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Abstract The objective of the study was to assess
the impact of nanozeolite (a nanocompound used in
agriculture field) on plant growth promotory rhizobac-
teria isolated from nanocompound infested soil under
wheat cultivation. Fifteen bacterial strains were iso-
lated from the wheat field treated with nanoparticles
for 4 to 5 years (Crop Research Center Pantnagar).
Screening on the basis of plant growth promotory
properties like phosphate solubilization, siderophore,
indole acetic acid, ammonia and hydrogen cyanide
production was done. The effect of nanoparticle on
the growth pattern and total protein concentration
of bacterial isolates was studied. There was a slight
improvement in the growth pattern after the nano-
zeolite amendment, as observed in plate assay. The
concentration of protein in bacterial isolates after
nanozeolite treatment was significantly enhanced
(>0.05) in comparison to controlled one. Two bacte-
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rial isolates with best plant growth promotory traits
(PS2 and PS10) were selected for further obser-
vations. The results suggest that the application of
nanozeolite had positive impact on bacterial growth
and protein expression.

Keywords Nanozeolite, Nanocompound, PGPR,
Protein, Rhizobacteria.

Introduction

Plant growth promotory rhizobacteria (PGPR) are
known to support plant growth through various mech-
anism especially by p-solubilizing, nitrogenfixation,
siderophore, hormone production and they are also
involved in developing induced systemic resistance
(ISR) and systemic acquired resistance (SAR). PGPR
are free-living soil-borne bacteria from the rhizo-
sphere and are known to enhance the growth of plant
when applied to seeds or crops (Kloepper et al.1980).
Plant growth promoting rhizobacteria (PGPR) are
amongst the most complex and important assem-
blages in the biosphere found in the vicinity of plant
rhizosphere (Khan 2005). They are considered as a
group of beneficial free-living soil bacteria used for
sustainable agriculture (Babalola 2010). PGPR like P
aeruginosa, P. putida, P. fluorescens, B. subtilis and
soil nitrogen cycle bacteria (nitrifying bacteria and
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denitrifying bacteria) have shown varying degree of
inhibition when exposed to nanoparticles (Mishra and
Kumar 2009). Nanotechnology is a rapidly growing
industry due to its wide applicability and demand
in agriculture sector. Nanoparticles being small
(under 100 nm) in size, are very reactive identities.
Eco toxicoligical properties and the risks of these
nanoparticles have not yet been fully characterized.
Many nanoparticles have already been reported to
have anti-microbial properties and thus directly affect
microorganisms. Iron and copper based nanoparticles
are presumed to react with peroxides present in the
environment and generate free radicals that are highly
toxic to microorganisms like P. aeruginosa. A sub-
lethal dose of CuO nanoparticle impaired pyoverdine
(PVD) function in a gram-negative bacterium. Some
nontoxic and biodegradable nanoparticles have shown
to be supportive for the microbial population in soil
after application. Silica nanoparticles were observed
to significantly enhance (<0.05) the microbial popu-
lation and total biomass content (Suriyaprabha et al.
2014). Although most of the reports point out negative
effect of nanoparticles on PGPRs but the effect of
nanozeolite on PGPRs was never worked out before
and nanocompounds like it are natural and thus least
toxic and biodegradable. Nanozeolites due to water
retentive and mineral chelating properties are sup-
posed to support the growth of PGPR by enhancing
nutrient use efficiency. Present study was planned to
observe the effect of nanozeolite on PGPR isolates
through systematic investigation of growth param-
eters and protein profiling which ultimately reflects
the state of bacterial isolates.

Materials and Methods
Soil sample collection

Soil samples used for isolation of plant growth pro-
moting bacterial isolates were collected from a wheat
field experiment where the nanoparticles were applied
by spray method @ 0.03 g each in 1.5 liter. The site
is located at Norman E. Borlogue Crop Research
Center of G.B. Pant University of Agriculture and
Technology, Pantnagar, Dist. Udham Singh Nagar
(Uttarakhand). The soil without nanoparticle treat-
ment was considered as control.

Isolation of bacteria and screening for
plant growth promotory properties

The soil sample was serially diluted up to 107 dilu-
tion and plated in nutrient agar supplemented with
nystatin (antifungal) to check the fungal growth.
Fifteen bacterial colonies were selected on the basis
of morphological and physiological characteristics
and screened qualitatively or quantitatively for p-
solubilization (Nautiyal 1999, Gupta et al. 2007),
siderophore production (Schwyn and Neilands 1987),
indole acetic acid production (Gordon and Weber
1951), hydrogen cyanide production (Bakker and
Schipper 1987) and ammonia production (Cappuc-
cino and Sherman 1992).

Effect of nanozeolite on bacterial isolates

Four isolates i.e. PS2, PS7, PS9 and PS10 were
selected to study the effect of nanozeolite on their
growth. Duplicate treatments were made accordingly.
The treatments were : PS2 only, PS2+nanozeolite,
PS7, PS7-+nanozeolite, PS9, PS9+nanozeolite, PS10,
PS10+nanozeolite and control (No nanoparticles +
no bacteria). Overnight active culture was made by
inoculating a single colony in nutrient broth. 2000
ppm concentration (stock) of different nanoparticles
were ultrasonicated at 20 kHz for 30 min, for the
proper dispersion of nanoparticles in DW and added
in the broth at the concentration of 50 ppm. Hundred
ul of the active culture was inoculated into 50 ml
of sterile nutrient broth with and without different
nanoparticles. Aliquots of 3 ml + 1 ml were regularly
withdrawn at the interval of 0, 24, 48, 60 and 70 h,
3 ml aliquot was used for recording the absorbance
at 600 nm under visible spectrophotometer (Perkin
Elmer) and 1 ml of aliquot was used for pour plating.
Serial dilution (upto 10*) of 1 ml aliquot was done
for pour plating to reduce the bacterial population to
countable range. One ml of 10* dilution was used for
pout plating with nutrient agar and incubated at 27°C
for 48 h. Colony forming unit (CFU) was calculated
by the formula:

CFU=No. of colonies x dilution factor/volume of sample taken (ml).
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Table 1. Qualitative plant growth promotory properties by bacterial isolates. a: Phosphate solubilization (diameter of zone of clearance);
(-) : Very low, (+) : Medium ,(++) : high. b: Siderophore production (diameter yellow halo zone); (-): Very low, (+) : Medium, (++) :
High. c: Indole acetic acid production (intensity of pink color) : (-) : Very low, (+) : Medium, (++): High. d : HCN production (color
change from yellow to brown); (-) :Very low, (+) : Medium, (++): High. e : Ammonia production (orange color intensity); (-) : Very

low, (+) : Medium, (++) : High.

Strains P solubilization *

Siderophore production b

Indole acetic acid production °

HCN production d Ammonia production ©

++ - + ++

Protein extraction and quantification

Protein extraction was done according to modified
method of Giard et al. (2000). Pellet was washed
thrice in cold 0.1M TrisCl pH (6.8) and resuspended
in 200 pl Tris buffer (0.1M, pH 6.8). After centrifuga-
tion, pellet was suspended in 200 pl extraction buffer
and kept in boiling water bath for 20- 30 minute.
Protein samples were centrifuged and supernatant
was stored at -20°C for further studies. Quantification
of protein was done according to Bradford (1976).
Absorbance was taken at 595 nm with Bovine serum
albumin as control.

Molecular characterization of PGPR isolates

The genomic DNA of 2 bacterial isolates (PS2 and
PS10) was extracted using the modified method by
Bazzicalupo and Fani (1995) and 16SrDNA region
was amplified using universal primer (27F and 1492
R). Amplified sequences were partially sequenced
by Central Instrumentation Facilities, South campus
Delhi. Sequences obtained were analyzed by basic
local alignment search tool (BLAST).

Statistical analysis

The data were statistically treated using general linear

model procedure (SPSS, Ver 16.0) to revel significant
effect of nanozeolite on bacterial total protein. Dun-
can’s test was applied for testing difference between
individual events.

Results and Discussion
PGPR properties

PGPR properties of bacterial isolates are listed
in Table 1. Siderophore production by biocontrol
agents (BGA) and plant growth promoting microbes
(PGPM) is one of the important mechanisms for plant
growth promotion (Kloepper et al. 1980) and disease
suppression (Husen 2003). Among the 15 bacterial
isolates (PS1 to PS15) siderophore production was
given by all isolates and best results was shown by
PS2,PS10, PS11 and PS14. Typically, microbial sid-
erophore are classified as catecholates, hydroxamates
and o -carboxylates, depending on chemical nature
of their coordination sites with iron (Heymann et
al. 2002), phenolates (Haag et al. 1993) and mixed
(both hydroxamate and catecholate functional groups)
(Meyer and Abdallah 1978). Phosphate solubilizing
microorganisms (PSM) through various mechanisms
of mineralization are able to solubilize and convert
inorganic soil p (which are insoluble form) to plant
accessible forms (Kumari et al. (2009) PS1 and
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Without nanoparticles

With nanoparticles

Fig. 1. Enumeration of bacterial population in different time interval for (A) PS2, (B) PS2 + Nanozeolite, (C) PS7, (D) PS7 + Nano-
zeolite, (E) PS9, (F) PS9 + Nanozeolite, (G) PS10, (H) PS10 + Nanozeolite.

PS10 solubilized maximum phosphate followed by
PS2, PS4, PS7, PS9, PS11 and PS14 with medium
p. solubilization and the rest (PS3, PS5, PS6, PSS,
PS12, PS13 and PS15) did not produced any zone of
clearance. Both bacterial and fungal strains exhibiting
p-solubilizing activity are detected by the formation
of clear halo (a sign of solubilization) around their
colonies (Sharma et al. 2013).

IAA production is another PGPR property which
was maximally produced by PS2 and PS7 followed
by PS1, PS4, PS5, PS6, PS8, PS9, PS10, PS11, PS13,
PS14 and PS15, which gave intermediate results while
PS1 and PS12 showed least IAA. The results were in
support to previous study by Ghosh and Basu (2002).
It has been reported that IAA production by bacteria
can vary among different species and strains and it is
also influenced by culture condition, growth stage and
substrate availability (Sridevi and Mallaiah 2007).
HCN production was negative for all the 15 isolates.

Ammonia production marked by color change from
yellow to orange was positive for only PS1, PS6, PS9
and PS10. Four isolates on the basis of best PGPR
properties were selected for further studies (i.e. PS2,
PS7, PS9 and PS10).

Effect of nanozeolite on the
growth of bacterial isolates

Effect of nanozeolite on the growth pattern of 4 PGPR
isolates is evidenced in Figs. 1 and 2. A gentle decline
in growth after the treatment of nanozeolite with PS2
was observed in comparison to steep decline in con-
trol (Fig. 2). The CFU counts obtained also correlates
with optical density (OD at 660 nm) results (Fig. 1).
Similarly the gowth rate of nanozeolite amended PS7
was higher than PS7, but the plate count assay do
not follow the same. The growth was suppressed by
nanozeolite for PS9 but on the other hand for PS10,
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Fig. 2. Growth curve pattern of different isolates with (bold square) and without nanozeolite (bold circle).

although the maximum growth obtained was similar
in both the cases (PS10 alone and PS10 + nanozeo-
lite) but the decline in case of PS10 alone was much
steeper than nanozeolite amended PS10. There was a
gradual decline after stationery phase in case of nano-
zeolite amended isolates which also correlates with
the plate assay and the best result were obtained for
PS2 and PS10 (Figs. 1 and 2). This means that there
is an interaction,between nanoparticles and bacteria,
which strongly increases the viability of bacterial
isolates by extending the death phase. Once the nutri-
ents in the medium are exhausted the microorganisms
enters stationary and then death phase.

The nanoparticle help enhance nutrient use
efficiency and allow slow release of nutrient which
allow the isolates to survive for a longer period of
time. Similar pattern of results were also inferred
by Palmgqvist et al. (2015) who worked on effect
of nanotitania on PGPR strains and their clustering
pattern on plant roots which is an important trait

for PGPR strains.They observed the nanotitania not
only supported the growth of PGPR strains but also
enhanced their colonization on plant roots.

Nanosilica was found to double the colony
forming unit from 4 x 10° CFU (control) to 8 x 103
CFU per gram of soil (Karunakaran et al. 2013). In
contrary to it several manoparticles are reported as
antimicrobial agent and retard the growth of bac-
teria and hence can also be harmful for the PGPR
strains. Effect of iron oxide and gold nanoparticles
on E. coli was studied by Chatterjee et al. (2011)
and preliminary growth analysis data revealed the
inhibitory effect of iron oxide on bacterial whereas
gold nanoparticle did not show any inhibitory effect.
An evident increase in bacterial population shows
enhanced bacterial division by gold nanoparticle.
Tong et al. (2007) recently reported that introduction
of fullerene nanoparticles in the soil had no influence
on the soil bacterial diversity but on the other side.
Fullerenes have been found to inhibit the growth of
commonly occurring soil and water bacteria.
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Fig. 3. Protein concentration for different treatments, with bars
representing +/-2SE.

Molecular characterization

Two bacterial isolates PS2 and PS10 were identified
as Bacillus sp. on the basis of BLAST match and
were allotted with Accession number as KX650178
and KX650179 respectively by NCBI.

Protein quantification

The level of total protein enhanced in all the bacterial
isolates after treatment with nanozeolite (Fig. 3). This
enhanced protein expression suggest the nanoparticle
induce bacterial isolates for growth and more protein
production which help in better sustenance.

The mechanism involved is still not worked out
but the possible way is the better water entrapment
and enhanced nutrient use efficiency in the presence
of nanozeolite, which supports the microbial growth.
Similarly, Karunakaran et al. (2013) also observed
increase in protein concentration in broth after nano-
silica treatment.

Conclusion

A positive impact of nanozeolite on PGPRs indicates
tremendous applicability of nanozeolite in agricul-
tural fields for enhancing crop productivity while
maintaining soil health. It can also be concluded that
application of nanozeolite at certain concentrations in
bacterial formulations as organic manure or directly
in agricultural fields may come forward as a boon for
the agricultural productivity.
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