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Wheat Seed Germination
After Low-Temperature Treatment or Ozonation

Pedrepar: Y poboti gocnigkysanu BnnvB nepeanociBHoi 06pobku HaciHHst nweHuui o3umoi coptiB Cornowmisi, BepgeH Ta
CraneBa 030HyBaHHSIM abo Hu3bkumK Temnepatypamu (—20, —40, —80 Ta —196°C) Ha napameTpu MOro noyaTkoBoro pocTty. Pesynb-
TaTu nokasanu ctumyniotody aito Temnepatyp —20 i —80°C Ha nokasHWKM AUHaMIKU NPOPOCTaHHSI HACiHHS Ta GIOMETPUYHI NoKa3HUKK
NpopOCTKiB YCiX copTiB. Y oxonomkeHoro Ao —40°C HacCiHHA MNeHWUi 03MMOI MPaKTUYHO He cnocTepiranocs 3MiH 3a nokasHUKamun
MNOro MpOpOCTaHHA MO BiAHOLWEHHIO A0 KOHTport. OxonomkeHHsi HaciHHa copTy Conomis go —196°C BuMKNUKano noripeHHs
npoueciB NPOPOCTaHHS, NPM3BOAWIMO A0 3MEHLUEHHSI AOBXMHN NAaroHiB, Cyxoi Macu NapoCTKiB i KOPEHIB NOPIBHAHO 3 KOHTponem. Y co-
pTiB BepaeH i CtaneBa cnocTtepiranu nogoBXeHHS KOPEHS Ta NPUCKOPEHHS NPOLLECiB NPOPOCTaHHS HaciHHA. O30HYBaHHA He BMMBano
Ha AMHaMiKy NPOPOCTaHHA HaCiHHSA BCIX OOCHigKyBaHWX COPTIB nweHudi, kpim Ctanesa, y SKOI Big3Hadanu gesike ranbMyBaHHS
npopocTaHHs. 3a GioMeTpMYHMMM nokasHWMKamMu B ycix copTiB 36inbllyBanacs AoBxuHA KopeHsi, a y Comnomia — cyxa maca na-
POCTKiB.

KntovoBi cnoBa: nieHnus o3vma, HaciHHA, HU3bKi TeMnepaTtypu, 030HYBaHHS, AUHAMIKa MPOPOCTaHHSA, BiOMETPUYHI MOKa3HUKW.

Abstract: The influence of pre-sowing treatment of Solomiya, Verden and Staleva winter wheat seeds either with ozonation
or low temperatures (—20, —40, —80 and —196°C) on their initial growth parameters was under study. The findings demonstrated
a stimulating effect of —20 and —80°C on dynamics of seed germination and biometric parameters of seedlings for all the cultivars.
The winter wheat seeds cooled down to —40°C showed virtually no changes in their germination rates compared to the control.
Cooling down to —196°C worsened the germination of Solomiya seeds, decreasing the shoot length, dry weight of sprouts and
roots as compared to the control. Verden and Staleva cultivars revealed the root elongation and accelerated seed germination.
Ozonation caused no effect on dynamics of seed germination in all the studied wheat cultivars, except for Staleva, where some
inhibition of germination was noted. According to biometric parameters, the root length increased in all the cultivars, and dry

weight of sprouts was additionally augmented in Solomiya one.

Key words: winter wheat, seeds, low temperatures, ozonation, germination dynamics, biometric parameters.

ITmennts — HaWOLIBIT PO3MOBCIOMKEHA CliTh-
CBKOTOCIIONIAPChKA KYNBTYpa JUIS 33J0BOJICHHS OC-
HOBHHUX XapyOBUX IMOTpeO JIIONCTBA. 3 OMISIy Ha
e OTPUMAaHHS BUCOKMX BPOXKAIB SKICHOTO 3€pHA,
MIITPAMKA HOTO TOCIBHUX 1 Xap4OBHX TOKAa3HUKIB,
a TaKoX MOXIIMBICTh IMiJBUIICHHS CXOXKOCTI Ha-
CIHHS € HATaJILHOI MOTPEOOI0 CYYacHOCTI.

SkicTe BUPOOIB 3 MINCHUIN 3AJICKUTH BiJ XiMid-
HOTO CKJaly 3€pHMH, a KUIbKICTh OiniKa, I[iHHUX
MIKpOEJIEMEHTIB 1 BYIJIEBOAIB — BiJ COPTY Ta TeX-
HOJIOTii BUpoIlyBaHHS. TBepaa i M’sKa MIICHHII
MaroTh o3uMi Ta spi Gopmu. CopTH TBEpHAOi IIe-
HUIl OUTBII CTIHKI 0 HECUPUATIMBUX YMOB HaB-
KOJIMIIIHBOTO CepeloBHINa (IIKIAHHUKIB, XBOPOO,
HEONTHUMAIBHUX TeMIeparyp). M’ska TIICHUIT
Bpa3jIMBillla O YMOB BHPOIIYBaHHS, ajie¢ OiiIbI

PO3MOBCIOMKEHA 1 Ma€ BEJIMKHUI TOMHUT. 3epHO TIIIIe-
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Wheat is the most widely grown crop used to
meet the basic human nutritional needs. Therefore,
obtaining high yields of quality grain, maintaining
its sowing and nutritional characteristics, as well
as the opportunity of increasing seed germination
are urgent tasks for today.

The quality of wheat products depends on
chemical composition of the grain, whereas the
amount of protein, valuable microelements and
carbohydrates depends on cultivars and cultivation
technology. Durum and soft wheat are available
in winter and spring forms. Durum wheat cultivars
are more resistant to unfavorable environmental
conditions (pests, diseases, suboptimal tempera-
tures). Soft wheat is more vulnerable to growing
conditions, but more widespread and in high

demand. The grain of durum wheat is floury and
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HUIIl M’ siK01 — OopomHucTe 1 po3cumnyacte. bianszpko
95% yciei mmieHwmIri, MO0 BUPOUIYETHCS B CBITi, —
xniona (Triticum aestivum L.).

ITokpareHdss TMOCIBHAX SIKOCTEH HACIHHS IIIe-
HUIII Ha TepUTOPii YKpainu Oyno akTyaahHOIO MPpo0-
JIEMOIO 3aBX/M, a 0COOJMBO 3apa3, B yMOBax IOB-
HOMAcIITaOHOI BIHHH 3 POCIHCBHKOIO (henepali€ro,
KOJI 6araro ciTbCHKOTOCITOIAPCHKUX 3eMEINTh 3a0pyI-
HeHi a00 MoHIBeUEHI B pe3y/IbTaTi 00HOBUX il.

OnHUMH 3 HaWBaKIUBIIINX ITOKA3HUKIB ITOCIBHUX
SAKOCTEH HACiHHA BBaKAaIOThCSI CXOXICTh 1 €Hepris
fioro mpopocrtanss. L{i moOka3HUKN XapaKTepU3YIOTh
OioyorivuHy i TOCHONAPCHKY LIHHICTH HACIHHS, a Ta-
KOK CYTTE€BO BHM3HAYalOTh BPOXKaiiHiCTh. Y poOOTI
M. Abdoli Ta criBaBr. [6] OKa3aHO BIUIMB BOIIHOTO
CTpECy Ha TPOPOCTaHHS 3€pHA JIBOX COPTIB TIIe-
HUIl, & TaKOK 3B’S30K MDK Ja0OpPaTOpHOI0 CXO-
KICTIO, TIapaMeTpaMd POCTY pO3Caau, CepeaHiM
gacoM Ta IHJEKCOM CHJIH TIPOPOCTaHHS HaCiHHS
1 BpOXKaiHICTIO.

3rimHo 3 mocmimkeHHaM M. Mapennu [3] Haii-
OinbIIMil BIUIMB Ha (HOPMYBaHHS BPOXKAHOCTI Mae
BuOip copty (57%), arporexHiuHi 3axonu (OIM3BKO
12%), a Takox mepeanociBHa oOpoOKa HaciHHS, Ha-
NpUKIaln, CTUMYJSATOpaMHu pocTy (mo 9%). Omnak
L€ HE BHKIIOYaE MOXIUBOCTI MOKpAIEHHS BpO-
KAMHOCTI 3a JOMOMOTOK) METOJIB MEPEIOCiBHOT
00poOKM HACIHHSL.

Icaye nBa THmm TepenmociBHOI 0OpoOKM Ha-
CIHHS, TTOB’I3aHUX 3 HOTO BOJIOTICTIO. 3aCTOCYBAHHS
neporo (TigponpaiMinr, 00poOka OCMOTHYHO aK-
THBHUMH PEYOBUHAMH, CTUMYJISITOPAMH POCTY 1 T. 1.)
MIPUBOIUTE JI0 3MIHU ITOYAaTKOBOI BOJIOTOCTI HACIHHS,
apyroro (MPOMOPOXKYBaHHS, i MarHiTHOTO IO,
o30HyBaHHA) 11 He 3MiHrO€e [13]. Ha choroaHi Bigomi
METOAM TWIiJBUINEHHS CXOXOCTi Ta, SK HACIIIOK,
BPOXAMHOCTI Pi3HUX POCIMHHUX KYJIBTYp 3a J0-
MTOMOTOK0 BIUTMBY HHU3BKHX TEMIICPATyp Ha HACIHHS
[2, 5, 10, 13, 14]. Tak, gochimkeHHS [ii TOMipHO
HU3BKUX TEMIIEpaTyp Ha HACIHHS JKUTa O3UMOTO
npeactaBieHi B poodori O. 3a10poKHOI Ta CITiBaBT.
[2]. ABTOpH OIIIHIOBUIM €JIEMEHTH CTPYKTypH
BpO’KAl0 JKATAa O3MMOTO TICHs 30epiraHHs HacCiH-
HA mpotsroM 42 wicsiiB 3a temmeparyp 4 i —20°C,
BOHM HE CIIOCTEpirajd 3MiHH MPOXYKTHBHOCTI
POCIIMHH, KiTBKOCTI KOJOCIB, IXHKOI JIOBKUHU, B TOH
gac, sk y 38% 3pa3kiB BiaMivanocs 30UThIICHHS
macu 1000 3epuun. Ilicnsa 30epiraHHs B pinkomy
azori abo B ioro mapax HaciHHA >KUTa O3MMOTO
Ta sipoBOro Oyl0 OTPUMAaHO BUIIMH MPOLEHT CXO-
KOCTi, a TakoX OibIIy IOBXHHY KOPEHIB, HIX
micns 30epiranHs 3a KiMHaTHOI Temmeparypu. [Ipu
IbOMY IOCHITHWKH HE CIOCTepiraau 3MiH y Xa-
pakrepi MetwmioBanas JIHK [10]. Ilepeamocisua
00poOKa HaciHHS Oypska Ta TOMATiB PIAKHM a30-
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crumbly. About 95% of all wheat grown world-
wide is bread wheat (Triticum aestivum L.).

Methods of improving the sowing qualities of
wheat seeds in Ukraine have always been a topical
task, especially now in a full-scale invasion of
the russian federation, when many agricultural
lands are either polluted or damaged due to hosti-
lities.

Germination rate and germination energy are
among the most important parameters of seed
sawing quality. These indices characterize biological
and economic value of seeds and significantly
determine future yields. M. Abdoli et al. [1] showed
the effect of water stress on grain germination of
two wheat cultivars, as well as the relationship
between laboratory germination, seedling growth
parameters, average time and seed vigor index, and
the yield.

As reported by M. Marenych [7], the choice
of cultivar (57%), agrotechnical measures (about
12%), and pre-sowing seed treatment, with
growth stimulants for example, (up to 9%) have
the highest impact on yield formation. However,
the possibility of yield improving with pre-sowing
seed treatments is not excluded.

There are two types of pre-sowing seed
treatment related to its moisture content. The use
of the first type (hydropriming, treatment with
osmotically active substances, growth stimulants,
etc.) leads to a change in initial moisture content
of seeds, the second one (freezing, action of a
magnetic field, ozonation) does not affect it [11].
To date, the methods of increasing the germination
and, as a result, the yield of various plant crops by
exposing seeds to low temperatures are known
[6, 10, 11, 12, 17]. Fore example, O. Zadorozhna
et al. [17] reported about the impact of mode-
rately low temperatures on winter rye seeds. The
authors evaluated the elements of the winter rye
yield structure after storing seeds for 42 months
at 4 and —20°C. They observed no changes in
plant productivity, number of productive ears
and their length, while 1000-grain weight was in-
creased in 38% of samples [17]. After storage in
liquid nitrogen or its vapors, winter and spring rye
seeds showed a higher percentage of germination
and longer root length than after storing at room
temperature. At the same time, no changes in
nature of DNA methylation were observed [6].
Pre-sowing treatment of beet and tomato seeds
with liquid nitrogen resulted in yield increase [10,
12].

The use of ozone for crop seed pre-treatment
was primarily considered by researchers as an
environment-friendly method of disinfecting seeds

npobnemu Kpiobionorii i KpiomeanUMHN

problems of cryobiology and cryomedicine
Tom/volume 34, Ne/issue 2, 2024



TOM MpUBOAMIA A0 30iNbLICHHS BpOXKaWHOCTI [5,
14].

3acTocyBaHHS O30HY B TIPaKTHLI TEPerno-
CiBHOI OOpOOKM HACiHHS CILTBCHKOTOCTIONAPCHKUX
KYJBTYp JOCHIJIHUKHA B TEPUIy Yepry po3TIsaaiu
SIK CKOJIOTIYHMA METOJ[ 3HE3apaKCHHS MaTepiary
Bill 30yIHHKIB XBOpPOO, OIHAK IOYaIM BiAMiYaTH
CTHUMYJTIOBaHHSI ITOYaTKOBOIO POCTYy Ta PO3BHUTKY
pociuH. Tak, y po6oti O. Tumomenko [4] o6poOka
HAaCiHHS MIICHULI Spoi O30HOMOBITPSHOIO CyMiIl-
IIF0 3 KOHICHTpaliero o3ony Big 0,5 mo 1,0 r/m?
BUKJIMKajia 3017IbIICHHS BUCOTH MPOPOCTKIB 1 JOB-
KUHH KOPEHIB TIOPIBHAHO 3 KOHTpOJEeM, OiibiI
BHCOKI KOHLIEHTpALii 030HY NPU3BOIAWIN IO MPHT-
HiYeHHsS POCTy pociuH. JloCHiIKeHHs BIUIMBY 030-
HYBaHHS Ha HEKOHIUITIHHE 32 MTOKA3HUKOM CXOXKOCTI
HAClHHS TIIICHUIIl ITOKA3aJI0 3HAYYIIE 301TBITICHHS
KUTBKOCTI TIPOPOCIHX 3paskis [15].

Merta nociipkeHHS — BU3HAYCHHS BIUIMBY Iie-
peanociBHOi 0OpOOKM HACIHHS TIIIECHUINI HU3bKUMH
TeMmIreparypaMn a00 O30HYBaHHSM Ha TOKa3HHKH
MPOPOCTaHHS HACIHHS.

Marepiajau Ta MeTOIH

Y pocnmigax BUKOPUCTOBYBAJIM TpPU COPTH
MIIEHUII O03UMOi M’SIKO1 CepelHBbO-PaHHBOI TPYIH
cruriocti: Bepnmen, Comomis i Cranesa. Hacinus
MITIEHUI Oyu OTpUMaHi 3 KOJNEKIii DakyimsreTy
arpoHoMmii Ta 3axumcTy pociuH JlepxaBHOro 0io-
TEXHOJIOTIYHOTO YHiBepcuTeTy (M. XapkiB). Yci
TPH COPTH BIOHOCATHCA JO CEPEAHbO-PAHHBOI
TPYyIH CTUTJIIOCTI, MAlOTh OIHAKOBY 3MMOCTIHKICTB,
aje pi3Hy MOYaTKOBY CHIY POCTY.

Hocnimm  mpoBogmim  mpotsirom 2023 poky.
O6pobui migmsrano cyxe HacinHs muenuni 2021 po-
Ky PEeINpomryKIii, BOJOTICTh SIKOTO Micisl 30epiraHus
B 3epHOCXOBUIIAX Oyna Ha piBHi (8 £ 0,5)%.

JlocmipkeHHsT BIUTUBY Jii HU3BKHX TEMIIEpa-
Typ Ha HaciHHS MILEHMLI Mepe MOCiBOM MPOBOAU-
T TUIIXOM 7-7000BOT BUTPUMKHA Yy MOPO3MIBHHX
kamepax: rpu —20°C — SAMSUNG RB33J3200SA/
UA (Samsung, Pecmy6mika Kopest), mpu —40°C —
UGUR UCF 10 CF (Ugur, Typeyuwmna), mpu
—-80°C — HAIER-DW-86w100J (Haier, Kwurait).
O6pobKky HaciHHA Temrmeparypoo —196°C 3miiic-
HIOBAJIM 3aHYPEHHSIM Y DPIiIKui a30T Ha 4 TOAWHMU.
3pa3ku BUCiBaM Ha 3-10 00y IMicisl BiATAarOBaH-
HL

Jnst o30HyBaHHS HaciHHS miieHuni macoro 30 r
o0poOmsiim  mpotarom 30 XB  030HOMOBITPSIHOIO
CYMILIIIIO 3 KOHLEHTpauielo 030Hy 1 wmr/n. O3o0H
OTpUMYyBaJIM 3 TeHeparopa Oap’epHOro THITY, pO-
3pobneHoro B IHCTUTYTI mpoOiieM KpioGiojorii i
kpiomenumman HAH VYkpaiam (M. XapkiB) pazom
3 HaIllOHAJTHPHUM HAYKOBUM IIEHTPOM «XapKiBCh-
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from pathogens, at the same time, this exposure
stimulated an initial growth and development of
plants. For example, O. Tymoshenko [14] has re-
ported that the spring wheat seed treatment with
ozone-air mixture at ozone concentrations ranging
from 0.5 g/m3 to 1.0 g/m?® increased the seedling
height and root length as compared to the control,
higher ozone concentrations during wheat seed
treatment inhibited the plant growth. The study of
ozonation impact on substandard wheat seeds by
germination index showed a significant increase
in the number of germinated samples [13].

The research aim was to determine the impact
of pre-sowing wheat seed treatment either with
low temperatures or ozonation on seed germination.

Materials and methods

Here, we have used three cultivars of soft winter
wheat of medium-early maturity group such as:
Verden, Solomiya and Staleva. The wheat seeds
were obtained from the collection of the Faculty
of Agronomy and Plant Protection of the State
Biotechnological University (Kharkiv). All three
cultivars are of medium-early ripeness, identical
in winter hardiness but have different initial seed
vigor.

Experiments were carried out during 2023.
Dry wheat seeds of 2021 reproduction year, the
moisture content of which after storage in granaries
was at the level of (8 £ 0.5) % were subjected to
treatments.

The impact of low temperatures on wheat seeds
before sowing was studied by keeping them in
freezers for 7 days: at —20°C — SAMSUNG
RB33J3200SA/UA (Samsung, Republic of Korea),
at —40°C — UGUR UCF 10 CF (Ugur, Turkey), at
—-80°C — HAIER-DW-86w100J (Haier, China).
The cooling of seeds down to —196°C was done by
immersing seeds into liquid nitrogen for 4 hrs. To
day 3 after thawing, the seeds were sown for
germination.

For ozonation, wheat seeds weighing 30 g were
treated for 30 min with an ozone-air mixture of
1 mg/l ozone concentration. Ozone was produced
from a barrier discharge generator designed at
the Institute for Problems of Cryobiology and
Cryomedicine of the NAS of Ukraine (Kharkiv)
together with the National Scientific Center ‘Khar-
kiv Institute of Physics and Technology’. Oxygen
(DSTU 5583-78) was stored in standard oxygen
cylinders at a pressure of 150 atm. The ozone
concentration in ozone-air mixture was measured
spectrophotometrically [2].

Seeds were germinated on filter paper in Petri
dishes with 100 seeds each (n = 9). The sowing
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kil ¢izuko-texHiyand iHcTUTYT». Kucens (JCTY
5583-78) 30epiramu y CTaHAApTHUX KHUCHEBHX
Oamonax mig thckoM 150 arm. Jlns BuMiproBaHHS
KOHIICHTpAIi O030HY Yy O30HOMOBITPSHINA CyMiIIi
BHKOPHUCTOBYBaJIM MeTO1 criekTpodoromeTpii [1].

Hacinust mpopornyBaid Ha (QiIbTPyBaIbHOMY
narepi B gamkax Ilerpi mo 100 mt. y xoxHi# (n =
9). IlociBHI sIKOCTI HACIHHS MIIICHUIII OIIIHIOBAJIA 3a
TMoKa3HUKaMu eHeprii npopoctanas (Emp) Ta cxo-
xocti (Cx) 3a JICTY 4138-2002 «Hacinus cinbcb-
KOTOCTIONIAPCHKHUX KyAbTyp. MeTomu BU3HAYCHHS
aKocTi». PeecTpyBanm cepeHio IOBXHHY IaroHa
1 KOpeHs, cepelHI0 KiIbKicTh KOpiHWiB y 20 mpo-
pOCTKax 3 KOXHOI WYallKh, CyXy Macy IIaroHiB
1 KOpeHIB y pO3paxyHKy Ha OIHY HpOpOCIy 3ep-
HUHY.

JnHaMivHUMH TIOKa3HMKamMHu Oynau oOpaHi dac
npopocranns 50% waciuns (T,) [7], cepennii
gac MpopocTaHHs — mean generation time (MGT)
[7] Ta iHOEeKC mpopocTaHHS — germination index
(GD [16].

Yac mpopoctanns 50% HaciHHA poO3paxoByBald
3a hopmyInoro:;

(N +1)/2—n,
TSO (t j _ti) ’
n,—n,
J i
ne N — KiHIeBa 3arajibHa KiJIbKICTH HPOPOCIIOro

HACIHHSA; 1, 1 1, — KiIBKICTB POPOCIIOr0 HACIHHS, IT0-
IMHAKOH 3 Hepm01 n06m 10 £, £, 10 criocTepeKeHHs
(i>1,j>2 BiAmoBigHO), 3a YMOBI/I mo n. < (N + 1)/2
<n.

JCepez[Hip“I 9ac MPOPOCTaHHS BUPAXOBYBAIH 3T1THO
3 opmyioro:

2D
MGT =
>
e n — KUIBKICTh HACiHHA, mpopociioro Ha D,
Dn — poba 3 mowarky BHUCIBy HaciHHS 10 Tep-

MiHIB MifjpaxyHKy (3 Mepuioi Io0M Miclisi BHCIBY
70 TIOSIBU OCTaHHBOTO ITPOPOCTKY).

Inaexc npopocranHs po3paxoByBanu 3a M. Wal-
ker-Simmons [15]:

GI = (6n, + 5n, + -+ 1 n,)/(TN),

ne n, n,...n, — KUIbKICTb TIPOPOCIOrO HACIHHS
Ha 1, 2—6-y o0y mpopouryBaHHs BiAMoOBiAHO; 6—1 —
Koe(iLieHTH KITBKOCTI MPOpPOCIOro HaciHHA 3 1-1
mo 6-y n00y BiAmoBigHO; 7 — 3arajbHa KUTBKICTh
ni0 mpopollyBaHHS HACiHHS 1O BH3HAYEHHS CXO-
KOCTi; N — 3arajibHa KiIbKiCTh IPOPOCIIOTO HACIHHSA
B TEPMiH BU3HAYCHHS CXOXKOCTI.

Craructuaay oOpoOKy pe3yibTaTiB JOCTiIKECHD
3MIMCHIOBAM 3a JomoMororo mporpamu  «PAST
Statistic v.3.01» (VuiBepcurer Ocmo, Hopgeris).
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qualities of wheat seeds were evaluated using
such parameters as germination energy (GE) and
germination rate (GR) according to DSTU 4138-
2002 ‘Seeds of agricultural crops. Methods of deter-
mining quality’. The average length of shoots
and roots, number of roots in 20 seedlings from
each Petri dish, and the dry weight of shoots and
roots per one germinated grain were determined.

As dynamic parameters of wheat seed germi-
nation, we selected the germination time of 50%
of seeds (T, ) [3], mean generation time (MGT) [3]
and germination index (GI) [14].

The germination time of 50% of the seeds was
calculated according to the formula:

T M t

_ (t,
50 = l n.—n 7

— ti) R
J i

where N is the final total number of germinated
seeds, n, and n, are the number of germinated
seeds from the first day of observation to days ¢,
and £,(1> 1, 2 2, respectively), if the condition
is met .

The mean generation time of seeds was calcu-
lated according to the formula:

MGT = ZD" )
n

where n is the number of seeds germinated per
day Dn; Dn is the day from the beginning of
sowing seeds to day of counting (from the first
day after sowing to the last seedling appeared).

The GI was calculated according to M. Walker-
Simmons [14]:

GI = (6n, + 5n,++ 1 n)/(TN),

where n, n,...n, are the number of germinated
seeds on days 1, 2—6 of germination, respecti-
vely; 6-1 are the coefficients of germinated seeds
number from days 1 up to 6, respectively; T is the
total number of days of seed germination before
measuring the germination rate; N is the total
number of germinated seeds on the day of measuring
the germination rate.

These findings were statistically processed using
the ‘PAST Statistic v.3.01” software (University
of Oslo, Norway). The mean value and standard
deviation (M + o) were determined. Tukey’s test
was used to assess the significant difference between
indices. The difference between samples was
considered significant at p < 0.05.

Results and discussion
All the studied wheat cultivars showed high
rates of germination. For examples, GE and GR
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Busnavyanu cepeiHe 3HauYCHHsI Ta CTaHJAPTHY IIO-
xu0ky (M £ ©). 3HauymwicTh pi3HHLI MK TO-
Ka3sHUKAMH OLIHIOBAJIN 3a TBIOKI-TECTOM. PI3HUIIIO
MDX BHOIpKaMu BBaXkaju 3Ha4yIor0 mnpu p < 0,05.

Pe3yabTaTi Ta 06roBOpeHHs

VYci mocmimKeHl COpTH TIIEHUIl ITOKa3ald BH-
COKiI TIOKa3HHWKHU TpopoctanHs. Tak, Emp 1 Cx s
coptiB Bepmen i ConoMis B KOHTPOJILHUX BapiaH-
Tax Oynu Ha piBHi Big 92 no 95%, a st CraneBa —
HaOmmwkamuce 1o 100% (tabm. 1-3). Ilicna nii
JOCHIUKYBaHUX YHHHUKIB TEPEArociBHOI 00po0-
KM HaciHHs 3a mokazHukamu Enp Ta Cx coptu Bep-
neH 1 Conomiss He BIAPI3HAIUCS OJUH BiJ| OIHOTO
W Bil KOHTPONIO B MEXax MOXHOKH BHUMIpIOBaH-
HA. €OWHE BUKIIOYEHHS CIIOCTEpIirajd B BapiaHTI
030HYBaHHs HaciHHsA copTy Bepmen, me Emp 1 Cx
Oynu 3HadyIe BHIMMH 32 KOHTPOJIb 1 3a BCi iHII
BapiaHTH Aochiay (auB. Tabm. 1, 2).

Haif0inpm 9yTIMBAMH 10 Hii 3aCTOCOBaHHUX
YMHHMKIB BUSBHWJINCS TIOKAa3HUKH JOBXHHU KOPEHS
IMIIICHHUITI, CyX0i MacH MPOPOCTKiB. JloBKIMHA maroHa
Ta KIJIBKICTh KOPIHLIB — HaWOUMbII cTalbinbHI MHO-
Ka3HUKW TIPOPOCTaHHA HACiHHA Wichs nii HU3b-
KHX TEMIIepaTyp Ta 030HyBaHHs (AuB. Ta0m. 1-3).

[TepeBarkHa OUTBIIICTh AOCTIMIKCHUX CIIOCOOIB
nepeanociBHOi 00poOKM Maja CTUMYIIOIYY Mifo
Ha TIOKa3HUKH MIPOPOCTAHHS HACIHHS TIIeHMI. Tak,
MaiKe y BCIX TPbOX COPTIB JOBKHHA KOPEHS 1 Cyxa
Maca TPOPOCTKIB TEPEBUINyBajla KOHTPOJIbHI I10-
Ka3HUKH. BUKITIOUEHHSAMH CTalM TemIeparypa
—40°C, micas OXOJOMKEHHS IO SKOi BCi OioMeTpHud-
Hi TIOKa3HUKH TIPOPOCTKIB HE BIAPI3HIACH BiJ
KOHTPOJBbHHX, 1 —196°C 3a sgK0i NOBXWHA TaroHa
3MEHIITyBajacs B YCiX IOCHIPKCHUX COPTiB (JIUB.
Tabn. 1-3). Hail0inpm cTUMYIIOIOUUMH BUSBUIIUCS
temneparypu —20 Ta —80°C, micast Oii SIKMX OTpH-
MaHi TIOKa3HHWKH JIOBKWHU TaroHa Ta KOPeHs, CyXoi
Macu TPOPOCTKIB OynM 3HAYYNIE BHIIUMH 32
KOHTPOJIbHI 3HaueHHS (auB. Tabm. 1-3).

Pe3ynbraTi BH3HAUCHHS TOKA3HUKIB IUHAMIKH
npopoctanus HacigHsa mmenumi (T, MGT, GI)
MIPOJAEMOHCTPYBAIM  €(EKTUBHICTh  TOCIiIKyBa-
HUX YMHHUKIB Ha PICT Ta B OUIBIIOCTI BHUITAIIKIB KO-
pemoBany 3 MOpHOMETPUIHIMH JaHUMH.

Amnanis sHauenb T, AKui Xapakrepusye Ipyx-
HICTb Ta TEPMIHU TIOSIBH CXOJIB IMOKa3aB €(eKTHB-
HICTH OXOJIOJLKEHHS HaciHug 3a —20, —40 ta —80°C
y copry Bepnen, 3a —80°C y copty Comomis, 3a
—801-196°C y copty Cranesa (puc. 1).

Teoperuuno pesynasrati MGT MmoBUHHI TOBTO-
pIOBaTH TEHAEHMUIO 3anexHocTi T, Bix mii pisHHX
YUHHUKIB Ha HACIHHSA. Y HaMIOMy EKCIIEPUMEHTI
gac TPOPOCTAHHS HACiHHA copTy Bepmen micis
nii —80 ta —196°C OyB MeHIIHMI 32 KOHTPOJILHUH,

50°
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for Verden and Solomiya cultivars in the control
variants were between 92 to 95%, and for Sta-
leva they were close to 100% (Tables 1-3).
After exposure to the studied factors of pre-sowing
seed treatment, the Verden and Solomiya cul-
tivars did not differ from each other and from
the control within the measurement standard de-
viation in terms of GE and GR. The variant of
ozonation of Verden wheat seeds was the only
exception, where GE and GR were significantly
higher than the control and all other experimental
variants for these two cultivars (see Tables 1, 2).

Parameters of wheat root length and dry
weight of seedlings occurred to be the most sen-
sitive to the applied exposures. The shoot length
and root number are the most stable indices of seed
germination after exposure to low temperatures
and ozonation (see Tables 1-3).

The most of the studied factors of pre-
sowing treatment showed a stimulating effect on the
wheat seed germination indices. For example, the
root length and dry weight of seedlings exceeded
the control values for almost all three cultivars.
The exceptions were the temperature of —40°C,
after cooling to which all biometric parameters
of seedlings did not differ from the control ones,
and that of —196°C, where the shoot length decreased
for all the studied cultivars (see Tables 1-3). The
most stimulating temperatures occurred to be —20
and —80°C, after which the obtained values of
shoot and root length, dry weight of seedlings were
significantly higher than the control values (see
Tables 1-3).

The results of determining the parameters of
wheat seed germination dynamics (T,, MGT,
GI) demonstrated the effectiveness of the studied
exposures on seed growth and in most cases were
correlated with morphometric data.

The analysis of T, specific for seedling vigor
and terms, revealed the efficiency of cooling
down to —20, —40 and —80°C in Verden cultivar,
at —80°C in Solomia, and at —80 and —196°C in
Staleva one (Fig. 1).

In theory, the results of MGT should repeat the
trend of T, , dependence on the impact of various
factors on seeds. In our experiment, Verden seeds
after exposure to —80 and —196°C had a shorter
germination time than the control, i. e. the stimulation
occurred, but in Solomiy seeds this index was at
the level of control in all the experimental variants.
Staleva seeds after either seed ozonation or cooling
down to —20 and —40°C were characterized by
MGT increase vs. the control, i. e. the germination
process was slowed down, whereas the immersion of
samples into liquid nitrogen accelerated it (Fig. 2).
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Tabnuusa 1. MNMokasHMKM NPOPOCTaHHs HACIHHA MweHuLi copTy BepaeH
Table 1. Parameters of wheat seed germination of Verden cultivar

[oBxuHa, cm

X Length, cm
BapiaHT 06po6ku Enp, % Cx, % KinbkicTb kopiHuis, wr. | Cyxa maca, rx 103
Treatments GE, % GR, % Number of roots, pcs | Dry weight, g x 102
MaroHa KopiHHA
Shoot Root

KoHTponb
Control 94,3 + 1,8 95,6 + 2,2 8,3+ 0,6 11,1 £ 0,9 4,9 + 0,3 13,5 + 1.0

O30HyBaHHA * % *

Ozonation 98,1 £ 0,0 99,4 + 11 9,1 £0,7 13,7 £ 1,4 4,7 + 0,5 13,9 + 1,0
-20°C 93,1 + 1,0 94,3 + 0,0 9,6 + 0,3* 14,9 £ 0,9* 52 +04 15,9 £ 0,6*
-40°C 93,7 + 2,8 95,0 + 4,7 84 +04 9,0 £ 1,2 4,9 +0,3 15,0 + 0,7
-80°C 91,8 + 2,8 95,6 = 1,1 9,7 £ 0,7% 13,0 £ 0,9* 5,0 £ 0,0 15,4 + 1,1
-196°C 94,3 + 1,8 94,3 + 1,8 7,3 £0,5 14,2 + 1,4* 5,0 £ 0,0 12,8 £+ 0,9

MpumiTka: * — pisHMUS 3HaYYLLa NO BiAHOLIEHHIO 4O KOHTPOSbHUX 3Ha4YeHb, p < 0,05.
Note: * — difference is significant with respect to the control values, p < 0.05.

TOOTO BimOyBajacs CTHUMYIISIIS, y HACiHHS COPTY
ConoMiss Te TOKa3HWK y BCIX IOCHTIKyBaHUX
BapiaHTax OyB Ha piBHI KoHTpomto. st HaciHHS
copry CraneBa micisi 030HYBaHHSI a00 OXOJIOKEH-
Hs 3a —20 Ta —40°C Oyno XapakTepHUM 301JIbIICHHS
JOCHIDKYBAaHOTO TOKAa3HHWKA BIAHOCHO KOHTPOJIIO,
TOOTO YMOBUIFHEHHS MPOLECY MPOPOCTaHHA, a IIic-
JIs1 3aHYpEHHS 3pa3KiB y piikuil a30T — HOro npum-
BHIIICHHS (pHC. 2).

In Verden seeds, after pre-sowing exposure to
these factors, the GI value remained unchanged as
compared to the control. This also refers to Solo-
miya cultivar, excluding the variant of cooling
down to —80°C, for which the seed GI exceeded
the control (see Table 2). The highest result was
obtained for Staleva seeds, 1. e. in variants of seed
pre-sowing cooling down to —80 and —196°C, the
GI significantly exceeded the control data (Fig. 3).

Tabnuus 2. MNoka3HWKM NPOPOCTaHHS HACIHHA nweHuui copTy Conomisi
Table 2. Parameters of wheat seed germination of Solomiya cultivar

[oBexuHa, cm
. Length, cm
BapiaHT 06po6km Enp, % Cx, % KinbkicTb KopiHUiB, LWT. Cyxa maca, rx 102
Treatments GE, % GR, % Number of roots, pcs Dry weight, g x 102
MaroHa KopiHHA
Shoot Root
KoHTponb
Control 92,5 £ 3.7 95,6 + 2,2 7,6 + 0,4 7,4 + 0,8 4,5 £ 0,5 11,4 + 0,6
O30HyBaHHA %
Ozonation 93,7 + 2,1 95,6 + 2,8 79 + 0,4 10,4 £ 0,5* 5,1 +0,8 13,0 £ 0,6
-20°C 91,8 £ 2,1 92,56 + 1,8 8,4 + 0,6 10,8 £ 0,5* 4,7 £ 0,7 14,0 £ 0,6*
-40°C 93,1 + 2,8 94,3 + 5,0 7,2 +0,3 74 + 0,5 4,5 £ 0,7 11,0 £ 0,5
-80°C 92,5 + 3,2 93,7 + 2,8 8,7 + 0,6* 11,3 £ 0,6* 53+ 1,0 14,8 £ 0,9*
-196°C 94,9 + 1,1 96,2 + 1,9 6,2 + 0,6* 7,7 + 0,6 4,8 £ 0,4 8,0 + 0,6*

MpumiTka: * — pisHMLS 3HaYYLLA NO BiAHOLIEHHIO 4O KOHTPOSbHUX 3Ha4YeHb, p < 0,05.
Note: * — difference is significant with respect to the control values, p < 0.05.
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Tabnuusa 3. MNokas3HMKM NPOPOCTaHHS HaCiHHA nweHuui copTy Ctanesa
Table 3. Parameters of wheat seed germination of Staleva cultivar

[oBxuHa, cm
. Length, cm
BapiaHT 06p0o6ku Enp, % Cx, % KinbKicTb KOpiHUiB, wWT. Cyxa maca, r x 102
Treatments GE, % GR, % Number of roots, pcs Dry weight, g x 107
MaroHa KopiHHA
Shoot Root
KowTpone 100 100 9,6 + 0,7 11,0 £ 1,1 4,9 +0,3 15,4 + 1,2
Control
Ogonyaaris 98,7 = 1,1 99400 | 100x06 | 169 =1,1* 49 £0,3 16,9 + 0.9
zonation
-20°C 100 100 10,3 = 0,6 15,8 = 1,3* 4,9 +0,3 18,0 £ 1,1*
-40°C 98,7 + 1,1 100 9,1 £ 0,5 11,9 £ 0,8 5,1 +£0,3 15,8 + 0,8
-80°C 99,4 + 1,1 99,4 + 1,1 9,5 £0,3 15,8 £+ 1,0* 5,2 04 19,0 + 0,9*
-196°C 100 100 8,4 + 0,5 14,7 £ 1,2* 5,2 +04 14,8 + 1,0

MpumiTka: * — pisHMLS 3HaYyLLa NO BIAHOLIEHHIO 40 KOHTPOIbHUX 3Ha4veHb, p < 0,05.
Note: * — difference is significant with respect to the control values, p < 0.05.

VY HacinHs copty Bepamen micns mepeamnociBHOT
00poOKH JOCHIHKYBAHUMH UYWHHUKAMH BEJIMYUHA
GI He Bigpi3HsNacs BiJ KOHTPOJBHUX IOKAa3HHKIB.
Ile cTocyerbest i copty Conomis 32 BUKITIOYCHHSIM
BapianTa oxonomkeHHs 10 —80°C, mist sikoro GI me-
PEBHILYBaB KOHTPOIIb (AuB. Tabm. 2). Haiikpammuii pe-
3yabTaT OyJI0 OTpUMaHO i HaciHHs copty Cralesa:
y BapiaHTaxX MEpPEArOCIiBHOTO OXONOMKEHHS 3a —80
Ta —196°C iHTEHCHUBHICTh MPOPOCTAHHS 3HAUYIIC
TIepEeBUIITYBaIa JaHi KOHTPoio (puc. 3).

The analysis of each individual factor of pre-
sowing treatment enables a more thorough selection
of the most efficient methods of wheat seed
preparation for sowing in order to obtain higher rates
of germination and yield.

All three wheat cultivars after seed treatment with
ozone-air mixture were characterized by higher root
length compared to the control: by 23.4, 40.5 and
53.6% for Verden, Solomiya and Staleva, respectively
(see Tables 1-3). Solomiya cultivar, which had

AHa3 KOXHOTO OKpPEMOTO
croco0y oOpoOKHM HACIHHS TIiie- 6
HUII JTO3BOJISIE OUTBIT KPUTHIHO
MIIXOOUTH 10 BHOOpPY Haikedek- 2 i[
TUBHIIINX METOLIB IIiATOTOBKU 4
0 TOCIBY 3 METOH OTPHMAaHHS L§ %
KpalUX MOKa3HMKIB CXOKOCTI Ta ~E O 3 |
BPOXKAMHOCTI. 56

Vci Tpu copTd mmeHuui micna = = 2
00poOKH HaciHHS O30HOIOBITPS-
HOIO CYMIIIIIIO  BiJA3HAYAIIUCS L
301IbIIEHHAM IIOKa3HUKIB JIOB- 0

0o .

KHHU KOPCHS TMOPIBHSIHO 3 KOH-
Tponem: Ha 23,4% nnsa Bepaen,
Ha 40,5% nma Conomis Ta Ha
53,6% nns CraneBa (nuB. TaoI.

KoHTponb
Control

T T
O30H

Ozonation

T T T
-20°C -40°C  -80°C -196°C
BapiaHT 06po6ku

Treatments

1-3). Copt Comomisi, sSKuii MaB
HalMeHII OlOMETPUYHI IIOKa3-
HUKH B KOHTpOJI, BiZpearyBaB
Ha O30HYBaHHS 3OLUIbIICHHSIM
Cyxoi MacH MapoCTKiB 1 KOpPEHiB
Ha 14,0% (muB. Tab6n. 2). O3o0-
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Puc. 1. Noka3Hnk MGT HaciHHA nweHunui 03uMoi nicnsa gii HU3bKUX TeM-
nepatyp abo 030HOMNOBITPSAHOI cymiwi: o — BepgeH, m — Conomis, m —
CtaneBa; * — pisHMUSA 3HaYyLLa MO BiJHOLEHHIO [0 KOHTPOIbHWX 3HAY€EHb,
p <0,05.

Fig. 1. MGT of winter wheat seeds after exposure to low temperatures or
ozone-air mixture: o — Verden, m — Solomiya, m — Staleva; * — difference is
significant compared to the control values, p < 0.05.
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HYBaHHs HACIHHS MPHUBOIWIIO JI0 3HAYYIIOTO IiJBHU-
LICHHS CXOXKOCTI HaciHHs copTy BepaeH mopiBHSIHO
3 koHTpoJeM. Ll{ono nuHaMiku MpopoCTaHHs, TO BCi
MMOKAa3HUKH O30HOBAHOTO HACIHHA HE BiApi3HA-
JICh BiJl KOHTPOIIO 3a OMHUM BHKIIOUeHHSIM: MGT
HaciHHA copTy CranmeBa OyB OUTBIIINM 3a KOHTPOJH
(Tabm. 3).

Excriosutis 3a —20°C ctumymoBana 6ioMeTpUIHi
MTOKa3HUKH TPOPOCTAHHS HACIHHA BCIX JOCIIIKY-
BaHMX copTiB. Excriosumis 3paskiB 3a Temmneparypu

—20°C mpuBomuna A0 30UNBIICHHS AOBKWHH KOpe-
Ha (Ha 34,2% — y Bepnen,

the lowest biometric parameters in the control,
responded to ozonation by increasing the dry weight
of sprouts and roots by 14.0% (see Table 2). Seed
ozonation significantly improved the germination
in Verdun cultivar as compared to the control. As
for the dynamics of germination, all parameters of
ozonated seeds did not differ from the control with
one exception: MGT in Staleva seeds was higher than
in the control (Table 3).

Cooling down to —20°C was the most stimulating
for biometric parameters of seed germination for

Ha 45,9% — y Conomisa, Ha 0.8

43,6% —y CTgneBa), cyxof Ma- 074 x T TT

CH MapOCTKIB i KOpEHiB B ycix o] I * -1[ Lt T

TPHOX JOCHIIKYBaHHUX COpPTax - | rE* *

(wa 17,7, 22,8, 16,9%, Bizmo- & & 0.5

BigHO) (mmB. Tabm. 1-3). Kpim ':Ez, 0.4

TOTO, y cOpTy Bepaen ciocrepi- E 0 ’

rajy 30UIbIIEHHS JOBXUHHU I1a- 0.3+

TOHIB TMOPIBHAHO 3 KOHTPOJEM 024

Ha 14,0% (muB. Tabm. 1). He 014

BiIMIYald Pi3HMIN Yy JTHHAMIII

IPOPOCTAHHS 3a TOKA3HHUKAMHU 0 T | T T T

T50, MGT, GI 1o BiiHOIIEHHIO KoHTponb Osorf -20°C —-40°C -80°C -196°C
Control Ozonation

0 KOHTPOIIO, 32 BHKIIIOYEH-
HSM TIPUCKOPEHHS MPOPOCTaH-
HS HaciHHA copTy Bepmen (nms.
puc. 1) i ranpMyBaHHS — y COp-
Ty Cranesa (quB. puc. 2).

Oxonmomkenns g0 —40°C
JKOJHAM YHHOM HE BILTUBAJIO
Ha TIPOPOCTAHHS HACIHHS TPhOX
COPTIB mIEHUIN. YCi IocCmi-
JKyBaHI OiOMETpHWYHI ITOKa3-
HUKA (JOBKMHA TAaroHa, JOBKHHA KOPEHS, cyXa
Maca MapoCTKiB 1 KOpeHiB), a Takok Emp i Cx He
BIIPI3HSUTHCS Bil KOHTPOJBHWX 3HA4YCHb (ITUB.
Tabn. 1-3). JluHamika MPOpPOCTaHHS HACIHHA COp-
TiB Bepaen Ta CrameBa Oyma cxoxa 3 €KCHO3HITIEIO
3a —20°C (mus. puc. 1, 2).

Oxomomkenuss 10 —80°C BusSBWIOCS HaWOLIBIT
CTUMYITIOIOUYHMM IIOJ0 IUHAMIKKA TPOPOCTaHHS Ta
0lOMETPUYHHMX MOKAa3HUKIB MNPOPOCTKIB MIIEHHIII
BCIX JOCHiKyBaHUX copTiB. CmocTepiranu mo-
JOBXCHHS KopeHiB Ha 17,1, 52,7 i 43,6% y Bep-
neH, Conomis ta CrayneBa BiAmoBiAHO (AuMB. TaOI
1-3). ¥V copris Bepnen i Comomis HOBXHHA Taro-
Ha 30imemmtacs Ha 17,0 Ta 23 % (mauB. tadm. 1, 2),
y Comnomis ta CranmeBa cyxa mMaca HapoCTKiB 1 KO-
peHiB — Ha 14,0 ta 23,4% BiAMOBITHO MOPIBHSIHO
3 KoHTponeM (amB. Ta6m. 2, 3). Jlmsg ycix copriB
nokasHuk T, 3Hadylle 3MEHNIYBAaBCS TOPIBHSHO 3
KoHTposieM (auB. puc. 1). Bim3Hauanu 3MeHIICHHS
sHaueHHss MGT s copry Bepmen (amB. puc. 2),

p <0,05.

BapiaHT 06po6km
Treatments

Puc. 2. NMokasHnk T50 HaciHHA NweHnui 03MMoi nicns Ail HU3bKMX TeMmnepa-
Typ abo 030HONOBITPAHOT cymiwi: o — Bepaen,
neea; * — pi3HMUS 3Ha4yLla MO BiJHOWEHHIO A0 KOHTPOSbHUX 3HAYEeHb,

— Conowmisa, m — CTa-

Fig. 2. T50 of winter wheat seeds after exposure to low temperatures
or ozone-air mixture: o — Verden,
significant compared to the control values, p < 0.05.

— Solomiya, m — Staleva; * — difference is

all the studied wheat cultivars. Sample exposure
at —20°C resulted in root length growth (by 34.2,
45.9 and 43.6% for Verden, Solomiya and Staleva,
respectively) and increase in dry weight of sprouts
and roots in all three studied cultivars (by 17.7,
22.8 and 16.9%, respectively) (see Tables 1-3).
In addition, Verden cultivar showed shoot length
growth by 14.0% compared to the control (see
Table 1). No differences were observed in dyna-
mics of germination in terms of T,, MGT, GI
as compared to the control, except for acceleration
of germination in Verden seeds (see Fig. 1) and
inhibition in Staleva ones (see Fig. 2).

Cooling down to —40°C caused no impact
on germination parameters for three wheat seed
cultivars. All the studied biometric indices, i.
e. shoot and root length, dry weight of sprouts
and roots, as well as GE and GR did not differ
from the control samples (see Tables 1-3). The
dynamics of germination of Verden and Staleva
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1.02

GI — nua Conomisa ta Cranesa
(muB. puc. 3). 19
OxomomxkeHHa no —196°C 0.98 1
MPUBOIVIIO JIO YIOBUIBHEHHS 0.96
MIPOIIECIB TTPOPOCTAHHS HACIHHS S 2 0904/
copry Conomis. Cmocrepiramu 3
3MCHINCHHS JIOB)KWHU TIaroOHiB 50 e
(ma 18,4%), cyxoi macu ma- 0.99
pocTkiB 1 kopeHiB (Ha 29,8%) B 0.88
MOPIBHSHHI 3 KOHTPOJIEM (JIMB. 0.86
Tabmn. 2). Y copriB Bepuen i Cra- 0.84

——

JIeBa BiJI3HAYAIN TOJOBXKCHHS
kopens Ha 27,9 1 33,6% BigHOC-
HO KOHTPOJIO BiJIMOBIAHO (AMB.
tabn. 1, 3). Bigmivanu noszu-
TUBHUH BIUTUB BUTPUMKHU B Pif-
KOMY a30Ti Ha THHAMIKY TIPOPO-
cTaHHs HaciHHsA copTy Crajnesa
3a yciMa IOCIiDKYBaHUMH TIO-
kasaukamu (T,, MGT, GI) Ta
npumBuamenas MGT y copty
Bepaen.

MoskeMO TIPHUIYCTUTH, SKIIO TepeanociBHa 00-
pobka HACiHHS TIICHHUII HU3BKUMH TeMIIEpaTy-
pamMu a00 O30HOIOBITPSHOK CYMIIIIIIO BUKIHKAIA
CTUMYJISIIIO MMOYaTKOBOTO PO3BUTKY Ta POCTY Ha-
CiHHS, TO HaJaji BOHA TAaKOXK PEaTi3yeThCsl B 3017b-
HIeHH1 BpoxaiiHocTi. Y po6oti M. Abdoli Ta criBaBrt.
[6] Oymo mpoBeneHO JOCIiIKEHHS BOAHOTO aedi-
IIUTY HA TPOPOCTaHHsS HACIHHS JBOX COPTIB IIIIIe-
HUIl, TOKa3aHO 3HAYHWA BIUIMB CTPECy SK Ha
J1a0OpaTOpHy CXOXKICTh, TaK 1 HA BPOXKAWHICTB, IS
CTIMKimoro 3pa3ka Oyia xapakTepHa Oiibla Bpo-
kaiHicT. BomHmii cTpec 3HauHO BIumMBaB Ha Cx
Hacimag, MGT Ta cyxXy Macy TIPOpOCTKiB, IIpH
IbOMY HAWHWKIOMY BIZICOTKY CXOXKOCTI Ta Oiome-
TPUYIHUM TTOKa3HUKAM BiIOBifaa HAWBHINA BEIH-
yrHa MGT. ¥V Hammx ekcriepuMeHTax Miclisl BIUTHBY
HU3BKUX TEMIIEpaTyp Ha HACIHHS TIIICHUIl BHSB-
JIEHO 1HINI CIIBBIJHOIIEHHS MDK ITIOKa3HUKaMU
JTUHAMIKHM HOTO IMTPOPOCTaHHS.

CrymiHb cTpecy, SIKUH 3a3HAJI0 HACIHHS IMiCTs
OXOJIOJDKCHHSI, 3aJIe)KaB BiJl TEMIIEPAaTypPHHUX iHTEp-
BaniB. Hampukian, temmeparypa —20°C € Takoro,
0 SIKOi HACIHHSA OLIBIIOCTI BHIB, 30KpeMa IIIie-
HUII XJTI0HOi, Ma€ TEHETHYHO JETCPMIHOBaHY
CTIHKICTh, TOMY IO €BOJIOIIS TAKUX POCIHH TIPO-
XOIIMJIa 32 HAsBHOCTI CE30HHUX 3MiH, KOJNH CIIOCTe-
piramocsi mpoMOpOoXKyBaHHSA TIpyHTY. [lmeHunis
xnmibHa (Triticum aestivum) — Tie aJUIOTEKCaIUION-
Huil By 3 reHomoM BBAADD, gxuii yTBOpHBCS
B pesynprari TiOpuamsalii MiK OKYIBTYpEeHHM
TETpAIUIOiMHUM mOpeaxkoM 3 TeHomoM BBAA Ta
Aegilops tauschii, mUTUIOITHMM JOHOPOM CyOre-
Homa D. Beaxkaetbes, mo came A. tauschii i 703BO-

*

nesa;
p < 0,05.
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KoHTpone O30H
Control

-20°C -40°C -80°C -196°C
Ozonation
BapiaHT 06po6ku

Treatments

Puc. 3. MNMokasHuk Gl HaciHHA NweHuUi 03uMOi nicnsa Aii HU3bKNX TeMnepa-
Typ abo 030HOMOBITPSHOT cyMiwi: o — Bepaen,
— pi3HMUA 3Hayywa No BigHOWEHHK OO0 KOHTPOSNbHUX 3HAYEHb,

— Conowmisa, m — CTa-

Fig. 3. Gl of winter wheat seeds after exposure to low temperatures
or ozone-air mixture: o — Verden,
significant compared to the control values, p < 0.05.

— Solomiya, m — Staleva; * — difference is

seeds was similar to the exposure at -20°C (see Figs.
1,2).

Cooling down to —80°C occurred to be the
most stimulating for dynamics of germination and
biometric parameters of wheat seedlings of all the
studied cultivars. In Verden, Solomiya and Staleva
cultivars, the root elongation by 17.1, 52.7 and
43.6%, respectively, was observed (see Tables
1-3). In Verden and Solomiya, the shoot length in-
creased by 17.0 and 23 % (see Table 1-3), and in
Solomiya and Staleva, the dry weight of sprouts
and roots augmented by 14.0 and 23.4% vs. the
control (Table 2, 3). For all the studied cultivars,
the T,, value was significantly decreased as com-
pared to the control (see Fig. 1). The MGT was
reduced in Verden (see Fig. 2), and GI — in Solomiya
and Staleva cultivars.

Cooling to —196°C slowed down seed germi-
nation in Solomiya cultivar. A decrease in shoot
length and dry weight of shoots and roots (by 18.4
and 29.8%, respectively) compared to the control
was observed (see Table 2). As for Verden and
Staleva, the root was elongated by 27.9 and 33.6%
relative to the control, respectively (see Tables 1,
3). A positive effect of exposure in liquid nitrogen
on germination dynamics by all the studied para-
meters (T,, MGT, GI) was seen in Staleva
seeds, and the MGT was accelerated in Verden.

We can assume that if pre-sowing treatment
of wheat seeds either with low temperatures or
ozone-air mixture stimulated an initial develop-
ment and growth of seeds, then it will be also
realized in yield growth. M. Abdoli et al. [1] have
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JIUB apealy TeKCArUIoiMHOl MINEHUIN MONIUPUTHUCH
y IliBniuny €Bpony (axx no PimnsHzii 3 ii cypo-
BuMu 3uMamu) [9]. Bimomo, mo peaxitis Oyab-
SIKOTO YKHUBOTO OPTaHi3My Ha CTpeC IMOMIpHOi 1HTEH-
CHUBHOCTI TIPOSIBIISIETHCSA B MOOUTI3AIll JTOTATKOBUX
«CIUITYUX» PEeCypciB TeHOMa Ha 3axHCT Bia cTpe-
Cy, SKi B TIpOIleCi MPOPOCTaHHS HACIHHSI IHTCHCH-
(dikyroThcs. 30KpeMa 1€ CTOCYEThCS  eKcrpecii
TCHIB JCTIIPUHIB — ONHI€T 3 MYJIBTHPOANH CTPECO-
BUX OLJKiB, SIKI BUPOOJSIOTHCS Yy BiIMOBiAL HA XO-
JIOA YW TIOCYXY, iXHIH CKJag Moxe OyTH pi3HUM Ta
3alIe)KUTh BiJ O0ararbox 4wHHUKIB. Lli Oinku cmpo-
MOXKHI 3HIDKYBaTH IHTCHCUBHICTh OKHCHIOBAJIb-
HUX TPOILECIB 1 MOMIKOIKEHHS MEeMOpaH BHACHTIZOK
MEPEeKMCHOTO OKHMCHEHHS JIMiniB 31 30epekeHHsIM
nticHocTi KiaituH [19].

3a mii Temmneparyp —80 i1 —196°C mHaciHHS Bif-
qyBa€ CTpec OUIBIIOI «TIHOWHW», 3a IUX YMOB
MOXXYTh aKTHBHIIIE BiTOyBaTHCh EKCTPECis I1HIIUX
BH/IB CTPECOBUX OLIKIB, HAIIPHUKIIAJ OLJIKIB TEILIO-
Boro 1ioky [13] abo anTudpusnux OuIkiB [18]. Mo-
KEMO TMPHUITYCTHTH, M0 CTUMYIIALIS ITOYaTKOBOTO
pPOCTy HACiHHS TIICHUIN Michs HHU3bKOTEMIIepa-
TypHOI eKcro3ulii BiIOyBaeTbcA 3a pPaxyHOK eKc-
Mpecii TAKUX CIONYK.

Hist remneparypu —40°C menm 3a iHmi BinoOpa-
3ujacs Ha OIOMETPUYHHX i TUHAMIYHUAX TIOKa3HHKaX
MIPOPOCTaHHs HAciHHA mieHuIli. CTOCOBHO IaHOTO
(dakTy MU HE MAEMO KOJHOTO TPUIYIICHHs. MoX-
JUBO TaKa TEMIIEpaTypa BIUIMBAaE€ HE TakK CHIBHO,
SIK OUTBINT HU3BKI, aje W He HACTUIBKH MPHPOIHO,
sk —20°C.

VY Hammx JOCTIPKEHHSX MO0 BIDIMBY O30HY-
BaHHS Ha MPOPOCTAHHS HACIHHS MIICHMIN TOKa3a-
HO 301MbLICHHS! JOBKHMHM KOPEHIB Ta CyXOi MacH
mpopoctkiB. Y poboti K. Oracz Ta cmiBaBr. [11]
CTUMYITIIOIOYA [is O30HY Ha NPOPOCTaHHS HACIH-
HS TIOSICHIOETBCS THM, IIO O30HYBaHHS BHKJIUKAE
ITiIBUIIICHHS. KOHIICHTPAIlii BYIJEII0 B CEPEIOBH-
Ii, BMICTy aKTHBHHX (OPM KHCHIO Ta IPOAYKTIB
MEPEKUCHOTO OKUCHEHHSI, SIKi MPHBOJATH JIO TMOPY-
IIEHHS CITOKOO HACiHHS. 33 TyMKOIO IeSKHUX aBTOPIB
[8, 17] o30HYBaHHS TaKOXX MOXKE BUKIIUKATH BHUPO-
OJIEHHSI CTHWIICHY, KUK 1HIYyKy€ po3maa aOCIu30BOi
KHUCJIOTH (TOPMOHY CIIOKOIO HACIHHS), IO CIIPHUSE
MPUIIBUIIIIEHHIO TIPOPOCTAHHS HACIHHS.

BucnoBku

[lepeanociBaa 0OpoOka HACIHHA COPTIB MILICHU-
i o3umoi Bepnen, Conomis i CraneBa 3 pi3HUMH
MMOYaTKOBUMH  TIOKa3HUKAMU pPOCTY  HHU3BKUMH
TeMrepaTypaMu ab0 O030HOIOBITPSHOIO CYMIIIIITIO
MOoKa3ajia HaCTyIIHE:

1. Oxonomxenus gm0 —80°C mae HaAHOIIBII CTH-
MYJIIOIOUMH BIUIMB Ha IHHAMIKY IPOPOCTaHHS Ta
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studied the impact of water deficit on seed ger-
mination in two wheat cultivars, and showed
a significant effect of stress on both laboratory
germination and yield, the more resistant sample
was characterized by higher yield. Water stress
significantly affected the seed GR, MGT and dry
weight of seedlings, at the same time the lowest
percentage of seed germination and biometric
parameters of seedlings corresponded to the highest
MGT [1]. Our experiments with low tempe-
rature impact on wheat seeds revealed slightly
different correlations between seed germination
parameters.

The degree of stress that seeds underwent after
cooling depended on temperature ranges. For
example, —20°C is the temperature to which seeds
of most species, including bread wheat, have
genetically determined resistance, because the
evolution of these plants proceeded under seasonal
changes, when soil freezing was observed. Bread
wheat (Triticum aestivum) 1is an allohexaploid
species with the BBAADD genome, which re-
sulted from hybridization between a cultivated
tetraploid ancestor with BBAA genome and
Aegilops tauschii, a diploid donor of the D subgene.
Namely A. tauschii is believed to have enabled the
spread of hexaploid wheat to Northern Europe
(as far as Finland with its harsh winters) [5]. It is
known that the response of any living organism to
moderate stress is manifested in mobilization of
additional ‘dormant’ genome resources to protect
against stress, which are intensified during seed
germination. This applies in particular to the
expression of dehydrin genes, one of the multi-
family stress proteins, a group of proteins with
a large number of charged amino acids, produced
in response to cold or drought, and whose compo-
sition can vary and depends on many factors. These
proteins are able to reduce the intensity of oxi-
dative processes in cells and membrane damage
due to lipid peroxidation, while preserving cell
integrity [19].

At—80and—196°C, seeds are more deeply stressed,
and under these conditions other types of stress
proteins, such as heat shock proteins [9] or antifreeze
proteins [18] may be more actively expressed here.
The stimulation of initial growth of wheat seeds
after low-temperature exposure may be assumed to
proceed due to the expression of these proteins.

As for —40°C, which affected the biometric and
dynamic parameters of wheat seed germination
less than other temperatures, we do not have any
assumptions here. Its impact is likely to be less strong
as that of lower temperatures, but not as natural as
—20°C.
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OloMeTpUYHI TOKa3HUKH TPOPOCTKIB  MIIEHHII
BCIX JOCII)KyBaHUX COPTIB.

2. Exkcrio3urlisi HaciHHS OCIIPKYBaHUX COPTIB
MmmeHuI o3uMoi 3a Temmeparypu —20°C  mpuBo-
IUTH 10 3HAYYIIOTO MOKPAIIeHHS TOCIBHUX SKOCTEH
HaciHHA TIOPIBHAHO 3 KOHTposieM. llpu 1mpoMy
Taka CTUMYJIIS MEHIIOI0 MIpOI0 BIUIMBAE Ha
TUHAMIYHI TIOKa3HWKH HACIHHS, SKE IPOPOCTaE,
ropiBHsHO 3 —80°C.

3. V HaciHHd HIIEeHUII, oxoaomkenoro 1o —40°C,
MPaKTHYHO HE CIIOCTEPIra€TbCs 3MiH TOKAa3HUKIB
MIPOPOCTaHHS BITHOCHO KOHTPOJTIO.

4. OxonomxkenHss HaciHsi copty Comnomis mo
—196°C mnpu3BOIUTH A0 CHOBUIBHEHHS IPOIECIB
HOro TpPOPOCTaHHS, 3MEHIICHHS JOBXKHHU Tia-
TOHIB, CyX0l MacH TMapoCTKiB 1 KOPEHIB MOPIBHSHO
3 koHTpojeM. CrocTepiraeTbCs IOMOBKECHHS KO-
pens y coptiB Bepnen 1 CranmeBa Ta MPUCKOPEHHS
MIPOIIECIB IPOPOCTAHHSI.

5. OOpoOka HaCiHHS TIIICHHII O30HOIIOBITPSI-
HOIO CYMIINIII0 — €IWHHUA 3 yCiX BapiaHTIB NEpe-
MOCIBHOI 0OPOOKH, SIKHii TPUBOAMUTH JIO ITi{BUIIICHHS
noka3aukiB Emp i Cx y copry Bepnen. O3onyBan-
HS HE BIUIMBA€ HA JUHAMIKY MPOPOCTAHHS HACIHHS
BCIX IOCHiIKYBaHHX COpTiB MIIeHuli, kpim Craie-
Ba, y SKOI BiOYBa€ThbCs JAESKE TabMyBaHHS IIPO-
pocTaHHs. Y BCiX COPTIB 30UIBLIYETHCS IOBXHUHA
kopens, a y Comomis — mie W cyxa maca Ta-
POCTKIB.
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Our studies of ozonation impact on wheat
seed germination also showed an increase in root
length and dry weight of seedlings. K. Oracz et
al. [8] explained a stimulating effect of ozone on
seed germination by the fact that ozonation raised
the carbon concentration in the medium, reactive
oxygen species and peroxidation products, which
could break seed dormancy. In addition, some
authors [4, 16] believe that ozonation is able to
cause the ethylene production, which may induce
the breakdown of abscisic acid, a seed dormancy
hormone, and thus promoting the acceleration
of seed germination.

Conclusions

Seed pretreatment with low temperatures or
ozone-air mixture for Verden, Solomiya and Staleva
winter wheat cultivars with different initial growth
rates showed the following:

1. Cooling down to —80°C occurred to be the most
stimulating for germination dynamics and biometric
parameters of wheat seedlings for all the studied
cultivars.

2. The exposure of winter wheat seeds of the
studied cultivars at —20°C significantly improved the
sowing qualities of seeds as compared to the control.
But this stimulation affected to a lesser extent the
dynamic indices of germinating seeds as compared
to —80°C.

3. Wheat seeds cooled down to —40°C revealed
virtually no changes in germination parameters as
compared to the control.

4. Cooling down to —196°C slowed down the seed
germination of Solomiya cultivar, by decreasing
the shoot length, dry weight of seedlings and roots
as compared to the control. In Verden and Staleva,
the root elongation and acceleration of germination
were observed.

5. The wheat seed treatment with ozone-air
mixture was the only option of all pre-sowing
treatments, which improved the GE and GR
parameters in Verden cultivar. The ozonation caused
no effect on seed germination dynamics in all the
studied wheat cultivars, except for Staleva, where
some inhibition of germination was seen. Stimulation
by ozonation was observed by biometric parameters,
i. e. the root length increased in all the cultivars,
and dry weight of seedlings was additionally
augmented in Solomiya.
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