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Jlocniooceno oamu 6uxo0dy 3i CNOKOWO ma BIOHOBNEHHS 8e2emayii y MAmo4Hux
pocaun 6udie pody Crataegus L., a maxooxc enaus ix pizionociunoco cmawny Ha
akmueayiio po3eumky excniawmis y Kyaemypi N VItro. Bcmawnoeneno, wo
ONMUMATILHULL YAC O 86€0eHHsI OPYHbOK 21100y 8 KYAbmypy in Vitro 30icacmvbcs 3
NOYAMKOM 8IOHOGIIEHHS @ecemayii Mamo4Hux poCciul y RpupoOHUX YMOBAX.
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Introduction. Microclonal propagation of plants using explants containing
meristematic tissues or groups of meristematic cells allows for the rapid production
of a large quantity of plant material that is genetically identical to the donor plant.
This method plays a significant role in the accelerated cloning of fruit, berry,
ornamental, and some woody plant species [1].

Among the undeniable advantages of this method for woody species are high
multiplication rates, the ability to culture plants year-round, the sanitation of planting
material, the possibility of selecting plant material with desirable traits in in vitro
culture, and the shortening of the juvenile phase in the life cycle of perennial woody
plants. Additionally, it enables the propagation of species that are difficult or
impossible to root or graft under conventional conditions [1]. Microclonal
propagation is also applied for the creation of collections of varieties and species
needed for breeding and genetic research, the preservation of endangered and rare
plant species, and the introduction of woody and ornamental plants into new growing
environments [1, 2].

Review of Recent Studies and Publications. Most Crataegus L. species are
valuable fruit, ornamental, and medicinal plants [2, 3]. In gardens and parks,
hawthorn is cultivated as small trees or large shrubs — either individually, in alleys, or
in groups — and is often used to form dense, impenetrable hedges. The fruits of many
Crataegus L. species are edible when fresh and can also be used to prepare jams,
jellies, and marmalades. Preparations made from the fruits and flowers of certain
species are used to treat heart diseases [3].
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Traditionally, Crataegus L. species are propagated by seeds. However,
hawthorn seeds germinate very slowly — some may sprout in the first spring after
sowing, others in the second, or even later. Up to 80% of seeds can be empty.
Vegetative propagation is more successful through root suckers, while propagation by
layering or grafting is less effective [2, 3].

The existence of established in vitro micropropagation techniques for many
herbaceous plants, along with certain successful applications of this method for
woody species [4, 5], provides a basis for considering its use in accelerating the
propagation of Crataegus L. species. The main factors influencing explant
development in in vitro culture include the donor plant's genotype, its physiological
and ontogenetic state, the explant's size, the origin of the explant tissue, and the
season when the explant is collected [4].

The physiological condition of perennial woody plants changes significantly
throughout the year, especially in regions with seasonal cold periods, where it is
associated with the plant's ability to survive unfavorable growing conditions. In the
second half of summer, temperate climate plants gradually enter deep dormancy,
characterized by slowed growth, lignification of shoots, and accumulation of
carbohydrates in tissues. Buds of woody plants in deep dormancy do not sprout even
under favorable growth conditions. As spring approaches, deep dormancy gradually
transitions into enforced dormancy, during which the buds regain their ability to
sprout. ldentifying the dynamics of changes in the physiological state of woody
plants will enable the determination of optimal timing for explant selection and their
Initiation in in vitro culture.

Research Methodology. The study was conducted during the winter-spring
period when plants transition from deep dormancy to enforced dormancy. To
determine the date of dormancy release from deep dormancy in donor trees, shoots
were cut weekly and placed in containers with water at approximately 20 °C until bud
break began. The date of dormancy release was recorded when the time from shoot
cutting to bud break was no more than 7 days.

In vitro culture initiation was performed at three different dates: February 15,
March 1, and April 1. One-year-old hawthorn shoots were cut and kept at room
temperature in water-filled glasses until bud break began. Buds used as explants for
in vitro culture initiation were excised, sterilized, and planted on nutrient media under
sterile conditions. Cultivation was carried out on modified Murashige and Skoog
medium. Explant development activation was assessed 20 days after planting by
calculating the percentage of explants showing macroscopic growth structures
relative to the total number of sterile explants. Simultaneously, phenological phases
of donor trees were recorded according to phenological observation methods used in
botanical gardens.

The experimental design included species of the genus Crataegus L. from the
collection of the National Dendrological Park “Sofiyivka” of the National Academy
of Sciences of Ukraine: C. almaatensis A. Pojark. — Almaty hawthorn, C. arnoldiana
Sarg. — Arnold hawthorn, C. chlorosarka Maxim. — green-fleshed hawthorn, and —
pear hawthorn.
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Species C. almaatensis A. Pojark.,, C. chlorosarka Maxim., and
C. phaenopyrum (L. f.) Medic. are promising for use in landscaping and park
construction due to their decorative qualities [6]. C. arnoldiana Sarg. is notable not
only for its ornamental value but also for producing large and tasty fruits [6], which
may justify its involvement in fruit breeding programs.

Research Results. The study of dormancy release dates in the investigated
Crataegus L. species (Table 1) showed that C. chlorosarka Maxim. was the first to
exit deep dormancy.

Table 1. Dates of deep dormancy release and onset of vegetation in Crataegus L.
species (2023-2024)

Date of dee .
Species Year O.f dormancyp Bud swelling Bud break
observation start
release
C. chlorosarka 2023 3.01 30.03 10.04
Maxim. 2024 30.12 18.03 24.03
C. arnoldiana 2023 31.01 29.03 9.04
Sarg. 2024 12.01 16.03 21.03
C. almaatensis 2023 7.02 30.03 12.04
A. Pojark. 2024 31.01 17.03 22.03
C. phaenopyrum 2023 21.02 1.04 15.04
(L. f.) Medic. 2024 12.02 19.03 26.03

When cut shoots were transferred to room conditions, bud break occurred
within one week on shoots cut on January 3. Nearly a month later, deep dormancy
ended in C. arnoldiana Sarg. Bud break within seven days was observed on shoots of
this species cut on January 31. In C. almaatensis A. Pojark. and C. phaenopyrum
(L. f.) Medic, the exit from deep dormancy was recorded on February 7 and February
21, respectively.

Table 1 shows that despite the considerable variation in dates of deep
dormancy release, bud C. arnoldiana Sarg. and C. almaatensis A. Pojark. started
vegetation in 2023 on March 29-30. Only C. phaenopyrum (L. f.) Medic. showed
signs of vegetation renewal slightly later, on April 1. This can be explained by the
cool spring of 2023, which delayed the onset of vegetation and thus narrowed the
differences in bud swelling dates among the species.

Further observations revealed that the genetic differences among species
became more distinct in the timing of subsequent phenological phases. The bud break
phase began first in C. arnoldiana Sarg. and C. chlorosarka Maxim. on April 9 and
April 10, respectively, followed by C. almaatensis A. Pojark. on April 12. The last
species to enter the bud break phase was C. phaenopyrum (L. f.) Medic., which also
had the latest transition from deep to enforced dormancy.

In 2024, the dates of deep dormancy release, bud swelling, and bud break for
all studied Crataegus L. species occurred earlier compared to 2023. As in 2023,
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C. arnoldiana Sarg. was the first to reach these phenological phases, and
C. phaenopyrum (L. f.) Medic. the last.

Analysis of explant development activation in the studied Crataegus L. species
showed significant differences when explants were introduced into in vitro culture at
various times during the winter-spring period, both between the different dates of
introduction and among species (Table 2).

Table 2. Activation of explant development in Crataegus L. species depending on
the timing of in vitro culture initiation (2023-2024)

. Year of Date of in vitro culture | Explant development

Species : - S
observation initiation activation, %

15.02 0
2023 1.03 10
C. almaatensis 1.04 80
A. Pojark. 5.02 1
2024 5.03 14
26.03 84
15.02 3
2023 1.03 45
C. arnoldiana 1.04 85
Sarg. 5.02 2
2024 5.03 42
26.03 86
15.02 6
2023 1.03 40
C. chlorosarka 1.04 85
Maxim. 5.02 5
2024 5.03 44
26.03 88
15.02 0
2023 1.03 5
C. phaenopyrum 1.04 80
(L. f.) Medic. 5.02 0
2024 5.03 6
26.03 85

In 2023, the species C. arnoldiana Sarg. and C. chlorosarka Maxim., which
exited deep dormancy during January, demonstrated low morphogenic activity (3—
6%) already at the first in vitro culture initiation date — February 15. When these
species were introduced into in vitro culture on March 1, explant development
activation increased to 40-45%. Explants of C. almaatensis A. Pojark. and
C. phaenopyrum (L. f.) Medic. showed no development when cultured on February
15. The donor plants of C. almaatensis A. Pojark. exited deep dormancy only 8 days
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before this first culture initiation date, while C. phaenopyrum (L. f.) Medic. plants
were still in deep dormancy (see Table 1). When introduced into culture on March 1,
10% of C. almaatensis A. Pojark. explants and 5% of C. phaenopyrum (L. f.) Medic.
explants showed morphogenic capacity, which was 30-40% lower than the activation
rates of C. arnoldiana Sarg. and C. chlorosarka Maxim. at the same date.

Initiating in vitro culture of hawthorn explants on April 1, 2023, led to
increased development activation rates in all studied species, reaching 80-85%. At
this time, donor plants were ending the period of enforced dormancy and undergoing
vegetation renewal. Comparing the results of in vitro culture initiation in 2024 with
those of 2023 showed only minor differences in the quantitative activation of explant
development, while the overall trend depending on the timing of culture initiation
remained consistent.

Conclusions. The conducted research demonstrated that the optimal timing for
initiating in vitro culture of hawthorn buds is close to the onset of vegetation renewal
in donor plants under natural conditions. Initiation of in vitro culture during deep
dormancy and the early phase of enforced dormancy was ineffective.
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Annotation

Grazhdan S. V., Kovalchuk O. V., Sydoriak R. B., Serzhuk O. P.
The effect of in vitro culture initiation time on explant development activation in
representatives of the genus Crataegus L.

This study investigated the physiological dormancy dynamics and optimal
timing for in vitro culture initiation of four Crataegus L. species (C. almaatensis,
C. arnoldiana, C. chlorosarka, C. phaenopyrum) from the National Dendrological
Park “Sofiyivka” collection. Research was conducted during winter-spring period,
when plants transition from deep dormancy to enforced dormancy. To determine
dormancy release dates, shoots were sampled weekly and incubated in water at
~20 °C until bud break within seven days occurred. In vitro culture initiation was
performed on three dates: February 15, March 1, April 1. One-year-old hawthorn
shoots were collected, buds sterilized, and placed on modified Murashige and Skoog
nutrient medium. Explant morphogenesis was assessed 20 days after culture
initiation by calculating percentage of explants showing visible growth structures.

Results demonstrated significant variation in dormancy release timing among
species: C. chlorosarka exited deep dormancy first (January 3, 2023), followed by
C. arnoldiana (January 31), C. almaatensis (February 7), and C. phaenopyrum
(February 21). Despite differences in dormancy release, bud swelling in all species
began almost simultaneously by late March 2023. Bud break phases showed greater
genetic differentiation, with C. arnoldiana and C. chlorosarka initiating earlier and
C. phaenopyrum last. In 2024, all phenological phases occurred earlier than in 2023,
maintaining the same interspecies pattern.

Explant development activation in vitro varied substantially with culture
initiation timing and species. Early initiation during deep dormancy (February 15)
resulted in minimal morphogenic activity (0-6%), especially for species still
dormant. Cultures started March 1 showed moderate activation (5-45%), with
C. almaatensis and C. phaenopyrum lagging behind C. arnoldiana and
C. chlorosarka. Cultures initiated April 1, near vegetation renewal, exhibited high
activation rates (80-85%) across species. Similar trends appeared in 2024 with
minor quantitative differences. The study concludes that initiating in vitro culture of
hawthorn buds is most effective when timed close to natural vegetation renewal.
Initiation during deep dormancy or early enforced dormancy phases is ineffective for
explant morphogenesis, highlighting the importance of physiological state monitoring
for successful micropropagation of Crataegus L. species.

Key words: hawthorn, species, explant, in vitro culture
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IHO®OPMALIA
JJIs1 ABTOPIB 3BIPHUKA HAYKOBUX ITPALID
YMAHCBKOI'O HAIIIOHAJIBHOTI'O YHIBEPCUTETY CAAIBHUIITBA

Ilepioouunicmo eudoannsa — 0éa pazu Ha piK
BUMOTH 1O HAYKOBHUX CTATEMN:

1. CraTTsi TOTY€ThCS YKpAiHCBKOIO a00 aHIJIHCHKOI0 MOBOIO OOCSTOM 8—
12 cTopiHOK OCHOBHOTO TEKCTY.
2. Crattss mae OyTH HamucaHa Ha aKTyaJllbHy TEMYy, MICTHTH pe3yJbTaTh

IIMOOKOTO HAayKOBOTO JIOCHIJKEHHS, HOBU3HY Ta OOIPYHTYBaHHS T'ayKOBHUX BHCHOBKIB
BIJIMOBIHO JI0 METU CTarTi (MIOCTABJICHOTO 3aBJaHHS) 1 BIAMOBIIATH TEMAaTUYHOMY
HaIpsamy.

3. Jns myOmikarii cratTi y 30ipHHKY HeoOXiaHO Hamicaath Ha e-mail pemakiii
xypaaiy sbornik-unaus@ukr.net B okpemux daiinax iHdopmarrio:
a) aBTOPCHKY JIOBIAKY MOBOIO, SIKOIO HAIIMCAHA CTATTS;
0) TEKCT CTaTTI;
B) pPEIIEH31I0 HA CTATTIO (JIMB. IMMyHKT 7).

4. Odopmiienns cratti: dopmar apkyma A4 (210 x297 mm.), po3TairyBaHHs
JWIIE KHIKKOBE, BEPXHIH, HUKHIN, TpaBuil 1 niBuid 6epern — mo 20 mm. Paiin 3i crarrero
Moa€ThCsl 0e3 Hymeparlii cTopiHOK. Bci TekcToBi maTepianu (B T.4. TaONHI Ta PUCYHKH)
HaOUparThCs OJHIEID TapHITyporo «TimesNewRoman», po3mip mpudty 14 myHKTIB,
BIZICTAHb MK pPSAKaMH — TOJYTOPHUHN iHTepBai, ab3amumid Biactym — 1,2. I'padiuamii
MaTepiajd CTaTTi BUKOHYBAaTH B JOCTYIMHHUX JUIS TOAANBIIOTO peJaryBaHHS Iporpamax:
Tabnuii — y penaktopi Microsoft Word; miarpamu — y pemgakropi Microsoft Excel. ®aiin
CTaTTi MOBUHEH OyTH HaOpaHuil 1 MoBHICTIO chopmoBanuii y penakropi Microsoft Word,
Ha3Ba (haiia MOBMHHA MICTUTH MPi3BHUIIE aBTOpa ab0 aBTOPIB.

5. AHOTaIllsI MOBOIO HAaIlMCAaHHS CTaTTI MOJAETHhCSA JO 5 CTpidok. Posmmpena
aHOTAIlisl AHTJIINCHKOI0O MOBOK TIOBMHHa OyTH CKJIaJieHa BiJMOBITHO IO BUMOT
MDKHApOJHUX HAayKo MeTpuuHuX 0a3 (mictutu He merme 1800 cumBomiB). [lepexnan mae
Oytu mpodeciiHUM 0e3 BUKOPHUCTAHHS IHTEPHET MepekiiaZadiB, B 1HAKIIOMY BHIAJIKy
cTaTTs Oyzie MOBEpHYyTa Ha JOOIPAIIOBAHHS.

6. Crpykrypa crarti: YK, Ha3ka crarri, [1Ib aBTOpiB, HayKOBUI CTYIIiHB, Ha3Ka
YCTaHOBH, aHOTallid YKPAiHCHKOI MOBOIO, KJII04YOB1 cioBa. [loctanoBka npoOnemu. AHami3
OCTaHHIX JOCHiKeHb 1 myOmikamid. BucHoBku. Jliteparypa (3rimno Bumor JICTY
8302 : 2015). References (3rimHO Mi>HapOJHUX BUMOT). Po3mmpena aHoTaiist aHTIiHChKOIO
MOBOIO.

7. ABTOp TIOBHHEH pa3oM i3 CTAaTTEI0 HAJAaTH PEIEH3iI0 KaHauaaTa abo JOKTopa
HayK, K MAlOTh CTaTTi, U0 BXOJATh IO MIKHAPOAHUX HAyKOMETpHUHUX 0a3 Scopus abo
Web of science. [linnuc penensenTta Mae OyTH 3aBipeHU IEYaTKOIO YCTaHOBU.

8. [licna mnpudHATTS cTaTTi A0 myOmikamii aBTOp OE3CTPOKOBO Tepeaae
HEBUKIIIOUHI aBTOPCHbKI TpaBa Ha M0 CTaTTi0. Bci BUHATKOBI MpaBa 3alMINAIOTHCS Y
aBTOPIB.
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