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Abstract 

Light is an energy source for photosynthetic organs and the type of optical wavelength plays an important 
role in growth. The effect of blue light investigated on delta-1-pyrroline-5-carboxylate (proline precursor) in 
2-wheat cultivar, BAM (resistant to salinity) and Tajan (sensitive to salinity) in a culture medium. There were 
5 salinity treatments including 0 (control), 50, 100, 150, and 200 mM NaCl. In addition, there were two light 
treatments, namely exposure to blue and white light. After five days of growth of wheat seedlings, the growth 
indices (fresh weight, dry weight, and longitudinal growth), proline, chlorophyll a and b, sodium, and 
potassium contents, peroxidase enzyme activity, malondialdehyde, and pyrolin-5- Carboxylate (proline 
precursor) contents were measured. Data were analyzed using Duncan statistical test. Blue light increased 
the amount of proline and PSC in the salinity-resistant cultivar. In the sensitive cultivar, the amount of 
potassium under the white light was higher than that under the blue light in different levels of salinity. The 
amount of sodium accumulated under the influence of blue light in different concentrations of salt in the 
resistant cultivar was higher than that in the sensitive cultivar. Peroxidation activity of the resistant wheat 
cultivar was higher and blue light did not increase this attribute, but the amount of malondialdehyde in the 
sensitive cultivar increased under the blue light regime and with increasing level of salinity. Fresh and dry 
weight of plants in the resistant cultivar was the highest under the white light. In addition, plant length in the 
resistant cultivar under increasing concentration of salt was more than that in the sensitive cultivar under 
both light regimes. 
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Introduction 

Growth and yield of plants in many parts of the 
world is limited by several living and non-living 
environmental stresses. In non-polluting stresses, 

salinity stresses in the world have caused 
extensive damage to plants (Manzoor et al., 2021). 
The effects of salt stress on only one plant growth 
stage cannot be different depending on the 
severity of the stress, the type of tension, the 
degree of plant resistance, different stages of 
growth, the type of tissue, and plant organs 
(evolution)(Husain et al., 2003). The amount of 
soluble ions in the saline soil creates two major 
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problems for plant growth. First, the absorption of 
water is reduced due to the high concentration of 
osmotic active substances inside the cell, and 
second, some ions such as sodium, accumulate in 
cells (Zörb et al., 2019). Since sodium and chlorine 
ions are abundant in saline soils, sodium chloride 
salts are often used in studies designed to 
investigate the physiological effects of salinity on 
plants (Liang et al., 2018).  

A vast majority of plant species accumulate 
proline in response to salinity or other abiotic 
stresses as a factor in regulating intracellular 
osmosis (KAVI KISHOR and Sreenivasulu, 2014). 
Large amounts of proline can stabilize proteins 
and biological membranes. It can also stimulate 
antioxidant defense systems (Zouari et al., 2019). 
In plants, proline biosynthesis is a two-step 
process in which the intermediate pyrroline-5-
carboxylate is first made by the enzyme P5C-
synthetase and combining both glutamate kinase 
and γ-glutamylphosphate reductase activities in a 
single polypeptide(Turchetto-Zolet et al., 2009). 

Blue light (390-500 nm) leads to a variety of 
physiologic and photomorphogenic responses in 
plants, and these responses are regulated by 
cryptochrome (Ahmad et al., 2002). It is essential 
for chlorophyll biosynthesis, stomata opening, 
enzymatic activity, chloroplast maturation, and 
photosynthesis (Tibbitts et al., 1983). Research 
indicates the presence of an adsorption peak in 
chlorophyll in the blue wavelength range (450 
nm). In fact, plants require blue light for optimal 
growth (Okamoto et al., 1996). 

Wheat (Triticum spp) is considered as one of the 
most important crops in Iran, and it is relatively 
tolerant to salinity, with a tolerance threshold of 6 
Ds / m (Anoshee and Farzami Sepehr, 2016). A 
frequently assayed osmolyte in salinization studies 
is proline. Proline is available in a wide range of 
organisms, from bacteria to excellent plants 
(Sepehr and Ghorbanli, 2006). There is a very 
strong relationship between the increase in 
proline level of plants and their ability to survive in 
aqueous conditions and salt stress (Ashraf, 2009). 
Extensive research has been conducted around 
the world to increase crops’ tolerance to salinity 
(Anoshee and Farzami Sepehr, 2016). However, 
this is an ongoing research achieve more and more 

tolerant crops. One of the factors affecting light 
plants. Plants are solar-dependent in their attempt 
to transform sunlight into a variety of sugars, and 
through photosynthesis they provide energy for 
their growth (Ingrao et al., 2019). In this project, 
the effect of blue and white light on physiological 
responses of two wheat cultivars, namely Bam 
(salt-tolerant) and Tajan (salt-sensitive) were 
studied under salinity stress. 

Materials and Methods  

Seed germination experiments 

Seeds of two cultivars of wheat, Bam (salt-
tolerant) and Tajan (salt-sensitive) were used in 
the study. Seed germination and growth status 
were measured under five salinity treatments (0, 
50, 100, 150, and 200 mM NaCl). There were three 
replicates for each treatment and each replicate 
contained 30 seeds placed in 15 cm diameter petri 
dishes. The seeds were kept in two incubators at 
25± 2 ℃. Each incubator was randomly assigned 
to either blue LED light or white light, with an 
irradiance of 70 µE m-2s-1 in 12h photoperiod for 
both. 

First, seeds of the two wheat cultivars 
were disinfected with 3% saline solution. Inside 
the cultivating plants, 10 seeds were placed in 
each of the petri dishes. Ten salt-tolerant seeds 
(BAM) were placed in each of the culture vessels 
with 0 (control), 50, 100, 150, and 200 mM salinity. 
Then the culture plates were placed under LED 
bulbs, 10 cm away from the light source. Three 
replications were considered for each of the white 
and blue light conditions. The same procedure 
followed for the sensitive to salinity cultivar 
(Tajan). All groups kept at an identical 
temperature of 25 ℃. The wheats harvested after 
15 days and fresh and dry weights measured with 
precision scales.   

Fresh and dry weight measurement  

Following 15 days of treatments with light and 
salinity, the fully germinated wheat seedlings of 
the same length were harvested for fresh weight 
and dry weight measurements. Following the 
method suggested by Hunt Jr and Stabeno (2002), 
seedlings were kept at 70 ℃ in a hot air circulation 
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drying oven (LIYI, China)  for 48 h, to determine the 
dry weights using a 0.0001 g electronic precision 
digital laboratory analytical balance (BA2104B, 
China). 

Chlorophyll assay  

Chlorophyll contents were determined following 
(Arnon, 1949). Accordingly, 0.2 g fresh plant 
material weighed and ground in a china mortar 
along with 80% acetone. Then, 5 ml acetone 
added to increase the volume to 15 ml. Three ml 
of the obtained solution was poured into a cuvette 
and its absorption intensity was read at 663, 647 
nm using a spectrophotometer (Spectronic-20 
Genesis TM). Acetone 80% used as witness to 
regulate the spectrophotometer. Chlorophyll 
contents were determined in terms of mg/g 
seedling fresh weight. 

Enzyme activity assay 

To obtain the extract, 2 g of wheat seedlings, 
frozen in liquid nitrogen, were homogenized in a 
cold phosphate buffer (0.05 M, pH:7) containing 
0.5 g polyvinylpolypyrrolidone (PVP) in a 1:5 tissue 
to buffer ratio, using an ice cold mortar and pestle. 
The homogenates were mixed using a vortex 
mixer and insoluble materials were separated by 
centrifugation at 14,000 g for 20 min at 4 ℃. All 
extracts were stored at -70 ℃ for PO assay. 

Peroxidase assay 

The procedure for assaying peroxidase (PO) was 
adopted from (Mozzetti et al., 1995). Twenty 
micro-liters of the extract from each sample added 
to 3 ml of assay mixture consisting of a solution of 
0.1 M sodium phosphate buffer (pH 6.0), 1 mM 
hydrogen peroxide, and 0.1 mM O-
methoxyphenol (guaiacol). The mixture was 
blended thoroughly and the increase in the 
absorbance was recorded at 470 nm  
spectrophotometrically for 1 min. Peroxidase 
activity was determined as unit mg-1 protein (Ngo 
and Lenhoff, 1980). 

Proline assay  

The method suggested by (Bates et al., 1973) was 
used to measure the proline content. In brief, 100 
mg of the frozen seedlings homogenized in 1.5 ml 

of sulphosalicylic acid 3%, and the residue 
removed by centrifugation. To make acid 
ninhydrin, 1.25 g ninhydrin added to 30 ml glacial 
acetic acid and warmed until dissolved. Then, 20 
ml phosphoric acid (6 M) added to the solution. 
Next, 2 ml glacial acetic acid and 2 ml ninhydrin 
acid added to 100 µl of the extract for 1 h before 
the reaction mixture warmed at 100 ℃. The 
reaction then completed in an ice bath. One ml 
toluene added to the mixture, and it warmed to 
room temperature before its optical density 
measured at 520 nm. The proline content was 
determined from a standard curve within 20-100 
µg.  

P5CS activity assay  

The activity of P5CS (delta 1-pyrroline-5-
carboxylate synthetase) was assayed following the 
method described in (Hayzer and Leisinger, 1980). 
In order to measure P5CS activity, the required 
extracts were obtained by homogenizing cladodes 
in an extraction buffer (pH 7.5, 100 mM Trise HCl, 
10 mM MgCl2, 1 mM EDTA, 10 mM b-
mercaptoethanol, 4 mM DTT, 2 mM PMSF, and 2% 
PVPP) in pre-chilled Eppendorf tubes in a cold 
room. The extracts were centrifuged at 4 ℃ for 20 
min at 10,000 × g. The supernatants were further 
clarified by centrifugation at 10,000-× g for 20 min 
at 4 ℃. The activity of P5CS was determined as g-
glutamyl kinase in the enzyme extract by recording 
the formation of g-glutamyl hydroxamate. The 
enzyme assay carried out in a mixture with the 
final volume of 0.5 ml containing Trise HCl (50 mM, 
pH 7.0), 50 mM L-glutamate, 20 mM MgCl2, 100 
mM hydroxylamine HCl, 10 mM ATP, and the 
enzyme extract. The reaction mixture was 
incubated at 37 ℃ for 15 min, and the incubation 
was then stopped by adding 1 ml of the stop buffer 
(2.5 g of FeCl3 and 6 g of trichloroacetic acid in a 
final volume of 100 mL of 2.5 N HCl). The 
precipitated proteins removed by centrifugation 
and the absorbance read at 535 nm against a blank 
identical to the above but lacking ATP. The amount 
of g-glutamyl hydroxamate complex produced 
estimated from the molar extinction coefficient 
250 mol-1 cm-1 reported for Fe3+ hydroxamate 
complex of the compound. The activity was 
expressed in U mg-1 protein, which represents the 
amount of enzyme required to produce one mmol 
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of g-glutamyl hydroxamate min-1. Total protein 
content was determined according to  Bradford 
method (Kruger, 2009). 

MDA assay  

The harvested seedlings were homogenized in 1% 
trichloroacetic acid and then centrifuged at 10,000 
rpm for 15 min. The supernatant was heated with 
0.05 thiobarbituric acid for 30 min at 95 ℃, re-
centrifuged at 5000 rpm for 5 min, and the 
absorbance was measured at 532 and 600 nm on 
a UV–VIS spectrometer Specord 200 PC (Analytica 
Jena AG) (Heath and Packer, 1968). 

K and Na Contents  

Seedlings dried at 70 ℃ for 48 h and extracted by 
dry-ashing, using HCL (2 M) at 80 ℃ for measuring 
K and Na contents. The amounts of K and Na in 
extracts were measured by an atomic absorption 
spectrophotometer (Phoenix 896, England) using 
relevant standard solutions (Olawale and 
Oyawale, 2012). 

Statistical Analysis 

Experiments arranged in a complete randomized 
design. The obtained data analyzed with a one-
way ANOVA using the Duncan test in SPSS (ver. 
14).  

Results  

In this study, increasing salinity led to more 
decrease in chlorophyll a content of the salinity 
sensitive wheat cultivar as compared to the 
resistant wheat. Besides, an increase observed in 
chlorophyll a content of the salinity resistant 
seedlings under blue light irradiation and 100 mM 
concentration of NaCl (Fig. I). The amount of 
chlorophyll b in the salinity resistant cultivar was 
higher than that in the sensitive wheat. In 
addition, in salinity resistant cultivar under blue 
light irradiation, an increase in chlorophyll b 
observed in some concentrations (Fig. II).  

Accumulation of proline in the resistant wheat was 
higher than that in the sensitive cultivar (Fig. III). 
In addition, the highest proline accumulation 
under blue light and the highest salinity level 
observed in the salinity resistant wheat cultivar.  

 

Fig. I. The effect of different salt concentrations on Chl a 
content in seedlings of Bam (a) and Tajan(b) cultivars 
under white and Blue lights. 

 

 
Fig. II. The effect of different salt concentrations on Chl b 

content in seedlings of Bam (a) and Tajan (b) cultivars 

under white and blue lights. 

 

Fig. III. The effect of different salt concentrations on 

proline content in seedlings of Bam (a) and Tajan (b) 

cultivars under white and blue lights. 
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As shown in Fig. (IV), increase in salinity level 
caused a greater increase in P5CS activity in the 
tolerant cultivar compared to the salinity sensitive 
wheat. In addition, blue light had a positive effect 
on the increasing trend of P5CS. 

Salinity stress reduced the accumulation of 
potassium in the plants (Fig. V). The potassium 
content in the salinity resistant wheat was higher 
than that in the sensitive cultivar. In addition, the 
effect of blue and white lights on both cultivars 
was not significantly different. Results of sodium 
ion accumulation assays showed that salinity 
increased sodium contents in both cultivars under 
study (Fig. VI).  

 

 
Fig. IV. The effect of different salt concentrations on P5CS 
activity in seedlings of Bam (a) and Tajan (b) cultivars under 
white and blue lights. 
 

 

 
Fig. V. The effect of different salt concentrations on K 
content in seedlings of Bam (a) and Tajan (b) cultivars 
under white and blue lights. 

 

 
 
Fig. VI.  The effect of different salt concentrations on Na 
content in seedlings of Bam (a) and Tajan (b) cultivars 
under white and blue lights. 

 

 
 
Fig. VII. The effect of different salt concentrations on POX 
content in seedlings of Bam (a) and Tajan (b) cultivars 
under white and blue lights. 

 

 
 
Fig. VIII. The effect of different salt concentrations on MDA 
content in seedlings of Bam (a) and Tajan (b) cultivars 
under white and blue lights. 
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 Peroxidation activities of Bam (salinity resistant) 
and Tajan (salinity sensitive) cultivars decreased 
with increasing salinity levels (Fig. VII). However, 
the mean peroxidase activity was higher in salinity 
resistant cultivar under white light, and blue light 
decreased peroxidase activity in both cultivars 
under increasing concentrations of salt. The 
amount of malondialdehyde increased with 
increasing salinity level, and blue light caused a 
greater increase in malondialdehyde content than 
white light in both wheat cultivars. Furthermore, 
the sensitive cultivar accumulated more 
malondialdehyde under blue light irradiation (Fig. 
VIII). 

Discussion 

Blue light increased the amount of chlorophyll a 
and b in Tajan (salinity sensitive) more than in Bam 
(salinity resistant). Also, under the white light, the 
pigments increased in both cultivars with an even 
more noticeable increase in the salinity resistant 
cultivar. Negative effects of salinity on plant 
growth include destruction of chloroplast 
structure and lower chlorophyll content due to 
more chlorophyll activity (Stefanov et al., 2016). 
Also, the reduction in chlorophyll content can be 
due to the alteration of nitrogen metabolism in 
the production of compounds such as proline, 
which is used for osmotic regulation (Salehi et al., 
2016). The reducing effect of salinity on the 
chlorophyll contents of wheat has been reported 
although reduction of chlorophyll a and b in 
tolerant cultivars is far less than salinity sensitive 
cultivars (Kafi, 2009).  

Proline and PSC (proline precursor) contents 
increased under the blue light compared to the 
white light treatment in both cultivars, but the 
increase was greater in salinity-resistant cultivars. 
Accumulation of compatible salts may help 
maintain a relatively high amount of water needed 
for plant growth and cellular function (Verslues et 
al., 2006). Plants are opened up by the 
accumulation of certain specific metabolites, most 
prominent of which are amino acids and in 
particular proline (Zadehbagheri et al., 2014). 
There is direct evidence for proline accumulation 
under salt stress using a bacterial gene, 
engineered into plants, and it has been shown that 
excess proline production can increase the plants’ 

ability to tolerate salinity (Rojas-Tapias et al., 
2012). Maize cultivar Shandan 609 showed under 
the condition of moderate and severe salinity 
stress, the activities of superoxide, peroxidase, 
catalase, and proline content increased 
significantly. Studies show that various abiotic 
stresses, including salinity and drought, decrease 
material production by reducing the yield of 
photosystem II, and in the meantime, increasing 
proline plays a positive role in induction of stress 
resistance (Gao et al., 2015). 

P5CS is one of two specific enzymes in the proline 
biosynthesis of the glutamate precursor. This 
compound plays an important role in salinity 
stress and proline accumulation (Amini et al., 
2015). Our observations showed an increase in 
P5CS activity as a result of salt stress synchronous 
with proline. Genes of P5CS have been shown to 
increase activity under high salt levels in Vigna 
plant leaves and induce root tolerance to 
increasing amounts of salt, so it has been 
suggested that it plays a key role in proline 
biosynthesis, ultimately regulating osmosis in 
plants (Hu et al., 1992). In this study, proline 
precursor increased in salinity resistant wheat 
than the sensitive cultivar. This was also the case 
with blue-irradiated wheat showing a significant 
difference is as compared with the plants treated 
with the white light. In their study on canola, 
Martel and Qaderi (2019) also found that 
increased levels of P5C in all cultivars and at all 
salinity concentrations were higher under blue 
light treatment. 

Sodium accumulation has been observed in the 
resistant cultivar more than in the sensitive wheat. 
The amount of sodium accumulated under the 
influence of blue light in different salinity levels 
was higher in the resistant cultivar than in the 
sensitive cultivar; however, under the influence of 
blue light the amount of accumulated sodium was 
higher than that under the white light. The vast 
majority of salt-tolerant plants usually accumulate 
significant amounts of sodium in their various 
organs while sensitive plants do not (Levigneron, 
1995).  

The potassium ion content of the plant increased 
in the salinity resistant cultivar although no 
significant difference observed between the white 
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and blue light regimes. In the sensitive cultivar, the 
amount of potassium under white light was higher 
than that in the blue light under different salinity 
treatments.  

Various studies in the field of salt-resistant 
halophytes and glycophytes have shown that the 
high ratio of potassium ion to sodium ion can be 
considered as an indicator of tolerance to salt (Yeo 
et al., 1990). The study of the K/Na ratio of the 
plants is  considered as an appropriate trait for 
determining tolerant varieties (Abbasi et al., 
2016). 

Our results show a decrease in peroxidase activity 
along with an increase in salinity, regardless of the 
degree of cultivar tolerance, confirming the 
findings of other research, e.g. Meloni et al. (2003) 
in rice and Vaidyanathan et al. (2003) in cotton. On 
the other hand, peroxidase activity of the resistant 
wheat cultivar was higher than that in the 
sensitive wheat, and blue light did not increase 
peroxidation activity. Peroxides are a catalyst for 
the reduction of H2O2 by taking electrons from 
different donor molecules such as phenolic 
compounds, lignin precursors, auxins, or 
secondary substrates (Bavi et al., 2011). 
Polyphenol oxidases and peroxidase are involved 
in the use of reactive oxygen species for the 
production of lignin and other phenolic oxidized 
compounds as a defense barrier to strengthen the 
cellular structure. Two enzymes of peroxidase and 
catalase divert two different forms of H2O2 from 
the environment (Chandra and Dubey, 2010). The 
production of reactive oxygen species under a 
variety of abiotic stresses is one of the processes 
that disrupts a variety of cellular activities. The 
activity of antioxidant enzymes in response to 
salinity stress has shown significant differences in 
different studies (El-Shabrawi et al., 2010). In a 
study on different rice genotypes, catalase activity 
increased with increasing salt in salinity-resistant 
genotypes while susceptible genotypes showed 
decreased activity (Kibria et al., 2017). Another 
study suggests that peroxidase activity decreases 
in response to increasing levels of salt in all 
genotypes, regardless of their tolerance to salt 
(Hasanuzzaman et al., 2014).  

Malondialdehyde is generated in plant cells when 
the unsaturated fatty acids in the cell membrane 

are oxidized. This phenomenon itself indicates an 
oxidative damage (Yaghoubian et al., 2021). 
Increase in salinity showed an increase in MDA in 
both wheat cultivars. A number of studies have 
shown that salt stress alters the structure and 
composition of cytoplasmic membranes. These 
changes include an increase in the degree of 
saturation of free fatty acids and an increase in the 
amount of free sterols, which lead to a decrease in 
membrane fluidity (Mansour et al., 2005). Salinity 
seems to cause a lower level of lipid peroxidation 
in Bam than in Tajan cultivar, which is related to 
higher tolerance of Bam cultivar. There are similar 
results by increasing lipid peroxidation with 
salinity in corn-sensitive genotypes (Carrasco-Ríos 
and Pinto, 2014).  

The amount of malondialdehyde in the sensitive 
wheat increased under the blue light regime and 
with increasing level of salinity. Furthermore, 
malondialdehyde contents of the resistant cultivar 
was high and low under the blue and white lights, 
respectively. Blue light with a wavelength of 480 
nm in the sensitive and resistant samples led to a 
significant increase in malondialdehyde contents. 
According to (Li et al., 2010), wavelengths of 450-
550 nm have a destructive effect on membranes, 
especially photosynthetic membranes, which 
cause their destruction by increasing 
malondialdehyde. 

The fresh and dry weights of the studied plants 
follow a constant trend under increasing levels of 
salinity. In fact, increased level of salinity resulted 
in no appreciable decrease in FW and DW of both 
tolerant and resistant wheat cultivars. However, 
FW and DW in the sensitive seedlings were lower 
compared to the tolerant wheats. In the resistant 
cultivar, the maximum FW and DW levels were 
observed under the white light. Plant lengths in 
both cultivars and under increasing salinity 
concentrations were higher than the sensitive 
cultivar under both blue and white light. Blue light 
(480 nm) falls within the range of 450-550 nm. This 
makes it possible to reduce the active photons 
that reduce the opening of the stomachs and thus 
reduce the gas exchange rate. 
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