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1. Introduction

European Regulation No. 1107/2009 [1] recommends the adoption of alternatives to
synthetic products among plant protection products, thereby repealing Council Directives
79/117/EEC [2] and 91/414/EEC [3]. This recommendation is driven by the potential adverse
effects of synthetic products on the environment, as well as on human and animal health [4,5].
Furthermore, the European “Green Deal” has introduced various initiatives that aim to facilitate
a green transition to counteract climate change and safeguard the environment.

One of the key objectives outlined in the “Green Deal” is to substantially reduce the use of
chemical pesticides in agriculture by 2030 [6,7], to reduce the associated risks and to address
potential challenges in the management of plant pathogens. This strategy also outlines a set of
measures to be achieved by 2030, including the promotion of 25% of organic agriculture. This
ambitious target highlights the need for innovative research to identify alternative solutions
to chemical pesticides. Over the past ten years, most of the research has focused on the
use of beneficial microorganisms such as fungi and bacteria [8–10], natural substances [11,12],
resistant varieties [13,14], RNAi gene silencing that targets specific pathogens [15,16] and organic
cultivation systems [17].

2. Special Issue Contents

The Special Issue on “Sustainable Control Strategies of Plant Pathogens in Horticul-
ture” features research articles and two reviews. These contributions present potential
alternatives to synthetic pesticides, showing innovative results related to the use of natural
substances, beneficial microorganisms and resistant varieties in the management of several
pathogens affecting plants.

The majority of the articles deal with the antifungal activity of natural substances
derived from plants (Table 1), such as essential oils from thyme, common juniper and hyssop
(1); giant reed extract (Arundo donax) (2) against Alternaria spp. and Phytium ultimum; and
extracts from Argentinian plant species against Penicillium spp. and Geotrichum citri-aurantii
(3). On the same topic, two articles demonstrate the in vitro antifungal activity of saponins
from Medicago species; oat grains and homogenates from sprouts of Brassica species against
Verticillium dahliae (4); and the in planta disease reduction of Rhizoctonia solani, P. ultimum and
Fusarium oxysporum following tomato seed treatment with water-soluble polysaccharides
from Jania adhaerens (5). Three more articles focus on the potential of by-products and
bio-composts to reduce disease symptoms and increase plant resistance to pathogens. An
alkaline residue from Gelidium sesquipedale agar production elicits resistance in tomato and
reduces Plasmopara viticola symptoms in the vineyard (6), and the guava wood vinegar by-
product of charcoal production effectively reduces potato black dot disease by Colletotrichum
coccodes (7). Several bio-composts from aromatic plant residues controlled damping-off by
R. solani and Sclerotinia sclerotiorum on garden cress (8).
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Table 1. Main results obtained with natural substances in this Special Issue.

Natural Substances Plant/Pathogen/Method Activity Ctrb.

Essential oils of
thyme,
common juniper, hyssop

Carrot (C), tomato (T) and onion (O)
seeds naturally infected by
Alternaria spp.
Agar plate assay amended with
essential oils.

Thyme and common juniper: 40–100%
long-lasting antifungal activity for C, T and O.
Hyssop: no activity for C; 20–60% long-lasting
antifungal activity for T and O.

1

Giant reed extract Zucchini.
Plant growth substrate inoculated
with Pythium ultimum and treated
with the extract.

Disease reduction up to 73% and pathogen
growth (colony forming units) in the substrate
by 90%.

2

Forty extracts from
20 Argentinian plant species

Penicillium digitatum, P. italicum and
Geotrichum citri-aurantii.
Agar plate diffusion assay.

Inhibition of G. citri-aurantii growth of more
than 50% by most of the extracts.
Inhibition of P. digitatum and P. talicum by
some extracts.

3

Saponins from Medicago
species and oat grains and
homogenates from sprouts of
Brassica species

Verticillium dahliae.
Agar plate assay amended with
saponins and homogenates.
Maize and tomato seeds treated and
sown on filter paper.

Reduction in mycelium growth and conidium
formation.
No phytotoxic effect on seed germination.

4

Water-soluble polysaccharides
from Jania adhaerens

Tomato.
Seeds treated with polysaccharides.
Plant growth substrate inoculated
with Rhizoctonia solani and P. ultimum
before seeding or with Fusarium
oxysporum before transplant.

Disease reduction of R. solani, P. ultimum and F.
oxysporum up to 58%, 53% and 29%,
respectively.
Increase in seedling emergence and plant
development.
Up-regulation of HQT, HCT, PR1 PAL and
PR2 genes.
Increase in β-1,3-glucanase activity.

5

Gelidium sesquipedale
by-product (alkaline residue)

Tomato.
Greenhouse experiments.
Grapevine.
Plasmopara viticola in field trials.

Increase in peroxidase and PAL activities and
up-regulation of PR9 genes in tomato plants.
Reduction in downy mildew symptoms
in grapewine.

6

Guava wood vinegar
by-product of charcoal
production

Potato.
Colletotrichum coccodes.
Agar plate assay amended with the
by-product.
Pot experiments—stem/soil
inoculation with the pathogen.

Inhibition of pathogen mycelial growth.
Black dot disease reduction by an average of
23% (stem colonization), 20% (roots covered
with sclerotia) and 30% (wilted plants) in the
two seasons of experiments.

7

Bio-composts from aromatic
plant residues

Garden cress.
R. solani, Sclerotinia sclerotiorum.

Reduction in S. sclerotiorum damping-off by all
of the raw composts. Reduction in R. solani
damping-off by 7 composts.
Overall, 2 composts showed suppression levels
up to 60%.

8

Three articles deal with beneficial microorganisms to control fungal and viral diseases
(Table 2). Among these, Bacillus amyloliquefaciens as a soil amendment and B. subltilis
culture filtrate that was sprayed on leaves were effective in reducing apple replant disease
(9) and TMV accumulation in tomato (10). One contribution showed the mycoparasitic
activity of Trichoderma species against Fusarium solani, the compatibility of T. asperellum with
captan and mancozeb and the incompatibility of all Trichoderma species with chlorothalonil
in vitro (11).



Horticulturae 2024, 10, 146 3 of 5

Table 2. Main results obtained with beneficial microorganisms and resistant varieties in this Special Issue.

Plant/Pathogen/Method Activity Ctrb.

Microorganisms

Bacillus amyloliquefaciens
QSB-6

Apple replant disease.
Soil amendment.
Field conditions.

Increase in plant growth parameters (i.e., plant
height), soil bacteria population (i.e.,
Actinomycetes) and soil enzymatic activity.
Reduction in soil phenolic acid content and
Fusarium spp. population.

9

Bacillus subtilis HA1
culture filtrate

Tomato.
TMV.
Foliar treatment.
Pot experiments.

Increase in plant growth (root and
shoot parameters).
Increase in total phenolic and flavonoid content
up to 27 and 50%, respectively, and in the
activity of ROS-scavenging enzymes.
Reduction in TMV accumulation up to 91%.
Up-regulation of PR1, PAL, CHS and HQT genes.

10

Trichoderma asperellum
T. hamatum
T. harzianum
T. koningiopsis

Fusarium solani.
Dual plate assay on agar medium
not amended or amended with the
fungicides captan, chlorothalonil
and mancozeb.

Trichoderma species inhibited F. solani up to 67%.
High compatibility of T. asperellum with captan
and mancozeb.
No compatibility of Trichoderma species with
chlorothalonil.

11

Resistant varieties

Fourteen Tunisian melon
landraces

Podosphaera xanthii, 3 races (2, 3.5
and 5).
Artificial infection in a growth
chamber.
Natural infection in a greenhouse.

Susceptibility of all landraces to the 3.5 and
5 races and resistance of several landraces to race
2, in the growth chamber. The resistance of three
landraces to P. xanthii race 2 was confirmed
under natural conditions.

12

Table 2 also reports an article on the possibility of using melon landraces to counteract
powdery mildew caused by three races of Podosphaera xanthii (2, 3.5 and 5) under both
artificial and natural infection, showing that the resistance of the three melon landraces to
race 2 of the pathogen was confirmed under natural conditions (12).

The topic of this Special issue is complemented by two reviews (13, 14). One review
(13) focuses on sustainable options for the management of diseases in horticulture, such
as the use of biocontrol agents, natural products, forecasting models, precision farming,
nanotechnology, endotherapy, systemic resistance inducers and gene silencing. The second
review (14) deals with the use of basic substances against several seed-borne pathogens,
fungi, oomycetes, phytoplasma, bacteria and viruses. The basic substances are active, non-
toxic substances which fulfil the criteria of a “foodstuff” as defined in Article 2 of Regulation
(EC) No 178/2002 [18]. For their use as plant protection products, basic substances are
regulated in the EU according to criteria presented in Article 23 of Regulation (EC) No
1107/2009 [1]. The basic substances examined in this review (14) are those already approved
in Europe and some of those that are still under evaluation.

3. Conclusions

This Special Issue comprises articles that aimed to identify alternative, sustainable and
effective strategies for the management of important plant diseases. The extensive use of
synthetic fungicides in managing plant diseases has led to the development of resistance
in fungi and oomycetes. Additionally, in recent years, there has been growing consumer
demand for food devoid of residues and produced in an environmentally friendly manner.
Following this trend, the potential strategies outlined in this Special Issue offer viable
alternatives for adoption in large-scale trials.

All the articles contribute valuable insights that enhance understanding in these
research fields and have the potential to facilitate future sustainable practical solutions for
plant disease management.
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10. Ünlü, E.; Çalış, Ö.; Say, A.; Karim, A.A.; Yetişir, H.; Yılmaz, S. Investigation of the effects of Bacillus subtilis and Bacillus thuringiensis
as bio-agents against powdery mildew (Podosphaera xanthii) disease in zucchini (Cucurbita pepo L.). Microb. Pathog. 2023, 185,
106430. [CrossRef] [PubMed]

11. Righini, H.; Somma, A.; Cetrullo, S.; D’Adamo, S.; Flamigni, F.; Quintana, A.M.; Roberti, R. Inhibitory activity of aqueous extracts
from Anabaena minutissima, Ecklonia maxima and Jania adhaerens on the cucumber powdery mildew pathogen in vitro and in vivo.
J. Appl. Phycol. 2020, 32, 3363–3375. [CrossRef]

12. Davari, M.; Ezazi, R. Mycelial inhibitory effects of antagonistic fungi, plant essential oils and propolis against five phytopathogenic
Fusarium species. Arch. Microbiol. 2022, 204, 480. [CrossRef] [PubMed]

13. Zhang, Y.; Wang, J.; Xiao, Y.; Jiang, C.; Cheng, L.; Guo, S.; Luo, C.; Wang, Y.; Jia, H. Proteomics analysis of a tobacco variety
resistant to brown spot disease and functional characterization of NbMLP423 in Nicotiana benthamiana. Mol. Biol. Rep. 2023, 50,
4395–4409. [CrossRef] [PubMed]

14. Mbinda, W.; Masaki, H. Breeding strategies and challenges in the improvement of blast disease resistance in finger millet. A
current review. Front. Plant Sci. 2021, 11, 602882. [CrossRef] [PubMed]

15. Biedenkopf, D.; Will, T.; Knauer, T.; Jelonek, L.; Furch, A.C.U.; Busche, T.; Koch, A. Systemic spreading of exogenous applied
RNA biopesticides in the crop plant Hordeum vulgare. ExRNA 2020, 2, 12. [CrossRef]

16. Haile, Z.M.; Gebremichael, D.E.; Capriotti, L.; Molesini, B.; Negrini, F.; Collina, M.; Sabbadini, S.; Mezzetti, B.; Baraldi, E.
Double-stranded RNA targeting dicer-like genes compromises the pathogenicity of Plasmopara viticola on grapevine. Front. Plant
Sci. 2021, 12, 667539. [CrossRef] [PubMed]

17. Van Bruggen, A.H.C.; Finckh, M.R. Plant diseases and management approaches in organic farming systems. Annu. Rev.
Phytopathol. 2016, 54, 25–54. [CrossRef] [PubMed]

18. Regulation (EC) No 178/2002 of the European Parliament and of the Council of 28 January 2002 Laying Down the General
Principles and Requirements of Food Law, Establishing the European Food Safety Authority and Laying Down Procedures in
Matters of Food Safety. Available online: https://www.legislation.gov.uk/eur/2002/178/contents (accessed on 1 January 2024).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://eur-lex.europa.eu/eli/reg/2009/1107/oj
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:31979L0117
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:31979L0117
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:31991L0414
https://doi.org/10.1016/j.baae.2009.12.001
https://doi.org/10.3389/fmicb.2022.962619
https://www.ncbi.nlm.nih.gov/pubmed/36060785
https://doi.org/10.1038/s43247-023-01019-6
https://doi.org/10.1016/j.landusepol.2020.104950
https://doi.org/10.1007/s10658-023-02773-1
https://doi.org/10.1016/j.micpath.2023.106430
https://www.ncbi.nlm.nih.gov/pubmed/37940063
https://doi.org/10.1007/s10811-020-02160-x
https://doi.org/10.1007/s00203-022-03102-6
https://www.ncbi.nlm.nih.gov/pubmed/35831616
https://doi.org/10.1007/s11033-023-08330-7
https://www.ncbi.nlm.nih.gov/pubmed/36971909
https://doi.org/10.3389/fpls.2020.602882
https://www.ncbi.nlm.nih.gov/pubmed/33488650
https://doi.org/10.1186/s41544-020-00052-3
https://doi.org/10.3389/fpls.2021.667539
https://www.ncbi.nlm.nih.gov/pubmed/34084177
https://doi.org/10.1146/annurev-phyto-080615-100123
https://www.ncbi.nlm.nih.gov/pubmed/27215969
https://www.legislation.gov.uk/eur/2002/178/contents

	Introduction 
	Special Issue Contents 
	Conclusions 
	References

