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PROSPECTS FOR THE USE OF 2-(QUINOLINE-4-YLTIO) SUCCINIC ACID DERIVATIVES IN
THE TECHNOLOGY OF VEGETATIVE REPRODUCTION OF THUJA OCCIDENTALIS L. AND THE
PLATYCLADUS ORIENTALIS (L.) FRANCO HORTICULTURAL VARIETIES

It is known that ornamental varieties of Thuja occidentalis L. and Platycladus orientalis (L.) Franco are widely used in landsca-
ping. The lack and high cost of planting material of these varieties encourages Ukrainian horticultural material producers to look for
ways to accelerate their propagation. A promising path is a search for new effective and environmentally friendly stimulants of ro-
oting. It was found that disodium salt of 2-(quinolin-4-ylthio) succinic acid (DSQSA) can be considered such a substance with poten-
tial growth regulator properties. The experiments were conducted in the horticulture laboratory of the Khortytsia National Training
and Rehabilitation Academy in 2018-2020. The authors evaluated the effect of aqueous solutions of the disodium salt of 2-(quinolin-
4-ylthio) succinic acid (DNCB) in the concentrations of 10, 25 and 50 mg/1 on the rooting and development of green cuttings of Thu-
ja occidentalis "Danica", "Columna", "Globosa"; Platycladus orientalis "Morgan", "Aurea nana", "Pyramidalis" in comparison with
the control group where the plants did not receive treatment and their rooting was with "Kornevin" (4-(indol-3-yl) butyric acid). Mot-
her plants are 10-15 years old. Green cuttings were rooted according to the usual technology. In the control group, cuttings were
planted for rooting without special preparation. The additional control group comprised cuttings, previously treated with "Kornevin"
powder. Before planting, the experimental cuttings had their basal parts immersed for 12 hours in DSQSA solution in the concentrati-
ons of 10, 25, 50 mg/l. The experiment was repeated three times, 30 cuttings each. Lowland peat with perlite (1:1) was used as a
substrate for rooting. Cuttings were rooted in the greenhouse made of film. At the end of September, the survival of cuttings, as well
as the number and length of roots were counted. Rooted cuttings were planted in the open ground for growing. Overwintering plants
were counted next years spring. Consequently, the most effective DSQSA concentration was 50 mg/1 for rooting most varieties, and
10 mg/1 for "Columna" variety. It was found that improving the quality of the root system provided a more successful (10-20 %) ro-
oted cuttings overwintering.
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rooting.

es are morphologically plastic and have many horticultural
varieties that are attractive owing to their unusual crown
shape, the color of the needles, dwarf growth, etc. The high

Introduction / Bcryn
Currently, the arsenal of a landscape designer comprises

a wide range of planting material. The most popular group
of ornamental plants are conifers. They are valued for frost
resistance, unpretentiousness, ornamental effect, and physi-
ognomic stability throughout all seasons. Conifers usually
make the basis of any winter landscape since they retain the
shape and color of the crown in the winter period. They
form a unique winter composition in combination with
shrubs and deciduous trees with colourful bark and an inte-
resting branching pattern. Thuja occidentalis L. and
Platycladus orientalis (L.) Franco have an outstanding pla-
ce among conifers in landscape gardening. These two speci-

IHpopmauis npo asTopiBs:

demand and cost of planting material make Ukrainian plan-
ting material producers look for ways to accelerate the rep-
roduction of these forms in the Ukrainian climatic conditi-
ons. Horticultural varieties of ornamental plants are repro-
duced vegetatively because these forms either do not form
seeds, or seed offspring will not imitate the ornamental fe-
atures of mother plants. The most common method of vege-
tative propagation of plants is by stem cuttings [22, 24]
using growth regulators. Synthetic preparations with auxin
activity (heteroauxin, B-IBA, etc.) are traditionally used as
rhizogenesis stimulators. However, high-quality drugs are
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expensive; they are considered moderately toxic compo-
unds, and with some plant species they cause intense callus
formation without roots [19, pp. 93-95; 9, pp. 9-12]. There-
fore, a promising direction is a search for new growth regu-
lators, which in their rhizogenic activity would not be infe-
rior to synthetic auxins, would have a positive influence on
the quality of the newly formed cutting root system and
combine environmental safety with low cost.

Object of research: disodium salt of 2-(quinolin-4-
ylthio) succinic acid (DSQSA), a new substance with po-
tential growth regulator properties;

Ornamental horticultural varieties of Thuja occidentalis
and Platycladus orientalis include:

Thuja occidentalis "Danica". A dwarf variety with a
spherical crown shape; in 10 years it reaches 60 cm in he-
ight. The crown is dense, all branches are arranged verti-
cally. The colour of the needles in summer is brilliant deep
green, in winter — slightly brown-green. It grows well in di-
rect sunlight and shade [12].

Thuja occidentalis "Columna". A fairly tall tree with a
narrow columnar crown. The annual growth is 20 cm in he-
ight, 5 cm in diameter. It reaches 3 m in height by the age
of ten. The needles are dark green with a particular glow.
The colour persists throughout all seasons. It grows in well-
lit areas or with little shading. Frost resistance is up to -25-
30 °C [13].

Thuja occidentalis "Globosa". A shrub with a regular
spherical crown shape. It grows slowly and reaches the he-
ight of 60 cm in 10 years. Skeletal branches are dense eno-
ugh, with straight flat vertical shoots. The colour depends
on the seasonality: the shrub is pale green in spring, dark
green in summer, grey-green in autumn and brown in win-
ter [12].

Platycladus orientalis "Morgan". A tree with a slow
growth rate and a dense pyramidal crown pointed at the top.
The annual growth is only 5-7 cm. The adult plant reaches
150 cm in height. The colour of the needles is emerald gre-
en, lemon green or light green in spring and summer. In
winter, the colour changes to red-bronze with a hint of
orange [12].

Platycladus orientalis "Aurea nana". A dwarf variety
with a pyramidal crown is 1 m in height. Annual growth is
8-10 cm. The branches are thin and tender. The needles are
very small, golden-yellow in spring and dark brown in winter.

Platycladus orientalis "Pyramidalis". A shrub with a
narrow columnar crown, 0,8-1,5 m wide and to 4 m tall. It
grows slowly and its annual growth is about 10 cm. The co-
lour of the needles is dark green throughout the year [12].

The subject of research: comparative test of disodium
salt of 2-(quinolin-4-ylthio) succinic acid (DSQSA) as a
rhizogenic stimulator in the reproduction technology of
Thuja occidentalis and Platycladus orientalis horticultural
varieties.

The purpose of the research: to determine the possibility
of using disodium salt of 2-(quinolin-4-ylthio) succinic acid
(DSQSA) as a rhizogenic stimulator in the reproduction of
Thuja occidentalis and Platycladus orientalis horticultural
varieties, instead of drugs with auxin activity.

To achieve the above-mentioned goal, the following
main objectives are identified:

1) Rooting green cuttings of Thuja occidentalis and Platycla-
dus orientalis horticultural varieties according to the pro-
posed method;

2) Recording of the rooted cuttings;

3) Assessment of the quality of the formed root systems, ta-
king into account the length and number of roots;

4) Planting the rooted cuttings for growing in open ground;

5) Recording of the overwintered cuttings in the spring.

Analysis of recent research and publications. Accor-
ding to several studies [11, pp. 23-25; 10, pp. 13-17; 20, 23,
pp. 96-100], the ornamental varieties of Thuja and Platycla-
dus have a significant share in the vegetation range of urban
green spaces, parks, dendrological and botanical gardens,
etc. Planting material of such garden forms is in constant
demand. The most common method of ornamental cultivars
propagation is cutting and microclonal propagation. In the
absence of an equipped laboratory, the only way to obtain
planting material is to propagate by stem cuttings. It is
known that the survival span of green cuttings of horticultu-
ral varieties of Thuja and Platycladus is variable [16, pp.
132-139; 19, pp. 93-95; 21, pp. 9-14], so the use of rooting
stimulants is a mandatory element of cutting technology.
The search for the most effective growth regulators for ve-
getative reproduction of conifers was previously performed
by M. T. Tarasenko (1991) [24], L.P. Skaliy, E.G. Sa-
moshchenkov (2002) [22], M. M. Lisovyi (2015, 2019,
2021) [16, pp. 132-139; 15, pp. 47-50; 14, pp. 9-14],
N. V. Nilov, S. A.Khasbulatov, C.C. Chukuridi (2015)
[19, pp. 93-95], S.V.Rezvyakova, A.G. Gurin,
E. S. Rezvyakova (2017) [21, pp. 9-14], V. M. Kovaliov,
M. M. Janina (1999) [9, pp. 9-12]. Recently, scientists of
Zaporizhzhya National University are engaged in the
synthesis of new substances that have potential biological
activity. According to their research [2, pp. 36-42; 3, pp. 8-
10; 4, pp. 51-56; 5, pp. 100-103; 6, p. 32], derivatives of (2-
methyl (phenyl)-6-R-quinolin-4-yl sulfanyl) carboxylic
acids, in particular, disodium salt 2-(quinolin-4-ylthio) suc-
cinic acid can be considered such new substances with po-
tential properties of plant growth regulation.

Materials and methods of research. The experiments
were conducted in the horticultural laboratory of the
Khortytsia National Educational Rehabilitation Academy in
2018-2020. As growth regulators, the authors used the au-
xin activity drug "Kornevin" (4-(indol-3-yl)-butyric acid 5
g/kg (further — IBA)) in the powder form and disodium salt
of 2-(quinolin-4-ylthio) succinic acid in the aqueous soluti-
on form, in the concentration of 10, 25 and 50 mg/1 (further
—DSQSA).

Cuttings were cut from mother plants in the active
growth phase (the end of May). Mother plants were 10-15
years old. The traditional green cutting technology was
employed [23]. Control group cuttings were planted for ro-
oting without previous preparation. The additional control
group was made of cuttings treated with auxins according
to the traditional technology: basal parts of the cuttings we-
re immersed in clean water and then in the powder "Korne-
vin" right before planting. Experimental group cuttings we-
re processed the following way: 12 hours before planting,
basal parts of the cuttings were immersed in the DSQSA
solution in the following concentrations: variant 1-10 mg/I,
variant 2-25 mg/l, variant 3-50 mg/l. The experiment was
repeated three times, 30 cuttings each.

Cuttings were planted for rooting in a greenhouse cove-
red with plastic wrap. A mixture of lowland peat with perli-
te (1:1) with the addition of dolomite flour (2 % by weight
of the substrate) was used as a substrate for rooting. The
substrate layer was 10-15 cm thick. The substrate for ro-
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oting rested on a 10-cm layer of humus. The planting sche-
me for cuttings was 2,5x5 cm. Watering in the greenhouse
was performed manually, twice a day, in the morning and
the evening. From mid-August, watering was reduced and
the cuttings gradually hardened. At the end of September,
the survival of cuttings, as well as the number and length of
roots were calculated. Then the cuttings were planted in the
open ground for growing. The following spring, overwinte-
ring plants were recorded.

The experimental results were statistically processed by
the dispersion analysis method according to B. A. Dospek-
hov (1985) [7] with the use of MS Excel spreadsheets.

Research results and their discussion /
Pe3y/ibTaTH AOC/iAKeHHs Ta iX 06rOBOPEHHS

In the experimental Thuja occidentalis variety "Danica"
cuttings (Table. 1), rooting was observed at the level of
84.3 %. The quality of the root system was good: the avera-
ge number of roots was about 13 pieces, with a length of
6.12 cm. Preparation of cuttings of this variety using IBA
allowed to obtain 100 % survival. On average, they have 16
roots, which is 23.5 % more than in the control group. The
length of the roots also increased and amounted to 7.15 cm
(17 % more than the control indicators) (Figure. 1). Of
three variants of DSQSA use, the most effective was the
concentration of 50 mg/l. Immersing the cuttings in this so-
lution allowed to increase their survival to 96.6 %, which is

12.3 % more than in the control group. The number and
length of roots were almost at the level of the control group
with IBA. In the variant with the DSQSA concentration of
10 mg/l, it was possible to improve only the number of ro-
ots, which increased compared to the control group by al-
most 1.4 times. Cuttings of this variety tolerate winter well:
on average, for 2 years the safety of cuttings did not fall be-
low 79.6 %. Cuttings overwinter best after treatment with
IBA (90.7 %) and in the experimental group with the con-
centration of 50 mg/1 (96.4 %).

The control samples of the Thuja occidentalis "Colum-
na" took root by 68.9 %, the average number of roots is 8
pieces, with an average length of 4 cm — these are the lo-
west among all samples of this variety. When treated with
IBA, the percentage of rooting increased by 72.2 %, the
number and length of roots increased insignificantly — to
8.67 pieces and 4.12 cm. The most effective was the treat-
ment of the cuttings with DSQSA at the concentration of 10
m/1; with it, the survivability amounted to 79.0 %, which is
10 % more than in the control group. Treatment with
DSQSA at the concentration of 50 mg/l affected only the
amount of roots formed, on average there were 12.12 pi-
eces, which is the highest rate for this variety. The cuttings
overwintered most successfully after DSQSA treatment: li-
veability increased by 12-18 % compared to the control
group (fig. 1,a).

Table. 1. The treatment effect of DSQSA solutions on the rooting and development of Thuja occidentalis green cuttings (average
for 2018-2020) / Bniius o0pooxu sxuBuLiB Thuja occidentalis po3unnamu giHaTpUEBON coJi 2-(XiHO/1iH-4-i1Ti0) OYpIUTHHOBOI KHC-
JIOTH Ha iX NPMKMBJIIOBAHICTH i po3BUTOK (cepenHe 3a 2018-2020 pp.)

Variety "Danica" "Columna" "Globosa"
. . |Number | The root| Over- . |Number |The root| Over- . |Number |The root| Over-
Indicators Survi- . Survi- . Survi- .
. . o, |ofroots,| length, | winte- o, |ofroots,| length, | winte- o, |ofroots,| length, | winte-
Processing options | val % . val % . val % .

pcs cm | ring, % pcs cm | ring, % pcs cm | ring, %
Control 84.3 12.89 6.12 79.6 68.9 8.04 4.00 78.4 77.9 11.31 5.23 79.4
IBA 100 15.92 7.15 90.7 72.2 8.67 4.12 82.6 84.1 12.98 6.91 91.3
DSQSA 10 mg/1 76.2 17.94 6.98 85.8 79.0 11.52 8.93 91.4 80.1 7.67 8.86 90.0
DSQSA 25 mg/l 92.4 14.95 6.26 80.9 76.2 11.67 5.34 88.4 91.4 13.04 7.15 88.1
DSQSA 50 mg/1 96.6 14.41 6.92 96.4 71.4 12.12 5.82 95.9 95.1 13.66 7.23 92.3
LSDys* 6.2 2.11 0.98 6.4 4.5 2.32 1.04 6.3 5.8 2.06 1.02 6.5

*LSDys — the least significant difference.

Figure 1. Cuttings of Thuja occidentalis "Danica" / ZhI/IBLll Thu_]a occ1dentahs "Danica": 1) control / KOHTpOJl 2) DSQSA 50 mg/1/
JHKHBK 50 mr/n (a); Cuttings of Platycladus orientalis "Aurea nana" / Zhusii Platycladus orientalis "Aurea nana": 1) control / koH-

Tport; 2) DSQSA 50 mg/l / IHKhBK 50 mr/x (b)
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Table. 2. The treatment effect of DSQSA solutions on the rooting and development of Platycladus orientalis green cuttings (ave-
rage for 2018-2020) / Bniius o0podxu sxxuuiB Platycladus orientalis po3unHamu giHaTpu€EBON coJi 2-(xiHo/1iH-4-i1Ti0) OypLHUTHHO-
BOi KHCJIOTH HA iX NPUKUBJIIOBAHICTD i po3BUTOK (cepenne 3a 2018-2020 pp.)

Variety "Morgan" "Aurea nana" "Pyramidalis"
Indicators .| Number | The root | Over- .| Number | The root| Over- .| Number | The root| Over-
. Survi- . Survi- . Survi- .
Processing of roots, | length, | winte- of roots, | length, | winte- of roots, | length, | winte-
. val % . val % . val % .
options pcs cm ring, % pcs cm ring, % pcs cm ring, %
Control 60.5 10.45 6.75 74.9 55.8 4.78 6.90 60.0 65.0 10.21 5.98 80.0
IBA 68.9 13.54 8.12 87.9 63.1 6.81 5.98 71.9 78.5 11.75 6.34 90.5
10 mg/1 71.2 16.34 7.12 90.9 59.4 7.12 6.05 64.4 78.8 8.67 6.43 77.9
25 mg/l 73.7 10.36 8.17 78.8 77.9 8.12 6.56 65.9 85.6 8.90 7.34 80.6
50 mg/l 75.5 12.04 6.34 75.0 78.5 9.60 6.34 70.0 90.1 9.34 7.12 91.5
LSDys 6.4 2.15 0.94 6.6 4.2 2.38 0.97 6.6 6.5 2.11 1.00 6.2

The "Globosa" variety in the control group took root by
77.9 %,; the average length of the roots is 5.23 c¢cm, the num-
ber is 11.31 pieces. Preparation of cuttings using IBA
improved survival to 84.1 %, the length of the roots incre-
ased to 6.91 cm, the number — up to 12.98 pieces. DSQSA
in the concentration of 50 mg/l demonstrated the best effici-
ency among all samples, the survival rate was 95 %. The
number of roots is 13.66 pieces with an average length of
7.23 cm. In cuttings prepared using DSQSA at a concentra-
tion of 10 mg/l, the length of the roots significantly incre-
ased, up to 8.86 cm, whereas the number of roots in this va-
riant of the experiment was the lowest in the variety — 7.67
pcs. The survivability of the cuttings was noted at the level
of the variant with IBA during the winter in all experimen-
tal variants.

Platycladus orientalis cuttings are generally worse ro-
oted than Thuja occidentalis ones. In the control group, cut-
tings of the variety "Morgan" (Table. 2) took root by
60.5 %. Root quality is average, the length is 6.75 cm, and
the quantity is 10.45 pcs. Treatment of cuttings with IBA
increased the number of rooted cuttings to 68.9 %. The hig-
hest percentage of rooting (75.5 %) was observed after the
treatment of cuttings with DSQSA in the concentration of
50 mg/l. However, the quality of the roots was average: the
number was about 12 pieces, the length was 6.34 cm. The
number of roots significantly increased to 16.34 pieces,
with the use of DSQSA in the concentration of 10 mg/l. In
winter conditions, the best (87.9-90.9 %) cuttings were pre-
served in the group with IBA, and in the experimental gro-
up with the concentration of DSQSA of 10 mg/1.

In the control group of the variety "Aurea nana", only
55 % of cuttings, which formed on average less than 5 ro-
ots, rooted. Their average length was 6.9 cm. The best re-
sults were obtained by treatment of cuttings with a solution
of DSQSA in concentrations of 25 and 50 mg/l. In these ca-
ses, it was possible to obtain rooting at the level of 77.9-
78.5 % with good quality of the root system: the number of
roots increased to 8-9.6 pieces, which is by 1.8-2 times bet-
ter than the control version (fig. 1,0). The length of the ro-
ots remained at the control level. In this variety, the use of
DSQSA at a concentration of 25 and 50 mg/l exceeded the
efficiency of IBA, which is a classic stimulator for root for-
mation. Cuttings of this variety are poorly preserved in win-
ter and for two winters the survivability averaged 60-72 %.
The best indicators are in the groups with IBA and 50 mg/1
DSQSA.

In the control group of the variety "Pyramidalis", cut-
tings rooted by 65 %. The number of formed roots is 10.21
pcs. The average length is 5.98 cm. Treatment of cuttings
with IBA improved survival to 78.5 %, in this case cuttings
have the largest number of roots —11.75 pcs. The average

root length is 6.34 cm. Cuttings treated with 50 mg/l
DSQSA show the best percentage of rooting — 90.1 %, but
the length and number of roots have average values — 7.12
cm and 9.34 pieces. The variety "Aurea nana" confirmed
the geberal trend for overwintering: the best survival of cut-
tings was observed in the variants with IBA and DSQSA 50
mg/1 (90.5-91.5 %).

Thus, all surveyed varieties demonstrate a positive ef-
fect of pre-planting treatment of cuttings with DSQSA solu-
tion in certain concentrations on both survival and quality
of the root system. Besides, rooted cuttings overwinter mo-
re successfully.

Discussion of research results. Previous investigations
by some authors have shown the possibility and effective-
ness of using biologically active substances as rooting sti-
mulators for coniferous species cuttings instead of classical
auxins: Epin-Extra, Zircon [8, pp. 43-46]; Planrise, Tricho-
dermine [1, pp. 39-41]; Radipharm [19, pp. 93-95]; Fumar,
Rhizopon AA poeder, etc. [25, pp. 213-217]. Disodium salt
of 2-(quinolin-4-ylthio) succinic acid can also be conside-
red a biologically active substance [2, pp. 36-42; 3, pp. 38-
10; 4, pp. 51-56; 5, pp. 100-103; 6, p. 32]. Our studies sug-
gest the possibility of using disodium salt of 2-(quinolin-4-
ylthio) succinic acid as a rhizogenic stimulator for Thuja
occidentalis and Platycladus orientalis cuttings instead of
auxin substances. Previously, the rhizogenic activity of this
substance has not been studied.

Thus, based on the results of the work performed, it is
possible to formulate such scientific novelty and practical
significance of the research results.

The scientific novelty of the obtained research results is
that it is for the first time that the disodium salt of 2-(quino-
lin-4-ylthio) succinic acid (DSQSA) was tested as a rhizo-
genic stimulator in the coniferous species green cutting
technology.

The practical significance of the research results — the
authors discovered the possibility of using disodium salt of
2-(quinolin-4-ylthio) succinic acid (DSQSA) as a rhizoge-
nic stimulator in the propagation technology of Thuja occi-
dentalis and Platycladus orientalis garden forms instead of
traditional auxins.

Conclusion / BUCHOBOK

The positive effect of DSQSA on all tested varieties
Thuja occidentalis and Platycladus orientalis was manifes-
ted. In the cuttings of Thuja occidentalis varieties, the most
effective was the concentration of 50 mg/1 ("Danica", "Glo-
bosa"). In the "Danica" variety, immersing the cuttings in
this solution increased the rooting by 96.6 % and ensured
the successful cutting overwintering by 96.4 %. In the
"Globosa" variety, survival was 95 %, root quality and
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overwintering improved by more than 12 %. In the "Colum-

na"

variety, the best rooting and overwintering rates were

observed in the variant with the concentration of 10 mg/l
(rooting — 79.0 %, survival — 91.4 %). In general, in the ex-
perimental variants survival of the cuttings during the win-
ter increased by 12-18 % compared with the control group.

The use of DSQSA solution on Platycladus orientalis

cuttings at a concentration of 50 mg/l increased the rooting
and improved root system quality for all tested varieties
("Morgan", "Aurea nana", "Pyramidalis") by 10-15 % and
provided more successful overwintering of rooted cuttings
(10-20 %).

Thus, the disodium salt of 2-(quinolin-4-ylthio) succinic

acid can successfully replace auxins in the process of green
cuttings reproduction of Thuja occidentalis and Platycladus
orientalis ornamental horticultural varieties.

References

1.

10.

Barayshchuk, G. V. (2009). The use of biologically active prepa-

rations in the introduced breeds reproduction. Achievements of

science and technology of the Agro-Industrial Complex, 4, 39-41.
[In Russian].

. Brazhko, O. A., Zavgorodniy, M. P., Karpun, E. O., Brazhko,

O. A., Romanenko, Ya. I., & Bogdan, A. M. (2019). Chemomet-
ric methods for research of biological activity of quinoline deriva-
tives.  Scientific  Journal  "ScienceRise", 1(54), 36-42.
https://doi.org/10.15587/2313-8416.2019.155424

. Brazhko, O. A., Zavgorodniy, M. P., Lagron, A. V., Kornet, M.,

& M., Dobrodub, 1. V. (2017). Synthesis and biological activity of
derivatives (2- methyl (phenyl)-6-R-quinolin-4-yl-sulphanyl) car-
boxylic acid. Science Review, 7(7), 8-10.

. Derevyanko, N.P.(2019). Development of the flowers root

system under the influence of growth regulators made on the basis
of heteroaryl carboxylic acids. Bulletin of KhNAU. Crop produc-
tion, selection and seed production, fruit and vegetable growing
and storage, 1, 51-56. [In Ukrainian].

. Derevyanko, N.P., Brazhko, O.A., Zavgorodniy, M.P., &

Vasylieva, T. M. (2016). Efficacy and safety of new plant growth
stimulants based on heteroaryl carboxylic acid derivatives. 4Agro-
ecological journal, 3,100-103. [In Ukrainian].

. Dobrodub, 1. V., Zavhorodniy, M. P., Klimova, O. O., & Brazhko,

0. A.(2019). Biological activity of derivatives (2-methyl)
(phenyl) -6-R-quinolin-4-ylsulfanyl) carboxylic acids. Abstracts
of II International Scientific and Practical Conference "Priority di-
rections of science development", Lviv, 32 p. [In Ukrainian].

. Dospekhov, B. A. (1985). Methods of field experience (with the

basics of statistical processing of research results). Moscow: Ag-
ropromizdat. [In Russian].

. Fadeeva, N. A., & Zakharova, N. G. (2021). The use of growth re-

gulators as the coniferous crops survival rate increase technique.
Bulletin of the Chuvash State Agricultural Academy, 2, 43-46. [In
Russian].

. Kovalev, V.M., & Yanina, M. M. (1999). Methodological prin-

ciples and using methods of new generation growth-regulating
drugs in crop production. Agrarian Russia, 1(2), 9—12. [In Russian].
Kovalevskii, S.B., & Tatarchuk, R. Y. (2018). Cultivars of the
genus Thuja L. and Juniperus L. in the rocky gardens of Kiev. Sci-

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

entific Bulletin of UNFU,
https://doi.org/10.15421/40281002
Kovalevskyi, S.B., & Kryvokhatko, H. A. (2019). Kompleksna
otsinka dekorativnosti roslin kultivariv Thuja Occidentalis L. Sci-
entific Bulletin of UNFU, 29(2), 23-25.
https://doi.org/10.15421/40290204

Krussman, G. (1986). Coniferous breeds. Moscow: Forest In-
dustry. [In Russian].

Kucheryaviy, V. S. (2015). Thuja occidentalis and its decorative
forms in landscaping of Lviv. Abstract of Candidate Dissertation for
Agricultural Sciences (06.03.03 — Silvics and forestry). Lviv, 241.
Lisoviy, M. M. (2021). Influence of growth stimulators on risoge-
nesis of Thuja Occidentalis L. clones in vitro conditions. Scientific
Bulletin of UNFU, 31(3), 9-13.
https://doi.org/10.36930/40310301

Lisovyi, M. M. (2019). The effect of growth stimulators on the
initiation of Thuja occidentalis L. explants in vitro conditions. Sci-
entific Bulletin of UNFU, 29(5), 47-50.
https://doi.org/10.15421/402905099

Lisovyi, M. M., & Huz, M. M. (2015). Polymorphism and featu-
res of vegetative propagation by cutting of decorative forms Thuja
occidentalis L. Forestry and agroforestry, 126, 132—139. [In Uk-
rainian].

Hrynyk, H. H., Zadorozhnyy, A. L., & Hrynyk, O. M. (2021). The
trunk bioproductivity of spruce stands of the Polonyn ridge of the
Ukrainian Carpathians. Scientific Bulletin of UNFU, 31(6), 26-34.
https://doi.org/10.36930/40310603

Hrynyk, H. H., Oszako, T. M., & Tkaczyk, M. (2019). The
investigation of the influence of phosphites as stimulants of
resistance of common oak trees (Quercus robur L.) to pathogens
of the Genus Phytophthora in the Krotoszyn plateau (Poland).
Scientific Bulletin of UNFU, 29(8), 09-24.
https://doi.org/10.36930/40290801

Nilov, N. V., Khasbulatov, S. A., & Chukuridi, S. S. (2016). Ve-
getative propagation of decorative forms and species of thuja
(Cupressaceae) using growth stimulants. Collection of articles ba-
sed on the materials of the IX All-Russian of young scientists con-
ference "Scientific support of the agro-industrial complex", Kras-
nodar: Kuban State Agrarian University, 93-95. [In Russian].
Pushkar, V. V. (2004). Conifers in garden and park construction.
Kyiv: High school. [In Ukrainian].

Rezvyakova, S. V., Gurin, A. G., & Rezvyakova, E. S. (2017).
Reproduction of conifers by green cuttings using new biological
products. Bulletin of the Oryol State Agrarian University, 2(65),
9-14. [In Russian].

Skaliy, L. P., & Samoschenkov, E. G. (2002). Plant propagation
by green cuttings. Moscow: MAA. [In Russian].

Sliusar, S. 1. (2002). Determination of the seasonal decorative ef-
fect of species of Taxodiaceae family, which are introduced into
Right-bank Forest Steppe of Ukraine. Introduktsiia roslyn, 2, 96—
100. [In Ukrainian].

Tarasenko, M. T. (1991). Green cuttings of horticultural and fo-
rest crops. Moscow: MAA. [In Russian].

Tockman, V. S. (2015). Peculiarities of vegetative propagation of
Thuja occidentalis L. in the North-eastern part of Ukrainian Fo-
rest-steppe. Bulletin of Sumy National Agrarian University. Agro-
nomy and Biology Series, 9(30), 213-217. https://re-
po.snau.edu.ua:8080/xmlui/handle/123456789/4266

2810,  13-17.

0. B. KoGeyyv?, I0. /1. Bpedixina®Z?, M. II. 3a820podHiii’

1 . - . . . .
Xopmuysra nayionanvha naguaibHo-peabinimayitina axaoemis, m. 3anopiscoics, Ykpaina

2 . o « . o . . . o
Menimononvcokuil depoicagnuii nedazoeiunuil ynisepcumem im. boedana Xmenonuyvrozo, m. Menimononws, Yxpaina

MEPCIIEKTUBU BUKOPUCTAHHA MOXIHUX XIHOJIIH-BYPIITUHOBOI KUCJIOTH B
TEXHOJIOTTI BETETATUBHOI'O PO3MHOKEHHA CA/IOBUX ®OPM THUJA OCCIDENTALIS
L. TA PLATYCLADUS ORIENTALIS (L.) FRANCO

Benukuii momut i BHCOKa BapTiCTh cakaHiB AekopatuBHUX (opm Thuja occidentalis L. i Platycladus orientalis (L.) Franco
3MYIIy€ YKPaiHCHKUX BUPOOHHUKIB CaIUBHOTO MaTepialy HIyKaTH CHOCOOM iX MPHIIBHIAMIEHOTO PO3MHOKEHHS. Bimomo, mo BUKO-
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PHUCTaHHSI PETYNATOPIB POCTY € OOOB'SI3KOBUM €JIEMEHTOM TEXHOJIOTIi BET€TaTHBHOTO PO3MHOXKEHHS AEKOPAaTHBHUX Mopid. Tomy
MIEPCIEKTUBHUM HAINPSIMOM € TIONIYK HOBHX PETYIATOPIB POCTY, IO MOEAHAIN O B cOO1 BUCOKY Pi30r€HHY aKTHBHICTB, EKOJIOTIUHY
Oe3reKy 1 HU3bKY BapTiCTh. 3'SICOBAHO, IO TAKOK HOBOK PEYOBHHOI 3 HOTCHI[IHHUMH BIACTHBOCTSMHU PEryJIsATOpa POCTY POCIHH
MOXHA BBaXXaTH JIHATPi€BY cuib 2-(XiHOMiH-4-inTio) OypmtuHOBOi Kucnotu (JIHXBK). ExcnepumenTtu nposeneHo B nabopaTopil
CaI0OBO-NAPKOBOI0 FOCMOAapcTBa XOPTHUIIBKOT HAIlIOHATIBHOT HABYAIbHO-peabdimiTamiiiHoi akaaemii ympomosxk 2018-2020 pp. Ha 3e-
nenux KuBIEX Thuja occidentalis "Danica", "Columna", "Globosa"; Platycladus orientalis "Morgan", "Aurea nana", "Pyramidalis"
ouixeHo BB Boauux po3unHiB JJHXBK y konuentpauisx 10, 25 i 50 Mr/a Ha 1X yKOpiHeHHS i 30epexkeHiCTh ypoaoBXK 3uMu. Bik
Mato4Hux pociuH — 10-15 pokiB. TexHOIOris 3elIeHOro KUBLIOBaHHS — 3arajibHONpUitHATa. KOHTPOIbHI KUBII BUCAIKYBaIH HA
yKOpiHeHHs 0e3 monepeaHboi miaroToBku. JoaaTkoBuii KOHTPOIb — XKUBLI, 00podieHi nopomkoM "Kopresin" (4-(iHgomn-3-im) mac-
NsiHa KucnoTta). ExciepuMeHTanbHi )KUBII Tepe]] BUCAIKOI0 BUTPUMYBAIU BIPOIOBXK 12 Toa 3aHypeHUMH 0a3abHUMHU YaCTHHAMU B
po3una [IHXBK y xonnenrpamisx 10, 25 i 50 mr/mn. IToBTopHicTh mociigy Tpupaszosa, o 30 xuBmiB. JKuBLi yKOpiHIOBAIN B TApHH-
Ky i3 miBku. CyOctpaT — HU3HHHHMI Topd y cymimi 3 mepititoM (1:1). IIpmkuBIIOBaHICTS XKUBIIB, KUIBKICTh, JOBKHHY KOPEHIB Bpa-
XOBaHO HANPHKIHII BepecHs. YKOPiHEHI JKHUBL BHCAPKEHO y BIJIKPUTHIA IPYHT Ha opolyBaHHs. HaBecHi HACTYITHOrO pOKy BHSIBIIC-
HO KIJIBKICTBh POCIIMH, IO Tepe3uMyBaitn. BeraHosneHo, mo no3utuHui pesynsrat aii JJHXBK Ha ykopiHEHHs KHBIIB OLTBIIOCTI
COpTIB MposiBUBCs B KoHUeHTpaii S0 mr/in, Ha copti "Columna" — y xonuentpauii 10 mr/in. BusiBeHo, 1o mosiniieHHs sKOCTi Kope-
HEBOI cucTeMH 3a0e3neuno ycnimuinry (Ha 10-20 %) nepe3umiBio BKOPIHEHUX JKHUBLIB.

Knruogi cnoea: Tys 3axifHa; MHAPOKOTUTOYHHUK CXiJIHUIA; IEKOPATUBHI CaloBi (OPMH; PETYIATOPH POCTY POCIUH; 3€JICHE KUB-
LIOBAHHSI; IPHIKUBIIIOBAHICTb.
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