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Abstract

Horticultural production systems have to move forwards to an environment-friendly and sustainable plant production. Basic
substances can be added to reduce the use of synthetic plant protectant in conventional plant protection strategies. Regard-
ing the protection of ornamental plants, less is known about the usage and behaviour of these alternative strategies and
components. In our study, an infection of Podosphaera pannosa and Erysiphe polygoni in two different cultivars of cutting
roses and one cultivar of French hydrangea was investigated. We studied the effect of a weekly foliar treatment of the basic
substance chitosan (0.05 g/m?) compared to a water control and potassium hydrogen carbonate (VitiSan, Biofa GmbH,
Miinsing, Germany) in both production systems. As a result, in cutting roses as well as in French hydrangea, we found a
significantly decreased infected leaf area following the use of chitosan and VitiSan compared to the water control. In both
treatments, we found a stronger effect in French hydrangea, compared to roses. Results also indicate that the basic substance
chitosan has to be used at a low pathogen level. We present a promising approach to reduce conventional plant protectants

in ornamental plant production.
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Introduction

Horticultural production systems have to move forwards to
an environment-friendly and sustainable plant production.
For the improvement of environment-friendly plant pro-
duction, different fields of action are in accordance. This
includes for instance plant selection, diversification and
avoidance of side effects on non-target organism or envi-
ronment-friendly pest management (Feldmann and Vogler
2020). This is also required according to the integrated pest
management and the directive 2009/128/EC of the Euro-
pean Union (EU) (EU 2009a). Therefore, plant protection
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is in focus, and new methods to control plant diseases are
required. Growers have to deal with these new approaches
and face uncertainties when implementing them in their sys-
tem. Often, there is a lack of knowledge regarding the practi-
cal application and procedures developed under controlled
research conditions are often not directly transferable to their
practical use in fields, greenhouses or orchards. Even less
is known about this new field of alternative strategies in the
protection of ornamental plants. Biological approaches to
control plant pathogens are promising tools for modern plant
protection. As Lahlali et al. (2022) reviews, different alter-
native strategies are available. Biocontrol agents can have a
direct effect on plant pathogens, for instance on the parasite
Trichoderma sp. or on Bacillus sp., a producer of antimi-
crobial enzymes. Indirect effects including competition for
resources or space, as well as the induction of resistances
and changes in phytohormones, are potential approaches for
alternative plant protection strategies using biocontrol agents
(Lahlali et al. 2022).

Basic substances are common products such as vinegar,
lecithin or fructose, which are used as food ingredients,
pharmaceuticals, biocides or fertilisers (Orconneau et al.

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s41348-023-00714-y&domain=pdf

580

Journal of Plant Diseases and Protection (2023) 130:579-586

2022). Predominantly, they are not used as plant protect-
ants. In order to achieve a sustainable plant protection,
they can be implemented in a plant protection strategy
as an additional component (Marchand 2015). But in the
authorization process in the EU, no detailed analysis of
efficacy of basic substances is demanded (Feldmann and
Carstensen 2018). For instance, the basic substances Equi-
setum arvense or lecithin are suitable for implementing in
a plant protection strategy to manage powdery mildews
(Jolly et al. 2018; Wulf et al. 2022). Basic substances are
not characterised as harmful, and they have no direct or
cumulative effects on either human or animal health, or the
environment (EU 2009b). Within plant protection strat-
egies, they can replace synthetic plant protectants and
support sustainable and organic horticulture (Puri¢ et al.
2019; Marchand 2017). In the EU pesticide database, they
are officially listed with further report reviews describe the
kind of authorised use (EU 2022).

Chitosan hydrochloride (following named as chitosan) is
well investigated and ‘generally recognised as safe’ (Raafat
and Sahl 2009; Zabka and Pavela 2021). For its benefits in
plant protection, the polymer has been authorised by the
Commission Implementing Regulation (EU) 2021/1165 of
15 July 2021 in combination with the final review report (EU
2021a; b), as a basic substance for use in both conventional
and organic farming. Chitosan is a natural occurring poly-
mer which can be synthesised by the deacetylation of chitin
(Sharif et al. 2018). The term chitosan stands for a heteroge-
neous group of polymers with different degrees of acetyla-
tion and molecular weights (Costantini and La Torre 2022;
Raafat and Sahl 2009). In vitro, these properties have been
directly linked to antimicrobial effects (Badawy and Rabea
2011; Goy et al. 2009; Ke et al. 2021; Romanazzi et al.
2017). Chitosan interacts in many different ways with the
gene expression and signalling pathways in plants. Regard-
ing plant defence systems, the polymer can act as priming
stimulus and thus, protect plants against biotic and abiotic
stress (Chakraborty et al. 2020; Sharif et al. 2018). Addi-
tionally, the polymer improves growth and can be used as a
biostimulator for plant strengthening as well as for improved
storage behaviour of fruits and legumes (Ait Barka et al.
2004; Maurya et al. 2019; Katiyar et al. 2015; Zakiullah
et al. 2019). Basic substances can be used as seed coatings,
foliar sprays or soil supplements, and they represent an eco-
friendly approach in modern plant protection (Costantini and
La Torre 2022; El Hadrami et al. 2010; Fagqir et al. 2021;
Romanazzi et al. 2022). In this study, we investigate the
effect of a weekly foliar sprayed chitosan suspension on
infections of powdery mildew: Podosphaera pannosa in two
cultivars of cutting roses and Erysiphe polygoni on French
hydrangea. Thereby, the basic substance chitosan was tested
in comparison with a water control and a plant protectant
commonly used in ornamental plant production systems.
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Material and methods

The study was carried out in a greenhouse under controlled
environmental conditions. The experiment was located at
longitude 10° 05' 0.02"’, latitude 53° 30" 33.5°’ and an alti-
tude 3 m above sea level. Two trials were conducted. The
first experiment with cutting roses (Rosa ssp.) took place
from March to April 2022. The second, with French hydran-
gea (Hydrangea macrophylla cultivar ‘Bouquet rose’), was
performed simultaneously from March to May 2022. Both
trials were conducted at the same experimental site.

Plant material, growth conditions, experimental
setup and data acquisition

The cutting roses (Rosa ssp.) were planted in spring 2021
in growbags (size 1.2x 0.2 m) filled with 70% of coconut
fibre and 30% of perlite. In a plot, 20 plants of roses were
placed. The cultivars Beluga and Susan were set alternated
with 10 plants per cultivar. The plots were 1 X2 m in size.
The temperature was regulated between 20 and 16 °C, and
the water supply occurred via drip irrigation, and above a
light intensity of 70 kLux, plants were shaded. No artificial
light was given during the trial periods.

The Hydrangea macrophylla cultivar ‘Bouquet rose’
was planted in spring 2020 in soil. Plots were created with
1 X2 m and seven plants per plot. Temperature, light and
irrigation were managed as for the roses.

The experiment was set up as a randomised block design,
with four replicates in each treatment. An infection of pow-
dery mildew occurred naturally, and no artificial infection
was performed. During the experiment, the infestation with
P. pannosa and E. polygoni was recorded randomly by
checking propagules via light microscope (Fig. 1). The dis-
ease severity was estimated on eight roses and seven French
hydrangea plants per plot. In the case of the roses, the first
and last plant of each plot was neglected to exclude bor-
der effects. To ensure an adequate sample size, all French
hydrangea plants were included in the data acquisition. In
both trials, data collection started prior to the first applica-
tion (day 0) and was continued weekly until day 35 in cutting
roses and day 49 in French hydrangea. During the experi-
ment, plant height was measured at day 1 and 28 in cutting
roses and at day 7, 22 and 42 in French hydrangea.

Treatments with potassium hydrogen carbonate
and chitosan

In both trails, a water control and a practice-standard treat-
ment were also tested, and all treatments were carried out
weekly. The amount of sprayed mixture was adjusted to the
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Fig. 1 Conidia of Podosphaera
pannosa (A) and Erysiphe
polygoni (B) and infected leaves
of French hydrangea (C) with
an infestation by leaf spots of
10, 20 and 40% infected leaf
area (from left to the right)

A
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plant height. Plants under 50 cm were treated with 100 mL/
m? mixture, and plants higher than 50 cm were treated with
150 mL/m? mixture. All applications were carried out with a
3 L backpack sprayer (Profi Star 3, Birchmeier Spriihtechnik
AG, Stetten, Switzerland).

The plant protectant VitiSan (Biofa GmbH, Miinsingen
Germany, Reg. no. 007593-00) served as reference com-
monly used in practice. Its active ingredient, potassium
hydrogen carbonate (994.9 g/kg), is a fungicide with both a
protective and curative effect. Depending on the plant height,
the foliage was treated with 0.25 g/m? (plants under 50 cm)
or 0.375 g/m? (plants above 50 cm).

The basic substance chitosan hydrochloride was obtained
as the commercially available product ‘ChiPro plant’
(ChiPro GmbH, Bremen, Germany). The treatments were
conducted with 0.05 g/m? diluted in 100 mL/m? or 150 mL/
m?, depending on the plant height.

Statistical analyses

The statistical analysis was performed using R in combi-
nation with RStudio (R Version 4.2.1, RStudio Version

1.3.1093). The randomised block design was included in
the statistical model. After a one-way analysis of variances
(ANOVA), mean comparisons were carried out via the Dun-
nett-test (R package emmeans, Version 1.7.5). Thus, all sig-
nificant differences were with reference to the water control.

Results

Growth of P. pannosa on rose and E. polygoni
on French hydrangea

When comparing the growth of P. pannosa on the rose cul-
tivars Beluga and Susan, it differs not significantly. In the
water-treated plants, the powdery mildew showed a con-
tinuous growth on both cultivars. At the beginning of the
experiment, the infected leaf area was moderate (Beluga
29.68 £2.24%; Susan 21.61 + 1.80%) and rose up to a high
infection severity at the end of the experiment (Beluga
58.39+2.94%; Susan 62.42 +3.45%, Fig. 2).

In the first weeks, until day 21, the infected leaf area of
the fungal pathogen E. polygoni on water-treated French
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Fig. 2 Infected leaf area of B
P. pannosa on rose cultivars — 60 A 60 -
Beluga (A) and Susan (B) after X
weekly foliar application of s
the plant protectant VitiSan S 40 - 40
(potassium hydrogen carbon- Qg
ate) and the basic substance s
chitosan (mean + standard % 20 20
€rror1; nBeluga, VitiSan — 29, Qz
nBeluga other — 31 ’ nSusan, VitiSan — 28 -
and nSuSan, Olhel' = 3 1) O T T T T 1 O T T T T 1
0 7 14 21 28 35 0 7 14 21 28 35
days after first application days after first application
—O—control —O—potassium hydrogen carbonate ——chitosan
50 A The foliar treatment of the plant protectant potassium
< 10 hydrogen carbonate performed better in French hydrangea
= than in roses. Due to the low growth rate of E. polygoni in
(o] . . .
3 30 French hydrangea in the first weeks, there was no signifi-
o .
8 cant difference between the water control and the treatment
= 20 with potassium hydrogen carbonate in the infected leaf area
2 10 until day 28 (6.0 +1.15%). After day 35 (15.37+1.73%,
= P <0.01), the treatment resulted in a significantly reduced
0 infected leaf area until the end of the experimental time (day
0 7 14 21 28 35 42 49 49: 37.41 £3.51%, P<0.01).
days after first application
O~ control Reduction in powdery mildew after foliar
—O—potassium hydrogen carbonate application of chitosan
—&—chitosan PP

Fig. 3 Infected leaf area of E. polygoni on French hydrangea after
weekly foliar application of the plant protectant VitiSan (potassium
hydrogen carbonate) and the basic substance chitosan (mean =+ stand-

ard CITOT; Neoprol = 277 Dother = 28)

hydrangea plants was low (day: 0 2.33 +£0.60%; Day 21:
4.48 +£0.95%, Fig. 3). After day 21, the infection on the
water-treated plants increased and reached a high level at
the end of the experiment (day 49: 37.41 +£3.51%).

Reduction in powdery mildew after foliar
application of potassium hydrogen carbonate

Following the weekly foliar treatment of the plant protectant
VitiSan, the growth of P. pannosa decreased significantly in
comparison with the water control. Still, in both rose cul-
tivars, the infected leaf area increased over time and ended
with a high infection severity (day 35: Beluga 50.0 +2.86%;
Susan 54.6 +2.41%). The treatment significantly reduced
the infected leaf area at day 7 (29.3+1.96%, P<0.01), 14
(31.0+1.80%, P=0.03) and 35 (P=0.02) on the cultivar
Beluga. The infected leaf area of the treated cultivar Susan
remained significantly below that of the water control con-
tinuously from day 7 onwards (22.68 +0.91%, P <0.25).

@ Springer

After the foliar applications of the basic substance chitosan,
the infection of P. pannosa differed between the rose culti-
vars. On the cultivar Beluga, a significant reduction in the
infected leaf area compared to the water control was deter-
mined only once (day 21: 38.2+1.88%, P=0.03). On the
cultivar, Susan, the growth of the fungal pathogen was sig-
nificantly reduced from day 7 until day 28 (29.52 +1.68%,
P=0.02;45.0+£2.78%, P>0.01). On the last day, there was
no significant difference (day 35: 53.87 +3.12%).

In French hydrangea, the effect of the chitosan application
was more pronounced than in roses. In comparison with the
water control, a significant decrease in growth of E. polygoni
was observed from day 35 (6.79 +1.23%, P <0.01) until the
end of the experiment at day 49 (22.71 +3.39%, P<0.01).
However, a reduction in the infected leaf area due to the use
of chitosan was not as pronounced as after the application
of the plant protectant VitiSan.

Plant height of roses and French hydrangea
after foliar treatments with VitiSan and chitosan

The plant height of the water-treated roses at day 1 after
the first application was 32.33 +1.35 cm (Beluga) and
33.46+2.16 cm (Susan, Fig. 4). On day 28, the plants
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Fig.4 Plant height of rose a
[ a a
cultivars Susan and Beluga 60 1A B
(A) and French hydrangea (B) — B —I~ 40 4 a o
after weekly foliar treatment of g a a
. 2, — a

potassium hydrogen carbon- = 40 - —
ate (VitiSan) and the basic 'En
substance chitosan (ChiPro & 20 -
Plant) (mean =+ standard error; k=] 20

S
nrose, VitiSan — 23’ nrose, other — 24’ o
nhydrangeu, control = 27 and
Dyydrangea other = 28). The letters 0 0
indicate no differences of the
treatments compared to the Day1 Day28 | Dayl Day?28 Day 7 Day 22 Day 42
water control in rose cultivars or Beluga Susan
French hydrangea . )

Ocontrol ~ Opotassium hydrogen carbonate ~ Mchitosan

had reached a height of 55.25+2.30 cm (Susan) and
52.75+2.99 cm (Beluga).

In the control plots, the French hydrangea had a height
of 25.74+0.16 cm on day 7 after the first application. The
growth of the plants continued to 32.33 +0.22 cm on day 22
and 38.33 +0.29 cm on day 42.

On each data collection day, there was no significant dif-
ferences in the heights of the roses or French hydrangea
plants of the VitiSan or chitosan treated plants in comparison
with the water control.

Discussion

To control fungal pathogens, we have to consider alternative
strategies such as the use of natural ingredients and basic
substances, not only in agriculture and orchards, but also in
ornamental horticultural (Brzozowski and Mazourek 2018).
Still, there is a lack of knowledge in the use and behav-
iour of theses natural ingredients, in particular in ornamen-
tal cropping systems. This is even more challenging when
considering the huge variety of plant families and species
of ornamentals (Kisvarga et al. 2022; Richter et al. 2021).
Within ornamental plant production systems, powdery mil-
dew species are amongst the most severe fungal pathogens.
In Germany, over 80 plant protectants (including sales exten-
sions) are authorised to control these pathogens (BVL 2022).

In this study, we show the potential of the basic substance
chitosan to control P. pannosa on roses and E. polygoni on
French hydrangea. The reduction in the plant pathogens
appears to depend on the fungus species and on the particu-
lar stage of infection. Thus, an early application is important
when using chitosan for plant protection purposes under nor-
mal growing conditions.

El Hadrami et al. (2010) describe three different effects of
chitosan with respect to plant protection. First, the polymers
build a layer on the leaf surface that reduces infection by
forming a mechanical barrier. Particularly, with regard to the

postharvest metabolism of fruits and vegetables, this has an
important effect on the shelf life and improves storage prop-
erties (Romanazzi et al. 2017; 2018; Romero et al. 2022).
Second, chitosan has a direct antifungal effect on different
plant pathogens (Maurya et al. 2019). Several studies show
a reduced mycelium growth of Pyricularia grisea, Botry-
tis cinerea, Fusarium oxysporum, Sclerotinia sclerotiorum,
Rhizoctonia solani and Alternaria solani in vitro and in
planta following the use of chitosan (DeGenring et al. 2022;
Rabea et al. 2005; Reglinski et al. 2010; Sathiyabama et al.
2014; Vega et al. 2021; Zabka and Pavela 2021; Zhang et al.
2003). An inhibited spore germination and hyphal growth
after chitosan application in vitro have already been dem-
onstrated (Palma-Guerrero et al. 2008). Lopez-Moya et al.
(2019) link the antifungal effect to a disruption of the syn-
thesis of cell wall components, membranes and membrane-
associated proteins. In another study, it was found that a
concentration of 1 mg/ml of chitosan appears seems to effi-
ciently reduce the growth of several fungi in vitro (El Had-
rami et al. 2010). In our study, we used a concentration of
0.33-0.5 mg/mL of chitosan (depending on the plant height)
for the foliar treatments. However, this concentration is
below the threshold determined by El Hadrami et al. (2010).
The third effect has been attributed to an induced resist-
ance of the plant against fungal pathogens (EI Hadrami
et al. 2010). Previous studies have already described a sys-
temic induced resistance in vivo. Faoro et al. (2008) and
Sathiyabama et al. (2014) could induce a resistance in non-
treated leaves of Hordeum vulgare and Solanum lycopersi-
cum against Blumeria graminis and A. solani, respectively.
Vega et al. (2021) show similar results with B. cinerea on S.
lycopersicum, S. melongena, Arabidopsis thaliana and Nico-
tiana benthamiana. The authors also discuss a concentration
threshold in the effect of chitosan. Likewise, Deshaies et al.
(2022) describe an induced resistance of Triticum aestivum
against F. graminearum after using chitosan as an inducer.
An effect on different foliar diseases in ornamental blooming
flowers and shrubs is also mentioned by Wojdyta (2004). A
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detailed investigation on the defence signalling pathways
and the metabolic response of the plants and fungi after a
chitosan treatment is described by Deshaies et al. (2022),
Lopez-Moya et al. (2019), Pongprayoon et al. (2022) and
Stasifiska-Jakubas and Hawrylak-Nowak (2022).

For the efficacy and applicability of chitosan as a foliar
spray, the polymer length and the associated molecular
weight are important factors. Due to the better solubility of
smaller molecules, a lower molecular weight is more suitable
for spray application in horticulture (Korbecka-Glinka et al.
2022). Polymer length plays an important role with regard
to the influence of chitosan on biological systems. In terms
of a direct antimicrobial effect, Ke et al. (2021) associated
smaller molecules with a better penetration through the cell
surface into the intracellular space of pathogens. This aspect
is supported by the results of Attjioui et al. (2021), showing
a higher inhibition of F. graminearum after the use of low-
molecular weight chitosan compared to medium-molecular
weight chitosan. In addition, reviews have already discussed
the higher efficacy of low-molecular weight chitosan in rela-
tion to plant responses (Badawy and Rabea 2011; Korbecka-
Glinka et al. 2022). To date, most plant responses studies
have been conducted on seedlings and less is known about
the effect of the molecular weight when chitosan is applied
as a foliar spray on established plants.

The application of chitosan in combination with other
products and techniques, such as nanotechnology or bacte-
rial metabolites, may present an interesting approach for the
future. For example, Sathiyabama and Manikandan 2018
reduced the disease severity of P. grisea using chitosan-cop-
per nanoparticles on Eleusine coracan. Furthermore, the use
of chitosan in nanotechnology has been recently discussed
by Jain et al. (2022) and Mehta et al. (2022). In the case of
bacterial metabolites, Ruano-Rosa et al. (2022) showed a
decreased viability of E. necator ascospores after a treat-
ment with chitosan in combination with bacterial metabo-
lites. Additionally, chitosan nanoparticles are also known to
improve the postharvest durability of cutting flowers (Spri-
cigo et al. 2021).

The active ingredient of VitiSan functions by covering
fungal spores and drying out the mycelium due to osmotic
pressure. This has a more protective effect than curative
(Jamar et al. 2007; Palmer et al. 1997). This is in accordance
with the described effect on the infected leaf area observed
in our study. The inhibition of pathogen growth and so
reduction in infected leaf area was not as large in cutting
roses compared to French hydrangea.

In our study, we could show an acceptable effect of chi-
tosan when used in French hydrangea. In cutting roses, a
significant reduction was measured; however, the effect was
not substantial. Although both treatments have no nega-
tive effects on plant growth, nevertheless, the effect on the
pathogen in cutting roses might be too small for growers
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for implementing a plant protection strategy. Similar results
were reported by Ferreira et al. (2022), who concluded that
the control of Plasmopara viticola and Pseudocercospora
vitis on Vitis labrusca using chitosan was insufficient.

As previously mentioned, chitosan can serve as an inducer
for a systemic acquired resistance against a pathogen. Our
data demonstrate very clearly that an early application with
respect to infection stage of the pathogen is required. The
induced resistance seems to have the most important effect
on the infected leaf area, especially in French hydrangea. It
is therefore to consider the time of application when apply-
ing chitosan as part of a plant protection strategy in a practi-
cal horticultural setting. Comparing the actual costs of the
basic substance chitosan and the plant protectant VitiSan,
the use of chitosan (60 €/ha) requires a higher monetary
input than the use of VitiSan (18.75-28.13 €/ha, depending
on the plant height).

In summary, basic substances such as chitosan can con-
tribute to a reduction in the use of chemical plant protectants.
It has been shown by several authors that chitosan induces
mechanism in plants against various biotic and abiotic stress
factors and helps in formation of barriers enhancing plant’s
productivity. Growers have to contemplate the specific prop-
erties of basic substances and their specific application in
each case, making plant protection more challenging in the
future (Maurya et al. 2019). This requires more knowledge
amongst farmers, which will need to be considered in con-
sulting and education strategies. Finally, the use of alterna-
tive plant protection strategies, such as the application of
basic substances, may also have higher costs.
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