
����������
�������

Citation: Ntasiou, P.; Vellis, E.;

Giannopoulos, A.; Karaoglanidis, G.S.

Novel Copper Nanoparticles for the

Control of Tomato Foliar and Fruit

Diseases. Biol. Life Sci. Forum 2022, 11,

4. https://doi.org/10.3390/

IECPS2021-11987

Academic Editor: Fulai Liu

Published: 30 November 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 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/).

Abstract
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Abstract: Grey mould caused by Botrytis cinerea and Late Blight caused by Phytophthora infestans
are the most important foliar and fruit diseases that affect tomato. The application of fungicides
is the main control measure for these diseases. However, the development of resistance to single-
site inhibitors by both pathogens necessitates research for the development of alternative products.
Initially, four novel nano-copper (Cu-NPs) formulations were evaluated in vitro. The two most
efficient formulations (CN_S4_X1 and CC_S4_X2) from the in vitro assay were further evaluated for
their efficacy against B. cinerea and P. infestans on tomato seedling plants (cv. Belladona) during the
fourth true leaf growth stage under controlled environmental conditions. To evaluate the protective
and curative activity of the Cu-NPs that were tested, spray treatments were conducted 24, 48, and
96 h before (protective treatments) or after (curative treatments) the inoculation of the plants. For
each plant, the disease severity value was measured as follows: 0 = no disease symptom; 1 = disease
symptoms covered 20% of the leaf; 2 = disease symptoms covered 50% of the leaf; 3 = disease
symptoms covered 70% of the leaf; and 4 = dead leaf. For both pathogens, disease severity on the
plants that were treated curatively was higher than it was in plants that had been treated preventively.
The applications of the two Cu-NPs against B. cinerea 24 h prior the inoculation led to lower disease
severity with means of 1.5 and 1.3, respectively, compared to 48 h and 96 h before or after inoculation.
Disease severity was significantly higher on plants treated with the commercial copper products.
Similarly, the two Cu-NPs that were tested were found to be highly effective against P. infestans and
resulted in lower disease severity at 24 h and 48 h pre-/post-inoculation. The results of this study are
expected to contribute to the optimization of tomato disease control and to reduce the yield losses
caused through the use of a new generation of biocides.
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