorbic acid 400mg l-1                        D- Ascorbic acid 400mgl-1 + salinity (high level 8 dsm-1) 

Details: ep= epidermis co= cortex; p= phloem; pi= pith; and xy=xylem 
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Fig. 2: Changes in transverse section of the stem flax plants grown under salinity and application of 
ascorbic acid. 

    A -Control    B –Salinity (high level 8 dsm-1)      C- Ascorbic acid 400mg l -1 + salinity (high level 8 dsm-1) 

Details: ep= epidermis p= phloem; and mxy= metaxylem (Bar = 200 µm) 
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Fig. 3: Changes in transverse section of the stem flax plants grown under salinity and application of 
ascorbic acid. 

A -Control         B –Salinity (high level 8 dsm-1)      C- Ascorbic acid 400mg l-1 

Details: ep= epidermis p= phloem; and mxy= metaxylem (Bar = 50 µm) 

Histochemical lignin staining in free-hand sections of the stems from control (A) and salt-treated flax 
plants (B). Lignin was stained red with safranin the relative abundance of lignified tracheary elements 
within vascular bundles was greater in salt-treated plants, but no significant differences were detected 
in either the color or the distribution of staining between control and treated plants.  
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Fig. 4: Changes in transverse section of the stem flax plants grown under salinity and application of 
ascorbic acid  

         A –Salinity (high level 8 dsm-1) B -Control     
Details: ep= epidermis p= phloem; and mxy= metaxylem (Bar = 200 µm) 

Salinity caused earlier and stronger lignification, which has been suggested to be a factor that inhibits 
stem growth and, consequently, represents an adaptation mechanism in resisting salinity-imposed 
stress (Cachorro et al., 1993). In conclusion, this study shows that salt stress decreases Flax growth 
and induces changes in anatomical characteristics such as increment of cutin synthesis on epidermal 
stem cells and also changes in xylem structure and lignification in flax stems. 
 
5- RAPD Molecular markers 
 

Six RAPD primers were used to identify and characterize the three flax cultivars; Fig. (5) and 
Table (12) shows the banding patterns produced from each primer for the three flax cultivars. The 
number of bands for each primer varied from 4 to 8 bands. The sizes of amplified fragments ranged 
from 90 to 950 bp .The results of primer OP- A-06 indicated the occurrence of seven monomorphic 
bands and one polymorphic bands which was positive molecular markers for salt tolerance with 
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specific bands related to salt  tolerant cultivar Sakha 5 with molecular size 700 bp as shown in Fig(5) 
and Table(12).The results of RAPD against primer OP-A10 indicated the production of one negative 
marker with molecular size of 200 bp where it was present in the sensitive cultivar Sakha 3 as shown 
Fig(5) and Table (12). According primer OP-B02 indicated the possible presence of two negative 
markers (800 and 350 bp) present in sensitive and moderated sensitive cultivars sakha3 and Sakha 1 
which these two bands not appear in the tolerant cultivars Sakha 5. There was one cultivar with 
specific band related to moderated sensitive cultivars Sakha 1 with molecular size 700 bp Fig 5 and 
table 12 showed that were A negative two marker of 90 bp was shown against primer OPB-14 and 
OP-A17, where it was present in salt sensitive cultivar sakha3.  
 

 

Fig.5: RAPD fingerprinting produced by six primers of three flax cultivars which 1: sakha 3, 2: sakha 

1,      3: sakha 5 and  M: DNA ladder 

A total of 38 amplified DNA fragments ranging in size from (90 -950bp) base pairs were presented, 
whereas 11 fragments were polymorphic, 27 fragments were monomorphic. Therefore, out of 38 loci, 
32.24 % were polymorphic with average of 1.8 polymorphisms per primer 
 
Table 12: The number banding patterns produced from each primer for the three flax cultivars. 

No. name 
Number of 

Total 
fragment 

number of 
polymorphic 

fragments 

number of 
monomorphic 

fragments 

Percentage of 
polymorphic 

fragments 

polymorphic 
information 

content 
PIC 

1  OP-A06 8 1 7 12.5 0.10 
2 OP-A10 7  4 3 75.1 0.80 
3 OP-A17 6 1 5 16.6 0.17 
4 OP-B02 6 3 3 50.0 0.51 
5 OP- B14 4 1 3 25.0 0.25 
6 OP- B16  7 1 6 14.28 0.15 

Average 6.3 1.8 4.5 32.24  
Total 38 11 27 193.5  

 
Cluster analysis and genetic similarity 
 

Cluster analysis shaped a  dendrogram  among the three flax cultivars based on eight SRAP 
fragments  using  Jaccard’s genetic similarity  coefficient was  outlined by the Unweighted Pair-
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Group Method (UPGMA).The dendrogram showed that the three cultivars  were classified into two 
major clusters, first ( T ) group included one tolerance cultivar Sakha 5 and , (MS) group include 
moderated  sensitive cultivars and (S) sensitive cultivars group as shown in Fig.(6) and  The PCA 
based on SRAP fragments  also had divided the three flax cultivars  using  the percentages of variance 
of  PCA1 (43.9 %) and PCA2 (13.9%) into three  separate groups, namely group A comprised the T 
cultivars , group B include MS cultivars  and Group C include MS cultivars 
 

 
 

Fig. 6: Dendrogram showing grouping of three flax cultivars based on jaccard derived from RAPD markers 
using UPGMA analysis 

 
Table 13: Genetic similarity percentages of the three flax cultivars-based RAPD banding patterns 

Cultivars Sakah_3 sakah_1 

Sakah_3 1 

sakah_1 0.86111 1 

Sakha5 0.75 0.78378 

 
The results of PCA were consistent with those obtained by the UPGMA cluster analysis. The 

genetic similarity coefficient (GSC) were ranged from low similarity was (0.75) between Sakha 5 and 
Sakha3 which proposes that these were the least-related cultivars to highest similarity was (0.86) 
between Sakha 1 and Sakha 3 indicating that was a very close relationship among these cultivars as 
shown in Table 13 which these cultivars were sensitive to salinity stress according our pervious 
results. The dendrogram of SRAP markers had clustered all the cultivars in to two groups each group 
include the most closed cultivars together according their response to salinity stress. 

 

References 
 
Abdelaal, Kh. A. A., Omara I. Reda, Hafez M. Yaser, Samar M. Esmail, Ayman EL Sabagh, 2018. 

Anatomical, biochemical and physiological changes in some Egyptian wheat cultivars 
inoculated with Puccinia graminis f.sp. tritici, Fresenius Environmental Bulletin, 27(1): 296-
305 

Abdelaal, Kh. A.A., 2015. Effect of Salicylic acid and Abscisic acid on morpho-physiological and 
anatomical characters of faba bean plants (Vicia faba L.) under drought stress, J. Plant 
Production, Mansoura Univ., Egypt, 6 (11): 1771-1788. 

Abdelaal, Kh.A.A., Y.M. Hafez, A. El Sabagh, and H. Saneok, 2017. Ameliorative effects of Abscisic 
acid and yeast on morpho-physiological and yield characteristics of maize plant (Zea mays L.) 
under water deficit conditions, Fresenius Environmental Bulletin 26(12):7372-7383. 

Abdelhamid, M., M.S. Gaballah, M. Rady and A. Gomaa, 2010. Biofertilizer and ascorbic acid 
alleviated the detrimental effects of soil salinity on growth and yield of soybean. Proceedings of 
the Second Science Africa Conference – 2010 pp.73-81. 



Middle East J. Agric. Res., 7(3): 716-739, 2018 
ISSN: 2077-4605 

736 

Abo Kassem, E.E.M., 2006. Effect of salinity: acid alleviated the detrimental effects of soil activity of 
antioxidant enzymes in salinity African J. Agric. Research, 6: 4362-4369 

Agarwal, S. and R. Shaheen, 2007. Stimulation of antioxidant system and lipid peroxidation by a 
biotic stress in leaves of Momordica charatia. Brazilian J Plant Physiol., 19(2):149-161. 

Anderson, J.A., G.A. Churchill, G.A. Autrique, J.E. Tankslley and M.E. Sorrells, 1993. Optimizing 
parental selection for genetic linkage maps. Genome. 36,181-186. 

Asada, K., 1999. The water-water cycle in chloroplast, scavenging of active oxygens and dissipation 
of excess photons. Ann Rev Plant Physiol Mol Biol., 50:601-639. Doi: 
http://dx.doi.org/10.1146/annurev.arplant.50.1.601. 

Ashraf, M. and M.R. Fooland, 2007 Roles of glycinebetaine and proline in improving plant abiotic 
stress resistance. Environ Exp Bot., 59: 206-216. 

Bates, L.S., R.P. Waldan and L.D. Teare, 1973. Rapid determination of free proline under water stress 
studies. Plant and Soil, 39: 205-207. 

Bergmeyer, H.U., K. Gaulehn, and M. Grassl, 1974. Methods of enzymatic analysis 2nd cdn, 
Academic Press, Newyork, 1: 495-496. 

Beyer, R.E., 1994. The role of ascorbate in antioxidant protection of biomembranes interaction with 
vitamin-E and Coenzyme-Q. J. Bioenerg Biomember., 26: 349-358. 

Bouslama, M. and W.T. Schapaugh, 1984. Stress tolerance in soybeans. I. evaluation of three 
screening techniques for heat and drought tolerance. Crop Science, 24: 933 937 

Chapman, H.D. and P. F. Pratt, 1978. Methods of Analysis for Soils, Plant and Water”. Univ. 
California, Div. Agric. Sci. Publ., no. 4034. p. 162–165 

Cordovilla, M.P., F. Ligero and C. Liuch, 1994. The effect of salinity on N-fixation and assimilation 
in Vicia faba. J Exp Bot., 45: 1483-1488. 

Doyle, J.J. and J.J. Doyle, 1990. A rapid DNA isolation procedure for small quantities of freash leaf 
tissue. Focus, 12:13-15. 

Dubey, R.S., 2005. Photosynthesis in plants under stressful conditions. In: Pessarakli M, editor. Hand 
book of photosynthesis. 2nd ed. New York: CRC Press, Taylor and Francis Group, pp: 717-37.  

Duncan, D.B., 1955.Multible range and multiple F test. Biometrics, 11:1-42. 
Durand, M. and D. Lacan, 1994. Sodium partitioning within the shoot of   soybean. Physiol Plant, 91: 

65-71.  
El-Hariri, D.M., M.S. Sadak and H.M.S. El-Bassiouny, 2010. Response of flax cultivars to ascorbic 

acid and A-Tocopherol under salinity stress conditions. International Journal of Academic 
Research, 2(6): 101-109. 

El–Bassiouny, H.M.S. and M.A. Bekheta, 2005 Effect of salt stress on relative water content, lipid 
peroxidation, polyamines, amino acids and ethylene of two wheat cultivars. Inter J Agric Biol., 
7(3):363-368. 

El-Kobisy, D.S., K.A. Kady, R.A. Medani and R.A. Agamy, 2005. Response of pea plant Pisum 
sativum L. to treatment with ascorbic acid'. Egypt. J. Appl. Sci. 20: 36-50. 

El-Rodeny, W.M. and A.F. El-Okkiah, Samira, 2012. Physiological and anatomical changes in 
Glycine max L. Under salinity stress. Egypt. Journal Botany 2nd International Conference, 37-
50. 

El-Saidi, M.T. 1997. Salinity and its effect on growth yield and some physiological processes of crop 
plants. Jaiwal PK, Singh RP, Gulati A (eds). Strategies for improving salt tolerance in higher 
plants, Oxford and IBH publishing Co.Pvt. Ltd. New Delhi, Calcutta and Enfield (USA), p 111.  

Emam, M.M., A.H. El-Sweify and N.M. Helal, 2011. Efficiencies of some vitamins in improving 
yield and quality of flax plant. African J. Agric. Research, 6: 4362-4369. 

Fernandez, G.C.J., 1992. Effective selection criteria for assessing stress tolerance. Proceedings of the 
International Symposium on Adaptation of Vegetables and Other Food Crops in Temperature 
and Water Stress, Publication, Tainan, Taiwan. 

Foyer, C.H. and G. Noctor, 2005: Redox homeostis and antioxidant signaling: a metabolic interface 
between stress perception and physiological responses. Plant Cell 17: 1866-1875. 

Franceschi, V.R. and N.M. Tarlyn, 2002. L- ascorbic is accumulated in source leaf phloem and 
transported to sink tissue in plants. Plant Physiol., 130: 649-656 



Middle East J. Agric. Res., 7(3): 716-739, 2018 
ISSN: 2077-4605 

737 

Gavuzzi, P., F. Rizza, M., Palumbo, R.G., Campaline, G. L., Ricciardi, B. Borghi, 1997. Evaluation of 
field and laboratory predictors of drought and heat tolerance in winter cereals. Can. J. Plant Sci., 
77:523–531. 

Gomez, K.N. and A.A. Gomez, 1984.Statical Procedures for Agricultural Research.Jone Wiley and 
Sns, New York,2nd Ed., 68p. 23: 853-862 

 Grattan, S.R. and C.M. Grieve, 1999. Salinity mineral nutrient relations in horticultural crops. 
Scientia Horticulturae, 78: 127-157. 

Hammer, O., D.A.T. Harper and P.D. Ryan, 2001. Paleontological Statistics Software Package for 
Eduction and Data Analysis, Paleontological Elctronica, 4: 1-9. 

Hasan, M.K., A. El Sabagh, Md. S. I. Sikdar, Md. J. Alam, D. Ratnasekera, C. Barutcular, Kh. A.A. 
Abdelaal and M.S. Islam, 2017. Comparative adaptable agronomic traits of Blackgram and 
mungbean for saline lands, Plant Archives, 17(1): 589-593. 

Hashem, H.A., Bassuony, F.M., R.A. Hassanein, D.M. Baraka and R.R. Khalil, 2011. Stigmasterol 
seed treatment alleviates the drastic effect of NaCl and improves quality and yield in flax plants. 
Australian Journal of Crop Science, 5(13):1858-1867. 

Hassanein R.A., F.M. Bassony, D.M. Barakat and R.R. Khalil, 2009. Physiological effects of 
nicotinamideand ascorbic acid on Zea mays plant grown under salinity stress. 1- Changes in 
growth, some relevantmetabolic activities and oxidative defense systems. Res. J. Agric. and 
Biol. Sci., 5(1): 72-81. 

Helaly, M.N., Z. Mohammed, N. I. El-Shaeery, A. A. Abdelaal Kh. and I.E. Nofal, 2017. Cucumber 
grafting onto pumpkin can represent an interesting tool to minimize salinity stress. 
Physiological and anatomical studies, Middle East Journal of Agriculture Research, 6(4):953-
975 

Hosseini, T., F. Shekari and M. Ghorbanli, 2010. Effect of salt stress on ion content, proline and 
antioxidative enzymes of two safflower cultivars (Carthamus tinctorius L). J. Food Agric. 
Environ., 8(2): 1080-1086. 

Hui, Y., X. Hu and F. Li, 2012. Leaf photosynthesis, chlorophyll fluorescence, ion content and free 
amino acids in Caragana korshinskii Kom exposed to NaCl stress Acta Physiol Plant, 34: 2285-
2295. 

Ibrahim, H.M., 2009. effect of sowing date and N-fertilizer levels on seed yield, some yield 
components and oil content in flax. Alex J Agric Res 54(1): 19-28. 

Jackson, M.L., 1967.  Soil Chemical Analysis. New Delhi, Prentice Hall of India Private Limited, 
New Delhi, p. 326-338. 

Karlidag, H., E. Yildirim and M. Turan, 2009. Salicylic acid ameliorates the adverse effect of salt 
stress on strawberry. Sci. Agric. (Piracicaba, Braz.), 66(2): 180-187. 

Kaya, M.D., S. Day, Y. Cikili, and N. Arslan, 2011. Classification of some linseed (Linum 
usitatissimum L.) genotypes for salinity tolerance using germination, seedling growth, and ion 
content. Chilean J. Agricult. Res., 72(1): 

Khan, A., I. Iqbal, A. Shah, H. Nawaz, F. Ahmad and M. Ibrahim, 2010. Alleviation of Adverse 
Effects of Salt Stress in Brassica (Brassica campestris) by Pre-Sowing Seed Treatment with 
Ascorbic Acid. American- Eurasian J. Agric. & Environ. Sci., 7(5): 557-560. 

 Khattab, H., 2007. Role of glutathione and polyadenylic acid on the oxidative defense systems of two 
different cultivars of canola seedlings. grown under saline condition. Australian Journal of 
Basic and Applied Science, 1(3): 323-334. 

Kiarostami, Kh., R. Mohseni and and A. Saboora, 2010. Biochemical changes of Rosmarinus 
officinalis under salt stress. J. Stress Physiol. Biochem., 6: 114-12 

Kumar, S., R. Singh and H. Nayyar, 2012. α- Tocopherol application modulates the response of wheat 
(Triticum aestivum L.) seedlings to elevated temperatures by mitigation of stress injury and 
enhancement of antioxidants. J. Plant Growth Regul., 32(2), 307-314. 

 Madan-Pal, Singh, D.K., L.S. Rao, and K.P. Singh, 2004. Photosynthetic characteristics and activity 
of antioxidant enzymes in salinity tolerant and sensitive rice cultivars. Indian J. of Plant Sci., 
9(4): 407-412. 

Maxwell, D.P., and D.F. Batman, 1967. Changes in the activities of some oxidases in extracts of 
Rhizoctonia infected bean hypocotyls in relation to lesion maturation. Phytophath., 57:132. 

 



Middle East J. Agric. Res., 7(3): 716-739, 2018 
ISSN: 2077-4605 

738 

Mekki, B.B. and S.A. Orabi, 2007 Response of prickly oil lettuce (Lactucata scariola L.) to 
uniconazole and irrigation with diluted seawater. Am-Euras J Agric Environ Sci., 2 (6): 611-
618.  

Mervat, S. S. and M.A.E. Ebtihal, 2013 Physiological response of flax cultivars to the effect of 
salinity and salicylic acid. Journal of Applied Sciences Research; 9(6):3573-3581.  

Moran, R., 1982. Formula for determination of chlorophyllous pigments extracted with N.N. 
dimethylformamide. Plant Physiol., 69: 1371-1381. 

Munns, R. and M. Tester, 2008. Mechanisms of salinity tolerance. Annu Rev Plant Biol., 59:651–681 
Nassar, Dalia, M.A. and Fatma A. Abdo, 2009. Response of Egyptian lupine plant (Lupinus termis 

Forssk.) to foliar application with ascorbic acid. Egypt. J. Appl. Sci., Zagazig Univ., 24(4 B): 
415-434. 

Nassar, M.A. and K.F. El-Sahhar, 1998. Botanical Preparations and Microscopy (Microtechnique). 
Academic Bookshop, Dokki, Giza, Egypt. 219 p. (In Arabic). 

Nassar, Rania M.A., 2013. Response of mungbean plant (Vigna radiate (L.) Wilczek) to foliar spray 
with ascorbic acid. Journal of Applied Sciences Research, 9(4): 2731-2742. 

Nassar, Rania M.A., A.A. Sally Arafa and Mahmoud A. Madkour, 2016. Pivotal role of ascorbic acid 
in promoting growth, increasing productivity and improving quality of Flax Plant (Linum 
usitatissimum L.). Middle East Journal of Agriculture, 5(2): 216-223. 

Nei, M., 1973. The theory and estimation of genetic distance. In: Morton NE (ed) Gennetic Structure 
of Populations. University Press of Hawaii, Honolulu. 45-54. 

 Padh H., 1990. Cellular function of ascorbic acid. Biochem Cell Biol, 68(10):1166-1173. Doi: 
http://dx.doi. org/10.1139/o90-173  

Parida, A.K. and A.B. Das, 2005 Salt tolerance and salinity effects on plants: a review. Ecotoxicol 
Environ Saf., 60(3): 324-349.  

Rady, M.M., M.Sh. Sadak, H.M.S. El-Bassiouny and A.A. Abd El-Monem, 2011. Alleviation The 
Adverse Effects Of Salinity Stress In Sunflower Cultivars Using Nicotinamide And α-
Tocopherol. Australian Journal of Basic and Applied Sciences, 5(10): 342-355. 

Reda, F.M., 2007. Morphological, anatomical and physiological studies on Senna occidentalis (L.) 
link plants grown under stress of different levels of salinity in irrigation water. Journal of 
Agricultural Sciences, 32. Mansoura University, pp. 8301–8314. 

Reda, F.M., S.L. Maximous and O.S.M El-Kobisy, 2000. Morphological and anatomical studies on 
leucaena (Leucaena leucocephala) plants grown under stress of different levels of salinity in 
irrigation water. Bulletin Faculty of Agriculture, 51. Cairo University, pp. 309–330. 

Rosielle, A.A. and J. Hamblin, 1981. Theoretical aspects of selection for yield in stress and non-stress 
environment. Crop Sci., 21: 943–946. 

Rucker, Margaret, K. McGee, B. Alves, M. Hopkins, T. Sypolt and M. Watada, 1995. Factors 
Influencing Consumer Inititation of Secondhand Markets, Eur Adv Consum Res., 2:425-429. 

Sadak, M.S. and M.G. Dawood, 2014 Role of ascorbic acid and alpha tocopherol in alleviating 
salinity stress on flax plant (Linum usitatissimum L.). Journal of Stress Physiology & 
Biochemistry, 10(1):93-111.   

Sadak. M. Sh., T.M. Abdelhamid and A.M. El-Saady, 2010. Physiological responses of faba bean 
plant to ascorbic acid grown under salinity stress. Egypt. J. Agron., 32(1): 89-106. 

Saeidnejad, A.H., H. Mardani and M. Naghibolghora, 2012. Protective effects of salicylic acid on 
physiological parameters and antioxidants response in maize seedlings under salinity stress. J. 
Appl. Environ. Biol. Sci., 2(8): 364-373. 

 Sairam, R.K. and G.C. Srivastava, 2002 Changes in antioxidant activity in subcellular fraction of 
tolerant and susceptible wheat genotype in response to long term salt stress. Plant Sci. 162:897-
904. Doi: http://dx.doi.org/10.1016/ S0168-9452(02)00037-7 

Shalata A. and P. Neumann, 2001. Exogenous ascorbic acid (vitamin C) increases resistance to salt 
stress and reduces lipid peroxidation. J Exp Bot., 2001;52(364):2207-2211. 

Sio-Se Mardeh, A., A. Ahmad., K. Poustini, V. Mohammadi. 2006. Evaluation of drought resistance 
indices under various environmental conditions. Field Crops Research, 98: 222–229. 

Steudle, E. and C.A. Peterson, 1998. How does water get through roots? J Exp Bot., 49: 775±788 
Sudhir, P.S. and D.S. Murthy, 2004. Effects of salt stress on basic process of photosynthesis. 

Photosynthetica, 42: 481-486. 



Middle East J. Agric. Res., 7(3): 716-739, 2018 
ISSN: 2077-4605 

739 

Taffouo, V.D., J.K. Kouamou, L.M. Ngalangue, N.A.N. Ndjeudji and A. Akoa, 2009. Effects of 
salinity stress on growth, ion partitioning and yield of some cowpea (Vigna unguiculata L. 
Walp.) cultivars. Int. J. Botany, 5(2): 135-143. 

Tambhale, S., V. Kumar, and V. Shriramc, 2011. Differential response of two scented Indica rice 
(Oryza sativa) cultivars under salt stress. J. Stress. Physiol. Biochem., 7(4): 387-397.  

Verbruggen, N. and C. Hermans, 2008. Proline accumulation in plants: a review. Amino Acids, 35: 
753-759. 

  Xu, J.B., X.F. Yuan, and P.Z. Lang, 1997. Determination of catalase inhibition by ultraviolet 
spectrophotometery. Chinese Environ. Chem., 16: 73-76.  

 


	1Agricultural Botany Dept., Faculty of Agriculture, Kafrelsheikh University; Kafr El-Sheikh, Egypt. 
	2Fiber Crops Research Dept., Field Crops Research Institute, Agriculture Research Center, Giza, Egypt.
	Received: 10 May 2018 / Accepted: 26 June 2018 / Publication date: 21 July 2018
	ABSTRACT 



