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ABSTRACT 

Flax (Linum usitatissimum) is an important oilseed and medicinal plant that numerous breeding lines and 
cultivars have been produced by plant breeders up to now. The present study was conducted to evaluate the 
biochemical factors changes affected by NaCl oxidative stress in different genotypes of flax. For this purpose, 
an experiment was conducted as a factorial arrangement based on a completely randomized design with three 
replications in greenhouse conditions. The experimental factors included three genotypes (Tabare, Golchin, 
and 375Ha) as the first experimental factor and salinity stress (120 mM NaCl) time course at three levels (0, 
24, and 48 hours after salinity treatment) as the second factor. The measured biochemical factors in the leaf 
were catalase, guaiacol peroxidase, malondialdehyde, hydrogen peroxide, proline, and superoxide dismutase 
(SOD). The results showed that salinity stress had a significant effect on the content of measured biochemical 
parameters. The levels of catalase, guaiacol peroxidase, hydrogen peroxide, and proline were statistically 
significant in the tolerant flax genotypes. Furthermore, the interaction of genotype and time after applying 
stress had a significant effect on the catalase, hydrogen peroxide, and proline content. The amount of catalase 
and proline in the 24 hours after stress was more than the 48 hours, indicating the key role of these factors at the 
beginning of the stress. On the other hand, the amount of guaiacol peroxidase and SOD increased significantly 
in 48 hours after stress. Generally, the content of the antioxidant factor increased significantly under salinity 
stress, especially in 375Ha tolerant genotype. This indicates the importance of these enzymes in salt stress 
tolerance in order to more accurately evaluate the genotypes sensitive and tolerant to the flaxseed in the seedling 
stage. These results confirmed the slat tolerance of 375Ha genotype in the seedling stress and therefore can be 
a promising line for regions with slat stress conditions.

1. INTRODUCTION
Oil seeds are among the most significant energy and protein 
resources for human consumptions. Preparing edible oils from the 
oil seeds is one of the essentials of producing agricultural products 
in order to provide food. Considering the fact that more than 90 
percent of the edible oil in Iran is imported, conducting research 
in this regard is among the requirements of agriculture [1]. One of 
the most important oil and medicinal plants in the world is oil Flax 

[2]. Flax or Linum usitatissimum is an oil plant whose seed has 
40%–45% oil and 23%–30% protein. In addition to extracting oil, 
its pressed cake with 42%–46% protein could be used as a protein 
resource in livestock diet [3]. Its oil in the normal Flax genotype 
is used in the industry as a drying oil due to having 5% Linolenic 
unsaturated fatty acid [4]. Oil Flax is a herbaceous and annual 
plant that belongs to the Linaceae family and its origin is reported 
to be west Mediterranean [5]. Canada, China, the U.S., India, and 
Ethiopia are the largest producers of Flax in the world. Walnut and 
Flax seeds are among that have the highest rates of Omega 3 fatty 
acids among the plant foods [6]. 

On the one hand, salinization of agricultural soils is a huge problem 
in world agriculture [7]. Salinity stress leads to changes in different 
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plants traits that include a range of changes in morphological, 
physiological, and biochemical traits. Salinity stress resistance is 
not a constant property and it might not be the same in all growth 
stages in all plant species and also, different genotypes of the plant 
show different reactions toward salinity stress [8].

The lack of balance between the energy absorption and consumption 
in the photosynthesis organs, that is the leaf, during the salinity 
stress occurrence leads to the formation of ROS and if the plant 
cannot control it, the stress takes place in the cell membrane and 
the symptoms of oxidative damages could be observed [9]. In this 
regard, the antioxidant factors are considered as the first factors 
coping with free radicals [10]. Plant physiological traits, such as 
closure of stomata, change in the patterns of growth regulators, 
and accumulation of metabolites, are also some typical examples 
of adaptation with the stress condition [11]. Hence, studying the 
influences of salinity stress by the use of enzymes could help with 
the quicker and more accurate identification of resistive genotypes 
of a plant. Plants adapt themselves with the osmatic stress by the 
accumulation of some soluble materials, such as proline, glycine 
betaine, polyols, and trehalose, during salination stress [12,13]. In a 
study, Nasir Khan et al. [7] reported that the presence of NaCl in the 
culture of 2-month-old Flax seedlings had led to a decrease in the 
growth and physio-biochemical parameters, except for the leakage 
of proline, glycine betaine, thiobarbituric acid, H2O2 content, 
superoxide dismutase (SOD) and catalase, and Na contents. By 
studying the influence of different NaCl concentrations (0, 25, 50, 
75, and 100 mM) on two Flax species of NL-260 and NL-97, Patel 
et al. [14] reported that there was an increase in the protein, proline, 
and peroxidase amount, by the increase in the NaCl concentration. 
The general results showed a contradictory behavior in two cultivars 
of Flax, considering their salinity tolerance capacity. Salinity 
stress had led to the inhabitation of peroxidase enzyme and lesser 
accumulation of proline in NL-260, comparing to NL-97. 

Considering the fact that Flax oil seed is currently one of the most 
valuable oil seeds in the world and also the increasing demand for 
high-quality edible oils and the need for crop diversification in the 
salt-affected lands, producing crops that are resistant to salinity 
stress seems necessary for maintaining food production and 
achieving food security in the future. However, preparing salinity-
tolerant crops is a difficult affair due to the lack of complete 
understanding of molecular basis for salinity tolerance and lack of 
access to the salinity tolerance genes. 

Studying and identification of the biochemical basis of salinity 
tolerance in the plants is one of the main methods in producing 
salinity-tolerant cultivars in the initial steps of breeders. Hence, 

the objective in this study is to assess the sources tolerating salinity 
in sensitive and resistive Flax genotypes. 

2. MATERIALS AND METHODS
This experiment was carried out to study the biochemical traits 
of Flax seedlings under salinity and normal stresses in three Flax 
genotypes of Tababre (sensitive), Golchin (semi-sensitive), and 
375Ha (resistive), prepared from Takato Sari Company, and their 
salinity tolerance was determined in previous studies, in Ardabil 
Azad Islamic University. To achieve this, an experiment was carried 
out in the factorial format based on Completely Randomized 
Design with three replications in pots. The experiment factors 
included the above-mentioned genotypes and salinity stress time 
(0, 24, and 48 hours after applying 120 mM NaCl).

All pots were irrigated similarly during the first 2 weeks and after 
ensuring successful deployment, salinity treatment was applied. 
To achieve this, similar pots and soil (1 peat moss + 1 peat+ 
perlite) were used to plant healthy and disinfected seeds and they 
were kept at the light condition of 16 hours of light and 8 hours of 
darkness and at 25°C ± 2°C. Samples were taken from the plant 
leaves and the collected samples were frozen by liquid nitrogen 
immediately and kept in the freezer at −80°C for biochemical 
analyses. 

After applying the stress, the enzymes in the leaves of the 
studied genotypes were measured in both stress and lack of stress 
conditions. Each stress was extracted and measured based on the 
related instructions. Oxidative catalase [15], SOD [16], peroxidase 
[17], hydrogen peroxide [18], malondialdehyde [19], and proline 
[20] were identified and measured based on the methods. 

In order to statistically analyze the data, subsequent to testing the 
normality of the data using Kolmogorov–Smirnov and Shapiro–
Wilk, initially the analysis of variance (ANOVA) and mean 
comparison of the genotypes for the traits were carried out through 
Duncan method using SAS software ver. 9.4 and the diagram were 
drawn by Microsoft Office 2016 Excel. 

3. RESULTS AND DISCUSSION
The ANOVA results for the traits suggested that salinity stress had 
a very significant effect on the biochemical factors components. 
Catalase, guaiacol peroxidase, hydrogen peroxide, and proline had 
a significant difference with each other in the studied genotypes. 
On the one hand, the interaction of the genotypes during the 
sampling after the stress application had a significant influence on 
the catalase, hydrogen peroxide, and proline. (Table 1) Patil et al. 

Table 1: ANOVA (mean square) of biochemical factors of flax genotypes in various times after salinity stress application.
Change sources Df Catalase Guaiacol Peroxidase Malondialdehyde Hydrogen Peroxide Proline SOD

Genotype 2 124.77** 5.41** 35.72ns 0.0091** 22.09** 0.05ns

Stress Time 2 1761.76** 43.97** 7240.76** 0.5598** 489.07** 55.06**

Genotype × Time 4 111.14** 0.17ns 37.84ns 0.0134** 10.36** 0.06ns

Error 18 5.60 0.78 14.31 0.0015 1.56 0.11

Changes Coefficient (%) 13.21 15.71 9.04 11.03 10.82 9.36
ns and ** are significant and insignificant at 1%.
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[21] also reported the significant influence of various NaCl levels 
on proline, protein, and peroxidase activity in Flax.

Based on the mean comparison results, the catalase component 
had a significant increase in NaCl stress at 24 and 48 hours after 
stress applied to all genotypes. However, this increase was greater 
at 24 hours, comparing to 48 hours. This increase at 24 hours 
was significantly higher in tolerant and semi-tolerant genotypes, 
comparing to the sensitive genotype (Fig. 1).

The catalase rate at 24 hours after the stress application increased 
considerably in Golchin and 375Ha genotypes and this could show 
the role of this enzyme in salinity stress tolerance, especially in 
tolerant Flax cultivars. Catalase is an important antioxidant enzyme 
that plays a significant role in salinity stress condition in omitting 
H2O2 and other harming factors [22]. The gradual increase of 
catalase rate due to the increase of salinity stress if 2,000, 4,000, 
and 6,000 mg/l have been reported in three Flax genotypes of 
Sakha3, Giza8, and Ariane [23]. This increase was higher in the 
tolerant genotype of Ariane, comparing to the other two genotypes 

of Sakha3 and Giza8. Nasir Khan et al. [7] had reported the increase 
in the catalase in Flax due to the NaCl stress of 150 mM.

The guaiacol peroxidase mean compassion results suggested that 
the components of this enzyme were significantly high in tolerant 
genotype of 375Ha, comparing to the two sensitive (Tabare) and 
semi-sensitive (Golchin) genotypes. (Fig. 2) In rice also, this 
enzyme rate was reported to be different between tolerant and 
sensitive cultivars [24]. Peroxidase plays a significant role in the 
tolerance of stresses in Organic Plants and they are widespread 
in Organic Plants. In the meanwhile, guaiacol peroxidase is 
an important peroxidase that is known as one of the oxidizing 
enzymes of phenol compounds and plays an important role in 
inhibiting free oxygen radicals [24]. 

Guaiacol peroxidase components were higher under salinity 
stress, comparing the lack of stress and by the increase in the time 
after the stress, it had a significant increase so that the highest 
rate of this enzyme after 48 hours after stress (7.7 mgpro*min) 
was more than double the amount comparing to the lack of stress 
condition (3.3 mgpro*min). (Fig. 3) Studies have shown that to 
deal with the toxic effects of oxidative stress, the plants used a 
series of mechanisms and using peroxidase and catalase enzyme 
system are two main systems in order to prevent cellular damages 
due to the stress [25]. In accordance with the results in this study, 
other studies also show that this enzyme functions as a defense 
mechanism in plants under stress condition [26]. 

There was no significant difference observed in the studied 
genotypes in malondialdehyde rate. However, there was a 
significant difference found in the NaCl stress condition at 1 
percent. This significant difference is shown in Figure 4. As it 
could be observed, as time passes, the malondialdehyde rate 
increases and it reaches its maximum after 48 hours after stress 
application. The malondialdehyde components show the cellular 
damage rate in the plant. The salinity stress in Flax leads to an 
increase in malondialdehyde rate and as a result, the increase in 
the cellular damage in the studied cultivars [23]. There is a direct Figure 1: The interaction between genotype and salinity stress on catalase 

component.

Figure 2: Guaiacol peroxidase components of flax genotypes under salinity 
stress.

Figure 3: The influence of sampling timing after salinity stress on guaiacol 
peroxidase.
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relationship between lipid peroxidation and membrane damages 
due to the salinity stress and this rate is lower in the more tolerant 
cultivars, comparing to the sensitive cultivars [23]. 

As it could be observed from the diagram of mean comparison 
related to the interaction of genotypes and stress time on the 
hydrogen peroxide (Fig. 5), 48 hours after the salination stress 
application, H2O2 rate had a significant increase and this increase 
is higher in sensitive genotypes, comparing to the tolerant 
genotypes. Increase in hydrogen peroxide due to salinity stress has 
been reported in many plants [7,23,26,27]. Hydrogen peroxide is 
capable of reacting to superoxide and forming more hydroxylated 
radicals, that in turn leads to higher peroxidation of lipid [26,28].

The proline components showed a significant increase in salinity 
stress, comparing to the lack of stress. This increase was higher 
after 24 hours, comparing to 48 after stress, in all studied 
genotypes. On the one hand, 48 hours after the stress, proline 
components were higher in the tolerant genotype, comparing to 
the two other genotypes. Also, 24 hours after stress, the proline 

rate was lower in the sensitive genotype, comparing to the other 
two genotypes. (Fig. 6) The increase in the proline components in 
response to salinity stress of NaCl has been reported in previous 
studies in Flax [21,29]. 

Increase in proline in this study, especially 24 hours after the stress, 
shows the importance of this material in salinity stress condition 
in the Flax plant. Increase in the leaf proline in salinity stress 
condition in Flax has been also reported by Moadei Dehnavi et al. 
[27], According to the researchers, this increase is due to the fact 
that proline omits the free oxygens produced in stress and protects 
the larger molecules [30] and helps with preserving the shape and 
natural structure of macromolecules in stress conditions [31]. 

The superoxide enzyme components showed a significant increase 
in the salinity stress condition and by the increase in time after the 
stress. This increase in the salinity stress condition 48 hours after 
the stress was double that of the rate of 24 hours after the stress 
and more than four times higher than lack of stress condition. 
(Fig. 7) According to the results in this research, different levels 

Figure 4: The influence of sampling timing after salinity stress on 
malondialdehyde.

Figure 5: The influence of the interaction between genotype and salinity stress 
on the hydrogen peroxide components.

Figure 7: The influence of the interaction between genotype and salinity stress 
on the SOD.

Figure 6: The influence of the interaction between genotype and salinity stress 
on the proline components.
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of salinity stress led to an increase in the SOD enzyme activity in 
three cultivars of Flax [23]. In this regard, El-Beltagi et al. [32] 
had reported an increase in SOD enzyme due to the salinity stress 
in Flax. It is claimed that this enzyme has a great role in increasing 
the salinity stress tolerance in the plants [8].

In this study, the rates of biochemical components involved 
in stress in three different genotypes of Flax 24 and 48 hours 
after NaCl stress were studied. The results suggested that all 
the studied biochemical factors have a role in salinity tolerance 
in Flax. Increase in catalase enzyme 24 hours after the stress 
accompanied a lower level of hydrogen peroxide and its decrease 
in catalase enzyme 48 hours after stress accompanied with a high 
level of hydrogen peroxide. This could be due to the neutralizing 
influence of catalase enzyme on H2O2. Also, the results from this 
study showed that as the time passed, the MDA rate increased 
under salinity stress and H2O2 rate accumulated 48 hours after 
stress. Increase in MDA shows the damage to the membranes 
and increase in H2O2 is also not a good sign for tolerating salinity 
stress and its increase is toxic to the plant. However, on the other 
hand, by the increase in these two factors, guaiacol peroxidase 
and SOD components had a significant increase by the increase 
of time after the stress. This could mean that an increase in these 
factors leads to an increase in antioxidant enzymes of guaiacol 
peroxidase and SOD. In the study of El-Beltagi et al. [32] 
also, the rates of these two enzymes had an increase in salinity 
stress, especially in tolerant genotypes. In general, considering 
the results of this study, it could be concluded that the salinity 
stress leads to component change of biochemical factors in 
different flax genotypes and this change benefits the plant in 
tolerant genotypes while it leads to cellular damage in sensitive 
genotypes. 
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