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Abstract. The challenge of germinating Cercis L. seeds, caused by their physiological and physical
dormancy, necessitates the improvement of generative propagation methods using growth stimulants.
This study examined the influence of organo-mineral growth stimulants on the germination efficiency
of experimental species seeds, as well as their subsequent impact on the morphometric parameters
of seedlings. Field germination was determined by direct counting of germinated seeds, while
laboratory germination was assessed according to the International Seed Testing Association (ISTA)
methodology for evaluating seed quality. Statistical data processing was performed using MS Excel
(one-way ANOVA and Standard Deviation). The study revealed a statistically significant effect of the
tested preparations on seed germination efficiency. It was found that Cercis siliquastrum “Alba” seeds
exhibited the highest germination rate when treated with Succinic acid at a concentration of 1 g/L.For
Cercis canadensis L., the preparations “Megafol” (5.0 mL/L, germination rate 70-77%) and “Alga 600"
(1.25 g/L, germination rate 50-70%) demonstrated a positive effect. Additionally, experimental data
showed that seedlings derived from stimulant-treated seeds exhibited greater growth increments
compared to the control group. Treatment with “Succinic acid” resulted in a 2.5-2.9-fold increase in
Cercis siliquastrum “Alba” seedlings. Similarly, Cercis canadensis L. seedlings from seeds treated with
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“Succinic acid” showed nearly double the growth increment. Application of “Radifarm” (5.0 mL/L)
increased the height of Cercis canadensis L. seedlings by approximately 1.6-fold

Keywords: seed propagation; Judas tree; seedlings; growth stimulants; germination

Introduction

The genus Cercis L. comprises ornamental woody
plants distinguished by their vibrant flowering
and distinctive leaf morphology, making them
widely used in landscaping, garden design, and
botanical cultivation. Despite their horticultural
value, large-scale propagation of Cercis remains
challenging due to the biological characteristics
of its seeds. Specifically, the seeds exhibit deep
physiological and physical dormancy, significantly
complicating germination and limiting the wide-
spread application of generative propagation in
nursery conditions. Consequently, there is a need
to refine stratification techniques and employ
growth stimulants to enhance Cercis seed germi-
nation and reduce pre-sowing preparation time.

The simplest propagation method is gener-
ative. As noted by N. Nimavat & P. Parikh (2024),
generative reproduction carries a risk of paren-
tal trait segregation. However, for plants that are
difficult to propagate via cuttings, grafting serves
as an alternative for preserving the ornamental
traits of parent plants. This technological process
requires rootstock planting material, which is typ-
ically obtained through generative propagation.
Thus, improving generative propagation tech-
niques and studying the influence of growth stim-
ulants on seed germination efficiency and subse-
quent seedling quality remain pressing issues.

According to F.A. Chattha et al. (2025), seed
germination is a complex process influenced by
both endogenous and exogenous factors. Key
determinants of successful germination include
temperature, moisture, and oxygen. The en-
dosperm acts as a nutrient reservoir, containing
hormones that regulate germination. Phytohor-
mones play a critical role in germination and
early seedling development. For instance, auxins
regulate embryo growth and development, with

their concentration controlling differentiation
into various plant organs. Gibberellins, another
vital group of phytohormones, are used in seed
treatment to induce amylase production, which
promotes germination. Post-germination, in-
creased sugar content elevates respiration rates,
facilitating growth. Cytokinins regulate seedling
development, particularly stem elongation and
enzyme induction. These phytohormones are
synthesised in the apical tissues of young roots.
In contrast, abscisic acid acts as an inhibitor and
interacts antagonistically with gibberellins. Ad-
ditionally, exogenous chemicals are employed to
modulate seed and plant growth, influencing not
only development but also providing insights into
seed physiology through compositional analysis.
R. Zhou et al. (2025) investigated the effects
of gibberellic acid and cold stratification on the
germination of the perennial medicinal plant
Ferula gigantea via controlled experiments. They
found that a 90-day cold stratification period
yielded the highest germination rate (86.7%),
recommending this pre-sowing treatment for the
species. Garg (2024) studied the positive influ-
ence of beneficial microbes, including arbuscular
mycorrhizal fungi, Trichoderma spp., rhizobia, and
other bacteria, noting significant germination im-
provements in cereals, oilseeds, and vegetables.
During the generative propagation of Zostera
marina L., researchers R. Pieraccini et al. (2025)
investigated the effects of light and gibberellic
acid on seed germination in the studied species.
They examined the combined influence of light
spectra (white, red, and absence of light), photo-
period, and gibberellic acid at concentrations of
0, 50, 500, and 1000 mg/L on germination rates.
Their findings revealed that the absence of light
or exposure to red light spectra, in combination
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with gibberellic acid, significantly increased the
likelihood of seed germination. Additionally, it
was noted that moderate (50 mg/L) and high
(500 mg/L) concentrations of gibberellic acid also
had a positive effect on reducing germination
time. Based on their research, the authors con-
cluded that seed treatment could mitigate dor-
mancy periods induced by stress or handling and
may represent a viable strategy for generative
propagation in nursery settings.

The study by X. Wang et al. (2025) focused on
the effects of freezing and stratification on the
germination of pecan (Carya illinoinensis) seeds,
which are widely used for rootstock cultivation.
The authors emphasised that, despite the tradi-
tional emphasis on scions, rootstocks largely de-
termine plant growth, phenology, and resilience.
The primary challenges arise from the seeds deep
dormancy and hard seed coat. It was found that
stratification significantly improved germination
rates (up to 48.5%) and reduced germination time
(to 18 days), whereas freezing without stratifica-
tion demonstrated markedly lower efficacy (ger-
mination rate of 15.7%, with germination occur-
ring after 37 days). Conversely, the combination
of freezing and stratification negatively affected
the results. Seed provenance had no significant
influence.

M.Szymajda & R.Maciorowski (2025) investi-
gated the impact of different treatment methods
on the germination and growth of cherry seed-
lings under greenhouse conditions. The tested
treatments included varying durations of cold
stratification (+5°C) and several approaches to
removing germination inhibitors present in the
endocarp, seed coat, endosperm, and cotyledons
of the embryos. Their results indicated that the
highest germination rates were achieved by re-
moving the seed coat attached to the endosperm
and exposing the embryos to +20°C after 90 days
of stratification. Germination rates reached 80-
90%, with germination time ranging between
10-15 days. The authors also noted that under
conventional stratification methods (seeds in en-
docarps at +5°C), a significant proportion of seeds

failed to germinate even after 150 days. Using this
method, seedlings 20-25 c¢m tall were obtained
within five months, while the final germination
rate for the control group varied between 16.4%
and 54.4%. Seedlings derived from seeds strati-
fied for 90 days exhibited better growth than
those subjected to shorter stratification periods.

The objective of this study was to determine
the effects of organo-mineral growth stimulants
on the germination of experimental Cercis L. spe-
cies and to analyse subsequent changes in the
morphometric characteristics of the resulting
seedlings.

Materials and Methods
Germination tests were conducted by sowing
seeds of Cercis canadensis L. and Cercis siliquas-
trum “Alba” in multi-cell trays (60x40 cm, cell size
4.5x4.5x7.0 cm). Seeds of Cercis canadensis L. “F”
and Cercis siliquastrum “Alba” were collected from
trees growing in the 0.0. Fomin Botanical Garden
and from a plant located on V. Petriv Str. (Cercis
canadensis L.“K”). The seeds subsequently under-
went cold stratification at +4°C for four months.
Pre-sowing treatment included scarification of
the seed coat using hot water: seeds were soaked
in boiling water (t=100°C) and left to cool for 24
hours. Afterward, the seeds were soaked in solu-
tions of the tested preparations at varying con-
centrations (according to the experimental de-
sign) for 24 hours. The tested substances included
“Megafol”, “Radifarm”, “Alga 600", and succinic acid.
The seeds were then sown in individual cells of
the trays at a depth of 1-1.5 cm, with one seed
per cell. Lowland peat was used as the substrate.
The trays were placed in a greenhouse. The study
was conducted between 2022 and 2024. Irriga-
tion was performed as needed based on substrate
dryness, supplemented by automated watering
three times daily (5-minute intervals at 8:00,
12:00, and 16:00) via fine mist nozzles (flow rate:
2 L/h). Germination rates were assessed 30 days
after sowing. Seedling height was measured on
day 40 and after growth completion (five months
post-sowing).
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Laboratory germination capacity of the
seeds was determined in accordance with the
International Rules for Seed Testing 2025 by the
International Seed Testing Association (ISTA) at
the State Enterprise “State Centre of Agricultural
Products Certification and Examination”. Seeds
from different harvest years (2021 and 2023)
and subjected to different stratification methods
were used for the experiment. The 2021 seeds
were stored under controlled cold conditions,
whereas the 2023 seeds were collected direct-
ly from trees immediately before sowing, thus
undergoing natural stratification. Due to the ab-
sence of the studied genus and species in the
aforementioned Rules, it was decided to conduct
the research using the methodology for deter-
mining the sowing qualities of Robinia pseudo-
acacia L. seeds, as this species requires similar
pre-sowing preparation procedures and has a
hard seed coat. According to the methodology,
the seeds were germinated on filter paper under
alternating temperatures: 20°C for 16 hours and
30°C for 8 hours. Seed evaluation was recom-
mended to be conducted first on day 7 (germi-
nation energy) and finally on day 14 (germina-
tion capacity). To determine the influence of the
germination method on laboratory germination
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capacity, seeds were placed for germination be-
tween layers of filter paper. Seeds used for ger-
mination included those from the 2021 harvest,
which had undergone cold stratification (for 4
months at +4°C) in 2021-2022 and were subse-
quently stored at room temperature, as well as
seeds from the 2023 harvest, collected directly
from trees immediately before the experiment
(March 2024) and not subjected to artificial
stratification. Germination was carried out in a
laboratory incubator with cooling (ST700 BASIC,
manufactured by PolEko Aparatura, Poland) un-
der a variable temperature regime in accordance
with the methodology, as well as under a var-
iable photoperiod - 8 hours with light and 16
hours without light. Seed evaluation was con-
ducted following the methodology; however, the
final evaluation period was extended to day 30
due to low germination energy. The study was
conducted in compliance with the Convention
on Biological Diversity (1992).

Results and Discussion
Seed germination capacity was evaluated on day
30, and morphometric measurements were taken
on day 40 after sowing. The summarised data on
germination capacity are presented in Table 1.

Table 1. Efficacy of the influence of tested preparation concentrations
on the germination rate of the studied plant species

Germination rate, %

. Concentration,
Preparation

C. canadensis L. (0.0. Fomin

C. canadensis L. C. siliquastrum

mi/i Botanical Garden) (V. Petriv Str.) “Alba”
2.5 60.0£3.4 66.7+2.8 80.0+4.7
Radifarm 5.0 56.7+2.8 46.7+3.6 66.7+2.9
10.0 36.75.1 50+4.3 63.3+3.2
2.5 63.3+3.2 60+3.7 56.7+4.1
Megafol 5.0 7041 76.7+4.6 70.0£5.3
10.0 56.7+5.3 50+5.2 56.7+5.1
1.25 70+3.6 50.0+4.2 60.0£2.9
Alga 600 (g/1) 2.5 56.7+3.1 56.7+3.5 56.7+3.8
5.0 36.7+3.8 46.7+2.9 46.7+3.4
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Table 1. Continued

Germination rate, %

. Concentration,
Preparation

C. canadensis L. (0.0. Fomin

C. canadensis L. C. siliquastrum

mi/! Botanical Garden) (V. Petriv Str.) “Alba”
0.5 66.7+3.2 73.3+3.6 80.0+4.0
Succinic acid 1 73.3+3.3 73.3+4.3 83.3+3.3
2 66.73.1 63.3+3.6 63.3x4.1
Control 70.0+7.6 80.0+6.8 93.3+23

Source: developed by the authors

The data presented in Table 1 demonstrate
that the seed germination rate of the studied
plant species varies depending on both the
concentrations of the tested substances and
the species. Specifically, the seeds of Cercis si-
liguastrum “Alba” exhibited a higher germina-
tion rate compared to those of Cercis canaden-
sis L., which were collected from two different

locations in Kyiv. It was hypothesised that this
difference in germination rate may reflect a
species-specific trait of C. siliquastrum “Alba”.
Statistical analysis confirmed that the prepara-
tion concentrations had a statistically signifi-
cant effect on the seed germination rate of the
studied species. The results of the data analysis
are presented in Table 2.

Table 2. One-way ANOVA

Source of variation SS df

MS F P-value F crit

Between groups 4400.824 12

366.7353

6.16992 0.0000534  2.147926

Note: df - number of degrees of freedom; MS - variances; F - calculated value of the Fischer criterion; P-value -
calculated value of the minimum substantiality; Fcrit - critical value of the Fischer criterion

Source: developed by the authors

“Radifarm” showed the greatest efficacy at
a concentration of 2.5 ml/l, whereas “Megafol”
was most effective at 5.0 ml/l. Succinic acid
demonstrated optimal influence at the manu-
facturer-recommended concentration of 1 g/l
(Figs. 1, 2).

The data obtained during the study revealed
that the germination rate of C. canadensis L. seeds
ranged from 36.7% (treated with “Radifarm” and
‘Alga 600” at a concentration of 5.0 g/L) to 73.3%
(succinic acid at 1 g/L). The least variability in
germination results (66.7-73.3%) was observed
with the “Succinic Acid” preparation. The germi-
nation variability of Cercis canadensis L. seeds
collected from plants growing on V. Petriv Street
ranged from 46.7% (“Radifarm” and “Alga 600" at

concentrations of 2.5 g/Land 5.0 g/L, respectively)
to 80% (Control). The smallest fluctuation in seed
germination between preparation concentrations
was noted for “Succinic Acid” (63.3-73.3%) and
‘Alga 600" (46.7-56.7%).

It was established that succinic acid at a con-
centration of 1 g/L is optimal for enhancing the
germination of Cercis L. seeds. However, it should
be noted that a high germination rate (80%) was
observed in C. siliquastrum “Alba” seeds treated
with “Radifarm” at 2.5 ml/l. At the same time,
high germination rates in C. canadensis L. were
achieved with “Megafol” at 5.0 ml/l and “Alga 600"
at 1.25 g/L. The control sample of Cercis siliquas-
trum “Alba” seeds exhibited a germination rate of
93.3%, the highest recorded.
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Figure 1. Efficacy of organo-mineral biostimulant concentrations

on the generative propagation of Cercis canadensis L.
Note: a - seeds from a tree growing in the 0.0. Fomin Botanical Garden (‘F”); b - seeds from a tree growing in Kyiv,
V. Petriv Str. (‘K”); n=manufacturer-recommended concentration

Source: developed by the authors
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Figure 2. Effect of tested preparation concentrations
on the field germination of C. siliquastrum "Alba”

Note: n=manufacturer-recommended concentration
Source: developed by the authors

The most common practice for using growth
regulators involves vegetative propagation using
plant cuttings. However, as asserted by J.D. Bew-
ley & M. Black (1985), these substances can also
be employed to break seed dormancy. The re-
searchers provide a list of compounds capable of
mitigating or eliminating such issues, including
respiratory inhibitors, oxidisers, nitrates, nitrites,

and phytohormones themselves. Gibberellins
promote the induction of cell wall hydrolases,
thereby weakening and damaging the endosperm.
Abscisic acid (ABA), acting as an antagonist to
gibberellic acid, inhibits the induction of cell
wall hydrolases, reducing endosperm weakening
and damage. As stated by K. Miller et al. (2006),
gibberellic acid enhances, while abscisic acid
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suppresses, embryonic growth potential. The work
of H. Fernandez et al. (1997) demonstrates signif-
icant variations in gibberellins during dormancy
release in beech (Fagus sylvatica L.) seeds and the
capacity of non-dormant seeds to undergo meta-
bolic transformations.

Although the germination percentage of
control samples was equal to or slightly high-
er than that of seeds subjected to pre-sowing
treatment, qualitative indicators such as seed-
ling height were significantly lower in the con-
trol group (Table 3).

Table 3. Morphometric parameters of Cercis L. (x+SDev, n=30)

= Seedling height, cm
g 16.05.2022 16.10.2022
: 3 3 : 3 3 :
i ) = s
Preparation E % u_ % ! § :E g u_ % x § 3
§ §- § - %’S g - g - %S
e . . d . . d
8 (&) (&) o (&) (&) o
2.5 46+1.8 6.2+1.2 2.6+0.3 11.5+3.9 9.2+3.5 7.5+¥29
Radifarm 5.0 47+1.8 59+1.0 2.5%0.5 12.5+43 10.0+3.2 59+27
10.0 58+1.4 57%+1.5 2.3+0.3 10.8+4.7 9.6+3.7 4.8%1.2
2.5 46+19 6.2+1.2 2.3+0.3 8.1+1.5 13.6+3.1 8.0+1.6
Megafol 5.0 47+1.8 59+1.0 2.5%0.5 7.8+23 9.5+29 7.3+1.7
10.0 58+1.4 57+1.5 2.3+0.3 8.3+1.7 10.2+3.4 6.0£1.9
1.25 43+1.4 48+1.7 2.8+0.6 9.9+3.2 11.4+2.2 9.3+3.3
Alga 600 2.5 43+1.4 57+1.4 2.6+0.6 10.0x26 12.5%3.1 8.1+2.7
5.0 46+1.7 58%1.1 3.0+£0.7 10.6+29 11.1+3.9 8.8+2.5
0.5 41+1.8 51+1.7 2.5+0.4 12.6x3.7 12.043.3 9.842.9
Succinic acid 1.0 4.2+1.8 5.0+1.8 2.5+0.4 12.5%4.0 10.843.1 9.4+2.7
2.0 4141.5 5.612.3 2.7%0.5 10.5£3.8 13.4+2.8 9.3+3.3
Control 42413 49+1.4 2.1+0.5 8.1+2.4 8.3+1.7 4.542.0

Source: developed by the authors

Seedling height of the studied species on the
40" day after sowing ranged from 2.1 cm (con-
trol sample of Cercis siliquastrum “Alba”) to 6.2 cm
(Cercis canadensis L. “K” treated with “Radifarm”
at 2.5 ml/l). Seedling height measurements were
conducted after growth cessation, five months

after the initial assessment. At the end of the
growth period, seedling height varied between
4.5 cm (control, Cercis siliquastrum “Alba”) and
13.4 cm (Cercis canadensis L.“K” treated with suc-
cinic acid at 2 g/L). The growth increment data
are presented in Table 4.

Table 4. Dynamics of changes in the mean shoot increment of seedlings from the genus Cercis L.

Seedling increments

=
£ Absolute (Ah), cm Relative, %
s K K g @ @ 13

Preparation S 2 2 g 2 2 g
£2 N 2y 2% 2y 2y 8%
] Q= [ 32 [ ® = s =2
8 g g &= g § i &=
5 o o 5 S o 3
© 3} 3} o 3} 3} o

. 2.5 6.9 3 4.9 150 48 188
Radifarm

5.0 7.8 41 34 166 69 136
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Table 4. Continued

Seedling increments

E Absolute (Ah), cm Relative, %

s 8 8 £ K%} K%} £
Preparation S 2 2 g N 2 2 g N
£2 &y 2y i3 2w 2 g3
o Q= Q= ] ] Q= ]
8 8 8 &= 8 8 i &=

5 o o 5 S o 5

© 3} 3} o 3} 3} o
Radifarm 10.0 5.0 3.9 2.5 86 68 109
2.5 3.5 7.4 57 76 119 248
Megafol 5.0 3.1 3.6 4.8 66 61 192
10.0 2.5 4.5 3.7 43 79 161
1.25 5.6 6.6 6.5 130 138 232
Alga 600 2.5 57 6.8 55 133 119 212
5.0 6.0 53 5.8 130 91 193
0.5 8.5 6.2 7.3 207 122 292
Succinic acid 1.0 8.3 5.8 6.9 198 116 276
2.0 6.4 7.8 6.6 156 139 244
Control 3.9 34 2.4 93 69 114

Source: developed by the authors

The data presented in Table 4 allow for a com-
parison of changes in seedling height between the
initial measurement and the end of the growth
period. Over five months, seedling increments
ranged from 2.4 cm (control sample, Cercis siliquas-
trum “Alba”) to 8.5 cm (succinic acid, 0.5 g/L, Cercis
canadensis L. “F”). However, given that seedlings
had varying initial heights, those with identical
absolute increments may exhibit differing relative
values. Calculating the relative increment provides

Seedling growth dynamics over 5 months%

insight into the change in seedling height relative
to their initial value. Figure 6 illustrates the dy-
namics of seedling height. The best-performing
seedlings were those of Cercis siliquastrum “Alba”,
with the smallest height increase observed in
samples treated with “Radifarm”at 10 ml/L (109%),
and the largest in those treated with succinic acid
at 0.5 g/L (292%). The relative height change in
the control sample was 114%, representing the
second-lowest increment for this cultivar (Fig. 3).

C. canadensis L. “F"
C. canadensis L. "K”
B C. siliquastrum “Alba”

350 a ©
N
300 g o N 3
S ST TR d
25 g S & a Q g
o~ © - NS -
200 o ~ 9 - o 3 © 8@ o O - % <
150 - g - - - - ;:
100 <3
: |
0
2.5 10 2.5 10 10 0.5 1
Radlfarm Megafol Alga 600 Succinic ACId Control

Figure 3. The effect of tested preparation concentrations
on the dynamics of height changes in seedlings of the studied plant taxa

Source: developed by the authors
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Among Cercis canadensis L. “F” seedlings, the
variability in height change ranged from 43% (for
the preparation “Megafol” at a concentration of
10 ml/l) to 207% (for succinic acid at a concentra-
tion of 0.5 g/L). The dynamics of height increment
in Cercis canadensis L. “K” seedlings varied from
48% (for “Radifarm”, 2.5 ml/L) to 139% (for succinic
acid, 2 g/L). In summary, it can be concluded that
both the preparations and their concentrations
significantly influence growth and development.

During the experiments, it was established
that regular irrigation adversely affects the
growth and development of seedlings of the
studied genus. In particular, triple irrigation with
fine-dispersed nozzles, with each irrigation last-
ing 5 minutes and a water flow rate of 2 l/h, leads
to waterlogging of the root system and suppres-
sion of seedling development, eventually result-
ing in their complete mortality (Fig. 4).

Figure 4. The process of root system

waterlogging and seedling mortality
Source: authors’ photo

During the experiment, a decision was made
to extend the seed evaluation period from 14 to
30 days. This was justified, firstly, by the absence
of the studied genus in the ISTA methodolo-
gy; therefore, it was decided to conduct the re-
search in accordance with the germination test-
ing method for Robinia pseudoacacia L. Secondly,
the germination rate on the 14" day exhibited
high variability: from 4% for Cercis siliquastrum
‘Alba” (2023 harvest) to 94% for Cercis canaden-
sis L. (2021 harvest). Seed germination was also
influenced by the sprouting method, as seeds
germinated according to the filter paper method
(fP) demonstrated higher germination rates com-
pared to those germinated between filter paper
layers (bF). Germination rates ranged from 68%
(bF) to 94% (fP) for Cercis canadensis L. and from
26% (bF) to 76% (fP) for Cercis siliquastrum “Alba”.
Additionally, during seed germination, the release
of secondary metabolites on the filter paper was
observed (Fig. 5). The results of laboratory germi-
nation are presented in Table 5.

o Karos

il

e %o ¢
¢ ©° &
e 0% @

Figure 5. Isolation of secondary metabolites

from C. canadensis L. (2023)
Source: authors’ photo

Table 5. The effect of pre-sowing treatment
and germination methods on the germination capacity of Cercis L.

Harvest year

(germination Species, cultivar

Germination
energy (7 days), %

Germination capacity Germination capacity
(14 days), % (30 days), %

method)
C. canadensis L. “F” 66+6.2 94+3.1 94+3.1
2021 C. canadensis L. “K” 42+55 68+4.2 74+4.5
(on paper)
C. siliquastrum “Alba” 0 12+2.5 76+3.6
2023 C. canadensis L. “"K” 0 8+29 20+3.4
(on paper) C. siliquastrum “Alba” 0 4418 24+4.1
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Table 5. Continued

Harvest year

(germination Species. cultivar Germination Germination capacity Germination capacity
gmetho d) P ! energy (7 days), % (14 days), % (30 days), %
2021 C. canadensis L. “F” 20+2.4 58+3.8 72+3.3
(between C. canadensis L. “K” 8+2.1 42+3.3 68+3.8
paper layers) " i uastrum “Alba” 0 642.2 26+2.5

Source: developed by the authors

The conducted experiment established that
seed germination efficiency is significantly in-
fluenced by pre-sowing treatment, specifically
cold stratification. The effect of cold stratification
duration was investigated by Greek researchers
E. Pipinis et al. (2011). Their study aimed to de-
termine how the germination rate of Cercis silig-
uastrum L. seeds varied under different exposure
times to sulfuric acid scarification and cold strat-
ification periods. The experimental design was
as follows: seeds were treated with concentrat-
ed sulfuric acid (95-97%) for 20, 40, and 60 min-
utes. After scarification, the seeds underwent cold
stratification at 2-4°C in moist river sand for 1,

2, 3, and 4 months. The results demonstrated
that seeds subjected to neither scarification nor
stratification failed to germinate. The highest ger-
mination rates (88-98%) were observed in seeds
scarified for 20-60 minutes and cold-stratified
for 3 months. As noted by E. Pipinis et al. (2011),
seed germination increased to 95-97% under
cold stratification conditions. Their experiments
showed that germination rates rose from 31%
(1-month stratification) to 94% (3-month stratifi-
cation). However, extending the stratification pe-
riod beyond 3 months led to a decline in germi-
nation efficiency, dropping to 81% after 4 months
(Table 6).

Table 6. Basic physical and chemical parameters of raw materials (n=4)

H,SO0, scarification (min)

Stratification (2-4°C) (months)

Germination, %

2

31.0 + 5.03

20

94.0+£5.16

81.0+6.0

38.0+4.0

40

88.0 £ 5.66

68.0 + 5.66

65.0+6.0

60

WINIAWIN|d®

98.0 +2.31

59.0+5.03

Source: developed by the authors based on E. Pipinis et al. (2011)

Research on the generative propagation of
plants from the genus Cercis L. has been con-
ducted by a number of foreign scientists. The
influence of various groups of phytohormones
on the germination of Cercis siliquastrum L. seeds
was studied by M. Grbic¢ et al. (2014), a group of
researchers from Serbia. The essence of their re-
search lay in examining the effect of gibberellic

acid in combination with cold stratification of
seeds, as well as the ability of gibberellic acid to
break seed dormancy and enhance overall germi-
nation rates.

As a result of their studies, P. Profumo et
al. (1979) and O. Babyn et al. (2024) asserted
that gibberellic acid has a significant impact on
the germination of Cercis siliquastrum L. seeds.

Scientific Reports of the National University of Life and Environmental Sciences of Ukraine. 2025. Vol. 21, No. 2

143



Features of generative reproduction in plants of the genus Cercis L.

However, they did not recommend simultaneous-
ly combining gibberellic acid treatment with cold
stratification, explaining that gibberellic acid at
4°C does not exhibit its physiologically active
properties. The findings of E. Pipinis et al. (2011)
align with the data of J.L. Frett & M.A. Dirr (1979).
According to the latter, unscarified seeds did not
absorb moisture or germinate due to the presence
of a hard seed coat (Orozco-Almanza et al., 2003).
The restrictive effect of a hard seed coat on ger-
mination has also been studied in several species
of the Leguminosae family (Demel, 1996).

Additionally, scarified but non-stratified
seeds also failed to germinate, indicating the
presence of endogenous dormancy in the seeds.
As noted by R. Martinuzzi et al. (1985), endoge-
nous seed dormancy may be linked to the pres-
ence of ferulic acid in the endosperm, which lim-
its oxygen availability to the embryo. G.H. Gebre
& N.S. Karam (2004) recommended an optimal
cold stratification period of 16 weeks for me-
chanically scarified seeds. According to the study
by E. Pipinis et al. (2011), the duration of cold
stratification could be reduced to three months
if preceded by acid scarification. The authors
suggested that this reduction might be due to
differences in seed scarification methods, as also
mentioned by L.S. Rosner et al. (2003), or to vari-
ations in the degree of endogenous dormancy in
seeds of the same species under different habitat
conditions (Anderson & Milberg, 1998). It is also
worth noting that J.L. Tipton (1992) observed in
their research that seeds of Cercis canadensis var.
mexicana also failed to germinate without scari-
fication and cold stratification.

M. Zencirkiran et al. (2010) reported a pos-
itive effect of three different seed scarification
methods: mechanical, acid immersion, or hot
water treatment. In their study, the authors used
seed soaking in concentrated H,SO, for 30 min-
utes, followed by cold stratification for 8 weeks
at 1-5°C. Under these conditions, they achieved
approximately 85% seed germination. As noted
by N.Y. Liu et al. (1981), acid treatment of seeds
yields slightly better and more stable results.

Among domestic researchers, L.A. Kol-
dar (2003) also studied seed propagation of plants
from the genus Cercis L. In her work, she described
the influence of seedling pricking-out timing on
morphometric parameters and the survival rate of
Cercis L. seedlings. The author noted that seeds
of the studied genus exhibit “hard-seededness”,
which negatively affects germination vigour. For
this reason, she conducted pricking-out in three
stages: 05.06,15.06,and 25.06.2003. Her research
data indicate a direct correlation between prick-
ing-out timing and seedling morphometric pa-
rameters, such as seedling height, stem thickness
at the root collar, and crown diameter.

Thus, the research results demonstrate that
the germination efficiency of Cercis L. seeds de-
pends not only on the degree of physical and
physiological embryo dormancy but also on ger-
mination conditions and pre-sowing seed treat-
ment. By ensuring optimal germination condi-
tions and pre-sowing preparation, high-quality
planting material of Cercis L. plants obtained
through generative propagation can be achieved.

Conclusions

Based on the research results, a positive effect
of cold stratification for 4 months at +4°C, fol-
lowed by seed scarification with boiling water
(t=100°C), has been established. Seeds subjected
to artificial stratification under the above scheme
maintained high laboratory germination rates
(70-90%) compared to seeds undergoing natural
stratification (20-30%).

Experimental studies confirmed that the
tested growth stimulants influence seed germi-
nation and subsequent seedling development
compared to the control sample. The optimal
concentrations of growth stimulants were as fol-
lows: “Radifarm” - 2.5 ml/L; “Megafol” - 5.0 ml/L;
“Succinic acid” - 1 g/L; Alga 600 - 1.25 g/L. No-
tably, the control sample exhibited higher ger-
mination rates, but the subsequent morphomet-
ric parameters of seedlings treated with growth
stimulants were superior to those of the control.
It was observed that “Succinic Acid” at all tested
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concentrations and Megafol at 2.5 ml/l had the
best effect on the morphometric parameters of
Cercis siliquastrum ‘Alba” seedlings. Seedlings
increased in height by 2.44 to 2.92 times com-
pared to initial measurements. “Radifarm” at
5.0 ml/l and “Succinic Acid” at 0.5 g/L positively
influenced the development of Cercis canaden-

Babyn & Pinchuk

achieved when germinating Cercis L. seeds on fil-
ter paper, following the methodology for deter-
mining Robinia pseudoacacia L. germination. Fur-
ther research will focus on studying the influence
of biochemical processes and growth stimulants
on morphometric parameters and the growth in-
tensity of planting material.

sis L.“F” seedlings.

It was established that substrate waterlog- Acknowledgements

ging negatively affects the development of Cer- None.
cis L. plants. With triple watering (2 L/h for 5 min),
seedling root systems became waterlogged, lead- Funding
ing to complete loss of planting material. During  None.
laboratory germination tests, it was found that
germination efficiency depends on the seed ger- Conflict of Interest
mination method. Higher germination rates were ~ None.
References

[1] Anderson, L., & Milberg, P. (1998). Variation in seed dormancy among mother plants, populations
and years of seed collection. Seed Science Research, 8,29-38.doi: 10.1017/50960258500003883.

[2] Babyn, O., Pinchuk, A., Derii, A., Boyko, O., & Likhanov, A. (2024). Influence of urban environment
factors on morphometric parameters and accumulation of secondary metabolites in Cercis
canadensis L.and Cercis siliquastrum “Alba”. Ukrainian Journal of Forest and Wood Science, 15(1), 8-24.
doi: 10.31548/forest/1.2024.08.

[3] Bewley, J.D., & Black, M. (1985). Seed: Physiology of development and germination. Heidelberg:
Springer Science+Business Media.

[4] Chattha, F.A., Kousar, S., Naeem, F., & Ahmad, S. (2025). Connotation of plant growth regulators on
seed germination. Journal of Experimental Agriculture International, 47(1), 343-356. doi: 10.9734/
jeai/2025/v47i13236.

[5] Convention on Biological Diversity. (1992, June). Retrieved from https://zakon.rada.gov.ua/laws/
show/995_030#Text

[6] Demel, T. (1996). Germination ecology of twelve indigenous and eight exotic multipurpose
leguminous species from Ethiopia. Forest Ecology and Management, 80,209-223.doi: 10.1016/0378-
1127(95)03616-4.

[7]1 Fernandez, H.,Doumas,P., & Bonnet-Masimbert, M. (1997). Quantification of GA,, GA,, GA,, GA , GA,,
GA,, GA ; and GA,;; and GA, metabolism in dormant and nondormant beechnuts. Plant Growth
Regulation, 22(1), 29-35. doi: 10.1023/A:1005814926549.

[8] Frett, J.L., & Dirr, M.A. (1979). Scarification and stratification requirements for seed of Cercis
canadensis L. (redbud), Cladrastis lutea (Michx.f.) C. Koch (yellowwood), and Gymnocladus dioicus (L.)
C.Koch (Kentucky coffee tree). Plant Propagator, 25(2), 4-6.

[9] Garg, F.C. (2024). Role of microorganisms in seed germination. In New perspectives on seed
germination. IntechOpen. doi: 10.5772/intechopen.1006270.

[10] Gebre, G.H., & Karam, N.S. (2004). Germination of Cercis siliquastrum seeds in response to
gibberellic acid and stratification. Seed Science and Technology, 32(1), 255-260. doi: 10.15258/
s5t.2004.32.1.29.

Scientific Reports of the National University of Life and Environmental Sciences of Ukraine. 2025. Vol. 21, No. 2


https://doi.org/10.1017/S0960258500003883
https://doi.org/10.31548/forest/1.2024.08
https://books.google.com.ua/books?hl=uk&lr=&id=6S75BwAAQBAJ
https://doi.org/10.9734/jeai/2025/v47i13236
https://doi.org/10.9734/jeai/2025/v47i13236
https://doi.org/10.1016/0378-1127(95)03616-4
https://doi.org/10.1016/0378-1127(95)03616-4
https://doi.org/10.1023/A:1005814926549
https://www.cabidigitallibrary.org/doi/full/10.5555/19800380740
https://www.cabidigitallibrary.org/doi/full/10.5555/19800380740
https://www.cabidigitallibrary.org/doi/full/10.5555/19800380740
https://www.cabidigitallibrary.org/doi/full/10.5555/19800380740
https://www.cabidigitallibrary.org/doi/full/10.5555/19800380740
https://www.cabidigitallibrary.org/doi/full/10.5555/19800380740
https://www.cabidigitallibrary.org/doi/full/10.5555/19800380740
https://www.cabidigitallibrary.org/doi/full/10.5555/19800380740
https://www.cabidigitallibrary.org/doi/full/10.5555/19800380740
https://doi.org/10.5772/intechopen.1006270
https://doi.org/10.15258/sst.2004.32.1.29
https://doi.org/10.15258/sst.2004.32.1.29

146

Features of generative reproduction in plants of the genus Cercis L.

[11] Grbi¢, M., Skocaji¢, D., Buki¢, M., Bunisijevi¢-Bojovi¢, D., Obratov-Petkovi¢, D., & Bjedov, 1. (2014).
Breaking of Judas tree seed dormancy by plant hormone treatments. Glasnik Sumarskog Fakulteta,
109, 73-84.doi: 10.2298/GSF1409073G.

[12] International Seed Testing Association. (2025). International rules for seed testing. Bassersdorf:
International Seed Testing Association. doi: 10.15258/istarules.2025.F.

[13] Koldar, L.A. (2003). Features of ornamental planting material formation of Cercis species by
transplanting. Introduction of Plants, 1-2,113-116.

[14] Liu, N.Y., Khatamian, H., & Freta, T.A. (1981). Seed coat structure of three woody legume species
after chemical and physical treatments to increase seed germination. Journal of the American
Society for Horticultural Science, 106(5), 691-694. doi: 10.21273/JASHS.106.5.691.

[15] Martinuzzi, R., Gastaldo, P., Profumo, P, & Riggio Bevilacqua, L. (1985). Bound ferulic acid in
the endosperm of Cercis siliquastrum L. Plant Science, 38(1), 41-46. doi: 10.1016/0168-
9452(85)90077-9.

[16] Mdller, K., Tintelnot, S., & Leubner-Metzger, G. (2006). Endosperm-limited Brassicaceae seed
germination: Abscisic acid inhibits embryo-induced endosperm weakening of Lepidium sativum
(cress) and endosperm rupture of cress and Arabidopsis thaliana. Plant and Cell Physiology, 47(6),
864-877.doi: 10.1093/pcp/pcj059.

[17] Nimavat,N., & Parikh, P.(2024). Innovations in Date palm (Phoenix dactylifera L.) micropropagation:
detailed review of in vitro culture methods and plant growth regulator applications. Plant Cell,
Tissue and Organ Culture, 159, article number 6. doi: 10.1007/s11240-024-02866-7.

[18] Orozco-Almanza, M.S., Leon-Garcia, L.P,, Grether, R., & Garcia-Moya, E. (2003). Germination of four
species of the genus Mimosa (Leguminosae) in a semi-arid zone of Central Mexico. Journal of Arid
Environments, 55, 75-92. doi: 10.1016/50140-1963(02)00265-3.

[19] Pieraccini,R.,Whatley, L., Koedam,N.,Vanreusel,A.,Dolch,T., Dierick,J., & Van der Stocken, T.(2025).
Gibberellic acid and light effects on seed germination in the seagrass Zostera marina. Physiologia
Plantarum, 177(2), article number €70137. doi: 10.1111/ppl.70137.

[20] Pipinis,E., Milios, E., Smiris, P., & Gioumousidis, C. (2011). Effect of acid scarification and cold moist
stratification on the germination of Cercis siliquastrum L. seeds. Turkish Journal of Agriculture and
Forestry, 35(3), 259-264. doi: 10.3906/tar-1003-848.

[21] Profumo, P, Gastaldo, P.,, & Martinuzzi, R. (1979). On the inhibiting action of the endosperm on the
seed germination of Cercis siliquastrum. Experientia, 35(11), 1452-1453. doi: 10.1007/BF01962777.

[22] Rosner, L.S., Harrington, J.T., Dreesen, D.R., & Murray, L. (2003). Sulfuric acid scarification of wax
currant seeds from New Mexico. Native Plants Journal, 4, 65-71. doi: 10.3368/npj.4.1.65.

[23] Szymajda, M., & Maciorowski, R. (2025). Seed preparation methods for increasing the germination
of sour cherry (Prunus cerasus L.). Forests, 16(3), article number 516. doi: 10.3390/f16030516.

[24] Tipton,J. L. (1992). Requirements for seed germination of Mexican redbud, evergreen sumac, and
mealy sage. HortScience, 27,313-316.

[25] Wang, X., Kubenka, K., Hilton, A., Chatwin, W., Cox, T., & Shu, S. (2025). The effects of freezing and
stratification on pecan (Carya illinoinensis) seed germination and seedling growth. Technology in
Horticulture, 5, article number e002. doi: 10.48130/tihort-0024-0030.

[26] Zencirkiran, M., Timsavas, Z., & Unal, H. (2010). The effects of different acid treatment and
stratification duration on germination of Cercis siliquastrum L. seeds. Notulae Botanicae Horti
Agrobotanici Cluj-Napoca, 38(1), 159-163.

[27] Zhou,R.,Boboev, M., Kurbonova, P, Li,WJ., & Lu, T.(2025). Seed germination of the medicinal plant
Ferula gigantea. Seed Science and Technology, 53(1), 17-21. doi: 10.15258/sst.2025.53.1.03.

Scientific Reports of the National University of Life and Environmental Sciences of Ukraine. 2025. Vol. 21, No. 2


https://doi.org/10.2298/GSF1409073G
https://doi.org/10.15258/istarules.2025.F
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?I21DBN=LINK&P21DBN=UJRN&Z21ID=&S21REF=10&S21CNR=20&S21STN=1&S21FMT=ASP_meta&C21COM=S&2_S21P03=FILA=&2_S21STR=IR_2005_4_11
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?I21DBN=LINK&P21DBN=UJRN&Z21ID=&S21REF=10&S21CNR=20&S21STN=1&S21FMT=ASP_meta&C21COM=S&2_S21P03=FILA=&2_S21STR=IR_2005_4_11
https://doi.org/10.21273/JASHS.106.5.691
https://doi.org/10.1016/0168-9452(85)90077-9
https://doi.org/10.1016/0168-9452(85)90077-9
https://doi.org/10.1093/pcp/pcj059
https://doi.org/10.1007/s11240-024-02866-7
https://doi.org/10.1016/S0140-1963(02)00265-3
https://doi.org/10.1111/ppl.70137
https://doi.org/10.3906/tar-1003-848
https://doi.org/10.1007/BF01962777
https://doi.org/10.3368/npj.4.1.65
https://doi.org/10.3390/f16030516
https://scispace.com/pdf/requirements-for-seed-germination-of-mexican-redbud-20u5h6o697.pdf
https://scispace.com/pdf/requirements-for-seed-germination-of-mexican-redbud-20u5h6o697.pdf
https://doi.org/10.48130/tihort-0024-0030
https://www.researchgate.net/publication/44796763_The_Effects_of_Different_Acid_Treatment_and_Stratification_Duration_on_Germination_of_Cercis_siliquastrum_L_Seeds/fulltext/0f318a163829de22162fadea/The-Effects-of-Different-Acid-Treatment-and-Stratification-Duration-on-Germination-of-Cercis-siliquastrum-L-Seeds.pdf
https://www.researchgate.net/publication/44796763_The_Effects_of_Different_Acid_Treatment_and_Stratification_Duration_on_Germination_of_Cercis_siliquastrum_L_Seeds/fulltext/0f318a163829de22162fadea/The-Effects-of-Different-Acid-Treatment-and-Stratification-Duration-on-Germination-of-Cercis-siliquastrum-L-Seeds.pdf
https://www.researchgate.net/publication/44796763_The_Effects_of_Different_Acid_Treatment_and_Stratification_Duration_on_Germination_of_Cercis_siliquastrum_L_Seeds/fulltext/0f318a163829de22162fadea/The-Effects-of-Different-Acid-Treatment-and-Stratification-Duration-on-Germination-of-Cercis-siliquastrum-L-Seeds.pdf
https://www.researchgate.net/publication/44796763_The_Effects_of_Different_Acid_Treatment_and_Stratification_Duration_on_Germination_of_Cercis_siliquastrum_L_Seeds/fulltext/0f318a163829de22162fadea/The-Effects-of-Different-Acid-Treatment-and-Stratification-Duration-on-Germination-of-Cercis-siliquastrum-L-Seeds.pdf
https://doi.org/10.15258/sst.2025.53.1.03

Babyn & Pinchuk 147

Oco6nMBOCTi reHepaTUBHOIO PO3MHOXXEHHS PocnuH pogy Cercis L.

OnekcaHgp babuH

AcnipaHT

HaBuyanbHO-HayKOBMIA IHCTUTYT NiCOBOTO i CAA0BO-NAapKOBOro rocnofapcTea
HauionanbHoro yHiBepcuteTy HiopecypciB i NpUpoAOKOPUCTYBAHHS YKpaiHu
03041, Byn. lopixyBaTtcbkuit wnsx, 19, m. Kuis, Ykpaina
https://orcid.org/0000-0003-3983-0506

Anppin MiHuyk

KaHanaaT cinbCbKOrocnonapCbKmx HayK, AOLEHT

HaBuanbHO-HayKOBMIA iHCTUTYT NiCOBOrO i Cafl0BO-NapKOBOrO roCNoAapcTBa
HauioHanbHoro yHiBepcuTeTy 6iopecypciB i NpMpoaoKOPUCTYBaHHS YKpaiHu
03041, Byn. lopixyBaTcbkuit wnsax, 19, m. Kuis, YkpaiHa
https://orcid.org/0000-0003-1256-9838

AHoTauif. MpobnemMa cknagHoro npopotulyBaHHst HaciHHs Cercis L., 3ymoBneHa ioro ¢isionoriyHnum
i ®i3yHMM CTaHOM crnokot, noTpebye YAOCKOHANEHHS METOLIB reHepaTUBHOTO PO3MHOXEHHS
3 BMKOPUCTAHHAIM CTUMYNATOpiB poCTy. B paHiit ctaTTi po3rnsgaBcs BNAMB OpraHo-MiHepanbHUX
CTUMYNATOPIB pOCTY Ha edEeKTUBHICTb MPOPOCTaHHSA HACIHHA LOCAIAHMX BMAIB, @ TAaKOX MOAANbLIMMI
BM/IMB Ha MOPMOMETPUYHI MOKA3HWKM CisHUIB. [PYHTOBA CXOXICTb BM3HA4Yanach LWSAXOM MPSIMOro
MiAPaxXyHKY CXOXOro HaciHHS, @ nabopaTopHa CXOXiCTb BM3HA4anacb 3riflHO METOAMKM BM3HAYEHHS
NOCiBHMX AIKOCTENM HaciHHA International Seed Testing Association (ISTA). CratuctnyHa 06pobka aaHux
nposoaunacb 3a ponomorow MS Excel (ogHodakTopHuMit aucnepcinHmin aHanis ANOVA Ta Standard
Deviation) Y pe3ynbTati NnpoBeaeHUX AOCIAKEHb BUSBNEHO CTaTUCTUYHO 3HAYYLLMIA BNIMB anpoboBaHUX
npenapaTiB Ha eeKTUBHICTb NPOPOCTAHHA HACiHHA. BcTaHOBNEHO, WO HaMKpalmii BMIMB HA CXOXIiCTb
HaciHHs Cercis siliquastrum ‘Alba’ Mae «byplwTMHOBa KMcnoTa» B KoHUeHTpauii 1 r/n. MNo3uTUBHMIA BNAUB
Ha npopocTaHHs HaciHHs Cercis canadensis L. mann npenapat «Megafol» B koHueHTpauii 5,0 mn/n
(cxoxicTb BapitoBanacb B Mexax 70-77 %), a Takox «Anbra 600» B KoHuUeHTpauii 1,25 r/n (cxoxicTb
BapitoBanacb B Mexax 50-70 %). OkpiM LbOro fOCAIAHUM LWASXOM BCTAHOBAEHO, WO CisIHLi, HACIHHS SKUX
6yn0 06p061EHO CTUMYNATOPAMM POCTY MaNM BULLI NOKA3HUKKM NPUPOCTIB, HiXK KOHTPOJIbHWIA 3pa3ok. [pu
06po6Li HaciHHg npenapatoM «byplTtrHoBa Kucnotax cisgHui Cercis siliquastrum ‘Alba’ 36inbwuancy B
2,5-2,9 pasu. lInHamika npupocTis cisHuiB Cercis canadensis L., HaciHHS skux obpobneHe npenapatom
«BbyplwTHOBa KMcnoTa» 36inblwmnanch Maike BABiYi. Bname npenapaty «Radifarm» B KoHueHTpauii
5,0 Mn/n Ha aunHamiky ciaHuis Cercis canadensis L. nposiBMBCA y 36inblUEHHI BUCOTM B Maiixe B 1,6 pasu

KnioyoBi cnoBa: HaciHHEBE PO3MHOXEHHS; iyAMHE AEepPeBO; CisiHLi; CTUMYISTOPU POCTY; CXOXKIiCTb
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