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Editorial on the Research Topic 
Bioinoculants with nano-compounds to improve soil health: a step toward sustainable agriculture


INTRODUCTION
Modern agriculture is largely concerned with the sustainable cultivation of cereals and other food-based crops to meet the food difficulties of a growing worldwide population. However, intensive agricultural methods and widespread use of agrochemicals cause soil fertility deterioration, pollution, disturbance of soil diversity, pest resistance and declines in crop yield (Singh and Singh, 2017; Chaudhary et al., 2022). As a result, researchers are changing their focus to more environmentally friendly fertilizing technologies in order to preserve agriculture sustainability (Parveen et al., 2023; Srivastava et al., 2023). The usefulness of beneficial microbes and nanoparticles have been well recognised in reducing the negative impacts of agrochemicals (Mushtaq et al., 2020; Chaudhary et al., 2021; Shah et al., 2021). Applying different nanoparticles/nano-based fertilizers to boost crop production has also resulted in a revolution in agriculture. Given their mutually advantageous qualities, bioinoculants and NPs can be utilized in conjugation to maximize benefits (Kukreti et al., 2020; Agri et al., 2021). However, combination of both or their synergistic use has improved crop-modulating effects in terms of crop production and soil fertility restoration (Kumari et al., 2020; Agri et al., 2022). Bioinoculants and Si-NPs use significantly affects sugar beet growth and yield under soil salinity stress (Alharbi et al., 2022a). Combined application of Azotobacter, Pseudomonas spp. along with silica NPs (Si NPs: 500 mg/L), reduce the negative effects of irrigation with saline water on the growth and productivity of barley (Alharbi et al., 2022b). Silver NPs and Bacillus cereus promoted maize plant development, reducing harmful fungal pathogens growth (Kumar et al., 2020). Silicon dioxide NPs (100 ppm) and B. cereus-Amazcala were applied together, and improved the chilli pepper growth (Ferrusquía-Jiménez et al., 2022). We accepted 11 papers on this Research Topic. The main points of the Research Topic are discussed below.
BIOINOCULANTS AND NANOPARTICLES
According to Adeleke et al. nanomaterials derived from endophytic microorganisms can minimize the abiotic stresses on plants, increase photosynthesis, nutrient absorption and microbial diversity and improved plant and soil health parameters. Applying nano-growth enhancers derived from beneficial bacteria like nano-fertilizers, nano-herbicides and nano-pesticides is considered safe and environmentally benign in assuring sustainable agriculture.
Ayilara et al. provide a wide-ranging summary of the growing use of biopesticide, phyto-pesticides, nano-pesticides and nano-biopesticides to combat plant diseases, enhance plant nutrition and provides crop protection. These are good substitutes for chemical pesticides because they are affordable, have a specific mode of action, are environmentally beneficial and do not create greenhouse gases. As a result, their addition to the currently used synthetic pesticides will be a more effective way to protect crops from pests and ensure sustainable agriculture.
Upadhayay et al. emphasize on the combined effect of different microbes and nanomaterials to maximize the crop production for the growing people, amelioration of biotic and abiotic stress, maintain soil health and lessen the massive dependence on chemical-based fertilizers.
Mishra et al. developed and utilized the urea nanoparticles as nano-biofertilizers. The foliar spray of calcium phosphate urea NPs (CaP-U NPs) on finger millet seeds showed improvement in plant growth parameters such as shoot length, chlorophyll content and enzymatic activities like guaiacol peroxidase and superoxide dismutase under drought circumstances. They reported that CaP-U NPs (0.5%–1%) were effective for growth indices and defence activation.
Kashyap et al. concentrated on the benefits of microbial inoculants and their potential and mechanism of action for increasing agricultural productivity. They also highlighted the screening, characteristics, and importance of bioinoculants as biocontrol agent for controlling plant disease against different pests and insects.
Ayilara et al. examined the role of microorganisms and nanotechnology in cleanup process of harmful pollutants. They discussed about the natural attenuation method of remediation, which encourage and improved the ability of microbes in degradation of pollutants. They also studied nano bioremediation’s role in deleting harmful contaminants from the environment.
Ayilara and Babalola talked about several remediation techniques. They discussed the use of microbial enzymes for cleanup and function of various microorganisms, including bacteria, fungi and algae. They also discussed how various microbial consortiums might be a more effective approach to bioremediation.
Ahamad et al. evaluated the efficacy of beneficial microorganism such as arbuscular mycorrhizal fungi (AMF) and vermicompost, both separately and together in reducing the detrimental effects of Meloidogyne incognita on carrot growth. Applying AMF in carrot plants repressed root galls and nematode inhabitants and improved plant growth, carotenoid, chlorophyll and phenol content, respectively. AFM and vermicompost may be useful alternatives to plant development under biotic stress conditions.
Zhang et al. reported that application of different microbial inoculants, such as Bacillus velezensis and Brevundimonas faecalis, inhibit the growth of pathogenic fungus. These microbial inoculants also improved the plant length and seedling biomass while controlling oat root rot.
Naitam et al. demonstrated the capacity of the halophilic archaea Halolamina pelagica CDK2 to promote wheat growth and to diminish the negative effects of salinity. This strain possesses the potential to produce indole acetic acid and solubilize the essential nutrient such a potassium, phosphorus and zinc, which involved in promoting plant growth. The inoculated treatments showed significantly higher amounts of total protein, chlorophyll and sugar content in presence of haloarchaea. Additionally, the inoculation caused a significant decrease in the antioxidant activity.
Bhandari et al. offers a thorough understanding on nano-biochar applications in different fields. Nano-biochar modulates the transport and absorption of essential micro and macronutrients and harmful pollutants. Nano-biochar is a detoxicant for managing waste, reducing soil erosion and preserving soil nutrients. Additionally, nano-biochar serves as a biosensor for the detection and monitoring of harmful pollutants.
AUTHOR CONTRIBUTIONS
PC: Conceptualization, Visualization, Writing–original draft, Writing–review and editing. SC: Writing–review and editing. VR: Writing–review and editing. DJ: Writing–review and editing. All authors contributed to the article and approved the submitted version.
ACKNOWLEDGMENTS
The authors would like to express their gratitude to the Senior Editor of Frontier in Environmental Science Journals for their valuable input during the Research Topic creation. The authors would like to thank the School of Agriculture, Graphic Era Hill University, Dehradun, Uttarakhand, India.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Agri, U., Chaudhary, P., and Sharma, A. (2021). In vitro compatibility evaluation of agriusable nanochitosan on beneficial plant growth-promoting rhizobacteria and maize plant. Natl. Acad. Sci. Lett. 44, 555–559. doi:10.1007/s40009-021-01047-w
 Agri, U., Chaudhary, P., Sharma, A., and Kukreti, B. (2022). Physiological response of maize plants and its rhizospheric microbiome under the influence of potential bioinoculants and nanochitosan. Plant Soil 474, 451–468. doi:10.1007/s11104-022-05351-2
 Alharbi, K., Hafez, E., Omara, A. E. D., Awadalla, A., and Nehela, Y. (2022a). Plant growth promoting rhizobacteria and silica nanoparticles stimulate sugar beet resilience to irrigation with saline water in salt-affected soils. Plants 11, 3117. doi:10.3390/plants11223117
 Alharbi, K., Rashwan, E., Mohamed, H. H., Awadalla, A., Omara, A. E., Hafez, E. M., et al. (2022b). Application of silica nanoparticles in combination with two bacterial strains improves the growth, antioxidant capacity and production of barley irrigated with saline water in salt-affected soil. Plants (Basel). 11 (15), 2026. doi:10.3390/plants11152026
 Chaudhary, P., Khati, P., Chaudhary, A., Gangola, S., Kumar, R., and Sharma, A. (2021). Bioinoculation using indigenous Bacillus spp. improves growth and yield of Zea mays under the influence of nanozeolite. 3 Biotech. 11, 11. doi:10.1007/s13205-020-02561-2
 Chaudhary, P., Singh, S., Chaudhary, A., Agri, U., and Bhandari, G. (2022). “Chapter 3 Agrochemicals and their effects on soil microbial population,” in Plant protection: From chemicals to biologicals ed . Editors R. Soni, D. Suyal, and R. Goel (Berlin, Boston: De Gruyter), 45–58. doi:10.1515/9783110771558-003
 Ferrusquía-Jiménez, N. I., González-Arias, B., Rosales, A., Esquivel, K., Escamilla-Silva, E. M., Ortega-Torres, A. E., et al. (2022). Elicitation of Bacillus cereus-Amazcala (B.c-A) with SiO2 nanoparticles improves its role as a plant growth-promoting bacteria (pgpb) in chili pepper plants. Plants 11, 3445. doi:10.3390/plants11243445
 Khan, N., and Bano, A. (2015). Role of plant growth promoting Rhizobacteria and Ag-nano particle in the bioremediation of heavy metals and maize growth under municipal wastewater irrigation. Int. J. Phytoremediation 6514, 211–221. doi:10.1080/15226514.2015.1064352
 Kukreti, B., Sharma, A., Chaudhary, P., Agri, U., and Maithani, D. (2020). Influence of nanosilicon dioxide along with bioinoculants on Zea mays and its rhizospheric soil. 3Biotech 10, 345. doi:10.1007/s13205-020-02329-8
 Kumar, P., Pahal, V., Gupta, A., Vadhan, R., Chandra, H., and Dubey, R. C. (2020). Effect of silver nanoparticles and Bacillus cereus LPR2 on the growth of Zea mays. Sci. Rep. 10, 20409. doi:10.1038/s41598-020-77460-w
 Kumari, S., Sharma, A., Chaudhary, P., and Khati, P. (2020). Management of plant vigor and soil health using two agriusable nanocompounds and plant growth promotory rhizobacteria in Fenugreek. 3 Biotech. 10, 461. doi:10.1007/s13205-020-02448-2
 Mushtaq, T., Shah, A. A., Akram, W., and Yasin, N. A. (2020). Synergistic ameliorative effect of iron oxide nanoparticles and Bacillus subtilis S4 against arsenic toxicity in Cucurbita moschata: Polyamines, antioxidants, and physiochemical studies. Inter J Phytoremediation 22 (13), 1408–1419. doi:10.1080/15226514.2020.1781052
 Parveen, H., Chaudhary, P., Srivastava, P., Priya, S., Bhandari, G., and Chaudhary, A. (2023). “Role of nanoparticles in agriculture,” in Advances in nanotechnology for smart agriculture: Techniques and applications ed . Editors P. Chaudhary, A. Chaudhary, A. K. Nadda, and P. Khati1st ed (Boca Raton, Florida: CRC Press). doi:10.1201/9781003345565-1
 Shah, A., Nazari, M., Antar, M., Msimbira, L. A., Naamala, J., Lyu, D., et al. (2021). PGPR in agriculture: A sustainable approach to increasing climate change resilience. Front. Sustain. Food Syst. 5, 667546. doi:10.3389/fsufs.2021.667546
 Singh, R., and Singh, G. S ( (2017). Traditional agriculture: A climate-smart approach for sustainable food production. Energy Ecol. Environ. 2, 296–316. doi:10.1007/s40974-017-0074-7
 Srivastava, P., Chaudhary, P., and Parveen, P. (2023). “Nanoparticles and their effect on plant health and productivity,” in Advances in nanotechnology for smart agriculture: Techniques and applications ed . Editors P. Chaudhary, A. Chaudhary, A. K. Nadda, and P. Khati1st ed (Boca Raton, Florida: CRC Press), 33487–2742. doi:10.1201/9781003345565-6
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.
Copyright © 2023 Chaudhary, Chen, Rajput and Jaiswal. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




OPS/images/crossmark.jpg
©

|





OPS/xhtml/nav.xhtml
Contents

		Cover

		Editorial: Bioinoculants with nano-compounds to improve soil health: a step toward sustainable agriculture		Introduction

		Bioinoculants and nanoparticles

		Author contributions

		Acknowledgments

		Publisher’s note

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Environmental Science






OPS/images/logo.jpg
& frontiers | Frontiers in Environmental Science





