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Abstract: In this study the application of Nanocid (Nanosilver colloid L2000) as an antimicrobial
reagent for the restriction of microbial contamination was considered. The effect of different
concentrations of Nanocid on seed germination in Arabidopsis thaliana as a model plant and callus
formation in Brassica napus as a crop was evaluated. In order to study the effects of Nanocid on
bacteria and fungi, the growth rate of Escherichia coli as a model bacterium and the growth rate of
Fusarium graminearum as a fungus were evaluated in different concentrations of Nanocid in
appropriate cultured media. After comparing the suitable Nanocid concentration for plant growth and
the Nanocid concentrations that restricted microorganism growth in preliminary experiments, suitable
Nanocid concentrations were determined for application in plant tissue culture medium. The results
showed 40-80 ppm of Nanocid is being effective in improving plant growth and the reduction of
fungal and bacterial contamination in plant micropropagation. This is the first report of the internal
application of Nanocid in plant tissue culture medium.
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INTRODUCTION

Contamination by microorganisms is an insidious process that continually threatens plant tissue cultures
throughout the duration of the culture period. Despite the fact that plant tissue cultures may be sterile when
initiated, microorganisms can often contaminate cultures at any point during subsequent tissue culture
manipulations. Meanwhile, commonly used surface sterilization methods often fail to remove internal
contamination of some explants. Thus, it would be useful to provide a chemical agent that reduces or prevents
the microbial contamination of plant tissue culture media and maintains the sterility of the media for the
duration of the culture period. It would be beneficial to provide additional chemical agents that could be
directly added to plant tissue culture media, which agents would reduce or prevent bacterial and fungal
contamination for the duration of the culture period, and which would allow for substantially normal
germination of seeds or development of plant cultured seeds, organs, cells or tissues (Bhojwani, S.S. and M.K.
Razdan, 1996). 

Various types of antimicrobial chemical agents have been tested in plant tissue cultures. Antibiotics have
been extensively tested for their ability to inhibit or prevent the growth of bacteria in plant cultures. However,
the use of antibiotics has certain limitations. For example, antibiotics are expensive; their range of efficacy
against types of bacteria is often narrow, usually heat-labile, phytotoxic and only effective against bacteria and
not fungi or otherwise capable of altering the behavior of cultured plant tissues by retardation and inhibition
of plant growth. Meanwhile, prolonged exposure of cells or tissues to antibiotics can cause mutation in
cytoplasmic organelles genes (Bhojwani, and Razdan, 1996). In other hand, resistance of bacteria to
bactericides and antibiotics has increased in recent years due to the development of resistant strains. Therefore
there is much interest in finding ways to formulate new types of safe and cost-effective biocidal materials. In
addition to antibiotics, chemical biocides have been tested for their ability to inhibit or prevent microbial
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contamination in plant tissue cultures. A variety of other chemicals are recognized in the art as having general
preservative or biocidal activity. Studies have shown that antimicrobial formulations in the form of
nanoparticles could be used as effective bactericidal materials and have broad spectrum detrimental effect on
microorganisms (Fresta, et al., 1995; Hamouda, and Baker, 2000). Recently, it was demonstrated that highly
reactive metal oxide nanoparticles exhibit excellent biocidal action against Gram-positive and Gram-negative
bacteria (Wells, et al, 1995). It is well known that silver ions and silver-based compounds are highly toxic to
microorganisms (Sondi, and Salopek-Sondi, 2004) having strong biocidal effects on as many as 16 species of
bacteria including E. coli (Stoimenov, et al, 2002). Surface sterilization of explants with nano-sized silver
particle had acceptable influence on the bacterial contaminants control without any adverse effects on growth
characters in micropropagation of valerian (Abdi, et al, 2008).

The obvious question is how nanosize silver particles act as biocidal material against E. coli. The
mechanism of inhibitory action of silver ions on microorganisms is partially known however silver ions clearly
do not possess a single mode of action. They interact with a wide range of molecular processes within
microorganisms resulting in a range of effects from inhibition of growth, loss of infectivity through cell death.
The mechanism depends on both the concentration of silver ions present and the sensitivity of the microbial
species to silver. Meanwhile, contact time and temperature can have impact on both the rate and extent of
antimicrobial activity (Dibrov, et al, 2002). It has been suggested that DNA loses its replication ability once
the bacteria are treated with silver ions (Morones, et al, 2005). In addition, it was also shown that Ag+ binds
to thiol groups of proteins, resulting in protein denaturation (Stoimenov, et al, 2002). Eelectrostatic attraction
between negatively charged bacterial cells and positively charged nanoparticles is crucial for the activity of
nanoparticles as bactericidal materials (Hamouda, and Baker, 2000; Wells, et al, 1995). The bactericidal
behavior of nanoparticles is attributed to the presence of electronic effects that are brought about as a result
of changes in local electronic structures of the surfaces due to smaller sizes. These effects are considered to
be contributing towards enhancement of reactivity of silver nanoparticles surface. Silver nanoparticles
destabilize plasma membrane potential and depletion of levels of intracellular adenosine triphosphate (ATP)
by targeting bacterial membrane resulting in bacterial cell death (Feng, et al, 2002). Interruption of cell wall
synthesis resulting in loss of essential nutrients has been shown to occur in yeasts (Zhao, and Stevens, et al
1998) and may well occur in other fungi. 

Thus, the preparation, characterization, surface modification, and functionalization of nanosized inorganic
particles open the possibility of formulation of a new generation of bactericidal materials. Here, we have
examined internal application of Nanocid in plant tissue culture media in order to reduce microorganism
contamination. This study is the first evaluation of internal application of Nanocid in plant tissue culture
medium.

MATERIALS AND METHODS

The experimental procedure involved applying a variety of concentrations of Nanocid to one bacterial, one
fungal and two plant species as detailed in the following section. 

Escherichia Coli Growth Test:
Escherichia coli growth was tested under different concentration of Nanocid (Nanocid Colloid L2000,

Nanopars Ltd, Tehran) and a completely randomized design with three replications was applied using 0, 20,
40, 60, 80 and 100 ppm of Nanocid. The DH5α strain of Escherichia coli was cultured overnight on liquid
Luria-Bertani broth (LB) medium (Merck, Germany). Growth of bacteria has been controlled by optical density
(OD600) reading and final concentration adjusted to the 105 cell per ml. Then 100ul of LB media containing
bacteria was transferred to sterile tubes containing 0, 20, 40, 60, 80 and 100 ppm of Nanocid. Tubes were kept
in a shaking incubator at 37<C and 150 RPM for 16 hr and finally, an optical density (OD600) reading was
taken to evaluate the growth of Escherichia coli in different tubes. 100ul of LB media containing bacteria in
final concentration of the 102 cell per ml has been transferred and plated on surface of solid LB media
containing 0, 20, 40, 60, 80 and 100 ppm of Nanocid. The petri dishes were kept in an incubator at 37<C and
colony density visually counted for each treatment.

F. Graminearum Growth Test:
A completely randomized design was used for the evaluation of the effects of Nanocid on the growth of

F. graminearum under lab condition using 0, 20, 40, 60, 80 and 100 ppm of Nanocid in three replications.
Potato dextrose agar (PDA) solid media (Merck, Germany) was used to growth fungi. A small piece of fungi
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was then placed in the center of petri dish with 9cm diameter using a Pasture pipette. The petri dishes were
maintained at a temperature of 25<C for 6 days until maximum growth of F. graminearum achieved in control
treatment. The growth rate of F. graminearum was recorded at regular interval (each day) by measuring the
vertical and horizontal diameters of F. graminearum colony and average subjected to data analysis. 

Arabidopsis Germination and Rooting Test:
Arabidopsis seeds of the Colombia variety were sterilized in 20% sodium hypochlorite for 10-15 minutes

followed by 3 minutes in 96% ethanol and this procedure repeated twice. Sterilized seeds were kept in laminar
flow to be dry after ethanol treatment. They were then cultured in petri dishes on MS (Murashige, T. and F.
Skoog, 1962) solid media containing 0, 20, 40, 80, 100, 500 and 1000 ppm of Nanocid under a completely
randomized design with three replications. The each unit of experiment included 5 petri dishes containing 20
seeds. In order to breakage seed dormancy of Arabidopsis, the petri dishes were kept at 4<C for 4 days in
darkness and then transferred to a growth chamber with a 16 h photoperiod and 65% relative humidity. Root
growth was recorded 5 and 10 days after germination by measuring root length. 

Callus Formation Test in Canola:
The seeds of the P401 variety of canola were sterilized in 98% ethanol for 1 minute followed by 15

minutes in 20% sodium hypochlorite and rinsed in sterile water six times each time for 1 minute then cultured
on MS solid media. Hypocotyls of 7 day old seedlings were transferred to callus formation media containing
1mgl- of 2,4-D (2,4-Dichlorophenoxyacetic acid) and 0, 20, 40, 80, 100, 500 and 1000 ppm of Nanocid under
sterile conditions in Petri dishes sealed by wax film. The each unit of experiment included 5 petri dishes
containing 20 explants. The dishes were then placed in a growth chamber with a 16 h photoperiod and 65%
relative humidity. The calluses were subcultured after 3 weeks. The percentage of callus formation and wet
weight were recorded after 6 weeks and subjected to data analysis.  

Data Collection and Analysis:
All experiment has been done as completely randomized design with three replications and each

experiment repeated two times as biological replication. Data analysis was performed using the SAS version
9.1 (SAS institute Cary, NC) and means were compared using Duncan’s new multiple range test (DNMRT)
at 1% probability level. With the exception of F. graminearum experiment, data of other experiments analyzed
without any data transformation. Multiple point models were employed for data analysis of F. graminearum
growth test and area under fungi growth curve (AUFGC) calculated by following function where Xi is a
measure of colony size at the ith observation, t is a measure of time (days) and n the total number of
observations.
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Results:
Escherichia Coli Growth Test:

Light absorption analysis showed that bacterial growth was reduced even by low levels of Nanocid and
ceased altogether in the 100 ppm treatment. Bacteria growth was reduced significantly in the 20 ppm treatment
compared to the control (Fig. 1). All of the Nanocid treatments, from the 20-100 ppm produced statistically
similar results and none of the Nanocid treatments were statistically more effective than any other. There was
no visible colony development on any of Nanocid treatment in petri dishes (Fig. 2). As showed in Fig. 2c,
Nanocid ceased bacterium growth into E.coli free islands containing different concentration of Nanocid
surrounded by high density bacterial colony formation in control treatment.   

Fusarium Graminearum Growth Test:
The results showed, increated in Nanocid concentration lead to nearly two fold reductions in F.

graminearum growth rate and Nanocid treatments from 20-60 ppm produced statistically similar results and
none of the Nanocid treatments were statistically more effective than any other. As showed in Fig. 3, F.
graminearum growth rate was decreased significantly in Nanocid treatment comparing to control (Fig. 4).
Despite of control treatment had pink colony, Nanocid treatments lead to production of white colony. This
observation showed Nanocid could alter Fungi behavior to restricted mycelium growth.   

5340



Aust. J. Basic & Appl. Sci., 4(10): 5338-5345, 2010

Arabidopsis Germination and Rooting Test:
After 2 days, germination had begun and primary roots were recognizable. As can be seen in Fig. 5, root

growth increased significantly in the 20 and 40 ppm treatments and decreased significantly in the 80 and 100
ppm treatments during the 1-5 day period after germination. In relation to the control however, root growth
in the 80 and 100 ppm treatments was not significant. Statistically, only the 40, 500, and 1000 ppm Nanocid
treatments differed from the controls for the 1-5 day evaluation. During the period 6-10 days after germination,
root growth rate was significantly higher in the 20 ppm treatment compared to the control and all other
concentrations of Nanocid. Results showed that Nanocid did not inhibit root growth rate up to 100 ppm but
root growth was reduced significantly in the 100 ppm treatment (Fig. 5 and Fig. 6). There was nil germination
of seed in the 500 and 1000 ppm of Nanocid.

Callus Formation Test in Canola:
As can be seen in Fig. 7, callus fresh weight increased significantly up to the 100 ppm of Nanocid and

Calluses were green and brittle in the 20-80 ppm treatments. This is a desirable state because green and brittle
Calluses could regenerate easier. There was no callus formation in 500 and 1000 ppm treatments. There was
no significant difference in the percentage of callus formation between different concentrations of Nanocid up
to the 80 ppm compared to the control, but it was decreased significantly in 100 ppm Nanocid concentration
(Fig. 7). There was great variability in the data and that there was a distinct trend of reduced the percentage
of callus formation as Nanocid concentrations increased (Fig. 8). As can be seen in Fig.9, the Canola callus
formation continued in 100 ppm of Nanocid but it was changed medium to dim colour.

Fig. 1: Light absorption at 600 nm wavelength of E. coli growth media containing different concentrations
of Nanocid. Bars represent one standard deviation. Columns with the same letters are not significantly
different (P > 0.001).

Fig. 2: The effect of Nanocid on E. coli colony density. a; control treatment 24 h after inoculation, b; 20 ppm
of Nanocid treatment 1 week after inoculation, c; production of high density of bacterial colonies in
control treatment 3 days after inoculation by the side of nil bacterial growth in different Nanocid
treatment.
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Fig. 3: The F. graminearum growth rate on PDA medium with in different concentrations of Nanocid
represented by area under fungi growth curve (AUFGC). Bars represent one standard deviation.
Columns with the same letters are not significantly different (P > 0.001).

Fig. 4: F. graminearum growth rate on PDA media with in different concentrations of Nanocid. The color
of colony affected in Nanocid concentrations.

Fig. 5: Arabidopsis root growth rate in first and second 5-day periods after germination on MS medium
containing different concentrations of Nanocid. Bars represent one standard deviation. Columns with
the same letters are not significantly different (P > 0.001).
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Fig. 6: Ten days old Arabidopsis seedlings on MS media without Nanocid (left) and with 100 ppm of
Nanocid (right)

Fig. 7: Canola callus fresh weight on MS medium containing different Nanocid concentrations. Bars represent
one standard deviation. Columns with the same letters are not significantly different (P > 0.001).

Fig. 8: Percentage of canola callus formation in different concentrations of Nanocid. Bars represent one
standard deviation. Columns with the same letters are not significantly different (P > 0.001).
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Fig. 9: Canola callus formation was continued in 100 ppm of Nanocid treatment. Nanocid treatment was
changed media to dim colour.

Discussion:
In this study Escherichia coli was used as a model bacterium to evaluate any undesirable effects of

Nanocid on bacterial growth. The results showed that bacteria grew only minimally in liquid LB media
containing low concentrations of Nanocid and there were no statistical differences between the 20-100 ppm
of Nanocid treatments. The bacterial growth in petri dishes was completely halted in the Nanocid treatment.
Our finding are consistent with several studies have shown the effect of Nanocid on the reduction of bacterial
growth (Sondi, and Salopek-Sondi, 2004; Spadaro, et al, 1974; Stoimenov, et al, 2002). This means low level
of Nanocid (20 ppm) could effectively eliminate internal and external bacterium contamination of explants in
micropropagation.  

Nanocid was influential on F. graminearum fungal growth (as a necrotrophic pathogen) in PDA media.
The results showed that the F. graminearum growth rate was significantly reduced nearly two fold in the 20-60
ppm concentration of Nanocid compared to the control. However F. graminearum growth rate was not ceased
in high concentration (100 ppm) of the Nanocid but fungal growth restricted to white color colony development
which was completely different from control treatment. In this study we got similar result or the Pytium
ultivum as a chromista.  Pytium ultivum had nil growth at 100 ppm of Nanocid concentration (data not shown).
Our observation was showed that prokaryotic cell (E. coli) is more sensitive than eukaryotic fungi (F.
graminearum). It can be concluded that Nanocid has the potential to reduce bacterial and fungal growth even
in low concentrations but it is more effective against bacteria.

A further experiment was designed to evaluate the effect of Nanocid on whole plants and Arabidopsis
thaliana was used as a model. The results were encouraging. Root growth rate was increased in 20 and 40
ppm of Nanocid compared to the control. At the end of the 6-10 day evaluation, the controls and 40 ppm
Nanocid treatments produced statistically similar root growth. Only at 20 ppm of Nanocid treatment was root
growth greater after 10 days, compared with controls. Result encouraged us to repeat this experiment two times
as biological replication to confirm reliability of given data. We got similar result in second experiment and
it showed Nanocid in 20 and 40 ppm improves plant root growth. The physiological effect of Nanocid at
molecular level on plant kingdom is unknown and need to be addressed by future studies. A 100 ppm
concentration of Nanocid had undesirable effects on Arabidopsis and at this concentration germination and root
growth rate were reduced in comparison to the control, and halted altogether at higher concentrations (500 and
1000 ppm).

Another experiment with the same aim as the Arabidopsis experiment was performed using canola callus.
The results showed positive effects of Nanocid on canola callus fresh weight on MS media. Nanocid
concentrations of up to 100 ppm significantly increased callus fresh weight compared to the control but was
inhibited in higher Nanocid concentrations (500 and 1000 ppm). It seems that same physiological effect could
improve both Arabidopsis root growth and canola callus fresh weight

Nanocid concentrations of up to 100 ppm thus exhibit the twin advantages of inhibiting bacterial and
fungal growth and increasing seed germination, root growth and callus formation. 

Abdi et al., (2008) showed that silver in nano size can apply for surface sterilization of explants before
transferring to medium. They reported that application of NS solution for surface sterilization of explants had
acceptable influence on the bacterial contaminants control without any adverse effects on growth characters
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in micropropagation of valerian (Abdi, et al., 2008). This study is the first evaluation of Nanocid in plant tissue
culture medium and based on the results we can recommend the use of Nanocid at 40-80 ppm concentration
to improve plant growth and reduce bacterial and fungal contamination in the practice of plant
micropropagation. These are however results obtained from an experiment using just a single species of
bacterium, a single species of fungi and two plant species. Further studies therefore need to be carried out
which utilize a variety of microorganisms and plant tissue to substantiate these results. If these results are
confirmed we believe the use of colloidal silver has the potential to mark a significant improvement in the
current practice of plant micropropagation and in seed storage. 
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