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Abstract. The effect of the new growth stimulator with the cytokinin nature Ivin was investigated at
the parameters of growth, blooming and chlorophyll concentration of the leaves of Callistephus
chinensis (L.) Ness. plants. The researched plants grow under the impact of industrial and exhaust
fumes. The intensification of the growth processes of the treatment plants in comparison with
untreated was established. The processed specimens enhance height, the number of side shoots,
quantity of the leaves and their area as well as the area of the total assimilation plants surface with
increasing of the vegetative mass of the plants accordingly. At the same time, the number of
inflorescences and their average diameter increase. There was no significant difference in essential
influence of the biostimulant upon the plants of Callistephus chinensis between breeds “Viktoria
Sharlachovaya” and “Strausovo pero Rubinovaya” with the exception of some variables (total
assimilation surface). The concentration of chlorophyll in leaves of Callistephus chinensis plants
increases under spraying by Ivin. The rising occurs originally after spraying seedlings due to
chlorophyll, after the third treatment (flower-bud formation) — due to both forms of chlorophylls
was established, as well as the breed specific reaction of plants was determined. The novelty of this
work consists in the investigation of the influencing the growth stimulator on the development of
the ornamental flower plants in the conditions of environmental pollution. The treatment of this
preparation is appropriate for stimulation of growth and intensity of bloom of the ornamental flower
plants of urban territories.

Introduction

In the conditions of economic growth, intensive development of industry, enhancing
quantity of the vehicles all over the world, there is a tendency of the increasing the level of air
pollution, which is the subject of research by many scientists [1-4]. The green plantings of
recreation parks, mini-parks, forest and meadow parks, sanitary protection zones etc. play an
incredible role in the improvement of urban environment. In the urban conditions they are
considered as the very effective and economically advantageous approaches of improving the
comfort and quality of the habitant’s life.

The flowering gardening that formulated the esthetic view of gardens and parks is regarded
as one of the effective methods of decoration the objects of landscape architecture [5—7]. The
planning nodes of the park — parterre squares, entrances, recreation areas are designed with the help
of flower beds, creates accents that focus attention, direct movement and complete the artistic
design of park compositions [8]. Ornamental flower plants, while implemented esthetic function in
urban parks, are facing the negative influence by nearby environment mainly of anthropogenic
character.

The negative tendencies such as the total decline of ecological environment, decreasing the
persistence of greenery plantations due to impact of fumes of industrial enterprises and vehicles,
increasing recreation pressure, enhancing the built-up territories and areas with pavage, using the
composites to preventing the glace-ice on the pavements, reduction of green areas et al. are
presented in parks of big industrial cities [9]. It should be noted that the majority of parks within the
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city of Dnipro are located close to the automobile roads with the high traffic intensity as well as
under the impact of emissions of metallurgical enterprises and thermal electric power station [10].

In such growing conditions the regulation of physiological plant processes that determining
the growth, development and thus ornamentations is an urgent task. The using of plants
biostimulants — the group of products contained natural and synthetic hormones, encouraging the
more active growth, increasing the decorative effect of plants poses the perspective decision in this
problem. The adequate materials about theoretical and practical aspects of studying biostimulants
due to ornamental flower plants is presented in the literature, however mostly gibberellins and
retardants are used [11-22 et al.]. The data on the effect of substances of cytokinin nature, especial
new biostimulants, is shown considerably less [13, 20, 23-27].

The various new substances with physiological activity that used for growing the ornamental
plants [28, 29] as well as flowers [16, 30, 31] have been synthesized recently. Many authors have
noted the positive effect of synthesized phytohormones of growing plants under salinization
conditions [32, 33], pollution with heavy metals [23, 24, 34-36]. The scientific findings dealt with
the impact of Ivin biostimulant to the development of ornamental flower plants either in the
conditions of pure zone or in the polluted environment are almost failed.

The aim of this article is the studying the influence of the treatment with biostimulant of
cytokinin nature (Ivin) at the growing processes, generative development and state of the
assimilation apparatus of annual ornamental plant Callistephus chinensis in the anthropogenic
growing conditions.

Materials and Methods

The object of the investigation is presented by the plants two widely used in the greenery
urban management breeds “Viktoria Sharlachovaya” and “Strausovo pero Rubinovaya” of china
aster (Callistephus chinensis (L.) Ness.).

The seedlings of Callistephus chinensis were planted out in the age of 30 days at the
residential area, which is located near the Park of Memory and Conciliation of Dnipro city. Dnipro
situates in the Eastern part of Ukraine at the 48° 47' northern latitude, 35° 00' east longitude and an
altitude of 86 m.a.s.l. The site places in the Chechelov district of the city in the distance of 2,3 km
from the West industrial complex that included metallurgical plant with fulfill production cycle,
pipe-rolling, machine building, electric locomotive building, metal constructions, metal chemical,
harvester building, instrument engineering and other plants. The experimental site situated not far
from the automobile road with a high intensity of movement of cars and trucks (av. S. Nigoyana),
which is a source of air pollution with heavy metal and gaseous pollutants. The rate of traffic flow
on this street is 48 000 vehicles per day. The gaseous pollutants and aerosols of heavy metal which
dominated at this site are the major air contaminators. The air quality monitoring station places in
2 km from the plot, where the plants have been growing (av. S. Nigoyana, 77). The average daily
concentration of O3, NO,, SO, amounted to 0,101; 0,060 and 0,120 mg/m? in May; 0,339; 0,155 and
0,138 mg/m® — in June; 0,300; 0,164 and 0,056 mg/m® in July; 0,312; 0,156 and 0,130 mg/m>- in
August. The average daily maximum permissible concentration (MPC) of O3, NO2, SO: equals
0,030; 0,040 and 0,050 mg/m°.

During growth of plants we adhere to the uniformity of the agrotechnical background and
optimal conditions of mineral nutrition. Two plots with the square 15 m?> were made during the
investigation. The plants on the fist plot were treated by Ivin while from the other — by distilled
water. The exploring plots with treated and untreated plants have situated near each other, that’s
why all factors of the ambient environment were equaled apart from the treatment of plants by
biostimulant. The plot where plants have grown characterized with horizontal terrain. We have
chosen the plants for analysis by random (accidental) sampling.

Ivin of the “Agrobiotech” trademark (Ukraine) (Technical Specifications of Ukraine 24.2-
03563790-012-2002) was used as biostimulant. The active substance of Ivin is 2,6-
dimethylpyridine-1-oxide. The preparation is produced in the form of colorless alcohol-water
solution and has a cytokinin activity [37]. According to the Ukrainian sanitation rules Ivin belongs



126 Biostimulation and Overcoming the Abiotic Stresses in Plants

to the low-toxic substances [38]. LD50 for mice amounts 1390 mg/kg. Its molecular mass equals
123.14 g/mole, the molecular formula is C;HoNO. The biostimulant is implicated in the growing
technology of all vegetable and orchard-truck crops for pre-sowing seed treatments and foliar
spraying during vegetative term upon the recommendations of producer. This preparation provides
the accelerated division of cells, decreases the illness frequency among plants, the phytotoxicity of
pesticides, provides the formation of the extensive root system and sexual specialization of flowers,
improves the quality of growing production, plant resistance to environmental and anthropogenic
stresses, enhances the field germination capacity of seeds. The morning hours before 10-11 a.m.
and the evening hours after 17 p.m. are the most effective to the treatment plants by the preparation.
We spray the plants with standard preparation after the instruction of producer in the phase of
seedlings (10/V), active growth plants (in 30 days after the first spraying (10/VI)) and at the
beginning of flower-bud formation (19/VII). The control plants in the same term were treated with
distilled water. We have measured the size of the seedlings in 10 and 20 days after the first
treatment and in 10, 20 and 30 days after the second treatment. The number of the first range shoots
was counted in 30 days after the second treatment as well as in 20 and 30 days after the third one.
We have counted the quantity of inflorescences during the starting of the blossoming (5/VIII) and
the massive plants blossoming (15/VIII and 30/VIII). The numbers of leaves were amounted in 10
days after the first treatment and further at intervals in 10 days. We conducted the last counting up
the number of leaves during the period of termination the formation of the side shoots and new
leaves. We have conducted the measure of the plant height, calculated the number of leaves,
flowers, ranged the diameter of the latter in 50" frequency (n=50). The weight of vegetative
underground part and the area of the leaves were estimated by the gravimetric method in 5%
frequency (n=5) [39]. The pigment content was founded in the extract of 96% ethanol by the
spectrophotometer-200 in the 4" frequency (n=4). All calculations were obtained with the equations
Wintermans, De Mots [40].

The results are shown by the meanstmean absolute error (MAE). The differences among
varieties we analyzed with the Student's t-test (p<0.05).

Results

The spraying of Callistephus chinensis plants with the biostimulant of cytokinin nature Ivin
enhances the growth process of plants objects. The height of plants increases in comparison with
untreated specimens in both investigated breeds. The effect of positive impact of biostimulants for
this measure in breed “Viktoria Sharlachovaya” has much in common with “Strausovo Pero” (fig.
1A). Thus, the height of stem in breed “Viktoria Sharlachovaya” enhances on 32,96 % related to
the control at the start of the experiment, in the following stages of observations (10/VI, 20/VI and
9/VII) the effect was maintained at the level of 30,06; 35,23 and 26,59 % above control (fig. 1B)
The similar tendency was observed to the breed ‘Strausovo pero Rubinovaya’.



International Letters of Natural Sciences Vol. 76 127

90
80 E
g = =
5 = NE
2 = = =
z = W= e N =
[ = = = =
2 40 = S A= N E
2 = \ = \ = \ =
2% NU= N = N = N E
Q e — e T et T S —
=20 NG= N&= NG= NA=
= N = N = N = N =
10 I\@é N E N = N E
NEE U= U= e
Viktoria 'Viktoria Strausovo pero Strausovo pero
Sharlachovaya' Sharlachovaya' Rubinovaya' Rubinovaya' treated
untreated treated untreated

=20/V = 10/VI % 20/VI #9/VII =19/VIl

A
140
RN R
g 130 N
154 % .
2 s \E\ \
S om \E\ \
,g 115 § § § 5
oo EE O F
g 105 § § X §
= Viktoria Strausovo pero
Sharlachovaya' Rubinovaya'

220V w10/VI =20/VI =9/VII  ®19/VII

B
Figure 1. The impact of the treatment of plants Callistephus chinensis by Ivin to the height of the
shrub (A — in absolute figures, B — in % to control) (n=50)

The treatment of Callistephus chinensis plants by Ivin leads to the enhancement of the
number of side shoots. So, in the period coincides with the mass blossom (20/VIII) their quantity in
the breed ‘Viktoria Sharlachovaya’ in plants of treated variant in relation to control works out
140,32 %. In the breed ‘Strausovo pero Rubinovaya’ — 135, 71 % (table 1). It is estimated the
increasing positive effect of the biostimulant during the vegetation. The differences in the changes
of the number side shoots under action of the biostimulant are not too big.
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Table 1. The impact of treatment of Callistephus chinensis plants by Ivin to the number of the
shoots of the first range and inflorescences, pcs (n=50)

Variant Number of stems of the first range The numl:::rﬂcl);“ ;rizlrirescences

11/vil | 1o/vil | 20/vIIL [ 5/VIL | 15/VII | 30/VII
The breed ‘Viktoria Sharlachovaya’

Untreated 3,5+0,20 | 5,3+0,25 | 6,2+0,62 | 0,5+£0,02 | 2,7+0,14 | 4,2+0,12
Treated 4,3+0,11 | 7,240,30 | 8,7+0,84 | 0,7+0,08 | 3,5+0,10 | 7,1+0,15

t 3,51 4,87 2,39 2,43 4,65 15,10

% to control 122,80 135,84 140,32 140,00 | 129,63 169,04

The breed ‘Strausovo pero Rubinovaya’
Untreated 4,0+£0,30 | 6,1+0,42 | 7,0£0,80 | 0,2+0,05 | 3,340,12 | 6,2+0,31
Treated 4,8+0,15 | 7,9+0,31 | 9,5+0,62 | 0,4+0,03 | 5,0+0,16 | 9,0+0,60
t 2,42 3,49 2,47 3,45 8,50 4,15
% to control 120,00 129,50 135,71 200,00 | 151,51 145,16

The quantity of leaves of the plants rises under the influence of biostimulant, however the
level of enhancing their quantity is less significant than shoots (table 2). This may testify about the
formation of the less number of leaves at the appeared shoots in the experimental variant. In the
mentioned periods of measurements the level of the favorable effect of this parameter in the plants
of both breeds is estimated as related to data.

Table 2. The impact of the treatment of plants by Ivin at the number of leaves at the plant,
pcs (n=50)

Variant | 20/vI | 1pvi | 19/vI | 30/VIL | 20/VII
The breed ‘Viktoria Sharlachovaya’
Untreated 18,3+0,51 | 25,2+0,80 | 30,4+1,18 | 45,842,10 | 57,2+0,82
Treated 21,0£0,60 | 29,1+£1,04 | 40,4+1,27 | 56,1+1,62 | 73,9+2.42
% to control 114,75 115,47 132,89 122,48 129,19
t 3,46 2,97 5,78 3,88 6,55
The breed ‘Strausovo pero Rubinovaya’
Untreated 25,7+0,42 | 40,0+£1,02 | 49,7+1,24 | 68,0+2,04 | 80,3+2,1
Treated 28,4+0,56 | 45,5+0,50 | 66,8+2,01 | 88,3+1,30 | 99,2+1,10
% to control 110,50 113,75 134,40 114,28 129,85
t 3,85 4,86 3,00 7,24 7,97

The stimulated action of the treatment with the synthetic biostimulant of cytokinin type at
the accumulation of biomass by the underground part of the plant in the breed ‘Strausovo pero
Rubinovaya’ develops some essential as compared with the breed ‘Viktoria Sharlachovaya’ (table
3). Thus, this parameter of the plants from the breed ‘Viktoria Sharlachovaya’ enhances the control
at 52,36 %, though in the breed ‘Strausovo pero Rubinovaya’ goes up by 63,46 % in comparison
with untreated. The average area of the leaf blade grows up under the influence of spraying plants
by Ivin, to a greater extent in the plants of the breed ‘Viktoria Sharlachovaya’ (table 3). The
difference between the treated and untreated plants for this breed works out 27,06 %, just as for the
breed ‘Strausovo pero Rubinovaya’ the distinguishing is less — 15,57 %, however it is valid
statistically at the 95% level of probability. The dimensions of the total assimilation surface on the
plant increase more significantly. The excess of control in the blooming phase at the breeds
‘Viktoria Sharlachovaya’ and ‘Strausovo pero Rubinovaya’ works out 45,81 and 27,72 %
respectively relative to the untreated plants objects.
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Table 3. The impact of treatment of Callistephus chinensis plants by Ivin to the area of the leaf
blade, total of the assimilation surface, the dry mass of the aboveground part and diameter of the
inflorescences (10/VIII)

The breed \ Untreated \ Treated | %tocontrol | t
The square of the leaf blade, cm? (n=5)
‘Viktoria Sharlachovaya’ 24.20+1,15 30,75+1,35 127,06 3,70
‘Strausovo pero Rubinovaya’ 25,81+1,02 29.,83+1,17 115,57 2,59
The total square of the assimilation surface, cm®to 1 plant (n=5)
‘Viktoria Sharlachovaya’ 442.86+19,31 645,75+£27,14 145,81 6,09
‘Strausovo pero Rubinovaya’ 663,32+24,15 847,17+35,35 127,72 4,29
The dry vegetative plant mass, g (n=5)
‘Viktoria Sharlachovaya’ 120,5+10,20 183,60+9,30 152,36 4,57
‘Strausovo pero Rubinovaya’ 139,39+12,14 227,86+15,71 163,46 4,45
Diameter of inflorescences, cm (n=50)
‘Viktoria Sharlachovaya’ 9,42+0,32 10,48+0,22 111,25 2,73
‘Strausovo pero Rubinovaya’ 12,14+0,27 14,74+0,34 121,42 5,99

Under the influence of Ivin the number of shoots increases simultaneously with quantity of
inflorescences. Thus, their number rises the control for 40 % in the plants Callistephus chinensis of
the breed ‘Viktoria Sharlachovaya’ treated by the biostimulant on 5/VIII, otherwise in breed
‘Strausovo pero Rubinovaya’ — on 100,0 %. In the subsequent terms of the experiment (15/VIII and
30/VIII) these figures in the breed ‘Strausovo pero Rubinovaya’ were slightly less. The diameter of
the inflorescence increased statistically significantly, moreover, notably in slightly bigger level in
the breed ‘Strausovo pero Rubinovaya’ (table 3).

The results of the treatment of Callistephus chinensis plants on the green pigment
concentration in the leaves are shown in the table 4. Only the concentration of chlorophyll a
increase in the leaves of breed ‘Viktoria Sharlachovaya’ after the first spraying by Ivin, therefore
the ratio of chlorophylls a/b becomes bigger, than in leaves of control variant (table 4). The sum of
chlorophylls a+b is higher in the variant with treatment by biostimulant. Similar changes in the
chlorophyll concentration are observed also in the leaves of Callistephus chinensis ‘Strausovo pero
Rubinovaya’.

Table 4. The impact of the treatment of plants by Ivin at the chlorophylls concentration in the
leaves, mg/g’! of raw mass (n=4)

20/V 29/VIl
The
. % to : % to
parameter control experiment t control | experiment t
control control
‘Viktoria Sharlachovaya’
Chlorccz)phyll 1,25+0,07 | 1,60+0,06 | 128,00 | 3,80 | 1,95+0,08 | 2,49+0,05 | 127,69 | 5,74
Chiorophyll | ,70.40,05 | 0,73+0,04 | 104,28 | 0.47 | 0,75+0,06 | 0,98+0,04 | 130,66 | 3,19
Chiorophyll |} 950,08 | 2,33+0,10 | 119.48 | 2,97 | 2,7040,07 | 3474011 | 128,52 | 5,92
Chk’;’g’h-‘/” 1,780,03 | 2,1940,04 | 123.03 | 8.20 | 2,600,03 | 2,54=0,05 | 97.69 | 1,03
‘Strausovo pero Rubinovaya’
Chlorcc;phyll 1,38+0,09 | 1,82+0,06 | 131,88 | 4,07 | 1,90+0,08 | 2,59+0,05 | 136,31 | 7,34
Chlorgphyll 0,67+0,04 | 0,80+0,05 | 119,40 | 2,03 | 0,69+0,04 | 0,85+0,03 | 123,18 | 3,20
Chl(;rft[))hyll 2,05+0,07 | 2,63+0,11 | 128,29 | 4,46 | 2,68+0,10 | 3,44+0,08 | 128,35 | 5,93
Chlo;;)g)hyll 2,05+0,03 | 2,27+0,04 | 110,73 | 4,40 | 2,75+0,05 | 3,05+0,04 | 110,90 | 4,68
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Neither the quantity of chlorophyll a nor b in the experiment with the treatment by Ivin after
the 3-d spraying is higher, than without it in the leaves of both breeds. The concentration of two
forms of the green pigment in the breed ‘Viktoria Sharlachovaya’ increases almost at the equal
level. In the breed ‘Strausovo pero Rubinovaya’ the profitable action of biostimulant reveals strong
at the accumulation of chlorophyll a. The ratio of chlorophylls a/b in the leaves of plants of the
breed ‘Viktoria Sharlachovaya’ is almost equal in control and experiment. However, it is valid
higher than in the experimental variant in the leaves of ‘Strausovo pero Rubinovaya’.

Discussion

The biostimulants of the cytokinin nature occupy the important place among the
physiologically active substances [41]. They participate in the various aspects of the growth and
development of the plants, included cell division and differentiation, growth of shoots and roots,
apical dominance, involvement of plants and seeds and reaction to the biotic and abiotic stresses
[42—44].

According to the data obtained during our investigations, it is established the significant
increase of Callistephus chinensis plants height in the result of treatment by the solution of Ivin in
relation to the untreated plants in the both breeds ‘Viktoria Sharlachovaya’ and ‘Strausovo pero
Rubinovaya’. It should be noted that the literature data about the impact of substances of cytokinin
nature at the growth processes of plants are contradictory. According to L.V. Runkova [20] the
species specific is revealed. The substances of this group have raised the growth of the height and
length of the shoots low in the range of the ornamental flowering plants (dahlia, phlox, carnations).
The kartalin slightly enhances the growth of Calendula plants, but kinetin and 6-BAP repress it.
Otherwise kinetin increases the height of Helenium sp., but 6-BAP decreases, but the kartalin does
not influence at it. M. Grzesik [13] also has not established the essential changes in the development
of the rose plants under the influence of benzyl adenine at the concentration of 20—
400 mg/l. The stimulation of the growth under the influence of kinetin at the ornamental flowers
against the background of the action of the heavy metal was observed by V.P. Bessonova et al. [23].
The number of the side shoots rises at the plants that conformed by the data about the stimulation of
branching in Nigella sativa after the influence of the substance of cytokinin nature — kinetin [26].
The activation of the growth and shoot formation in plants treated with Ivin agrees with the
enhancing of their dry biomass. Other scientists also mark the increasing of this parameter under the
influence of the studying biostimulant. Thus, the increase in phytomass of spinach providing the
treatment of the seeds by Ivin was observed by O.1. Ulyanych [45]. The spraying of plants with this
preparation contributed to an increase in the mass of root crops [46]. According to the investigations
of L.V. Runkova [20] cytokinins (kinetin at a concentration of 20 and 40 mg/l, 6-BAP 20 mg/l and
kartalin 10, 20 and 40 mg/l) increased the weight of ornamental flowering plants (calendula,
carnation, dahlia, phlox, helenium) and separate their organs (roots, stems, leaves).

The activation of the growing processes under the impact of N-oxides of pyridine (Ivin) can
be ensured due to the change of the chromatin structure and the state of its components [47]. Ivin
causes an increase of the level of the chromatin decondensation and intensity of the RNA and
protein synthesis. It is identified, that such changes are aimed at the assembly of the protein-
synthesizing system which implements the expression of genetic information by the biosynthesis of
enzymes de-novo [48].

We have determined the enhancing of the average area of the leaf blade and total area of the
assimilation surface in the treated by Ivin Callistephus chinensis plants in comparison with the
untreated, which is more significant in the breed ‘Viktoria Sharlachovaya’. The more intensive leaf
blade growth spinach under this biostimulant is also pointed out O.I. Ulyanych [45]. S.H. Shah [26]
noticed the increase of number of leaves and their square in black cumin under the treatment by
kinetin.

It should be pointed out that formation of the larger number of shoots at the plants of both
breeds of callistephus in comparison with untreated specimens is the extreme importance to the
design of additional flowers. The data about stimulation of the blooming by the substances of
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cytokinin nature is presented in the literature. N. Nambiar et al. [41] has established that under the
impact of cytokinin (6-BAP) increases the percentage of creating inflorescences of orchid
Dendrobium sp. 1t is reported about the success in regulating the formation of inflorescences under
the treatment of BAP in orchids by M.G. Blanchard and E.S. Runkle [49]. This is consistent with
our results of the influence of Ivin on the number of the inflorescences on the treated plants of
Callistephus chinensis. However the above mentioned authors have noted that the use of BAP does
not essentially influence at the flowers size while in our experiment not big, but statistical valid
increasing diameter of inflorescences Callistephus chinensis under the impact of Ivin in comparison
with untreated plants was determined. Cytokinins are regarded as critical physiological signal that
forces the flowering process [50]. Their level has increased in the apical meristems during pass to
the blossom and development of flower in Arabidopsis thaliana L. [51].

The positive impact of Ivin to the area of leaf blade may be the reason of enhancing the
flowering intensity. A number of scientists point out the connection of these two parameters. As
recently as K.F. Wentrel [52] has shown in the experiment that the development of determine area
of leaf surface during the initial formation of flowers has a particularly importance. Permanent leaf
removal may also inhibit the late stages of flowers formation, that’s why blooming does not begin
but the buds untimely fell as it was established in experiments with grape. It is proved also by other
authors. Thus, it was found that not only the number of inflorescences is a direct function of area of
leaf blade, but also the speed of move to blooming [53]. The removal of leaves in lily of breed
‘Croft’ with inducing the distortion of the assimilation system enhances the aborting of flowers
[54]. The initiation of flowering depends from provision with assimilators, first a wall with
carbohydrates [55]. The increasing of leaves area provides their bigger synthesis. Our data confirms
the results obtained by other authors on the connection between the activation of the development
of the assimilation apparatus and the formation of flowers.

It is found out the increase of the concentration of green pigments in the leaves of the plants
treated by Ivin in comparison with untreated. The character of enhancement of the chlorophylls
concentration depends on the time of conducting the plants treatment. The amount of chlorophyll a
rises under the influence of the biostimulant after the spraying plants at the seedling stage as well as
in the phase of bud formation, otherwise the chlorophyll b increases only during the treatment in
phase of bud formation as in the breed ‘Viktoria Sharlachovaya’ almost equally with chlorophyll a
both in breed ‘Strausovo pero Rubinivoya’ however in a less degree than chlorophyll a. It is
explained that the ratio of chlorophylls rises in both breeds during treatment of plants in the
seedling stage, but in the period of bud formation a/b grows up only in the case with breed
‘Strausovo pero Rubinovaya’. According to the research of M.N. Zhizhina and A.V. Omelchenko
[32] Ivin provides the enhancement of the green pigment concentration at the salinity background.
However the positive action of Ivin reveals the more on the accumulation of chlorophyll 4 in
comparison with chlorophyll a that contradicted to our results. The sum of chlorophylls a+b
increases under the influencing of treatment with the biostimulant. This may be one of the factors of
the effect of Ivin on plant growth processes, because a number of scientists found out the close
relationship between growth, production of plants and concentration of chlorophylls in the leaves
[56-58].

Conclusions

Our research shows that:

1. The treatment of Callistephus chinensis plants after sowing seedlings in the phase of active
growth and bud formation by the solution of Ivin leads to the intensification of the growth processes
in comparison with untreated samples that is revealed in increasing the vegetative mass, the number
of side shoots, leaves, inflorescences, in a less degree of the diameter of the latter and the height of
shrub. The evident difference in the stimulated action of Ivin at the studying parameters is not
determined except the total assimilation surface that grows up significantly in the plants of breed
‘Viktoria Sharlachovaya’.
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2. The spraying plants by Ivin increases the concentration of chlorophyll in the leaves of two
investigated breeds due to chlorophyll a.

3. The increase of the both forms of green pigments was noticed after treatment the plants in
the phase of bud formation. In this case we have remarked the breed specific in the reaction of
plants. In the leaves of the breed ‘Viktoria Sharlachovaya’ the level of chlorophylls a and b raises
almost equally, however in the breed ‘Strausovo pero Rubinovaya’ chlorophyll a rises vital.

4. We recommend to implement the preparation of cytokinin type (Ivin) for the stimulation
and intensity of blooming the plants Callistephus chinensis which grown in beds in the urban
territories. The treatment is suggested to conduct by the spraying of plants in the seedling stage,
during the active growth of the plants and in the start of budding in the concentrations which
pointed out by producer for other species.
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