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ABSTRACT 
Investigating the effects of priming methods on seedling physiology under osmotic stress conditions is 
important to understand how priming enhances osmotic stress tolerance in safflower. The mechanisms by 
which priming achieves this at the physiological level, such as changes in osmoprotectants, antioxidants, and 
membrane damage, are not well understood. This research aims to fill these knowledge gaps and provide 
insights that can be used to optimize priming treatments and improve safflower productivity in drought-prone 
areas.. Seeds were treated with priming including distilled water, folic acid, glutathione, epibrassinolide and 
chitosan and then subjected to osmotic stresses including no osmotic stress, mild osmotic stress (4 bar) and 
severe osmotic stress (8 bar) for germination and seedling growth. Severe osmotic stress increased soluble leaf 
proteins, this increase was observed in all priming treatments except distilled water. Severe osmotic stress 
increased soluble leaf proteins by an average of 35% in folic acid, chitosan, and epibrassinolide treatments. 
Chitosan treatment exhibited 172% and 188% more proline under mild and severe stress, respectively, 
compared to the control. Folic acid treatment showed a 207% increase in catalase under severe stress. 
Epibrassinolide and glutathione treatments had 201% more superoxide dismutase (SOD) under non-stress 
conditions. Distilled water treatment had 48.6% more soluble sugars under non-stress, while glutathione and 
epibrassinolide treatments had 14.5% more under mild stress. Control treatment had the highest 
malondialdehyde (MDA) amounts under mild and severe stress. Chitosan treatment exhibited a 25% increase in 
seedling length under severe stress compared to the control. Under non-stress conditions, chitosan treatment 
had slightly lower seedling length compared to control, while glutathione and epibrassinolide treatments 
showed the highest lengths. Under mild stress, folic acid, chitosan, and epibrassinolide treatments were 
superior to control. Under severe stress, distilled water showed a 20% increase, while chitosan treatment 
showed a 25% increase in seedling length compared to control. Chitosan treatment improved safflower 
seedling growth under severe osmotic stress through mechanisms including increased osmoprotectant levels, 
enhanced antioxidant activity, and improved membrane integrity. 
Keywords: Osmotic stress, priming, osmoregulation, antioxidants, cellular energy. 
 

INTRODUCTION 
Safflower is an important oilseed crop cultivated for hundreds of years (Gomashe et al., 2021). It is 

commercially used for oil extraction, pharmaceuticals and food industries. Its cultivation is more common in 
dry and semi-arid areas (de AlmeidaSilva et al., 2023) but increasing drought periods due to climate changes 
even threaten its production in these areas. Water deficiency in early growth stages can reduce yield unless 
proper management is practiced (Akbari et al., 2020). Seed priming refers to the hydration and dehydration of 
seeds before germination which leads to the acceleration of metabolic processes without germination (Akbari 
et al., 2020). This method increases the ability of tolerance by synchronizing germination and establishing 
seedlings under abiotic stresses. Priming increases accumulation of antioxidants and osmolytes for 
osmoregulation which enhances seedling tolerance to water deficiency (Marthandan et al., 2020). 

To take advantage of priming benefits in safflower cultivation under drought conditions, investigating 
physiological changes after priming and during seedling growth is essential (Marthandan et al., 2020). Using 
distilled water or materials like glutathione, epibrassinolide, chitosan and folic acid as priming treatments can 
improve germination under osmotic stress conditions through increasing antioxidant and defensive system 
activity of seeds, maintaining moisture and cellular health within seeds and preventing cellular damage due to 
osmotic stress (Aghaee Marthandan et al., 2020; Rahimi et al., 2020; Burdan et al., 2023; Hidangmayum et al., 
2023; Saeed et al., 2023). 

https://ejar.journals.ekb.eg/
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Priming treatments using materials such as glutathione, epibrassinolide, chitosan, and folic acid have 
shown promise in enhancing safflower germination and seedling growth under osmotic stress conditions. 
These materials act as priming agents by influencing various physiological processes within the seeds and 
seedlings. 

One of the key physiological mechanisms behind the positive effects of priming is the activation of 
antioxidant systems. Osmotic stress can lead to the accumulation of reactive oxygen species (ROS) within plant 
cells, causing oxidative damage. Priming treatments enhance the activity of antioxidant enzymes, such as 
superoxide dismutase (SOD), catalase (CAT), and peroxidase (POD), which help scavenge ROS and protect 
cellular components from oxidative stress (Marthandan et al., 2020; Saed and Mohhamed, 2023). 

Additionally, priming treatments promote the accumulation of osmolytes, such as proline and soluble 
sugars, within the seeds. Osmolytes act as compatible solutes and help maintain cellular osmotic balance, 
thereby protecting the cells from water loss and maintaining their structural integrity under osmotic stress 
conditions (Marthandan et al., 2020). 

Priming also influences hormone signaling pathways. For example, epibrassinolide, a brassinosteroid 
hormone, has been shown to improve safflower germination and seedling growth under osmotic stress. 
Brassinosteroids play a crucial role in regulating plant growth and development, and their application as a 
priming treatment can enhance cell elongation, promote root growth, and improve overall plant performance 
under stress conditions (Marthandan et al., 2020; Kashif et al., 2021). 

Furthermore, priming treatments can enhance the water status and cellular health of seeds. They help 
maintain seed moisture content and prevent cellular damage during the priming process, enabling seeds to 
withstand and recover from water-deficit conditions more efficiently (Saeed et al., 2023). 

Overall, priming with materials influences multiple physiological mechanisms in safflower plants, including 
antioxidant activation, osmolyte accumulation, hormone signaling, and cellular health maintenance. These 
mechanisms collectively contribute to improved germination, seedling establishment, and tolerance to osmotic 
stress, ultimately enhancing safflower productivity in drought-prone areas (Burdan et al., 2023). 

While priming has shown promise for improving stress tolerance in various crops, limited research exists 
on its comparative effects in modulating safflower physiology under osmotic stress. The mechanisms by which 
priming may enhance tolerance at early growth stages also remain unclear. This study aims to address these 
knowledge gaps by evaluating multiple priming agents for their ability to modulate key stress response 
mechanisms in safflower seedlings. Specifically, it will investigate priming-induced changes to antioxidants like 
SOD and CAT that mitigate stress-induced damage. The study will also examine osmoregulatory solutes like 
proline and soluble sugars that balance cell turgor and provide energy under water deficit. Membrane stability, 
indicative of cell viability under stress, will further elucidate priming-conferred protection. 

Additionally, previous work has predominantly focused on later crop stages with little emphasis on 
establishing resilience from seed priming during the critical early seedling phase. This study center stages 
osmotic stress imposition to mimic field conditions where seedlings face greatest moisture stress impact. It also 
compares widely different, yet affordable and easily applied priming substances for their efficacy. In the 
context of arid agriculture, developing low-cost seed-based strategies to strengthen stress tolerance 
acquisition in safflower could offer significant benefits. Insights into priming-mediated physiological 
adaptations could thus aid in designing resilient varieties for marginal growers. 

Through a systematic evaluation of priming treatments, this research aims to address current knowledge 
gaps regarding priming-conferred stress protective mechanisms in safflower. Comprehensive analysis of 
growth, antioxidants, osmolytes and cellular integrity will provide insights towards developing an effective 
priming technique for improving the crop's drought resilience from seed to establishment. 

 
MATERIAL AND METHODS 
Seed Material:  
Safflower genotype Padideh seeds collected during the previous growing season were used, with an initial seed 
germination rate of 96%. Safflower seeds were superficially sterilized by immersing in 1% sodium hypochlorite 
solution for two minutes at room temperature. They were then thoroughly washed with deionized water.  

Priming Treatments:   
The experiment was conducted in a completely randomized factorial design with three replications and two 
factors of priming method and osmotic stress level in petri dishes placed in a germinator. For priming, 75 seeds 
per treatment were placed in solutions of distilled water, 200 mM glutathione, 10 μM epibrassinolide, 2% 
chitosan and 500 μM folic acid. Priming was done at 25°C for 12 hours in darkness with aeration of solutions. 
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After priming, seeds were dried in shade at room temperature and 45% relative humidity for 24 hours until 
moisture content reached 8-10%. Non-primed seeds were used as control (Marthandan et al., 2020). 
 
Osmotic Stresses: 

Three levels of osmotic stress including control, 4 bar with polyethylene glycol and 8 bar with polyethylene 
glycol were considered. 25 primed seeds from each treatment were planted in 3 petri dishes (three 
replications).  
 
Germinator conditions: 

Seedlings were grown in a germinator at 30°C/25°C day/night temperatures with 16 hours light and 8 
hours dark and 70% relative humidity for 10 days. 
 
Measurements: 
On the 10th day after sowing, seedling samples were taken for physiological analyses. Seedling length was 
measured by averaging 10 seedlings in each petri dish. Then fresh leaf samples (0.5 g) were homogenized using 
ice extraction solution for superoxide sismutae (SOD) enzyme assay, nitroblue tetrazolium chloride solution 
was prepared. Absorbance of samples was read at 550 nm to determine SOD concentration (Elavarthi and 
Martin, 2010). For Catalase (CAT) assay, phosphate buffer and hydrogen peroxide solutions were mixed with 
samples and absorbance was recorded at 240 nm to calculate CAT concentration (Elavarthi and Martin, 2010). 

For proline estimation, sulfosalicylic acid solution was prepared. Samples were incubated at 100°C for 30 
min, ninhydrin reagent was added and absorbance was measured at 500 nm (Ábrahám et al., 2010). For soluble 
sugars, an anthron reagent was prepared and sugars were extracted using 80% alcohol. Samples absorbance 
was recorded at 630 nm against standard curve (Gumez et al., 2022). Bradford reagent was used to quantify 
soluble proteins with absorbance reading of 595 nm (Deans et al., 2018). Malondialdehyde (MDA) content was 
estimated by incubating leaf samples in thiobarbituric acid at 95°C and reading absorbance at 532 nm (Du et 
al., 1992). 
 
Statistical Analysis: 

Data were statistically analyzed using SAS 9.4 software including analysis of variance table and mean 
comparison of traits among priming treatments separately for each stress level using Duncan’s test (Aghaee 
and Rahimi et al., 2020). 

 
RESULTS  
Severe osmotic stress increased the amount of soluble leaf proteins in all priming treatments including the 
distilled water treatment. The highest increase in soluble leaf proteins was observed in folic acid, chitosan and 
epibrassinolide treatments which did not differ significantly from each other and on average showed 35% more 
protein compared to the non-primed treatment. In addition, the folic acid treatment  

 

Fig. 1. Osmotic stress interaction × different priming methods on leaf soluble proteins in safflower seedling.  
showed higher soluble leaf proteins than the distilled water treatment and the glutathione treatment showed 
higher levels than the control. However,  the glutathione treatment did not differ significantly from the distilled 
water treatment (Figure 1) . 
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Mild osmotic stress increased leaf proline in glutathione, epibrassinolide and chitosan treatments. Severe 
osmotic stress increased this trait in all treatments except epibrassinolide. In non-stress conditions and both 
levels of osmotic stress, the chitosan treatment was superior in terms of leaf proline. However, in non-stress 
conditions, the chitosan treatment only had more proline compared to the control and distilled water. Also 
under mild stress, it did not differ from epibrassinolide but under severe osmotic stress, it was superior to all 
treatments in terms of proline. The chitosan treatment under mild and severe osmotic stress showed 172% and 
188% more proline compared to the control, respectively (Figure 2).  
 

Fig. 2. Osmotic stress interaction × different priming methods on proline content in safflower seedlings. 

Under non-stress conditions, all priming treatments including distilled water showed higher catalase levels 
compared to non-priming, although chitosan and distilled water increased it less compared to other 
treatments. In mild osmotic stress conditions as well, all treatments including distilled water had more catalase 
than the control with epibrassinolide treatment having 155% more catalase than control compared to all other 
treatments. Under severe osmotic stress conditions, all treatments except distilled water increased catalase, 
and the folic acid treatment with 207% more catalase than control was superior to all other treatments (Figure 
3).  
 

Fig. 3.- Osmotic stress interaction × different priming methods on catalase content in safflower seedlings.  

Under non-stress and mild osmotic stress conditions, the distilled water treatment led to increased 
superoxide dismutase (SOD). Under non-stress, epibrassinolide and glutathione treatments on average showed 
201% more SOD amounts compared to non-priming. Under mild osmotic stress, chitosan, epibrassinolide, folic 
acid and glutathione treatments did not differ significantly and on average had 14.7% more SOD compared to 
control. Under severe osmotic stress, little difference existed between treatments in terms of SOD (Figure 4). 

 
Fig. 4. Osmotic stress interaction × different priming methods on SOD content in safflower seedlings.  

Under non-stress conditions, glutathione and epibrassinolide priming treatments did not show superiority 
over distilled water in terms of soluble leaf sugars but like other treatments had more sugars than non-priming. 
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The highest amounts belonged to folic acid and chitosan treatments which on average had 48.6% more soluble 
sugars compared to control. Under mild stress only glutathione and epibrassinolide had more soluble sugars 
than control which was around 14.5% for both. These two treatments also had more soluble proteins than 
distilled water at both stress levels (Figure 5). 

 

Fig. 5. Osmotic stress interaction × different priming methods on leaf soluble sugars content in safflower 
seedlings. 
 

Osmotic stress led to increased malondialdehyde (MDA). Under non-stress conditions, control and distilled 
water treatments and under mild and severe stress, control treatment had the highest MDA amounts. Under 
non-stress and mild stress, epibrassinolide treatment did not differ from control in terms of MDA but other 
treatments had lower amounts compared to control. Under non-stress, glutathione had 19.6% lower MDA than 
control. Under mild stress, folic acid and chitosan on average had 21.5% lower MDA and under severe stress, 
control compared to glutathione and chitosan had on average 15% lower MDA amounts (Figure 6) . 

Fig. 6. Osmotic stress interaction × different priming methods on MDA  content in safflower seedlings, NOS, 
MOS and SOS: no osmotic stress, mild osmotic stress, and severe osmotic stress, respectively.  
Under non-stress conditions, control, distilled water and folic acid treatments did not differ in terms of seedling 
length. Chitosan had lower seedling length compared to these three treatments. Glutathione and 
epibrassinolide on average with 6.9% more seedling length than control had highest amounts. Under mild 
stress, folic acid, chitosan and epibrassinolide were superior to control. Under severe stress, unlike non-stress 
and mild stress conditions, distilled water had 20% more seedling length compared to control, and chitosan 
with 25% more length than control was slightly superior to other treatments (Figure 7) . 
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Fig. 7. Osmotic stress interaction × different priming methods on  in safflower seedlings.  

DISCUSSION 
The results of this laboratory study show that using priming treatments of safflower  seeds including 
glutathione, epibrassinolide, chitosan and folic acid can significantly reduce the harmful effects of osmotic 
stress due to water deficiency in the early growth and development stages of seedlings. These results are 
consistent with previous studies in the field of seed priming using the mentioned materials. For example, the 
findings of Hidangmayumet et al. (2020) show that chitosan can be helpful in priming maize seeds. Also, 
Budran et al. (2023) regarding priming cotton seeds with folic acid, Saeed et al.  (2023) regarding priming corn 
seeds with glutathione and also Aghaee (2020) and Karimi et al reported similar results regarding priming 
cotton seeds with epibrassinolide. 

The glutathione treatment significantly increased the activity of the antioxidant enzyme SOD (Figure 4) and 
reduced oxidative stress. The epibrassinolide treatment also showed the highest amount of superoxide 
dismutase (Figure 4), indicating its effectiveness in strengthening the plant's defense system. The chitosan 
treatment was very effective in increasing proline levels (Figure 2) and the folic acid treatment strengthened 
the hydrogen peroxide degradation pathway by significantly increasing catalase (Figure 3). Physiological trait 
analysis by other researchers has shown that these priming treatments increase drought resistance by 
reinforcing the antioxidant defense system, regulating osmotic homeostasis and providing the necessary 
energy for vital processes (Marthandan et al., 2020). Based on the results of this study, it can also be concluded 
that each of these treatments helps increase plant resistance through different mechanisms. Therefore, the 
idea emerges that the simultaneous use of these treatments can cause greater cooperation of defense 
mechanisms to increase seedling tolerance to osmotic stress ((Akbari et al., 2020), which requires confirmation 
through new studies with combined treatments (Marthandan et al., 2020). 

Based on the results, chitosan and epibrassinolide played a more important role in regulating osmosis than 
other treatments. The chitosan treatment produced significantly higher amounts of proline at all stress levels 
(Figure 2), indicating its ability to regulate osmosis. Also, the epibrassinolide treatment had the highest amount 
of soluble sugars under non-stress and mild stress conditions (Figure 5), which plays an important role in 
providing energy and regulating osmotic pressure. Therefore, based on the working mechanism of these two 
treatments, chitosan and epibrassinolide played a more important role in regulating osmotic homeostasis 
among the treatments studied. 

Based on results, folic acid and epibrassinolide had the greatest effect on reducing MDA levels through 
changes in catalase and SOD enzymes (Figures 3, 4 and 6). The folic acid treatment strengthened H2O2 
degradation by significantly increasing catalase (Figure 3). Also, the epibrassinolide treatment with the highest 
SOD level better controlled oxidative stress and consequently reduced MDA (Figures 4 and 6). Similar studies 
also show that epibrassinolide and folic acid had the greatest impact on reducing lipid peroxidation through 
reinforcing the antioxidant system and cooperation of SOD and catalase enzymes (Burdan et al., 2023, Aghaee 
et al., 2020). 

In terms of providing the necessary energy through production of soluble sugars, the epibrassinolide and 
folic acid treatments performed better (Figure 5). The epibrassinolide treatment produced the highest amount 
of soluble sugars under non-stress and mild stress conditions (Figure 5), indicating better cell energy provision 
under osmotic stress. Also, the folic acid treatment under non-stress conditions after epibrassinolide had the 
highest level of soluble sugars (Figure 5), which plays an important role in providing energy for cellular 
activities. Similar studies also show that in terms of providing the necessary energy through sugars, 
epibrassinolide and folic acid treatments are more effective (Tanveer et al., 2019). 
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Based on a complete analysis of the results, the chitosan treatment showed the best results in improving 
osmotic stress conditions for seedlings. This treatment significantly produced the highest amount of proline 
(Figure 2) for osmotic regulation. It also performed satisfactorily in controlling oxidative stress and providing 
energy through increasing SOD and CAT enzymes and soluble sugars (Figures 3, 4 and 5). Therefore, considering 
the simultaneous positive effects of chitosan on osmotic regulation, the antioxidant system and energy 
provision, it can be said that this treatment showed the most successful performance in improving osmotic 
stress conditions in seedlings using a set of effective mechanisms (Mustafa et al., 2022). Under mild stress, the 
chitosan treatment along with two other treatments showed the highest seedling length (about 20% higher 
than control) (Figure 7). Under severe osmotic stress, chitosan with 25% more dry matter than control had a 
slightly higher seedling length than other treatments (Figure 7). 

The results obtained from this study can significantly confirm the initial hypothesis. Distilled water and 
glutathione by increasing the SOD level strengthened the antioxidant defense system. Epibrassinolide and 
chitosan were effective in osmotic regulation through high production of proline and sugars. Folic acid was also 
the energy provider under non-stress conditions through higher soluble sugar production. Therefore, the 
results were able to largely confirm the initial hypothesis about the different mechanisms of these treatments. 

Further work is needed to fully elucidate the mechanisms of action and potential for combined priming 
treatments. Gene expression and histological analyses may provide insights into how different priming agents 
modulate stress tolerance pathways at the molecular and cellular levels. Evaluating priming with alternative 
compounds like putrescine and ascorbic acid, which target diverse mechanisms, could have additive benefits. 
Addressing limitations such as genotype variability and fluctuating stress conditions would help validate these 
findings. Continued research optimizing priming protocols and evaluating field performance is important to 
realize the agronomic potential of this promising approach. 
 

CONCLUSION  
In summary, based on the results obtained from this study, it can be suggested that priming carnation seed 
treatments using glutathione, epibrassinolide, chitosan and folic acid can significantly reduce the negative 
effects of osmotic stress due to water deficiency on seedling growth and physiology in early stages. These 
treatments act through different mechanisms such as strengthening antioxidant immunity, regulating osmosis 
and providing energy. However, chitosan performed better due to its effect on several mechanisms. Therefore, 
using chitosan for carnation seed priming can be an effective solution to reduce the effects of osmotic stress in 
farms. However, more experiments are needed to conclusively validate the results. 
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ات الضغط الاسموزي على نمو الباقلاء من خلال  تقييم إمكانية الحد من تأثير
اسينوليد والكيتوزان وحامض الفوليكمعالجة البذور بالجلوتاثيون    والإبيير

 

ن زاهدي ي , أكبر عليبور *, ناصر عبد العازار , حسي 
ي , سيدعلى محمد مدرس ساناقن

ق   يونس شر

 قسم الهندسة الزراعية ومركز بحوث المحاصيل المتكاملة ، فرع إسلام شهر ، جامعة آزاد الإسلامية ، إسلام شهر ، إيران

  hzahedi2006@gmail.comبريد المؤلف المراسل * 

ظروف    كان تحت  البتونيا  فسائل  يولوجيا  ن فب  على  للبذور  المسبقة  المعالجة  طرق  تأثب   مقارنة  الدراسة  من  الهدف 
والجلوتاثيون   الفوليك  وحامض  المقطر  الماء  تشمل  مسبقة  لمعالجات  البتونيا  بذور  تعريض  تم  الاسموزي.  الضغط 
اسينوليد والكيتوزان ثم تعرضها لضغوط اسموزية متضمنة عدم وجود ضغط الكي اسموزي وضغط الكي اسموزي   والإبيبر

( )  4خفيف  اسموزي شديد  الكي  إلى زيادة    8بار( وضغط  الشديد  الاسموزي  الضغط  أدى  الفسائل.  للإنبات ونمو  بار( 
ي كافة معالجات البذور باستثناء الماء المقطر، وكانت أعلى نسبة زيادة  

ي الورقة، ولوحظ هذا الزياد قن
وتينات الذائبة قن البر
وقدرها   الاسموزي  35متوسطة  الضغط  أدى  اسينوليد.  والإبيبر والكيتوزان  الفوليك  حامض  بمعالجات  مرتبطة   %

الشديد،   الضغط  ي 
قن والكيتوزان.  اسينوليد  والإبيبر الجلوتاثيون  لمعالجات  بالنسبة  الورقة  ي 

قن ن  ولي  البر زيادة  إلى  الخفيف 
 من حيث  

ً
اسينوليد. وكانت معالجة الكيتوزان هي الأكبر تفوقا ي كافة المعالجات باستثناء الإبيبر

ن قن ولي  لوحظت زيادة البر
ي كافة معالجات البذور باستثناء الماء المقطر تحت  

 قن
ً
ن تحت كافة ظروف الضغط. كما ازدادت انزيم كاتالاز أيضا ولي  البر

ي انزيم كاتالاز. كما تأثرت كمية  
ي الضغط الشديد، أظهرت معالجة حامض الفوليك أعلى معدل زيادة قن

ظروف الضغط. وقن
بالمعالجات المختلفة تحت ظروف عدم الضغط والضغط الخفيف. كذلك تأثرت السكريات الذائبة   انزيم إس أو دي 

مؤشر  وانخفضت  المعالجات.  جميع  لدى  المختلفة  الاسموزي  الضغط  ي   MDA بظروف 
الجلوتاثيون  بمعالجت 

الكيتوزان أعلى طول   بالمعالجات، حيث أظهرت معالجة   
ً
أيضا النبات  تأثر طول  والكيتوزان تحت ظروف الضغط. كما 

ن  25بنسبة   ي تحسي 
ول تحت الضغط الشديد. يمكن استنتاج أن معالجة الكيتوزان أظهرت أفضل أداء قن % مقارنة بالكنب 

 .تحمل النبات للضغط الاسموزي
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