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Cryopreservation of Filipendula ulmaria Seed Material

Cryopreservation of plant seeds is of great practical importance for biodiversity conservation and practical
application. The aim of this study was to evaluate the factors determining the success of cryopreservation of
Filipendula ulmaria seeds, including the freezing method, thawing conditions, storage containers, and light
sensitivity. Seed material was collected in the wild in the Karkaraly Mountains. Cryopreservation was carried
out using cryotubes and aluminum foil bags while seeds stored using traditional methods in a refrigerator
served as controls. The results showed no significant differences in germination between light and dark con-
ditions, which does not dictate the method of germination in open ground or laboratory conditions. Compari-
son of thawing regimes revealed the advantage of slow thawing at room temperature (20-22 °C), during
which germination reached 75 %, which was significantly higher than the control values. Analysis of freezing
regimes allowed us to establish the highest germination rates with rapid freezing in foil bags. The proposed
approach can be used for long-term cryopreservation of the Filipendula ulmaria gene pool.

Keywords: Filipendula ulmaria, seed material, cryopreservation, seed germination, germination energy,
freezing-thawing regimen.

Introduction

The conservation of biological diversity and the establishment of seed banks for economically valuable
plants are of significant scientific and practical importance [1]. This need arises from land degradation
caused by human activity, as well as global climate change [2]. Among various storage methods, cryopreser-
vation stands out as one of the most effective [3, 4]. Seed preservation creates potential for plant breeding [5,
6]. Storing plant material at -196 °C temperature stops all metabolic and physiological processes [5]. Storage
at extremely low temperatures allows genetic material to be preserved indefinitely, with minimal financial
costs and maintenance, without requiring large areas of space. Literature data [3—8] demonstrate the effec-
tiveness of cryopreservation for medicinal plant seeds.

An interesting subject for research is Filipendula ulmaria (L.) Maxim (family Rosaceae), whose herb is
used in folk medicine as an anti-inflammatory, diuretic, antirheumatic, antibacterial, antioxidant, and analge-
sic agent, as well as for digestive problems, respiratory diseases, and skin conditions [9-11].

To introduce medicinal plant seed material into a cryobank, studies were conducted to optimize the cry-
opreservation conditions for Filipendula ulmaria seeds.

Experimental

The subject of the laboratory studies was F. ulmaria seeds. The plant is frost-tolerant, drought-tolerant,
and a facultative heliophyte, preferring xeromesophilic habitat conditions and moderately moist loamy or
humus-rich sandy loam soils (Fig. 1). Under the conditions of Central Kazakhstan, the species is successfully
introduced and can be cultivated on an industrial scale, which creates a need for the establishment of a seed
bank, including storage at subcritical low temperatures.
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Figure 1. Flowering shoot of Filipendula ulmaria

The research material was collected in the Karkaraly Mountains (Karkaraly District, Karaganda Region)
during the third decade of August 2024.

Laboratory studies on optimizing cryopreservation conditions for F. ulmaria seed material were
conducted at the Research Park for Biotechnology and Eco-Monitoring of the Faculty of Biology and
Geography (Karaganda National Research University named after academician E.A. Buketov) in 2023-2025.

Prior to freezing, the initial moisture content of the seeds was determined using an Ohaus (China) mois-
ture meter. F. ulmaria seeds were stored in an SDS-20 CryoMach (Russia) Dewar flask with liquid nitrogen
(-196 °C) for one month [12]. Aluminum foil bags and cryotubes (Deltalab, China) were used as freezing
containers [13]. F. ulmaria seed material was not specifically selected prior to the start of the experiments;
damaged, immature, and empty seeds were removed.

Seeds were thawed after cryopreservation using the following methods:

1) slow de-frosting at room temperature (20-22 °C);

2) fast de-frosting in a water bath (40-45 °C).

Stepwise freezing and rapid freezing (by immersing the seeds in a container in liquid nitrogen) were al-
so investigated [14].

To assess the effectiveness of cryopreservation of F. ulmaria, seed viability was determined based on
laboratory germination and germination energy [15] in Petri dishes. Before sowing the seeds, the Petri dishes
are treated with 90 % alcohol and placed in laminar flow cabinets for 20 minutes for additional disinfection.
After this time, filtered discs moistened with distilled water are placed in the Petri dishes. Before sowing in
Petri dishes, the seeds were treated with a 0.5 % potassium permanganate solution for 5 minutes, then rinsed
with distilled water [16].

The Petri dishes were placed in a climate chamber for the entire duration of the study, at a temperature
of +24 °C and under constant illumination. Seeds were watered with distilled water as needed, if the Petri
dish substrate dried out. The lids of the Petri dishes had to be opened for 5-10 seconds daily to allow the gas
composition inside the dishes to change. During germination observation, the emergence of seedlings was
recorded daily; germination rate was assessed on day 15, and germination energy on day 7. Seeds stored us-
ing the traditional method (refrigerator, 02 °C) served as the control.

All experiments were conducted in four independent replicates (n=4) by 100 deeds. Data are presented
as mean =+ standard deviation (SD). Differences between treatments were analyzed using one-way analysis of
variance (ANOVA) followed by Tukey’s honestly significant difference (HSD) test at a significance level of
p < 0.05. All statistical analyses were performed using R software (R Foundation for Statistical Computing,
Vienna, Austria).

Results and Discussion

In the initial stages of the study, the germination of seeds stored without cryopreservation was analyzed.
Seed germination was conducted in light and in the dark. It was found that for F. ulmaria seed material, no
significant difference was detected between the light and dark germination treatments. Seed germination was
71.0+5.4 % in light and 70.0 + 3.54 % in darkness (Tab. 1).
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Table 1

Seed germination of Filipendula ulmaria under various lighting conditions

N Germination conditions
Germination rates, % -
In light In the dark
Germination energy 65.6£1.25 68.4+2.25
Seed germination 71.0+£5.4 70.0+3.54

The data obtained indicate that there are no requirements for deep sowing for this species.

When seeds are stored in liquid nitrogen, the container [5] in which freezing takes place affects the
germination of the plant material. The seed material was packaged in foil envelopes and plastic cryotubes.
The results showed that the seeds retain their germination capacity after storage in liquid nitrogen vapors
with complete physiological ripening (Fig. 2).
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Figure 2. Germination of Filipendula ulmaria seeds in various containers.
Different letters indicate significant differences between treatment groups at P <0.05

The highest germination energy and seed germination were observed in F. ulmaria seeds stored at lig-
uid nitrogen temperature in foil envelopes — 78.25 + 8.41 %. The germination of seed material frozen in
cryotubes were 75.0 £ 7.45 %, which is significantly higher than the control and does not differ significantly
from the results obtained in foil containers. Thus, the germination rate of seed material in the cryotube exper-
iments was 5.0 % higher than the control, and in the foil envelope variant, it was 8.25 % higher.

Thus, when storing F.ulmaria seed material in liquid nitrogen, both foil envelopes and cryotubes are
recommended containers.

The next factor influencing the success of seed preservation during cryopreservation is the thawing
conditions. An analysis of the literature [5-11] showed that thawing conditions may vary for different plant
species, depending on genetic characteristics, seed coat thickness, physiology, and the accumulation of re-
serve nutrients.

During laboratory studies, two thawing regimes were initially used: slow thawing at room temperature
(+20-22°C) and fast thawing in a water bath (+40°C).

Slow thawing at a temperature of +22-24 °C following cryogenic storage proved to be the significantly
better option for F. ulmaria seeds (75.0 £+ 7.45 %). This method exceeded the control values by 5.0 %. With
rapid thawing, the germination rate of the seeds of the studied species was 67.5 + 5.53 %, which was 2.5 %
lower than the control values; however, no statistically significant differences from the control were detect-
ed (Fig. 3).
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Figure 3. Germination rates of Filipendula ulmaria seeds depending on the thawing regime.
Different letters indicate differences between experimental variants at P<0.05

Thus, to achieve the best germination rates and germination energy of F. ulmaria seeds, slow thawing at
room temperature (+22—24 °C) is recommended.

In the next stage, experiments were conducted to compare stepwise and rapid freezing. Rapid freezing
was performed by quickly immersing plant samples in cryotubes and foil envelopes in liquid nitrogen for
three days. Two-stage freezing was also performed in foil envelopes and cryotubes.

First, the test samples were placed in a refrigerator at +4 °C for 60 minutes, and then transferred to a
freezer at -20 °C for one hour. Next, the test seeds in their containers were immersed in the vapor of liquid
nitrogen contained in a Dewar flask for three days. After the seed material of the test species had been in lig-
uid nitrogen, a slow thawing mode was used.

Based on the results of the experimental studies, it was determined that when seed material is rapidly
placed in liquid nitrogen vapor, foil envelopes are the best container for achieving the highest germination
rate (Fig. 4). Seed germination in this experimental treatment was 78.25 + 8.41 %. For seeds frozen in plastic
containers, germination energy did not differ significantly from the control, while germination was signifi-
cantly higher than the control but lower than the values obtained for the foil container treatment.

In the two-stage freezing of F. ulmaria seeds, the germination energy values for plastic containers were
significantly lower than the control, whereas for foil containers, they did not differ significantly from the
control. However, seed germination for both container variants was significantly higher than the control.
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Figure 4. Germination of Filipendula ulmaria seeds depending on the freezing regime.
Different letters indicate significant differences between experimental variants at P < 0.05

A comparative analysis of the two freezing methods used revealed that the highest germination rates
were observed for the variant involving freezing in foil containers and the use of the rapid method. This re-
sult can be explained by the fact that foil provides faster and more uniform cooling, and the rapid method
prevents the formation of ice crystals in the tissues.

Conclusion

Thus, for long-term cryopreservation, it is recommended to freeze F. ulmaria seeds in foil envelopes by
rapid immersion in a Dewar flask and to use a slow thawing regimen. The results demonstrated the effec-
tiveness of this storage method, as F. ulmaria seeds successfully survived storage at supercritical low tem-
peratures, not only maintaining but also increasing germination rates and germination energy.

The data obtained can be used to develop a cryopreservation protocol and introduce F. ulmaria into a
seed cryobank.
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Filipendula ulmaria TYKbIMABIK MaTepHATbIH KPHOKOHCEPBALUSIAY

OciMZliKk TYKBIMIApbIH KPUOKOHCEpBAaLMsIAy OWOSPTYPIUTIKTI cakTayJa MpPaKTUKAIbIK MaHbBI3Fa He.
3eprreynin Makcarsl Filipendula ulmaria TyxeiMpapbiH KpHOKOHCepBalMsIayIblH (akTopiiapblHa, COHBIH
IIIHIEe My3JaTy d/IiciHe, )Ki0ITy peKUMiHE JKOHE BIIBICTAp TYPJIEpiHE, COHBIMEH KaTap >KapbhlKKa OalIaHBICTHI
6ara Gepy. TykpIMIbIK MaTepraibl Kapkapaiibl TayiapbsiHaa TaOUFH yKaFaaiina suHaIIbl. TYKbIMAAD KPHOBI-
JpICTapAia JKOHE aJIOMUHMIT oJbra makerTepiHe KpPUOKOHCEpPBAUMSIAHABI, an Oakpulay peTiHIe
TOHA3BITKBIII Kamepajaa IOCTYpJi TOCIIMEH CaKTajlfaH TYKbIMJAp aibIHABL 3epTTey HOTHXKeNepi jKapbhlKTa
JKOHE KapaHFbI1a 6Cy Ke3iH/Ie alTapibIKTail Toyien/ii aifblpMallbUIBIKTapAbIH 00IMaybIH KOPCETTi, OYJT alllbIK,
TOIBIPAK IeH 3epTXaHabIK JKaFaaiiapaa ecipyai mekremeiini. XKibiTy pexumaepiH canbICThIpy 00IMe TeM-
nepatypaceiiia (20-22 °C) Gasty KiOITyIiH apTHIKUIBUIBIFEIH KOPCETTi, OHAA OHrimTik 75 % Kypaabl, Oy
OakplTay MOHICpIHEH aWTapibIKTail JKOFapbsl OONBIN IIBIKTHL. My3/iaTy pexuMaepiH Tanmayaa doibra
MaKeTTepiHAe JKbUIaM My37aTy Ke3iHIOe €H JKOFapbl KOPCETKIITEepAi aHBIKTayFa MYMKIHAIK Oepi.
Ycomputran Tocin Filipendula ulmaria renodonmpiH y3ak Mepsimimi Kpruocakray YIIiH ITaiilalaHbLTybI
MYMKIH.

Kinm ce30ep: Filipendula ulmaria, TyKeIMABIK MaTepHall, KPHOKOHCEPBALMSIAY, TYKBIMHBIH OHTILITIT, OHY
SHEPrHACH, MY3AaTy-XKi0iTy pexuMi.
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KpuoxoHncepBamusi cemensHoro marepuaia Filipendula ulmaria

KproxoHcepBanust ceMsiH pacTeHHH HMeeT BaXKHOE NIPAKTHIECKOe 3HAYEHHE IS COXpaHeHHs1 OnopazHooOpa-
3Ws M UX HCIOJIB30BaHUs. Lleblo HACTOSIIEro MCCIeNoBaHMs SBISUIACH OIEHKa (JaKTOPOB, ONPEAEISTIONINX
YCIEIIHOCTh KpHOKOHcepBanuu cemsiH Filipendula ulmaria, Bxirodas cnoco6 3aMopakuBaHHs, PEXKUM OT-
TaWBaHWs, Tapy M OTHOIIEHHE K cBeTy. CeMeHHON MaTepuan ObUI COOpaH B IMPHPOAHBIX YCIOBHSX B Topax
Kapkapansl. CeMeHa KPHOKOHCEPBUPOBAIH B KPUONPOOUPKAX U B MaKeTax U3 allOMUHUEBOH (oyibru, KOH-
TPOJIEM CITY’KHIIH CEMEHA, XpPaHUBIIHECS TPaJAULUOHHBIM CIOCOOOM B XONOJUIBHON KaMepe. Pe3ynbTaThl mo-
Ka3aJl OTCYTCTBHE HOCTOBEPHBIX OTIMYMI MEXIy MpOpalldBaHUEM Ha CBETYy M B TEMHOTE, YTO HE peria-
MEHTHpPYET CIIoco0 MpOopal[BaHUs B OTKPBITOM TPyHTE U JaOOPaTOPHBIX yciaoBHsAX. CpaBHEHHE PEXHUMOB
OTTaWBaHUS BBIABIJIO IIPEUMYIIECTBO MEUICHHOIO pa3sMOPaXMBAHWS IIPH KOMHATHOH TeMIieparype
(20-22°C), npu KOTOPOM BCXOKECTh cocTaBmiia 75 %, 4TO 0Ka3aa0Ch JOCTOBEPHO BBIIIE KOHTPOJIBHBIX MOKa-
3arenell. AHaJIM3 PEKUMOB 3aMOPA’KMBAHMS MTO3BOJIMI YCTAHOBHTH MaKCHMAJbHBIE ITOKa3aTeNIn HpH OBICT-
POM 3aMOpaXKUBAaHHU B MakeTax u3 Qoubru. [IpemnaraemMelil mogxo ] MOXKET OBITh HCIIONB30BaH JUIS JOJTO-
cpouHoro kproxpanenust rerodora Filipendula ulmaria.

Knroueswie crosa: Filipendula ulmaria, cemenHoit Marepuai, KpHOKOHCEPBALUS, BCXOKECTh CEMSIH, SHEPTUS
[POPACTaHHUSL, PEXKUM 3aMOPAKUBAHKS — OTTAUBAHMSL.
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