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Abstract  Silver nanoparticles  (AgNPs) are one of the 
most widely used nanoparticles and expected to enter  
natural ecosystem. We have investigated the effects 
of AgNPs on plant growth parameters such as % Ger-
mination, root length, shoot length, biomass, seedling 
vigor index (SVI) of an important pulses, moth beans 
(Vigna aconitifolia). Three concentrations  of AgNPs  
viz. 50, 100, 150 mg/L were used to test the growth 
parameters. Among the treatments, application of 100 
mg/L concentration of AgNPs proved best by giving 
the highest values for percent seed germination, root 
length, shoot height and seedling vigor index. A sig-
nificant negative influence on biomass and root length 
was observed for all seeds in compared to those of 
control germination. Application of 150 mg/L AgNPs  
concentrations decreased mean germination time in 
comparison to control. Overall, this study has shown 
that direct exposure of germinating seeds to AgNPs  
may cause phytotoxicity and underscores the need 

for eco-responsible disposable of wastes and sludge 
containing nanoparticles.
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Introduction

Distinct properties of nanomaterials (Ă100 nm) such 
as large surface area to volume ratio, small size and 
high reactivity enable them to find applications in 
various industrial sectors and our daily lives (Hand-
ford et al. 2014). There has been rising demand for 
nanotechnology-based products in recent years.  
Nanotechnology has many applications in the field of 
agricultural research, such as in reproductive science 
and technology disease prevention and various other 
plant treatments, the transfer of agricultural and food 
waste to energy and other helpful by-products through 
enzymatic nanobioprocessing and various other plant 
treatments using nanocides (Carmen et al. 2003). Sil-
ver nanoparticles, is one of the most commonly used 
in the field of agriculture due to their antimicrobial 
and safety potential associated with human and en-
vironmental use. Silver nanoparticles have been used 
to create new consumer products, drugs, various food 
and other medical products.

Efficient seed germination and early seedling 
establishment are important processes in commercial  
agriculture. Rapid and uniform seedling emergence  
leads to successful plant establishment. Some reports 
have shown that both positive and negative impact 
on seed germination and seedling growth. Unique 
properties of nanoparticles can be used to improve 
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seed germination and crop performance. Gubbins et 
al. (2011) demonstrated that AgNPs could inhibit the 
growth of Lemna minor. Only few studies on vascular 
plants showed that AgNPs have deleterious effects on 
plant growth (Stamploulis et al. 2009). Pulate et al. 
(2011), Patllola et al. (2012) found that nanoparticles 
have different levels of toxicities which may be size 
and shape dependent and have ability of penetrate the 
cell walls. Phytotoxicity studies reported both positive 
and negative effects of nanoparticles on higher plants 
as seed germination, cell division, root elongation, 
growth and metabolic processes (Carlson et al. 2008). 
Lin and Xing (2007) evaluate phytotoxicity of five 
types of metallic nanoparticles in six plant species 
and showed that seed germination was not affected 
except for the inhibition of nanoscale zincoxide on 
Zea mays and nanoscale zinc on Lolium multiflorum. 
They found that inhibition of root growth  varied 
significantly among nonoparticles and plants and that 
it was partially correlated to nanoparticle concentra-
tions. Kumar et al. (2011) investigated that AgNPs 
had cytotoxic and genotoxic impacts on Allium cepa 
meristems.

Vigna aconitifolia, commonly known as moth 
beans is a popular Indian crop cultivated as a forage 
and cover crop. It is also grown in Pakistan, United 
States, Thailand, Australia and other parts of Asia. 
Moth beans are an excellent source of proteins and 
other essential minerals and vitamins. These are 
considered to be effective in the prevention of con-
stipation heart diseases, high blood pressure, high 
cholesterol, osteoporosis and low energy.

Rapid and uniform seedling emergence leads to 
successful plant establishment, as a deep root system 
is formed before the upper layers of the soil dry out, 
harden or reach supra-optimal temperatures (Chen 
and Arora  2013). The unique properties of nanopar-
ticles can be used to improve seed germination and 
crop performance. This use of the positive impacts 
of nanoparticles may be useful approach to decrease 
use of chemical agents in agriculture that would help 
to lower environmental pollution. Poor seed germina-
tion is a common occurrence in pulses and there are 
no studies on the effects of nanoparticles on Vigna 
aconitifolia. This study was therefore carried out to 
investigated possible phytotoxicity and /or beneficial 

stimulatory effects of AgNPs concentrations on moth 
bean seed and seedling growth.

Materials and Methods

Nanoparticle preparation

The sol-gel method was used for preparation of silver 
nanoparticles. silver nitrate (AgNO3, 99.9%) and 
sodium oleate (C18H33NaO2, 99%) were purchased 
from Molychem and Modern industries respectively.  
It was used eithout further purification. IM silver 
nitrate (AgNO3) and 1M sodium oleate (C18H33NaO2) 
solution in deionized water were prepared. Sodium 
oleate was added in silver nitrate solution and stirred 
at 200C on a magnetic stirrer for 2 h. After that filtered 
by Whatmann filter paper, dried mixture and heated 
in furnace at 3000C for 4 h (Kim et al. 2004).

Preparation of nanoparticles suspension

Nanoparticles stock suspensions (1000 mg/L) was 
prepared by pre-weighed AgNPs in deionized water 
(DI-water) and dispersed by ultrasonic vibration (100 
W, 40 kHz) for 30 min. For further stabilization of 
nanoparticle suspension, 10% (v/v) polyethlene gly-
col (PEG-400) a dispersant was added (Zhang et al. 
2007). The suspensions were sonicated again for at 
least 1 min before use.

Seeds germination and exposure

Seeds of moth bean (Vigna aconitifolia) were pur-
chased from the local market. The seeds were stored 
in dark under room temperature. All the seeds were 
checked for their viability by suspending them in 
deionized water. The seeds which settle to the bottom 
were selected for further study. Seeds were immerzed 
in 10% sodium hypochloride for 10 minutes to ensure 
surface sterility (USEPA 1996). After rinsing three 
times with DI-water, seeds were soaked in deionized 
water (control) and different concentrations of AgNPs 
suspension solution. To investigate the promotory 
and inhibitory effects of nanomaterials on moth 
bean, three concentrations (50, 100, 150 mg/L) were 
prepared. Seeds were soaked in each suspensions 
(50, 100, 150 mg/L) for 2 h. One piece of a moisture 
germination paper was into each 100 mm × 15 mm 
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petri dish. In each petri dish 5 ml of test medium of 
AgNPs (50, 100 and 150 mg/L) were added. Seeds 
were then transferred onto the moisture germination 
paper, with 10 seeds per dish and 1 cm of larger 
distance between each seed (Yang and Watts 2005). 
Petri dishes were covered and sealed with tape and 
allowed to germinate. All concentrations of AgNPs 
and the control were tested at the same time to ensure 
uniform conditions of light and temperature across 
all tests. Seeds were considered germinated when 
the radical showed at least 2 mm in length (ISTA 
2009). The dry weight of seedling was recorded and 
expressed in gram after oven drying at 700C for 72 h.

Germination percentage was calculated when no 
further germination took place. Mean germination 
time was calculated based on Mathews and Kha-
jeh-Hosseini (2007) (Eq. (1).

                                             ∑ FX
                             MGT  = ––––––                              (1)
                                              ∑F

Where F is the number of seeds newly germi-
nated at the time of X and X is the number of days 

from sowing. After germination, the length of roots 
and shoots for all treatments and related controls 
(untreated) were measured.

For the germination rate and root and shoot 
growth investigation, seeds were allowed to germi-
nate for 10 days. Seed germination and percent (FGP) 
of each treatment was calculated. Seedling root length 
and shoot length was measured. A seed was consid-
ered to have germinated when radical emerged from 
the seed coat according to the following equation 
(Ellis and Robert 1981, Ruan et al. 2002).

                      No. of germinated seeds after 4 days 
           FGP = ––––––––––––––––––––––––––––– × 100
                         Total number of germinated seeds
 

Germination Index (GI)

Germination index was calculated according to the  
following equation
       
                  Germination percentage of each treatment
         GI = –––––––––––––––––––––––––––––––––– × 100
                     Germination percentage in the control

Fig. 1. Transmission electron micrographs (TEM) (A, B), selected are electron diffraction pattern (C) and EDAX of Ag nanoparticles (D).
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Seedling Vigor Index (SVI)

It was calculated according to the following formula

                     Average shoot length
         SVI = ––––––––––––––––––– × Germination percentage
                       Average root length

Results and Discussion

The transmission electron microscopy (TEN) image 
Figure 1 (A, B), selected area electron diffraction 
(SAED) pattern of AgNPs and EDAX are shown in 
Figure 1 (C, D). The TEM micrographs indicated that 
the AgNPs shows spherical morphology and their 
average particle size were found to be 17.3 nm by 
ImgeJ software EDAX spectrum shows the chemical 
composition of AgNPs. Result indicates the presence 
of Ag as the main element. This analysis confirms 
that AgNPs are effectively composed of Ag with no 
contamination. The SAED pattern of AgNPs shows 
that the rings are composed of dots suggesting the 
crystalline nature of these particles.

The effect of AgNPs on germination of moth 
beans at 50,100 and 150 mg/L concentration was 
examined. The obtained data clearly revealed slightly 
negative effects on seed germination percent as com-
pared to the control (untreated) (Fig. 2). These results 
indicating that AgNPs had insignificant toxicological 
effect on seed germination. This may be due to the 
selective permeability of seed coats that does not al-
low nanoparticle material to pass through it (Lin and 

Xing 2007, Wierzbicka and Obidzinska 1998). These 
findings agree with recent reports stating that seed 
germination for different species was not affected 
by nAl2O3 (Yang and Watts 2005, Lee et al. 2010).  
Burklew et al. (2012) have been stated that the seed 
coat of tobacco seeds were most likely permeable to 
the Al2O3 nanoparticles, therefore the germination 
rate was not affected.

Regarding root growth exposure to AgNPs has 
a marked reduction in root length where the highest  
average growth was 4.1 cm after treatment with 100 
mg/L concentration as compared to the control (4.88 
cm). However minimum root length was observed 
in 3.25 cm in 150 mg/L AgNPs concentration (Fig. 
3). These findings are consistent with other stud-
ies which reported that exposure of some seeds to 
several nanomaterials significantly reduced root 
growth (Yin et al. 2012). Dietz and Herth (2011) 
stated that nanoparticles may have to penetrate cell 
walls of plasma membranes of epidermal layers in 
root to intervascular tissues explaining why to root 
exposure was strong. Seed coats, which can have 
selective permeability play a very important role in 
protecting the embryo from harmful external factors. 
The process of seed germination and a root growth is 
rapid and widely used acute phytotoxicity test owing 
to sensitivety. simplicity, low cost and suitability for  
unstable chemicals. Pollutants as nanoparticles could 
penetrate root system causing obviously growth inhi-
bition, may not affect seed germination if they cannot 

Fig. 2. Effect of different concentrations of AgNPs on germination 
percent of Vigna aconitifolia. Fig. 3.  Effect of different concentrations of AgNPs on root length 

of Vigna aconitifolia.
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pass through seed coats. This may explain that seed 
germination in this study was not greatly affected by  
nanoparticles.

Seeds with high vigor is important for crop 
production because it cannot significantly enhance 
seeding establishment but also improve the capability 
to compete against weeds at seedling stage. Huang et 
al. (2004) stated that seedling vigor is the ability of 
seed to rapidly from water or soil mainly reference 
to seed germination rate and early seedling growth. A 
significant reduction on SVI of various nanoparticle 
concentration was observed as compared to control 

(Fig. 5). Highest seedling vigor index was produced 
in 100 mg/L  AgNPs concentration which was 486  
followed by 623.7 and 568 in 150 mg/L and 50 mg/L 
AgNPs  concentrations respectively.

Shoot, root and biomass was significantly affect-
ed by AgNPs concentrations. Application of AgNPs 
in 50 mg/L concentration greatly  decreased shoot 
height (2.42 cm) compared to control seeds (3.72 cm). 
The highest shoot length (4.36 cm) was observed in 
100 mg/L concentration showing significant positive 
effect (Fig. 4). The greatest biomass was found in 100 
mg/L  AgNPs concentration (0.22 g). Application of 
150 mg/L AgNPs concentration greatly decreased 
biomass (0.18 g) compared to the control seeds (0.24 
g), but at the concentrations of 100 mg/L (0.22 g) 
did not demonstrate a marked reduction in biomass 
(Fig. 6). It is probable that increasing the concen-
tration of AgNPs induced aggregation of particles 
and resulted in clogging of pores that interrupted 
water uptake by seeds. In addition, application of 
100 mg/L concentration of AgNPs increased moth 
beans seeding root length, shoot height and biomass. 
However, a significant decrease was observed at 150 
mg/L concentration of AgNPs. It seems that AgNPs 
could stimulate process of seed germination just like 
water and oxygen uptake results in, improved seed 
germination percentage but in later growth stages 
seedling might respond as different. Lin and Xing 
(2007) confirmed the phytotoxicity of nano-Al and 
Al2O3 significantly affected root elongation of rye 

Fig. 4.  Effect of different concentrations of AgNPs on shoot height 
of Vigna aconitifolia.

Fig. 5. Effect of different concentrations of AgNPs on seedling 
vigor index of Vigna aconitifolia.

Fig. 6.  Effect of different concentrations of AgNPs on biomass 
of  Vigna aconitifolia.
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grass and corn respectively whereas nano-Al facil-
itated root growth in radish and rape. Barnea et al. 
(2009)  stated that although root length and weight are 
not standardized in toxicity tests, they may be helpful 
to  compare the toxicity effects after seed exposure 
to nanoparticles since low values can be related to 
non-acute toxicological effects.

Significant reduction in dry weight was observed 
as compared to control, the results are graphically 
illustrated in Fig. 7. In general, lower mean germi-
nation time shows the carlier germination. In the 
present study moth bean seeds were exposed to 50, 
100 and 150 mg/L AgNPs concentrations. The results  
revealed that seeds in 50 and 100 mg/L  AgNPs con-
centrations obtained the lowest mean germination 

Fig. 7.  Effect of different concentrations of AgNPs on dry weight 
of Vigna aconitifolia.

Fig. 8.  Effect of different concentrations of AgNPs on mean 
germination time of Vigna aconitifolia seed.

time (2 d) same as that of control. However higher 
AgNPs concentration (150 mg/L) did not improve 
mean germination time (Fig. 8). Zheng et al. (2005)  
stated that the considerable effect of nanosized TiO2 
in spinach germination in tests was probably because  
of small particle size, which allowed nanoparticles 
to penetrate the seed during the treatment  period, 
exerting its enhancing function during growth. Feizi 
et al. (2013) observed that the mean germination time 
in 40 ppm concentration of nanosized TiO2 treatment 
reduced by 31.8% and of bulk TiO2 treatment (40 
ppm concentration) reduced by 21% in comparison 
with the control.

Conclusion

Seed germination and seedling growth is a rapid and 
widely used phytotoxicity test owing to sensitivity, 
simplicity, low cost and suitability for unstable chem-
icals. Seed coat play an important role in protecting 
the  embryo from harmful external factors. Pollutants 
as  nanomaterials may not affect seed germination 
but  could penetrate root system causing obviously 
root growth inhibition. Our findings indicate that 
germination percentage was not adversely affected 
after all treatments whereas root growth, shoot height, 
biomass and seedling vigor index have negative im-
pact after treatment with the various concentrations of 
AgNPs   as compared to the control. It was observed 
that low and higher AgNPs concentrations have more 
adverse effects as compared to intermediate  concen-
tration on seedling growth (100 mg/L).

Overall, the study demonstrates the adverse 
effects of AgNPs on seedling growth, which under-
scores the necessicity of taking remedial measures 
in the disposal of wastes and sludge containing the 
nanoparticles and calls for further research for assess-
ing the potential impacts of manufactured nanoparti-
cles on agriculture and environmental systems.
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