ﬁ rmi Ng (e-Magazine)

fgAgriculture

Importance of green synthesis of nanomaterials for

sustainable agriculture

Kolkata, West Bengal- 700091

Neethu Prabhakar’, Ruma Das?, Shrila Das’, Indu Chopra’, Kaustav Aditya®,
Tania Seth?, Amrita Daripa’, Sudipta Chattaraj’, S.G. Sarowar"
TCAR-Indian Agricultural Research Institute, New Delhi, 110012
’ICAR-National Bureau of Soil Survey and Land Use Planning, Regional Centre,

*ICAR-Indian Agricultural Statistics Research Institute, New Delhi, 110012

*ICAR-Central Institute for Women in Agriculture, Bhubaneswar, 751003
- _______________________________________|
Received: April, 2025; Accepted: May, 2025; Published: July, 2025

With the advancement in science and
technology, the branch of Nanotechnology has
also grown up with time and today the
applications of Nanotechnology is widespread
in different fields like engineering, medicine,
agriculture, environmental remediation etc. The
scope of synthesis and the applications of the
Green synthesis

The processes in which an array of metallic
nanoparticles (NPs) are synthesized using
bioactive substances like crop residues, plant
parts, microorganisms, eggshells, algal matter
etc are referred to as green or biological
nanoparticle synthesis. Green synthesis of
nanoparticles has gained much popularity in the
recent days. It has several advantages like lesser
environmental impact, safer technology, more
biocompatible, lesser production cost etc which
makes green synthesis of nanoparticles a more
attractive option for the production of
nanomaterials. Examples of green synthesized
nanoparticles are briefed below.

Salam et al. (2014) produced zinc oxide
nanoparticle using a medicinal crop Ocimum
basilicum L. var. purpurascens with hexagonal
shape crystal structure and 50 nm size. High

purity zinc oxide nanoparticles in a size range

synthesized nanomaterials are immense in
today’s world. Common methodologies
employed in the manufacturing of
nanomaterials include top down approach and
bottom up approach which are mainly physical
and chemical processes.

of 21.49 and 25.26 nm were manufactured
following green synthesis methodology using
Laurus nobilis leaves (Fakhari et al, 2019).
Jayarambabu et al. (2020) synthesized copper
nanoparticles in the size range of 5 to 25 nm
using turmeric (Curcuma longa) tuber extract.
Mango peels which are normally considered as
biowaste were utilized for the synthesis of
silver nanoparticles by Zing et al (2021), the
nanoparticles synthesized were spherical and
rod shaped having dimension of 25-75 nm. It
also exhibited certain antibacterial property
against Escherichia coli and Staphylococcus
aureus also. Zavaleta et al (2022) used
Eucalyptus globulus leaves extract for the green
synthesis of iron oxide nanoparticles and the
particles were having spherical morphology
with 2-4 nm in size.

Applications of green synthesized nanoparticles in agriculture

Applications of green synthesized
nanoparticles are being reported in different
fields of agriculture like in crop production,

Crop production

crop protection, crop improvement,
environmental pollution remediation efc, in

which some of them are briefed below.
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Green synthesized zinc oxide and zinc sulphide
nanoparticles using chitosan biopolymer and its
application to sunflower crop resulted in
enhanced seed oil yields compared to the
untreated control plants (Patel et al., 2019).
Foliar application of green synthesized zinc
oxide nanoparticles from leaf extracts of
Phoenix dactylifera L. var. Khalas indicated
that photosynthethic pigments and activity of
antioxidant enzymes were enhanced in the okra
crop which contributed towards the tolerance of
crop towards salinity stress (Alabdallah and
Alzahrani, 2020). Seed priming with iron oxide
nanoparticles synthesized using the flower
extract of Cassia occidentalis indicated the
beneficial effect of seed priming on
germination, seedling vigour, length of root and
dry weight of Pusa basmati rice (Afzal et al.,
2021). Spherical shaped magnesium oxide
nanomaterials with a size of 38 to 57 nm were
green synthesized using Enterobacter bacteria,
whose application in rice crop resulted in
enhanced plant height, chlorophyll content, and
antioxidative enzymes and decreased the
arsenic concentration in the crop (Ahamed et
Crop protection

Silver nanoparticles (AgNPs) were
biosynthesized through reductive processes
facilitated by bacterial agents, particularly
strains of Bacillus pumilus, Bacillus persicus,
and Bacillus licheniformis. Nanoparticles,
particularly  those  derived from B.
licheniformis, exhibited remarkable in vitro
antiviral properties against yellow bean mosaic
virus which is an important pest attacking
pulses (Elbeshehy et al., 2015). Rhodotorula
glutinis (BNM 0524) yeast extracted from
apple peel was used for the synthesis of silver
nanoparticels which was found to be having
comparable efficacy like iprodione fungicide at
3 ppm concentration against many of the
postharvest pathogens like Botrytis cinerea,
Penicillium expansum, Aspergillus niger and
Alternaria sp. (Fernandez et  al, 2016).
Elamawi and Hendi (2018) reported that silver
nanoparticles synthesized extracellularly using
Trichoderma longibrachiatum fungus was

al., 2021). While Chatterjee et al (2021) found
that the green synthesized iron nanoparticles
from Adiantum lunulatum, a pteridophyte with
around 5 nm size and quasi spherical
morphology improved the performance of
growth and vigour of rice seedlings and
decreased the arsenic availability in the crop
plant. Sahoo et a/ (2021) studied the impact of
Azadiracta indica leaves mediated green
synthesized zinc oxide nanoparticles and
standard zinc oxide nanoparticles on greengram
crop and found that green synthesized zinc
oxide application has resulted in better seed
yield, protein and zinc concentration in the
seeds; hence better yield, quality and nutrient
use efficiencies was achieved following the
application green ZnO nanoparticles. 4hamed
et al (2022) reported that conjoint application
of biosynthesized molybdenum nanoparticles
from Bacillus sp. strain ZH16 bacteria and the
Bacillus sp. strain ZH16 on wheat crop led to
decrease in the arsenic translocation to an
extent of more than thirty percent and increased
indole acetic acid synthesis, solubiliztion of
phosphate, and ACC deaminase activity.

having antifungal properties against many of
the plant pathogenic fungi viz Fusarium
verticillioides, Fusarium

moniliforme, Penicillium

brevicompactum, Helminthosporium  oryzae,
and Pyricularia grisea, in which around 90
percent of decrease in colonies. Ogunyemy et al
(2019) synthesized zinc oxide nanoparticles
from flower extacts of chamomile (Matricaria
chamomilla), leaves of olive (Olea europaea)
and fruits of tomato (Lycopersicon esculentum)
and reported that zinc oxide nanoparticles
synthesized from olive leaves exhibited more
pronounced and significant antibacterial
activity against Xanthomonas oryzae pv.
oryzae (Xoo) strain GZ 0003, which is the
causal pathogen causing bacterial leaf blight
disease which is creating widespread damages
to rice crop globally. Ali et al (2020) reported
that iron oxide nanoparticles at the rate of 1.0
mg/ml synthesized using neem tree leaf extract
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(Azadiracta indica) acted as capping, reducing
and stabilizing agent were effective in the
management of citrus brown rot disease in
sweet orange caused by the pathogen Fusarium
oxysporum. Agathosma betulina plant derived
zinc oxide nanoparticle were hexagonal in
shape with 27.5 nm in size and application of
these green synthesized nanoparticles resulted
in improved shoot length, dry weight, lesser
Crop improvement

Seed priming in onion utilizing gold
nanoparticles  resulted in  substantial
enhancement in the emergence percentage,
which was recorded to be 63.2%, in contrast to
the 37.4% in the unprimed control group.
Furthermore, an average yield increase of
23.9% in AuNPs, treated onions was reported
(Acharya et al, 2019). Silver nanoparticles
enhanced the tomato seeds germination by upto
70%, while simultaneously reducing the
average germination duration when compared
to the control group. The application of silver
nanoparticles at various concentrations resulted
in a substantial increase in shoot length to an
extent of 25 to 80%, root length 10 to 60%, and
fresh biomass from 10 to 80%) of the tomato
plant. Besides, the total chlorophyll,
carotenoids, flavonoids, soluble sugars, and
proteins contents were higher in tomato plants
treated with neem leaves mediated green
synthesized silver nanoparticles compared to
Environmental pollution remediation
Quality of irrigation water and the industrial
effluents can have significant influence on the
ecosystem. Titanium dioxide nanoparticles
synthesized using Jatropha curcas crop as a
capping agent showed that it could be
effectively used after the solar photocatalytic
treatment of tannery waste water for the
removal of upto 82.26 percent of chemical
oxygen demand and 76.48 percent of chromium
(VI) ions, which is the more toxic form of
chromium from the environmental perspective
(Gautam et al., 2018). In another study by Liu
et al (2018) eucalyptus leaves extract were
utilised for the synthesis of iron nanoparticles
which exhibited around 100 percentage

Na'/K" ratio and overall better crop growth
under salt stressed conditions in Sorghum
bicolar crop (Rakgotho et al., 2022). Ahamad
et al. (2023) found that application magnesium
oxide nanoparticles synthesized from extracts
of lemon fruits enhanced the biometric
characters of the carrot crop and also decreased
the leaf blight severity caused due to
Alternaria dauci.

the control (Ansari et al., 2023). Ullah et al
(2023) indicated a green synthesized protocol
for iron oxide nanoparticles of 2 to 7.5 nm from
Chenopodium album and Fumaria indica and
reported that modified Murashige and Skoog
(MS) media incorporating iron oxide
nanoparticles as a source of iron facilitated
accelerated callogenesis and regeneration in
comparison to conventional MS media in tissue
culturing of rice plants. Besides these, the foliar
application resulted in remarkable
enhancement in biomass upto 133%, spike
weight upto 350% and enhanced concentration
of antioxidant enzymes like ascorbate
peroxidase, superoxide dismutase, peroxidase,
and catalase in rice crops. Nanopriming with
magnetite nanoparticles green synthesized
using orange peel extract enhanced biomass and
iron uptake in Solanum lycopersicum making it
an option for iron biofortification in tomato
crop (Rojo et al., 2024).

efficiency for the removal of hexavalent
chromium ions in aqueous solution. Iron
nanoparticles  green  synthesized using
Azadiracta indica leaves extract and ferrous
sulphate heptahydrate as precursor could
remove 77 percent of chemical oxygen demand
and 74 percent of nitrate on fifth day of
treatment from petroleum refinery waste water
(Devatha at al., 2018). Syzygium Cumini leaves
extract derived green synthesized zinc oxide
nanoparticles was found very efficient in
enhancing the seed germination of pearl millet
(Pennisetum glaucum) and for the remediation
of Rhodamine B polluted water with an
efficiency of 98 percent (Rafique et al., 2020).

[Ecofarming, Vol. 05 (03): 79-84, 2025]

81



é fdrming (e-Magazine)

feAgriculture

Lin et al. (2020) reported that green synthesized
iron nanoparticles using green tea leaves extract
could be used for the removal of toxic divalent
lead ions and rifampicin antibiotic from
wastewater to an extent of 100 percent and 92
percent respectively. Root extract of
Sphagneticola trilobata plant, utilized for the
green synthesis of zinc oxide nanoparticles
could remove more than eighty percent of
chromium when applied at a concentration of
1g/L while also promoting the growth and seed
germination of fenugreek plant (Shaik et al.,
2020). Khilji et al. (2022) found that zinc oxide
nanoparticles derived from Oedogonium sp.
was very effecting in the remediation of
Limitations
Green synthesis although having several
advantages, it has certain disadvantages too.
Availability of raw material like plant/parts
should be ensured for the green synthesis
process. As they are biological samples,
seasonality, stage of the development and
location specificity of the crop grown in a
particular region can affect the adoption of the
same technology in another part of the world.
Green synthesis processes also often requires
equipment’s for preserving/treating the samples
References
1. Acharya, P., Jayaprakasha, G. K., Crosby,
K.M,, Jifon, J.L.and Patil, B.S. (2019). Green-
synthesized nanoparticles enhanced seedling
growth, yield, and quality of onion (Allium
cepal.). ACS Sustainable Chemistry &
Engineering 7 (17), 14580-14590.  DOL:
10.1021/acssuschemeng.9b02180
2. Afzal, S., Sharma, D. and Singh, N.K. (2021).
Eco-friendly synthesis of phytochemical-
capped iron oxide nanoparticles as mnano-
priming agent for boosting seed germination in
rice (Oryza sativa L.). Environ Sci Pollut
Res 28, 40275-40287.
https://doi.org/10.1007/s11356-020-12056-5
3. Ahamad, L., Ali khan, A., Khan, M., Farid, O.,
and Alam, M. (2023). Exploring the nano-
fungicidal efficacy of green synthesized
magnesium oxide nanoparticles (MgO NPs) on
the development, physiology, and infection of
carrot (Daucus carota L.) with Alternaria leaf

effluents from leather industries as it reduced
46.5%, 43.5%, 54%, 57.6%, and 59.3% of total
dissolved  solids, chlorides, chromium,
cadmium and lead. Selenium nanoparticles
were green synthesized utilizing the bacterial
strain Pseudomonas aeruginosa JS-11, the
spent culture supernatant effectively reduced
soluble SeOs* to insoluble red elemental
selenium (Se”) at 37°C, indicating that these red
Se° nanospheres could function as biosensors
for assessing nanotoxicity through the
inhibition of SeO3” bioreduction in NP-treated
bacterial cell cultures as a toxicity endpoint
(Dwivedi et al., 2013).

in a wide range of temperature based on the
protocol being followed ranging from -24°C to
more than 600°C which also requires lot of
energy. The shape and size of green
synthesized nanoparticles were reported
differently even in same crops which may
trigger in the adoption of those processes in
large scale. The impact of green synthesized
nanomaterials in the remediation of mixed
heavy metals was lesser (Ying et al., 2022).

blight (ALB): Molecular docking. Journal of
Integrative Agriculture, 22(10), 3069-3080.
https://doi.org/10.1016/j.jia.2023.02.034
Ahmed, T., Noman, M., Manzoor, N., Shahid,
M., Hussaini, K. M., Rizwan, M., Ali, S.,
Magsood, A., and Li, B. (2021). Green
magnesium oxide nanoparticles-based
modulation of cellular oxidative repair
mechanisms to reduce arsenic uptake and
translocation in rice (Oryza sativa L.) plants.
Environmental  Pollution, 288, 117785.
https://doi.org/10.1016/j.envpol.2021.117785
Ahmed, T., Noman, M., Rizwan, M., Ali, S.,
ljaz, U., Nazir, M. M., ALHaithloul, H. A. S.,
Alghanem, S. M., & Abdulmajeed, A. M.
(2022). Green molybdenum nanoparticles-
mediated bio-stimulation of Bacillus sp. Strain
ZH16 improved the wheat growth by managing
in planta nutrients supply, ionic homeostasis
and arsenic accumulation. Journal of

[Ecofarming, Vol. 05 (03): 79-84, 2025]

82



fdrming (e-Magazine) rp /'\g riculture

Hazardous  Materials, 423, 127024. phytopathogenic fungi. Egyptian Journal of
https://doi.org/10.1016/j.jhazmat.2021.127024 Biological ~ Pest Control, 28(1), 1-11.
6. Alabdallah, N. M., & Alzahrani, H. S. (2020). https://doi.org/10.1186/s41938-018-0028-1
The potential mitigation effect of ZnO  13. Elbeshehy, E. K., Elazzazy, A. M., and Aggelis,
nanoparticles on [Abelmoschus esculentus L. G. (2015). Silver nanoparticles synthesis
Moench] metabolism under salt stress mediated by new isolates of Bacillus spp.,
conditions. Saudi Journal of Biological nanoparticle characterization and their activity
Sciences, 27(11), 3132-3137. against Bean Yellow Mosaic Virus and human
https://doi.org/10.1016/].sjbs.2020.08.005 pathogens. Frontiers in Microbiology, 6,
7. Ali, M., Haroon, U., Khizar, M., Chaudhary, H 141370.
J., HussainMunis, M.F. (2021). Scanning https://doi.org/10.3389/fmicb.2015.00453
electron  microscopy of  bio-fabricated  14. Fakhari, S., Jamzad, M., and Kabiri Fard, H.
Fe>O3 nanoparticles and their application to (2019). Green synthesis of zinc oxide
control brown rot of citrus. Microsc Res nanoparticles: a comparison. Green Chemistry
Tech. 84: 101- Letters and Reviews, 12(1), 19-24.
110. https://doi.org/10.1002/jemt.23570 https://doi.org/10.1080/17518253.2018.154792
8. Ansari, M., Ahmed, S., Abbasi, A., Khan, M. 5
T., Subhan, M., Bukhari, N. A., Hatamleh, A. 15. Fernandez, J. G., Fernandez-Baldo, M. A,
A., and Abdelsalam, N. R. (2023). Plant Berni, E., Cami, G., Duran, N., Raba, J., and
mediated fabrication of silver nanoparticles, Sanz, M. 1. (2016). Production of silver
process optimization, and impact on tomato nanoparticles using yeasts and evaluation of
plant.  Scientific ~ Reports, 13(1), 1-19. their antifungal activity against
https://doi.org/10.1038/s41598-023-45038-x phytopathogenic fungi. Process Biochemistry,
9. Chatterjee, A., Mridha, D., Banerjee, J., 51(9), 1306-1313.
Chanda, S., Ray, K., Acharya, K., Das, M., https://doi.org/10.1016/j.procbio.2016.05.021
Roychowdhury, T., and Sarkar, J. (2021). Green ~ 16. Goutam, S.P., Saxena, G., Singh, V., Yadav, A.
synthesis of iron oxide nanoparticles and their K., Bharagava, R. N. and Thapa, K.B. (2018).
ameliorative effect on arsenic stress relief in Green synthesis of TiO» nanoparticles using
Oryza sativa seedlings. Biocatalysis and leaf extract of Jatropha curcas L. for
Agricultural  Biotechnology, 38, 102207. photocatalytic ~ degradation of  tannery
https://doi.org/10.1016/j.bcab.2021.102207 wastewater. Chemical Engineering Journal,
10. Devatha, C., K, J., and Patil, M. (2018). Effect 336, 386-396.
of Green synthesized iron nanoparticles by https://doi.org/10.1016/j.cej.2017.12.029
Azardirachta Indica in different proportions on  17. Jayarambabu, N., Akshaykranth, A.,
antibacterial activity. Environmental Venkatappa Rao, T., Venkateswara Rao, K.,
Nanotechnology, Monitoring & Management, and Rakesh Kumar, R. (2020). Green synthesis
9, 85-94. of Cu nanoparticles using Curcuma longa
https://doi.org/10.1016/j.enmm.2017.11.007 extract and their application in antimicrobial
11. Dwivedi, S., AlKhedhairy, A.A, Ahamed, M., activity. Materials Letters, 259, 126813.
Musarrat, J. (2013). Biomimetic Synthesis of https://doi.org/10.1016/j.matlet.2019.126813
Selenium Nanospheres by Bacterial Strain JS-  18. Khilji, S. A., Munir, N., Aziz, 1., Anwar, B.,
11 and Its Role as a Biosensor for Nanotoxicity Hasnain, M., Jakhar, A. M., Sajid, Z. A,
Assessment: A Novel Se-Bioassay. PLoS One Abideen, Z., Hussain, M. L., A., A., and Yang,
8(3): e57404. H. (2022). Application of algal Nanotechnology
https://doi.org/10.1371/journal.pone.0057404 for leather wastewater treatment and heavy
12. Elamawi, R. M., E., R., and Hendi, A. A. metal removal efficiency. Sustainability,
(2018). Biosynthesis and characterization of 14(21), 13940.
silver nanoparticles using Trichoderma https://doi.org/10.3390/su142113940

longibrachiatum and their effect on
____________________________________________________________________________________________________________|
[Ecofarming, Vol. 05 (03): 79-84, 2025] 83



)Cd rmi Ng (e-Magazine)

fgAgriculture

. Lin, Z., Weng, X., Owens, G., and Chen, Z.
(2020). Simultaneous removal of Pb(II) and
rifampicin ~ from  wastewater by iron
nanoparticles synthesized by a tea extract.
Journal of Cleaner Production, 242, 118476.
https://doi.org/10.1016/j.jclepro.2019.118476

. Liu, Y., Jin, X., and Chen, Z. (2018). The
formation of iron nanoparticles by Eucalyptus
leaf extract and used to remove Cr(VI). Science
of The Total Environment, 627, 470-479.
https://doi.org/10.1016/j.scitotenv.2018.01.241
. Ogunyemi, S.O., Abdallah, Y., Zhang, M.,
Fouad, H., Hong, X., Ibrahim, E., Li, B. (2019).
Green synthesis of zinc oxide nanoparticles
using different plant extracts and their
antibacterial activity  against Xanthomonas
oryzae pv. oryzae. Artificial Cells,
Nanomedicine, and Biotechnology, 47(1), 341—
352.
https://doi.org/10.1080/21691401.2018.155767
1

. Rafique, M., Tahir, R., Gillani, S.S.A., Tahir,
M.B., Shakil, M., Igbal, T., and Abdellahi, M.
0. (2020). Plant-mediated green synthesis of
zinc oxide nanoparticles from Syzygium
cumini for seed germination and wastewater
Journal of
Environmental Analytical Chemistry, 102(1),
23-38.
https://doi.org/10.1080/03067319.2020.171537
9

. Rojo, C., Carmona, E.R., Hernandez-Saravia,
L.P. et al. (2024). Utilization of orange peel
waste for the green synthesis of iron

purification. International

nanoparticles and its application to stimulate
growth and biofortification  on Solanum
lycopersicum. Waste biomass Valor 15, 6343—
6356. https://doi.org/10.1007/s12649-024-
02602-4

. Sahoo, S.K., Dwivedi, G.K., Dey, P., and
Praharaj, S. (2021). Green synthesized ZnO
nanoparticles for sustainable production and
nutritional biofortification of green gram.
Environmental Technology & Innovation, 24,
101957.
https://doi.org/10.1016/j.eti.2021.101957

. Salam, A.H., Sivaraj, R., and Venckatesh, R.
(2014). Green synthesis and characterization of
zinc oxide nanoparticles from Ocimum

basilicum L. Var. Purpurascens Benth.-
Lamiaceae leaf extract. Materials Letters, 131,
16-18.
https://doi.org/10.1016/j.matlet.2014.05.033

. Shaik, A.M., David Raju, M., and Rama

Sekhara Reddy, D. (2020). Green synthesis of
zinc oxide nanoparticles using aqueous root
extract of Sphagneticola trilobata Lin and
investigate its role in toxic metal removal,
sowing germination and fostering of plant
growth. Inorganic and Nano-Metal
Chemistry, 50(7), 569-579.
https://doi.org/10.1080/24701556.2020.172269
4

. Ullah, J., Gul, A., Khan, I. et al. (2024). Green

synthesized iron oxide nanoparticles as a
potential regulator of callus growth, plant
physiology, antioxidative and microbial
contamination in Oryza sativa L.. Plant
Biol 24, 939. https://doi.org/10.1186/s12870-
024-05627-y

. Xing, Y., Liao, X., Liu, X., Li, W., Huang, R.,

Tang, J., Xu, Q., Li, X., and Yu, J. (2020).
Characterization and antimicrobial activity of
silver nanoparticles synthesized with the peel
extract of mango. Materials, 14(19), 5878.
https://doi.org/10.3390/ma14195878

. Ying, S., Guan, Z., Ofoegbu, P.C., Clubb, P.,

Rico, C., He, F. and Hong, J. (2022). Green
synthesis of nanoparticles: Current
developments and limitations, Environmental
Technology & Innovation, 26, 102336,

https://doi.org/10.1016/j.eti.2022.102336.

. Zavaleta, A.K., Laiza, C.Y., Campos, A.D. and

Checca, R.N. (2022). Green Synthesis of
superparamagnetic iron oxide nanoparticles
with FEucalyptus  globulus extract and their
application in the removal of heavy metals from
agricultural  soil. Molecules, 27(4),  1367.
https://doi.org/10.3390/molecules27041367.

]
[Ecofarming, Vol. 05 (03): 79-84, 2025]

84



