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Pedepar: VccnepoBaHo BnusiHMe KPMOKOHCEPBMPOBaAHWUS Ha MoKasaTenu XW3HEeCNOCOOHOCTM YEepeHKOB YEepHOW CMOpO-
ovHbl (Ribes nigrum L.), nbmbubl YepewHu (Cerasus avium L. Moench), nbinbubl cnuebl gunnougHon Prunus rossica Erem.
M cnuebl AoMaluHen Prunus domestica L., a Takke CeMSH OUKOPACTYLIMX NEeKapCTBEHHbIX PacTEHWUi: rapmarnbl OObIKHOBEHHON
(Peganum harmala L.), nwxmbl ynyTtaBsckol (Tanacetum ulutavicum Tzvel.) n cepnyxu paccedeHHon (Serratula dissecta Ledeb.).
[MokasaTenb Xn3HecnocobHOCTN y YepeHKoB 5 copToB R. nigrum L. nocne KpMOKOHCEPBMPOBAHUSA CHU3WICS; Y MbifbLbl 7 COPTOB
C. avium (L.) (Bcero 17) yBenunuuncs, y 6 He nameHuncs, y 4 ymeHbwunncs; y 3 coptoB P. rossica Erem. (Bcero 9 ) yBenuuuncs,
y 3 He nameHuncs, y 3 ymeHbwuncs; y 6 coptoB P. domestica L. (Bcero 13) yBenuuuncs, y 3 He U3MeHuncs, y 4 CHU3UICS; y ce-
MsaH P. harmala L. He nsmeHuncs; y cemsaH S. dissecta Ledeb. yBennuuncsa. Kpnonpotektopbl u otorpes: P. harmala L. — rmuuepuH
100%, meaneHHbin otorpes; T. ulutavicum Tzvel. — caxapo3a 10%, MegneHHbI oTorpes; S. dissecta Ledeb. — IMCO 3%, GbicTpbIi
oTOrpesB.

KnioyeBble cnoBa: KpMOKOHCEPBHPOBaHKE, BereTatuBHble nobern, nbinblia, ceMeHa, KpUonpoTeEKTOPbI.

Pedbepar: [locnigxeHo BNAMB KPIOKOHCEPBYBAHHA Ha MOKa3HWKM >KUTTE3AATHOCTI XMBLIB YOpHOI cmopoaunHu (Ribes nig-
rum L.), nunky vepeuwri (Cerasus avium L. Moench), nunky cnneu gunnoigHoi Prunus rossica Erem. i cnmem gomaluHboi Prunus
domestica L., a TakoX HaCiHHS AUKOPOCNUX NiKapCbKWX POCIWH: rapManu 3BuyanHoi (Peganum harmala L.), nuxxma ynyTaBCb-
koro (Tanacetum ulutavicum Tzvel.) i cepnyxu po3aciueHoi (Serratula dissecta Ledeb.). Moka3HuK XUTTE3AATHOCTI y XMBLIB 5 copTiB
R. nigrum L. nicnsa kpiokoHCepBYBaHHSA 3HU3NBCS; y nunky 7 copTiB C. avium L. (Bcboro 17) 36inbLimecs, y 6 He 3MiHMBCS, Y 4 3MeH-
wmscs; y 3 copTiB P. rossica Erem. (ycboro 9) 36inbwunsces, y 3 He 3miHMBCS, y 3 3MeHWwMBCS; y 6 copTiB P. domestica L. (Bcboro 13)
36inblmnBCS, Y 3 He 3MIHUBCS, Y 4 3HU3MBCS; y HaciHHA P. harmala L. He 3miHuBCS; y HaciHHA S. dissecta Ledeb. 36inbwmBecesa. Kpio-
npoTtekTopu Ta Harpis: P. harmala L. — rniuepuH 100%, nosinbHe BiairpiBanHs; T. ulutavicum Tzvel. — caxapo3a 10%, nosinbHe
HarpiBaHHsi; S. dissecta Ledeb. — IMCO 3%, uBMake HarpiBaHHS.

Kno4yoBi crnoBa: KpiokOHCEpBYBaHHS, BEreTaT!BHI NaroHu, MUIOK, HACIHHS, KPIONPOTEKTOPY.

Abstract: The cryopreservation effect on viability of black currant cuttings (Ribes nigrum L.), sweet cherry pollen (Cerasus
avium L. Moench), Prunus rossica Erem. diploid plum and Prunus domestica L. garden plum pollen, as well as the seeds of
wild medicinal plants: Syrian rue (Peganum harmala L.), tansy (Tanacetum ulutavicum Tzvel.) and sawwort (Serratula
dissecta Ledeb.) was studied. The viability in 5 cultivars of R. nigrum L. was decreased after cryopreservation; in 7 cultivars
of C. avium L. (17 cultivars totally) it was increased, in 6 cultivars there were no changes, in 4 ones it was decreased; in 3 varieties
of P. rossica Erem. (9 cultivars totally) the one was increased, in 3 ones there were no changes, in 3 ones it decreased; in 6 cul-
tivars of P. domestica L. (13 cultivars totally) this index was increased, in 3 ones there were no changes, in 4 ones it decreased;
in P. harmala L. seeds it was unchanged; in the seeds of S. dissecta Ledeb. it was increased. For the seeds of three medicinal
plants there were selected the optimal concentrations of cryoprotectants and thawing modes as follows: P. harmama L. —
100% glycerol, slow freeze-thawing; T. ulutavicum Tzvel. — 10% sucrose, slow warming; S. dissecta Ledeb. — 3% DMSO, rapid
warming.

Key words: cryopreservation, vegetative shoots, pollen, seeds, cryoprotectants.
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B Owuonormueckom pa3sHOOOpa3uu Hamled Iuia-
HEThl OCHOBHOE MECTO 3aHHUMAIOT KYyJIBTypHBIC pac-
tenus [13]. CoxpaHeHue pacTUTEIBHOTO OMOPa3HOO-
Opasus MPOBOTUTCS B YCIOBUSX in situ (B MOIAX, Jie-
cax, caJIOBBIX MacCHBax) M ex Situ (B KOJUIEKIIMOHHBIX
caJax W MUTOMHHKAX), a TaKKe Ha OIBITHO-CEJEK-
LIMOHHOW cTaHuMU Bcepoccuiickoro MHCTUTYTa Te-
HETHYEeCKUX pecypcoB pacteHuid um. H.M. Bau-
noBa (BUP). Ognako BciieaCcTBHE HECTAOMIHLHOCTH
KJIMMAaTUYeCKUX U IKOJIOTHUECKHUX yCIOBUN CyIIeCT-
ByeT YIrpo3a IMOTEPH KOJUICKIIMOHHBIX 00pa3IoB.
ATNBTepHATUBHBIM METOAOM XPaHEHHUS BETETAaTHUBHO
Pa3MHOXAEMBIX TUIOMIOBBIX U SITOJHBIX KYIBTYD SIB-
JSIeTCSl KPUOKOHCEPBHUPOBAHUE B YCIIOBHUSX CBEpPX-
Hu3Kux Temneparyp (—185...-196°C), uro no3Bossier
COXpaHSTh KU3HECTIOCOOHOCTh TeHO(OHIA KYIBTYP-
HBIX TUTOJIOBBIX W SITOAHBIX PACTEHU B TEUEHHE
HeorpanmdeHHoro Bpemenu [ 10, 24]. I1pu aTom pac-
TUTEJIbHBIA Marepuall, oJBepraeMblii BO3IEHCTBUIO
CBEPXHHU3KHUX TEMIIEpaTyp, OCTAeTCsl TEeHETHYECKU
cTaOUIBbHBIM [17].

KprokoHncepBupoBaHre MBUIBIBI TUIOAOBBIX KyIlb-
TYp BayKHO HE TOJIBKO Il COXPaHEHNsI TeHETUYECKUX
pecypcoB, HO W JJs TPOBEACHUS CEIEKIIMOHHBIX
nporpamm [3, 4]. IlorogHsle ycioBusi CyIieCTBEHHO
BIUSIOT Ha (DOPMUPOBAHHUE IBUIBLBI KOCTOYKOBBIX
pactennii. Tak, mpu aHOMaJIbHO HEOIATOMPHUATHBIX
MTOTOJIHBIX YCJIOBHSIX ITBUIBIIA MIMEET IOHMKEHHYIO
KU3HECTIOCOOHOCTh, & KPHOKOHCEPBUPOBAaHUE I103-
BOJIIET W30MPATENIbHO WCIONB30BaTh B CEJIEKIHH
coOpaHHYIO B OJIATONIPUSATHBIC TONBI KaueCTBEHHYIO
MBUIBILY C BBICOKOH JKU3HECTIOCOOHOCTHIO |5, 15].

KpunoxoncepBrupoBanue ceMsH TUKOPACTYIIUX
JIEKapCTBEHHBIX PACTCHUI UMEET OOJIBIIOE 3HAUCHHE
JUISL CO3/IaHUsI HAIIMOHAJIBHOTO T€HETHYECKOro OaH-
ka ¢nopsl Kazaxcrana. [lepBbie pa3pabotku crmoco-
00OB 3aMOpaXKUBaHUSI-OTOTPEBA CEMSH ISl XPaHCHUS
B JKUJKOM a30Te€ MpoBoAwiIM B KoHUE 80-X IT. [26,
29]. B Kazaxctane Ha OCHOBE METOAMYECKUX pPa3-
pabotok kpuokomruiekca BUP [6, 19, 23] Brepsbie
Hauaj W 3aKja/blBaTh Ha JUIMTEIBHOE XpaHEHHE B
JKUJIKOM a30Te€ CEMEHa IIEHHBIX JIEKapCTBEHHBIX pac-
TeHui [9, 14].

st ucenenoBanuii Ribes nigrum L. mucmons3o-
BaJIM COPTA, IPUTOIHBIE JIUIsl BBIPAILIMBAHUS B CEBEP-
HBIX pErruoHax: paHHECIeNble, BBHICOKOYpOXKaiHbIe,
yCTOWYMBBIE K OOJE3HSM, O0JaJaroliue KauecTBOM
CyXOro OTphIBa srof. PaHee uccieqoBaHMM MbLIb-
usl Cerasus avium L. He IpoBOIWIN, a U PaOOTHI
¢ nbUIbloN Prunus domestica L. u Prunus rossica
Erem. oueHuMBald NpUBIECUEHHBINH KOJJICKLIMOHHBIM
MaTepHall.

Lens paboThl — mM3ydeHWe BIUSHUS UITUTEITHHO-
TO BO3ACHCTBHUS CBEpXHU3KUX Temreparyp (—183...
—185°C) Ha moxa3zarenb KM3HECTIOCOOHOCTH YepEeH-
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Cultured plants play a significant role in bio-
logical diversity of our planet [4]. Plant biodiversity
is conserved in situ (in fields, forests, garden areas)
and ex sifu (in collection gardens and forest nur-
series). The Experimental Plant-Breeding Station
of the N.I. Vavilov Institute of Plant Genetic Re-
sources (VIR) is an important participant of these
activities. Unstable climate and environmental con-
ditions entail a risk of the loss of the collection
specimens. Cryopreservation under extremely low
temperatures (—185 ... ~196°C) allows to preserve the
viability of gene pool of cultured fruit and berry
plants for an unlimited time and thus it is an alter-
native method for conservation of vegetatively
reproduced fruit and berry crops [9, 24]. Herewith,
the plant material exposed to ultralow temperatures
remains genetically stable [11].

Cryopreservation of fruit crop pollen is impor-
tant not only for conservation of genetic resources,
but also for the breeding programs [26, 27]. Weather
conditions significantly affect the formation of
pollen of stone fruits. For example, extremely unfa-
vourable weather conditions could result in a re-
duced viability of pollen and cryopreservation ena-
bles the use of the pollen with a high viability, se-
lected in favourable years [28, 33].

Cryopreservation of wild medicinal plant seeds
is of great importance for establishing of the
Kazakhstan national genetic bank of flora. The
methods to freeze-thaw the seeds and store in liquid
nitrogen were firstly developed in the late 80 s. [6,
15]. Based on the methodological developments
of the VIR cryounit [13, 21, 29] the Kazakh scho-
lars initiated the programs to conserve the seeds
of valuable medicinal plants using long-term storage
in liquid nitrogen [5, 8].

Investigations in Ribes nigrum L. involved the
cultivars suitable for growing in the northern re-
gions, namely early ripening, high-yielding, disease-
resistant, having quality of dry pick off berries. To
date there were no studies conducted in Cerasus
avium L. pollen, collection material was assessed to
work with Prunus domestica L. and Prunus rossica
Erem. pollen.

The research aim was to study the effect of
long-term exposure of ultra-low temperatures
(—183... —185°C) on viability of Ribes nigrum L.
cuttings, Cerasus avium L., Prunus rossica Erem.,
Prunus domestica L. pollen, as well as on growth
of seeds of medicinal plants such as Peganum
harmala L., Tanacetum ulutavicum Tzvel., Serratula
dissecta Ledeb.

To protect the seeds of medicinal plants against
possible cryodestruction during cryopreservation
by a direct immersion into liquid nitrogen, the
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kOB Ribes nigrum L., neububl Cerasus avium L.,
Prunus rossica Erem., Prunus domestica L., a Tak-
YK€ Ha POCTOBBIC MMOKA3ATENIN CEMSH JICKAPCTBEHHBIX
pactenuit Peganum harmala L., Tanacetum uluta-
vicum Tzvel., Serratula dissecta Ledeb.

st mpenoxpaHEeHUS CEMSH JIeKapCTBEHHBIX
pacTeHuil OT BEPOATHOW KPUOACCTPYKIIUU B TIPO-
Iecce KPHOKOHCEPBUPOBAHUS ITyTEM TIPSIMOTO IIOT-
PYXKEHHSI B JKUIKUH a30T HCCIICAOBAIM 3allUTHOE
JICHCTBHE KPHOMPOTEKTOPOB IPH OBICTPOM U MeEjl-
JICHHOM CII0Cc00ax OTorpena.

MarepuaJjibl U METOAbI

[as SKCOEepUMEHTOB HCIOJIb30BAIU YEPEHKU
4epHOW cMopoauubl Ribes nigrum L. (5 coprtoB),
MBUTBIYY CIUBBI JoMaimtHed Prunus domestica L.
(13 coptoB), cAWBBI NUIUIOWAHON Prunus rossica
Erem. (9 coproB) u uepemmu Cerasus avium
L. Moench. (17 coptoB). Bce o6pa3nbpl nmpuHAamIeKaT
KOJUIEKIIMM T'€HETHMYECKUX pecypcoB pacteHuil BIP.
CemMeHa NeKapCTBEHHBIX PACTeHUH OBLTH COOpaHBI
B KazaxcraHne, uepeHKH 4YepHOW CMOPOAMHBI OTOO-
paHBI B KOJUIEKIIMOHHOM NMUTOMHHMKE (uunana. [To-
JIIpHOU onbITHOM cTaHiuu BUP.

J1st KpUOKOHCEPBUPOBaHUSI YePEHKOB Ribes nig-
rum L. ucmonp3oBamu croco0, MPUMEHSEMbIH st
paboTel ¢ moukamu sOnoHM [28], B Hamied MoIu-
(ukanuu. Yepenku Ribes nigrum L. Hape3anu B 3UM-
HUH miepros. JKM3HECTTOCOOHOCTh YepEeHKOB OIEHH-
Balld TyTeM IipopammBaHus B Boxe mpu 21°C B
YCIIOBUSIX WCKYCCTBEHHOTO OCBEIICHHWS. 3aTeM de-
PEHKH pa3melsiid Ha HEOONBIINE CETMEHTHI ¢ 2—
3 moukaMu ¥ TOJCYIIUBAJIN IIPU Temreparype —4...
—5°C no ocrarouHoli BrmaxkHocTH 28-32%. [lanee
pacTUTENBHBIM MaTepruall OXJaXJIaIH MO CeAyromen
IpoLeaype: TeMIeparypy B 3aMOpakuBaTesie MapKu
MDF-U442 (T), («Sanyo Medical Freezer», Sanyo
Electric Biomedical Co., LTD., Slmonus.) xaxmbIi
yac cHmkamu Ha 2°C B jgmamasone —5...—32°C, 3a-
TEM TEeMIepaTypy Kaxabld yac moHmxanu Ha 4°C
u nocruranu —50°C. Ilpu stom n0 Havana ciemy-
fOIero yaca OWomarepuan WHKyOMpOBAIH TIPH 3a-
maHHOW Temmepatype. llocime o0pasmpl Tmomerna-
U HAa JUINTENbHOE XpaHEHWE B Tapbl KHUJIKOTO
azota (—183...—185°C). Uepes 6 MecsIeB YepeHKH
oTorpeBasid Ha BojasHOW Oane mpu 37°C B TeueHHe
4-5 muH. Jlyis ompenesieHus KU3HECIOCOOHOCTH
pacTUTENbHBIA MaTepuan BBICRXXUBAIM B TOJE B
BEeCCHHE-JIeTHUH nepuon [8].

Ieubny Cerasus avium L., Prunus rossica Erem.,
Prunus domestica L. cobupanu B mae—wurone. C Je-
PEBBEB OHOTO COpPTa B CYXyHO IIOTOIY COOHMpaiu
mo 200-250 xopotro pa3BUTHIX OyTOHOB W B J1a00-
PaTOPHBIX YCIOBUSAX OT/ENSUTH TBUIBHUKHA. B Tede-
HHAE 2—3-X CYTOK TBUIBITY TOACYITUBAIHN IO CBIITY-
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protective effect of cryoprotectants at rapid and
slow warming was investigated.

Materials and methods

In the experiments the cuttings of Ribes nigrum
L. black currant (5 cultivars), Prunus domestica L.
garden plum pollen (13 varieties), Prunus rossica
Erem. diploid plum pollen (9 cultivars) and Cerasus
avium L. Moench sweet cherry pollen (17 cultivars)
were used. All these samples were obtained from
the collection of plant genetic resources of VIR.
Seeds of medicinal plants were collected in Ka-
zakhstan, cuttings of black currant were selected
in the collection nursery of the branch of the Polar
Experimental Station of VIR.

To cryopreserve Ribes nigrum L. cuttings, we
used own method applied earlier for the apple
buds [7]. The cuttings of Ribes nigrum L. were
collected in winter, their viability was evaluated
by sprouting in water at 21°C under artificial ligh-
ting. Then, the cuttings were divided into small
segments with 2-3 buds and dried at —4...-5°C to
a residual humidity of 28-32%. Hereafter, the
plant material was cooled according to the fol-
lowing procedure: the temperature in MDF-U442
(T) freezer (Sanyo Medical Freezer, Sanyo Electric
Biomedical Co., LTD., Japan) was reduced every
hour by 2°C within the range of —5...-32°C, then
it was lowered by 4°C every hour and reached
—50°C. Herewith prior to the beginning of the
next hour the biomaterial was incubated at a fixed
temperature. Then the samples were placed into
liquid nitrogen vapour for a long-term storage
(—183...-185°C). After 6 months, the cuttings
were warmed in a water bath at 37°C for 4-5 min.
They were planted in a field within spring-summer
period to test the viability [31].

Pollen of Cerasus avium (L.), Prunus rossica
Erem., Prunus domestica L. was collected in May—
June. We collected 200-250 well-grown buds du-
ring dry period from the trees of the same variety
and the anthers were separated under laboratory
conditions. For 2-3 days, the pollen was dried
to a loose state at 21°C and immersed into li-
quid nitrogen in cryotubes. To determine viability,
the pollen was warmed for 5-10 mins in air
(21°C), then germinated without light in a ther-
mostat (21°C) with agarized nutrient medium con-
taining 10% sucrose. A suspension of pollen in
a distilled water was applied to the surface of
nutrient medium. Pollen with pollen tube, the
length of which was bigger than the diameter
of pollen grain were considered as germinated.
The number of germinated pollen grains was coun-
ted with microscope at a 100-fold magnification
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4Yero cocTossHusA mnpu temmneparype 21°C u B kpuo-
npoOupKax MOrpyXajiu B XUAKUHK a3oT. s ompe-
JeNICHNsT JKU3HECHOCOOHOCTH MBUIbIYY OTOTPEBAJIH
5-10 muur Ha BO3myxe (21°C), 3arem mpoparimBa-
nmu 6e3 ceera B Tepmocrare (21°C) Ha arapu3oBaH-
HOW TUTaTelbHON cpene, comepxkamerd 10% caxa-
po3bl. Ha moBepXHOCTh MUTATEIBLHON Cpeibl HaHO-
CHJIM CYCIICH3WIO MbUIbIBI B JIHCTHIUIMPOBAHHOM
Bozie. Ilpopocuieil cuutaiv NbUIbIYY C MbUIBLEBOU
TpyOKOH, ANMHA KOTOPOH ObuIa OONblIEC JAUaMeTpa
MBUIBLIEBOTO 3epHa. KommuecTBO Mpopocux mblib-
LEBBIX 3€peH MOACYUTHIBAIN IO, MHKPOCKOIIOM
npu 100-xpatHOM yBennueHuu B 3050 ciydaiHbIX
MOJISAX 3peHUs B 6—8 KaIlIsAX CyCIEeH3UH MbIIbIBI [7].

Juis skciepuMeHTa OTOMpanmu o0pasibl CeMsH
JIEKAPCTBEHHBIX PACTEHUH TpeX BHUJIOB: rapMaia
oObIkHOBeHHas (Peganum harmala L., cem. Nitraria-
ceae Lindl.), mmxma ynytasckas (Tanacetum uluta-
vicum Tzvel., ceM. Asteraceae.) 1 cepiryxa pacceucH-
Has (Serratula dissecta Ledeb., cem. Asteraceae.).
CeMmena Ui 9KCIIEPUMEHTOB OTOHMpPANU CITyYaiHbIM
00pa30oM M HE OYMILAIH OT TUIOJHBIX 000JI0UECK.

Peganum harmala L.— mMHOTONETHEE TpaBSHHUC-
TOE pacTeHue BLICOTOM 10 50 cM, mpouspacTaroiiee
[IOBCEMECTHO B PAaBHUHHBIX paloHaX, MCKII0Yas
BBICOKOTOPBSI, HO 3HAYMTENIbHBIE 3apOCIH BCTpeda-
10Tcsl TonbKo Ha Teppuropuu HOkHoro Kasaxcra-
Ha. ['apmana OOBIKHOBEHHAs SIBISIETCS IIEHHBIM Jie-
KapCTBEHHBIM PAaCTEHHEM, ITOCKOJIBKY COEPIKUAT
3HAYUTEIHHOE KOJMYECTBO AIIKAJIOWJIOB, IMPOU3BO-
HBIX XWHA30JIMHA ¥ WHAOJA.

Tanacetum ulutavicum Tzvel. — MHOTOJIETHEE pac-
TEHHE, YHJIEMHK, BCTPEUAIONIMHCS TOJILKO Ha CKaJax
U KaMEHHUCTBIX CKJIOHax rop Ymeitay (Kazaxcram)
[20, 21, 27]. UcxonHas BCXOKECTh CEMEHHOTO Ma-
Tepuasia MIXKMBI YIyTaBcKoil coctaBuna (33 £ 2)%.
JlaHHOE pacTeHue COACPKUT B COLBETHIX (PIaBOHO-
Wb, KOTOpbIe 00JIaAa0T JKEITYETOHHBIM JCHCTBUEM.

Serratula dissecta Ledeb. — MmHOTONIETHEE pacTte-
HUE, DHJIEMHUK, MPOU3PACTAIONINI Ha KaMEHHCTHIX
1 eOHUCTHIX CKJIIOHAX TOp, B PaBHUHHBIX CTEIISIX
IlenTpansHoro u Bocrounoro Kazaxcrana, a Takxe
B JIxynrapckom Amaray [21]. Cepmyxa paccedeH-
Hasl SIBJISIETCS] LICHHBIM JICKAPCTBEHHBIM PACTCHHEM,
MOCKONIBKY ~COJECPIKUT (PUTOIKIUCTEPOU B, 00Ia-
Jafole  aHaOOJIMYEeCKUM, THUIOIHMITHACMUYECKUM,
MIPOTHBOBO CHAIUTEIBHBIM, 31aTOT€HHBIM, TeMOPEO-
JIOTUYECKUM CBOMcTBamH [1].

BcxoxkecTs M 2HEPrUI0 NMpOpacTaHUs CEMSH
WCCIIEJIOBAIN 110 METOJUKE, MPEICTABICHHOW B pa-
6orax M.C. 3opunoii u C.I1. Kabanona [16], a Takxe
M.B. Mamnbnesoii [18]. B maGoparopHbIX ycmoBHsIX
ceMeHa mpeaBapuTensHo ne3nHpuimpoBamn 0,5%-m
pactBopom KMnO, n 75%-M pacTBOPOM THIIOXJIO-
pUTa Kaiblus, IPOPAIINBaIN B KIMMAaTHIECKON Ka-
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in 30-50 random fields of view in 6-8 drops of
a pollen suspension [30].

In the study we used the seeds of following
medicinal plants: Syrian rue (Peganum harmala
L., Nitrariaceae Lindl. family), tansy (Tanacetum
ulutavicum Tzvel., Asteraceae. family) and sawwort
(Serratula dissecta Ledeb. Asteraceae). The seeds for
experiments were randomly selected and seed coat
was not removed.

Peganum harmala L. is a perennial herbaceous
plant with a height of up to 50 cm, which occurs
widely in lowland areas, excluding high mountains.
Significant thickets are found mainly in South Ka-
zakhstan. Syrian rue is a valuable medicinal plant,
whereas it contains a significant amount of alkaloids,
quinazoline and indole derivatives.

Tanacetum ulutavicum Tzvel. is a perennial plant,
endemic, found only on the rocks and stony slopes
of the Ulytau Mountains (Kazakhstan) [14, 16,
32]. The initial germination of tansy seed grains was
(33 £ 2)%. This plant contains flavonoids in inflo-
rescences having a choleretic effect.

Serratula dissecta Ledeb. is a perennial plant,
endemic, growing on rocky and gravelly mountain
slopes, in the plain steppes of Central and Eastern
Kazakhstan, as well as in the Dzungarian Alatau
[16]. Sawwort is a valuable medicinal plant, whe-
reas it contains phytoecdysteroids with anabolic,
lipid-lowering, anti-inflammatory, adaptogenic, he-
morheological properties [1].

Germination capacity and rate were investigated
according to the method reported by M.S. Zorina and
S.P. Kabanov [34], as well as M.V. Maltseva [12].
The surface of the seeds was sterilized with 0.5%
KMnO, and 75% calcium hypochlorite solutions
under laboratory conditions, and then the seeds were
germinated in a climatic chamber at 24°C.

The significance of differences of compared
samples for three independent experiments was
assessed using Student's t-test after testing for
normality of distribution using the method of
N.L. Udolskaya [25].

The length of period of seeds stay in a viable
state depends significantly on humidity and storage
temperature [13, 23]. Optimum moisture content for
seeds of most plant species is 4—7% [23]. Species
specificity of seed response to storage temperature
and rate of cooling or thawing have been shown in
many studies [6, 13, 22]. In our work, we used two
methods to cryopreserve Peganum harmala L. and
Serratula dissecta Ledeb. seeds [5]. The first method
consists in the freezing without cryoprotectants,
i. e., the temperature in cooling chamber was re-
duced by 4°C every hour within the range of —5...
—32°C; in another case, the temperature was lo-
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Mepe npu temneparype 24°C. 3HauMMOCTb pa3iu-
YUl CpaBHHMBAaEMbIX BBIOOPOK [UISI TPEX HE3aBH-
CUMBIX OKCIIEPUMEHTOB OIICHHBAIU C IIOMOIIbIO
t-kputepusi CThIOIEHTa TIOCTE TPOBEPKH HOPMAallb-
HocTu pacnpeneneHus no meronuke H.JI. Ymombc-
Koif [25].

W3BecTHO, YTO ANUTENHFHOCTD XPAaHEHHS CEMSH
B JKH3HECITOCOOHOM COCTOSTHHUHM 3HAUYUTEIHHO 3aBU-
CUT OT BIQXHOCTH W TeMmIepaTrypbl xpaHenus |19,
34]. Jlynst ceMsiH OOJIBIIIMHCTBA BUIOB PACTCHUH OII-
THUMaJbHasl BIQXHOCTh cocTaBisieT 4—7% [34]. Bu-
JOCTIeNU(UIHOCTh PEAKIIUU CEMsIH Ha TeMIIEPaTypy
XpaHEHUs] M CKOpPOCTh 3aMOpaXKHUBaHUSI-OTOTPEBa
MoKa3aHa BO MHOTHX HccieaoBaHusix [19, 26, 33].
B namieit pabote ncmop30Baliu JiBa Criocoda Kpuo-
KOHCEpBUpOBaHUs ceMsH Peganum harmala L. n
Serratula dissecta Ledeb. [14]. IlepBrIii cioco0 — 3a-
MOpaxuBaHHe 0e3 KPHOMPOTEKTOpOB. Temmeparypy
B XOJIOIMJIBHOM Kamepe KaxAbld 4Yac CHIXKAJIW Ha
4°C B mmamazone —5...—32°C; B apyrom BHJE JKC-
MepUMEHTA TEMIIEPaTypy KaKIbIi Yac TOHIKAIU
Ha 8°C B amamazone —5...—50°C. [Ipu sToM 10 Ha-
yajia CJICAYIOLIEro 4aca OuoMmarepual HHKYOHpO-
BaJlM MpH 3aJaHHON TeMmmeparype. [lociie 3Toro 06-
pasibl TOMELIANH Ha JJIUTEIBHOE XPaHEHUE B Mapbl
JKuAkoro aszora. OTorpeB CeMsiH MNPOBOAWINA IPHU
KOMHATHOH Temrieparype. Bropoii criocob — cemeHa
nociie 10-MHHYTHOTO MHKYOWPOBaHUS B pacTBOpax
KPHOIIPOTEKTOPOB OBICTPO 3aMOPAKUBAIH TPSIMBIM
MOrpyKEHUEM B KUJKUM a30T. KoHTposem ciyxu-
JIU TIOKa3aTeNn JKU3HECTIOCOOHOCTH CeMSH JI0 3aMO-
paxuBanus. s 3aMopakWBaHUS KYIbTYp, OTIIH-
YAIONIUXCS CTPOCHUEM CEMEHHBIX 000JI0UEK, IprUMe-
HSJIM pa3Hble KPUOMPOTEKTOPHL. B sKcmepruMeHnTtax
HCIIOJIb30BAIM HETOKCUYHBIE KPUOTPOTEKTOPHI U UX
cmecu: 100% riunepuH; BOAHBIE PAcTBOPHI caxa-
po3sl 10 n 20%; cmech 10% caxapo3sl u 50% rm-
LiepUHA HAa OUCTWILIMPOBaHHOM Boge [12, 22, 32].
W3BecTHO, YTO KPUOMPOTEKTOP JAUMETHICYITh(OK-
cun (JAMCO) B xonnentpanuu 40% mpakTHIecKn
MPEIOTBpAIIaeT KPUCTAILTU3AINI0, HO MPHBOANUT K
Pa3pyIICHNI0 KIETKH, MOATOMY, KaK MpPaBHUIIO, HC-
moNTb3yI0T KoHmeHTparmio 10-15% [2]. B namem
rccaenoBannu s Oombimeit 6e3omacuoctr JJMCO
MIPUMEHSAIN B KoHUeHTpauusx 1, 3 u 5%. Wcnomnb3o-
BaJiM JIBa TUIIA OTOTpPeBa OMoMarepuaia: ObICTPBIN
(Ha BomsHO# Oane 40°C) u MemieHHBIH (HAa BO3-
nyxe npu remneparype 22°C). Panee BnusiHIE KpHo-
MIPOTEKTOPOB HAa CEMEHHOHM Marepuall 0e3 3amopa-
JKUBaHHUS HE HCCIEI0BANM, IOCKOJIBKY TIHIEPUH
M caxaposa He SIBIISIIOTCS TOKCHYHBIMH BeIIeCTBa-
mu, a IMCO mpuMeHsIn B Oe30MMacHBIX ISl CeMSH
KOHTIeHTpanusx [2, 22, 30, 31, 35]. 3naunMocTs pas-
JUYANA CPaBHUBAEMBIX BBIOOPOK OIIEHWBAIH C TIOMO-
mieio t-xpurepuss CThIONEHTA MOCIE MPOBEPKH HOP-
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wered each hour by 8°C within the range of
—5..-50°C. Before the beginning of the next hour,
the biomaterial was incubated at the given tempe-
rature. Hereafter, the samples were stored for a
long time in liquid nitrogen vapour. The seeds
were warmed at room temperature. The second
method was the rapid freezing of seeds by a direct
immersion into liquid nitrogen, after 10 min incu-
bation in cryoprotectant solutions. The indices of
seed viability prior to freezing were the control.
Different cryoprotectants were used for freezing
of the cultivars with variations in the structure of
the seed coat. Non-toxic cryoprotectants and their
mixtures, i. e. 100% glycerol; 10 and 20% suc-
rose aqueous solutions; a mixture of 10% sucrose
and 50% glycerol with distilled water [10, 19, 20]
were applied in experiments. Use of dimethyl sul-
foxide (DMSO) cryoprotective agent at a concent-
ration of 40% has been known to prevent virtually
any crystallization, but may lead to cell injury,
therefore, a concentration of 10-15% is more con-
ventional [2]. In our study DMSO was used in
safe concentrations of 1, 3 and 5%. Two types
of biomaterial warming were applied, i. e., rapid
(in 40°C water bath) and slow (in air at 22°C).
Previously, the effects of cryoprotectants on seed
without freezing were not investigated, because
glycerol and sucrose are not toxic substances, and
DMSO was used in concentrations safe for seeds
[2, 17-19, 35]. The significance of the differences
of compared samples was evaluated using Student's
t-test after checking the normality of the distribu-
tion. The differences were considered statistically
significant at p < 0.05. Numerous findings for pol-
len and cuttings were statistically processed using
StatSoft Statistica 13.0 software (TIBCO Software
Inc., USA).

Results and discussion

Table 1 shows the indices of initial (prior to cryo-
preservation) viability of black currant cuttings (Ri-
bes nigrum L.) and the index after cryopreservation.

The initial viability index of currant cuttings
among cultivars was 80-90%; after storage in liquid
nitrogen vapour, the viability of cuttings decreased
significantly for all the cultivars compared to the
initial one: from 6.4 (Severnoye siyaniye) to 10.6%
(Olesha) (Table 1). During spring-summer, the plants
grew well, in summer they sprouted young healthy
shoots and formed fruitful buds the following year.

The results of viability evaluation for sweet
cherry pollen of 17 cultivars (Cerasus avium L.
Moench) prior to and after cryopreservation are
presented in Table 2. After storage of pollen of
Iput’, Rondo, Krasnaya Plotnaya, Orlovskaya rozo-
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MaJbHOCTH pacrpenesneHus. Pazmuuuns
CUNTANIM CTATUCTHUYECKH 3HAUYUMBIMU
npu p < 0,05. Craructuueckyio obpa-
00TKy OOJBIIOrO KOJMYECTBA AAHHBIX
HCCIICIOBAHUSI TBUIbIBI M YEPEHKOB

Tabnuua 1. MNokasatenu Xn3HecnocobHOCTUN YEPEHKOB YEPHOW
CMOPOAUHBI Ribes nigrum L. o 1 nocne xpaHeHWs B napax XuaKoro

asorta no gaHHbiM 2017 1. (M + SE)

Table 1. Viability indices of cuttings of Ribes nigrum L. black currant
prior to and after storage in liquid nitrogen vapour saccording

to the data of 2017 (M = SE).

BBITIOJIHSTH B TIporpamme  «StatSoft
. i 6 %
Statistica 13.0» («TIBCO Software Howmep N iability of euttings. % ,
KaTtanora HaA4YMMOCTb
Il’lC.)), CHJA) Coprt BUP pasnununii (p)
Cultivar lCode nocne XpaHeHus B Significance of
in VIR ucxoaHaa | napax wuakoro asora | differences (p)
Pe3y.]'ILTaTI)I u oﬁcym}lelme catalogue Initial After storage in liquid
B Tabn. | mpuBeacHBI MOKa3aTen nitrogen vapors
HCXOMHOM (10 KPHOKOHCEPBUPOBAHUS
A (20 xp pBUp v) ’12:;{]‘:" 32651 | 83,3 +0,9 73,3+ 1,8 0,007
JKU3HECIIOCOOHOCTH YEPEHKOB YepPHOMN
cMmopoauHsl (Ribes nigrum L.) u mocie i
PO ( g ) Kg"';,c*l‘(‘f'” CyBEHMP 40740 | 90,7 0,7 83,3 £ 1,7 0,015
KPMOKOHCEPBUPOBAHUS. oF skly suvenir
IToka3zaTenb HMCXOOHOM JKH3HECIIO- Copnpus Encawosoh | 4020 | 83 « 1 ek 1e 0010
COOHOCTH YEpEHKOB CMOPOIHMHEI TI0 Syurpriz Elsakovoy eE = '
copram coctasisut 80-90%, mocne Kpu- c
€eBepHoe cuAHne
OKOHCEPBMPOBAHMsS B Iapax XKHUAKOTO  Severnoye siyaniye | 0738 | 90.7 0.7 84,3 £ 0.7 0.003
a30Ta TMPOICHT KU3HECIIOCOOHBIX de- o
newa
PEHKOB M0 CPaBHEHHIO € HCXOIHBIM Olesha 42634 186319\ 787 %07 0,008

3HaYUMO CHU3WICS Y BCEX COpPTOB: OT
6,4 (copt CeBepnoe cusnue) 10 10,6%

(copt Omnemra) (tabmn. 1). B mepuon BeceHHEe—JIETHEH
BEreTalluy pPacTeHHs XOPOIIO Pa3BUBAINUCH, JIETOM
OHHU JJAJIN MOJIOABIC 30POBBIE MOOETH W 3aJIOKUIH
Ha CJICAYIOUINH IO/l TIIOI0HOCAIINE TOYKH.

Pesynbrarel omeHKH MOKazaTessl >KU3HECHOco0-
HOCTH TbUIBLEI 17 coproB uepewmnu (Cerasus avium
L. Moench) nmo um mocie KpHOKOHCEPBHPOBaHUS
npencTaBieHsl B Tabi. 2. [locie kprokoHCepBUpOBa-
Hug nbeuiblbl  coptoB  Unyth, Ponpo, Kpachas
ITmornas, OpnoBckast po3oBasi, Veidenbergi magu-
skirss, TOmmu u Peunia mokasareib KHU3HECIIO-
COOHOCTH 3HAaUYMMO YBEJIWYHWICS, Yy cOpTOB bps-
Houka, AnebacTpoBas, bpsHckas po3oBas u Ane-
JIMHA — 3HaYMMO cHu3mics (Ha 8,7-17,9%), y copToB
Jlenunrpajckast posoBas, 3aps Bocroka, Kpachas
cmajkas, [lamsitu Acraxosa, Pajuna u Kati — paznu-
4usi ObUTH HE3HAYMMBIMHU.

[Tokazarenp HKU3HECTIOCOOHOCTH TBLIBIIBI CITHBBI
JI0 ¥ TIOCIIe KPUOKOHCEPBHPOBAHUS B Tapax >KUJ-
KOTO a30Ta M3y4alud y 9 COpPTOB CIMBBI JUTUIOW-
HOU Prunus rossica Erem. n'y 13 copToB ciuBBI 10-
mamrHe#t Prunus domestica L. (tabm. 3). McxomHas
KU3HECTIOCOOHOCTh TMBUIBIBI Y 00Pa3IoB CIMBBI
JUILUIONIHON Prunus rossica Erem. 3HaUUTEIBHO
pasiryaeTcs, 4YTo ONpeenseTcs, Mo-BUIUMOMY, COp-
TOBBIMU OCOOCHHOCTSIMU M TIOTOJHBIMH YCJIOBHUSMHU
B mepuon (HOpMHPOBAHHS MYKCKOTO ramerodura.
Y 9-tu coproB cnuBbl Prunus domestica L. (Bcero
13 coproB) mokazaTeab HMCXOAHOM >KU3HECIOCOO-
HOCTHU MbUIBLIBI 3HAYUMO TpeBbicua 25,27%. Kuz-
HECITOCOOHOCTh TBLIBIBI COPTOB CIUBBI JOMAITHEH
3araHOeBpoIIeiicKkoro mpoucxokaeHus Pixy u Vil-

npo6nemu Kpiobionorii i kpiomeaULMHN
problems of cryobiology and cryomedicine

Tom/volume 29, Ne/issue 1, 2019

vaya, Veidenbergi maguskirss, Tommu and Re-
chitsa varieties, the viability index increased signi-
ficantly, in Bryanochka, Alebastrovaya, Bryanskaya
rozovaya and Adelina cultivars it was significantly
decreased (by 8.7-17.9%), in Leningradskaya ro-
zovaya, Zarya Vostoka, Krasnaya Sladkaya, Pa-
myati Astakhova, Raditsa and Kati cultivars the
differences were insignificant.

The plum pollen viability prior to and after
cryopreservation in liquid nitrogen vapor was
studied in 9 cultivars of Prunus rossica Erem.
diploid plum and in 13 cultivars of Prunus domes-
tica L. garden plum (Table 3). Initial viability of
pollen in Prunus rossica Erem. diploid plum samp-
les considerably differs, that is likely determined
by the varietal characteristics and weather con-
ditions during the formation of male gametophyte.
In 9 varieties of Prunus domestica L. plums (out
of 13 varieties), the initial viability of pollen sig-
nificantly exceeded 25.27%. The pollen viability
of garden plum of Western European origin Pixy
and Vilmitar, as well as Sinyaya Porkhovskaya
(Pskov Region, Russia) was less than 10%, due to
their varietal characteristics. After storage the via-
bility index of Prunus rossica Erem. pollen of
Aureus, Podarok Sankt Peterburgu, Nel9-32 cul-
tivars was significantly increased; in Asaloda, Timi-
ryazevskaya and Nesmeyana cultivars it was sig-
nificantly decreased compared to the initial index,
in Mara, Soneyka and Ne 34-33 cultivars the
differences were insignificant. After cryopreserva-
tion of Prunus domestica L. garden plum pollen
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Tabnuua 2. MNMokasaTenu X1M3HecnocoBHOCTH MbibLbl YyepeLwHn Cerasus avium L. go v nocne XpaHeHua B napax

Xnakoro a3oTta no gaHHeiM 2017 . (M + SE)

Table 2. Viability indices of Cerasus avium L. sweet cherry pollen prior to and after storage in liquid nitrogen vapour
according to the data of 2017 (M £+ SE)

I'IpopaCTaHme_ MbifbLbl, %
Howep KaTanora Pollen germination, % 3HAYMMOCTb
Copr Code in VIR pasnuamii (p)
Cultivar catalogue Sl_gmflcance of
A0 KPUOKOHCepBUpoBaHUA nocne KpMoKoHcepBupoBaHua differences (p)
Prior to cryopreservation After cryopreservation
TNenurirpanckan pososan 5724 61,8 + 4,0 67,8 + 2,2 0,181
Leningradskaya rozovaya e ! ! !
VI";‘Z:P 42192 17,6 + 2,4 65,7 + 3,3 < 0,001
3apa Boctoka 42122 60,3 + 6,5 64,6 + 2,8 0,540
Zarya Vostoka
g°“”° 15882A 46,4 + 3,2 63,8 + 3,2 < 0,001
ondo
Kpacran nnotnan 5713 18,6 + 1,6 57,0 + 3,1 < 0,001
Krasnaya Plotnaya
KpacHana cnaakan 5714 50,0 + 4,1 53,7 + 4,5 0,549
Krasnaya Sladkaya
BpaHckana PosoBanA
Braynskaya rozovaya 156874A 48,9 1,8 37,1 2,9 0,001
ApenvHa
Adelina 15873A 53,56 + 4,0 36,2 + 2,0 < 0,001
Aneb6acTposan
Alebastrovaya 11652 43,9 £ 2,9 350+ 1,3 0,004
Opnoeckan Posoean
Orlovskaya rozovaya 42099 14,0 £ 1,3 31,8 £ 1,6 < 0,001
MamAatn Actaxosa
Pamyati Astakhova 15903A 35,6 + 4,4 31,4 £ 1,4 0,351
Paauua
Raditsa 42092 23,5 + 3,5 31,0 £ 2,4 0,086
Veidenbergi maguskirss
Veidenbergi maguskirss 38712 21,5 1.7 26,9 1.5 0,022
Tommu 38716 15,0 + 3,4 26,1 = 2,3 0,015
éommu
Peunua 42093 13,6 + 1,3 25,0 + 1,1 < 0,001
Rechitsa
BpAHouka
Bryanochka 42191 27,2 1,8 18,5 1,4 < 0,001
Kati
Kati 38717 14,9 2,2 17,6 1,1 0,290
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Ta6nuua 3. MNMokasaTtenb XU3HecnoCcoOHOCTM MbifbLibl CVBLI AUNIouaHon Prunus rossica Erem. 1 cnvebl gomMallHen
Prunus domestica L. 0o n nocne xpaHeHus B napax XuakKoro a3ota no gaHHbim 2017 r. (M + SE)

Table 3. Viability of pollen of Prunus rossica Erem. diploid plum and Prunus domestica L. garden plum prior to and after
storage in liquid nitrogen vapour according to the data of 2017 (M + SE)

MpopacTakue Mbinbubl, %
Coor Homep katanora Pollen germination, %
Culti\ears Code in VIR
catalogue 10 KPMOKOHCEPBMPOBaHUA | MOCe KPUOKOHCEPBMPOBaHWA 3HauMmocTb pasnuunii (p)
Prior to cryopreservation After cryopreservation Significance of differences (p)
Tynbckaa YepHan
Tulskaya Chernaya 36704 49,2 £ 1,6 71,0 £ 2,7 < 0,001
Tatapckasa Hentaa
Tatarskaya Zheltaya 35655 63,9 + 1,3 69,1 + 2,7 0,085
[ecepTtHana PaHHAA
Desertnaya Rannyaya 41143 44,6 £ 2,9 62,3 £ 2,2 < 0,001
Ne49-15 14571A 65,6 + 1,6 51,56 + 1,9 < 0,001
Teprocnuea Net 15850A 48,4 + 4 51,3 = 4,1 0,609
Ternosliva Ne1
BopoH 3puk KpynHbiii
Voron Erik Krupnyi 15559A 28,1 £ 1,8 50,0 + 3,9 < 0,001
Hapau 43018 27,9 + 5,8 46,2 + 1,9 0,006
Narach
Mo3pgHouBeTywaa 19-19
Pozdnotsvetushchaya 19-19 45283 43,7 £ 2 36,1 + 2,2 0.010
Curinn Topxosckan 4016 6,0+ 1,5 12,5 + 2,3 0,015
Sinyaya Porkhovskaya ! ! !

Pixy 36709 4,3 + 0,5 8,4 + 1,3 < 0,001
Kucaposckan Yentan 43007 33,3 + 12,6 7,0 + 3,9 0,009
Kisarovskaya Zheltaya

Vilmitar 15380A 3,4 + 0,6 2,4 +04 0,191
BeHrepka MNo3aHAA
Vengerka Pozdnyaya 43001 37,5 £+ 12,5 2,1 £ 21 < 0,001
ﬁypeyc 43068 56 + 2,8 54,8 + 4,9 < 0,001
ureus
Acanona 43046 75 = 3,4 36,3 + 1,9 < 0,001
Asaloda
Ne19-32 43047 13,6 = 1,7 28,1 + 2,6 < 0,001
TumupnaseBckan
Timiryazevskaya 43041 29 £ 38 20,5 + 1,4 0,024
Mopapok CaHkT-leTepbypry
Podarok Sankt Peterburgu 41445 56 +1.2 105 = 2.4 0,034
Mapa
Mara 43047 9,4 +£0,8 85 + 29 0,776
CoHelika
Soneyka 43043 1.1 +11 2,4 +0,5 0,419
Ne34-33 43069 1,9 +£0,9 1,4 +£05 0,650
NHeC“"e"”a 430042 4,4 + 1,4 0,8 +0,3 < 0,001
esmeyana

mitar, a Taxoke Cuneii [Topxosckoit (IlckoBckas 00-
nactb, Poccust) Opi1a Menee 10%, uto oOycioBe-
HO WX COPTOBBIMH OcOOeHHOCTsMHU. [locie Kpuo-
KOHCEPBUPOBAHUSI TIOKa3aTelb >KU3HECIIOCOOHOCTH
nbIblbl Prunus rossica Erem. coptoB Aypeyc,
[omapok Cankr-IlerepOypry, Nel9-32 3Haymmo
YBEIMUWICS; Yy copToB Acanona, TummupsizeBcKas
n HecMmesiHa 3HAYMMO YMEHBIIWIICS 1O CPaBHEHHIO
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of Voron Erik Krupnyi, Desertnaya Rannyaya, Si-
nyaya Porkhovskaya, Tulskaya Chernaya, Pixy, Na-
rach cultivars this index was significantly increa-
sed; in Ne49-15, Kisarovskaya Zheltaya, Pozdnots-
vetushchaya, Vengerka Pozdnyaya cultivars it was
decreased, in Tatarskaya Zheltaya, Ternosliva Nel
and Vilmitar varieties, the differences were insigni-
ficant.




C UCXOAHBIM, y coproB Mapa, Conelika nu Ne 34—
33 paszauuust OblTM He3HauuMBIL. [lociie KpHOKOH-
CEpBUPOBAHUS TBUIBLBI CIMBBI JOMAIIHEW Prunus
domestica L. coproB Bopon Opux Kpynusrii, le-
ceprHast Pannsis, Cunsis IlopxoBckas, Tynbckas
Uepnas, Pixy, Hapau manHBIH moOKa3aTelb 3HAYHMO
yBeNUImIcsA, y o0pa3moB coptoB Ne 49-15, Ku-
capoBckast JKentas, IlosnmHouBerymas, Benrepka
[lo3nusast — 3HAYMMO CHU3WICSH, Y copToB Tarapckas
XKenrasi, TepaocimBa Nel u Vilmitar paznuuust ObuTH
HE3HAYUMBIMHU.

B Tabn. 4 mpencraBieHbl pe3yabTaThl BIMSHUS
KPHUOKOHCEPBUPOBAHUSI C JABYXJTAIlHBIM OXJIaX/e-
HHUEM Ha IT0Ka3aTellb )KU3HECTIOCOOHOCTH CEMSH rap-
Maibl Peganum garmala L. u cepnyxu pacceueHHON
Serratula dissecta Ledeb. OxnaxxaeHne ceMsH rap-
Manel 10 —30°C ¢ nocienyromuM MOTPYKEHUEM
B JKHAKMH a30T NPHUBOAWIO K HE3HAYUTEIBHOMY
CHIJKCHUIO I10KA3aTelell BCXOXKECTH 110 CPABHEHMIO
C KOHTposeM. Y CeMsH, OXJaxaeHHBIX 10 —50°C
W 3aTeM MOTPYKCHHBIX B KHJKUH a30T, a Takke
oxJiaxIeHHbIX 10 —50°C 0e3 MOrpyXeHus B KHJI-
KM a30T, POCTOBBIE MOKa3aTeld COXPaHSUIUCh Ha
YpPOBHE KOHTPOJS TMOCHE 7-CyTOYHOTO XpaHEeHHH,
YTO MO3BOJISIET HCIIOIb30BATh JAaHHBIE PEKUMBI KPHO-
KOHCEPBUPOBAHUS IJIS1 COXPAHEHHUS CEMSIH TapMaJibl
Peganum garmala L. Pe3ymbsrarsl aHamm3a BCXOKECTH
CeMsIH CepIlyxu pacceueHHOW Serratula dissecta
Ledeb. meMoHCTpupPYIOT yBeNWYEeHHE ITOKa3aTels
KHU3HECIIOCOOHOCTH 110 CPABHEHUIO C KOHTPOJIEM BO
BCEX BapuaHTax JKcrnepumeHta. HawmbGosee BbIcO-
KHE€ pe3yJbTaThl OBUIM MOJTYYEHBI MPH OXJIAXKICHUH
00pa3ioB 70 —50°C ¢ MOCIEAYIONUM MTOTPYKEHUEM
B KUJKUHN a30T.

Beuto mpoBeneHo ObicTpoe 3aMOpakMBaHHE Ce-
MsIH rapMmansl Peganum garmala L. mytem mnps-
MOTO TIOTPY)KEHHS B JKHUAKHHA a30T C HMCIIOJIb30Ba-
HUeM Kpuonporektopa mmnepuna (100%). Orme-
YEeHO, YTO MOCJIe MEUIEHHOIO OTOrpeBa M3ydaeMble
MOKa3aTeny 3HAYUTEIhHO YBEIHYWINCH (Tabm. 5).
VY cemsn mmwkmbl Tanacetum ulutavicum Tzvel.
B pesymbrare ucnonb3oBanus 100%-ro mmmrepuHa
U OBICTPOTO OTOTPEBA IOKa3aTeNb KUIHECIOCOO-
HOCTH CEMSH TOBBICHJICS IO CPAaBHEHHUIO C KOHTPO-
JeM. AHaJOTHYHBIE PE3yJabTaTbl OBUTH ITONyYEHBI
B clyyae NMPUMEHEHHS CMECH PacTBOPOB INIMIIEPH-
Ha (50%) u caxapossl (10%), a Taxke MeIJIEHHOTO
ororpeBa. Ilpumenenne 10%-i1 caxapo3sl U Men-
JICHHOTO OTOTPEBa IOBBICHIM BCXOXKECTb CEMSIH
mwkMbl Tanacetum ulutavicum Tzvel. mo cpasue-
HUIO C KOHTPOJBHOW MpakTHUYecKu B 2,5 pasa,
OZIHAKO TIPH TOBBIIICHUHM KOHLEHTPALMU CaXapo3bl
1o 20% >Ku3HECHOCOOHOCTb CEMSH CHHU3UIACh.
VY cemsn mwkmbl Tanacetum ulutavicum Tzvel.
rmocje OBICTPOTO OTOTpPEBa HA BOMsSHON Oane ¢ 10
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Table 4 shows the data of effect of cryopreser-
vation with two-stage cooling on the viability index
of Syrian rue Peganum harmala L. and sawwort
Serratula dissecta Ledeb. seeds. The seeds cooling
of Syrian rue down to —30°C with subsequent
immersion into liquid nitrogen led to a insigni-
ficant decrease in germination rates if compared
with the control. Growth parameters remained
at the control level after 7 days of storage in the
seeds cooled down to —50°C and then immersed
into liquid nitrogen, as well as in the seeds cooled
down to —50°C without immersion into liquid nit-
rogen. This allows to use these cryoregimens to pre-
serve the seeds of Syrian rue Peganum harmala L.
The analysis of the resulted germination of the
seeds of sawwort Serratula dissecta Ledeb. demonst-

Ta6nuua 4. PocToBble nokasaTtenu cemsiH
rapmanel Peganum harmala L. n cepnyxu Serratula
dissecta Ledeb. nocne pexvnma KpMoKOHCEPBUPOBAHUS
6e3 kpuonpoTekTopos (c6op 2013 1)

Table 4. Growth parameters of Syrian rue
Peganum harmala L. and sawwort Serratula
dissecta Ledeb. seeds after cryopreservation without
cryoprotectants (harvesting in 2013)

OHepruAa
npopactanua, %
Germination rate, %

BcxoxecTb, %
Germination
capacity, %

Bun skcnepumeHTa
Type of experiment

Peganum harmala L.

KoHTponb 88

Control 07

88 + 0,7

Oxnaxpaenne po —30°C,
Norpy»eHve B XUAKWUA asoT
Cooling down to —-30°C,
immersion into liquid nitrogen

70,3 £ 0,9* 74 + 0,8*

Oxnaxpaexne po —-50°C,
NOrpy}eHne B XUAKKWIA asoT
Cooling down to —-50°C,
immersion into liquid nitrogen

856 + 0,6* 90 + 0,7

Oxnaxpenve po —50°C

Cooling down to -50°C 86,9 = 0.8

Serratula dissecta Ledeb.

KoHTponb

Control 60,9 + 2,0

69,6 £ 2,1

Oxnaxpaenne po —30°C,
NoOrpy»eHve B XUAKWUA asoT
Cooling down to -30°C,
immersion into liquid nitrogen

73,5 £ 2,1* 79,4 + 2,6*

Oxnaxpaenne po —-50°C,
NoOrpy»eHve B XUAKWUIA asoT
Cooling down to -50°C,
immersion into liquid nitrogen

86,9 + 2,3* 86,9 £ 2,7*

OxnawpaeHne po -50°C

Cooling down to -50°C 84,6 + 2,27

84,6 + 2,6*

MpumeyaHue: * — pasnuunst CTaTUCTUYECKU 3HAYUMBbI MO
CpaBHEHMIO C KOHTponem, p < 0,05.

Note: *— differences are statistically significant if compared
with the control, p < 0.05.
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Tabnuua 5. MokasaTenmn )X1M3HecnocobHOCTU CEMSH TPex BUAOB NIeKapCTBEHHbIX pacTeH nocne obpaboTkm Kpronpo-
TEKTOpaMmn 1 KPMOKOHCEPBMPOBAHWS MyTEM ObICTPOro MOrPYXXEeHNS B XXMAKUIA a30T No AaHHbIM cbopa 2014 1.

Table 5. Seed viability for three species of medicinal plants after treatment with cryoprotectant and cryopreservation
by rapid immersion into liquid nitrogen according to the data of harvesting in 2014

Buabl ceman KpuonpotekTop C_ll_'locg?)fo;%repg?a OHeprua npopactanua, % Bg)é?ﬁ?:;;é):é
Seed types Cryoprotectant ypP X Germination rate, % LT
warming capacity, %
KorTpone 70 = 0,2 75 + 0,2
Control
lFapmana (Peganum garmala L.) . .
Syrian rue Peganum garmala L. Fnepun 100% A 85 £ 0,9 90 £ 1,0
Gl 1 1009
yeerol 100% B 40 + 0,8* 40 + 0,7*
KoHTponb
Control 33 +2 33 + 2%.
A 20 + 0,8* 22 + 0,9*
Fnuyuepun 100%
0
Glycerol 100% B 38 + 1.1 44 + 1,2%
A 62 + 1,6% 72 £ 1,7%
Caxaposa 10%
Muxma ynyTasckaa (Tanacetum ulutavicum Tzvel.) Sucrose 10% B _ _
Tansy Tanacetum ulutavicum Tzvel.
A 24 + 0,9* 30 £ 0,9
Caxaposa 20%
Sucrose 20% B B B
* *
Caxapo3a 10%, A 4 + 0,5 44 + 1,8
rnnuepuH 50%
Sucrose 10%, *
Glycerol 50% B 12 + 0,5 36 £ 0,9
KoHTponb
Control 32,1+ 1.1 40,7 £ 1,2
IMCO 1% A 46,9 = 1,8* 53,2 + 1,9*
0
DMCO 19
% B 39,6 + 1,6* 45,7 £ 1,7
. Somatua i o Lo [IMCO 3% A 50 + 1,3* 68 + 2,0*
epnyxa pacceueHHas (Serratula dissecta Ledeb. DMCO 3%
Sawwort Serratula dissecta Ledeb. B 83,3 = 1,8* 100 + 2,0*
[IMCO 5% A 52 + 1,2* 60 £ 1,4*
0
DMCO 5% B 60 + 1,3* 74 £ 1,3*
A +1,8*% 4 +1,9*
nuuepuH 100% o8 £ 1.8 64 +19
0
Glycerol 100% B 74 + 1,6 80 + 1,7

Mpumevanus: A — meaneHHbIn otorpes npu 22°C; B — 6uicTpbiin oTorpes Ha BoasHomn 6aHe npu 40°C. * — pa3nnyns cra-
TUCTUYECKN 3HAYVMbI MO CPABHEHWUIO C KOHTporneM, p < 0.05; «—» — OTCYTCTBME BCXOXECTU.

Notes: A — slow warming at 22°C; B — rapid warming in water bath at 40°C. * — differences are statistically significant if
compared with the control, p < 0.05; «—» — no germination capacity.

n 20%-Mu pacTBOpaMHU caxapo3bl OTCYTCTBOBaJa
BCXOKECTh, TO €CTh INPHU HCIOJIB30BAaHUE JaHHOTO
KpHOIIPOTEKTOpa PEKOMEHJIYEeTCs TOJIBKO MEIJIeH-
HBI oTorpeB (Tadn. S5). B umccinenoBaHbl 3a-
mTHBIe cBolictBa mmnepuHa (100%) m Oezomac-
HbIX KoHIeHTpamuid JIMCO Ha cemeHnax Serratula
dissecta Ledeb. IlpuMeHeHHE KpPUOTPOTEKTOpa
AMCO B wuccnenyemblx KOHLEHTPALMSIX YBEIHU-
YUJIO BCXOXECTh CEMEHHOI'0 Marepualia Mo CpaBHe-
HHUIO C KOHTPOJIEM, HauOojee BBICOKHE II0KA3aTesH
OTMEUYeHBl TNpH KoHIeHTpammu 3% (B 2,5 paza).
[nuepun B kKayecTBe KPUOMPOTEKTOpa TaKKe 3Ha-
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rated a rise in viability if compared with the control
in all the experiments. The highest results were
obtained when the samples were cooled down to
—50°C and then immersed into liquid nitrogen.

Seeds of Syrian rue Peganum harmala L. were
rapidly frozen by direct immersion into liquid
nitrogen using glycerol as a cryoprotectant (100%).
It has been noted that after a slow warming the
studied indices were significantly increased (Table 5).
The viability of Tanacetum ulutavicum Tzvel. tansy
seeds was increased in comparison with the control
after using the 100% glycerol and rapid warming.
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YUMO YBEJIUYMBaJ BCXOKECTh CEMSH MO CPABHEHUIO
C KOHTpoJIeM (Taoi. 5).

Crnemyer OTMETUTh, YTO CTPaTH(PUKAIIMOHHBIN (-
(bekT mocie TTyOOKOTO 3aMOpaKMBaHUS CYXHX Ce-
MSH TIPOSIBIIIETCS HE BCerna, MpU TNpPOpalIMBaHUN
CeMSH Tociie KPHOKOHCEPBUPOBAHMS [UISI TPEOJO-
JICHUS] COCTOSIHHSI TIOKOSI HEOOXOAWMO  IPOBO-
IUTH CTpaTHQUKANMIO B XojoawibHuKe Tipu 4°C.
Tak, KPHOKOHCEPBUPOBAHUE HE IMOBJIMSIO HA JUIH-
TENBHOCTh CTPATU(PUKAIIMH U BCXOXKECTh CEMSH 510-
JIOHU, KJIEHa OCTPOJMCTHOTO W KJIEHA TaTapCKOro
[11, 23]. B kauecTBe HeoxumanHoro 3 hekra mnocie
KPUOKOHCEPBUPOBaHUsI ObLIa BBISBICHA CTPaTH(U-
Kauus y cemsiH Tanacetum ulutavicum Tzvel. u Ser
ratula dissecta Ledeb.

Takum 00pa3oMm, NP MCIIOIE30BAHUN HETOKCHY-
HBIX KPHOIIPOTEKTOPOB W WX CMECH ISl XpaHEHUS
pPaCTHTEIBHBIX OOBEKTOB B HHU3KOTEMIIEPATYPHBIX
YCIIOBHUSX TIOBBIIIAJICS MTOKA3aTeNh X BEIKUBAEMOC-
td. KpoMe TOro ycTaHOBJICHO, YTO BapHaTUBHOCTH
MOJYYEHHBIX PE3yJIbTaTOB O0OYCIIOBIICHA COPTOBBI-
MH, OCOOCHHOCTSIMH U BHJIOM PAaCTUTEIILHOTO MaTe-
puana.

BriBOABI

1. Tloka3zarenp KHM3HECIIOCOOHOCTH HYEPEHKOB
YepHOH cMOpomuHbl Ribes nigrum L. y Bcex cop-
TOB IIOCJIE KPHUOKOHCEPBUPOBAHHS CHU3MJIACh Ha
6,4-10,6%. PacTeHns B MOJIEBBIX YCIOBHAX XOPOIIO
Pa3BHUBAJNCh, JETOM CPOPMHUPOBAIHN 3O0POBBIE TI0-
O0erm W 3aJOKWIM Ha CIENYIOIHWNA TOJ TIIOJO0HO-
CSIIINE TIOYKH.

2. [Tocne KprOKOHCEPBUPOBAHUS MBUTBLIBI YEPEIII-
uu Cerasus avium L. Moench (Bcero 17 coptoB) mo-
KazaTelb e€ JKU3HECIOCOOHOCTH 3HAauuMO YBEIH-
yuiics (7 cCOPTOB), COXpAHUIICSI HA UCXOHOM YPOBHE
(6 copTOB), MOCKOJIBKY Pa3IHuus ObUIN HE3HAYMMBbI-
MU, ¥ 3HAYUMO CHU3HJIICH (4 copTa).

3. Ilocrme KpHOKOHCEPBHPOBAHUS TBLIBIIBI CIHU-
BBI quIIonHON Prunus rossica Erem. (Bcero 9 cop-
TOB) TTOKa3aTelb €€ JKU3HEeCTIOCOOHOCTH YBEIUIHIICS
(3 copra), He m3meHWICS (3 copTra) W 3HAYNMO CHH-
swics (3 copra). Y cnuBBl gomamtHed Prunus do-
mestica L. (Bcero 13 copTOB) MaHHBIN ITOKa3aTeh
3HaYMMO yBenuuuics (6 COpPTOB), HE W3MEHWIICA
[0 CpaBHEHHIO C KOHTpojieM (3 copra) M 3HAYUMO
cHusmics (4 copra).

4. HauGonee 3QeKTHBHBIM CIIOCOOOM KpPHO-
KOHCEpBUPOBaHUSI 0€3 KpPUOIPOTEKTOPOB CEMSIH
rapmaisl Peganum harmala L. Obul0 OXnakaeHue
1o —50°C ¢ mocnenyrooluM MOrPY>KEHUEM B KHII-
KHii a30T U oxjaxaeHue 10 —50°C 6e3 morpykeHus
B KHUJKHA a30T, a CEpIyXH paccedeHHOW Serratula
dissecta Ledeb. — oxmaxnenue mo —50°C c moc-
JIEAYIOMIMM TOTPYKEHUEM B KUIKHHA a30T.
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Similar results were obtained when using a mix-
ture of glycerol (50%) and sucrose (10%) solutions
as well as slow warming. The using of 10% suc-
rose and slow warming increased the germina-
tion of Tanacetum ulutavicum Tzvel. tansy seeds
compared to the control almost in 2.5 times,
however, with an increase in the concentration
of sucrose up to 20%, seed viability was
decreased. There was no germination of tansy
Tanacetum ulutavicum Tzvel seeds after rapid war-
ming in a water bath with 10 and 20% sucrose
solutions and rapid. It could be supposed that in
case of using this cryoprotectant only slow war-
ming is recommended (Table 5). The protective
properties of glycerol (100%) and safe concentra-
tions of DMSO were investigated with sawwort
Serratula dissecta Ledeb. seeds. The use of DMSO
cryoprotectant in the studied concentrations even
increased the germination of seeds if compared
with the control, the highest rates were obser-
ved at a concentration of 3% (in 2.5 times). Gly-
cerol as a cryoprotectant also significantly increa-
sed seed germination if compared with the control
(Table 5).

It should be noted that stratification effect after
deep freezing of dry seeds does not always appear;
when germinating seeds after cryopreservation, it is
necessary to carry out stratification in a refrigerator
at 4°C to overcome the dormant state. In particu-
lar, cryopreservation did not affect the duration of
stratification and seed germination of apple tree,
Norway maple and Tatarian maple [3, 21]. It was
unexpected to found stratification in the seeds of
Tanacetum ulutavicum Tzvel. and Serratula dissecta
Ledeb. after cryopreservation.

Thus, when using non-toxic cryoprotectants and
their mixtures to store the plants under low-tem-
perature conditions, their survival rate was in-
creased. In addition, it has been established that
the variability of the obtained results is due to the
varietal characteristics and the plant type.

Conclusions

1. The viability of cuttings of Ribes nigrum L.
black currant for all the cultivars decreased by 6.4—
10.6% after cryopreservation. The plants developed
well under field conditions, in the summer they
sprouted healthy shoots and formed fruitful buds
for the next year.

2. After cryopreservation of Cerasus avium L.
Moench sweet cherry pollen (altogether 17 cul-
tivars), its viability was significantly increased (in
7 cultivars), remained at the initial level, i. e. the
difference was insignificant (in 6 cultivars), or was
significantly decreased (4 cultivars).
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5. TlomoOpaHbl ONTHMAaIbHBIE KOHIEHTPAIIUU
KPHOIIPOTEKTOPOB U CHOCOOBI OTOrPEBa CEMsIH TPeX
BHJIOB JIGKAPCTBEHHBIX PACTCHUU: rapMmaibl Pega-
num harmala L. — tmunepun 100% u MeUTeHHBIN
OTOTPEB; IMIMKMBI yIyTaBckoW Tanacetum ulutavi-
cum Tzvel. — caxaposa 10% u MemsIeHHBIH OTOTPEB;
cepnyxu paccedeHHoit Serratula dissecta Ledeb. —
JAMCO 3% u OBICTPBIN OTOTPEB.

Ha ocHOBaHMM TMOJIYYEHHBIX PE3yJIBTATOB MOXK-
HO CYMTaTh, YTO KPUOKOHCEPBUPOBAHHUE MO3BOJISIET
COXPaHSTh TUIOIOBO-ATOIHBIC KYJIBTYPHl U CEMEHa
JIMKOPACTYIIUX JICKAPCTBCHHBIX PACTCHUMN JTUTEIb-
HOE Bpemsi 0e3 CyIIEeCTBEHHOW MOTEPU JKU3HECIIO-
COOHOCTH.

Hccneoosanusi noodepoicanvl 2ocyoapcmeeHubiM 3a-
Oanuem BUP Ha evinonnenue HayuHo-ucciedo8amenbCckol
pabomet Ne 0662-2018-0003 AAAA-A17-117030910078-3
u epanmosvim Hayunvim npoexkmom MOH PK «H3yuenue
COBPEMEHHO020 COCMOSHUA NONVIAYULU IHOEMUUHBIX pacC-
menuti Cegepnoeo u Llenmpanvruoco Kasaxcmana u pasz-
pabomka Memoo08 COXpAHEHUSl 2eHemU4ecKo2o mame-
puanay.
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3. After cryopreservation of Prunus rossica Erem.
diploid plum pollen (9 cultivars), its viability was
increased (3 cultivars), there were no changes (3
cultivars), and was significantly decreased (3 cul-
tivars). In the Prunus domestica L. garden plum
pollen (13 varieties) this index was significantly
increased (in 6 cultivars), remained unchanged
if compared with the control (in 3 cultivars) and
was significantly decreased (in 4 cultivars).

4. The most effective method of cryopreservation
without cryoprotectants for the seeds of Peganum
harmala L. wild rue was cooling down to —50°C
followed by immersion into liquid nitrogen and
cooling down to —50°C without immersion into
liquid nitrogen, and for Serratula dissecta Ledeb.
sawwort cooling down to —50°C with the following
immersion into liquid nitrogen.

5. Optimal concentrations of cryoprotectants and
the thawing methods of seeds for three types of
medicinal plants were selected. These were 100%
glycerol and slow warming for Peganum harmala
L., Syrian rue; 10% sucrose and slow warming
for Tanacetum ulutavicum Tzvel tansy; 3% DMSO
and rapid warming for Serratula dissecta Ledeb.
sawwort.

Based on the obtained results, we suggest that
cryopreservation enables preserving the fruit and
berry crops and seeds of wild medicinal plants for
a long time without significant loss of viability.

The research has been supported by the VIR
State Research Target Ne0662—2018—-00034AAAA-A17—
117030910078-3 and the grant research project of
the Ministry of Education and Science of the Republic
of Kazakhstan 'Study of current state of populations
of endemic plants in northern and central Kazakhstan
and development of preservation methods of genetic
material'.
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