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The article reflects the results of studying the effectiveness of the action of the specialized preparations
«Lignohumate» and «Trainer» on the growth, development and decorative qualities of some representatives
of the Paeonia L. genus complex in the conditions of the forest-steppe zone of the Bashkir Cis-Ural. For the
first time in the conditions of the Southern Ural, the influence of new growth stimulants on the decorativeness
of some varieties of Paeonia lactiflora from the collection of the SUBGI UFRC RAS was studied. It is shown
that under the influence of the studied preparations there was an increase in the number of shoots and flowers
on one peduncle, as well as a change in the diameter and height of the flower. It was noted that the use of
growth regulators significantly affected the following decorative features: the size of the flower, the
abundance of flowering and the number of buds on the peduncle. Among the economic and biological
parameters, a large difference between the control and the experiment was noted for the traits: productivity
and duration of flowering, reproductive ability and resistance to diseases and pests. Thus, the studied plant
growth regulators can be recommended for use in floriculture, as they increase the decorative effect of

cultivars.

1 INTRODUCTION

An obligatory part of modern technologies used in
crop production is the use of plant growth regulators,
which allows accelerating the growth and
development of the latter, increasing crop yields and
product quality, plant resistance to diseases and
adverse environmental conditions, and improving the
survival rate of seedlings and seedlings (Naumova et
al., 2014; Piskareva and Cheverdin, 2020).

The use of anti-stress preparations of both
synthetic and natural origin is an important reserve
for increasing plant resistance to adverse growing
conditions (Gins et al., 2020). Currently, preparations
of natural origin, called humic fertilizers, are gaining
wide popularity (Polyakov et al., 2019). They have a
wide range of applications, are highly efficient and
environmentally friendly. Humic substances play one
of the most important roles in improving the physical
and chemical properties of the soil, activating the
microflora, and migration of nutrients (Smolnikova et
al., 2021).
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Among humic preparations, it is worth
highlighting lignohumates — substances obtained as a
result of oxidative-hydrolytic destruction of ligno-
containing raw materials; they are alkali metal salts
of humic and fulvic acids (Poloskin et al., 2013;
Pozdnyakov et al., 2020).

Specialists developed a fundamentally new
technology for obtaining concentrated,
environmentally friendly salts of humic acids. The
product of this technology is marketed under the
trademark “Lignohumate”. This is an effective tool
for pre-sowing treatment of planting material, root
and foliar top dressing, soil remediation, compost
preparation and mineral fertilizer enhancer
(Bratishko et al., 2021). “Lignohumate” (hereinafter
LH) stimulates the growth and development of the
root system, as well as plants in general, relieves
stress during pesticide treatment, increases frost
resistance and drought resistance, as well as the yield
and quality of agricultural products (Fedotov et al.,
2018).
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Previously, the growth-stimulating, rhizogenic
and antifungal effects of known plant growth
regulators on agricultural (Ryabtseva, 2022) and
ornamental crops, such as chrysanthemums
(Denisova and Reut, 2022), irises (Reut and
Beksheneva, 2022), lavenders (Umanets and
Savchenko, 2018), violas (Polyakov and Karpukhin,
2016), asters (Minina, 2018), pelargoniums [2] were
repeatedly shown.

The aim of the study was to assess the influence
of modern plant growth regulators on the growth,
development and change in the decorative and
economic-biological qualities of some varieties of
Paeonia lactiflora.

2 MATERIALS AND METHODS

The studies were carried out in 2020-2022 in the open
field on the basis of the South-Ural Botanical Garden-
Institute of Ufa Federal Research Center of the
Russian Academy of Sciences (hereinafter referred to
as the SUBGI UFRC RAS) on a collection of varietal
peonies. The objects of study are varieties of Paeonia
lactiflora Pall. (‘Agida’, ‘Bev’, ‘Mr. Ed’), introduced
to the territory of the SUBGI UFRC RAS in 2015.

‘Agida’ (breeder unknown) Double.
Hemispherical. Red. Flower up to 13 cm in diameter,
up to 6 cm tall. The bush is closed, up to 60 cm tall,
up to 65 cm in diameter. Peduncle strong, up to 80 cm
tall, bears from 1 to 2 flowers. The total number of
stems is 23-25, of which 16—17 are generative.
Blooms profusely, up to 10 days. The aroma is strong
pleasant. Fruiting. Late. Universal.

‘Bev’ (Krekler, 1975, USA)  Terry.
Hemispherical. Dark pink, petals with a silvery
border around the edge. Flower up to 19 cm in
diameter, up to 6 cm tall. The bush is closed, up to 70
cm tall, up to 80 cm in diameter. Peduncle strong, up
to 90 cm tall, bears from 1 to 2 flowers. The total
number of stems is 23-25, of which 15-17 are
generative. Blooms up to 10 days. Medium floral
aroma. Doesn't bear fruit. Average. Casing.

‘Mr. Ed’ (Klehm, 1980, USA) Terry. Bomb-like.
Pink. Flower up to 18 cm in diameter, up to 6 cm tall.
The bush is closed, up to 65 cm tall, up to 70 cm in
diameter. Peduncle strong, up to 75 cm tall, bears
from 1 to 2 flowers. The total number of stems is
2224, of which 1416 are generative. Blooms up to
10 days. The aroma is pleasant floral. Fruiting. Mid-
early. Universal.

The experiment scheme included the following
options:

1. Lignohumate (0.3%);

2. Trainer (0.3%);

3. Control.

Foliar treatment of cultivars was carried out
(1.5-5 I/ha or 0.15—0.3% solution) 3 times during the
season in the phases of regrowth, budding and
flowering. Consumption 5 g/10 | of water. The use of
a working solution in the amount of 200—300 I/ha.
Control variants were sprayed with clean water.

Lignohumate is a natural growth stimulator and
antistress agent. A complex of humic and fulvic acids,
enriched with trace elements in chelate form.
Stimulates the growth and development of the root
system, as well as the plant as a whole, relieves stress
during pesticide treatment, increases frost resistance
and drought resistance, increases yield and product
quality, increases the intensity of leaf color and
flower color (Reut et al., 2021). Effective for
transplanting plants. Composition: salts of humic
substances — 80—90%, potassium — 9%, sulfur — 3%,
iron — 0.2%, manganese — 0.12%, copper — 0.12%,
zinc — 0.12%, molybdenum — 0.015%, selenium —
0.005%, boron — 0.15%, cobalt — 0.12%.

Trainer is a biostimulant to prevent the
consequences of any abiotic stresses and to
comprehensively support plant development in the
most important growth phases. Features of the drug:
high concentration of plant amino acids and peptides;
optimal supply of organic matter; elimination of the
risk of manifestation of phytotoxicity of pesticides;
increasing tolerance to all abiotic stresses (heat, cold,
drought, salinity, hail, lack of lighting, chemical
burns); increase in the quantity and quality of the crop
(size, uniformity, taste) (Smirnova and Kalinina,
2021). Permitted and recommended for organic
farming. Composition: organic substances — 41%,
organic nitrogen — 5%, plant amino acids and
peptides — 30%, free plant amino acids — 1%,
oligosaccharides — 10%; ph — 4.4.

The studies were carried out in accordance with
the method of variety testing and the method of state
testing of growth regulators (Polyakov and
Karpukhin, 2016). During the period of mass
flowering of plants, measurements were carried out
according to 21 indicators presented in table 1. The
counts were carried out in six repetitions. In each
variant, there were ten accounting plants.

Table 1: Main biomorphological parameters of Paeonia.

No. Parameters

1. Bush height, cm

Peduncle height, cm

Peduncle thickness, mm

Total number of shoots, pcs.
Number of generative shoots, pcs.
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Sheet length, cm

Sheet width, cm

Length of a leaf share, cm

9. Width of a leaf share, cm

10. | Petiole length, cm

11. | Flower diameter, cm

12. | Flower height, cm

13. | The length of the outer petal, cm
14. | Outer petal width, cm

15. | Inner petal length, cm

16. | Inner petal width, cm

17. | The number of flowers on the peduncle, pcs.
18. | Pestle length, mm

19. | Pestle width, mm

20. | Number of pestles, pcs.

21. | Filament length, mm

N>

Decorative and economic-biological assessment was
carried out on a five-point scale based on the
methodology of V.N. Bylova (Matsneva, 2020). For
evaluation, biometric and visual studies were carried
out, after which points were set from 1 to 5, taking
into account the conversion factor.

Mathematical processing of the experimental data
was carried out by standard methods using the
statistical packages of the Microsoft Excel 2003
program and the AgCStat add-on.

3 RESULTS

As aresult of the experiments, it was revealed that the
tested preparations influenced the controlled
parameters of plants. The use of growth regulators
had a positive effect on the height of the bush and
peduncle in all varieties and increased these figures
by 1.2—1.3 times compared with the control (Fig. 1).
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Figure 1: Influence of growth regulators on the height of the
bush and peduncle of peony varieties.
C — control, LH — Lignohumate, T — Trainer.

An important indicator characterizing the
decorativeness of flowering plants is the number of
shoots, including generative ones, and the number of

flowers on one peduncle. The total number of shoots
was subject to change and increased, compared with
the control, by 1.2-7.8 times. The number of
generative shoots, as well as the number of flowers
on the peduncle, also varied and increased by 1.3—-2

times (Fig. 2).
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Figure 2: Influence of growth regulators on the number of
shoots and flowers of peony varieties.
C — control, LH — Lignohumate, T — Trainer.

An equally important indicator of decorativeness is
the size of the flower. In our experiments, it was
found that the use of growth regulators had a positive
effect on the diameter and height of the flower.
Compared to the control, these indicators increased
by 1.2-1.3 times (Fig. 3).
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Figure 3: Influence of growth regulators on the diameter
and height of the flower of peony varieties.
C — control, LH — Lignohumate, T — Trainer.

According to the data presented in tables 2, 3, 4,
it was found that growth regulators affected in all
objects of study such indicators as the thickness of the
peduncle (1.3-1.4 times increase compared to the
control) and the width of the outer petal (1.2-1.5
times).



Table 2: Influence of
biomorphological

growth  regulators on
parameters of Paeonia lactiflora

‘Agida’.

- ‘Agida’

k3
o [<5]
z 5 c LH T

s
3 6.0+0.1 8.0+0.2 7.0+0.2
6 27.0+£0.7 | 35.0+£0.9 | 30.0+0.9
7 25.0+0.6 | 34.0+£0.9 | 28.0+£0.7
8 16.0+0.4 | 16.5+0.4 | 16.0+:0.4
9 5.0+0.1 6.0+0.1 5.5+0.1
10 6.5+0.1 9.0+0.2 8.7+0.2
13 7.540.2 6.0+0.1 7.5+0.2
14 5.0+0.1 7.9+0.2 5.540.1
15 45+0.1 5.5+0.1 5.2+0.1
16 1.9+0.1 2.5+0.1 2.0+0.1
18 14.0+£0.3 | 20.0+0.5 | 20.0+0.5
19 5.0+0.1 8.0+0.2 7.0+£0.2
20 4.0+0.1 4.0+£0.1 6.0+0.1
21 - - -

Note: C — control, LH — Lignohumate, T — Trainer.

Table 3: Influence of growth regulators on
biomorphological parameters of Paeonia lactiflora ‘Bev’.
- ‘Bev’
ko
o (<5
zE| ¢ LH T
g
3 5.0¢0.1 | 6.0+0.1 | 7.0+0.2
6 24.0£0.6 | 23.0+0.6 | 25.0+0.6
7 22.0£0.5 | 25.0+0.6 | 25.0+0.6
8 13.5+0.3 | 12.0+0.3 | 13.5+0.3
9 5.0+0.1 4.2+0.1 5.0+0.1
10 5.0£¢0.1 | 5.5+0.1 | 5.5+0.1
13 7.5+£0.2 | 9.0+0.2 | 8.7+0.2
14 55+40.1 | 6.7+0.1 | 6.3+0.1
15 45+0.1 | 5.0+0.1 | 5.2+0.1
16 15+0.1 | 2.0+0.1 1.7+0.1
18 - - -
19 - - -
20 - - -
21 - - -

Note: C — control, LH — Lignohumate, T — Trainer.

Table 4: Influence of growth regulators on
biomorphological parameters of Paeonia lactiflora ‘Mr.
Ed’.

‘Mr. Ed’
w
<
o [«5)
zE| ¢ LH T
©
o

3 5.0+0.1 | 7.0+0.2 | 7.0+0.2

6 26.5+0.6 | 27.0+0.8 | 25.0+0.6
7 24.0+0.6 | 25.0+0.6 | 24.0+0.6
8 12.0+0.3 | 13.0+0.3 | 12.0+0.3
9 3.840.1 4.0+0.1 3.540.1

10 9.0+0.2 | 7.0+0.2 | 8.0+0.2

13 5.7+0.1 | 7.5+0.2 | 6.4+0.1

14 5.440.1 | 6.5+0.1 | 5.4+0.1

15 42+0.1 | 4.3+0.1 | 4.3+0.1

16 2.6+0.1 2.7+0.1 2.6+0.1

18 - 6.0+£0.1 -

19 - 3.0£0.1 -

20 - 5.0+0.1 -

21 25.0+0.6 | 26.0+0.6 | 25.0+0.6

Note: C — control, LH — Lignohumate, T — Trainer.

It was noted that the drug “Lignohumate” had an
impact on a greater number of signs than “Trainer”.
The most susceptible object of study was ‘Agida’, the
least susceptible was ‘Bev’.

The decorativeness of peony varieties is
determined by the main features: the size, color and
doubleness of the flower, the abundance of flowering
and the number of buds on one peduncle (Table 5).
Among the economic and biological characteristics,
the following were distinguished: the duration and
productivity of flowering, reproductive ability and
resistance to diseases and pests, as well as to adverse
conditions (Table 5).

Table 5: Decorative and economic-biological features of
peony varieties.

Index Max. | Conversion | Total
points factor points
Decorative signs

The number of buds 5 2 10
on the peduncle
Abundance 5 3 15
of flowering
Flower size 5 3 15
Flower coloring 5 1 5
Terry flower 5 1 5

Total 50

Economic and biological features

Flowering 5 3 15
productivity
Flowering time 5 2 10
Reproductive 5 3 15
ability
Disease and 5 1 5
pest resistance
Resistant to 5 1 5
adverse conditions

Total 50

Comprehensive
assessment 100




It was noted that the use of growth regulators
significantly affected the following decorative
features: the size of the flower, the abundance of
flowering and the number of buds on the peduncle
(Tables 6, 7, 8). The color and doubleness of the
flower did not change in any way when using drugs.

Table 6: Comprehensive assessment of Paeonia lactiflora
‘Agida’.

Index Experience
options
‘Agida’

CILH]T

Decorative signs
The number of buds on the peduncle | 8 | 10 | 8

Abundance of flowering 9 |15 |12
Flower size 12115 |9
Flower coloring 5 |5 5
Terry flower 5 |5 5

Total | 39 | 50 | 39
Economic and biological features

Flowering productivity 9 [12 |15
Flowering time 8 [10 |10
Reproductive ability 9 |15 |12
Disease and pest resistance 4 |5 5
Resistant to adverse conditions 5 |5 5

Total | 35 | 47 | 47
Comprehensive assessment | 74 | 97 | 86
Note: C — control, LH — Lignohumate, T — Trainer.

Table 7: Comprehensive assessment of Paeonia lactiflora
‘Bev’.

Index Experience
options
‘Bev’

CILH]T

Decorative signs
The number of buds on the peduncle | 8 | 6 10

Abundance of flowering 12 |9 15
Flower size 9 [15 |12
Flower coloring 5 |5 5
Terry flower 5 |5 5

Total | 39 | 40 | 47
Economic and biological features

Flowering productivity 1519 15
Flowering time 8 [10 |10
Reproductive ability 9 |15 |12
Disease and pest resistance 4 |5 5
Resistant to adverse conditions 5 |5 5

Total | 41 | 44 | 47
Comprehensive assessment | 80 | 84 | 94

Note: C — control, LH — Lignohumate, T — Trainer.

Table 8: Comprehensive assessment of Paeonia lactiflora
‘Mr. Ed’.

Index Experience
options
‘Mr. Ed’

ClILH]T

Decorative signs
The number of buds on the peduncle | 8 | 10 | 8

Abundance of flowering 12 |15 | 12
Flower size 9 |15 | 12
Flower coloring 5 |5 5
Terry flower 5 |5 5

Total | 39 | 50 | 42
Economic and biological features

Flowering productivity 9 |12 | 15
Flowering time 8 |10 | 10
Reproductive ability 9 |15 | 12
Disease and pest resistance 4 |5 5
Resistant to adverse conditions 5 |5 5

Total | 35 | 47 | 47
Comprehensive assessment | 74 | 97 | 89
Note: C — control, LH — Lignohumate, T — Trainer.

Among the economic and biological traits, a large
difference between the control and the experiment
was noted for the traits: productivity and duration of
flowering, reproductive ability and resistance to
diseases and pests (Tables 6, 7, 8).

A comprehensive assessment showed that the use
of plant growth regulators “Lignohumate” and
“Trainer” had a positive effect on the considered
characteristics of the objects of study. Peony varieties
‘Agida’ and ‘Mr. Ed' received the maximum score
when using these drugs.

4  CONCLUSIONS

Thus, the wuse of plant growth regulators
“Lignohumate” and “Trainer” on some varieties of
Paeonia lactiflora accelerated their growth and
development, and also contributed to an increase in
their decorative effect.

It is shown that under the influence of the studied
preparations there was an increase in the number of
shoots and flowers on one peduncle, as well as a
change in the diameter and height of the flower.

When analyzing the decorative and economic and
biological characteristics of the varieties of Paeonia
lactiflora, it was noted that the treatment with growth
regulators had a positive effect on the main indicators
and a comprehensive assessment of the objects of
study differed significantly from the control options.

Thus, the studied plant growth regulators can be
recommended for use in floriculture as a factor that
increases the decorative effect of cultivars.
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