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Cryopreservation of Fruit-Berry Culture Cuttings

VYCTaHOBIICHO, YTO HAa JKM3HECIIOCOOHOCTh JICKOHCEPBUPOBAHHBIX YEPEHKOB OKA3bIBAIOT 3HAYMTENILHOC BIHSHHE TEMIIEpaTypa,
JUIMTEIIbHOCT XPaHEHHUs], BIAXKHOCTh, CKOPOCTH OXJIAKICHHS 1 0TorpeBa. ONpe/eseHb! 0y CTUMbIC 3HAYCHHUS BIAXKHOCTH, TapaMeTpBbl,
obecrieynBaloIe MaKCUMaIbHYI0 )KU3HECIIOCOOHOCTh YePEHKOB Oepe3bl, YepHO CMOPOIMHBI, MaJIHHbI, BUILIHU, COOTBETCTBYIOIIHE
32-40; 40-50; 37-40; 33—45% B ONOXKATEIEHOM Auana3oHe temmeparyp u 14-28, 30—40, 23, 37% — B orpunatenbHoM. CHIKEHUE
BJI2)KHOCTH IIPUBOJUT K 3)(EeKTy M1a3mMoIIn3a, a NpeBbllIeHHE — BHY TPUKICTOYHOMY KPHUCTaII000pa3oBanuio. [Ipy HCIOIb30BaHUK
Pa3INYHBIX PSKMMOB CYLIKH M OXJIaaeHHs co ckopocTbio 0,1°C/4 10 —20 °C ¢ mocneayouyM norpy;KeHUeM B XKHUIKHIT a30T BO3MOXKHA
peanu3anus )KU3HeCIIoCOOHOCTH JEKOHCEPBUPOBAHHEIX Y€PEHKOB cCMOpOAUHEI 1 6epessl 100 %, manuus — 88%, BumrHu — 57%.

Knrouegvie cnosa: 4epeHKH IIIOIOBO-TOAHBIX KYJIBTYpP, KDHOKOHCEPBUPOBAHHUE, JKU3HECIIOCOOHOCTD, INIUTEIBHOCTD XPaHCHNS,
BJIQXKHOCTB, CKOPOCTH OXJIAXKCHHS U OTOIPEBa.

BcraHoBneHo, 110 HA XKHUTTE3IATHICTh IEKOHCEPBOBAHHX JKUBIIB BILUIMBAIOTh TEMIIEpaTypa, TPUBAIICTh 30epiraHHsi, BOJIOTICTh,
IIBUIKICTh OXOJIO/PKEHHS 1 BiflirpiBaHHs. BU3HAa4YeHi NpUITyCTUMI 3HaYE€HHsI BOJIOTOCTI, TapaMeTpH, L0 3a0e3MeuyI0Th MAKCUMAJIbHY
JKUTTE3MATHICTD XKUBIIIB Oepe3n, YOPHOT CMOPOIMHH, MAIMHH, BUIIIHI, 1110 BiAmoBigawTs 32—40; 40—50; 37—40; 33—45% y mo3UTHBHOMY
niamasoni Temneparyp i 14-28, 30-40, 23, 37% — y HeraTUBHOMY. 3HM)KEHHSI BOJIOTOCTI IPHU3BOAUTH 10 e(eKTy Ia3mMolizy, a
HEePEBUILECHHS — 10 BHYTPILIHBOKIITHHHOTO KPHCTAIOyTBOPEeHHs. [Ipy BUKOpUCTaHHI PI3HUX PEKHUMIB CYIIiHHS 1 OXOJOKEHHS 3i
mBuakictio 0,1°C/rog 1o —20°C i 3 HACTYNHUM 3aHYPEHHSM Y PiKHI a30T MOXJIMBA )KUTTE3IATHICTD JAEKOHCEPBOBAHUX JKUBIIIB
cMopoaunu i 6epesu 100%, mamuau — 88%, BurHi — 57%.

Kniouosi cnosa: xuBui mi10q0BO-sATiHUX KYJIBTYp, KPIOKOHCEPBYBAaHHS, XKUTTE3IaTHICTh, TPUBAIICTD 30epiraHHs, BOJIOTICTS,
[IBUKOCTI OXOJIO/KCHHS 1 BiIirpiBaHHS.

It has been established that temperature, storage period, humidity, rates of cooling and thawing significantly affect viability of
frozen-thawed cuttings. The found permissible values of humidity, parameters, providing maximal viability of birch, black currant
berry, raspberry, cherry cuttings are 32—40; 40-50; 37-40; 33—-45% within the positive range of temperatures and 14-28, 30-40, 23,
37% within the negative range. Decrease of humidity results in plasmolysis, and exceeding does in intracellular crystal-formation.
During application of different regimens of drying and cooling with the rate of 0.1°C/hr down to —20°C with further plunging into
liquid nitrogen the viability of frozen-thawed cuttings of currant berry and birch made 100%, 88% for raspberry and 57% for cherry.

Key words: cuttings of fruit-berry cultures, cryopreservation, viability, storage period, humidity, rate of cooling and warming.

[Ipu OCTOSTHHOM COKpPAIICHUH MUPOBBIX PacTH-
TENBHBIX PECYPCOB COXPaHEHUE TeHOPOHAA KYJIBTyp-
HBIX U JUKOPACTYIIUX BHUIOB PACTEHUH SIBISETCA
akTyanpHOW mpobsemoii. OcOOeHHO Ba)keH BOMPOC
COXpaHEHHsI TeHIIIa3Mbl IIJIOOBBIX KYJBTYP B TOOETax,
MOYKax, CEMEHaX, MbUIbLIE, MEPUCTEMAaX M KYyJbType
invitro [1, 2, 6, 8—10]. B mpakTuke canoBoacTBa B Oc-
HOBHOM HCIIOJIB3YIOT BEr€TaTUBHBIE CIIOCOOBI Pa3MHO-
KECHHS, TIOCKOJIbKY TIPU Pa3MHOKEHHH CEMEHaMU B
MOTOMCTBE M3MEHSIETCS TeHOTHIT HCXOJHOTO COPTO-
Thma pactenus [1].

Hawryummii cioco0 coxpaHeHuns reHo(OoH/1a Bere-
TaTUBHO Pa3MHOXKAMOIIMXCS PACTEHUH — KPUOKOHCEP-
BHUPOBaHME BEPXyLICYHBIX MepucTeM moberos. JlaH-
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Gene fund preservation of cultural and wild-grow-
ing plant species at a steady reduction of world plant
resources is an actual problem.

The question of preservation of gene plasma of
fruit cultures in shoots, buds, seeds, pollen, meristems
and in vitro culture [1, 2, 6, 8—10] is especially impor-
tant. In practical gardening the vegetative reproduction
methods are generally used, whereas during seed
reproduction a genotype of plant initial variety changes
in progeny [1].

The best method of gene fund preservation of clonal
plants is cryopreservation of apical meristems of
cuttings. This method has many advantages, but it is
associated with development of special laboratory
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HBIH CTIOCO0 UMEET MHOTO IIPEUMYIIECTB, HO CBS3AH C
CO3/IaHMEM HEOOXOMMOH CTieMalTbHO JTabopaTopHOH
0a3bl, 3HAYUTEIILHBIMH 3aTpaTaMy pabovero BpeMeHH
KBJIN(UIUPOBAHHBIX CIELHATNUCTOB, CI0KHOCTHIO
BBIIIOJTHEHUS! IPOLEAYPHl PEreHepall MEPUCTEM,
OJHAKO IO CYIIECTBYIOIIUM (UHAHCOBHIM U MaTe-
PHAaJBHBIM YCIOBHSIM AesTenbHOCTH HalmoHansHoro
reHOaHKa YKpauHbl 00€CIEYNTh COXPaHHOCTH CYIIECT-
BYIOIIIMX 00pa31[0B HEBO3MOXKHO.

B 1959 . .M. TymaHOB 1 COaBT. yCTAaHOBHIIH, YTO
BETBH XOPOIIIO 3aKAJICHHBIX JPEBECHBIX U KyCTapHU-
KOBBIX MOPO30CTOWKHX PACTEHHIA MOTYT OBITh yCITEIII-
HO 3aMOPOXKEHBI J0 TEMIIePaTyphl )KHIKOTO a30Ta [6].
B nanbhetineM 3ot ¢akT noareepaua A. Sakai [8].
[locne orTanBanust uepeHKH Oepe3bl, YEPHOU CMOPO-
JVHBI, BUIIHY, sIOJIOHN BO30OHOBIISUTH POCT, PaCKphI-
BaJIM JIUCTHS, YKOPEHSUIUCH.

Hns o0ecrieueHns KU3HECTIOCOOHOCTH AEKOHCEP-
BHUPOBaHHBIX 00pa3noB Ha ypoBHe 20-30% ux BBICY-
mmBanu co ckopocthio 1°C/ua no 28-30 % BnaskHOCTH
C TIOCJIEAYIOUINM OXJIaXK/IEHHEM YePEHKOB BHHOTPaia
u si6goum ot —5 o —30°C [7, 8, 10]; cMOpoAUHBI U
KpBDKOBHUKA OT —5 10 —90°C [2]. 3aTeM ux momerianm
B IMaphl KUIKOTO a30Ta. Bmecte ¢ Tem B padore [3]
[TOKa3aHo, YTO CHIYKEHUE BIIAYKHOCTH HMCIIOIB3yEMbIX
00pa3noB 10 30% MPUBOIUT K 3HAYUTEITEHOMY CHUKE-
HUIO YPOBHS X KH3HECTIOCOOHOCTH.

BeposiTHO, a7s1 00pa3noB KaXa0ro BUIA KYJIBTyp-
HBIX PAacCTEHHUH cienyeT moa0upaTh OINpeleIeHHbIH
JMaTa30H BIYKHOCTH, PEKUM 3aMOPAKUBAHUSI C ONITH-
MaJIbHOH CKOPOCTBIO, KOHEUHYIO TEMIIEPATy Py OXJIakK-
JIEHUSI ¥ BPEeMsI BBIICPKKH IEpe]] MOrPYKEHUEM B
XKHUIKUH a30T, criocod oTorpesa.

Iens paboTer — omnpeaeneHre 06JacTH JAOMYCTH-
MBIX 3HAUCHHH, 00€CIeUNBAIONINX MAKCUMAIbHYIO
KHU3HECTIOCOOHOCTh JEKOHCEPBUPOBAHHBIX YCPEHKOB
IJIOIOBO-SITOAHBIX KYJIBTYD.

Matepuaabl u meToAbI

OOBeKkTOM HCClleIoBaHUS ObLTH YePEHKU YEPHOI
cmoponunsl “Jlaununa” (Ribes nigrum L.); BunHu
“Crennas” (Prunus cerasus L.); manuasl “HoBocTh
Ky3muna”(Rubus idaeus L.); s6n0um “benpiii Hanus”
(Malus domestica L.); cnuBbl “Penkiion”, “Yropka”
(Prunus domestica L.); Bunorpana “Jlupus™ (Vitis
labrusca L.). 11 KOHTpOIs BEIOpAHHBIX CIIOCOOOB
KPHUOKOHCEPBUPOBAHMUS MCITOJIL30BAIN YCPEHKH Oepe-
36l (Betula pubescens) n3-3a ©X BEICOKOH KPHOPE3HC-
TEHTHOCTH [3, 5, 6].

UepeHku Hape3aiu U3 OAHOJETHUX MOOEroB u
JISJTAITA Ha OT/IeIbHBIC 00pasibl 1Mo 10 + 2 mT. ;ymHOH
5-12 cm, nuametpom 0,5-1,2 cm. UepeHnku umenu ot
2 1o 5 BereraTuBHBIX NouekK. Ilepea BeICyIIMBaHUEM
MIPOBEPSUTN JKU3HECITOCOOHOCTh M HAYAIBHYIO BIIAXK-
HOCTBH 00pa3noB. J{js uccinenqoBanus oTonpany oopas-
LBl C )KU3HECIIOCOOHOCTHIO He MeHee 100%.

NMPOBJIEMbI
KPMOBMOJIOTUM
T. 19, 2009, N23

facilities, significant work breakdown of qualified
specialists, complication of carrying out the meristem
regeneration, however it is impossible to provide
viability of presenting samples according to financial
and material conditions of activity of the National
genebank of Ukraine.

In 1959 Tumanov et al. established that branches
of well-tempered woody and brushwood frost-resis-
tant plants might be successfully frozen down to
temperature of liquid nitrogen [6]. Further this fact
was confirmed by Sakai [8]. After thawing the cut-
tings of birch, black currant, cherry and apple tree
renewed growth, opened up leaves and took the roots.

For providing viability of frozen-thawed samples
at the level of 20-30% they were dried with 1°C/hr
rate up to 28-30% of humidity with further cooling
of apple and grape cuttings from —5 to -30°C [7, 8,
10], currant and gooseberry ones from —5 to 90°C
[2]. Then they were placed into liquid nitrogen vapors.
Herewith it has been shown in the paper [3] that redu-
ced humidity of used samples down to 30% results in
significant decrease of their viability level.

Probably the certain range of humidity, freezing
regimen with optimal rate, final temperature of
cooling and exposure time prior to plunging into liquid
nitrogen, thawing method for the samples of each
variety of culture plants should be selected.

The research aim was to determine the ranges of
permissible values, providing maximal viability of
frozen-thawed cuttings of fruit-berry cultures.

Materials and methods

The research objects were the cuttings of
Dachnitsa (Ribes nigrum L.) black currant; Stepnaya
(Prunus cerasus L.) cherry; Novost’ Kuz’mina
(Rubus idaeus L.) raspberry; Belyy Naliv (Malus
domestica L.) apple; Renklod, Ugorka (Prunus
domestica L.) prunes and Lidiya (Vitis labrusca L.)
grape. As the control for chosen cryopreservation
methods the birch (Betula pubescens) cuttings were
used due to their high cryoresistance [3, 5, 6].

The cuttings were cut from one year shoots and
divided into separated samples for 10 + 2 units of 5—
12 cm length and 0.5-1.2 cm diameter. The cuttings
had from 2 to 5 vegetative buds. Prior to drying the
viability and initial humidity of samples were examined.
There were selected the samples with not less than
100% viability for studying.

The samples’ humidity change was determined
after drying, cryopreservation, rehydration with mea-
suring and calculated according to the formula:

n=((m,—m,)/m)x100%,

where m, — initial mass of native sample, g; m, — final

mass of sample after dehydration to constant mass, g
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N3MeHeHue BIaXXHOCTH 00pa3IoB OMpeeisan
TIOCJIE BBICYIIMBAaHUS, KPHOKOHCEPBUPOBAHWS, pETUAPA-
TaI[MK B3BEIIMBAHUEM U PACCUUTHIBAIH 110 QopMyIIe:

n=((m,—m,)/ m)x100%,

rJ1e m,— HadaJlbHask Macca HaTMBHOTO 00pasua, r; m, —
KOHeYHasi Macca o0pasia nocie 00e3BOKHUBAHUS IO
ITOCTOSIHHOM Macchl, I.

3areM YepeHKH ACNUIN Ha TPYIIIBI U1 BBEICYIIMBA-
HUS TI0 TPEM PEXUMaM: aKTHBHBIH, ITOJTyaKTUBHBIMH,
naccuBHBINA. CTeTeHb BIaKHOCTH HATHBHBIX YEPEHKOB
n3MeHsau oT 50 1o 30% B COOTBETCTBHHM C yKa3aH-
HBIMH pEXHMaMU BBICYIINBaHHUs: akTUBHBIN C1 —
CyIIIJIbHAS KaMmepa, Temmeparypa 20 + 2°C, Bmax-
HOCTBh Bo3nyxa 25 + 5%, BeigepxKa 3-€ CyTOK;
nonyakTuBHbIN C2 — temneparypa 5 + 2°C, Brax-
HOCTb Bo3ayxa 75 + 5%; maccuBHbIi C3 — Temnepa-
Typa — 2 £ 2°C, BIaXHOCTh Bo3ayxa 85 + 5% [3]. s
COXpaHEHHUsS BIaXXHOCTH KOHIIBI YEPEHKOB ITEPeE]
OXJIXIEHUEM 00padaThIBaIN BOCKOM HIIH TapaHOM.

Paznble ckopocTH 3aMOpaXuBaHus, HEOOXOIUMBIE
JUTS1 KPHOKOHCEPBUPOBAHUS YEPEHKOB, TOTyYally B 1Ba
stama. Ha mepBoM 3Tarme mpuMeHsIH pekuM 3aMopa-
KMBaHUsI, OCHOBAHHBII Ha CTYTIEHYaTOM OXJIQXKICHUH
co ckopoctbio 0,1...0,01°C/a. O6pa3iel nomeman B
OBITOBBIC TEPMOCHI BMECTUMOCTRIO 1,5 1 2 11, 3aTeM B
pedprkepaTopsl B OXJIAXKIATU O TeMIeparyp —5...
—30°C c unrepsanom 5°C u Beiiepkkoi 1, 3 n 7 cyTok
cooTBeTcTBEHHO. Ha BTOpOM 3Tamne yacth 00pasLos,
rocie ux oxnaxaeHus 10 —20 u —30°C, u3BieKain u3
TEPMOCOB, TIOMEIIAIN B XOJIIIEBbIE MEIIIOYKH U TIOTPY-
KAl B )KUAKUH a30T co ckopocThio 600—800°C/muH.
O6pa3ubl XxpaHwiu B pedprxeparopax npH Temiepa-
Typax —5, —20 u -30°C, a Taxxe B KHIKOM a30Te C
BBIIEP)KKOW OT OJJHHUX CYTOK JIO OTHOTO TOJa.

[Nocne 3amopaskuBanus 00pa3uos 10 —196°C npu-
MEHSUIH TPU pexkuMa oTtauBanusi. OTTanBaHue oopas-
LIOB IO 1-My pexxumy, co ckopocThio 70°C/MuH, MPoBO-
o Ha Bo3nyxe mpu Temmepatrype 20°C. Bro-
PoO# pexuM, co ckopocThio 1-3°C/MuH, peann3oBbIBa-
JIY TIpY TMIOMEIIeHUH o0pa3loB B OBITOBOH TepMoc,
KOTOPBIM pa3MeIaif B XOJOIWIbHHUK MPH TEMIIEpa-
type 5°C. TpeTnii pe’KuM OCHOBAaH Ha CTYIIEHYaTOM
oTTanBaHuu co ckopoctbio 0,1°C/u: Ha 1-ii cTyneHn
1o temmnepatypsl —30°C, 2 -ii — no —20°C, 3-ii — no
—10°C, 4-i1— mo -5 °C, 5-#t — mo 5°C. Ilpu gocTmkeHnn
3a/laHHOM TeMIIepaTyphl Ha KaXI0i CTYIIEHU BBIIEP-
KHUBaJIH 00pa3Lbl B TCUCHUE CYTOK.

Pexxumbl 0XJ12KIeHUS K OTOTPEBa PETUCTPUPOBATII
XpOMEJTb-KOIIEIeBOM TepMoTIapoii mpu ckopoctsix 0,01—
0,1°C/4 Tecrepom EC-890G, 70-800°C/mun — rpago-
noctpoutenem H-307.

Brustaue ¢ dexToB HU3KOTEMIIEpaTypHOM CyOmn-
MalyH BHYTPUKJIETOUYHOH BOJIBI M IIA3MOJIN32a U3y YalIn
Ha OCHOBE MCCIIEJOBAHNUS TAPaMETPOB COXPAHHOCTHU U
KHU3HECIOCOOHOCTH YEPEHKOB, KOTOPhIE KOHTPO-
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Then the cuttings were divided into the groups for
drying by three regimens: active, semi-active, passive.
The humidity rate of native cuttings was changed from
50 down to 30% according to these drying regimens:
C1 active — the drying chamber with temperature of
20 = 2°C, 25 * 5% air humidity and 3 days of
exposure; C2 semi-active — temperature of 5 £ 2°C
and 75 £ 5% air humidity; C3 passive — temperature
of -2 £ 2°C and 85 * 5% air humidity [3]. The tips of
cuttings were treated with wax or paraffin wax prior
to cooling for humidity preservation.

The various rates of freezing necessary for cryo-
preservation of cuttings were obtained in two stages.
At stage 1 the freezing regimen, based on stepwise
cooling with 0.1...0.01°C/hr rate was used. The
samples were placed into domestic thermos flasks of
1.5 and 2 1, then into freezers and cooled down to
—5..-30°C with 5°C interval and 1, 3 and 7 days of
exposure, correspondingly. At stage 2 a part of samp-
les after their cooling down to —20 and —30°C were
taken out of thermos flasks, placed into linen bags
and plunged into liquid nitrogen with 600-800°C/min
rate. The samples were stored in freezers under -5,
—20 and —30°C and in liquid nitrogen with exposure
from a day to a year.

After sample freezing down to —196°C three tha-
wing regimens were used. Samples for the 1* regi-
mens were thawed with the rate of 70°C/min in air
under 20°C. At 2" regimen with 1-3°C/min samples
were put into domestic thermos flask, placing into
freezer under 5°C. The 3™ regimen was based on
stepwise thawing with 0.1°C/hr rate: at 1%, 2nd, 3rd,
4th and 5th stages it was warmed to —30, —20, —10,
-5 and 5°C, correspondingly. When achieving the
fixed temperature at each stage the samples were
exposed during a day.

The cooling and thawing regimens were recorded
by chromel-copel thermocouple at 0.01-0.1°C/hr
rates with EC-890G tester and 70—800°C/min with
H-307 plotter.

Effects of low temperature sublimation of intra-
cellular water and plasmolysis were investigated on
the base of studying the survival and viability para-
meters of cuttings, which were controlled after each
drying and freezing stage. The cuttings were placed
for hydration into exicator above distilled water, expo-
sed during 12 days under 5°C and then grown in vitro
(in the glass of water at 25°C). Swelling and growth
of buds testified to viability of the studied sample.
The percentage of sample viability was estimated as
aratio of cuttings’ number with opened buds to their
total number in the sample in vitro.

The integrity index was determined by histologic
sections of buds and cuttings, morphoanatomic studies
with use of MBS-9 microscope under 28-fold magni-
fication (preparing of buds and wood with determining
of their damage area by color) [5].
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JIMPOBAJIM TOCIE KaXXJAO0TO ATala BBICYIIMBAHUA H
3amMopaxuBaHud. J|JIsI BOCCTaHOBIEHUS BIAXHOCTH
YEepEeHKH NMOMELAIN B 9KCUKATOp, pacroyaras ux HaJ
JUCTHITTMPOBAHHOM BOZIOM, BELIEP)KUBAIN 12 CYTOK ITpH
temneparype 5°C, a 3aTeM NpopalrBaIy B yCIOBHIX
in vitro (B crakaHax ¢ Bogo# npu 25°C). HaOyxaunue n
pa3BUTHE MOYEK CBUAETEIBCTBOBAIIO O KU3HECIIO-
coOHocTH Hccneayemoro obpasua. IIponent xu3He-
CITOCOOHOCTH 00pa3iia ONEHUBAIN KaK OTHOIICHHE
KOJTMYECTBAa YEPEHKOB C PACKPBITBHIMHU MOYKAMH B
YCIIOBUSIX i1 Vitro K 00IIIeMy BX KOJIMYECTBY B 00pasIie.
[TokazaTens COXpaHHOCTH OIPEIEIISIIN TTOCPECT-
BOM 'ICTOJIOTMYECKHX CPE30B ITOYEK U YEPEHKOB, MOP-
(hoaHaTOMHUYECKHX UCCIIETOBAHHIA C HCIIOIH30BAHNEM
mukpockona MBC-9 npu yBennuenuu B 28 pa3 (mpe-
MapypoOBaHUE MMOYEK U APEBECUHBI C ONPENEICHUEM
TUIOMIA N VX TOBPEXKICHHS 110 IBETY) [S].
Craructuueckyto o0pabOTKy pe3ysbTaToB MPOBO-
JWJIH TI0 METOAY aNbTEPHATHBHOIO BapbHPOBaHHUs [4].

Pe3yAbTatbl M 00CYXKAeHHe

g ompeneneHust ONTHMAIBHOTO CIIoco0a KpHo-
KOHCEpBUPOBAHHS PA3TMYHBIX THIIOB YEPEHKOB pacTe-
HUH MBI BapbUPOBAIHA CKOPOCTH: O0E3BOKUBAHUS Ye-
penkoB B nporiecce cymku oT 0,1 mo 1% B cyTku [3];
oxnaxaerust o 0,01°C/4 1o 800°C/MHH ¢ BbIISPKKOH
pu Temmneparypax 5, -5, —10, —15, =20 u —30°C or
OJIHUX CYTOK JI0 ofHOTrO roxaa; ororpesa 0,1°C/4a u
70°C/mun. PesynbraTsl onbIToB nokasanu, 4to 100%-s
KHU3HECTIOCOOHOCTh YEPEHKOB Oepe3bl HalmonaeTcst
[IpY BBICYIIMBaHUU 00pa3uoB ot 37 10 33% npu Tem-
nepatrype oT 20 1o —2°C. CTonpoLeHTHbIE TOKa3aTENN
COXPAHHOCTH M XU3HECNOCOOHOCTH OM00OBEKTa
COOTBETCTBOBAIM M3MEHEHHUIO TEMITEPATYP B AUATIA30-
He 0T —5 10 —20 1 —196°C co cKkopOCTAMU OXTIAKICHUS
0,1°C/4 u 800°C/MHH COOTBETCTBEHHO, a OTOTPEBa
0,1°C/a u 70°C/muH (Tabm. 1). BiaxxHoCcTh HATUBHBIX
gepeHkoB coctapisuia 40,0 + 2,4%, nepen oxmaxme-
HueM BapbupoBaiia oT 33 1o 37%, a mocie ororpesa —
ot 15 1o 22%.

[Ipu xpaneHnn GMOOOBEKTOB B TEUCHHE 5 MECALIEB
B YCJIOBHSIX HU3KHX TemrepaTyp (—5°C) ku3Hecnoco0-
HOCTH cHu3mnack 10 30%, a cBepxHu3kux (—160...
—196°C) 6pu1a Ha ypoBHE 100%. ITokazaTens coxpaH-
HOCTH BO BCeX 00pa3Lax OCTaeTCcsi OTHOCUTENBHO BBI-
COKHMM, YTO YKa3bIBaeT Ha OTCYTCTBHE POCTa B HHUX
BHYTPUKJIETOYHBIX KPUCTAIUIOB. BeposiTHO, 4TO Npu-
YUHOW CHIDKEHUS KU3HECIIOCOOHOCTH 00pas3IoB sB-
JIieTCA yMEHbIIeHHE BIaxHOCcTH A0 13% mpu tem-
neparype xpanenus —5°C. Bmecrte ¢ TeM npu ypoBHE
BrnaxxHoctu 14% u temmneparype xpaneaus —28°C B
TeueHne 6 MecseB KU3HECTIOCOOHOCTh OMOOOBEKTa
HE U3MEHAJIACh.

B pesynbrare BrICyIIMBaHUS Y€PEHKOB YEPHOI
CMOPOJMHBI 10 TPEM PEXHMaM >KU3HECIIOCOOHOCTD
00pa3LoB He U3MEHSIIACh IIPU CHIKEHUH HX BIIAYKHOCTH
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Statistical processing was carried out according
to the method of alternative variation [4].

Results and discussion

For determination of optimal cryopreservation me-
thod for various types of plant cuttings we varied the
rates of cuttings’ dehydration during drying from 0.1
up to 1% a day [3]; cooling from 0.01°C/hr down to
800°C/min with exposure at 5, -5, —-10,—15, 20 and
-30°C from one day to one year; thawing from
0.1°C/hr up to 70°C/hr. The results of experiments
have shown that 100% viability of birch cuttings was
observed during drying of the samples from 37 down
to 33% at the temperature from 20 down to —2°C.
One hundred percent indices of integrity and viability
of bioobject corresponded to temperature change
within the range from —5 down to —20 and —196°C
with the cooling rates of 0.1°C/hr and 800°C/min, cor-
respondingly and thawing rates of 0.1°C/hr and
70°C/min (Table 1). Humidity of native cuttings made
40.0 £ 2.4%, prior to cooling it changed from 33 up to
37%, but after thawing it was from 15 up to 22%.

During storage of bioobjects for 5 months under
low temperatures (—5°C) viability reduced down to
30%, but under ultra-low ones (—160...—196°C) it was
at 100% level. The index of integrity in all samples
remains relatively high, that denotes the absence of
intracellular crystal growth in them. Probably the
cause of sample viability reduction is humidity de-
crease down to 13% under —5°C storage temperature.
Moreover under 14% humidity and —30°C storage
temperature during 6 months the viability of bioobject
did not change.

Due to drying of black currant berry cuttings by
three regimens the viability of samples during decrease
of their humidity down to 42% did not change. Cooling
of samples with the rate of 0.1°C/hr down to —20°C
and 800°C/min down to —196°C and their thawing
with 70°C/min rate enabled to obtain 100% viability
of frozen-thawed cuttings (Table 2). Herewith time
of exposure at —20 and —28°C varied from 10 to 60
days. Application of 0.1°C/hr slow rate of thawing
reduced the level of integrity and viability of 0-50%
in the samples, cooled down to —20 and —196°C.
Humidity of frozen-thawed samples, with 100%
viability varied from 34 to 43%.

Storage of samples during 6 months did not result
in decrease of their viability under —28 and —196°C,
but under higher temperatures (—=5°C) this index redu-
ced down to 70-80%.

For determining of minimally permissible value of
humidity of raspberry cuttings, providing maximal
viability of sample the three drying regimens were
used. It has been established, that this value make
37% [3]. Maximal viability of raspberry cuttings after
cooling down to —196°C (70%) was obtained under
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Taéauna 1. BiusiHue cTyneH4aToro oxJiaKAeHHs Y4ePEHKOB Oepe3bl Ha X )KU3HECTIOCOOHOCTD IPH OXJIXKIECHHHU CO
ckopoctbio 0,1°C/a no remneparypst —20°C 1 800°C/mun 10 —196°C

Table 1. Effect of stepwise cooling of birch cuttings on their viability during cooling with 0.1°C/hr rate

down to —20°C and 800°C/min down to —196°C

BaaskHOCTB TOCAE OxAa’kAeHEe A0 TeMIlepaTypEl, |  BaakHOCTB HOCAe
P CYLIKKA °C (BBIAGPIKKA,CYT) oTorpeBa CoxpaHHOCTh 7Knznecnoco6HOCTH
€KUM CYIITKHI g . s . o
Drving reqimen Humidity after Cooling down to the Humidity after Survival Viability
Tying reg drying temperature,”C warming S+m, % V=m, %
n=+m% (exposure, days) n=m,%
C1 328 £19 —20 (30) 146 = 1,1 100 =0 100 =0
C2 357 =21 —20 (30) * 223+ 1,5 100 =0 100 =0
C1 334 20 —20 (90); —30 (10) 18,6 = 1,4 100 =0 100 =0
c2 355 21 —20 (90); —30 (10) * 20+ 15 100 =0 100 =0
C1 324=+18 —20 (30); —196 (1) 18,6 = 1,4 100 =0 100 =0
C2 355 21 —20 (90); —30 (10); —196(1)* 20 =15 100 =0 100 =0
C3 36,5 = 2,2 —20 (30); —196 (1) 22+16 100 =0 100 =0
C3 369+ 23 —20 (30); — 196 (1) - 100 =0 100 =0

Ipumeyanue: BIOKHOCTh HATMBHBIX 4epeHKOB I, coctapuser 40,0 + 2,4%; miuna — 6+1cm; anamerp — 0,4+0,2 cM; ckopocThb

otorpeBa —0,1°C/au * — 70 °C/muH.

Notes: humidity of native cuttings N makes 40.0 2 .4%; length 6 + 1 cm; diameter 0.4 + 0.2 cm; thawing rate 0.1°C/hr and O 70°C/min.

10 ypoBHs 42%. OxnaxaeHue o0pasioB co CKOpOC-
tht0 0,1°C/u4 no Temneparypbl —20°C u 800°C/a g0
—196°C 1 ux otorpesa co ckopoctsio 70°C/MuH nanu
BO3MOXKHOCTB TOJIyYUTh KU3HECIOCOOHOCTh JIEKOH-
cepBupoBaHHBIX YyepeHKoB 100% (Tatdm. 2). [Ipu stom
BpeMs BBIAEPKKY Npu Temneparypax —20 u —28°C
BapsupoBaiio oT 10 1o 60 cyrok. Mcnions3oBanue HU3-
koii ckopoctu otorpesa (0,1°C/d) cHmkano ypoBeHb
COXpaHHOCTH U xu3Hecmocodnoctn 0-50% y obpas-
LIOB, oxJakAeHHbBIX 10 —20 1 —196°C. BinaxkHocTs Je-
KOHCEpPBUPOBAHHBIX 00pa3ios, nMmeronux 100%-to
YKU3HECITOCOOHOCTH, BapbupoBaia oT 34 10 43%.

Xpanenne 00pa3IioB B TeUeHHUE 6 MECSIIEB HE MTPH-
BOJIMJIO K CHIKCHHUIO X )KU3HECTIOCOOHOCTH B TIpOIIecce
XpaHeHus npu temneparypax —28 u —196°C, a npu
Ooutee BrICOKUX TeMniepaTtypax (—5°C) naHHBIN MOKa-
3areb cHrbkaicsa 1o 70—-80%.

st onpeiesieHrss MUHUMAJIBHO IOy CTUMOH BEJH-
YHMHBI BIQXKHOCTH YEPEHKOB MaJIMHBI, 00€CIeUnBalo-
el MakCUMaJIbHYHO )KH3HECIIOCOOHOCTh 00pasia,
WCIIONIb30Balld TPU PEKUMa BBICYIIUBAHUS. YcTa-
HOBJICHO, UTO JIaHHAsI BeTU4nHA cocTaBisieT 37% [3].
MakcumanbHasl )KH3HeCITOCOOHOCTh YePEHKOB MaJIi-
HBI ITOCJIE OXJIAKACHHS 0 TeMmeparypsl —196°C
(70%) mmomrydeHa mpy Ha9aJIbHOM BIIQYKHOCTH 00pasIa
38% (tabm. 3). [Ipu Bnaxxaoctr 34% ypOBEHB KHU3HE-
CrocoOHOCTH cHU3WICS A0 57%. Pa3opoc 3HaueHmit
BJI2YKHOCTH 00Pa31I0B MOCIIE OTTAUBAHHS COCTABII 24—
40%.

KusHecrnocoOHOCTh YEPEHKOB BHUILHHU MOCIE TITy-
00KOro 3aMOpakuBaHMs cocTaBmia 75% NpHu Havalb-
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38% initial humidity of sample (Table 3). Viability level
was decreased down to 57% under 34% humidity.
Data scattering of samples’ humidity after thawing
was 24-40%.

Viability of cherry cuttings after deep freezing was
75% when initial humidity of samples was 42% (Tab-
le 4), under 31% humidity it decreased down to 44%.

High data scattering of viability of Belyy Naliv
apple cuttings of 25-60% (Table 5) after their cooling
down to —15°C was due to low humidity of samples
after drying of 37-42% in relation to minimally
admissible value of 42% [3]. Death of samples during
cooling lower than —20°C with humidity of 44% was
stipulated by water surplus, resulted in intracellular
formation of ice and that of 27-37% by water defi-
ciency due to overdrying. Humidity of samples after
cooling made 34-39%.

Maximal viability of Lidiya grape cuttings (86%)
was obtained during cooling down to -20°C with
samples’ humidity of 37.4% after drying (Table 6).
The reduction of viability level down to 70% during
sample cooling down to —5°C was related to its humi-
dity, which was lower than minimally admissible level
of 37% [3]. The absence of viable samples after their
freezing down to liquid nitrogen temperatures likely
depends on surplus of intracellular water (37.2—
40.9%), resulting in formation of ice crystals, damag-
ing cells.

Viability of Ugorka prune cuttings, cooled down
to —15°C made 100% when using the high rate of
thawing of 70°C/min and 25% at low one of 0.1°C/hr
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Tabéauua 2. Biusaue cTyneH4aToro OXJIaKIeH!S YepEHKOB YepHOM cMOpoAuHbI “Jlaunuia”
Ha UX )KU3HECIIOCOOHOCTD ITPU OXJIaXIeHNH co ckopocThio 0,1 °C/a

1o temneparypsl —20°C u 800°C/munH 10 —196°C

Table 2. Effect of stepwise cooling of Dachnitsa black currant berry cuttings on their viability during cooling with
0.1°C/hr rate down to —20°C and 800°C/min down to —196°C

BAa@)KHOCTB TOCAE OxA@KAEHUE AO TeMIeparypsl, | BaakHOCTB mOCAe
P CYLIKH °C (BBIAGPIKKA,CYT) oTorpesa CoXpaHHOCTh 7Ku3HuecnocoGHOCTH
XM YLK Humidity after Cooling down to the Humidity after Survival Viabilit
Drying regimen umicityatte g umidity atte y
drying temperature,”C warming S+m, % V+m, %
n=m% (exposure, days) n=+m,%
C3 472 =28 —20 (60) 42,5 = 2,4 100 =0 1000
C3 48,2 =29 —28 (10) 38,5 = 2,5 100 =0 1000
C1 419+ 123 —20 (30); —196 (1) 337 =23 100 =0 1000
c2 457 = 2,4 —20 (30); —196 (1)* 358 =24 80 =4 50+6
C1 323=+19 —20 (30); —196 (1)* - 30 = 16 0=0
C1 419+ 23 —30 (10); —196 (1) 337 =23 100 =0 1000
C3 48,7 =29 —30 (10); —196 (1) 39,7 =26 100 =0 1000

IpuMeyanue: BIKHOCTh HATUBHBIX YEPEHKOB I cocTaBiseT 49,8 + 2,8%; numna — 7 + lem; gmamerp — 0,4 + 0,1 cM; ckopocTh
otorpeBa — 70°C/mus u * — 0,1°C/4.

Notes: humidity of native cuttings n 49.8 + 2.8%; length 7 £ 1 cm; diameter 0.4 £ 0.1 cm; thawing rate 70°C/min and [~ 0.1°C/hr.

Tadmuna 3. BiusiHue cTyneHYaToro oxyiax/JaeHus uepeHkoB Manuubl “HoBocts Ky3mMuHa” Ha X )KU3HECIIOCOOHOCTD MPH

oxJaxeHnu co ckopoctsio 0,1°C/4 o remmneparypst —20°C u 600°C/mun 10 —196 °C

Table 3. Effect of stepwise cooling of Novost’ Kuz’mina raspberry cuttings on their viability during cooling with
0.1°C/hr rate down to —20°C and 600°C/min down to —196°C

BaaskHOCTB MOCAE OxAa’KAeHEe A0 TeMIepaTypHl, |  BaakHOCTB HOCAE
PesRIIM CYIIKI CYyUIKHA °C (BBIAGDIKKA,CYT) oTorpesa CoXpaHHOCTh 7Knznecnoco6HOCTH
Drvin reyimen Humidity after Cooling down to the Humidity after Survival Viability
ying reg drying temperature,”C warming S+m, % V=m, %
n=m% (exposure, days) n=+m,%
- 40,0 =23 —5(30); —20 (30) 31,1 =18 100 =0 100 =0
C2 38,0 =22 —5(30); —20 (30); —30 (10) 233+ 1,6 100 =0 100 =0
C2 373 21 —30 (10) 303 =17 80 = 15 80 = 15
C3 383 =23 —20 (30); —196 (1) - 80 £ 15 70 = 16
C1 34,4 20 —20 (30); —196 (1) 298 = 1,7 70 = 16 57 = 17
Cc2 369+ 22 —20 (30); — 196 (1)* 11,8 =13 0+0 0=x0

Ipumeyanue: BIKXHOCTL HATUBHBIX Y€peHKOB N, coctasnser 40,0 + 2,4%; nauna 11 + 1 cm; nuamerp — 0,6 + 0,2 cM; ckopocThb

otorpea — 70 °C/muH 1 * — 0,1°C/4.

Notes: humidity of native cuttings N, makes 40.0 +2.4%; length 11 + 1 cm; diameter 0.6 + 0.2 cm; thawing rate 70°C/min and [ 0.1°C/hr.

HOW BJIaXXHOCTH 00pa3ioB 42% (tabin. 4), npu Biiax-
Hoctu 31% ona cHmxanace 10 44%.

Bricokuii pa3dpoc 3HaYCHUI KHU3HECTIOCOOHOCTH
yepeHKoB s10moHu “benbiit HamuB” 25-60% (Tadi. 5)
Imocje uX OXJaxkAeHUs A0 TemmepaTypsl —15°C
00ycCloBIIeH HU3KOW BIAXKHOCTHIO 00PAa3IOB MOCIe
BeICymmBaHus: 37-42% npu MUHIMAaJILHOM JOIYCTH-
MoM ypoBHE 42% [3]. ['ubens 00pa3oB npu oxJiax/ie-
Hun Hiwke —20°C ¢ BaaxxHOCTBIO 44% 00ycioBiIeHa
M30BITKOM BOIBI, KOTOPBIN IPUBOIMT K BHYTPUKIIETOY-
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(Table 7). For the cuttings of Renklod prune the similar
dependence was obtained (Table 8). The humidity
after thawing was 19-40%. After deep freezing the
viability of all frozen-thawed samples was absent.
The analysis of obtained results shows that the
cuttings of birch and black currant berry preserve
initial viability, resulting from use of different drying
regimens such as: stepwise cooling with the rate of
0.1°C/hr down to —20...-28°C, long-term storage at
—160..~196°C and further thawing with the rate of
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Taonnua 4. BiusHue cTylieH4aToro OXJIaxIeHHs YepeHKOB BUIIHY “CTenHast” Ha UX KHU3HECIIOCOOHOCTh MPH
oxJaxeHnu co ckopoctbio 0,1°C/a no remneparypst —20°C u 800°C/mun 10 —196°C, ckopocts otorpesa 70°C/mMun

Table 4. Effect of stepwise cooling of Stepnaya cherry cuttings on their viability during cooling
with 0.1°C/hr rate down to —20°C and 800°C/min down to —196°C, thawing rate is 70°C/min

BaaskaocTh mocae OxraKAEHHE AO TeMIIepaTypHhl, BaaskHOCTB TTOCAE
Y — CYIIKHA °C (BBIAGPIKKA,CYT) oTorpeBa CoXpaHHOCTh JKusHecnoco6HOCTH
Drvin reyimen Humidity after Cooling down to the Humidity after Survival Viability
Tying reg drying temperature,”C warming S+=m, % V=+=m %
n+m% (exposure, days) n=+m,%
C2 40 =23 —5(25); —20 (3) 32,4 £22 100 =0 80 = 13
- 42,0 =24 —5(30); —20 (30); —30 (19) 30,3 =21 100 =0 80 = 13
C2 35 =21 —20 (50); —30 (19) 37,4 =24 80 = 12 56 = 18
- 42,0 =24 —20 (30); —196 (1) — 80 = 12 75 = 14
C1 31 =16 —20 (30); —196 (1) - 90 = 10 44,4 = 14
- 42,0 =23 —20 (50); —30 (3); —196 (1) — 30 = 13 25 = 13
C1 - —20 (30); —196 (1)* - 20 = 12 0+0
- 42,0 =23 —20 (50); —30 (3); — 196 (1)* - 20 =12 0+0

IpuMeyanue: BIOKHOCTh HATHBHBIX Y€PEHKOB I cocTaBiseT 42,0 + 2,5%; mmina — 5 + lem, muamerp — 0,4 + 0,1 cM; ckopocTs

otorpea — 70°C/mus u * — 0,1°C/4.

Notes: humidity of native cuttings N makes 42.0 + 2.5%; length 5 + 1 cm; diameter 0.4 £ 0.1 cm; thawing rate 70°C/min and [3-0.1°C/hr.

Ta6auna 5. BrusiHue cTyneH4aToro oxXJIaKAeHUS YePEHKOB s10JI0HH “belblii HaMB” Ha UX )KMU3HECTIOCOOHOCTh MPH
oxJaxieHnH co ckopoctsio 0,1°C/a o Temneparypst —20, —28°C n 800°C/mun 1o —196°C

Table S. Effect of stepwise cooling of Belyy naliv apple cuttings on their viability during cooling with 0.1°C/hr rate
down to —20,-28°C and 800°C/min down to —196°C

BAaKHOCTB TOCAE o BA@KHOCTB TIOCAE
XAQJKACHTE
PerKIUM CYILIKIL CYIIKI 0 TEMIEDATYDELC oTorpesa CoxpaHHOCTh 7Kusnecnoco6HOCTH
Drvi th Humidity after AO TEMTIEPAaTYPEL, Humidity after Survival Viability
Tying regimen . Cooling down to the : o o
drying temperature,°C warming S+m % V+m, %
n =m% P ' n=m,%
Cc2 41,5 =22 —15 38,4 = 2,1 100 =0 60 = 15
C1 373 =23 —15 34,0 =20 100 =0 25 *= 14
- 44,4 =24 —15* 39,0 £22 40 = 15 0=x0
- 44,4 =25 —20 369 =21 80 = 14 40 =15
C1 331 *19 —20 - 60 = 15 0=0

Ipumeyanue: BIAKHOCTh HATMBHBIX Y€PEHKOB N cocTapiuseT 44,4 + 2,4%; nmuna — 6 + 1 cm; auamerp — 0,5 + 0,2 cm; CKOpOCTh

otorpeBa — 70°C/muH u * — 0,1°C/4.

Notes: humidity of native cuttings n,makes 44.4 + 2.4%; length 6 + 1 cm; diameter 0.5 £ 0.2 cm; thawing rate 70°C/min and O 0.1°C/hr.

HOMY 0oOpa3oBaHuto Jibaa, u 27-37% — e€ HemocTat-
KOM BCIIEICTBHE HX INepecylnBanus. BiaxxHoCTh
00pa3oB nocie oxyiaxaeHus cocraBuna 34—39%.
MaxkcumanbHasi )KU3HECIIOCOOHOCTh YEPEHKOB
BuHOTpana “Jlumus” (86%) moiryueHa mpy oXJIaxe-
HuH 110 Temrepatypbl —20°C ¢ BIaKHOCTBIO 00pa3ioB
nocne cymku 37,4% (tabn. 6). CHHKEeHUE YPOBHS
)u3HecrmocooHoctu 10 70% mpu oxmaxaeHnn oopas-
1I0B 110 TeMrreparypsl 5°C CBsI3aHO ¢ MX BIAKHOCTHIO,
KOTOpasi 0Ka3anach HHKe MUHUMAIBHO JOITYCTUMOTO
ypoBHs 37% [3]. OTcyTCTBUE KU3HECTIOCOOHBIX 00-
Pas3IIoB MOCIIE X 3aMOPAKUBAHUSI JI0 TEMIIEPATYPBhI JKH/T-

NMPOBJIEMbI 344

KPMOBMOJIOTUM
T. 19, 2009, Ne3

70°C/min. It has been shown that within positive range
of used temperatures the humidity level of birch
cuttings shoiuld be at least 32% (see Table 1) and 37%
for black currant berry (see Tavle 2). Under negative
temperatures (—28...—196°C) this index may decrease
down to 14 and 30%, correspondingly. The viability
of studied samples is sharply decreased lower than
these critical values due to hyperdehydration of cells
(plasmolysis effect).

For frozen-thawed cuttings of raspberry and apple
(see Table 3, 5) initial 100% viability is kept during
cooling down to —30 and —15°C, correspondingly.
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Tadnuua 6. BiusHue cTynieH49aToro OXIaaeHus 1 OTOTpeBa YepEeHKOB BUHOTpaaa “JInaus’” Ha UX KU3HECTIOCOOHOCTh
P OXJIaXKAeHUH co ckopocThio 0,1°C/a ¢ uHTepBasioM Temiieparyp 5°C u BBIIEpKKOH | CcyTKH 10 pa3HBIX TEMIIEpaTyp

Table 6. Effect of stepwise cooling and thawing of Lidiya grape cuttings on their viability during cooling with 0.1°C/hr

rate with 5°C interval of temperatures and 1 day exposure to different temperatures

BaaskHoCTb IOCAE o BaaskHOCTB 11OCAE
XADKACHUE
Pesxun cymxs CYIIKI A0 TeMIepaTypL,°C ororpesa CoxpaH_HOCTL )KH3He_cnqc_06HOCTL
Drvi . Humidity after . ' Humidity after Survival Viability
Tying regimen . Cooling down to the R o 2
drying temperature.°C warming S+m, % V+m, %
n=m% P ' n=m%
C1 330=19 -5 - 100 =0 70 = 15
C1 374 =21 —20 36,6 = 2,0 100 =0 86 = 12
C1 37,5 =21 —20 30,0 = 1,8 50 + 17 0=0
c2 40,7 = 2,2 —30 30,0 =1,8 20 =13 0=0
C1 382 =21 —20; — 196" 26,7 = 1,6 10 = 10 0=0
C1 409+ 22 —20; — 196 348 =15 10 =10 0=+0
C1 372 =21 —30; — 196" - 10 = 10 0=+0

IpuMeyanue: BIKHOCTh HATUBHBIX YEPEHKOB I, cocTaBiseT 49,4 + 2,7%; nmna — 8 + 1 cm; mmamerp — 0,5 + 0,1 cM; ckopocTh

otorpea — 70°C/mus u * — 0,1°C/4.

Notes: humidity of native cuttings n,makes 49.4 + 2.7%; length 8 + 1 cm; diameter 0.5 £ 0.1 cm; thawing rate 70°C/min and [}- 0.1°C/hr.

KOTO a30Ta, MO-BUANMOMY, 3aBUCHT OT M30BITKA BHY-
TPHUKJIeTOYHOM BoIbI (37,2—40,9%), pUBO/ISIIIEroO K 00pa-
30BaHUIO MTOBPEKIAAIONINX KIETKH KPHUCTAIUIOB JIbJIA.

Ku3HecmocoOHOCTh YEPEHKOB CIIMBBI COPTOTHUIIA
“Yropka”, oxnaxaeHHbIx 10 —15°C, cocrasmna 100%
MIPU MCTIOJIB30BaHUH BBICOKOW CKOPOCTH OTOTpEBa
(70°C/mun) 1 25% — nipu Hu3koi 0,1°C/4(tabdm. 7). dius
YEpPEHKOB CIUBHI coproTHna ‘“PeHknon” moiydeHa
notoOHas 3aBuCcUMOCTh (Tabu. §). BraxHocTh mocie
otorpesa cocrasuna 19—40%. Ilocne rmybokoro 3a-
MOpPaKUBaHUs! )KU3HECIIOCOOHOCTh BCEX JIEKOHCEPBU-
POBaHHBIX 00pa3LOB OTCYTCTBOBAJIA.

AHaH3 MOTyYSHHBIX PE3YIbTaTOB TOKA3BIBACT, YTO
YepeHKU Oepesbl, YepHOW CMOPOJUHBI COXPAHSIOT
HaYaITBHYIO XKH3HECTIOCOOHOCTh B pe3yJIbTaTe IMpHMe-
HEHUS Pa3IMYHBIX PEKUMOB CYIIKH: CTYIIEHYATOTO
oxJaxaeHus co ckopocthio 0,1°C/4 1o Temrieparypsl
—20...—28°C, AMUTEeNHHOTO XpaHeHHS IPH TEMITEPATY-
pax —160...—196°C u mocnenyomero OTTauBaHus Co
ckopoctbio 70°C/muH. [TokazaHo, 4TO B TOJI0KHUTENb-
HOM JIMara3oHe UCTIONb3yEMBIX TEMIIEPATYP yPOBEHb
BJIAXXHOCTH 00pa3LiOB YePEHKOB Oepe3bl 10TKEH OBITh
He MeHee 32% (cMm. Tabn. 1) u cmopoauusr — 37%
(cM. Tabu. 2). Ilpu oTpuIaTenbHBIX TeMIIepaTypax
(-28...-196°C) naHHBII TOKAa3aTEIh MOXKET CHUKATh-
cs1 1o 14 u 30% cooTBeTcTBeHHO. HIke TaHHBIX KpH-
TUYECKUX 3HAYCHUH BIAXXHOCTH >KU3HECTIOCOOHOCTD
HCCIIeTyeMBIX 00pa3II0B PE3KO CHUXKAETCS BCIIEJICTBUE
Ype3MEPHOro 00e3BOKMUBaHUS KIeTOK (3(deKT rmiaz-
MOJIH32).

s neKoHCEepBUPOBAaHHBIX YEPEHKOB MaJIMHBI U
ss010Hu (cM. Tabm. 3, 5) HavanbHas 100%-s1 sxu3He-
CITIOCOOHOCTE COXpaHICTCS IPH OXJIaxaeHun 10 —30 u
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Herein the humidity of samples should be at least 20
and 33%. Lower values of temperature result in reduc-
tion of indices of integrity and viability due to the
growth of intracellular ice crystals.

Combined application of drying, cooling, storage
and thawing methods for grape and prune cuttings
makes it possible to preserve the initial viability of
samples during cooling down to —15 and —10°C (Table
6, 7). Herewith permissible limit of initial humidity of
studied samples should be not lower than 37 and 45%
within the positive range of temperatures and 42 and
37% within a negative one.

Thus, the viability of frozen-thawed cuttings de-
pends on complex of factors, the most important of
which is the cooling rate. The viability level changes
from 0 to 100% during cooling (1-0.1°C/hr) down to
—20°C. The stepwise method of samples’ cooling in
thermos flasks from —5 down to —20°C with exposure
of about a day at each stage was the most producible.
The initial humidity of sample has optimal value, which
is determined with its minimal level, providing the
possibility of rehydration after thawing, and maximal
one, preventing growth of intracellular ice crystals.

It should be noted that during stepwise cooling the
absence of sample drying stage with low-temperature
sublimation of intracellular water is possible. The hu-
midity of samples after thawing reduces by 4-18%
and makes 24-40%. After rehydration the humidity
of viable samples varied from 18 up to 52% and that
of non-viable was 19-45%. The humidity in certain
sample reduced from 1 to 10%, that was associated
with irregular spreading of humidity along the whole
cutting (between the tips and center). This variation
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Tadauna 7. BiusiHue cTyneHuaTroro OXJax/JICHHUs YePEHKOB CIIMBBI COPTOTHIIA “Yropka’ Ha X )KU3HECTIOCOOHOCTh IPH

oxyaxkeHnu co ckopoctbio 0,1°C/4 o remneparypsr —20°C n 800°C/mun 10 —196°C

Table 7. Effect of stepwise cooling of Ugorka prune cuttings on their viability during cooling
with 0.1°C/hr rate down to —20°C and 800°C/min down to —196°C

OxraRAeHTE
Baa>kHOCTE HIOCAE B BaaskHOCTB 11IOCAE
A0 Temrieparypsl,°C
PEsKIM CVIIKY CYIIIKA (BHIAGDIRKA, CYT) oTorpeBa CoXpaHHOCTh JKusnecrnocoGHOCTH
) th Humidityafter IACP Oyt Humidity after Survival Viability
Drying regimen . Cooling down to the : Yo o IS
drying temperature,”C warming S+m, % V £=m, %
n£m% P ' n=m,%
(exposure, days)
— 46,0 = 2,8 —15 (90) 220+ 16 100 =0 100 =0
- 46,0 = 2,8 — 15 (90)* - 50 = 17 25 = 14
C1 357 £25 —20 (90) 290 =18 80 = 13 0=0
C3 40,2 = 2,6 —20 (90); —30 (20) 250 = 1,7 50 = 17 0=+0
- 46,0 = 2,8 —20 (90); —30 (20); —196 (1) 31,8 =18 20 =13 0+0
C3 39,0 =27 —20 (90); —30 (20); —196 (1) 30,1 =18 20 =13 0=+0
C2 369 *= 2,6 —20 (90); —30 (20); — 196 (1) 21,1 £16 50 = 17 00
C1 299 =18 —20 (90); —30 (20); —196 (1) 16,7 = 1,5 80 = 13 0=+0

Ipumeyanue: Ha9aNbHAs BIAKHOCTh YEPEHKOB N cocTaBnseT 46,0 + 2,8%; nmmna — 5 + 1 cv; amamerp — 0,4 + 0,1 cm; ckopocTh
otorpea — 70°C/mun u * — 0,1°C/4.

Notes: initial humidity of cuttings N makes 46.0 + 2.8%; length 5 £ 1 cm; diameter 0.4 + 0.1 cm; thawing rate 70°C/min and [~ 0.1°C/hr.

Ta0nnua 8. BnusHue cTyneH49aToro oXjaaxKAeHUs U OTOrpeBa YEPEHKOB CIIMBBI COpTOTHNA “PeHKIon” Ha X
KHU3HECIOCOOHOCTD TP OXJIaXKAeHHH co ckopocThio 0,1°C/d ¢ mHTepBaiom Temneparyp 5°C
1 [IEPHUOJIOM BBIIEPKKH | CYyTKH 10 pa3HBIX TEMIIEPaTyp

Table 8. Effect of stepwise cooling and thawing of Renklod prune cuttings on their viability

to different temperatures

during cooling with 0.1°C/hr rate with 5°C interval of temperatures and 1 day exposure

OxraRpAeHTEe
BaakHOCTB 0 TEMIEDATYDEL®C BaakHOCTB IIOCAE

PesRIIM CYIIKI TIOCAe CYIIKHU A (BBIAC ?KKapr ') oTorpesa CoxpaHHOCTh JKusHecrnocoGHOCTh

. ok Humidity AP ' CyT Humidity after Survival Viability

Drying regimen after drvin Cooling down to the warmin S=m, % V+m, Y

rylng temperature,”C g v v

n =m% n+=m,%
(exposure, days)
C3 46,0 =28 —10 (60) 40,6 =23 100 =0 100 =0
C3 46,0 =28 — 15 (60)* 18,5 = 1,4 50 = 17 0=0
C3 46,0 =238 —20 (60) 402 =23 80 = 13 100 =0
C3 46,0 =238 —20 (90) 383 22 50 = 17 412=%0

IIpuMeuyanue: HayadbHAs BIAXKHOCTH YEPEHKOB N. cocTaBiusieT 49,4 + 2,9%; mmmua — 6 + 1 cM; guametrp — 0,5 +£ 0,1 cM; ckOpoCTh
0 9 b bl b 9 9 9

otorpesa — 70°C/mun u * — 0,1°C/4.

Notes: initial humidity of cuttings N, makes makes 49.4+2.9%; length 6 + 1 cm; diameter 0.5 £ 0.1 ¢cm; thawing rate 70°C/min and [J-

0.1°C/hr.

—15°C cootBercTBeHHO. BiaxHocTh 00pa3LoB npu
aToM JtoibkHa ObITh He HInke 20 u 33%. bonee Huzkue
3HAYEHUS TEMITEPaTyPhI IPUBOAAT K CHUIKEHHUIO ITOKa-
3arenell COXpaHHOCTU M JKM3HECHOCOOHOCTH BCIE.-
CTBHE pOCTa BHYTPUKIETOYHBIX KPUCTAJIIOB JIBJA.
[Ipumenenne KoMIIEKCa CITOCOO0B BRICYIITBAHNS,
OXJIQKJICHNS1, XpPaHEHNS M OTTanBaHUS YEPEHKOB BUHO-
rpaza v CJIMBbI 1aeT BO3MOKHOCTb COXPaHUTh HauyaJlb-
HYIO H3HECTIOCOOHOCTH 00pa3L0B NP OXJIaKACHUH
1o —15 u —10°C (tabn. 6, 7). [Ipu 3TOM JOIMyCTUMBIH
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of indices of sample humidity after thawing denotes
the necessity of studying the cuttings’ storage condi-
tions under low temperatures and rehydration as their
viability criterion.

Thus, establishment of permissible values of humi-
dity, cooling-thawing rates, temperature and exposure
term of samples prior to plunging into liquid nitrogen
of birch, current berry, raspberry and cherry cuttings
made possible to increase viability of frozen-thawed
samples in 2-5 times in comparison to the present
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Tpenes HadaabHOW BIAKHOCTH HCCIIETyeMBIX 00pas-
0B He JOJDKEH OBITh HIDKE 37 1 45% B OJIOKATEIIEHOM
JuanaszoHe Temreparyp 42 u 37% — B OTpULIATEIEHOM.

Takum 0O6pa3oM, KHU3HECTIOCOOHOCTh JIEKOHCEPBH-
POBaHHBIX YEPEHKOB 3aBUCHUT OT KOMIUIEKCa (haKTOPOB,
HauOornee 3HAUYUTEIbHBIM W3 KOTOPBIX SIBISETCS
CKOPOCTh OXJIKICHUS. YPOBEHb KH3HECIIOCOOHOCTH
m3Mmensiercs ot 0 mo 100% npu oxnaxaennu (1-
0,1°C/4) mo Temneparypsl —20°C. Haubonee ¢ dex-
THUBHBIM OKa3aJICS CTYIIEHYATBIN CIIOCO0 OXJIaKICHUS
00pa3ioB B TepMoOcax OT TemuepaTypbl —5 10 —20°C
C BBIJEPKKOM OKOJIO CYTOK Ha KaKaou cryneHu. Ha-
yajbHas BJIAJXHOCTb 00pa3iia MMEET ONTHUMAJIbHOE
3HAYCHHE, KOTOPOE OMPEEIIIETCS] €70 MUHUMAIBHBIM
YpOBHEM, 00€CTIEUNBAIOIIMM BO3MOKHOCTh PETHIpa-
TaIMH TI0CJIe OTTANBAHUS, 1 MAKCUMAJIbHBIM, TIPEIIST-
CTBYIOIIUM POCTY BHYTPHUKIETOYHBIX KPHCTAJIIOB
h11:91 70

Crnemyer OTMETHTB, YTO MTPH CTYIICHYATOM OXJIaXkK-
JICHUY BO3MOYKHO UCKITFOUEHUE dTarla CYIIKH 00pa3IioB
C TIOMOIIIBIO HU3KOTEMIIEpaTypHOU CyOIMManuy BHYT-
PHUKJIETOYHON BOJBIL. BiiakHOCTH 00pa3IioB MoCje OT-
TauBaHUs yMeHbImaercs Ha 4—18% u cocrapisier 24—
40%. ITocie peruapaTariie BIaXXHOCTE KH3HECTIOC00-
HBIX 00pa31oB BapbupoBaia oT 18 mo 52% u Hexus-
HecnocoOHBIX — 19-45%. BnakHOCTL B OTAEILHOM
oOpasue ymenbimanack ¢ 1 1o 10%, uTo cBsi3aHo ¢ He-
PaBHOMEPHOCTBIO paclpeeleHus] BIaXHOCTH I10
JUTMHE YepeHKa (MEeXTy KOHIIaMH U cepetuHoi ). Takoe
BapbUpPOBaHUE MOKa3aTelel BIaXKHOCTH 00pa3loB
roclie OTTauBaHUs YKa3bIBaeT HA HEOOXOAMMOCTh
M3y4YeHUS YCIIOBUM XpaHEHHS YEPEHKOB MPU HUZKHUX
TeMIepaTypax u peruJipaTaiiu Kak KpUTEpHUs UX
YKU3HECTIOCOOHOCTH.

Takum 00pa3om, yCTaHOBJICHHE JOITyCTHMBIX 3HA-
YEHUN BJIAXKHOCTH, CKOPOCTEN OXJIAXKJIEHUA-OTTanuBa-
HUSI, TEMIEPATyPhl U BPEMEHH BBIJCPIKKH 00pa3IioB
nepest NOrpyKEHUEM B XKHIKUH a30T YePSHKOB Oepe3bl,
CMOPOJIUHBI, MAJUHBI, BUITHHA a0 BO3MOXHOCTH
YBEITUYUTH JKU3HECTIOCOOHOCTD JIEKOHCEPBUPOBAHHBIX
00pas1oB B 2—5 pa3 1o CPaBHEHHIO C CYIIECTBYIOIINMHU
crocobaMu KpuokoHcepBupoBaHus [2, 6—10]. s ge-
PEHKOB SI0JIOHU, CIIMBHI, BUHOTPaIa HEOOXOIUMO
IIPOBOJIUTH JIOTIOTHUTEIBHBIE HCCIIEIOBAHUS C TENTBI0
YCTaHOBIICHUS] 3aKOHOMEPHOCTEH HETaTUBHOTO BITHSI-
HUS IJ1a3MOJTH3a U BHY TPUKIIETOYHOTO KPUCTAIIIO00pa-
30BaHMS Ha OCHOBE METOJIOB MHOTO(hAaKTOPHOTO aHa-
ni3a [4].

BbiBOADI

1. O6macTu JOMyCTUMBIX 3HAUYCHHUH, 00ecIeun-
BaOIUX MAaKCHUMAaJbHYIO )KH3HECITOCOOHOCTh HCCIIe-
JyeMBIX YepEeHKOB Oepe3bl, YePHOH CMOPOIMHEI, Ma-
JIUHBIL, BUILIHUA COOTBETCTBYIOT BlIaxkHOCTH 32—40; 40—
50; 37-40; 33—45% B OJI0KUTEIILHOM TUAITA30HE TEM-
niepatyp u 14-28; 30—40; 23; 37 % — B OTpULIATETBHOM.
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methods of cryopreservation [2, 6—10]. For cuttings
of apple, prune and grape it is necessary to carry out
additional studies, aimed to reveal the regularities of
plasmolysis and intracellular crystal-formation
negative effect based on methods of multifactor ana-
lysis [4].

Conclusions

1. Ranges of permissible values, providing maxi-
mal viability of studied cuttings of birch, black currant
berry, raspberry, cherry correspond to humidity of 32—
40; 40-50; 37-40; 33—45% within the positive range
of temperatures and 14-28, 30—40, 23, 37% within
the negative one.

During application of different regimens of drying
and cooling with rate of 0.1°C/hr down to —20°C with
further plunging of samples into liquid nitrogen one
may provide viability of frozen-thawed cuttings of
currant berry and birch at the level of 100%, 88% for
raspberry and 57% for cherry.
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2. I1pu ncrionp30BaHMY PA3THIHBIX PEKUMOB CYIIIKH

U oxJiaxaeHust co ckopocThio 0,1°C/4 1o —20°C ¢ moc-
JIEAYIOMIMM TIOTPY>KEHHEM 00pa3IoB B KUAKHMA a30T
MOKHO 00€CIICUUTh KU3HECTIOCOOHOCTh JICKOHCEPBH-
POBaHHBIX YEPEHKOB CMOPOINHBI 1 Oepe3bl Ha YPOBHE
100%, manuubl — 88%, BumHl — 57%.
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