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The downside of plant tissue culture techniques is an unwanted microbial contamination. Elimination of 
contaminants is the first step of any successful investigation on plant tissue culture. Preliminary experi-
ments on Araucaria excelsa R. Br. var. glauca (Norfolk-Island pine) (syn.: A. heterophylla) showed that 
most common decontaminants could not successfully eliminate the contamination. Therefore, nano silver 
(NS) colloids were evaluated for controlling contamination. Treatments were included soaking the 
explants in NS solution or adding NS to the culture medium. Explants were cultured on MS medium 
supplemented with appropriate growth regulators for their establishment. Results showed that surface 
sterilization followed by treatment with 200 mg l−1 of NS with soaking time of 180 min reduced the 
bacterial contamination from 61.5% to 11.3% and adding 400 mg l−1 NS to the medium reduced the bac-
terial contamination from 81.25% to 18.75%. Nano silver could be applied without adverse effects on 
plant growth and development. This is the first report on in vitro establishment of A. excelsa R. Br. using 
NS to reduce bacterial infections.
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INTRODUCTION

The family Araucariaceae encompasses several evergreen forest tree species, includ-
ing Araucaria excelsa R. Br. var. glauca and other species, which have a high orna-
mental value as both indoor and outdoor (landscape) plant. In general, woody trees 
are difficult to regenerate in vitro [11, 12]. Some problems encountered with woody 
species including systemic infections, episodic growth of explants, and the produc-
tion of polyphenols, tannins and volatile substances, and hyperhydricity of cul-
tures [13]. There is few information available about in vitro establishment of  
A. excelsa R. Br. explants [20]. A major problem of in vitro plant culture techniques 
is chronic contamination by micro-organisms [6]. The fungal and internal bacterial 
contaminations are the major problems that restrict the aseptic establishment of  
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A. excelsa R. Br. cultures. Attempts have been made to suppress or eliminate the 
growth of endogenous bacteria from cultures using antibiotics with varying degrees 
of success [9]. Conventional antibiotics and chemotherapeutic agents may be 
employed to correct persistent problems, but frequently are phytotoxic or may retard 
plant tissue growth [7] and prolonged exposure increases the risk of resistance and 
may even progress to dependence on the drug [9]. The use of an antibiotic may by 
useful in the control of antimicrobials, and as a selection agent in transformation 
experiments, but it may have negative genotype dependent repercussion on the regen-
eration capacity of the initial explant and on the genetic stability of the resulting plant 
materials [25]. The silver nanoparticles were found to exhibit antibacterial effects at 
low concentration [2]. Studies have demonstrated that silver ions interact with sul-
phydryl (-SH) groups of proteins as well as with the bases of bacterial DNA leading 
either to the inhibition of respiratory processes or DNA unwinding [3, 4] and its inter-
action with hydrogen bonding processes has been demonstrate to occur [18]. Soaking 
explants in nano silver (NS) solution was reported to eliminate micro-organisms in 
tissue culture of Valeriana officinalis L. as an herbaceous plant [1]. The effect of 
silver as ethylene inhibitor in tissue culture was also studied in wheat and tobacco 
cultures [17]. Araucaria excelsa R. Br. has a high ornamental value among conifers. 
However, there are few reports on in vitro manipulations of this woody and hard-to- 
root species [20]. The objectives of the present work were to evaluate the potential of 
nano silver solution to eradicate fungal and bacterial contaminants in the explants of  
A. excelsa R. Br.

MATERIALS AND METHODS

Nano silver preparation

The average size of nanoparticles used in this study was 18.5 nm. The preparation of 
silver nano-fluid consisted of two major steps. Silver nano-particles were produced 
by using a catalytic chemical vapour deposition method (Nanocid Company Method). 
The Ag nano-particles were then added to pure water. No surfactant was used in the 
Ag nano-fluid suspensions. The mixture was prepared using an ultrasonic homoge-
nizer (the initial concentration of silver nano-fluid was 4000 mg l−1). Some atomic 
and physical properties of NS used in this study were the same as Abdi et al. [1].

Plant materials

Three-year-old seedlings of Norfolk-Island pine were purchased from a commercial 
grower in the North of Iran, Mazandran province, and were transferred to the green-
house of Department of Horticultural Science, College of Agriculture, Shiraz 
University.
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Surface sterilization of explants

Primary plagiotropic stems (PPS) [19] with approximately 4 cm long were cut from 
the mother plants and allowed to soak in running tap-water for 2 h. Then, explants 
were treated with 70% ethanol for 3 minutes followed by 15% clorox (containing 
5.25% sodium hypochlorite) with 0.2% detergent for 15–20 minutes for surface 
sterilization and then washed three times with sterile distilled water. In one experi-
ment, stem pieces were submersed in 200 mg l−1 antibiotic solutions of cefotaxime, 
gentamicin, amoxicillin, ampicillin and tetracycline for 60 and 120 minutes after 
surface sterilization.

Nano silver treatments

Explants were treated with nano silver (NS) in two different methods: In one treat-
ment explants were soaked in NS solution at the concentrations of 100, 200 and 400 
mg l−1 for 60 and 180 minutes after surface sterilization. In a second treatment NS 
was added to the medium before autoclaving at the concentrations of 25, 50, 100, 
200, 400, 800 and 1600 mg l−1. 

In one separate experiment, NS was used under reduced pressure (500 mg l−1 NS 
in 300 mm Hg for 5 minutes) before surface sterilization with ethanol and Clorox. 
After surface sterilization stem segments were cut 8–10 mm long, and the bottom 
sterilized explants, again were dipped in NS solution before being transferred to the 
basal MS medium [14]. This medium was supplemented with 3% (W/V) sucrose 
and 0.8% (W/V) agar. The pH of the medium was adjusted to 5.8 by 0.1 normal HCl 
before autoclaving for 15 minutes at 121 °C and 1.5 kg cm–2 pressure. Cultures 
were kept at 25 °C under cool white fluorescent light (30 μmol m–2 s–1), for 16 h 
each day.

The healthy explants were cultured on MS basal medium supplemented with more 
than 0.3 μmol N6-benzyladenine (BA) for further multiplication. The most effective 
treatment of NS was applied on main stem (orthotropic) explants of A. excelsa R. Br. 
var. glauca, due to only orthotropic stems produced symmetrical plants.

Data recording and statistical analysis

Contamination percentage was recorded daily. Each experiment was carried out as a 
completely randomized design with at least 8 replications for each treatment. All the 
experiments were repeated three times. Data were analyzed using MSTAT-C statisti-
cal software, and means were compared with Tukey’s test at 5% level.
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RESULTS

The effect of antibiotics on contamination

There was no more significant effect on explants’ contamination observed when the 
antibiotics were used (Table 1). However, amoxicillin had a significant effect on fun-
gal and bacterial contamination compared to control and tetracycline affected only 
the bacterial contamination. Unfortunately, due to high duration and concentration of 
antibiotics used, leaf-tip of treated explants gets necrosis. However, cefotaxime, gen-
tamicin and ampicillin treatments had no significant effect on fungal and bacterial 
contamination of the explants as compared to the control.

Table 1
Effects of different antibiotics on the elimination of contaminations of A. excelsa R. Br. explants

Treatment (200 mg l–1) Duration (min) Fungal contamination (%) Bacterial contamination (%)

Control   0 28.33ab† 56.66a

Cefotaxime  60 15.00bc 28.33ab

120 15.00bc 28.33ab

Gentamicin  60 28.33ab 41.66a

120 16.66bc 28.33ab

Amoxicillin  60 0.00c 28.33ab

120 41.66a 15.00c

Ampicillin  60 41.66a 28.33ab

120 15.00bc 28.33ab

Tetracycline  60 28.33ab 15.00c

120 50.00a 22.66bc

†Means followed by the same letters are not significantly different using Tukey’s test at 5% level.

Table 2
Effects of soaking the explants in NS colloid on the elimination of contaminations 

of A. excelsa R. Br. explants

Concentrations
(mg l–1)

Duration 
(min)

Contamination (%) Detection (days)

Fungal Bacterial Fungal Bacterial

Control   0 36.67a† 61.50a 6–8 10–12
100  60 20.83a 54.50ab 10 10
200 21.67a 43.33a-c  9 12
400 15.00a 35.00cd  8 10
100 180 16.67a 28.67cd  9 12
200 16.50a 22.67cd 10 20
400 20.83a 11.33d 10 20

† Means followed by the same letters are not significantly different using Tukey’s test at 5% level.
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Soaking the explant in NS solution

Results showed that NS had no significant effect fungal contamination (Table 2). 
Using NS solution without surface sterilization did not affect bacterial and fungal 
contamination rate; hence NS solution was used after surface sterilization. Fungal and 
bacterial growths were mostly observed after 10 days in the control but in other treat-
ments colony appearance was delayed especially for bacterial contamination. The 
highest percentage of disinfection (32.16%) was observed when the explants were 
soaked in 400 mg l−1 NS solution for 180 minutes (Table 2).

Adding NS to the medium

Due to the ineffectiveness of NS on fungal contamination, only bacterial contamina-
tion was analyzed. The addition of NS solution to the culture media retarded the 
appearance of internal contamination and also decreased the percentage of bacterial 
contamination in tissue culture of A. excelsa R. Br. 400 mg l−1 NS solution signifi-
cantly decreased contamination percentage from 81.25% in control to 18.75% after 
four weeks of treatment (Table 3). After a preliminary experiment on primary plagio-
tropic stem, most effective treatment was observed on main stem (orthotropic) 
explants cultured in MS basal medium supplemented with 0.3 μmol BA for further 
multiplication (Fig. 1).

The shoots grown on the media supplemented with NS had multiplied at rates 
similar to those grown on the medium without NS. However, the concentration of 800 
mg l−1 NS resulted in necrosis of the bottom of explants and in 1600 mg l−1 the 
explants died. The use of NS colloid at the concentration of 500 mg l−1 under reduced 
pressure (300 mm Hg) for 5 minutes was perceptibly effective on decontamination.

Table 3
Effect of different concentrations of NS added  

to the medium on the elimination of bacterial contaminations 
in A. excelsa R. Br. explants after 28 days of culture

Treatment,
(mg l–1) Contamination (%)

Control 81.25a†

 25 43.75ab

 50 37.50ab

100 25.00b

200 43.75ab

400 18.75b

† Means followed by the same letters are not significantly differ-
ent using Tukey’s test at 5% level.
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DISCUSSION

Nanobiotechnology will soon have a great impact on the agriculture. We believe that 
the combination of nanotechnology and biotechnology has a crucial role for tissue 
culture technology and genetic transformation in the future. Nano-size silica silver 
inhibited the growth and development of both Gram-positive and Gram-negative 
bacteria in which the inhibitory effect on the growth and development of Gram-
positive bacteria was higher than on the growth and development of Gram-negative 
bacteria [16]. The antibacterial and antifungal properties are related to the total sur-
face area of the nanoparticles. Smaller particles with a larger surface to volume ratio 
provide more efficient means for antibacterial activity [2]. Using NS solution after 
surface sterilization had acceptable influence on the bacterial contamination without 
any adverse effect on growth characteristics in micropropagation of Valeriana offici-
nalis L. [1]. The smaller size (1–5 nm) of NS suppressed more effectively fungal and 
bacterial growth [26]. As catalytic materials, the catalytic activity of silver nano par-
ticles is dependent to their size as well as their structure, shape, size distribution and 
chemical-physical environment [28]. Several studies have been undertaken to explain 
the antibacterial properties of NS toward bacteria [15, 23]. Supplementation of the 
media with 30 μmol silver nitrate or silver thiosulfate enhanced the frequency of 
shoot regeneration [8, 17, 27]. It is believed that the mechanism of the antibacterial 
activity of silver ions involves shrinkage of the cytoplasm membrane or its detach-
ment from the cell wall. DNA molecules become condensed and lose their ability to 
replicate upon the infiltration of Ag ions [10]. The silver ions also interact with the 
thiol groups of proteins, which induce the inactivation of bacterial proteins [10]. The 
major mechanism through which silver nanoparticles manifested antibacterial proper-
ties was by anchoring to and penetrating the bacterial cell wall, and modulating cel-
lular signaling by dephosphorylating putative key peptide substrates on tyrosine resi-
dues [5, 22]. The colloidal nanoparticles need not be separated from the solution and 
the silver solution can be directly used in antibacterial fields [25]. Araucaria excelsa 

Fig. 1. Adventitious shoot initiation on Araucaria excelsa R. Br., (A) one explant established on the 
medium supplemented with 400 mg l−1 NS after three weeks, (B) the explant after 4 weeks, (C) the 

explant after 60 days culture on the medium supplemented with 0.3 μM BA
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R. Br. and other species [21] in this genus are hard-to-root in culture media. Our 
attempt to root the shoots had not much success [33%], and was not highly effective 
due to the hardness to root and secretion of phenolic materials to the culture medium. 
The healthy orthotropic explants obtained in all the experiments were cultured on MS 
basal medium supplemented with 0.3 μmol BA for further multiplication with no 
bacterial growth observation after three subcultures (with 28 days intervals). 

Our results showed that nano silver solution can be added to the medium without 
affecting the growth and development of A. excelsa R. Br. var. glauca explants were 
being kept in the medium up to 28 days. Owing to ineffectiveness of antibiotics in 
control of internal infection we used NS colloid.

Nano silver cannot control completely Erwinia herbicola infection. Dominant 
bacterium in the medium was Pseudomonas fluorescens that can be eliminated by NS 
treatment. 

Silver ions (Ag+) are potent inhibitors of ethylene action [15, 24]. The explants 
grown in NS medium were relatively healthier than in the control. Maybe nanoparti-
cles of silver can block the ethylene in the culture medium. Abdi et al. [1] did not add 
NS to the culture medium but our results showed that adding NS to the culture 
medium is more effective. However, further studies must be conducted to verify 
adverse or positive effects of NS in more crops. The work reported here investigated 
the possibility of in vitro culture of A. excelsa R. Br [20]. It might prove to be an 
applicable method of propagation in this species. Nevertheless, the production of 
shoots and axillary branches obtained in the present study is an important step in 
micropropagation of Araucaria excelsa R. Br.

Because of the controversial nature of NS it is critical to design these studies with 
careful attention to health and security issues. The lack of information about other NS 
important traits provides an open field for future researches. 

ACKNOWLEDGEMENTS

We would like to thank Nanocid Company for their generous gift (nano silver) and Department of Plant 
Pathology (Shiraz University) especially Dr. Rezaei for identification of bacterial infection.

REFERENCES

 1. Abdi, G. H., Salehi, H., Khosh-Khui, M. (2008) Nano silver: a novel nanomaterial for removal of 
bacterial contaminants in valerian (Valeriana officinalis L.) tissue culture. Acta Physiol. Plant. 30, 
709–714.

 2. Baker, C., Pradhan, A., Pakstis, L., Pochan, D. J., Shah, S. I. (2005) Synthesis and antibacterial prop-
erties of silver nanoparticles. J. Nanosci. Technol. 5, 244–249.

 3. Batarseh, K. I. (2004) Anomaly and correlation of killing in the therapeutic properties of silver(I) 
chelating with glutamic and tartaric acids. J. Antimicrob. Chemoth. 54, 546–548.

 4. Bragg, P. D., Rannie, D. J. (1974) The effect of silver ions on the respiratory chain of E. coli. Can. J. 
Microbiol. 20, 883–889.

 5. Braydich-Stolle, L., Hussain, S., Schlager, J. J., Hofmann, M. C. (2005) In vitro cytotoxicity of nano-
particles in mammalian germline stem cells. Toxicol. Sci. 88, 412–419.



484 M. K. SARMAST et al.

Acta Biologica Hungarica 62, 2011

 6. Constantine, D. R. (1986) Micropropagation in the commercial environment. In: Withers, L., 
Alderson, P. G. (eds) Plant tissue culture and its agricultural applications. Butterworth, London, pp, 
175–186.

 7. Dodds, J. H., Roberts, W. L. (1981) Some inhibitory effectors on gentamicin on plant tissue culture. 
In Vitro 17, 467–470.

 8. Eapen, S., George, L. (1997) Plant regeneration from peduncle segments of oil seed brassica species: 
influence of silver nitrate and silver thiosulfate. Plant Cell Tiss. Org. Cult. 51, 229–232.

 9. Falkiner, F. R. (1990) The criteria for choosing an antibiotic for control of bacteria in plant tissue 
culture in TCL. Assoc. Plant Tiss. Cult. Newsl. 60, 13–23.

10. Geong, Y., Hwang, H., Hi, S. C. (2005) Antibacterial properties of padded PP/PE nonwovens incor-
porating nano-sized silver. Colloids J. Mater. Sci. 40, 5413–5418.

11. Giri, C. C., Shyamkmar, B., Anjaneylnu, C. (2004) Progresses in tissue culture, genetic transforma-
tion and application of biotechnology to trees: an overview. Trees 18, 115–135.

12. Gyulai, G., R., Láposi, C., Herschbach, A., Veres, Gy., Fábián, L., Waters, Jr., Rennenberg, H. (2011) 
Conservation genetics (1710–2010) – Cloning of living fossils: Micropropagation of the oldest 
Hungarian black locust tree (Robinia pseudoacacia) planted in 1710 (Bábolna, Hungary). In:  
G. Gyulai, G. (ed.). Plant Archaeogenetics. Chapter 10. Nova Sci Publisher Inc., New York, USA.

13. Harry, I. S., Thorpe, T. A. (1990) Special problems and prospects in the propagation of woody species, 
in plant aging basic and applied approaches. Plenum. New York, pp. 67–74.

14. Murashige, T., Skoog, F. (1962) A revised medium for rapid growth and bioassays with tobacco tissue 
cultures. Physiol. Plant. 15, 473–497.

15. Nomiya, K., Yoshizawa, A., Tsukagoshi, K., Kasuga, N. C., Hirakava, S., Watanabe, J. (2004) 
Synthesis and structural characterization of silver(I), aluminium(III) and cobalt(II) complexes with 
4-isopropyltropolone (hinokitiol) showing noteworthy biological activities. Action of silver(I)-oxygen 
bonding complexes on the antimicrobial activities. J. Inorg. Biochem. 98, 46–60.

16. Park, H. J., Kim, S. H., Kim, H. J., Choi, S. (2006) A new composition of nanosized silica-silver for 
control of various plant diseases. Plant Pathol. J. 22, 295–302.

17. Purnhauser, L., Medgyesy, P., Czakó, M., Dix, P. J., Márton, L. (1987) Stimulation of shoot regen-
eration in Triticum aestivum and Nicotiana plumbaginifolia Viv. tissue cultures using the ethylene 
inhibitor AgNO3. Plant Cell Report 6, 1–4.

18. Russell, A. D., Hugo, W. B. (1994) Antimicrobial activity and action of silver. Prog. Med. Chem. 31, 
351–371.

19. Sarmast, M. K., Salehi, H., Khosh-Khui, M. (2009) Using plagiotropic shoot explant in tissue culture 
of Araucaria excelsa R. Br. var. glauca. Adv. Environ. Biol. 3, 194–194.

20. Sarmast, M. K., Salehi, H., Ramezani, A., Abolimoghadam, A. A., Niazi, A., Khosh-Khui, M. (2011) 
RAPD fingerprint to appraise the genetic fidelity of in vitro propagated Araucaria excelsa R. Br. var. 
glauca plantlets. Mol. Biotechnol. DOI 10.1007/s12033-011-9421-7.

21. Sehgal, L., Sehgal, O. P., Khosla, P. K. (1989) Micropropagation of Araucaria columnaris Hook. Ann. 
Sci. Forest 46, 158–160.

22. Shrivastava, S., Bera, T., Roy, A., Singh, G., Ramachandrarao, P., Debabrata, D. (2007) Characterization 
of enhanced antibacterial effects of novel silver nanoparticles. Nanotechnology 18, 225103. (9 pp).

23. Sondi, I., Salopek-Sondi, B. (2004) Silver nano particles as antimicrobial agent: A case study on  
E. coli as a model for Gram-negative bacteria. J. Colloid Interface Sci. 275, 177–182.

24. Taiz, L., Zeiger, E. (2006) Plant Physiology. Sinauer Assoc. Inc., 4 ed. 700 p.
25. Teixeira da Silva, G. A., Duong, T., Michi, T., Seiichi, F. (2003) The effect of antibiotics on the  

in vitro growth response of chrysanthemum and tobacco stem transverse thin cell layers (tTCLs).  
Sci. Hortic. 97, 397–410.

26. Wainwright, M., Grayston, S. J., de Jong, P. (1986) Adsorption of insoluble compounds by mycelium 
of the fungus Mucor flavus. Enzyme Micro. Technol. 8, 597–600.

27. Zhang, P., Phansiri, S., Kaerlas, J. P. (2001) Improvement of cassava shoot organogenesis by the use 
of silver nitrate in vitro. Plant Cell Tiss. Org. Cult. 67, 47–54.

28. Zhang, W., Qiao, X., Chen, J. (2007) Synthesis of nanosilver. Colloids and Surfaces A: Phys. Eng. 
Asp. 299, 22–28.




