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ABSTRACT

Nanotechnology is one of the fastest developimid$i with potential to
revolutionize industries such as pharmaceuticaligctmnics, military,
manufacturing, and agriculture. Nanomaterials hsigaificant applications in
food and agriculture systems as smart delivery mueisims for agrochemicals,
nano-formulations, nano-biosensors for precisiamfag and food packaging,
nano-bioremediation, nanofibres for genetic mamipoh etc. Besides direct
applications of nanotechnology in agriculture, #mgineered nanomaterials that
are used in commercial products and industries -@upitultural) may also
affect agriculture indirectly. Many nano-based prcid are already in the market
with or without proper labeling. Not much infornati is available on the
interactions between nanomaterials and biologicgktesns. Therefore,
understanding the impact of nanomaterials ande@lgtchnologies on soil and
plant health is very important. The present revieeuses on the application of
nanotechnology in agriculture and its possible ichgm plant growth and soil
microflora. It emphasizes on more research to stubdg impact of
nanotechnology on agriculture and develop regwatprotocols for safe
production, use and release of nanomaterials toimia environmental

nanotoxicity.
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INTRODUCTION

The fast development in the disciplines like bibteology and
bioengineering has transformed agricultural into raodern industry.
Nanotechnology, another upcoming discipline hasligionary applications in
pharmaceuticals, electronics, military, manufactgyiand other life sciences.
Nanotechnology is the understanding and manipgatinatter at scales
measurable in nanometers (1-100 nm) at least indmeetion (NNI 2007). At
nanoscale, the surface area of the particles ig haege relative to their small
size, which can make them very reactive. Due tovéry small size and high
reactivity, the fundamental properties of the nratie nano-scale may differ
from that of corresponding bulk material. Theseei@roperties may help in the
development of revolutionary technologies havingligation in different fields.
For example, carbon in the form of graphite istreddy soft but nano form of
carbon nanotubes (made of carbon atoms) is 11 titnenger than steel and 30
times stronger than kevlar (Chaggal. 2010). Thermal behavior of nanoscale
materials may also differ from bulk materials (Ringet al. 2004). Aluminum in
its bulk form does not burn, however, aluminum naarticles combusts rapidly
and are used as propellant in rocket fuel. Pragiseof such novel materials can
lead to enormous economic and societal benefitsu3dnds of nanotechnology
based products are already in the market in the fof medicines, cosmetics,

food packaging, formulations, electronics etc.

The progressive development of novel nanoscaleenmadét and related
technologies has significant applications in foad agriculture systems (Joseph
and Morrison 2006). Nanosensors and nanobased fations of agricultural
chemicals (pesticides, herbicides etc.) are somthefcurrent applications of

nanotechnology in agriculture. The role of nandpbat (NPs) has been
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proposed as low cost technology for purificatiordahking water (Yavuzt al.
2006) and mineralization of undesired organic palits (Mach 2004).
Nanoparticles may be used for the remediation dtiysal soil and groundwater
(Zhang 2003). Thus through different means or appibns, nanomaterial can
come in contact with soil and waterbodies. Besitles,advancement in the use
of various engineered nanoparticles in commeraiatipcts and industries like
medicines, cosmetics, electronic appliances etboimd to impact agriculture
directly indirectly or accidently. The nanomatesiadntering water and soil
ecological systems might affect soil and plant theand/or might be bio-
accumulated through the food chain and finally awglated in higher-level
organisms. Although sail is a rich source of ndtnemoparticles, little is known
about the impact of engineered nanoparticles (ENBs) food crops.
Furthermore, there is lack of information on thieetffate of these ENPs in the
soil and food chain (Darlingtoet al. 2009). Accumulation of NPs may affect
microbial communities which act as soil health gadors and also interact with
plants in different ways. Plants play importaneroi ecological system and may
serve as a potential pathway for NPs transportaanoute for bioaccumulation
into the food chain (Zhwt al. 2008). How these nanomaterials interact with
biological systems at molecular level is not yebwn (Maynard 2006). These

interactions may be positive, negative or neufrad.(1).

Although, advances in nanotechnology can helpsingiagricultural inputs
more effectively, enhancing agricultural produdiivin a sustainable manner,
the nanomaterials used in agriculture may also inecmew environmental
hazards themselves. Such technologies may alsopmtential risks which may
be hidden initially but may be realized at lateagsts. Asbestos is a current
example of use of technology without knowing thesequences, disadvantages
of which far outweighed the benefits. The toxiceefs of nanoparticles on
prokaryotic and eukaryotic organisms have been nthcesummarized

(Ostroumov and Kotelevtsev 2011). It is necesdaryreview effects and
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possible consequences of nanomaterials relatechdbagiies on soil and plant
health before expanding the application of thishtetogy in different

dimensions.
1. APPLICATION OF NANOTECHNOLOGY IN AGRICULTURE

Nano-agriculture involves the employment of nantmals or nano-based
technologies in agriculture, aiming to get somedfieral effect on the crops in
terms of productivity or quality. At present, theonk on application of
nanotechnology in agriculture is at its preliminatage, worldwide. But in
coming years we will witness more applications ahatechnology in food and
agriculture sector. The Government of India inéthta Nano Science and
Technology Mission in 2007 through the Departmerit Science and
Technology with an allocation of Rupees 1,000 aditgS$ 200 million) for a
period of five years and continues to strengthd 8T 2009). The Department
of Biotechnology (DBT), Government of India laundhthe Nanotechnology
Initiative in Agriculture and allied sectors (Sagst2007). Indian council on
Agricultural Research ICAR has also initiated wodn application of

nanotechnology in agriculture.
1.1.Nanobiosensors for agricultural applications

The work on the development of nanotechnology-thab®msensors to
monitor soil health, plant growth, and disease bisén progress. Biosensors
have a biological component that reacts to chaimgearrounding environment,
and then produce a signal in a linked transdubat,dan be further processed to
generate data. Compared to the conventional methzidsensors are more
sensitive and specific and can give real-time &ialjn complex mixtures in
very less time. These biosensors can be linked @#$ system and connected
to a computer for real-time monitoring. Use of #hésosensors in agriculture,
can be very useful in precision farming where paiigiity can be optimized by

judging the soil and plant health and nutritionaltss before the appearance of
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visible symptoms of any deficiency or disease amiding the required inputs
and conditions, in a timely manner with precisifiday 2005, Joseph and
Morrison 2006). Biosensors for livestock animals dae used to monitor
changes in hormone levels or antibody profile, ebgr helping in timely
breeding practices and veterinary interventioni{S2005). Runet al. 2007
described an amperometric biosensor for the rapidteation of
organophosphorus (OP) pesticides, by using carlamotobes for the surface
modification of glassy carbon electrode, for theniabilization of acetylcholine
esterase and bovine serum albumin. The degreehdfition of the enzyme
acteylcholinesterase (AChE) by OP compounds israited by measuring the
electrooxidation current of the thiocholine genedaby the AChE catalyzed
hydrolysis of acteylthiocholine (ATCh) (JosHi al. 2005). The large surface
area and electro-catalytic activity of carbon nabet increase the sensitivity
and stability of electrode. However, such biosessaosing inhibition of
acetylcholine esterase (AChE) for the detectionG# compounds are not
specific, and are more indirect and slow. A prefdrdirect biosensing route for
detecting OP compounds involves the biocatalyttositg of organophosphorus
hydrolase (OPH) as described by Datal (2005). A bilayer approach with the
OPH layer atop of the carbon nanotube (CNT)-modifteansducer (glassy
carbon electrole) used for preparing the CNT/OPbkédnmsor lead to a highly
sensitive and stable detection of the enzymati¢@liyH) liberated-nitrophenol

thus offer great promise for rapid on-site scregm@hOP pesticides.
1.2 Nanosensors for detection of food pathogens

Nanotechnology applications in the food industrg aontributing to the
safety, quality and long shelf life of packed foddany nano-based health
drinks and foods containing nano-food supplemeiite iron have been
manufactured. Nanocomposite, bio-degradable mégeaia being used for safe

packaging and long shelf-life of food products. @usite materials with silicon
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nanoparticles used for packaging are found to beerawotight, thus preventing
food decay (Moore 1999). Nanobiosensors are besgd un the packaging
material to detect microbiological and biochemichlanges in food items,
indicating food spoilage. Chip-based micro-arrgyeantum dots and magnetic
nanoparticles have been developed for rapid detedf biological pathogens
like E. coli, Salmonella, Staphylococcus etc. in food (Su and Li 2004, Moraeti

al. 2003; Yanget al. 2008). Nanobiosensors can also be designed totdetec
presence of pesticides and possibly geneticallyifieddcrops within the food

system.
1.3.Control of pests and weeds using nano-based mateda

Nanotechnology can play significant role in colit@ and site targeted
delivery of agrochemicals like pesticides and heidgis (Nairet al. 2010). These
agrichemicals can be encapsulated in biogedradabtdriendly material under
specific conditions. Their release can be contdobg structural manipulations,
thereby requiring less dosage per application andinmzing runoff of
unutilized excess chemicals. The use of nanocagesulherbicides for the
control of parasitic weeds also reduces the ecoitgxof herbicides (Pérez-de-
Luque and Rubiales 2009). Surface modified hydrbphoanosilica has been
successfully used to control a range of agricultimaect pests (Barilet al.
2008, Rahmast al. 2009). Photosensitive agrochemicals can be entzpdun
porous hollow silica nanoparticles (PHSN), withheels thickness of nearly 15
nm and a pore diameter of 4-5 nm, which provideldhig protection from
degradation by UV light (Let al. 2007). Nanomaterial coated fertilizers have
been found efficient in slow release of the feréitis as compared to cemented
fertilizers as well as safe for the germination amdwth of wheat (Liuet al.
2006, Zhanget al. 2006). Certain agrochemical companies like Syrmeme
using nanoemulsions in pesticide formulations. BriAXX®, a plant growth
regulating product by Syngenta can impart toleratmeturfgrass against

different stresses like heat, drought, disease &mncapsulated product
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“gutbuster” releases its contents under alkalined@@ns, such as stomach of
certain insects and exhibits broad spectrum insiéeti properties against insect
pests of soybeans, rice, peanuts and cotton. Anothieroencapsulated,
insecticidal product, Karate ® ZEON breaks operrafoming in contact with

leaves. (Joseph and Morrison 2006).
1.4 Agriculture based nanomaterials for industry use

Electrospinning techniques, where electric (higitage) force instead of
mechanical force is used, have been developed ddupe nanofibres from
cellulose, derived from scrap materials producedhirge quantity during
conventional spinning of cotton (Frazer 2004). Ehesllulose nanofibres can
find applications in filtration, clothing and in @gulture in the form of
biodegradable cellulose mats that can absorb pessiand fertilizers for their
controlled release. Carbon nanotube-based compdiiiers have been
synthesized that are tougher than any natural wthstic organic fibre. These

extraordinary fibres can be woven into electroaidites (Dalton et al. 2003).

Agriculture on one hand can benefit from nanotedtyy and on the other
hand, can support growth of nanotechnology. Mangntsl are known to
biosynthesis nanoparticles which can be isolatettaeted from different plant
parts (Kalaugher 2002, Dubey al. 2009). Many microorganisms including
bacteria, fungi, actinomycetes and yeast also gest® ability to synthesize
nanoparticles (Mohanpuriet al. 2008; Narayanan and Sakthivel 2010). Thus
plants and microorganisms can be used for ‘nanigpestfarming’, wherein
plants/microorganisms grown on specific medium/doms can synthesize
nanoparticles which can be harvested, rather tearguhe current conventional
nanoparticles production techniques which are esipenand can have toxic
effect on the environment.
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1.5.Use of nanopatrticles in bioremediation

Nanotechnology can also play important role inlyimn sensing and
remediation of contaminated agricultural landsugbwater and drinking water
by exploiting novel properties of nanomaterials.nbgensors are capable of
detecting microbes, moisture content and chemicdiuants at very minute
levels. Photocatalysis using metal oxide semicotmtucianostructures can
degrade organic pesticides and industrial pollstanto harmless and often
useful components (Baruah and Dutta, 2009). Thikrtelogy can help in the
remediation of contaminated agricultural lands ader bodies. Efficiency of
the nanoscale iron particles have been demonstfatedransformation and
detoxification of a wide variety of common enviroental contaminants, such as
chlorinated organic solvents, organochlorine pekts; and polychlorinated
biphenyls (PCBs) (Zhang, 2003). Lanthanum nanopestii can absorb
phosphates in agueous environments. Applicatidhexfe nanoparticles in water
bodies can absorb available phosphates thus piegehe algal growth (Joseph
and Morrison, 2006). Nanofiltration (NF) has bebown to be an effective way
of removing organic micropollutants from drinkingater due to its size

exclusion properties (Dixoet al. 2010).
1.6.Integration of nanotechnology and plant biotechnolgy

Nanotechnology offers efficient crop improvemenrtrough genetic
manipulation by using nano-tools like, nanoparticlenanofibres and
nanocapsules. Among these, nano-fibre arrays witiah deliver genetic
material to cells quickly and efficiently have poti@l applications in crop
engineering (Nairet al. 2010). Single walled carbon nanotubes (SWNTSs) can
traverse across both the plant cell wall and celimforane (Liuet al. 2009 and
can serve as effective nanotransporters to delliWéh and small dye molecules
into intact plant cells, thus can be used as streditment delivery systems in

plants (Gonzales—Melenét al. 2008). Integration of carbon nanofibres surface



Minakshi Grover, Shree R. Singh& B. Venkateswarlu 18

modified with plasmid DNA, with viable cells has dye reported for gene
transfer in plant cells, resulting in controllecb&iiemical manipulations in the
regenerated plant (McKniglet al. 2003; McKnightet al. 2004). Integration of
the transferred DNA into host genome can be prexktby tethering it on carbon
nanofibres. Due to this non-integration the expoessf the tethered DNA can
be restricted to one generation of cells and thé& ttoes not pass to further
generations. The fluorescent labelled starch-namicfes induce instantaneous
pore channels in cell wall, cell membrane and rarckeembrane and can be
used as transgenic vehicle to transports gendwiplant cells (Just al. 2008).
Surface functionalized mesoporous silica nanogegtic(MSNs) can also
penetrate plant cell walls, delivering DNA and #stivators in a controlled
fashion for precise manipulation of gene expressibrsingle cell level. The
MSNs are loaded with DNA and its chemical induced aapped by gold
nanoparticles to prevent the release of loaded cutds. After penetration into
the plant cells the uncapping induced by chemiesdtinent, releases the DNA
and its inducer thus resulting in controlled expi@s of the gene/s (Torney}
al. 2007). With the advancement in imaging techniquesement of fluorescent
labled nanoparticles carrying foreign DNA can backed across the cell wall,

thus gene transfer mechanisms can be understoodanaved further.
EFFECT OF NANOMATERIALS ON PLANT GROWTH

The effect of nanoparticles on plant growth vagesatly with the type of
nano-particle, concentration used and the plantispebeing studied. Further
different nano-particles affect different growth opesses of plants. The
nanomaterial can enter the plant by binding to iearproteins, through
aquaporin, ion channels, endocytosis, by creatawg pores or by binding to the
organic chemical in the environmental media (Rétal. 2011). Interaction of
nanoparticles with edible plants has been recesthewed by Ricct al. 2011.
Confocal fluorescence image studies have revehkddpacity of single walled

carbon nanotubes to traverse across both the pddintvall and cell membrane
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(Liu et al. 2009). Compared to plant cell walls and membraties penetration
of nanoparticles into seeds is expected to becdiffidue to the significantly
thick seed coat covering the whole seed. Khodalayslet al. (2009)
demonstrated that CNTs could effectively penetraged coat, thereby
influencing the seed germination and plant gro&xposure of seeds to CNTs
(40 pg/ml in MS medium) enhanced tomato seed gextinim and growth rate.
The presence of CNTs inside the seeds was als@rmedf by Raman spectrum
and transmission electron microscope. The CNTsterpares in the cell wall
thus enhancing water uptake thereby promoting getiain. The seeds treated
with CNTs showed higher moisture content as contpace control seeds
(Srinivasan and Saraswathi 2010). The positivecefté multi-walled carbon
nanotubes (MWCNTS) on seed germination and roovtir@f crops like radish
(Raphanus sativus), rape Brassica napus), rye grassl(olium perenne), lettuce
(Lactuca sativa), corn ¢ea mays) and cucumberQucumis sativus) (Lin and
Xing 2007) are reported. Rice seeds treated wittC8Ms and MWCNTSs also

showed improved germination (Stamphoetisl. 2009).

Treatment of soybear@|ycine max) with a mixture of nanoscale SiO2 and
TiO2 at low concentration resulted in improved geation and plant growth.
The seedlings showed enhanced uptake of wateraatilizérs and high nitrate
reductase activity and better antioxidant systemeflal. 2002). Application of
Nano-TiO2 (2.5 to 40 g/Kg soil) could promote grovaf spinach by enhancing
photosynthesis and nitrogen metabolism (Hoag al. 2005 a,b). The
improvement in spinach growth under N-deficient dibons was related with
N2 fixation by nano-anatase TiO2. Nano-anatase Ta®2xposure to sunlight
could chemisorb N2 directly or reduce N2 to NH3the spinach leaves,
transforming into organic nitrogen and improvings tgrowth of the spinach
(Yanget al. 2007). Treatment with nano-anatase TiO2 promotextgsiynthesis
and growth of spinach under visible and ultravidleimination and accelerated

electron transfer, photophosphorylation of chloagpl(Chl), water photolysis
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and oxygen evolution (Liet al .2007). Xuminget al. (2008) further observed
that, nano-anatase treatment resulted in enhandewferRubisco mMRNA
amounts, the protein levels, and activity of Rubjsthereby leading to the
improvement of Rubisco carboxylation and high ratgphotosynthetic carbon
reaction. It could also promote antioxidant statfispinach chloroplast under
UV-B radiation by removing ROS and activating SQDAT, GPX and APX
and (Zhenget al. 2008). Similarly, nano-Si©showed a corresponding positive
effect on growth of Changbai larchLafix olgensis) with increasing
concentration up to 500mg/L (Let al. 2004).

Lin and Xing (Lin and Xing 2007) studied effect§ five types of
nanoparticles (multi-walled carbon nanotube, aluminalumina, zinc, and zinc
oxide) on seed germination and root growth of sghar plant species (radish,
rape, ryegrass, lettuce, corn, and cucumber) grattes significant inhibition of
germination of ryegrass germination by nZnO (20@fLhand of corn by nZnO
and nALOs; (2000 mg/L). Inhibition on root growth varied gtigaamong
nanoparticles and plants. Root elongation of tiséetk plant species practically
terminated by 2000 mg/L of nano-Zn or nano-ZnOtyFiercent inhibitory
concentrations (IC50) of nano-Zn and nano-ZnO vestimated to be near 50
mg/L for radish, and about 20 mg/L for rape andgrgss. In another study by
Leeet al. (2010) the effect of three concentrations (400,0280d 4000 mg/L) of
four metal oxide nano-particles, four metal oxidmoparticles, aluminum oxide
(nAl,05), silicon dioxide (nSi@), magnetite (NFO,), and zinc oxide (nZnO) on
the development oArabidopsis thaliana using three toxicity indicators (seed
germination, root elongation and number of leavé@shong these, nZnO was
most phytotoxic, which (all concentrations) sigeedintly inhibited development
(seed germination, root elongation and number afds), followed by nR@©,,
nSiO,, and nAbO;, which was not toxic. Root elongation was sigumifit
improved with nA}O; (all tested concentrations) and ngi@00 mg/L) whereas
nSiO, (2000 and 4000 mg/L) and nde®, (all concentrations) showed significant
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inhibition of root elongation. The increasing comizations (5, 10, and 2(g
mi™) of the cobalt and zinc oxide NPs severely inhibit elongation ofllium
cepa under hydroponic conditions due to massive adenrphto the root system
(cobalt NPs) and accumulation in both the celludard the chromosomal
modules (Zn Nps) thus signifying their highly hakaws phytotoxic nature
(Ghodakest al. 2011). Three desert plants, Parkinsonia floridlag palo verde),
Prosopis juliflora-velutina (velvet mesquite) andlsdla tragus (tumbleweed)
responded differently to seed treatment with déférconcentrations of ZnO
nanoparticles (0 to 4000 mg ). Although germination was not significantly
affected (P < 0.05) in any of the three plant spgciroot length in velvet
mesquite was reduced at all ZnO NP concentratiossd uwhereas root
elongation in blue palo verde was reduced by16%080 mg ZnO NPs 1),
and in Tumbleweed root size diminished by 14% aBfth Tat 500 and 2000 mg
ZnO NPs [ respectively. Further X-ray Absorption SpectroscofXAS)
studies demonstrated the biotransformed of ZnO dtPwithin the root in all
three plant species (Rosgal. 2011).

Liu et al. (2010) attempted to study the effecfulierence at cellular level
in transgenic seedlings. The treatment with fulleeeresulted in retarded root
growth with shortened length and loss of root dgrapism. Fluorescence
imaging revealed the abnormalities of root tipshisrmone distribution, cell
division, microtubule organization, and mitochoadldctivity. Genotoxic effects
of CeO2 NPs treatment in soybean plants have asa demonstrated (Lopez-
Moreno et al. 2010). Use of synchrotron X-ray apson spectroscopy revealed
presence of CeO2 NPs in roots. Random amplifiegrpotphic DNA assay
showed the appearance of four new bands at 2000-+h@nd three new bands
at 4000 mg L-1 treatment of CeO2 NPs indicatingd@ffect of NPs on DNA
replication. Ma et al 2010 studied the effect ofurforare earth oxide
nanoparticles, nano-CeO2, nano-La203, nano-Gd2QaB ramo-Yb203, on

seven plant species (radish, rape, tomato, lettuceat, cabbage, cucumber) by
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means of root elongation experiments. Low concéptra of rare earth ions had
a positive effect on plant growth. A suspensior2@0 mgL-1 nano-CeO2 had
no effect on root elongation of six plants exceettuce, whereas similar
concentration of all other tested nano-particlesesaly inhibited the root
elongation. The wheat plants were inhibited on deedbation whereas lettuce
and rape were inhibited on both seed soaking atubation process. The fifty
percent inhibitory concentrations (IC50) for raperg about 40 mg L-1 of
nano-La203, 20 mg L-1 of nano-Gd203, and 70 mg bflhano-Yb203,
respectively. Calabrese and Baldwin (2002) expthithe dose dependent effect
of rare earth ions on plant growth by “hormesigeff which is meant by a low-
dose stimulation and high-dose inhibition. Furtliehas also been reported that
as compared to functionalized nano-particles, noetionalized nano-particles
have more inhibitory effect on plant growth (Caretsal. 2008). Thus, the
inhibitory effect of nano-particles can be redudgd their functionalization.

Moreover, functionalization also increases the gjpéy of nano-particles.
EFFECT OF NANOMATERIALS ON SOIL MICROORGANISMS

In soil, microbial communities play very importamte in organic matter
recycling and mineralization of nutrients thus p&grucial role in soil fertility
and plant growth. Certain groups of bacteria fogmisiotic relationships with
legumes and fix atmospheric nitrogen, providing ajan source of fixed
nitrogen for host as well as other plants. Anotherup of rhizobacteria exert
positive effect on plant growth and are called plagrowth promoting
rhizobacteria (Kloepper 1989). Denitrifying and rifjing bacteria play an
important role in nitrogen cycle. Many groups ofctaia form symbiotic
relationships with animals from insects to humamme of these bacteria help
in digestion process, others perform more unusuations. There are groups of
microorganisms which produce antibiotic againshflaand animals pathogens.
Microorganisms have been used as soil health italicabecause of their

intimate relationship with their surroundings owihg their high surface to
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volume ratio. Any factor affecting soil microflodso affects soil fertility and
productivity thus causing imbalance in ecosysteapufation of soil microflora

depends on physicochemical properties of soil, ptdjsture content, partial
pressure of oxygen and composition of plant roeidexes. Although the soil is
rich in natural nanoparticles formed due to cordgimi weathering and re-
arrangement of its geogenic constituents couplatl thigh biological activity.

The extensive and uncontrolled use of engineered MRy result in their
accumulation in environment, agricultural lands avater bodies, affecting the
physicochemical and biological properties of sailedto their very reactive
nature. Therefore, it is very important to studye tleffect of released

nanomaterial on the soil microflora (Mishra and Karr2009).

Many nanomaterials have been found to have amtiabial properties,
having application in the control of multi-drug istant pathogenic microbes
(Joneset al. 2008). Silver (Ag) NPs show broad spectrum antiobéil activity
against various plant pathogenic fungi. Howeverrtihhen-targeted effect on
beneficial microflora may have negative consequen8dver, known and being
used since long for its anti-microbial propertissa good example of technology
application. Due to small size (1-50nm), silver oparticles have large surface
area compared to volume, which increases theirtivéigcand toxicity against
various microorganisms. The silver nanoparticleadtumulated in soil and
water can adversely influence the ecosystem byctaife the beneficial
microorganisms and related processes. @hal. (2008) studied susceptibility
of nitrifying bacteria to silver nanoparticles asdggested that accumulation of
AG NPs could have detrimental effects on the migganisms in waste water
treatment. Nitrifying microorganisms involved intrfication are critical to
biological nutrient removal in waste water treatmeiddition of AG™ to a
Swedish surface soil (100 pg')gresulted in significant reduction in
denitrification rate and in the copy number of ceppitrate-reductase-encoding

nirK gene (Throbaclet al. 2007). Kumar et al. (2011) studies the potential
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toxicity of 0.066% silver, copper or silica NPs amigh latitude (>78°N) soil of
polar region, using community level physiologicabiides (CLPP), fatty acid
methyl ester (FAME) assays and DNA analysis, inicigdsequencing and
denaturing gradient gel electrophoresis (DGGE). Aghthe three NPs, Silver
NPs were found to be highly toxic to the arctic fomia. Culture-based studies
confirmed the high sensitivity of nitrogen fixinglant-associating bacteria,

Bradyrhizobium canariense, to silver NPs.

Fullerence a form of carbon (C60) is hydrophobimature and can act as
adsorptive agents for different organic and inorgamatter in the soil, resulting
in high concentration of these compounds at spesifes. Further adsorption of
various chemical compounds (micronutrients andmviitg) by fullerence can
deprive the soil organisms of nutrients, resultimg growth inhibition.
Generation of reactive oxygen species by fullerenag also cause disruption of
membrane lipids and DNA causing growth inhibiti®@ayeset al. 2005, Foley
et al. 2002). Fullerence have been found to inhibit thewgn of commonly
occurring soil and water bacteria (Fortmtal. 2005; Oberdorstegt al. 2004).
Tong et al. (2007) studied the impact of fullerence (C60) @il snicrobial
communities and microbial processes by treatingttils with C60 (1ugd soil
in aqueous suspension or 1000 iy spil in granular form) for 180 days. The
introduction of fullerence did not show any sigcdfint effect on microbial
processes like respiration and soil enzymes howeprportion of Gram-
negative to Gram-positive microorganisms in treaeits was slightly higher as
compared to untreated soils. Respons&sherichia coli andBacillus subtilis
exposed to different concentrations of fullerenegiad under different growth
conditions. Fullerence inhibited bacterial growthdarespiration in minimal
medium with low salt, whereas as in rich medium eftect was observed
(Fonteret al. 2005, Lyonet al. 2005). Johansest al. (2008) studied the effect of
Ceo fullerence on soil microbiota by measuring totakpiration, biomass,

number, and diversity of bacteria and total numdned diversity of protozoa.
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Fullerence had no effect on microbial respirationd abiomass, whereas
reduction in population of fast-growing bacteriaswabserved after the addition
of Cgo. Further, fullerence also showed some effect sardity of microbial and

protozoal communities in the soil. The inhibitoffeets of fullerence on the soil

microflora can have hazardous effects on the enwemnt.

Besides, different nanoparticles like Cu, MgO, Zn0OO2, SiO2, Ag-
topped TiO2, Pt(IV)-modified TiO2, C-doped TiO2, TNhave been found to
show antimicrobial activity against a number of ra@arganisms likeE. coli,
Bacillus subtilis, B. megaterium, Pseudomonas aeruginosa, P. putida,
Saphylococcus aureus, S. mutans, Micrococcus lylae, Pseudokirchneriella
subcapitata etc. some of which are agriculturally importanbijkeret al. 2005,
Adamset al. 2006, Braynegt al. 2006, Neal 2008, Aruojet al. 2009, Hoecke
et al. 2008, Gajjaret al. 2009). We studied the effect of Au, Ag, CNT and Ag-
CNT nanoparticles on two rhizospheric bacteRsgudomonas putida P7 and
Bacillus subtilis RP24 and observed growth inhibition of both baatéy Ag-
CNT, whereas no inhibition was observed with Au, 8NT treatments (Table
1). It is suggested that the nanoparticles damaigeolial cells by destroying
the enzymes that transport the cell nutrient anakenring the cell membrane or
cell wall due to the production of reactive oxyggrecies. Sondi and Salopek-
Sondi (2004) found that nanosilver damaged anedgithe bacterial cell walls,
leading to increased cell permeability and ultimateell death. Some
researchers suggest that nanosilver interfere Wdttterial DNA replication
(Yang et al. 2009). Size and shape of the NPs play importalet i nano-
toxicity with smaller particles showing higher toity than the larger particles
due to their easy passage in the microbial membfRaket al. 2007). Further
the toxicity of NPs is dose dependent indicatingt ttertain concentrations can

be risky for the environment (Gijj&t al. 2009).
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NANOTOXICITY, ENVIRONMENTAL SAFETY AND REGULATORY
MEASURES

The study on the toxic effects of nanomaterialsptants is an upcoming
area of research. The plants have a tendencysrlalmon-essencial elements
along with essential elements, which when accuredlabove a threshold level
may have lethal effect on non-tolerant species ¢Kal. 2001, Bondadat al.
2004, Ariaset al. 2010). Once accumulated in the plant tissue thege t
elements can enter the food chain and ultimatedyhibher organisms. The large
guantities of different engineered nanomateriaiad@roduced for application
in wide range of functions thus open up the poksilof inevitable release of a
considerable amount of these nanomaterials intoethégronment which may
accumulate at specific sites in the geo and hydmsp(e.g. soils, groundwater
and water bodies) or in the biosphere. Once reteasthe soil or water directly
in the form of nano-based agricultural chemicatsjdental release, or indirectly
through contamination, these nanomaterials canasédyeaccessible to plants
(Ricoetal. 2011).

Although it is very clear that nanotechnology ht#® potential to
revolutionize the fields of medicine, security andnufacturing. Applications of
nanotechnology in Agriculture are also evident. Bbhé hard fact about
nanoscale materials is that they can be far modie to the biological systems
than their bulk forms. Therefore, the unforeseepdats and consequences of
nano-toxics released directly or indirectly in #eosystem, on agriculture are to
be given due attention. A comprehensive study of fhteraction of
nanomaterials with their surrounding environmemégded. Total lifecycle of
the nanomaterials and products containing them isnatter of serious
consideration and need attention of researcherufaeturers, consumers and

policy makers.
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Worldwide, there are no clear regulations on potida, use, labeling and
disposal of nanoparticles and the products andriattdhat contain them, thus
exacerbating potential human and environmental tiheahd safety issues
associated with nanotechnology (Bowman and Hodge7 2Gaunce 2008).
Serious concerns regarding the benefits and rislssocéated with
nanotechnology are being raised (Hood 2005). Somatdes have increased
funding for evaluating the interactions of manufaetl nanoscale materials with
biological systems, to address health and safetyiess associated with
nanotechnology and to develop appropriate polifResco 2003). There is need
to develop separate comprehensive regulation mésharfor nanotechnology
to ensure its safe development and applicationsv(Ban and Fitzharris 2007).
Further public interest and expectations should bésconsidered while shaping

the development of nanotechnology (Bowman and HE§s).

Organics is considered as a food stream that doinutude synthetic
chemicals, additives and genetically modified orgians for food production.
Nanomaterials clearly fall into the category of thatic chemicals. At least three
organic standards, namely, Australian National &aas for Organic and Bio
Dynamic Produce, of 1 July 2007, The UK Soil Asation Standards of 2008,
The Demeter Standard, the only international lalgelind standards scheme,
have already excluded nanotechnology (Paull andt&mi 2008, Paull 2011).
The Soil Association was also the first to declarganic standards free from

genetic engineering.

The possible applications of nanotechnology inicadfure include smart
delivery systems for agrochemicals, nano-formuretidor plant nutrient and
pest management, biosensors for precision farmmamo-bioprocessing for
agriculture waste management, nanofibres for genetnipulation etc. At
present, application of nanotechnology in agriceltis at its nascent stage.
Exposure of plant cells to nanomaterials may resultaltered plant gene

expression and modification in associated biochamipathways which
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ultimately affect plant growth and development. &nly NPs also exhibit
inhibitory effect against beneficial soil microflor Therefore consequences of
interactions of nanomaterials with plants and nocganisms should be
highlighted in future studies. Besides, stringeagulation of different NPs
entering the environment is necessary. Succesaraftachnology in agricultural
advancement will largly depends on the ability eksearchers, technology
developers, national and international policy maker address the different

challenges in the coming years.
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Table 1 : Effect of different nanoparticles (two cacentrations) on growth

of B. subtilis RP24 andP. putida P7 in terms of colony forming

units
Treatments | B. subtilisRP24 (cfu/ml) P. putida P7 (cfu/ml)
25ug/mi 50ug/mi 25ug/ml 50ug/ml
Ag 8 8 9 9
1.4X10 2.5X10 4.0X10 2.0X10
8 8 9 9
CNT 1.6X10 1.810 6.8K10 3.010
2 2 2 2
AQCNT 6.4X10 5X10 4.810 1.010
. - B l l
Antibiotic 3.1X10 1.0510 0.0 0.0
(standard)
8 8 9 9
Control 1.2X10 1.0X10 3.8X10 1.8X10

Figure Caption
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Figure 1. Interactions of Nano-materials with Biol@ical Systems



