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Introduction                                                            
Common bean is widespread cultivated 
everywhere around the world as a major food 
legume except in Antarctica. This illustrates the 
ability of common bean on growth under different 
environmental conditions (Moreno-Limón et al., 
2000). The world produces annually more than 
6.8 million tons of green beans from a total area 
of 960,272 ha (FAO 2009). As a consequence 
of its high protein content, common bean is the 
fourth resource of protein supply all over America 
(Romero et al., 2013), and it is considered one of 
the most important ingredients of the Brazilian 
diet (Borém and Carneiro, 1999) beside being  
a valuable food plant for humans and nutritious 
fodder for animals as a result of its high protein 
and carbohydrate contents. As a good source of 
iron (Borém and Carneiro, 1999), common bean 
plays a vital role in the reclamation of marginal 
lands (nutrient-poor soils) due to its ability to fix 
the atmospheric nitrogen via symbiotic association 
with rhizobia (Alexander, 1984). 

Silicon (Si) is the second abundant element in 
the Earth’s crust after oxygen, and it is immobile 

in plants. Although, silicon is not classified as 
an essential nutrient for plants, its role in plant 
physiology and thus in plant growth particularly 
under biotic and abiotic stresses has been well 
documented (Khan et al., 2016). Several literatures 
have reported that silicon could ameliorate the 
detrimental effects of salt stress (Wang et al., 2011 
and Imtiaz et al., 2016), toxicity of manganese 
(Shi et al., 2005), boron (Gunes et al., 2007) 
and cadmium (Shi et al., 2010) by altering the 
antioxidant enzyme activities; however more 
investigations are still needed. Silicon accumulates 
on walls of epidermal cells of different plant parts 
such as stem, leaf sheath and hull especially in 
monocots (Parven and Ashraf, 2010). Silicon 
increases the resistance of plants against diseases 
and insects, regulates the uptake of other ions 
by plants (Kaerlek, 2012) and decreases plant 
transpiration (Yoshida et al., 1959). The dominant 
form of silicon in soil solution is silicic acid 
(H4SiO4) with concentration ranges from 0.1 to 
0.8 mM at pH below 9 (Lindsay, 1979; Ma & 
Takahashi, 2002), while in plant tissues silicon 
exists as hydrated silica (SiO2·nH2O) (Wainwright, 
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1997). The silica content in plants depends mainly on 
the sources of silicon as well as the ability of soil to 
supply silicon to the plants. Many plants, particularly 
graminaceous crops, absorb silicon in high quantities 
from soil during its life cycle (Epstein and Bloom, 
2005 and Tamai & Ma, 2003). The uptake of silicon 
by plants relies on many soil factors, particularly 
soil pH which affects the solubility of silicon in soil 
solution (Jones and Handreck, 1967) and low pH 
makes silicon more soluble in the form of silicic acid. 
Therefore, in alkaline soils, plants lack silicon supply. 
Incorporation and decomposition of plant residues 
into soils is considered one of the main mechanisms 
to compensate the removed silicon by plant uptake 
and keep adequate silicon concentration in soil 
solution (Lucas et al., 1993). However, nowadays 
farmers stopped to landfill the plant residues into the 
soils resulting in a decline in soil silicon content and 
causing a reduction in crop yields (Savant et al., 1997).
The current study aimed to answer the following 
two questions; firstly, how does NS influence seed 
germination of common bean? Secondly, what is 
the role and importance of NS for development and 
growth of common bean plants?

Materials and Methods                                            

Germination experiment
This experiment was performed to investigate 

the effect of NS on seed germination of common 
bean (Phaseolus vulgarisvar. strabic). In order 
to fulfil this aim, four elevated doses of NS 
were prepared using synthesised hydrophilic 
amorphous NS (Aerosil 300 produced by Evonik 
Industries, Germany). Used NS is characterized 
by specific surface area (270-330 m2g-1), pH (3.7-
4.5), and mean diameter (10 nm). NS suspensions 
were prepared using distilled water to maintain 
concentrations of 100, 200, 300, and 400 mg L-1, 
and distilled water was applied as a control, these 
concentrations were equivalent to 1.66 mM, 3.32 
mM, 4.99 mM, and 6.65 mM, respectively. Seeds 
of common bean were washed thoroughly with 
distilled water then immersed in hypochlorite 
solution 10% for 5 min for surface cleaning before 
the experiment. A 15-cm diameter sterilized 
petri dishes were used to germinate the seeds of 
common bean in a completely randomized design 
(CRD) with three replicates. Filter papers were 
placed in the petri dishes. Seeds of each treatment 
were first soaked in NS solution (with the same 
concentration as applied in its NS treatment) 
for 4 hr before transplanting, and then 15 seeds 
of common bean were distributed equally on 
doubled filter paper. 15 ml of each NS treatment 

was transferred into petri dish. All petri dishes 
were sealed well to prevent filter paper drying and 
maintained moist and wet across the experiment 
for 10 days. All petri dishes were placed in dark 
place with room temperature of 23 ±2 C˚.  Daily 
count of germinant was done from the onset 
of germination up to 10 days thereafter with a 
minimum length of 2 mm emergent radicle. At the 
end of the experiment, fresh and dry masses were 
taken for each replicate. Germination indicators 
were calculated as follows: 
a) Final germination percentage (FGP) was 
computed as percentage (Ranal and Santana, 
2006) using the formula:

where, FGP = final germination percentage; TNG 
= total number of germinated seeds; and TNP = 
total number of planted seeds.

b) Mean germination time (MGT) was calculated 
by the formula cited by Mauromicale and Licandro 
(2002) given below:

where, MGT = mean germination time; ni = the 
number of germinated seeds on day ti; ti = the 
number of days during the germination period 
(between 0 and 10 days). The mean germination 
time was used to evaluate seedling emergence.

c) Germination speed (GS) was computed as 
described by Czabator (1962) using the formula 
presented below:

where, GS = germination speed; ni = the number 
of germinated seeds on day ti; ti = the number of 
days during the germination period (between 0 
and 10 days). 

d) Vigour index (VI) was calculated using the 
formula of Kharb et al. (1994), as follows:

where, VI = vigour index; SDM = seedling dry 
mass (g); GP = germination percentage.

Greenhouse experiment
The aim of this experiment was to monitor the 

development and the growth dynamic of common 
bean seedlings within the first three weeks after 
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germination. Therefore, a plastic pot (5 cm x 5 cm 
x 8 cm) was filled with 115 g of nursery mixture 
comprising of sand and peat moss at 1:1 ratio 
with a saturation percentage of 80%. The seeds 
of common bean were washed thoroughly with 
distilled water before soaking in NS suspension 
for four hr according to their treatment before 
sowing. One seed per each pot was covered by 1 
cm layer of growth mixture (sand and peatmoss), 
and irrigated by distilled water during the 
experiment to keep it wet at almost 65% from 
its saturation percentage. The pots were placed 
in greenhouse with average daily temperature of 
24±2 C˚. NS treatments were 0, 100, 200, 300, 
and 400 mg L-1 of NS suspensions, which were 
equivalent to 0, 1.66 mM, 3.32 mM, 4.99 mM, 
and 6.65 mM, respectively. Each pot received 
100 ml of its treatment of NS suspension. The NS 
dose was divided on a weekly basis to, 50% (50 
ml) before planting and second 50% (50 ml) one 
week later. All measurements of shoot length, root 
length, and dry shoot and root masses were taken 
weekly for three weeks. 

Statistical analysis
Data analysis was performed using Microsoft 

Excel 2010 (mean values and standard deviation) 
from two individual experiments, and the 
statistical analysis was conducted using the 
XLSTAT software package. When a significant 
difference was observed between treatments, 
multiple comparisons were made by the Fisher 
test. Significant differences were accepted at the 
level p<0.05.

Results and Discussion                                        

The final germination percentage (FGP) of 
common bean seeds was increased by using NS 
doses. All treatments of NS (100, 200, 300, and 
400 mg L-1) enhanced the values of FGP against 
control. Significant differences of FGP among NS 
treatments as well as compared to control were found 
(Table 1). Addition of 100 mg L-1 of NS was enough 
to accelerate the growth of common bean seeds in 
comparison to control treatment (distilled water) 
which had the lowest FGP (82.3%), while the highest 
value of FGP (97.7%) was found at the treatment of 
300 mg L-1 of NS. The optimum concentration of 
NS seemed to be 300 mg L-1, because it did enhance 
the seed germination, while lower induction of seed 
germination (91.0 %) was noticed at the highest 
concentration (400 mg L-1 of NS).

The calculated values of mean germination 
time (MGT) of common bean seeds under elevated 

NS levels are depicted in Table 1. Clearly, results 
showed that treated seeds with NS germinated 
in a shorter time than untreated seeds. While 
control seeds needed 4.27 days to germinate, all 
treated seeds with different NS concentrations 
germinated in almost 3.46 days and the shortest 
MGT was 3.31 days when seeds treated with 300 
mg L-1 of NS.

Data of germination speed (GS) reflected the 
great influence of added NS on seed germination 
of common bean (Table 1). Significant differences 
of GS values between treated seeds and untreated 
seeds were calculated. While control treatment 
resulted in GS of 24.9 % per day, the NS treatment 
of 300 mg L-1 recorded GS of 36.2 % per day as 
the highest measured value. However, treating 
seeds with NS even by 100 mg L-1 as the lowest 
dose enhanced the GS recording 30.2 % per day 
against 24.9 % per day for seeds received zero NS 
concentration. 

Significant differences of vigour index (VI) 
were observed among NS treatments and the 
control. Furthermore, a considerable increase in 
VI was noticed when different concentrations of 
NS were applied (Table 1). A gradual increase in 
VI was found with increasing NS doses up to 300 
mg L-1 which had the highest value of VI (20.2). 
Although, 400 mg L-1NS recorded lower VI (18.6) 
than 300 mg L-1 but it was higher than other NS 
treatments and the control. However, these results 
of VI clearly showed that NS had a considerable 
effect on vigorousness of common bean seedlings; 
where seeds with high VI are considered vigorous.
From results mentioned and discussed above, NS 
significantly induced and increased the germination 
of common bean seeds. Consequently, data of both 
fresh and dry masses of seedlings are consistent 
with those recorded for seed germination. Fresh 
mass increased with adding NS even at the lowest 
dose (100 mg L-1) compared to the control. The 
highest fresh mass was 1.080 g germinant-1 at 
the treatment of 300 mg L-1. The differences of 
fresh mass between control seedlings (zero NS) 
and treatments of NS were significant. Similarly, 
the effect of NS on dry mass of germinated seeds 
was in the same way as fresh mass. Highest dry 
mass (0.207 g germinant-1) was also noticed at the 
treatment of 300 mg L-1 where the lowest dry mass 
(0.174 g germinant-1) was measured at the control. 
However, all doses of NS had higher values of dry 
mass versus untreated seeds (Table 1). 

Root dry mass of seedlings treated with NS was 
higher than that derived from untreated seedlings 
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(Fig. 1). Among all NS treatments, 300 mg L-1 of 
NS enhanced more the growth of common bean 
seedlings. At the end of the experiment, control 
seedlings had root dry mass of 0.107 g seedling-1, 
while 0.207 g seedling-1 dry mass of root was 
found at NS treatment of 300 mg L-1. Likewise,the  
measured values of shoot dry mass were similar 
to what was found and explained of root dry mass 
previously (Fig. 1). The highest value of shoot dry 
mass was denoted when NS was applied with the 
concentration of 300 mg L-1. Meanwhile, 0.983 g 
seedling-1 of shoot dry mass was weighted at 300 
mg L-1NS, control seedling had shoot dry mass of 
0.550 g seedling-1.

The length of root system and the shoot part 
of the studied seedlings are shown in Fig. 2. Also, 
the seedlings features during the experiment can 

be seen in Fig. 3. Length of root system reached 
the maximum length (33.83 cm) when NS added 
by 300 mg L-1 and the control plant had root length 
equal to 25.50 cm. Values of shoot length were 
consistent with those of root system, showing 
higher values of shoot length than the control 
plant due to adding NS to the growth medium. 
All NS treatments had higher values of shoot and 
root length of common bean plants conversely 
to plants which received zero NS (Fig. 2). Shoot 
length was 11.08 cm at the end of the experiment 
under the treatment of 300 mg L-1, while control 
plant recorded the shortest shoot length (9.79 cm). 

Seed germination is the most crucial stage 
in plant life and it determines whether the 
crop productivity will be successful or not 
(Bhattacharjee, 2008). Also, it depends on genetic 

TABLE 1. Influence of elevated nano-silica concentrations on germination parameters of common bean 
(Phaseolus vulgaris)

Nano-silica 
(mgL-1)

Fresh Mass
(g germinant-1)

Dry Mass
(g germinant-1)

FGP1

(%)
MGT2 
(day)

GS3

(%/day)
VI4

0 0.914 b 0.174 b 82.3 c 4.27 a 24.9 c 14.3 d

100 1.055 a 0.181 b 84.7 bc 3.33 b 30.2 b 15.4 cd

200 1.070 a 0.195 ab 89.0 bc 3.46ab 31.5 b 17.3bc

300 1.080 a 0.207 a 97.7 a 3.31 b 36.2 a 20.2 a

400 1.025a 0.204 a 91.0 ab 3.36 b 33.3 ab 18.6 ab

1 FGP = final germination percentage (%), 2 MGT = mean germination time (day), 3GS = germination speed (%/day), 4 VI 
=vigour index.Different letters in same column show significant differences among each group of treatments according 
to Fisher’s test at p <0.05.

Fig. 1. Root and shoot dry mass of common bean increases in respond to using elevated nano-silica doses as a result 
of producing vigorous seedlings of common bean after treating seeds with nano-silica. Treatment of 300 
mg L-1 of nano-silica clearly recorded the highest values of root and shoot dry mass compared to control 
and other nano-silica levels. 

Different letters over column with the same shading degree show significant differences among each group of treatments 
according to Fisher’s test at p < 0.05
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factors and many ecological conditions such as 
depth, light, temperature, humidity, and salinity. 
Our observed results of FGP are consistent with 
other obtained results from different crops. Lu et 
al. (2015) cited that 5 g L-1 of NS increased FGP 
of tomato by 70.33% compared to the control. 
Also, NS was found to increase seed germination 
of maize by (2–11%) when added to seeds in in 
vitro experiment (Yuvakkumar et al., 2011), and 
NS treatment of 300 mg Kg-1 denoted the highest 
germination percentage as found in our current 
study. Also, NS had good effect on germination of 
rice seeds as explained by Nair et al. (2011), they 
reported that the presence of silica nanoparticles 
had better impact on seed germination of rice 

and no toxicity symptoms of NS were noticed on 
emerged seedlings of rice. This indicated that NS 
had only positive effects on seed germination of 
different crops without any fears of phytotoxicity. 
FGP alone does not explain the rabidity of 
germination; it just gives the final extent (Al-
Mudaris, 1998). So, germination speed and 
its daily distribution can be used to judge the 
efficacy of agronomic treatments employed to 
enhance the seed germination. MGT shows the 
average time that seed needs to start and finish its 
germination. The shorter the MGT is the faster the 
germination process of seed populations is. In the 
current investigation, MGT was diminished by 
22.5 % compared to the control; this meant that 

Fig. 2. Root and shoot length of common bean increases with adding nano-silica up to 400 mg L-1 showing that 300 
mg L-1 of nano-silica had the highest numbers among nano-silica treatments and control due to the role of 
nano-silica to accelerate seed germination and decrease evapotranspiration of plants.

 Different letters over column with same shading degree show significant differences among each group of treatments 
according to Fisher’stest at p < 0.05.

 

Fig. 3. Common bean plants on 7th day from plantation growing on 400 mg L-1nano-silica (B) versus control (A). 
The photo shows that nano-silica enhanced the growth of common bean, where treated seedlings with nano-
silica were more vigorous than untreated seedlings.
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common bean seeds needed one day less for entire 
germination versus the control under almost all 
NS levels. The present results are supported by the 
earlier findings of Suriyaprabha et al. (2012), they 
investigated the effect of different silica sources 
on seed germination of maize (Zea mays L). They 
reported that NS particles enhanced MGT of maize 
seeds, while Na2SiO3 decreased it. Both micro-
SiO2 and H4SiO4 had insignificant effect on MGT. 
Azimi et al. (2014) denoted that using NS by the 
concentration of 40 mg L-1 reduced the MGT of 
tall wheat grass seeds to 5.23 days as the lowest 
needed a period for completing germination. GS 
expresses the percentage of germinated seeds per 
day during the germination period. As mentioned 
above, NS decreased the time needed for seed 
germination of common bean by almost one day 
than control seeds. This was reflected, of course, 
on GS values as an increase of 45.4 % was found 
at the treatment of 300 mg L-1 of NS in comparison 
with control. This result proves the considerable 
effect of NS on the tested seed germination of 
common bean. In addition, Khalaki et al. (2016) 
found that NS enhanced and increased GS of 
Thymus kotschyanus under laboratory conditions. 
VI of seedlings is one of the most important 
physiological seed properties in seed production 
as considered by technologists and industrialists 
besides its being an important tool for calculating 
the percentage of fertile seed, VI also reveals the 
capability of those seeds which produce strong 
seedlings with longer root and shoot compared 
to those seedlings derived from the same seed lot 
especially when they grow under different abiotic 
stresses (Marcos-Filho, 2015). The importance 
of VI comes also from its ability to visualize 
and clarify whether seedlings after germination 
will keep growing or not, because in some cases 
germination happens when optimal growth 
conditions are attained, but maybe seedlings later 
will not be able to keep growing and complete 
their life cycle. Results derived from the current 
experiment showed that VI values increased 
significantly with adding NS to nursery media of 
common bean seeds. The highest increase (41.3 
% compared to control) was found when NS was 
added by 300 mg L-1. The current results agreed 
with those cited by Azimi et al. (2014), who found 
that VI of tall wheatgrass seeds increased by 120 
% compared to the control after treating the seeds 
by 40 mg L-1NS. Among different concentrations 
of NS ranged from 1-10 g L-1, treatment of 7 g L-1 
yielded the highest VI relative to the control (Lu 
et al., 2015). Our observed data concerning shoot 

and dry masses of common bean seedlings were 
similar to those cited by Siddiqui and Al-Whaibi 
(2014), who said that NS enhanced fresh and 
dry weights of tomato, also the same result was 
reported by Suriyaprabha et al. (2012) concerning 
maize. Conversely, Lu et al. (2015) did not find 
any significant differences in fresh and dry masses 
between tomato seedlings treated and untreated 
by NS. 

Silicon is considered the only element which 
is able to induce the tolerance of plants to multiple 
stressors (Gengmao et al., 2015) due to its unique 
physicochemical properties. Therefore, based on 
its nano size, NS can easily cross the walls and 
penetrate the seed cover layer causing changes in 
the physicochemical reactions that take place in 
the seed and activate the embryo’s growth even 
under both biotic and abiotic stresses particularly 
salinity and drought. For instance, Zheng et al. 
(2005) found that nanotitania particles improved 
the germination of the treated seeds compared 
to the control based on nano size of nanotitania 
particle to penetrate seed cover layer easily. 
They also mentioned another possible reason for 
the effect of nanotitania on seed germination. 
After nanotitania gets into the seed, it will alert 
the oxidation-reduction reactions (Redox) 
by producing superoxide ion radical during 
germination which will help in removing the free 
radicals and thus increase the chance of seed to 
germinate. Also, the produced oxygen via this 
reaction as a by-product could be involved in 
respiration which takes place inside the seed and 
would promote the germination. This explanation 
could be supported by the results obtained by 
Gengmao et al. (2015), since they reported that 
adding potassium silicate with 0.5 g L-1 induced 
the activities of catalase and superoxide dismutase, 
demonstrating that silicon has a vital role in the 
activity of these two enzymes. Moreover, they 
also demonstrated that silicon has a potential 
role in protecting the photosynthetic apparatus 
because silicon maintained the integrity of plasma 
membrane by inhibiting the separation of plasma 
membrane from plasmolysis. Also, Yuvakkumar 
et al. (2011) clarified that NS can stimulate the 
seed germination of many plants as a result of 
its vital role in activation of some biochemical 
reactions which may lead to inhibition of 
abscisic acid production and enhancement of 
gibberellin secretion to release the dormancy of 
seeds. In addition, the positive effect of NS on 
seed germination could be referred to the ability 
of seeds to absorb the NS particles and utilize 
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them causing activation of seed germination 
(Suriyaprabha et al., 2012).

Conclusion                                                                      

In agriculture, nanoparticles have proved its 
vital role particularly in plant nutrition, diseases 
protection, and soil improvement. Germination 
is a critical stage in plant life, and further 
growth and productivity depends mainly on 
the success germination process. In the present 
work, NS proved its significant importance for 
seed germination and growth of common bean, 
where NS enhanced the germination parameters 
and resulted in vigorous seedlings. All measured 
germination parameters such as FGP, MGT, VI, 
GS, and biomass of germinant were positively 
affected by NS having higher values compared 
to untreated seeds with NS. Among four elevated 
NS doses (i.e., 100, 200, 300, and 400 mg L-1) 
the treatment of 300 mg L-1NS had the highest 
values of germination indicators and vegetative 
properties. Based on these results, it could be 
concluded that 300 mg L-1 of NS suspension is 
the ideal concentration that common bean should 
be treated with under greenhouse conditions. The 
investigations on the mode of action of NS that 
affect the germination and growth of common 
bean are still somehow lacking, however, 
our results illustrate that NS can improve the 
germination and growth of common bean. This 
can be attributed to the nano size of silica which 
allows it to penetrate the seed cover layer causing 
changes in the physicochemical reactions in the 
seed and activate the embryo’s growth giving 
vigorous seedlings.
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