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czarnej plamistosci rozy (Diplocarpon rosae Wolf.)

A possible use of natural products in black spot control
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Streszczenie

Przeprowadzono doswiadczenia polowe w celu oceny wptywu nawozéw dolistnych — Actifos, Solfan PK, stymulatoréw wzrostu ro-
$lin — Atonik SL, Biosept Active, Huwa-San TR-50, PronTech, srodka biotechnologicznego — ptynny Bioczos, olejkdw — Atpolan 80 EC,
Olejan 85 EC oraz mleka UHT stosowanych do opryskiwania réz cztery razy co 7 dni (kuracyjnie) lub dziewiec¢ razy co 14 dni (profilaktycznie)
w celu ograniczenia rozwoju objawoéw chorobowych wywotywanych przez Diplocarpon rosae. W zastosowaniu profilaktycznym najwyz-
szg skutecznos$¢ wykazaty: Olejan 85 EC, PronTech, Solfan PK oraz mleko UHT. W pierwszym doswiadczeniu skuteczno$¢ produktéow
stosowanych kuracyjnie oceniana trzy dni po zakoriczeniu czterech zabiegdw wyniosta ponad 62% z wyjatkiem mleka UHT, a w drugim
doswiadczeniu wyniosta ponad 89% dla wszystkich produktéw. Testy kietkowania zarodnikdw wykazaty, ze jedynie Huwa-San TR-50,
Olejan 85 EC i mleko UHT wykazaty stosunkowo niska skutecznoéé. Zaden z testowanych produktéw nie byt fitotoksyczny dla roélin réz.

Stowa kluczowe: Diplocarpon rosae, rdza, ochrona, produkty syntetyczne i naturalne

Abstract

Field experiments were conducted to evaluate the effects of foliar fertilizers — Actifos, Solfan PK, plant growth promoters — Atonik SL,
Biosept Active, Huwa-San TR-50, PronTech, a biotechnological agent — liquid Bioczos, oils — Atpolan 80 EC, Olejan 85 EC and UHT Milk
used for spraying roses four times every 7 days (curatively) or nine times every 14 days (preventively) to control the development of
disease symptoms caused by Diplocarpon rosae. When used preventively, the highest efficacy was shown by: Olejan 85 EC, PronTech,
Solfan PK and UHT Milk. In the first experiment, the efficacy of the products used curatively assessed three days after the completion of
four treatments was above 62% except for UHT Milk, and in the second experiment it was above 89% for all the products. Spore germina-
tion tests showed that only Huwa-San TR-50, Olejan 85 EC and UHT Milk showed relatively low efficacy. None of the tested products was
phytotoxic to rose plants.

Keywords: Diplocarpon rosae, rose, protection, synthetic and natural products

!Instytut Ogrodnictwa — Paristwowy Instytut Badawczy
ul. Konstytucji 3 Maja 1/3, 96-100 Skierniewice
2Uniwersytet Przyrodniczy w Poznaniu

ul. Wojska Polskiego 28, 60-637 Poznan

3Uniwersytet Przyrodniczy we Wroctawiu

pl. Grunwaldzki 24a, 50-363 Wroctaw

*corresponding author: jan.bocianowski@up.poznan.pl



Progress in Plant Protection 65 (3) 2025

Wstep / Introduction

Black spot, caused by the fungus Marssonina rosae (Lib.)
(perfect stage Diplocarpon rosae Wolf.), is the most com-
mon and most serious disease of roses cultivated in the open
field, and in recent years, following the introduction of new
cultivars, also under cover (Ljubojevi¢ and Bozani¢ Biljana
2025). For many years, the main method of protecting roses
against the occurrence of black spot symptoms has been the
use of fungicides (Wojdyta and Ly$ 2000; Wojdyta 2009).
However, their frequent use carries the risk of danger to hu-
mans and animals, and causes environmental pollution, and
may lead to the development by pathogens of resistance to
the applied chemical agents. Searching for other effective
means as alternatives to fungicides seems fully justified.
One possibility is the introduction into the protection of
roses against black spot of natural and synthetic products
with a different mechanism of action against pathogens
(Wojdyta 2016a). It should be emphasized that the Europe-
an Commission in the Regulation of 22 June 2022 envisages
a reduction in the use of pesticides throughout the Euro-
pean Union by 2030. Depending on the current consump-
tion of the active substance per hectare, this reduction is to
be 35% in the case of Poland, and in some countries where
significantly more active substance is used per hectare, the
reduction is to be 50% or even 65%. The withdrawal from
the use of conventional active substances of plant protection
products is associated with the need to search for other sub-
stances that are usually not plant protection products, which
are completely safe for humans, animals and the environ-
ment. Unconventional products presented in the work may
be particularly useful for this purpose, which in previous
studies have shown high effectiveness in protecting plants
against pathogens, the causes of leaf spot, powdery mil-
dew, rust, gray mold (Wojdyta 2001a, 2001b, 2010, 2012a,
2016b; Crisp et al. 2006; Jamar et al. 2007; Slusarenko et al.
2008). Some of them, such as Actifos, liquid Bioczos,
Biosept Active, Huwa-San TR-50 can also be recommended
for the protection of plants against soil pathogens caused
by species: Pythium spp., Phytophthora spp. and Fusarium
spp. (Saniewska and Orlikowski 1994; Orlikowski 2001;
Orlikowski et al. 2001).

The aim of the experiments was to determine the effi-
cacy of foliar fertilizers, plant growth promoters, a biotech-
nological agent, oils and UHT Milk in reducing the develop-
ment of D. rosae black spot.

Materialy i metody / Materials and methods

The experiments evaluated the efficacy of foliar fertilizers
— Actifos (ammonium phosphite + microelements B, Cu,
Fe, Mn, Mo, Zn) and Solfan PK (48% potassium carbonate,
48% monopotassium phosphate), plant growth promoters —
Atonik SL (0.3% sodium para-nitrophenolate + 0.2% sodium

ortho-nitrophenolate + 0.1% sodium 5-nitroguaiacolate),
Biosept Active (33% extract from grapefruit seed and pulp),
Huwa-San TR-50 (493 g of hydrogen peroxide + 0.32 g
colloidal silver in 1 kg), PronTech (40% alkyl dimethyl ben-
zyl ammonium chlorides from the group of quaternary am-
monium compounds, and 60% urea), biotechnological agent
— liquid Bioczos (liquid garlic extract), oils — Atpolan 80 EC
(76% mineral oil SN) and Olejan 85 EC (85% rapeseed oil),
and UHT Milk with a 3.2% fat content in the protection of
roses against black spot. For comparison, the fungicide Do-
mark 100 EC (100 g/l tetraconazole) was used. The prepara-
tion concentrations were in accordance with the manufac-
turer’s recommendations. The experimental design, natural
plant infection through spores formed on fallen leaves found
under shrubs and observations were carried out according
to the previously adopted methodology for the evaluation
of the effectiveness of fungicides in the protection of rose
against black spot (Wojdyta and Ly$ 2000; Wojdyta 2013).
The experiments were conducted on roses cultivar Po-
lastern and Rosa canina cultivar Schmid’s Ideal. The rose
bushes were planted in 2013 in sandy-loam soil at the ex-
perimental field of the National Institute of Horticultural
Research in Skierniewice. The organic matter content of
the soil was 1.5% and the pH was 6.7. The experiments
were conducted on two-year-old bushes from 2014 and
three-year-old bushes from 2015, cultivated conventionally.
These bushes had suffered from black spot in previous sea-
sons. In spring, after pruning, the bushes were fertilized
with Azofoska at a rate of 2 kg per 100 m?. Aphid control
on the roses was carried out in the second half of June us-
ing Confidor 200 SL 0.04%. To prevent weed growth, the
field was covered with a black mat. Roses were sprayed us-
ing a laboratory pneumatic sprayer with a tank capacity of
1.5 dm’, a 0.8 mm diameter swirl nozzle, and a spray pres-
sure of 0.2 MPa (manufactured by the Institute of Plant
Protection — National Research Institute in Poznan). The
roses were sprayed with the test products four times at
7-day intervals or nine times at 14-day intervals. The treat-
ments were performed in the morning using 1 dm® of lig-
uid per 10 m? of surface area. During spraying, the upper
and lower surfaces of the leaf blade were thoroughly coated
with the liquid. The efficacy of the test products was de-
termined before the experiments and three days after the
2nd and 4th treatment (R. canina Schmid’s Ideal) (curative
spray in 2014 and 2015 year), or for a period of 16 weeks
(cultivar Polastern) of spray treatments (preventive spray in
2014 year). In the case of the experiments on R. canina
Schmid’s Ideal, observations were also carried out 14 days
after the end of protection. The observations were made us-
ing a rating scale where: 0 —no symptoms, 1 — 0.1 up to 25%
of plant leaves with disease symptoms, 2 — over 25% leaves
with disease symptoms, 3 — up to 25% of fallen leaves and
rest of the leaves with disease symptoms, 4 — up to 50% of
fallen leaves and rest of the leaves with disease symptoms,
5 — from 50.1 up to 90% of fallen leaves, 6 — over 90% of
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fallen leaves. During the growing period, the roses were irri-
gated with a capillary system to prevent the natural products
from being washed off the surface of the leaves. The experi-
ments were conducted in a random block design with five
bushes in four replications.

In the experiments on the germination of D. rosae
spores, cultivar Polastern roses with visible sporulation
(acervuli) of the fungus were sprayed with the test products
in the morning. After 1, 7 and 14 days from the spraying,
samples of leaves were taken and, in the laboratory, a drop
of sterile water was applied to their surface. Next, the spores
were scraped off with a scalpel onto a potato-glucose me-
dium in Petri dishes. Another drop of water was added to
the medium and the suspension of spores was spread over
the surface with a glass rod. In order to limit the growth
of bacteria, rose bengal at 0.5 mg/dcm® and 80 000 units
of penicillin/dcm® were added prior to pouring the medium.
After 24-48 hours of incubation at 18-20°C, the total num-
bers of spores and germinating spores were counted in the
field of view (Wojdyta 2012b). Five different locations with-
in the dish were chosen for observation, where from 30 to
60 spores were observed. Then the percentage of germinating
spores was calculated. Using the Abbott formula on the basis
of the infection rating of the rose bushes, the percentage ef-
ficacy of the products in limiting the development of disease
symptoms and in inhibiting spore germination was calculated
(Abbott 1925). In the case of spore germination, observations
were made on four Petri dishes in five different areas.

The data obtained was subjected to statistical analysis.
The normality of the distribution of the observed features
was tested using the Shapiro-Wilk test (Shapiro and Wilk
1965). The homogeneity of variance was verified using
Bartlett’s test, while Box’s M test checked the multivariate
normality and the homogeneity of the variance-covariance
matrices. Two-way analyses of variance (ANOVA) were
carried out to determine the effects of foliar fertilizer and
time of observation as well as foliar fertilizer time of ob-
servation interaction on the variability of examined traits
for each trait independently. For individual traits and lev-
els of experimental treatment mean values were calculated.
Tukey’s honest significant differences (HSDs) were estimat-
ed at a significance level of o = 0.05 corrected for multiple
testing using the Benjamini-Hochberg method. Homoge-
neous groups for the analysed traits were determined based
on HSD values. The correlation of examined traits between
particular times of observation was assessed based on Pear-
son linear correlation coefficients. The results were also
analysed using multivariate methods. Euclidean distance
was used as the resemblance coefficient for cluster analysis
with the unweighted pair group arithmetic means method
(UPGMA) (Skomra et al. 2013). A principal component
analysis was applied to present a multi-trait assessment of
the similarity of the foliar fertilizer in fewer dimensions
with minimal information loss (Patterson et al. 2006). The
influence of individual traits on the distribution of foliar fer-

tilizer in the system of the first two principal components
was tested using discriminant analysis. All the analyses
were conducted using the GenStat 23 statistical software
package (VSN International 2023).

Wyniki i dyskusja / Results and discussion

Actifos —the foliar fertilizer used preventively on the cultivar
Polastern, which is very susceptible to black spot, showed
an efficacy from 33.3% to 67.4% depending on the observa-
tion date (tab. 1). By comparison, when used curatively on
R. canina cultivar Schmid’s Ideal, the fertilizer had an ef-
ficacy from 82.1% to 88.8% (tab. 2). Used curatively in the
subsequent experiment, it showed an efficacy of over 90%
(tab. 3). When used for a single spray treatment of roses,
Actifos showed, depending on the experiment and observa-
tion date, an efficacy from 27.5% to 83.2% in the inhibition
of D. rosae spore germination (tab. 4, 5, 6). The high effi-
cacy of phosphites in plant protection against pathogens had
been confirmed by previous studies, which resulted in the
introduction of the Actifos fertilizer onto the market (Wie-
czorek et al. 2010). Literature data indicate that lower con-
centrations of phosphites induce resistance in the protected
plants, and higher concentrations directly affect pathogens
(Smillie et al. 1989). The effectiveness of natural and syn-
thetic products in controlling D. rosae on the Polastern rose
variety was characterized by proportionality observed after
subsequent weeks. This relationship was confirmed by the
results of correlation analysis. The correlation coefficients
ranged from 0.6896 (between 2 and 16 weeks) to 0.9709
(between 4 and 8 weeks). All correlation coefficients were
statistically significant.

Atonik SL — when used preventively, the growth pro-
moter showed an efficacy from 26.7% to 51.4% depend-
ing on the observation date (tab. 1). By comparison, when
used curatively on R. canina Schmid’s Ideal, it had an ef-
ficacy from 58.2% to 65.5% (tab. 2). Used curatively in the
subsequent experiment, it showed an efficacy from 36.1 to
89.5% (tab. 3). The plant growth promoter used for a single
spray treatment of roses showed, depending on the experi-
ment and observation date, an efficacy from 12% to 74.8%
in the inhibition of D. rosae spore germination (tab. 4, 5, 6).
The high efficacy of Atonik SL is confirmed by the stud-
ies in which it was used to protect roses against black spot
and caused a strong reduction in the development of disease
symptoms (Wojdyta 2004).

Atpolan 80 EC — the mineral oil used curatively on
R. canina Schmid’s Ideal showed an efficacy from 50.7% to
65.5% (tab. 2). In the subsequent experiment, the oil used
curatively showed an efficacy from 38.2% to 100% (tab. 3).
The results obtained confirm previous studies in which
Atpolan 80 EC showed high effectiveness in the protection
of roses against black spot (Wojdyta 2016b) and caused
very severe spore deformation and inhibition of spore ger-
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mination (Wojdyla 2012b). A correlation was observed
between the efficacy of natural and synthetic products
in controlling D. rosae on R. canina Schmid’s Ideal after
2 spray treatments and after 3 and 14 days from the end
of the experiment. The corresponding correlation coeffi-
cients were: 0.8039 (after 2 spray treatments vs. after 3 days

from the end of the experiment), 0.8333 (after 2 spray treat-
ments vs. after 14 days from the end of the experiment) and
0.9239 (after 3 days from the end of the experiment vs. after
14 days from the end of the experiment).

Liquid Bioczos — the garlic extract used preventively
showed an efficacy from 25% to 56.5% depending on the

Tabela 1. Skutecznos¢ srodkow naturalnych i syntetycznych w zwalczaniu Diplocarpon rosae na rdzy odmiany Polastern po dziewigciu
zabiegach opryskowych; poczatkowy poziom zakazenia na poczatku eksperymentu: 09.05.2014

Table 1. Efficacy of natural and synthetic products in the control of Diplocarpon rosae on rose cultivar Polastern after nine preventive
spray treatments; initial infection level at the beginning of experiment: 09.05.2014

Jabiced Stezenie Skuteczno$¢ procentowa po tygodniach
TreZt Ilneeg;ts Concentration Percentage efficacy after weeks
(%] 2 4 8 12 16
Kontrola — Control - 0.00 ¢ 0.00 £ 0.00 £ 0.00 g 0.00 g
Domark 100 EC 0.05 100 a 100 a 97.8 a 68.0 a 46.7 a
Actifos 0.6 51.4 cd 60.0 bc 67.4c 56.0 cd 33.3d
Atonik SL 0.1 51.4cd 36.0¢ 50.0¢ 48.0 ¢ 26.7 ef
Liquid Bioczos 2.5 429d 44.0 de 56.5 de 46.0 ef 25.0f
Biosept Active 0.1 57.1 b-d 48.0d 56.5 de 49.0 ¢ 283 ¢
Huwa-San TR 0.05 57.1 b-d 52.0cd 543 e 440 f 25.8 ef
Olejan 85 EC 1 65.7 be 60.0 be 65.2 cd 53.0d 4420
PronTech 0.1 7140 68.0b 71.7¢ 67.0 a 40.0 ¢
Solfan PK 0.5 57.1b-d 68.0b 80.4b 652a 47.5a
UHT Milk 4 71.4b 68.0b 73.9 be 60.0 b 443 b

Srednie w kolumnach oznaczone ta samag litera, nie roznia si¢ istotnie (p = 0,05), zgodnie z testem Duncana
Means followed by the same letter within columns are not significantly different (p = 0.05) according to Duncan’s test

Tabela 2. Skutecznos¢ produktow naturalnych i syntetycznych w zwalczaniu Diplocarpon rosae na r6zy Rosa canina odmiana Schmid’s
Ideal po czterech zabiegach opryskowych; poczatkowy poziom zakazenia na poczatku eksperymentu: 01.08.2014

Table 2. Efficacy of natural and synthetic products in the control of Diplocarpon rosae on rose Rosa canina Schmid’s Ideal after four
curative spray treatments; initial infection level at the beginning of experiment: 01.08.2014

o Po dwoch zabiegach Po kilku dniach od zakonczenia do$wiadczenia
. Stezenie .
Zabiegi . opryskowych After days from end of experiment
Concentration
Treatments [%] After two spray

’ treatments 3 14
Kontrola — Control - 0.00 e 0.00 h 0.00 f
Domark 100 EC 0.05 100 a 100 a 91.0a
Actifos 0.6 86.2b 88.8b 82.1b
Atonik SL 0.1 65.5 cd 60.5 f 58.2d
Atpolan 80 EC 1 65.5cd 62.8 ef 50.7 e
Liquid Bioczos 2.5 58.6d 67.4¢ 58.2d
Biosept Active 0.1 724c¢ 62.8 ef 58.2d
Huwa-San TR-50 0.05 58.6d 62.8 ef 53.7 de
Olejan 85 EC 1 724c¢ 62.8 ef 448 ¢
PronTech 0.1 79.3b 76.7d 67.2¢c
Solfan PK 0.5 79.3b 8l.4c 68.7 ¢
UHT Milk 3.2% 4 72.4¢ 488 ¢g 522e

Srednie w kolumnach oznaczone ta samg litera, nie roznig si¢ istotnie (p = 0,05), zgodnie z testem Duncana

Means followed by the same letter within columns are not significantly different (p = 0.05) according to Duncan’s test
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observation date (tab. 1). By comparison, the garlic extract
used curatively on R. canina Schmid’s Ideal had an efficacy
from 58.2% to 67.4% (tab. 2). In the subsequent experiment,
it was used curatively and showed an efficacy from 65.5%

to 97.4% (tab. 3). Liquid Bioczos used for a single spray
treatment of roses showed, depending on the experiment
and observation date, an efficacy from 21.7% to 81.3% in
the inhibition of D. rosae spore germination (tab. 4, 5, 6).

Tabela 3. Skutecznos¢ produktow naturalnych i syntetycznych w zwalczaniu Diplocarpon rosae na r6zy Rosa canina odmiana Schmid’s
Ideal po czterech zabiegach opryskowych; poczatkowy poziom zakazenia na poczatku eksperymentu: 02.07.2015
Table 3. Efficacy of natural and synthetic products in the control of Diplocarpon rosae on rose Rosa canina Schmid’s Ideal after four

curative spray treatments; initial infection level at the beginning of experiment: 02.07.2015

o Stezenie Po dwoch zabiegach Po kilku dniach od zakonczenia do$wiadczenia
Zabiegi Concentration opryskowych After days from end of experiment
Treatments [%] After two spray
treatments 3 14

Kontrola — Control - 0.00 g 0.00 ¢ 0.00d
Domark 100 EC 0.05 100 a 92.1¢c 923b
Actifos 0.6 909 b 90.8 cd 90.6 b
Atonik SL 0.1 36.1 1 89.5d 849 ¢
Atpolan 80 EC 1 382 f 100 a 89.9b
Liquid Bioczos 2.5 655e 9740 91.6 b
Biosept Active 0.1 81.8¢ 95.8b 90.6 b
Huwa-San TR-50 0.05 81.8 ¢ 100 a 91.6b
Olejan 85 EC 1 74.6d 100 a 90.6 b
PronTech 0.1 100 a 100 a 95.6a
Solfan PK 0.5 95.5 ab 95.8b 95.0a
UHT Milk 3.2% 4 909 b 89.5d 95.0a

Srednie w kolumnach oznaczone ta sama litera, nie roznig sie istotnie (p = 0,05), zgodnie z testem Duncana

Means followed by the same letter within columns are not significantly different (p = 0.05) according to Duncan’s test

Tabela 4. Skutecznos¢ badanych produktéw w hamowaniu kietkowania zarodnikow (Diplocarpon rosae) na odmianie Polaster; poczatek
doswiadczenia: 25.09.2013
Table 4. Efficacy of test products in inhibiting spore germination (Diplocarpon rosae) on cultivar Polastern; beginning of experiment:

25.09.2013
. . o % skutecznosci po dniach
v Stgrnic Ve illugeych srodi ediug Aot (1929)
Concentration o . % efficacy after days according
Treatments %] % germinating spores after days to Abbott (1925)
1 7 14 1 7 14
Kontrola — Control - 97.1e 97.6 f 98.2¢g - - -
Domark 100 EC 0.05 83b 16.7 a 134 a 91.46 82.9 86.4
Actifos 0.6 33.4c¢ 164 a 56.5d 65.6 83.2 42.5
Atonik SL 0.1 245¢ 49.5 be 84.5f 74.8 49.3 13.9
Liquid Bioczos 2.5 299 ¢ 183a 70.6 e 69.2 81.3 28.1
Biosept Active 0.05 345¢ 76.5 de 86.0 f 64.5 21.6 12.4
Huwa-San TR-50 0.05 1250 70.6d 76.5¢ 87.1 27.7 22.1
Olejan 85 EC 1 73.1d 77.0 de 75.1e 24.7 21.1 23.5
PronTech 0.1 l.la 4540 459¢ 98.9 53.5 533
Solfan PK 0.5 24a 555¢ 335b 97.5 43.1 65.9

Srednie w kolumnach oznaczone ta samg litera, nie rozni si¢ istotnie (p = 0,05), zgodnie z testem Duncana
Means followed by the same letter within columns are not significantly different (p = 0.05) according to Duncan’s test
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A similarly high efficacy of garlic juice in the protection of  juice (Slusarenko et al. 2008). The efficacy of natural and syn-
rose against black spot had been demonstrated in previous  thetic products in controlling D. rosae on R. canina Schmid’s
studies (Wojdyta 2001a). Particularly high effectiveness in  Ideal after 2 spray treatments was correlated with the efficacy
plant protection is shown by the ajoene contained in garlic  after 14 days from the end of experiment (0.7948).

Tabela 5. Skutecznos¢ badanych produktéw w hamowaniu kietkowania zarodnikow (Diplocarpon rosae) na odmianie Polaster; poczatek
doswiadczenia: 01.10.2014

Table 5. Efficacy of test products in inhibiting spore germination (Diplocarpon rosae) on cultivar Polastern; beginning of experiment:

01.10.2014
. . . % skutecznosci niach
o Stezenic % kle%kujl?.clichdzgro;ilmkéw /(]wici.ilfgc ASEZttE(ZId 92251;
Zabiegi Concentration o po dtku dmac % efficacy after days according
Treatments %] % germinating spores after days to Abbott (1925)
1 7 14 1 7 14

Kontrola — Control - 100 g 100 j 99.7h - -
Domark 100 EC 0.05 123 b 28.0b 4150 87.7 72 58.2
Actifos 0.6 72.5d 53.0c 64.0c 27.5 47 35.7
Atonik SL 0.1 88.0 f 74.0 f 858 f 12 26 13.9
Liquid Bioczos 2.5 78.3 de 683 ¢ 76.3 de 21.7 31.7 234
Biosept Active 0.05 798 g 61.8d 78.7¢ 20.2 38.2 20.9
Huwa-San TR-50 0.05 88.3f 89.0h 935¢g 11.7 11 6.2
Olejan 85 EC 1 86.8 f 76.8 g 87.3f 13.2 232 12.4
PronTech 0.1 0.00 a 0.00 a 0.00 a 100 100 99.7
Solfan PK 0.5 235¢ 67.0¢ 75.8 de 76.5 33 239
UHT Milk 3.2% 4 90.5 f 90.8 1 925¢g 9.5 9.2 72

Srednie w kolumnach oznaczone ta samg litera, nie roznig si¢ istotnie (p = 0,05), zgodnie z testem Duncana
Means followed by the same letter within columns are not significantly different (p = 0.05) according to Duncan’s test

Tabela 6. Skutecznos¢ badanych produktéw w hamowaniu kietkowania zarodnikow (Diplocarpon rosae) na odmianie Polaster; poczatek
doswiadczenia: 15.10.2014
Table 6. Efficacy of test products in inhibiting spore germination (Diplocarpon rosae) on cultivar Polastern; beginning of experiment:

15.10.2014
. . o, % skutecznosci po dniach
Zabiegi Ste;Zenie. % klel;(gjsﬁiihdi?:;ﬁmkow . A)wedlug Abbottg (1925) .
Concentration o S % efficacy after days according
Treatments %] % germinating spores after days to Abbott (1925)
1 7 14 1 7 14
Kontrola — Control - 100 i 99.0j 98.51 - - -
Domark 100 EC 0.05 16.0b 17.8b 19.0b 84 81.2 79.5
Actifos 0.6 46.5 cd 49.5d 40.5¢ 53.5 49.5 57.9
Atonik SL 0.1 57.5ef 648 g 69.0 f 42.5 34.2 29.5
Liquid Bioczos 2.5 77.5h 53.7e¢ 76.5 gh 22.5 453 21.9
Biosept Active 0.05 44.0 ¢ 47.5 cd 73.0 fg 56 51.5 25.5
Huwa-San TR-50 0.05 675¢g 76.3 h 77.0 gh 325 26.7 21.5
Olejan 85 EC 1 51.3 de 85.51 555e¢ 48.7 13.5 429
PronTech 0.1 0.00 a 0.00 a 0.00 a 100 99 98.5
Solfan PK 0.5 54.5 ef 453 ¢ 49.5d 455 53.7 48.5
UHT Milk 3.2% 4 77.5h 59.0 f 79.5h 22.5 39.9 18.9

Srednie w kolumnach oznaczone ta samag litera, nie rozni si¢ istotnie (p = 0,05), zgodnie z testem Duncana
Means followed by the same letter within columns are not significantly different (p = 0.05) according to Duncan’s test
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Biosept Active — when used preventively, the growth
promoter showed an efficacy from 28.3% to 57.1% depend-
ing on the observation date (tab. 1). By comparison, when
used curatively on R. canina Schmid’s Ideal, it had an effi-
cacy from 58.2% to 72.4% (tab. 2). In the subsequent exper-
iment, it was used curatively and showed an efficacy from
81.8% to 95.8% (tab. 3). The growth promoter used for
a single spray treatment of roses showed, depending on the
experiment and observation date, an efficacy from 12.4%
to 64.5% in the inhibition of D. rosae spore germination
(tab. 4, 5, 6). The high efficacy of Biosept Active is con-
firmed by the studies in which the use of this product for
rose protection against black spot caused a severe reduction
in the development of disease symptoms (Wojdyta 2001b).

Huwa-San TR-50 — the growth promoter used preven-
tively showed an efficacy from 25.8% to 57.1% depending
on the observation date (tab. 1). By comparison, when used
curatively on R. canina Schmid’s Ideal, the product had an
efficacy from 53.7% to 62.8% (tab. 2). In the subsequent
experiment, it was used curatively and showed an efficacy
from 81.8% to 100% (tab. 3). This plant growth promoter
used for a single spray treatment of roses showed, depend-
ing on the experiment and observation date, an efficacy
from 6.2% to 87.1% in the inhibition of D. rosae spore ger-
mination (tab. 4, 5, 6). Similar effectiveness of Huwa-San
TR-50 in the protection of roses against D. rosae had been
demonstrated in previous studies (Wojdyta 2012a). In the
case of pathogens, hydrogen peroxide can cause damage to
the strands of DNA nucleic acids and to cytoplasmic mem-
branes (Imlay and Lin 1988).

Olejan 85 EC — when used preventively, the vegetable
oil showed an efficacy from 44.2% to 65.7% depending on
the observation date (tab. 1). By comparison, the vegeta-
ble oil used curatively on R. canina Schmid’s Ideal had an
efficacy from 44.8% to 72.4% (tab. 2). In the subsequent
experiment, it was used curatively and showed an efficacy
from 74.6% to 100% (tab. 3). This vegetable oil used for
a single spray treatment of roses showed, depending on the
experiment and observation date, an efficacy from 12.4%
to 48.7% in the inhibition of D. rosae spore germination
(tab. 4,5, 6). The result obtained confirm the previous studies
in which Olejan 85 EC showed high efficacy in the protec-
tion of roses against black spot (Wojdyta 2010, 2012¢) and
limited the germination of D. rosae spores (Wojdyta 2012b).
No correlation was observed in the percentage of germinat-
ing spores on subsequent days for the 2013 observations
(tab. 4).

PronTech — the growth promoter used preventively
showed an efficacy from 40% to 71.7% depending on the
observation date (tab. 1). By comparison, when used cura-
tively on R. canina Schmid’s Ideal, it had an efficacy from
67.2% to 79.3% (tab. 2). In the subsequent experiment,
PronTech used curatively showed an efficacy from 95.6% to
100% (tab. 3). The plant growth promoter used for a single

spray treatment of roses showed, depending on the experi-
ment and observation date, an efficacy from 53.3% to 100%
in the inhibition of D. rosae spore germination (tab. 4, 5, 6).
In the case of fungi, the active ingredient of PronTech
strongly inhibits the action of proteolytic enzymes. There-
fore, all the biochemical reactions that are dependent on
these enzymes are inhibited. The direct action of the agent
is the destruction of cell walls of fungi and cell plasmoly-
sis (www.upitrading.com). The active substance of Pron-
Tech belongs to the group of quaternary ammonium com-
pounds. The mechanism of their action on microorganisms
consists in:

» adsorption and penetration of the agent through the
cell wall,

* reaction with cytoplasmic membrane components
(proteins or lipids), which results in membrane
disintegration,

+ leakage of low molecular weight intracellular com-
ponents,

» degradation of proteins and nucleic acids,

* lysis of cell walls caused by the action of autolyt-
ic enzymes (Salton 1968; McDonnell and Russell
1999; Obtak and Gamian 2010).

A correlation was observed in the percentage of germi-
nating spores after subsequent days for observations in first
year [series I: 0.8469 (1 day vs. 7 days), 0.8506 (1 day vs.
14 days) and 0.9832 (7 days vs. 14 days)] (tab. 5).

Solfan PK — when used preventively, the foliar fertil-
izer showed an efficacy from 47.5% to 80.4% depending on
the observation date (tab. 1). By comparison, the fertilizer
used curatively on R. canina Schmid’s Ideal had an efficacy
from 68.7% to 81.4% (tab. 2). In the subsequent experi-
ment, it was used curatively and showed an efficacy above
95% (tab. 3). Solfan PK used for a single spray treatment of
roses showed, depending on the experiment and observation
date, an efficacy from 23.9% to 97.5% in the inhibition of
D. rosae spore germination (tab. 4, 5, 6). Previous studies
had shown high effectiveness of Solfan PK in plant protec-
tion against rose powdery mildew (Wojdyta et al. 2010a),
mallow rust (Puccinia malvacearum Bert. et Monty.) and
willow rust (Melampsora epitea Thiim.) (Wojdyla et al.
2010b). Potassium bicarbonate, one of the components of
Solfan PK, was highly effective in the protection of apple
trees against apple scab [Venturia inaequalis (Cooke) Win-
ter] (Jamar et al. 2007). The other component of the fer-
tilizer, monopotassium phosphate, can induce local and
systemic resistance in protected plants (Mucharromah
and Ku¢ 1991).

UHT Milk 3.2% — when used preventively on the very
susceptible cultivar Polastern, it showed an efficacy from
44.3% to 73.9% depending on the observation date (tab. 1).
By comparison, the milk used curatively on R. canina cul-
tivar Schmid’s Ideal had an efficacy from 48.8% to 72.4%
(tab. 2). In the subsequent experiment, the milk used cu-
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ratively showed an efficacy from 89.5% to 95% (tab. 3).
When used for a single spray treatment of roses, the milk
showed, depending on the experiment and observation date,
an efficacy from 7.2% to 39.9% in the inhibition of D. rosae
spore germination (tab. 5, 6). A correlation was observed in
the percentage of germinating spores after subsequent days
for observations in first year [series II: 0.7977 (1 day vs.
7 days), 0.9268 (1 day vs. 14 days) and 0.8050 (7 days vs.
14 days)] (tab. 6).

Milk acts directly and indirectly on pathogens by induc-
ing systemic resistance in plants (Bettiol 1999). Unsaturated
fatty acids, linoleic, linolenic and oleic, in vegetable oils
(rapeseed) and milk can induce systemic plant resistance
to pathogens (Ku¢ 2001). Lactoferrin, which is contained
in milk, when used for spraying, causes severe dehydration
and deformation of the mycelium and spores [Uncinula ne-
cator (Schwein.) Burill.] (Ku¢ 2001).

The effectiveness of the test products in the protection
of roses against black spot was closely dependent on the
species or variety, and also on the initial severity of symp-
toms and weather conditions. In first year, in the first weeks
of the experiment on the very susceptible cultivar Polas-
tern, the severity of disease symptoms on the control plants
was low, and only occasional spots were observed on the
lower leaves of the protected roses. In the following weeks
(week 12 and 16) of the experiment there was a sharp in-
crease in the severity of symptoms, which was associated
with a decrease in the effectiveness of the test products
(tab. 1). In the case of using the products curatively, only
a 14-day discontinuation in the use of the products result-
ed in increased severity of symptoms on the control roses
and a decrease in the effectiveness of the products tested
(tab. 2). In the subsequent experiment, the effectiveness of
the products was still very high even after 14 days from the
end of the experiment, which could have been caused by the
weather, characterized by lack of precipitation during that
period (tab. 3).

Tabela 7. Podobienstwo euklidesowe pomigdzy nawozami dolistnymi

Table 7. The Euclidean similarity between foliar fertilizers

The Domark 100 EC fungicide showed higher or simi-
lar effectiveness in the protection of rose against black spot
compared with the products tested. The undoubted advan-
tage of the discussed agents, apart from the wide range of
pathogens combated, is the possibility of their repeated use
during the vegetation period without the risk of pathogen
resistance. They can be used to protect not only ornamen-
tal plants but also other crop species, where they are ap-
proved for use as plant growth stimulants or foliar fertilizers
(Wojdyta et al. 2023).

Considering similarities/differences in each character-
istic can lead to different interpretations, especially when
no statistically significant correlations are observed. Mul-
tivariate methods address this issue. Mean clustering and
principal component analysis were used to assess similari-
ties/differences in the effects of the treatments. The Euclid-
ean similarity between foliar fertilizers calculated based
on all observed characteristics (traits and time of observa-
tion) ranged from 0.4469 (between Domark 100 EC and
Huwa-San TR-50) to 0.9575 (between Biosept Active and
Huwa-San TR-50) (tab. 7). The calculated similarity values
were used to construct a similarity dendrogram, which dis-
tinguished three main clusters. One of them was Domark
100 EC and PronTech, the second — Solfan PK and Actifos,
and the third one — the remaining foliar fertilizers (fig. 1).
The first two principal components explained 82.42% of the
total variability between foliar fertilizers calculated based
on all observed traits. Three groups consisting of two foliar
fertilizers were distinguished: (1) Actifos and Solfan PK, (2)
Atonik SL and Huwa-San TR-50, (3) Biosept Active and
Olejan 85 EC (fig. 2). The remaining three foliar fertilizers
were separate single-element groups (fig. 2). The obtained
results allowed us to group treatments that produce similar
effects across all considered characteristics. This may facili-
tate practical decision-making regarding the selection of the
appropriate treatment.

Folir rtzers | to0EC | Actifos | kst | g | Reme | Thso | sspc | ProvTeeh
Actifos 0.817
Atonik SL 0.4818 0.8579
Liquid Bioczos 0.5526 0.8979 0.9258
Biosept Active 0.5584 0.861 0.9342 0.9079
Huwa-San TR-50 0.4469 0.8004 0.9129 0.9238 0.9575
Olejan 85 EC 0.5045 0.7986 0.8529 0.8382 0.9277 0.9023
PronTech 0.8549 0.7407 0.4977 0.5746 0.6418 0.5161 0.5471
Solfan PK 0.843 0.8845 0.7545 0.8055 0.8354 0.8059 0.8018 0.8108
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Rys. 1. Mapa cieplna podobienstwa euklidesowego pomigdzy nawozami dolistnymi
Fig. 1. Heat map of Euclidean similarity between foliar fertilizers
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Fig. 2. Distribution of foliar fertilizers in the system of the first two principal components
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Whioski / Conclusions PK showed the highest efficacy in inhibiting germination
of D. rosae spores. All of the natural and synthetic prod-

Actifos, Atpolan 80 EC, Olejan 85 EC, PronTech, Solfan ucts tested can be used in the cultivation of roses to protect

PK and UHT Milk used to protect rose showed in most ex-  against black spot. None of the tested products was phyto-

periments very high effectiveness in reducing the develop-  toxic to the rose cultivars used in the experiments.

ment of black spot symptoms. PronTech, Actifos and Solfan
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