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Effect of Explant's Size and Phytohormonal Composition of
Nutritive Medium on Post-Vitification Recovery of Garlic Meristems

Pecbepart: [locnigxeHHs BNNMBY po3MipiB EKCNNAHTIB Ta CKNnaay XMBUIbHOrO cepefoBuLla Ha MOpOMETPUYHI MOKA3HUKM OEKOH-
CepBOBaHNX MEPUCTEM YacHWKY AO3BONUTbL CYyTTEBO OMTUMI3yBaT METOAM KPiOKOHCEPBYBAHHS Arsi CTBOPEHHS KOMeKLii horo copTis
y HU3bKOTEMMEpaTypHoMy BaHky. Anekcu nigaasanu gerigpatadii po3dnHom, wo BiTpudikyetbes (1 M caxaposu + 2 M rniuepuHy +
2,5 M eTuneHrnikonto Ha conboBoMy cepegosuwi Mypacire-Ckyra) npotarom 120 xB, po3millyBanu y NoninponineHoBi KOHTeHepu
Ta 3aHyptoBanu y piakun asot. Bigirpis 3giiicHioBanu y BoasHin 6aHi 3 Temnepatypoto 40°C, BigMuBanu Bif KpionpoTekTopiB ABOpa30-
BVM NepeHeCceHHsIM Ha XnBunbHe cepegosule 3 0,3 M caxaposu. [MokasaHo, Lo AOCNIAXKEHUA PO3YMH € HETOKCUYHUM AN MEPUCTEM
YacHWKY Ta [03BONSAE OTPMMYBATM BUCOKUI PiBEHb XWUTTE3AATHOCTI. licns kpiokoHCepBYBaHHA METOAOM BiTpudikauii Mepuctem
YacHWKy siporo copTy «MaHynniBcbkuii» KinbKicTb pereHepoBaHuX pocnuH cdarana (56,3 + 11,2)%, a o3nmoro copty «[owec» —
(44,8 £ 3,7)%. Ana KynbTMBYBaHHA KPiIOKOHCEPBOBAHWX MEPUCTEM YACHUKY B SKOCTI (PITOrOPMOHY AOLINIbHO BUKOPUCTOBYBATU KiHE-
TUH y KoHUeHTpauii 0,5 mr/n. Byno nokasaHo, WO nicns KpioKOHCepBYBaHHS MeTOAOM BiTpudikauii HanbinbLly XMTTe3naTHICTb
MalTb MEpPUCTEMU HacHWUKY po3mipom 2—-3 MM (60-70%). Binbuwi 3a po3amipom mepuctemu (3,5-4 MM) MalOTb BUCOKUNA pereHe-
paTUBHWUIA NOTEeHLian, ane HWU3bKy XWUTTE3AaTHICTb (MeHLW Hix 25%). Y mMeHwWwux 3a po3Mipom mepuctem (1-1,5 MM) 3HMXKeHi nokas-
HUKN xuTTe3paTHocTi (30—47%) Ta pereHepaTuBHWI NoTeHuian. Y mepuctem posmipom 0,5 MM pereHepaTUBHUIA MOTEHLian BiACYTHIN.

Knio4yoBi cnoBa: mMeprcTeMun YacHUKY; PO3YMH, WO BiTPUDIKYETHCS; KPIOKOHCEPBYBAHHS; hiTOropmMoHu.

Pedepar: ViccnegoBaHue BnusiHUA pasMepoB SKCNNAHTOB M COCTaBa NUTaTeNbHOW cpedbl Ha MOpdOMeTpUYecKne nokasarenum
[EKOHCEePBUPOBaHHbLIX MEPUCTEM YECHOKa MO3BONUT CYLLECTBEHHO ONTUMM3NPOBATb METOAbl KPUOKOHCEPBUPOBAHUS AMNs CO3aaHus
KONMNEKLUMN ero copToB B HU3KOTeMnepaTypHoM GaHke. Anekcbl nmoAasepranu gerugpataumm BUTPUEOULUPYIOLWMMCS pacTBOPOM
(1 M caxaposbl + 2 M rnuuepuHa + 2,5 M aTuneHrnukonsa Ha coneBou cpege Mypacure-Ckyra) B TeveHne 120 MuH, pasmeltanu B
NONUMNPONUIIEHOBbIE KOHTEMHEPBLI M NOrpyXanu B uakui a3oT. OTorpeB OCyLLecTBRANM B BoasHOW GaHe ¢ Temnepatypon 40°C,
OTMbIBanuM OT KPMOMPOTEKTOPOB ABYKPATHLIM MEPEHOCOM Ha nutaTtenbHyto cpedy ¢ 0,3 M caxaposoin. MNokasaHo, YTo nccrnegyembii
pacTBOp SABMSAETCS HETOKCUMYHbIM A MEPUCTEM YeCHOKa M MO3BONSAET Mony4aTb BbICOKMI YPOBEHb XM3HecnocobHocTu. MNocne
KPUOKOHCEPBUPOBAHUA MeTOAOM BUTPUPUKALUN MEPUCTEM YeCHOKa SpoBOro copta «MaHyWnoBCKUN» KONMUYECTBO pereHepu-
poBaHHbIX pacteHun gocturano (56,3 £ 11,2)%, a o3umoro copta «[iowec» — (44,8 + 3,7)%. AN KynsTUBMPOBAHUS KPUOKOHCEP-
BMPOBaAHHbIX MEPUCTEM YeCHOKa B KayecTBe (PMTOropMoHa LiernecoobpasHo MCMonb3oBaTb KUHETUH B KOHUeHTpauuu 0,5 mr/n.
BbIno nokasaHo, YTO nocrne KPMOKOHCEPBUMPOBAHUS METOAOM BUTPUdMKALUM HanbornbLUyo XU3HECNTOCOBHOCTb UMEKT MEepPUCTEMbI
YyecHoka pasmepoM 2—3 mm (60-70%). Bonblune no pasmepy mepuctemsl (3,5—4 MM) NMeIOT BbICOKUI pereHepaTuBHbIN NoTeHumarn,
HO HU3KYIO XMN3HEecnocobHocTb (MeHee 25%). B MeHbLunXx no pasmepy mepuctemax (1-1,5 MM) CHUXKEHbI NoKasaTenu XunsHecnocob-
HocTu (30—47%) v pereHepaTuBHbIN NoTeHumnan. B mepuctemax pasmepom 0,5 MM pereHepaTuBHbIV NOTEHLMan OTCYTCTBYET.

KniouyeBble cnoBa: MepucTeMbl YECHOKa, BUTPUDULMPYIOLNACA pacTBOpP, KPMOKOHCEPBUPOBaHME, (PUTOropMOHbI.

Abstract: Investigation of the effect of explants dimensions and composition of nutritive medium on morphometric parameters of
devitrified garlic meristems will enable a significant optimizing of the cryopreservation techniques intended to establish a collection of
its cultivars at low temperature bank. Apexes were subjected to dehydration with plant vitrification solution (1M sucrose + 2M glycerol +
2.5 M ethylene glycol based on Murashige-Skoog salt medium) for 120 min, placed into a polypropylene container and immersed into
liquid nitrogen. Thawing was performed in a water bath at 40°C, washing of cryoprotectants was carried-out by a two-fold transfer
into the medium with 0.3 M sucrose. It has been shown that the solution under study was non-toxic to garlic meristems and allowed
the obtaining of a high level of viability. After cryopreservation by means of vitrification of garlic meristems of ‘Manuylivskyy’ spring
variety the number of regenerated plants reached (56.3 + 11.2)%, and ‘Duchess’ winter variety did (44.8 + 3.7)%. For the cultivation
of the cryopreserved garlic meristems as the phytohormone the kinetin is advisable to be used in concentration of 0.5 mg/I. It has been
shown that after cryopreservation by vitrification the garlic meristems of 2-3 mm had the highest viability (60-70%). Larger meristems
(3.5-4 mm) had a high regenerative potential but low viability (below 25%). In smaller meristems (1-1.5 mm) the viability rates were
reduced (30—47%) as well as a regenerative potential. In the meristems of 0.5 mm a regenerative potential was absent.

Key words: garlic meristems, plant vitrification solution, cryopreservation, phytohormones.
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Harionanena xonexiis yacHuky (Allivm sativum L.)
Hamiuye noHaa 110 3paskiB, siKi XapaKTepHU3YIOThCS
BHCOKOIO SIKICTIO MPOXYKLii, MPUCTOCOBAHICTIO 110
YMOB BUPOILYBaHHS, CTIHKICTIO Ta TOJIEPAHTHICTIO 10
XBOpPOO 1 IKiqHAKIB. [ lepe HalliOHATEHIM TE€HETHIHAM
0OaHKOM CTOITh 3aBIaHHS HE TUTHKHU 310paTH, 3apeecT-
pyBaTH Ta BUBYUTH 3pa3KH, aje i 30epert Bce Oarar-
CTBO T€HETUIHOTO PI3HOMAHITTS IUX YHIKATEHUX QopM,
K1 HeOoOX1THI SK JIJIST TOKPAIIeHHS CYJacHUX COPTIB,
TaK 1 1y BUBeneHHS HOBUX [17]. B Ykpaini po3po0-
JISIIOTBCS CIOCOOM CTBOPEHHS PI3HOTO TUITY KOJIEKIIH.
B aktuBHux 6ankax (IVAG (in vitro active gene
bank)) 3pa3ku yacTO BUKOPUCTOBYIOTHCS B CEJICKLIIH-
Hill MPaKTHL, OTKe MOTPeOyIOTh CEPeIHbOCTPOKOBOTO
30epiraHHs 3a HU3bKUX MO3UTHUBHUX TEMIEPATYD.
VY Huzpkotemneparypuux Oankax (IVBG (in vitro
base gene bank)) — eKCIUTaHTH 03IOPOBICHUX POCITIH
30epiraroTbcs 3a TeMIlepaTypH PiJAKOTO a30Ty
(-196°C) [3, 4, 10, 16]. KoncepByBaHHS 32 HATHH3HKUX
TEMIIEpaTyp M03BOJISE BUKIIOYUTH BHCHAXKCHHS
3aMacHUX PEYOBUH, HAKOITHICHHS TOKCHHIB, PO3MAa i
aKTHBaIi0 (PEePMEHTHUX KOMIIJICKCIB, OKUCICHHS
JMiAiB, Aerpaganio (yHKIIOHATFHUX i TCHETHYHUX
CHCTEM, a TaKOX MaJOBUBUEHI OioxiMiuHi a0 0iodi-
3W4HI IIpoLIecH, OB’ A3aHi 31 cTapiHHsaM KititaH [ 10, 16].

VY 2002 p. rpynoro E.R.J. Keller Oyno po3pobieno
CroCci0 KpiOKOHCEPBYBaHHS MEPUCTEM YACHHUKY, IKHI
nepeabayae ABOETANHY AETiApaTalilo po3YuHOM, 1110
BiTpudikyerbcs (plant vitrification solution 3 (PVY)),
70 CKJIaJy SKOTO BXOJSTH INTIIEPHH Ta caxaposa y
cruiBBigHomeHHi (50:50) % [12, 13]. Ane nmpu Bignpa-
IIFOBaHHI TAHOTO METONY KPIOKOHCEPBYBAHHS Y HAIITHX
YMOBax, MH HE OJIepKaIH 3aJOBUTPHUX PE3YIIBTATIB
KHUTTE3AATHOCTI, OLTBLIICTD MEPUCTEM YTBOPIOBAJIH
Kamroc. Y Hamux poborax Oyia jgoBeneHa Mepcrek-
TUBHICTh BUKOPUCTAHHS PO3UYHHY, IO BITPHDIKy€ETHCS
(PVS N), 111 kpiokoHCcepBYBaHHSI MEPUCTEM KapTOILT
Ta BUHOTPaLY, SIKKH J03BOJIsIE 3HAYHO CIIPOCTHUTH MPO-
LeAypy AeriapaTalii Ta OTpUMaTH BUCOKUN MPOLIEHT
pereHepairtii [6, 7].

Panime Oyiro mokasano [14, 16, 19, 20], o cmiiBBiz-
HOITICHHSI ITUTOKIHIHIB, ayKCHHIB 1 T10EpeITIHOBOT KHCIIOTH
y CepeOBHIN KyJIbTUBYBAHHS HE BIUTUBAE HA )KUTTE-
3matHicTh MepucTteM BumiB Vitis, Citrus, Anigozan-
thos, Pyrus Ha eTarni KyJbTHBYBaHHS, aJIe T03HAYA€Th-
Cs Ha PO3BUTKOBI JIGKOHCEPBOBAHMX AIIEKCIB Y TApOCT-
K. [cTOTHUMII BIUTMB Ha pe3ysbTaT KpiOKOHCEPBYBaHHS
Ma€ po3Mip 1 cTadis PO3BUTKY MEPHCTEM, AKi BHIi-
JIAIOTHCS 3 in-Vvitro-pociuH. 3pa3oK NMOBUHEH Maru
amiKaJbHUH KyToJ 1 KUTbKa MPAUMOPAiaTbHUX JIUCTKIB,
aJjie Mpy LbOMY BiH Ma€ OyTH JOCUTh MallUM 32 pO3Mi-
pom [16, 18]. Hammpukoia, »KATTE30aTHICTB i PiCT MEpHC-
TeM MaHioka (Cassava L) icCTOTHO i IBUTITY€THCSI, KOJTH
Il KPiIOKOHCEPBYBAaHHS BHKOPHUCTOBYIOTH areKcu
po3mipom 1-2 MMm. Anekcu kanokasii (Calocassia
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Ukrainian National Collection of garlic (4/lium
sativum L.) comprises over 110 samples characterized
with a high quality production, adaptation to growing
conditions, resistance and tolerance to diseases and
pests. The National Genetic Bank is designated not
only to collect, register and study the samples, but to
preserve the genetic diversity of these unique forms
which are necessary for the improvement of contem-
porary cultivars and for developing the new ones [14].
Ukrainian investigators use the methods to establish
different types of collections. Active banks (IVAG (the
in vitro active genebank)) are intended for the samples
often used in breeding practice, thus requiring a me-
dium-term storage at low positive temperatures. In the
low-temperature banks (IVBG (the in vitro base gene-
bank)) the explants of the recovered plants are kept at
the temperature of liquid nitrogen (-196°C) [4, 11, 13,
18]. Preservation at ultra-low temperatures enables
to avoid the exhaustion of reserve substances, accumu-
lation of toxins, decay and activation of enzyme comp-
lexes, lipid oxidation, degradation of functional genetic
systems, as well as poorly studied biochemical or
biophysical processes associated with aging of cells
[4,13].

In 2002 the group of E.R.J. Keller developed the
cryopreservation method for garlic meristems, which
involved a two-stage dehydration with the vitrifying
solution (plant vitrification solution 3 (PVS)), which
consisted of glycerol and sucrose in the 50:50 ratio
[12, 13]. But implication of this cryopreservation method
for our tasks did not result in satisfactory outcomes of
viability, most meristems formed callus. Our studies
showed the perspectives of another vitrifying solution
(PVS N) developed for cryopreservation of potato and
grape meristems, which enabled to simplify significant-
ly the dehydration procedure and to get a high percen-
tage of regeneration [15, 16].

It was shown previously [10, 13, 19, 20] that the
proportions of cytokinins, auxins and gibberellic acid
in the culturing medium did not affect the viability of
the meristems of Vitis, Citrus, Anigozanthos, Pyrus
species at the cultivation stage, but affected the deve-
lopment of devitrified apexes into shoots. The size and
stage of development of the meristems isolated from
in vitro plants had a significant impact on the cryo-
preservation outcome. The sample must have an apical
dome and some primordial leaves, but nevertheless its
size has to be small enough [13, 17]. For example, the
viability and growth of Cassava meristems are signi-
ficantly increased if cryopreservation involved apexes
of 1-2 mm. The apexes of calocassia (Calocassia
esculenta) of 0.5—0.8 mm, containing 1-2 pairs of pri-
mordial leaves were effectively dehydrated by the plant
vitrification solutions and were better recovered after
cryopreservation than the apexes of larger sizes.
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esculenta) posmipamu 0,5-0,8 MM, ki MicTaTh 1-2
Mapy NpUMOpiajbHUX JIUCTKIB, e(heKTHBHILIE Aeriapa-
TYIOTBCSl PO3UMHAMH, L0 BITPU]IKYIOTHCS, Ta Kpalie
BiIHOBITIOIOTHCS HiCJISl KPIOKOHCEPBYBAHHS, HIXK alleKCH
BEIMKUX PO3MipiB. BepXiBKOBI MepHCTEMHU POCIHH
BuniB Cymbidium, Bromelaceae, Oryza, Musa 3
YaCTKOBO PO3BUHEHUMH JINCTKOBUMH TPUMOPIISIMU
MAaIOTh KpaIIrii pereHepaTuBHUI MOTEHITIa TPU KyJIhb-
TUBYBaHHI B3araJi Ta KpiOKOHCEPBYBaHHI 30KpeMa, Hix
aTieKCH 3 HEPO3BMHEHNMH 200 OBHICTIO PO3KPUTUMHU
pUMOpaiaTbHIUMHU JTUCTKaMH [ 8, 13, 16, 18].

B Vkpaini nociimxeHHs 3 KpiOKOHCEPBYBaHHS
MepUcTeM YacHUKY st ctBopeHHs! [VBG konekmiit
He IpoBoaMIKCs. ToMy METOI0 1aHOi poOOTH € OLliHKA
edexktuBHOCTI PVS N, 0i0TeXHOIOTIYHUX METOIMK
KJIOHAJILHOTO MIKPOPO3MHOXXEHHSI YACHHUKY B KYJIBTYPi
in vitro, K1 nepeadavaloTh BU3HAUYCHHS PO3MIipy
EKCIIaHTIB Ta (hiTOTOPMOHAIBHOTO CKIIATy pereHepa-
THBHOTO CEpEJOBHINA JUISI OTPUMAaHHS BHCOKOTO
MTOKa3HHKA XXUTTE3AATHOCTI POCIIHH 13 KPIOKOHCEPBO-
BaHUX MEPHUCTEM.

Marepianu Ta MeToaH

Marepianom 11 po3poOKH METOAMKH 30epiraHHs
YaCHUKY B YMOBAax DiJKOTO a30Ty OyJaH MepHCTEMH
PI3HHX 32 THIIOM PO3BHUTKY COPTiB «/lromecy (03umuii)
1 «MaHyWIiBCbKUI» (Spuil), SIKi BUAUISIIN 3 JTOHLSA
3yOkiB. CTepuiizaniro MaTepiaiy NpOBOAWIN B JIaMi-
Hapaomy 0okci «bABHD-01 Jlamunaap-C» (Pocis) y
TaKii MMOCIHITOBHOCTI: 3yOOK 3aHYpIOBaJN Y PO3UNH
70%-ro eTrioBoro cnupty Ha 5—10 ¢, mam o0pobsH
[UIAXOM 3aHypeHHS ¥ 2,6%-i1 pO3YMH TiMOXJIOPHUTY
HaTpiro 3a excro3uii 20 XB Ta MPOMHUBAJIN HE MEHIIIE
5 pas3iB CTepUIIBHOIO AUCTUIIHOBAHOI BOJOMO [ 1, 2].

3 mpocTepuITi3oBaHUX 3yOKiB YACHHKY i1 O1HOKYIISI-
poM «MBC-9» (CPCP) mpu 16-kpaTHOMY 301/IBIICHHI
BHIUTSLTH Mepuctemu po3mipom 0,5; 1,0; 1,5;2,0; 2,5;
3,0; 3,5; 4,0 MM Ta miJi1aBaiy iX MONEPEAHBOMY KYIIb-
THUBYBaHHIO Ha TIOBEPXHi TBEPAOTO KHUBUIBHOTO Cepe-
nosuma Mypacire-Ckyra (MC) [15] i3 gomaBanHsIM
4,5% caxaposu Ta o 1 M1/ TiamiHy, MPUAOKCUHY I
ACKOpPOIHOBOT KUCIIOTH Y CKJISTHUX TEHITUIiIHOBUX
(hmakonax 06’ emom 10 mut («Anximy, Ykpaina) 3a TeM-
niepatypu 22°C y TempsiBi. Ha koxxHHI OKpeMuii Ba-
piaHT mocminy BucamKyBainu o 30 excruianTiB. Jms
MPUTOTYBaHHS PO3YMHIB KPiOMPOTEKTOPIB BUKOPHCTO-
ByBaJIl cosiboBe cepenouiie MC.

Yepes aBi 100U micis momnepegHbOro KyJIbTHBY-
BaHHS MEpUCTEMU 3 ()IAKOHIB IEPEHOCUIIN Ha (DiIbT-
pyBanbHuii namip y yamku Ilerpi («<FLC Medicaly,
ITanis) Ta perigpatyBanu npotsarom 120 x8 y PVS N
(1 M caxaposu + 2 M mninepuny + 2,5 M eTuneHri-
koitt0). Ilicist 0OpoOKHM Kpio3aXMCHUM CEPEIOBUIIIEM
MEPHCTEMH TIOMIIIIAJIH Y MTOJIIPOITIJICHOBI KOHTCHHEPH
tuny Enennopd («FLC Medical») mictkicTio 1,8 em?,
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Apical meristems of Cymbidium, Bromelaceae,
Oryza, Musa plants with partially developed leaf
primordia had higher regenerative potential during
culturing in general and cryopreservation in particular
than the apexes with non-developed or fully open
primordial leaves [1,9, 13, 17].

There were no studies on cryopreservation of garlic
meristems to establish the [IVBG collections in Ukraine
so far. Therefore the purpose of this study was to eva-
luate the effectiveness of PVS N, as well as the
biotechnological techniques for clonal micropropagation
of garlic in the in vitro culture, which foresee the deter-
mining of the size of explants and phytohormonal
composition of regenerative medium for obtaining a
high viability rate of plants of cryopreserved meris-
tems.

Materials and methods

The investigations for developing the storage
methods of garlic in liquid nitrogen conditions were
performed in the meristems of different developmental
types: ‘Duchess’ (winter) and ‘Manuylivskyy’ (spring)
cultivars, which were isolated from the stems of cloves.
The material was sterilized in clean room ‘BAVnp
Laminar-01-C’ (Russia) as follows: a clove was immer-
sed into a solution of 70% ethanol for 5-10 seconds,
then was put into 2.6% solution of sodium hypochlorite
and incubated for 20 min, and thereafter washed at
least 5 times with a sterile distilled water [6, 7].

The meristems of 0.5; 1.0; 1.5; 2.0; 2.5; 3.0; 3.5;
4.0 mm were isolated from sterilized garlic cloves using
MBS-9 binocular (USSR) at 16-fold magnification,
thereafter they were pre-cultivated in 10 ml glass
penicillin bottles (Alhim, Ukraine) at 22°C in the dark
on the surface of the Murasihe-Skoog (MS) solid nutri-
tive medium [12] supplemented with 4.5% sucrose and
by 1 mg/l of thiamine, pyridoxine and ascorbic acid.
Each single experimental version comprised 30 planted
explants. To prepare the solutions of cryoprotectants
the MS saline was used.

In two days after the pre-cultivation the meristems
were transferred from the bottles onto a filter paper in
Petri dishes (FLC Medical, Italy) and then dehydrated
for 120 min in PVS N (1 M sucrose + 2 M glycerol +
2.5 M ethylene glycol). After treatment with cryopro-
tective medium the meristems were placed into 1.8 cm?
Eppendorf-type polypropylene containers (FLC Medical,
Italy), which were hermetically sealed and immersed
into liquid nitrogen. The change of temperature in the
container was recorded with two-channel temperature
sensor Owen TRM 200 (Russia), the cooling rate at
the step from 22 down to —70°C made (49 + 12) deg/s.
Warming was performed by immersing the container
with meristems into a water bath (VB-4, China) at
40°C. The rate of warming from —196 to 22°C was
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AK1 TepPMETUYHO 3aKPUBAIH Ta 3aHYPIOBAIN Y PiIKAN
a30T. 3MiHy TeMIepaTypH y KOHTeHHEepi peecTpyBain
IBOKaHaJnbHUM TepMoaaruukoM «OBern TPM 200»
(Pocist), mBUKICTH OXOJIOKEHHS Ha eTari Big 22 10
—70°C cknagana (49 £ 12) rpan/c. Bigirpis 3aiiicHio-
BaJIY IIJISIXOM 3aHYPEHHSI KOHTEHHEPIB i3 MeprcTeMaMu
y BoasHy Oanto («Bb-4», Kuraii) 3 Temneparyporo
40°C. llIBunkicts Bigirpisy Big—196 mo 22°C craHo-
Bmia (42 £ 15) rpan/c. s BU3HaUCHHSI BIUTUBY €TAITiB
IiATOTOBKY €KCIUIAHTIB IO KPIOKOHCEPBYBAHHS YaCTH-
HY MEpUCTEM HE MiJJaBajli HU3bKOTEMIIEpaTypHiii
00po61i. KpionpoTekropu BiAMUBAIIM IIUIIXOM ABOpa-
30BOT'0 TIOCIIJOBHOTO MEPEHECEHHsI MEPUCTEM Ha
¢binpTpyBanpHMi mamip, HacuueHui 0,3 M pozunHOM
caxapo3u. 3a KOHTPOJIb Y TOCIi/Ii Opalii He3aMOpOKEH1
amikajabHI MEPUCTEMU, SKI HE Mijuisraiu oOpooOIli
PO3YMHOM, IO BITPH(IKY€ETHCS.

s BU3HAYEHHS KUTTE3NATHOCTI Ta MOpHOMET-
PUYHUX TIOKa3HHUKIB PEKYJIETUBOBAHUX MEPHCTEM ITICIIS
KpiOKOHCEpBYBaHH: Ta 00pOOKH PO3UMHOM, 1110 BiTpHU-
(hikyeThCsl, BUKOPHCTOBY BTN )KUBHUJIbHE CEPEIOBHIIE
MC, ske mictuth 0,5 Mr/n 6-6eH3UIaMIHOTYpHUHY
(BAII) + 0,1 mr/n ingoninouroBoi kucinotu (I00K).
Le cepenoBuie 103BOIISIE OAEPKATH HAMKpAIILy pere-
HEepalilo eKCIUTAaHTIB MPU PO3MHOXKEHHI KyJIbTypHU
YaCHUKY B YMOBaX in vitro [2]. [l BU3HaYEeHHS BILIH-
BY (iTOTOPMOHIB Ha picT MEpUCTEM MicIs iX 30epiraHHs
y piakoMy a30Ti OyJo 10CIiKEeHO TPH BapiaHTa TBep-
JIMX KUBUIIBHUX CEPEIOBHILL JUTsl pEKYJIBTUBY BAHHSL, SIKi
BiAPI3HSINCS BMICTOM Ta KOHIICHTpAIlEO (iTorop-
MoHiB knacy nurokiHiHis (BAIL kiHeTun). Brms pos-
Mipy MEpPHCTEM Ha X BiZIHOBJICHHS MiCIIsl KpiIOKOHCEp-
BYBaHHSI JIOCJTIJUKYBAIJIH 3 BAKOPUCTAHHSIM COJILOBOTO
cepenosuma MC i3 nogaBanusam 0,5 Mr/n kKiHeTHHY +
0,1 mr/n IOuK + 100 mr/n mponiny L + 100 mr/n
rigpomizara ka3einy. PocnuHHuI MaTepiall peKyJIsTHBY-
BaJIM y CKJITHUX MEHIMMITIHOBUX (pIlakoHaX 3a TeMIIe-
patypu 22...26°C i3 16-roguHHEEM (DOTOIEPiOIOM.
[HTeHCHBHICTD OCBITIICHHS Bi/IIIOBi/Iana THITY TOHOP-
CBKOTO EKCIUIAaHTy: 2—3 KIUIONIOKC Ui MEPHCTEM Y
TIEPIINI MiCAIb KyJTUBYBaHHS Ta 5 KiJIONIOKC MPOTSI-
TOM HACTYITHHX MICSIIIB KyJI6THBYBaHHS aJIBEHTHBHUX
TMIaroHiB.

30epexeHiCTh eKCIIIaHTIB BU3HAYAIH Ha 5-y 700y
KyJIbTHBYBaHHA 32 KIJTBKICTIO MEPUCTEM, AKI MaJld
3eJICHE 3a0apBIICHHS, )KUTTE3AATHICTH — 32 KIJTbKICTIO
areKciB, 10 YTBOPHJIM JIUCTKH Ta KopeHi Ha 50- Ta
90-y 1o0Ou KyIbTUBYBaHHS, Ta BUPa)Kaln Y IPOLEHT-
HOMY CITiBBiTHOIIICHHI JI0 3arajbHOi KUTBKOCTI TOCITi I~
HUX MeprcTeM. TakoX mipaxoByBai KITbKICTh yTBO-
PEHHUX JIUCTKIB Ta KOPEHIB Y PETCHEPOBAHUX POCIIHH.

Peectpamito Ta 00sik 3pa3kiB y 1a00paTOpPHUX
JKypHaJlaX TPOBOIWIN BiIIOBITHO 1O JECKPHUIITOPA
Allium spp [9].
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(42 + 15) deg/s. To examine the influence of cryo-
preservation preparation steps per se on the explants
the part of meristems was treated excluding low-tem-
perature exposure. The cryoprotectants were washed-
out by two consequent transfers of the meristems on
filter papers saturated with 0.3 M sucrose solution.
Non-frozen apical meristems not treated with the plant
vitrification solution were assumed as the control in
the experiments.

After re-cultivation of meristems performed to
determine their viability and morphometric parameters
following cryopreservation and/or treatment with plant
vitrification solution they were placed to the nutritive
MS medium with 0.5 mg/1 6-benzylaminopurine (BAP) +
0.1 mg/l indoleacetic acid (IAA). This medium enables
the obtaining of higher regeneration of the explants
during reproduction of garlic culture in vitro [6]. To
determine the effect of phytohormones on growth of
meristems after the storage in liquid nitrogen three
options of solid nutritive media for re-culturing were
investigated, which differed by the content and con-
centration of phytohormones of cytokinins type (BAP,
kinetin). The effect of meristems dimensions on their
recovery after cryopreservation was investigated using
MS saline supplemented with 0.5 mg/l kinetin +
0.1 mg/l IAA + 100 mg/I proline L + 100 mg/1 casein
hydrolyzate. The plant material was recultivated in
glass penicillin bottles at 22...26°C with 16-hr-long
photoperiod. The light intensity corresponded to the
donor explant type: 2—3 klx for meristems during the
first month of cultivation and 5 klx during the following
months of the cultivation of adventive shoots.

Survival rate of the explants was determined to the
5% day of cultivation by counting the number of
meristems, which were green coloured, the viability
was assessed by the number of apexes, formed the
leaves and roots to the 50" and 90" days of cultivation
and expressed as the percentage ratio to a total number
of the studied meristems. The number of leaves and
roots formed in regenerated plants was also counted.

The samples were registered and recorded in the
laboratory journals according to the Allium spp descrip-
tor [3].

Results and discussion

Use of vitrification solutions is considered as one
of the possible ways for successful low temperature
preservation of biological objects with keeping a high
level of viability. High concentrations of penetrating
cryoprotectants (glycerol, 1,2-propane diol, ethylene
glycol, etc.) affect the hardening processes during the
temperature lowering, and result usually in achieving
a vitrified state. Cryobiological applications are now
often involving high concentrations of cryoprotectants
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PesyabTat Ta 00roBOpeHHH

3acTocyBaHHS pO34YHHIB, IO BITPU]IKYIOTHCS, BBa-
KAETHCSI OTHAM 13 MOMKJTMBHX IIJISIXIB YCIIITHOTO HU3b-
KOTEeMIIepaTypHOTO KOHCEPBYBaHHs 010JIOTTYHUX
00’ €eKTiB 31 30epeKEHHSIM BHCOKOTO PiBHSI JKUTTE3/IAT-
HOCTI. Benuki KoHIeHTpaltii MpOHNKa0YMX KPIOIIPOTEK-
TOPIB (TIiLepuH, 1,2-Mpoman/ioN, eTUIEHITIKOIb Ta iH.)
BILTMBAIOTh HA MPOIIECH 3aTBEPAIHHA MPHY 3HIKECHHI
TeMITEpaTypH, HACIIIKOM 40T, 3a3BUYal, € JTOCSTHEH-
HS CKJIOTIOIOHOTO cTaHy. Y Kpio0ioorii Bce gacTire
BUKOPUCTOBYIOTHCSI BEJIMKI KOHLIEHTPALi1 KpioMpoTeK-
TOPIB 7151 KPiIOKOHCEPBYBAaHHS METOAOM BiTpHrdikamii
SK KITUHHUX CyclleH3iH, Tak i opranis. [IpoTe moci
MOBHICTIO HE PO3KPHTI MEXaHi13MH peaKLii 010JI0rTYHIX
00’€KTiB Ha JiF0 BHCOKHMX KOHIICHTpAIliii KPiOmpo-
TEKTOPiB, AKi XapaKTepU3yIOThCS Pi3HUMH (i3HKO-
XIMIYHUMH BJIACTUBOCTSIMH, TIEPII 3a BCE, PI3HOIO
MIPOHUKAIOYOIO 3/IaTHICTIO Ta TOKCHYHICTIO. 3 METOIO
3MEHIIEHHS BIPOT1THOCTI MOMIKOKEHHA KIIITHH TPU
HACHYEHHI PO3YMHAMH, 1110 BITPH(]IKYIOTHCS, BUKOPHC-
TOBYIOTb SIK OJTHO-, TaK i 0araTOKOMIIOHEHTHI cepeIo-
Buma [11].

OckinbKy O1BIIICTE KPIOMPOTEKTOPIB € KCEHO010-
THKaMH{, TO BOHH MOXYTh MaTH HUTOTOKCHYHHI
edekT Ha O10IOTIYHI CHCTEMH, a TAKOXK MPOSIBIISITH Pi3Hi
ocMoTHuHi eektu. Tomy HamMu Oyno BH3HAYCHO
BIUTUB JAOCIIiIKYBaHOTO PO3UHHY, IO BITpUQIKYETHCS,
Ha BiTHOBJICHHS alliKaJIbHUX MEPUCTEM YaCHUKY TiCIIs
nerigparariii (0e3 eramy BiTpudikais-Bigirpis).

306epekeHicTh MEPUCTEM YaCHHKY 000X COpTiB
micys gerigparartii y PVS N uepes 5 mi0 KyIbTHBYBaH-
Hs Oyna Ha piBHi 80-90%. [Ipn moganpmoMy KymnbTH-
BYBaHHI Y YaCTHHU MEPUCTEM, SIKi MaJi 3eJIeHe 3a-
OapBIICHHSL, )KUBUMH BUSBHJIIHCS JIUILIE IPUMOPIialbHi
JIUCTKH, a aliKaJbHUHN Kynoi OyB IMOIIKOIKEHUH 1 3a
MOJAJBIIOTO KyJBTUBYBAaHHS 3 HHOTO HE PO3BUBABCS
narid. OTxe, Taki MEpUCTEMH OyJlIH HEKUTTE3AAT-
HUMU. TaKiM YMHOM, BCTAaHOBJICHO, 1110 3 IaHUX YMOB
JeripaTanii ZOCHiIKyBaHUH HAMH PO3YMH HE Mae
BUPaKEHOT TOKCUYIHOI [Tii, OT)KE MOXE 3aCTOCOBYBa-
TUCSL U711 KPIOKOHCEPBYBAaHHSA MEPHUCTEM YACHUKY
METOI0OM BiTpHudiKarii.

IHTEeHCHBHE YTBOPEHHS MTaroHIB i3 MEPUCTEM, SKi
30epiraim 3a yMOB PiJIKOTO a30Ty, PO3MOYHHAIOCS
gepe3 7—10 1110, He3aMOoposKeHUX (ITiCIIS eTaIy AeTi-
parauii) — Ha 3-y noOy KyiabTuUBYBaHHs. [laronu
PO3BUBAIKCS 33 THIIOM IIPSIMOTO OPTraHOTeHE3Y, XapakK-
TEPHOTO JJISl MEPHCTEM, SIKi KPIOKOHCEPBYIOTh METO-
noM Bitpudikarrii [10].

Sk cBim4aTh pe3ynbTaTy, MpeacTasieHi B Taom. 1,
nerigpatanis B PVS N 3MeHIye XUTTE3NaTHICT
MEpHCTEM 03UMOTO COPTY A0 71% Ta He 3MIHIOE ii y
sporo (93%), KpiOKOHCEPBYBaHHS 3HAYYIIIO 3HIDKY€ TIeH
moka3HuK 10 45% st copty «lromecy ta 56% mns
copty «MaHyHITiBChbKAM». 3a MBHUAKICTIO PO3BUTKY
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for cryopreservation by means of vitrification both of
cell suspensions and organs. However, the mechanisms
of biological objects response to the effect of high con-
centrations of cryoprotectants characterized by various
physico-chemical properties, in particular, different
penetration ability and toxicity, have not been fully
elucidated yet. To reduce probability of damaging the
cells during incubation in vitrification solutions one use
single- and multi-component media [5].

Since most cryoprotectants are xenobiotics, they
can render cytotoxic influence on biological systems,
and demonstrate various osmotic effects. Therefore,
we have investigated the influence of plant vitrifica-
tion solution on the recovery of garlic apical meristems
after dehydration (without vitrification-warming stage).

Survival of meristems of both garlic varieties after
dehydration in PVS N following 5 days of cultivation
was of 80-90%. During further cultivation some meri-
stems which were green coloured before had only
primordial leaves alive, their apical dome was damaged
and following cultivation did not result in development
of the sprout. In other words, these meristems were
non-viable. Thus, it was found that under these con-
ditions of dehydration, the investigated by us solution
had no pronounced toxic effect, therefore it can be
used for cryopreservation of garlic meristems by
vitrification.

An intensive formation of shoots from the meris-
tems, stored in liquid nitrogen, started 7—10 days later,
and in non-frozen ones (subjected only to dehydration
stage) did to the 3™ day of cultivation. The shoots were
developed by a direct organogenesis characteristic for
the meristems, cryopreserved by vitrification method
[4].

According to the results presented in Table 1 the
dehydration in PVS N reduced the viability of meris-
tems of winter cultivar down to 71% and did not change
it in spring one (93%), the cryopreservation significant-
ly reduced this index down to 45% for the cultivar
‘Duchess’ and to 56% for the ‘Manuylivskyy’ one. In
terms of development rate of a shoot the meristems,
recovered after cryopreservation and dehydration in
cryoprotective solution, were far beyond the controls.
In particular, to the 90" day of cultivation the shoot
length of ‘Duchess’ winter variety was 135 mm in the
control, 93 mm for dehydrated meristems and 81 mm
in cryopreserved ones. There was significantly decrea-
sed the root length down to 45 mm in both dehydrated
and cryopreserved meristems vs. 67 mm in the control,
the number of leaves was unchanged.

Dehydration of the meristems of spring varieties in
PVS N resulted in shortening of shoot length from 129
to 60 mm in the dehydrated apexes and 49 mm in
cryopreserved ones, length of the root did not change
significantly. Unlike winter varieties there was observed

7



MaroHa MepucTeMH, sIKi OyiH Bifl-
HOBJIEHI MICJIsl KPIOKOHCEPBYBaHHS
Ta Aerizparanii Kpio3axHCHUM
PO3YMHOM, 3HAYHO BiJICTAIOTH BiJ|

Ta6nuus 1. Bnnue gerigpatauii B po3unHi, Wwo BiTpudikyetses (PVS N), Ta
KpiOKOHCEPBYBaHHSI Ha PICT anikanbHUX MepucTeM YacHuky yYepes 90 nib
KyNbTUBYBaHHS

Table 1. Effect of dehydration in plant vitrification solution (PVS N) and
cryopreservation on growth of garlic apical meristems in 90 days of culturing

KOHTpONbHUX. Tak, Ha 90-y 100y o
EKCrepUMeHTanbHa [osxuHa [oBxuHa KinbkicTb
KYyJIbTUBYBaHHS NJOBXHWHA ITaroHa rpyna HutrespaTHictb, % naroHy, Mm KOPEHA, MM NUCTKIB, LUT.
€3RaTHICT
03UMOT0 cOpTy «Jlfomecy ckia- Experimental group Viability, % Shoot length, |~ Root length, om0
nana 135 MM B KOHTPOJIBHEX, Y Jie-
I‘iI[paTOBaHI/IX MEPHCTEM — 93 MM, Osumuin copt «[rowec» 'Duchess' winter cultivar
a 'y KpiOKOHCEpBOBaHHUX — 81 MM. AGCORKOTHM
TakoX 3HAYHO 3MEHIIYyBajgacs KOHTpPOJb 94,1+6,6 135,3+15,4| 66,6+10,5 3,7+0,3
Absolute control
JOBKMHA KOpeHd A0 45 MM fIK y
JIeTiApaToBaHuX, TakK 1 y KpiOKOH- . _'\g:p(‘;‘cge!"';f\'/ SN
aerig TOBaHI
CEPBOBAHHUX MEPHCTEM IPOTH PVS N dehydrated 71,4£7,1% 1 93,0£10,3" | 450+6,2* | 3,0+05
67 MM y KOHTPOJIbHHX, KLIBKICTh meristems
JINCTKIB HE 3MIHIOBAJIACS. KpiokoHcepBoBaHi
. . mMepuctemMmu * * *
Herinpararis y PVS N mepu- Cryopreserved 44,8+3,7 80,7+12,3* | 45,0+4,4 3,6+0,1
CTEM SIpOr0 COPTY IpPHU3BENA JI0 meristems
SMCHIICHHSA HOBH(I/H.—H/I l1arosa 3 Apuit copT «MaHyiniscbkuii» 'Manuylivskyy' spring cultivar
129 mo 60 MM y nmerigpaToBaHHX
arexciB Ta 49 MM — y KplOKOHCED- AbcontoTHuit
¥y KpIOKOHCED KOHTPOA 94,1+6,6 | 129,0+10,9| 250+4,9 | 4,6+0,5
BOBaHUX, TOBXXWHA KOPCHS BIPOT1 - Absolute control
HO He 3MiHIoBasiacs. Ha BigMiny
. . Mepuctemu,
B1J1 O3UMOT'O COPTY CIIOCTEPIraIn nerigpatoBaHi PVS N % %
pTY repiranm N o raed | 933%11,9 | 60,3%8,1 24,0+5,2 | 3,307
3HAUyIle 3MEHIICHHS KIIbKOCTI meristams
JIUCTS Y IAPOCTKIB, BITHOBJICHUX
SIK 13 AET1APAaTOBAHMX, TaK 13 KPiO KpiokoHcepeoagHi
P ’ b i orved 56,3+11,2* | 49,2+53* | 21,2+43 | 3,0+0,6*
KOHCEPBOBAaHUX MCPUCTEM. yopreserve
K X meristems
OTpumaHi pe3ynbTaTHd CBiI-

4aTh Mpo Te, 110 Ha PICT Ta pO3BU-
TOK amiKaJlbHAX MEpUCTEM Hera-
TUBHO BIUTMBAIOTh HE TITLKU HAJl-
HU3bKI TEMIIepaTypH, a it 00poOka
PPO3YMHOM KpIiOMPOTEKTOPIB (pUCy-
HOK).

st opraHoTreHe3y €KCINIaHTIB TyKe BaKIIUBO ITi-
Ji0paTy BiAMOBIAHUI OaiaHC GiTOropMoHiB. IHAy KIS
MEPHUCTEM JIO0 POCTY 1 YTBOPEHHSI ATrOHIB JIOCATA€Th-
Cs1 JIOTaBaHHSIM JI0 CePEIOBHUITA INTOKIHIHIB (KIHETHHY
un BAIT y kornentpartii 10~°—10""M) abo UTOKIHIHIB
pasoM i3 aykcuHamu. [y yTBOpEeHHS KOPEHiB 10 CKI1a-
Iy cepenoBuna BBOAATh HadTuimourory, IOuK abo
THIONIMACIISTHY KUCIOTH [5]. BimoMo, 1110 U TOKiHIHK
npu He30aJaHCOBaHOMY CKJIaAl HPUTHIYYIOThH picT
JIUCTKIB Ta MOXKYTb BUKIMKATH MOP(OJIOTiUHI 3MiHU
[5].

Pe3ynerarti peKyIbTHBYBaHHS KPiOKOHCEPBOBAHUX
MEPHUCTEM Y TPhOX BapiaHTaX KHUBUILHUX CEPEIOBHUII
(Tabu1. 2) mokasanm, 1o IS ONTHMI3allii pOCTy HalKpa-
LIAM JJ151 000X COPTiB OyJ10 )KUBHIIBHE CEPEIOBUIIE 3
ITiIBUIIICHAM BMICTOM KiHETHHY Ta 32 BiZICYTHOCTI ajie-
HIHY.

[omepenni mocmiaKeHHs MOKa3aly, 110 IS pere-
Hepallii MaroHiB i3 amikaJbHUX MEPUCTEM HaHKpariM
BHUSABHJIOCS )KMBHJIBHE CEPEAOBHUIIC 3 JI0JaBAHHAM

p < 0,05.

p < 0.05.
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MpumiTKa: * — cTaTUCTUYHO 3HaYyLLa Pi3HULS NO BiAHOLLEHHIO [0 aOCOMTHOrO KOHTPOIHO,

Note: * — the differences are statistically significant if compared with absolute control,

a significant decrease in the number of leaves in the
shoots recovered both from dehydrated and cryopre-
served meristems.

The findings indicate that the growth and deve-
lopment of the apical meristems are negatively affected
not only by ultra-low temperature, but also by the treat-
ment with the solution of cryoprotectants (Figure).

Organogenesis of explants is very dependent on
the appropriate balance of phytohormones. Induction
of the meristems to growth and formation of shoots is
achieved by adding to the medium of cytokinins (either
kinetin or BAP in concentration of 10°-107M) or
cytokinins together with auxins. Formation of roots is
promoted by supplementing of naphtyl acetic acid, [AA
or indoleacetic acid to the composition of media [2].
Unbalanced cytokinins composition is known to inhibit
the growth of leaves and can cause morphological
changes [2].

The results of re-culturing of cryopreserved meri-
stems in three variants of nutritive media (Table 2)
have shown that optimization of growth for both varie-
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0,5 mr/nm BAIT ta 0,1 mr/n 10uK [2],
TOMY MH BUKOPUCTOBYBaJIH HOTO JUIsI
PEKyIbTHBYBaHHS MEpUCTEM. Aule
TIPH BiIHOBJIEHH]I KPIOKOHCEPBOBAHMX
MEpHCTEM I1e# (iTOTOPMOH Y 3aCTO-
COBaHIf KOHIEHTpALii MaB MEHIIY
e(heKTUBHICTh, HIK KIHETHH Y TiHl
camiii koHtieHTpartii. ITicis BHECEHHS
y kuBmiIbHE cepenosuie 0,5 mr/n
KiHeTHHY 3HauyIle 301IbIryBanncs
LIBUIKICTb POCTY Ta KiJIbKICTB JIUCT-
KiB y MEpHUCTEM YaCHUKY COPTY
«[rorecy, BiTHOBJICHUX ITICIIS JCT1 -
parauii B PVS N Ta kpiokoHcepBy-
BaHHS, TAKOX CIIOCTepiraiacs TeH-
JIEHIIIS 10 T IBUILIEHHS [IUX [TOKa3HHU-
KiB U151 copTy «MaHyHITiBCbKUI.
MOXJINBO i€ TIOB’SI3aHO 3 JTyKE BU-
cokoro akruBHICTIO BAII, Tomy 110
MEpUCTEMH TIICIIs 00pOOKH Kpio3a-
XUCHUM PO3YMHOM Ta KpPiOKOHCEp-
BYBaHHS MOTPEOYIOTH AEIKOTO Yacy
Ha BiJTHOBJICHHS CBOIX (YHKIIIH,
OCKIJIbKH, Ha BiIMIHY BiJl KOHTPOJIb-
HUX, JIeTiApaTOBaHi Ta 3aMOPOKEH1
MEpUCTEMH BiJICTAIOTh Y CBOEMY
po3BuTKY Ha 7—10 nib.

Y po6ori H.J. Baek i criBaBT. [8]
BCTAHOBIICHO, IO MPH JeTiapaTarii
B PVS 3 xwurre3narHicTh KpiOKOH-
CEPBOBAHHX MEPHUCTEM 3aJEKHUTh
BiJI iX po3Mipy, ajie MBUIKICTH PO3-
BUTKY MAPOCTKiB HE JOCIIIKyBaTa-
csi. Y eKCcIIepuMEHTI MU BHU3HAYaIl
KHUTTE3AATHICTD Ta AOBXHUHY Iaro-
HiB IAPOCTKIB PETEeHEPOBAHUX 13 Pi3-

Tabnuusa 2. Bnnve XuBMNbHOIO cepeaoBuLLa Ha PICT anikanbHWX
MEepUCTEM YAaCHUKY, BiAHOBMEHWNX MiCNsi KPIOKOHCEePBYBaHHS
(4yepe3 90 fi6 KynbTUBYBaHHS)

Table 2. Effect of nutritive medium on growth of garlic apical meristems
recovered after cryopreservation (in 90 days of culturing)

CepepoBuLle
Medium

[oBxuHa
naroHy, Mm
Shoot length,
mm

[oBxuHa
KOPEHA, MM
Root length,

mm

KinbkicTb
NUCTKIB, LIT.
Number of
leaves, pcs

Osumuii copt «[towec» 'Duchess’ win

ter cultivar

MC +0,5 mr/n BAM +0,1 mr/n IOuK +
apeHiHy 50 mr/n+ 100 mr/n nponiHy L +
100 mr/n rigponizata KaseiHy
MS+ 0.5mg/l BAP + 0.1mg/I lIA +
50 mg/l adenine + 100 mg/l proline L +
casein hydrolysate 100 mg/I

67,0+7,5

38,0+4,3

2,5+0,2

MC +0,1 mr/n kKiHeTuHy + 0,1 mr/n I0uK +
50 mr/n apeHiHy + 100 mr/n nponiHy L +
100 mr/n ripponisata KaseiHy
MS+ 0.1mg/l kinetin + 0.1mg/I IA +
50 mg/l adenine + 100 mg/l proline L +
casein hydrolysate 100 mg/I

78,5+10,1

31,7+5,4

4,0+0,2

MC +0,5 mr/n kiHeTuHy + 0,1 mr/n I0uK +
100 mr/n nponiHy L+ 100 mr/n
ripponisaTa KaseiHy
MS + 0.5mg/l kinetin + 0.1Tmg/I IA +
100 mg/l proline L + 100 mg/I casein
hydrolysate

80,7+12,3

45,0+4,4

3,6+0,1

Apuin copt «MaHyiniBcbkuin» "Manuylivskyy' spring cultivar

MC +0,5 mr/n BAM +0,1 mr/n IOuK +
apeHiHy 50 mr/n+ 100 mr/n nponiHy L+
100 mr/n rigpponizaTta Ka3seiHy
MS+ 0.5mg/l BAP + 0.1mg/I lIA +
50 mg/l adenine + 100 mg/l proline L +
casein hydrolysate 100 mg/I

40,5+0,8

11,3+0,7

3,0+0,4

MC +0,1 mr/n kiHeTuHy +0,1 mr/n IOuK+
50 mr/n apeHiHy + 100 mr/n nponiny L +
100 mr/n rigpponizaTta KaseiHy
MS + 0.1mg/l kinetin + 0.1Tmg/I lIA +
50 mg/lI adenine + 100 mg/l proline L +
casein hydrolysate 100 mg/I

33,0£3,7

13,2+4,3

2,6+0,3

MC +0,5 mr/n kiHeTuHy + 0,1 ™mr/n I0uK +
100 mr/n nponiHy L+ 100 mr/n
rigponisaTta KaseiHy
MS+ 0.5mg/l kinetin + 0.1Tmg/I IA +
100 mg/l proline L + 100 mg/I casein
hydrolysate

49,2+5,3

21,2+£4,3

3,0+£0,6

HUX 32 po3MipaMH KPiOKOHCEPBO-

BAaHHUX MEPUCTEM YACHUKY O3UMOI0
copty «lromecy» npu 3acToCyBaHH1
PVS N.

Haiibinpma qacTiHa pereHepoBaHMX POCIHH MICIsS
KpIOKOHCEpPBYBaHHSI OTpMMaHa MPU BUKOPHUCTAHHI
amiKaJIbHUX MEPUCTEM PO3MIPOM 2—3 MM, )KUTTE3AAT-
HicTh ckiagana 60-67%. 3 Takux eKCIUIaHTIB MpH
MOJANBIIOMY KYJIBTHBYBaHHI Oy copMoBaHi poc-
JIMHU-PEr€HEPAHTH YaCHUKY JOBXKHMHO0 16,8-29,0 MMm.
3 amikanbHUX MEPUCTEM PO3MiIpoM 4 MM ofepKaiu
npoOipKoBUil Matepian, KU MaB HaWOUIbIIYy CHITY
pocty (40 MM), alte OCUTh HEBUCOKUH MTOKA3HUK JKUT-
Te3naTHoCTi — 10 20%. Y BUMAIKYy, KOJIU KPIOKOHCEP-
ByBaJIM MepucTeMu po3MipoMm 0,5 MM, pereHepaTuBHUN
MOTeHITiaa OyB MOBHICTIO BIACYTHIH (TabI. 3).

Ha nam normisia, Ouneiii 3a po3MipoM MEpHUCTEMHU
MaroTh OUTBINI TiApaTOBaHI TKaHWHH, TPOHUKHEHHS
KpIOIPOTEKTOPIB B IIEHTP arleKCy Ta BUX1 BOIH 3 HHOTO

npo6nemMbl KpMOOGMONOrMM M KPUOMeEeAULMHbDI
problems of cryobiology and cryomedicine

Tom/volume 25, Ne/issue 1, 2015

ties was achieved mostly in nutrient media with an
increased content of kinetin and no adenine.
Previous studies have demonstrated that the best
regeneration of shoots from apical meristems was
found in the nutrient medium with added 0.5 mg/l BAP
and 0.1 mg/l [AA [6], so we tried to use it for reculti-
vation of the meristems. But the outcomes of reco-
vering of cryopreserved meristems showed that this
phitohormone in the applied concentration was less
effective than kinetin in the same concentration. After
introduction of 0.5 mg/1 kinetin into the culture medium
the growth rate and the number of leaves were signifi-
cantly increased in the meristems of ‘Duchess’ garlic
varieties, recovered after dehydration in PVS N and
cryopreservation, as well there was found a tendency
to increase these parameters for ‘Manuylivskyy’
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i1 Yac 00pOOKH PO3YMHOM, 110 BITPUDIKYETHCA, € I10-
BUIBHIIIMMH, HI’)K Y MEHILIUX 32 PO3MipOM MEPHCTEM,
TOMY BOHH IOTaHO HACHYYBAJUCS LM PO3YMHOM i
THHYJIH P 3aMOPOXKYBaHHi Y pitkoMy a30Ti. Bukopuc-
TaHHA MEPHUCTEM PO3MipaMH MEHIIIE 2 MM 32 HAIIUMH
JaHUMU € HaliMeHII e()eKTUBHUM: Yepe3 HEBEIHKI PO3-
MipH MaTepiai 3a3HaBaB CHUJIbHOT TUTOTOKCHYHOCTI Bijl
KpIOMIPOTEKTOPA, Yepe3 M0 CIIOCTEPITAIACS 3HIKEH]
MOKAa3HUKU PO3BUTKY, & TKAHWHHU MaJIi CKIIOTIOJIOHU
BUIISA 1 Bi3HAYAIHCS PSIOM MOPQOJIOTIYHUX aHO-
MaJii, TAKUX SK HEPO3BUHEH1 KOPEHi, JINCTSL.

OTxe, 115l CTBOPEHHSI KOJIEKIIi{ COPTiB YACHUKY Y
HHU3LKOTEMIIEPaTypHOMY OaHKY HEOOXiTHO BUIIISATH

Tabnuusa 3. Bnnue po3Mipy anikanbHUX MepucTemMm
i3 3yOKiB 03MMOro YacHuky copTy «[roLwwecy» Ha
XKUTTE3OATHICTb | CUNY POCTY NicNsi KPiOKOHCEepBYBaHHS
(yepes 50 gib KynbTMBYBaHHS)

Table 3. Effect of apical mersitem size of ‘Duchess’
garlic clove winter cultivar on viability and growth force
after cryopreservation (in 50 culturing days)

Po3mip anikanbHUx 4
acTKa MKUTTE3AATHUX
MepucTem, Mm mepncTem, % [oBXuHa naroHy, Mm
Size of apical Vi S o Shoot length, mm
. iable meristems, %
meristems, mm
0,5 - -
1,0 31,6+4,7 7,7+£1,9
1,5 44,4+3,2 12,4+3,5
2,0 59,2+2,1 18,6+2,0
2,5 67,0+7,5 29,0+4,2
3,0 66,7 4,7 16,8+2,7
3,6 25,0+2,7 12,0+3,8
4,0 20,0+£1,5 40,0+5,4
HIP
The least significant 6,3 9,1
difference
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AnikanbHi MepMcTeMU YacHWKY MiCrs KynbTUBYBaHHA Ha
XMBUINBHOMY cepenoBuLLi npoTsirom 60 fi6: 1 — KOHTponb;
2 — perigpaToBaHi PVS N; 3 — kpiokoHcepBoBaHi 3 PVS N.

Garlic apical meristems after culturing with nutritive me-
dium for 60 days: 1 — absolute control; 2 — dehydrated in
PVS N ; 3 — cryopreserved in PVS N.

cultivar. This is likely due to the very high activity of
BAP because the meristems after treatment with
cryoprotective solution and cryopreservation require
some time to recover their functions, the need of which
is confirmed by 7-10 day-long delay in development
observed in dehydrated or devitrified meristems if
compared with control ones.

H.J. Baek et al. [1] reported that the viability of
cryopreserved meristems after dehydration in PVS 3
depended on their size, but the development rate of
sprouts has not been investigated by the authors. In
our experiment we examined the viability and length
of shoots of the sprouts regenerated from different by
sizes cryopreserved meristems of ‘Duchess’ garlic
winter varieties using PVS N.

The largest amount of regenerated plants following
cryopreservation was obtained in case of using apical
meristems of 2-3 mm, the viability was 60—67%.
These explants formed the garlic regenerated plants
0f'16.8-29.0 mm length during further culturing. Apical
meristems of 4 mm gave in vitro the samples with the
highest growth force (40 mm), but quite low viability,
up to 20%. In case if the cryopreserved meristems
were of 0.5 mm, the regenerative potential was comp-
letely absent (Table 3).

We believe, that larger meristems have more hydra-
ted tissues, the penetration of cryoprotectants into the
centre of the apex and water release from it during
treatment with plant vitrification solution are slower
than in smaller meristems, and due to this they are
poorly saturated with this solution and die during freez-
ing in liquid nitrogen. As shown in our experiments the
usage of meristems of less than 2 mm was the least
effective: because of the small sizes the samples suffe-
red from a severe cytotoxicity of cryoprotectant, evi-
dently resulting in reduced developmental indices, the
tissues appeared like glassy and had such morpholo-
gical abnormalities as immature roots and leaves.

Thus, the future establishing of the garlic varieties
collections at a low-temperature bank should be
targeted to the use of only the 2—-3 mm meristems, the
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JIUIIIE MEPUCTEMH PO3MIPOM 2—3 MM, a y CepeIOBUIIIe
KYJIETUBYBaHHS JUIsl JEKOHCEPBOBAaHUX alleKCiB Jo7a-
BatH 0,5 MT/JI KIHETHHY, 110 TO3BOJIUTH OJICPKATU BH-
COKHI POIICHT XKUTTE3TATHOCTI 3 33/I0BITBHAM pere-
HEpaTHBHUM TIOTEHITIATIOM.

BucHoBkH

TakuM 4YWHOM, Y IBOMY €KCIIEPUMEHTAILHOMY
JOCITIJDKeHH] TI0Ka3aHo, 0 PO3YHH, SKUH BITpUi-
kyethest (1 M caxaposu + 2 M mminepuny + 2,5 M
ETHJICHIJIIKOJTIO ), 32 JIAHUX YMOB JIETi/Iparariii € HeTOK-
CHYHHUM JJI1 MEPUCTEM YaCHUKY Ta J03BOJISIE OTPH-
MyBaTH BUCOKHUH PiBEHb KUTTE3AATHOCTI. Tak, micius
KpiOKOHCEpBYBaHHS METOAOM BiTpH(ikaliii MeprcTem
YaCHUKY SIPOro cOpTy «MaHyHITIBCHKUI» KiJIBKICTbH
pereHepoBaHUX pociuH carana (56,3 + 11,2)%, a o3u-
Moro copty «lromec» — (44,8 £ 3,7)%. Jlnsa KynbTu-
BYBaHHSI KPIOKOHCEPBOBAHUX MEPUCTEM YACHHKY B
AKOCTI (PiTOrOPMOHY JAOIIITFHO BUKOPUCTOBYBAaTH KiHe-
THH y KoHIeHTpatlii 0,5 Mr/11, 1e J03BOJISIE OepKaTh
Kpamii MopdoMeTpuyHi MOKa3HUKH PETeHEPOBAHMX
pocCIvH (IOBXXHHA ITaroHiB 1 KopeHs). byno mokazano,
IO MiCJIs KPIOKOHCEPBYBAHHS METOJIOM BiTpHQiKamii
HaANOIIbIIY KUTTE3AATHICTH MalOTh MEPUCTEMH Yac-
HUKY po3MipoM 2—3 mm (60-70%). Binpi 3a po3mi-
poM mepuctemH (3,5—4 MM) MalOTh BUCOKHH pereHe-
paTUBHUH MOTEHIia), aje HU3bKY XHUTTE3NATHICTD
(Menm Hixk 25%). Y MEHIIUX 32 PO3MipPOM MEPUCTEM
(1-1,5 MM) 3HMKEHI TOKA3HUKH KUTTE3MATHOCTI (30—
47%) Ta pereHepaTUBHHM IMOTEHIIAN. Y MEPHCTEM
po3mipom 0,5 MM 3a JTaHUX YMOB JIOCTI[DKEHHS pereHe-
PATUBHUM TOTCHITIAT BiACYTHIH.
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culture medium for devitrified apexes should contain
0.5 mg/1 kinetin, that would result finally in obtaining a
high viability and a satisfactory regenerative potential.

Conclusions

Collectively, this experimental study has been shown
that a plant vitrification solution (1M sucrose + 2 M
glycerol +2.5 M ethylene glycol), is non-toxic to garlic
meristems under used dehydration conditions and
enables the obtaining of a high viability. In particular,
cryopreser-vation by means of vitrification of garlic
meristems of ‘Manuylivskyy’ spring varieties the
number of regene-rated plants reached (56.3 + 11.2)%,
and for the ‘Duchess’ winter varieties it was (44.8 +
3.7)%. It is expedient to use phytohormone kinetin of
0.5 mg/1 concentration for culturing of cryopreserved
garlic meristems, because this allows the obtaining of
better morphometric parameters (length of shoots and
roots) in regenerated plants. It has been shown that
after cryopreservation by means of vitrification the
highest viability was inherent to garlic meristems of
2-3 mm (60—70%). Larger meristems (3.5-4 mm) have
a high regenerative potential but low vitality (less than
25%). In smaller meristems (1-1.5 mm) the viability
rates and regenerative potential were reduced (30—
47%). In meristems of 0.5 mm under these experimental
conditions the regenerative potential is absent.
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