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ABSTRACT

Nanotechnology has recently gained attention as a potentially revolutionary invention. Chemical or synthetic
fertilizer is used to give crops the essential minerals that are typically lacking in crops grown in this era. The
environment is being negatively impacted by these synthetic fertilizers. In order to improve the plants nutrients
absorption, this project focuses on combining biofertilizers like Jeevamrutha with herbally extracted nanoparticles
like copper and silver. When plants are inoculated with nanobiofertilizers, their development and resistance are
enhanced. By using plant based green synthesis to create nanobiofertilizers, metallic nanoparticles and organic
materials like chitosan and polysaccharide can be encapsulated, avoiding the drawbacks of traditional chemical
fertilizers. Although the use of nanobiofertilizers is still in its beginning stage, it has greater potential than other
strategies for transforming traditional farming into high-tech, or "smart," farming. This study examines the
innovative application of nanotechnology in agriculture, utilizing the special properties of materials at the
nanoscale to tackle pressing issues like crop protection, nutrient delivery, and sustainable farming practices. By
going over the creation, characterization, and formulation of nanobiofertilizers and clarifying the ways in which
they interact with plants, this project aims to close some of the knowledge gaps related to nanobiofertilizers and
their performance.
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1. INTRODUCTION

Nanotechnology is the emerging field of Science and Technology which deals with nanoparticles. The
particle with dimension in nanometer are called as nanoparticles. Synthesis of nanoparticles is done due
to its various application in the field of agriculture, textile industries, electronic sector, etc. This study
focuses on the use of nanoparticles in agriculture. Nanoparticles play a variety of roles in plant growth;
some are used as antimicrobial agents, while others are used as a component of nutrient sources. Copper
nanoparticles are commonly used to increase plant growth by optimizing the absorption of nutrients
present in the soil by the plant's roots, while silver nanoparticles are primarily used to avail themselves
of their antimicrobial activity. One of the primary goals of many researchers is the synthesis of silver
nanoparticles and their application to plants to prevent microbial infection. One of the reasons for using
these nanoparticles is their reduced toxicity, environmental friendliness, stability, and affordability.
Because of these advantages, the green synthesis of nanoparticles is carried out using different plant
parts, such as the leaf, stem, and root; additionally, certain microorganisms can be employed to
synthesize nanoparticles [1].

2. MATERIALS AND METHODS

2.1. Sample collection- Samples of Neem (Azadirachta indica) leaves were collected as shown in figure
1 from the local area of Bengaluru.
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Figurel. Neem leaves

2.2. Extract preparation- For the synthesis of Silver nanoparticles the extract was prepared by boiling
washed 10g neem leaves in 150ml distilled water at 80°C for 30 mins and for the synthesis of Copper
nanoparticles the extract was prepared by boiling 100g washed and grinded neem leaves at 60°C for 30
mins. Both the extracts were filtered using whatmann filter paper. Figure 2 represents the filtered neem

extract.
(A) (B)
Figure 2
(A) Neem extract for AgNp synthesis (B) Neem extract for CUNP synthesis

2.3. Synthesis of nanoparticles- Silver nanoparticles were prepared by adding 0.1M sliver nitrate to the
prepared neem leaves extract in 9:1 ratio. Copper nanoparticles were prepared by adding 0.1M copper
sulphate to the prepared neem leaves extract in 1:3 ratio. These mixtures were then centrifuged at
3000rpm for 10mins. and dried in incubator to get nanoparticles [2].

2.4. Antimicrobial susceptibility test: Nutrient agar media was prepared by dissolving 0.6g of peptone,
0.169g of beef extract, 0.3g of NaCl, and 0.969 of agar agar in 60ml of distilled water. This media was
then autoclaved and was poured into petri plates which were let to solidify. P.aeruginosa sample was
taken and was poured and spreaded equally on solidified media using ‘L’ shape glass rod. Then the discs
which were dipped in different concentrations of synthesized silver and copper nanoparticles like
0.1mg/ml, 0.2mg/ml, etc were placed on the media. A standard antibiotic disc i.e streptomycin disc was
used as control. The area of inhibition was calculated by taking the diameter [3].

2.5. Preparation of nano-biofertilizer- Jeevamrutha was prepared by adding 1kg of cowdung, 1ltr of
cowurine, 200g jaggery, 200g pulse powder, one handful of soil in 20ltrs of water and allowed to
fermentation for 7 days in aerobic condition. Then to this prepared Jeevamrutha synthesized
nanoparticles were added in the known concentration which is represented in table 1.
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Table 1. Concentration of nanoparticles added to Jeevamrutha to prepare nano-

biofertilizers

Nano-biofertilizer Concentation of Silver Concentration of
nanoparticles Copper nanoparticles
Silver nano-biofertilizer 0.2 mg/ml -
Copper nano-biofertilizer - 0.4 mg/ml
Bi-metallic nano-biofertilizer 0.2 mg/ml 0.4 mg/ml

2.6. Preparation and introduction of plantlets to highlight the effect of biofertilizer on them-
Black chana seeds were introduced to the autoclaved soil and watered once a day for 5-7 days to get the
plantlets. Then the nano-biofertilizers were added to each tray and the plantlets were grown under similar
condition for further observations.

3. RESULT AND DISCUSSION

3.1.Characterization of nanoparticles- Both the nanoparticles were characterized using UV-
Visible spectrometer, DLS, and XRD.

3.1.1.

3.1.2.

3.1.3.

X-ray diffraction- The samples were then characterized with XRD to identify the structure of
nanoparticles. XRD report of AgNP had sharp peak at 32.12° which was indexed and matched
with the JCPDS card no. 04-0783. This result (Figure 3 (A),4 (A)) indicates a strongly oriented
crystalline structure that corroborates with the results of Banerjee et al., [2]. Similarly the XRD
report of CuNP had sharp peaks at 36.5° and 38.5° which was indexed and matched with the
JCPDS card no. 04-0836. This result indicates a good crystallographic structure which resembles
the result of Gurudevi et al., [4]

UV-Visible spectrophotometer- The results (Figure 3 (B),4 (B)) obtained from UV-Visible
spectrophotometer for silver nanoparticles corroborates with the results of Jervin Ananth et al.,
[5] and the results of copper nanoparticles corroborates with the results of Banerjee et al., this
results are shown in table 2. The UV-Visible spectrometer records a maximum peak at 420nm
wavelength for silver nanoparticles and records maximum peak at 570nm wavelength for copper
nanoparticles.

Dynamic light scattering- The results (Figure 3 (C),4 (C) obtained from DLS gives the size
of nanoparticles where it identifies the size of AgNP as 34nm which resembles with the study of
Chika lwuji et al., [6] similarly the DLS results of CuNP gives the size of nanoparticles as 23nm
which is similar to the study reported in Gurudevi et al., [4]
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Figure 3. A) XRD report of AgNP B) UV-Visible spectrometer reading of AQNP
C) DLS report of AgNP
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Figure 4. A) XRD report of CuNP B) UV-Visible spectrometer reading of
CuNP C) DLS report of CuNP

3.2. Antimicrobial susceptibility test- Chemically synthesized silver nanoparticles generally exhibit
their maximum antimicrobial activity in the range of 0.3 mg/ml [6]. Herbally synthesized nanoparticles
exhibited antimicrobial activity when they are treated in the range 0.2 mg/ml. Similarly copper
nanoparticles exhibit optimum antimicrobial activity in the range of 0.6 mg/ml [7] when synthesized
chemically. In contrast green synthesized nanoparticles exhibited antimicrobial activity when they are
treated in the range 0.4 mg/ml. This result shows us that green synthesized nanoparticles are more
efficient than the chemically synthesized nanoparticles. This statement also corroborates with the study
by Banerjee et al., [2,8,9] which is shown in figure 5.

Figure 5. A) Antimicrobial susceptibility test for chemically synthesized AgNP vs green
synthesized AgNP B) Antimicrobial susceptibility test for chemically synthesized CuNP
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vs green synthesized CUNP C) Antimicrobial susceptibility test for green synthesized
AgNP vs green synthesized CuNP

3.3. Effectiveness of nano-biofertilizers- Nano-biofertilizers showcased their ability of improving
biofertilizer (Jeevamrutha). Increased branching in black chana directly improves the plant yield. The
experimental data reveals (Table 2 and Figure 6) that the nanoparticles alone in Jeevamrutha can
increase the branching in black chana by 17% in contrast when Jeevamrutha was added with both
nanoparticles the effectiveness of Jeevamrutha was increased by 46% on black chana plants.

Table 2. Effectiveness of nano-biofertilizers on plants

Day No. of branches on No. of branches on No. of branches on No. of branches on

feeding feeding silver nano- | feeding copper nano- | feeding bimetallic

Jeevamrutha biofertilizer biofertilizer nano-biofertilizer
Day 12 3 3 3 3
Day 15 5 5 5
Day 18 5 6 6 8
Day 21 7 7 7 11
Day 24 7 9 9 13

A B C D
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Figure 6. A) Plant grown using Jeevamrutha B) Plant grown using Jeevamrutha with
AgNPs C) Plant grown using Jeevamrutha with CuNPs D) Plant grown using bimetallic
nano-biofertilizer

This study highlights the potential of stabilized and green synthesized silver and copper nanoparticles added into
Jeevamrutha which improved the plant growth in black chana. Despite the addition of nanoparticles in
Jeevamrutha improved the vegetative development of black chana plant the study had some limitations as this
study was done on a single crop and in controlled condition. Long term impacts of this nano-biofertilizers is yet
to be explored and as it is a laboratory experiment the field trail need to be done. Overall, this work contributes
in advancing organic and sustainable farming to avoid synthetic farming.

CONCLUSION

In recent years, the demand for food is very high so the use of synthetic fertilizers is increasing day to day. These
chemical fertilizers can cause may infections to plant and animals which leads to the imbalance in the ecological
cycle. These synthetic fertilizers degrading the soil quality and ground water quality. The maximal use of synthetic
fertilizers killing the essential and farmer friendly insects like honey bees, butterfly, etc and worms like
earthworms. Nanotechnology improves the efficiency of biofertilizers by improving the nutrient absorption and
nitrogen fixation. The increase in efficiency was visibly observed through the development of plants. Yield of the
plant mainly depends on the growth of vegetative parts of plant. When the plants were provided with silver and
copper nanobiofertilizers the growth of the plant branches will be increased by 14% against to the control
Jeevamrutha. This indicates that by providing nanoparticles with biofertilizers potentially increases the yield of
the crop. The use of bimetallic nanobiofertilizers helped us to study the effects of using two different nanoparticles
combined with Jeevamrutha on plants. The use of type of nanobiofertilizer visibly increased the growth of plants.
The plant growth was increased by 46% than the control Jeevamrutha. This confirms that the use of two different
nanoparticles in combination with a biofertilizer boosts the yield of the plant in high proportion.
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