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ABSTRACT

Soil salinization is a major limiting factor to seed germination and seedling establishment, especially in arid and 
semi-arid regions. In this study, we determined whether seed treatment with 24-epibrassinolide (BR) may promote 
germination in saline media. A growth chamber experiment was conducted to monitor soybean seed germination 
with BR1 (0.5 ml) or without BR0 (0.0 ml) at eleven concentrations of NaCl salinity (0.00-15.63 dSm-1). Sixty-six 
10 cm diameter petri dishes were filled with 80 g of sterilized soil and moistened with 10 ml of the respective saline 
water, while deionized water without salt served as control. Germination indices were recorded for 10 days. The salt 
concentration range of 10.94-15.63 dSm-1 significantly (P ≤ 0.05) reduced the final germination rate, germination 
average time, velocity of germination, germination rate, germination percentage and daily germination. These 
reductions were reasonably (P ≤ 0.05) reversed with BR application. The seeds tolerated salt stress up to 9.38 dSm−1 
at BR0, but the germination potential was clearly enhanced by seed treatment with BR, especially in moderately 
saline culture.

1. INTRODUCTION

Salinity is one of the most devastating abiotic stresses that affect 
most stages of the plant life-cycle, such as, seed germination, 
seedling establishment, development, vegetative and reproductive 
growth stages [1]. Over the years, studies have shown that high salt 
content in soils significantly retarded plant growth by impairing most 
physiological and metabolic processes. These include nutritional 
disorders, water stress, ion toxicity, oxidative stress and reduced cell 
expansion and division [2-4]. At present, salinity is one of the most 
severe abiotic stresses affecting most horticultural and agronomic 
crops [5]. Germination of seeds can also be affected by salinity either 
by creating osmotic potential that inhibits water uptake, or by toxic 
effects of ions on the viability of embryo which, ultimately, results in 
cessation of sprout growth [6]. These osmotic and ionic stresses result 
in reactive oxygen species (ROS) production in seeds chloroplasts, 
mitochondria, and apoplastic space [7]. Oxidative stress during salinity 
results in peroxidation of the membrane, ion leakage, and damage to 
nucleic acids, cell membranes and the seed’s cellular structure, which, 
in turn, reduces seed quality and total yield of the affected crop [8].
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Seed germination and seedling are critical stages during a plant’s 
life-cycle for healthy crop production. Seeds are very delicate during 
germination and can be easily damaged by stress [9]. Salinity stress 
causes membrane damage in seedling growth, reduces CO2 intake, and 
decreases hydrolytic enzyme activity, increasing lipid peroxidation 
level [8].

Application of 24-epibrassinolide (BR), a plant growth regulator, 
regulates physiological characteristics and could support seed 
germination under saline stress conditions. Previous studies have shown 
the anti-stress function of BR on seed germination and vigor [10,11]. 
It was similarly reported that BR significantly increased tomato 
seedling growth under low temperatures and weak light stress [12] 
and cucumber seedling growth under Ca (NO3)2 stress [13]. The 
efficacy of BR in promoting seed germination under stress conditions 
was also observed in the case of some commercially important forest 
tree species [14]. In all, BR increases antioxidant enzyme activity by 
increasing the expression of antioxidant genes, and adjusting nutrient 
accumulation to promote seed germination and seedling growth under 
saline stress [15].

Globally, Soybean (Glycine max L.) is one of the largest sources of 
vegetable seed oil and protein resource for humans. Salt stress has 
inhibited soybean seed germination and ultimately decreased its 
yield [16]. Salt stress tolerance, especially at the germination stage, 
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determines better plant establishment in saline soils. High and uniform 
germination plus emergence are the critical determinants of soybean 
yield, especially under stressed soil conditions [16,17]. Some studies 
have evaluated the mechanisms underlying the inhibition effect of salt 
on seed germination of various crops including soybean. Few studies 
have addressed the possibilities of using plant hormones or their 
synthetic analogues to boost seed germination under a wide range of 
salinity stress. Here, we evaluated the potentials of BR for promoting 
soybean seed germination and emergence under various salinity 
concentrations based on several indices.

2. MATERIALS AND METHODS

2.1. Plant Materials and Preparation
Soybean seeds (Tachiyutaka-8424h) used in the experiment were 
carefully selected and disinfected with 5% sodium hypochlorite by 
soaking for 10 min and later rinsing 3 times with distilled water. The 
seeds were obtained from Denki nojo, Yamagata-Japan. Deionized 
water (1 litre) was used to dissolve 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 g 
of salt (NaCl) to develop various levels of salinity (1.56, 3.13, 4.69, 
6.25, 7.81, 9.38, 10.94, 12.50, 14.06 and 15.63 dSm−1, respectively). 
The BR used was produced by Cayman Chemicals, Ellsworth-USA. 
The treatments studied were factorial combinations of two BR rates 
(0 and 0.5 ml) and eleven levels of salinity (0.00 [control], 1.56, 3.13, 
4.69, 6.25, 7.81, 9.38, 10.94, 12.50, 14.06, and 15.63 dSm−1 NaCl), 
giving a total of 22 treatment combinations, arranged into a completely 
randomized design and replicated 3 times. The experimental soil, 
classified as coarse-textured Entisols and characterized by weak 
surface aggregation was sterilized at 120°C for 30 min for 3 consecutive 
days, using an autoclave device (Hirayama Hiclave HVE 50, Saitama-
Japan). Eighty grams (80 g) of the sterilized soil was filled in 10 cm 
diameter Petri dishes, and each Petri dish was moistened with 10 ml 
of the different concentrations of saline water [18]. The electrical 
conductivity of the soil extract (0.11 dSm−1) was obtained using an 
electrical conductivity meter (CM-20E, TOA, Tokyo TOA Electronics 
Ltd., Japan). Deionized water with no salt served as the control. Ten 
seeds were sown in each Petri dish. The BR was dissolved based on 
the manufacturer’s recommended rate of 5.0 ml–1.666 ml of ethanol 
and applied (0.5 ml) to each Petri dish according to the treatment 
combinations. The Petri dishes were arranged randomly in growth 
chamber 3 (SANYO, MLT-350HT, Japan) at a relative humidity of 
60%, and 25°C in the dark. The germination test was performed in 
two repeats for validity and reliability of data. Germination records 
were taken daily for ten (10) days. Seeds were considered to have 
germinated on the emergence of a visible, healthy white radicle.

2.2. Determination of Germination Variables
Daily observations on radicle emergence commenced from the 2nd day 
after sowing for 10 days.

Germination variables determined were as follows:

2.2.1. Dormancy phase (days)
These were the number of days before the emergence of sprouts.

2.2.2. Final germination rate (FGR) (%)
Final GR (FGR) was calculated by adding the daily rates of germinated 
sprouts from beginning to the end of the germination test.

2.2.3. Germination average time (GAT- days)
The average germination time (GAT) was calculated according to 
Scott et al. [19]:

GAT
T N

S

1 1=
Σ

Where:
T1=Number of days from the beginning of the experiment
N1=Number of seeds germinated per day
S=Total number of seeds germinated

2.2.4. Velocity of germination (VG)
The VG was estimated according to Hartmann et al. [20]:
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Where:
A1=Number of seeds germinated
T1=Number of days of germination.

2.2.5. Germination rate (GR- days)
This was recorded as a summation of newly sprouted seeds per total 
number of days of germination:

GDR= Σ(ni/di)

Where:
ni = Daily germinated seed
di = Number of day

2.2.6. Germination percentage (%) (GP)
Seed GP was estimated using the following formula:

Germination percentage 

Total number of 

seeds germinate
%( ) = dd

Total number of seeds
×100

2.2.7. Daily germination (DG- %)
This was counted daily based on the number of newly sprouted seeds 
at each observation from day of germination per total number of seeds 
sown:

DG
Daily germinated seeds

Total number of seeds
= ×100

2.3. Statistics
The data were subjected to analysis of variance using GenStat 
software 15.1 Edition to partition the effects of the two factors and 
their interactions. Treatment means were compared using Duncan’s 
New Multiple Range Test at a 5% probability level. Since a statistical 
comparison of data from the two repeats showed no significant 
difference, the data were pooled for the analysis.

3. RESULTS

3.1. Dormancy Phase/FGR
Although salinity and BR had no significant effect on the dormancy 
phase (DP), BR application reduced the number of days to first 
sprout compared with no BR application. Conversely, higher salt 
concentration (10.94–15.63 dSm−1) increased the DP of the seeds 
[Figure 1]. It also reduced the FGR significantly relative to the control 
(S = 0.00 dSm−1). The highest FGR was obtained in Sa (1.56 dSm−1), 
while the lowest was obtained in Sj (15.63 dSm−1) salt concentration 
[Figure 2a]. However, the FGR was significantly (P ≤ 0.05) enhanced 
by BR application [Figure 2b]. The interaction between salinity and 



Figure l: Salinity rates and BR interactions on dormancy phase of soybean 
seeds. BR0=No BR application (0 mL): BR1 = 0.5 mL: S = 0.00 dSm−1 

(control); Sa = 1.56 dSm−1; Sb = 3.13 dSm−1; Sc = 4.69 dSm−1;  
Sd = 6.25 dSm−1; Se = 7.81 dSm−1; Sf = 938 dSm−1; Sg = 10.94 dSm−1; Sh = 
12.50 dSm−1: Si = l4.06 dSm−1; Sj = 15.63 dSm−1. Mean pairs with different 

letter are significantly different at the 5% probability level according to 
Duncan’s’ New Multiple Range test.
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BR showed that FGR was statistically at par with BR application 
irrespective of the salt concentration [Figure 2c].

3.2. GAT
There was no consistent trend in GAT with increases in salinity 
[Figure 3a]. However, seeds treated with 9.38 dSm−1 solution 
significantly had the longest GAT, and seeds under higher concentrations 
(14.06 and 15.63 dSm−1) had much lower GAT than those in the control 
treatment (0.00 dSm−1). Seeds treated with 6.25 dSm−1 salinity had the 
shortest (P ≤ 0.05) GAT [Figure 3a]. Across salinity levels, especially 
at 6.25 dSm-1, BR application reduced (P ≤ 0.05) the GAT relative to 
no application [Figure 3b and c].

3.3. VG
There was no consistent trend in the VG with successive increases in 
salinity [Figure 4a]. However, salinity at 3.13–9.38 dSm−1 significantly 
promoted the VG which significantly reduced at 10.94–15.63 dSm−1. 
At all salinity levels, BR application significantly (P ≤ 0.05) enhanced 
the VG relative to no application [Figure 4b-c]. Seeds germinated at 
higher concentrations of salt (12.50 to 15.63 dSm−1) without BR had 
the lowest VG, while those treated with BR and germinated at 4.69 
dSm−1 significantly had the highest (P ≤ 0.05) [Figure 4c].

3.4. GR
The GR decreased as salinity increased [Figure 5a]. Seeds under 1.56 
and 3.13 dSm−1 salinity had statistically similar GR with the control 
(0.00 dSm−1), while those under 4.69–15.63 dSm−1 salinity had much 
lower (P ≤ 0.05) rates. Broadly, the GR was severely impeded at higher 
salinity concentrations (12.50–15.63 dSm−1), and seeds treated with 
BR showed an increased (P ≤ 0.05) rate [Figure 5b]. The interaction 
between salinity and BR significantly affected the GR. At each salinity 
level, BR treated seeds had a higher (P ≤ 0.05) GR than the untreated 
seeds [Figure 5c]. For the BR treated seeds, 1.56–6.25 dSm−1 and 9.38 
dSm−1 [Figure 5c] showed similar GR with those under 0.00 dSm−1 

salinity.

3.5. GP
The results of effect of salinity and BR on GP from the 3rd through the 
10th day after sowing are presented in Table 1. Increases in salinity 

up to 10.94 dSm−1 (Day 3), 9.38 dSm−1 (Day 4), 6.25 dSm−1 (Day 
5), 3.13 dSm−1 (Day 6), 1.56 dSm−1 (Days 7 and 8), and 3.13 dSm−1 
(Days 9 and 10) had little effect on GP compared with the control 
(0.00 dSm−1). There was a significant (P ≤ 0.05) inhibition of 
germination at the higher salt concentration (12.50–15.63 dSm−1) 
compared with other concentrations on Days 5–10. For all the days 
of observation, BR treated seeds had a higher (P ≤ 0.05) GP than 
the untreated seeds, and there was no seed germinated on Day 3 
for non-BR treated seeds. Higher salinity (14.06 to 15.63 dSm-
1) reduced (P≤0.05) the GP, even with BR application compared 
with lower salinity (1.56–3.13 dSm−1) on Day 3. On Day 4 after 
sowing, BR application significantly enhanced GP at each salt level 
except at 1.56, 4.69, and 6.25 dSm−1 [Table 1]. Similarly, on Day 7 
after sowing, the application significantly increased the GP at all 

Figure 2: Salinity rates (a) and brassinolide effects (b) and SR × BR 
interactions (c) on final germination rate of soybean seeds. BR0=No BR 

application (0 mL): BR1 = 0.5 mL: S = 0.00 dSm−1 (control);  
Sa = 1.56 dSm−1; Sb = 3.13 dSm−1; Sc = 4.69 dSm−1; Sd = 6.25 dSm−1;  

Se = 7.81 dSm−1; Sf = 938 dSm−1; Sg = 10.94 dSm−1; Sh = 12.50 dSm−1: 
Si = l4.06 dSm−1; Sj = 15.63 dSm−1. Mean pairs with different letter are 

significantly different at the 5% probability level according to Duncan’s’ 
New Multiple Range test.
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salinity levels, except the control (0.00 dSm−1) and 1.56 dSm−1. The 
most salt-stressed seeds with no BR application had the lowest GP, 
while the highest GP was the non-stressed seeds treated with BR. In 
general, BR application enhanced seed GP at all salt concentrations 
[Table 1].

3.6. DG
The effects of BR and salinity on DG from Day 3 to Day 10 after sowing 
are shown in Table 2. On Days 3, 5, and 6 after sowing, BR application 
significantly enhanced DG compared with no application. However, 
on Days 7 and 10, DG was much (P ≤ 0.05) higher in seeds without 
BR application. Higher salt concentrations (12.50–15.63 dSm−1) 
significantly inhibited DG on Days 3 and 7. On Day 10, higher salinity 
(10.94–14.06 dSm−1) significantly increased DG relative to the control 
(0.00 dSm−1). On Day 3, seeds with no BR application, and those under 
10.94–15.63 dSm−1 in Day 4 had no germination.

4. DISCUSSIONS

Germination of seeds and good seedling emergence determine how well 
seedlings can survive in their natural environment. This constitutes the 
most critical stage in the life cycle of plants. Soybean seedling growth 
is often subjected to several abiotic stresses such as salinity, drought, 
extreme temperature, heavy metals, high radiation, and flooding [15-17]. 
These cause imbalances in cell homeostasis due to the generation of ROS, 
which induce membrane lipid peroxidation that leads to cell death [21]. 
A high concentration of sodium chloride is toxic to seeds and can inhibit 
germination due to low osmotic potential, ion toxicity and some biochemical 
and physiological dysfunctions [22]. A new group of phytohormones, BR, 
has been widely reported to confer some tolerance level and regulates seed 
germination and seedling growth under several abiotic stresses [15,23-27].

4.1. Dormancy Phase/FGR
Seed dormancy is a critical phase that predicts the time of seedling 
emergence based on environmental conditions at the time of seed 

Figure 4: Salinity rates (a), brassinolide effecta (b) and SR × BR 
interactions (c) on velocity germination of soybean seeds. SR: Salinity rate; 
BR=Brassinolide; BR0=No BR application (0 mL): BR1 = 0.5 mL: S = 0.00 

dSm−1 (control); Sa = 1.56 dSm−1; Sb = 3.13 dSm−1; Sc = 4.69 dSm−1;  
Sd = 6.25 dSm−1; Se = 7.81 dSm−1; Sf = 938 dSm−1; Sg = 10.94 dSm−1;  
Sh = 12.50 dSm−1; Si = l4.06 dSm−1; Sj = 15.63 dSm−1. Mean pairs with 

different letter are significantly different at the 5% probability level according 
to Duncan’s’ New Multiple Range test.

c

b
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Figure 3: Salinity rates (a), brassinolide effects (b) and SR × BR interactions 
(c) on germination average time of soybean seeds. SR: Salinity rate; 

BR=Brassinolide; BR0=No BR application (0 mL): BR1 = 0.5 mL: S = 0.00 
dSm−1 (control); Sa = 1.56 dSm−1; Sb = 3.13 dSm−1; Sc = 4.69 dSm−1;  

Sd = 6.25 dSm−1; Se = 7.81 dSm−1; Sf = 9.38 dSm−1; Sg = 10.94 dSm−1;  
Sh = 12.50 dSm−1; Si = l4.06 dSm−1; Sj = 15.63 dSm−1. Mean pairs with 

different letter are significantly different at the 5% probability level according 
to Duncan’s’ New Multiple Range test.
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production [28]. There was no significant effect of salinity and BR on 
the dormancy phase of soybean seeds, which contradicted the reports 
in Kan et al. [17] and Coll et al. [29]. However, successive increments 
in salt concentration significantly decreased the FGR of the soybean 
seeds. This could presumably be due to osmotic stress, being a major 
inhibitory factor that could hinder the uptake of water as a result of 
disruption of biochemical processes under saline condition [30]. 
Nizam [31] ascribed the delayed germination of oat seeds to low water 
absorption due to increased osmotic pressure. However, the application 
of BR significantly improved the FGR possibly because, as a principal 
phytohormone, it can control several important physiological activities, 
including seed germinations [32,33].

4.2. GAT
The duration of soybean seed germination was generally low, especially 
at the highest salinity level. This tendency may be attributed to damage 

to the seed membrane from the extreme generation of ROS [34]. 
Kumawat et al. [35] also reported that a decrease in the germination 
period could be attributed to increases in the concentration of salinity. 
The exogenous treatment of soybean seeds with BR boosted GAT, 
implying that BR could stimulate rapid and effective seed germination, 
even under the harmful effects of different abiotic stresses [36]. 
Brassinolide, as a phytohormone, can coordinate different signaling 
pathways during exposure to abiotic stresses and acts as a chemical 
messenger to regulate various cellular processes in seeds and seedling 
growth [37].

4.3. VG
As a determinant to crop growth and yield, VG expresses the GR 
in terms of the total number of seeds that germinated in a time 
interval. High salt concentration significantly reduced VG, partly 
due to oxidative stress that could have inhibited the speed of 
germination and prolonged germination. It could also be attributed 
to the disruptive effect of excessive salt on enzymatic structures and 
other macromolecules in the seeds, thereby causing damages to cell 
organelles and plasma membrane [38]. Despite its exposure to salt 
stress, brassinolide application enhanced early germination of soybean 
seeds. This could be attributed to its ability to regulate several genes 
related to cell division and differentiation [39], thereby activating 
various developmental processes, including early seed germination up 
to maturation [40].

4.4. GR
Seed germination is a distinctive physiological process that determines 
the success or failure of seedling growth. In this study, the minimum 
GR was observed at the higher salinity level, whereas an increase 
occurred with decreasing salinity concentrations. This trend confirmed 
a previous report [41] that limitations in GR at higher salt concentrations 
may be due to loss of turgor and reduction in energy needed for sprout 
growth. A recent finding [42] also affirmed that higher GR at a lower 
salinity level could facilitate a faster and higher sprouts. The use of BR 
enhanced GR. This observation supported a previous report [29] that 
BR can reduce the inhibitory and harmful effects of salinity on seed 
germination.

4.5. GP
During germination assessment (days 3–10), there was no remarkable effect 
of salinity on GP. However, a significant reduction was observed at higher 
salt concentrations (12.50–15.63 dSm−1) relative to lower concentrations 
at earlier assessment days. This drastic reduction in GP could be attributed 
to saline shock, resulting from the osmotic effect of excessive sodium 
chloride during the onset of the germination process [43]. The high 
salt concentration may have altered water absorption due to the lower 
osmotic potential of the germination media. Furthermore, seeds exposed 
to the highest salt concentration without BR, had the least GP probably 
due to adverse ion toxicity effect on enzymatic activities of nucleic 
acid metabolism, protein metabolism, and the reduction in utilization of 
reserved food [44] for seed germination. Application of BR significantly 
improved GP across the germination assessment days. Recently, it was 
reported [45] that BR could mitigate the adverse effect of several stressors, 
including salinity stress on seed germination.

4.6. DG
Observing the DG trend is an essential indicator for evaluating salt 
tolerance during seed germination [46]. High salt concentrations 

Figure 5: Salinity rates (a), brassinolide effect a (b) and SR × BR interactions 
(c) on germination rate of soybean seeds. SR: Salinity rate; BR=Brassinolide; 

BR0=No BR application (0 mL): BR1 = 0.5 mL: S = 0.00 dSm−1 (control);  
Sa = 1.56 dSm−1; Sb = 3.13 dSm−1; Sc = 4.69 dSm−1; Sd = 6.25 dSm−1;  

Se = 7.81 dSm−1; Sf = 938 dSm−1; Sg = 10.94 dSm−1; Sh = 12.50 dSm−1; 
Si = l4.06 dSm−1; Sj = 15.63 dSm−1. Mean pairs with different letter are 

significantly different at the 5% probability level according to Duncan’s’ New 
Multiple Range test.
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Table 1: Main and interaction effects of brassinolide (BR) and sodium chloride (NaCl) concentrations on germination percentage (GP) of soybean seeds on 
3–10 days after sowing.

Sources of 
variance

Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10

Salt rates (SR)

S (0.00 dSm−1) (16.67a) 16.67 (26.67a) 26.67 (41.90a) 41.05 (54.60a) 65.00 (65.03a) 81.67 (76.63a) 88.34 (75.00a) 90.00 (75.00a) 90.00

Sa (1.56 dSm−1) (13.33ab) 13.34 (28.33a) 28.33 (38.83a) 40.00 (51.17ab) 60.00 (62.57ab) 78.33 (69.47ab) 85.00 (75.00a) 90.00 (75.00a) 90.00

Sb (3.13 dSm−1) (13.33ab) 13.34 (28.33a) 28.34 (38.97a) 40.00 (49.17abc) 56.67 (57.77bc) 70.00 (64.90bc) 78.34 (68.37ab) 83.33 (68.37ab) 83.33

Sc (4.69 dSm−1) (11.67abc) 11.67 (21.67ab) 21.67 (38.97a) 38.34 (47.10bcd) 53.34 (55.43cd) 66.67 (60.88cd) 75.00 (66.00bc) 80.00 (66.00bc) 80.00

Sd (6.25 dSm−1) (10.00abc) 10.00 (21.67ab) 21.67 (35.93ab) 35.00 (44.00cde) 48.33 (51.03de) 60.00 (57.50de) 70.00 (60.83bcd) 75.00 (60.83bcd) 75.00

Se (7.81 dSm−1) (11.67abc) 11.67 (23.33ab) 23.33 (32.47bc) 30.00 (43.03def) 48.34 (50.17def) 58.34 (56.93de) 68.34 (60.23cd) 73.34 (60.23cd) 73.34

Sf (9.38 dSm−1) (10.00abc) 10.00 (21.67ab) 21.67 (31.37bcd) 28.34 (41.90def) 45.00 (47.10efg) 53.34 (53.50def) 63.34 (56.53de) 68.33 (57.90de) 68.33

Sg (10.94 dSm−1) (10.00abc) 10.00 (13.34c) 13.34 (32.10bc) 28.34 (40.93ef) 43.34 (45.00fg) 50.00 (51.17ef) 60.00 (52.13ef) 63.34 (52.13ef) 63.34

Sh (12.50 dSm−1) (6.67bc) 6.67 (16.67bc) 16.67 (32.50bc) 26.67 (37.47fg) 36.67 (41.90gh) 45.00 (48.10fg) 55.00 (50.57ef) 63.34 (50.57ef) 63.33

Si (14.06 dSm−1) (6.67bc) 6.67 (11.67c) 11.67 (29.17cd) 25.00 (34.03g) 33.33 (38.83h) 40.00 (42.83gh) 50.00 (50.67ef) 56.67 (50.67ef) 56.67

Sj (15.63 dSm−1) (5.00c) 5.00 (11.67c) 11.67 (25.10d) 20.00 (34.45g) 31.67 (36.77h) 36.67 (39.83h) 41.67 (46.10f) 43.34 (46.10f) 43.34

BR rates

BR0 (0.00 mL) (0.00b) 0.00 (10.61b) 10.61 (25.72b) 19.39 (33.27b) 30.61 (41.55b) 44.24 (46.12b) 52.41 (49.39b) 57.88 (49.39b) 57.88

BR1 (0.5 mL) (20.91a) 20.91 (30.61a) 31.21 (42.99a) 45.46 (53.61a) 64.24 (58.75a) 72.12 (66.38a) 81.21 (70.87a) 85.15 (71.12a) 85.15

BR×SR

S BR0 (0.00f) 0.00 (16.67cde) 16.67 (31.00a) 26.67 (43.07a) 46.67 (61.20a-d) 76.67 (63.40a) 80.00 (66.13a) 83.33 (66.13a) 83.33

Sa BR0 (0.00f) 0.00 (23.33bcd) 23.33 (28.80a) 23.33 (41.13a) 43.33 (59.00b-d) 73.33 (61.20a) 76.67 (66.13a) 83.33 (66.13a) 83.33

Sb BR0 (0.00f) 0.00 (20.00cde) 20.00 (31.00a) 26.67 (39.13a) 40.00 (48.87efg) 56.67 (54.80a) 66.67 (59.00a) 73.33 (59.00a) 73.33

Sc BR0 (0.00f) 0.00 (16.67cde) 16.67 (31.00a) 30.00 (37.20a) 36.67 (46.93fgh) 53.33 (52.80a) 63.33 (57.00a) 70.00 (57.00a) 70.00

Sd BR0 (0.00f) 0.00 (16.67cde) 16.67 (28.80a) 23.33 (35.20a) 33.33 (43.07ghi) 46.67 (48.87a) 56.67 (52.80a) 63.33 (52.80a) 63.33

Se BR0 (0.00f) 0.00 (13.33de) 13.33 (23.87a) 16.67 (37.20a) 40.00 (39.13hij) 40.00 (45.00a) 50.00 (48.87a) 56.33 (48.87a) 56.33

Sf BR0 (0.00f) 0.00 (10.00ef) 10.00 (23.87a) 16.67 (31.00a) 26.67 (37.20ij) 36.67 (43.07a) 46.67 (46.93a) 53.33 (46.93a) 53.33

Sg BR0 (0.00f) 0.00 (0.00f) 0.00 (21.13a) 16.67 (31.00a) 26.67 (35.20ijk) 33.33 (41.13a) 43.33 (43.07a) 46.67 (43.07a) 46.67

Sh BR0 (0.00f) 0.00 (0.00f) 0.00 (23.87a) 13.33 (26.07a) 16.67 (31.00jkl) 26.67 (37.20a) 36.67 (37.20a) 43.33 (37.20a) 43.33

Si BR0 (0.00f) 0.00 (0.00f) 0.00 (21.13a) 10.00 (21.13a) 13.33 (28.80kl) 23.33 (31.00a) 33.33 (35.20a) 36.67 (35.20a) 36.67

Sj BR0 (0.00f) 0.00 (0.00f) 0.00 (18.40a) 10.00 (23.87a) 13.33 (26.60l) 20.00 (28.80a) 23.33 (31.00a) 26.67 (31.00a) 26.67

S BR1 (33.33a) 33.33 (36.67a) 36.67 (52.80a) 63.34 (66.13a) 83.33 (68.87a) 86.67 (83.87a) 96.67 (83.87a) 96.67 (83.87a) 96.67

Sa BR1 (26.67ab) 26.67 (33.33ab) 33.33 (48.87a) 54.67 (61.20a) 76.67 (66.13ab) 83.33 (77.73a) 93.33 (83.87a) 96.67 (83.87a) 96.67

Sb BR1 (26.67ab) 26.67 (36.67a) 36.67 (46.93a) 53.33 (59.20a) 73.33 (66.67ab) 83.33 (75.00a) 90.00 (77.73a) 93.33 (77.73a) 93.33

Sc BR1 (23.33b-d) 23.33 (26.67abc) 26.67 (46.93a) 46.67 (57.00a) 70.00 (63.93abc) 80.00 (68.87a) 86.67 (75.00a) 90.00 (75.00a) 90.00

Sd BR1 (20.00b-d) 20.00 (26.67abc) 26.67 (43.07a) 46.67 (52.80a) 63.33 (59.00b-d) 73.33 (66.13a) 83.33 (68.87a) 86.67 (68.87a) 86.67

Se BR1 (23.33b-d) 23.33 (33.33ab) 33.33 (41.07a) 43.33 (48.78a) 56.67 (61.20a-d) 76.67 (68.87a) 86.67 (71.60a) 90.00 (71.60a) 90.00

Sf BR1 (20.00b-d) 20.00 (33.33ab) 33.33 (38.87a) 40.00 (52.80a) 63.33 (57.00 cde) 70.00 (63.93a) 80.00 (66.13a) 83.33 (66.13a) 83.33

Sg BR1 (20.00b-d) 20.00 (26.67abc) 26.67 (43.07a) 40.00 (50.87a) 60.00 (54.80def) 66.67 (61.20a) 76.67 (61.20a) 80.00 (61.20a) 80.00

Sh BR1 (13.33ed) 13.33 (33.33ab) 33.33 (41.13a) 40.00 (48.87a) 56.67 (52.80def) 63.33 (59.00a) 73.33 (63.93a) 83.33 (63.93a) 83.33

Si BR1 (13.33cde) 13.33 (26.67abc) 26.67 (37.20a) 40.00 (46.93a) 53.33 (48.87efg) 56.67 (54.67a) 66.67 (66.13a) 76.67 (66.13a) 76.67

Sj BR1 (10.00ef) 10.00 (23.33bcd) 23.33 (33.00a) 30.00 (45.03a) 50.00 (46.93fgh) 53.33 (50.87a) 60.00 (61.20a) 60.00 (61.20a) 60.00
Mean pairs within a column in parenthesis with different letters are significantly different at the 5% probability level according to Duncan’s New Multiple Range Test. Values in 
parenthesis are transformed data, using the arch sine (Sin−1 ( . )x + 0 5 , where x=the original data. Values outside parenthesis are original data. BR=Brassinolide; SR=Salt rate

significantly inhibited DG, especially on days 3, 4 and 7. Inhibition 
in DG could mainly be due to salinity-induced ionic imbalance that 
may have caused toxicity from osmotic effects [42] and delayed 
enzymatic activity that could hinder the release and development of 
radicles. A decrease in DG during salinity stress was similarly reported 
in Chauhan et al. [47]. Supplementation of saline solution with 

exogenously applied BR considerably reduced the inhibitory effect 
of salinity on DG, especially on days 3, 5, and 6 compared with no 
BR. Enhancement in DG could possibly be associated with enhanced 
levels of nucleic acids and soluble proteins, as nucleic acid and protein 
syntheses are two early processes that BR could effectively activate 
during germination and seedling growth [48].
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5. CONCLUSION

The results provided some evidence of the importance of the pre-
sowing treatment of soybean seeds with BR under various saline 
concentrations. Salinity and BR significantly affected the germination 
variables of soybean seeds. Seed treatment with BR improved the 
tolerance of saline stress and ensured harmonized germination by 
breaking dormancy and enhancing viability. No significant difference 

in the dormancy phase was observed among salinity levels and BR 
treatments. Interestingly, the overall results indicated that increasing 
salinity levels significantly inhibited the germination indices (FGR, 
GAT, VG, GR, GP, and DG) across the assessment periods. However, 
the application of BR did significantly enhanced the germination 
variables and confirmed that seed pre-treatment with BR is an effective 
technique to improve soybean seed germination for better crop 
establishment under saline microclimates. Thus, BR could be tested for 

Table 2: Main and interaction effects of brassinolide (BR) and sodium chloride (NaCl) concentrations on daily germination (DG) of soybean seeds on 3 to 10 
days after sowing.

Sources of 
variance

Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10

Salt rates (SR)

S (0.00 dSm−1) 6.67a 10.00abc 18.33ab 20.00a 18.33a 5.00a 1.67a 1.67c

Sa (1.56 dSm−1) 13.33ab 15.00a 15.00abc 20.00a 18.33a 6.67a 6.67a 1.67c

Sb (3.13 dSm−1) 13.33ab 15.00a 15.00abc 16.70a 16.67ab 8.33a 3.33a 3.33bc

Sc (4.69 dSm−1) 11.67abc 13.33ab 20.00a 11.70a 15.00ab 6.67a 1.67a 3.33bc

Sd (6.25 dSm−1) 10.00abc 15.00a 13.33abc 15.00a 13.33ab 10.00a 3.33a 3.33bc

Se (7.81 dSm−1) 11.67abc 11.67abc 6.67c 18.30a 10.00abc 10.00a 5.00a 1.67c

Sf (9.38 dSm−1) 10.00abc 11.67abc 10.00bc 16.70a 13.33ab 10.00a 3.33a 3.33bc

Sg (10.94 dSm−1) 10.00abc 3.33c 13.33abc 15.00a 10.00abc 6.67a 3.33a 11.67a

Sh (12.50 dSm−1) 6.67bc 6.67abc 10.00bc 10.00a 8.33bc 10.00a 8.33a 11.67a

Si (14.06 dSm−1) 6.67bc 5.00bc 11.67abc 8.30a 8.33bc 8.33a 10.00a 10.00ab

Sj (15.63 dSm−1) 5.00c 6.67abc 15.00abc 11.70a 3.33c 5.00a 5.00a 3.33bc

BR rates

BR0 (0.00 mL) 0.00b 10.61a 9.70b 11.80b 15.15a 8.18a 5.15a 6.36a

BR1 (0.5 mL) 20.91a 10.00a 17.27a 17.90a 9.39b 7.58a 4.24a 3.64b

BR×SR 

S BR0 0.00g 16.67abc 10.00a 20.00a 30.00a 3.33a 3.33a 3.33a

Sa BR0 0.00g 23.33a 6.67a 20.00a 30.00a 3.33a 6.67a 3.33a

Sb BR0 0.00g 20.00ab 13.33a 13.30a 16.67bc 10.00a 6.67a 3.33a

Sc BR0 0.00g 16.67abc 13.33a 6.70a 16.67bc 10.00a 3.33a 3.33a

Sd BR0 0.00g 16.67abc 6.67a 13.30a 10.00bcd 10.00a 3.33a 3.33a

Se BR0 0.00fg 13.33a-g 3.33a 23.30a 10.00bcd 10.00a 6.67a 3.33a

Sf BR0 0.00fg 10.00a-g 6.67a 10.00a 20.00ab 10.00a 3.33a 3.33a

Sg BR0 0.00fg 0.00d-g 13.33a 10.00a 10.00bcd 10.00a 3.33a 13.33a

Sh BR0 0.00fg 0.00fg 13.33a 3.30a 10.00bcd 10.00a 6.67a 13.33a

Si BR0 0.00fg 0.00efg 10.00a 3.30a 10.00bcd 10.00a 10.00a 13.33a

Sj BR0 0.00g 0.00g 10.00a 6.70a 3.33d 3.33a 3.33a 6.67a

S BR1 33.33a 3.33c-g 26.67a 20.00a 6.67cd 6.67a 0.00a 0.00a

Sa BR1 26.67ab 6.67b-g 23.33a 20.00a 6.67cd 10.00a 6.67a 0.00a

Sb BR1 26.67ab 10.00a-g 16.67a 16.70a 16.67bc 6.67a 0.00a 3.33a

Sc BR1 23.33bcd 10.00a-g 26.67a 20.00a 13.33bcd 3.33a 0.00a 3.33a

Sd BR1 20.00bcd 13.33a-g 20.00a 16.70a 16.67bc 10.00a 3.33a 3.33a

Se BR1 23.33bcd 10.00a-g 10.00a 13.30a 10.00bcd 10.00a 3.33a 0.00a

Sf BR1 20.00bcd 13.33a-g 13.33a 23.30a 6.67cd 10.00a 3.33a 3.33a

Sg BR1 20.00bcd 6.67b-g 13.33a 20.00a 10.00bcd 3.33a 3.33a 10.00a

Sh BR1 13.33cde 13.33a-g 6.67a 16.70a 6.67cd 10.00a 10.00a 10.00a

Si BR1 13.33cde 10.00a-g 13.33a 13.30a 6.67cd 6.67a 10.00a 6.67a

Sj BR1 10.00efg 13.33a-g 20.00a 16.70a 3.33d 6.67a 6.67a 0.00a

Mean pairs within a column with different letters are significantly different at the 5% probability level according to Duncan’s New Multiple Range Test. BR=Brassinolide; SR=Salt rate
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its germination enhancing potentials in other crops that are susceptible 
to salinity stress. Farmers planting soybean can be encouraged to use 
BR to enhance seed germination and plant establishment in saline 
affected soils.
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