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Abstract

In order to evaluate the effect of hydropriming and Salinity stress on germination indices of Niger, 
a factorial experiment was conducted in a randomized complete block design with four replications 
at seed research laboratory of Shahrekord University. Salinity treatments were applied at five levels 
(0, 25, 50, 100 and 150 mM NaCl). Hydropriming treatments were applied at two levels (control and 
6-hour hydropriming with distilled water). Results showed that the effects of hydropriming with 
distilled water and salinity stress on all the studied traits were significant at P ≤ 0.01. However, the 
interaction effects of hydropriming and salinity stress were only significant for the mean germination 
time, root and shoot lengths, and the allometric coefficient. The hydro prime of Niger seed resulted 
in the germination percentage, speed and mean germination time to be decreased significantly 
compared to the control treatment. The germination percentage, the time to 50% of germination, 
mean germination time and germination energy decreased significantly with the increasing salinity 
level. Hydropriming positively affected the allometric coefficient and improved its value compared 
to the control (non-hydropriming conditions).

Keywords: germination rate, mean germination time, oil plants, seed enhancement treatments, 
water and soil quality

INTRODUCTION
In recent years, a new oil plant named Niger seed 

was imported to Iran as a  multi-purpose and non-
native plant in order to supply bird foods. The oil plant 
Niger seed (Guizotia abyssinica Cass) is from Asteraceae 
family, a dicot annual herb. Ethiopia and India are the 
two major Niger seed producing countries (Bhatnagar 
and Krishna, 2013). Niger seeds contain 38 to 43% 
edible oil and 20% protein (Dalei et al., 2014). Niger 
seed oil contains large amounts of omega-6 PUFA 
(63– 75%) (Bhatnagar and Krishna, 2013).

Salinity is one of the major abiotic stresses which 
have adverse effect on plant growth and yield 
worldwide (Naik and Varadahalli, 2020). It has been 
predicted that more than 50% of the arable land 

would be salinized by the year 2050 (Pooja and 
Rajesh, 2015). For purposes of definition, saline soils 
are those which have an electrical conductivity (EC) 
of the saturation extract (ECe) in the root zone of 
more than 4 dS/m (~ 40 mM NaCl) at 25 °C (Naik and 
Devaraj, 2016). Most reports indicate that salinity 
reduces plants growth and biomass production. 
Salinity affects seed germination by restricting 
water absorption, reducing breakdown of seed 
storage materials, and disturbing the synthesis of 
stored proteins. Several studies have investigated 
the effect of salinity stress on germination and 
seedling growth of oil plants. The inhibitory effects 
of salinity stress have been reported on the seed 
germination indices of Niger (Patil et al., 2010).
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Different seed priming strategies have been 
suggested to improve seed germination, uniform 
emergence and strong plant establishment. One 
of these methods is seed hydropriming. The seed 
hydropriming could improve seed germination 
rate, and uniform seed emergence, the stand 
establishment, seedling vigor, and productivity 
of field crops under optimal and suboptimal 
conditions (Hasanuzzaman and Fotopoulos, 2019). 
Farooq et  al. (2010) reported an increase in the 
germination rate and percentage of sunflower 
seeds by hydropriming treatment. They argued 
that hydropriming increased the activity of amylase 
enzymes and the seed storage compounds break 
down, which resulted in more vigorous plant 
growth. Nematollahi et al. (2009) studied the effect 
of hydropriming on Cumin (Cuminum cyminum L.) 
seed germination and showed that hydropriming 
treatment was able to increase germination rate 
Nawaz et al. (2016) also reported the similar results 
with wheat.

The present study was carried out in order to 
apply the seed hydropriming to investigate the 
effects of seed hydropriming on germination 
indices and early growth of Niger under salinity 
stress condition.

MATERIALS AND METHODS
This study was performed in seed research 

laboratory of Shahrekord University in 2018. 
The experiment was conducted in a  factorial 
arrangement in a  randomized complete block 
design with four replicates. Salinity treatments were 
arranged at five levels (0, 25, 50, 100 and 150 mM). 
Hydropriming treatments were applied at two levels 
(control and 6-hour hydropriming with distilled 
water). The seeds were obtained from Pakan Bazr 
Co., Isfahan, Iran. The seeds were first rinsed under 
running water for 5 min. Then, they were washed 
with distilled water for three times. The seeds were, 
disinfected for 10 s with 70% (v/v) ethanol and then 
soaked for 10 min in sodium hypochlorite solution 
2%. In each Petri dish, 50  seeds were cultured 
and 3 ml of sodium chloride solution was added 
according to the experimental treatments. The 
petri dishes were sealed with cellophane film and 
incubated at 20 °C to 30 °C under dark/light condition 
(16:8  h) (Ellis et  al., 1985). The germination count 
was performed daily at the same time from the first 
day. On the seventh day, seedlings were measured 
for the length of root and shoot and shoot:root ratio 
were calculated as an allometric coefficient (Patil 
et al., 2010). Seed vigor obtained from multiplying 
final germination percentage with seedling length 
(Damalas et  al., 2019). Germination percentage 
(GP), germination rate (GR), Mean germination 
time (MGT), mean daily germination (MDG), times 
to reach to 50% germination (T50) and germination 
energy (GE) were determined using the following 
equations (1–6):
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where Ng is the number of germinated seeds and 
Nt is the total number of seeds (Damalas et al., 2019).
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where Si is germinated seeds per counting, 
Di  represents seed numbers until nth day and 
n is number of the counting (Aflaki et al., 2017).
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where GP is germination percentage, and 
d represents number of days (Aflaki et al., 2017).
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where N is the final number of germination and 
ni, nj cumulative number of seeds germinated by 
adjacent counts at times ti and tj when ni < N/2 < nj 
(Farooq et al., 2006).
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where, n is number of germinated seeds during 
i  day, i  is the number of days from the beginning 
of germination and N is the total number of seeds 
tested. Energy of germination (GE) recorded on 
the 3rd  day after planting, is the percentage of 
germinating seeds 3 days after planting relative to 
the total number of seeds tested (Farooq et al., 2006).

Analysis of variance was carried out in order 
to compare the effects of hydropriming and salt 
stress on germination indices of Niger. The data 
were analyzed using one-way ANOVA by SAS 
software (version  9, SAS Institute Inc., NC). Mean 
comparisons were accomplished using the least 
significant difference (LSD) test (P < 0.05).

RESULTS AND DISCUSSION
The effects of hydropriming and salinity stress 

on all the studied traits were significant at P ≤ 0.01. 
However, the interaction effects of hydropriming 
and salinity stress was significant (P ≤ 0.01) only for 
the mean germination time, root and shoot lengths, 
and the allometric coefficient (Tab. I).

Percentage, Rate and Mean Germination Time
The results showed that the hydro prime of Niger 

seed significantly reduced germination percentage, 
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rate and mean germination time compared to the 
control, so that the highest and lowest levels of these 
features belonged to the control and hydropriming 
treatments, respectively (Tab.  II). Bijanzadeh et  al. 
(2010) obtained similar results when studying 
the influence of seed priming techniques on 
germination and emergence of rapeseed (Brassica 
napus  L.). They suggested that although the seed 
hydropriming led to increasing the germination 
percentage, establishment, and drought resistance, 
seed germination percentage was higher under the 
control. In addition, they suggested that after the 
hydro primed seeds accessed to water during the 
germination, these seeds had more time to absorb 
water in order to restart metabolic processes for 
germination. Yuan-Yuan et  al. (2010) indicated 
that hydropriming of rice seeds could significantly 
increase germination percentage and speed 
germination.

The means comparison of different levels of 
salinity stress showed that increasing the salinity 
stress level resulted in decreasing the germination 
rate. The lowest germination percentage and rate at 
salinity level 150 mM were observed with 30.49% 
and 38.19% decrease compared to the control, 
respectively. The highest mean germination time 
was obtained in the control treatment and the 
lowest one was obtained in the treatment of 100 mM 
salinity (Tab.  II). The results obtained in this study 
are consistent with those by Tuncturk et al. (2011) 
with rapeseed. Patil et al. (2010) also reported that 
the highest salinity levels decreased the germination 
percentage in rapeseed. They suggested that the 
reason was related to the increased salinity levels 
and its effects on cell division and plant metabolism. 
They also found that the reduced seed germination 
percentage occurred probably due to decreased 
water potential gradient between the seeds and 
the surrounding environment, and consequently 
disturbing the synthesis of the necessary enzymes 
for germination.

The means comparison of the interaction of 
hydropriming and salinity stress on germination 

time showed that the non-hydropriming treatment 
made the levels of this feature to be decreased 
significantly. The highest germination time values 
were observed in the non-hydropriming conditions 
treatment with control salinity level, and the lowest 
level was associated with hydropriming treatment 
at salinity level of 25 mM (Fig. 1). The results found 
in this study are consistent with those by Tuncturk 
et al. (2011) with rapeseed.

Mean Daily Germination, Times to Reach 
to 50% Germination and Germination Energy

The hydro prime of Niger seed significantly 
reduced the germination percentage per day, the 
time to 50% of germination, mean germination 
time and germination energy compared to the 
control group. The highest and lowest levels of 
these features were related to the control and 
hydropriming treatments (Tab. II). The results found 
in the present work are consistent with Farooq et al. 
(2010) finding on hydropriming of sesame seeds. 
They observed the highest levels of these features 
in control treatment. However, Nematollahi et  al. 
(2009) indicated that the hydro prime of rapeseed 
and fennel seeds increased the germination 
percentage, the time to 50% of germination, mean 
germination time and germination energy.

The germination percentage, the time to 50% of 
germination, mean germination time and germination 
energy significantly decreased by increasing salinity 
stress level. The lowest levels of these treats were 
observed with 32.77, 26.31, 30.49 and 30.49% 
compared to the control treatment at salinity level of 
150 mM, respectively (Tab. II). Demir Kaya et al. (2006) 
indicated that salinity stress resulted in reduction 
in both the percentage of germination and average 
germination time in sunflower. They noticed that 
the reduced germination percentage and the time 
taken for reaching to 50% of germination was due 
to high and toxic concentration of soluble cations 
and anions in the medium under which the water 
potential is highly reduced. Therefore, the plant was 

1 
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  11 

Figure 1. Interaction effects of hydro-priming and salinity stress on mean germination time.  12 
Means having the same letter are not different at 5% level based on LSD test.  13 
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Figure 2. Interaction effects of priming and salinity stress on Root length.  30 
Means having the same letter are not different at 5% level based on LSD test.  31 
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Figure 3. Interaction effects of priming and salinity stress on Seedling length.  47 
Means having the same letter are not different at 5% level based on LSD test.  48 
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  53 
  54 
  55 

1: Interaction effects of hydro-priming and salinity stress on mean 
germination time
Means having the same letter are not different at 5% level based 
on LSD test
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not able to absorb water, and consequently, it dies. 
Researchers also suggested that the reduced level of 
germination energy was caused by the activation of 
mechanisms related to the salinity tolerance at the 
cell and tissue levels.

Seed Vigor
The hydropriming of Niger seed decreased the 

seed vigor significantly compared to the control. 
The highest and lowest values were related to the 
control and hydropriming treatment, respectively 
(Tab.  II). Ghasemi-Golazani et  al. (2010) showed 
that hydropriming of Pinto Bean seeds (Phaseolus 
vulgaris L.) resulted in the seed vigor to be increased 
significantly. The comparison of the mean different 
levels of salinity stress showed that gradual increase 
of salinity stress decreased the seeds vigor. The 
lowest seed vigor value was observed at salinity 
level of 150 mM with 61.49% reduction compared 
to the control (Tab. II).

The results are consistent with those by Nazarbeygi 
et  al. (2011) with Canola. They suggested that the 
sodium chloride treatments at all salinity levels 
decreased the seed vigor. Seed vigor is an indication 
of seed germination percentage and seedling length. 
Therefore, any reduction in seed vigor could be due 
to negative effects of environmental stresses on 
these parameters.

Root, Shoot and Seedling Lengths
The hydropriming of Niger seeds resulted in the 

root, shoot and seedling lengths to be significantly 
decreased compared to the control, so that the 
highest and lowest levels of these features were 
observed in the control and hydropriming treatment, 
respectively (Tab.  II). Bijanzadeh et  al. (2010) 
indicated that hydropriming of rapeseed (Brassica 
napus L.) increased the root and shoot lengths. The 
means comparison of different levels of salinity 
stress showed that the root, shoot and seedling 
lengths were significantly decreased by increasing 
the salinity level.

The lowest root, shoot, and seedling length were 
observed at 150 mM salinity level by 51.27, 28.57 
and 43.91% decrease compared to the control 
treatment, respectively (Tab.  II). The results are 
consistent with those by Patil et  al. (2010) and 
Stassinos et  al. (2021) with Niger and rapeseed, 
respectively. The root length was reported to be 
the most sensitive part of the plant to the salinity 
stress, when studying its effect on the root and 
shoot lengths. The function of cytokinin hormone 
is blocked in the root under the salinity stress. 
Therefore, the root length is a suitable criterion in 
order to measure the tolerance to salinity stress in 
different plants. Moreover, the reason of decreased 
seedling growth in response to the increased 
salinity stress was stated due to the osmotic effects 
caused by the lack of water, the toxic effects of ions, 
and the lack of balanced necessary food absorption, 
which might negatively affect the plant metabolism 
(Cramer et al., 1994). It seems that the division and 
development of the cells requires the transmission 
of respiratory process products like soluble sugars 
from the seed storage sites to the growth areas 
during the budding and in the early growth of 
seedling. Salinity can reduce the shoot length due 
to restriction of the hydrolysis of seed food storage, 
and inhibition of their transmission into the 
embryonic axis (Dakhil and Denden, 2010).

The mean comparison of interactions of 
hydropriming treatment and salinity stress on 
the root length indicated that non-hydropriming 
treatment significantly decreased the root length, 
while there was no significant difference between 
the two control treatments at salinity levels of 100 
and 150 mM. On the other hand, the hydropriming 
treatment was able to significantly reduce the root 
length which resulted in the highest reduction 
at 150 mM salinity (Fig.  2). Moreover, the mean 
interactions of hydropriming and salinity stress 
on seedling length showed that non-hydropriming 
treatment significantly reduced the seedling 
length. On the other hand, this significant decrease 
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was observed in hydropriming treatment, too. 
The lowest seedling length value occurred under 
hydropriming treatment at 150 mM salinity level 
(Fig. 3).

Allometric Coefficient (Shoot: Root Ratio)
The hydropriming of Niger seed increased the 

allometric coefficient compared to the control 
treatment. The highest and lowest values were 
associated with hydropriming treatment and 
the control (Tab.  II). The results are consistent 
with those by Saglam et  al. (2010) on Lentil (Lens 
culinaris Medik). They stated that the reduced 
length of shoot resulted in increasing allometric 
coefficient value under hydropriming treatment. 
However, Nematollahi et  al. (2009) showed that 
the hydropriming of seed of rapeseed and fennel 
reduced the allometric coefficient.

The allometric coefficient increased significantly 
with increasing the salinity stress level. The lowest 

allometric coefficient was observed with 52.08% 
increase compared to the control at 150 mM salinity 
level (Tab. II). The results are consistent with those 
by Saglam et  al. (2010) on Lentil (Lens culinaris 
Medik). They suggested that as the root length 
increased due to salinity stress, the allometric 
coefficient increased. Therefore, as in the present 
experiment, the allometric coefficient increased 
along with increased salinity stress levels. it is 
concluded that there is a  higher sensitivity of the 
shoot compared to root under salinity conditions.

The mean comparison of interactions of 
hydropriming and salinity stress proved that 
hydropriming treatment could significantly increase 
allometric coefficient under increasing levels of 
salinity stress. The highest value of allometric 
coefficient was obtained at 150 mM salinity (Fig. 4). 
Researchers also observed the lowest allometric 
coefficient in hydropriming treatment with the 
control salinity level.
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CONCLUSION
Salinity stress as a  universal threat to plant production could stop or suppress seed germination 
and reduce plant establishment mainly due to ionic and osmotic toxicity. Different seed priming 
methods have been suggested to improve seed germination, uniform emergence and strong plant 
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establishment. Seed hydropriming is one of these methods. In this experiment, the effect of salinity 
stress and seed hydropriming on germination indices of Niger was evaluated. The results showed that 
the hydro prime of Niger seed resulted in the germination percentage, speed and mean germination 
time to be decreased significantly compared to the control treatment. The germination percentage, 
germination rate, the time to 50% of germination, mean germination time, mean daily germination 
and germination energy decreased significantly with the increasing salinity level. Salinity stress 
(150 mM) decreased seed vigor by 61.49%, root length by 51.27%, seedling length by 43.91% and 
increased allometric coefficient by 52.08% compared to the control. Finally, Hydropriming could 
positively affected the allometric coefficient and improved its value compared to the control (non-
hydropriming conditions).
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