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SUMMARY  

Pre-sowing seed invigoration methods are promising approach to alleviate 
the adverse effects of abiotic stresses on seed germination and early seedling 
establishment. The current study was conducted to evaluate the impacts of pre-
plant soaking of wheat (cv. Sardari) seeds in different concentration of salicylic 
acid and ascorbic acid (30, 60, 90, 120, 150, and 180 ppm) on seedling early 
growth and antioxidant activity. Results showed that the highest germination 
percentage were recorded for seed treated with dilute solutions of acid salicylic 
(30 and 60 ppm) and intermediate concentration of acid ascorbic (90 ppm). The 
mentioned concentration increased the germination rate by 80%, root length by 7 
cm and shoot length by 5 cm when compared with control. Hormonal seed 
treatments through 60 and 90 ppm ascorbic acid induced an increased seedling 
dry weight. However, the highest seedling vigor was achieved by low 
concentration of salicylic acid. Hormonal priming with acid ascorbic had a more 
stimulating and increasing effect on the activity of the superoxide dismutase 
enzyme compared to salicylic acid. The highest activity of catalase and guaiacol 
peroxidase were recorded for seed primed with 90 ppm salicylic acid and 60 ppm 
ascorbic acid, respectively. It is concluded that hormonal seed treatments has 
increased seedling early growth and antioxidant activity and the best performance 
was related to 30 ppm salicylic acid and 60 and 90 ppm ascorbic acid. The results 
of the present study elucidated that hormonal seed treatments as a useful, efficient 
and easy invigorating approach should be seriously considered in wheat fields.  
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INTRODUCTION 
The semi-arid regions of West Asia have special climatic 

characteristics and most of the rainfall occurs during winter, and this has 
caused the main crop of these regions to be winter wheat, barley and some 
cool season food legumes (Ahmed et al., 2022). Wheat is one of the most 
important crops in the world and a strategic crop in Iran. However, the most 
significant constraint of rainfed farming in mentioned region is the shortage of 
water during the planting and final stage of seed filling (Ghaffari 2010; 
Tavanpour and Ghaemi 2016). Most of the annual rainfall in the rainfed cold 
regions usually happens in autumn and winter (75% of the rains) at that time due 
to the severe drop in temperature, plant growth is stopped for three to four months 
and plant only receive 25% of the total annual rains during the active growth in 
spring (during the end of the tillering stage to seed maturity), this causes a 
significant exacerbation of drought and heat stress at the end of the growth season 
in many areas. Additionally, in rainfed farming, rapid and uniform emergence 
and swift establishment of seedlings is necessary to use the autumn rains and 
grow the plant sufficiently before the onset of severe cold (Arun et al., 2022). 
Specifically tolerance to temperatures below freezing is though often of pivotal 
importance for the survival of wheat seedling across winter and it can be affect by 
vernalization requirement and cold acclimation condition. Therefore, it seems that 
in semi-arid Mediterranean-type environments, any type of crop management that 
can accelerate uniform emergence can reduce autumn break, increase rainfall use 
efficiency and improve acclimatization to cold (Flohr et al., 2021). Some of the 
major constraints on wheat growth in semi-arid region include the timing and 
amount of autumn rains for sowing. In cropping systems, the autumn break is one 
of the most important events of any year. It is the first significant rainfall event of 
the winter growing season and signals the start of the growth period. On the other 
hand due to wide variation in the timing of the arrival of adequate autumn 
rains for sowing during different years and also the aggravation of this issue due 
to climate changes during the recent decades, it is difficult to choose a calendar 
date for sowing wheat seeds (Pook et al., 2009). Based on the previous studies, it 
can be speculated that seed invigoration techniques can be good crop 
management’s option under  some limiting environmental conditions (29THussain et 
al., 2019; Marthandan et al., 2020; Johnson and Puthur 2021; Cruz et al., 202129T).  
Seed priming is an important cost-effective method which can improve the seed 
germination and is widely used to synchronize and accelerate the germination of 
individual seeds (Hussain et al., 2017). Seed priming base include controlled 
hydration of seeds up to particular point where the preliminary and intracellular 
processes of germination begins; however, the radical protrusion does not take 
place (Singh et al., 2018). It is generally acknowledged that seed priming can 
provide improved and uniform seedling emergence by reducing the seed 
hydration time during the germination, increase the gene expression and also 
activating the pre-germinative enzymes and metabolism and also enhances the 
antioxidant/DNA repair activities (Forti et al., 2020). There are many reports on 
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seed priming toward improving seed germination, seedling emergence, stand 
establishment, crop growth, nodulation, and productivity in various cereal crop 
species (Khan et al., 2011; Tabatabaei, 2013; Hussain et al., 2017; Khan et al., 
2020). Seed priming induces antioxidant enzymes activity and can significantly 
minimizes lipid peroxidation (Janmohammadi 2012; Khan et al., 2020). Despite 
some studies, it still retains empirical features especially in the form of on-farm 
priming. It has been revealed that between cost-benefit management strategies 
exogenous application of hormone like material minimize loss of productivity 
and yield under unfavorable conditions (Janmohammadi et al., 2012).  

Use of plant growth regulators and hormones like substances as priming 
agents has been found to increase plant growth and significantly enhance plant 
mechanisms to cope with abiotic stress. Although few studies have employed 
hormones substances under semi-arid condition, these studies are yielding 
promising results (Farooq et al., 2013; Imran et al., 2013; Shah et al., 2019). 
Salicylic acid (SA) is a phenolic compound which acts as an imperative signal 
molecule, since it regulates metabolic and physiological processes in plant 
(Sharma et al., 2020). In addition to positive effects of increased biosynthesis of 
SA under some conditions, it seems that exogenous SA application can 
significantly improve plant abiotic stress-tolerance (Zafar et al., 2023). Boukari et 
al. (2019) showed that the pretreatment of alfalfa seeds with SA under salinity 
stress improved plant growth, water content, content of photosynthetic pigments. 
Also improved scavenging of reactive oxygen species (ROS) capacity through the 
SA application during seed pre-sowing process has been reported in the literature 
(Janmohammadi, 2012; Bortolin et al., 2020).  

Ascorbic acid (ASC) performs as a co-factor for some critical enzymes and 
preserves the process of phytohormone intermediating signaling and numerous 
biological processes (Farooq et al., 2013). ASC also controls plant growth 
through affecting cell division and cell expansion, modulates plant sense, and is 
involved in photosynthesis, hormone biosynthesis, and regeneration of 
antioxidants. Shah et al. (2019) reported that ASC priming significantly increased 
chlorophyll content and grain yield in late planted winter wheat and also up-
regulation of diverse enzymatic antioxidants such as super oxide dismutase, 
peroxidase, and catalase. However, little is known about the use of hormone like 
substance to improve seed germination in semi-arid Mediterranean-type 
environments with long autumn break. The aim of this study was to investigate 
the potential role of salicylic acid and ascorbic acid in pre-sowing seed treatment 
on seedling early growth and antioxidant activity of winter wheat. 
 

MATERIAL AND METHODS 
The experiments were conducted at the Research Laboratory of Crop 

Production, College of Agriculture, University of Maragheh, Iran. The natural 
deteriorated seeds (two years of storage) of winter wheat (Triticum aestivum L.) 
cultivar, Sardari, were obtained from Dryland Agricultural Research Institute 
(DARI). Sardari is a winter-type with mean plant height of 100 cm and is well 
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adapted to semi-arid region with cold winter. Sardari also is resistant to shattering 
is a predominant dryland landrace in Iran (Roostaei et al., 2018). The experiment 
was carried out using a completely randomized factorial design with four 
replicates and was developed in a petri dish system under a controlled condition 
of germinators. Pre-sowing treatments were including control (non-primed seeds) 
and hormone priming through different concentration of salicylic acid and 
ascorbic acid (30, 60, 90, 120, 150, and 180 ppm). Prior to seed pre-soaking 
treatments, healthy, unbroken, and spotless seeds were sorted out manually, 
afterward; the selected seeds were surface sterilized in 0.5% sodium hypochlorite 
(v/v) for 10 min and washed with water to prevent the 
growth of microbial contaminants present on the seed surface. The excess water 
was removed from the seeds with absorbent paper, and the seeds were air-dried to 
reach the initial weight, under natural conditions. Wheat seeds were primed in the 
dark at 25ºC and relative humidity of 50–70% for 8 h with constant gentle 
shaking in a mechanical shaker. Seed germination was tested on filter papers 
placed in Petri dishes and moistened with sufficient distilled water. Twenty-five 
seeds were placed in each dish and incubated in the dark at 25 ± 1°C and 
germinated seed were recorded daily for nine days. 

Seedling growth parameters and final germination percentage (GP) were 
recorded according to AOSA (1983); GP= the total seeds germinated at end of 
trial/number of initial seeds used 100 times. Germination rate index (GRI) 
calculated as = G1/1+G2/2+....+Gi/i; where G1 is the germination percentage on 
day 1, G2 is the germination percentage at day 2; and so on. The methodology of 
GRI followed Farooq et al. (2013). Seed vigor index calculated by multiplying 
germination (%) and seedling length on the ninth day from the beginning of 
germination. The RWC (fresh weight - dry weight)/ (turgid weight – dry weight) 
× 100 (Pieczynski et al., 2013) was evaluated at the end of germination. Primed 
and unprimed seeds were planted under natural field condition (21 November) for 
assessment of mean emergence time. Mean emergence time (MET) was evaluated 
using MET = ∑Dn/ ∑n , where n stands for the number of seeds that emerged on 
day D and D is the number of days counted from the start of emergence 
(Ruttanaruangboworn et al., 2017). 

For assessment of antioxidant enzymes activity shoots of wheat seedlings 
were collected at the 9th day of germination, and directly placed into liquid 
nitrogen, then stored at -80ºC until used. Approximately 500 mg of shoot sample 
were homogenized in an extraction buffer containing 100 mM potassium 
phosphate buffer (pH 7.5), 1 mM ethylene diaminetetraacetic acid (EDTA), 3 
mM DL-dithiothreitol and 5% (w/v) insoluble polyvinylpolypyrrolidone 
(Boaretto et al., 2014). Superoxide dismutase (SOD) activity inhibits 
photochemical reduction of nitroblue tetrazolium (NBT) at 560 nm. The 
monitoring of this inhibition is used to assay SOD activity (Giannopolitis and 
Ries 1977). Catalase (CAT) activity was measured in a spectrophotometer (240 
nm) according to Cia et al. (2012), through monitoring the degradation of H2O2 
at 240 nm over 1 min, in a reaction mixture containing 1 mL of 100 mM 
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potassium phosphate buffer (pH 7.5) and 25 μL H2O2 (30% solution). GPX 
activity (Guaiacol peroxidase) was measured by following the H2O2 
dependent oxidation of guaiacol at 470 nm, using an extinction coefficient 
of 26.6 mM-1 cm-1 (Tayefi-Nasrabadi et al., 2011). Ascorbate peroxidase (APX) 
assay was determined by reaction medium containing 50 mM potassium 
phosphate buffer (pH 7.0), 0.5 mM ascorbate and 0.1 mM H2O2 (Alves et al., 
2018). The activity was determined by monitoring the rate of ascorbate oxidation 
at 290 nm at 30 °C, and values expressed as μmol ascorbate min−1 mg−1 protein. 
Guaiacol peroxidase (EC 1.11.1.7) activity was measured using a reaction 
medium containing 50 mM phosphate buffer (pH 7), 9 mM guaiacol, and 19 mM 
H2O2 (Lin and Kao 1999). The analysis was conducted in SPSS and mean 
comparison was performed by LSD test. 
 

RESULTS AND DISCUSSION 
Seed priming with salicylic acid (SA) and ascorbic acid (ASC) had 

significant (P ≤ 0.05) effects on germination percentage (GP), germination rate 
(GR) and seedling growth parameters of wheat as shown in Table 1. 
 
 Table 1. Comparison of means of germination and seedling growth 
characteristics of wheat (Triticum aestivum L.) as affected by different 
concentration of salicylic acid and ascorbic acid. 

 
 

GPX CAT MET RWC SDW SFW SL RL GR GP  
204.00h 29.33g 9.66a 89.33c 28.66d 195.00f 6.48f 6.26g 66.33h 79.33g C 
255.33bc 44.66b 5.33de 94.00a 48.00b 286.33b 10.43a 13.00ab 137.00a 98.00a SA30 
238.00def 37.66de 7.00cd 93.00a 41.32bc 225.33e 9.03b 10.11c 100.33d 90.33bc SA60 
275.66a 51.00a 6.66d 90.66bc 38.00c 233.33de 8.80b 9.30cd 90.66f 88.00cd SA90 
249.66cd 40.00bcde 8.66b 92.00abc 43.66bc 233.66de 7.70de 8.66def 90.66f 85.33def SA120 
231.33efg 35.33ef 8.00bc 92.00abc 42.66bc 231.33de 7.96cd 9.56cd 78.66g 85.66de SA150 
238.00def 30.33fg 7.66c 92.33abc 34.33cd 206.33f 7.80de 9.16cde 82.33fg 83.33ef SA180 

          
243.00cde 44.33bc 5.66de 90.33bc 41.66bc 250.33c 8.70bc 7.77f 99.00de 83.33ef ASC30 
265.00ab 52.33a 5.00e 92.66ab 57.00a 288.66b 10.78a 11.78b 100.33d 96.00a ASC 60 
273.66a 45.33b 5.33de 94.00a 65.00a 313.00a 10.93a 13.60a 90.66f 92.00b ASC 90 
246.33cd 40.33bcde 6.66d 90.00bc 36.66cd 242.33cd 7.80de 8.70def 91.00ef 84.33def ASC 

120 
224.66fg 41.66bcd 7.33c 91.66abc 42.33bc 254.00c 7.02ef 7.91ef 81.33g 78.66g ASC 

150 
218.00gh 39.00cde 8.00bc 89.33c 43.66bc 208.33f 7.64de 8.53def 83.33fg 81.66fg ASC 

180 
14.70 5.33 0.36 3.42 8.55 15.85 0.826 1.29 8.07 3.79 LSD 

C: No-priming (intact seeds), SA30-18: salicylic acid concentration (ppm), ASC: ascorbic acid, GP: 
germination percentage (%), GR: germination rate index, RL: root length of seedling (cm), SL: shoot length 
of seedling (cm), SFW: seedling fresh weight (mg), SDW: seedling dry weight (mg), RWC: relative water 
content of seedling (%), MET: mean emergence time (days), CAT: catalase activity (Units mg -1 protein) and 
GPX: guaiacol peroxidase (Units mg -1 protein). Data with the same letter are not significantly different at p 
< 0.05 (LSD: Least Significant Difference). 
 

However, the effect of hormone-like compounds was largely dependent on 
their concentrations. Assessment of GP showed that although all hormone 
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priming treatments were able to increase this parameter compared to the control, 
the highest increase was recorded in very low concentrations of SA (18%) and 
medium concentrations of ASC (14%). The results of the germination rate 
showed that despite the increase in the germination rate of primed seeds by both 
hormones, the rate of increase was much prominent by low concentrations of 
salicylic acid (30 and 60 ppm) that the germination rate was about twice as 
compared to the control. However, the germination rate in the seeds primed with 
ascorbic acid was on average about 20% higher than the no-primed seeds (Table 
1). Mean comparison of the seedling root length showed that the effects of 
ascorbic acid and salicylic acid on this parameter were similar to each other, 
altogether the hormonal priming increased the root length by about 60% 
compared to the no-primed seeds. The longest roots were recorded in the seeds 
treated with 30 ppm salicylic acid or 90 ppm ascorbic acid. Affectability of shoot 
length from seed priming treatment was lower than root length as priming 
treatments only increased this component by 30% compared to the control 
conditions. The longest shoot recorded for seed primed with 30 and 60 ppm SA 
or 60 and 90 ppm ASC.  

 
 

Fig. 1. Effects of wheat seeds pre-sowing treatment in different concentration of 
hormone-like substances on seedling vigour index. SA: C: Control or non-primed; SA: 
salicylic acid, ASC: ascorbic acid. All values represent means ± standard deviations 
(SD) of four replicates. Bars showing the same letters are not significantly different at 
P ≤ 0.05 as determined by LSD test. 
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Assessment of seedling vigor index also showed that the highest vigor 
recorded for seed treated with 30 ppm of SA that followed by seeds treated with 
60 and 90 ppm of ASC (Figure 1). The aforementioned priming conditions 
improved the vigor index by 2.5-3 times when compared with no-primed seeds. 
However, other priming treatments also had a positive effect on this index and 
increased this index by 50-75% compared to the control. The lowest positive 
effect of priming treatments on vigor index was observed in high concentrations 
of ascorbic and salicylic acid. Evaluation of seedling fresh weight showed that the 
heaviest seedlings were obtained from seeds primed with 90 ppm Asc. So that 
their weight was about one and a half times more than the weight of seedlings in 
intact seeds. Although both hormones used in priming increased the dry weight of 
seedlings compared to the control, the improving effect of ascorbic acid on 
seedling dry weight was more evident than salicylic acid. Seed priming with 
salicylic acid and ascorbic acid increased the dry weight of seedlings by 44% and 
66%, respectively, compared to control. The highest dry weight of seedlings was 
recorded for seeds treated with 60 and 90 ppm ASC. Relative water content 
(RWC) of seedling affected by priming treatment (P≤ 0.05). The positive effect 
of salicylic acid on RWC was more evident than ascorbic acid and the highest 
RWC was recorded for seed primed with 30 and 60 ppm SA or 90 ppm ASC. 
Between the seedling development characteristics Mean emergence time (MET)  
can reflect a lot of information . MGT is a 29Tmeasure of the rate and time-spread of 
germination 29Tand emergence, focusing on the day at which most seedling have 
emergence.  

Mean germination time decreased significantly (p ≤ 0.01) for seedlings 
grown from primed seed low concentration ASC and SA. The fastest seedling 
emergence occurred in seeds primed with 30 and 60 ppm ASC. Seed priming 
with low concentration of ASC and SA decreased the MGT by 45% and 35% 
compared to no-primed seeds. Seed priming treatments had a significant effects 
on the performance of enzymatic antioxidant of wheat seedlings. Although the 
effect of different concentrations on the activity of antioxidant enzymes was 
statistically significant, these effects were somewhat different from germination 
indices. The highest activity of APX were recorded for seedling grown from seed 
primed with low concentration of SA or 120 ppm ASC (Figure 2). Other priming 
treatments also increased the activity of APX. However, there was a significant 
difference between the effects of the previously mentioned treatments and other 
priming treatments.  
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Fig. 2. The effect of hormonal seed priming on Ascorbate peroxidase activity in wheat 
seedling. SA: C: Control or non-primed; SA: salicylic acid, ASC: ascorbic acid. In 
each hormone, the numbers indicate the concentrations used for priming (ppm). All 
values represent means ± standard deviations (SD) of four replicates. Bars showing the 
same letters are not significantly different at P ≤ 0.05 as determined by LSD test. 

 

 
Fig. 3. Effect of seed pre-sowing treatment in different concentration of hormone like 
substance (ppm) on activity of superoxide dismutase in wheat seedling. SA: salicylic 
acid, ASC: ascorbic acid. All values represent means ± standard deviations (SD) of 
four replicates. Bars showing the same letters are not significantly different at P ≤ 0.05 
as determined by LSD test. 
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Furthermore evaluation of CAT activity showed that the highest level of 
CAT activity was related at the concentration of 120 ppm SA and 60 ppm ASC 
which was 75% higher than the no-primed seeds. Likewise seed priming had 
positive effect on activity of guaiacol peroxidase the highest GPX activity was 
observed in seeds treated with 90 ppm SA or Asc which was about 14% higher 
than the no-primed seeds. (Table 1). Assessment of SOD indicated that all 
priming improved the SOD activity 30-60% compared to no-primed seeds. The 
highest SOD activity recorded for seedling grown with seeds primed with 60 ppm 
ASC (Figure 3). 

 
Fig. 4. Principal component analysis (PCA) based on combined treatments (hormonal 
substance and concentration) which measured for evaluated seedling growth parameters. 
 

Figure 4 displays a biplot in the dimension of the first and second PCs. On 
the plot, two main groups of combined treatments were separated so that for 
factor 1 there were best seed priming treatment i.e. low concentration of SA and 
low to medium concentration of ASC. Besides, factor 2 separated control and 
high concentration of SA which exhibited very low performance for most of the 
evaluated germination parameters and activity of antioxidant enzymes. The 
cosine of the angle between two traits indicates their correlation situation, the 
smaller the angle between two traits show the more significant and positive 
correlation. In Figure 5, the most prominent relation is the strong positive 
association between germination percentage, germination rate, seedling vigor 
index, activity of SOD, activity of GPX and seedling length as indicated by the 
small obtuse angles between their vectors (r = cos 0 =+1). 
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We were able to confirm our initial hypothesis, since pre-sowing seed 
treatment with hormone like substance increased the majority of studied 
parameters. Since the seeds were stored for more than one year in storage 
conditions, the obtained results showed the positive effect of hormone priming 
treatments on improving the germination parameters of natural deteriorated seeds. 
As long storage period leads to a natural deterioration of seeds and the most 
imperative causes for such deterioration is the increased activity of the analytical 
enzymes e.g. amylase, phospholipases, proteases and phytase which reduces 
viability and vigor of seeds (Cheyed, 2020). Considering that most of the farmers 
use their own seeds for planting and their storage conditions are often traditional 
and not favorable, hormonal priming treatments will be very important in 
improving the germination deteriorated seeds. The finding showed that hormone 
priming treatment probably improve seed germination through the increase or 
optimizing of the recovery process of antioxidants. Our finding showed that 
activity of enzymatic enzymes increased by low and medium concentration of SA 
and ASC. Furthermore, the used hormone-like substances themselves have 
antioxidant properties and can play a role in scavenging of reactive oxygen 
species (ROS). ASC is a small water soluble antioxidant molecule that 
participates as a primary substrate in the cyclic detoxification and ROS 
neutralization pathway, such as superoxide and singlet oxygen (Bilska et al., 
2019). ROS levels are determined by a tightly controlled balance between 
production and breakdown. In general, ROS are produced unintentionally even 
under favorable developmental conditions (Mhamdi and Van Breusegem 2018), 
and if their concentration increases, they can cause the lipid peroxidation and 
some other injuries. In this regard, it is necessary to control the amount of ROS 
by increasing the activity or amount of antioxidant enzymes to survival of the 
seedling. This finding also corroborates the ideas of Bortolin et al. (2020), who 
suggested that seed priming with SA increased antioxidant activity of enzymes 
such as superoxide dismutase (SOD) and and ascorbate peroxidase (APX) in 
Trifolium species. However, our results showed that the response of antioxidant 
enzymes to hormone treatments is highly dependent on hormone concentrations. 
Our findings indicated that seed priming with low concentration of ASC and SA 
resulted in vigorous, rapid, as well as uniform emergence under field condition. 
Average emergence time is considered as an important index in evaluating the 
effect of seed priming treatments on seedling strengthening in real conditions 
under soil physical limitations (De Ron et al., 2016). Seedling growth primarily 
relies on inherent vigor and some environmental factors such as light, 
temperature, water and nutrient availability. It seems that seed soaking in low 
concentrations of ASC and SA by activation and facilitation of germination 
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process can result in unique and fast growth of both root and shoot in seedling. 
The formerly mentioned cases accelerate the access of seedlings to environmental 
factors such as soil moisture, nutrients and light. 

Seed soaking in low concentration of SA and low to medium 
concentrations of ASC gave the best growth performance of seedling, suggesting 
that these are ideal hormone priming for wheat under current experiment 
condition. The results of fresh and dry weight of seedlings indicated that although 
SA treatments could increase the fresh weight significantly, the highest dry 
weight recorded for ASC treatments. These results suggest that seedling grown 
from SA primed seeds had succulent growth and most of their fresh weight was 
based on water. This can be partly caused by osmotic regulation and better water 
absorption. The lowest amount of improving effect of priming treatments on 
germination parameters and seedling growth was observed in high concentrations 
of ascorbic and salicylic acid, which can be attributed to poisoning effects of high 
concentration or activation of other signaling pathways that were unrelated to the 
initiation of germination processes. The positive effects of seed priming with low 
concentration of hormones on germination and seedling growth can be mainly 
attributed to higher starch metabolism and better reserve mobilization, increased 
synthesis of RNA and DNA, enhanced respiration rates, higher synthesis and 
accumulation of metabolites, maintenance of membrane stability, and higher 
activities/levels of antioxidants.  

 
CONCLUSIONS 

Our results revealed that the seed priming with hormone like substance 
positively affect germination and seedling growth stage.  However, the effect of 
hormones in priming conditions strongly depends on the applied concentrations. 
Low concentration of salicylic acid (30 and 60 ppm) and medium concentration 
of ascorbic acid (60 and 90 ppm) had the most positive and promising impact. 
Mean emergence time decreased by seed soaking in low concentration of ASC 
and SA under natural field condition and in late sowing date. Our results revealed 
that hormonal seed priming in low concentration of SA and ASC can act as a 
low-cost and sustainable option. In summary these priming method can be a 
feasible solution to solve the problems caused by autumn break in semi-arid 
areas, and through that, it is possible to postpone planting dates until the 
beginning of autumn rains. Antioxidant activity has increased in seedlings 
deriving from primed seeds. Results from this study suggest that a part of growth 
improvement can be attributed to the stimulating the activity of antioxidant 
enzymes, still many molecular aspects remain unknown and require further 
studies. 
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