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Abstract 

Quinoa (Chenopodium quinoa Willd.) is a grain-like crop with a high-grown potential in Iran. It has high 
nutritional value and therefore, is compared to milk by the FAO. This study was conducted to evaluate quinoa 
seedlings' physiological and biochemical properties under the effects of priming and drought stress 
treatments. The experiment was factorial based on a completely randomized design in a greenhouse at the 
Agriculture Faculty of Shahed University, Tehran, Iran. Experimental factors included priming at two levels 
(hydro-priming and bio-priming) and drought stress at five levels (control (0), -0.5, -1, -1.5, and -2 MPa with 
polyethylene glycol). Analysis of variance showed that the effects of priming and drought stress were 
significant on most of the studied traits. The results showed a significant decrease in quinoa seedling indices 
(such as shoot and root dry weight) under high levels of drought stress. However, the application of bio-
priming (growth-promoting bacteria) improved physiological indices, such as proline content and antioxidant 
enzyme activity. Interactions of priming and drought stress had significant effects on fructose, glucose, and 
proline content. The highest seedling proline content was related to -2.0 MPa in bio-priming (8.67 µmol/g 
FW) while the lowest proline content was recorded under non-stress conditions in hydro- and bio-priming 
(2.95 and 3.11 µmol/g FW). This study showed that the highest mean dry weight of shoots, protein content, 
and enzymatic and non-enzymatic antioxidants were observed at the bio-priming level. The priming 
treatments (hydro and bio) led to improvements in characteristics such as root dry weight, proline content, 
superoxide dismutase activity, and anthocyanin content. These led to the mitigation of the adverse effects 
of drought stress.  
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Introduction 

Quinoa (Chenopodium quinoa Willd) belongs to 
the Chenopodiaceae family. This plant is native to 
the Andes Mountains in Bolivia, Chile, and Peru 
and is widely adopted and the most important 
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producers of this plant are Bolivia, Peru, and 
Ecuador (Bazile et al., 2014). Since quinoa is rich in  
protein, it is an excellent substitute for rice (Oryza 
sativa L.), and the protein in quinoa is one of the 
few non-animal proteins that is quantitatively and 
qualitatively better than other grains and has 
twice the protein content of wheat (Triticum 
aestivum L.) (Ceccato et al., 2011). Demand for 
quinoa seeds is growing in the United States, 
Europe, and Asia, so this demand has led to quinoa 
cultivation as a strategic crop in most non-native 
areas (Talebnejad and Sepaskhah, 2015). Quinoa 
grain is gluten-free, rich in essential amino acids, 
vitamins (A, B2, and E), minerals (K, Ca, Fe, and 
Mn), oils containing large amounts of linoleate, 
linolenate, and natural antioxidants, 
polyunsaturated fatty acids such as omega 3 and 
6, and carbohydrates (Yang et al., 2016). The crop 
has begun to be known as the ‘grain of the 21st 
century due to its high protein content with a 
balanced presence of essential amino acids 
(González et al., 2012). Quinoa has recently been 
received as an alternative crop in arid and semi‐
arid agriculture worldwide (Iqbal et al., 2019). In 
Iran, there is considerable attention to the quinoa 
plant, and recently it has been tested successfully 
in many different parts of the country (Talebnejad 
and Sepaskhah, 2016).  

Abiotic stress is one of the leading causes of plant 
loss that reduces plant yield by more than 50% 
worldwide (Hinojosa et al., 2018). Among many of 
the most important crops, quinoa is suitable for 
growing in dry and saline conditions. In arid and 
semi-arid regions, abiotic stresses such as drought 
and salinity stress effectively reduce the 
percentage and rate of germination due to 
insufficient moisture required for germination in 
soil surface layers. Eventually, this leads to the 
poor seedling establishment in these areas 
(Rahimi, 2013). The arid and semi-arid regions in 
Iran, which cover more than 1.5 million square 
kilometers, means that drought is one of the most 
critical abiotic stress in this region. Modification of 
the crops for drought tolerance has always faced 
its challenges (Lawal, 2018).  

Using appropriate techniques to prepare seeds 
against adverse conditions is considered a way to 
reduce the harmful effects of environmental 
stresses on the plant and improve yield. One of the 

methods that have received particular attention 
today is the seed priming technique (Rehman et 
al., 2018). Seed priming has been approved to 
improve germination and subsequently increase 
growth in plants such as wheat, coriander, and 
quinoa (Ceccato et al., 2011; Ibrahim, 2016; 
Tabassum et al., 2017). The use of priming as a 
solution to improve germination and seedling 
establishment has been investigated by 
researchers on plants such as corn (Jiang et al., 
2016), wheat (Ulfat et al., 2017), stevia (Aghighi 
Shahverdi et al., 2017), and rice (Hussain et al., 
2017). 

The use of biological and natural methods for 
priming seeds has been considered in recent 
years, including the priming of grains with various 
bio-fertilizers. Bio-fertilizers contain several 
beneficial soil microorganisms that improve plant 
growth in a variety of ways, including the 
production of plant hormones, nitrogen fixation, 
facilitating the uptake of nutrients from the soil, 
and the output of bio-controllers for 
environmental pathogens (Etesami and 
Maheshwari, 2018; Gouda et al., 2018). Plant 
growth-promoting bacteria affect different 
growth indices through other mechanisms. These 
mechanisms include the production and secretion 
of growth regulators such as auxins, gibberellins, 
cytokines, and improving nitrogen fixation, 
insoluble phosphates' solubility, and other 
nutrients as well as the control of pathogens 
(Bakhtiari et al., 2020). Therefore, quinoa 
cultivation is a valuable opportunity as a potential 
crop given current conditions and future climate 
change (Mabhaudhi et al., 2019). This study aimed 
to investigate quinoa seedlings' physiological and 
biochemical properties under different osmotic 
potentials of polyethylene glycol. The study 
investigated the potential of priming by adding 
hydro and bio-priming levels to reduce the effects 
of drought stress. 
 

Materials and Methods 

This study was conducted in the research 
greenhouse of the Faculty of Agricultural Sciences, 
Shahed University during 2019 (longitude of 51ο 8' 
North and latitude of 35ο 34' East, altitude 1190 m, 
average rainfall 216 mm, and average 

temperature 17.1℃). This factorial study was 
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conducted based on a completely randomized 
design (CRD) with four replications. Experimental 
factors included two levels of priming (hydro-
priming and bio-priming) and drought stress with 
five levels (0 as control, -0.5, -1, -1.5, and -2 MPa 
polyethylene glycol). 

Quinoa seeds were obtained from Karaj Seed and 
Plant Breeding Research Institute. First, quinoa 
seeds were disinfected with 0.5% sodium 
hypochlorite for five minutes and then washed 
three times with distilled water. Priming 
treatments included hydro-priming (seeds for 12 
hours at 4 ℃ in distilled water) and bio-priming 
(inoculation of seeds with Bacillus subtillis for 24 
hours in a moist environment at 4 ℃, with 
concentration of 10 ml solution in one liter of 
distilled water). 

After the seeds were dried, 50 seeds were sown in 
each petri dish on Whatman filter paper, and 
distilled water was added to each petri dish. After 
ten days, the seedlings were transferred to the 
Hoagland culture medium. Forty pots were 
prepared with Hoagland culture medium. In each 
replication of the treatment, five seedlings were 
placed in each container, and to each box was 
added the complete Hoagland nutrient solution 
with distilled water. Hoagland solution was 
prepared from hydroponic fertilizer with Hoagland 
and Schneider formula, including liquid stock-A 
and stock-B fertilizers. After the establishment 
and full growth of seedlings (6 to 8 leaves), five 
drought levels were applied. The greenhouse 
temperature was 22-25 ℃ and the light intensity 
was provided by a combination of fluorescent and 
tungsten lamps. Plastic containers with a volume 
of 500 ml were used as plant growth sites. 

An aquarium pump was used to aerate the 
hydroponic solution. To prepare the containers as 
a culture medium, five holes with a diameter of 2 
cm were made on the containers' lids, then 
sponges with the same diameter were placed on 
them. Slits were made in the sponges, and the 
seedlings were passed through the slit so that the 
roots were immersed in the nutrient solution. 
When preparing Hoagland solution based on the 
type of the treatment, the solution ratios and 
concentrations were controlled and applied. 
Polyethylene glycol was used to prepare drought 

levels. Hoagland solution is a hydroponic nutrient 
solution and one of the best nutrient compounds 
for growing plants. Hoagland solution provides all 
the nutrients necessary for plant growth and is 
suitable for developing many types of plant 
species. After preparing the stock solution, it was 
stored in sealed bottles in a cool dark place with a 
particular label (Arnon and Hoagland, 1944). After 
two months, sampling was performed and scales 
with an accuracy of 0.001 were used to measure 
the fresh and dry weights of different organs and 
physiological traits. 
 

Measurement of physiological characteristics 

Anthocyanin content 

Wagner's (1979) method was used to measure the 
amount of anthocyanin in leaf tissue. First, 0.1 g 
fresh plant leaf tissue was thoroughly ground in a 
porcelain mortar with 10 ml acidic methanol (pure 
methanol and pure hydrochloric acid in a volume 
ratio of 99: 1), and the extract was poured into a 
twisted test tube which was then placed for 24 h 
in the dark conditions at 25 ℃. Then, 
centrifugation was carried out at 4000 rpm for 10 
min and absorbance of the supernatant at 550 nm 
was measured. The concentration was calculated 
using the following formula, taking into account 
the extinction coefficient (ε) of 33000 cm/mol 
(Taşgín et al., 2003): 
 
[1]      C = A / εb 
 
where A is the amount of light absorption, b is the 
cut width, and C is the concentration of the 
desired solution. 
 

Measurement of leaf proline content 

Bates et al. (1973) method was used to measure 
leaf tissue proline content. The top layer 
containing toluene and proline was used to 
measure the proline content at 520 nm against 
pure toluene control. Pure proline with 
concentrations of 0, 4, 8, 12, 16, and 20 mg per 
liter was used to draw the standard curve. Then, 
the amount of dissolved proline was obtained with 
the help of the obtained standard curve in gram 
fresh weight of the plant. 
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 Measurement of soluble carbohydrates 

Measurement of soluble carbohydrates was 
performed by (Castonguay et al., 1995) method.  
To measure soluble carbohydrates, 0.1 ml 
alcoholic extract was mixed with 3 ml freshly 
prepared Antron (150 mg Antron + 100 ml of 72% 
sulfuric acid). The solution was then placed in a 
boiling water bath for 10 minutes to react and 
stain. To prepare the alcoholic extract, 0.5 g of dry 
plant powder was soaked in 5 ml of 80% ethanol 
for 48 h and then centrifuged for ten minutes at 
3000 rpm. The absorbance of the solution was 
read with a spectrophotometer at 625 nm and the 
amount of soluble sugars was calculated. To 
prepare sugar standards using pure glucose and 
based on its molecular weight, the mother 
solution was prepared and from this solution, 
concentrations of 500, 1000, 1500, and 2000 ppm 
pure glucose were prepared to perform the 
relevant tests. 

Measurement of protein content 

The amount of soluble protein in seedlings was 
measured by the Bradford method (Bradford, 
1976). To prepare Bradford solution, 25 mg of 
Kumasi Brilliant Blue was dissolved in 12.5 ml of 
95% ethanol. Then 25 ml of 88% concentrated 
autophosphoric acid was added. It was then 
placed on a shaker for 12 hours and the final 
volume was reduced to 250 ml with distilled water 
and then passed through a piece of filter paper. 
Protein concentration (absorption 595 nm) in 
micrograms per gram of fresh tissue was 
calculated using a standard curve. 

Measurement of superoxide dismutase 
activity 

Superoxide dismutase activity was performed by 
(Muthukumarasamy et al., 2000). To ptassium 
phosphate at pH = 7.8 (containing 400 mM KH2PO4 
at 50 ml and 400 mM K2HPO4 at 50 ml distilled 
water), 25 ml potassium phosphate at pH = 7.8, 
methionine 13 mM, NBT 75 μM, riboflavin 2 Μm, 
and EDTA 0.1 μM  were added to obtain 250 ml 
solution. Adsorption was read at a wavelength of 
560 nm. 
 

Measurement of total leaf tissue phenol 

In order to measure the total phenol content of 
leaf tissue the method of Meda et al. (2005) was 
used. To measure the content of total phenol, to 
100 μl of plant extract, 2 ml of sodium carbonate 
(2%), 2.8 ml of distilled water, and 100 μl of Folin–
Ciocalteu reagent (50%) were added. After half an 
hour, their absorption was recorded at 720 nm 
compared to the control. Gallic acid was used as 
the standard to draw the standard curve. All 
extracts' phenol content was reported in mg 
equivalent of gallic acid per gram dry plant weight. 
 

Statistical Analysis 

The obtained data were analyzed and the means 
were compared based on Duncan's test at the 
level of 5% using the SAS statistical program 
version 9.1. Excel software was also used to draw 
the charts. 

Results  

Shoots and roots dry weights  

Table 1 
 Analysis of variance of different traits of quinoa seedling under priming and drought stress treatments 
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The effects of priming and droughts stress and 
their interaction were significant on the shoot and 
dry root weights, respectively (Table 1). As shown 
in Table 2, the shoot dry weight increased in the  
bio-priming application (2.19 g) and decreased 
under hydro-priming (1.96 g). The trend of 
dropping in the first stage of stress and the relative 
increase at higher levels of drought stress is also 
evident in quinoa seedling dry weight. The highest 
shoot dry weight was obtained in non-stress and 
at -2 MPa stress which was not statistically 
different from that at control level. The lowest 
shoot dry weight was observed at 0.5 MPa (Fig. I). 
Results indicated that seed priming (hydro and 
bio) under -1.0 MPa drought stress increased root 
dry weight (3.75 and 3.79 g) compared to the 
other treatments, respectively. The lowest root 
dry weight (2.45 g) was achieved in bio-priming 
under high drought stress levels (Table 3).  
 

Proline content 

The effects of drought stress and its interaction 
with priming were significant (p≤0.01) on proline 
content (Table 1). Increasing drought stress levels 
increased the proline content of leaf tissue. The 
highest proline content (6.07 μmol/g FW) was 
observed in the -2 MPa level while the control 
level (no stress) showed the lowest amount of 
proline (1.12 μmol/g FW) (Fig. II). As for the 
interaction of drought and priming (Table 3), the 
highest proline content of seedlings was related to 
-2.0 MPa in bio-priming (8.67 µmol/g FW), and the 
lowest proline level was related to non-stress 

Table 2 
Effect of priming treatment on shoot dry weight, protein content, superoxide dismutase activity, and phenol content of 
quinoa seedlings 
 

Priming 
 

Shoot dry weight 
 (g) 

Protein content 
 (µmol/g FW) 

SOD activity 
 (U/mg protein) 

Phenol content  
(mg/g FW) 

Hydro-priming 1.96 b 13.84 b 14.82 b 51.0 b 

Bio-priming 2.19 a 15.50 a 16.60 a 52.0a 

Means with similar letters in each column have no statistical difference based on Duncan's multiple range test at the 5% 
probability level. 

 
Table 3 
 Interaction effects of drought stress and seed priming on morpho-physiological characteristics of quinoa seedling 
 

Anthocyanin  
content 

 (mg/g FW) 

SOD activity 
(U/mg protein) 

Glucose 
content 

 (µg/g FW) 

Fructose 
content 

(µg/g 
FW) 

Proline 
content 

(µmol/g FW) 
 

Root dry 
weight 

(g) 
 

Priming 
Treatments 

 

Drought 
stress 
(MPa) 

6.85 ef 10.42 e 116.33 e 102.75 e 2.95 f 2.95 c Hydro-priming 
Control 

6.77 f 12.01 e 105.74 e 115.32 e 3.11 f 2.72 d Bio-priming 
6.95 ef 18.95 d 142.51 d 124.10 d 3.75 e 3.48 ab Hydro-priming 

-0.5 
7.32 e 17.63 d 133.74 d 133.81 d 3.46 ef 3.40 ab Bio-priming 
8.15 d 24.11 c 156.36 c 157.42 c 3.95 e 3.75 a Hydro-priming -1.0 

 8.01 d 24.75 c 174.19 b 142.52 c 4.03 e 3.79 a Bio-priming 
9.18 bc 31.20 b 178.12 b 174.12 b  5.75 d 3.01 bc Hydro-priming 

-1.5 
8.57 cd 33.72 b 198.49 ab 172.80 b 6.34 c 2.89 cd Bio-priming 
10.70 a 39.85 a 204.73 a 198.47 a 8.12 b 2.89 cd Hydro-priming 

-2.0 
9.68 b 38.05 a 218.80 a 200.13 a 8.67 a 2.45 f Bio-priming 

        

The means with common letters in each treatment column do not have any statistical significant difference at 5% level of 
probability based on the Duncan's multiple test. 
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conditions in hydro- and bio-priming (2.95 and 
3.11 µmol/g FW). 

Soluble carbohydrate content 

As shown in Table 1, the effect of drought stress 
was significant on the soluble carbohydrate 
content (p≤0.05). In general, results showed that 
the drought stress increased the total 
carbohydrate content so that the highest mean of 
this trait was related to -1.5 MPa (33.5 mg/g FW) 
while the lowest mean (16.4 mg/g FW) was 
observed in non-stress treatment (Fig. III).  

Fructose and glucose content  

As shown in Table 1, results indicated that the 
interactions of drought and priming effects had 
significant effects on fructose and glucose content 
(p≤0.05). An increase in fructose and glucose 
content was observed under drought stress 
treatment. The lowest fructose and glucose 
contents were marked in the application hydro- 
and bio-priming under non-stress conditions.  
 

Protein content 

As shown in Table 2, analysis of the data showed 
that the effect of drought stress and priming was 
significant on protein content (p≤0.01). 
Comparison between the two seed priming 
methods showed that bio-priming compared to 
hydro-priming led to an increase by 10.70% in 
protein content (Table 2). 

SOD activity 

As shown in Table 1, the effects of priming, 
drought, and the interaction of drought and 
priming were significant on SOD activity (p≤0.01). 
As for the interaction effects, the highest SOD 
activity was related to hydro- and bio-priming 

 
Fig. II. The effect of drought stress (0, -0.5. -1.0, -1.5, and -

2 MPa) on proline content of quinoa seedlings (means 

with similar letters in each figure are not statistically 

different). 

 

 
Fig. III. The effect of drought stress (0, -0.5. -1.0, -1.5, and 
-2 MPa) on the soluble carbohydrate content of quinoa 
seedlings (means with similar letters in each figure are not 
statistically different). 

 
Fig. IV. The effect of drought stress (0, -0.5. -1.0, -1.5, and 
-2 MPa) on protein content of quinoa seedling (means 
with similar letters in each figure have no statistical 
difference). 
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Fig. I. The effect of drought stress (0, -0.5. -1.0, -1.5, and -
2 MPa) on quinoa seedling's shoot dry weight (means with 
similar letters in each figure are not statistically different). 
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under -2.0 MPa (39.85 and 38.05 U/mg protein, 
respectively). The lowest SOD activity was 
observed in hydro- and bio-priming under control 
stress treatment (10.42 and 12.01 U/mg protein, 
respectively) (Table 3).  

Phenol content 

Priming and drought stress significantly affected 
total phenol content at a 5% probability level 
(Table 1). Based on the comparison of the means, 
bio-priming application caused a slight increase in 
phenol content compared to the hydro-priming 
(Table 2). The total phenol content decreased 
initially under -0.5 MPa stress and increased with 
increasing drought stress (Fig. V). 

Anthocyanin content 

As shown in Table 1, the interaction of drought 
and priming had a significant effect on 
anthocyanin content (p≤0.01). In general, drought 
stress increased anthocyanin content. The highest 
anthocyanin content was achieved in hydro-
priming under -2.0 Mpa (10.70 mg/g FW). The 
lowest anthocyanin content was related to the 
bio-priming under non-stress conditions (6.77 
mg/g FW) (Table 3).  
  

Correlation coefficients 

The results of simple correlation analysis (Pearson) 
between morpho-physiological traits are 
presented in Table 4, which shows positive and 

negative correlations between traits. For example, 
the root dry weight was significantly and positively 
correlated with shoot dry weight, soluble 
carbohydrates, fructose, glucose, and phenol 
content. Also, the SOD activity was significantly 
and negatively correlated with proline content. 

 

Discussion 

Drought stress is one of the most critical 
environmental stresses in arid and semi-arid 
regions that affect the quantitative and qualitative 
traits of plants and limits the growth of plants in 
these areas. Researchers have found that plant 
growth is significantly reduced under water stress 
(Afshari et al., 2020; Safahani and Noora, 2020).  
 

Research has shown that drought stress affects 
quinoa seedlings' morphological, physiological, 

Table 4 
Correlation coefficients among physiological characteristics of quinoa (Chenopodium quinoa Willd) under salinity stress and 
varieties 
 

10 9 8 7 6 5 4 3 2 1  

         1 1 
        1 *0.37 2 
       1 0.07ns- -0.15ns 3 
      1 0.15ns- **0.63 **0.59 4 

     1 **0.86 *0.30- **0.50 *0.39 5 

    1 **0.99 **0.85 0.27ns- **0.46 *0.35 6 
   1 **0.44- **0.49- **0.41- 0.16ns *0.33- **0.54- 7 
  1 0.18ns 0.01ns- 0.01ns- 0.10ns **0.84 0.10ns 0.11ns 8 
 1 0.24ns- 0.26ns- 0.28ns 0.28ns *0.32 0.12ns- 0.11ns 0.06ns 9 
1 0.03ns 0.12ns **0.46- **0.63 **0.66 **0.64 0.19ns- **0.79 **0.61 10 

ns: non-significant; * and **:  significantly at the probability level of 5% and 1%, respectively 
1: Root dry weight; 2: Shoot dry weight; 3: Proline content; 4: Soluble carbohydrate; 5: Fructose content; 6: Glucose content; 7: 
Protein content; 8: SOD activity; 9: Anthocyanin content; 10: Phenol content 

 

 
Fig. V. The effect of drought stress (0, -0.5. -1.0, -1.5, and 
-2 MPa) on quinoa seedling phenol content (means with 
similar letters in each figure are not statistically 
different). 
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and biochemical traits (Ali et al., 2019). Inoculation 
of quinoa seeds with growth-promoting bacteria 
increases characteristics such as seedling dry 
weight, protein content, total phenol content, and 
SOD activity. Maximum shoot fresh and dry 
weights were obtained in inoculation of 
lemongrass and Licorice (Glycyrrhiza glabra) seeds 
with growth-promoting bacteria (Ghabooli et al., 
2020; Mirzaei et al., 2020). 

The results of the present study are also consistent 
with the results of Ahmadniaye Motlagh et al. 
(2019), who reported that inoculation of growth-
promoting bacteria increased shoot and root dry 
weights and total dry weight compared with non-
bacterial inoculation. Based on the previous 
research, it can be stated that Pseudomonas 
species is one of the stimulants of plant growth 
that has been effective in accelerating and 
increasing growth, root formation, root 
development, and expansion (Vurukonda et al., 
2018; Rostami and Azhdarpoor, 2019). 

The dry weight of shoots and roots initially 
decreased under stress, and with increasing 
drought stress, these traits showed an increasing 
trend. Growth-promoting bacteria by producing 
indole acetic acid, gibberellin, and some other 
substances, increase root length, root uptake 
level, number of capillary roots, increasing 
nutrient uptake and ultimately improving plant 
growth under stress (Rezazadeh et al., 2019; 
Mirzaei et al., 2020). 

In plants, the osmotic potential depends on the 
number of molecules of soluble matter, and 
osmotic regulation is controlled by the conversion 
of insoluble polysaccharides such as starch and 
fructan to soluble sugars such as oligosaccharides, 
sucrose, and glucose (Choct et al., 2010; Harding 
et al., 2017). 

Photosynthesis and plant growth are affected by 
drought stress, but plant growth is more affected 
by drought stress and increases with the stop of 
photosynthetic production (Maali-Amiri et al., 
2007; Chen et al., 2011). During drought stress, the 
osmotic potential of the turgor pressure is 
maintained to keep photosynthesis active and to 
continue growing by increasing the concentration 
of soluble solutes in the cell. Carbohydrates and 

proline are the most important of these 
compounds, among which proline is used as an 
indicator of stress resistance. Free proline in many 
plants accumulates in response to dehydration 
stresses such as drought and salinity (Afshari et al., 
2020; Fathi et al., 2020). Increased proline content 
by 3-300 times has been reported in different 
cultivars and treatments (Kazerani et al., 2019; 
Afshari et al., 2020). Accumulation of proline and 
some proteins in leaves to maintain the turgor 
pressure of plant cells is part of the mechanisms of 
resistance to moisture stress (Salehi-Lisar and 
Bakhshayeshan-Agdam, 2016). Increasing the 
drought level increased the activity of antioxidant 
enzymes and proline and sugar contents 
compared with the control (distilled water). 
Studies showed that with the increase in drought 
stress levels, the amount of proline and total sugar 
in the leaves increased (Algosaibi et al., 2017; 
Trivedi et al., 2020). Proline accumulation was also 
observed in the stressed tissues of Tanacetum 
parthenium (Esmaili et al., 2020), which is in line 
with the findings of the present study. 

The increase in the antioxidant enzyme activity in 
the studied quinoa seedlings was to reduce the 
severity of damage to biomolecules and oxidative 
stress. Previous studies showed that the amount 
of osmotic regulators such as proline increases 
with any factor that reduces the water potential. 
Accumulation of proline under drought conditions 
has several biological effects. The soil solution's 
aqueous potential decreases and free proline 
production increases to eleven micromoles per 
day per gram of fresh weight underwater fraction, 
which increases the osmotic pressure of the cell 
(Amiri et al., 2018). 

Reducing the rate of pure photosynthesis under 
drought stress conditions damages plant 
biochemical processes and non-foaming agents, 
including changes in protein structure. The 
decrease in protein content under drought stress 
is due to the reaction of protein with free radicals, 
differences in amino acids, increased protein 
degradation activity, decreased protein synthesis, 
and accumulation of free amino acids (Dubey et 
al., 2019). Plants have enzymatic and non-
enzymatic antioxidant mechanisms to deal with 
oxidative stress caused by reactive oxygen species. 
Superoxide dismutase radically converts 
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superoxide to hydrogen peroxide and is converted 
to water by ascorbate peroxidase in chloroplasts 
(Omidi, 2010). 

Drought stress was reported to reduce protein 
content and increase peroxidase and superoxide 
dismutase enzymes in Balango (Ahmadi and 
Omidi, 2017). It has been reported that with 
increasing drought levels, the activity of 
antioxidant enzymes ascorbate peroxidase, 
superoxide dismutase, and guaiacol peroxidase in 
plant leaf tissue increased significantly 
(Bahrampoor et al., 2019). 

In this study, it was also shown that the increase in 
drought stress levels, antioxidant enzyme activity, 
and protein content in the leaf tissue of quinoa 
seedlings increased and decreased, respectively. 
In different plants such as durum wheat (Naeemi 
et al., 2018) and corn (Anjum et al., 2017), as in 
this study, with increasing drought stress, the 
amount of total phenol increased. 

Moharramnejad et al. (2016) in their analysis of 
the effect of drought stress on maize lines found 
that drought stress significantly increases total 
polyphenols' concentration. 

Results of the study indicated that the application 
of bio-priming with growth-promoting bacteria 
(Bacillus subtillis) increased shoot dry weight, 
enzyme activity, and polyphenol content. 
Therefore, to accelerate seedling growth and 
improve quinoa's quality traits, seeds should be 
inoculated with Bacillus subtilis. Drought stress 
also showed a decrease in proline and sugar 
content traits and an increase in biochemical 
characteristics. The interactions of drought and 
priming treatments were significant in some 
characteristics such as root dry weight, proline 
content, superoxide dismutase activity, and 
anthocyanin content. These led to the motion of 
the adverse effects of drought stress. It is 
recommended to use different levels and 
treatments of seed priming in future experiments.  
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