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Potential of using products containing amino acids in the protection
of garden pansy (Viola wittrockiana) against pansy leaf anthracnose
(Colletotrichum violae-tricoloris) and their impact on plant growth

Mozliwos¢ wykorzystania Srodkdéw zawierajgcych aminokwasy
w ochronie bratka ogrodowego (Viola wittrockiana)
przed Colletotrichum violae-tricoloris oraz ich wptyw na wzrost roslin

Adam T. Wojdyta*

Summary

The study evaluated the effects of plant growth promotor Agro-Sorb Folium and foliar fertilizers Agro-Sorb L-Amino* and Agro-Sorb
Radiculum on the development of pansy leaf anthracnose caused by Colletotrichum violae-tricoloris. Agro-Sorb Folium and Agro-Sorb
L-Amino* were applied 6 times at 7-day intervals in a greenhouse conditions at the concentrations of 0.25, 0.5 and 1%. Their efficacy
ranged from 48 to 61.7% and 40 to 61.7%, respectively. Higher concentrations of the tested products increased their effectiveness. Agro-
-Sorb Radiculum used as a foliar treatment at 0.5% displayed an efficacy of approximately 57%. The fertilizers Agro-Sorb L-Amino* and
Agro-Sorb Radiculum applied 6 times as watering plants, showed an efficacy from 67% to 70.2% and from 57.5% to 65%, respectively.
All the tested products used for spraying or watering caused significant stimulation of the growth of pansy plants. None of the tested
products caused changes in the appearance of the plants (phytotoxicity).
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Streszczenie

Oceniano wptyw stymulatora wzrostu roslin Agro-Sorb Folium, nawozéw dolistnych Agro-Sorb L-Amino* oraz Agro-Sorb Radiculum,
stosowanych 6-krotnie co 7 dni do opryskiwania bratka ogrodowego uprawianego w szklarni, na rozwdj objawéw chorobowych powo-
dowanych przez Colletotrichum violae-tricoloris. Agro-Sorb Folium oraz Agro-Sorb L-Amino* stosowano w stezeniu 0,25, 0,5 oraz 1%. Ich
skutecznos¢ wynosita odpowiednio od 48 do 61,7% oraz 40 do 61,7%. Wzrost stezenia badanych srodkéw powodowat zwiekszenie ich
skutecznosci. Agro-Sorb Radiculum w stezeniu 0,5% zastosowany do opryskiwania bratka, wykazywat okoto 57% skutecznos¢. Nawozy
Agro-Sorb L-Amino* oraz Agro-Sorb Radiculum po 6-krotnym podlaniu bratka wykazywaty skutecznos$¢ odpowiednio od 67 do 70,2% oraz
57,5 do 65%. Wszystkie badane $rodki stosowane do opryskiwania lub podlewania powodowaty istotng stymulacje wzrostu krzewéw
bratka. Zaden z badanych $rodkéw nie powodowat zmian w wygladzie bratka (fitotoksycznosci).

Stowa kluczowe: Colletotrichum violae-tricoloris; antraknoza; bratek ogrodowy; aminokwasy; skutecznos¢; opryskiwanie
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Wstep / Introduction

Leaf anthracnose caused by Colletotrichum violae-tri-
coloris R. E. Sm. is one of the most common and most seri-
ous diseases of pansy, occurring in both indoor and open-
field cultivation. In landscape and greenhouse cultivation,
severely infected pansies lose their decorative value, and
may not be marketable at all. Considerable increases in the
severity of disease symptoms have been recorded at high den-
sity planting in years with frequent rainfall. The number of
products authorized for use in the protection of pansy against
leaf anthracnose is low, and therefore, there is a risk of oc-
currence of C. violae-tricoloris resistance due to the absence
of adequate rotation of protective agents. For this reason, it
seems most appropriate to search for other means of protec-
tion.

The first reports concerning the possibility of using ami-
no acids to induce plant resistance to pathogens are from
the second half of the 20th century (Ku¢ et al. 1959). The
authors demonstrated the resistance of apple cultivars sus-
ceptible to Venturia inaequalis after injecting the amino
acid phenylalanine into their petioles. In subsequent years,
there appeared studies on the possibility of using amino ac-
ids in plant protection against foliar and soil pathogens such
as: Aphanomyces euteiches, Botrytis fabae, Cladosporium
cucumerinum, Colletotrichum lagenarium, Erysiphe cicho-
racearum, Phytophthora infestans, Phytophthora cinnamo-
mi, Puccinia recondita f. sp. tritici and Puccinia graminis
f. sp. tritici, Fusarium oxysporum f. sp. lycopersici, Fusar-
ium oxysporum f. sp. vasinfectum, Pyricularia oryzae (Van
Andel 1966; Woltz and Jones 1970; Homma et al. 1973;
Aly et al. 2010; Kadotani et al. 2016). The amino acid is
absorbed by the cells and is easily engaged into the metabol-
ic processes (Lipson and Nasholm 2001; El-Ghamry ef al.
2009). Explaining the mechanism of action of amino acids
on pathogens, Van Andel (1966) points out their fungicidal
activity, reduction in pathogenicity, production of other com-
pounds in soil or plant, disturbances in nitrogen metabolism,
interference in the expression of symptoms, and increase in
plant resistance to a specific pathogen. Hasabi ef al. (2014),
in a study of citrus bacterial canker (Xanthomonas citri sub-
sp. citri), showed that amino acids (L-arginine, L-ornithine
and L-methionine) used for spraying plants restricted the
development of necrosis caused by that bacterium and af-
fected the amounts in plant tissues of some enzymes such
as catalase, peroxidase, phenylalanine ammonia-lyase, and
1,3-B glucanase. Among the tested amino acids, L-methio-
nine showed the highest efficacy. The role of phenylalanine
ammonia-lyase in inducing plant defense mechanisms is as-
sociated with the biosynthesis of phytoalexins, with the con-
version of phenolic compounds to lignin-like substances, and
with the induction of salicylic acid, which is involved in the
transmission of signals inducing local and systemic resistance
of the plant. Therefore, the level of activity of this enzyme is

correlated with the degree of plant resistance to infection and
the aggressiveness of the pathogen (Galazka 2013).

Bakry and Rizk (1967) showed that amino acids directly
affect spore germination, germ hypha elongation, and syn-
thesis and activity of some enzymes responsible for the
pathogenesis of Fusarium spp. In turn, Van Andel (1966)
reported that various natural amino acids in vitro inhibited
spore germination and growth of pathogen cultures while
provided at high concentrations in the medium. Similarly,
a previous study of ours assessed the influence of various
concentrations of tested agents in potato-dextrose medium
on the growth of Sclerotinia sclerotiorum cultures. When
Agro-Sorb Folium, Agro-Sorb L-Amino™ and Agro-Sorb
Radiculum were applied at the concentration of 10 000 ug/ml
in the medium, an inhibition of the growth of cultures was
66.3, 71.7 and 40.4% respectively (Wojdyta and Sobolews-
ki 2016).

The aim of the present study was to determine the effec-
tiveness of selected products in reducing the development
of leaf anthracnose (C. violae-tricoloris) in garden pansy
and their effect on plant growth.

Materialy i metody / Materials and methods

The study included products whose main ingredient
were free, natural (L-a) amino acids (histidine, serine, argi-
nine, glycine, aspartic acid, glutamic acid, threonine, ala-
nine, proline, cysteine, lysine, tyrosine, methionine, valine,
isoleucine, leucine, phenylalanine, tryptophan), i.e. plant
growth promoter Agro-Sorb Folium [12% total amino ac-
ids (2.7% bound amino acids + 9.3% free amino acids) +
2.1% total nitrogen (N) + 0.02% boron (B) + 0.05% manga-
nese (Mn) + 0.07% zinc (Zn)], organic fertilizer Agro-Sorb
L-Amino” [10% total amino acids (5% bound amino acids +
5% free amino acids) + 2% total nitrogen (N) + 2% organic
nitrogen (Norg) + 4% organic carbon (Corg) + 65% organic
matter in dry weight], and organo-mineral fertilizer Agro-
-Sorb Radiculum [7% total amino acids (1% bound amino
acids + 6% free amino acids) + 2.9% total nitrogen (N) +
1% phosphorus (P,0,) + 70% organic matter in dry weight
+ 20% dry weight] for spraying garden pansy cultivar
Abendglut grown in a greenhouse. Garden pansies were
planted in 1 litre containers placed on a windowsill in the
greenhouse. During the experiment, the air humidity in the
greenhouse was maintained at about 70%, and the tempera-
ture varied between 16 and 20°C. The plants were watered
by stream of water directed onto topsoil in the pots or using
the capillary matting system, which is designed to first ab-
sorb, then deliver water to the plants placed on the mat.

After the onset of disease symptoms, the tested prod-
ucts were applied 6 times at weekly intervals by spraying or
watering the plants at the concentrations given in Table 1.
Domark 100 EC (100 g tetraconazole in 1 1) was used as the
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standard agent. The control plants were sprayed with water,
and all the other ones with the tested products at various
concentrations, using 100 ml of liquid per 1 m?. For water-
ing the plants, the amount of liquid used was 50 ml per pot.

Severity of the disease symptoms was determined on an
8-point scale (Table 1, 2) before the beginning of the experi-
ment and 3 days after 2, 4 and 6 spray treatments. Observa-
tions of possible phytotoxicity of the tested products were
carried out 3 days after each treatment and the assessment of
the plants focused on signs of yellowing, browning of plant
tissues, or growth inhibition.

After the completion of the experiments, the aboveg-
round parts of the plants were separated, from the under-
ground parts by a scalpel, and weighed to determine the
fresh weight for each replication. After dividing the number
of plants in each replication, fresh weight date was obtained
for a single plant. Next, the aboveground parts from the in-
dividual replications were placed into envelopes and stored
at 70°C for 24 hours in forced-air incubators. After 24 hours
incubation period, the plant material was again weighed
with and without envelopes. To obtain the dry weight per
plant, the final dry weight of aboveground parts was divided
by the number of plants in the replication (5). The experi-

ments were set up in a completely randomized block design,
in 4 replications with 5 pansy plants each. The data obtained
were subjected to statistical analysis using Duncan’s test.
The percentage inhibition in the occurrence of the symp-
toms of leaf anthracnose was then calculated in relation to
the control object (unprotected) using a simplified Abbott’s
formula (Abbott 1925).

Wyniki i dyskusja / Results and discussion

Wplyw stymulatora wzrostu i badanych nawozow

na ochrone bratka ogrodowego przed plamistoscia lisci
/ Effect of the growth promoter and fertilizers tested on
the protection of garden pansy against leaf anthracnose

In the first greenhouse experiment, after 2 foliar treat-
ments, the recorded degree of infection of the control plants
was 1.9 (Table 1). The efficacy of Agro-Sorb Folium at the
concentrations of 0.25, 0.5 and 1% in limiting the develop-
ment of leaf anthracnose was from 84.2 to 89.5%. Agro-
Sorb L-Amino*, at the concentrations of 0.25, 0.5 and 1%,
showed an efficacy of about 89.5% in reducing the develop-
ment of disease symptoms. An increase in the concentra-

Tabela 1. Skutecznos¢ Agro-Sorb Folium, Agro-Sorb L-Amino" oraz Agro-Sorb Radiculum w ograniczaniu rozwoju plamistosci lisci
bratka ogrodowego odmiany Abendglut uprawianego w szklarni
Poczatek doswiadczenia i porazenie wstepne: 26.09.2016 = 0,2

Table 1. Effectiveness of Agro-Sorb Folium, Agro-Sorb L-Amino” and Agro-Sorb Radiculum in controlling the development of leaf
anthracnose in garden pansy cultivar Abendglut grown in a greenhouse
Experiment start date and initial severity of infection: 26.09.2016 = 0.2

Stopief pora?enig roslin Procentowa skutecznos¢
Seni po opryskiwaniach po opryskiwaniach
Kombinacja Stezenie (w skali 0-7-stopniowej) P tave effect]
Concentration D finfection aft . ercentage effectiveness
Treatment o egree of infection after spraying after spraying
[%0] (0-7 point scale)
2 4 6 2 4 6
Kontrola — Control - 1.90d 4.15¢ 5.001 - - -
Domark 100 EC 0.05 0.20 ab 1.45d 2.00c¢ 89.5 65.1 60.0
Agro-Sorb Folium 0.25 0.30 be 2.05f 2.60¢g 84.2 50.6 48.0
Agro-Sorb Folium 0.5 0.25 a-c 1.85¢ 240 f 86.8 554 52.0
Agro-Sorb Folium 1 0.20 ab 1.40d 220e¢ 89.5 66.3 56.0
Agro-Sorb L-Amino* 0.25 0.20 ab 1.45d 3.00h 89.5 65.1 40.0
Agro-Sorb L-Amino* 0.5 0.20 ab 1.05b 2.10d 89.5 74.7 58.0
Agro-Sorb L-Amino* 1 0.20 ab 0.40a 2.00c 89.5 90.4 60.0
Agro-Sorb L-Amino™* 0.8% 0.15a 0.40a 1.65a 92.1 90.4 67.0
Agro-Sorb Radiculum 0.5 0.35¢ 1.25¢ 2.20¢ 81.6 69.9 56.0
Agro-Sorb Radiculum* 0.8% 0.30 be 0.95b 1.75b 84.2 77.1 65.0

*podlewanie — irrigation

Srednie w kolumnach oznaczone ta samag litera nie r6znia si¢ istotnie wedtug testu Duncana przy p = 0,05

Means followed by the same letter in a column do not differ significantly according to Duncan’s test at p = 0.05
Skala porazenia: 0 — brak objawow, 1 — do 1% powierzchni lisci pokrytej plamami, 2 — 1,1 do 5%, 3 — 5,1 do 10%, 4 — 10,1 do 25%, 5 — 25,1 do 50%,

6 —50,1 do 75%, 7 — powyzej 75% powierzchni lisci pokrytej plamami

Infection severity scale: 0 — no symptoms, | —up to 1% of leaf surface area covered with lesions, 2 — 1.1 to 5%, 3 — 5.1 to 10%, 4 — 10.1 to 25%, 5 —

25.1 to 50%, 6 — 50.1 to 75%, 7 — more than 75% of leaf surface area covered with lesions
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tion of the tested growth promoter and fertilizer, used for
spraying the pansies, was associated with an increase in their
effectiveness. The Agro-Sorb Radiculum fertilizer at the con-
centration of 0.5% showed an efficacy of 81.6% in limiting
the development of disease symptoms. Agro-Sorb L-Amino*
and Agro-Sorb Radiculum, applied 2 times for watering the
plants, showed an efficacy of 92.1 and 84.2%, respectively.

After 4 foliar treatments, the degree of infection of the
control plants was 4.15 (Table 1). The efficacy of Agro-Sorb
Folium at the concentrations of 0.25, 0.5 and 1% in limit-
ing the development of disease symptoms was from 50.6 to
66.3%. The efficacy of Agro-Sorb L-Amino* at the concen-
trations of 0.25, 0.5 and 1% ranged from 65.1 to 90.4%. An
increase in the concentration of the tested growth promoter
and fertilizer, used for spraying the pansies, was associ-
ated with an increase in their effectiveness. The Agro-Sorb
Radiculum fertilizer at the concentration of 0.5% showed an
efficacy of about 70%. Agro-Sorb L-Amino* and Agro-Sorb
Radiculum applied 4 times for watering the plants showed
an efficacy of 90.4 and 77.1%, respectively.

After 6 foliar treatments, the degree of infection of the
control plants was found to be 5.0 (Table 1). The efficacy
of Agro-Sorb Folium at concentrations of 0.25, 0.5 and 1%

in limiting the development of disease symptoms was from
48 to 56%, while Agro-Sorb L-Amino* used in those con-
centrations showed an efficacy from 40 to 60%. An increase
in the concentration of the tested growth promoter and fertil-
izer used for spraying the pansy plants was associated with
an increase in their effectiveness. The Agro-Sorb Radiculum
fertilizer at the concentration of 0.5% showed an efficacy
of 56%, while Agro-Sorb L-Amino* and Agro-Sorb Radicu-
lum used for watering the plants showed, after 6 treatments,
an efficacy of 67 and 65%, respectively.

In the second greenhouse experiment, after 2 foliar
treatments, the degree of infection of the control plants was
2.55 (Table 2). Agro-Sorb Folium at the concentrations of
0.25, 0.5 and 1% showed an efficacy from 45.1 to 60.8% in
limiting the development of disease symptoms. Agro-Sorb
L-Amino* at the concentrations of 0.25, 0.5 and 1% had an
efficacy from 39.2 to 56.9% in restricting the development
of disease symptoms. An increase in the concentration of
the tested growth promoter and fertilizer used for spraying
the pansies was associated with an increase in their effec-
tiveness. The Agro-Sorb Radiculum fertilizer at the concen-
tration of 0.5% showed an efficacy of 60.8% in limiting the
development of disease symptoms. Agro-Sorb L-Amino*

Tabela 2. Skuteczno$¢ Agro-Sorb Folium, Agro-Sorb L-Amino" oraz Agro-Sorb Radiculum w ograniczaniu rozwoju plamistosci lisci
bratka ogrodowego odmiany Acquarelle Felix White uprawianego w szklarni
Poczatek do§wiadczenia i porazenie wstepne: 28.10.2016 = 0,4

Table 2. Effectiveness of Agro-Sorb Folium, Agro-Sorb L-Amino* and Agro-Sorb Radiculum in controlling the development of leaf
anthracnose in garden pansy cultivar Acquarelle Felix White grown in a greenhouse
Experiment start date and initial severity of infection: 28.10.2016 = 0.4

Stopich pora?eniq roslin Procentowa skutecznos¢
Stezeni po oprysklwamgch . po opryskiwaniach
Kombinacja czeme (w skali 0-7-stopniowej) Percentage effectiveness
Concentration Degree of infection after sprayin g
Treatment o g praying after spraying
(%] (0-7 point scale)
2 4 6 2 4 6
Kontrola — Control - 2.55f 4.15h 470 f - - -
Domark 100 EC 0.05 040 a 1.00 a 140 a 84.3 75.9 70.2
Agro-Sorb Folium 0.25 1.40d 2.00 f 2.10 de 45.1 51.8 553
Agro-Sorb Folium 0.5 1.20 ¢ 1.80 ¢ 1.85b 52.9 56.6 60.6
Agro-Sorb Folium 1 1.00 b 1.70d 1.80b 60.8 59.0 61.7
Agro-Sorb L-Amino” 0.25 1.55e 220g 220e 39.2 47.0 53.2
Agro-Sorb L-Amino* 0.5 1.20¢ 1.85¢ 1.90 be 52.9 554 59.6
Agro-Sorb L-Amino* 1 1.10 be 1.60 ¢ 1.80 b 56.9 61.4 61.7
Agro-Sorb L-Amino™* 0.8%* 1.00 b 1.25b 1.40 a 60.8 69.9 70.2
Agro-Sorb Radiculum 0.5 1.00b 1.80¢ 2.00 cd 60.8 56.6 57.5
Agro-Sorb Radiculum* 0.8% 1.40d 1.60 ¢ 2.00 cd 84.3 61.4 57.5

*podlewanie — irrigation

Srednie w kolumnach oznaczone ta samag litera nie r6znia si¢ istotnie wedtug testu Duncana przy p = 0,05

Means followed by the same letter in a column do not differ significantly according to Duncan’s test at p = 0.05
Skala porazenia: 0 — brak objawow, 1 — do 1% powierzchni lisci pokrytej plamami, 2 — 1,1 do 5%, 3 — 5,1 do 10%, 4 — 10,1 do 25%, 5 — 25,1 do 50%,
6—50,1 do 75%, 7 — powyzej 75% powierzchni lisci pokrytej plamami
Infection severity scale: 0 — no symptoms, 1 —up to 1% of leaf surface area covered with lesions, 2 — 1.1 to 5%, 3 — 5.1 to 10%, 4 — 10.1 to 25%, 5 —

25.1 to 50%, 6 — 50.1 to 75%, 7 — more than 75% of leaf surface area covered with lesions
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and Agro-Sorb Radiculum used for watering the plants re-
stricted the development of the disease by 60.8 and 84.3%,
respectively, after 2 treatments.

After 4 foliar treatments, the degree of infection of the
control plants was found to be 4.15 (Table 2). The efficacy
of Agro-Sorb Folium at the concentrations of 0.25, 0.5 and
1% in limiting the development of disease symptoms was
from 51.8 to 59%. The efficacy of Agro-Sorb L-Amino* at
the concentrations of 0.25, 0.5 and 1% ranged from 47 to
61.4%. An increase in the concentration of the tested growth
promoter and fertilizer used for spraying the pansy plants
was associated with an increase in their effectiveness. The
Agro-Sorb Radiculum fertilizer at the concentration of 0.5%
showed an efficacy of 56.6%, while Agro-Sorb L-Amino*
and Agro-Sorb Radiculum used for watering the plants
showed, after 4 treatments, an efficacy of 69.9 and 61.4%,
respectively.

After spraying the pansies 6 times, the degree of infec-
tion of the control plants was 4.7 (Table 2). The efficacy
of Agro-Sorb Folium at the concentrations of 0.25, 0.5 and
1% ranged from 55.3 to 61.7%. Agro-Sorb L-Amino" at
the concentration of 0.25, 0.5 and 1% showed an efficacy
from 53.2 to 61.7% in limiting the development of disease
symptoms. An increase in the concentration of the tested
growth promoter and fertilizer used for spraying the pan-
sies was associated with an increase in their effectiveness.
The Agro-Sorb Radiculum fertilizer at the concentration of
0.5% had an efficacy of 57.5% in limiting the development
of disease symptoms. Agro-Sorb L-Amino” and Agro-Sorb
Radiculum used for watering the plants 6 times restricted
the development of disease symptoms by 70.2 and 57.5%,
respectively.

The relatively high effectiveness of the tested products
containing amino acids has confirmed the results of the
previous studies in which Agro-Sorb Folium, Agro-Sorb
L-Amino* and Agro-Sorb Radiculum at the concentrations
of 0.25, 0.5 and 1% used for spraying greenhouse-grown
roses 4 times at 7-day intervals showed an efficacy from
64 to 98% in limiting the development of powdery mildew
caused by Podosphaera pannosa (Wojdyta 2017). An in-
crease in their concentration resulted in an increase in their
effectiveness. Agro-Sorb Radiculum used at the concentra-
tion of 0.5% for spraying roses had an efficacy of about 85%.
The fertilizers Agro-Sorb L-Amino* and Agro-Sorb Radicu-
lum showed an efficacy of 21.7 and 64%, respectively, after
watering the roses 2 times, and 10 and 17%, respectively,
after 4 watering treatments (Wojdyta 2017). Similarly, high
effectiveness of the above products was demonstrated in
the field studies in the protection of string beans against
S. sclerotiorum (Wojdyta and Sobolewski 2016). In the study
by these authors, Agro-Sorb Folium, Agro-Sorb L-Amino*
and Agro-Sorb Radiculum at the concentrations of 0.25,
0.5 and 1% applied 4 times at 7-day intervals for spraying
string beans showed an efficacy from 57.9 to 81.3% in re-

ducing the symptoms of rot caused by S. sclerotiorum.
An increase in the concentration of the tested products
increased their effectiveness. Agro-Sorb Radiculum at the
concentration of 0.5% used for spraying beans showed an
efficacy of over 52%. Based on literature data it can be
suggested that the amino acids present in the tested prod-
ucts interacted with the pathogen directly and by inducing
resistance. The studies in which the authors had demon-
strated the possibility of direct action of amino acids on
some pathogens, including Fusarium spp. and S. sclero-
tiorum (Bakry and Rizk 1967; Wojdyta and Sobolewski
2016) confirmed these findings. In turn, the development
of acquired resistance in plants following the use of ami-
no acids had been pointed out by Ku¢ et al. (1959) and
Mehta et al. (1991). Similarly, the induction of resistance
in plants resulting from the application of amino acids
had been demonstrated in the protection of pumpkin, pea,
melon and strawberry against powdery mildew (Tzeng
et al. 1996) and against downy mildew in pearl millet
(Sarosh et al. 2005). However, the literature data regard-
ing the possibility of using amino acids as inducers of
plant resistance are very limited (Hasabi et al. 2014).

Wplyw stymulatora wzrostu i badanych nawozéw
na wzrost roslin / Influence of the tested
growth promoter and fertilizers on plant growth

In the first experiment, it was found that the plants
sprayed with Agro-Sorb Folium, Agro-Sorb L-Amino*
and Agro-Sorb Radiculum at the concentrations tested
had a significantly higher fresh weight of aboveground
parts, ranging from 21 to 36.4%, in comparison with the
control plants (Table 3). By far the highest fresh weight
of the aboveground parts of pansies was found for the
plants watered with Agro-Sorb L-Amino* and Agro-Sorb
Radiculum, which was greater than in the control plants
by 39 to 45.2%. A similar relationship was found for
the dry weight of the aboveground parts of pansy plants
(Table 4). At the concentrations tested, a dry weight of
aboveground parts of the plants sprayed with Agro-Sorb
Folium, Agro-Sorb L-Amino" and Agro-Sorb Radicu-
lum was by 16.9 to 37.1% higher than the control plants
(Table 4). The highest dry weight of aboveground
parts was found for the plants watered with Agro-Sorb
L-Amino* and Agro-Sorb Radiculum, which was greater
by 38.2 to 50.6% compared with the control plants.

In the second experiment, it was found that the pansy
plants sprayed with the Agro-Sorb Folium growth pro-
moter had, at each concentration tested, by 1.6 to 5.8%
greater fresh weight of aboveground parts compared
with the control plants (Table 3). As for the fertilizer
Agro-Sorb L-Amino* treatment, an increase in the fresh
weight of aboveground parts was recorded only when the
product was applied at the concentration of 0.5%. For the
other tested concentrations of Agro-Sorb L-Amino* and
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Tabela 3. Wplyw stymulatora wzrostu Agro-Sorb Folium oraz nawozéw Agro-Sorb L-Amino* i Agro-Sorb Radiculum na $wieza mase¢

ro$lin bratka ogrodowego w dos§wiadczeniach

Poczatek dos§wiadczenia: 26.09.2016

Table 3.

Experiment start date: 26.09.2016

Effect of Agro-Sorb Folium growth promotor and Agro-Sorb L-Amino* and Agro-Sorb Radiculum fertilizers on the fresh weight
of garden pansy plants in the experiments

Srednia $wieza masa czedci Procentowy wzrost §wiezej masy czgsci
nadziemnych rosliny nadziemnych rosliny
o Mean fresh weight Percentage increase in fresh weight
Kombinacja St@zeme. of aboveground parts of aboveground parts
Concentration
Treatment [%]
doswiadczenie doswiadczenie doswiadczenie doswiadczenie
experiment experiment experiment experiment
I I I I
Kontrola — Control - 6.29a 7.03 cd - -
Domark 100 EC 0.05 6.0l a 8.64h 4.5 22.9
Agro-Sorb Folium 0.25 7.66b 744 f 21.8 5.8
Agro-Sorb Folium 0.5 8.53 cd 7.35ef 35.6 4.6
Agro-Sorb Folium 1 837¢c 7.14 c-e 33.1 1.6
Agro-Sorb L-Amino* 0.25 7.64b 533a 21.5 -24.2
Agro-Sorb L-Amino* 0.5 835¢ 7.22 d-f 32.8 2.7
Agro-Sorb L-Amino* 1 7.61Db 6.89 ¢ 21.0 -2.0
Agro-Sorb L-Amino™* 0.8% 9.13¢ 9.06 i 452 28.9
Agro-Sorb Radiculum 0.5 8.58 cd 6.240b 36.4 -11.2
Agro-Sorb Radiculum* 0.8% 8.74d 827¢g 39.0 17.6

*podlewanie — irrigation
Srednie w kolumnach oznaczone ta sama litera nie r6znig si¢ istotnie wedhug testu Duncana przy p = 0,05
Means followed by the same letter in a column do not differ significantly according to Duncan’s test at p = 0.05

Tabela 4. Wplyw stymulatora wzrostu Agro-Sorb Folium oraz nawozéw Agro-Sorb L-Amino* i Agro-Sorb Radiculum na suchg masg

Table 4.

cze¢$ci nadziemnych roslin bratka ogrodowego w doswiadczeniach

Poczatek doswiadczenia: 28.10.2016

Effect of Agro-Sorb Folium growth promotor and Agro-Sorb L-Amino” and Agro-Sorb Radiculum fertilizers on the dry weight

of the aboveground parts of garden pansy plants in the experiments

Experiment start date: 28.10.2016

Srednia sucha masa czesci P hei -
nadziemnych rosliny rocentowy Wzrost suc 6;] masy czgscl
Mean dry weight nadziemnych rosliny
Kombinaci Stezenie of aboveground parts Percentage increase in dry weight
C(;)rrr?bilr?;t?g) ?1 Concentration of aboveground parts
%
Ll doswiadczenie doswiadczenie doswiadczenie doswiadczenie
experiment experiment experiment experiment

I I I I

Kontrola — Control - 0.89b 0.99b - -
Domark 100 EC 0.05 083 a 1.21e —6.7 222
Agro-Sorb Folium 0.25 1.04 ¢ 1.10 cd 16.9 11.1
Agro-Sorb Folium 0.5 1.13d 1.13d 21.2 14.1
Agro-Sorb Folium 1 1.19 ef 1.09 cd 33.7 10.1
Agro-Sorb L-Amino* 0.25 1.06 ¢ 094 a 19.1 =51
Agro-Sorb L-Amino* 0.5 1.22 fg I.1l1cd 37.1 12.1
Agro-Sorb L-Amino* 1 1.06 ¢ 1.09 ¢ 19.1 10.1
Agro-Sorb L-Amino™* 0.8% 123 ¢g 1.29f 38.2 30.3
Agro-Sorb Radiculum 0.5 1.17e 0.94 a 32.6 5.1
Agro-Sorb Radiculum* 0.8% 1.34h 1.28f 50.6 29.3

*podlewanie — irrigation
Srednie w kolumnach oznaczone ta sama litera nie r6znig si¢ istotnie wedtug testu Duncana przy p = 0,05
Means followed by the same letter in a column do not differ significantly according to Duncan’s test at p = 0.05
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Agro-Sorb Radiculum, the fresh weight of aboveground
parts was found to be lower than in the control plants. By
far the highest fresh weight of the aboveground parts of
pansy plants was found in plants watered with Agro-Sorb
L-Amino* and Agro-Sorb Radiculum, which was by 17.6 to
28.9% greater than in the control plants. A similar relation-
ship was found for the dry weight of the aboveground parts
of the plants (Table 4). The plants sprayed with Agro-Sorb
Folium at all concentrations and Agro-Sorb L-Amino* at the
concentrations of 0.5 and 1.0% showed by 10.1 to 14.1%
greater dry weight of aboveground parts compared with the
control plants (Table 4). Spraying the plants with Agro-Sorb
L-Amino* at the concentration of 0.25% and Agro-Sorb
Radiculum at the concentration of 0.5% resulted even in
a lower dry weight compared with the control plants. The
highest dry weight of the aboveground parts of the pansy
plants was found after watering them with Agro-Sorb
L-Amino” and Agro-Sorb Radiculum, which was by about
30% greater than that of the control plants.

The experiments showed a varied significant effect of
the pansy cultivar on plant stimulation. Of the cultivars
tested, the cultivar Abendglut was particularly responsive
to growth stimulation. Application of the products by wa-
tering proved to be significantly more effective in stimulat-
ing plant growth than application by spraying. The results
obtained have confirmed the author’s previous studies, in
which all the tested products used for spraying or watering
caused significant stimulation of the growth of rose bushes
(Wojdyta 2017). The tested amino acids or foliar fertiliz-

Literatura / References

ers, due to their activity as promoters of plant growth and
development, and also as inhibitors of the development of
many foliar pathogens, are suitable for use in the integrated
protection of pansy plants against diseases.

Whioski / Conclusions

1. The plant growth promoter Agro-Sorb Folium and the
fertilizers Agro-Sorb L-Amino" and Agro-Sorb Radicu-
lum, the main ingredient of which are amino acids, when
used 6 times at 7-day intervals to protect pansy plants,
proved to be highly effective in limiting the develop-
ment of leaf anthracnose caused by C. violae-tricoloris.

2. An increased concentration of Agro-Sorb Folium and
Agro-Sorb L-Amino* resulted in higher efficacy of test-
ed products.

3. The fertilizers Agro-Sorb L-Amino® and Agro-Sorb
Radiculum applied by watering pansy plants 6 times
showed an efficacy of several tens of percent in restrict-
ing the development of leaf anthracnose.

4. The tested growth promoter and fertilizers, used for
spraying or watering, caused significant stimulation of
the growth of pansy plants.

5. The tested growth promoter and fertilizers, used for
spraying or watering, did not cause any phytotoxicity
and none changes in the appearance of pansy plants
were observed.
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