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Abstract
Alternative strategies in plant protection are required due to political and environmental conditions. Basic substances can 
potentially benefit for modern plant protection in conventional and organic horticulture. In the case of plant protection in 
ornamentals, little is known about the effect of basic substances within the canopy to reduce foliar diseases. Podosphaera 
pannosa is one of the most severe diseases in the production of cut roses. In this study, different cultivars of cut roses were 
sprayed weekly with an extract of Equisetum arvense (4 g dried plant material/L), an aqueous solution of hydrogen perox-
ide (10 g/L) and a commercial plant protection product containing potassium hydrogen carbonate (VitiSan, Biofa GmbH, 
Münsingen, Germany) during two experimental trials. As a result, the symptoms of infected leaf area could be reduced 
significantly as the experiments progressed. Furthermore, no negative effects such as a reduction of plant growth or the 
number of marketable flowers were observed. The results indicate that the foliar application of the basic substances hydrogen 
peroxide and E. arvense-extract has the potential to reduce the use of synthetic plant protection products in conventional 
and organic horticulture.
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Introduction

Modern horticulture requires alternative plant protection. 
Due to political and environmental requirements, the num-
ber of registered conventional products in the field of horti-
cultural plant protection is limited. Additionally, the grow-
ers face many uncertainties regarding new pathogens and 
limitations in application of plant protectants. In regard to 
practical application, there is a lack of knowledge about the 
utilization of basic substances. Moreover, these approaches 
are not sufficiently explored to implement them directly in 
the field, orchard or greenhouse.

Basic substances, such as sodium carbonate, beer, whey 
or sunflower oil, are regularly accessible products used as 
food ingredients or for other common uses, including phar-
maceuticals, biocides and fertilizers. They are not predomi-
nantly used as plant protection products but they could be 
considered as an additional component of a plant protection 
strategy (Marchand 2015). Basic substances are not char-
acterized as harmful, and they have no direct or cumulative 
effects on human or animal health or on the environment 
(EU 2009). They can represent an alternative to plant pro-
tectants including those that contain synthetic active ingredi-
ents. Furthermore, basic substances can support organic and 
sustainable agriculture (Đurić et al. 2019; Marchand 2017). 
They are officially listed with further “report reviews” in 
the European Union (EU) pesticides Database (EU 2022).

Equisetum arvense L. (field horsetail), a common wide-
spread weed, has long been known as a medicinal plant for 
pharmaceutical or cosmetic treatments (Čanadanović-Brunet 
et al. 2009; Carneiro et al. 2019; Oh et al. 2004; Pallag et al. 
2018). The most common compounds found in field horse-
tail are flavonoids, phenolic acids, alkaloids, phytosterols, 
tannins, and triterpenoids (Četojević-Simin et al. 2010; 
Godlewska et al. 2020). Some of the substances were studied 
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for inhibition properties of the phytopathogenic late blight 
disease fungi Phytophthora infestans (Rogozhin et al. 2020; 
Taylor et al. 2022).

The above ground plant material of E. arvense contains 
a high content of silica (García-Gaytán et al. 2019). The 
extract helps to strengthen plant cell tissues, due to an imple-
mentation of silica. This physical barrier prevents the pen-
etration of the fungal appressorium into the plant (Fauteux 
et al. 2005; Marchand 2016). Many studies deal with an 
artificial increased content of elementary silicon in plants 
and its influence on plant fitness (Fauteux et al. 2005; Fawe 
et al. 2001; Guntzer et al. 2012; Voogt and Sonneveld 2001). 
The effect of higher silicon content by root uptake protects 
the plant from sucking insects, but there is a lack of knowl-
edge considering the foliar application of Si-containing mol-
ecules (Gomes et al. 2005; Goussain et al. 2005; Moraes 
et al. 2004). For its strengthening effects, the field horsetail 
extract (EU 2017b) has been authorized by the Commission 
Implementing Regulation (EU) 2021/1165 of 15 July 2021 
(EU 2021) for the use in conventional and organic plant pro-
tection as a basic substance.

Hydrogen peroxide (H2O2) is an oxidizing and reduc-
ing agent, used mostly for disinfection of surfaces, seeds 
or nutrient solutions and is listed as a basic substance in 
the EU (Carrasco and Urrestarazu 2010; Eicher-Sodo et al. 
2019; EU 2017a; Lau and Mattson 2021; Raudales et al. 
2014). Copes et al. (2003) concluded that the disinfectant 
kills fungal propagules and bacterial cells by direct contact 
without remaining harmful residuals. Hydrogen peroxide is 
active only for minutes and provides no systemic resistance. 
The degradation of hydrogen peroxide into oxygen and water 
is fast and easy, which means it is biodegradable and not 
harmful. The potential of the disinfection is also dependant 
on chemical reactions with water and organic material on 
the surface (Copes et al. 2003).

Besides the disinfecting effect, hydrogen peroxide applied 
as a foliar spray in low doses was examined for its positive 
influence on growth and antioxidant compounds in leaves 
in Capsicum chinense and Amaranthus hypochondriacus 
(Espinosa-Villarreal et al. 2017; Vargas-Hernández et al. 
2016). There are also first reports of a positive effect on 
Oryza sativa under drought stress (Jira-anunkul and Pat-
tanagul 2021).

Assuming a positive effect on plant growth and depending 
on the Good Agricultural Practice validated in the relevant 
Review Reports, basic substances could be used more fre-
quently in conventionally and organically produced plants 
(Đurić et al. 2019; Richter et al. 2021). Here, we evaluated 
the effects of a weekly foliar application of the two basic 
substances on growth and leaf health of roses in the green-
house. For this purpose, E. arvense extract and hydrogen 
peroxide were applied to different cultivars of cut roses and 
visually observed during two experimental trials. These 

applications were compared to water and a chemical plant 
protectant that is commonly used in practice.

Material and methods

Two experiments were conducted in the greenhouse under 
controlled conditions from May to June 2021 and June to 
July 2021, respectively. The greenhouse is located at longi-
tude 10° 05′ 00.2’’ E, latitude 53° 30′ 33.5’’ N and altitude 
of 3 m above mean sea level. The experimental set-up was 
the same for both trials.

Plant material and greenhouse set‑up

For the experiments, two cultivars of cut roses (Rosa ssp.), 
Susan and Beluga, were planted in growbags in March 2021. 
The Growbags were filled with 70% of coconut fibre and 
30% of perlite. The size of the bags was 1.2 × 0.2 m. For the 
trial, the cultivars were placed alternating with ten plants 
per plot and cultivar. The plots had a size of 1 × 2 m. The 
temperature in the greenhouse was adjusted between 22 
and 18 °C. No artificial light was given and the canopy was 
shaded when the natural light was higher than 70 kLux.

The plots were distributed in a randomized block design. 
Each treatment was replicated four times. The infection of 
P. pannosa occurred naturally and no artificial infection was 
necessary. The infestation with P. pannosa was checked ran-
domly by identification of propagules via microscope. Dur-
ing the experiments, the infected leaf area of eight plants per 
plot and cultivar was weekly estimated as percent infected 
leaf area. The evaluation was conducted directly prior to 
the first application (day 0) and subsequently at day 7, 14, 
21 and 28. Border plants from the next plot were not con-
sidered. It was always the same person who evaluated the 
infected leaf area.

At the beginning and at the end of the experimental trials, 
the height of the plant was measured. In addition, at the end 
of the first period, the number of marketable flowers per plot 
was determined.

Treatments

Within both experiments, the amount of spray mixture was 
adjusted to the canopy height. Up to 0.5 m plant height 
100 mL/m2 and above 0.5 m plant height 150 mL/m2 of 
the solution was used. The different substances (Table 1) 
were applied weekly using a 5-L backpack sprayer (Inox, 
Mesto Spritzenfabrik Ernst Stockburger GmbH, Freiberg, 
Germany). Besides the basic compounds and a water con-
trol, a practice-standard treatment was implemented apply-
ing the contact fungicide VitiSan, (Biofa GmbH, Münsin-
gen, Germany). This plant protectant (Reg.no. 007593-00) 
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provides both a preventive and a curative effect (Table 1). At 
contact, the active ingredient potassium hydrogen carbon-
ate (994.9 g/kg) covers fungal pathogens such as powdery 
mildew and botrytis, which subsequently disintegrate and 
dry out the mycelium or spores and prevents new infection 
of the plant.

Extract of E. arvense was prepared with dried plant 
material, which was soaked for eight hours in water and 
later boiled for 45 min. Afterwards, the tea was filtered and 
diluted for the foliar spray application. Before using the 
extract, the pH value was checked and if applicable adjusted 
to ensure the expected range from 6.3 to 6.7. The preparation 
of the extract is derived from the EU references, although the 
amount of plant material is slightly increased (EU 2017b; 
Marchand 2016). The hydrogen peroxide (Carl Roth GmbH 
& Co. KG, Karlsruhe, Germany) was applied immediately 
after the dilution.

Statistical analysis

All data were analysed using R in combination with RStudio 
(R Version 4.0.3, RStudio Version 1.3.1093) with a one-way 
analysis of variances (ANOVA). Mean comparisons were 
done with a P = 0.05 significance level (R package emmeans 
Version 1.7.0). All statistical differences are in comparison 
to the water control. In the statistical model, the randomized 
block design was included.

Results

Growth of P. pannosa on rose cultivars

The infected leaf area differed between the two trials and 
the cultivars. In the first period, the infected leaf area of 
the water control from both cultivars started at a low level 
(Beluga 0.16 ± 0.2%, Susan 0.72 ± 1.25%) and ended 
up with a slight difference between the cultivars (Beluga 
4.06 ± 1.44%, Susan 8.88 ± 3.23%, Fig. 1). In the water 
treated plants of the cultivar Susan in the second period, P. 
pannosa reached a higher infected leaf area at day 28 after 

the first application during the first period (19.06 ± 2.44%). 
Although there was a higher growth in the cultivar Beluga 
in the second period, the infected leaf area ended up with a 
similar amount as in the first period (4.63 ± 0.71%). Overall, 
a significantly higher susceptibility of the cultivar Beluga to 
P. pannosa (P < 0.01) was determined.

Effect of potassium hydrogen carbonate 
on the growth of P. pannosa

Application of plant protectant VitiSan resulted only par-
tially in a significant reduction of the infected leaf area 
with P. pannosa compared to the water control. Thus, 
significant differences on the cultivar Beluga occurred 
21 and 28 days after experimental set-up (1.00 ± 0.32%, 
P = 0.02; 1.44 ± 0.44%, P = 0.04) in the first and 14 and 
28 days (1.41 ± 0.35%, P < 0.01; 3.66 ± 0.78, P < 0.01) in 
the second period. In contrast, the cultivar Susan showed 
only once in the first period a significant difference on day 
28 (5.09 ± 2.04%, P < 0.01). After day 14 (7.88 ± 1.37, 
P < 0.01), the infected leaf area remained significantly below 
the value of the water control during the second period.

Effect of E. arvense extract on the growth of P. 
pannosa

Weekly application of an E. arvense extract resulted in a 
significant reduction of P. pannosa on rose cultivar Beluga 
on the days 21 and 28 (0.94 ± 0.42%, P = 0.02; 2.25 ± 0.44%, 
P < 0.01) in the first period. But during the second period, 
they could not be confirmed. However, rose cultivar Susan 
showed significant reduction of infected leaf area on the 
last two evaluations (1.94 ± 0.45%, P = 0.01; 3.53 ± 0.86%, 
P < 0.01) and days 21 and 28 (11.75 ± 1.49%, P < 0.01; 
15.38 ± 2.43%, P < 0.01) after the use of E. arvense extract 
field horsetail in the first and second observation period, 
respectively. E. arvense extract did not cause phytotoxic 
effects in any of the two cultivars at any time.

Effect of hydrogen peroxide on the growth of P. 
pannosa

A significant reduction of the powdery mildew could 
be achieved on the cultivar Beluga only once, on day 28 
(1.75 ± 0.47%, P < 0.01) in the first period. In the second 
experimental period, we found significantly reduced infected 
leaf area after day 14 (1.50 ± 0.24%, P = 0.01). In the culti-
var Susan, we could find a significantly decreased infection 
on days 21 and 28 (2.47 ± 0.81%, P = 0.04; 3.19 ± 1.13%, 
P < 0.01) in the first experiment and continuously after day 
14 (7.91 ± 2.03%, P < 0.01) in the second period.

In both cultivars, the spray application of hydrogen per-
oxide damaged the leaves of the cut roses. Slight necrosis 

Table 1   Substances and their dosage for testing the suitability for 
reducing an infestation with powdery mildew in roses

Depending on the plant height the water volume was adjusted from 
100 (plant height below 0.5  m) to 150  mL/m2 (above 0.5  m plant 
height)

Active substance Doses

Potassium hydrogen carbonate 2.49 g active substance /L
Hydrogen peroxide 10 g H2O2 /L
Equisetum arvense 4 g dried plant material 

/L fresh extract
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und deformation occurred on the older leaves of the plant 
(Fig. 2).

Effects of the foliar treatment on plant height 
and number of marketable flowers

At the beginning of first experiment, plant height of con-
trol plants ranged from 22.96 ± 0.71 cm (Beluga) up to 
23.96 ± 0.98 cm (Susan, Fig. 3). At the end of the first 
experiment, the plants in the control reached a height of 
77.79 ± 1.48 cm (Beluga) and 70.58 ± 1.68 cm (Susan). 
In the second trial, the plant height in the control started 
higher with 41.92 ± 0.87 cm (Beluga) and 33.75 ± 1.03 cm 
(Susan) and ended up with 78.96 ± 1.28 cm (Beluga) and 
79.88 ± 0.87 cm (Susan).

Neither foliar application of the basic substances nor the 
plant protectant VitiSan led to any significant differences in 
plant height during the four-week trial period (Fig. 3).

The number of marketable flowers could only be deter-
mined in the first trial. Within a plot, plants of the cultivar 

Beluga produced 23.5 ± 1.56 (hydrogen peroxide) up to 
27.75 ± 1.49 (E. arvense) flowers (Fig. 4). Cultivar Susan 
yielded less flowers: 16.5 ± 2.99 (E. arvense) flowers up to 
17.75 ± 1.49 (control) flowers per plot. Similar to the plant 
height, we could not find any significant differences when 
comparing the different treatments.

Discussion

Alternative strategies to control pathogens will be a key 
element in horticultural systems in the future (Brzozowski 
and Mazourek 2018). To implement such strategies in 
practice, additional information on their use and behaviour 
within the canopy are needed. Although many studies were 
carried out to examine and promote the use of nutrients, 
plant extracts and biostimulants in agriculture or vegetable 
production, there is still a lack of knowledge in the field 
of ornamentals. Among foliar diseases, powdery mildew 
is probably one of the most severe fungal pathogens in the 

Fig. 1   Effect of foliar applications of the basic substances hydro-
gen peroxide and E. arvense-extract and the plant protectant VitiSan 
(potassium hydrogen carbonate) on the infection of rose leaves with 

P. pannosa (mean ± standard error, n = 32). Means are differentiated 
between the cultivars Beluga (A, B) and Susan (C, D) and the first 
(A, C) and second (B, D) trial
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production of cut roses in the greenhouse. It is no coin-
cidence that over 80 plant protection products (including 
sales extensions) to control powdery mildew are author-
ized in Germany (BVL 2022; Richter et al. 2021).

The present study shows the potential of the basic sub-
stance E. arvense extract to control the pathogen P. pan-
nosa. In particular, under low-inoculum pressure, decrease 
in disease severity was observed without any negative 
effects on appearance and crop yield.

Due to the high amount of silica in the aerial parts, E. 
arvense can be used as a natural resource of silicon (García-
Gaytán et al. 2019; Labun et al. 2013). Although the mecha-
nism is not completely clear, the leaf uptake of foliar sprayed 
silicon is generally accepted (Guntzer et al. 2012; Laane 
2018). Different studies describe the potential of silicon con-
sidering abiotic and biotic stresses as the infection of pow-
dery mildew on Cucurbitaceae, Vitis vinifera or Fragaria sp. 
(Fauteux et al. 2005, 2006; Fawe et al. 2001; Laane 2018; 

Fig. 2   Damaged leaves of cut roses A 10% of leaf area infected with P. pannosa (cultivar Beluga), B 30% of leaf area infected with P. pannosa 
(cultivar Susan) and C Necrosis on the older leaves after the application of hydrogen peroxide (cultivar Susan)

Fig. 3   Effect of foliar applications of the basic substances hydro-
gen peroxide and E. arvense extract and the plant protectant VitiSan 
(potassium hydrogen carbonate) on the plant height (mean ± stand-
ard error, n = 24) of cut roses. A first trial (May—June) and B sec-

ond trial (June–July); the letters indicate no significant differences 
of the treatment compared to the water control within the cultivars 
(P > 0.05)
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McAvoy and Bible 1996; Tebow et al. 2021). It is hypoth-
esized that the role of foliar sprayed silicon, regarding plant 
diseases, is primarily based on a mechanical barrier (Bowen 
et al. 1992; Pozza et al. 2015). Due to a high amount of 
silicon in the outer cells of the leaf tissue, the fungus could 
not penetrate into the plant tissue (Guével et al. 2007). In 
addition to the high silicon load, the extract carries a high 
amount of active ingredients with a phytosanitary poten-
tial, like phenols and flavonoids (Đurić et al. 2019; Garcia 
et al. 2011). The knowledge on the impact of an extract from 
E. arvense contributes primarily to a protective mode of 
action while already developed infections are not disrupted 
conclusively.

Trebbi et al. (2021) showed a reduction of P. infestans on 
tomato and Puccinia triticina on Durum wheat after appli-
cation of a mixture of E. arvense extract and copper. They 
point out the relationship of pathogen density and effec-
tiveness of the basic substance to hamper the pathogen. 
Langa-Lomba et al. (2021) found synergistic effects, while 
using chitosan-polymers in combination with an E. arvense-
extract. For a phytosanitary programme, these approaches, 
the combination of copper or chitosan with E. arvense-
extract can compensate for the expected lack of efficiency 
between a basic substance and a conventional or chemical 
plant protection product.

In the case of hydrogen peroxide, phytotoxicity as an 
expected consequence of the foliar spray was already 

described (Copes 2004, 2009). Eicher-Sodo et al. (2019) 
reported a damage-threshold above 25–50 mg/L hydro-
gen peroxide applied on young microgreens of the species 
Brassica eruca, Helianthus annuus, Raphanus sativus and 
Lactuca sativa. This is clearly below the concentration of 
10 g/L, used in our study. To begin use of hydrogen perox-
ide, the grower has to consider the developmental stage and 
cultivar of the plant, while planning the spray application. 
In our case, fortunately, neither a severe leaf damage nor 
a significant increased amount of non-marketable flowers 
occurred during the experimental period.

We could show a significantly reduced disease severity 
in both cultivars and trials. This is in accordance with the 
results of Copes (2009) and Baysal-Gurel and Miller (2015), 
who identified a reduced infection of P. hemerocallidis in 
daylily and Oidium neolycopersici in tomato. However, these 
results are not necessarily applicable to different crop sys-
tems. The knowledge of the pathosystem and the pathogen-
esis is important for the use of hydrogen peroxide as a spray 
application. Additionally, Copes (2004) describes a strong 
dose-dependant response of B. cinerea spores applied on 
different substrates from hydrogen peroxide. Overall, very 
few data are available to assess the potential of hydrogen 
peroxide as a foliar application, which has to be investigated 
further. In addition, the disinfection effect on the leaf surface 
microbiome and the resulting effects on plant vigour are 
currently unclear.

Basic substances can contribute to the required and 
important reduction of chemical plant protectant use. How-
ever, they do not seem to be a panacea for the grower and we 
have to consider them as an additional building block within 
the overall crop protection strategy. In high pathogen pres-
sure conditions, basic substances play a supportive role and 
may be combined with Biorationals or conventional plant 
protectants. Further studies are needed to implement the 
basic substances E. arvense-extract and hydrogen peroxide 
in a plant protection programme.
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