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Abstract

To investigate the effect of salicylic acid on the indicators of seed germination and growth
of quinoa seedlings under cadmium stress, a factorial experiment was conducted in the
form of a completely randomized basic design in four replications at Mohaghegh Ardabili
University. The treatments included cadmium stress at five levels (0, 50, 100, 150, and
200 mg/l), and salicylic acid at five levels (0, 1, 1.5, 2, and 2.5 mM). The results showed
that with the increase in stress intensity, the average percentage and speed of germination,
dry weight, and length of quinoa seedlings decreased. In non-stressed conditions, the
percentage and speed of germination and the dry weight of the seedlings obtained from
the seeds pretreated with salicylic acid were significantly higher than the control seeds.
Also, seed pretreatment with salicylic acid significantly increased the characteristics of
germination percentage, germination rate, average germination percentage, seedling
length, dry weight, activity of catalase, peroxidase, and polyphenol oxidase enzymes, but
decreased the average germination time, time to 90% germination. Application of 2.5 mM
salicylic acid as a pre-treatment in non-stress and cadmium stress conditions increased
seedling length by 46.48 and 73.83%. By using 2.5 mM concentration of salicylic acid,
the activity of catalase, peroxidase, and polyphenol oxidase enzymes increased by 45.30
to 93.89, 22.51 to 51.6, and 25.4 to 45.17%, respectively. In total, seed pretreatment with
2.5 mM salicylic acid, at different levels of cadmium stress, increased seed and seedling
vigor and activity. Antioxidant enzymes had the most positive effect on the germination
and growth of quinoa seedlings.
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Introduction

Heavy metal stress is one of the most critical abiotic factors that has attracted a lot of
attention in the last 30 years. Heavy metal is any element that exhibits a high density
and exerts its lethal effects even when present in small amounts. Among all the
discovered elements, 53 elements have been identified as heavy metals. Meanwhile,
chromium (Cr), lead (Pb), cadmium (Cd), silver (Ag), cobalt (Co), platinum (Pt),
arsenic (As), and nickel (Ni) play the most destructive role in plant physiology.
(DeCaroli et al., 2020). Quinoa is a multipurpose plant that has recently been used in the
human diet as a substitute for animal products as a source of protein. Quinoa contains a
high amount of protein (12-18%), bioactive compounds, essential amino acids, fatty
acids, and minerals. (Angeli et al., 2020) Quinoa seeds and leaves are used as food.
While its biomass is also used in animal feed. In addition, the high contents of saponins
and colors make it useful for industrial and medicinal purposes (Abd El-Moneim et al.,
2021). Considering the importance of the quinoa plant and the existing problems in the
field of germination and growth of its seedlings (due to the sensitive and critical nature
of these steps), the use of the seed pretreatment technique in quinoa can be considered
as one of the solutions that be effective directly and indirectly on improving the
germination and establishment of seedlings under the conditions of heavy metal stress.
Considering the role of salicylic acid in reducing the effects of heavy metal stress such
as cadmium on the germination and growth of seedlings, this study aims to investigate
the effect of pretreatment of seeds with salicylic acid on the indicators of seed
germination and growth of quinoa seedlings. It was done under cadmium stress.

Materials and Methods

To investigate the effect of salicylic acid on the indicators of seed germination and the
growth of quinoa seedlings under cadmium stress, a factorial experiment was carried
out in the form of a completely randomized basic design in four replications in the
Laboratory of Seed Science and Technology of Mohaghegh Ardabili University in
1400. The test treatments include cadmium concentrations at five levels (zero (control),
50, 100, 150, and 200 mg/liter), and salicylic acid concentrations at five levels (zero
(control), 1, 1.5, 2, and 2.5 millimolar). Before applying the treatments, the seeds were
disinfected with two percent sodium hypochlorite for one minute and then washed with
distilled water. To pre-treat the seeds with salicylic acid, after preparing the solutions
with concentrations of 1, 1.5, 2, and 2.5 mM, the sterilized seeds were placed in the
determined concentrations for 12 hours. Then they were kept in an incubator with a
temperature of 20 degrees Celsius for 12 hours. After the end of the period, the seeds
were dried in the laboratory environment until reaching the initial moisture
(Sheikhzadeh et al., 2021). To perform the germination test, 50 quinoa seeds were
randomly placed in Petri dishes in 4 replicates using the top-of-paper method, and based
on the desired treatments, cadmium solution at concentrations of 50 100, 150, and 200
mg/liter was added to Petri dishes (distilled water was used for the control treatment).
To measure the biochemical characteristics of seedlings, samples of 10-day-old normal
seedlings were randomly selected and these samples were kept in a freezer at -80°C
until the biochemical and enzymatic properties were measured. The method of Chang &
Koa (1988) was used to prepare the enzyme extract. The activity of the catalase enzyme
was used according to the method of Aebi (1984) and the peroxidase enzyme was
measured according to the method of Chanec Maehly & (1955) based on the formation
of tetragaiacol from guaiacol in the presence of hydrogen peroxide and guaiacol
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enzyme. The activity of the polyphenol oxidase enzyme was measured by the method of
Kar & Mishra (1955). Statistical analysis of data was done using SAS 9.4 statistical
software. The normality of data distribution was evaluated using the Kolmogorov-
Smirnov test. The comparison of means was done using Duncan's multiple range test at
the 5% probability level. Excel software was used to draw graphs.

Results and Discussion

In total, the results of this research showed that with the increase in the intensity of
cadmium stress, the characteristics of germination percentage, germination speed,
average germination percentage, seedling length, and dry weight decreased and the
average duration of germination, the time to 90% germination. In women, the activity of
catalase, peroxidase, and polyphenol oxidase enzymes increased. Cadmium stress
causes ionic imbalance, which stimulates the production of reactive oxygen species
(ROS), which leads to cell membrane disruption, osmotic regulation, and the production
of secondary metabolites. Considering the negative effect of this stress on the
germination and growth of the obtained seedlings, pre-treating quinoa seeds with
salicylic acid will shorten the time required for germination, so that in the conditions
without stress and The cadmium stress pretreated seeds germinated faster than the
control seeds and by reducing the average germination time and the time to 90%
germination through increasing the rate of water absorption, repairing and preparing the
structure and enzymes of the seed and the weak seed coat. It reduces cadmium damage
and protects the germination process against the toxicity of this heavy metal.

Conclusion

We showed that increasing the activity of antioxidant enzymes during germination,
improves the conditions of germination and initial growth, in other words, pre-treating
seeds with salicylic acid at a concentration of 2.5 mM and different levels of cadmium
stress The way of increasing seed and seedling vigor and increasing the activity of
antioxidant enzymes reduces the negative effect of cadmium stress and improves the
characteristics of germination and seedling growth.
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Figure 3- The effect of salicylic acid treatment on the Germination rate of quinoa seeds under cadmium stress. The
values are the mean values of four repetitions and the same letters indicate the absence of significant difference using

Duncan's test.
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Figure 4- The effect of salicylic acid treatment on the Time to 90 percentage germination of quinoa seeds under
cadmium stress. The values are the mean values of four repetitions and the same letters indicate the absence of

significant difference using Duncan's test.
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Figure 5- The effect of salicylic acid treatment on the average daily germination percentage of quinoa seeds under
cadmium stress. The values are the mean values of four repetitions and the same letters indicate the absence of

significant difference using Duncan's test.
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Figure 6- The effect of salicylic acid treatment on quinoa seedling length under cadmium stress. The values are the
mean values of four repetitions and the same letters indicate the absence of significant difference using Duncan's test.
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Figure 7- The effect of salicylic acid treatment on dry weight of quinoa seedlings under cadmium stress. The values

are the mean values of four repetitions and the same letters indicate the absence of significant difference using

Duncan's test.
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Figure 8- The effect of cadmium stress treatment (a) and salicylic acid (b) on catalase enzyme activity. The values are
the mean values of four repetitions and the same letters indicate the absence of significant difference using Duncan's test.
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Figure 9- The effect of cadmium stress treatment (a) and salicylic acid (b) on Peroxidase enzyme activity. The values
are the mean values of four repetitions and the same letters indicate the absence of significant difference using

Duncan's test.
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Figure 10- The effect of cadmium stress treatment (a) and salicylic acid (b) on Peroxidase enzyme activity. The
values are the mean values of four repetitions and the same letters indicate the absence of significant difference using

Duncan's test.
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