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Physical Factors of Beetroot Seed Presowing Treatment
Affect Sowing Quality and Crop Yield

Pedbepar: Y poboTi gocnimkeHo BNAMB O30HYBaHHSA Ta 3aMOPOXYBaHHS OO TeMmmepaTypu pigKkoro asoTy, MoedHaHoi Aii ABOX
UYMHHMKIB Ha MOKa3HWKM MOCIBHOI SIKOCTi Ta BPOXaMHICTb HaciHHA Gypsika ctonosoro copTy [i. BuaHayanu ontumanbHy BOMOriCTb,
[03y O030HY B O30HOBO-MOBITPSAHIN CyMilli Ta TEpPMiH eKcrno3uuii, Ski 6 He 3HWKyBanM MOKa3HWKN CXOXOCTi. O30HYBaHHSA, 3aMOpPOXY-
BaHHS Ta iXHS CymiCHa Ais He BNnvBana Ha MOKa3HWKM MPOPOCTaHHS HaCiHHA B NabopaTopHMX ymoBax Ta GiOMETPUYHI — y NONbOBUX
[ocnimKeHHsX. BcTaHoBMNEHO, WO 3aMOpOXyBaHHA HaCiHHA OO TemnepaTypu PiAKoro asoTy 3Hauylle NiaBuULLyBano MOoro BpOXawHIiCTb.
BioximiyHMI aHani3 kopeHennoais nokasae, Lo yCi METOAM NepeanociBHOI 06poOKM NMPU3BOAUMIM OO0 3MEHLUEHHS BMICTY 3aranbHuX LyKpiB
Ta 6eraHiHy. KinbkicTb Cyxoi peqoBMHM MICMA 3aMOPOXYBaHHSA Ta O30HYBaHHS 3MeHLUyBanacs, a Micrns noegHaHoro BnavMBy — 36inb-
wysanacs. O30HyBaHHS Ta nofarsblue 3aMOPOXyBaHHS MPU3BOAUIN [0 3HWKEHHS BMICTY ackopOiHOBOI KMCNOTU. 3Havylle 3MEeHLUEH-
HS JOCTIDKEHNX NOKAa3HUKIB HE 0CArano MiHiManbHUX 3Ha4YEeHb, XapaKTepHUX AN i€l KynbTypu. 3amopoXyBaHHS Ta NOEAHAHWIN BNNB
BMBYEHMX (DAKTOPIB Ha HACiHHA MNiABWLLYBanM BMICT HITpaTiB y KOpPEeHennopax, Skui He MepeBullyBaB MakCUMasrbHO AOMyCTUMY
HOpMY.

KntoyoBi crnoBa: 6ypsik CTONoBUiA, 030HYyBaHHS!, 3aMOPOXXYBaHHS, BPOXaNHICTb, MOCIBHA SKICTb.

Abstract: In this work, we have studied the impact of ozonation, freezing down to liquid nitrogen temperature and their combination
on sowing quality and crop yield for Dii cultivar beetroot seeds. The optimal moisture, ozone dose within the ozone-air mixture,
and the exposure time, not reducing the germination rate, were determined. The ozonation, freezing, and their combined effect
affected neither the seed germination in laboratory, nor biometric indices in a field. The seed freezing down to liquid nitrogen tem-
perature was found to significantly increase its crop yield. Biochemical analysis of root crops showed all the ways of pre-sowing
treatment to reduce the content of total sugars and betanine. After freezing and ozonation, the amount of dry matter decreased, but
after combined exposure it augmented. Ozonation and subsequent freezing lowered the content of ascorbic acid. Significantly reduced
studied parameters did not reach the minimum values specific to this crop. Freezing and a combined impact of the studied factors
on the seeds increased the nitrate content in root crops, which did not exceed the maximum allowable rate.

Key words: beetroot, ozonation, freezing, crop yield, sowing quality.

VY cTpyKTypi TOCIBHHX IUIONI CTOJIOBI KOpEHe-
mwioan B YKpaiHi 3aiiMaioTe Omm3pko 15%, cepen
SKUX HAWOUTBIN TIOMHUPSHAMH € MOPKBAa Ta CTOJO-
BUI Oypsik Beta vulgaris L. var. conditiva Alef [2].
3a BMICTOM MOXXUBHUX, IHHUX 1 JTIKYBaJbHUX PEUO-
BUH BIH BBaXKa€THCSA OHICIO 3 HANOIIBII BXXKUBAHUX
OBOYEBHX KYJIBTYpP, OCKIJIbKH Ma€ BUCOKY JICIKKICTh,
IO JIO3BOJISIE LIJIOPIYHO BUKOPUCTOBYBAaTH HOTrO
B cBixkomy Bursiai. Kopenemnonum mictsats (% Ha
cupy peuoBuHy): Bifg 12 no 20% — cyxoi pedoBu-
Hy; 8,6—-12,5 — nykpis (y Tomy umcai 10 9,7% caxa-
po3n); 1,0-3,5 — cuporo 6inka; 0,7-2,0 — KIITKOBH-
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The root vegetables, among which the most
common are carrot and beetroot (Beta vulgaris
L. var. conditiva Alef), occupy about 15% within
the cultivated areas in Ukraine [25]. According
to the content of nutritious, valuable and medi-
cinal substances, the beetroot is one of the most
consumed vegetable crops because of its high
keeping quality, that allows using it fresh throug-
hout the year. Root crops contain the following
substances (% of raw matter): from 12 to 20 of
dry matter; 8.6—12.5 of sugars (including up to 9.7
of sucrose); 1.0-3.5 of crude protein; 0.7-2.0 of
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uu; 1,1-4,8 — nektunoBux peuoBun; 1,0-2,8 — 30711;
1o 1,26 — azoructux peyosuH, 0,2-0,3 % — sxupy; 10
2,35 — 06e3azoructux ekcrpakrtis; 0,032 mr/100 r —
kapotuHy Ta 11,3-23.3 Mr — ackopOiHOBOi KHC-
motu [3]. Bypsik Oararuii He TUTPKA Ha TIOXKHB-
Hi PEYOBHHH, MiHEpaJ W Ta BiTaMiHM, a ¥ Ha 0e3-
JIiY  yHIKQTHbHUX OIONIOTIYHO aKTHBHHX CITONYK,
Kl MaloTh JIKyBaJbHI Ta TEparieBTUYHI BIACTH-
BOCTi. BiH € MOTY)KHMM aHTHOKCHJIAHTOM 3aBISIKU
HasBHOCTI OeranaiHiB, ()EHONBLHUX KHUCIOT, CaroHi-
HIiB, aJKaJoOifiB, CTEPOINiB/TPUTEPIICHIB, KaTEXiHIB
i ¢maBonoiniB. Pi3Hi wacTuHM Oypsika BOJIOJIIOTH
JiKyBaJbHUMH BJIACTUBOCTSAMH: 3HEOOIIOBAIBHOIO,
renaronpoTeKTOPHOIO, TiNOTEH3UBHOIO, MPOTUMIK-
pOOHOIO, MPOTH3ANANIBbHOI, MPOTUMITPEHO3HOIO,
MIPOTUBIPYCHOIO, aHTHUTIMEPIIIIKEMIYHOK, aHTHOK-
CHJIAaHTHOIO0, AHTUI'€CTAar€HHOI0, MPOTUAJIEPTidHOIO,
AHTUTPOMOOTHYIHOIO, MPOTHITYXJIMHHOIO [22].
IociBHi sfIKOCTI HACIHHSA BU3HA4YAIOThCS OararbMa
(bakTOpamMm: pPOKOM pEmpomyKIlii, yYMOBaMH Ta Tep-
MiHaMu 30epiranus Tomo. Brparta nociBHuX sKOCTEH
HaCiHHSI BiIOyBa€ThCs, 30KpeMa, yepe3 3aparkKeHH:
OakTepialbHUMHU, TPUOKOBUMH Ta BIPyCHUMH 30YyiI-
Hukamu. s 60poTeOm 3 iHGEKUisIMA Pi3HOTO TO-
XO[DKEHHS 3aCTOCOBYIOTH METOAM HepennociBHOL
00poOku HaciHus [21, 25]. AHani3ylouu pe3yiabTraTv
e(DeKTUBHOCT] aNBTEPAaTUBHUX TEXHOJIOTIA Tepes-
mociBHOI OOpOOKHM HAaciHHS, TepeBara BiaeThCs
CKOJIOTIYHUM METO/IaM 3HE3apa’keHHs HACIHHEBOTO
Matepiany, 30KpeMa (Qpi3UIHUM, OJHUM 3 SIKUX € IIe-
peamnociBHa 00poOKa HACIHHS O30HO-TIOBITPSHOIO
cymimmrio (OI1C) [6, 13, 19, 24]. O30H sk aKTUBYIO-
YU areHT B ii CKIadl CIIpaBisic KOMIUIEKCHY Jif0 Ha
HACiHHS, @ TEXHOJIOTis HOro 3aCTOCYBaHHS € JOCHUTH
IIPOCTOKO ¥ €KOJIOTIYHO Oe3rneuHor. O30H — CHIlb-
Huii okucHUK, Tomy B OIIC BHCOKMX KOHIICHTpa-
Uil Hacammepeln THHYTh MIKpPOOPraHi3MH, KOMaxH
Ta iH. Mani KoHUeHTpauii 030HYy CHPUSIOTH iHTEH-
cudikauii o0OMiHy pe4yoBUH, Y TOMY YHMCIIi B HAaCiHHI,
siKe TpopocTae Tmicisa o0poOku [4]. 3acTocyBaHHA
OIIC He mpuBOMUTH IO TOSBU HeOaKaHUX MOOIY-
HHX TPOIYKTIB PO3Maay 1 IO TOTO K ii BUKOPHUCTAH-
HS JUTSI 00OpOOKH HACIHHS 3ePHOBHUX KYIBTYP CTHMY-
JIIO€ TIPOPOCTAHHS 1 PO3BUTOK MPOPOCTKIB [6—8].
Kpim Toro, e ogHuM Gi3udHUM HaKTOpOM, SKUH,
SIK TIPAaBUJIO, HE TIOTIPIIY€E, & HABITh MOXKE MMO3UTHB-
HO BIUIMBAaTH Ha TIOCIBHI SIKOCTi, € TEpPEINOCiBHE
3aMOpOKYBaHHS, IO JOJATKOBO BHKOPHUCTOBYETHCS
JUTSL TIOJIOBXKEHHS JIOBrOBIYHOCTI HaciHHS. Kpiokon-
CEpBYBaHHS — OJHMH 3 METOIIB JOBIOCTPOKOBOTO
30epiraHHs ex situ Pi3HUX THITB POCIHMHHUX KIITHH,
TKaHUH 1 opraHiB 0e3 BTpaTH >KUTTE3IATHOCTI, 3MiH
Ta/abo nereHeparii marepiaiy, OCKiIBKH B YMO-
BaX EKCTPEMajbHO HU3BKUX TEMIIEPaTypax pPiIKOro
azoty (—196°C) Ta/abo #oro mapiB (—150°C) mpwu-
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fiber; 1.1-4.8 of pectin substances; 1.0-2.8 of ash;
up to 1.26 of nitrogenous substances, 0.2-0.3
of fat; up to 2.35 of nitrogen-free extracts;
0.032 mg/100 g of carotene and 11.3-23.3 mg
of ascorbic acid [27]. Beetroot is rich not only in
nutrients, minerals and vitamins, but in many unique
biologically active compounds with a number
of medicinal and therapeutic properties. It has
powerful antioxidant properties due to the presence
of betalains, phenolic acids, saponins, alkaloids,
steroids/triterpenes, catechins and flavonoids. The
phytochemicals present in different parts of beet-
root have a wide range of medicinal properties,
including analgesic, hepatoprotective, hypoten-
sive, antimicrobial, anti-inflammatory, antimigraine,
antiviral, antihyperglycemic, antioxidant, antiges-
tagen, antiallergic, antithrombotic, antitumor ones
[17].

Many factors, such as the year of reproduction,
terms and storage conditions, efc. determine the
sowing quality of seeds. The loss of seed sowing
qualities occurs due to contamination with bac-
terial, fungal and viral pathogens, among others.
To prevent infections of various origins, the pre-
sowing seed treatments are used [16, 20]. When
analyzing the efficiency of alternative techniques
for pre-sowing seed treatment, the preference is
given to ecological ways for seed material decon-
tamination, particularly physical ones. The use of
ozone-air mixture (OAM) for pre-sowing seed
treatment is among these ways [6, 12, 19, 22].
Ozone, being an activating agent within it, has
a combined effect on seeds, and the technique for
its application is quite simple and environmentally
safe. Since ozone is a strong oxidizing agent,
the microorganisms, insects, efc. are the first to die
in the high-concentrated OAM. Low ozone con-
centrations intensify the metabolism, and in seeds
germinating after treatment as well [15]. As a result
of OAM application, no undesirable degradation
by-products occur, moreover, it stimulates the ger-
mination and seedling development when using
it for grain crop seed treatment [22—24].

Moreover, another physical factor, generally
not impairing, but even positively affecting the seed
quality, is the pre-sowing freezing, used additio-
nally to extend the seed lifespan. Cryopreservation
is among the techniques for long-term ex situ storage
of various types of plant cells, tissues and organs
without loss of viability, changes and/or degene-
ration of the material, because under extremely
low temperatures of liquid nitrogen (—196°C) and/
or its vapors (—150°C) the metabolic processes are
stopped [13]. Notably, that material is stored in
a small space, protected against contamination,

npo6nemu Kpiobionorii i KpiomeaUUMHN
problems of cryobiology and cryomedicine

Tom/volume 32, N%/issue 3, 2022



MUHSIOTBCS MeTabomiuni nporecu [20]. Cuin 3a3-
HAYUTH, MI0 Marepian 30epira€TbCsi y HEBEIMKOMY
MIPOCTOpi, BIH 3aXMIICHUH BiJ 3a0pyIHEHHSA, a Ha
roro oOciyroByBaHHS (IIOTIOBHEHHS BTpar a3oTy)
oTpeOyroThes He3HauHi (hiHaHCOBI BUTpaty [15].

Mera poO0OTH — BH3HAYCHHS BIUIMBY IIEpEIIIO-
CiBHOI 00pOoOKM HacCiHHSA Oypska 030HO-TIOBITpS-
HOIO CYMIIIIIITIO, 3aMOPOKYBaHHSIM JI0 TEMIIeparypH
piakoro azoty i cymicHol aii nmux (akTopiB Ha Po3-
BUTOK POCITUH Ta IXHIO MPOIYKTUBHICTb.

Marepiajau Ta MeTOIH

O0’exToM AoCHiKEHHsT Oyao HaciHHS Oypsika
copry Hiii pemponykuii 2018 p., sxke mninmaBaiu
030HYBaHHIO, 3aMOPOXKYBaHHIO JO TeMIIEeparypu
piakoro a3zoTy Ta moeqHaHii ixHiA mii. Jlo mouar-
Ky eKCIIEpHMEHTY HAacCiHHs 30epirajam y repMeThd-
Hill Tapi Oe3 mocTymy cBiTia 3a temmeparypu 10—
20°C. ¥Yci gocHmimKeHHS TPOBOMMIIUCS IPOTATOM
2021 p.

Jna Bu3Ha4eHHA e(EeKTHBHUX PEXHUMIB O30HY-
BaHHS y TepuIiid cepii eKCIepUMEHTIB JOCIiKY-
BaJIM BIUIMB Pi3HUX JI03 030HY Ta BOJIOTOCTI HACIHHS
Ha MOKa3HUKH €HEPrii IPOPOCTaHHS Ta CXOKOCTI.

BukopucToByBanu HaciHHsS Pi3HOTO CTYNEHS BO-
JIOTOCTi: KOHTPOJIBbHE 3 MOYaTKOBOIO BosoricTio 11%
Ta ITYYHO 3BOJIOXKeHE 10 23 Ta 65%. OCKUTbKH 030H
JIETKO PO3YMHSETHCS Yy BOIHOMY CEpeOBHUIi, a 00-
po0Oxka 3epua OIIC 3xiiicHIOETHCS B pi3HI mepiofn (Bix
30MpaHHS BPOXKAIO JIO TIOCIBY), TO BOHA Tependadae
pi3HI KOHIICHTpAIIiIiHI Ta YacOB1 PEKUMH, SKi 3ae-
JKaTh BiJ BOJIOTOCTI 3paskiB (10-24%) [8]. YV 3B’s3ky
3 IUM BaXJIMBO OyJIO JOCTIJUTH PIBEHH BOJIOTO-
cTi HaciHHs 3a yMoB 3actocyBaHHs OIIC i3 pi3HOIO
KOHIeHTpalielo 030HY. Kinbkicte Bogu (An), siKy
HEOOXIAHO JoJaTd [0 HaBaXXKW HACIHHA  JUId
MiABHUIICHHS OTO BOJIOTOCTI, BU3HA4YAIH 3a HopMy-
JI010:

An =m (n,—n)/100,

Jie m — Maca HaCiHHsI, IKy HeOOX1THO 3BOJIOKHTH, T;
n, — BOJIOTICTb, Ky Tpeba onepxaru, %; n, — 110-
YaTKoOBa BOJIOTICTh, %.

O30HyBaHHSI TIPOBOJWJIM HACTYITHUM YHHOM:
HaciHHs Oypsika (600 mmT.) 3 pi3HUM pIBHEM BO-
JIOTOCTI TOMIIIANK Yy TOJIIPOMIJICHOBI MPOOIpKH
tuny Falcon (Starlab, Ykpaina) 06’emom 50 mi, mo
SKHX TpU’ €JHYBaJIM TPyOKW Ui mojadi Ta BUBiJIb-
venna OIIC, piBHomipuuii posnoxin OIIC 3aGes-
[eYyBaBCsl IHTCHCUBHUM IEPEMIllyBaHHAM 3DPa3KiB.
BuxopucroByBanu Tpu koHneHTpaiii o300y B OIIC:
0,5, 1 Ta 3,5 mr/m, yac excro3uiii ckiaagas 10 xB.
3 METOI0 BHM3HAYEHHS ONTHUMAJBHOIO 4acy EKCIIO-
3urii HaciHHsg Oypska B OIIC 3pa3ku 3 MOYaTKOBUM
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and its maintenance (replenishment of liquid nitro-
gen losses) requires small financial costs [8].

The research aim was to find out whether
the pre-sowing treatment of beetroot seeds with
the ozone-air mixture, freezing down to liquid
nitrogen temperature, and their combined effect
affects the plant development and yield.

Materials and methods

The research object was the Dii cultivar beetroot
seeds of 2018 reproduction, subjected to ozonation,
freezing down to liquid nitrogen temperature
and their combined effect. Before the experiment
start, the seeds were stored in a sealed, light-
tight container at 10-20°C. All the studies were
carried out during 2021.

In the first series of experiments, the effect
of different ozone dosages and seed moisture on
germination energy and germination rate was
studied to determine the efficient modes of ozonation.

We used the seeds with different moisture con-
tents, such as: the control seeds with initial moisture
of 11% and those artificially moistened up to 23
and 65%. Since ozone is easily dissolved in water
medium, and the seeds are OAM-treated within
different periods (from harvesting to sowing), it
foresees different concentrations and time regi-
mens, depending on moisture content in the samples
(10-24%) [23]. In this regard, it was important
to study the moisture level of seeds when using
OAM with different ozone concentrations. The
amount of water (An) that should be added to
the seed weight to increase its moisture content
was determined by the formula:

An=m (n-n)/100,

where m is the seed mass to be moistened, g; 7, is the
moisture to be obtained, %; #, is initial moisture, %.

Ozonation was carried out in the following way:
beetroot seeds (600 pcs.) with different moisture
contents were placed into 50 ml Falcon type
polypropylene tubes (Starlab, Ukraine), to which the
tubes for OAM supply and release were attached.
The OAM uniform distribution was ensured by
intensive mixing of samples. We used three ozone
concentrations within OAM: 0.5, 1 and 3.5 mg/l,
the exposure time was 10 min. In order to deter-
mine the optimal time for beetroot seed exposure to
OAM, the samples with an initial moisture content
were treated with 1 mg/l of ozone for 5, 10, 20,
and 30 min.

To study the impact of freezing on laboratory
parameters, the beetroot seeds (450 pcs.) were pla-
ced into 15 ml polypropylene centrifuge tubes
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piBHeM BosiorocTi 00poOmsin 1Mr/a 030HY HpoTS-
rom 5, 10, 20 Ta 30 xB.

Jnst mocnifpKeHHS! BIUIMBY 3aMOPOXKYBAaHHS Ha
mabopaTopHi MOKa3HUKW HACiHHA Oypska (450 mT.)
MOMIIIAIA Y TOJIIPOTIIEHOBI TIEHTPUQYKHI TIPO-
Oipku (Starlab, Ykpaina) 06’emom 15 mit Ta 3aHypro-
Balll y pimkwii a30oT Ha mo0y. BimirpiBanHs mpoOi-
POK 3 HACIHHSAM TPOBOJMIN Tpu Temreparypi 22°C.

Ha nactynmHOMy eTarii eKCIIepUMEHTY JOCIIIKY-
BaJIM CYMICHHH BIUIMB il O30HYBaHHS Ta 3aMOpO-
JKYBaHHsS Ha IOKAa3HWKM HACIHHS B J1a0OpaTOpPHUX
ymoBax. JlJisi 1IbOro HaciHHS 3 MMOYATKOBUM PiBHEM
BoJiorocTi o3onyBaiu npotsirom 20 xB y OIIC, koH-
LEHTpalisg 030Hy B sKid ckianana 1,0 mr y mitpi
noBiTpst. HactymHoTo AHS HACIHHS TTiAJIaBaId 3aMO-
POXYBaHHIO JI0 TEMIEPATyPH PiKOTO a30Ty Ta Bifi-
rpiBaHHIO 3a Temmneparypu 22°C.

Hacians BuciBaJIM Ha TIPOPOIIYBaHHSA B jlabopa-
TopHUX yMoBax 3rigHo 3 JICTY 4138-2002 «Hacinas
CLUIBCBKOTOCTIONAPCHKUX KYIBTYp. MeTonu BU3Ha-
YEHHS SIKOCT1».

Jnst gocmipkeHHsT i 030HYBaHHSI, 3aMOPOXKY-
BaHHs Ta CyMICHOI JIii mux (akTopiB BU3HAYAIH
EHEpPTil0 MPOPOCTAHHS, CXOXKICTh, TOBXKHHY, BOJIOTY
Ta CyXy Macy IpopoCTKiB [26].

JuHamiKy TpopoCTaHHs HACiHHS BH3HAYalIW LIS
XOM TiJIpaXyHKYy KUIBKOCTI IPOPOCIOrO HACIHHS
MIOYMHAIOYH 3 TIEPILOro AHA michs BHciBy. Yac mpo-
pocranHs 50% HaciHHA BiI 3arajabHOI KUTBKOCTI
npopociioro Hacinus (7)) po3paxoByBanu 3a Gpopmy-
noro [16]:

(N+1)/2-N; (t )
J i)s

(n, _”f)

ne N — KiHmeBa 3araibHa KiJIbKICTH TIPOpOC-
JIOT0 HACiHHA; N, — KUIBKICTh HACiHHs, SKe IIpo-
pOCIIO HA JIeHb i 71, 1 1, — KUILKICTB 1POpOCIIoro
HACIHHS TOYNHAIOYH 3 TEPIIOTO JHS J0 /1 {, JHIB
criocTepekeHHs BianoBizno (i > 1, j > 2) 3a ymo-
BU:

T,

so L

ni<(N+l)/2<nj‘

Cepenniit vac mpopoctanus (MGT) HaciHHS BH-
paxoByBanu 3a popmyoro [17]:

MF=ZQ

2n

J€ n — KUIBKICTb HACiHHS, MPOPOCIOro Ha
neHb D; D — neHp 3 1MOYaTKy BHCIBY HACiHHS JI0
THS TiApaxyHKy (3 MepIIoro JHS MICIs BUCIBY 0
OCTaHHBOTO, KONH 3 SBHUBCSI OCTaHHIH Tpopoc-
TOK).
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(Starlab, Ukraine) and immersed into liquid nitro-
gen for a day. The tubes with seeds were thawed
at 22°C.

The combined effect of ozonation and freezing
on seed parameters under laboratory conditions
was studied at next stage of the experiment. For
this purpose, the seeds with initial moisture were
ozonated for 20 min in OAM, where the ozone
concentration was 1.0 mg per liter of air. The next
day, the seeds were frozen down to liquid nitrogen
temperature and thawed at 22°C.

Seeds were sown for germination under labo-
ratory conditions according to DSTU 4138-2002
‘Seeds of agricultural crops. Methods of quality
appreciation’.

To study the effect of ozonation, freezing and
their combination, we measured the germination
energy, germination rate, length, wet and dry weight
of seedlings [21].

The dynamics of seed germination was assessed
by counting the number of germinated seeds star-
ting from the first day after sowing. The germination
time of 50% of seeds from the total number
of germinated seeds (7,) was calculated by the
formula [9]

(N+U/2_M(f—1%

(”j B ”i)

where N is the final total number of germinated
seeds; N, is the number of seeds that germinated to
day i; n  and n. are the number of germi-
nated seeds starting from the first day to ¢ and l
days of observation, respectively (i > 1, j > 2) if the
following condition is met:

T.

s0 L

ni<(N+1)/2<nj.

The mean germination time (MGT) of seeds was
calculated according to the formula [10]:

MGT = ZD"

X

where 7 is the number of seeds germinated to day D;
D is the day from the beginning of seed sowing to the
day of counting (from the first day after sowing up to
the last, when the last seedling appeared).

The germination index (GI) was calculated by
Walker-Simmons formula [28]:

mzZ%,

where 7, is the number of germinated seeds; ¢, is the
day from the beginning of seed germination.
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Innexc npopocranns (GI) Oyino po3paxoBaHO 3a
M. Walker-Simmons [28]:

GI=3"" .

i€ n, — KiIbKICTh NPOPOCIIOTO HACIHHS, {, — JEHb 3
[MOYaTKy MPOPOIyBaHHS HACIHHS.

Hactymaum eTamoM HaImoro JOCIIIKEHHS OyI1o
BU3HAUCHHS IMOJILOBUX XapaKTEPUCTUK Ta ypoOxkKaid-
HOCTI HACIHHS MICJIS PI3HUX CITOCOOIB 0OPOOKH.

Hacinnst ctonmoBoro Oypsika BHCIBajH y TMEpIIiif
JeKaal YepBHS HIMPOKOPSITHUM CHOcoOOM  (Mik-
psaans 45 cm) 3 HopMoto BuciBy 10 kr/ra, muOHHOO
3aropranss 4 cMm. Oxpasy micis ciBOH, A 3aXUCTy
CXOZIB BiJl ONHOPIYHHX 3JIAKOBHX Ta JIBOJOJIBHHX
Oyp’siHIB, TUTOILY OOpPOOJSUIIM TPYHTOBUM TepOimm-
oM «ABanrapa» (XiMarpoMapKeTHHT, YKpaiHa) 3
po3paxyHky 1,8-2,2 n/r. Ockinbku HaciHHS BHPO-
IyBJIM HA 3POIMICHOMY IIOJIUBi, TO y TIEpiod Bif
cXomiB 10 ¢opMyBaHHS KOPEHEIUIOAIB BOJIOTIiCTh
IpyHTY migTpuMyBanu Ha piBHI 75-80 Ta 65-70%
HalMEHIIOT BOJIOTOEMHOCTI y Tepion (opMyBaH-
Hs H pOCTy KOpeHeriona. 30ip ypokar MpOBOIUIN
y TepIIii Jekajai >KOBTHs. BU3Ha4amM KijbKiCTh Ta
LIIMPHUHY JIUCTKIB, JOBKUHY THYKH, JiaMeTp 4epell-
Ka, JIOBXHMHY Ta JiaMeTp KOPEHEIUIONiB, 3arajbHy
BpPOXKalHICTh Ta MPOBOAMIIN JOCIiIKEHHs O10XiMiu-
HUX MTOKa3HUKIB KOpeHeTuoiB [1].

OpeprkaHi pe3ynabTaTH aHATI3yBald CTATUCTHY-
HO 3a joromororo mnporpamu «Past Statistic V.3.01»
(VuiBepcurer M. Ocrno, Hopgeris). Buznaganmm ce-
peIHe 3HAaYCHHS Ta CTaHAapTHE BiaxmieHHSI (M + o).
3HAYYMIICTh PI3HUII MK MOKA3HUKAMH OIliHIOBAJIH
3a kputepieM Trroki. Pi3uuiro mixk BuOipkamu BBa-
Kayu 3Hady1oto npu p < 0,05.

ExciepuMenTH mpoBOAMIM Yy I SITHKpaTHid
MOBTOPIOBAHOCTI JJIsl iHTEpHpeTalii BIJIMBY O30HY-
BaHHs, 3aMOPOXKYBAaHHSI JI0 TEMIIEPAaTYpH PIiIKOro
a30Ty Ta moeaHaHoi ixHpoi mii. KiabKicTh BUMIipIO-
BaHb MMOKA3HUKIB CKIIajala Bix 5 1o 7 y pa3i Bu3Ha-
YeHHsI €Heprii MpOpOCTaHHS Ta CXOXKOCTI, Bif 4 10
6 — pospaxynky T,, MGT, GI Ta Bix 15 no 20 —
JOBXHUHH Ta MacH MPOPOCTKIB.

Pe3yabTaTu T2 00roBOpeHHA

Pesynbratn Bu3HaueHHsT HaHOLIbII e(EeKTHBHOT
[POrpaMu O30HYBaHHS HACIHHS 3 PI3HUM pIiBHEM
BOJIOTOCTI HaBeJieHi y Tabm. 1. OTpumani aaHi cBij-
Yyarh, 1[0 MABUILEHHS Bojorocti 3 11 g0 23 1 65%
MPU3BOIMWIIO IO 3HW)KEHHSI IIOKAa3HHKIB eHeprii
MIPOPOCTAHHS Ta CXOXKOCTI.

VY pochimxeHHi Oya0 3acTOCOBAaHO TPU PEXU-
My o30HyBaHH:A. [lokazaHo, mo 00poOka HaciHHA
OIIC i3 xoHneHTpamieto 030Hy 0,5 Mr/i1 He 3MiHIO-
Bajla EHEepTii MPOPOCTAaHHS 3pa3KiB 3 TOYATKOBOIO
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The next stage of our research was to measure
the field characteristics and seed yield after different
treatments.

In the first decade of June, the beetroot seeds were
wide-row sown (row spacing 45 cm) with a sowing
rate of 10 kg/ha, 4 cm hilling depth. Immediately
after sowing, to protect seedlings from annual
grass and dicotyledonous weeds, the area was
treated with the soil herbicide ‘Avangard’ (Khi-
magromarketing, Ukraine) in an amount of 1.8—
2.2 1/h. Since the seeds were grown under drip
irrigation, the soil moisture was maintained at 75—
80% within the period from germination to root
crop formation and the lowest moisture content
of 65-70% was within the root crop formation
and growth. Harvesting was carried out in the first
decade of October. The number and width of
leaves, top length, petiole diameter, length and
diameter of the roots, total crop yield were mea-
sured, and biochemical parameters of roots were
studied [5].

The obtained results were statistically proces-
sed using the ‘Past: Paleontological Statistics,
ver. 3.01” software package (University of Oslo,
Norway). The mean and standard deviation (M * o)
were determined. The significant difference between
indices was assessed by Tukey’s test. The difference
between the samples was considered significant
at p <0.05.

Experiments were performed in five repeats to
interpret the impact of ozonation, freezing down
to liquid nitrogen temperature, and their combined
effect. The number of measurements for the studied
indices was from 5 to 7 to detect the germination
energy and germination rate, from 4 to 6 to cal-
culate T,,, MGT, GI, and from 15 to 20 for length
and seedling mass assessment.

Results and discussion

The results of finding the efficient ozonation
protocol for seeds with different moisture levels
are shown in Table 1. These data displayed an
increase in moisture from 11 to 23 and 65% to result
in a decrease in germination energy and germi-
nation rate.

Three ozonation modes were applied in this
study. The OAM seed treatment with 0.5 mg/l
ozone concentration was shown not to change the
germination energy of the samples with initial
moisture content and that of 23%, but reduced
their germination rate. The mentioned indices were
significantly increased in the samples moistened up
to 65% (Table 1).

The OAM exposure with 1.0 mg/l ozone
concentration caused no change in the studied in-

H g —
=
%

|



Tabnuusa 1. Bnnve 030HyBaHHSA i 3BONOXXEHHS HA EHEPTit0 NPOPOCTaHHS Ta CXOXICTb HACIHHA Oypsika copTy i
Table 1. Impact of ozonation and moistening on germination energy and germination rate in Dii cultivar beetroot seeds

KoHueHTpauisa 03oHy B OIC, mr/n
Ozone concentration in OAM, mg/I

EHepria npopocTaHHA, %
Germination energy, %

CxoxicTb, %
Germination rate, %

Bonoricte 11%
11% moisture

KorTpone 55,3 + 6,8 78,0 + 1,7
Control
0,6 56,0 + 8,5 63,3 + 7,2**
1 55,3 + 5,6 75,0 + 4,4
3,5 29,0 + 8,2* 35,3 + 8,3*
Bonoricte 23%
23% moisture
Heo3oHoBaHe HaciHHA 32,0 + 9,97 46,0 + 2,87
Non-ozonated seeds
0,5 31,0 + 7,5% 36,7 + 4,7
1 39,0 £ 7,9% 44,3 + 9,7*
3,5 22,0 £ 3,6% 40,7 + 5,7%
Bonoricte 65 %
65% moisture
Heo3oHoBaHe HacCiHHA 16,3 + 10,1 42,0 + 10,5*
Non-ozonated seeds
0,6 36,0 £ 8,0** 58,0 + 4,4**
1 20,7 + 2,5* 25,3 £ 1,2**
3,5 17,0 = 3,57 26,7 + 8,6**

MpuMiTKKU: * — pi3HMUS 3HaYyLla Mo BiOHOLLEHHIO [0 HACiHHSA NMeBHOI BonorocTi 6e3 fAoaaTkoBux BNNMBIB; * — pisHuLs
3HayyLa No BiHOLLEHHIO [0 NMOKa3HWKIB, OTPUMAHMX AN KOHTPOSIbHOrO HaciHHS; p < 0,05.

Notes: * — difference is significant with respect to seeds of certain moisture with no additional exposures; # — difference is
significant with respect to the indices obtained for control seeds; p < 0.05.

ta 23%-10 BOJOrICTIO, aje 3MEHLIyBaJla iXHIO
cxoxicte. CrocTepiramocsi 3Ha4yIle ITiIBUIICHHS
3a3HAUYCHUX TIOKA3HUKIB y 3pa3KiB, 3BOJIOKEHUX IO
65% (tabdm. 1).

Excriosumist OIIC i3 KOHIEHTpAIEI0 030HY
1,0 mMr/m He 3MiHIOBaNa MOCHIHKEHUX IMOKA3HUKIB
y Tpoleci MpOpoILyBaHHs HACiHHS 3 BojoricTio 11
ta 23%. VY 3BonoxkeHux a0 65% 3paskiB AaHUi
PEKUM 030HYBaHHsI HE BIUIMBAB Ha BEJIHMYUHY C€HEp-
rii mpopocTaHHs Ta 3Ha4yylle 3MEHIIYBaB MMOKA3HUK
cX0XkoCTi (Tadm. 1).
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dices during seed germinating with 11 and 23%
moistures. In the samples moistened up to 65%,
this ozonation mode did not affect the germinating
energy and significantly reduced the germination
rate (Table 1).

The seed treatment with OAM of 3.5 mg/l
ozone concentration was shown to significantly
decrease the germination energy and germination
rate for seeds with the initial moisture level, and
not significantly change these indices for artifi-
cially moistened seeds.
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Tabnuusa 2. CxoxicTb Ta 6iOMETPUYHI NOKa3HMKN NPOPOCTaHHSA HaciHHSA Bypsika copTy [in
nicns pisHMX TepMiHiB 030HyBaHHsS OlMC i3 kOHUEeHTpaLieto 030Hy 1 Mr/n

Table 2. Germination rate and biometric indices of Dii cultivar beet seeds after different terms
of OAM ozonation with 1 mg/l ozone concentration

Maca npopocTkis, Mr
Seedling mass, mg
Tpusanicte 06pobKku, XB EN, % CxoxicTb, % [oBxuHa, cm
Treatment duration, min | Germination energy, % Germination rate, % Length, cm
Cupa Cyxa
Fresh Dry
Kontpons 67,5 + 12,0 70,8 + 5,9 15,4 + 2,1 46,2 + 2,9 1,7 £ 0,09
Control
5 63,2 £+ 11,9 66,2 £ 9,0 15,5 £ 2,0 49,3 + 4,0 1,7 £ 0,11
10 70,4 + 3,4 72,8 £ 9,3 15,6 £ 1,5 41,9 =+ 4,9 1,8 £0,12
20 70,4 + 7,9 83,3 + 4,6* 16,6 £ 2,2 49,2 + 3,1 2,0 +0,1
30 49,3 + 9,0 50,0 + 7,3* 14,2 £ 2,4 43,1 = 5,7 1,6 £ 02

MpumiTka: * — pisHMLA 3HaYyLLa MO BiAHOLLEHHIO A0 KoHTpontol, p < 0,05.
Note: * — difference is significant with respect to the control, p < 0.05.

[Tokazano, mo o6pobka Hacinusi OIIC i3 koH-
LEHTpAlLi€l0 030HY 3,5 MI/N 3Hauylle 3HIKyBaja
EHEpPrilo NPOPOCTAaHHS Ta CXOXKICTh HACIHHSA 3 MOYaT-
KOBHM PIBHEM BOJIOTOCTI Ta 3HAYyIle HE 3MiHIOBaJIa
Il IOKA3HUKMA JUIA IITYYHO 3BOJOXKEHOIO HAaCiH-
HAL.

OtpuMaHi pe3yabTaTH CBiI4aTh MPO Te, IO Mif
Yyac 030HYBaHHS HACIHHsI 3 BUCOKHM piBHEM IoYar-
KOBOT BOJIOTOCTi CITi/I 3aCTOCOBYBarM MEHII KOH-
neHTpaii o3ony B OIIC.

VY Tabn. 2 HaBEACHO pE3yJbTaTH CXOXKOCTI Ta
OlomMeTpHYHI JaHI NPOPOCTKIB, OTPUMAaHHUX i3 030-
HOBAaHOTO TIPOTSATOM PI3HOTO dYacy HACiHHSA, SKe
Mmauto Bosoricts 1 1%. IlokazaHo, 1o 00poOka 3pa3kis
npotsaroMm 30 XB 3Hauylle 3HWXKyBajla €HEprito Mmpo-
pOCTaHHS Ta CXOXICTh, CIOCTepirajacs TEHICH-
Iisl 10 3MEHITICHHS JOBXWHHU Ta MacH IPOPOCTKIB.
Tami Tepmian 0OpoOKH 3HAUYIINE HE 3MIHIOBAIH TI0-
Ka3HUKW CHEpril MpPOpPOCTaHHs, JOBXKHHY Ta Macy
npopocTkiB. OCKUTBKM CXOXKICTh HACIHHSI 3HAUYIIE
nigBuiyBanacs micist 20-xBuimHHOT 00pooku OI1C,
HACTYIHI JIOCJI/PKEHHS MU MPOBOJIWIIA CaMe 3 LIUM
TEPMIHOM EKCIIO3HIIiT.

VY Tabn. 3 HaBeACHO AaHI NPOPOLIYBaHHS Ha-
CiHHS TiCNsl BIUIUBY O30HYBAHHS, 3aMOPOXKYBaHHS
JI0 TEMIIepaTypH PiAKOro a30Ty Ta IXHBOTO CyMiCHO-
ro BruuBy. [lokazaHo, 0 CXOXKICTh, Yac MPOPOCTAH-
HS TIOJIOBMHHU BiJl KiJTBKOCTI OTPUMAHHUX TPOPOCTKIB
(T,,), cepemniii wac mpopocranns (MGT), inmexc
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These findings testify to the fact that when
ozonating seeds with a high level of initial mois-
ture, lower ozone concentrations in OAM should
be used.

Table 2 presents the results of germination rate
and biometric data of seedlings obtained from the
seeds ozonated for different times, which had 11%
moisture content. A 30-min treatment of the samples
was shown to significantly reduce the germination
energy and germination rate, and a tendency to
seedling length and weight decrease was observed.
Other terms of treatment did not significantly
modify the germination energy, length and weight
of seedlings. Since the germination rate of seeds
was significantly increased after 20-min treatment
with OAM, the very this exposure time we used
for our following studies.

Table 3 presents the data on seed germination
after exposure to ozonation, freezing down to
liquid nitrogen temperature, and their combined
effect. Germination rate, T,, MGT, GI, length and
dry weight of seedlings were shown as not signifi-
cantly modified after the impact of studied factors.

The next step of our research was to study the
crop yield of beetroot seeds after exposure to
the mentioned above physical factors. The number
and width of leaves, haulm length, petiole diameter,
length and diameter of root crops and the total
crop yield were assessed (Table 4). The seed freezing
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Tabnuusa 3. MNMokas3HMKM CXOXKOCTI, AMHaMIKM NPOPOCTaHHSA Ta GiOMEeTPUYHI AaHi NPOPOCTKIB HaCiHHA Bypsika copTy Lin
nicns 030HyBaHHS, 3aMOPOXYBaHHSA A0 TeMnepaTypu pigKoro as3oTy Ta iXHbOI CyMiCHOT Al

Table 3. Indices of germination rate, germination dynamics and biometric data of seedlings of Dii beetroot seeds
after ozonation, freezing down to liquid nitrogen temperature and their combined effect

BapiaHT Bnnusy CxoxicTb, % Ty, AOGU MGT, pobu Gl HosxuHa npopocTkie, cm | Cyxa maca NpopocTKiB, Mr
Exposure type | Germination rate, % T, days MGT, days Seedling length, cm Dry mass of seedlings, mg
Korpone 68,4 + 6,0 3,06 + 0,34 | 458 +0,1 | 882+ 1,57 15,7 £2,2 1.8 +0,1
Control
onc
OAM 76,6 + 9,6 2,87 + 0,15 4,57 + 0,01 8,68 + 0,62 16,2 = 1,0 1,9 £0,3
LN 72,8 £ 11,1 3,01 £ 0,28 4,65 + 0,15 | 7,43 + 1,68 15,4 + 2,1 1,7 £ 01
C?ZI\(jlll__':l 64,3 £ 8,5 2,97 £ 0,23 4,68 £ 0,05 | 7,90 £ 1,33 16,1 = 2,2 2,0 £ 0,1

MpumiTka: * — pi3HMLS 3HaYyLLa NO BiAHOLIEHHIO A0 KOHTporto, p < 0,05, LN — o6pobka pigkum a3oTom.
Note: * — difference is significant with respect to the control, p < 0.05, LN — liquid nitrogen exposure.

mpopocranus (GI), nomxkmHa Ta cyxa Maca Tpo-
POCTKIB 3Hauyllle HE 3MIHIOBAJIMCA TCag il J0C-
JPKyBaHUX (HaKTOPiB.

Hactymaum eranom nHamioi po6oTu Oyio BHU3HA-
YEHHS BPOXKANHOCTI HACIHHS Oypska Ticisi 00poOKu
BHIIE3a3HaYeHUMHU (DI3SMUHUMHU YMHHUKaMu. BusHa-
YaJid KiIJIbKICTh Ta IIUPUHY JTMCTKIB, JOBKUHY FHUKH,
JiaMeTp depelika, JOBKHHY 1 JiaMeTp KOpeHerIo-
IiB Ta 3aralpHy BpoXaiiHicTh (Tabn. 4). Iloka-
3aHO, 1110 3aMOPOXKYBAaHHSI HACIHHS 10 TEMIIEpaTypH
piAKoro asoTy 3Havylle MiJBHUILYBajo HOTro BpoO-
KaWHICTh, a pe3yJbTaTH, OTPUMaHi Ui iHIHX Oio-
METPUYHUX IMOKa3HUKIB, HE BIJPI3HSUIMCSA BiJ KOH-
TPOJBHHX.

VY niteparypi HaBOAATHCS JIaHi, IO TIEPEATOCiBHA
00po6ka OIIC HaciHHS 3epHOBHX 1 KPYIT THUX KYIIb-
Typ (Apa MIIEHUI, TpeUuKa, KyKypya3a) He TUIbKH
MIPUTHIYyBajIa PO3BUTOK OaKTEPiONOTIYHHX Ta Bipyc-
HUX 1H(EKI[H, aje ¥ miaBuIyBajga MOKa3HUKHA CXO-
JKOCTI Ta ypoaiHocTi Tomio [6, 7, 12, 13, 19, 24].
Amnaniz ymoB 06poOku Haciaus OIIC mokasas, 110
MOYXHa BUKOPHCTOBYBATH LIMPOKHUH Jiala3oH KOH-
nenTpanii o3ony (Big 0,1-1,0 mo 10-30 mr/mn, HaBiTh
1o 120 mr/n ) ta yac oOpoOKM BifJ KUIBKOX XBHJIMH
1o Kinekox roauH [7, 24]. JloOpe pearye Ha 030-
HyBaHHA B JOCTaTHbO IIUPOKOMY CIEKTPi yMOB
00poOKHM Taka KynmbTypa, sIK KyKypyaza. Haiikparnry
CTUMYJIIALIF0  (Pi310JOTIYHAX TIOKA3HHUKIB ii TMpo-
POCTKIB CTIOCTEpITaH IiCIs 030HYBAHHS NMPU KOH-
meHrtparii ozony 5-10 mr/m Ta 4Waci oOpoOkm —
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down to liquid nitrogen temperature was shown
to significantly increase its yield, and the results
obtained for other biometric indices did not differ
from the control ones.

The pre-sowing OAM treatment for grain and
cereal seeds (spring wheat, buckwheat, corn) was
reported as not only inhibiting the development
of bacterial and viral infections, but increasing the
germination rate and crop yield, efc. as well [4,
6, 12, 19, 22, 24]. Analysis of conditions for seed
OAM treatment showed a wide range of ozone
concentration (from 0.1-1.0 to 10-30 mg/l, even
up to 120 mg/l) and a treatment time from several
minutes to several hours to be suitable for use [19,
24]. Such a crop as maize responds well to ozo-
nation within quite a wide range of treatment
conditions.The highest stimulation of physio-
logical indices of its seedlings was observed after
ozonation with 5-10 mg/l ozone concentration
and treatment time of up to 30 min. It was also
noted that a significant increase in germination
rate (1.6—1.8 times) was specific to the samples with
low initial germination rate (54%) than for seeds
with high one (86%) [19]. Under these conditions,
the treatment of wheat seeds was reported to inhibit
its germination. For this culture, the OAM treat-
ment with 0.1-5 mg/l ozone concentration was
optimal [24].

We showed the sowing and yielding qualities
of beetroot to remain unimproved after OAM
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Tabnuusa 4. Bnnve 030HyBaHHS, 3aMOPOXYyBaHHSA Ta iXHbOT CyMICHOI Aii Ha BPOXXaNHICTb

i BioMeTpuYHI MOKa3HWKM HaciHHA Bypska copTy [in y nonboBmnx ymoBax

Table 4. Impact of ozonation, freezing, and their combined effect on crop yield
and biometric indices of Dii beetroot seeds under field conditions

KinbkicTb LupuHa [osxuHa [HiameTp [osxmHa [iameTp BposaiiHicTs
BapiaHT Bnnusy JNINCTKIB, WT NUCTKIB, CM TMYKKU, CM yepeLuKka, cm KOpeHennomy, 6M KOpeHensnomy, oM /M2 ’
Exposure type Number of Width of Haulm Petiole Root length, cm | Root diameter, cm | Crop yield, kg/m?
leaves, pcs leaves, cm length, cm diameter, cm ! ! !
K
g:;‘t’f;;b 17,8 £27 | 1225+1,9 | 43452 | 1,3 £0,12 7,4 £ 1,39 8,4 + 1,43 9,75 + 0,14
82’\('/:' 20,1 £ 5,7 12,2 £ 1,9 46,35 + 4,4 1,24 £ 0,16 8,4 + 1,47 8,4 £ 1,02 9,92 + 0,13
LN 20,4 £ 55 11,95 £ 1,3 43,1 £ 5,3 1,39 £ 0,23 7,2 + 0,92 7,9 + 1,41 11,45 + 0,16*
OAMLN 19+54 | 121+14 | 425+88 | 1,13+0,17 | 7.4+ 1,26 8,0 £ 1,08 947 + 0,135

MpumiTka: * — pisHMLS NO BiAHOLLIEHHIO A0 KOHTponto, p < 0,05, LN — o6pobka pigkum a3oTom.
Note: * — difference is significant with respect to the control, p < 0.05, LN — liquid nitrogen exposure.

mo 30 xB. Takox BiMIY€HO, IO CYTTEBE MiJBH-
meHHs cxokocti (B 1,6-1,8 pasza) xapakrepHe mist
3pa3KiB 3 HHU3BKOIO TOYATKOBOIO CXOXKicTiO (54%),
HDK JUIA HACIHHSA 3 BHCOKOIO ITOYATKOBOKO CXOXKiC-
Tio (86%) [24]. Ilokazano, 1o micis oOpoOKM Ha-
CIHHS TIIIECHUII 32 TaKUX YMOB HOTO TPOPOCTAHHS
npurHigyBaiocs. Jnsg miel KyasTypu ONTHMaIbHOIO
Oyna o0pobka OIIC i3 koHieHTpalieo o30nHy 0,1—
5 mr/n [7].

Hamu Oyno mokasano, mo y Oypsika CTOJIOBOTO
MOCIBHI Ta ypoxaiiHi skocti micis oopodku OIIC
HE TIOKpallyBanucs. Y MepeBaxHid Oinbmiocti J0-
CJIIJUKCHUX BapiaHTIB 1li MOKa3HUKU HE BiJPi3HINCH
BiJl KOHTPOJIbHUX.

PisauMm  nmocmigHukamMu  Oylno TOKa3aHo, IO
3aMOPOXKYBaHHSI HACiHHS J0 TEMIIEpaTypH pPiIKOTo
a30Ty HE TIOTIpIIyBajo HOTO IMOCIBHOI Ta BpoOXKaii-
HOI SKOCTi, a B JEAKHX BHUMIAJKaX HAaBITh ITOKpa-
uryBasio ix [9-11, 14, 18, 25].

Hamu mokazano, 1o TiJlbKH 3aMOPOKYBaHH:I
HaciHHsl Oypsika IiJBHUILYBaj0 HOTO YPOXKaHICTh.
O6poodka 3paskiB OIIC Ta cymicHa Jisi 030HYBaH-
Hs 1 3aMOPOXKYBaHHSI HE BHKIIMKaja OJIHUX 3MiH
MOKAa3HUKIB J1a0OpaToOpHOI CXOXKOCTI Ta ypoxKaid-
HocTi. MOuBO 1€ 00yMOBJICHO SIKICTIO HACIHHS Ta
MOTOJHUMH YMOBAaMH, SIKi CKJIAUCS Yy oIl #oro
(dbopmyBaHHs. Y eKCIIEPUMEHTABLHUX 3pa3kax Oypsi-
KiB MU HE CIIOCTEpirajgd BEJHWKOI KUIBKOCTI TIPO-
POCTKIB, 3apakKCHHX KOPEHEIMOM T Yac BHUPOILY-
BaHHS y Ja0OpaTOpHUX YMOBax, a IEpPEAIOCiBHA
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treatment. In most studied variants, these indices
did not differ from the control ones.

Some researchers demonstrated the seed freezing
down to liquid nitrogen temperature not to impair
its sowing and yielding qualities, but in some cases
it even improved them [1-3, 7, 11, 20].

Only the freezing of beetroot seeds was shown
to increase its yield. The sample treatment with
OAM and a combined effect of ozonation and
freezing caused no changes in laboratory ger-
mination rate and crop yield. This is likely due
to the seed quality and weather conditions, which
prevailed in the year of its formation. In experi-
mental samples of beetroots, no big amount of
seedlings infected with rootworm during cultivation
under laboratory conditions was observed, and a pre-
sowing ozone effect was partially related to re-
duce microbiological and fungal load on seeds
[12].

Results of study of biochemical indices in root
crops obtained from the treated seeds are presented
in Table 5.

Betanine content is one of the important bioche-
mical indices of beet root composition. According
to its chemical structure, this pigment belongs
to glycosides, it has a general stimulating effect,
increases immunity, strengthens capillary walls,
and lowers blood pressure. The content of total
sugars is the index of market condition [14]. These
findings showed the studied ways of pre-sowing
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Jlisi 030HY YaCTKOBO IOB’si3aHa 31 3MEHIICHHSM Mi-
KpOOioJIOTIYHOTO Ta TPHUOKOBOTO HABaHTAXXCHHS Ha
HaciHus [19].

Pesynprati  GiOXIMIYHOTO JOCIIPKEHHS KOpe-
HEIUTO/IiB, OTPUMaHUX 3 00pOOJIEHOT0 HACIHHS, TTOfIa-
HO B Ta0m. 5.

OguuM 13 BaXIUBUX OIOXIMIYHMX MOKA3HUKIB
CKIIaZly KOPCHEIUIONiB Oypska CTOJIOBOTO € BMICT
OcraniHy. 3a XiMIYHOIO CTPYKTYpOIO IIIMEHT Bij-
HOCHUTBCS JI0 IVIIKO3U/IIB, MA€ 3araJIbHOCTHUMYJIIOI0UY
Jit0, TIBUIILY€ IMYHITET, CIIPHUSIE YKPITJICHHIO CTIHOK
KaniyisipiB, 3HMXKYE aprepianbHuil THCK. [lokasHu-
KOM TOBapHOI SIKOCTI — BMICT 3arajibHUX IIyKpiB [5].
PesynbraTti eKkcriepyMEHTIB TIOKa3alld, M0 JOCIii-
XKEHI CIOCOOHM MepearnociBHOI 00pOOKH 3MEHIIYBa-
JIU KOHIEHTPAII0 3arajbHUX IYKpiB Ta OeTaHiHY

(Tabm. 5).
IToka3Huk xap4uoBoi OE3MEYHOCTI KOPECHETLIO-
IiB Ta JIUCTOBOI TPOAYKII — BMICT HITpAaTIB.

Bin xopemtoe 3 poctoM pociuH i 3a0e3Me4eHicTio
a30TOM, OJIHAK BHCOKAa KOHIIGHTpAIlisl HITpaTiB €
MOTEHIIHHO HEOE3MEeYHO I 370pPOB’S JIFOAMHU
i TBapuH. JloBeneHo, 0 y KOpeHerionax Oypsika
copry Jliff, siki Oyau BUpOIIEHI 3 HACIHHS MiCHA
3aMOpOKYBaHHSI Ta CyMiCHOI Aii 3a3HaueHux Qi-
3WYHMX YHMHHUKIB, 3Hauylle MiJABUIIyBaiacsi KOH-
LIEHTpAallisl HITpaTiB, IPOTe BOHA HE IMEPEBHIIlyBaJa
MakCUMaJlbHO nonmyctumoi Hopmu [5]. Ilepeamo-
ciBHa 00poOKa 3MiHIOBaJIa KUTBKICTh CyXOi PedOBH-
HH, a caMe: 030HYBaHHS Ta 3aMOPOKYBaHHsI HACiHHS

treatment to reduce the concentration of total
sugars and betanine (Table 5).

Nitrate content testifies to the food safety of
root crops and leaf products. It correlates with
plant growth and nitrogen availability, but a high
nitrate concentration is potentially dangerous for
human and animal health. The beet root crops
of Dii cultivar, grown from the seeds exposed
to freezing and a combined effect of specified
physical factors showed the significantly increased
nitrate concentration, but it did not exceed the
maximum allowable norm [14]. Pre-sowing treat-
ment modified the amount of dry matter, i. e.
the seed ozonation and freezing reduced this index,
but their combined effect augmented it. After a
combined exposure to ozonation and freezing,
a decrease in vitamin C concentration was obser-
ved (Table 5).

Both ozonation and cryopreservation are
known to enhance the oxidative stress level at
the early stages of seed development [16, 18].
The cryopreservation of sorghum, common bean,
tomato, tobacco, maize and Teramnus labialis seeds
was demonstrated to induce some morphological,
physiological and biochemical changes, that gra-
dually disappeared during plant growth [26].
There are no reported data on studying the state of
pro-oxidant system of plants at the late ontogenesis
stages. Bearing in mind the fact that betanine and
ascorbic acid are referred to the substances with

Tabnuusa 5. BioximivHi nokasHWkKn kopeHennoais Gypsika [ii, oTpYMaHuX i3 030HOBaHOrO,
3aMOpPOXEHOro A0 TeMnepaTypu piaKOro a3oTy HACiHHS, a TakoxX nicns ix koMBiHOBaHOro BNMBY

Table 5. Biochemical indices of Dii beet root crops obtained from the seeds, exposed to ozonation,
freezing down to liquid nitrogen temperature, and after their combined action

BapiaHT BnnuBy 3aranbHi uykpu, % Hitpatu, mr/kr Bitamin C, mr/100r Cyxa pevoBuHa, % BetaniH, mr/100r
Exposure option Total sugars, % Nitrates, mg/kg Vitamin C, mg/100g Dry matter, % Betanine, mg/100g
KonTpone 12,66 = 0,41 648 = 5,2 12,95 = 0,72 16,54 % 0,40 451,5 + 9,5

Control
onc
OAM 10,70 + 0,35* 647 + 6,5 12,25 + 0,80 14,36 + 0,35* 208,0 + 2,7*
LN 9,94 + 0,30* 943 + 9,3* 11,7 £ 0,58 14,00 + 0,33* 216,0 £ 5,7*
COJZISIILL': 11,36 + 0,38* 870 + 6,9* 10,38 + 0,63* 17,82 + 0,43* 232,0 £ 7,1*

MpumiTka: * — pi3HMLA 3HaYyLLa MO BiAHOLIEHHIO A0 KOHTponto, p < 0,05, LN — obpobka pigknm a3oTom.
Note: * — difference is significant with respect to the control, p < 0.05, LN — liquid nitrogen exposure.
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3MEHIITYBaJM I MOKa3HUK, a CyMiCHA IXHS sl —
nigsuityBana. [licast cyMiCHOrO BIUIMBY O30HYBaHHS
Ta 3aMOPOKYBaHHS CIIOCTEPITraaocst SMEHIIIEHHS KOH-
nenTparii Bitaminy C (Tabam. 5).

Binmomo, 1m0 sk 030HYBaHHS, TaK 1 KPIOKOHCEPBY-
BaHHS IJABUIIYIOTH PIBEHb OKCHIATHBHOTO CTpe-
Cy Ha paHHIX eTamax pPO3BUTKY HaciHHA [21, 23].
Takox Oynmo MmokaszaHo, MO0 KPiIOKOHCEPBYBaHHS Ha-
CIHHSI COpro, KBacoJji 3BMYalHOi, TOMATiB, TIOTIOHY,
KyKYpyI3ud Ta TepaMHyca TyO4aroro BHKIIMKAIIO
nesiki Mopdortorivni, (¢izionoriuai Ta OioXiMiuHI
3MiHH, SIKi MOCTYNOBO 3HHUKAIW MiJ 4Yac 3pOCTaH-
Hsl pocnuH [27]. Y mxepenax JiTepaTypd BiACYTHI
JlaHi 100 BHBYEHHS CTaHy MPOOKCHIAHTHOI CHC-
TEMU POCIIMH Ha MI3HIX eranax OHToreHe3y. bepyun
JI0 yBaru Te, MO OETaHiH Ta acKOpOiHOBa KHUCIIO-
Ta BIHOCATHCS JO PEUOBHH, SIKI MAalOTh aHTHOK-
CH/IaHTHY BIIACTUBICTh, 3HIKCHHA IXHBOTO BMICTY,
MOJKITUBO, TIOB’sI3aHE 3 €0 TOCTIKEHUX (HaKTOpPiB.

TakuM YWHOM, Yy KOpeHeruionax Oypsika CTo-
JIOBOTO IIiCJISI yCiX BapiaHTIB IEPEANociBHOI 00-
POOKHM 3MEHINYBaBCS BMICT 3arajJibHUX IIyKpiB Ta
Ocraniny. KinbkicTh Cyxoi pEYOBMHHM TiCis 3a-
MOpOXKYBaHHSI Ta O30HYBaHHS HACiHHS 3MEHLIY-
Bajacsl, a IMicjsl OE€JHAHOTO BILUTUBY — IIiBUIIyBa-
nacs. O30HyBaHHSA Ta MOAAJNbIIE 3aMOPOKYBAHHS
HACiHHS MPHU3BOJWINA JIO 3HIDKEHHS BMICTY acKOp-
0IHOBOT KHCIIOTH. 3aMOpPOXXYBaHHS Ta TO€IHAHUN
BILTUB JOCTi/DKEHNX (DaKTOpiB HAa HACIHHS ITiABHIILY-
BaJId BMICT HITpaTiB y KOpEHEIIOAAX.

BaxnmBo 3a3HaunTH, [0 3HAYYIIE 3MEHIICH-
HS KOHIIEHTpAIlil JesSKuX OlOXIMIYHUX TOKA3HUKIB
HE J0CATaj0 MIiHIMalbHUX 3HAYCHb, XapaKTEPHUX
JUIS 1€ KyJabTypd, a MiJABHINECHHS KOHIEHTpAIi
HITpaTiB HE MEpPEBUINYBajJ0 MaKCHUMaJbHO JOMyC-
TMO1 HOpMU [3].

BucHoBkn

OtpuMaHi pe3yiabraTH CBig4aTh IpO Te, IO
y pa3i 030HYBAaHHS HACIHHSA, SIKC Ma€ BEIUKY TO-
YaTKOBY BOJIOTIiCTh, CJiJI 3aCTOCOBYBaTH MEHIII
koHIneHTpamii o3ony B OIIC. CxoxicTh, Wac mpo-
pPOCTaHHS TOJIOBHHH KiTBKOCTI OTPUMAHUX IPOPOC-
TKiB, CEpEIHIN Yac MpOpOCTaHHS, 1HAEKC IPOPOCTaH-
Hsl, JIOBKMHA Ta CyXa Maca NPOPOCTKIB 3HauyIIe
HE 3MIHIOIOTBCS TICIs Ail JOCTiPKEHUX (DaKTOpiB.

O30HyBaHHS, 3aMOPOXKYBaHHSI [0 TeMIlepary-
PH PiIKOro a30Ty Ta IXHS CyMiCHa Jlisi HE 3MiHIOIOTb
KUTBKICTh Ta IIMPUHY JHUCTKIB, JOBKUHY T'MUYKH, Jia-
METp YepelIKa, TOBKHHY Ta JiaMeTp KOPECHEIUIOIB.
BceraHoBiieHO 3Havylle MiABHINEHHS BpPOXKAHHOCTI
CTOJIOBOTO OypsiKa ITiCIIT 3aMOPOKyBaHHS HACIHHSL.

bioximMiuHMI aHami3 KOPEHEIUIOAIB ITOKa3as,
o0 yci BapiaHTH TepearociBHOI 0OpoOKHM HaciH-
HS 3HIKYIOTh BMICT 3araJIbHUX ITyKpiB 1 OcTaHiHY.
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antioxidant properties, a decrease in their content
may be due to the effect of the studied factors.

Thus, the content of total sugars and betanine
was decreased in beet root crops after all the stu-
died ways of pre-sowing treatment. The amount
of dry matter after seed freezing and ozonation
was reduced, but after combined effect it increased.
The seed ozonation and subsequent freezing resul-
ted in a diminution of ascorbic acid content. Freezing
and a combined effect of the studied factors on
the seeds enhanced the nitrate content in root
crops.

Notably, that a significant decrease in concent-
ration of some biochemical indices did not reach
the minimum values specific to this culture, and
a rise of nitrate concentration did not exceed the
maximum permissible norm [27].

Conclusions

Our findings testify to the fact, that when ozo-
nating seeds with high initial moisture, lower ozone
concentrations within the OAM should be used.
Germination rate, germination time of half the num-
ber of seedlings obtained, mean germination time,
germination index, length and dry weight of seedlings
were not significantly modified after exposure to the
studied factors.

Ozonation, freezing down to liquid nitrogen
temperature and their combined effect did not alter
the number and width of leaves, haulm Ilength,
petiole diameter, length and diameter of the roots.
A significant increase in the beetroot yield after
seed freezing was established.

Biochemical analysis of root crops showed all
the variants of pre-sowing seed treatment to reduce
the content of total sugars and betanine. The seed
ozonation and freezing lowered the amount of
dry matter, but their combined effect enhanced
it. Freezing and a combined effect of the studied
factors increased the nitrate content in root crops.
Vitamin C content was decreased in root crops ob-
tained from the OAM-treated seeds followed
by freezing.
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