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This report presents a literature review on the interaction of
nanoparticles with soil microbial communities. This article discuss
how nanoparticles affect different types of microorganisms present

in the soil. They affect their microbial diversity, size and enzymatic
activities. Organic and Inorganic nanoparticles have different type
of impact on soil microflora. Also, the concentration, environment
and time of exposure determines the impact of nanoparticles on the

microflora.
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1. INTRODUCTION

According to United Nations, World
population is expected to reach 9.7 Billion by
the end of 2050 (UN Dept.). As the constant
increase in population, the need for more
food has also raised. These needs cannot be
tull filled by traditional crop system for a
longer time. With the concern of providing
food to such huge population, there has to
be a new technology giving more yield in
short period.

Nanotechnology is an emerging field in
biology, chemistry, physics and other
disciplines. It is manipulation of a matter on
an atomic, molecular and supramolecular
scale to create materials or devices with
vastly different properties (Wikipedia,

KEYWORDS: Nanoparticles * Microbial * Inorganic NPs * Organic
NPs * Concentration

Nanotechnology).
Nanoparticle is

Nanomaterial/
defined as a particle
of matter that is  between 1 and
100 nanometres (nm) in diameter.
Nanoparticles (NPs) have many potentials
applications in agriculture to enhance crop
productivity and improve soil health by
enriching soil microbial communities. The
soil microbiota and plants are among the

major coreceptors of NPs.
The microflora of soil is collection of various
types of microorganisms. They play

important role in maintaining the fertility of
soil, decomposing the waste organic matter,
cycling the nutrients and help in plant
growth. These microflorae are broadly
classified into bacteria, actinomycetes, fungi,
algae and protozoa. In the soil, when these
nanoparticles can interact with
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microorganisms, they might facilitate their
absorption rate. When the NPs enter the soil,
they can undergo physical, chemical and/or
biological changes depending on their
nature and on their interactions with various
soil components (organic and inorganic). In
this way, they can also affect the microbial
structure, diversity and their enzymatic
activities in soil (Simonet and Valcarcel,
2009).

There are various examples of different
nanoparticles having an impact on
microflora of soil. Fullerene is a third form
of carbon along with graphite and diamond
that features unique properties (Taylor and
Walton, 1993). They are hollow sphere or
tubular composed entirely of carbon atoms.
They are ideally used as photo-resists,
organic photovoltaics, spin-on carbon hard
masks and organic photo detectors. The two
most common fullerenes are Ce and Cr.
Due to such unique properties, they are
used as nanomaterials to supply nutrients to
various plants and microflora of the soil.
Carbon nanotubes (CNTs) are cylindrical
molecules that consist of rolled-up sheets of
single-layer carbon atoms (graphene). They
can be single-walled (SWCNT) with a
diameter of less than 1 nanometre (nm) or
multi-walled (MWCNT), consisting of
several concentrically interlinked nanotubes,
with diameters reaching more than 100 nm
(N. Saifuddin et al, 2013). CNTs have high
strength, low density, strong hydrophobicity
and strong stealth. These properties make

them one of the most important
nanomaterials at present. Copper
nanoparticles are a type of metal
nanomaterial. ~ They  display  unique
characteristics such as catalytic and

antifungal or antibacterial activities which
are not observed in copper metal

(Wikipedia, Copper Nanoparticle). Because
of their small size, they can achieve higher
reaction yield and shorter reaction time
(Dhas et. Al, 1998).Zinc is an essential trace
element for human system without which
many enzymes such as carbonic anhydrase,
carboxypeptidase, and alcohol
dehydrogenase become inactive. It is
essential for eukaryotes because it
modulates many physiological functions
(Jansen et. al, 2009, Maremanda et. Al, 2014).
Zinc oxide nanoparticle is one such
inorganic metal oxide which can safely be
used as medicine, preservative in packaging,
and an antimicrobial agent (Baum et. al,
2000, Hiller et. al, 1971).

This review will enlighten about the impacts
and possible threats posed by Nanoparticles
on microbial community and how the
microbial diversity, size, and their activities
in soil are affected through nanomaterials.

1.1.SOILMICROFLORA
Definition

Soil consist of both Biotic and Abiotic
components. Microflora is the biotic
component of soil. It covers about 1-5% of
soil. Essential roles played by the microflora
is to maintain the fertility of soil, decompose
the waste organic matter, cycle the nutrients
and help in plant growth. These microflorae
are broadly classified into bacteria,
actinomycetes, fungi, algae and protozoa.
They inhabitant in rhizosphere zone. It is the
area around a plant root.

1.2. Examples

Microorganisms help in various functions.
Such as enriching the soil, cycling the
nutrients to the plant for their adequate
growth, etc. They can be either in symbiotic
relationship with plant root or be
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independent in the soil. Given below are
few of the examples of microflorae:N Fixing
Bacteria - Nitrogen is the major component
of  Chlorophyll ~ which  helps in
photosynthesis. Azotobacter, Azospirillum,
etc. help in fixing atmospheric Nitrogen into
fixed nitrogen (usable form). Thus, play a
vital role in Nitrogen cycle. They can be in
symbiotic or non-symbiotic relationship
with the host plant.Fungi - A symbiotic
relation between a plant and a fungus is
called Mycorrhizal association. Fungus help
in uptake of Nitrogen, Phosphorous and
Potassium, Sulphur and some
micronutrients to the plants and plants
supplies carbohydrate to the fungus through
the process of Photosynthesis. Examples are
Orchid Mycorrhiza, Arbuscular Mycorrhiza,
Ectotrophic Mycorrhiza, etc.

2. NANOPARTICLES
2.1. Definition

A nanoparticle is usually defined as a
particle of matter that is between 1 and
100 nanometres (nm) in diameter
(Wikipedia, Nanotechnology).

2.2. Properties of Nanoparticles
Nanoparticles have unique
properties due to which they are

easily transported to the soil, plants

and microbes of the soil. The
following are the few unique
properties observed in
Nanomaterials.

221.They have high surface area to
volume ratio. They have relatively
larger surface area when compared
to the same volume of material made
up of bigger particles. It means that
the surface area to volume increases
as the radius of the sphere decreases.

Therefore, they get easily absorbed
by the plants.

2.2.2. They are highly soluble. Therefore,
they can improve the solubility and
dispersion of insoluble nutrients in
soil through coating around it.

2.23. Due to their small size, they are
highly specific in targeting.

2.2.4.They are can released in controlled
manner by encapsulating them in
envelopes made up of
semipermeable membrane such as
resin-polymer, wax, etc.

2.2.5. They are also highly mobile and easy
to trace (P. Solanki et al. 2015, Sasson

et al. 2007).
3. EXAMPLES OF NANOPARTICLES
WITH SOIL MICROBIAL
COMMUTNITIES

It is observed that microorganisms can
either be directly affected by the
nanoparticles or indirectly by amplifying
the bioavailability —of other toxic
compounds already present in the soil. This
impact of nanoparticles on microbial
diversity and their activity is highly
dependent on the type of nanoparticles
used. It can be either inorganic (metal or
metal oxides) or organic (fullerenes or
carbon nanotubes) nanoparticles. It is
observed that inorganic nanoparticles have
higher toxic potential than organic ones.
Below mentioned are few of the examples
on how organic and  inorganic
nanoparticles affect microbial diversity and
it's functioning.

3.1. Fullerenes
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In a study, Fullerene Cs (1 mg kg soil in aq.
Suspension or 100 mg kg soil in granular
form) was given to slit clay loamy soil in
microcosms for 180 days. There was no
effect on soil respiration, enzymatic
activities, PLFA profiles or DGGE profiles
(Tong et al, 2007). In another study,
Fullerene Cep was given to Sandy clay loamy
soil in different concentrations (0, 5, 25, 50
mg kg soil) in microcosms for 0, 7, 14 days.
There was no effect of fullerene on soil
respiration, microbial biomass, and on the
enumeration of protozoans. The decrease in
bacterial enumeration was only seen
immediately after contamination. There
were limited effects on DGGE profiles for
both bacteria and protozoans (Johansen et
al, 2008). Fullerenes nanoparticles can
promote the production of crops, which may
cause crops to absorb more nutrients such as
inorganic salts and organic matter from the
soil, thereby limiting the survival of soil
microorganisms (Monica and Cremonini,
2014). The mechanism of the toxicity of
fullerene to microorganisms could block the
electron transfer between microbial cells
because of its high electron affinity leading
to cell death (Lyon et al., 2007). Fullerenes
also disrupt the normal secretion of enzymes
in microbial cells, causing the cells to lose
balance in metabolism (Chen et al., 2017c).

3.2.Carbon nanotubes (CNTs)

Carbon nanotubes (CNTs) are cylindrical
molecules that consist of rolled-up sheets of
single-layer carbon atoms (graphene). They
can be single-walled (SWCNT) with a
diameter of less than 1 nanometre (nm) or
multi-walled (MWCNT), consisting of
several concentrically interlinked nanotubes,
with diameters reaching more than 100 nm
(N. Saifuddin et al, 2013).

3.2.1. MWCNTs

In another study, different amounts (0, 0.1,
100, or 1000 mg/kg) of MWCNTs were
added to the agricultural topsoil (0-20 cm
depth), and it was observed that in the
vegetative stage of plants, microbial
communities could only be affected when
the content of MWCNTs in the soil was
extremely low, which was manifested in an
increase in the number of bacteria (Ge et al.,
2018).

In a study, MWCNTs were given to two
types of sandy soil at different
concentrations (50, 500, 5000 mg kg-1 soil) in
microcosms for 0, 1, 4, 11 days. In both the
soils, most enzyme activities decreased at
500 mg kg-1 soil, and all enzymatic activities
as well as microbial biomass C and N were
significantly lowered at 5000 mg kg-1 soil
(Chung et al.,, 2011). It is also found that
direct contact between MWCNTs and
microbial cells could cause damage to
microbial cell walls or cell membranes,
results in a large loss of intracellular
substances such as DNA and RNA (Kang et
al., 2008). MWCNTs entering the cells could
also promote the cells to produce more
reactive oxygen species, causing different
degrees of damage to DNA, proteins and
other substances in the cells (Chen et al.,
2018; Jia et al., 2005; Shvedova et al., 2012).

3.22. SWCNTs
Liu et al. (2009) observed the effects
of pure SWCNTs on Escherichia coli,
Staphylococcus aureus and Bacillus
subtilis, ~and concluded that
SWCNTs mainly enter the microbial
cells through physical puncture to
destroy the cell structure. Zhou et al.
(2013) found that the degree of
influence of SWCNTs on microbial
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communities was closely related to
the content of SWCNTs through
studying the microorganisms in
paddy soils with SWCNTs. When the
content of SWCNTs was extremely
high, the microbial activity and
enzyme activity in the soil will
decrease greatly. When the content
of SWCNTs was very low, the
microbial community in the soil did
not change obviously compared to
soil without SWCNTs. In a study,
SWCNTs was given to sandy loam
soil at different concentrations (0, 30,
100, 300, 600 and 1000 mg SWCNT
kg1 soil) in microcosms for 25 days.
High concentrations of SWCNTs
significantly altered soil microbial
community  composition. Gram-
positive and Gram-negative bacterial
and fungal biomass decreased with
higher SWCNT concentrations (Jin et
al, 2014). The main toxicity
mechanism  of SWCNTs  to
microorganisms is oxidative stress.
SWCNTs can induce a large amount
of reactive oxygen species in cells,
thereby damaging cell membranes
and various substances in cells (Chen
et al., 2018; Jia et al., 2005; Shvedova
et al.,, 2012) In microorganisms with
nucleus, SWCNTs can enter the
nucleus and alter the structure of
nucleic acids, inhibiting DNA
transcription, which can have
varying degrees of impact on
microorganisms (Chen et al., 2013;
Ong et al.,2016).

3.3. Copper Nanoparticles (CulNPs)

The toxic effect of Cu-based NPs has
been shown for Dbeneficial soil
microbes such as nitrifying bacteria,

nitrogen-fixing bacteria, Arbuscular
mycorrhiza and other Rhizobacteria;
however, it also influences other
microorganisms. In a study by Shi et
al. (2018), it was found that higher
concentrations of CuO nanoparticles
can result in decreased SOM
contents in paddy soils.
Nanoparticles of CuO had no effect
on total SOM, except changes in
biochemical = composition (Ben-
Moshe et al, 2013). CuO-NPs
induced morphological and genetic
alterations in leaf litter decomposing
fungus which could impact organic
matter decomposition rate (Pradhan
et al. 2011). After two years of study,
it was observed that a low
concentration of nCuO (10 mg kg-1)
showed a positive impact on
microbial population and enzymatic
activity (Josko et al., 2019). Cu -NPs
have Copper ions which can be toxic
to beneficial as well as pathogenic
bacteria (Lofts et al. 2013). The
bacteria from Sphingomonas genus
and Rhizobiales known for their
importance in remediation and
symbiotic nitrogen fixation
appeared susceptible to Cu-NPs
(Shah et al. 2016). In a study, it was
shown that CuO-NPs were very
toxic for native soil bacteria, as the
formation of cavities, holes,
membrane  degradation,  blebs,
cellular collapse, and lysis in the
cells of soil bacterial isolates were
observed (Concha-Guerrero et. al.,
2014).

3.4.Zinc Nanoparticles (ZnNPs)

After two years of study, it was
observed that a low concentration of
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nZnO (10 mg kg-1) showed a
positive impact on  microbial
population and enzymatic activity
(Josko et al., 2019). Nano-sized ZnO
caused reduction in microbial
biomass carbon (MBC) (Ben-Moshe
et al., 2013; Rajput et al, 2018;
Rashid et al., 2017b). In another
study, different doses of
nanoparticles of ZnO were given to
soil in microcosms for 60 days. It
was concluded that NMs reduced
MBC and had negative impact on
substrate  induced  respirations,
showing reduced microbial activity
(Ge et al., 2011). After 9 months of
incubation in lysimeters, ZnO-NPs
(45 mg soil) reduced protease,
catalase, and peroxidase activities in
soil (Du et al. 2011). In another
study by Rousk et al. (2012), two
soils i.e. Mineral soil and organic
soil were given ZnO NPs in
microcosms for 5-7 h of incubation.
NP ZnO reduced bacterial growth in
both the soils.

CONCLUSION

After studying about various types of
interaction between nanoparticles and
microflora of soil we can conclude that
nanoparticles might be advantageous or
disadvantageous to the microflora. They
might increase the microbial population
and its enzymatic activities (eg; nCuO) or
decrease their population due to higher
concentrations of nanoparticles (eg;
SWCNTs). The impact also depends upon
concentration, environment and time of
exposure of nanoparticles. For future
research, we can promote development of
sustainable nano-enabled agriculture in
which  smart nanoparticles will be

developed. These nanoparticles would be
able to sense the requirement of given
microbial community and act accordingly.
In this way, the negative impact of
nanoparticles on microbial communities
could be removed efficiently.

REFERENCES

1.  Arjun Kafle, Kevin Garcia, Vincent Peta, Jaya Yakha,
Alex Soupir and Heike Biicking (November

2. 5th 2018). Beneficial Plant Microbe Interactions and
Their Effect on Nutrient Uptake, Yield, and Stress
Resistance of Soybeans, Soybean - Biomass, Yield and
Productivity, Minobu Kasai, IntechOpen, DOI:
10.5772/ intechopen.81396

3. Baughman, R.H., Zakhidov, A.A., Heer, W.A.d., 2002.
Carbon nanotubes — the route toward

4.  applications. Science 5582, 787-792

5. Baum MK, Shor-Posner G, Campa A (2000) Zinc status
in human immunodeficiency virus

6.  infection. ] Nutr 130:14215-1423S

7. Ben-Moshe, T., Frenk, S., Dror, 1., Minz, D, Berkowitz,
B. 2013. Effects of metal oxide

8. nanoparticles on soil properties. Chemosphere 90, 640-
646

9. Chen, M., Zeng, G., Xu, P, Lai, C,, Tang, L., 2017c.
How do enzymes “meet” nanoparticles and

10. nanomaterials? Trends Biochem. Sci. 42, 914-930

11. Chen, M., Zhou, S, Zhu, Y., Sun, Y., Zeng, G., Yang,
C., Xu, P, Yan, M,, Liu, Z., Zhang, W., 2018.

12. Toxicity of carbon nanomaterials to plants, animals
and microbes: recent progress from 2015-

13. present. Chemosphere 206, 255-264

14. Chen, P.H., Hsiao, KM., Chou, C.C., 2013. Molecular
characterization of toxicity mechanism of

15. single-walled carbon nanotubes.
5661-5669

Biomaterials 34,

16. Christian, Patsy & von der Kammer, Frank &
Baalousha, Mohammed & Hofmann, Thilo. (2008).

17. Nanoparticles: Structure, Properties, Preparation and
Behaviour in Environmental Media.

18. Ecotoxicology (London, 326-43.

10.1007 /s10646-008-0213-1

England). 17.

19. Chung H, Son Y, Yoon TK, Kim S, Kim W (2011) The
effect of multiwalled carbon nanotubes on

20. soil microbial activity. Ecotoxicol Environ Saf 74:569-
57

145

©2021 The author(s). Published by Lyallpur Khalsa College, Jalandhaar. This is an open access article under CC-BY License

(https:/ /creativecommons.org/licenses/by /4.0/), @ @ ’ ¢ -3




Research & Reviews in Biotechnology & Biosciences

Website: www.biotechjournal.in
Volume-8, Issue No: 1, Year: 2021 (January-June)

DOI: http://doi.org/10.5281/zenodo.5118424

ISSN No: 2321-8681
Review Paper

PP: 140-147

Peer Reviewed Journal

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Concha-Guerrero SI, Brito EMS, Pifién-Castillo HA,
Tarango-Rivero SH, Caretta CA, Luna- Velasco A,
Duran R, Orrantia-Borunda E (2014) Effect of CuO
nanoparticles over isolated bacterial strains from
agricultural soil. ] Nanomater 1-13

David, W.LF.e.a, 1992. Structural phase transitions in
the fullerene C60. Europhys. Lett. 18, 219.

[Dhas, N. A, Raj, C. P,; Gedanken, A. (1998).
"Synthesis, ~Characterization, and Properties of
Metallic Copper Nanoparticles". Chem. Mater. 10:
1446-1452. doi:10.1021/cm9708269

Du WG, Sun YY, Ji R, Zhu JG, Wu JC, Guo HY (2011)
TiO2 and ZnO nanoparticles negatively affect wheat
growth and soil enzyme activities in agricultural soil. J
Environ Monit 13:822-828

Gao, F., Xie, S.-Y.,, Huang, R.-B., Zheng, L.-S., 2003.
Significant promotional effect of CCl4 on fullerene
yield in the graphite arc-discharge reaction Electronic
supplementary information (ESI) available: diagram of
the experimental setup used; linear correlation plots of
chromatographic peak area vs. fullerene concentration
(C60 and C70); typical HPLC-UV chromatogram of the
products; data for four repeats of experiments 4 and 5.
See http://www.rsc.org/suppdata/cc/b3/b306921b.
Chem. Commun. 2676.

Ge, Y., Schimel, JP, Holden, PA. 2011. Evidence for
negative effects of TiO2 and ZnO nanoparticles on soil
bacterial communities. Environ. Sci. Technol. 45, 1659-
1664

Ge, Y., Shen, C, Wang, Y., Sun, Y.Q., Schimel, ].P,,
Gardea-Torresdey, J.L., Holden, P.A., 2018
Carbonaceous nanomaterials have higher effects on
soybean rhizosphere prokaryotic communities during
the reproductive growth phase than during vegetative
growth. Environ. Sci. Technol. 52, 6636-6646.

Guldi, D.M., Prato, M., 2000. Excited-state properties
of C60 fullerene derivatives. Acc. Chem. Res. 33, 695-
703

Jansen J, Karges W, Rink L (2009) Zinc and diabetes —
clinical links and molecular mechanisms. ] Nutr
Biochem 20:399-417

Jia, G.,, Wang, H,, Yan, L., Wang, X,, Pei, R, Yan, T.,
Zhao, Y., Guo, X, 2005. Cytotoxicity of carbon
nanomaterials:  single-wall nanotube, multi-wall
nanotube, and fullerene. Environ. Sci. Technol. 39,
1378-1383

Jin L, Son Y, DeForest JL, Kang Y], Kim W, Chung H
(2014) Singlewalled carbon nanotubes alter soil
microbial community composition. Sci Total Environ
446:533-538

Johansen, A., Pedersen, A., Jensen, K.A., Karlson, U.,
Hansen, B.M., Scott-fordsmand, J.J., Winding, A., 2008.
Effects of C60 fulleren nanoparticles on soil bacterial
and protozoans. Environ. Toxicol. Chem. 27, 1895~
1903

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Josko, I, Oleszczuk, P., Dobrzyoska, J., Futa, B., Joniec,
J, Dobrowolski, R. 2019. Long-term effect of ZnO and
CuO nanoparticles on soil microbial community in
different types of soil. Geoderma 352, 204-212

Harleen Kaur Talwar, Anshu Sibbal Chatli (2018)
MICROFLORA OF SOIL: A REVIEW.
Int. J. Adv. Res. 6(10), 1502-1520.
DOI:10.21474/ [JAR01 /7960

Hiller JM, Perlmutter A (1971) Effect of zinc on viral-
host interactions in a rainbow trout cell line, RTG-2.
Water Res 5:703-710

Kang, S, Mauter, M.S., Elimelech, M. 2008.
Physicochemical determinants of multiwalled carbon
nanotube bacterial cytotoxicity. Environ. Sci. Technol.
42,7528-7534.

Kroto, HW., Heath, J.R.,, O'Brien, S.C., Curl, RF,,
Smalley, R.E., 1985. C60: Buckminsterfullerene.
Nature 318, 162-163.

Liu, S., Wei, L., Hao, L., Fang, N., Chang, M.W,, Xu, R,,
Yang, Y., Chen, Y., 2009. Sharper and faster “nano
darts” kill more bacteria: a study of antibacterial
activity of individually dispersed pristine single-
walled carbon nanotube. ACS Nano 3, 3891-3902

Lofts S, Criel P, Janssen CR, Lock K, McGrath SP,
Oorts K, Rooney CP, Smolders E, Spurgeon DJ,
Svendsen C, Van Eeckhout H, Zhao FZ (2013)
Modelling the effects of copper on soil organisms and
processes using the free ion approach: towards a
multi-species toxicity model. Environ Pollut 178:244-
253

Lyon, D.Y., Brunet, L., Hinkal, GW., Wiesner, M.R,,
Alvarez, P.J.J., 2007. Antibacterial activity of fullerene
water suspensions (nC60) is not due to ROS-mediated
damage. Nano Lett. 8

Main Components of Soil http://www.copernicus-
psd.com/

Maremanda KP, Khan S, Jena G (2014) Zinc protects
cyclophosphamide-induced testicular damage in rat:
involvement of metallothionein, tesmin and Nrf2.
Biochem Biophys Res Commun 445:591-596

McNear Jr., D. H. (2013) The Rhizosphere - Roots, Soil
and Everything In Between. Nature Education
Knowledge 4(3):1

Monica, R.C., Cremonini, R., 2014. Nanoparticles and
higher plants. Caryologia 62, 161-165

N. Saifuddin, A. Z. Raziah, A. R. Junizah, 2013. Carbon
Nanotubes: A Review on Structure and Their
Interaction with Proteins. Journal of Chemistry. Vol
2013, 676815 doi: 10.1155/2013 /676815

Ong, L.C., Chung, F.F,, Tan, Y.F.,, Leong, C.O., 2016.
Toxicity of single-walled carbon nanotubes. Arch.
Toxicol. 90, 103-118

146

©2021 The author(s). Published by Lyallpur Khalsa College, Jalandhaar. This is an open access article under CC-BY License
/J

(https:/ /creativecommons.org/licenses/by /4.0/), @ @ Oper



https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1021%2Fcm9708269
http://www.rsc.org/suppdata/cc/b3/b306921b.%20Chem.%20Commun.%202676
http://www.rsc.org/suppdata/cc/b3/b306921b.%20Chem.%20Commun.%202676
http://www.copernicus-psd.com/
http://www.copernicus-psd.com/

Research & Reviews in Biotechnology & Biosciences

Website: www.biotechjournal.in
Volume-8, Issue No: 1, Year: 2021 (January-June)

DOI: http://doi.org/10.5281/zenodo.5118424

ISSN No: 2321-8681
Review Paper

PP: 140-147

Peer Reviewed Journal

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Pradhan A, Seena S, Pascoal C, Cassio F (2011) Can
metal nanoparticles be a threat to microbial
decomposers of 1262 plant litter in streams? Microb
Ecol 62:58-68

Priyanka Solanki, Arpit Bhargava, Hemraj Chhipa,
Navin Jain, and Jitendra Panwar (2015). Nano-
fertilizers and Their Smart Delivery System.Springer
International Publishing Switzerland 2015. M. Rai et
al. (eds.), Nanotechnologies in Food and Agriculture,
DOI: 10.1007/978-3-319-14024-7_4

Rajput, V., Minkina, T., Sushkova, S., Tsitsuashvili, V.,
Mandzhieva, S., Gorovtsov, A., Nevidomskyaya, D,
Gromakova, N. 2018. Effect of nanoparticles on crops
and soil microbial communities, J. Soils Sediments 18,
2179-2187.

Rashid, MI.,, Shahzad, T., Shahid, M., Ismail, IMIL,
Shah, GM, Almeelbi, T. 2017b. Zinc oxide
nanoparticles  affect  carbon and  nitrogen
mineralization of Phoenix dactylifera leaf litter in a
sandy soil. ]. Hazard. Mater. 324, 298-305.

Rousk J, Ackermann K, Curling SF, Jones DL (2012)
Comparative toxicity of nanoparticulate CuO and ZnO
to soil bacterial communities. PLoS ONE 7: €34197

Sasson Y, Levy-Ruso G, Toledano O, Ishaaya I (2007)
Nanosuspensions: emerging novel agrochemical
formulations. In: Ishaaya I, Horowitz AR, Nauen R
(eds) Insecticides design using advanced technologies.
Springer, Berlin, pp 1-39

Shah V, Luxton TP, Walker VK, Brumfield T, Yost J,
Shah S, Wilkinson JE, Kambhampati M (2016) Fate and
1325 impact of zero-valent copper nanoparticles on
geographically-distinct soils. Sci Total Environ
573:661-670

Shi, J., Ye, J., Fang, H., Zhang, S, Xu, C. 2018. Effects of
copper oxide nanoparticles on paddy soil properties
and components. Nanomaterials 8, 839

Shvedova, A.A., Pietroiusti, A., Fadeel, B., Kagan, V.E,,
2012. Mechanisms of carbon nanotube-induced
toxicity: focus on oxidative stress. Toxicol. Appl.
Pharmacol. 261, 121-133

Simonet BM, Valcércel M. Monitoring nanoparticles in
the environment. Anal Bioanal Chem. 2009;393(1):17-
21. doi:10.1007 /500216-008-2484-z

Taylor, R, Walton, D.RM., 1993. The chemistry of
fullerenes. Nature 363, 685-693.

Tong, Z., Bischoff Gray, M., Nies, L.F., Applegate, B.,
Turco, RF., 2007. Impact of fullerene (C60) on soil
microbial community. Environ. Sci. Technol. 41, 2985~
2991.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

United Nation Department of Economic and Social
Affairs. World Population Projected to Reach 9.6
Billion by 2050; United Nation Department of
Economic and Social Affairs: New York, NY, USA,
2015.

Wikipedia contributors. "Copper
nanoparticle." Wikipedia, The Free Encyclopedia.
Wikipedia, The Free Encyclopedia, 18 Apr. 2020. Web.
1 Jun. 2020

Wikipedia contributors. "Mycorrhiza." Wikipedia, The
Free Encyclopedia. Wikipedia, The Free Encyclopedia,
24 May. 2020. Web. 30 May. 2020.

Wikipedia contributors. "Nanotechnology." Wikipedia,
The Free Encyclopedia. Wikipedia, The Free
Encyclopedia, 12 May. 2020. Web. 1 Jun. 2020

Wikipedia contributors. "Plant nutrition." Wikipedia,
The Free Encyclopedia. Wikipedia, The Free
Encyclopedia, 3 May. 2020. Web. 30 May. 2020.

Wikipedia contributors. "Soil

microbiology." Wikipedia, The Free Encyclopedia.
Wikipedia, The Free Encyclopedia, 18 May. 2020. Web.
30 May. 2020.

You T, Liu D, Chen ], Yang Z, Dou R, Gao X, Wang L
(2017) Effects of metal oxide nanoparticles on soil
enzyme activities and bacterial communities in two
different soil types. ] Soils Sediments 18:211-221

Zhou, W, Shan, J., Jiang, B.,, Wang, L., Feng, J., Guo,
H., Ji, R, 2013. Inhibitory effects of carbon nanotubes
on the degradation of 14C-2,4-dichlorophenol in soil.
Chemosphere 90, 527-534

Kalyankar V. K., Dagade P. M, Dagade S.P and
Waghmode S. A. Biosynthesis of Silver
nanoparticles using isolated superoxide dismutase
enzyme from novel source Papaverum somniferum L.
Vol. 19 (3) March (2015) Res. . Chem. Environ.

[62] Omkar Pawar, Neelima Deshpande, Sharada
Dagade, Preeti Nigam-Joshie, Shobha Waghmode.
Green synthesis of silver nanoparticles from purple
acid phosphatase apo-enzyme isolated from a new
source Limonia acidissima. J.of
Expt.Nanoscience.,doi.org/10.1080/17458080.2015.
1025300, Published online: 27 Mar 2015.

[63] Preeti Nigam, Shobha Waghmode, Michelle
Louis, Shishanka Wangnoo, Pooja Chavan and
Dhiman  Sarkar. Graphene quantum dots
conjugated albumin nanoparticles for targeted drug
delivery and imaging of pancreatic cancer. J. Mater.
Chem. B, 2014, 2, 3190-3195, DOL
10.1039/C4TB00015C.

147

©2021 The author(s). Published by Lyallpur Khalsa College, Jalandhaar. This is an open access article under CC-BY License

=

(https:/ /creativecommons.org/licenses/by /4.0/), @ @ Oper

4




