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Influence of Low-Temperature Modes
of Winter Rye Seed Storage on Its Yield-Related Traits

Pedrepat: [JocnimxeHo BNMAMB pi3HUX pexumiB 36epiraHHs HaciHHS cenekuiiHux 3paskiB xuta o3umoro (Secale cereale L. subsp.
cereale var. vulgare Koern.) Ha 1Oro AOBroBIYHICTb, MOKa3HWKM CXOXOCTI Ta CTPYKTYpy Bpoxar. 3pasku HaciHHs 3 BororicTio 5-7%
36epiranucsi B repMeTWYHiN Tapi cTpokoM Ao 42 micauiB 3a Temnepatyp 4 Ta —20°C. KOHTpOnb CXOXOCTi Ta OLjiHKa rocnofapCbKux no-
Ka3HWKIB POCNMH NPOBOANNNCA MPOTATOM TPbOX POKIB 3rigHO 3i CTaHAApTHUMK MeToaukamu. 3a pesynbrataMu A0CHiaXeHb BCTaHoBMne-
HO BapiloBaHHS MOKa3HMKIB CXOXOCTi HACIHHA 3anexHo Bif reHoTuny 3paska. He BUSIBNEHO pisHWLI 3a OOBroBiYHICTIO HaciHHA nicns 30
Ta 42 MmicauiB 30epiraHHa 3a pi3HUX TEMNepaTypHUX pexumiB. Pesynstati aHanidy rocrnogapcbkvMx MOKa3HWUKIB POCHUH MPOTSroM
[OBOX-TPbOX MOCAIAOBHMX POKIB HE MokKasanu iCTOTHMX nepeBar BnnvBy Temnepatypun 4 um —20°C Ha AOBXMHY KOMOCY, KifbKiCTb Npo-
OYKTUBHUX KOMOCIB i Macy 3epHa 3 kornocy. OfiHak npu uboMy Byno BCTaHOBMEHO BiAMIHHOCTI ANl TAKUX NOKa3HUKIB, sk BUCOTa POCHMWH
i maca 1000 3epHUH B OKpeMUX BUMaaKax Yy POCIWH, HACiHHs sikux 36epiranocst 3a Temnepatyp 4 um —20°C.

KntoyoBi cnoBa: xu1To 03ume, 3epHuHa, H13bka Temneparypa, 36epiraHHs, JOBrOBiYHICTb, BOMONiCTb, CXOXICTb.

Abstract: The effect of different storage modes for the seeds of winter rye breeding sample (Secale cereale L. subsp. cereale
var. vulgare Koern.) on its longevity, germination and crop structure was studied. Seed samples with a moisture content of 5-7%
were stored in an airtight container for up to 42 months at 4 and —20°C. Control of plant germination and assessment of yield-related
traits were carried out for three years according to standard methods. The research findings demonstrated the variation of seed ger-
mination depending on the sample genotype. No differences were noted in the longevity of seeds after 30 and 42 months of storage
under various temperature regimens. The results of the analysis of yield-related traits of plants for two or three consecutive years
did not show any significant advantages when influenced by 4 or —20°C on the spike length, number of productive stems and the mass
of grain derived from the spike. However, at the same time, differences were found for plant height and weight of 1,000 grains in some

cases in the seeds stored at temperatures of 4 or -20°C.

Key words: winter rye, grain, low temperature, storage, longevity, moisture, germination.

XKuto mociBHe o3ume (Secale cereale L. subsp.
cereale var. vulgare Koern.) — BaxJIiBa CilTbCHKOTOC-
NoAapchbKa KynbTypa, sika TPaJuLiiHO 3aCTOCOBY€ETh-
cs B XapyoBill 1 KOpMOBi#l ramyssx. [ns cywacHoi
cenekuii miel KyabTypH BUKOPHUCTOBYETHCS TE€HO-
(hoHI PI3HOMAHITHUX 3pa3KiB BHXIJIHOTO MaTrepiaiy,
SIKUH, SIK TIPABWIIO, 30epira€ThCsl y BUIIISAI HACIHHS.
I'eHodona moBuHEH 30epiraTtvcs BiAMOBIAHO 10 3a-
TBEPIPKCHUX 3arajlbHUX peKOMEHmaIlii [8], 3rigHo 3
SKUMH Ul JKATTE3AATHOCTI HACIHHS TPOTATOM Ce-
penaboro Tepmiay (3—15 pokiB) HaciHHS HEOOXiTHO
TPUMATH 32 BiTHOCHOI Bojorocti moBiTps (15 £ 3)%
i remneparypu 5—10°C. Inst JOBroCTpOKOBOTro 30€epi-
raaus (1o 100 pokiB) HaCiHHS PEKOMEHAYETHCS 3a-
KJIaJIaTh 3a TaKoi K BOJIOTOCTi Ta Temneparypu (—18 +
3)°C. 3a HasIBHOCTI TEXHIYHHUX MOXKJIUBOCTEH HaBiTh
AKTHBHI KOJIEKIi] 3pa3KiB >KUTa MOXKYTh 30epiraTtucs
3a remmeparypu (—18 £ 3)°C, omHak Ha CHOTOMHI TTEH
CITOCI0 HE Ty’Ke TOIUPEHUH.
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Winter rye (Secale cereale L. subsp. cereale var.
vulgare Koern.) is an important agricultural crop that
is traditionally used in the food and fodder indust-
ries. For the modern breeding of this crop, a gene
pool of various samples of the source material is
used, which, as a rule, is stored as seeds. The gene
pool should be storaged if meeting the approved
general recommendations [3], according to which to
yield the viable seeds during the medium term (3—15
years), they must be kept at a relative humidity of
(15 = 3)% and a temperature of 5—10°C. For long-
term storage (up to 100 years), it is recommended to
store the seeds at the same humidity and temperature
—(18 = 3)°C. If there are technical possibilities, even
active collections of rye samples can be stored at
a temperature of —(18 + 3)°C, but today this method
is not very common.

It is known that the longevity of seeds can be in-
fluenced by many factors simultaneously: the geno-
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BimoMo, mo Ha AOBrOBIYHICTH HACIHHSA OIHO-
YaCHO MOXKYTh BIUIMBaTH 0araro YHHHUKIB: TEHOTHUIT
3pa3ka, YMOBH POKY PENpOAYKLii, pekumu 30epi-
ragas Tomo. JKHTO HaJeXUTh 0 MIKpOOIOTHKIB,
TOOTO B MPUPOTHUX YMOBAxX IPOTATOM TPHOX POKIB
BTpadae cXoXkicTh [2]. HaykoBmi cioctepiraii HA3b-
Ky JIOBTOBIYHICTH HAaCiHHA 3 BosoricTio 3—5% micis
fioro 30epiranus npotsarom 30 poKiB 3a TeMIiepary-
pu —18°C [11]. Hdnsa iHIMX KyJIBTYp BCTAHOBJICHO
HasBHICTh JIOKYCiB KijbKicHMX 03HaK (QTL, Quanti-
tative Trait Loci), sIki KOHTPOJIOIOTH JOBIOBIYHICTb
HaciHHA [6]. BupomeHe B CpsTINBI pOKH HACIHHS
Ma€ Kpally JOBTOBIUHICTh MOPIBHSAHO 3 HACIHHSAM,
BUPOILEHUM B POKH 3 HaAMIpHUM 3BOJIOKEHHSM [3].
YMoBH (hOpMyBaHHS HACIHWH TaK CaMO BIUIMBAIOTh
Ha HAKOIMYEHHS 1 CKJIaJa MOKWBHHUX pedoBuH [13].
Ha ixne ripme (GopMyBaHHS y HECHPUSATINBI POKH
Jlie eKCIpecis TeHiB, 3MiHCHAa BHACHINOK i YWHHHU-
KiB HaBKOJIMIITHLOTO cepenoBuina [7]. IcHyioTs maHi
PO Pi3HY PETYIAIiI0 eKcmpecii TeHiB y Iepiof
MK 6 Ta 42 gobGamu Ticns 3amwiIeHHS. 3a JaHH-
My Y. Wan T1a cniBaBT. [12], KiTBKICTh 1 Xapakrep
TPaHCKPHIITIB Ha pi3HUX (azax pPO3BUTKY MOXKE
BIJIPI3HATHCS 3QJIGKHO BiJl YMOB HaBKOJHIIHLOTO
cepeposuma: audepenuiamii (6-10 ni6), HanuBy
3epHa (1221 noba), nocTuraHHs/BUCYLIyBaHHS (28—
42 noGa). Y CHEKOTHHX 1 CyXHX yMOBax IpPHUCKO-
PIOETHCS PO3BUTOK HACIHHUH, 3’ SBJISIOTHCS CIIeugid-
Hi TPAaHCKPHIITH.

Jnst ontumizamii 30epiraHHs 3pa3KiB JKHTa Bax-
JIUBO BCTAHOBUTH BIUIMB TEMIIEPATYPHOTO DPEXUMY
30epiraHHs Ha CTPYKTYpY BpOXaro, 30KpeMa Macy
1000 3epuuH. Pe3ynbraTiB Takux IOCIHIIKEHb, Ha-
BiTh JJIs1 IHIIMX KyJbTyp, oomais [1]. [Ipore Bimomo,
0 MiJ Yac TPUPOJHOTO Ta MITYYHOTO CTapiHHA
y HaciHHI MOXYTbh BiIOyBaTHCA Pi3HI 3MiHH, 30Kpe-
Ma momkomkeHHs JIHK, sxi BrumBaroTe Ha Horo
KUTTE3ATHICTh Ta EKCIPECIF0 TeHiB, IO, B CBOIO
4epry, MOKe MO3HAYUTHCS Ha MOAAJIBIIOMY PO3BUT-
Ky pociaunu. Pesympbraru RAPD- (random ampli-
fied polymorphic DNA) ra MSAP- (methylation-sen-
sitive amplification polymorphism) aHami3iB B ymMo-
Bax NOCHIAYy «IITydHE CTapiHHS» HaciHHA Mentha
aquatica TIOKa3aJld BiIMIHHICTh ITOPIBHSHO 3 KOH-
Tpoiem Ha 1 Ta 8% BigmoBimHO. Y TWpOpOCTKax i3
JOCIITHOTO HACIHHS CIOCTEpiran BiIMIHHICTH Y
13 i 16% BumankiB [9]. 3a momomororo RAPD-
aHaJi3y BCTaHOBJIEHO BUCOKY TCHETHYHY CTaOiib-
HicTb HaciHHs xwuTa (Secale cereale L.) B ymoBax
a”asnoriuxHoro nociuiay. [Ipote micns 29 ni6 «mwryd-
HOTO CTapiHHS» Y MPOPOCTKIB i3 JOCIIAHOTO HACIHHA
3a gorromororo MSAP-aHamizy BCTaHOBJICHO €TireHe-
TiyHi 3MiHE Y 15% 3pa3kiB. BBaxkaerncs, mo 3 mo-
JIOBKEHHSIM CTPOKY 30epiraHHs eMmireHeTHYHI 3MIiHU
301IBINYIOTHCS SIK Y HACIHUH, TaK i y mpopocTkiB [10].
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type of the sample, the year of reproduction, storage
regimens, efc. Rye belongs to microbiotics, that is, in
nature it loses its germination within three years [11].
Scientists observed a low durability of seeds with a
moisture content of 3—5% after their storage for 30
years at —18°C [7]. For other crops, the presence of
quantitative trait loci (QTL, Quantitative Trait Loci)
that control seed longevity has been established [1].
Seeds grown in favorable years have better longe-
vity compared to those grown in years characteri-
zed with excessive moisture [12]. The conditions
of seed formation also affect the accumulation and
composition of nutrients [13]. Their worse formation
in unfavorable years is influenced by the expres-
sion of genes, changed as a result of environmental
factors [2]. There are data on different regulation
of gene expression between 6 and 42 days after
pollination. Y. Wan et al. [9] reported that the num-
ber and nature of transcripts at different deve-
lopmental phases may differ depending on environ-
mental conditions: differentiation (6—10 days), grain
filling (12-21 days), ripening/drying (28—42 days).
In hot and dry conditions, the development of
seeds accelerates, and specific transcripts appear.

To optimize the storage of rye sample, it is
important to establish the influence of the storage
temperature regimen on the crop structure, in par-
ticular the weight of 1,000 grains. The results
of such studies even for other crops are scarce
[10]. However, it is known that during natural and
artificial aging, various changes can occur in seeds,
in particular DNA damage, which affects its via-
bility and gene expression, which, in turn, can in-
fluence further development of plants. The results
of RAPD (random amplified polymorphic DNA)
and MSAP (methylation-sensitive amplification po-
lymorphism) analyses in the experimental ‘artificial
aging’ of Mentha aquatica seeds showed difference
compared to the control by 1 and 8%, respectively.
Differences were observed in seedlings from ex-
perimental seeds in 13 and 16% of cases [6]. High
genetic stability of rye seeds (Secale cereale L.) was
established by means of RAPD analysis in a similar
experiment. However, after 29 days of ‘artificial aging’,
epigenetic changes were detected in 15% of the
samples using MSAP analysis. It is believed that
with the extension of the storage period, epigenetic
changes are enhanced in both seeds and seedlings [7].

The research purpose was to establish the effect of
storage of rye seeds at temperatures of 4 and —20°C
on germination and crop structure.

Materials and methods
The research material was rye seeds of a simple
sterile hybrid F1 Kharkivianka ChS (Kharkivianka
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Meta poOOTH — BCTAHOBJICHHS BIUIMBY 30epi-
raHHs HaciHHS >kuTa 3a Temmeparyp 4 ta —20°C
Ha MOKa3HUKH CXOKOCTI Ta CTPYKTYpPH BPOXKAIO.

Marepiaju Ta MeTOIH

Marepiajiom 111 ITOCHiKEHb OyJa0 HACIHHA
JKUTa TIPOCTOTO CTepIIbHOTO T16puay F1 Xapkin’sH-
ka UC (Xapkip’staka UC) 2012 poky Bpokaro, JiHii
1.90691 A, 1.120337 b, 1.1201 A, 1.1201 b 2011 po-
Ky Bpoxato. Jlociin posmouaro B motomy 2014 poky,
0 LBOrO HaciHHsA 30epirajocs y 1abOpaTOpHUX
ymoBax. Ha mouarky ekcnepuMeHTy HACIHHS BUCY-
LIyBaJIM TIOTOKOM TIOBITPS 32 TEMIIEPaTypy HE BHILE
25°C Ta BigHOCHOI BOJOTOCTI MOBITPs 25% 3 BHUXIij-
Ho1 BosorocTi HaciHHA (9%) no 5—7%. Ilicnsa Bucy-
ITyBaHHS HACIHHS 3aKialaid B TEPMETHYHI MaKeTH
3 OararomapoBoi (ONBrH y CXOBHINA 3 TEMIIEPaTy-
poto 4 ta —20°C Ha 42 wmicsi. [lepen 3akmagaHasIM
Ha eKCIIepUMEHTaIbHe 30epiraHHs Oyna oOIliHeHa
CXOXICTh HACiHHS, fKa B TIOAAJBIIOMY BBaXkasiacs
BuxigHOMO0. Uepes 18, 30 i 42 micsri 3pa3ku BimOu-
panu i KOHTPOJIFO CXOXKOCTI Ta BUCIBaHHS B TOJI,
o0 OIIHUTH €EMEHTH CTPYKTypu Bpokaro. OuiH-
Ka CXOXOCTI mpoBomwmiacsa 3rimHo 3 «MixHapos-
HUMH TpaBWJIaMH aHali3y HaciHHs» [4], a olmiHka
CJIEMEHTIB CTPYKTypH BpOXKal0 — BIiAMOBIIHO 10
3araJbHONPUAHATHX MeTomuk [5]. Hacinus BuciBa-
JIU TPOTAroM BerertaiiiiHux mnepiogis 2015/2016,
2016/2017, 2017/2018 pokiB Ha AOCHIAHOMY IOJI
Iactutyty pocimmunamnrsa iM. B.SI. FOp’ea HAAH
(IP), sike po3TaroBaHe y CXigHIN YacTHHI JIICOCTEITY
VYkpainu.

IToka3Hukyn TeMIIeparypu 1 KUIBKOCTI OITajiB
Nepioy BUPOIYBaHHS HACIHHS HaBEACHO Ha puc. 1.

OO0poOKka pe3yipTaTiB MPOBOAMIIACS 32 JIOTIOMO-
TOI0 METOIB BapialliiHOT cTaTUCTUKH. 1151 TOPiBHSH-
HS CXOKOCTI B Pi3HUX BapiaHTax JOCIiAy BUKOPHUCTO-
BYBaJM KpHUTepid BUOIPKOBHX 4YacTOK. Po301XKHOCTI
y JaHMX BBa)kaJucs 3Ha4ymuMu mpu p > 0,05 3a
kpurepiem Cteiomenta (7). Ilix gac mommyky 3B’sI3Ky
MDK Pi3HHAMH peKAMaMH 30epiraHas Ta eJIeMeHTaMHU
CTPYKTYpH BpOXKAI0 BH3HAYAIW 3BUYAWHY JIHIHHY
KOpETAIi0 Ta paHToBY Kopemsmito Croipmena. J{ms
OIIIHKHY 1ICTOTHOCTI KOPEJIAIlii BUKOPHUCTOBYBAIH TIPO-
rpamy «Excel» (Microsoft, CI1IA).

Pe3yabTaTi T2 00rOBOpPEHHS

3a pesynbTaraMM  JOCHIUKEHb BCTAHOBJICHO
BapilOBaHHs MOKAa3HUKIB CXOXKOCTI HACIHHA MHpOTS-
rom 30epiranns 3a temneparyp 4 ta —20°C 3ayexHo
BiJl TeHOTUNYy 3pa3ka. Tak, cXOXiCTb HaciHHs Ti0-
puny Xapkis’saka YC 3 Bojorictio 5, 6 ta 7%
micyst 30epiranHs 3a Temneparypu 4 Ta —20°C mpo-
TArOM 42 MICSIB Y TepeBaKHIM OUTBITOCTI BHUIAA-
KiB icTOTHO He 3MmiHmmacs (puc. 2). CXoXicTh Ha-

npobnemu Kpiobiosnorii i KpiomeanUMHN
problems of cryobiology and cryomedicine

Tom/volume 32, Ne/issue 2,2022

ChS) harvested in 2012, lines 1.90691 A, 1.120337 B,
1.1201 A, 1.1201 B harvested in 2011. The experiment
was launched in February 2014 with pre-storage
of the seeds in laboratory. At the beginning
of the experiment, the seeds were air flow-
dried at a temperature not higher than 25°C
and a relative humidity of 25% from the initial
humidity of the seeds (9%) to 5-7%. After drying,
the seeds were placed in airtight bags made of
multi-layer foil for storage at 4 and —20°C for
42 months. Before placing in experimental storage,
seed germination was assessed, which was later
considered to be the original seed. After 18, 30 and
42 months, the samples were taken for germi-
nation control and sowing in the field to evaluate
the elements of crop structure. The germination
was assessed in accordance with the ‘International
Rules of Seed Analysis’ [4], and the assessment
of the crop structure elements using the tradi-
tional methods [5]. The seeds were sown during the
growing seasons of 2015/2016, 2016/2017, 2017/2018
at the experimental field of the Plant Production Inst-
itute named after V. Ya. Yuriev of the National Aca-
demy of Agrarian Sciences of Ukraine (PPI), located
in the East of the forest-steppe of Ukraine.

The temperature indices and amount of pre-
cipitation during the seed growing period are shown
in Fig. 1.

The results were processed using the methods
of variational statistics. To compare the germination
in different experiment variants, the criterion of
sample proportions was used. Differences in data
were considered significant at p > 0.05 according
to Student’s test (f). Ordinary linear correlation
and Spearman’s rank one were determined when
looking for a relationship between different sto-
rage regimens and elements of yield components.
The ‘Excel’ (Microsoft, USA) was used to assess
the correlation significance.

Results and discussion

The research results showed the wvariation
of seed germination during storage at temperatures
of 4 and —20°C depending on the genotype
of the sample. Thus, the seed germination of
the Kharkivianka ChS hybrid with moisture content
of 5, 6, and 7% after storage at temperatures of 4
and —20°C for 42 months in the vast majority of
cases did not change significantly (Fig. 2).
The seed germination of this hybrid varied
individually: it increased by 14% for the seeds
with a moisture content of 5% at temperature of
4°C and decreased by 28% for seeds with moisture
content of 6% at temperature of —20°C after sto-
rage for 18 months. This can be explained either
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Poku cnoctepexeHb
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Puc. 1. KinbkicTb onagiB Ta TemnepaTtypa 3a TpaBeHb, YepBeHb, NMUNeHb Ha gocrnigHomy noni (IP): @0 — kinbkicTe onagis,

= cepegHbOMICSUHa TemMneparypa.

Fig. 1. Amount of precipitation and temperature for May, June, July on the experimental field (PPI): @ —amount of precipitation,

- — gverage monthly temperature.

CiHHA 1bOro TiOpUAy B OKpEMHX BHIIAQJKaxX Ba-
pitoBanacsi: 30impmryBanacss Ha 14% y HaciHHS
3 BouoricTio 5% 3a temmneparypu 4°C Ta 3MeHIIy-
Bajacst Ha 28% y HaciHHS 3 BOJIOTICTIO 6% 3a TeM-
neparypu —20°C micis 30epiranss nporsarom 18 mi-
cauiB. Le Moxxe mosicHioBaTucs a0 (i3i0a0riYHUMHU
HacliKaM{ IMX BapiaHTIB JOCIIiTy, a00 TpHUXOBa-
Horo iHbekuiero. Ticns 30 ta 42 wmicsiiB 30epiraH-
HS 32 peKUMIB mpu Temmeparypax 4 ta —20°C He
BUSIBJICHO BIJMIHHOCTEH JTOBTOBIYHOCTI 3pa3KiB:
CXOXICTh HAcCiHHA Ticisl 30epiraHHsl MPOTITOM 3a3-
Ha4YC€HOTO TEPMiHY 3a BiIIOBiII-

HUX TEMITeparyp iCTOTHO HE BiJl-

by the physiological consequences of these va-
riants of the experiment, or by a hidden infec-
tion. After 30 and 42 months of storage at tempe-
ratures of 4 and —20°C, no differences in the longe-
vity of the samples were found: seed germination
after storage for the specified period at the cor-
responding temperatures did not differ significantly.
The seed germination of the 1.90691 A line with
moisture content of 5, 6, and 7% in the vast majority
of cases also did not change significantly after sto-
rage at 4 and —20°C for 42 months (Fig. 3). This

pi3HsTACS. 100
CXO0XICTh HAaCiHHS NiHIT 90 1 T
190691 A 3 Boorictio 5, 6 Ta 80 1
7% y mepeBakHill OimbmocTi e (0]
BHUIIAJIKIB TaKOX CYTTEBO He % < 60 -
3MiHIOBajacs Micis 30epiraHHs g 50
3atemneparypu 4 Ta—20°C npo- g E 40 -
Tsirom 42 micsiiB (puc. 3). Cro- 58 30 -
cTepiraiocsi BapitOBaHHsI IIbOTO X3 20
[IOKa3HUKAa B OKPEMHUX BHIIAJ- 33 10 4
Kax, ajge TCHHACHINS BIAPi3HS- 0
Jlacsl BiJ BapiroBaHHA y TiOpwH- 4°C | —20°C 4°C | —20°C 4°C | —20°C
ny Xapkis’saka YC. Buxinna 18 micsLiB 30 micsuis 42 micsui
cxoxicTh HaciHHS 1.90691 A 18 months 30 months 42 months

Oys1a HHXKUOIO Bij riopumy Xap-
kiB’ssaKa YC Ha 27%, BBaXKaeMo,
O IIe TOB’S3aHO 3 1HIUBITY-
QIBHOIO PEAKINEr0 i€l JiHil Ha
O1IbII BOJIOT1 YMOBH ()OPMYyBaH-
Hs1 2011 poxky (194 MM omazis y

4yepBHi) nopiBHSAHO 3 2012 po- humidity.
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Pexwum 36epiraHHs
Storage regimen

Puc. 2. CxoxicTb HaciHHA xuTa riopuay Xapkie'siHka YC nicns BignosigaHux pe-
XnMmiB 30epiraHHs: [0 — BMXigHA CXOXICTb,
rocti 6%, m — 3a BonorocTi 7%.

Fig. 2. Seed germination of hybrid Kharkivianka ChS after appropriate storage
regimens: O — initial germination,

— 3a BonorocTi 5%, m — 3a Bono-

— 5 %humidity, m — 6% humidity, m — 7%
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KoM (48 MM omaniB y 4epBHi) (IuB.
puc. 1). 80 1
VY pesynwrari MOpIBHSHHS JIOB- 70 1
TOBIYHOCTI 3paskiB *kuTa ofHakooi 5 ¥ 60 4
BOJIOTOCTI Micyst 30epiraHHs IIpo- £S5 9501
TaroM 18 micsriB 3a Temmeparyp 4 S E 40 -
ta —20°C cmocrepiraad mnepeBary T E 30
30epiraHHs HACIHHSA 3 BOJIOTICTIO 58 9
6% 3a Temneparypu —20°C Ta Ha- § § 10 4
CiHHA 3 BoJsoricTio 7% 3a TemIiepa- S
Typu 4°C, 1110 NPOSABIIIOCS y TIEepe-

BHIIeH] cxoxocTi Ha 13,9 ta 31,5%
BIZIITIOBIHO.

[Ticns 30epiranHs HaciHHS TPO-
TiroM 42 MicALiB 3a TeMIeparyp
4 ta —20°C 3ayBaKyBajlacs Kpaiia
JIOBTOBIUHICTH 3pa3KiB 3 BOJIOTICTIO
5% 3a Temneparypu 4°C Ta 3 BoIo-
rictio 6% 3a temmeparypu —20°C,
MO TPOSBISUIOCS Y TEPEBUIICHHI
cxoxocti Ha 11 Ta 29,3% Bigmo-
BiJIHO, HA BIAMIHY BiJ HaciHHA riOpuay XapkiB’sH-
ka YC micast 42 MicsIiB 30epiraHHs.

Cxoxicts HaciHHA niHii 1.120337 b 3 BojoricTio
5, 6 Ta 7% y nepeBakHii OLIBIIOCTI BHITA/IKIB TAKOX
CyTTEBO HE 3MIHIOBaIACs ITicis 30epiraHHs 3a TeM-
neparyp 4 ta —20°C mpotsrom 42 micsuiB (puc. 4).
PazoMm 3 muMm croctepirany BapifOBaHHS CXOXOCTI
HaciHHS B OKpPEMHX BHMAJKax, ayne 0e3 cTaOlIbHOI
TeHAEHIII].

He Busmieno cralinbHOI mepeBaru OjHieET 3
TEeMIepaTyp Ha JIOBIOBIYHICTh HACIHHS JKHTA BCiX
PIBHIB BOJIOTOCTI TpOTATOM 42 MicsmiB 306epiran-

moisture.

4°C -20°C 4°C -20°C 4°C -20°C
18 micauis 30 micauis 42 micaui
18 months 30 months 42 months

Pexxum 36epiraHHs
Storage regimen

Puc. 3. CxoxicTb HaciHHA xwuTa n.90691 A nicng BignoBigHWX pexumiB
36epiraHHs: 0 — BUXigHa CXOXICTb,
cTi 6%, m — 3a BonorocTi 7%.

Fig. 3. Germination of rye seeds 1.90691 A after appropriate storage
regimens: 0O — initial similarity,

— 3a BonorocTi 5%, m — 3a Bonoro-

— 5% humidity, m — 6% moisture, m — 7%

parameter variation was observed individually,
but the trend differed from the variation in the
Kharkivianka ChS hybrid. The initial seed germi-
nation of 1.90691 A was 27% lower than the
Kharkivianka ChS hybrid, we believe that this
is due to the individual response of this line to
wetter conditions of formation in 2011 (194 mm
of precipitation in June) compared to 2012 (48 mm of
precipitation in June) (see Fig. 1).

As a result of comparing the longevity of rye
samples of the same humidity after storage for
18 months at 4 and —20°C, the advantage of sto-

ring the seeds with moisture
content of 6% at —20°C and

100 the ones with moisture con-
90 T tent of 7% at 4°C was obser-
80 1 ved, which was manifested in
L2 70 1 exceeded similarities by 13.9

o < 60 - and 31.5%, respectively.
x5 901 After seed storage for
o E 40 42 months at 4 and —20°C,
£ g 30 higher longevity of samples
g 2 20 A with 5% moisture at 4°C and
38 10 - with 6% moisture at —20°C
0 was observed, that was mani-
4°C ‘ 20°C | 4°C | 20°C | 4°C | 20°C fested in an excess of ger-
18 micsauis 30 micsauis 42 micsaui mination by 11 and 29.3 %,

18 months 30 months 42 months

Pexxum 36epiraHHs
Storage regimen

respectively, in contrast to the
seeds of the hybrid Kharki-
vianka ChS after 42 months of

Puc. 4. CxoxicTb HaciHHs xwuTa N.120337 b nicnsa BignosigHux pexuvmis 36epi-

raHHsi: 0 — BUXigHa CXOXICTb,
m — 3a BonorocTi 7%.

Fig. 4. Germination of rye seeds of 1.120337 B after appropriate storage regi-
— 5% moisture, m — 6% moisture, m — 7% moisture.

mens: O — initial similarity,
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— 3a BonorocTi 5%, m — 3a BonorocTi 6%,

storage

The seed germination of the
1.120337 B line with moisture
content of 5, 6, and 7% in




Hsi. Pasom 3 muMm crnocrtepiranu BapilOBaHHS CXO-
KOCTI HACiHHA B OKPEMHX BHITaJKaxX, aje 0e3 cra-
OLIbHOI TEHAEHIIIT.

AHaNOTIYHMH aHami3 CXOXOCTi Oylo mpoBe-
neHo mia 3paskiB HaciHHS 1.1201 A ta 1.1201
b (crepwibHOi ¢opMmu 1 3aKpiliiroBada CTEPUIIb-
HOocTi). Buximpa cxoxicte HaciHHS 1.1201 A
(86,1%) 3nm3mmaca maibke Ha 40% uyepe3 18 mi-
csaliB 30epiraHHsA 3a Temmeparyp 4 Ta —20°C
1 3Haxoauiacs Ha IbOMY X piBHI uepe3 30 wmics-
iB eKcrepuMeHTy. He BusBIEHO BiAMiHHOCTEH
CXOKOCTI HACiHHS BIAIMOBIHOT BOJIOTOCTiI Ta CTPO-
Ky 30epiranHs 3a Temmeparyp 4 Ta —20°C. Bu-
xigHa cxoxicth HaciHag 1.1201 b 82,3% icroTHO He
3MiHIOBaJIacs Micis 30epiraHHs HACiHHS 3 PiBHAMH
Bomorocti 5, 6, 7% 3a temmeparyp 4 Ta —20°C
npotsroM 30 wicsmiB. Y Haciaasg 1.1201 b Taxox

the vast majority of cases also did not change
significantly after storage at 4 and —20°C for 42
months (Fig. 4). At the same time, variations in
seed germination were observed individually, but
without a steady trend.

No stable advantage of one of the tempera-
tures on the longevity of rye seeds of all moisture
levels during 42 months of storage was found.
At the same time, variations in seed germination
were observed individually, but without a notable
trend.

Germination was analyzed for the seed samples
of 1.1201 A and 1.1201 B (sterile form and sterility
fixer). Initial seed germination of L1201 A
(86.1%) decreased by nearly 40% after 18 months
of storage at 4 and —20°C and remained at
the same level after 30 months of the experiment.

Ta6nuus 1. CepeaHi NoKasHMKM eSKNX ENEMEHTIB CTPYKTYpU BPOXat0 POCIUH
nicnsi 36epiraHHsi HaciHHA 3a Temnepatyp 4 Ta —20°C

Table 1. Average values of some elements of yield components after seed storage at 4 and —20°C

[oBxnHa Konocy, cm Yucno npoaykTuBHux cteben, wir. MpoAyKTUBHICTb POCHUHK, T Maca 3epHa 3 Konocy, r
Spike length, cm Number of productive stems, p. Plant productivity, g Mass of grain from spike, g
3pasok
Sample
4°C -20°C 4°C -20°C 4°C -20°C 4°C -20°C
XapkiB'AHka YC
Kharkivianka ChS 9.8 9.7 7 9,81 9,29 1,42 1,38
n,90691 A
L.90691 A 9,9 9,7 8 14,87 8,05 1,92 1,86
n,120337 b
L,120337 B 6.9 7.4 7 6,56 6,64 1,01 1,07
n,1201 A
L 1201 A 9,3 9,2 7 7,53 6,48 1,14 1,28
n,1201 b
L 1201 B 9,5 9,2 6 8,40 5,31 1,65 1,67

He OyJI0 BHSIBICHO BIIMIHHOCTEH HMOTO CXOXKOCTI
BIJMOBIAHOI BOJIOTOCTI 1 TepMmiHy 30epiraHHs 3a
temnepatypu 4 Ta —20°C.

Pesynbratu aHamizy eneMEHTIB CTPYKTypH Bpo-
Xaro 3pas3kiB Xapkis’gHka, 1.90691 A 1.120337 b,
1.1201 A ta 1.1201 b mpoTsrom ABOX-TPbOX MOCITi-
JOBHUX POKIB pPENpOAyKLii CBig4aTh NpoO BiACYT-
HICTh ICTOTHOTO BIUIMBY Temreparyp 4 ta —20°C
Ha Taki NOKa3HMKU CTPYKTYpPHU BpOXKaro, SK HOB-
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There were no differences in seed germination of
the corresponding humidity and storage period
at 4 and —20°C. Initial seed germination of 1.1201 B,
82.3%, did not change significantly after seed sto-
rage at moisture levels of 5, 6, and 7% at 4 and
—20°C for 30 months. For line of 1.1201 B, there
were also no differences in seed germination
of the corresponding moisture and storage period
at 4 and —20°C.
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Tabnuusa 2. Bucota pocnuH nicnga 36epiraHHsA HaciHHA 3 Pi3HOK BOJOTICTHO MPOTSITOM Pi3HMX CTPOKIB
3a Temnepartyp 4 Ta —20°C, cm

Table 2. Plant height after storage of seeds with different moisture content for different periods at 4 and —20°C, cm

Pexum 36epiraHHa, micAaui
Storage regimen, months
3pasok Bonorictb, %
Sample Moisture, % 8 30 42
4°C -20°C 4°C -20°C 4°C -20°C
9,8 107.,4 111,9 97,6 97,6 90,6 92,4
Xapkis'AHka YC %
Kharkivianka ChS 6 117,2 110,3 96,7 88,8 89,5 100
7 113,4 113,4 99,3 81,2* 86,7 87,5
5 116,3 117,9 103,9 103,54 101,6 97,9
n. 90691 A
L 90691 A 6 117,9 118,56 100,2 96,75 107,3 102,7
7 112,5 105,3* 98,0 109,41* 104,1 101,6
5 100 109,6 101,9 112,41* 102,8 104,8
n. 120337 b 6 119,94 114,3 112,6 105,06 102,6 94,88
L. 120337 B
7 115,4 119,6 114,7 116,89 97,38 104,2
5 109,25 107,2 86,66 97,6 90,6 92,4
n. 1201 A .
L 1201 A 6 108,12 105,94 89,28 88,8 89,6 100
7 105,7 110,63 84,03 81,2* 86,7 87,5
5 121,63 115,93 112,8 103,54 101,6 97,9
n.1201 b
L. 12018 6 102,69 108,56 110,8 96,75 107,3 102,7
7 106,4 115,6* 115,1 109,41* 104,1 101,6

MpuMiTka: * — BiAMIHHICTb 3HaYyLLa NOPIBHAHO 3i 3pa3KOM HACIHHS LIbOrO X PiBHS BONOrOCTi 1 CTPOKY 36epiraHHsi, ane 3a

iHWoi TemnepaTypm (t > 1,98).

Note: * — significant difference compared to the sample of the same level of seed moisture content and storage term

at other temperature (t > 1.98).

JKWHA, KUTBKICTh TPOMYKTUBHHUX KOJOCIB, Maca 3ep-
Ha 3 komocy. CepemHi TOKAa3HUKH IMX EJICMEHTIB
CTPYKTYPH BPOXKAIO POCIIMH ITiCIIS 30epiraHHs HaCiHH
npotsarom 18, 30 Ta 42 MicAwiB 3 Pi3HOIO BOJOTICTIO
3a Temneparyp 4 Ta —20°C HaBeaeHo B Taom. 1.

[IpoTe BCTAaHOBIEHO BiIMIHHOCTI JJIsi TaKUX TO-
Ka3HUKiB, sIK BHcoTa pociuH i maca 1000 HaciHuH
B OKpeMHuX BUmajkax (taom. 2, 3).
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The findings for the elements of yield components
of the samples of Kharkivianka, 1.90691 A 1.120337 B,
1.1201 A and 1.1201 B during two or three consecutive
years of reproduction indicate the absence of sig-
nificant advantages of the influence of temperatures
of 4 and —20°C on such crop structure elements
such as length, number of productive spikes, weight
of grain from an spike. The average values of these
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Tabnuusa 3. Maca 1000 3epHWH 3 pOCNUH nicnsa 36epiraHHA HAciHHA 3 Pi3HOK BOMOTICTHO
NPOTAroM Pi3HWUX CTPOKiB 3a Temnepatyp 4 Ta —20°C, r
Table 3. Weight of 1,000 grains derived from plants after storage of seeds with different moisture
content for various periods at 4 and -20°C, g

Pexum 36epiraHHa, micAaui
Storage regimen, months
3pasok Bonorictb, %
Sample Moisture, % 18 30 42
4°C -20°C 4°C -20°C 4°C -20°C
5 32,2 31,0 39,4 30,25 32,7 35,2
Xapkis'AHka YC «
Kharkivianka ChS 6 38,2 39,1 19,47 30,4 29,6 30,8
7 29,4 30,2 29,4 31,6* 25,7 34,3*
5 33,49 42,83* 43,03 42,81 41,8 31,78*
n. 90691 A %
L 90691 A 6 43,7 42,19 43,54 46,0 42,2 41,4
7 44,06 40,54 44,76 44,81 40,1 43,73*%
5 19,68 24,24 26,76 25,23* 25,1 28,39*
n. 120337 b
L 120337 B 6 25,68 37,21 29,39 30,75 26,3 26,71
7 31,0 31,1 26,68 26,46 25,6 25,7
5 31,45 32,566 32,45 34,98* - -
n. 1201 A %
L 1201 A 6 28,73 29,9 30,79 38,6 - -
7 27,08 31,7 32,66 32,18 - -
5 31,45 32,56 34,58 36,35* - -
n.1201 b
L1201 B 6 28,73 29,9 35,1 34,65 - -
7 27,08 31,7 36,29 40,95* - -

MpumiTka: * — BigMIHHICTb 3HaYyLL@ NOPIBHSIHO 3i 3pa3kOM HaCiHHS LibOro X PiBHS BOMOroCTi M CTPOKy 36epiraHHs, ane

iHWoi TemnepaTypm (t >1,98).

Note: * — significant difference compared to the sample of the same level of seed moisture content and storage term

at other temperature (t > 1,98).

Crocrepirayii iCTOTHE TIEPEBUIICHHS 3a BHCO-
TOI0 POCIMHM B OKPEMHX BHIIAJIKaX, KOJNM HACIHHA
30epiranocs 3a —20°C MOpIBHSHO 3 HACIHHSM, 1110 30e-
piranocst 3a 4°C: 1.1201 b (Bomoricts 7%), 1.90691 A
(Bomorictb 7%), 1.120337 b, 1.1201 b (Bonoricts 5%
B 000X BHMajKax). Y IESKHX BapiaHTaX, OTPUMaHUX
3 HaciHHs TiOpuny Xapki’saka UC 1.90691 A,
micnst 30epirands 3a —20°C BCTaHOBIEHO iCTOTHE
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elements of the plant yield structure after seed
storage for 18, 30, and 42 months with different
moisture at 4 and —20°C are shown in Table 1.
However, the differences were established for
such elements as plant height and weight of 1,000
seeds individually (Tables 2, 3). A significant
rise in plant height was observed in some cases
when the seeds were stored at —20°C compared to
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3MEHIICHHS BHCOTH POCIAMH Ha 7 CM 1 HIXKYE.
Hani MereoposoriyHux ymoB (amB. puc. 1) cBin-
YaTh NP0 NMOCYNUIMBHN YepBEHb: KiNbKICTh OMAMiB
4,3 MM (2016 pik) ta 18,6 mm (2017 pik) Ha BiI-
Miny Bixg 43,5 MM (2018 pik). BBaxkaemo, mo Taki
METEOPOJIOTIYHI YMOBH BIUTMBAIM Ha OUTBIIY KiJlb-
KICTh BIIMIHHOCTEH Yy BHCOTI POCIWH PI3HHX Te-
HoTHmiB y 2017 pori, BUPOIICHUX 3 HACIHHSA, SKE
30epiranocs 3a temmeparyp 4 ta —20°C mpoTsrom
30 MmicsIB.

30epiraHHs HaciHHS XHUTa 3a Temmeparyp 4 Ta
—20°C y OinpIIOCTI BUMAJKIB HE BIUIMHYJIO Ha
Macy 1000 3epHUH MOKONIHHS POCIHMH 3 I[LOTO Ha-
cinns micas 18 micsriB 30epiranns (tabmn. 3). [licns
30epiraHHs 3a X Temmeparyp mpotsarom 30 Mics-
niB Maca 1000 3epuuH Oyma Oinmbrioro y 47% Bu-
MajgKiB BapiaHTiB, HACIHHS SKAX 30epiraiocs 3a
temmepatypu —20°C. IlepeBumenus macu 1000
HaciHMH KoimBanocs Bix 1,7 mo 10,9 1, mpu mpomy
HE BHSBJIICHO IIEpeBar IICBHOTO pPiBHSI BOJOTOCTI
B Mexax 5—7%. Ilicna 42 wmicauiB 30epiranHs ic-
TOTHO BumIi moka3sHuku Macu 1000 3epHUH Oynu
B 38% BapiaHTIB cepen 3pa3KiB, HaCiHHS SKUX 30e-
piranocs 3a temneparypu —20°C, piBeHb BOJOTOCTI
IpY [IbOMY Ha OTPUMaHi Pe3yJbTaTH TaKOXK CYTTEBO
HE BIUIMBAB.

Cepenns Temmeparypa B 4epBHi 20162018 pokis
konmmBasiacss B mexkax 20-23°C. KinpkicTe omafiB
y gunHi 2017 poKy Maibke BIBiUi ITEpPEBHIIYBa-
Jla KITBKICTh omamiB y 4depBHi, y 2018 pori — Ha-
Bmaku. KinpkicTs omaziB y depsHi 2016 poky Oyna
MaiKe yIBiUl MEHIIIOIO, HiXK y JIMIHI TOTO X POKY.
Brakaemo, 1110 Take CIiBBiAHOIICHHS Y YEPBHI—JIUTI-
Hi MOIIO BIUIMHYTH Ha BapiloBaHHA (opMyBaHHS
macu 1000 3epHUH y pi3HI POKH.

TakuM 4YWHOM, y JOCTIIKEHUX 3pa3Kax >KuUTa
micns 30 1 42 micsuiB 36epiranus 3a —20°C BusiBiie-
Ho Oinbiry Macy 1000 3epHHMH MOPIBHSTHO 31 3pa3ka-
MU, fKi 30epiranucs 3a Temmneparypu 4°C, maiixe y
40% BumankiB. Taka 3aleXHICTh crocTepiraiacs
micst 18 micsriB 30epiraHHs 1 B TOCUTh TMOCYIUTHBI
poxu (imB. puc. 1).

Jst BCiX TpBOX CTPOKIB 30epiraHHs HACIHHSA
HE BUABJICHO ICTOTHOI KOPEJAIi MK TaKUMH II0-
Ka3HUKaMH CTPYKTYpPH BPOXKaio, K BHCOTa POCIHH,
Maca 1000 3epHMH Ta BiINOBIOZHUN peXUM 30epi-
TaHHS HACIHHSL.

BucHoBku

TakuM YWMHOM, HE BUSBICHO HAOYHOI TepeBa-
ru Temmeparypu 4 uun —20°C Ta piBHSI BOJOTOCTI
B Mexax 5-7% Ui JOBTOBIYHOCTI AOCTIIKEHHUX
3pa3KiB HACIHHS XHUTa O3MMOTO TPOTIToM 42 Mics-
1B 30epiraHHs. Pe3ynsrary aHaji3y €JIeMEHTIB CTPYyK-
TypH BPOXKAIO JOCIIHKCHUX 3Pa3KiB KHUTa O3MMOTO
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the ones stored at 4°C: L.1201 B (moisture 7%),
1.90691 A (moisture 7%), L.120337 B, L.1201 B
(moisture 5%). In some variants obtained from the
seeds of the Kharkivianka ChS hybrid, 1.90691 A,
after storage at —20°C, a significant decrease in
plant height by 7 cm or less was observed. Me-
teorological data (see Fig. 1) indicate a dry June:
the amount of precipitation is 4.3 mm (2016) and
18.6 mm (2017), in contrast to 43.5 mm (2018).
We believe that such meteorology influenced
greater the number of differences in the height
of plants of different genotypes in 2017, grown
from the seeds stored at 4 and -20°C for
30 months.

Storage of rye seeds at 4 and —20°C in most
cases did not affect the mass of 1,000 grains when
generating the plants from this seed after 18 months
of storage (Table 3). After storage at these tempe-
ratures for 30 months, the weight of 1,000 grains
was greater in 47% of the cases of variants, the seeds
of which were stored at —20°C. The excess weight
of 1,000 grains ranged from 1.7 to 10.9 g, while
no advantages were found for a certain level of
moisture in the range of 5-7%. After 42 months
of storage, the 1,000-grain mass values were
significantly higher in 38% of the varieties among
the samples the seeds of which were stored at
—20°C, while the moisture level also did not sig-
nificantly affect the obtained results.

The average temperature in June 2016-2018
varied between 20-23°C. The amount of precipi-
tation in July 2017 was almost double the amount
of precipitation in June; in 2018 that was the
opposite. The amount of precipitation in June
2016 was almost half as much as in July of the
same year. We believe that such a ratio in June—July
could affect the wvariation in the formation of
the mass of 1, 000 grains in different years.

Thus, in the investigated rye specimens after
30 and 42 months of storage at —20°C, a greater
mass of 1,000 grains was found compared to those
stored at 4°C in almost 40% of cases. Such depen-
dence was observed after 18 months of storage
and in fairly dry years (see Fig. 1).

For all three terms of seed storage, no signi-
ficant correlation was noted between such ele-
ments of crop structure as plant height, weight of
1,000 grains and the corresponding mode of seed
storage.

Conclusions

Thus, no obvious advantage of using the
temperature 4 or —20°C and moisture level within
5-7% for the longevity of the studied specimens
of winter rye seeds during 42 months of storage
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MPOTATOM [JIBOX-TPHbOX MOCTIIOBHHUX POKIB pPEmpo-
IOyKUii CBiYaTh MpO BiJCYTHICTh ICTOTHUX IE€peBar
BIUIMBY Temrieparypu 30epiranns (4 un —20°C) nHa
Taki TOKAa3HUKH CTPYKTYpH BpOXKaro, SIK JOBXKHHA
KOJIOCY, KUTBKICTh MPOMYKTUBHUX KOJOCIB, MPOTYK-
THUBHICTh POCIMHHU. B OKpeMHX BHUIIaaKax BCTaHOB-
JIEHO BIJIMIHHOCTI 32 BHCOTOIO POCIWH, OTPHMAaHHX
3 HaciHHA, sSKe 30epiramocs 3a Temmeparyp 4 Ta
—20°C mpotrsirom 42 wMicsriB. 30UIBIICHHS MacHu
1000 3epuuH cnocrepiranu y 38% Bumaakax 3pas-
KiB, OTPUMaHMX 3 HACiHHS, sike 30epiranocs 3a TeM-
neparypu —20°C mpotsirom 30 Ta 42 MicsuiB.
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was found. The findings on the crop structure
elements for the studied samples of winter rye during
two or three consecutive years of reproduction
indicate the absence of significant advantages of the
influence of the storage temperature (4 or —20°C)
on the crop structure, such as the spike length,
number of productive stems, plant productivity. In
some cases, differences in the height of plants ob-
tained from seeds that were stored at temperatures
of 4 and —20°C for 42 months were found. An
increase in the weight of 1,000 grains was observed
in 38% of the samples obtained from the seeds
stored at —20°C for 30 and 42 months.
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