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Abstract

:

Maintaining pea-growing areas is becoming increasingly difficult because they are highly sensitive to environmental stresses, especially drought. Green peas (Pisum sativum L.) are a very important source of amino acids in the diet of humans, poultry, and livestock nutrition, as well as in crop rotation. To reduce the potential adverse effects of drought on peas, this study aimed to investigate the effects of different concentrations of boron nanoparticles (B NPs) on plants via different routes of exposure: through leaves spraying and root watering. The research was carried out in a greenhouse, 10 green pea seeds (‘Respect’) were sown in 10 L vegetative pots and were thinned up to 7 plants per pot after germination. When the peas reached the 39 BBCH growth stage (had 9 or more visibly extended internodes) they were foliar sprayed to full wetness (ca. 14 ± 0.5 mL plant−1) or watered (100 ± 1 mL per pot) with suspensions containing different concentrations of B NPs: 0 (watered or sprayed with distilled water), 0.0125, 0.025, and 0.05 mg mL−1 During the 10-day drought period, low substrate moisture (30%) was maintained for peas exposed to B NPs, other plants (controls) were grown under normal substrate moisture (80%). At the end of the experiment, peas were harvested to assess the interactive effects of B NPs and drought on plants growth and enzymatic (SOD, GR, APX) and non-enzymatic (TPC, FRAP) antioxidants activity. The results showed that foliar spraying or watering at a concentration of 0.05 mg L−1 B NPs had a strong positive effect on pea leaf area, shoot height, fresh biomass, root length, and the number of nodules when plants grown in drought conditions. Positive effects on the activity of enzymatic (SOD, GR, APX) and non-enzymatic (TPC, FRAP) antioxidants in the pea plant were found. In general B NPs protected green peas from the adverse effects of drought stress if the appropriate concentration and application to the plant were selected.
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1. Introduction


Sufficient soil boron can ensure optimal crop growth, development, yield quantity and quality [1]. The effects of nanosized boron on pea seedlings have not been studied so far. However, in soybean, B NPs (0.6 mg kg−1) had a positive effect on growth, yield and grain micronutrient quality under drought conditions [2]. In addition, Dimkpa and colleagues [3] demonstrated that B NPs are more effective than bulk B.



Based on these studies, we can see that the beneficial role of B NPs in green peas (Pisum sativum L.) is not well explored. Although peas are widely cultivated crops due to their rich source of protein, amino acids, and vitamins in the diet of humans, poultry, and livestock nutrition [4]. Legumes are also incorporated into agricultural systems to improve soil fertility, reduce the use of chemical fertilizers, and break pathogen disease cycles. Members of the legume family form nodules on their roots where Rhizobium bacteria fix nitrogen from the air and thus enrich the soil with nitrogen available to plants. Thus, peas play a significant role in crop rotation and are sensitive to drought and were therefore chosen as model crops. To reduce the potential adverse effects of droughts on peas, this study aimed to investigate the effects of different concentrations of boron nanoparticles (B NPs) on plants via different routes of exposure: through leaves spraying and root watering.




2. Methods


The plants and their growth conditions were as follows: The research was carried out in a greenhouse; 10 green pea seeds (‘Respect’) were sown in 10 L vegetative pots and were thinned to up to seven plants per pot, after germination. When the peas reached the 39 BBCH growth stage (had nine or more visibly extended internodes), they were foliar sprayed to full wetness (ca. 14 ± 0.5 mL plant−1) or watered (100 ± 1 mL per pot) with suspensions containing different concentrations of B NPs: 0 (watered or sprayed with distilled water), 0.0125, 0.025, and 0.05 mg mL−1. During the 10-day drought period, low substrate moisture conditions (30%) were maintained for peas exposed to B NPs, but other plants (controls) were grown under normal substrate moisture conditions (80%). At the end of the experiment, peas were harvested to assess the interactive effects of B NPs and drought on plants growth and enzymatic (SOD, GR, APX) and non-enzymatic (TPC, FRAP) antioxidant activity.



The boron (B) NPs’ preparation involved: B NPs (particle size: 100 nm; purity: 99.9%) were used for this experiment (US Research Nanomaterials, Inc., Houston, TX, USA). The NPs with concentrations of 12.5 ppm, 25 ppm, and 50 ppm were suspended in deionized water and ultrasonically dispersed for 60 min. The NPs sizes and suspension stabilities were measured using a Delsa™ Nano Submicron Particle Size (Beckman Coulter Instruments. Corporation, Fullerton, CA, USA) and Zeta Potential device (Dispersion Technology Inc., Bedford Hills, NY, USA).




3. Results and Conclusions


The results showed that foliar spraying or watering at a concentration of 0.05 mg L−1 B NPs had a strong positive effect on the pea leaf area, shoot height, fresh biomass, root length, and the number of nodules when the plants were grown in drought conditions. Positive effects on the activity of enzymatic (SOD, GR, APX) and non-enzymatic (TPC, FRAP) antioxidants in the pea plant were found. In general, B NPs protected green peas from the adverse effects of drought stress when the appropriate concentration and application to the plant was selected.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/IECHo2022-12516/s1.





Author Contributions


Conceptualization, R.S. and J.M.; methodology, R.S., L.R. and J.M.; validation, J.M.; formal analysis, R.S.; investigation, R.S.; resources, L.R. and J.M.; writing—original draft preparation, R.S.; writing—review and editing, L.R. and J.M.; visualization, R.S.; supervision, J.M. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Acknowledgments


R.S. is thankful to the Lithuanian Research Centre for Agriculture and Forestry for the opportunity to work with nanoparticles and for donated green pea “Respect” seeds.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Brown, P.H.; Bellaloui, N.; Wimmer, M.A.; Bassil, E.S.; Ruiz, J.; Hu, H.; Pfeffer, H.; Dannel, F.; Römheld, V. Boron in Plant Biology. Plant Biol. 2002, 4, 205–223. [Google Scholar] [CrossRef]

	



Dimkpa, C.O.; Bindraban, P.S.; Fugice, J.; Agyin-Birikorang, S.; Singh, U.; Hellums, D. Composite Micronutrient Nanoparticles and Salts Decrease Drought Stress in Soybean. Agron. Sustain. Dev. 2017, 37, 5. [Google Scholar] [CrossRef]

	



Dimkpa, C.O.; Singh, U.; Bindraban, P.S.; Adisa, I.O.; Elmer, W.H.; Gardea-Torresdey, J.L.; White, J.C. Addition-Omission of Zinc, Copper, and Boron Nano and Bulk Oxide Particles Demonstrate Element and Size -Specific Response of Soybean to Micronutrients Exposure. Sci. Total Environ. 2019, 665, 606–616. [Google Scholar] [CrossRef] [PubMed]

	



Sutulienė, R.; Ragelienė, L.; Duchovskis, P.; Miliauskienė, J. The Effects of Nano-Copper, -Molybdenum, -Boron, and -Silica on Pea (Pisum Sativum L.) Growth, Antioxidant Properties, and Mineral Uptake. J. Soil Sci. Plant Nutr. 2022, 22, 801–814. [Google Scholar] [CrossRef]












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











© 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/).






nav.xhtml


  blsf-16-00010


  
    		
      blsf-16-00010
    


  




  





media/file0.png





