o’ .
veel materials
ve w

Article

Onion Peel Waste Mediated-Green Synthesis of Zinc Oxide
Nanoparticles and Their Phytotoxicity on Mung Bean and
Wheat Plant Growth

Shreya Modi '*, Virendra Kumar Yadav 2*(, Nisha Choudhary 3-*, Abdullah M. Alswieleh 40,
Anish Kumar Sharma 50, Abhishek Kumar Bhardwaj ¢(, Samreen Heena Khan 7, Krishna Kumar Yadav 377,
Ji-Kwang Cheon ° and Byong-Hun Jeon %%

check for
updates

Citation: Modji, S.; Yadav, VK.;
Choudhary, N.; Alswieleh, A.M.;
Sharma, A K.; Bhardwaj, A.K.; Khan,
S.H.; Yadav, K.K.; Cheon, J.-K; Jeon,
B.-H. Onion Peel Waste
Mediated-Green Synthesis of Zinc
Oxide Nanoparticles and Their
Phytotoxicity on Mung Bean and
Wheat Plant Growth. Materials 2022,
15,2393. https://doi.org/10.3390/
ma15072393

Academic Editor: Maria Harja

Received: 23 January 2022
Accepted: 18 March 2022
Published: 24 March 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Microbiology, Shri Sarvajanik Science College, Mehsana 384001, India;
shreyamodi20@gmail.com

Department of Microbiology, School of Sciences, P P Savani University, Surat 394125, India;
yadava94@gmail.com

Department of Environmental Sciences, School of Sciences, P P Savani University, Surat 394125, India;
nishanaseer03@gmail.com

Department of Chemistry, College of Science, King Saud University, Riyadh 11451, Saudi Arabia;
aswieleh@ksu.edu.sa

Department of Biotechnology, School of Sciences, P P Savani University, Surat 394125, India;
anish.sharma@ppsu.ac.in

Department of Environmental Science, Amity School of Life Sciences, Amity University,

Gwalior 474001, India; bhardwajak87@gmail.com

7 Research and Development Centre, YNC Envis Pvt. Ltd., New Delhi 110059, India;
samreen.heena.khan@gmail.com

Faculty of Science and Technology, Madhyanchal Professional University, Bhopal 462044, India;
envirokrishna@gmail.com

Department of Earth Resources & Environmental Engineering, Hanyang University, 222-Wangsimni-ro,
Seongdong-gu, Seoul 04763, Korea; jkcheon@hanyang.ac.kr

*  Correspondence: bhjeon@hanyang.ac.kr

t These authors contributed equally to this work.

Abstract: Nanoparticles and nanomaterials have gained a huge amount of attention in the last decade
due to their unique and remarkable properties. Metallic nanoparticles like zinc oxide nanoparticles
(ZnONPs) have been used very widely as plant nutrients and in wastewater treatment. Here, ZnONPs
were synthesized by using onion peel and characterized by various sophisticated instruments like
Fourier transform infrared spectroscopy (FTIR), dynamic light scattering (DLS), and field emission
scanning electron microscopes (FESEM). FTIR confirmed ZnONPs synthesis due to the formation of
the band in the region of 400-800 cm !, while FESEM confirmed the spherical shape of the particles
whose size varies in the range of 20-80 nm. FTIR revealed several bands from 1000-1800 cm ™!
which indicates the capping by the organic molecules on the ZnONPs, which came from onion peel.
It also has carbonyl and hydroxyl groups, due to the organic molecules present in the Allium cepa
peel waste. The average hydrodynamic size of ZnONPs was 500 nm as confirmed by DLS. The
synthesized ZnONPs were then used as a plant nutrient where their effect was evaluated on the
growth of Vigna radiate (mung bean) and Triticum aestivum (wheat seeds). The results revealed that the
germination and seedling of mung and wheat seeds with ZnONPs were grown better than the control
seed. However, seeds of mung and wheat with ZnONPs at median concentration exposure showed
an enhancement in percent germination, root, and shoot length in comparison to control. Thus, the
effect of ZNONPs has been proved as a nano-based nutrient source for agricultural purposes.
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