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Abstract 

Tolerance to water and salt stress during germination and growth of agricul-
tural species might have superior results when seeds are submitted to priming 
processes. The objective of the present study was to evaluate the use of hydro-
priming and hormonal priming with gibberellic acid (GA3) on the tolerance of 
divergent genotypes of sorghum to salt and water stress during germination 
and seedling growth. The genotypes analyzed were cultivar BRS 330 and li-
neage 201420, which are the most and least tolerant to water and salt stress, 
respectively. Sowing was undertaken under control (no stress), water stress 
(−0.6 MPa), and salt stress (20 dS·m−1) conditions, and the seeds were sub-
jected to the following treatments: control-no immersion; hydroprim-
ing-immersion for 2 hours in distilled water; and hormonal prim-
ing-immersion in GA3 solutions, at concentrations of 50, 75, and 100 ppm, for 
2 hours. After soaking, the seeds were dried for 24 hours at a temperature of 
30˚C ± 2˚C. The variables analyzed were percentage and germination speed 
index, root and shoot lengths, and root/shoot ratio. The stress conditions 
analyzed negatively affected the two genotypes; however, the seeds that un-
derwent priming processes improved the performance of the genotypes under 
salt and water stress conditions, especially when using seeds of the more tole-
rant genotype (BRS 330) subjected to hormonal priming at 100 ppm GA3 

concentration. 
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1. Introduction 

Sorghum [Sorghum bicolor (L.) Moench] is prominent worldwide as being one 
of the most produced cereals, and is known for being easy to cultivate [1]. 

How to cite this paper: Pinheiro, C.L., 
Araújo, H.T.N., de Brito, S.F., Maia, M. da 
S., Viana, J. da S. and Filho, S.M. (2018) 
Seed Priming and Tolerance to Salt and 
Water Stress in Divergent Grain Sorghum 
Genotypes. American Journal of Plant 
Sciences, 9, 606-616.  
https://doi.org/10.4236/ajps.2018.94047   
 
Received: January 23, 2018 
Accepted: March 6, 2018 
Published: March 9, 2018 
 
Copyright © 2018 by authors and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

  
Open Access

http://www.scirp.org/journal/ajps
https://doi.org/10.4236/ajps.2018.94047
http://www.scirp.org
https://doi.org/10.4236/ajps.2018.94047
http://creativecommons.org/licenses/by/4.0/


C. L. Pinheiro et al. 
 

 

DOI: 10.4236/ajps.2018.94047 607 American Journal of Plant Sciences 

 

Moreover, it is very versatile and is included in the production of human and 
animal food, as well as alcohol and industrial products [2].  

Cultivation of this crop is centered in tropical and subtropical regions, pri-
marily in marginal areas that are more stress-prone [3]. These conditions of 
stress, especially abiotic ones, are the biggest causes of the reduction of sorghum 
yield [4], although these are minimized owing to its greater tolerance to stress 
compared to other cereals [5]. 

The effects of environmental restrictions on plants have received increasing 
attention due to the potential impacts of climate change [6], which might hinder 
the maintenance of, and increase in, agricultural productivity, especially in arid 
and semi-arid regions [7]. In particular, this is due to agricultural losses related 
to increases in salinity and drought, which are some of the main abiotic limiting 
factors in these regions [6]. These conditions might cause stress that influences 
the entire plant, causing damage to all major plant processes, including germina-
tion, photosynthesis, water and nutrient absorption, or even causing death of the 
plant [8]. 

Germination and growth of seedlings are considered to be the most vulnerable 
stages to damage caused by drought and excess salts [9]; therefore, the capacity 
of plants to overcome these more sensitive stages is decisive for survival and es-
tablishment [10]. However, the adoption of strategies such as the use of more 
tolerant genotypes, application of growth regulators, use of osmoprotectants, 
and the induction of tolerance via denominated priming techniques have been 
employed to overcome or minimize the damage caused by these abiotic factors 
during these stages [11]. 

Priming is a technique that is considered fast and inexpensive, and can be em-
ployed to overcome the effects of abiotic stresses [8] [12], in which exposure to 
moderate stress induces greater tolerance for subsequent stress events [13]. This 
technique can be applied to various agricultural species and can be applied to 
seeds or plants [8]. 

The application of this technique in seeds consists of partial hydration, with-
out radicle protrusion, followed by drying [8] [12] [14]. The hydration process is 
performed using different techniques, e.g., immersion of seeds in water (hydro-
priming), osmotic solution (osmotic priming), chemicals (chemical priming), or 
hormones (hormonal priming) [14]. 

In a study conducted by [15] on a crop of sorghum, the hormonal priming of 
gibberellic acid (GA3) or salicylic acid was proven to reduce the negative effects 
of water stress during the initial phase of culture. However, there is no informa-
tion as to whether these treatments could improve tolerance to other stress con-
ditions such as that caused by salinity/salt and if the tolerance variation in geno-
types influences the choice of treatment. 

Therefore, the present study aimed to evaluate the use of hydropriming and 
hormonal priming with GA3 on the tolerance of divergent genotypes of sorghum 
to determine the effects of water and salt stresses during the germination and 

https://doi.org/10.4236/ajps.2018.94047


C. L. Pinheiro et al. 
 

 

DOI: 10.4236/ajps.2018.94047 608 American Journal of Plant Sciences 

 

growth in seedlings. 

2. Material and Methods 

The research was conducted in the Seed Analysis Laboratory at the Federal Uni-
versity of Ceará. The seeds analyzed were from cultivar BRS 330 and lineage 
201420 (L-20), originating from the seed bank of the agriculture department of 
the state of Ceará and of Research Center for Corn and Sorghum of Brazilian 
Company of Agricultural Research (EMBRAPA), respectively. At preliminary 
performance analyzes under different salt concentrations and osmotic potentials 
showed that at concentrations of 20 dS·m−1 and −0.6 MPa, respectively, these 
genotypes presented contrasting behavior, i.e., BRS 330 was more tolerant than 
L-20 to these stresses during the initial phase of the culture. 

The seeds were all disinfected by immersing them in 2% sodium hypochlorite 
for 5 minutes and then washing under running water for 2 minutes. Afterwards, 
the seeds were placed on paper towels to remove excess water. After drying, the 
seeds of each genotype were submitted to the partial hydration process for 2 
hours in B.O.D., with a temperature of 25˚C and lights-off. The hydration of the 
seeds was performed via immersion, in the treatments presented in Table 1, and 
afterward was distributed between sheets of paper towel, and dried for 24 hours 
at a temperature of 30˚C. 

The treated seeds were seeded on Germitest® paper under three conditions: 
non-stress-substrate moistened with distilled water; water stress-substrate mois-
tened with osmotic solution, adjusted to −0.6 MPa, obtained by dilution of po-
lyethylene glycol 6000 (PEG) in distilled water based on the protocol described 
by [16]; and salt stress-salt solution applied at a concentration of 20 dS·m−1, ad-
justed by the dilution of sodium chloride (NaCl) in distilled water based on the 
equation of [17]. 

Thus, each genotype was submitted to 15 treatments, formed by the factorial 
arrangement of the 5 treatments applied to the seeds (control, hydropriming, 
and hormonal priming with 50, 75, and 100 ppm GA3), combined with the 3 
sowing conditions (non-stress, waterstress, and salt stress). Each treatment con-
sisted of 200 seeds, subdivided into 4 replicates of 50 seeds, distributed onto 
sheets of Germitest® paper and packed into transparent plastic bags to reduce the 
loss of water. The sheets were arranged randomly and vertically within a B.O.D. 
chamber, remaining conditioned for 10 days, with temperature set at 25˚C ± 2˚C  
 
Table 1. Treatments applied to the seeds of the grain sorghum genotypes. 

Treatments Description 

Control No immersion; 

Hydropriming Immersion in distilled water; 

50 ppm de GA3 Immersion in GA3 solution, at concentration of 50 ppm; 

75 ppm de GA3 Immersion in GA3 solution, at concentration of 75 ppm; 

100 ppm de GA3 Immersion in GA3 solution, at concentration of 100 ppm. 
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and photoperiod of 12 hours light [18]. 
The effects of the treatments were evaluated using the following variables: 

percentage of germination, which was determined on the tenth day of incuba-
tion by counting the number of germinated seeds, based on the number of seeds 
that generated normal seedlings [18]; germination speed index (GSI), which was 
calculated by counting the number of seeds germinated daily using the Ma-
guire’s equation [19], on what: GSI = Number of normal seedlings/Days to first 
count + ··· + Number of normal seedlings/Days to final count; root and shoot 
lengths, which were determined with a ruler graduated in millimeters, with a fi-
nal result obtained by averaging the measurements of 15 seedlings taken ran-
domly from each replicate after 10 days of incubation; and root/shoot ratio. 

Analyzes of the effect of the treatments in the two divergent genotypes were 
performed separately. The results of the analyzed variables were submitted to 
analysis of variation (ANOVA) and when they presented a significant difference 
they were submitted to the Tukey test, at a level of 5% of significance, to com-
pare the means. The data were analyzed using SISVAR® software version 5.6 and 
SigmaPlot® software version 11.0 was used for graphical representation of the 
results.  

3. Results and Discussion 

The germination of the genotypes BRS 330 and L-20 presented variations related 
to the interaction of the sowing conditions and the type of treatment applied to 
the seeds (p < 0.01). The highest germination percentages of the two genotypes 
were obtained under non-stress conditions, in which the genotypes BRS 330 and 
L-20 presented 84.3% and 80.8% germination, respectively. There was no signif-
icant difference between the treatments applied to the sowing seeds under 
non-stress conditions (p > 0.05) (Figure 1). 
 

 
Figure 1. Percentage of germination of sorghum genotypes submitted to different priming treatments and 
sowed under non-stress and salt and water stress. Means followed by the same capital letter, under the stress 
condition, and by the same small letter, between the stress conditions, did not differ among themselves when 
compared by the Tukey test at 5% of probability. 
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However, salt and water stress conditions were found to be harmful to germi-
nation, especially for seeds that did not receive any treatment (control) in the 
two genotypes (p < 0.05). Under the salt stress (20 dS·m−1) and water stress (−0.6 
MPa) conditions, the L-20 genotype showed 33.5% and 8.5% germination, re-
spectively, whereas the BRS 330 genotype germination at these stress levels were 
57% and 43.5%, respectively. This difference is explained by the genetic differ-
ence between the genotypes. However, the use of priming seeds treated with 
hormones at a concentration of 100 ppm GA3 provided stability for the geno-
types germination, with no significant difference between the germination of 
seeding conditions analyzed (p > 0.05).  

These results corroborate with [15] who, after evaluating the germination of 
sorghum sown under a water stress condition, verified that hormonal priming 
with GA3 or salicylic acid at 50 ppm for 24 hours promoted a 15% to 20% in-
crease in germination compared to untreated seeds. In the present study, the 
seeds of both sorghum genotypes treated with 50 ppm GA3 for 2 hours also had 
increased germination under water stress from 35% to 40% (Figure 1). Yet, in 
the salt stress condition, a significant increase was verified only for genotype 
BRS 330. This result is probably related to differences in tolerance to salt stress 
of genotypes, indicating that seeds of more tolerant genotypes are easier to have 
their tolerance improved, allowing the use of lower concentrations of hormonal 
substances applied via priming. However, the concentration of 50 ppm GA3 did 
not allow stability of germination as verified in the 100 ppm concentration. In 
addition, the seeds of the L-20 (less tolerant) genotype, submitted to priming 
with 100 ppm GA3, showed a 65% increase in germination in the controls under 
water stress conditions of −0.6 MPa.  

The increase of sorghum germination in sub-optimal moisture conditions has 
also been achieved by applying osmotic priming based on PEG 8000 for 48 hours 
in an environment with controlled temperature of 18˚C, followed by slow drying 
at 20˚C until the seed reached the initiated water content [20]. The treatment of 
grain sorghum seeds by priming with 100 ppm GA3 has been shown to be a 
more practical and quicker way of guaranteeing the stability of germination of 
distinct genotypes under conditions of water and salt stress.  

Under conditions of abiotic stresses, as verified for sorghum, different prim-
ing processes can be used to maintain germination, which was demonstrated by 
[21] who verified that hydropriming, hormonal priming (with GA3 and Cyco-
cel®), and salt (with KNO3, and KCl) provided the highest germination of differ-
ent varieties of wheat (Triticum aestivum L.) grown in sodium soil. Therefore, 
the priming technique that provides the highest germination under conditions of 
abiotic stress represents an important tool in the selection of the most viable, 
accessible, practical, and efficient method for each crop. However, few studies 
have proven the efficiency in divergent genotypes regarding tolerance to these 
stresses. 

Hormonal priming with 100 ppm GA3 also provided an increase in the rate of 
germination speed of both genotypes under conditions of salt and water stress 
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(Figure 2). However, there was no influence of the treatments in the non-stress 
condition, which presented the highest averages. 

Faster germination under salt and water stress of seeds treated with priming 
might be related to higher metabolic activity of the seeds before germination. 
Based on a study by [14], this is one of the mechanisms activated by the priming 
techniques to improve the germination process. In cereals, it might be related to 
enzymatic activation of α-amylase, which is responsible for starch hydrolysis and 
embryo nutrition [21], and GA3 is responsible for the activation of this enzyme 
[22]. 

Based on results of a study by [23], priming with GA3 or NaCl promotes the 
activation of several metabolic processes linked to germination, even in low po-
tential conditions, which accelerates the germination process. [24] demonstrated 
this for millet culture [Pennisetum glaucum (L.) R. Br] that had seeds submitted 
to osmotic priming (PEG) and hormonal priming (salicylic acid). Therefore, 
different types of priming might contribute to the germination process faster 
under stress conditions, as well as GA3 hormonal priming for sorghum.  

Regarding the effect of priming on growth, it was verified that the treatment 
with 75 ppm GA3 provided superior growth of the aerial part of the different 
genotypes under conditions of water and salt stress compared to the control, 
whereas the other priming presented variations between the types of stress and 
genotypes. However, shoot growth under stress conditions was lower than under 
non-stress conditions. In the non-stress condition, we observed a variation be-
tween the priming, where hydropriming reduced the shoot growth of BRS 330 
and hormonal priming at 75 and 100 ppm GA3 for L-20 decreased approximate-
ly 2 cm in growth of the aerial part of this genotype compared to the control 
(Figure 3). 

According to [12] and [25], priming based on phytohormones such as GA3,  
 

 
Figure 2. Germination speed index of sorghum genotypes submitted to different priming treatments and 
sowed under non-stress, salt and water stress. Means followed by the same capital letter, under the stress condi-
tion, and by the same small letter, between the stress conditions, did not differ among themselves when com-
pared by the Tukey test at 5% of probability. 
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Figure 3. Shoot length of seedlings of sorghum genotypes, submitted to different priming treatments and 
sowed under non-stress, salt and water stress. Means followed by the same capital letter, under the stress condi-
tion, and by the same small letter, between the stress conditions, did not differ among themselves when com-
pared by the Tukey test at 5% of probability. 

 
cytokinin, auxin, jasmonic acid, and salicylic acid might contribute to the 
growth and development of seedlings in stressful or stress-free environments 
[12] [25]. However, according to [26] the priming effect may vary depending on 
the type of solution and concentration. In the grain sorghum culture in the 
present study it was verified that variations can also be influenced by the differ-
ence between the types of stress and the tolerance of the genotypes (Figure 3). 

Regarding root growth, the analyzed factors presented interaction only in ge-
notype BRS 330 (p < 0.01), whereas for L-20 a difference was only found be-
tween the means of the isolated factors. The different priming techniques pro-
moted the growth of the radicles of the L-20 genotype, with the condition of 
non-stress being the most favorable and the condition of salt stress being the 
most limiting (Table 2). However, for the root growth of the BRS 330 genotype 
under the water stress condition, only the seeds treated with 100 ppm GA3 pre-
sented growth superior to the control, and in all other conditions all priming 
promoted the highest growth. 

According to [27], higher root growth in seedlings under conditions of water 
or salt stress is an adaptation to increase the covered catchment area and im-
prove productivity. In view of this, can be affirmed that the priming of seeds of 
sorghum with 100 ppm GA3 improves the uptake of water in an environment 
with or without stress.  

Hormonal priming with GA3 and salicylic acid increased the root growth of 
wheat under salt stress [28], and priming with KNO3 and urea also promoted the 
highest growth in the radicle of maize hybrids, maximum, sc704, and sc304, un-
der different levels of water and salt stress. [20] and [29] affirmed that higher 
growth of seedlings was due to the effect of the different types of priming in-
creasing the activity of the antioxidant enzymes, which alleviate the damage of  
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Table 2. Root length of the seedlings of sorghum genotypes submitted to the different 
treatments with priming and sowed in the conditions of non-stress, salt and water stress. 

TREATMENTS BRS 330 L-20 

Stress conditions   

Non-stress 15.97 A 18.22 A 

Salt 9.32 B 9.80 C 

Water 13.58 C 15.83 B 

LDS 1.05 (p < 0.05) 1.60 (p < 0.05) 

Seed treatments   

Control 11.03 A 10.36 B 

Hydropriming 13.24 A 15.12 A 

50 ppm de GA3 13.09 A 14.72 A 

75 ppm de GA3 13.68 A 16.18 A 

100 ppm de GA3 13.75 A 16.73 A 

LDS 2.65 (p < 0.05) 2.43 (p < 0.05) 

Interaction BRS 330 L-20 

 Non-stress Salt Water Non-stress Salt Water 

Control 13.13 Ba 6.97 Bb 13.13 BCa 14.73 6.11 10.25 

Hydropriming 16.08 Aa 9.37 Ac 14.27 ABb 19.27 9.33 16.74 

50 ppm de GA3 16.55 Aa 10.80 Ab 11.92 Cb 18.52 9.32 16.31 

75 ppm de GA3 17.14 Aa 10.39 Ac 13.53 ABCb 19.02 11.84 17.69 

100 ppm de GA3 17.09 Aa 9.10 Ac 15.07 Ab 19.58 12.42 18.18 

LDS 1.83 (p < 0.05)* 1.56 (p < 0.05)** ns (p > 0.05) ns (p > 0.05) 

LDS-least significant difference; *column LDS; **line LDS; ns-no significant difference (p > 0.05). Means 
followed by the same capital letter, in the column, and by the same small letter, in the line, did not differ 
between them when compared by the Tukey test at 5% of probability. 

 
the stresses and, consequently, promote higher growth of the roots and aerial 
part of the plant. 

Stress conditions also caused phenotypic changes in the ratio between root 
and shoot growth, but this variable in the L-20 genotype not influenced by 
priming in the present study (Table 3). However, under water and salt stress 
conditions, the seedlings invested more in root growth than in the aerial part 
growth in seedlings that grew in the non-stress condition. The BRS 330 genotype 
was influenced by the interaction of factors (p < 0.01) and the treatment of seeds 
with 100 ppm GA3 was the only one that could promote the balance of the 
root/shoot ratio under different stress conditions. 

Variation in the root to shoot ratio has been found to be highly correlated 
with stress conditions [30], with the greatest variation of this ratio related to 
stress sensitivity [31]. In addition, this amendment aims to ensure the supply of 
resources at appropriate levels to meet the needs of plants [22]. Therefore, the 
lower root and shoot growth ratio of the sorghum seedlings from seeds treated 
with priming compared to untreated under stress conditions might indicate a  
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Table 3. Root/shoot ratio of seedlings of sorghum genotypes, submitted to different 
priming treatments and sowed in the conditions of non-stress and salt and water stress. 

TREATMENTS BRS 330 L-20 

Stress conditions   

Non-stress 1.39 B 1.33 B 

Salt 1.72 AB 3.03 A 

Water 2.23 A 3.19 A 

LDS 0.70 (p < 0.05) 1.06 (p < 0.05) 

Seed treatments   

Control 1.98 2.72 

Hydropriming 1.72 2.64 

50 ppm de GA3 1.76 2.57 

75 ppm de GA3 1.69 2.43 

100 ppm de GA3 1.76 2.21 

LDS ns (p > 0.05) ns (p > 0.05) 

Interaction BRS 330 L-20 

 Non-stress Salt Water Non-stress Salt Water 

Control 1.06 Ac 1.73 Ab 3.18 Aa 0.99 2.67 4.5 

Hydropriming 1.46 Ac 1.74 Aab 1.95 Ba 1.39 3.46 3.08 

50 ppm de GA3 1.47 Ab 1.78 Aab 2.02 Ba 1.34 3.41 2.95 

75 ppm de GA3 1.48 Ab 1.56 Ab 2.03 Ba 1.43 2.84 3.02 

100 ppm de GA3 1.51 Aa 1.80 Aa 1.96 Ba 1.49 2.75 2.38 

LDS 0.52 (p < 0.05)* 0.45 (p < 0.05)** ns (p > 0.05) ns (p > 0.05) 

LDS-least significant difference; *column LDS; **line LDS; ns-no significant difference (p > 0.05). Means 
followed by the same capital letter, in the column, and by the same small letter, in the line, did not differ 
between them when compared by the Tukey test at 5% of probability. 

 
greater adaptation to continue absorbing the necessary resources without signif-
icant variations in their standard growth. In addition, this higher modification of 
the ratio would then occur at higher levels of stress conditions, mainly for the 
BRS 330 genotype treated with 100 ppm GA3. 

4. Conclusion 

The efficiency of priming varies among genotypes where germination and 
seedling growth of the more tolerant genotype (BRS 330) responded better to 
treatments. The application of hormonal priming with 100 ppm GA3 promoted 
superior germination and vigor of seedlings of divergent grain sorghum geno-
types sowed under conditions of water (−0.6 MPa) and salt (20 dS·m−1) stress. 
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