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Increasing heavy metals in agricultural soils has deleterious effects on germination and growth of many 
crops. The present study investigated whether priming with phytomormones could alters the 
physiological responses of soybean seeds germinated under water and lead (Pb) stress. Seeds were 
soaked for solutions containing 10 or 100 μM of indolebutyric acid (IBA), gibberellin (GA3), cytokinin 
(CK), ethylene (ET), abscisic acid (ABA) and distilled water (hydro-priming). Non-priming seeds (NP) 
were taken as control. Daily germinated seeds (Gd%), final germination (fG%), germination speed index 
(GSI), average germination time (AGT) and the time taken to reach 50% germination (T50%) as affected 
by the phytohormone treatments were studied. Data showed that germination of Pb-stressed seeds 
improved with hormone treatments. High levels of the hormones gave higher Gd values than low levels. 
Moreover, the highest Gf values were recorded with Ck treatments of 10 µm and 100 µm at which Gf 
increased by about 77.5% and 73.8%, respectively. Treatments significantly affected the activity of anti-
oxidant enzymes Catalase (CAT) and Peroxidase (POX). Water stress (NP) and ABA caused a 
significant increase in CAT and POX activities. Phytohormones can be used as an efficient priming 
method to enhance soybean seed germination under Pb stress.  
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INTRODUCTION 

Seed germination is known to be controlled by 
a number of physiological mechanisms. These 
mechanisms are necessary for the growth and 
development of the embryo. Seed germination is 
also the most sensitive stage to abiotic stress, 
thus under environmental stress seed of many 
species cannot germinate.  

Elevated concentrations of heavy metals (HM) 
in plant growth media often cause inhibition of 
growth and toxicity in many plant species. These 
metals usually affect seed germination and growth 
of plants via the interfering with metabolism 

processes within plants (Rahimi et al. 2012). 
There are many ways for HMs, at high 
concentrations, to cause embryo and seedling 
toxicity such as binding to the SH groups in 
protein molecules, which could reduce or inhibit 
the activity of some physiological key enzymes; 
HM can also disrupt the structure of proteins in 
cell membranes, leading to restriction of vital 
physiological processes in plant tissues (Oves et 
al. 2016). Moreover, high concentrations of heavy 
metals encourage the formation of reactive 
oxygen species (ROS) and free radicals, leading 
to an oxidative stress toxic to the embryo (Abdul-
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Qados 2015). These ROS could be determined 
through the antioxidant system (Arya and Roy 
2011).  

Lead (Pb) is one of the toxic HM that 
increased in the agricultural soils and became a 
significant pollutant because of improper use of 
agricultural practices and industrial activities 
(Rakesh Sharma and Raju 2013). Even relatively 
low concentrations of Pb were found to disturb 
many fundamental processes during seed 
germination and seedling growth (Silva et al. 
2016; Hadi and Aziz 2015).  

There are a number of factors and aspects 
controlling seed dormancy and germination, 
including phytohormones, which are produced by 
both plant and soil organisms. These hormones 
can be used as seed priming agents. 

Seed priming method is a technique by which 
seed germination and seedling growth can be 
improved under different adverse conditions 
including heavy metal stress. With priming, the 
process of germination is encouraged by soaking 
seeds in solutions containing of different 
compounds such as salts, metals, growth 
regulators or phytohormones (Hussain et al. 
2016a) for certain time and then seeds are air-
dried. Same authors found that, primed-seeds 
gave better germination and high growth rate 
even under stress conditions. In this regard, 
priming was found to be effective for the 
production and substantially increased the yield of 
many crop species (Nawaz et al. 2013).  

Even though the mechanisms of how priming 
enhances seed germination and growth are still 
unknown, it was suggested that priming activates 
a series of physiologically vital processes that 
improve plant growth under stress conditions 
(Abdel Latef and Tran 2016), including the 
induction of antioxidant systems (Hussain et al. 
2016b). 

Phytohormones are commonly used for seed 
priming approach to enhance the germination of 
different seeds under stress conditions (Hu et al. 
2013; Jisha et al. 2013). In earlier studies, Ansari 
et al. (2013) found that germination of rye (Secale 
montanum) seeds, treated with gibberellic acid 
(GA3), increased under water stress conditions. 
Also Khan et al. (2009) found that germination of 
pepper (Capscum annum L.) seeds pretreatment 
with salicylic acid improved significantly under 
high salinity levels. In addition, Nascimento (2004) 
used ethylene to minimize the effect of high 
temperatures on lettuce (Lactuca sativa L.) seed 
germination.  

Because of the insufficient evidence about the 
effect of hormonal priming on seed germination of 
soybean under heavy metal stress conditions, the 
present study attempt to investigate the effect of 
phytohormonal priming on the physiological 
responses of the economically important soybean 
(Glycine max L. Mill) seeds when planted under 
lead (Pb) stress. 

 
MATERIALS AND METHODS 

Seed priming treatments 
Soybean (Glycine max (L.) Mill) seeds were 
brought from authorized agency and soaked in 
250 mL solutions containing 10 or 100 μM of the 
following phytohormones: gibberellic acid (GA3), 
indole-butyric acid (IBA), cytokinin (CK, benzyl 
adenine), abscisic acid (ABA), ethylene (ET, 
chloro-ethyl-phosphonate) and distilled water 
(hydro-priming). Soaking was performed in dark 
condition for 16 hours at 25 °C. Non-priming (NP) 
treated-seeds were used as a control treatment. 
After priming, seeds were washed with distilled 
water and placed on laboratory tables and dried 
using filter papers for 24 hours at room 
temperature according to Nawaz et al. (2013). 

Stress initiation 
After drying, primed-seeds were sterilized using 
solutions of 5% sodium hypochlorite for five 
minutes and then allowed to germinate in 10 cm 
plastic containers containing two-three layers of 
filter papers moistened with distilled water. After 
five days of germination, stress conditions were 
imposed. Germinated seeds were organized in 
sets with 6 replicate each and were treated with a 
solution of 500 μM lead chloride (PbCl2) added to 
the containers. Another set of seeds was left in 
water as a control treatment. The experiment was 
carried out in a growth chamber at 25°C and 16 
hours light (long-day photoperiod). 

Germination test 
Germination is defined as the visible 

emergence of the radicle through the seed coat. 
Six replicates from each treatment were used to 
calculate the following parameters according to 
the methods of Galmés et al. (2006) and Farooq 
et al. (2005a):  

(a) percentage of daily germinated seeds 
following the equation [(Gd% = (nd ÷ N) × 100)]; 
(b) final germination percentage as [(Gf% = (nf ÷ 
N) × 100)], where nd is the number of seeds 
germinated every day, nf is the total number of 
seeds germinated at the end of the whole 
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experiment (one week), and N is the number of 
seeds used in the test; (c) germination speed 
index calculated as [GSI = Σ(nd/td)], where td is a 
specific day d; (d) average germination time as 
[AGT = Σ (td.nd) / Σn] and; (e) the time taken to 
reach 50% germination [T50=td+[(N/2)– nd](tj – 
td)/nj – nd], where N is the final number of seeds 
that germinated and nd and nj were the 
cumulative number of seeds germinated by 
adjacent counts at times td and tj when nd < N/2 < 
nj (Farooq et al. 2005a).  

Enzyme activities 

Catalase activity (CAT) 
Catalase activity was determined by monitoring 
the decrease in the absorbance of hydrogen 
peroxide (H2O2) at 240 nm according to the 
method of Noctor and Foyer (1998). Phosphate 
buffer solution (pH=7) was used in the extraction 
of the enzyme. While the assay solution was 
phosphate buffer and hydrogen peroxide. Unite of 
activity was µmol of CAT used to decompose one 
mole of hydrogen peroxide (H2O2) in one min 
(µmol H2O2 disappeared/ min/ gm fwt).  

Peroxidase activity (POX) 
The activity of peroxidase was determined in a 
reaction mixture containing phosphate buffer (pH 
7.0), EDTA, guaiacol, H2O2 and enzyme extracts 
as explained by Urbanek et al. (1991). Just at the 
addition of enzyme, the increase in absorbance at 
470 nm was recorded for 1 min. Unit of activity 
was assigned as the amount of tetra-guaiacol 
formed (µmol tetra-guaiacol formed/ min/ gm fwt) . 

Statistical analyses 
All data were statistically analyzed using the 
analysis of variance (ANOVA) following the 
methods of Snedecor and Cochran (1980). Mean 
values were compared between all treatments 
using LSD at 0.05 confidence level. 

 
RESULTS 

Percentage of daily germination 
Data recorded in Fig (1) showed clearly that 

daily germination (Gd) of soybean seeds 
improved 2 d after the application of IBA, CK, 
GA3, ABA and H2O priming either in the presence 
or absence of Pb stress, as compared with NP 
control treatment. As compared with other 
treatments, it was clear that H2O and the low 
concentrations of hormones (10 µm) recorded the 
highest Gd values all over the experimental 

period, either in the presence or absence of Pb, 
however, the obtained values were relatively 
higher in Pb-untreated than those recorded in Pb-
treated seeds. 

Data obtained in Fig.1 showed also that both 
the concentrations (10 and 100 µm) of the auxin 
IBA priming enhanced the Gd either under control 
conditions, in the absence of Pb (Fig. 1a) or in the 
presence of the pollutant (Fig. 1b), however, Gd 
values at the  high IBA level were higher than 
those recorded at the low level. In contrast Gf 
values at the low IBA concentration were slightly 
higher than those recorded at 100 µm (Fig. 2) 
under control or Pb polluted medium. 

Effect of auxin (IBA) 
Data recorded in Fig. 1 showed that IBA 

priming enhanced seed germination as compared 
to unprimed seeds. Collected results showed 
clearly that IBA priming enhanced daily 
germination percentage (Gd% ) after 2 days of 
sowing to reach its maximum value after 4 days of 
germination under control condition (Fig. 1a), 
while at Pb stress condition Gd% increased after 
the first day of sowing and reached its maximum 
value after 5 days of germination (Fig. 1b).  

The results indicated also that IBA was 
effective to improve final germination percentages 
(Gf%) of soybean seeds in the absence or the 
presence of Pb stress. At 10 and 100 µm of IBA, 
Gf% values were about 70.6% and 768.2%, 
respectively. While unprimed seeds recorded Gf% 
values of about 48% and 28%, respectively (Fig. 
2). 

Moreover, IBA priming speeded the 
germination time therefore GSI values were 
higher than those of unprimed seeds (NP) either 
under control or Pb stress condition (Fig. 3). Thus, 
AGT values of IBA primed seeds were 
significantly higher than those recorded at NP 
treatment (Fig. 4). 

The stimulating effect of IBA priming on 
germination process apparently decreased the 
time for seeds to reach 50% germination, 
therefore, T50 was reached after about 93 h or 81 
h with 10 or 100 µm of IBA, respectively, under 
control condition; while under Pb stress condition, 
the corresponding values were about 99 h or 78 h 
(Fig. 5). Comparable values of T50 of unprimed 
seeds were 120 h or 160 h, in the absence or the 
presence of Pb stress condition, respectively. 

Effect of cytokinin (CK) 
It was clear that cytokinin (CK) priming 

caused a substantial increase in the Gd% after  
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Figure 1:  Daily seed germination percentage (at 24h intervals) of soybean seeds pretreated with auxin (IBA) 

(a & b), cytokinin (CK) (c & d) and gibberellins (GA3) (e & f), in control conditions or under lead 
stress (PbCl2) during 7 days. 
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Figure 1 (continued):  Daily seed germination percentage (at 24h intervals) of soybean seeds pretreated with 

abscisic acid (ABA) (g & h) and ethylene (Eth) (I & j) incubated in control conditions or under lead 
stress (PbCl2) during 7 days.  
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Figure 2: Final germination percentages of soybean seeds pretreated with auxin (IBA), cytokinin (CK), 
gibberellins (GA3), abscisic acid (ABA) and ethylene (Eth) planted in control conditions (Cont) or 
under lead stress (PbCl2). (vertical lines indicate SD values). 

 
 
 
 

 
 

Figure 3: Germination speed index of soybean seeds pretreated with auxin (IBA), cytokinin (CK), gibberellins 
(GA3), abscisic acid (ABA) and ethylene (Eth) planted in control conditions (Cont) or under lead 
stress (PbCl2).(vertical lines indicate SD values). 
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Figure 4: Average germination time of soybean seeds pretreated with auxin (IBA), cytokinin (CK), gibberellins 
(GA3), abscisic acid (ABA) and ethylene (Eth) planted in control conditions (Cont) or under lead 
stress (PbCl2). (vertical lines indicate SD values). 

 
 

 

 
 

Figure 5: Time (hours) to reach 50% germination of soybean seeds pretreated with auxin (IBA), cytokinin 
(CK), gibberellins (GA3), abscisic acid (ABA) and ethylene (Eth) planted in control conditions (Cont) 
or under lead stress (PbCl2). (vertical lines indicate SD values). 
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2 days of germination either under control (Fig. 
1c) or Pb contaminated (Fig. 1d) conditions. 
However, at control conditions the most increase 
in Gd% was recorded after 4 days of germination 
where T50 was reached, while under Pb stress 
the T50 value was recorded after 5 days of 
germination (Fig. 5). The results indicated also 
that CK priming was the most effective hormone 
improving final germination (Gf) of soybean seeds 
in the absence of Pb stress, at which Gf was 
about 77.5% and 73.8% at 10 µm and 100 µm of 
CK, respectively (Fig.2). The obtained results 
showed also that CK priming resulted in faster 
seed germination therefore GSI values were 
significantly higher than those of unprimed seeds 
(NP) as shown in (Fig. 3). As a consequence, 
AGT values of CK primed seeds were significantly 
less than those of NP treatment (Fig. 4).   

Effect of gibberelline (GA3) 
Obtained results showed that GA3 priming 

resulted in a considerable increase in Gd% in a 
very short time after sowing.  In this concern, 
Gd% increased after nearly 30 h from germination 
either at control condition (Fig. 1e) of at Pb stress 
condition (Fig. 1f). It seemed that GA3 priming was 
more effective in speeding seed germination 
under Pb stress than under control condition. 
Therefore, Gd% reached its maximum value after 
6 days of germination under control condition and 
after only 4 days at Pb stress condition (Fig 1e&f). 
Moreover, Gf% values increased significantly with 
GA3 priming as compared with unprimed seeds 
(NP), either in the presence or absence of Pb 
stress (Fig. 2). The stimulating effects of GA3 
priming on seed germination were comparable 
with high GSI values (Fig. 3) of primed seeds. In 
addition GA3 priming shortened the time for seeds 
to germinate, therefore AGT values were 
significantly lower than those of unprimed seeds 
(Fig.4). Thus, T50 values at 100 µm of GA3 were 
reached at about 75 h and 80 h under control and 
Pb tress conditions, respectively, while T50 values 
of unprimed seeds (NP) recorded about 120 h and 
160 h, respectively (Fig. 5).     

Effect of abscisic acid (ABA) 
Interestingly, data showed that until day 5 

(120 h) after induction of germination, the 100 μM 
ABA primed seeds showed germination rate 
nearly comparable to NP treated seeds (Fig. 1g 
and 1h). It was interesting to find that enhancing 
effect of ABA priming on seed germination under 
Pb stress condition was more pronounced than 
that under control condition, thus Gd% increased 

after about 48 h at control (Fig. 1g) and after only 
24 h at Pb stress (Fig. 1h). However, the final 
germination percentage (Gf%) of ABA primed 
seeds under control condition was higher than 
that under Pb stress condition (Fig. 2). Comparing 
with AGT values obtained with other hormones, 
ABA priming resulted in higher values and it 
means that the average germination time with 
ABA priming was longer than that of other 
hormones (Fig. 4). Therefore, T50 values recorded 
for ABA primed seeds were significantly higher 
than those recorded for other hormones (Fig. 5). 
This means that the time required for ABA primed 
seeds to reach 50% germination is longer than 
that required for other hormonal primed seeds.   

Effect of ethylene (Eth) 
Data in Fig. 1i and 1j indicated that the 

percentage of daily germinated soybean seeds 
(Gd%) pre-treated with H2O, or primed with 10 or 
100 μm of ethylene (Eth) was higher than that of 
NP treatment in both control (without Pb) and Pb 
treated seeds, however, the Gd% values at the 
absence of Pb stress were much better than those 
recorded under Pb stress condition.  In this 
regard, at day 7 the Eth 10 μm and 100 μm 
priming treatments significantly improved the Gf% 
by about 37.1% and 40.7%, respectively, than the 
NP seeds in the absence of Pb treatment (Fig. 2). 
At the Pb treatments, the enhancing effect of Eth 
priming was even better. It was interesting to find 
that, after 2 days germination rate increased 
substantially with the 10 μm of Eth priming in the 
presence of Pb (Fig. 1j). This finding suggests that 
Eth pretreatments might decrease the sensitivity 
of seeds toward Pb stress condition.      

No significant differences were observed in 
GSI (Fig. 3), AGT (Fig. 4) or T50 (Fig. 5) values 
that obtained from Eth priming as compared with 
other phytohormonal priming on soybean seeds. 

Effect of hydro-priming (H2O) 
Although, phytohormonal seed-priming 

produced relatively higher values of Gf% than 
those recorded for NP treatment, these values did 
not significantly different from the values obtained 
in case of hydro-priming treated-seeds. This 
findings indicates that H2O itself may act as a 
germination stimulating primer and in the absence 
of plant hormones it might lead to the 
improvement of seed germination as indicated in 
Fig. 1 and Fig. 2. Results of the present study 
indicated that hydro- priming, with no hormones, 
could improve significantly the germination of 
soybean seeds (Fig. 3).  
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Figure 6: Catalase (CAT) activity of soybean seeds pretreated with auxin (IBA), cytokinin (CK), gibberellins 
(GA3), abscisic acid (ABA) and ethylene (Eth) incubated in control conditions (CONT) or under lead 
stress (PbCl2). (vertical lines indicate SD values). 

 
 

 
 

Figure 7: Peroxidase (POX) activity of soybean seeds pretreated with auxin (IBA), cytokinin (CK), gibberellins 
(GA3), abscisic acid (ABA) and ethylene (Eth) incubated in control conditions (CONT) or under lead 
stress (PbCl2). (vertical lines indicate SD values). 

 
 
 
 



Abu-Muriefah                                                                  Phytohormone priming improves seed germination 

 

    Bioscience Research, 2017 volume 14(1): 42-56                                                             51 

 

This treatment also enhanced the rate and 
efficiency of germination under Pb stress 
condition; therefore it can be used as a good 
alternative efficient to improve seed soybean 
germination in Pb contaminated areas.  

Activity of antioxidant enzymes 

Catalase activity 
Data recorded in Fig (6) indicated clearly that 

catalase activity increased under PbCl2 stress 
condition as compared to Pb non-stressed 
condition (control). The highest values of CAT 
activity were obtained at NP treatment and ABA 
priming treatment. However, NP was more 
pronounced in increasing CAT activity than ABA 
priming. The CAT activity increased with NP by 
about 45% as compared with CONT treatment. It 
was obvious also that ABA and Eth enhanced 
theactivity of CAT as compared with other 
hormones, either at PbCl2 treatments or CONT 
treatment, while CK and GA3 showed least values 
of enzyme activities, particularly at CONT 
treatment. Generally, the effect of seed priming 
was more pronounced at PbCl2 treatments than at 
CONT treatments. 

Peroxidase activity 
Peroxidase activity was found to increase 

significantly under PbCl2 stress condition (Fig. 7). 
The NP treatment tended to stimulate the activity 
op POX more than H2O treatment. The highest 
values of POX activities were obtained at NP and 
ABA priming under PbCl2 stress. But ABA in this 
case was more pronounced than NP, since the 
former caused an increase in POX activity of 
about 29%, while NP caused an increase of about 
15%, as compared with CONT treatments.  Data 
indicated also that, among hormones the ABA and 
Eth were the most pronounced priming treatments 
causing significant increases in POX activity, 
while CK and GA3 priming showed lower activities. 

 
DISCUSSION 

Results of this study showed clearly that plant 
hormones are effective in stimulating soybean 
seed germination grown in Pb polluted soils. And 
using the phytohormonal primed seeds, one can 
overcome the deleterious effect of heavy metal 
stress on seed germination. The present study 
showed that IBA, CK, GA3, ABA and Eth were 
effective to enhance soybean seed germination in 
the presence of Pb heavy metal. 

 It is well known that IBA is a plant hormone 
plays a regulatory role in many vital processes 

within plants such as growth, development and 
vascular and pollen formation. Its function on 
growth, including embryo development is 
controlled by its transport which is regulated by 
transcriptional factors (Hayashi 2012). Another 
important function of the IBA is its role in cell 
elongation in the growing embryo (Hauvermale et 
al. 2012). Auxin by itself is not a necessary 
hormone for seed germination; however, 
according to the analyses regarding the 
expression of auxin related genes, auxin is 
present in the seed radicle tip during and after 
seed germination. Although, Hentrich et al. (2013) 
stated that auxin might not be necessary for seed 
germination, in our opinion it is necessary for the 
growth of young embryo and seedlings. And, the 
accumulated auxin in the seed cotyledon is the 
major source of that for the seedling growth. In 
this regard, Miransari and Smith (2014) found that 
amide products were the major source of auxin in 
mature legume seeds. 

Cytokinins are plant hormones having the 
ability to regulate a range of cell activities 
including cell division and seed germination. They 
were found to be active in all stages of 
germination and they can also enhance the 
activity of meristemic cells in epicotyls and 
hypocotyls (Heyl et al. 2012). It was found also 
that Cks are able to stimulate seed germination by 
alleviating the stresses found in germination 
media such as drought, salinity and heavy metals 
as well as oxidative stress (Peleg and Blumwald 
2011; Miransari and Smith 2014). 

Gibberellins are diterpenoid, regulating seed 
germination and plant growth through its 
antagonistic effects with ABA. In the present study 
GA3 priming was found to enhance seed 
germination, may be through its effect on stored 
food within seeds and makes it available for 
embryos during germination processes. The 
endosperm within seeds becomes available to the 
embryo via the activities of some hydrolase 
enzymes. It is well known that GA3 stimulates the 
synthesis and production of the hydrolases, 
especially α-amylase, resulting in the germination 
of seeds. This conclusion is almost in line with 
that reported by Voegele et al. (2011). In this 
regard, Yamaguchi (2008) found that gibberellins 
were able to induce a range of enzymes 
necessary for seed germination including 
amylase, protease and glucanase. Moreover, 
seed germination is often controlled through 
suppression effects of excess ABA on the 
expansion of embryo organs caused by inhibition 
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of GA effects on the growth of radical and 
hypocotyle (Voegele et al. 2011).     

The low values of seed germination rates that 
were recorded at high ABA concentration (100 
μM) treatment, even in the absence of Pb stress, 
were probably due to the known inhibitory effect of 
ABA on the activity and /or the synthesis of some 
enzymes involved in the degradation of 
endosperm cells such as α-amylase within seeds, 
which considered an important process for seed 
germination. This interpretation is in line with 
those reported by Staroske et al. (2016) and 
Sneideris et al. (2015) who found that ABA 
inhibited the activity of many enzymes involved in 
seed germination of grains and pigeon pea, 
respectively.  

While ABA positively affects seed dormancy 
and plant activities under biotic and abiotic 
stresses (Popko et al. 2010), it negatively affects 
seed germination process. High ABA 
concentrations can inhibit seed germination in 
many species (Chiu et al. 2016). While, the 
negative interaction of other hormones such as 
GAs, Eth and CKs with ABA, can positively 
regulate seed germination process (Kucera et al. 
2005; Hermann et al. 2007). It was found that the 
inhibition of seed germination at high levels of 
ABA was through inhibition of the radicle 
expansion and suppression of some 
transcriptional factors, which can negatively affect 
the process of seed germination (Graeber et al. 
2010). 

 It seems that, seed responses to Eth priming 
are complex phenomena. In this regard, it was 
documented, in previous studies, that seed 
priming with ethylene precursor ACC (1- 
aminocyclopropane-1-carboxylic acid) increased 
the rate of germination in lettuce seeds 
(Nascimento et al. 2004), but it didn’t affect 
significantly the rate of germination in ryegrass 
(Tiryaki et al. 2004). Concerning roles of Eth as 
seed priming, it has been found that ethylene and 
gibberellins affect embryo radicle growth, with 
gibberellins being the most important 
phytohormone in germination processes. Although 
gibberellins are essential in seed germination for 
the production of mannanase, that is necessary 
for seed germination, Eth is not (Wang et al. 
2005). However, under abiotic stress conditions 
and in GA3 deficient mutants, ethylene can play 
same role and act similar to GAs, therefore Eth 
priming makes seeds able to germinate 
completely at such conditions (Matilla and Matilla-
Vazquez 2008). In spite of its effect on many plant 

activities including seed germination, tissue 
growth and development, how ethylene influences 
seed germination is not yet understood. According 
to earlier studies, ethylene was reported to be 
necessary for the process of seed germination 
(Baskin et al. 2003). And it can regulate plant 
responses under a different stress conditions 
(Keunen et al. 2016). It was found that ethylene 
concentration increases during seed germination 
process of many species including wheat, corn, 
soybean and rice; the rate of seed germination 
was also affected (Zapata et al. 2004). The 
amicocyclopropane-1-carboxillic-acid (ACC), the 
precursor of Eth, can enhance seed radicle 
emergence through the production of ethylene 
which produced in the radicle (De Poel and der 
Straeten 2014). It has been found that during 
seed germination ethylene is produced in different 
plant species and it can contribute to the 
germination of seeds after dormancy. Ethylene 
level was found to increase under heavy metal 
stress conditions and it can control many 
processes in plants, including seed germination 
(Keunen et al. 2016). 

Generally seed priming could stimulate 
soybean seed germination as shown in this study. 
During dehydration, lipid peroxidation may be 
inhibited mainly via production of antioxidants and 
repair enzymes. In this connection, McDonald 
(2000) stated that membrane repair by 
phytohormones is often occurring. This study 
showed that phytohormonal priming could 
stimulate soybean seed germination. An 
explanation for decreased germination time (AGT) 
by hormonal priming (Fig. 4) is that during priming 
treatments seed dormancy may be broken and 
the bio-chemical processes within seeds may 
begin, which might lead to earlier germination and 
faster emergence (Farooq et al. 2006b). Seed 
priming could ensure proper seed hydration 
resulted in enhanced activity of some enzymes 
such as α-amylase and protease that hydrolyzed 
starch and protein molecules into simple forms 
available for the embryo to germinate. This 
availability to the germinating seed gave a 
energetic start that is indicated by lower T50 and 
AGT in treated seeds (Farooq et al. 2006c). Early 
emergence, as indicated by lower T50 and AGT, in 
some primed seeds may be due to the faster 
synthesis and production of DNA, RNA, proteins 
and other metabolites (Graeber et al. 2010).  

Under stress conditions, it was found that 
ROS that produced during germination often 
interact with the phytohormone priming. This 
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interaction between ROS and phytohormones 
could be antagonistic or synergistic (Golldack et 
al. 2013). An early investigation showed that 
germination of pigeon pea seeds was 
substantially improved when primed with 
phytohormoes under both control and cadmium 
stress conditions (Sneideris et al. 2015). 
Therefore, the role of phytohormonal priming 
during seed germination is still a subject of further 
research. 

It is well known that heavy metals stimulate 
the production of ROS leading to an oxidative 
stress causing a physiological damage to plant 
tissues. In addition, heavy metal induced 
imbalance between the production of ROS and 
their scavenging process through the antioxidative 
defense mechanism. In this regard Heidari and 
Sarani (2011) showed that this antioxidative 
defense mechanism offers an effective system to 
detoxify and scavenging the toxic ROS through 
the antioxidative enzymes such as peroxidase, 
catalase and others. Such enzymes often convert 
the H2O2 produced under Pb heavy metal stress 
to water and oxygen useful to the embryo, theyb 
also prevent lipid peroxidation under such 
conditions (Keser and Saygideger 2010). 
Recorded data showed that activities of the 
catalase and peroxidase antioxidant enzymes 
were increased under PbCl2 stress condition. 
These findings were similar to those indicated by 
Malar at al. (2014) who found that heavy metal 
stress including Pb effect caused an increase in 
the activity of some antioxidant enzymes in 
Eichhornia, in which peroxidase activity increased 
by about 63% under Pb as compared with control 
plants.  

The present study showed that the activities 
of catalase and peroxidase increased significantly 
with the phytohormonal seed priming, particularly 
under Pb stress conditions, as compared with 
those recorded under control conditions. In this 
regard, early studies indicated that seed priming 
resulted in higher activity of antioxidant enzymes 
in okra (Sharma et al. 2014) and rice (Jisha and 
.Puthur 2016). Moreover, seed priming was found 
to alleviate the deleterious effects of seed aging 
and abiotic stress (Wojtyla  et al. 2016). In this 
regard, Chmielowska et al. (2015) found that 
germination percentage of cotton seeds improved 
when primed with water and ascorbic acid and 
this was associated with lowering lipid 
peroxidation and activating antioxidant enzyme 
activities, especially catalase, peroxidase and 
glutathione reductase. Similarly, Kibinza et al. 

(2011) showed that priming of sunflower seeds 
improves germination percentages due to the 
significant drop in H2O2 accumulation and to the 
restoration of catalase activity within seeds. The 
authors concluded that catalase enzyme protects 
against damages caused by ROS activities in 
stressed seeds exposed to priming treatments. 

Besides the effects of plant hormones on 
seed germination, studies have indicated that 
under both stress and non-stress conditions, 
phytohormonal priming can enhance seed 
germination through enhancing some enzymes 
such as amylase activities (Miransari and Smith 
2014). Hormonal priming was found also to 
reduce the oxygen reactive species (ROS) 
produced under PbCl2 stress thus, it can alleviate 
the stress by controlling the oxidative damage, 
similar to the effects of antioxidant enzymes such 
as catalse (CAT), peroxidase (POX) and 
superoxide dismutase (SOD), on seed 
germination and embryo growth under stress 
conditions (Sajedi et al. 2011). 

CONCLUSIONS 
Seed germination is important process affecting 
soybean production. This process is affected by 
heavy metals stress such as Pb stress, and is 
also influenced by phytohormones. The 
phytohormones, including auxin, cytokinins, 
gibberellins ABA and ethylene, can positively or 
adversely affect soybean seed germination, while 
interacting with Pb. It was clear from the results 
that priming improves seed germination and 
seedling growth of soybean. Even hydro-priming 
is an easy and useful technique for enhancing 
germination rate and percentage of soybean. The 
effects of hydro and hormonal priming can 
improve seedling establishment and field 
performance of soybean as an important food 
legume. Hormonal priming using AUX, CK and 
GA3 were the most appropriate priming treatments 
for soybean (Glycine max) seeds grown under Pb 
stress conditions. 
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