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JocnimkyBanack st 3aMOpOKyBaHHs HACiHHSI coi 710 -55 1-70°C mix 3axuctoM kpiomnporekTopis npomangiony (1), [TEO-400 i
I[TEO-1500. BukopucraHo pi3Hi yMOBH 00p0oOKH HAaCiHHS KPiOMpOTeKTOpamMHu (Bapialii KOHIEHTpalliid, TPHBaJIOCTi €KCIIO3UIIIT), pi3Hi
PEKHUMH 3aMOPOXKYBaHHS. BcTaHOBIICHO, 1110 TPH MiA00Pi ONTHMAIBHUX YMOB 00pOOKH HACIHHS COI KPiONIPOTEKTOPAMH MOXKJIMBO HE
TiBbKH 30€perTy BUXiHI 010I0T1YHI SIKOCTI HACIHHSA, aJie i 30UIBIIUTH MOKa3HUKU CHEPTii MPOPOCTAaHHS Ta CX0KOCTi. OOrOBOPIOIOTHCS
MIPUYUHH Pi3HOI J1ii KPiOIPOTEKTOPiB HA MOCIBHI XapaKTEPUCTHKH HACIHHSI.

Kntouosi cnosa: HaciHHs, KPIOIIPOTEKTOPH, PEXKUMHU 3aMOPOXKYBAHHSI, CHEPTisl IPOPOCTAHHS, CXOXKICTb.

HccnenoBanocs AeiCTBHE 3aMOpaXHBaHUsl CeMsiH cou 110 -55 u -70°C mop 3amuToil KpronpoTekTopoB npomanaunona (I1/1),
[120-400 u I190-1500. Mcrnonp30BaHbl pa3iiHyHbIE YCIOBHA OOPAOOTKH CEMSIH KPHOMPOTEKTOPaMH (BapHallld KOHICHTPAIHH,
MIPOIOJDKUTEIILHOCTD SKCIIO3UIIHNH ), PA3HBIC PEXKIMBI 3aMOPAKUBAHUSL. YCTAHOBJICHO, YTO IPH MOAOO0PE ONTUMAIBHBIX YCIOBHA 00pabOTKU
CEMSH COM KPHOTIPOTEKTOPaMHU MOXKHO HE TOJIBKO COXPAaHUTh UCXOAHBIE OMOIOTHYECKHE KaueCTBa CEMSTH, HO U YBEITHUYHNTD [TOKA3aTeNIN
SHEPTHH NMPOpacTaHus U BcxoxecTd. OOCYKIAI0TCS BOZMOKHBIC TPUYHHEI PA3JIMYHOTO NCHCTBUS KPHOIIPOTEKTOPOB HA TIOCEBHBIC
XapaKTEPUCTHKH CEMSH.

KiroueBrle ciioBa: ceMeHa, KpHONPOTEKTOPHI, pEKUMBI 3aMOPaXKUBAHUS, SHEPTHS IPOPACTAHHS, BCXOKECTD.

We have investigated the effect of soybean seeds freezing down to -55 and -70°C under propanediol (PD), PEO-400 and
PEO-1500 cryoprotectants’ effect. There were used various conditions of seeds treatment with cryoprotectants (variation with the
concentrations, exposure term), various freezing regimens. It has been established that when selecting the optimum conditions for
soybean seeds treatment with cryoprotectants it is possible not only to keep the primary biological characteristics of seeds, but also
increase the indices for a sprouting energy and germinating capacity. We have also discussed the reasons for various effect of

cryoprotectants on seeds planting characteristics.

Key words: seeds, cryoprotectants, freezing regimens, sprouting energy, germinating capacity .

CTBOpeHHS Ta MIATPUMAHHS KOJEKIIIH KyJIbTYPHUX
POCIIUH 3a Cy4acHUX YMOB € OCHOBHUM CHOCOOOM
NPUMHOXXEHHS Ta 30epeXeHHsl X TeHEeTHYHOTO0
PI3HOMAHITTS 3 METOI0 BUKOPUCTAHHS B CEMEKIIii [2,
10]. e mocuth edexTUBHUI crOCiO, ane BiH HAATO
JIOporuid, 60 BUMarae 3HaYHWX BUTPAT Ha LIOPiuHE
BUPOIIYBaHHA, 0€3 mepeOinbIleHHs, BeIHIe3HO1
KIUJIBKOCTI COPTIB, 3pa3kiB, ¢opM. IHIINM MeTOmOM
30epekeHHs 610piI3HOMaHITHOCTI POCIIMH MOXe Oy TH,
30KpeMa, KpiokoHCepBYBaHHS HaciHHA. OcoOnuBO
e(eKTUBHUM MOKe Oy TH KpiOKOHCEPBYBaHHSI HACIHHS
THUX POCIIMH, K€ 33 CBOIMH O10JOTIYHMMH OCOOIH-
BOCTSIMH IIBHJIKO BTPAYa€ CXOXICTh 32 3BUYAWHUX
yMOB 30epiranus [3].

JlitepatypHi aHi CBiqUarh, 1110 KPIOKOHCEPBYBAHHS
HE 3HIKYE, 8 MOXKE HaBiTh ITiABUIIUTH OCIBHI SKOCTI
HaciHus [2, 3]. Kpim Toro, muis 301bmeHHs CTiKoCTI

Creation and keeping the collection of cultural plants
under current conditions is the main way for multiplying
and preservation of gene diversity of those for selection
[2, 9]. This way is known to be quite efficient, but too
expensive method, as it requires huge expenditures for
annual growing of great amount of varieties, samples
and forms.

Another method for plant biodiversity preservation
may be, in particular, meristema cryopreservation of
seeds. Particularly efficient may be seeds cryo-
preservation of those plants, which according to
biological characteristics quickly lose germination
characteristics under normal storage conditions [3].

Literature data testify that cryorpeservation does
not reduce, but is able to increase the seeds planting
characteristics [2, 3]. In addition, to increase the plants
resistance to unfavorable environmental factors there
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POCIIMH [0 HECUPUATIMBHUX (DAKTOPIB CepeqoBHILA
3aCTOCOBYIOTh IEpPEANOCiBHY 00pOoOKY HaciHHA
CUTBCHKOTOCTIOAAPCHKHUX KYIBTYP PO3YMHAMH PSTY
PEYOBHH, y TOMY YHCII 1 KpionpoTekTopamu [ 12], mo
CYIIPOBOKY€ETHCS MOJIMNILIECHHAM IOCIBHUX SIKOCTEH
HaCiHHSI 1 ABUILIEHHSM BpOXKaifHOCTi 00pOOIIOBaHNX
KynsTyp [2, 12, 9]. OOpo6ka HaCiHHS 03UMOI MIIISHHULII
kpionpotexTopamu I[IEO-1500, ITEO-400 Ta gume-
TUICYNb()OKCHUAOM CIpHUsIa KpPamoMy PO3BUTKY
POCIIHH 3 OCEHi, 301IBILIEHHIO BPOKatO Ta MOKPAILIAHHIO
sKocTi 3epHa [9, 12]. Oxon0mKeHHs] HACIHHS TOMATiB
110 -70°C cTUMyITIO€ IHTEHCUBHICTE HOTO ITOYaTKOBOTO
pocty [1]. Ilpu ubomy 00poOka HaCiHHS pO3YHMHAMH
[TEO-1500 cripusiia Kpamomy, HOpiBHSHO 3 KOHTPOJIEM,
BIDKMBAHHIO HACIHHS ITICJIS 3aMOPOKYBAHHS, T IBHIICH-
HIO CTIHKOCTI OZIepKaHOi 3 IIbOT0 HACIHHS PO3Caau 10
HECIPUATIMBUX YHHHUKIB cepenoBuina [ 1].

VY po6ori [6] BUBYEHO BIUTUB HU3BKUX TEMIIEPATYP
Ha CXOXICTh 1 MPOXYKTUBHICTH coi. Ilokazano, mo
[UISIXOM OTITUMI3AIlil peKUMiB OXOJIOIKCHHS HACTHHS
MOJKJIMBO 3MEHUIUTH HPUTHIYECHHS NOKA3HHUKIB
JKHUTTE3MATHOCTI COi, a B psAAi BUMAAKIB HaBiTh
MOKpamuTh iX. Y po6oti [10] mocmimKeHo BILIHB
00pOoOKY HACIHHS COI KPIOMPOTEKTOPAMH 32 HU3BKHX
no3utuBHUX (8°C) TemMnepaTyp Ha €Heprio mpopoc-
TaHHS 1 CXOXKICTh. Pe3ynbraru cBiguarh, Mo micis il
MMOHMKEHOI TeMIepaTypy €Heprisi MPOpOCTaHHA 1
CXOXicTh HaciHHs coi copTiB Coep 2-95 Ta Ilomins-
cpka- 1 migBunryBanucs mif BrmuBom 11 i [IEO-400.
Kpionporekrop ITEO-1500 B GinbirocTi BUMaKiB
MIPUTHIYYBAaB MPOIIeC IPOPOCTAHHS HACIHHS 000X cop-
TiB.

Meroro gociikeHb Oy10 BABYCHHS BIUIUBY Pi3HUX
PEXUMIB 3aMOPOXKYBaHHS 1 PI3HHX KOHIICHTpAIlild
KPIOMPOTEKTOPIB HA €HEPTi0 MPOPOCTAHHS 1 CXOXKICTh
HACIHHS IBOX COPTIB COT IJIs1 MOYKITUBOTO X JIOBTOTPH-
BaJIOTo 30epiraHHs.

Martepiaan i mertoam

O06°‘exTaMu HaIIKX JOCIKEHB Oy COPTH COT, sIKi
€ HallioHaNbHUMHU cTaHaapTamu: Coep 2-95 — panHii
ta [Toxmineceka-1 — mi3Hii.

Bukopucrano kpionporekropu: 11, [TIEO-400 Ta
I[MEO-1500. /1yt npuroTyBaHHs pO34MHIB KPiOMIPOTEK-
TOpPiB Opayy YUCTy MPOQLIETPOBAHY MTOOYTOBY BOAY.

JocnipkeHHs: IpOBOAMIIOCS 32 HACTYIIHUMH CXe-
MaMHU.

Hepwuii eapianm. HaciHHS 3aMOpOXYBaJIH 10
-55°C. Ilepen 3aMOpOXKyBaHHSIM HaCIHHS 3aMOYyBaJIH
B 30%-X po3unHaxX KpioNpOTEKTOPiB MPOTAToM 15 xB
IpHu KiMHATHIN Temmeparypi. Kontponem Oyro cyxe
Ta 3BOJIO’KEHE BOJIOI0 HaciHH (15 XB). 3aMopoxkyBaiu
HaciHHS B 3aMOPOXYBallbHIA yCTaHOBII (kKamepa
“Cryoson”).

Pesxxum 3amopoxyBanns Nel: 3i mBuakictio 1°C/xB
Bix 20 10 -55°C, 3 BUTPUMKOIO TIPH IIiH TeMIIepaTypi
60 xB. BixirpiBanu 31 mBuakictio 5°C/xB g0 0°C, 3
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is often used the pre-planting seeds treatment of
agricultural plants with various solutions of substances,
and cryoprotectants as well [12], which is accompanied
by the improvement of seeds planting characteristics
and increasing the crop capacity of treated cultures. [2,
12, 9]. Spring wheat seeds treatment with PEO-1500,
PEO-400 and DMSO cryoprotectants promoted better
development of plants starting from autumn, as well
as augmenting the crop capacity and seeds quality
improvement [9, 12]. Cooling of tomato seeds down
to -70°C stimulates the intensity of their initial growth
[1]. In this case the seeds treatment with PEO-1500
solutions promoted the more considerable seeds
viability following freezing, comparing to the control,
the stability increase of the seedlings obtained from
these seeds to unfavorable environmental factors [1].

In the work [6] there was studied a low temperature
effect on soy sprouting rate and productivity. It was
shown that by optimizing the cooling regimens for seeds
it was possible to reduce the inhibition of soy viability
indices, and to improve them in some cases. In the work
[10] there was studied the effect of soybean seeds
treatment with cryoprotectants under low positive
(8°C) temperatures on the sprouting energy and
germinating capacity. The results testify that after the
reduced temperature effect the sprouting energy and
germinating capacity of Soyer 2-95 soybean seeds and
Podilska-1 ones increased under PD and PEO-400
effects. PEO-1500 cryoprotectant inhibited in the majority
of cases the seeds sprouting process of the both species.

Our study was aimed to investigation of various
freezing regimens and different cryoprotectant
concentrations on a sprouting energy and germinating
capacity of seeds of two soy species with the aim of
their further long-term storage.

Materials and methods

The soy species, which are known to be the National
standards (Soyer 2-95 as an early and Podilska-1, as the
late one) were the objects under study.

The following cryoprotectants: PD, PEO-400 and
PEO-1500 were used. To prepare the cryoprotectants
solutions we used pure filtered water.

The investigations were performed according to the
following schemes.

Ist variant. The seeds were frozen down to -55°C.
Prior to freezing the seeds were moistened under 30%
cryoprotectants solutions within 15 min under room
temperature. Dry seeds and the ones moistened with
water served as the control. The seeds were frozen
using a freezing device (“Cryoson camera”).

Freezing regimen N1 was performed with the rate
of 1°C/min from 20 to -55°C, with a 60-min exposure
under this temperature. Thawing was done with the
rate of 5°C/min down to 0°C with 48 hrs exposure under
0°C and 48hrs under 8°C. Following this procedure
the seeds were planted together with the control ones.
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BuTpuMKOI0 48 rox mpu 0°C ta 48 rox mpu 8°C. Ilicns
LOTO HACIHHA BHCIBAJIM PAa30M 3 KOHTPOJIBHUM.

Hpyauii sapianm. HacinHs coi 3aMOpOKyBalid 10
—70°C. Ilepen um #oro 3amouyBanu B 7- ta 15%-x
PO3YMHAX KPIOMPOTEKTOPIB 25 XB PH KIMHATHIN TEM-
nepatypi. Kontposnem 0yio cyxe i 3B0JI0KeHE BOIOIO
(25 xB) HacinnHs. Ciif] BiI3HAYUTH, 10 PI3HUH Yac eKc-
MO3MMLii 3 KPiONMPOTEKTOpaMU OOyMOBJICHUH MPHITY-
MIEHHSM PO TOKCUYHICTh BUCOKHX KOHITeHTparttii [TEO
ta [1/]. Tomy mpu BuKOpuCTaHHI OiJbII BUCOKHX KOH-
[IEHTpAaIlif KPiOIPOTEKTOPIB Yac €KCIO3MIlT 3 HUMHU
MEHILUH.

Pesxxum 3amopoxyBanHs Ne2: 3i mBuakictio 2°C/xB
Big 20 mo -4°C, motim 8°C/xB 0 -20°C 1 20°C/xB 10
-70°C. Burpumka 60 xB nipu -70°C. BigirpiBanu Bix
-70°C go -20°C 31 mBuakictio 20°C/xB, 1 Big -20°C
1o 8°C — 5°C/xB. 3miHa TemmepaTypH 3pasKa BiJl 4acy
HaOMMXKAEThCA 10 €KCIIOHEHTHOI 3aleXHOCTI [7].
[licna BigirpiBanHs nepen NpOPOLIYBaHHIM HACIHHA
BUTpUMYyBanu 48 rox npu §°C.

[IpopornryBaHHs HaCiHHS CO1 Ta BU3HAYCHHS CHEPTii
MIPOPOCTAHHS 1 CXOXKOCTi mpoBoauiu 3rigHo 3 [OCT
2240-93 [4]. Jocminu mpoBoauiu 4 pa3u. Y poOoTi
MIpeICTaBICHO CePE/IHI 1aHi Ta CTaHJapTHA MMOXHOKA.

Pe3yAbTatn Ta 0OrosopeHHs

OpneprkaHi aHi cBigq4aTh, U0 3aMOPOXKYBAaHHS 10
-55°C 00yMOBWMIIO MiABUIIEHHS €HEPTil IPOPOCTAaHHS 1
CXO0XOCTI CyXOro i 3BOJIOKEHOTO HACiHHS COPTY
Coep 2-95 (Taba. 1). Kpionporexkropu I1/1, ITIEO-400
1ITEO-1500 cyTTeBO 3HIKYBaIM €HEPTIIO IPOPOCTAHHS
1 CXOXKICTh HE3aMOPOXKEHOTO HACIHHS 1 3HAYHO MEHIIIE
BIUIMBAJIM Ha Ii NOKa3HUKH IICII 3aMOPOXKYBaHHS
(Tabm. 1).

Hocnigu 3 coprom coi [loxins-
cbka-1 (tabn. 2) mokaszanu, 1o
EHEepTisl MPOPOCTAHHS 1 CXOXKICTh
3aMOPOKEHOTO 3BOJIOKEHOTO Ha-
CIHHS HM)KYE, HIXX y HE3aMOpOXKe-
HOTO. 3aMOPOXKYyBaHHS CYXOTo Ha-

Variant 2. Soybean seeds were frozen down to —
70°C. Prior to this procedure the seeds were moistened
during 25 min under 7% and 15% cryoprotectant
solutions under room temperature. Dry seeds and the
moistened ones (25min) served as the control.

It should be noted that the various exposure time with
cryoprotectants is stipulated by the supposition about
the toxicity of high concentrations of PEO and PD.
Therefore when using higher cryoprotectant concent-
rations the exposure time with them takes the shorter
period.

Freezing regimen N2: with the rate of 2°C/min from
20 to 4°C, after that with the rate of 8°C/min, down to
-20°C and with the rate of 20°C/min down to -70°C.
Exposure (60min) under -70°C. Thawing from -70°C
up to -20°C with the rate of 20°C/min, and from -20°C
up to 8°C using the rate of 5°C/min. Temperature
change in the sample upon the time is approaching
towards the exponential dependence [7]. Following the
warming prior to sprouting the seeds were exposed
for 48 hrs under 8°C.

Soybean seedssprouting, as well as evaluation of
the sprouting energy and germinating capacity were
performed according to the State Standard of Ukraine
2240-93 [4]. The investigation was completed for 4
times. In the work we have presented the mean values
and standard deviation.

Results and discussion

Obtained by us data testify that freezing down to
-55°C stipulated the increase in a sprouting energy and
germinating capacity of both dry and moistened Soyer
2-95 seeds (Table 1).

Tadmamus 1. Brums 3amopoxyBanHs 110 -55°C Ta KpiolIpOTEKTOPIB Ha EHEPTito
MIPOPOCTaHHS 1 CXOXKICTh HaciHHA coi copTy Coep 2-95.

Table 1. Effects of freezing down to -55°C and cryoprotectants on a sprouting
energy and germinating capacity of Soyer 2-95 soy seeds.

CIHHS TIPUBOAMTH IO ITiIBUIIICHHS
IUX NoKa3HuKiB. Kpionporekropu
3HWKYIOTh €HEPIit0 MPOPOCTaHHS 1
CXOXICTh HE3aMOPOXKEHOI0 HACIHHS,
aJsie y 3aMOpOKEHOT0 11l TOKa3HUKH

BapianT
AOCAIAY
Variant of

CxoxicTb HaCiHHSA, %
Seeds germinating capacity,%

Enepris npopocranust HaciHHs, %
Seeds sprouting energy,%

JIOCTOBIPHO TiABUINYIOTHCS 3a Ail
kpionporekropiB [IEO-400 i [TEO-
1500 (tabm. 2).

Otxe, Ipu 3aMOPOXKYBaHHI
HaciHHs 10 -55°C mocmimKkeHi Kkpio-
MPOTEKTOPHU MPOSIBISAIOTH €hEeKT
3aJIe)KHO BiJ BHUAY CHOJYKH, a
TaKOX BiJI copTy coi. EQexrnuBHUM
Ha copTi Coep 2-95 BUSIBUBCS JTUILIE
II/1, a na copri Ilominsceka-1 —
I[TEO-400 i ITEO-1500.
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experiment
HE3aMOPOJKEHOTO | 3aMOPO’KEHOro | He3aMOPOJKEHOI'O | 3aMOpPO’KEHOTo
Non — frozen Frozen Non — frozen Frozen
Cyxe HaciHHA
(KOHTPOAB) 4,00%=2,00 10,00==2,00 21,00=2,00 42,00%2,31
Dryseeds (control)
3BOAOKEHe
(KOHTpOAB) 12,00=+1,27 29,50=+2,97 28,00+2,27 44,00+£3,27
Wet seeds (control)
TIA 30% — 1
%D 3{) " 2,00=1,31 21,002,00 15,00:2,00 47,00%2,00
TTEO — 400 30% — it . -
PEO— 400 30% 5,00%2,00 21,50+1,91 14,00+1,31 25,00+2,00
TIEO — 1500 30% — it
PEO— 1500 30% 6,00+2,31 17,00+=2,00 26,00+2,31 32,50+2,73
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Tadanus 2. Brums 3amopoxyBanHs 110 -55°C Ta KpiolIpOTEKTOPIiB Ha EHEPTito
MPOPOCTaHHS 1 CX0XKiCTb HaciHHs coi copTy [Toainbcbka-1.

Table 2. Effects of freezing down to -55°C and cryoprotectants on a sprouting
energy and germinating capacity of Podilska-1 soy seeds.

BapianT
AOCAIAY
Variant of
experiment

Enepria npopocranus HacinHg, %
Seeds sprouting energy,%

CxoxicTh HaCiHHSI,%
Seeds germinating capacity,%

HEe3aMOPOJKeHOoTo 3aMOPOJKEeHOTO HEe3aMOPOXeHOTo 3aMOPOJKEeHOT0
Non — frozen Frozen Non — frozen Frozen
Cyxe HaciHHs
(KOHTPOAB) 14,00+2,31 33,00+2,00 46,00+3,27 53,00+2,00
Dryseeds (control)
3BOAOKEHE
(KOHTPOAB) 35,50%2,52 29,50+3,00 72,00+3,27 49,00%2,00
Wet seeds (control)
1A 30% — i
PD 30% 22,00+2,31 25,00+2,00 30,00+2,31 38,00+2,31
TTEO — 400 30% — it
PEO— 400 30% 20,00+2,27 35,00+2,00 51,00+3,83 69,00+2,00
TTEO — 1500 30% — it 5,00%2,00 44,003,27 40,00+3,27 63,00=2,00

PEO— 1500 30%

Pesynapratu 3amopoxyBanHa no -70°C copry

Coep 2-95 (Tabm. 3) mokasaiu, o eHeprist IPOPOCTaH-

HSI CyXOTO HaCIHHSI MiCIIsI 3aMOPOXKYBaHHS HE 3MIHIOBa-

J1acs, a CXOXICTh 3pociia. 3BOJIOKEHE HACIHHSA ITiCTIs

3aMOpOXKYBaHHS 3HU3MIIO 00H/IBA TOKA3HUKH.
Kpionporexropu 1] i [TEO-1500 B 7%-11 KOHIIEHT-

The experiments with Podilska-
1 soy (Table 2) have demonstrated,
that the sprouting energy and ger-
minating capacity of frozen mois-
tened seeds is lower than in non-
frozen ones. Freezing of dry seeds
causes the increase in these indices.
Cryoprotectants reduced the sprou-
ting energy and germinating capaci-
ty of non-frozen seeds, but in frozen
seeds those indices increased under
the effect of PEO-400 and PEO-
1500 cryoprotectants (Table 2).

Therefore, when freezing the
seeds down to -55°C the cryopro-
tectants under study manifested the
effect dependening upon the type
of a substance, as well as upon the
soy species. Only PD occurred to
be efficient with Soyer 2-95 seeds,
and for Podilska-1 such cryoprotec-
tants as PEO-400 and PEO-1500

were found to be effective.

The results for Soyer 2-95 seeds freezing down to
-70°C (Table 3) have demonstrated, that a sprouting
energy of dry seeds did not change following the

freezing, but the germinating capacity increased. Wet

pautii geo 3amKyBany, a [IEO-400,
HaBIaKd, MiJABUIIYBaB €HEPril0
MIPOPOCTAaHHS HE3AMOPOKEHOTO Ha-
CIHHS B TIOPIBHSHHI 3 KOHTPOJEM
(3BomoxxenuM HaciHHAM). Ilicms
3aMOPOYKYBAHHS 1Tl PEIOBHHH ITiJ[BH-
ITyBaJIF €HEPTiI0 IPOPOCTAHHS TO-
PIBHSIHO 31 3BOJIOKEHUM HACIHHAM,
ocoOuBo 111 ITEO B 15%-1i koH-
neHTpanii (tabmn.3).

[Momo cxoxkoCTi, TO Kpiompo-
texktopu [IEO-400 i ITEO-1500 y
15%-¥1 KOHIIEHTpaAlIlii He 3MiHIOBAIIH,
a 111 I1EO B iHIIMX KOHIEHTPALIisIX
MIPUTHIYYBAJIN CXOXKICTh HE3aMOpO-
JKEHOTO HAaCiHHS B MOPIBHSHHI 3
KOHTPOJIEM (3BOJIOXKCHUM HACIHHSM ).
[Micns 3aMOpoXKyBaHHS TIiJ BILIU-
BOM BCIX 3aCTOCOBaHHX KpioIpo-
TEKTOPIB CXOXKICTh HACIHHS OyJia BU-
LIOIO HiXK B KOHTPOJI1, aJie HaO11b-
i eext nposiisie [IEO-1500 B
15%-1i konuentpauii ta [1]] B 0060x
KOHLIeHTpawisx (Tad. 3).

VY mocnigax i3 coprom Iominb-
cpka-1 (Tabmu. 4) BCTAaHOBJICHO, 110
3BOJIOJKEHE HACIHHS 3HHIKYE €HEP-
IO IPOPOCTaHHS 1 CXOXKICTB IiCIIsS
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seeds following freezing reduced the both indices.

Tadmanus 3. Brums 3amopoxyBanHs 110 -70°C Ta KpiolpOTEKTOPIiB Ha EHEPTito
MIPOPOCTaHHS 1 CXOKICTh HaciHHA coi copTy Coep 2-95.

Table 3. Effects of freezing down to -70°C and cryoprotectants on a sprouting
energy and germinating capacity of Soyer 2-95 soy seeds.

Bapiant Enepris npopocranus Hacinus,% CxoxicTh HaciHHS,%
Seed ti 9 Seed inati ity
aocaiay eeds sprouting energy,% eeds germinating capacity,%
Variant of
experiment
HEe3aMOPO’KEHOTO | 3aMOPOJKEHOTO | He3aMOPOJKEHOTO | 3aMOPO’KEHOTO
Non — frozen Frozen Non — frozen Frozen
Cyxe HaciHHS
(KOHTPOAB) 6,50+1,91 5,50+1,00 37,25%+3,11 58,50=+3,11
Dryseeds (control)
3BOAOKEHEe
(KOHTPOAB) 15,00%+2,00 0,00+0,00 53,50+2,52 41,00+2,84
‘Wet seeds (control)
1A 7%0_ﬁ 10,50%+1,91 6,25+2,50 45,00=1,15 78,50+2,38
PD 7%
TA 15% it 13,0022,00 26,252,87 37,00£2,00 73,00£2,00
PD 15%
TMEO —400 7% — 1t
PEO — 400 7% 23,50+2,52 6,75+2,36 37,50+1,91 53,25+2,36
TTEO—400 15% —#
PEO — 400 15% 22,00+2,31 5,00=1,08 56,50%2,52 67,25%2,06
TMEO— 1500 7% —#
PEO — 1500 7% 10,00+2,00 2,00+1,45 25,50+1,91 62,25+1,50
TEO— 1500 15% —#
PEO— 1500 15% 16,00+1,27 15,25+1,50 54,50+1,00 80,75+2,22
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3amopoxkyBanHus 0 -70°C. Lle cmiBnmagae 3 pesyib-
TaTtaMu, ojJepxkaHu-Mu Ha copTi Coep 2-95.

[lig ByIMBOM KpiONpPOTEKTOPIB €Hepris mpopoc-
TaHHS HE3aMOPOKEHOr0 HACIHHA HE 3MiHIOBAJach,
TOOTO BUKOPHUCTaHi YMOBH 0OpOOKH HACiHHS KPiompo-
TEKTOPaMH HE BUSIBIIIM TOKCUYHO] /1ii OCTaHHIX.

[Ticns 3aMopoKyBaHHS €HEPrisl IPOPOCTaHHS 3a Iil
KpioMpOTeKTOpiB OyJia BUIIOIO, HIXK Y KOHTPOI, aje
HalOiIbm ehekTuBHUM BUsiBUBCS 15%-i1 [T/,

CX0XKICTh HE3aMOPOXKEHOTO HACIHHS 3a il Kpio-
MPOTEKTOPIB AeN0 NMpUTHivyBanack. [licis 3amopo-
JKyBaHHS BOHA OyJia OUJIBIIO0, HIXK Y KOHTPOJbHOMY
BapianTi. [Ipu npomy 3a nii I1]] 7%- ta 15%-i koH-
nenTtpaitii, [IEO-400 i [IEO-1500 B 15%-ii BoHa Maiia
MMOKa3HUKH KOHOuIiHHOro Hacinasa (93-97%), mo
00yMOBJICHO JIep’)KaBHUM CTaHAApTOM (Tadi. 4).

Pesynpraru gociiniB i3 3aMOpOKyBaHHSM HACIHHS
coi 10 -55 Ta -70°C cBig4aTh, 110 BUKOPUCTAHI1 y TIep-
oMy BapiaHTi kpionpotexTopu B 30%-i1 koHIeHTpawii
BUSIBIISIIOTh TOKCHYHY Ail0 MPHU NO3UTUBHUX TEMIIE-
parypax (0CoOJMBO 1€ BiUyBA€ThCSA Ha MPOHU-
katouomy [1]]), ane mpu 3aMopoxKyBaHHI 11i KpioIpo-
TEKTOPHU JIII0Th MO-pizHOMY. [1]] HE 3MiHIOE eHepriro
MIPOPOCTAHHS Ta CXOKICTh HaciHHs copty Coep 2-95,
a[TEO-400 i [TIEO-1500 3umxky1oTh iX. LI noka3Huku
copty Iloainbchbka- 1, HaBMaKK, MiABUILYOTHCS 3a A1l
I[TEO-400 Ta ITEO-1500, a I1/] 3HMmXKYE iX.

VY npyromy BapiaHTi Oynu 3acTOCOBaHi OB HU3BKI
KoHLeHTpawii kpionporektopis (7 1 15%), sixi cnpu-

Tadauus 4. Brums 3amopoxyBanHs 110 -70°C Ta KpiolpoTEeKTOPiB Ha EHEPTito
HPOPOCTaHHS 1 CXOXKICTh HaciHHA coi copty [Toainbepka-1.

Table 4. Effects of freezing down to -70°C and cryoprotectants on a sprouting
energy and germinating capacity of Podilska-1 soy seeds.

PD and PEO-1500 cryoprotectants under 7%
concentration slightly decreased the sprouting energy
for non-frozen seeds, but PEO-400, in contrast, increa-
sed this index comparing to the control (moistened
seeds). Following freezing these substances increased
the sprouting energy if compared with the wet seeds,
especially PD and PEO under 15% concentration
(Table 3).

As for the germinating capacity , PEO-400 and
PEO-1500 under 15% concentration did not change
this index in non-frozen seeds, but PD and PEO under
the other concentrations suppressed it in comparison
with the control (the moistened seeds). Following the
freezing under the effect of all the cryoprotectants used
the germinating capacity was higher in the control, but
the most significant influence was manifested by PEO-
1500 in 15% concentration and PD under both
concentrations (Table 3).

In the experiments with Podilska-1 seeds (Table 4)
it was established that the moistened ones reduced
the sprouting energy and germinating capacity following
the freezing down to -70°C. This fact coincides with
the results noted for Soyer 2-95 seeds.

Under the effect of cryoprotectants the sprouting
energy did not change in non-frozen seeds, that is the
conditions of seeds treatment with cryoprotectants did
not demonstrate a toxic effect of the latter.

Following freezing the sprouting energy was higher
under the cryoprotectants effect than in the control,
but PD under 15% concentration
was found to be the most efficient.

Germinating capacity of non-
frozen seeds under the effect of
cryoprotectants was slightly sup-
pressed. Following the freezing this
index was higher if compared with

_ _ _ _ the control variant. In this case under
. EIICpFlfI IIPOPOCTAaHHA IIaClIHI}I,% CXOXiCTh HaClIIIIfI,% .
Ezlg;\?:; Seeds sprouting energy,% Seeds germinating capacity,% the effect Of PD in 7% and 15%
Variant of concentrations, PEO-400 and PEO-
P He;?gg’g?;gigg)ro BGDI(;})I’(());IEEI'IH()F() He;igf;)g(;;gig;)r() 3&,\’[(;}‘)[(0);}:;‘1H()F() 1500 the germinating Capacity had
the indices of conditional seeds (93-
Cyxe HaciHHS .
(KoHTPOAD) 19,00£2,00 23,50%1,00 54,25%2,06 81,25%2,50 97%), that was stipulated by the
Dryseeds (control) State standard (Table 4).
3Boroxere The experiments results with soy-
(KOHTPOAB) 24,00%=2,71 18,50+1,91 64,00=%3,27 48,25+2,36 .
Wet seeds (control) bean seeds freezing down to —55
TIA 7% — i and -70°C testify that the cryo-
90, . 27,00=1,15 29,25=+1,50 50,00=+=2,31 97,50=+2,89 : .
PD 7% protectants used in the first experi-
- Y 1
H'%Dlﬁgo;n 23,00=%=2,00 66,00+2,45 51,00%2,31 93,75+2,50 men,tf uItldae:h30f) (?On;:‘f?ntt:ratlc?n
o manifested their toxic effect under
0 e oo ™ 42,00%2,31 37,00%1,15 61,50+1,91 86,75=2,36 positive temperatures (it was
especially marked with penetrating
oo 20 rea ™ 23,50%2,52 43,25%2,36 60,50=2,52 97,002:2,45 PD), but under the freezing these
cryoprotectants acted in a various
TIEO 1300 7% —# 27,002,00 20,00%1,63 57,50%1,91 76,25%2,50
PEO— 1500 7% 002, 1001, 01, 25%2 way. PD does not change the
. sprouting energy and germinating
TTEO — 1500 15% — 1 . sy + 50+
PEO— 1500 15% 26,00+=1,63 43,25+2,36 58,00*1,63 92,50+2,89 Capacity Of Soyer 2_95 Seeds, and
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YUHIJIA MEHII TOKCUYHY 110 Ha HACIHHS 1 TOKa3au
OinpImit Kpio3axucHui eekt. BigHOCHO Yacy excro-
3ULIT HACIHHS 3 KPIOMPOTEKTOPaMK MOXKHA CKa3aTH,
o 3a 25 XB HAciHHS MEPE3BOJIOKYETHCS, MPO IO
CBITYMTD 3HUKEHHS IOKa3HUKIB €HEePrii IpO-pOCTaHHS
1 CXOKOCTi B KOHTPOJIi 3BOJIOKEHOTO 3aMOPOXKEHOTO
HaCIHHSL.

BucHosku

Takym 9MHOM, BUKOPUCTAHHS KPIOMPOTEKTOPIB IPH
3aMOPOXKyBaHHI HAaCiHHS COi CUPHUIIO HE TUIBKH
30epeKeHHIO BUXITHUX OCIBHUX SIKOCTEH HACIHHS, aje
¥ BUKJIMKAJO CTUMYIAILIIO OCTaHHIX. 301IbIICHHS
EHEprii MPOPOCTAHHS 1 CX0KOCTI HACIHHS CO1 3AJICKHUTh
Bifl yMOB 0OpOOKH KPiOIIPOTEKTOPAMH Ta OXOIOIKECHHS
1 CBIIYUTH PO MOKITUBICTH ITiIBUIIICHHS A TaIlil-
HOTO IOTEHLI ATy KYJIBTYypH COi.

PesynbraTi Hammx AOCHIKEHb MOKa3yIOTh, IO
coptu Coep 2-95 ta Iloxinbceka-1 pisHMINCH 32 peak-
Li€I0 Ha A1I0 MOHWXEHUX 1 HU3bKUX Temneparyp. Ha
Hally AYMKY, [l OB’ S13aHO 3 TeHOTHITHUMH BiAMiH-
HOCTSIMH MK COpPTaMH.
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PEO-400 and PEO-1500 reduce those indices, which
increased in Podilska-1 ones under PEO-400 and PEO-
1500 effect, but PD decreases them.

In the second variant there were used the lower
concentrations of cryoprotectants (7 and 15%),
manifested the lower toxic effect on seeds and showed
the higher cryoprotective effect. As for the time of
seeds exposure with cryoprotectants one can note that
by 25 min the seeds are getting over-moistened, and
the reduction of a sprouting energy and germinating
capacity indices in the control for the moistened frozen
seeds testifies to this fact.

Conclusions

The use of cryoprotectants when freezing soybean
seeds promoted not only to the keeping of primary seeds
qualities, but also stimulated the latter. An increase of
a sprouting energy and germinating capacity of soybean
seeds depends upon the treatment conditions with
cryoprotectants and cooling, and testify to the possibility
of the augmentation of the adaptation potential for soy
culture.

The results of our investigations have demonstrated
that Soyer 2-95 and Podilska-1 soybean seeds were
different in their response to the effect of lowered and
low temperatures. We suppose that this fact is related
to the genotype differences in soy species.
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