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ABSTRACT

Plant tissue culture plays an extremely important role in contemporary plant biotechnology due to its
potential for mass production of enhanced crop varieties and high yield of significant secondary metabolites.
Utilizing biotic and abiotic elements, several attempts have been made to increase the efficiency and output
of plant tissue culture. Due to its efficacy in microbial cleaning and the increase of secondary metabolites,
the use of nanoparticles as elicitors has recently attracted interest on a global scale. Nanoparticles are objects
with a nanometric dimension; they have distinct physico-chemical characteristics. Among all nanoparticles,
silver nanoparticles (AgNPs) are well-known for their antibacterial and hormetic properties, which, in the
right doses, improved plant biomass and promoted the accumulation of secondary metabolites. The
assessment of the application of nanotechnology to plant tissue culture is the main objective of this review.
The emphasis is placed mostly on the augmentation of secondary metabolites, their impacts on plant
development and biomass accumulation, as well as their potential mechanisms of action.

Key words: Plants, Secondary metabolites, Silver Nanoparticles, Tissue culture

Introduction

In the 21stcentury, plant biotechnology has fulfilled
various expectations of modern science to improve
the quality of plants through tissue culture tech-
nique. In this technique plant cells, tissues or organs
are grown in the artificial nutrition media under a
controlled environment and aseptic condition for
the generation of in vitro plants. This technique is
very much useful to improve agriculturally pro-
duced crop varieties for enhancement of their crop
quality, yield, resistant ability against environmen-
tal stress and pathogenic attack to develop disease
free in vitro plants (Ali et al., 2016; Singh, 2018;

Bidabadi and Jain, 2020). The enormous success be-
hind the plant tissue culture is only because of ‘Toti-
potency’ i.e., ability of a plant cell to regenerate
whole plant through cell division and cell differen-
tiation, unlike animal cell (Ali et al., 2016; Bidabadi
and Jain, 2020). The presence of secondary
metebolites like alkaloids, phenolics, steroids, vola-
tile oils etc in pants have made them meridionally so
important  (Fouad et al., 2021; Khan et al., 2021). The
quantity of secondary metabolites in plants has been
enhanced through plant tissue culture and those in
vitro derive plants are useful for pharmacological as
well as industrial purposes (Rahmawati et al., 2022).
The quantity of secondary metabolites in plants can
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be increased by many factors like genotype of
mother plant, type of explants, physiological status,
intensity and period of the incident light, plant
growth regulators and temperature (Abdi et al.,
2008; Bhoite and Palshikar, 2014). Normally, compo-
sition of tissue culture media plays the key role
which strongly influence morphogenesis of ex-
plants. Different components present in any plant
tissue culture medium have their own roles e.g.,
macro and micro salts as nutrients, sucrose as car-
bon source, agar as solidifying agent.Vitamins, plant
hormones, iron salts, organic supplements also have
their unique roles. Sometimes few selected elicitors
i.e., molecular agents are added to culture media to
induce a response in the organisms, such as enhanc-
ing phytochemical production in plants (Angelova
et al., 2006; Patel and Krishnamurthy, 2013). These
elicitor molecules are of biological or non-biological
origin and can recognize cytoplasmic membrane
receptors on the plant cells. Recognition and binding
led to signal elicitation, which stimulates the expres-
sion of genes related to secondary metabolite pro-
duction. With respect to this, metallic nanoparticles
conjugates show high potential as in vitro culture
elicitors for their physico-chemical properties and
fall within the field of nanotechnology (Patel and
Krishnamurthy, 2013; Kokina et al., 2017; Dabuwar
et al., 2019).

The term ‘nano’ is derived from a Greek word
meaning ‘the dwarf’ and Nanotechnology is the sci-
ence and technology of small things (<100 nm) with
few changes in their physico-chemical structure
with higher reactivity and solubility which leads to
enhance the reaction rate to switching faster speed,
increased surface area, higher productivity, varia-
tions in different cellular interactions, control of sev-
eral molecular events etc. (Chakravarthi and Balaji
2010; Troncarelli et al., 2013; Enamala et al., 2019;
Prasad, 2019; Luo, 2020; Paul, 2022). Nanomaterials
exhibit unique properties such as low molecular
weight, large surface area against volume, ability to
engineer electron exchanges, special electronic and
optical attributes, and surface reactive capability. It
has also reported that metallic nanoparticles such as
silver, gold and iron nanoparticles and metal oxide
nanoparticles (nano-ZnO2, TiO2, and CuO2) have
positive impact on plant tissue culture by support-
ing morphological potential and propagation, as
well as improving plant resistance to stress (Kim et
al., 2017; Bayda et al., 2019; Salachna et al., 2019).

Though nanobiotechnology is a new emerging
field of study so more study should be required to
understand the magical power of nanoparticles
when they are incorporated in biological system
which will be enlightening us to a marvellous area
of nanobionics (Paul, 2022). As the secondary me-
tabolites controlled in vitro generated plants will be
more beneficial for the pharmaceutical industries to
develop various lifesaving drugs, it has been fo-
cused on how nanotechnology is applied in plant
tissue culture system for the enhancement of quan-
tity as well as quality of various secondary metabo-
lites of in vitro generated plants in this present ar-
ticle.

Synthesis of Silver nanoparticles

In general, the nanoparticles (NPs) have been syn-
thesized by three different synthesis processes, such
as physical, chemical and biological. Silver NPs
were synthesized by using traditional physical tech-
niques including pyrolysis and spark discharge
(Pluym et al., 1993; Tien et al., 2008). Through evapo-
ration-condensation in a furnace tube operating at
atmospheric pressure, silverNPs are synthesized by
utilizing physical processes (Gurav et al., 1994;
Magnusson et al., 1999; Kruis et al., 2000; Zhang et al.,
2016).  Though physical processes are quick, employ
radiation as reducing agents, and free from any haz-
ardous chemicals, there are some limitations as poor
yield and high energy consumption, solvent con-
tamination and uneven distribution (Tsuji et al.,
2005; Shameli et al., 2010; Elsupikhe et al., 2015).

Silver NPs are chemically synthesized by using
water or organic solvents. The three primary com-
ponents of this procedure are typically metal precur-
sors, reducing agents and stabilizing or capping
agents. Essentially, there are two stages involved in
the reduction of silver salts, i.e.  initial nucleation
followed by subsequent growth (Wiley et al., 2005;
Tao et al., 2006).

The inadequacies of chemical techniques have
given a way to viable alternatives in the form of bio-
logical techniques. Recently, it has been demon-
strated that using various biological systems, such
as bacteria, fungi, plant extracts and small
biomolecules like vitamins and amino acids, biologi-
cally-mediated nanoparticle synthesis methods are
straightforward, reliable, economical and environ-
mentally friendly. Before this biological approach
became widely used, the bio-sorption of metals by
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Gram-positive and Gram-negative bacteria gave a
clue for the synthesis of nanoparticles (Gurunathan
et al.,  2013, 2015).

When microorganisms take target ions from their
surroundings and convert the metal ions into the
element metal using enzymes produced by cell ac-
tivities, nanoparticles are said to be biosynthesized.
Depending on the position of the nanoparticles de-
veloped, it can be divided into intracellular and ex-
tracellular production (Simkiss and Wilbur, 1989;
Mann, 2001).

In this green chemistry method, various bacteria
were used, including Pseudomonas stutzeri AG259,
Lactobacillus strains, Bacillus licheniformis, Escherichia
coli, Brevibacterium casei. The nanoparticles were ex-
tracted from fungi including Fusarium oxysporum,
Ganoderma neo-japonicum etc. or even from various
plant extracts (Zhang et al., 2016). The major advan-
tage of biological methods is the availability of
amino acids, proteins or secondary metabolites
present in the synthesis process and the use of bio-
logical molecules for the synthesis of silver
nanoparticles is eco-friendly and pollution-free
(Zhang et al., 2016).

Silver nanoparticle as elicitor in plant tissue culture

Silver nanoparticles are increasingly used in various
fields, including medical, food, health care, con-
sumer and industrial purposes, due to their unique
optical, electrical and thermal, high electrical con-
ductivity and biological properties (Gurunathan
et al., 2015). The biological activity of silver
nanoparticles depends on factors including surface
chemistry, size, size distribution, shape, particle
morphology, particle composition, coating/capping,
agglomeration and dissolution rate, particle reactiv-
ity in solution, efficiency of ion release, and cell type
and the type of reducing agents used for the synthe-
sis of silver nanoparticles are crucial factors for the
determination of cytotoxicity (Rahmawati et al.,
2022).

In agrotechnology, plant tissue culture plays a
crucial role for crop improvement. One of the best
methods for crop enhancement is plant
micropropagation through vegetative multiplica-
tion. This reduces the possibility of pathogen accu-
mulation and the slow pace of generative multipli-
cation, both of which result in a loss in crop quantity
and quality. From numerous reports it was con-
firmed that the addition of silver nanoparticles in
culture media exhibited positive response for callus

induction, shoot formation, and growth (Espinosa-
Leal et al., 2018; Bidabadi et al., 2020; Chandran et al.,
2020).

The physio-chemical properties of nanoparticles
enhance the bioavailability of therapeutic agents af-
ter both systematic and local administration and on
the other hand it can affect cellular uptake, biologi-
cal distribution, penetration into biological barriers
and resultant therapeutic effects. Therefore, the de-
velopment of silver nanoparticles with controlled
structures that are uniform in size, morphology and
functionality are essential for various biomedical
applications (Ali et al., 2019; Rahmawati et al., 2022).

The callus biomass increment is positively corre-
lated with the water content of explant and that was
the vital parameter for metabolic and physiological
status. Application of low concentration of silver
nanoparticle in Caralluma tuberculata culture me-
dium exhibited sudden increase of callus biomass.
However, administration of silver nanoparticles
above the estimated optimum level (60 µg/l) caused
a significant reduction in callus biomass. This study
also revealed that the accumulation of important nu-
trients in the medium, such as N, Mg and Fe was
also increased (Ali et al., 2019). Consequently, larger
amounts of nutrients involved in the formation of
chlorophyll may result in enhanced photosynthetic
activity; on the other hand, higher levels of silver
nanoparticle may result in phytotoxicity. These find-
ings were consistent with earlier research on
Cucurbita pepo, Raphanus sativus and Stevia rebaudiana
B in Murashige and Skoog tissue culture medium
(Stampoulis et al., 2009; Zuverza-Mena et al., 2016).

Silver nanoparticle in culture medium improved
dramatically the number of shoots as well as the
plant height and biomass and that nanoparticle also
enhanced the accumulation of plant secondary me-
tabolites (Chandran et al., 2020; Rahmawati et al.,
2022). An unorganised or undifferentiated cell mass
is known as callus, which is formed from plant or-
gans cultivated in vitro, can be used as a potential
plant biotechnology platform to produce consider-
able bioactive chemicals of pharmaceutical interest.
Moreover, it has been suggested that callus cultiva-
tion combined with nano-elicitation is a promising
method for increasing phenolic, flavonoid and alka-
loid chemicals (Ali et al., 2019; Fouad et al., 2021). For
example, it has been observed that silver
nanoparticles in cell suspension culture increase the
content of several flavonoids, including
hydroxybenzoic and hydroxycinnamic acids in the
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bitter gourd. Moreover, total phenolic and flavonoid
content of Caralluma tuberculata and Prunella vulgaris
callus cultures showed increased after being stimu-
lated by silver nanoparticle and silver-gold
nanoparticles, respectively (Ali et al., 2019; La and
Risuleo, 2021).

Enhancement of secondary metabolites of Plants
through Silver nanoparticles

Secondary metabolites in plants are helpful for bet-
ter survive against environmental stress. Further-
more, plant secondary metabolites are also well
known as an important source of pharmacological
or industrial means. It has been reported that in vitro
plant cell and organ culture has beneficial effects for
enhancement of plant secondary metabolite produc-
tion. The application of metallic elicitors, such as sil-
ver nanoparticles, also has a positive response on
secondary metabolite enhancement in several stud-
ies. Total phenolic compounds including flavonoid
content, phenylalanine ammonia-lyase and DPPH
free radical activity have been increased in in-vitro
culture of Caralluma tuberculata callus in MS medium
supplemented with silver nanoparticle alone as
compares to MS culture medium supplemented
with phytohormones and silver nanoparticles both.

In sugarcane, the total amount of phenolic com-
pounds has been increased in in-vitro condition with
media supplemented with silver nanoparticle in
medium concentration. But the application of silver
nanoparticle in higher concentration in culture me-
dium occurs negative effects where the production
of phenolic compound is decrease in higher concen-
tration of sliver nanoparticle due to antioxidant pro-
duction and reactive oxygen species (ROS) contin-
ued to rise.  Like the use of optimum concentration
of silver nanoparticle, the proper size of the silver
nanoparticle is equally effective for the enhancement
of camalexin compound in Arabidopsis thaliana.

Silver nanoparticles actually increase sugar me-
tabolism, TCA cycle, shikimate phenyl propanoid
metabolism etc. in A. thaliana and those leads to give
resistance to this plant against abiotic stress. Thus,
the immunity power or resistant power of A. thaliana
becomes enhanced against phytopathogen through
the in vitro induction of higher generation of phy-
toalexins and other kind of secondary metabolites.

Total phenolic and flavonoid content in Curcumis
anguria will be enhanced through the hairy root cul-
ture derived via Agrobacterium-mediated transfor-
mation by the direct uptake of the silver moiety in

the root surface.
Silver nanoparticle in cell suspension culture

technique gives positive impacts for the in vitro en-
hancement of capsaicin in Capsicum sp. after few
days of inoculation of culture. Same result has been
achieved to enhance secondary metabolite in bitter
gourd.

Mechanism of action of silver nanoparticles in
plant cell

In the initial phase of exposure, silver nanoparticles
were said to stick to the primary root’s surface. In
plants, there are two ways that particles are trans-
ported: either by vascular tissue or intercellular
transport. Nanoparticles first enter the root’s epider-
mal layer, then go through a sequence of processes
that lead to the entry of plant vascular tissue. The
transfer of silver nanoparticles in whole plants or
explants is made possible by this process (Yan and
Chen, 2019). After being ingested into plant cells,
silver nanoparticles are said to stay in nanoparticle
form and cause less severe effects than free Ag+ pro-
duced by silver nitrate (Stefanic et al., 2018). Silver
nanoparticles could enter cells through plasmodes-
mata, after direct contact with the cell membrane
(Fig.1). In this adverse condition, plants produce
ROS that causes damage to the biological membrane
system and to macromolecules (Marslin et al., 2017,
Yan and Chen, 2019). As reported in A. thaliana, the
initial recognition of silver nanoparticles by mem-
brane-bound receptors triggers Ca2+ burst and ROS
induction. It may be speculated that these particles
may enhance the plant uptake inflicting damage to
the cell wall.

Thus, cell wall malfunction may lead to higher
uptake of nutrients and water; incidentally, the
higher penetration of drugs consequent to cell mem-
brane permeabilization has been observed in plant
cells. The significant increase in some macronutrient
contents and the accumulation of larger amounts of
N, Mg and Fe in the shoots of sugarcane exposed to
silver nanoparticles may contribute to the increased
shoot number and length (Bello-Bello et al., 2017;
Castro-Gonzalez et al., 2019).

Proteins, nucleic acids, hormones and chlorophyll
are all made up of nitrogen. It is probable that this
mechanism aids in enhancing growth in plants ex-
posed to silver nanoparticles because photosynthe-
sis causes the creation of biomass in plants.

The application of nanoparticles has an impact on
the hormonal pool, as demonstrated by Vankova et
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al. (2017). Different pools of PGRs may produce di-
verse plant growth and physiological responses in
various plant species, according to some research.
The shoot apical meristem’s auxin and cytokinin
production was inhibited by a high nanoparticle
concentration (SAM).

Jasmonic acid was similarly reduced when being
exposed to nanoparticles in a manner similar to that.
In the meantime, exposure to nanoparticles caused a
build-up of salicylic acid, cis-zeatin and abscisic acid
in plant roots. This suggests that nanoparticles are a
source of plant stressors. Nanoparticles reduced the
expression of genes that are responsive to ethylene
and ABA, which in turn reduced the rate of callus
regeneration (Manickavasagam et al., 2019). In
closed container culture, self-produced gases, in-
cluding ethylene, which may control senescence,
will have a significant impact on plant development.

silver nanoparticles were introduced into olive
cells and this resulted in improved growth vigour,
decreased necrosis and good effects on cell growth
(Hassan et al., 2019). Plant cultures may experience
rapid growth because of silver ions’ inhibition of
ethylene synthesis. By substituting the copper cofac-
tor; silver ions from silver nanoparticles operate as
ethylene perception inhibitors, which causes the
downregulation of genes involved in ethylene syn-
thesis (Zhang et al., 2018; Manickavasagam et al.,
2019).

According to reports, silver ions and
nanoparticles both induced changes in the second-
ary metabolite profile, which suggested that silver
nanoparticles have an impact on plant metabolism
through the release of ions into the medium. High
concentrations of AgNPs have reportedly accumu-
lated in plant cells and tissues of the stevia plant
(Stevia rebaudiana) (Kruszka et al., 2020). Through the
circulatory system, these compounds were taken up
by the plant and transported to nearby cells by
apoplasts. Because nanoparticles must cross a mem-
brane as part of the transfer route via apoplasts,
nanoparticles uptake must be size-specific. It is also
feasible to transport nanomaterials via plasmodes-
mata, which have a diameter of about 40 nm and
can accommodate silver nanoparticles as small as 40
nm.

Conclusion

The application of silver nanoparticles to plant tis-
sue culture could benefit plant development and the
production of secondary metabolites. The reviewed
was conducted using silver nanoparticles of various
sizes and concentrations. It had a size range of 1-40
nm and a concentration range of 30 g/l to 200 mg/
l. The effects of this treatment on plant growth in-
clude changes in callus development, shoot multi-
plication and elongation and root formation. Silver

Fig. 1. Three possible mechanisms of silver nanoparticles to enhance the quantity of secondary metabolites
of in vitro plants.
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nanoparticles also cause the build-up of plant sec-
ondary metabolites. These reactions are the conse-
quence of intricate physiological processes that
modify the functions of antioxidant enzymes, the
expression of genes, the communication and control
of plant hormones and the generation of ROS.

However, depending on the plant species and
explant type, various reactions and hormetic effects
were seen. Hence, each plant species’ silver
nanoparticle characteristics must be optimised in
order to increase secondary metabolite enhance-
ment. Silver nanoparticles, however, exhibit a strong
potential for use in plants for those goals of im-
provement. Future secondary metabolite manufac-
turing techniques include large-scale methods like
nano-integrated suspension culture.

The research on silver nanoparticles ‘ effects on
growth enhancement might also reveal the funda-
mentals of using this nanomaterial for plant propa-
gation, which might aid attempts to both conserve
and improve crops. To comprehend the mechanism
underlying the impacts of silver nanoparticles in
plant culture, additional examination and evalua-
tion are necessary.

Acknowledgement

Authors are thank to Tapan Kumar Parichha, Prin-
cipal, Suri Vidyasagar College and Head of the De-
partment of Botany, Physics and Zoology, Suri
Vidyasagar College for providing laboratory facili-
ties.

References

Abdi, G., Salehi, H. and Khosh-Khui, M. 2008.  Nano Sil-
ver: A Novel Nanomaterial for Removal of Bacterial
Contaminants in Valerian (Valeriana ofcinalis L.) Tis-
sue Culture. Acta Physiol. Plant. 30: 709–714.

Ali, A.M.A., EL-Noor, M.E.A.M. and Yagi, S.M. 2016.
Callus Induction, Direct and Indirect Organogenesis
of Ginger (Zingiber officinale Rosc). Afr. J. Biotechnol.
15: 2106–2114.

Ali, A., Mohammad, S., Khan, M.A., Raja, N.I., Arif, M.,
Kamil, A. and Mashwani, Z. R. 2019.Silver
Nanoparticles Elicited In vitro Callus Cultures for
Accumulation of Biomass and Secondary Metabo-
lites in Carallumatuberculata. Artif. Cells. Nanomed.
Biotechnol. 47: 715–724.

Angelova, Z., Georgiev, S. and Roos, W. 2006. Elicitation
of Plants. Biotechnol. Equip. 20 : 72–83.

Bello-Bello, J.J., Chavez-Santoscoy, R.A., Lecona-Guzmán,

C.A., Bogdanchikova, N., Salinas-Ruíz, J., Gómez-
Merino, F.C. and Pestryakov, A. 2017. Hormetic Re-
sponse by Silver Nanoparticles on In vitro Multipli-
cation of Sugarcane (Saccharum Spp. Cv. Mex69-290)
Using a Temporary Immersion System. Dose-Re-
sponse. 15: 155932581774494.

Bidabadi, S.S. and Jain, S.M. 2020.  Cellular, Molecular, and
Physiological Aspects of In vitro Plant Regeneration.
Plants. 9: 702.

Bhoite, H.A. and Palshikar, G.S. 2014. Plant Tissue Culture:
A Review. World J. Pharm. Sci. 2: 565–572.

Bayda, S., Adeel, M., Tuccinardi, T., Cordani, M. and
Rizzolio, F. 2019. The History of Nanoscience and
Nanotechnology: From Chemical-Physical Applica-
tions to Nanomedicine. Molecules. 25(1): 112.

Castro-González, C.G., Sánchez-Segura, L., Gómez-Me-
rino, F.C. and Bello-Bello, J.J. 2019. Exposure of
Stevia (Stevia Rebaudiana B.) to Silver Nanoparticles
in vitro: Transport and Accumulation. Sci. Rep.9:
10372.

Chakravarthi, V.P. and Balaji, N. 2010. Applications of
nanotechnology in veterinary medicine. Vet World.
3: 477–480.

Chandran, H., Meena. M., Barupal, T. and Sharma, K.
2020. Plant tissue culture as a perpetual source for
production of industrially important bioactive com-
pounds. Biotechnology Reports. 26: e00450.

Dabuwar, B. E., Adamu I.G., Andrew P. F. and Samuel
A.A. 2019. Callus Culture for the Production of
Therapeutic Compounds. Am. J. Plant Biol. 4.76–84.

Elsupikhe, R.F., Shameli, K., Ahmad, M.B., Ibrahim, N.A.
and Zainudin, N. 2015. Green sonochemical synthe-
sis of sivernano particles at varying concentrations
of k-carrageenan. Nanoscale Res. Lett. 10: 302.

Enamala, M.K., Kolapalli, B., Sruthi, P.D., Sarkar, S.,
Kuppam and Chvai, M.  2019. Appiacations of nano
materials and future prospects of nanobionics. Plant
Nanobionics. Springer Verlag, New York. 197-199.

Espinosa-Leal, C.A., Puente-Garza, C.A. and García-Lara
- Planta, S. 2018. In vitro plant tissue culture: means
for production of biological active compounds.
Planta. 248: 1–18.

Fouad, A., Hegazy, A.E., Azab, E., Khojah, E. and Kapiel,
T. 2021. Boosting of Antioxidants and Alkaloids in
Catharanthus roseus Suspension Cultures Using Sil-
ver Nanoparticles with Expression of CrMPK3 and
STR Genes. Plants. 10: 2202.

Gurav, A.S., Kodas, T.T., Wang, L.M., Kauppinen, E.I. and
Joutsensaari, J. 1994. Generation of nanometer-size
fullerene particles via vapor condensation. 218(4):
304-308.

Gurunathan, S., Han, J.W., Eppakayala, V., Jeyaraj, M. and
Kim, J.H. 2013.Cytotoxicity of biologically synthe-
sized silver nanoparticles in MDA-MB-231 human
breast cancer cells. Bio Med Res. Int. 535796.

Gurunathan, S., Park, J.H., Han, J.W. and Kim, J.H. 2015.



S152 Eco. Env. & Cons. 29 (August Suppl. Issue) : 2023

Comparative assessment of the apoptotic potential
of silver nanoparticles synthesized by Bacillus
tequilensis and Calocybe indica in MDA-MB-231
human breast cancer cells: Targeting p53 for antican-
cer therapy. Int. J. Nanomed. 10: 4203–4222.

Hassan, S.A.M., Mahfouze, H.A., Mahfouze, S.A. and
Allatif, A.M.A. 2019. Genotoxicity Assessment of
Nano-Particles on Micropropagated Olive (Olea
europaea L.) Plants Using Rapd and Damd Markers.
Plant Arch. 19: 1985–1994.

Khan, A.K., Kousar, S., Tungmunnithum, D., Hano, T.,
Abbasi, B.H. and Anjum, S. 2021, Nano elicitation as
an effective strategy for in vitro production of indus-
trially important avonoids. App. Sci. 11: 1694.

Kim, D.H., Gopal, J. and Sivanesan, I. 2017. Nanomaterials
in Plant Tissue Culture: The Disclosed and Undis-
closed. RSC Adv. 7: 36492–36505.

Kokina, I., Mickevic¡a, I., Jahundovic¡a, I., Ogurcovs, A.,
Krasovska, M., Jermal, Onoka, M., Mihailova, I.,
Tamanis, E. and Gerbreders, V. 2017. Plant Explants
Grown on Medium Supplemented with Fe3O4

Nanoparticles Have a Signicant Increase in Embryo-
genesis. J. Nanomater. 4587147.

Kruis, F.E., Fissan, H. and Rellinghaus, B. 2000. Sintering
and evaporation characteristics of gas-phase synthe-
sis of size-selected PbS nanoparticles. Mater. Sci. Eng.
B. 69: 329–334.

Kruszka, D., Sawikowska, A., Kamalabai- Selvakesavan,
R., Krajewski, P., Kachlicki, P. and  Franklin, G. 2020.
Silver Nanoparticles Affect Phenolic and Phytoal-
exin Composition of Arabidopsis thaliana. Sci. Total
Environ. 716: 135361.

La, M.C. and Risuleo, G. 2021. On Concept of Hybrid.
Colloids Interfaces. 5: 33–53.

Luo, Q. 2020. Printable electronics research centre, Suzhou
Institute of Nanotech and Nanobionics. Chinese
Academy of Science. Suzhou, China.

Magnusson, M.H., Deppert, K., Malm, J.O., Bovin, J.O. and
Samuelson, L. 1999. Size-selected gold nanoparticles
by aerosol technology. Nanostruct. Mater. 12: 45–48.

Manickavasagam, M., Pavan, G. and Vasudevan, V. 2019.
A Comprehensive Study of the Hormetic Influence
of Biosynthesized AgNPs on Rice Calli of Indica Cv.
IR64. Sci. Rep. 9 : 8821.

Mann, S. 2001. Biomineralization Principles and Concepts in
Bioorganic Material Chemistry.  Oxford University
Press. New York.

Marslin, G., Sheeba, C.J. and Franklin, G. 2017.
Nanoparticles Alter Secondary Metabolism in Plants
via ROS Burst. Front. Plant Sci. 8: 832.

Paul, A. 2022. Nanobionics; A modern approach in Botany
to develop super power in plants, p. 6-18. In:
Chatterjee, A. and Mandal, S. (Eds.) Facets of Bio-
Sciences; Blue Rose Publishers, Kolkata, India.

Patel, H. and Krishnamurthy, R.J. 2013. Elicitors in plant
tissue culture. Pharmacogn. Phytochem. 2: 6

Prasad, R. 2019. Advances in the understanding of nano
materials research and applications. Plant
Nanobionics. Springer. New York.

Rahmawati, M., Mahfud, C., Risuleo, C. And Jadid, N.
2022. Nanotechnology in Plant Metabolite Improve-
ment and in Animal Welfare. Appl. Sci. 12: 838.

Salachna, P., Byczynska, A., Zawadziñska, A., Piechocki,
R. and Mizieliñska, M. 2019. Stimulatory Effect of
Silver Nanoparticles on the Growth and Flowering
of Potted Oriental Lilies. Agronomy. 9(10): 610.

Pluym, T.C.,  Powell, Q.H., Gurav, A.S., Ward, T.L., Kodas,
T.T., Wang, L.M. and Glicksman, H.D. 1993. Solid
silver particle production by spray pyrolysis. J. Aero-
sol Sci. 24(3): 383-392.

Shameli, K., Ahmad, M.B., Yunus, W.M.Z.W., Ibrahim,
N.A., Gharayebi, Y. and Sedaghat, S. 2010. Synthe-
sis of silver/montmorillonite nanocomposites using
-irradiation. Int. J. Nanomed. 5: 1067–1077.

Simkiss, K. and Wilbur, K.M. 1989. Biogenic Minerals:
Biomineralization. Cell Biology and Mineral Deposi-
tion. Academic Press, San Diego, CA, xiv, 337.

Singh, C.R. 2018. Review on Problems and its Remedy in
Plant Tissue Culture. Asian J. Biol. Sci. 11: 165–172.

Stampoulis, D., Sinha, S.K. and White, J.C. 2009. Assay-de-
pendent phytotoxicity of nanoparticles to plants.
Environ Sci Technol. 43(24):  9473-9479.

Štefani´c, P.P., Cvjetko, P., Biba, R., Domijan, A.-M.,
Letofsky-Papst, I., Tkalec, M., Šikić, S., Cindrić, M.
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