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Abstract 

 

An experiment was conducted to examine the effect of salinity and drought on germination of quinoa and to test the 

influence of priming treatments under these stresses. The stresses were built by different levels of polyethylene glycol (PEG) 

6000 and NaCl, respectively. Treatments consisted of a control (non-primed seed) and seeds primed in water with or without 

the addition of plant growth regulator (40 mg. L−1 gibberellic acid; 80 mg. L−1 kinetin). The treated quinoa seeds were tested 

for germination and seedling growth under the drought and salinity stresses with similar water potentials of  0.0, −0.3, −0.6, 

−0.9, and −1.2 MPa. The study found that the application of both PEG and saline solutions delayed germination, whereas 

germination was enhanced by priming treatments. It was noted that at equivalent water potentials, the adverse effect of 

salinity was less than the PEG solution for mean germination time (MGT), germination percentage, abnormal germination 

percentage, and root and shoot lengths. Moreover, seeds germinated at all salinity levels, but no seed germinated at −1.2 

MPa of the PEG treatment. These results indicate that germination was inhibited by osmotic effect rather than salt toxicity at 

equivalent water potentials of PEG and NaCl. 
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Introduction 

 

Among the most important crops, quinoa 

(Chenopodium quinoa Willd.) is suit for drought and saline 

conditions. Key issues of crop production in arid regions 

include drought and salinity stresses, which sometimes 

cause uneven seed germination that results in poor stand 

establishment (Panuccio et al., 2014; Eisa et al., 2017).  

Drought and salinity stresses generally affect seed 

germination by creating an osmotic potential in the 

exterior of the seed and subsequently inhibiting water 

uptake, or they have toxic effects of Na+ and Cl− ions on 

the growing seedling (Castroluna et al., 2014; Llanes et 

al., 2016). Seed germination inhibition, delayed 

germination, and seedling establishment in arid regions 

are primarily caused by salt or osmotic stresses 

(Alshameri et al., 2017). Gupta and Huang (2014) 

reported that drought and salinity stresses decrease water 

uptake but salt stress may cause ion toxicity. 

Seed priming has been positively validated for the 

improvement of seed germination and subsequent crop 

growth, such as wheat, coriander, and quinoa (Jisha et al., 

2013; Ceccato et al., 2015; Ibrahim, 2016; Tabassum et 

al., 2017). Mandal et al., (2015) demonstrated priming for 

better stand establishment. Moreover, sometimes 

conditioning solutions for seed priming are supplemented 

with the addition of plant growth regulators. Previous 

studies have examined this in pigeon pea (Sneideris et al., 

2015), maize (Jiang et al., 2016), wheat (Ulfat et al., 

2017), and Okra (Hussein et al., 2017). 

The aim of the present study was to determine the 

causes related to the failure of quinoa seed germination in 

drought and saline conditions that are representative of 

osmotic barrier and/or ion toxicity. For this reason, seed 

germination was compared under various osmotic 

potentials of polyethylene glycol (PEG) and salinity. To 

alleviate the effects of salt and drought stresses, the study 

examined the potentials of hydro-priming or supplemented 

it with the addition of gibberellic acid and kinetin. 

Materials and Methods 

 

An experiment on quinoa seed germination and 

seedling growth (up to 7 d) conducted two times with four 

replications was carried out using completely randomized 

design with three factors. The first factor was four seed 

treatments: the control (unprimed) and soaking for 6 h in 

either distilled water, distilled water with 40 mg L
−1

 

gibberellic acid, or distilled water with 80 mg L
−1

 kinetin. 

The second factor entailed the PEG and NaCl solutions, 

and the third factor was the five levels of osmotic 

potential (0, −0.3, −0.6, −0.9, and −1.2 MPa) of PEG 

6000 (Michel and Kaufmann, 1973) or salinity (Coons et 

al., 1990). The electrical conductivity (EC) of saline 

water was 0, 6.5, 12.7, 18.4, and 23.5 dS m
−1

, 

corresponding to the above five levels of potential.  

 

Seed priming, germination, and growth: The seed 

priming treatments included a control (unprimed) and 

soaking for 6 h in either distilled water, distilled water 

with 40 mg L
−1

 gibberellic acid, or distilled water with 80 

mg L
−1

 kinetin.  

The seeds subjected to soaking were followed by 

surface drying and were then immediately sown in 

sterilized petri-dishes. Each treatment had four replicates 

of 25 seeds on top of three layers of Whatman No. 2 filter 

paper with 10 ml of the relevant experimental solutions. 

The petri dishes were covered to prevent moisture loss 

during incubation. Seeds were stored at 25 ± 1°C in a 

Seed Germination Incubator and allowed to germinate for 

7 d. The seeds were observed every 24 h for 7 d, and the 

germination percentages were recorded. The seeds that 

had not germinated in the test solutions were moved to 

distilled water to examine the toxic effects of the 

solutions for 3 d (data not shown). Mean germination time 

(MGT) was determined according to Ellis and Roberts 

(1980). The sprouts with underdeveloped primary roots 

and undersized, thick, and twisted hypocotyls were 

recorded as abnormally germinated according to ISTA 
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(International Seed Testing Association) (2003). Root and 

shoot lengths and fresh weights of the seedling were 

measured after day seven. 

 

Statistical analysis 

 

The data for various parameters were statistically 

analysed using three-way ANOVA software of Statistix 

8.1 (Tallahassee, FL, 32317, USA). The differences in 

means were calculated using LSD test (p<0.05). 

 

Results 

 

The data analysis indicated a significant (p<0.05.) 

three-way interaction for all parameters included in the 

present study. MGT was extended by reducing the osmotic 

potential of PEG and salinity, where PEG took more time 

than saline solution (Table 1). Priming was found to be 

effective in reducing the seed germination period of quinoa. 

However, the acceleration of seed germination due to 

priming was ranked equally for PEG and NaCl, particularly 

at lower osmotic potentials, as follows: gibberellic acid > 

kinetin > hydropriming > control. 

While both osmotic and salt stresses inhibited seed 

germination, PEG influenced germination inhibition more 

strongly than NaCl (Table 2). No germination was 

observed for PEG at −1.2 MPa. Gibberellic acid was more 

effective for germination in NaCl solutions at all osmotic 

potentials, while the germination percentage decreased at 

osmotic stress −0.9 MPa of PEG. Among the seed 

treatments, gibberellic acid was generally recorded with 

higher germination percentages for both PEG and NaCl 

solutions. No toxic effect of PEG was observed, as 100% 

of the non-germinated seeds from all levels of osmotic 

potential were germinated in distilled water (data not 

shown). Gibberellic acid, kinetin, and hydro-priming were 

effective in reducing abnormal germination in NaCl but 

were ineffective in PEG. Moreover, in both solutions, 

abnormal germination increased as water stress increased 

(Table 3). Longer seedling root length in PEG was noted 

compared to NaCl up to −0.6 Mpa while beyond that 

reduced root length was observed for PEG compared to 

NaCl, although both osmotic and salt stresses inhibited 

this measurement (Table 4). The growth of the radicle 

was completely inhibited at −0.9 MPa shortly after 

primary root emergence. 

Likewise, longer seedling shoot length in PEG was 

noted compared to NaCl up to −0.6 Mpa while beyond 

PEG caused a significant (p<0.05) decrease in shoot 

length compared to salinity, and no shoot growth was 

recorded in the control for PEG at −0.9 MPa (Table 5). 

However, priming in water, water with added gibberellic 

acid, and water with kinetin enhanced shoot growth and 

produced shoot growth for PEG, even at −0.9 MPa. 

Similarly, priming treatments showed shoot growth at all 

concentrations of salinity, and effectiveness was 

especially observed at −0.9 MPa and −1.2 MPa. Seedling 

fresh weight also decreased as a result of the decrease in 

root and shoot lengths at low osmotic potentials (Table 6). 

However, the osmotic stress due to PEG caused a greater 

reduction in the seedling fresh weights compared to 

salinity, particularly at −0.9 MPa and above. 

 

Table 1. Days taken by germination of Quinoa seeds in PEG and salinity under various treatments [control  

(non-primed), primed in water, and in solution of plant growth regulator (Gibberellic acid and Kinetin)]. 

MPa 

Seed treatments 

Control [non-primed] 
Primed in water 

(hydropriming) 
Primed in GA Primed in Kinetin 

PEG Salinity PEG Salinity PEG Salinity PEG Salinity 

0 1.73 1.66 1.59 1.46 1.47 1.32 1.58 1.46 

−0.3 1.91 1.85 1.59 1.64 1.48 1.40 1.64 1.50 

−0.6 1.97 1.90 1.80 1.65 1.50 1.42 1.65 1.52 

−0.9 1.98 1.92 1.83 1.77 1.59 1.52 1.70 1.59 

−1.2 - 1.95 - 1.78 - 1.58 - 1.73 

LSD = 0.18 

 

Table 2. Quinoa seeds germination (%) in PEG and Salinity under various treatments [control (non-primed) and 

primed in water, and in solution of plant growth regulator (Gibberellic acid and Kinetin)]. 

MPa 

Seed treatments 

Control [non-primed] 
Primed in water 

(hydropriming) 
Primed in GA Primed in Kinetin 

PEG Salinity PEG Salinity PEG Salinity PEG Salinity 

0 88.2 93.0 95.2 97.8 95.2 97.9 94.9 97.7 

−0.3 88.2 91.3 90.1 92.8 94.3 96.9 93.8 95.9 

−0.6 87.3 89.8 88.4 90.4 93.8 96.6 91.9 95.1 

−0.9 48.6 88.6 53.9 89.8 64.8 96.2 60.1 93.8 

−1.2 - 84.1 - 87.5 - 93.8 - 91.9 

LSD = 2.94 
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Table 3. Quinoa seeds abnormal germination (%) in PEG and Salinity under various treatments [control  

(non-primed) and primed in water, and in solution of plant growth regulator (Gibberellic acid and Kinetin)]. 

MPa 

Seed treatments 

Control [non-primed] 
Primed in water 

(hydropriming) 
Primed in GA Primed in Kinetin 

PEG Salinity PEG Salinity PEG Salinity PEG Salinity 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

−0.3 21.35 2.04 19.1 1.84 15.54 - 15.13 1.64 

−0.6 20.84 8.22 21.31 8.51 15.07 1.90 16.2 4.15 

−0.9 25.72 9.92 20.56 8.86 14.14 3.04 19.03 5.30 

−1.2 27.07 10.50 28.68 11.50 17.09 5.67 21.32 7.88 

LSD = 1.98 

 

Table 4. Quinoa seedlings root length (cm) in PEG and Salinity under various treatments [control (non-primed) 

and primed in water, and in solution of plant growth regulator (Gibberellic acid and Kinetin)]. 

MPa 

Seed treatments 

Control [non-primed] 
Primed in water 

(hydropriming) 
Primed in GA Primed in Kinetin 

PEG Salinity PEG Salinity PEG Salinity PEG Salinity 

0 3.56 2.78 4.04 3.51 3.43 3.93 3.62 3.83 

−0.3 3.25 2.85 3.40 3.09 3.52 2.70 3.32 3.99 

−0.6 3.40 2.01 2.15 2.47 2.82 2.21 2.17 2.88 

−0.9 1.16 1.72 1.73 2.81 1.18 2.99 1.03 1.68 

−1.2 - 0.94 - 1.99 - 1.99 - 1.19 

LSD = 0.37 

 

Table 5. Quinoa seedlings shoot length (cm) in PEG and Salinity under various treatments [control  

(non-primed) and primed in water, and in solution of plant growth regulator (Gibberellic acid and Kinetin)]. 

MPa 

Seed treatments 

Control [non-primed] 
Primed in water 

(hydropriming) 
Primed in GA Primed in Kinetin 

PEG Salinity PEG Salinity PEG Salinity PEG Salinity 

0 4.14 3.30 4.02 4.04 4.79 4.61 4.56 3.25 

−0.3 3.66 3.35 4.38 3.69 4.19 3.03 4.06 3.45 

−0.6 3.29 2.45 3.60 3.02 2.19 3.70 3.72 3.09 

−0.9 - 1.30 2.13 3.13 2.57 2.44 2.53 3.09 

−1.2 - 1.23 - 2.37 - 1.97 - 2.86 

LSD = 0.52 

 

Table 6. Fresh weight of Quinoa (mg plant
−1

) in PEG and Salinity under various treatments [control  

(non-primed) and primed in water, and in solution of plant growth regulator (Gibberellic acid and Kinetin)]. 

MPa 

Seed treatments 

Control [non-primed] 
Primed in water 

(hydropriming) 
Primed in GA Primed in Kinetin 

PEG Salinity PEG Salinity PEG Salinity PEG Salinity 

0 14.45 11.91 15.43 14.31 15.97 14.89 15.43 13.08 

−0.3 12.40 12.08 14.42 12.28 13.21 11.74 14.03 13.19 

−0.6 9.00 10.97 11.76 12.58 10.02 10.66 14.32 12.53 

−0.9 - 8.45 7.62 11.35 8.50 10.32 6.81 12.47 

−1.2 - 8.45 - 10.61 - 9.34 - 10.03 

LSD = 1.73  
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Discussion 
 

The priming treatments enhanced the seed 

performance under both saline and osmotic stresses. The 

MGT was reduced by the priming treatments of seeds, 

while the stress conditions were observed to prolong the 

MGT. Additionally, the MGT was shorter for NaCl 

compared to PEG at equivalent osmotic potentials. The 

addition of hormones to hydro-priming-especially 

gibberellic acid-improved the MGT and rate of 

germination under both salt and drought stresses. 

Likewise, the priming treatments (with or without 

hormones) stimulated normal seed germination in quinoa. 

The results of the present study are consistent with the 

findings of Ulfat et al., (2017), in which priming 

enhanced emergence and yield of wheat under normal and 

drought stress. Jiang et al., (2016) indicated that, 

compared to the control, priming improved germination, 

relative water content, seedling vigour, root and shoot 

growth, and fresh and dry matter; priming additionally 

reduced emergence time and electrolyte leakage in saline 

conditions. It seems that priming encouraged germination 

by initiating pre-germination metabolic processes and it 

has been reported to activate antioxidants that promote 

seed emergence and growth (Ibrahim, 2016; Wojtyla et 

al., 2016; Górnik and Lahuta, 2017). Fallah et al., (2017) 

reported the favourable effects of priming with gibberellic 

acid and suggested an increase in antioxidants during the 

early stages of seedlings. 

Petrović et al., (2016) highlighted that stresses like 

drought and salinity, primarily influenced pea 

germination due to a reduction in water uptake. Likewise, 

germination percentages and seedling fresh weights are 

better under saline conditions than PEG, comparable 

reported by Khajeh-Demir and Mavi (2008) in pepper 

(Capsicum annuum L.) seed. This could be due to the 

presence of sodium and chlorine ions during germination, 

which allow more water to maintain a water potential 

gradient. Moreover, the lower germination percentages in 

PEG compared to saline conditions at equivalent water 

potentials could be attributed to the osmotic impact of 

PEG. Furthermore, no toxic effect was observed for PEG 

in which all seeds germinated when transferred from the 

PEG solution to fresh water (data not shown). Previous 

studies have indicated that molecules of PEG don’t pass 

in the seed (Niemann et al., 2013; Paparella et al., 2015). 

Additionally, previous research has confirmed that PEG 

molecules have no toxicity (Khajeh-Hosseini et al., 2003; 

Rasool et al., 2016). Under salinity stress, the uptake of 

Na+ and Cl− may cause toxic effects of NaCl in the seed. 

However, in the current experiment, high salinity (23.5 dS 

m−1) did not cause a considerable decrease in the 

germination percentages, which may be due to salt 

tolerance in quinoa.  

Nevertheless, the main objective of the present study 

was to increase seed germination and early seedling 

growth, in which the improvement of root and shoot 

growths and seedling fresh weights were observed with 

priming treatments. Moreover, it was observed that 

gibberellic acid solutions highly improved these 

parameters and yielded the highest root and shoot lengths 

and maximum seedling fresh weights. Shi et al., (2015) 

reported that osmotic stress significantly decreased root 

and shoot growth in castor bean. Sharif et al., (2017) 

indicated the inhibition of seedling growth in canola by 

salinity and PEG-induced drought stress; however, high 

inhibition was observed for PEG. Mohtashami et al., 

(2016) suggested priming for increasing emergence and 

seedling growth in common beans.  

Findings of the present study indicated that when PEG 

and salinity are at similar water potential, germination is 

inhibited because of osmotic effect and not caused by 

salinity. All the seed priming treatments were effective as it 

showed advantage over control (untreated) under both 

drought and salt stresses. Precisely, the efficiency of the 

treatments was in order of distilled water with 40 mg L−1 

gibberellic acid > distilled water with 80 mg L−1 kinetin > 

soaking in distilled water > control (unprimed) for 

enhancing germination at low water potentials.  
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