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Reproducibility of Results for Cryopreservation
of Different Variety Cuttings of Pomefruit Trees

[Tony4eHsl )Kn3HECTIOCOOHBIE AeKOHCEPBUPOBaHHBIE 00pa3iipl siononu (benblit Hanus, Tepemok, Panocts), rpymu (Bennka mitHs,
Vmobnena Knana, Brana, 3enena Muiiscbka). [Ipy momoy AUCIIEPCHOHHOTO aHAIN3a YCTAHOBJICHO, YTO BEPOSTHOCTD Pa3BUTHUS
JICKOHCEPBUPOBAaHHbBIX YSPEHKOB PACTCHHUHU 3aBUCHT OT COpPTa U criocoba KpuokoHcepBrpoBanus. CpeHre MoKa3aTeiy XXU3HECIIOCOOHOCTH
JUISL Pa3HBIX COPTOB sI0JIOHM oTiiM4aroTcst Ha 32% u rpymun — Ha 86%. MakcuMmasbHbIe IOKa3aTeln XKH3HECIIOCOOHOCTH YEePEHKOB
HOJTY4€eHBI IocjIe UX TemieparypHoi agantanuu npu —10 °C B reuenue 14-60 cyTok, CTyIeHYaTOro OXJIaXAEHUS co ckopocThio 0,1—
0,5°C/4a mo —30 °C (BeigepkKa 3—7 CYTOK) MPSIMOTO TIOTPYXKCHUSA B JKUIKUI a30T, XpaHeHUs B TedeHue ot 1 10 30 cyTok u oTorpesa
co ckopocThio 70 °C/MuH.

Kniouesvie cnosa: yepeHku si0IOHU U IPYIIH, KPHOKOHCEPBUPOBAHHUE, )KHU3HECTIOCOOHOCTE, 3 (HEKTUBHOCTD, CKOPOCTH OXJIAXKICHHUSI
U OTOTpeBa.

OpepyxaHi KUTTE3aTHI JekoHcepBoBaHi 3pa3ku s10:1yHi (Bensiit nanus, Tepemok, Pagocts), rpywi (Benuka miths, YimoOnena
Knamna, Brana, 3enena MuniiBcbka). 3a 10OMOroro AUCIEPCiiiHOTO aHalli3y BUSBICHO, IO BIpOTiAHICTh PO3BUTKY JEKOHCEPBOBAHHX
JKMBLIIB POCIIHH 3aJIe)KUTh BiJl COPTY i criocoly KpiokoHcepByBaHHs. CepelHi MOKa3HUKH KUTTE3AATHOCTI PI3HUX COPTIB sOJIyHI
Biapi3HsroThest Ha 32% i rpymi — Ha 86%. MakcuMalibHi NTOKa3HUKH JKUTTE3AaTHOCTI KHUBLIB OJEpKaHi Mmicis iX TeMrepaTypHoi
amanrauii npu —10 °C npotsarom 14-60 1i6, cTyniHYacToro 0XosopKeHHs 3paskis i3 muakictio 0,1-0,5 °C/roa no —30 °C 3 BUTpHM-
K010 3—7 11i6, pH HaCTYITHOMY NPSIMOMY 3aHYpPEHHI B pinkuii a30T, 36epiranHi crpokoM Big 1 1o 30 ai6 i BixirpiBaHHi 3i LIBHIKICTIO
70°C/xB.

Knrouosi crosa: xuBui s01yHi 1 Tpyiini, KpiOKOHCEPBYBaHHS, XHUTTE3AATHICTh, €QEKTUBHICTD, IMIBHAKOCTI OXOJOKEHHS i
BiflirpiBaHHSI.

Viable frozen-thawed samples of apple (Belyy Naliv, Teremok, Radost), pear (Velyka Litnya, Ulyublena Klapa, Vdala, Zelena
Mliivska) were obtained. With dispersion analysis it has been established that the development probability of frozen-thawed plant
cuttings depends on variety and cryopreservation method. Mean indices of viability for different apple varieties differ by 32% and
pear by 86%. Maximal indices of cuttings’ viability are obtained after their temperature adaptation at —10°C during 14+60 days,
stepwise cooling of the samples with 0.1-0.5°C/hr rate down to —30°C (exposure 3-7 days), direct plunging into liquid nitrogen,

storage from 1 to 30 days and thawing rate of 70°C/min.

Key-words: apple and pear cuttings, cryopreservation, viability, efficiency, cooling and thawing rates.

st obecrieueHns )KU3HECTTIOCOOHOCTH JEKOHCEp-
BHPOBAaHHBIX Y€PEHKOB 50710HU Ha ypoBHE 20—30% mx
MIPEIBAPUTENBHO BBHICYIIHMBAIOT 10 30% BIaXKHOCTH €
MOCTEAYIOMINM OXJIaXIEHHEM cO cKopocTbio 1°C/d 1o
-30°C [6, 8]. OgHako MaHHBIH CIOCOO KPHOKOHCEP-
BUPOBAHUS YSPEHKOB sI0/1I0HU copTa bemnblilt HanuB He
MTO3BOJIII TIOJYYHUTh KH3HECTIOCOOHBIE 00pa3is [2].
BepodartHo, 4TO A7 KPHOKOHCEPBUPOBAHUS KaXKIOTO
COPTOTHIA KYJIBTYPHBIX PAaCTEHUI HEOOXOINMO ITOI0H-
paTh COOTBETCTBYIOIINE YCIOBHS: BIAXHOCTH 00pa3-
LIOB; PEXXUM 3aMOPAXMBAHHUS, HIMEIONIUI ONTHMab-
HYIO0 CKOPOCTh M KOHEUHYIO TEMIEPATYPy OXJIaXKie-
HHUS; BpeMsI UX BBIIEPKKHU IMepe] MOTPYKeHHEM B
JKUAKUH a30T; CIIOCO0 OTOTpERA.

[oBblIeHNEe ypOBHSA KU3HECIOCOOHOCTH IEKOH-
CEpBUPOBAHHOTO 00BEKTA — OJJH U3 ACHIEKTOB pellie-
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To provide viability of frozen-thawed apple cuttings
at the level of 20-30% they were previously dried-up
to 30% humidity with further cooling rate of 1°C/hr
down to —30°C [6, 8]. However this cryopreservation
method of Belyy Naliv apple cuttings did not enable
the obtaining of viable samples [2]. It is likely that for
cryopreservation of each plant variety it is necessary
to select the corresponding protocols such as: samp-
les’ humidity, freezing regimen with optimal rate and
final temperature of cooling, their exposure term prior
to plunging into liquid nitrogen, thawing method.

The increase of frozen-thawed object viability
level is one of the aspects of solving the problem of
reproducing the experimental results, based on
optimization of variety of interrelated biological and
physical and chemical parameters. High variation of
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HUS 3371491 BOCTIPOM3BOAMMOCTH PE3YJIBTaTOB AKCIIe-
pUMEHTa OCHOBAaHHOTO Ha ONTHMU3AI[MH MHOXKECTBA
B3aUMOCBSI3AHHBIX OMOJIOTHUECKUX U (PU3UKO-XUMU-
YEeCKMX IapaMeTpoB. Beicokast Bapuaiiys mapaMeTpos,
BIUSIONIUX HA COXPAaHHOCTh JIEKOHCEPBHPOBAHHOIO
00beKTa, SBISETCSA OCHOBHOW MPUYMHON HUZKOTO
YPOBHS BOCIIPOU3BOIUMOCTH PE3YIBTATOB IKCIIEPH-
MenTa. KoahduimeHt Bapuauu )KU3HeCrnocoOHOCTH
JIEKOHCEPBUPOBAHHBIX YEPEHKOB PACTEHHIA IOCTUTAET
100%. CnenoBaTenbHO, AJS MOJTyYEeHUS JOCTOBEPHBIX
PE3yNIbTaTOB HEOOXOANMO HEOTHOKPATHOE TIOBTOPEHHE
OTIBITOB, YTO TpedyeT OONBIIOTrO pacxona OMOIIOTH-
yeckoro Marepuania [4].

Jlnist mpoBe ieHus OTHOTO (hJaKTOPHOTO KPHOOHOIIO-
TUYECKOTO IKCTIIEPUMEHTAa HEOOXOANMMO HECKOJBKO
JECSITKOB ThICSTY P00 N = nxhé [5], MOCKONBKY KOJH-
YEeCTBO MPOO (YEPEHKOB) B OTHOM OIBITE COCTABIISCT
n = 30, uccnenyemsix (pakTopoB — & = 4 pu ypoBHE
ux rpagauuu g = 5. IlocnenoBaTeslbHOE ONTUMHU3UPO-
BaHHUE TEXHOJIOTHIECCKUX [TapaMETPOB Ha KXKIOM ITarle
KPHOKOHCEPBHUPOBAHUS OMOOOHEKTA TAET BO3MOXKHOCTh
YMEHBIIUTH UX YHACIIO. BRIsSBICHNE 3HAYUMBIX (PaKTO-
POB Ha OCHOBE TUCIIEPCHOHHOTO MIIA PETPECCHOHHOTO
aHalmM3a YMEHbBIAeT ux 4ucio a0 7 =3 £2 [4, 5].
KomuuectBo rpamanuii mpu rpafueHTHOM ITOHMCKE
ONTUMAITLHBIX 3HAYCHHUN CCIIETyeMBIX (PAKTOPOB COK-
pamaercs 10 g = 3 £ 1 [4, 5]. MHOTOKpaTHOE YMEHb-
meHne komudecTra mpod (n < 30) ocymecTBiseTcs 3a
CYeT y4yeTa WHAUBUIYalIbHBIX CBOMCTB OMOOOBEKTA U
MOBBIIIEHUS 3 ()EKTUBHOCTH €TI0 UCIOJIb30BaHUS B
MIPOIIECCE UCCIIEAOBAHMSL.

[ToBbllIcHHE BOCIPOU3BOIUMOCTH PE3YJIbTATOR
COXPaHHOCTH YePSHKOB PACTEHHI CBSI3aHO C HEOOXO/H-
MOCTBIO HCCIIEIOBaHUS CBOHCTB OMO0OBEKTa, 00ycC-
JIOBJIEHHBIX €0 BUJIOM B copToM. CIIeZIoBaTeNbHO, U3Y-
YeHHe 3aKOHOMEPHOCTEH BOCTIPOU3BOTUMOCTH PE3YIIhb-
TaTOB KPHOKOHCEPBUPOBAHUS MEPUCTUMAIBHBIX KJIe-
TOK SIBJIAETCS AaKTYaIBHOM 3a1a4el, peleHne KOTopon
CO3J1aeT yCIOBHSA /IS TPOBEACHNS MHOTO(aKTOPHOTO
WICCIIEIOBAHMSI ITPH HEOOIIBIIIOM KOJIMYECTBE TOBTOPOB
OTBITA, YTO TIO3BOJISIET HAYyYHO OOOCHOBHIBATH HOBBIE
MTOJIXOBI K CO3MaHMI0 3((HEKTUBHBIX CIIOCOOOB KPHO-
KoHCepBHpoBaHus. [1oaToMy [T COXpaHeH st TeHO(POH-
J1a KJIIETOK paCTeHHUI HEOOXOANMO H3yUUTh BOCIIPOHU3BO-
JIMMOCTB PE3YJIBTaTOB KPHOKOHCEPBUPOBAHHUS YUSPEHKOB
Pa3IMYHBIX COPTOTHIIOB U OMPEICIIUThH ONITUMAITEHBIC
3HAYEHUS BapbUPYEMBIX MapaMeTPOB, 00CCICUHBALO-
HIMX MAKCHMATbHYTO KU3HECTTOCOOHOCTH IEKOHCEPBH-
POBaHHBIX 0OPA3IIOB.

Lenb paboThI — HCCIIEOBAThH BIUSHHUE BHIA U COP-
Ta IUTOAOBBIX KYJIBTYP (SIOJIOHH M TPYIIIN ) HA BOCTIPOH3-
BOJIUMOCTb PE3yJIBTATOB, OIYYCHHBIX Ha PA3TUYHBIX
JTanax KPHOKOHCEPBUPOBAHUS YEPEHKOB.

Marepuanbl U meToAbI
OOBEKTOM HCCIICA0BAHUS ObLIM YEPEHKHU SIOJTOHH
(Malus domestica L.): benbrit Hanmus, AMyneT, Omapa,
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the parameters, affecting an integrity of frozen-tha-
wed object is basic cause of low level reproducibility
of experimental results. Coefficient of viability varia-
tion of frozen-thawed plant cuttings achieves 100%.
Therefore for obtaining the significant results the
multiple replication of experiments is necessary, that
causes a high expenditure of a biological material [4].

To perform a complete factor cryobiological expe-
riment some dozens of samples’ thousands N = nxh¢
[5] are needed, whereas the number of samples (cut-
tings) in one experiment makes n > 30, the one of the
studied factors is /# > 4 and at their gradation level of
g = 5. Serial optimization of the technological para-
meters at each stage of bioobject cryopreservation
allows the reduction of their number. Exposure of
significant factors based on dispersion and regression
analysis reduces their number down to 2 =3 =2 [4,5].
Gradation number at gradient search of the optimal
values for the studied factors is reduced down to
g=3=%1 [4,5]. Multiple decrease of the samples’
number (n < 30) is implemented due to taking into
account of individual properties of bioobject and inc-
rease of its application efficiency during the research.

Increase of the results’ reproducibility of integrity
of plant cuttings is associated with the need of stu-
dying the bioobject’s properties, stipulated by its
species and variety. Therefore the study of repro-
ducibility regularities of meristem cell cryopreser-
vation results is the actual problem, the solving of
which creates the conditions to perform the multi-
factor research at a few amount of the experiment
repeats, enabling to prove scientifically new approa-
ches of development of effective cryopreservation
methods. Thus, for preserving the plant cell gene bank
it is necessary to study the reproducibility of cryopre-
servation results of different variety cuttings and
determine optimal values of varied parameters, pro-
viding maximal viability of frozen-thawed samples.

The research aim was to study the effect of fruit
species and variety (apple and pear) on reproducibility
of the results, obtained at different stages of cryopre-
servation of the cuttings.

Materials and methods

The research objects were the apple (Malus
domestica L.) cuttings such as: Belyi Naliv, Amulet,
Edera, Teremok, Radost, Katya; pear summer cuttings
as: Velyka Litnya, Ulyublena Klapa, autumn are
Gorodischenska, Vdala and winter are Bere Kyivska
and Zelena Mliyivska.

The cuttings were cut from one year shoots and
divided into separated samples (by 10 pieces) of 10—
12 cm length and 0.8—1.0 cm diameter. The cuttings
had from 2 to 5 vegetative buds. Prior to carrying-out
the research the viability and initial humidity of samples
were examined. For the research the samples with
the viability not less than 100% were chosen.
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Tepemoxk, Pagocts, Kars; wepenku rpymu (Pyrus com-
munis L.): netHelt — Benuka jiths, YmoOnena Krnamna,
ocenHel — ['opoauiencoka, Baana, sumueit — bepe
KuiBcbka, 3enena MimiiBchKa.

UepeHKH Hape3aJIy 13 OTHOJIETHUX MOOETOB U ISTHIN
Ha oTzenbHbIe 00pasipl (mo 10 wTyk) mmHoi 10-12 e,
muameTtpoMm 0,8-1,0 cm. Uepenku umenu 2-5 Bere-
TaTUBHBIX MoueK. [lepen mpoBeneHneM rccie1oBanus
MIPOBEPSUTN JKU3HECIIOCOOHOCTh M HAYaIbHYIO BIIAXK-
HOCTh 00pa3ioB. [y paboThl 0TOMpaIK 00pasibl ¢
KHU3HECTIOCOOHOCTRIO HE MeHee 100%.

Biraxxaocts 00pasmos 1 (%) onpenesuiy B3BEIIH-
BaHUEM JI0 U TI0CJI€ KPHOKOHCEPBUPOBAHUS U PACCUH-
TBIBAJIH 110 POPMYJIE:

n = ((m,—m,)/m;)*100 %,

e m,— HadalbHas Macca HaTUBHOro oOpasua, T;
m, — KOHEYHas Macca 00pasia nocse 00e3B0KUBAHMS
JI0 TIOCTOSIHHOM MaccChl, T.

Braxxaocts yepenkoB m3mensuy ¢ 50 1o 30%, BEI-
JIep)KUBasi UX B XOJIOAMIBHUKE TIPH TeMIlepaType
—-5+£2u-10+£2°C ot 14 no 60 cyToxk.

Pa3HBIE CKOPOCTH 3aMOpaKHBAHHUSA-OTOTPEBA,
HEO0OXOMUMBIE JIJIST KPHOKOHCEPBUPOBAHUS YEPECHKOB,
MOy YaJIH CIIeAYIOIHMM criocoOoM. J1iist perympoBaHus
CKOPOCTH OXJIXKJIECHUS TEPMOCTATUPYIOIIETrO YyCT-
poiicTBa u3MeHsnu HanpsikeHue ¢ 0 7o 25 B u
COMPOTUBIICHUE HarpeBaTenbHoro 3nemenTa 30 u 70
Owm. CtyneH4aToe oXJIaKIeHUEe TPOBOIUIH CO CKOPOC-
Th10 0,01-0,1°C/u B nnanazone Temneparyp —5...—30°C
¢ uaTepBanoM 5°C u BeiiepkkoH 1, 3 u 7 cyTok cooT-
BeTcTBeHHO. OOpa3iibl MOMENAIN B OBITOBBIE TEPMO-
cbl €MKOCTBIO 1,5 U 2 J1, ¥ IepeHOCUIIH B pedprke-
patopsl. OxiaxaeHHsIe YepeHku 10 —30°C morpyxaimm
B )KMIKUH a30T co cKopocThio 600—800°C/MuH.

O0pa3siibl OTOrpeBasIy co CKOpocThio 70°C/MuUH Mpu
temneparype Bo3ayxa 20°C unu co ckopocThio 1—
3°C/mun nipu 5°C.

’KnzHecrnocoOHOCTh YepEHKOB KOHTPOIUPOBAIN
mocjie KaXI0ro 3Tamna KpuoKoHcepBupoBaHud. s
THIpaTaIuy 00pa3Ibl [IOMEIIAN B YKCHKATOP, PacIio-
naras uX HaJ IMCTULTMPOBAHHOMN BOJIOW, U BBIJEP-
x’uBanu 12 cytok npu temnepatype 5°C, a 3aTeMm
MIPOPALIMBAIIY B YCIIOBUSIX i1 Vitro (B CTaKaHax C BOJON
ipu 20°C). Habyxanue u pa3BUTHE MTOYEK CBUIETEIb-
CTBOBAJIH O YKU3HECITOCOOHOCTH UCCIISyeMOT0 00pa3-
. [TporeHT )xu3HeCcIOCOOHOCTH 00pa3Iia OIICHUBAIN
10 OTHOIIICHHUIO KOJTMIECTBA YSPEHKOB C PACKPBITHIMU
ITOYKAMH B yCIIOBUSX i71 Vitro K 00IIeMyY UX KOJTUIECCTBY
B o0pa3ire.

Craructuueckyro 00pabOTKy pe3ylIbTaToB IPOBO-
UM C MCIIOJIb30BaHNeM Kputepus CThIofeHTa-
Oumrepa [4]. UHaquBHyanbHbIe 0COOCHHOCTH OHO-
00bEKTa yUUTHIBAJIH 110 YCPETHEHHOW pa3HOCTH JKU3HE-
CrIOCOOHOCTH YEepPEHKOB Ha 33JIaHHOM M TMPEAIIECT-
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The humidity of samples (%) was determined
by weighting prior to and after cryopreservation and
was 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.

Humidity of cuttings was varied from 50 to 30%,
keeping them in a freezer under —5+2 and —10+2°C
from 14 to 60 days.

Different freeze-thawing rates, essential for cryo-
preservation of cuttings were obtained by these
methods. To control thermostatic device cooling rate
the voltage from 0 to 25 V and resistance of heating
element of 30 and 70 Ohm were changed. Stepwise
cooling was done with 0.01-0.1°C/hr rate within the
range of —5...-30°C temperatures with 5°C interval
and 1, 3 and 7 days exposure, correspondingly. The
samples were placed into domestic thermal flasks of
1.5 and 21 and transferred into freezers. Cooled down
to —30°C cut-tings were placed into liquid nitrogen
with 600—-800°Cmin rate.

The samples were thawed with 70°C/min rate at
20°C or with 1-3°C/min rate at 5°C.

The viability of cuttings was controlled after each
cryopreservation stage. For hydration the samples
were removed into exicator, placing them above
distilled water and exposed for 12 days under 5°C,
and later grown in vitro (in the glasses with water at
20°C). Swelling and development of the buds testified
to viability of the studied sample. The percentage of
sample viability was estimated as the ratio of cuttings’
number with opened-up buds to their total number in
the sample in vitro.

The results were statistically processed using Stu-
dent-Fisher’s test [10]. Individual peculiarities of
biological object were taken into account according
to averaged difference of cuttings’ viabilities at the
current and previous cryopreservation stages [4], and
for elimination of these peculiarities the averaged
relation of their viabilities was used during estimation
of the stage efficiency [3].

Results and discussion

Optimisation of technological parameters for each
apple and pear variety was carried out stepwise: the
temperature adaptation was —10°C and cooling down
to —30°C and —196°C. Maximal indices of samples’
viability of the studied varieties were obtained due to
their temperature adaptation (—10°C) during 1460
days and stepwise cooling with 0.1-0.5°C/hr under
—10...-30°C (exposure of 3—7 days), following direct
plunging into liquid nitrogen, storage from 1 to 30 days
and thawing with 70°C/min rate. The exposure term
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BYIOIIIEM dTarax KpHOKOHCEPBUPOBaHUs [4], a uis ycT-
paHeHUs STHX 0COOEHHOCTEH UCTIONB30BAIN YCPETHEH-
HOE OTHOIIEHHE MX XHU3HECHOCOOHOCTU MPH OLIEHKE
a¢dextuBHOCTH dTama [3].

Pe3yAbTatbl M 00CyXAeHHe

OnTHMHU3aLUIO TEXHOIOTHYECKHX TApaMeTPOB I
Ka)KJJ0T0 cOpTa sI0JIOHHU U TPYLIX TPOBOAWIIH [TOATATIHO:
temreparypHas agantanus —10°C; oxnakaeHue 1o
-30°Cu—-196°C. MakcumainpHbIe MTOKa3aTeIH KU3He-
CIIOCOOHOCTH 00PA3IIOB UCCIIEAYEMbIX COPTOB MOTyYe-
HBI B Pe3yJIbTaTe X TEMIIEPATyPHON afanTanuu (pu
—10°C) B reuenue 14-60 cyToK, CTYIIEHIATOTO OXJIAXK-
nenust co ckopoctbio 0,1-0,5°C/4 oT Temmeparypsl
—10 1030 °C (BBILAEPKKA 3—7 CYTOK), IOCIEAYIOIIETO
NPSIMOTO TOTPY>KEHUS B JKUIKUN a30T, XpaHEHUS B
teuenue 1-30 cyTok, oTorpesa co ckopoctsio 70°C/MuH.
JnuTenbHOCTD BBLACPKKY 00pa3LoB P TEMIIEpaType
—10°C omnpenensny no MoKa3arelto BIaXKHOCTH, KOTO-
PBIi 1715 I0JIOHU M TPYILH T0JDKEH ObITh He Huoke 30%
[2,6,8].

[lomyuyeHHbIe pe3yabTaTh TOKa3bIBAIOT, YTO KHU3HE-
CIIOCOOHOCTB IEKOHCEPBUPOBAHHBIX YEPEHKOB 3aBUCHT
OT copTa: y sS0JI0HU OHA OTINYaeTcsi O6osee ueM B 4
pasa, rpymmi — B 10 pa3 (tabm. 1) . JIms pa3HbIX cOpTOB
SI0JIOHH pa30pOC 3HAYCHUH )KU3HECTIOCOOHOCTH JICKOH-
CepBUPOBaHHBIX 00pa3LOB, cofepkamux 10 yepeHkoB
B KaX10M, coctaBui oT 0 1o 100%. Aranus npo0, coc-
TOSIIMX U3 5 00pa3LOB, Oy YEeHHbIH Ha Pa3HBIX ATaIax
KPHOKOHCEPBHUPOBAHMS, TPOBOIMIIN C TIOMOLIBIO KPHU-
tepusi CThrofieHTa. B mpenenax oqHOro Buaa cpeaHue
MOKAa3aTeNH I Pa3HBIX COPTOB SIOJIOHN OTJINYAIOTCS
Ha 32%, rpymu — 86% (tabn. 1). JocToBepHOCTD
pa3nINuns aHATU3UPYEMBIX COPTOB YCTaHOBJIEHA B 3
rpynmnax s0JoHU U 4 Tpynnax rpyuid npu ypoBHe
HanexxHoctr P> 0,95. [Ipu ncnons30BaHuy MOKa3aTeds,
YCPEIHSIOMIET0 N3MEHEHUE Ku3Hecrnocoonoctn AM
(tabm. 1), ommbKa cpenHEeKBaAPATUIECKOTO OTKIIOHE-
HUS m B CpelHeM yMeHbIImack B 1,5 pa3za, 4yTo gajno
BO3MOXKHOCTb IOBBICUTH HaJEKHOCTh PE3YyJIbTATOB
JOCTOBEPHOCTH PA3INIMs CPABHUBACMBbIX 3HAYCHUM /10
ypoBHs P = 0,99.

C nomouipio AByX()aKTOPHOTO AUCIIEPCHOHHOTO
aHanuza [4] npu UCTIONb30BAHUU CPETHEN BEIUUMHBI
M onpenenig, 9To KU3HECTIOCOOHOCTD IEKOHCEPBUPO-
BaHHBIX Y€PEHKOB A0JIOHN 3aBUCUT TOJIBKO OT CrIoco0a
KpUOKOHCepBUpoBaHus. Cuta BIUAHKA 1)°, (OTHOIIIEHHE
BBIJICIICHHOM TUCIIEPCHH K 00111eH) [4], 00yCITOBICHHAS
VHIUBHUTyJIbHBIMH CBOHCTBAMH OHOOOBEKTa (COPTOM),
coctasmia 0,07, Torma Kak TEXHOJIOTHYECKOTO (TIpoIie-
Iypa KpHOKOHCepBHpoBanus) 17°, — 0,82 npu yposHe
HaJe)KHOCTHU MOJYyYEHHBIX pe3ynsraroB P = 0,95.
CoBMmecTHOE BO3JACiCTBUE yKa3aHHBIX (pakTOpoB
ONpeeuIo Culy BiusHus 1°,,— 0,07, a HeydTeHHbIX
daxropos 17°, — 0,06. ITo nokasatemo pasHoctd AM
cuna BausHus 6uonorudeckoro daxropa 17°, — 0,02,
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for the samples under —10°C was determined accord-
ing to humidity index, not to be less than 30% for apple
and pear [2, 6, 8].

The findings show that viability of frozen-thawed
cuttings depends on variety, for apple it differs more
than in 4 times and 10 times for pear (Table 1). For
different apple varieties the range of viability values
of the frozen-thawed samples, containing 10 cuttings
each made from 0 to 100%. The analysis of tests,
consisting of 5 samples, obtained at different cryopre-
servation stages was carried out with the Student’s
criterion. Within one species the mean indices for
different apple varieties differ by 32% and pear by
86% (Table 1). The significance of difference of the
analysed varieties was established in 3 apple groups
and 4 pear ones at the integrity level of P > 0.95. When
using the index, smoothing the via-bility change AM
(Table 1) the error in standard devia-tion m in average
reduced in 1.5 times that allowed the possible increase
in the reliability of the results of difference statistical
significance of the compared values up to the level of
P >0.99.

With two-factor dispersion analysis [4] and mean
value M there was determined that viability of frozen-
thawed apple cuttings depended only on cryopreser-
vation method. Power effect of n? (relation of
detailed dispersion to total) [4] due characteristic
properties of bioobject (variety) made 0.07, whereas
technologic 17, (cryopreservation procedure) did 0.82
at the integrity level of the findings P = 0.95. Combined
influence of the mentioned factors determined the
effect power 7 . as 0.07 and not considered ones
n?,as 0.06. According to the difference index AM it
has been found that effect power of biological factor
n?, was 0.02, technological 1n?, was 0.49, their
combined effect 1>, , 0.38 and not considered factors
n*, made 0.12 at P > 0.95. Therefore when coming
to the mean difference AM the combined effect of
biological and technologic parameters has the effect
power similar to cryogenic one.

During cryopreservation of pear cuttings the signi-
ficant difference in 4 groups for the six studied
varieties was obtained (Table 1). When coming to the
difference mean AM the error in standard deviation
m decreases approximately in 1.5 times. The effect
power of biological factor made 0.10 and 0.11, techno-
logic did 0.68 and 0.24, and their combined effect did
0.16 and 0.59 when using the absolute indices M and
their difference AM, accordingly (P > 0.95).

Analysis of reproducibility of apple cuttings’ viabi-
lity indices carried out with C variation coefficient
has shown that during cryopreservation from 1* to
3™ stages this index changes for the apple varieties
as: 9-32% for Radost; 8-81% for Teremok; 14—
105% for Belyy Naliv; 36-91% for Sprint and up to
40% for Katya; pear varieties as: 10-26% for Velyka
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Tadmuna 1. )Ku3HecnocoGHOCTh YePEHKOB PA3JIMYHbBIX COPTOB I0JI0OHH U TPYILH,
OlLIEHEeHHAs Ha Pa3HbIX ATANaX KPUOKOHCEPBUPOBAHHUS
Table 1. Viability of cuttings of different apple and pear varieties,
evaluated at different cryopreservation stages

Pacrems JKusnecnoco6HocTe M (%) M ©3MeHeHUe JKU3HecrtocoOHoCTH AM (%) yepeHKOB
Plant IIOCAE OXAQKACHUS AO TeMIIePaTyphl
Viability M (%) and changes in viability AM (%) of cuttings after cooling down to the temperature of
—10°C —30°C —196°C
Bup, Coprt
Species Variety
AM=m M=m AM=m M=£m AM=m M=m
Papocts 8,0 = 37 92,0 =37 40,0 =0 52,0 = 3,7 16,0 = 2.4 36,0 =5,1°
Radost
:ll:epeMOK 10,0 = 3,2° 90,0 = 3,2¢ 42,0 = 2,00 48,0 = 3,7 26,0 = 5,12 22,0 8,0
eremok
BSA]"?‘ HaruB 30,0 = 4,5° 70,0 = 4,5° 18,0 = 2,0° 52,0 = 3,7 44,0 = 2,4° 80 = 3,7
elyi Naliv
Aonona Copuirr 54,0 = 7,5° 46,0 = 7,5 40,0 = 55 6,0 * 2,4° 6,0 * 2,4° 0,0 £ 0,0r
Apple Sprint
II{(&T" 60,0 = 7,1 40,0 = 7,1 40,0 = 7,1 0,0 = 0,0° 0,0 = 0,0° 00 =00
atya
Aotyner 62,0 = 7,3 380 = 7,3 0,0 = 0,0 0,0 = 0,0 00 = 0,0 00 = 0,0
Amulet
Japa 74,0 = 8,4 26,0 = 8,4 0,0 = 0,0 0,0 = 0,0 00 = 0,0 0,0 = 0,0
Edera
Beanka ]\_iTHﬂ 6,0 = 4,0 94,0 = 4,0 14 = 4 80,0 = 7,1 6,0 = 2,4° 74,0 = 8,7
Velyka Litnya
yaioOaena Kaara 10,0 = 3,2 90,0 = 3,2 8,0 = 3,7 82,0 = 58 54,0 = 2.4° 28,0 = 7,3°
Ulyublena Klapa
\%ﬁﬁg 6,0 = 2,4 94,0 = 2,4 2,0 = 2,0° 92,0 + 2,0° 6,0 = 2,4° 86,0 = 4,0°
I'pyma
Pear 3 Maii
enera MaiiBceka 12,0 = 3,7 88,0 = 3,7 16,0 = 5,1° 72,0 = 8,6° 64,0 = 5,1¢ 8,0 = 3,7
Zelena Mliyivska
Bepe KuiBcbka 46,0 = 4,0° 86,0 = 4,0° 82,0 = 2,0° 4,0 = 2,4 4,0 = 2,4° 0,0 = 0,0¢
Bere Kyivska
TopoauIeHchKa 540 = 7,5 46,0 = 7,5 40,0 = 5,5¢ 6,0 =24 6,0 =24 0,0 =0,0
Horodyschenska

IMpumeyanus: m — omnbKa CPeIHEKBAAPATHIESCKOTO OTKIIOHEHHST; /1 > 50 — KOJIMYECTBO Y€PEHKOB B KaXJ0H P00e; OXITaX ICHUE 10
—30°C co ckopoctsio 0,1°C/y; 3amopaxuBanue 600—-800°C/MuH ¢ TOrpyKEHHEM B )KUIKHI a30T; otorpeB 70°C/MHH; pa3HBIMU Cynep-
CKPHIITaMH d, b, ¢, d 0003HaYeHbBI 3HAYCHUSI, UMEIOIIHE JOCTOBEPHOCTh Pa3IuyHs C ypOBHEeM HajgexHocT P> 0,95, B mpenenax kax-
JIOTO CTOJIOIA ¥ BH/Ia PACTEHUSI.

Notes: m — error in standard deviation; # = 50 — number of cuttings in each sample; cooling down to —30°C with 0.1°C/hr rate; freezing
600—-800°C/min with plunging into liquid nitrogen; thawing 70°C/min. Values with significant differences of P > 0.95 integrity level,

within the ranges of each column and plant species are denoted with a, b, ¢, d superscripts.

TEXHOJOIMYECKOro 1) »— 0,49, uX cOBMECTHOTO BiIHSI-
nus 17°,, — 0,38, a HeyureHHbIX (axTopos 17°, — 0,12
npu P =0,95. CnenoBatenbHo, IPHU EPEXOAE K MOKa3a-
TEJISIM Pa3HOCTH cpenHux AM coBMECTHOE NEHCTBUE
OMOJIOTHYECKUX U TEXHOJIOTHYECKUX MapaMeTpoB
OKa3bIBACT CHITY BIIUSHHUS, COITOCTABUMYO C KPHOTEH-
HBIM BO3JE€HUCTBHEM.

IIpu KpHUOKOHCEPBUPOBAHUHN YECPEHKOB TPYIIH
MTOJIY9ICHO JOCTOBEPHOE PA3INIUE B UETHIPEX TPYIIIax
W3 MIECTH UCCIeayeMbIX copToB (Tab:. 1). [Ipu mepe-
XO/I€ K MOKAa3aTellio pa3HOCTH cpemHux AM ommoOka
CPEIHEKBAIPATUUECKOT0 OTKIIOHEHHUSI 711 yMEHBLIACTCSI
npubnusuTensHo B 1,5 paza. Cuna BnusHUS OMOI0TH-
yeckoro (akropa cocraBmia0,10u 0,11, TexHonoruuec-
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Litnya; 8-59% for Ulyublena Klapa; 6—10% for
Vdala; 10-105% for Zelena Mliivska; 10-137% for
Bere Kiivska; 36-91% for Gorodischenska (Table 2).
To reduce the effect of individual properties of biolo-
gical object when estimating the efficiency of cryo-
preservation stages there was used the index, calcu-
lated as the ratio of bioobject viability after implemen-
ting of the set operation and prior to it.

When coming to the relative index, the efficiency
of cryopreservation stage ¥ the reproducibility of the
results increased in 1.5 times in average. Exceptions
are the data, obtained for cuttings’ viability lower than
10%. These indices of cuttings’ cryopreservation effi-
ciency were obtained for the apple varieties as: 68%
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Tadnunua 2. 3 hekTHBHOCTH 3TanoB KPHOKOHCEPBUPOBAHUS YEPEHKOB PA3IMUHBIX COPTOB SIOJOHH U TPYIIN
Table 2. Efficiency of cryopreservation stages of different apple and pear variety cuttings

Pacrenusa OddekTuBHOCTE 3Tana KPHOKOHCepBUpoBaHusa W (%) Ipu TeMneparype
Plant Efficiency of cryopreservation stage W (%) at temperature of
—10°C —30°C —196°C
Bup, Coprt
Species Variety
W=m C, W=*m C, W=+m C,
PapocThb 92,0 = 3,7 9 56,2 = 1,8 6 (16) 68,0 = 6,2a 20 (32)
Radost
Adrons Tepenmox 90,0 = 3,2 8 53,1 = 2,7 9 (17) 423 = 143 76 (81)
Apple Teremok ! ! ! ! ' !
Beartit nanun 70,0 = 4,5 14 74,3 = 2,7 8 (16) 14,0 = 6,47 102 (105)
Belyi Naliv
Beanka AiTHA .
Velyka Litnya 940 =40 10 846 + 46 12 (20) 91,6 =35 9 (26)
Yato6aena Kaana o
Ulyublena Klapa 90,0 =32 8 90,8 * 42 10 (16) 32,5 £ 6,5 45 (59)
I'pyma
Pear Brana
Vdala 94,0 = 24 6 98,0 = 2,0 5(5) 93,3 = 2,7° 7 (10)
Senerna Miicrka 88,0 = 3,7 10 80,8 = 6,4 18 (27) 04 = 4,0° 96 (105)
Zelena Mliyivska ' ' ! ' ' !

Hpumeuyanus: oxnaxaerue 10 —30°C co ckopoctsio 0,1°C/a; 3amopaxuBanne 600-800°C/MuUH ¢ MOTPY)KEHUEM B JKUAKHHA a30T;
ororpeB 70°C/MUH; pa3HBIMU CYyNEpCKPUNTaMH a, b, ¢, d 0003HaUCHBI 3HAYCHNUS, UMEIOIINE JOCTOBEPHOCTh PA3IMYMs C YPOBHEM
HazexkHocTH P> 0,95, B ipenienax KaxXJoro CToNona v BIIa pacTeHust; W — 3¢ PeKTHBHOCTD, OTHOIICHHE )KU3HECTIOCOOHOCTH OM000BEKTa,
OIIEHEHHOMH Ha 3a/JaHHOM 3Tarle, K JKU3HECTIOCOOHOCTH Ha NpetitecTByromeM; C —Kko3(hGUIHEHTb BapHaliH Mokasaress 3QGeKTHBHOCTH
TEXHOJIOTHIECKOTO 3Tara M KHU3HECTIOCOOHOCTH (B ckobkax)— V' (C).

Notes: cooling down to —30°C with 0.1°C/hr rate; freezing 600-800°C/min with plunging into liquid nitrogen; thawing 70°C/min.
Values with significant differences of P > 0.95 integrity level, within each column and plant species are denoted with a, b, ¢, d
superscripts; W —efficiency, ratio of bioobject viability, evaluated at the set stage to viability at previous one; C — variation coefficient
of technologic stage efficiency index, viability in brackets — V' (C)).

koro — 0,68 u 0,24, uX COBMECTHOTO BO3JIEHCTBHUS —
0,16 1 0,59 mpu ucronp30BaHNH a0COMIOTHBIX ITOKA3aTe-
neit M m ux pasHoct AM cootBercTBeHHO IpH P = 0,95.

AHanu3 BOCIIPOU3BOAMMOCTH IIOKa3aTeleH )KU3He-
CIIOCOOHOCTU YEePEHKOB SIOJIOHU, TPOBEICHHBIN MpH
nomomy ko3 dunuenta apuanuu C , MoKasa, 4To B
IpoIiecce KPUOKOHCEPBUPOBAHHUS C IEPBOI'O 0 TPETHETO
3TAroB 3TOT MOKa3aTeab U3MEHACTCS JJIs COPTOB
s1610Hb: Pamocts — 9-32%, Tepemok — 8—81%, benprii
HaiuB — 14-105%, Copunt — 36-91% u Kara — 1o
40%; coptoB rpymu: Beauka Jlitaa — 10-26%,
Vmobnena Knama — 8-59%, Boana — 6-10%, 3enena
Mouiisceka — 10-105%, bepe Kuiscpka — 10—137%,
Topoaummenceka—36-91% (Tadmn. 2). {ns ymeHbLIIEHUS
BITUSHHS UHIWBUAYAIBHBIX CBOHCTB OMOO0BEKTA TIPH
olieHKe Y(h(eKTUBHOCTH 3TAIIOB KPUOKOHCEPBUPOBAHUS
WCTIOJNIL30BAJIY ITOKA3aTeNh, BRIYMCICHHBIN KaK OTHOIIIE-
HUE )XHU3HECTTOCOOHOCTH OM000BEKTA [TOCIIE BHITOTHE-
HUS 33IaHHOM oTiepaiu 1 10 Heé.

[Ipu mepexome K OTHOCHUTEIBHOMY ITOKa3aTeIIo —
3¢ dexTuBHOCTH 3Tara KPUOKOHCEPBUPOBaHUS W
BOCIPOU3BOJUMOCTD PE3YJIbTATOB YBEIHUMIACH B
cpemHeM B 1,5 paza. VIckimoueHEeM SBIISTIOTCS JaHHBIE,
MOJIyYSHHBIE JIJIS1 )KU3HECIIOCOOHOCTH YEPEHKOB HUXKE
10%. ITokazarenm 3¢h(heKTHBHOCTH KPUOKOHCEPBUPOBA-
HUS YEPEHKOB COPTOB sI0JIOHU cocTaBmiu: Pamocts —
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for Radost, 42% for Teremok, 14% for Belyy Naliv;
pear varieties as: 92% for Velyka Litnya, 33% for
Ulyublena Klapa, 93% for Osinnya Vdala, 9% for
Zelena Mliivska.

Under dispersion analysis when using the relative
indices the results close to absolute ones were obtai-
ned. The effect power of biological factor for apple
made 0.11 and for pear did 0.12; technologic one was
0.69 and 0.65; combined one made 0.12 and 0.19,
correspondingly (at P > 0.95).

The analysis of frozen-thawed cuttings’ viability
of different apple and pear varieties has shown that
within the ranges of one species the mean indices for
different varieties of apple differ by 36 and pear by
74% and those for cryopreservation efficiency by 68
and 93%, correspondingly. Specific difference of
apple and pear cuttings affects viability of frozen-
thawed bioobject if compared with the variety one.
Significant difference of efficiency indices obtained
for different species and varieties of cuttings is ex-
plained with a combined effect of individual properties
of biological object and the chosen cryopreservation
method.

Due to taking into account the variety features with
a viability difference index prior to and after the set
procedure of cuttings’ cryopreservation of different
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68%, Tepemok — 42%, bensbiiit HanuB — 14%; copToB
rpy Benuka Jlitasa — 92%; Ynro6nena Kinana—33%,
Ocinnas Bpana — 93%, 3enena Mumiiscbka — 9%.

[Ipu arcnepcrOHHOM aHaNIH3€e C UCIOIb30BaHUEM
OTHOCHUTENBHBIX TIOKa3aTeNel MoydeHbl pe3yabTaThl,
Osm3kue K abcomoTHRIM. Crita BIUSHUS ONOJIOTHYeC-
Koro (paxropa asst gs6monu coctasinsieT 0,11 u rpymmm —
0,12; rexnonoruueckoro—0,69 u 0,65; COBMECTHOTO —
0,121 0,19 coorBercTBeHHO TIipH P > 0,95.

AHanmm3 )KU3HECITOCOOHOCTH IEKOHCEPBUPOBAHHBIX
YEePEHKOB PA3JIMYHBIX COPTOB SOJIOHH U FPYIIHN [TOKA3aJl,
YTO B [IPE/EIax OJHOTO BUA CPEAHUE MTOKA3ATENH IS
Pa3HBIX COPTOB SIOJIOHH OTIIMYAIOTCA Ha 36, TPYIIN —
Ha 74%, a nokazarenu 3 HeKTHBHOCTH KPUOKOHCEPBU-
poBaHust — Ha 68 u 93% cooTBeTcTBeHHO. Brosoe
pasyinune YepeHKoB S0IOHU 1 IPYIIH OKa3bIBaeT O0JIb-
11ee BIMSHAE Ha )KU3HECTIOCOOHOCTH JIEKOHCEPBUPOBAH-
HOTO OM000BEKTa, YeM copToBOEe. CyIIEeCTBEHHOE pa3-
T4 oKa3aTesnei 3 heKTUBHOCTH, TOTyUYSHHOE JIS
Pa3HBIX BHJIOB U COPTOB YEPEHKOB, OOBSICHSCTCS COB-
MECTHBIM BIIMSIHHEM WHJIHMBUYalbHBIX CBOWCTB
01000BEKTa M BRIOPAHHOTO CII0C00a KPHOKOHCEPBUPO-
BaHUSI.

B pesynbrate yuera cOpTOBBIX OCOOCHHOCTEH C
MOMOIIBIO TIOKAa3aTeNs pa3HOCTH KHU3HECTIOCOOHOCTH
JI0 U TIOCIIe 3aJJaHHOU MPOLEeAYPbl KPHOKOHCEPBHPO-
BaHUS YESPECHKOB PA3JIMYHBIX COPTOB SOJMIOHU U TPYIIN
YCTaHOBJICHO, YTO MHAMBHIYyalbHbIE CBOWCTBA OHMO-
00BEKTa BIUSIOT Ha PE3YJIbTaThI OITBITOB, KaK M IPOIIe-
Iypa KproKoHcepBHpoBaHus. Cuiia BIUSHAS OHOIOTH-
YECKOTO M TEXHOJIOTHIECKOTO (haKTOPOB HA YKU3HECTIO-
COOHOCTB JICKOHCEPBUPOBAHHOTO OOBEKTA JIST BRIOpAH-
HOTO crIoco0a KPUOKOHCEPBUPOBAHHS MPAKTHYCCKH
OIMHAKOBA.

Takum 00pa3om, )KU3HECTIOCOOHOCTh AEKOHCEPBH-
POBaHHBIX YEPEHKOB PACTCHUH 3aBUCHT OT HX COpTa U
criocoba kprokoHcepBrpoBanus. [loBbIIeHHE BOCTIPOn3-
BOAMMOCTH PE3YJIbTaTOB KPHOKOHCEPBUPOBAHUS UEPEH-
KOB 5I0JIOHM W TPYILIH B CPEAHEM B 1,5 pa3za 0CHOBaHO
Ha UCTIOIh30BAHUH TIOKa3aTeNel, OTPasKaroIIiNX H3MEHe-
HHE KH3HECIIOCOOHOCTH OMO0OBEKTa B pe3ybTaTe
BBINIOJIHEHUS 3aJaHHOM onepanuu. Mcnons3oBanue
pa3HOCTH a0CONIOTHBIX TOKa3aTelel KU3HeCImoco0-
HOCTH M WX OTHOUIIEHUS MO3BOJHIN YMEHBIIUTH
KOJIMIECTBO UCITOJIb3YEMBIX OMO0OBEKTOR B 2 pasa [4].
[lo pa3HocTu nmokasareneii >ku3HeCOCOOHOCTH MOYKHO
OLICHHUTB BIIMSIHUE MHIMBUTyJIbHBIX CBOWCTB UCCIIELye-
MOT0O OMOOOBEKTa, a 10 UX OTHOILIECHHUIO — YCTPAHUTh
JaHHOE BO3JEHCTBUE NPHU OLECHKE 3PPEKTUBHOCTH
TEXHOJIOTHUECKOH onepanu. Ha ocHOBe pe3ynsraros
MIPOBEICHHBIX UCCIIEI0BAHUH OBLI IPEIOKEH CIIOCO0
KPHOKOHCEPBUPOBAHUS YEPEHKOB PA3INIHBIX COPTOB
SOJIOHY ¥ TPYIIH, TTO3BOJISIOMINHN UTUTEIEHO XPAaHUTh
3aMOpOKEHHBIE 00pa3Ibl IPY TEMIepaType KUAKOTO
azora.
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apple and pear varieties it has been established that
individual properties of bioobject affect the experi-
mental results as well as the cryopreservation pro-
cedure. The power effect of biological and technologic
factors renders practically the same effects on
viability of frozen-thawed object as the selected
cryopreservation method.

Thus, the viability of frozen-thawed plant cuttings
depends on their variety and cryopreservation method.
For increasing the reproducibility of apple and pear
cuttings’ cryopreservation results in average in 1.5
times there are used the parameters, reflecting the
change of bioobject’s viability due to performing the
set operation. Use of the difference in viability abso-
lute indices and their ratio enabled the two-fold
reduction of a number of the used bioobjects [4].
According to the difference in viability indices one
may estimate the effect of individual properties of the
used bioobject and according to their relation to
eliminate this effect when assessing the efficiency of
a technologic operation. Due to the research findings,
the cryopreservation method of different apple and
pear varieties, enabling to store for a long period the
frozen samples under liquid nitrogen temperature has
been proposed.

Conclusions

1. Maximal viability indices of the studied varieties
of frozen-thawed apple and pear cuttings were
obtained due to their temperature adaptation under
—10°C during 14-60 days, stepwise cooling of the
samples with 0.1-0.5°C/hr down to —30°C (exposure
3-7 days), direct plunging into liquid nitrogen, storage
during 1-30 days and thawing with rate of 70°C/min.

2. Development probability of apple and pear
frozen-thawed cuttings depends on their variety and
cryopreservation method. Species difference of apple
and pear cuttings twice more affects the viability of
frozen-thawed bioobject, if compared with the variety
one. Selection of apple and pear cuttings’ variety as
well as the cryopreservation method determine the
experimental results’ reproducibility. Efficiency of the
proposed cryopreservation method for apple and pear
cuttings depends on their variety.
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BbiBOABI

1. MakcumanbHbIe TOKa3aTeN )KU3HECTTIOCOOHOCTH
HCCTIEIYEMBIX COPTOB IEKOHCEPBUPOBAHHBIX YEPEHKOB
SIOJIOHU U TPYIIY OTy4EHBI B PE3yNbTaTe X TeMIIepa-
TypHOH agantaumu npu—10 °C B reuenune 14—60 cyTok,
CTYIIEHYATOr0 OXJXKICHUS 00pa3loB CO CKOPOCTHIO
0,1-0,5 °C/a no —30°C (Beioepskka 3—7 CyTOK), mpsi-
MOTO [TOTPYKEHHS B JKUIKUH a30T, XPaHEHUS B TEUCHHUE
1-30 cyTok u ororpesa co ckopoctbio 70°C/MuH.

2. BeposITHOCTh pa3BUTHUS JEKOHCEPBHUPOBAHHBIX
YEepEeHKOB SI0JIOHU U TPYIIU 3aBUCUT OT UX COpPTa H
croco0a KpHOKOHCEpBUPOBaHHS. BupoBoe ominyne
YepEeHKOB SI0IOHN M TPYIIY OKa3bIBaeT B 2 pasa OoJbiiee
BIIMSTHUE Ha JKH3HECTIOCOOHOCTh JICKOHCEPBUPOBAHHOTO
01oo0BeKTa, yeM copToBoe. Bribop copra uepeHKoB
SIOJIOHM M TPYILIH, KaK U CIOCO0 KPHOKOHCEPBUPOBAHMS,
OIIPEAEIISIIOT BOCHIPOU3BOJUMOCTD PE3YJIBTaTOB OIIbI-
TOB. D((PEKTUBHOCTH MPEIIOKEHHOTO CIIOC00a KpHO-
KOHCEPBUPOBaHHSI YEPEHKOB sIOJIOHHU U TPYILH 3aBUCHUT
OT UX COpTa.
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