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Effect of Rape Seeds’ Pre-sowing Treatment With Complex
Cryoprotectant-Based Agrochemical Preparations
on Plant Winter Hardiness and Yielding Capacity

JocimkeHo BIUTUB MepeAnociBHOT 00poOKM HAaCIHHS 03MMOT0 pinaka po3urnHaMu kpionporekropa I[IEO-1500, npenapatis “tOmitep”
i “/lopcaii” Ha HOro MOpO30CTiliKiCTh, 3MMOCTIHKICTB 1 BpOXKaiiHicTh. BU3HaueHo, 1110 00poOka MMM IperapaTaMy MiJABUILYE 3aTHICTh
HAacCiHHs npopocTary npu 3HIkeHi (5—10°C) Temneparypi, a TaKoXX MOPO30CTIHKICTh POCIIMH 1 BMICT PO3YMHHIX ByIJIeBOAIB. BcraHoBeHa
HasIBHICTb 3B’3Ky MK piBHEM 3UMOCTIHKOCTI 03MMOT0 pinaka i BMiCTOM PO3YHHHHX BYIJICBOIB.

Kmouogi cnosa: pinak, MOPO30CTiiKiCTh, 3MMOCTIHKICTh, PO3YMHHI BYIJICBO/IH, BPOXKaWHICTh, KPIOIPOTEKTOP, arpoXiMidHi mpernapary.

VccnenoBaHo BIUsSHUE NPEAIIOCEBHONH 00pabOTKH CEMsIH 03MMOT0 parica pacTBopaMu kpuonpotekropa [190-1500, npenaparos
“lOnurep” u “Jlopcaii” Ha ero MOPO30CTONKOCTh, 3MMOCTOMKOCTB M ypoxkaiHOCTh. OnpeseneHo, uTo 00paboTKa CeMsH ITUMH Mperna-
param# MoBBILIAET CIIOCOOHOCTH CEMSIH ITpopacTath Ipu cHkeHHoit (5—10°C) Temneparype, a Tak)Ke MOPO30CTOMKOCTh PACTEHHI 1
coziep)KaHHe PACTBOPHMBIX YIICBOJIOB. YCTAaHOBJICHO HAJIMYHE CBS3U MEXKY YPOBHEM 3UMOCTOHKOCTH 03UMOTO parica 1 CoiepKaHHEM

PacTBOPUMBIX YIIIEBOJOB.

Kniouegvie cnoga: parc, MOpO30CTOHKOCTb, 3MMOCTOMKOCTB, PACTBOPHUMBIE YIVIEBOIbI, yPOXKaHHOCTh, KPHOIIPOTEKTOP, ArpOXMMHYECKUE

npenaparsl.

The effect of pre-sowing treatment of winter rape seeds with PEO-1500 cryoprotectant, Jupiter and Dorsay preparations on their
frost and winter hardiness and yielding capacity has been studied. It was found that seed treatment with these preparations increased
the seed capacity to germinate under lowered temperature (5—10°C), and also plant frost hardiness and content of soluble carbohydrates.
A correlation between winter hardiness level of winter rape and content of soluble carbohydrates has been established.

Key words: rape, frost hardiness, winter hardiness, soluble carbohydrates, yielding capacity, cryoprotectant, agrochemical preparations.

Pinak (Brassica napus L.) € WiHHOIO OJIITHOIO
KYJIBTYpOIO, sIKa BUKOPHCTOBYETHCSI B 0araThox raiy-
35X HApOJHOTO TOCIOAapcTBa. bUIbII parioHaabsHO
BUPOILLYBaTH O3UMHH pillak uepe3 Horo BHILLY BpoxKaii-
HICTb i BMICT 0J1ii B HAaCiHHI B TOpiBHSIHHI 3 sipuM [ 1, 7].
Axe B YKpaiHi cepenHs BpoKaiHICTh 03UMOTO piraka
He TiepeBHIIye 15 11/ra uepe3 Horo HeAOCTATHIO 3UMO-
crifikicts [7]. Cnoctepiranocs, mo 1 pa3 Ha 3 poku
03MMHH pillak BUMep3a€ Ha 3HaYHUX iomax [5]. Ha-
npuknazn, y 2002-2003 pomi B YkpaiHi BHACTIIOK
HECHPUSATIUBUX MOTOAHUX YMOB 3arWHYIJIO OJHM3BKO
70% mociBiB wi€i kynbrypH [ 11]. ToMy nuranss ninBu-
LICHHS 3UMOCTIMKOCTI pilaka € JIy’Ke aKTyaJlbHUM.

J1st i ABUIIEHHS CTIKOCT1 POCIIHMH A0 HECIIPUSIT-
JIUBUX YMOB HABKOJHIIHBOTO CEPEIOBUINA 3aCTOCO-
BYIOTBCS Pi3Hi arpOTeXHi4H1 MPUHOMH, 30KpemMa 00po0-
Ka XIMIYHMMH IpenaparaMi, TOJOBHUM HEHOJIIKOM
SIKUX € TOKCUYHICTh OinplnocTi 3 HuXx. HaciiakoM 1x
BUKOpPHUCTaHHS € 3a0py/IHEHHsI TPYHTY, BOJHHX JDKEPE,
HAKOMMYEHHSI B XapUOBHX MPOAYKTaX 1 KOpMax, IO
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Rape (Brassica napus L.) is a useful oil culture,
used in many areas of national economy. It is more
rational to grow winter rape due to it high yielding capa-
city and oil content in seeds in comparison with spring
one [1, 7]. But in Ukraine the average yielding capacity
of winter rape does not exceed 15 dt/ha due to its low
winter hardiness [7]. It has been observed that once
per 3 years winter rape freezes out over a large area
[5]. For example, in 2002-2003 in Ukraine due to
unfavorable weather conditions nearly 70% of this cul-
ture seeds died-out [11]. Therefore the task of rape
winter hardiness increasing is very actual one.

To increase the plant resistance to unfavorable
environmental conditions different agrotechnical me-
thods have been used, including the treatment with
chemical preparations, the major shortcoming of those
is toxicity. Their use outcome is pollution of ground,
water resources and accumulation in food products
and feed that may contribute to toxic effect on a human
and animals [2]. Development and practical application
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MOYXE CIIPUYUHITH TOKCHYHHI BILIMB Ha JIIOAWHY i
TBapuH [2]. AKTyanbHi CTBOPEHHS 1 IPAaKTUYHE 3aCTO-
CYBaHHS B CUIBCBKOTOCIIOAAPCHKOMY BHPOOHHUITBI
YHCTHUX, 0e3MeYHNX TexHOooriil. ToMy OCHOBHOIO BU-
MOTO0I0 710 3aC00iB XIMI9HOTO 3aXHCTy POCIHH €
3HWYKEHHSI IX TOKCHYHOCTI.

B ITIKiK HAH VYkpainu B pe3yibrari O6aratopiu-
HUX JIOCHIKEHh CTBOPEHI KOMIUIEKCHI, €KOJIOTiYHO
Oe3nedHi, HETOKCHYHI arpoxiMidHi mpemapatyd Ha
OCHOBI KpionpoTekTopiB noxietrineHokcunis (ITEO)
IUIsl TIEpeoCciBHOT 0OPOOKH HACIHHS 1 BETETYIOUNX
(hopM pi3HUX BHUIIB POCIUH 3 METOIO IiIBUIIICHHS 1X
Mopo3ocTiiikocTi, BpoxaitHocTi [2, 10]. baratopiuni
BUNPOOyBaHHS €()EeKTHBHOCTI IIUX MpernapariB mija-
TBEPAMIN 3HAYHUW MMO3UTHBHUHI BIUIUB HA POCIHHH,
SIKWIA BUSIBIISIBCS B ITiIBUILICHHI CTIMKOCTI JI0 HECTIPUST-
JUBUX MPUPOAHUX (PAKTOPIB, 3pOCTAHHI BPOXKAHHOCTI.
JloTiIbHO TPOBOUTH TaKi JOCTIHKCHHS 3 HACIHHIM
pimaxa.

Mera gaHoi poO0OTH — JOCITIPKEHHS B IOPiBHSIIBHO-
MYy aclleKTi BIUTMBY IEepPEANOCiBHOT 00pOOKH HACIHHSA
03WMOTO pimaka po3YWHAMH KPiOHMpPOTEKTOpa
[MEO-1500, koMITJIEKCHUX arpoXiMiyHUX Mpenaparis
“FOmitep” i “Hopcaii” Ha GioMeTpuyHi mapamMeTpu ioro
MPOPOCTaHHS TPU 3HIDKEHIN TeMmepaTypi, MOpo30-
CTIMKICTh MPOPOCTKIB, BMICT PO3YMHHUX BYTJIEBO/IIB Y
pOCIMHAX Micisl OCIHHBOTO 3arapTyBaHHs, 3HMOCTIH-
KIiCTh 1 BpOKaifHiCTb.

Martepiaan i mertoam

ExcnepumeHTH pOBOAMIIHN B 1a00PaTOPHUX YMO-
BaX, a TAKOX Y BIIKPUTOMY IPYHTI 3 HACIHHSIM O3UMOT0
pinaka copty Jlanran. Haciaast 06po6ism po3unHamMu
CIIONYK y KiTbKOCTi 5% Bix Macu HaciHHA. Bymu qocoi-
JOKEHI Taki CIONyKH B KoHIeHTpatisnx 0,4; 1; 2 1 3%:
[MEO-1500; “KOmitep” i “/lopcaii”. 3acTrocoByBaiu
METO/I IPOPOIILyBaHHS HACIHHS ITPH 3HIDKEHiH TemIiepa-
Typi (5-10°C) [3] (mOBTOpPIOBaHICTH TPUKpATHA), a
TaKOX JOCTIIKYBaIl MOPO30CTIHKICTh POCIHH Me-
TOAOM TPOPOCTKIB, SIKMH BKJIIOYa€ MPOPOLIYBaHHS,
3arapTyBaHHs, TPOMOPOKYBAHHSI, BiATAIOBAHHS Ta
BiJIPOIIlyBaHH 3 HACTYITHUM BH3HAYCHHSM B1JTHOCHOT
KIUTBKOCTI POCHHH, SIKi BUXKWIIH, a TAaKOX CEPEAHBOI
MacH KOPiHIIIB i MaroHis micis BiapouryBanus [3]. Ha
KOXKHUI BapiaHT 00poOku BuciBaiu o 100 HaciHuH y
2 gamkax Iletpi (moBTOpIOBaHICTh BOCEMUKpATHA),
SIK1 CTaBHJIH JUTA [TPOPOLIYBAaHHS y IPUMILIEHH] 3 TEM-
neparypoto 15-20°C. Ha 4-y noOy migpaxoByBaju
KIUTBKICTBh KOPIHIIIB, sIKi mpopoci. IloTiM gamku nepe-
CTaBJISUIN B XOJIOAMIILHHK 31 3HUKEHOIO TEMIIEPATyPOIO
(2-5°C) na 2 no6u 1 3arapTyBaHHs, IPOTATOM 3-X
110 MOCTYNOBO 3HMKYBAJIM TEMIIEpaTypy: nepiia J10-
6a— mo 0°C; apyra — mo —3°C; tpers — mo —5°C.
Hanani 3pasku Burpumysanu 12 roaun npu —7°C, a
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in agriculture of pure and safe technologies are actual.
Therefore a basic requirement to the methods of plant
chemical protection is their toxicity reduction.

At the Institute for Problems of Cryobiology and
Cryomedicine of the National Academy of Sciences
of Ukraine as a result of many years’ research the
complex, ecologically safe, non-toxic agrochemical pre-
parations based on cryoprotectants of polyethylene-
oxides (PEO) for pre-sowing treatment of seeds and
vegetative forms of different types of plants with the
aim of increasing their frost hardiness and yielding
capacity have been developed [2, 10]. Lasting experi-
ments on the efficiency of these preparations confir-
med a significant effect on plants, revealing in increased
resistance to unfavorable natural conditions and rised
yielding capacity. It is reasonable to carry out this re-
search with rape seeds.

The research aim was to study comparatively the
effect of pre-sowing treatment of winter rape seeds
with PEO-1500 cryoprotectant and complex agroche-
mical Jupiter and Dorsay preparations on biometrical
parameters of its germination under lowered tempe-
rature, frost hardiness of seedlings, content of soluble
carbohydrates in plants after autumn acclimation, winter
hardiness and yielding capacity.

Materials and methods

The experiments were carried out under laboratory
conditions and also outdoors with winter rape seeds of
Dangal variety. Seeds were treated with solution of
compounds as 5% of seed mass. The compounds such
as 0.4; 1; and 3% PEO-1500, Jupiter and Dorsay have
been studied. The method of seed germination under
lowered temperature (5—-10°C) [3] (three-fold repe-
tition) was used, and also the plant frost hardiness by
the method of sprouts, including germination, acclima-
tion, freezing, thawing and growing with further exa-
mining the relative number of survived plants and
average mass of roots and shoots after re-growing
[3]. For each type of treatment 100 seeds were sowen
in two Petri dishes (eight-fold repetition), placed in-
doors with 15-20°C for germination. To the 4™ day a
number of roots, which gave growth were counted.
Then the dishes were placed into a freezer with lowe-
red temperature (2—-5°C) for 2 days for acclimation,
during 3 days the temperature stepwise reduced: 1*
day it was 0°C; for the 2" it made —3°C and to the 3%
it was —5°C. Hereafter the samples were exposed for
12 hours under —7°C, and then were left in a freezer
for thawing during a day at 0—5°C. Following 7 days
the dishes with sprouts were maintained in warm room
at 15-20°C. Afterwards a number of survived seed-
lings was evaluated, an average mass of roots and
shoots was determined.
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MOTiM Ha 700y 3aTHIIAIIH B XOJIOAUIEHUKY JUIS BiATAIO0-
BanHs pu 0—5°C. HactynHi 7 Ai6 yamku 3 npopocT-
KaMH BUTPUMYBAJIH B TEIJIOMY NMPUMIIIEeHHI Tpy 15—
20°C. ITicns 11p0T0 MigPaxoByBaN KUTbKICTH IIPOPOCT-
KiB, sIKi BIKHJIH, BU3HAYAIIM CEPEIHIO MaCy KOPIHIIB i
TMIaroHiB.

3aranpHAN BMICT pO3YMHHUX BYTJIEBOAIB (MOHOCA-
XapuIiB 1 [UCaxapuliB) y HaI3eMHIH YaCTHHI POCIUH
BU3Haualy 3a METOJIOM [6].

Jnist BUSHaYEHHS BMICTY PO3UMHHHX BYTJIEBOAIB Y
pocirHax 00po0IieHe HACIHHS BUCIBAIH Y BiTKPUTHI
TPYHT 32 [9] B ONTUMATEHIIA JJIs O3FIMOTO pillaka CTPOK —
24.08.2008. ¥ BigkpuTuii rpyHT BUcism 1o 120 HaciHuH
3 KO)KHOTO BapianTa Ha 1 M?. BoceHu pinaxk pic i 3arap-
TOBYBaBCsI 32 IPUPOAHUX YMOB.
3pasku 171 IpOoBeIeHHS aHaJli-
3y BiAOWpau B3WMKY, KOJHU
MOPO30CTIHKICTh AOCSTaE MaK-
CUMYMY.

3UMOCTIHKICTh BH3HAYAIIN

Total number of soluble carbohydrates (mono-
saccharides and disaccharides) in overground part of
plants was determined by the method [6].

To determine soluble carbohydrate content in plants
the treated seeds were sowen [9] in open ground for
optimal winter rape term by 24.08.2008. Seeds (n =
120) of each type were sowen per 1 m? outdoors. In
autumn the rape grew and was acclimated under
natural conditions. The samples were selected in winter
for analysis, when frost hardiness reached the maxi-
mum.

The winter hardiness was determined for the ratio
of living plant number in spring to germinating ability
in autumn outdoors.

Ta6auns 1. Brums 00poOKu HaciHHS piltaka pO3YMHAMH KPIOMPOTEKTOpa

21

ITEO-1500, npemaparis ”FOmitep” 1 “Jlopcaii” Ha OioMeTpUYHI TapamMeTpu
HOoro MpopoCTaHHs MpH 3HWKEHIH Temiiepatypi (5—10°C), M+ m
Table 1. Treatment effect of rape seed with PEO-1500 cryoprotectant solutions,
Jupiter and Dorsay preparations on biometric parameters of their germination

3a BIJHOLIEHHSIM KIJIBKOCTI

under low temperature (5-10°C), M+ m

JKUBHUX POCJIMH HABECHI JIO CXO-
. . . Eneprisa ; 6v ©
J)KOCT1 Y BIAKPHUTOMY TI'PYHTI o CxosxicTb Ha 15-y A00Y,% CepepHs Maca, MI'
POPOCTaHHA .
KopiHmiBHa Germinating to 15th day,% Average mass,mg
BOCCHMU. CepepoBuiiie
CraTuctidny o6poOKy pe Medium EAe ey
. y p yp egeerr mlgfa lt’lorgs KOPIHIIIB crebea KOpEeHiB IaroHiB
3YyJbTAT1B IPOBOAUIIN 3a MCTO- to g{day o% of roots of stems of roots of shoots
noM CThrOeHTA.
"FOmitep”
. Jupiter 19,7 0323 | 51,7 =32 51,0 =25 11,6 = 0,3° 19,4 = 0,3°
Pe3yAbTaT AOCAIAXKEHD 0,4%
BusnaueHna ctumymnoorwoua "IOmirep”
JTist TIepeociBHOT 0OpOOKY Ha- Juzlag/ter 223 =232 | 543=23 533 %19 10,5 = 0,5 22,4 = 0,4°
CIHHS 03UMOT 0 pirlaKa po34nHa- .
MHU KpIONPOTEKTOPIB NpH Horo "}OHi'TteP" 18,7 = 2,013 52,3 = 1,8 51,0 = 1,2 10,7 = 0,4° 16,5 % 0,6
. .o Jupiter 7 = 2,00 3 =1 0=1 7 %= 0,4 5 =0,
MPOPOILYBaHHI IIPX 3HWKEHIN 2%
5-10°C) Temmeparypi (tadm. 1).
( C) remnieparypi (tati1. 1) Nopeatt
OTtpuMaHi JaHi MoKa3aiy, o 3a Dorsay 13,3 = 0,3° 547 =35 540 = 3.8 12,5 = 0,1° 21,7 = 0,8
. .
TakuM O1OMETPHYHHM Iapa- 0.4%
METpOM, SK €Hepris mpopoc- " Aopcait”
o + 1,8 + + + 0,23 +=0,2%
TAHHS, HAWKPALIMM BUSBHBCS Dolr;)ay 113 =18 46,7 = 1,2 44,7 =07 94 % 0,2 20,2 = 0,2
npenapar “FOmitep” B ycixX KOH-
. o~ "Aopcait"
LICHTPALIsX, HAfOLIbIIE B KOH- Dorsay 11,0 = 0,6° 51,3 = 43 50,0 = 3,5 103 = 1,1° 20,5 = 0,4°
nenrpauti 1%. Ipenapar “Zlop- 2%
caif” 1 pO3YHH KPiOIPOTEKTOpa TEO-1500
ITEO-1500 Takox HOCTOBipHO PE&{;@O 1,7 =03 547 £23 537 = 2,0 1,5 =07 238 %0,5°
HiIBUIITYBAJIM EHEPTII0 IPOPOC- -
; ; n_ TTEO-1500
TaHHS HACIHHA pllaka B IOp1B PEO-1500 12,0 = 2,1° 543 =20 530 = 1,5 9,5 =0,1° 20,8 =0,2°
HSIHHI 3 KOHTPOJIEM, aJI€ OTPH- 1%
MaHi MOKa3HHKH OyJIH HYOKIMMU EO-1500
B MOPIBHSIHHI 3 pe3yJbraraMu PEO-1500 83 =19 47,3 =09 457 =09 83 =04 199 0,43
20
3aCTOCYBaHHs Ipenapary "
(13 : 2 M
OmiTep”. ObpoldKa HaciHHs Komrpos 77 =03 51,7 =27 51,0 = 2,0 8,0 = 0,2 151 =07
JIOCIDKEHUMU TIpenapaTamu

CIpUsLIa JOCTOBIPHOMY TIiJIBU-
IICHHIO ITOKa3HUKIB CEPeIHBOT
MacH KOPEeH:l 1 TaroHa B MopiB-
HSIHHI 3 KOHTPOJIEM, 33 BHKJIIO-
4yeHHSIM 2%-TO pO34HHY Kpio-
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Mpumitku: ' — MOCTOBIPHICT BiAMIHHOCTE! Y TIOPIBHSHHI 3 po34unHamu pernapary “lopcait”,
p <0,05; 2 — nocroBipHicTh BiAMiHHOCTEH Y mopiBHAHHI 3 po3urHamu [TEO-1500, p < 0,05;
3 — JoCTOBIpHICTH BiIMIHHOCTEH y MOPiBHAHHI 3 KOHTpOsieM, p < 0,05.

Notes: ' —significance of differences compared to Dorsay preparation solutions, p <0.05; 2 —
significance of differences compared to PEO-1500 solutions, p < 0.05; * — significance of
differences compared to the control, p < 0.05.
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Tadanus 2. Briiue 00poOky HaCiHHS pinaka po3uHHAMH
kpionporekropa [IEO-1500, npenaparis “FOmitep” i
“Jlopcaii” Ha BIDKUBAHHSI Ta CEPEIHIO Macy MPOPOCTKIB
micIIs 1X oxonomkerHs 10 —7°C, M+ m
Table 2. Effect of rape seed treatment with PEO-1500
cryoprotectant, Jupiter and Dorsay preparations
solutions on survival and average mass of germs after
their cooling down to —=7°C, M+ m

Brokupanus CepeaHs Maca, MI
mcas A
verage mass, mg
c 3aMOpPOIKyBaHHS
epepoBuIEe SC 9
. r0 —7°C, %
Medium Survival af
urvival after Koperst crebra
free7ﬂ1%got;m to of root of shoot
1 /0
"FOrmiTep"
Jupiter 750 = 8,3 47 £06 228 =16
1%
"FOrmiTep"
Jupiter 79,1 = 6,8! 48 =06 237 =141
2%
"FOmiTep"
Jupiter 72,2 = 8,4 50 =07 221 =09
3%
"Aopcait”
Dorsay 81,0 = 58! 52=1,0 221 =20
1%
TTEO-1500
PEO-1500 70,6 = 6,1 52 =09 222 =+13
1%
TTEO-1500
PEO-1500 77,9= 8,3 38 =07 18,1 =08
2%
TTEO-1500
PEO-1500 84,2 = 6,11 48 =04 21=13
3%
Kgu’rpoma 60,1 = 8,2 47 =1,0 20,1 = 1,4
ontrol
IIpumiTku: ' — OCTOBIPHICTH BiMIHHOCTEH Y MOPIBHSHHI 3

KOHTpoJieM, p < 0,05; 2— Z0CTOBIPHICTH BIIMIHHOCTEH Y TIOPiBHSH-
Hi 3 po3unHoM [TEO-1500, p < 0,05.

Notes: ' — significance of differences compared to the control,
p < 0.05. 2 —significance of differences compared to PEO-1500
solutions, p < 0.05.

nporekropa [TEO-1500. 3a cepenHb010 MacOI0 KOPEHS
KpallMMH BUSIBIINCS Ipenapatu B koHueHTpauii 0,4%:
“HNopcaii”, “lOnitep” 1 [IEO-1500; 3a cepenHboro
macoro narona — [TEOQ-1500 (0,4%) i “IOmnitep” (1%).
31 301IbLIEHHSM KOHIIEHTpaLii CIIOIyK cepeHs Maca
KOpeHs 1 maroHa 3MeHIIyBajacs. 3a MOKa3HUKaMH
CXOKOCTI KOPIHIIIB i cTe0es JOCTOBIPHUX BiAMIHHOCTEH
BiJI KOHTPOJTIO /7151 00pOOIIEHOTO HACIHHS BUSABJICHO HE
Oy10.

Pesynmbraryi o ciimKeHb CBiT9arh MPo I IBUIIICHHS
MOPO30CTIHKOCTI TPOPOCTKIB pimaka micyist o00poOKu
1oro HaciHHA po3urHaMu Kpiomporekropa [IEO-1500
Ta KOMIDIEKCHUX mperapariB “IOmitep” 1 “/lopcait”
(tabmn. 2). Croctepiraiocs JOCTOBIpHE B OPiBHIHHI
3 KOHTPOJIEM Mi/JBUIIEHHS BiAHOCHOTO BI)KMBAHHSA
POCIHH IpH iX 3aMopoxKyBaHHi 10 —7°C micist 00poOKu
2%-M pozunHOM mpenapaty “tOmitep”, 1%-M po3uu-
HOM mpemapaty “/lopcait” i 3%-M po3unHOM Kpio-
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Results were statistically processed by Student’s
method.

Results and discussion

The stimulating effect of pre-sowing treatment of
winter rape seeds with cryoprotectant solutions during
their germination under lowered temperature (5-10°C)
was established (Table 1). The obtained data have
shown that according to such biometrical parameter
as germination energy, the Jupiter preparation under
all the concentrations was the highest. The most effec-
tive concentration of Jupiter was 1% solution. Dorsay
preparation and PEO-1500 cryoprotectant solution also
significantly increased the germination energy of rape
seeds if compared with the control, but the obtained
indices were lower if compared with the results for
Jupiter preparation use. The seed treatment with the
investigated preparations contributed to a significant
increase of root and shoot average mass indices if
compared to the control, excluding 2% PEO-1500
cryoprotectant solution. Dorsay, Jupiter and PEO-1500
cryoprotectant preparations of 0.4% were the highest
for the root average mass, and 0.4% PEO-1500 and
1% Jupiter for the shoot average mass. With increase
of compound concentrations the average mass of root
and shoot was decreased. No significant differences
for treated seeds to the control according to the indices
of root and shoot germinating ability were revealed.

The research results testify to an increase of frost
hardiness of rape seedlings after their seeds’ treatment
with PEO-1500 cryoprotectant solutions and Jupiter
and Dorsay complex preparations (Table 2). Significant
increase if compared to the control of plant relative
survival under their freezing down to —7°C after
treatment with 2% Jupiter solution, 1% Dorsay solution
and 3% PEO-1500 cryoprotectant solution (significant
differences between the effects of these solutions were
not found) has been observed.

There were no significant differences if compared
to the control according to the indices of root and shoot
average mass, excluding the result of seed treatment
with 2% Jupiter solution.

Of significant importance for plant frost hardiness
is the content of soluble carbohydrates. Rape varieties
with higher frost hardiness differed from less resistant
ones by higher content of soluble carbohydrates after
autumn acclimation, their more economic consumption
in winter and higher content in spring [1,8]. With
increase of monosaccharide concentration the freezing
temperature of cell sap decreased, proteins and lipids
are better protected from destruction [4]. Therefore it
is actual to establish the effect of pre-sowing treatment
of seeds with the described above preparations on
accumulation of soluble carbohydrates in plants as one
of the main factors of their frost hardiness increase.
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mpotektopa [TEO-1500 (nocroBipHIX
BiZIMiHHOCTEH MiX JTI€FO X PO3YHHIB
HE BUSBIICHO).

3a moKa3HUKaMU cepeTHbOT Macu
KOpEHsl 1 TaroHa CyTTE€BHUX BiIMiHHOC-
Tell y OpiBHSHHI 3 KOHTPOJIEM He OyIIo,

Ta6mns 3. Bruius 00poOKHU HACIHHS pillaka pO3YHHAMH KPIOMPOTEKTOpa

ITEO-1500, npenaparis “IOnitep

99 * (¢
1

Jlopcaii” Ha BMICT pO3YMHHIX BYTJICBOIIB Y

HaJ[3¢MHii YaCTHHI POCITUH, iX 3MMOCTIHKICTB 1 BpOXKaiHiCTh, M+ m
Table 3. Effect of rape seeds’ treatment with PEO-1500 cryoprotectant
solutions, Jupiter and Dorsay preparations on content of soluble
carbohydrates in overground part of plants, their winter hardiness and
yielding capacity, M + m

3a BUHATKOM pe3yJbTary 00pOoOKHU ier
HaciHHSA 2%-M pO3UYNHOM Mpernapary Crosicrs 1 POBYHHHUX
173 . 29 BYTAEBOAIB 3UMOCTIHKICTE, BposkatinicTsb,
IOHITep . CepepoBuiiie éi?r?uzr?eg?ry% (3uma 2009),% % r/m?
Ba)K.HI/IBe 3HAUCHHSA IS Mopogo_ Medium bility t g Soluble Frost hardiness, Yielding
o . . 18605 12(})’0§ o carbohydrate % capacity, g/m?
CTIHKOCTI POCIIMH Ma€ BMICT pO3YHH- 09:2005% 1 content (winter
. . PV 0,
HUX BYTJICBOIB: O1IbIII MOPO30OCTIMKI 2009, %
COPTH pimaxa Bigpi3HAIOTHCS Bix "FOmitep”
o . i &+ *
MEHII CTIWKUX BHUIIUM BMIiCTOM J“‘fi/;er 30 435 = 0.4 8 618
PO3YMHHUX BYTJIEBO/IB MiCIIA OCIHHBO-
. . "FOmiTep"
ro 3arapTyBaHHs, CKOHOMHIIIIM iX Jupiter 26,7 468 = 0,4* 90,9 90,3
BUTPAYAHHIM B3UMKY 1 BUILIUIM BMIC- 2%
ToM HaBecHi [1, 8]. 3 minBUIIEHHIM "IOnirep”
KOHIIEHTpAIlli MOHOCaxapu/liB 3HU- Jugio/ter 208 423 03" 76,5 756
(]
KYETBCSI TEMIIEpaTypa 3aMep3aHHs
. . S . "Aopeait”
KIITHHHOTO COKY, Oinkm i T Kpa e 142 315 = 03" - -
1€ 3axHullleHl Bia gecTpykuii [4]. 1%
ToMy IOIIIBHO BHU3HAYUTH BIUIKUB  Aopea”
MePeIIoCiBHOT 00POOKY HACIHHS BHU- Dorsay 11,7 1,95 = 0,3 0 0
20
LIEBKa3aHUMH IIpenapaTamMu Ha aKy- "
MYJISII0 PO3YUHHUX BYTJIEBOIIB Y " Aopcait”
Dorsay 18,3 2,25 + 0,2 27,3 53
pOoCIWHAxX SK Ha ONWH 3 OCHOBHHX 39,
YUHHUKIB I IBUILEHHS X 3UMOCTIii-
. TEO-1500
KOCTL. PEO-1500 20,8 2,98 = 0,2¢ 78,9 38,3
3a pe3ynapTaraMu €KCIIEPUMEHTIB 1%
y BIAKPUTOMY TPYHTI BUSIBJICHO, 1110 B MEO-1500
pOCIMHAX, sIKi BUPOILEHI 3 00pobiie- PEC0 158 335 = 0,4° 0 39,5
HOI'O HAaC1HHS, HiJ Yac OCIHHBOT'O 3a-
; TEO-1500
TapTyBaHHs aKyMyTHOEThCS 61J'II>H_.IC PEO1200 342 598 = 0.3° 100 056
PO3YMHHMX BYIJICBOIIB Y IOPIBHSHHI 3 3%
KOHTpOJIbHUMH (Ta0. 3). 3a mum 1o-
o Kontpoan 21,7 2,4 % 0,1 53,8 54,1
Ka3HUKOM HailKpalium BUSBUBCS Control ' 4 =0 ' ,

npenapat “lOmitep” B ycix KOHIEHT-
patisix, a Takox po3unau [TEO-1500.
[Ipu oOpoOILIi HACIHHS TpenapaTom
“Jlopcaii” 1% KoHLIEHTpawil 1MiABUILLY-
BaBCSl BMICT BYIJIEBOAIB Y POCIMHAX; Hics 00poOKH
HaciHHA 2 1 3%-MU pO3YMHAMH BMICT BYTJIEBOIIB Y
pocimHax OyB Ha piBHI KOHTPOJIIO 00 HABITH MEHIIIAM.

3a pe3ynpTaTaMH MiAPaxyHKY KiJTbKOCTI JKUBHUX
POCIIMH HAaBECHI BUSBHIIOCS ITiIBUILICHHS 3UMOCTIMKOCTI
pinaka micist 0OpoOKK HACIHHS PO3YHMHOM KPIiOMpo-
tekTopa [TEO-1500, HaitOibmi e(eKT — B KOHIICHT-
pauii 3%, a Takox npenaparom “lOrmiTep”’, B KOHIEHT-
pauii 2% (tabu. 3). BigHOCHA KiNIBKiCTh POCIUH, SKi
BIDKHJTH, BUSIBHJIACS BHIIOIO caMe€ B THUX BapiaHTax
00pOoOKH HACIHHSI, B SIKUX POCIIMHU B3UMKY MICTHIH
OisIbLIIe PO3UMHHUX BYIJIEBOAIB y TOPIBHSAHHI 3 KOHTPO-
JIeM, 110 MiATBEPIMIIO 3B’ 30K MiJK aKyMYJISIIIER0 ITUX
PEYOBHH 1 CTIHKICTIO pilaka 10 HU3bKUX TEMIIEPaTyp.
Jns npenapary “/lopcail” BU3HAYEHO ITiIBUIEHHS
3UMOCTIHKOCTI pilaka TiIbKU IpU BUKOpUCTaHHI 1%-1
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IpumiTka: * — 10CTOBIpHICTH BIAMIHHOCTEH Y MOPIBHSHHI 3 KOHTpoJieM, p < 0,05.
Note: * — significance of differences compared to control, p < 0.05.

According to outdoor ground experimental results
it has been found that in plants, grown from the treated
seeds, during autumn acclimation more soluble carbo-
hydrates if compared with the control are accumulated
(Table 3). According to this index the Jupiter preparation
under all the concentrations, and also PEO-1500
cryoprotectant solutions were the best. After seeds’
treatment with 1% Dorsay the content of carbohyd-
rates in plants was increased, after seeds treatment
with 2 and 3% solutions it was at the control level or
even lower.

According to the results of survived plant number
evaluation in spring the increase of rape winter har-
diness after seeds’ treatment with PEO-1500 cryopro-
tectant solution, the maximum effect was for 3% con-
centration, as well for the Jupiter preparation (Table 3).
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KOHIICHTpAIli1; Ticist 00poOKku HaciHHA 2 1 3%-MU KOH-
LEHTPAIliSIMHA 3UMOCTIHKICTP piltaka 3MEHIIyBaacs.

[TinBumeHHIO BpOXKatHOCTI cipHsiyia 00poOKa Ha-
ciHHs po3urHOM KpionpoTekTopa [IEO-1500 y koHIIeH-
Tpauii 3%, a Takox npenaparoM “FOmitep” B ycix KOH-
LIEHTpAITisIX, HaliOlIbIIe — B KOHIIeHTpatlii 2% (Tabm. 3).
[Ticast 00poOKM HACIHHS PO3YMHAMU KP1OMPOTEKTOPA
IMMEO-1500 y xonnentparisax 1 i 2%, xo4a i 3017IbI1H-
Jacsi 3MMOCTIMKICTh POCITUH, BPOXKalHICTh BUSBUIIACS
HIKYOIO B MTOPIiBHSIHHI 3 KOHTPOJIEM, M0 MOXe OyTH
OB’ s3aHE 3 HU3BKOIO CXOXKICTIO HACiHHS. BpokaiiHicTh
POCIIHH 3MEHIIMIIACS B TIOPIBHSIHHI 3 KOHTPOJIEM TTiCTIs
00poOKu HaciHHS mperapaToM “Jlopcait” B yCiX KOH-
HEeHTpalisax. Xoya el npernapar CTUMYIIOE TPopoc-
TaHHs HACiHHs B T1a0OpaToOpHUX YMOBAaxX 3a HU3BKOI
MO3UTHUBHOI TEMIEpaTypH, ajie 32 YMOB BiJIKPHTOTO
TPYHTY B JaHill cepii eKCIIEPIMEHTIB BiH BUSBHUBCS HE
epexTuBHUM. MOXKITBO, aHTHOAKTEpiaibHI PEYOBHHM,
SIKi JIOAaTKOBO MICTHTh mpenapar “Jlopcait”, Hera-
TUBHO BILTUBAIOTh HA POCIMHH JaHOTO BHU]TY, IIPUTHi-
9yIOTh iX pICT. AJie UIi OCTaTOYHUX BHCHOBKIB ITO-
TPiOHO MPOBOANTH TTIOBTOPHI TOCIiPKEHHSL.

BucHoBku

[lepenmociBHa 00poOKa HACIHHS O3MMOTO pinaka
pozunHamu kpionporekropa ITEO-1500, a Takox arpo-
xiMiuHnMHE nipeniapatamu “FOmitep” 1 ““lopcait” cipusie
ITiIBUIIIEHHIO 3/IaTHOCTI HACIHHS IPOPOCTATH NIPH 3HU-
xeHiit (5—10°C) Temneparypi, a TAKOX ITiIBUIILY€E MO-
PO30CTiHKiCTh TPOPOCTKiB. HaitO1mbITy CTUMYITIOI0UY
Ji0 HA MPOPOCTaHHS HACIHHS 32 YMOB HU3bKOI ITO3H-
TUBHOI TeMIIEpaTypH BUSBWIM TipenapaTu “FOmitep”
y xoHueHtpauii 1%, [IEO-1500 1 “Hopcaii” y KoHIIEeH-
tpartii 0,4%. JlocToBipHE MiqBHUIIIEHHS MOPO30CTIHKOCTI
MIPOPOCTKIB pillaka BCTAHOBJICHO MMiciIs 00pOOKH Horo
HaciHHs po3urHaMu kpionporekTopa [TEO-1500 y koH-
ueHrpauii 3%, npenapary “lOnitep” y koHIeHTpamii
2% 1 npenapary “dopcaii” y konuentpauii 1%.

BusiBnieHa cTuMyIIrOI0UA Jis IEPEANOCiBHOT 00p00-
KM HaCiHHsI 03UMOI0 pilaka po34yMHAMH Iperapary
“FOmirep” (1, 2 1 3%), kpionpotexropa [IEO-1500 (2
1 3%) i npenapary “opcait” (1%) Ha akymymnaLito
PO3YMHHUX BYTJICBO/IIB Y BUPOIIIEHUX POCIMHAX ITiJT 4ac
iX 3arapTyBaHHS Yy BiIKPUTOMY TPYHTi BOCEHH, IIO
CHPUSLIIO MiJBUIIEHHIO 3UMOCTIHKOCTI Ta BPOXKAWHOCTI
pociuH. HaiiBr1iii 3MMOCTIHKICTb 1 BpOXKaiHICTh piraka
BUSIBWIUCS MICIs 00pOOKH HACIHHS PO3YUHOM Kpio-
npotekTopa [TEO-1500 (3%) i mpenaparom “IOmitep”
(2%).

Jlitepatypa
1. latdaw E.B., PoxkosaH B.B., [Tnemetxb C.B., Komaposa I.b.
MopiBHANBbHa OLiHKa MOPO3O0CTIMKOCTI 03umoro pinaka //
HaykoBo-TexH. 6ton. IH-Ty oninHux Kynetyp YAAH.— 2006.—
Bun. 11.— C. 53-59.
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Relative number of survived plants was the hi-ghest
justin those types of seed treatments, where the plants
had more soluble carbohydrates compared to the
control that confirmed the relationship between the
accumulation of these substances and rape resis-tance
to low temperatures. For Dorsay we found increased
winter hardiness of rape only when 1% concentration
was used, after seed treatment with 2 and 3% con-
centrations the rape winter hardiness decreased.
The seed treatment with 3% PEO-1500 cryoprotec-
tant solution and Jupiter preparation under all the con-
centrations and the most effective under 2% concen-
tration contributed to yielding capacity increase (Tab-
le 3). After seed treatment with 1 and 2% PEO-1500
cryoprotectant even though the plant frost hardiness
increased, the yielding capacity was lower compared
to the control that may be associated with low seed
germination ability. Yielding capacity of plant was redu-
ced compared to the control after seed treatment with
Dorsay preparation under all the concentrations. Whe-
reas this preparation stimulates a seed growing under
low positive temperature laboratory conditions, but out-
doors in these experiments it was not effective. Probab-
ly, antibacterial substances, additionally containing
Dorsay preparation, negatively affect plants of this
type and inhibit their growing. But to conclude finally
it is necessary to carry out the repeated investigations.

Conclusions

Pre-sowing treatment of winter rape seeds with
PEO-1500 cryoprotectant and Jupiter and Dorsay
agrochemical preparations contributes to increase of
seed capacity to germinate under lowered temperature
(5-10°C) and also increases frost hardiness of the
seedlings. The most stimulating effect on seed germi-
nation under low temperature was found in preparations
such as: 1% Jupiter, 0.4% PEO-1500 and Dorsay.
Statistically significant increase of rape seedlings’ frost
hardiness was established after treatment of its seeds
with 3% PEO-1500 cryoprotectant, 2% Jupiter and
1% Dorsay solutions.

There was revealed stimulating effect of pre-sow-
ing treatment of winter rape seeds with Jupiter pre-
paration (1, 2 and 3%), PEO-1500 cryoprotectant (2
and 3%) and Dorsay preparation (1%) on accumulation
of soluble carbohydrates in grown plants during their
autumn outdoor acclimatization, that contributed to an
increase of plant frost hardiness and yielding capacity.
The highest frost hardiness and yielding capacity of
rape were determined after seed treatment with PEO-
1500 cryoprotectant (3%) and Jupiter preparation (2%).
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