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Introduction
Currently, plant tissue culture has direct commercial importance, 

and its application in basic research such as cell biology, genetics, 
biochemistry and biotechnology is evidence for its usefulness [1]. 
Tissue culture not only provides a method for mass propagation, but 
also makes possible the production of disease-free and genetically 
modified plants. It also provides a way for secondary metabolite 
production [2,3]. Despite all advantages of this technique, some 
methodological obstacles, mainly contamination of explants, hinders 
its exploiting as an efficient technique for biotechnological research. 
By the way, internal and external contamination of plant tissues turns 
out to be a prevailing problem, because microorganisms, mostly fungi 
and bacteria, can grow much faster than plant cells and take up all the 
nutrients, preventing the plants from growing [4].

Although there are a variety of techniques to minimize the 
possibility of bacterial and fungal contaminations during in vitro 
propagation, such as meristem culture (the pathogen-free part of the 
plant) and repetitive subcultures, designing a more efficient approach 
to sterilize plant tissues still seems necessary to eliminate labor intensive 
trial and errors, and time-consuming decontamination procedures. In 
order to eliminate the persistent fungal and bacterial contaminations, 
treatment with antibiotics and antifungal agents may be used to lessen 
the contamination; whereas it has been reported that antibiotics are 
normally phytotoxic, and have an inhibitory effect on multiplication, 
callus induction, regeneration, and explant survival [5,6]. On the other 
hand, lack of an optimal protocol for sterilization of field-, orchard- 
or greenhouse-derived (ex vitro) explants may result in a paucity of 
samples for further research. 

The antimicrobial effects of silver against a broad range of 
microorganisms have been noticed since ancient times, and nowadays, 
silver nanoparticles having a very small size down to 1 nm, have 
numerous medical and pharmaceutical applications [7-10]. At 
nanoscale, silver exhibits surprisingly unusual physical, chemical and 
biological properties. Excellent functional durability, heat resistance, 
ease of application, wide range of utility, leaving no resistant bacteria, 

being environmental friendly and non-toxic, wide range of anti-
microbial spectrum, cost-effective manufacturing process and 
availability, are the significant characteristics of NS [7,11]. 

In contrast to the attention paid to new applications of NS in 
medicine, only negligible studies remarked the application of NS in 
plant biotechnology. Therefore, because of the importance of plant cell 
and tissue culture, and to tackle the problems such as contamination 
as a dominant barrier in plant tissue culture, in this research, we have 
evaluated the decontaminating efficiency of silver nanoparticles on in 
vivo-derived explants. 

In a recent research, using nanosilver has been reported to be an 
efficient method for decontamination of valerian explants; however, 
a complete decontamination was never obtained [12]. So, this the 
first report in which a complete decontamination has been achieved 
through NS treatment. 

Materials and Methods
To evaluate the efficiency of NS in sterilizing plant seeds and tissues, 

explants from Arabidopsis thaliana cv. Col-0 and tomato (Lycopersicon 
esculentum cv. Micro-Tom), as well as potato (Solanum tuberosum), as 
an important cultivated crop were used in this study. The NS used in 
this research was Nanocid L-2000 (Nanonasb Co., Tehran, Iran), whose 
properties has been shown in table 1. Different concentrations of NS 
were used (100, 250, 500, 1000 and 2000 ppm), as well as five exposure 
times (5, 10, 20, 30 and 60 min). Each of 25 treatments was carried 
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Abstract
Plant tissue culture is a basic and fundamental component of plant biotechnology, and progress in different fields of 

biotechnology greatly depends on the improvement of this technique. Nowadays, nanomaterials especially Nanosilver 
[NS], are regularly being used as an antimicrobial agent in medical and environmental fields. In order to assay the 
efficiency of NS in sterilizing plant seeds and fragile tissues, such as leaf and cotyledon, two important model plants, 
Arabidopsis and tomato, as well as potato as an important cultivated crop, were used as explants in this study. Briefly, 
samples soaked in different concentrations of NS with various exposure times, and then transferred onto the MS 
medium. Results showed that at lower concentrations, NS could function as an antimicrobial agent with no side effect 
on the explant viability, and consequently, all decontaminated seeds germinated, and leaf and cotyledon explants 
survived. 
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out in a petri plate, with at least 30 seeds of Arabidopsis as replicates 
and two petri plates as control, in which no NS was used. To evaluate 
the effect of NS on seeds, the percentages of germinated seeds were 
calculated. In the other experiment, tomato cv. Micro-Tom leaves were 
collected from ex vitro plants. Cotyledons of greenhouse grown tomato 
cv. Micro-Tom were treated with NS at different concentrations, 
ranging from 10, 100, 250 and 500 ppm for different periods (i.e. 5, 10, 
20 min), with four replicates. The cotyledons treated in sterile distilled 
water were used as control. After treatment, the cotyledons and seeds 
of control and experimental samples were thoroughly washed in sterile 
distilled water, then placed on MS medium [13], containing 0.8% agar 
at 24 ± 2ºC, under 16/8 h photoperiod.

The percentages of infected explants were recorded 10 days after 
culture for Lycopersicon esculentum cv. Micro-Tom. Contamination 
of Arabidopsis thaliana seeds were evaluated 7 days after their 
germination, when the four-leaved plantlets were formed. The 
experiment was conducted as a completely randomized design in a 
factorial arrangement with four replications. 

Results and Discussion
New methods for preventing contamination in plant in vitro 

culture by means of antibiotics, repeated subcultures, flexible container 
system, density gradient centrifugation, low free-water medium, 
acidification, and egg white lysozyme have been reviewed in the book, 
edited by Herman [14]. Due to its strong antimicrobial activity, use of 
NS is becoming more and more widespread in medicine and related 
applications. To evaluate the efficiency of NS in decontaminating 
diverse kinds of explants, we used different concentrations of NS with 
different exposure times to find the best sterilization treatment. Using 
NS seems more convenient and less toxic than using antibiotics in the 
medium. Moreover, other methods for controlling the infection like 
microbial culture filtrate [15], and acidification of the medium [16], 
are time consuming. Satisfactory antimicrobial activity obtained in this 
research is consistent with the previous results in the literature [17,8]. 
Abdi et al. [12] have used NS for decontamination of valerian explants. 
Also, there is another report of successful disinfestation of Araucaria 
excelsa explants in tissue culture carried out by Sarmast et al. [18].

Our results showed that all used concentrations and exposure times 
of NS were efficient in decontaminating the Arabidopsis plant seeds 
and tomato plant cotyledons. The controls were all contaminated when 
examined after two weeks. However, the concentration of the solutions 
was a critical parameter. When NS was used at lower concentrations of 
100 ppm for Arabidopsis seeds, it could function as an antimicrobial 
agent leaving no harmful effect on seeds and their germination, so 
that all were germinated. It has been illustrated that the toxicity of 
NS to microbial cells is apparent even at very low concentrations 
[19]. Increasing the concentration of NS decreased the germination 
percentage of the seeds, and finally in the concentrations of 1000 and 
2000 ppm, none of the seeds were germinated (Table 2). Treating 
explants with 10 ppm NS was not effective in their decontamination.

We obtained similar results with the seeds of rapeseed plant, with 
the concentration of 150 ppm. It seems that at higher concentrations, 
NS is toxic for plant seeds and hampers seed germination. The 
same results obtained from potato leaves, so that NS in all exploited 
concentrations and exposure times was able to decontaminate the 
leaf explants; however, at the concentration of 500 ppm survival of 
the samples diminished (Table 3). At this concentration, when the 
exposure time reached 20 minutes, none of the explants survived. 

In the experiment of tomato cotyledons, efficient decontamination 
of cotyledons occurred with all three concentrations of NS in three 
exposure times, while complete survival was observed only at lower 
concentrations and exposure times. The survival decreased with 
increasing the factor levels, and finally at 100 ppm, and both 2.5 and 5 
min, all explants died (Table 4). 

As a matter of fact, providing enough sterile fast growing explants 

Table 1: The properties of NS (Nanocid L-2000) used in this study.

Physical properties
Phase solid

Density (near r.t.) 10.49 g/cm³
Liquid density at m.p. 9.320 g/cm³ 

Melting point 1234.93 K (961.78°C, 1763.2°F) 
Boiling point 2435 K (2162°C, 3924°F) 

Heat of fusion 11.28 kJ/mol
Heat of vaporization 258 kJ/mol

Heat capacity (25°C) 25.350 J/(mol K)

Atomic Properties
Crystal structure cubic face centered
Oxidation states 1 (amphoteric oxide)
Electronegativity 1.93 (Pauling scale)

Ionization energies
 1st: 731.0 kJ/mol
 2nd: 2070 kJ/mol
 3rd: 3361 kJ/mol

Atomic radius 160 pm 
Atomic radius (calc.) 165 pm

Covalent radius 153 pm
Van der Waals radius 172 pm

*mean ± standard deviation

Table 2: The effect of different concentrations and exposures of NS on Arabidopsis

Time (min) NS concentration 
(ppm)

Arabidopsis seed
Decontaminated (%) Survived* (%)

Control 0 100 
5 100 100 99 ± 1

250 100 100 
500 100 99 ± 0.5

1000 100 98 ± 0.6
2000 100 99 ± 0.7

10 100 100 99 ± 0.4
250 100 97 ± 1.2
500 100 96 ± 2.1

1000 100 98 ± 1.0
2000 100 99 ± 0.9

20 100 100 97 ± 1.3
250 100 1 ± 0.2
500 100 1.3 ± 0.3

1000 100 0
2000 100 0

30 100 100 0
250 100 0
500 100 0

1000 100 0
2000 100 0

60 100 100 0
250 100 0
500 100 0

1000 100 0
2000 100 0
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for plant regeneration experiments leading to transgenic plants is 
a slowing step of plant genetic engineering. In order to evaluate the 
hypothesis that we can take such explants from ex vitro and field grown 
plants for regeneration attempts, we carried out another experiment. 
Here, we exploited tomato cotyledons and potato leaves again with 
different concentrations and exposure times. The results showed that 
decontamination capacity of lower concentration of NS (10 ppm) 
was not adequate, but higher concentrations were strong enough to 
kill germs, and no contamination observed after 10 days. There was 
no significant change in the morphology and viability of explants; 
nevertheless, the effect of different concentrations of NS on the 
potential of tomato cotyledons and potato leaves to regenerate plants is 
yet to be elucidated. This complete decontamination of plant tissues, as 
shown in all experiments of this report, was never observed before in a 
similar research by Abdi et al. [12].

The possible mechanism through which NS acts as a disinfectant 
agent in this process may lie on the properties of silver. Ag ions interact 
with a number of components of bacterial, fungal and protozoal 
cells. Although the inhibitory mechanism of NS is not obviously 
distinguished, three possible mechanisms have been proposed for 
inhibition of microorganisms by silver nanoparticles: interfering 
with electron transport, binding to DNA, and interaction with the 
cell membrane [8,20-22]. The formation of complexes with sulfhydryl 
groups can inactivate vital cell surface enzymes and hinder the 
respiration at the cell membrane [8,20]. Inducing a massive proton 
leakage through membrane, discharging K+ ions, inhibition of energy-
dependent Na transport in membrane, inhibition of cell division and 
damaging bacterial cell envelopes, interaction with hydrogen bonding 
processes are also recorded as antimicrobial actions of NS [20,23-
25]. Nano-Ag can also disturb the integrity of the plasma membrane 

of fungal cell [26]. The association of silver nanoparticles with the 
envelope of certain viruses has been suggested to prevent them from 
being infective [10]. 

It can be concluded that a colloidal solution of NS at lower 
concentrations (e.g. 100 ppm) can be used as a disinfectant for plant 
seeds, especially for in vitro cultures; however, at high concentrations, 
it hinders seed germination, maybe due to its toxicity against 
eukaryotic cells. In tomato plant, use of NS at more than 100 ppm 
could decontaminate ex vitro leaves. 

Although the cytotoxicity of nanoparticles towards mammalian 
germ line stem cells has been identified, the effect of NS on plant 
growth is still unknown, and only few studies have been reported 
[7,27,28]. It is reported that the treated meristem cells showed various 
types of chromosomal and mitotic abnormalities, such as fragments, 
C-metaphase, stickiness, laggard, anaphasic bridge, and disturbed 
anaphase [29]. These abnormalities were observed in a dose and 
duration dependent manner. So, nanosilver may cause potential 
damage to the genetic material in higher concentration, and therefore, 
the use of nanosilver in plant cell culture warrants a detail toxicological 
investigation to justify its safety. Unique interactions with bacteria and 
viruses have been demonstrated of silver nanoparticles of certain size 
ranges and shapes [7]. 

Finally, NS can be an efficient tool for removing contaminants 
from plant tissues, only if the right dose and exposure time are to be 
used. Nevertheless, it has not yet become a universal decontamination 
agent. Therefore, to extend its use in in vitro culture of other plants, 
further investigations are being conducted on diverse plant species and 
different explants by the authors. 
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