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The pedunculate oak (Quercus robur L.) is a valuable tree species not only in Ukraine but also globally,
being a cornerstone of many forest ecosystems. Due to its significant ecological and economic roles, the need arises
for creating superior stands of this species that can meet the growing demand for high-quality seeds and seedlings of
Quercus robur. These stands are essential for reforestation, biodiversity conservation, and wood production. One of
the main challenges in forming and maintaining these stands is the periodicity of the oak ’s reproductive phase. This
irregularity in flowering and seed production reduces the overall productivity of oak populations. To overcome this
limitation, various approaches have been tested, including the use of plant growth regulators. Chlorocholine chloride
has shown promise as an effective tool in regulating the reproductive development of plants.
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M6 3euuaunui (Quercus robur L.) e yinnoro depesnoro nopoooio ne nuwe ¢ Yxpaini, a i y ceimi sazanom. Y
36 513Ky 3 YUM, BUHUKAE nompeba y hopMySanHi Nu0CoO8UX HACAOICEHb Yiel Kyabmypu, AKi 6 3abe3neuunu nonum Ha
nacinns i cadaxcanyi Qercus robur. Oouak, oouicto 3 npobnem Gopmyeanns i pYHKYIOHYEAHHA MAKUX HACAONCEHD €
nepioduunicme penpooykmueHoi ¢asu 0yda, sKka 3HUNCYE Ix npooyKmueHicmb. [ns HigentoganHs yici npobremu
BUKOPUCMOBYIOMb  DI3HI NIOX00U, OOHUM 13 SAKUX € 3ACMOCYBAHHS peSyIsimopié pOCmy pOCIUH, HANPUKIAO,
xnopxoninxaopudy. Y pesynomami npogedeHux 0ocuiodcenb Hamu 0YI0 6CMAHOGIEHO, WO 3ACMOCYBAHHA 6KA3AHOT
PeHOBUHU NOUMUGHO 6NIUBANIO HA YUCETbHICHb MAMOYKOGUX MAa mMuduxKosux keimoxk y Quercus robur. Kpiv moeo,
OVI0 BUABNEHO 3ANENCHICMb KiIbKOCMI 2eHEPAMUBHUX OpP2aHié 0yOa 6i0 KIOHY, AKUL BUKOPUCHOBYBABCA ) X00i
docniodis. Takum yuHOM, HAMU 8CMAHOBNIEHO, WO 2eHEPAMUBHULL PO3BUMOK 0Y0A 36UYAIIHO20 iICIMOMHO 3A7eXCUmb 8i0
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KIOHY, YMO8 POKY, W0 nepedye YeiminHIO i Modice Oymu npoCmuMyI08AHUM 600HUM POZYUHOM XJIOPXOJIHXIOPUAY, Ois
K020 BUPANCAEMBCS Y 30UIbUUEHHT KITbKOCMI SIK MAMOYKOBUX MAK [ MUYUHKOBUX KEIMOK.

Knwouosi cnosa: 0y6 szsuuatinuti;, QUercus robur; xaopxorinxaopud; pezyisimop pocmy pOCIUH;
PenpoOyKmMUGHUL pO3GUMOK, YGIMIHHSL.

The formation of clonal stands of Quercus robur contributes to the expansion of areas
planted with trees that exhibit the traits of superior specimens, improving care practices and,
consequently, increasing the quantity of high-quality seed material. Moreover, this enhances the
efficiency of breeding work. However, over time, periodicity in fruiting returns in clonal
plantations, growth processes intensify, and their advantages diminish [1]. The transition of a plant
to flowering, as well as the overall process of ontogenesis, is controlled by three interrelated
systems: trophic, hormonal, and genetic [2; 3]. Research aimed at influencing these systems is
extensively and comprehensively described in the scientific literature [2; 3]. One of the effective
measures is the application of physiologically active substances, particularly the gibberellin
biosynthesis inhibitor — chlorocholine chloride [4; 5].

To study the growth and development of individual Quercus robur clones and to assess the
potential for influencing their reproductive process, we established a collection plot at the local
nature monument «Dub Karpa» (Carp’s Oak). On a 0,15-hectare area of young common oak
plantations, trees of an early phenological form were selected, onto which grafts from superior
trees were applied. The cuttings were obtained from the Quercus robur clonal plantation of the
Vinnytsia forestry, and according to the official registry, they bear the numbers A-1, A-97, A-82,
and A-83. The experiment was repeated three times on trees of each clone. Statistical analysis was
performed using multifactorial analysis of variance at the 5 % significance level.

The degree of shoot sexualization determines the qualitative composition of the flowering
organs in the studied Quercus robur clones. During the observation period, the number of female
inflorescences and flowers varied significantly depending on the shoot type. On complex
combined shoots — 3, rarely 2-4, each containing 3-4 flowers. On female growth shoots, the
number of inflorescences was 1-2 per shoot, with 2—3, occasionally 4, flowers per inflorescence.
Therefore, the sexualization of the shoots also defines the quantitative nature of the female
flowering. Throughout the observations, no significant differences were noted in the number of
inflorescences and flowers per shoot in the grafted trees of the studied clones.

According to our research (table 1), the quantitative composition of the female flowering
organs varied significantly depending on the clone and was notably higher in the variant with the
application of an aqueous solution of chlorocholine chloride.

In the 2022 experimental year, the number of female flowers on trees of clone A-1, treated
with a 0,9 % solution of chlorocholine chloride, amounted to 457,3 flowers per tree, compared to
218,3 flowers per tree in the control group, with LSDos = 3,01. A noticeably lower number of
flowers was observed on trees of clone A-97, with 270,3 flowers per tree under the influence of
chlorocholine chloride and 184 flowers per tree in the control group. For Quercus robur clones A-
82 and A-83, the number of female flowers was 487,3 and 256 flowers per tree, and 593 and 424,6
flowers per tree, respectively.

The year 2023 was characterized by unfavorable conditions for the formative processes
preceding flowering, resulting in a significantly lower number of flowers compared to the
previous year. During this period, the lowest number of female flowers recorded in the study was
on trees of clone A-97, with 113,7 flowers per tree in the control group and 183,7 flowers per tree
under stimulation. The most favorable conditions for the formation of female flowers were those
preceding the 2024 flowering season, where a significant increase in the number of flowers was
noted, with the highest count observed in trees of clone A-83-696,3 flowers per tree in the control
group and 991 flowers per tree under the influence of an aqueous solution of chlorocholine
chloride.
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Table 1
Flowering of female flowers in individual Quercus robur clones, units/tree
Years of chlorocholine chloride Clones
experiment concentracion, % A-1 A-97 A-82 A-83
2022 0,9 457,3 270,3 487,3 593,0
Control 218,3 184,0 256,0 4246
2023 0,9 263,6 183,7 369,7 559,7
Control 114,7 113,7 253,3 416,3
2024 0,9 593,3 491,6 652,3 991,6
Control 341,0 315,3 416,0 696,3
A 3,69
LSDos B 4,26
C 3,01

As a result of multifactorial analysis of variance, it was established that the number of
female flowers in individual Quercus robur clones significantly varies depending on the year of
the study. In 2022, the average number of female flowers was 361,38 flowers per tree, in 2023 —
288,2, and in 2024 — 502,17 flowers per tree, with LSDos = 3,69. The quantitative composition of
female flowers also significantly differed based on the biological characteristics of the clone. For
example, the number of flowers on trees of clone A-83 was 613,83 flowers per tree, A-82 —
405,78, A-1 — 336,33, and A-97 — 259,7 flowers per tree, with LSDgs = 4,26.

Under the influence of a 0,9 % solution of chlorocholine chloride, the number of female
flowers significantly increased to 492,92 flowers per tree, while in the control, this figure was
314,94 flowers per tree, with LSDos = 3,01. The impact of the experimental factors (fig. 1) was
predominantly determined by the research years (factor A) — 33 %, and the biological
characteristics of the clone (factor B) — 42 %. The concentration of chlorocholine chloride
(factor C) also had a notable effect — 19 %. The contribution of the interaction effects between
factors A and B, A and C, and B and C ranged from 1 % to 3 %.

Thus, the primary determinant of the number of female flowers is the biological
characteristics of individual clones, which are significantly influenced by the conditions of the
year preceding flowering. The application of a 0,9 % concentration of chlorocholine chloride
reliably promoted an increase in the number of female flowers, regardless of environmental
conditions.

The flowering of male flowers on trees of the studied Quercus robur clones begins with
the start of vegetation and is characterized by the solitary placement of male inflorescences, which
are grouped into catkins. Typically, the inflorescences are found singly on the shoots, with the
number of catkins in the inflorescence ranging from 3 to 7. Occasionally, on complex combined
shoots, two inflorescences are observed, one of which has an irregular shape, and the anthers are
located on shortened catkins. Observations of the number of male inflorescences in individual
Quercus robur clones revealed significant differences in their quantity (table 2).

In 2022, the number of male inflorescences on the control trees was, for clones A-1, A-97,
A-82, and A-83, 30, 17, 30,6, and 67,3 per tree, respectively, with a significant difference
(LSDos = 1,17). Under the influence of a 0,9 % chlorocholine chloride solution, the number of
male flowers significantly increased, reaching 46, 27, 47, and 109,2 per tree, respectively. In 2023,
observations on the trees of clones A-1 and A-97 showed no significant changes in the number of
male flowers between the control and experimental trees, with 40,7 and 39,3 per tree, and 27,2 and
28,3 per tree, respectively. The highest number of male inflorescences was observed in 2024 on
the trees of clone A-83 — 63,4 per tree in the control and 80,7 per tree in the stimulated variant
(LSDos = 0,96).
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Fig. 1. Female flowering of individual Quercus robur clones
depending on the studied factors
A — years of study; B — clones; C — concentration of chlorocholine chloride, % in the working
solution; AB, AC, BC, ABC — interaction of the studied factors.

Table 2
Male flowering of individual Quercus robur clones, flowers per tree
Years of chlorocholine chloride Clones

experiment concentracion, % A-1 A-97 A-82 A-83
2022 0,9 46,0 27,0 47,0 109,2
Control 30,0 17,0 30,6 67,3
2023 0,9 39,3 28,3 41,1 61,2
Control 40,7 27,2 37,3 53,3
2024 0,9 62,6 51,3 59,2 80,7
Control 49,0 32,4 38,6 63,4

A 1,17

LSDos B 1,35

C 0,96

Multifactorial analysis of variance revealed that the number of male inflorescences
significantly changed depending on the year of observation. The highest number was recorded in
the conditions preceding the 2024 flowering season — 54,42 per tree, while the lowest was
observed in 2023 — 41,0 per tree, and in 2022, it amounted to 46,58 per tree (LSDos = 1,17).
Significant changes in the number of male flowers were also noted based on the biological
characteristics of the clones. Specifically, the most intense male flowering was observed on trees
of clone A-83 — 72,22 per tree, while clone A-97 exhibited the lowest number of male
inflorescences throughout the study period — 30,39 per tree. On the trees of clones A-1 and A-82,
the number of male inflorescences changed less significantly, reaching 44,61 and 42,11 per tree,
respectively (LSDos = 1,35).

The application of a chlorocholine chloride solution significantly increased the number of
male inflorescences to 54,25 per tree, while in the control group, this number was 40,42 per tree
(LSDos = 0,96). Changes in the number of male inflorescences within the gradation of the studied
factors define a significant degree of their impact on the quantitative composition of male
flowering (fig. 2). The influence of the year conditions (factor A) that preceded flowering
accounted for 8 % of the effect. The number of male inflorescences was most significantly
influenced by the biological characteristics of the clone (factor B), accounting for 60 % of the
effect. The influence of the chlorocholine chloride solution (factor C) was 12 %. The interaction
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between factors AB accounted for 12 %, while the interactions AC, BC, and ABC contributed 2—
4 % of the effect.

\
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Fig. 2. Male flowering of individual Quercus robur clones depending on the studied factors
A — Years of research; B — Clones; C — Chlorocholine chloride concentration, % in working
solution; AB, AC, BC, ABC — Interaction of the studied factors.

Thus, the determining factor in the quantitative composition of male flowers in Quercus
robur is the biological characteristics of the clones, which are significantly influenced by the
conditions of the year preceding flowering. The stimulating effect of the aqueous solution of
chlorocholine chloride is expressed in a statistically significant increase in the number of male
inflorescences throughout the entire period of the study. However, such an effect may vary
depending on genetic properties of trees, climate, concentratoin of the solution, timing of
application and many other factors which can determine a direction of further scientific search.
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