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Application of Vacuum Infiltration
in Cryopreservation of Isolated Grape Buds

Pecpepar: 36epexeHHsi reHooHOYy BUHOrpady, sikKMiA BiAHOCUTLCS OO POCMAMH, WO PO3MHOXYIOTbCSl BEreTaTMBHO, € CKIMagHUM
3aBAaHHAM, OAHMM i3 pilleHb AKOro Moxe OyTn KpiOKOHCepBYBaHHA OpyHbOK. [INs HACMYEHHS KpionpoTeKTopaMmu Takux O06’€MHMX
i reTeporeHHMX 3paskiB HeOOXiAHI cy4acHi meTogn. Y poboTi nopiBHIOBaN eeKTUBHICTb MEeToAy BaKyyM-iH(INsTpaLii Ta KnacuyHoro
NacMBHOIO HaCWM4eHHS (BMMOYyBaHHSA) npoTarom 60 xB i3onboBaHux G6pyHbOK BUHOrpady copTy Pycbkuin KoHkopA Kpio3axucHum pos-
ynHoM PVS 2. [Ins Hacu4eHHA MeToaoM BakyyM-iHinbTpauii 6pyHbkM iHKyByBanu y kpiodaxucHoMy posduHi 15 xB npu 40 kla, nicns
TUCK MOCTYMOBO MNiABULLYyBanuM [0 atMocdepHoro. EdeKTMBHICTb Hacu4YeHHA GPYHbOK OLHIOBaNM METOAOM HU3bKoTeMmnepaTypHOI
AndepeHuianbHOi CKaHy40i KanopuMeTpii 3a 3MiHOK eHTanbnin i TemnepaTtyp asoBux nNepexoais Ta iHTEHCUBHICTIO cTpubka Tenno-
€MHOCTI Nif Yac CKNyBaHHS. BCTaHOBNEHO, L0 BUKOPUCTAHHSA BakyyMy Ansi HACUYEHHS i30MbOBaHUX BpYyHbOK BUHOrpady KpionpoTeKTo-
paMu 3Ha4yHO 30iMbLUy€E KOHLEHTPAL0 KPiO3aXUCHUX PEYOBUH Y HUX Ta iCTOTHO 3MEHLLYE KiMbKiCTb BiNlbHOI BOAW, SKa KpUCTanidyeTbCcs
NPOTArOM OXONOMKEHHS, Y MOPIBHSHI 3 NACUBHUM BUMOYYBaHHSIM Yy BiTPpUMiKytoHoMy po3unHi PVS 2.

KniouyoBi cnosa: OpyHbkn BMHOrpagy, KpiOKOHCEPBYBaHHS, BaKyyM-iHINbTpauisd, BiTPUAIiKylouMin po3unH, ¢has3oBi nepexoau,
KanopvMmeTpisi.

Abstract: Preserving the gene pool of grapes, referred to the vegetatively propagated plants is a complicated task, which can
be also solved by cryopreservation of the buds. To saturate such bulk and heterogeneous samples with cryoprotectants the novel
methods are required. The effectiveness of vacuum infiltration and 60 min standard passive saturation (soaking) of isolated grape
buds of the Russian Concord variety with a cryoprotective solution PVS 2 were compared in this research. To saturate by vacuum
infiltration the buds were incubated in cryoprotective solution for 15 min at 40 kPa, afterwards the pressure was gradually increased
to atmospheric level. The efficiency of bud saturation was evaluated with low-temperature differential scanning calorimetry by changing
the enthalpies and temperatures of phase transitions as well as the intensity of heat capacity jump at glass transition. The use
of vacuum in the saturation of isolated grape buds was found to lead to a strong rise in cryoprotectant concentration in them and
a significant decrease in the amount of free water crystallized during cooling compared to passive soaking in a PVS 2 vitrification so-
lution.

Key words: grape buds, cryopreservation, vacuum infiltration, vitrification solution, phase transitions, calorimetry.

Ha manuit gac mpobiema 30epexeHHs TeHODOHTY
KyIBTYpPHUX POCIHH, SKi PO3MHOXKYIOTHCSI BeTeTa-
THUBHO, HaOyBae Bce O1IbINI0T aKTyaIbHOCTI, IO TTOB’ 5I-
3aHO 3 3aTPO30I0 CKOPOYEHHS X TEHETHYHOT'O Pi3HO-
MaHITTS. B TOJIBOBUX KOJICKIIISIX BHACIIJIOK BIUIMBY
eKCTpeMaJbHUX abiOTHYHUX (aKTOPiB, PO3MOBCIOA-
JKCHHSI 3aXBOPIOBAHb 1 MIKITHUKIB [2, 14]. ButbmiicTs
pociiuH MOe 30epiraTucs B T€HETHYHHUX OaHKax
y BUIISIII HaciHHS Npu Temmneparypax ao —20°C,
sIKi 3a0€3Me4yIoTh JIOCTaTHBO BHCOKY JKUTTE3/AT-
HICTh 3pa3KiB MPOTATOM JecsATHIiTh. Cria 3a3Hauu-
TH, O Y KyJBTYpP 3 BETETATUBHUM PO3MHOKEHHSM 32
HAaciHHEBOTO PO3MHOKCHHS MAaTepUHCHKI O3HAKH
pakTugHO He 30epiratotees [12]. CydacHuMm 3aco-
O60oM TpuBayoro 30epiraHHs BEreTaTUBHUX YacCTHH
TaKUX POCIUH (OIHOPIYHUX IArOHIB, OpPYHBOK),
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Nowadays the problem of preserving the gene
pool of cultured, vegetatively propagated plants
gains more and more traction because of the risk of
reduction in genetic diversity of field collections due
to the influence of extreme abiotic factors, spreading
of blights and vermin [2, 14]. The majority of plants
can be preserved in gene banks in the form of seeds
at temperatures down to —20°C that provide quite a
high vital capacity to samples for decades. It should
be noted that in vegetatively propagated cultures
during seed propagation the mother’s traits were
hardly preserved [12]. The modern technique of
long-term preservation of vegetative parts of such
plants (one-year shoots, buds) as well as meristems
and pollen is cryopreservation in liquid nitrogen
or its vapors [10]. Vitrification, comprising high
1
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a TaKO)K MEpHCTEM 1 MWIKY € KPIOKOHCEpBYBaHHS
y pinkomy a3zoTi abo Horo mapax [10]. Omnum i3
MPOCTHX JUI MPAaKTUYHOI'O 3aCTOCYBAHHS METOAIB
KpPIOKOHCEPBYBaHHsI T'€HETHUYHUX PECYPCiB POCIHH,
110 He OTpedye JOPOroro yCTarKyBaHHS, BBAXKA€Th-
cs BiTpuikallis, sKa BKIIOYA€ BUCOKI IIBHUIKOCTI
OXOJIOKEHHA 1 0OpOOKYy 3pasKiB Kpio3aXHCHUMH
pozumHamu [7]. [ns KpiokoHCEepBYyBaHHSI POCIHH-
HUX 00’€KTIB PO3POOJICHO PsiJi 3aXUCHUX PO3YMHIB,
[0 CIPUSIIOTh (POPMYBAHHIO CKJIOMOIIOHOTO CTaHy
y KOMIIQpPTMEHTaX KJITHH, 3allOBHEHUX PiJHHOIO,
1 TAKMM YMHOM 3aro0iratoTh PO3BUTKY BHYTPILTHBO-
KITHHHOI KpucTamizanii. Taki po3duHM OTpHMa-
ou Ha3By BiTpudikyrounx (PVS, plant vitrification
solution) [13]. HeBenuki pociwHHI eKCIUIaHTH (TTH-
JIOK, HACIHHS, MEPHCTEMH) JIOCUTh JIETKO BITPUQIKY-
IOTHCS 3 BUKOPUCTaHHAM mifcynryBanas i PVS [11].
OpnHak 3i 30UIBIICHHSIM PO3MIPIB €KCIUTAHTIB CITO-
CTEPIraeThCss HEOTHOPITHICT HACHUCHHS 1X TKAHUH,
10 BUMarae Oinpioro gacy excriosuuii y PVS. Tpu-
BaJIMH KOHTAKT i3 KOHIICHTPOBAHUMH KP103aXHCHUMH
PO3YMHAMH MOXE MPU3BOIUTH A0 3aruoOeni moBepx-
HEBOT'O IIapy KIITHH, y TOW caMUi yac K BHYTPILIHI
LIapy TKaHWH EKCIUIAHTIB 3aJIMIIAIOTHCSI HEeHAacH4e-
HumMu [9]. CxinagHOCTI TPOHMKHEHHS KpPiOMPOTEK-
TopiB rpynu PVS y MIKKIITHHHUR DPOCTIp 1 KIiTH-
HU POCIMHHUX TKAaHWH TOB’S3aHI TAKOX i3 BUCOKOIO
B’SI3KICTIO KPiO3aXMCHUX po3uuHiB. HeomHopiaHicTh
Mopdororii, ¢izionorii Ta KINTHHHOI XiMii TKaHWUH
OpYHBOK MOKE TTIOCTABUTH TIiJ1 3arpo3y e(eKTUBHICTh
KpIOTIPOTEKIIi Ta KPIOKOHCEPBYBAaHHS. YCITIX Kpio-
3aXHCTy 3aJCKHUTh B 4acy i TEMIIepaTypH €KCIIO-
3uLil, mUIsixy Audysii, cTyneHs MPOHUKHOCTI Ta Xi-
MIYHOT TOKCHYHOCTI KpPiOMPOTEKTOPiB, MOCTATHHOI
Jerigparanii poCIMHHUX TKaHUH [8].

3a0e3neveHHs] ONTUMAIBHUX YMOB Ui HACHYEH-
Hsl OPYHBOK KpIONPOTEKTOPaMH MOXKJIMBO 3 BUKOPU-
CTaHHSIM 1HHOBALIMHOTO METOHLY BaKyyM-iHQLIbT-
pauii o Birpudikauii (VIV). Pesynsrari ycninmHoro
BHKOPHCTAHHS METONly BaKyyM-iH(]iIbTparii Ta oro
Monudikallii BIepire MoKa3aHO HaMH Ha IKUBIIIX
BUHOTpamy [3—5]. IHII HOCTITHUKH TIPOXEMOHCTPY-
Banmu Meton VIV Ha emOpioHaxX AESIKUX POCIUH [6, §].

MeTta poOOTH — MOPIBHUIbHUH aHai3 e()EeKTHB-
HocTi MeTony VIV Ta macuBHOTO HaCHYEHHS 130710~
BaHNX OpyHBOK BHHOTpaxy PVS 2.

Marepianu i MeTonH

Cruisiui  OpyHBKM BHHOTpany copry Pycbkuii
Konkopsy i3 HEBENWKOI AUISHKOIO jaepeBuHH 20—
25 MM BUAUISUTH 3 OHOPIYHOT JIO3H, 310paHoi B OCiH-
HBO-3UMOBUH Tiepion. [301p0BaHi OpYyHBKH BHHOT-
pany HacmuyBamu PVS 2 (30% mminepuny, 15%
eTrneHnmikomo, 15% mumernncynshokenny, 0,4M
caxapo3M), SKHH IIHUPOKO 3aCTOCOBYETHCS LIS

cooling rates and processing of samples with
cryoprotective solutions, is one of simpler methods
to be applied for cryopreservation of plant genetic
resources, which does not require costly equip-
ment [7]. Numerous protective solutions have been
developed to cryopreserve plants. They foster the
formation of vitreous state in cell compartments,
filled with liquid and, thereby prevent the deve-
lopment of intracellular crystallization. Such solu-
tions are called vitrifying ones (PVS — plant vitri-
fication solution) [13]. Small vegetative explants
(pollen, seeds, meristems) are rather easily vitrified
using preliminary drying and PVS [11]. However,
with the enhancement of explants their tissue
saturation heterogeneity is observed, that demands
longer exposure to PVS. An extensive contact with
concentrated cryoprotective solutions can cause the
death of surface layer of cells, whereas the inner
layers of explant tissues remain unsaturated [9].
The complexity of PVS cryoprotectants to penetrate
into intercellular space and the cells of plant tis-
sues is associated with a high viscosity of cryopro-
tective solutions. The heterogeneity of morphology,
physiology and cell chemistry of the buds’ tissues
could threaten the efficiency of cryoprotection and
cryopreservation. The success of cryoprotection
depends on the exposure time and temperature,
diffusion path, degree of penetration and chemical
toxicity of cryoprotectants, sufficient dehydration of
plant tissues [8].

Providing optimal conditions for saturation of
grape buds with cryoprotectants is possible with
innovative method of vacuum infiltration vitri-
fication (VIV). The results of successful application
of the vacuum infiltration technique and its
modification were for the first time presented by
us in grape cuttings [3—5]. Other investigators demon-
strated the VIVmethod in some plant embryos [6, 8].

The research aim was to comparatively analyze
the efficiency of the VIV technique and passive
saturation of isolated grape buds with PVS2.

Materials and Methods

The dormant Russian Concord grape buds along-
side with small 20-25 mm wooden section were
isolated from one-year vine collected during the
autumn-winter period. Isolated grape buds were
saturated with PVS 2 (30% glycerol, 15% ethylene
glycol, 15% dimethyl sulfoxide, 0.4M sucrose), com-
monly used for plant cryopreservation [6, 15]. This
solution was prepared with Murashige-Skoog nut-
rient medium. The efficiency of classical passive
saturation (60 min soaking in cryoprotective solu-
tion under standard atmosphere pressure and 18°C)
and the VIV method was compared.
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KpPIOKOHCEPBYBaHHS POCIMHHUX
o0’extiB [6, 15]. Hanwmii pos-
YUH TOTYBaJld Ha JKUBWJIBHOMY
cepenosuiti Mypacire-Cxkyra. [To-
piBHIOBaTM €(EKTHBHICT KJa-
CUYHOTO TIACUBHOTO HACHYEHHS
(60-xBWIIMHHE BUMOYYBAaHHSI y
Kp103aXHCHOMY PO3YHMHI 332 HOP-
MaJIBHOTO aTMOC(EpHOTO THUCKY
ta Temreparypu 18 °C) 1 mero-
xy VIV. i)

CxeMy MNpPUCTPOIO U HACH- L=
YeHHS! OpyHBOK BHHOTPAgy Me-
tonom VIV HaBeneHo Ha puc. 1.
Hwxue ommcano mpuHIUT poOo-
TH JIaHOTO TIPUCTPOIO Ta METO/IH-
Ka HacwueHHS. Bumineni crursadi
OpyHBKH BUHOTPAIY ITOMIIIAIOThH
y BakyyMHy Kamepy, 3 €IHaHYy
gepe3 marpyOoK 3 €MHICTIO, SKa
3aroBHEHa POOOYNM PO3UYUHOM
(PVS 2), a kpi3p TOpJIOBUHY —
3 BaKyyMHUM OUIaHroMm. [licisi nporo BigKpHBAaIOThH
3aTHCKad 1 BKJIIOYAIOTh BaKyyMHHMH Hacoc. Takum
YMHOM B €KCHUKAaTOpi, BAKYYMHIH Kamepi Ta €éMHOCTI
3 PVS 2 dopmyerses pospimxkena armocgepa. Tuck
BH3HAYAIOTh 32 JOMTOMOTOI0 Bakyymmetpa. [licis mo-
csrHeHHs Tucky 20 klla nepekpuBaroTh 3aTUCKay, 3a
paxyHOK pO3pIIHKEHOI aTMoc(epH BIPOIOBK 5 XB
BiIOyBa€eThCA neraszailis OpyHbOK Ta poOodoi pimu-
Hu. [licnms 3akiHueHHs Mporecy Jerasailii podody
PiAMHY 13 €MHOCTI TEPEIMBAIOTh y BAaKyyMHY Ka-
Mepy i3 OpyHbKaMU Ta eKCIOHYI0Th 15 xB mipu 40 kl1a
3a Temmeparypu 18 °C. Ilicas moOBUIBHO MiABH-
LIYIOTh THUCK JI0 aTMOC(EpPHOro 3a JOMOMOIoI0 Kpa-
HYy, SIKHI MIPUEAHAHO A0 BaKyyMHOI Marictpaii pos-
JUTI0BAaYEM IIOTOKY.

O0’eMHUM 1 CKJIATHUM IS KPIOKOHCEPBYBaHHS
00’€KTOM € BEereTaTUBHI OpYHBKH, SKi MICTATHh 3HA4-
HY KUJTBKICTh Pi3HOMAaHITHHX KaHAJIB Ta TMOPOKHUH.
3a arMoc(epHOTO THUCKY BOHH 3aITOBHEHI MTOBITPSIM.
Sxmmo 6pyHBKH cipoOyBaTH JIera3yBaTH y pooodoMy
pozunHi (PVS 2), To NOBITpst HE BCTUTa€ BUXOAUTH
1 pO3pHBaE KaHAIM Ta TMOPOXKHHUHU, IO MPU3BOIUTH
JI0 TIOUIKO/DKEHHST OpyHBOK. Sk mpaBumiio, mporec
Jerasaiii OpyHbOK YCKIJIQIHIOETCS HaIMIpHOIO B’ 513~
KICTIO pOOOYMX PO3YMHIB, TOMY IMeEpe]] MPOIECOM
HACUYCHHS TOPOKHUHHM OpPYHBOK CJiJ TiIgaBaTu
Jerasatii mpu po3piukeHiit armocgepi. Y upomy Bu-
MajKy TOBITPS BUXOOUTH 13 MOPOKHWUH, HE TIOII-
KOJDKytoun OpyHbKH. OTike, jperasailisi OpyHbOK Ta
po6od0i piTUHU € OJHUM i3 OCHOBHHX €TalliB MO-
NepHi30BaHOTO HaMu MeToxy VIV.

[Iporiec HacWueHHS TOYMHAETHCS 3 JIOJABaH-
Hsl poOOYOi PITMHM 710 BaKyyMHOI KaMepu 3 OpyHb-
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Puc. 1. MpucTpii anst HacuyeHHsa 6pyHLOK BUHOrpagy metogom VIV: 1 — 6pyHb-
KM BUHOrpagy, 2 — BakyyMHa Kamepa, 3 — €MHICTb i3 poboyoto piguHoto, 4 —
BayyMHWI LWNaHr, 5 — 3aTuckay nopadi Bakyymy, 6 — BaKkyyMHUI Hacoc, 7 — ek-
cukatop, 8 — BakyymmeTp, 9 — KpaH AN5 CTPaBMOBAHHA HAAMULLKOBOIO TUCKY,
10 - posaintoBayi NOTOKY.

Fig. 1. Device to saturate grape buds by VIV: 1 — grape buds; 2 — vacuum
chamber; 3 — container with working solution; 4 — vacuum tube; 5 — vacuum
supply clamp; 6 — vacuum pump; 7 — desiccator; 8 — vacuum gauge; 9 —
overpressure relief valve; 10 — flow dividers.

The scheme of the device to saturate the grape
buds by the VIV is shown in Figure 1. Hereinafter
an operating principle of this device and method
of saturation are described. The isolated dormant
grape buds were placed into a vacuum chamber
connected through a nozzle with a container full of
working solution (PVS 2), and through a neck with
a vacuum tube. Then the clamp was opened and
vacuum pump was turned on. Thus in desiccator,
vacuum chamber and container with PVS 2 a rare-
fied atmosphere was formed. The pressure was
measured using a vacuum gauge. After reaching
20 kPa the clamp was closed. Due to a rarefied
atmosphere there was a 5 min degassing of
grape buds and working solution. After degassing
the work solution was being moved from the
container to the vacuum chamber with grape
buds, where they were exposed for 15 min under
40 kPa at 18°C. Afterwards, the pressure was being
gradually increased to atmospheric level using a
tap connected to vacuum line by a flow splitter.

Vegetative buds containing a significant number
of various channels and cavities are bulky and
complicated objects for cryopreservation. Under
the atmospheric pressure they are full of air. If
grape buds are degassed in the working solution
(PVS 2) then an air will not be able to get out
in time and thereby it ruptures the channels and
cavities, resulting in a damage of grape buds. As
a rule, the process of grape buds’ degassing is
complicated by excessive viscosity of working
solutions, therefore the grape buds’ cavities
have to be exposed to degassing under rarefied




KaMH, SKi MOBHHHI OyTH TOBHICTIO 3aHypeHi y pi-
nuHy. lle jmocsiraeTbesi 3aBOSKM  BCTAaHOBJICHHIO
oOMexyBaua crMBaHHS OpyHboK. Ilpomec 3a-
KIHUY€ThCS JIMINE TICIs TMOBUIBHOTO ITiIBUIIICHHS
THUCKY -0 arMocC(epHOTo, IIiJ] Yac SKOTO piauHa
CHPSAMOBYETHCSI Y OUITBIN MTMOWHHI MIapu OpPYHBOK.
[Ipu npoMy NOBUIPHE 3HMXKEHHS BaKyyMy 3MEHILY€
BIpOTIZHICTD TPaBMYIOYOTO e(eKTy Ha OpYyHBKH.
KiJbKICHOIO 03HAKOI0 SAKICHOI'O HACHYEHHS € BiJl-
CYTHICTh TIIABAIOYMX HA TIOBEPXHI OpPYHBOK IiCIIs
MiJBUIICHHS THUCKY 10 arMocepHoro. 3a HasB-
HOCTI TIIABalOYMX OpPYHBOK iX BHOPAKOBYIOTH 13
noAanbpIiuX excrepuMeHTiB. Takuii edekt Moxke
OyTH TMOB’sA3aHUM 13 PI3HOIO aHAaTOMO-MOPQOIIO-
TIYHOIO CTPYKTYpOIO OpYHBOK Ta ITaroHiB BUHOT-
pany, sxka (QopMyeTbcs YHPOIOBXK BCHOTO BEreTa-
LIHHOTO TIePiofy.

EdexTuBHICT, HacWUEHHS OpPYHBOK OITIHIOBAIH
METOJIOM HHU3BKOTEMIIEpaTypHOi mudepeHItiaasHol
ckanyrodoi kamopumertpii (JICK) 3a 3miHor0 Temme-
paryp ¢Ga30BUX TEPEXOMiB, 3HIKCHHSIM CHTAJbBITIT
KpucTamizamii BoJAM 1 30UIbIICHHSIM CTpUOKa Tel-
JIOEMHOCT1 TIpH CKiayBaHHI [16]. Y po0OoTi BHKO-
pucroByBanu JICK Ha oCHOBI TpaaumiiiHOi KOHCT-
pykuii kanmopumerpa Kanbse [1], sikuii Oyno moxau-
¢ixoBano Ha 0a3i CKTbB IIIKiK HAH VYkpainu mis
JOCII/PKEHHS IIAPOKOTO Jiarma3oHy 00’€MiB 3pa3ka
Ta MOMKJIMBOCTI OXOJIOKCHHS 3 BHUCOKHMH LIBH]I-
kocTaMH. bpyHpkn (Maca =~ 1 r) 0e3 Kpio3aXHCHO-
TO PO3YHHY TOMIIMAIA y KaJIOPUMETPUIHY KOMip-
Ky. JJIg Kpamoro KOHTaKTy OpyHBOK 31 CTIHKaAMHU
KOMIPKH 3aCTOCOBYBQJIHM TMOPOIIOK OpOH3H. 3pa3kKu
oxoytopkyBaiu 3i mBuakicto 200 °C/xB. Tepmorpa-
MU PEECTPYBIIM TiJ Yac HArpiBaHHS 31 MIBHIKICTIO
0,5 °C/xB.

Jnst mepeBipkH CTaTUCTUYHOI 3HAYYIIOCTi BiJ-
MIHHOCTEH JOCTI/DKYBaHUX YHUCIIOBUX MOKAa3HUKIB
BukopuctoByBanu U-kputepiit Manna-YitHi (n = 6).
JlaHi HaBeEHO SIK CepelHE 3HAYCHHS + CTaHAapTHE
BIIXWJICHHS.

Pe3ynbraTu i 00roBopeHHsi

Amnaniz JICK-tepmorpam mokaszaB HacTymHe. Ha
JCK-tepmorpami Kpio3axucHoro po3unHy PVS 2
3apeeCTPOBAHO TUIBKH CTPUOOK TEIJIOEMHOCTI | TipH
temmeparypi —115,3°C, moB’si3aHuil 3 mepexoaom
i3 TBepAoamMop(HOrO CTaHy B CTaH IEPEOXOJION-
x)eHoi piguau (puc. 2a, 1). Ex3o- abo engorepmiu-
HUX TIKIB HE 3apeecTPOBAHO, IIO CBITYHUTH PO
BIJICYTHICTh KpHUCTAaJIi3alii K Ha eTarli OXOJO/KEeH-
Hf, Tak 1 Ha eTami HarpiBy. Toorto PVS 2 nHa erarmi
OXOIIOJKEHHSI TTOBHICTIO TIEPEXOIUTh y CKIOMOAI0-
HAW CTaH i3 BHCOKOIO CTaOUIBbHICTIO aMopdHOI
(ha3m, sKa, HaBITH 32 TTOBUIHLHOTO HATPIBY BUIIE TEM-
neparypu CKJIyBaHHS, He KpHcTamizyerbesa. Came

TennonormwHarHA, eHao
Heat absorption, endo
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Puc. 2. ICK-Tepmorpamu: a — PVS 2; b — 6pyHbku BUHO-
rpagy, HacudeHi PVS 2 metogom VIV; ¢ — 6pyHbKM BUHO-
rpagy, HacudeHi PVS 2 metogom BuModyBaHHS. 1 — pos-
CKMyBaHHS; 2 — KpucTanisauig; 3 — nepegnnasneHHs;
4 — nnaBreHHs.

Fig. 2. DSC-thermograms: a — PVS2; b — grape buds
saturated with PVS2 by VIV; ¢ — grape buds saturated with
PVS2 by soaking; 1 — vitrification; 2 — crystallization; 3 —
pre-melting; 4 — melting.

atmosphere before saturation. In this case the air
goes out of cavities without any damage to grape
buds. Thus, the degassing of buds and work solution
is one of the principal stages of the VIV method
modernized by us.

The saturation begins from adding the working
solution to vacuum chamber containing grape buds
that must be submerged into the solution. This is
achieved by installing the grape buds’ floating limiter.
The process ends only after a slow increase of the
pressure to atmospheric levels, under which the
solution is being directed into the deeper layers of
the grape buds. In addition, the slow decrease in
vacuum reduces the probability of causing the
traumatizing effect on grape buds. The quantitative
characteristic of high-quality saturation is the ab-
sence of floated buds after the increase in pressure
to atmospheric levels. The floated buds are being
excluded from the following experiments. Such
effect can be attributed to the different anatomical
and morphological structure of grape buds and cut-
tings that forms during the whole vegetation
period.

The efficiency of saturating grape buds was as-
sessed using Low-Temperature Differential Scan-
ning Calorimetry (DSC) by changing the tempera-
tures of phase transitions, reduction of water crys-
tallization enthalpy and increase in heat capacity
jump at glass transition [16]. In the research there
was used the DSC based on the Calve calorimeter
[1], which was modified at the Special Designing
and Technical Bureau with Experimental Unit of
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Puc. 3. Ctpubok tennonornmHavHa (ACp) y 6pyHbkax
BUHOrpaay, HacudyeHux PVS2 metogom VIV (1) i nacus-
HUM BMMOYYBaAHHAM (2); * — BIAMIHHOCTI CTaTUCTUYHO
3Ha4yLli MO BIAHOLWEHHIO A0 MAaCUBHOrO BMMOYYBaHHS
(p < 0,01, n =6).

Fig. 3. Heat absorption jump (ACp) of grape buds sa-
turated with PVS2 by VIV (1) and passive soaking (2);
* — differences are significant compared to passive
soaking (p < 0.01, n = 6).

3 IMM TMIOB’S3aHE LIMPOKE 3aCTOCYBaHHS IHOTO
PO3YHHY JJIsl KPIOKOHCEPBYBAHHS POCIIMHHUX 00’ €K-
TiB [15].

Ha JICK-tepmorpamax OpyHBOK BHHOTpPamy, SKi
Oynu HacuueHi PVS 2, xpiMm ckiyBaHHS, 3apeecTpo-
BaHO EK30TePMIYHMU TIK 3aBEpIICHHS KpUCTai3a-
uii Ha erami HarpiBy (puc. 2b, 2). Ile oOymoBneHO
BHUCOKHMMH ILIBUIKOCTSIMH OXOJIOMXKCHHS, SIKI BHKO-
pUCTaHO y pOOOTI UIsI OTPUMaHHS MaKCHMAaJIbHOI
KUTBKOCTI ckionofionHoi (as3u. Ilomanbmie HarpiBaH-
Hsi OpYHBOK MPUBOJMIO JIO PO3BUTKY IEepeIILIaB-
neHHs (puc. 2b, 3), sike MOB’S3yIOTh 13 TUIABICHHSIM
3B’s13aHOi BOJU. |HTEHCHUBHUI CHIOTEPMIUHUI TIIK
4 BiamoBigae rmiaBieHHIO Jboay. Ciil BiIMITHTH,
IO 1HTEHCHBHICTh TMEPEXOAIB y 3pa3kax OpYyHBOK,
ski Oynu HacuueHi merogamu VIV i macuBHOrO Ha-
CHUEHHS, CYTT€BO BinpizHsatoThcs. Tak, Ha JICK-Tep-
MoTpaMax OpYHBOK 3a BHUKOpHCTaHHS MmeTtomy VIV
CTpUOOK TEIUIOEMHOCTI TiJ Yac CKIlyBaHHS B J[Ba
pasu Oifbllle y MOpiBHSIHHI 3 TACHBHUM BHUMOYYBaH-
HAM (puc. 3), MO CBIMYUTEL MPO TEPEXi] 3HATYIIES
OLTBIIOT KUTBKOCTI PIIMHU OPYHBOK 1O CKJIOMOMIO-
HOi (pasu. TemmepaTypa TUTaBIICHHS TICIISI BUKOPH-
cranus Meroxy VIV na 4°C Hrkde, a eHTaJIbITIs TUTaB-
JICHHS! 3B’s13aHO1 BOAM BHIIE B 2,9 pa3u y TOpPiBHSH-
Hi 3 TPaJUIIHHUM METOJOM IaCHMBHOTO HACHYCHHS
(puc. 4). IIpy oMy 3HaUyIIE HIKIOIO € CHTAJIBITIS
IUTaBJICHHS JILOJLY.

OTtpumani pe3yabraTd MiATBEPIKYIOTh, 10 KOH-
LIEHTpAaIlisl KPiO3aXUCHUX PEUOBHH y OpYHBKax BH-
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the IPC&C of the NAS of Ukraine for studying
a wide range of sample sizes and possibility of
high-rate cooling. The buds (mass = 1g) were pla-
ced into calorimetric chamber without cryoprotec-
tive solution. Bronze powder was used to provide
better contact of buds with the chamber walls. The
samples were cooled with the rate of 200 deg/min.
The thermograms were recorded at heating with
the rate of 0.5 deg/min.

The Mann-Whitney U-test (n = 6) was used to
examine a significance of the differences of the
studied numerical indices. The data were presented
as the mean + standard deviation.

Results and discussion

The analysis of DSC-thermograms showed
the following. In the DSC-thermogram of cryopro-
tective solution PVS 2 there was recorded only a
heat capacity jump 1 at — 115.3°C, that was asso-
ciated with the transition from solid-amorphous
to supercooled liquid state (Fig 2a, 1). Exo- and
endothermic peaks were not recorded that sug-
gested the absence of crystallization both at the
stages of cooling and heating. Thus, when cooling
PVS 2 completely transforms into a vitreous
state with a high stability of amorphous phase,
which even at slow heating being higher than
the glass transition temperature, did not crys-
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Puc. 4. 3minn eHtanenii (AH) nig yac kpuctanisauii (1),
nepegnnaeneHHsa (2) Ta nnaBneHHsa (3) OpyHbOK BuU-
Horpaay, HacuyeHnx PVS2 metogom VIV (W) i nacus-
HUM BMMOYYBaAHHAM (O); * — BiAMIHHOCTiI CTaTUCTUYHO
3HayyLi NO BiJHOLEHHIO 4O MaCUBHOIO BMMOYYBaHHS
(p <0,01, n=6).

Fig. 4. Changes in enthalpy (AH) during crystallization
(1), pre-melting (2) and melting (3) of grape buds
saturated with PVS2 by VIV (m) and passive soaking
(O); * — differences are significant compared to passive
soaking (p < 0.01, n = 6).




HOTpaay 3HAYHO 30UIBIIYETHCS, & KiNbKICTh BUTBHOL
BOIM, SIKA KPUCTAJI3YETHCS i Yac OXOJIOKECHHS
3a BUKOpUCTaHHs Metoay VIV, icTOTHO 3MEHIIy€eTh-
csa. TepmiuHuWil aHaNi3 POCIMHHUX MarepialiB i3
3actocyBanHsaM J[CK nemMoHCTpye MiIHUH B3aeMo-
3B’S130K MK KpUCTaTi3aIli€ro ado IIaBICHHIM JIbOTY
Ta TIOMIKOPKCHHIMH OiojoridHuX 00’ekTiB [15].
Axe came ¢i3uKO-XiMidHI (haKTOPH, IO CYIPOBOI-
KYIOTh (ha30BHH MEpexiJ| «BOAA-JII» Ta «IiA-BOIa»,
€ TOJIOBHHMH Y BIUTHBI Ha 30€pekeHICTh O10I0Tiv-
HUX 00’€kTiB. TaKUM YHMHOM, 3aCTOCYBaHHS 3arpo-
MTOHOBAHOTO METOJy HAacHYEHHs OpYHbOK BHHOT-
pany MOKe 3HAYHO MiJBUIIMTH 1X BW)KUBAHHS IIiJ|
4yac KpiOKOHCEPBYBaHHSI.

3anpononoBanuii Metox VIV mMoxe craru oc-
HOBOIO 3araJlbHOi BHUCOKOIPOLYKTHUBHOI TEXHOJOTIi{
JUTSE 30€peKeHHS ex Situ TEHETUYIHUX PecypciB poc-
JIVH 13 pi3HOMaHITHUX CEPEIOBHII iICHYBaHHS.

BucHoBku

1. BcramoBneno, 1o eram jerasariii TKaHWH
OpYHBOK BUHOTPAJy Mepe]] 3aHYPEHHSIM Y Kpio3axuc-
HUI pO3YMH 3HMXKYE BIPOTIAHICTH IX MOIIKOJKECHHS
Ta TPUBOAUTH 10 €(PEKTUBHOTO MPOHUKHEHHS Kpio-
3aXMCHUX PEUOBHMH Y TKaHWHH OpPYHBOK MOPIBHSHO
3 TPaJULIHHIM METOJOM HACHYCHHS.

2. Meron BakyyM-iH}inbTparii 103BoJIsSE B J1Ba
pa3u CKOPOTHUTH Yac iHKyOarlii OpyHbOK BUHOTPALY Y
Kpi03aXHCHOMY PO3YHHI, IO 3MEHIIY€ BipOTiAHICTH
HWOTO TOKCHYHOI [Tii Ha 3pa3KHu.
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tallize. This prompts the wide-spread usage of
this solution for cryopreservation of plants [15].

Besides glass transition, in DSC-thermograms
of grape buds saturated with PVS 2 an exothermic
peak of crystallization termination at the heating
stage (Fig. 2b, 2) was recorded. This is caused by
high cooling rates used in the research for obtai-
ning maximal quantity of vitreous phase. Further
heating of buds resulted in the development of pre-
melting (Fig. 2b, 3), associated with melting of
bound water. The intensive endothermic peak 4
corresponds to an ice melting. It should be noted
that the intensity of transitions in the samples of
grape buds saturated by the VIV and soaking are
notably different. Thus, when using the VIV techni-
que in DSC-thermograms of grape buds a heat
capacity jump at glass transition is twice higher
than the one that occurs during the passive soaking
(Fig. 3), that indicates the transition of much higher
amount of grape buds’ liquid to a vitrified state.
The melting temperature after using the VIV is
by 4°C lower, and the melting enthalpy of bound
water is by 2.9 times higher if compared with
traditional method of passive saturation (Fig. 4). In
addition the enthalpy of ice melting is significantly
lower.

The findings confirm that the concentration of
cryoprotective solutions in grape buds significantly
increases and amount of free water crystallizing
during cooling by means of the VIV is much
lower. The thermal analysis of grape buds using
DSC demonstrates the strong correlation between
crystallization or ice melting and damage of plants
[15]. Namely the physical and chemical factors ac-
companying the ‘water-ice’ and ‘ice-water’ phase
transitions are the leading factors, affecting the integ-
rity of plants. Thus, the application of the proposed
technique or saturating grape buds can significantly
improve their survival rate during cryopreservation.

The VIV aproposed can become the basis
of the unified highly productive technology for
the ex situ preservation of genetic resources
of plants from various habitats.

Conclusions

1. It has been established that before submerging
into cryoprotective solution the degassing stage
of grape bud tissues decreases the probability of
their damage and causes an effective penetration
of cryoprotective solutions into the tissues of buds
compared to the traditional saturation.

2. The vacuum infiltration technique enables the
incubation of grape buds in cryoprotective solu-
tion at half the time that decreases the probability
of exposing the samples to toxins.
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