Bunpaaetbes 3 1996 poky

3aCHOBHWK i BUAaBELb
CyMCbKWI HaLliOHaNbHWA arpapHuii yHiBepeuTeT

PeecrpaliitHe cBigouTeo
KB Ne 23688-13528 P Big 21.11.2018 p.

PedakuitiHa koneais cepii

Kosanenko I. M., 4.6.H., npochecop, ronosHui
pepnakTop, CyMCbKWI HaLiOHaNbHWIA arpapHmii
yHiBepeuTeT (YkpaiHa)

Bnacenko B. A., a.c.-T.H, npodecop, 3aCTynH1K
rofioBHOro pegaktopa, CyMCbKUN HaLlioHamnbHIiA
arpapHuit yHiBepcuTeT (YkpaiHa)

Knpunbuyk K. C., k.6.H., LOLEHT, BignosigansHui
cekpetap, CyMCbKuii HaLioHanbHWIA arpapHui
yHiBepeuTeT (YkpaiHa)

Ninca ®nopuH [eHien, K.C.-r.H., AOLEHT,
YHiBepcuTeT CinbCbKoro rocrogapcTaa Ta
BETEPUHAPHOI MeanLMHM (PymyHis)

Pycy Teopop, 4.c.-T.H., npodecop, YHiBepcutet
CiNbCbKOro rocnofapcTBa Ta BETEPUHAPHOI
MeauuuHmn (PymyHis)

TyHry3 BecHa, K.C.-T.H., JOLEHT, YHiBEpcUTeT
CxipHoro Capaeso (bocHis i l'epuerosuHa)

MeH ®aHbXya, K. C.-T.H., FOMOBHWIA HAKOBMI
cnispobiTHuK, HAI 3epHoBKX KynbTyp Akagemii
arpapHux Hayk Kutato (KHP)

CmeTaHcbka | M., K.C.-T.H., fL.iHx.HayK, npodecop,
YHiBepcuTeT NpuknagHnx Hayk BaiHiwTedaH-
Tpicoopd (HimewunHa)

Kawnap AH, k.6.H., oueHT, Yecbkuit yHiBepeuTeT
MPUPOLHMYMX HAyK

(Yecbka pecnybnika)

ConotnieBa flecicnaBa, K.0.H., ronoBHi
HaykoBuil CniBpoBITHUK, IHCTUTYT AOCTIKEHD
6iopi3HOMaHITTS Ta ekocuCTeM,

Bonrapcoka akapemis Hayk

(Bonrapist)

Aanunuk I. M., 4.6.H., CT.H.C., NPOBIgHWI HAYKOBWIA
cniBpo6iTHUK, IHcTUTYT exonorii Kapnat HAH Ykpaitu
(YkpaiHa)

DertapboB B. B., a.c.-I.H., npocecop, XapKiBCbKuit
HaLioHamnbHWiA arpapHWUi yHiBepCUTET

im. B. B. [oky4aesa (Ykpaina)

Dy6wna [. B., 0.6.H., npochecop, ronoBHWi HayKoBMit
cniBpoBiTHUK, IHCTUTYT BoTaHikm im. M.T". XonogHoro
HAH Ykpaitm (YkpaiHa)

XKarosaT. O., k.c.-T.H., npodecop, Cymcbkmit
HaLlioHanbHWit arpapHui yHiBepcuTeT (YkpaiHa)
3axapueHko E. A., K.C.-T.H., foueHT, CymCbKuit
HaLlioHanbHuit arpapHui yHiBepcuTeT (YkpaiHa)
3no6iH 10. A., f.6.H., npocbecop, MovecHnit
npodecop kadeapy ekonorii Ta 6otaHikn Cymcbkoro
HaLioHamnbHOro arapHoro yHiepeutety, (YkpaiHa)
Knumenko I. 0., k.6.H., poueHT, Cymcbkuin
HaLlioHanbHuit arpapHui yHiBepcuTeT (YkpaiHa)
Kysemko A. A., 0.6.H., npocecop, CT.H.C., IHCTUTYT
BotaHikv im. M.I". XonogHoro HAH Ykpainu, Bigain
reoboTaHiku i ekonorii (YkpaiHa)

Nuxonart 0. A, 4.6.H., CT.H.C., npochecop,
YHiBEpCUTET MUTHOI cipaBy Ta chiHaHciB (YkpaiHa)

MenbHuk A. B., a.c.-T.H., npocecop, Cymcbkuit
HauioHanbHMIA arpapHuil yHiBepcuTeT (Ykpaita)

MiHiCTepCTBO OCBITH | Hayku YKpaiHu

BICHUK
CYMCBKOIO HALIOHAJIbHOIo
ATPAPHOIO YHIBEPCUTETY

HAYKOBWI XXYPHAN
Buxodume 4 pa3su Ha pik

Cepis "ArpoHomis i Bionorig"
Bunyck 4 (42), 2020

Kangu6a H. M., Kpueoweesa J1. M. OujHka copTiB NbOHY-AOBIyHUSA 3a

CTIMKICTIO 4O BUMSITAHHS Ha PaHHIX €TanaX OHTOMEHE3Y .......cccccvvvveererveererererenans

Nosincbkuit M. B., YctunoBa . J1, O6paxii C. B. YcnapgkyBaHHs i
(DOPMOTBOPEHHS 3@ KINMbKICTIO  KOMOCKiB Big ribpuamsauii  pisHux 3a

TPMBANICTIO BereTaliiHoro NepPioAy COPTIB MLUEHMUL.........ccveverererireriireeeeeaernans

WepcTrok M. K. CtaH pocnuH Ta nonynsiuin Trientalis europaea L. y nicoBux

hiToueHo3ax JTIBOBEPEKRHOT YKDATHM .......cvuvvereeirririerireieesiseeeseseeeseseeees s

Apowyk P. M., 3axapuenko E.A., Kosanenkol. M., ApowykC. .,
Knumenko I'. O. CTpykTypHO-arperaTHuii cknag TpyHTY Mg  PisHAMM

cupepatMi y MiXpaaaax Ginkgo biloba L. ............c.ccceveniviencceins e,

Han Yafeng, Wang Xinfa, Onychko Viktor, Zubko Vladislav, Li Guohou

Recognition and location of crop seedlings based on image processing ............

Li Fang, Dubovyk Volodymyr, Liu Rungiang Research process of rapid

pesticide residues determination in vegetables and fruits ............c.ccocovveninnennes

Tao Ye, Viasenko Volodymyr, Osmachko Olena, Bakumenko Olha
Research status and prospect of genes related with resistance to powdery

MIlAEBW OF WNBAL.........cvieiiiceicececcect e

Zakharchenko Elina, Tunguz Vesna Effect of ammonium sulfate and

phosphogypsum application on nutrients dynamics and acidity of black soil ......

BicHuk CyMmcbKoro HaulioHanbHOro arpapHoOro yHiBepcurteTy

Cepisa «ArpoHomis i Gionorisi», Bunyck 4 (42), 2020

.23

61



MenbHuyyk C. [1., A.6.H., npocdecop, Cymcbkuid
HauioHanbHUMIA arpapHuil yHiBepcuTeT (Ykpaita)
OHuyko B. 1., k.C.-T.H., foueHT, Cymcbkui
HaLlioHanbHWit arpapHui yHiBepcuTeT (YkpaiHa)
Mopraeubkuit A. A., A.c.-r.H., npocbecop, Cymcbkni
HaLlioHanbHWit arpapHui yHiBepcuTeT (YkpaiHa)
Cknsp B.T., 4.6.H., npodecop, Cymcbkuit
HauioHanbHWIA arpapHuil yHiBepcuTeT (Ykpaita)
Cknsp 10. I1., k.6.H., BOLeEHT,

CyMCbKWU HaLlioHanbHWiA arpapHUi YHIBEPCUTET ,
M. Cymu, (YkpaiHa)
TpoueHko B. I., a.c.-r.H., npodecop, Cymcbkuit
HauioHanbHMIA arpapHuin yHiBepcuTeT (Ykpaita)
®epopuyk M. 1., o.c.-r.H., npodecop,
MwkonaiBcbkWin HaLiOHaNbHWIA arpapHuit
yHiBepcuteT, M. Mukonais (YkpaiHa)

Xa6nak C. T, 4.6.H., poueHT, AGR group,
(Ykpaina)
Xapuenko O. B., g.c.-r.H., npocecop, Cymcbkuit
HauioHanbHMIA arpapHuil yHiBepcuTeT, (YkpaiHa)
Apouwyk P. A., K.C.-T.H., foueHT, CymMCbKmit
HaLlioHanbHWit arpapHui yHiBepcuTeT (YkpaiHa)

HaykoBui xypHan «BicHuk Cymcbkoro
HaLiOHaNbHOTO arpapHoro YHIBEpCUTETY.

Cepisi: <KATPOHOMISA | BIONIOT15A» BU3HaHO
thaxoBum BugaHHam Kareropii «b»

B rafny3i CinbCbKOrocrnoaapchkux Ta 6ionoriyHnx Hayk
(Haka3 MOH Ykpainu ig 24.09.2020 p. Ne 1188)

HaykoBwit xypHan «BicHuk Cymcbkoro HaLioHamnbHoro
arpapHoro yHiBepcuTeTy» iHOEeKCyeTbCA B
MixHapogHuX HaykomeTpuyHux Basax Index
Copernicus, PIHL

Marepianu xypHary 3HaxoaaTbcs
y BiNlbHOMY AOCTYNi Ha CaTi
https://snau.edu.ua

Yci cTatTi npoxoasTh NpoLeaypy TaEMHOro
peLieH3yBaHHs. [lo nybnikaLii B xypHani He
[0NyCKatoTbCA MaTepiany, AKLO € JOCTaTHbO NiacTaB
BBaXaTMH, L0 BOHU € NrariaTom.

BignosiganbHiCTb 3a TOYHICTb HABEAEHUX JaHMX i
uMTaT NOKNafaeThest Ha aBTOPIB.

Martepianu LpyKytoTbCs YKPATHCLKOKO Ta aHIMINCbKO0
MOBaMy.

Y pasi UuTyBaHHs nocunaqHs Ha «BicHuk Cymcbkoro
HaLioHanbHOTo arpapHoro YHIBEPCUTETY»
0608'A3K0BE

[pyKyeTbCs 3rifHO 3 pilLEHHSM BYEHOI pagu
CyMCbKOr0 HaLjioHanbHOMo arpapHoro YHiBepcuTeTy
(Mpotokon Ne 7 Big 25.12.2020 p.)

Anpeca BufaBLS Ta BUrOTOBIOBaYA:
40021, m. Cymu, Byn. . KoHgpatbesa, 160
TenedoH: (0542)70-10-42

E-mail: visnyk.snau@gmail.com
https://snau.edu.ua

Tupax 300 np.
3am. Ne 12.

© Cymcbkni HaLoHanbHWIA
arpapHui yrisepeuteT, 2020

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHisepcutety

Cepist «ArpoHomis i Gionorisiy, Bunyck 4 (42), 2020


https://snau.edu.ua/
mailto:visnyk.snau@gmail.com
https://snau.edu.ua/

YIK: 631.52:677.1:633.521
OL|IHKA COPTIB NlbOHY-AOBIYHLAA 3A CTIKICTIO 1O BUNArAHHA HA PAHHIX ETAMAX OHTOTEHE3Y

Kananba Hatanis MukonaiBHa

KaHQMaaT CinbCbKOrocnoLapChkiX HayK, AOLEHT

CyMcbKuii HaLlioHanbHWiA arpapHui yHiBepeuteT, M. Cymu, Ykpaita
ORCID: 0000-0001-6548-3670

natnik08@meta.ua

KpuBoweeBa Jlapuca MuxannieHa

KaHAMAAT CinbCbKOrOCNOAAPChKMX HayK., CTapLUMIA HAYKOBWI CRiBPOBITHMK
IHeTuTyT Ny6’sHnx kynbTyp HAAH Ykpainn, m. Mnyxis, Ykpaida

ORCID: 0000-0001-6688-6930

krivosheeva_|_m@ukr.net

B cmammi npogedeHo aHaniz nimepamypHux Oxepen ma HasedeHi pesynbmamu mpupidyHux docnioxeHs ujo0o npobaemu
CcXunbHoCMi copmig NboHy-0082yHUs 00 iX 8UNA2aHHA, SIKe cnocmepieaembCs Ha Pi3HUX emanax oHmozeHesy. [TokasaHo, wo euns-
2aHHS POCIUH He2amugHO 8Nugae Ha hopMysaHHs MOPGHOIIO_IYHUX O3HaK NbOHY i WO Hesussieatoyi copmu 8idpisHAMbCs binbuw
HU3bKUM 8MicmoM JligHiHy @ cmebni y nepiod iHmeHcusHo20 pocmy ma 6ymonisauii, ujo npu3sodums Ao Cymmesoao 3MEHWEHHS
HaciHHE80I NPOOYKMUBHOCMI POCIUH Ma NOCIBHUX KOHOUUIL HaciHHS. [lokasaHo, wo nidsuweHHs cmitikocmi 00 eunseaHHsi cmebna
JIbOHY Mae camocmiliHe 3Ha4eHHS y cenekyii, ane nopsd i3 yum ei04ysaembCs 8NIUS HE MiflbKU rPYHMOBO-KMIMamuYHUX yMo8 8Upo-
WyBaHHs, ane i BHECOK ¥ MiHNUgICMb 03HaKU 2eHemuyHux ocobrusocmeli copmy. pu aHanisi KOPENAMUBHUX 83aEMO38'A3KI8 MiX
206n00apCeKO-YiHHUMU 03HaKaMmUu JibOHy-0082YHUs 8CMaHOBIEHo, wo cmiliki do sunszaHHA ¢hopmu 3 nidsuweHum Oiamempom cme-
6na cxunbHi 00 nisHbocMuenocmi, a 3 no2nsdy 30inbLWeHHS eMicmy 80110KHa 01151 cenekuii binbw npudamHi moHkocmebsosi hopmu,
AKi Matomb 3HUXeHY cmilikicmb 00 8unsieaHHs. BusHadyeHo 8ucoki koegbiyieHmu no3umusHoi kopensayii (r = 0,74-0,91) mix cmitikicmio
00 unsizaHHs I KinbKicmio ucmkie Ha cmebni. Ane ui Kopensuii He € 3aeanbHUMU | iX piseHb 3anexums nuwie 8id cheyudgiku excne-
pumeHmarsnbHux eubipok. [poaHanizogaHo nameHmHUL nowyk Memodig ouyiHKU cmitikocmi A0 8unsizaHHs Ha paHHix emanax cenekyil,
AKi 6yno ymogHO nodineHo Ha yomupu epynu. OnucaHo no2odHi ymosu, Mamepianu ma memodu nposedexHs docnidxeHb. Y xo0i
nabopamopHux docnidie nposedeHo aHani3 2pynu MopgOoIo2iYHUX 03HaK POCIUH: 3a2arbHy 8UCOMY POCAUHU; A08XUHY KOPeHesoi
cucmemu, nepwozo Mixey3sns i nidcimadonbHo20 KoniHa; macy nidcimsadonbHo20 KoniHa i kopeHesoi cucmemu. [posedeni dochi-
OXeHHs Wo0o 8U3Ha4YeHHs cmilikocmi 00 8ursi2aHHs copmig ibOHy-0082YHUS 3 PI3HUM pigHeM nposigy 0aHOI 03HaKU fbOHY-0082yHUS
nposedeHi Ha 20-my doby nicns nogHux cxodis. BukopucmaHo wicms copmig bOHy-0082yHUS PI3HO20 eK0n020-2e02pagidHo2o no-
X00XeHHs1 ma pisHUX epyn cmitikocmi 0o 8urs2aHHs.

BcmanoeneHo, wio y copmie nboHy-0082yHUS 3 PisHUM cmyneHem cmilikocmi 00 8urisieaHHs Ha PaHHIX emanax OHMo2eHe3y
3MIHIOEMBCS NPOSI8 MOPGPONO2IYHUX 03HaK Y HANPSAMKY 36iMbWEHHS NOKa3HUKIE AO8KUHU Nepuwioeo Mixey3ns i nidciv ’a0onpH020 Ko-
JliHa ma 3MeHWyembCsl 3a2anbHa 8ucoma POCIIUH, NOPIBHSHO 3 HECMILUKUMU copmamu Y pe3yrnibmami peakyii Ha 3MeHWeHHs 0ceim-
TNeHHs1. BusHaveHo gidcymHicmb X0OHOT YimKOi 3aKoHOMIpHOCMI MiX cmyneHem cmilikocmi copmig ibOHY-0082YHUS Ma 3MEHLWEHHAM
macu niocim’s0onnbHo20 KoniHa npu 3amiHerHi. [lokasaHo, Wo 3amiHeHHs POCUH fbOHy-0082yHUS npu hposedeHi docridxeHb Heaa-
MUBHO 8niugae Ha A08XUHY KOPEHE8OI CUCMeMU Ha paHHiX cmadisx OHMo2eHe3y.

Knroyoei cnoea: copmu nboHy-0oe2yHus,cmilikicms 00 eunsieaHHs, memodu cmilikocmi o 8umns2aHHs, MOPEOo2idHi
03HaKU, 3aMiHeHHs, 0C8IMIEHHS], OHMO2EHe3.

DOI: https://doi.org/10.32782/agrobio.2020.4.1

Beryn. C1ebrno nboHY-HOBIYHLUS € OCHOBHOK MPOAYKTUB-
HOI YaCTVHOHK POCIMHU, Sika MICTUTb BOMOKHO. CTebro nboHy-A0B-
IYHUS NpeacTaBnse coboko CknagHui KOMMIEKC NPOCTOPOBO, CTPYK-
TYPHO Ta (YHKLIOHANBHO AMcepeHLinoBaHNX TkaHWH, a dhop-
MyBaHHsl BOFOKHWCTOrO Myyka € Pe3ynbTartoM JKUTTELIANLHOCTI
nmcTkosoro anapaty (Aleksandrova, & Marchenkov, 1994; Maggit,
1932; Maggit, 1948; Aleksandrov & Abesadze, 1932; Avirom, 1932,
Aleksandrov, 1966; Afonin & Prygun, 1978).

OpHum i3 HegonikiB BaraTboX COPTIB NbOHY-LOBIYHUS €
CXWMBHICTb X JO BUNAraHHs, fke HalyacTile NposiBNSETLCS Y
nepiog LBITIHHS—O03piBaHHA pOCnUH. BunsraHHs HeraTUBHO
BNNMBae Ha OpMyBaHHS MOPCOMONIYHMX | FOCNOAAPCHKUX 03-
HaK NboHY. BCTaHOBNEHO, L0 HEBMASITAKOMI COPTM BiApPI3HAKTLCS
inbLU HU3bKMM BMICTOM MirHiHY B cTEONI y Nepiof iHTEHCUBHOMO
pocTy Ta ByToHi3aujii. B noganbLuomy KinbKicTb MirHiHy gocsrae
piBHS BUNSIraloyoro copty abo HasiTb nepesuLLye ioro. CopTu,
CTIWKi O BUNSIraHHs, Bigpi3HSOTLCS TakoX GinbLU BUCOKUM cepe-

BicHuk CymcbKoro HaulioHanbHOro arpapHoro yHiBepcurteTy

AHb0A000BMM MPUPOCTOM BMICTY LIEMIONO3N Y Nepiog Big LBi-
TiHHS B0 MOBHOI CTUFNOCTI 11 3AaTHI CUHTE3YBATH 3HAYHO Binblue
peyvoBuH, Wo ranbmytoTb picT (Tihvinskij, 1968). Temnu dopmy-
BaHHS BOIIOKHA Y Pi3HWX COPTIB MPOTArOM BereTaLji HeOgHAaKOBI.
Y 6inbLu CKOPOCTUIANX COPTiB 36iMbLUEHHS KIMbKOCTI enemMeHTap-
HWX BOINOKOH Ha nonepe4HoMy 3pisi cteben Bin dasu yToHisauii
10 (haau UBITIHHS BupaxeHo binbLuoto mipoto (Kuznecova, 1976).

KpiM 3MEHLLEHHS KifbKOCTi Ta 3HWXKXEHHS SKOCTi BOMOKHA,
BUMNAraHHS POCMMH NbOHY-HOBIYHLS NPU3BOAUTL OO CYTTEBOTO
3MEHLLEHHS HaCIHHEBOI MPOAYKTUBHOCTI POCTIMH i MOCIBHUX KOH-
Auuin HaciHug (Dynnyk, 2004). Be3ymMoBHO, LLO NiABULLEHHS CTilt-
KOCTi O BUNsAraHHsl cTebna NboHy Mae CaMOCTiliHe 3HAYEHHS!
cenexLii, ane nopsA i3 MM MOXe BifuyBaTUCS BNAMB IPYHTOBO-
knimaTyHMx ymoB BupollyBaHHs (Zhuchenko & Rozhmina,
2000). OgHak BupiLLanbHNA BHECOK Y MIHMMBICTb 03HAKM BHOCATb
reHeTUyHi ocobnmeocTi copty (Menoux, 1982).

AHani3 KopensiTMBHUX B3aEMO3B'A3KiB MiX rocrogap-
CbKO-LiHHUMI O3HaKaMW NbOHY-LOBIYHLS € HEOBXIAHOK YMOBOIO

3

Cepisa «ArpoHomis i 6ionorisi», Bunyck 4 (42), 2020


https://doi.org/10.32845/agrobio.2020.4.1

BUpILLEHHS ABOX NPobneM cenekLjii — crnomnyyYeHHs Kinbkox 03Hak
Y MeXax OfHOr0 reHOTMMy Ta PO3KIafgeHHs CKIagHUX O3HaK Ha
enemeHTu, ki 6inbLIO0 Mipok nigaatoTbes edeKTUBHIN Aii fo-
Gopy. BcTaHOBNEHO CyTTEBI NO3UTUBHI KOPENsLii MiX BMCOTOK
POCINHY Ta JOBXKWUHOIO | MACOH TEXHIYHOI YacTuHu cTebna, a Ta-
KOX MiX diameTpom Ta Macoto crebna (Singh. & Singh, 1979;
Baker et al., 1972; Saharan & Singh, 1987; Rosenberg, 1980).
OpnHak, CTilKi 40 BUNsAraHHA HOpMM i3 NiABULLEHUM OiaMeTpoM
crebna cxunbHi Ao nisHbocTurnocTi (Singh et al., 1981; Rogash,
1963), a 3 nornsagy 36inblieHHs BMICTy BOMOKHA ANs cenekuii
6inbLu npuaaTHi TOHKOCTE6MOBI OpPMMU, SIKi MAKOTb SHKEHY CTill-
KiCTb 4O BUnSraHHs. BusHayeHO BUCOKI KOEiLliEHTN NO3UTUBHOI
kopenauii (r = 0,74—0,91) Mix CTIKICTIO O BUNAraHHS i KINbKICTIO
nucTkiB Ha cTebni. OgHak, Ui kopenauii He € 3aranbHAMM i iX pi-
BeHb 3anexuTb Bif cneuudiku ekcrnepuMeHTanbHUX Bubipok
(Deucet.,1978; Murty et al., 1967).

HaitbinbLu echekTMBHUM 3axogoM y 6opoThbi 3 BUnsraH-
HSIM TbOHY € CTBOPEHHS i BNPOBaKEHHS Y BUPOBHMLITBO BUCO-
KOMPOAYKTMBHUX COpTiB, CTilknx A0 BunsaradHs (Solin, 1996;
Frankel, 1977; Franken, 1993; Green & Dribnenki, 1995; Harlan,
1970; Pavelek, 1997, 1998, 2001; Rosenberg, 1993; Rutkowska-
Krause et al., 2001). Ane, He3Baxarouu Ha 3HauHY KinbKiCTb AOC-
NimKeHb NbOHY-JOBIYHLS Y LIbOMY HanpsiMKy, OTPUMaHi pe3ynb-
TaTW poapisHeHi 1 yacTto cynepeynusi (Allard & Hansche, 1964;
Chandra, 1977; Dehmer & Frense, 2001).

Bigomo, 110 3a NpoBeAeHMM NaTEHTHUM NOLLIYKOM MeTo-
AiB OLiHKM CTIKOCTi A0 BUNSIrAHHS Ha PaHHiX eTanax cenekuji
Byno 3HaiaeHo bnmabko 20-T1 MeTogiB, ki yMoBHO Oyno nogi-
NEHO Ha YOTUPYW TPYNU: METOAM CTIMKOCTI A0 BunsraHHs y 20-
Ty 000y PO3BUTKY; METOAM CTIAKOCTI 10 BUNAraHHs y hasy LBi-
TiHHS; METOAM CTINKOCTI IO BUNAIraHHs nepes 36MpaHHsaM TOLLO.

Cepep BuLLEBKa3aH1X METOAB po3pobneHo cnocobu ao-
Bopy CTilkNX [0 BUNsiraHHst (pOPM NTbOHY-AOBIYHLA LIMSXOM BU-
3HaueHHst Macu 10-caHTUMETPOBOro BiApiska cTebna Bule
CIM'S10Mb Y Nepiof paHHBOI KOBTOI CTUIMOCTI Ta JO6OPY CTiMKKUX
[0 BUNSraHHs POCAWH NTbOHY-HOBIYHLA 3a KoediLieHTOM Kopensvji
MiX 3aranbHOK BUCOTOK POCIMHK i Ti giameTpom. BHacnigok Lsoro
Byno BM3Ha4eHO, Lo 4nM Ginblua Maca 10-caHTUMETPOBOTO Biapi-
3ka, TUM pocruHa BinbLL CTilika 40 BUNSIraHHS, @ TakoX, YAM BU-
LM KoediLieHT KopensiLii Mk 03HaKamu, TUM BULLa 1T CTIKICTb 4O
BunsraiHs (Mironova,1982). [lo6ip CTilikux 4o BunsraHHs 3paskis

NbOHY-A0BryHUs 6a3yeTbca Ha aHaTOMiuHin 6yA0Bi KCunemu cre-
Brna: uum GinbLUKiA Wap, TUM BULLA CTIMKICTb POCTIMHM 40 BUMS-
raHHs (Aleksandrova, 1979). byno 3anponoHoBaHO METOAMKY OLli-
HKW CEneKLinHOro MaTepiany 3a CTIKICTIO 4O BUNSIraHHs 3a CTyne-
HeM 3irHyTOCTi NPUKOPEHEBOI YacTuHM CTebna y nepiof LBITIHHS—
pospisanHs (Mironova & Afonin, 1984), a Takox gobip cTilikux go
BUMNSAraHHs COPTIB 3@ CNiBBIAHOLLEHHAM JOBXWHM i AiameTpa ene-
MEHTAPHOTO BOSIOKHA — YAM MEHLLIE CMIBBIAHOLLEHHS, TUM POCTINHA
€ BinbLu crilikoto oo BunsranHs (Rogash, 1966).

MigBWLLEHHSI CTIMKOCTI A0 BUNSIraHHs cTebna NboHy Mae
CaMOCTilHE 3HAYEHHs Y Cenekuii, Wo MoB’s3aHe He Tinbku i3
BMIMBOM [PYHTOBO-KIIMaTUYHUX YMOB BUMpOLLyBaHHA (Menoux,
1982), a M 3 reHeTMuHUMKM ocobnmsocTamMM copTy. He-
BUPILLEHICT Ljiel npobnemu CyTTEBO NO3HAYAETLCS HA pesynbTa-
TUBHOCTI CTBOPEHHS HOBMX COPTIB NbOHY-AOBryHLS Ta iX BUKOPK-
CTaHHs1 y cenekuyji. OTxe, gocnimkeHHs MOpAONOriYHMX 03HaK
POCIIWH, Y TOMY YMCITi HA paHHIX eTanax OHTOreHe3y, 3 METO Bu-
SBMEHHs 0COBNMBOCTEN CTINKOCTI O BUMSAraHHS, € aKTyanbHUM
y cenekuii IbOHY-AOBryHUS, WO CTano METOKW Hawwx Ao-
ChigKeHb.

Matepianu i meToau pocnigxeHb. [ocnimkeHHs npo-
Boaunu npotsrom 2017—-2019 pp. Ha ekcrnepuMeHTanbHiit 0asi
IHcTUTYTY NY6’siHmx kynbTyp HAAH YkpaiHu, Wo 3Haxoantbes y
6 km. Big M. FmyxoBa Cymcbkoi obnacti. 3anusHi 4insHKM Ta BO-
AHi 06'ekTn N0bnM3y AOCAIAHNX NOAIB BIACYTHI, FPYHTOBI BOAM 3a-
NAraloTb Ha rMibuHi 15-18 M. [pyHTU TeMHO-Cipi onif3oneHi ner-
KOCYrn1HKOBI. 3a AaHUMK [NyXiBCbKOI arpomeTeocTaHLi nepioa
NPOBEAEHHS JOCTIZKEHD BifPi3HSBCS KOHTPACTHUMM PEXMMaMK
BereTaLji boHy-A0BryHus (tabn. 1).

MoroaHi yMOBM NPOBEAEHHS AOCTIAXeEHb Y Linomy 6ynu
CMPUSTIIMBUMM A1 BUPOLLYBAHHSA KynbTypu. Temnepatypa no-
BITPS 3a BCi POKM BUBYEHHS nepeBaxana cepegHbobaraTopiyHi
MOKa3HMKN Ha NPOTHA3i BCLOTO BereTawinHoro nepiogy Ha 0,2—
2,3 °C, KinbkicTb onapis 6yna pisHoK 3a pokamu Ta 3a po3nogi-
nom Bonory ynpogoBxX nepiody TpaBeHb—cepneHb. 3 2017 no
2019 pp. 3a BECHAHO-TITHII Nepiog KinbkicTb onagis byna meH-
woto Ha 20,2-60,7 %, nopiBHsHO 3 BaraTopi4HUMM NOKa3HUKaMMU.
Ane e He 3aBaaMno OTPUMATU CBOEYACHI MOBHOL|HHI CXOAM Po-
CNWH NbOHY. CNpUATAMBAMM BUSIBUNUCS NOTOAHI YMOBW Y nepion
LUBMAKOTO POCTY Ta LBITIHHSA NbOHY, LU0 Jano 3mory chopmyBaTm
BUCOKMI ypoXai CONOMM, BOSTOKHA i HACiHHS.

Tabnuua 1

MeTeoponoriyHi ymoBu npoBegeHHs gocnigxeHs (2017-2019 pp.)

. Micsiup L
Pik 3a BereTayjiHuin nepiog
TpaBeHb | 4yepBeHb | nuneHs | cepneHb
Temnepatypa nositpsi (°C)

2017 13,4 17,2 18,6 20,6 17,4

2018 17,3 18,6 20,3 20,2 19,1

2019 215 17,8 18,4 13,5 17,8
CepepHsi GaraTopivHa 14,2 17,2 18,3 17,5 16,8

Onagm (mm)

2017 43,9 49,6 64,5 19,5 177,0

2018 224 35,1 50,3 0,8 108,6

2019 56,3 102,2 52,5 9,9 220,9
CepepHsi 6araTopiyHa 58,0 75,0 88,0 56,0 277,0

BigHocHa BonoricTb nosiTps (%)

2017 60,7 66,3 72,7 69,3 67,2

2018 59,2 60,3 74,3 61,7 63,9

2019 66,3 72,0 68,0 69,0 68,8
CepepHs baraTopiyHa 82 63 74 72 72,7
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Temnepatypa nosiTps 3a BereTauinHui nepiog 2017 p. y
cepeaHboMy byna BULLOI, NOPIBHSHO 3 cepeaHbobaraTopiuHUMu
faHummn Ha 0,8 °C. KinbkicTb onagis npu LsOMy CTaHoBMNA
187,5 mm, wo Ha 32,3 % meHwe Hopmu. CepepHs Mics4Ha TeM-
nepatypa y TpasHi cTaHosuna + 13,4 °C, wo Ha 0,8 °C Hk4e 3a
HOpMYy i Ha 3,2 °C HWXYe aHanorivyHOro Nepiogy MUHYOro Poky.
Cyma edekTnBHMX TemnepaTyp Builie + 5 °C HaKOMMYeHUX 40
KiHUs Micaus cknagana 382,5°C, 1o Ha 2,5 °C Hikye 3a HOpMY |
Ha 68,1 °C MeHwWe BiANOBIAHOMO MOKA3HWKA MUHYMOTO POKY.
MinimaribHa TemnepaTtypa Ha noyaTky Apyroi Aekaan 3HUXKyBa-
nacs go - 0,5 °C moposy. 3a micsiLb 3apeecTpoBaHo TpK BUNa-
[AKM i3 3aMOpO3kaMm Y MOBITpi Ta Ha NoBepxHi IpyHTy. Onagis 3a
micsLs Bunano 43,9 M, LWo ctaHoBuTb 76 % A0 Hopmu. HesBa-
akum Ha Te, LU0 MOCIB KONMEKLiMHMX PO3CaaHUKIB NTbOHY NpoBe-
AEeHUA B onTuManbHi cTpoku (30 KBiTHA), cxoam Bynu ogepxaHi y
ABa eTanu. 40-50 % cxopiB 3'IBUMNMCA Ha 8- AeHb Micns nocisy.
MoBHi cxoam 6yno BigMiveHo 16 TpaBHs.

Y YepBHi | NUNHI TeMNepaTypHi NOKa3HUKK OYNK Ha piBHi
BaratopiuHux gaHnx + 17,2 i + 18,6 °C. KinbkicTb onagis y Lei
nepiog CtaHoBuna BignoBigHo 66,11 73,2 % go Hopmu. Taki no-
rogHi yMOBM A03BONAMK OTPUMATK SOBPUIA ypoxan HaciHHS Ta
BOMOKHa NboHy. CepefHil NokasHWK TemnepaTypy NoBITPS 3a Be-
reTauinHmin nepiog 2018 poky 6yB BULMM, NopiBHsiHO 3 2017 p.,
Ha 1,6 °C Ta cepepHbo-6araTopiuHumu gaHumm Ha 2,3 °C. Kinb-
KiCTb onagis npu LbomMy ctaHosuna 108,6 MM, LLO CTaHOBMTHL
49,1 % Big Hopmu. CepepHs MicsyHa TemnepaTypa y TpaBHi cTa-
HoBuna + 17,3 °C Tenna, wo Ha 3,1 °C BuLe 3a HopMy i Ha 3,9 °C
HW)X4e aHanoriyHoro nepiogy MUHynoro poky. OcobnmBeo xapkum
OyB nouvatok Micsus. TemnepaTypa MOBITPS MepeBuLlyBana
+30 °C. OnagiB 3a micaub BuNano 22,4 MM, LO CTaHOBUTbL
38,6 % 0O HOpMK. Y YepBHi i NUMHI TemnepaTypHi NOKa3HMKN
Oynu Buwwmmmn 3a GaratopiuHi gani Ha 1,4 i 2,0 °C. Kinbkictb
onagis y Lew nepiog ctaHosuna signosigHo, 46,1 i 57,2 % go
Hopmu. CepefHilt nokasHWK TemMnepaTypu MOBITPS 3a BereTawin-
Huin nepiog 2019 p. NbOHY-A0BrYHUA BYB HUKYMM, MOPIBHSHO 3
2018 p. Ha 0,7 °C, ane BuWWM 3a cepeaHbo-baraTopiuHi nokas-
Huku 1,6 °C. KinbkicTe onagis npu usomy craHosuna 220,9 mm,
o craHoBuTb 79,7 % Big Hopmu. CepedHs MicsuHa Temnepa-
Typa y TpasHi cTaHoBuna + 16,2 °C Tenna, wo Ha 2,0 °C Huxye
BaraTopiuHux nokasHukie. Onapis 3a MicsiLb Binano 56,3 Mm, Wwo
6rmabko fo Hopmu (58,0 mm). Mocis 3aiicHnnmM 12 TpaBHs Ta OT-
pumaTi ApyxHi cxoau 18 TpasHs.

HesBaxatouu Ha Te, LLO Y YepBHi TemnepaTypHi nokas-
HWKK Byru BuLmMu, Hix y 2018 poui Ha 2,9 °C i Le cTaHOBMMO Ha
4,3 °C Binblue 6araTopiyHMX NOKA3HWKIB, KiNbKICTL ONagiB y Ler
nepiog Byna yTpuui BinbLue, HiX 32 MAHYNUIA piK Ta, NOPIBHSHO 3
BaraTopiuHuMK nokasHukamu, Ha 36,3 %. 3a faHux ymMoB poc-
TIMHW NBOHY-A0BIYHUA BYNO OTPUMAHO BUCOKMIA CTeBNOCTil, Lo
[03BOMUNIO OTPUMATW BUCOKWM YpOXal HACIHHA Ta BOMOKHA
nboHy. OTXe, NOrofAHI YMOBH, L0 CKNAMKCS Y POKW NMPOBEAEHHS
JOChimKeHb LiNKOM XapaKTepHi ANs 30HW NiBHIYHO-CXigHOrO [Mo-
niccs Ta BigobpaxatoTb HECTaBINbHICTb FigPOTEPMIYHUX PEXUMIB
y nepiog BereTavji bOHY-A0BryHLS Y LIl 30Hi.

BunpoByBaHHs ekcnepumeHTanbHOro Matepiany AaHWxX
BOCRiMKEHb NPOTArOM TPLOX POKIB Y KOHTPACTHUX NOTOAHMX YMO-
BaXx [03BONWMO 06'EKTUBHO OLHUTY peaKwjii COpTiB NbOHY-LOBrY-
HLS Ha Ui ymOoBW. BuxigHum maTepianom ans nposefeHHs Jocni-
[KeHb CnyryBanu LWiCTb COPTIB NMbOHY-JOBrYHUSA PIi3HOTO €KO-
noro-reorpaciyHOro NOXoKeHHs:, siki 6yno BigibpaHo i3 konek-
LiAHUX doHais IHeTuTyTy ny6'aHux kyneTyp HAAH Ykpainu. Li

BicHuk CyMmcbKoro HaulioHanbHOro arpapHoOro yHiBepcurteTy

copTu byno nigaaHo TpupiYHOMy BMNPOBYBAHHIO 38 CYKYMHICTIO
03HaK: 3ararbHa BUCOTa POCMMHY; JOBXMHA KOPEHEBOI CUCTEMM,
nigciM’'agonbHOro KoMiHa, NepLLOro MixBY3ns Ta Maca KOpeHeBoi
CUCTEMM i MiACIM'AO0NBHOTO KOMiHa.

[na BUKOHAHHA MOCTaBMEHWX 3ajad 3aknaganu OAuH
TUN po3cafHuKka Ha Ha CTauioHapHUX NONsSX CenekuinHO-HaCiH-
HWLBKOT CiBO3MIHW [HCTUTYTY ny6'aHnx kynbTyp HAAH Ykpainu.
MonepeaHUKOM NbOHY-A0BryHLA 6yna o3uma nweHuus nicns ba-
ratopiyHux TpaB. OCHOBHMI 06POBITOK IPyHTY NPOBOAMIYW 3a TH-
MoM HaniBnapy; NyLWiHHs CTEPHi, opaHka Ha rubuHy 2225 cm i
ABi KynbTWBaL,ii No Mipi npopocTaHHs Byp'sHiB Ha rnnbuxy 8—10
Ta 5-6 cm MiHepanbHi 4obpuBa BHOCWNW Nig nepLuy KynbTuea-
Liito i3 pospaxyHKy PesoKeo Kr gitoqoi peqoBuHM Ha ra. [Nepeanocis-
HW 0BPOBITOK IPYHTY CKNaaaBCs i3 KyNbTuBALji Ta 6G0pOHYBaHHS.
A30THI obpmBa BHOCMIK Mg, NEpPEANnOCiBHY KyNbTMBALt0 Y 403
20 Kr Zit040i pevoBMHM Ha rekTap.

Po3cagHukn po3TalioByBanu Ha rpsgkax WupuHoo 1 m
Ta 4OBXMHOK 20 M. 3 METOI HAMKPALLOrO OCBITIIEHHS PSAKK
OpieHTyBamM 3 niBHOYI Ha niBgeHb. [ociB npoBogunu B onTu-
ManbHi AN KOKHOrO POKY CTPOKW. 3acTOCOBYBanM MyHKOBMWIA
cnocib nocisy 3 NNOLLEI0 XMBMEHHS pocnuHu 2,5 x 5,0 cm. TMpu
MosiBi MOBHWX CXOAIB MPOBOAMMM KiNbKICHWA 0BMiK POCMWH, WO
3inwnu. 3a BigCyTHOCTI POCIWH Y THI3Hax Bigpasy NpoBOANMM iX
nigcie i nigcisHi rHisga BigMivanu kinodkamu. POCAMHM i3 LmuX
rHi3g npw 36upaHHi BubpakoByeanucs. [lornsa 3a nocisamut y ne-
piog BereTalii 3aiicHIOBanu 3rigHO METOAMYHMX BKa3iBOK LLOAO
cenekuji nboHy-AoBryHus (Loginov et al., 2010).

[JocnigpxeHHs poCnvH i3 BU3HAYEHHS CTIMKOCTI O BMns-
raHHs COPTIB NIbOHY-AOBIYHUS 3 Pi3HAM PiBHEM NpPOsiBY AaHOi
03Hakwm npoBoaunu Ha 20-Ty 400y pO3BMTKY NiCNS NOBHUX CXOLB.
BukopucTosysanm rpynu copTis: JKypaska, Kuiscbkuin 2 (Ykpa-
iHa) — He cTiiki o BunaraxHs; Magiatop (Ykpaixa), Merylin (Hi-
JepnaHaun) — cepegHbOCTiNKi [0 BunsaranHs; Melina, Drakkar
(PpaHUist) — CTilki 4O BUNSraHHs.

YacTuHa pocnuH NbOHY-J0BrYHLS Byna 3aTeMHeHa map-
neto Ans 3HWKEHHS OCBITNEHHa Ha 50 % y novaTkoBui nepiod
pocTy cTebna, a He 3aTiHeHi pocnuHM Byno B3ATO 3a KOHTPOSb.
B xogi nabopatopHux 4OCAiAiB NpoBOAUIM aHani3 rpyni Mopgo-
MNOMiYHNX O3HAK POCMUH, CEepef SKWX: 3aranbHa BUCOTA POCINH;
BOBXMHA: KOPEHEBOI CUCTEMM Ta NEPLUIOrO MiXBY3NS, NigciMAA0-
NBHOrO KOMiHa, @ TakoX mMaca niaciMagonNLHOro KoriHa i KopeHe-
BOi cuctemu. OTpuMaHi ekcnepuMeHTanbHi AaHi niggasanu cTa-
TUCTUYHIN 06pOOLi 3 BUKOPUCTAHHAM 3aranbHOMPUAHSTUX Me-
TOAIB CTAaTUCTUYHOrO aHaniay.

PesynbTati. AHani3 pe3ynbTartis AOCMiMpKeHb Nokasas,
L0 3aranbHa BUCOTA POCIUH Y Tpyni He CTIMKUX 40 BUMSraHHS
copTia Oyna Ginblwoto Ha 3,1 cM, MOPIBHSHO 3 KOHTPOmNeM (y ce-
peaHbomy 23,4 cM.). Tpyna cepefHbOCTIlKUX COPTIB nepesu-
LuMIIa KOHTPOIbHI MokasHuku (20,4 cm) Ha 2,8 cm. Y rpyni pocnvH
CTIMKMX COPTIB criocTepiranaca HaWMeHwa pisHULsA 3a JaHOK
03HaKO0, NOPIBHAHO 3 KOHTporeM (19,7 cm) i ctaHosuna 0,7 cm
(tabn. 2—4).

3aTiHEeHHs! POCIUH NbOHY-A0BIYHLS HEFraTUBHO BNAMBaE
Ha JOBXWHY KOPEHEBOI CUCTEMM | AaHWUit NOKA3HWK Y He CTiKMX
Ta cepesHbOCTINKX [0 BUNSAIrAHHS COPTIB NPU 3aTiHEHHi CTaHo-
BWB Y cepefiHboMy 5,6 CM, @ Y rpyni CTIKWX A0 BUNSIraHHS COPTiB
— 5,0 cM. [NopiBHSAHHIO 3 KOHTPONEM, Y HECTINKUX 40 BUMNSraHHS
COpTiB JOBXIHA KOpEHS 3meHwWwunacs Ha 0,7 cM, y cepeHbOCTil-
Kux i cTilikux copTiB — Ha 1,3 cMm. CepeHi NokasHUKW Mack kope-
HeBOI cMcTemu NPUBN3HO OLHAKOBI Y CTINKUX | CepeaHbOCTINKMX
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COpTiB NbOHY-AOBIYHUS Y AOCigXyBaHUX BapiaHTax — 0,07 r Ta
koHTporbHUX — 0,03 1 Ta AELLO BULLi, HIX Y HECTIMKMX COpTIB,
BignoeigHo, 0,06 i 0,02 r. OTxe, 3aTiHEHHsI POCNUH NPU3BENO A0

3MEHLLEHHS Macu KOPEHEBOI CUCTEMU B YCiX BapiaHTax gocnigy
Ha 0,04 r, He3anexHo Big rpynu CTINKOCTi COPTIB.

Tabnuus 2
XapaktepucTuka MopdonoriyHX 03HaK POCIMH HECTIMKMX 40 BUMSraHHs COPTiB NbOHY-AoBryHus (2017—2019 pp.)
Kypaska Kwiscbkin 2
OsHaka KoHTponb 3aTiHeHHs HIP KoHTponb 3aTiHeHHs! HIP
X+ Sx V, % X V, % X+ Sx V. % X V, %
22,30 258+ 2450 £ 273+
3aranbHa BrUCOTa POCNUH, CM 197 13,9 323 9,9 | 444 183 13,1 198 13,0 | 4,52
Roexuwa kopereeoi cucrem, v | 610104 | 242 | 55x111 | 249 | 431 | O00F | 248 | 572093 | 234 | 474
[oBxuHa 1-ro MixBy3ns, cm 1,80+0,33 | 295 | 28+0,62 | 38,0 | 2,41 260231 264 | 28+050 | 44,6 | 2,29
- . 1,56 + 1,58 + 2,03+
[oexuHa nigcimagonsbHorokoniHa,cm | 1,35+0,28 | 28,5 037 314 | 1,07 0.14 17,4 0.29 19,2 | 1,21
- . 0,02 £ 0,03+ 0,02+
Maca nigcimagonbHoro konixa, 1 0,03+£0,01 | 36,4 0.04 48,3 | 0,02 0.01 37,6 001 31,0 0,2
. 0,05+ 0,08 + 0,01+
Maca kopeHeBoi cucTemu, 0,05+£0,01 | 36,7 0.01 56,2 | 0,02 0,03 32,7 0.04 44,0 | 0,04
Tabnuus 3
XapakTepucTika MopdonoriYHNX 03HaK POCIMH CEPeHbOCTIMKMX A0 BUMSIraHHA COPTIB NbOHY-A0BryHua (2017—2019 pp.)
napiatop Merylin
OsHaka KoHTponb 3aTiHeHHs! KoHTponb 3aTiHeHHs!
HIP HIP
X £ Sx V, % X V, % X £ Sx V, % X V, %
20,80 + 2280+ 20,00 + 23,60 +
3aranbHa BrUcoTa POCNnH, CM 311 12,9 186 11,9 | 5,08 235 10,2 157 9,9 4,94
. 6,00 £ 530+ 7,90 £ 6,00 +
[loBXuHa KOPeHEeBOi cucTeMU, CM 0.94 22,8 113 248 | 443 100 16,7 0.99 232 | 4,34
. 1,80 £ 2,40 + 1,69 + 310+
[osxuHa 1-ro Mixsy3ans,cm 0.25 33,2 0,66 376 | 2,15 0.26 38,2 0.32 185 | 2,13
o . 0,79+ 1,34 + 1,31+ 1,70+
[loBxuHa niaciMaaonbHOro KoniHa,cM 0.18 25,2 0.25 26,6 | 0,77 021 20,8 0.34 249 | 1,07
- . 0,03+ 0,01+ 0,03+ 0,01+
Maca niacimsonbHoro Koniva, r 001 57,0 0,005 755 | 0,02 001 375 0,009 81,8 | 0,02
. 0,05+ 0,02+ 0,09+ 0,04 +
Maca kopeHeBoi cucTemm, 0,02 40,1 0,008 84,5 | 0,02 0,007 34,4 001 485 | 0,04
Tabnuus 4
XapaktepucTika MopdonoriYHUX 03HaK POCIUH CTIMKUX [0 BUNSIraHHs COPTiB NbOHY-A0BryHus (2017-2019 pp.)
Melina Drakkar
OsHaka KoHTponb 3aTiHeHHs KoHTponb 3aTiHeHHs
HIP HIP
X+ Sx V, % X V, % X+ Sx V, % X V, %
21,60 £ 22,50 £ 17,90 + 18,50 +
3aranbHa BrUCOTa POCNWH, CM 226 15,3 255 170 | 5,25 178 211 214 251 | 515
[loBXu1Ha KOPEHEBOI CCTEMM, CM 6(’)4g1i 235 | 470+08 | 21,9 | 523 | 6,20£1,18 | 279 5‘420311‘ 294 | 474
. 1,36 £ 250 2,60 +
[oBxuHa 1-ro MixBy3ns, cM 038 40,8 065 459 | 199 | 1,33+0,17 | 53,8 0.75 386 | 2,87
}.'logmea niaciMAnobHOro- 1,21+ 223 1,77 + 275 | 082 | 2124050 | 357 2,630, 22 | 135
KoniHa,cm 0,16 0,34 37
- . 0,04 + 0,02 + 0,03+
Maca nigcimsgonbHoro konixa, r 001 32,3 001 422 | 0,02 | 004+£0,01 | 356 0,01 275 0,1
Maca KopeHeBoi cicTemi, © 06033* 39,7 060311 723 | 005 | 0,06+0,02 | 387 0'051*0' 549 | 0,03

06roBopeHHs. [1py 3MEHLLEHHI OCBITNEHHSI POCTWH YiT-
KOi Pi3HWLi 32 JOBXMHOI MEPLIOr0 MiXKBY3Ns MiX AOCHiAXKyBa-
HUMK BapiaHTaMK He cnocTepiranocs i cTaHosuno 2,6-2,8 cm.
LLlono KOHTPOMbHWX BapiaHTiB, HaNBINbLINA NPOSIB O3HAKM Cro-
cTepiraBcs y rpyni HecTiikux copTis — 1,93 cM, HalMeHLLe y ce-
peaHbocTinkMx — 1,43 cM. Y rpyni CTiKUX 4O BUNSIraHHS COpTiB

JaHWA nokasHuK crtaHosuB 1,56 cM. HalimeHwuin npupicT,
NMOPIBHAAHO 3 KOHTPOMeM, CroCTepiraBci Y HECTIKUX COpTiB
NbOHy-A0BryHus — 0,87 cM, a HalbinbLKA — y CePeaHbOCTINKNX
coprie — 1,27 cm. CTiliki Ta cepeHbOCTIlKi 40 BUNsAraHHs CopTH
XapakTtepusyBanucs BinblUMMK  NOKa3HWKaMW [JOBXUHU Nid-
CiM’iJONBHOMO KoMiHa SIK Y AOCTiMKyBaHMX BapiaHTax — 2,20 i
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1,53 cM, TaK i y koHTponi — 1,66 i 1,05 cM, NOPIBHAHO 3 HeCTil-
kumu coptamm 1,791 1,46 cm. [loBxMHa niacim’ sgonbHOro KoniHa
36inbLuyBanacs y BCix rpynax CTIMKOCTi 4O BUNAraHHs npu 3aTi-
HEHHI, NopiBHAHO 3 KOHTponem Ha 0,33-0,54 cm, Ta cnocTepira-
nacs 3aKOHOMIpHICTb LLOAO 36iNbLUEHHS JOBXMHY NiACIM’a0Mb-
HOTO KOMiHa Npw NiABULLEHHI CTIKOCTI COPTIB NbOHY-A0BryHLS.

Y BCiX JOCNiZXyBaHUX rpynax CopTiB Maca niaciM’'saors-
HOrO KOriHa 3MeHLLYyBanacs npu 3aTiHeHHi, NOPIBHAHO 3 KOHTPO-
nem Ha 0,01-0,02 r. 3a Tpu pokmn JoCnimKeHb He BUSIBMEHO X0a-
HOT YiTKOi 3aKOHOMIPHOCTI MiX CTYNeHEeM CTIKOCTi COPTIB JIbOHY-
JOBryHUS Ta 3MEHLIEHHAM Macy NiACiM'S40MNbHOMO KoMiHa npu
3aTiHEHHI.

BucHoBkuM. BCTaHOBNEHO, 1O COPTU NbOHY-A0BIYHLS 3
Pi3HWUM CTyNeHeM CTINKOCTi 40 BUNSIraHHs Ha paHHix eTanax pos-
BUTKY HEO[HAKOBO pearyloTb Ha 3MEHLLEHHS OCBiTNeHHs. Cnig
BW3HATM, LLO Y CTIlKNX Ta CEPeaHbOCTIMKNX COPTIB 30iNbLIYHTHCS
MOKa3HWKW JOBXWHW NEepLLIOro MiXBY3Ns, AOBXMHA NiACIM A40Mb-
HOroO KOMiHa Ta 3MEHWYETbCH 3arafbHa BWCOTAa POCIWH,
MOPIBHAHO 3 HECTikuMKM copTamu. OCHOBHUM BUCHOBKOM 3 pe-
3ynbTaTiB AOCNIDKEHb € EKCNEPUMEHTANbHUIA OKa3 MOXIMBOCTI
BOCSATHEHHS ONTUMANbHUX CyKyNHOCTEN MOPOMONivHIX O3HAK
npy cenekuii NboHy-A0BryHUs Ans NiABULLEHHS CTIMKOCTI 4O BU-
NAraHHs.
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EVALUATION OF FIBER-FLAX VARIETIES FOR RESISTANCE TO LODGING IN THE EARLY STAGES OF
ONTOGENESIS.

The article analyzes the literature and presents the results of three-year studies of the problem of susceptibility of fiber - flax
to their lodging, which is observed at different stages of ontogenesis. It is shown that the lodging of plants negatively affects the
formation of morphological characteristics of flax, and unstable varieties have a lower content of lignin in the stem during intensive
growth and budding, which leads to a significant reduction in seed productivity and sowing conditions. It is shown that increasing the
resistance to lodging of flax stalks has an independent significance in breeding, but along with this there is an influence not only of soil
and climatic conditions of cultivation, but also a contribution to the variability of genetic characteristics of the variety.In the analysis of
correlations between economically valuable traits of flax, it was found that resistant to lodging forms with increased stem diameter are
prone to late ripening, and in terms of increasing the fiber content for breeding more suitable thin-stemmed forms with reduced lodging
resistance. High coefficients of positive correlation (r=0.74-0.91) between resistance to lodging and the number of leaves on the
stem were determined. But these correlations are not general, and their level depends only on the characteristics of experimental
samples. The patent search for methods for assessing resistance to lodging in the early stages of selection, which was conditionally
divided into four groups, is analyzed. Weather conditions, materials and research methods are described. In the course of laboratory
experiments the analysis of group of morphological signs of plants is carried out: the general height of a plant; length of the root system,
the first internode and subcotyledonary knee; mass of the subcotyledonary knee and root system. Studies to determine the resistance
to lodging of varieties of fiber-flax with different levels of manifestation of this feature of long flax were conducted on the 20-th day after
full germination. Six varieties of long flax of different ecological and geographical origin and different groups of resistance to lodging
were used.

It was found that in flax varieties with different degrees of resistance to lodging in the early stages of ontogenesis changes the
manifestation of morphological features in the direction of increasing the length of the first internode and subcotyledonary knee and
decreases the overall plant height compared to unstable varieties as a result of response to change. There is no clear pattern between
the degree of stability of varieties fiber — flax and the decrease in the mass of the subcotyledonary knee during shading. It is shown
that shading of flax plants during research has a negative effect on the length of the root system in the early stages of ontogenesis.

Key words: varieties of fiber-flax, resistance to lodging, methods of resistance to lodging, morphological features, shading,
lighting, ontogenesis.
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Y 2017-2019 pp. e ymogax docnidH020 nosis Haykogo 8UpobHU4020 yeHmpy binouepkigcbkozo HAY docnidxysanu 42 kom-
6iHauii F1 i F2 nweruyi m’sakoi 03umoi, ompumani gi0 2i6pudusauii copmis, siKi pisHIMbCS 3a mpusasnicmio 8ezemauyitiHo2o nepiody.
Memoto docnidxeHHs Byno 8U3Ha4eHHs 2emepo3ucy i CmyneHr heHomunoso2o 0oMiHysaHHs 8 F1 ma mpaHcapecusHoi MiHusocmi
8 F23a KifbKicmio KomocKig 6 20/108HOMY KOMIOCi npu 8UKopucmanHi y 2ibpudu3sauii pisHux 3a CKopocmueicmio copmig NWeHUYj M Kol
03UMO.

BcmaroeneHo, wio y 6ambkieCbKUX hopM KifibKicmb KOIOCKig Y 20/108HOMY Ko10Ci y poku docnidxeHb cmaHosuna — 15,7—
18,0 wm., a Ha ix hopMyBaHHsI 3HaYHO 8NILBa 2eHOMUN, YMOBU POKY i ix 83aemodis. binbwicmb F1 3a KifbKicmio KOIOCKig y KOoci
nepesuuwiysana 8uxiOHi hopmu, npu Ubomy 8UCOKi nokasHuku (21,0—19,2 wm.) susHayeHi y HopHsea/Cmonudna, binouepkiecoka Ha-
nigkapnukoga/MopHsga, YopHsisa/Bidpada, Konbyyea/CmonudHa. Y 39 is 42 2ibpudie ycnadkysaHHs KiflbKOCMI KOMIOCKig 3 20/108H020
konocy eidbysanock 3a no3umusHuM HaddomiHysaHHaM. Bucokull 2inomemuynull (Ht = 23,5-15,4 %) ma icmunHul (Hbt= 18,6—
10,2 %) 2emeposuc ecmaHosneHo 8 F1 YopHsea/CmonudHa, Konb4yea/CmonuyHa, binouepkiecbka Hanigkapnukoga/MopHsea, Hop-
Hsisa/Bidpada, 3omomokonoca/Bidpada.

Y 85,7 % nonynsauit F2 eusHa4yeHo no3umusHUL cmyniHb mpaHcapeciti 3 MakcuManbHUM NposisoM y pekoMbiHaHmig Kifbkocmi
KOIocKig y 20108HOMY Konoci — 20—24 wm., wo ceid4ums npo 3Ha4yHull hopmomeopyuli npouec i Moxnugicms nposedeHHsi dobopie
3a QocniOxysaHok 03HaKo. MakcumanbHy Kifibkicmb KOOCKig y 20M108HOMY Konoci (22—24 wm.) hopmysanu binbliicms nonynsuid,
8 SIKUX MamepUHCLKUMU ¢hopmamu sukopucmosysanu copmu Muponisceka paHhs, Konbyyea, 3omomokonoca, YopHsea i AHmoHigka.
Yacmoma mpaHcepecusHux pekombiHaHmig y yux nonynsyisx cmaxosuna 3,3-96,7 %.

Knroyoei cnoea: nweHuys M’aka o3uma, ckopocmuaicms copmie, KoMbiHauji cxpewlysaHHs, ycnadkysaHHs, 2i6pudu, icmuH-
Hul | 2inomemuyHUl 2emeposuc, cmyniHb heHomunogo2o AomiHysaHHs, nonynauii F2, cmyniHb i yacmoma no3UMuHUX mpaHcape-
cidl.

DOI: https://doi.org/10.32782/agrobio.2020.4.2

Betyn. Y cBiToBOMY 3eMnepobCTBi NILEHNLi HaneXuTb
MnpoBiHAa POMb Yy BUPILLEHHI BaXNMBOrO 3aBaHHA — 3abe3ne-
UeHHs HaceneHHs 3eMHOi Kyni MNpoLyKTamu XapyyBaHHS
(Sharmet, 2011; Shpaar, 2012; Farooq et al., 2018; Chernobai et
al., 2019). MNMweHunus M’'sika 03MMa € OCHOBHOK 3€PHOBOIO MPOAO-
BOJbYOI0 KYMNbTYPOLO YKpaiHu 3 LLOPIYHOK NoLeto nocisy 5,5—
6,0 mnH. ra (Litvinenko, 2011; Cherenkov et al., 2013).

OcTaHHIM YacoM (hakTU4Hi Temnu BUPOBHMLTBA 3epHa
niueHuLi 3poctanm Beboro Ha 0,5 % v pik, L0 3HaYHO MEHLUE He-
00xiaHux 1,4 %, ki NOBUHHI NOKPUBATM 30iNbLUEHHS YNCENbHOCTI
nogcTea (Ray et al., 2013). CTBOpeHHs | BIPOBaKEHHS Y Cinb-
CbKOrocnogapcbke BMPOOHULTBO HOBWX BUCOKOBPOXaMHNX COp-
TiB, afanNTOBaHWX 40 Pi3HOMAHITHUX YMOB BUPOLLYYBAHHS, € Halt-
BinbLL edhekTMBHUM, pecypco3bepiraroymnm i eKoNoriYHUM Crnoco-
Bom 3pocTaHHs i cTabinisauii BUPOBHMLTBA 3epHa MLUEHUL
m'akoi o3umoi (Kochmarsky, 2012; Morhun et al., 2014;
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Burdenyuk-Tarasevich & Lozinskyi, 2015; Morhun, 2016;
Akimenko et al., 2016, Lozinskyi, 2018; Riabovol et al., 2018).

Y npakTWU4HIiA cenekuiiHiit poboTi BaXnMBMM 3anuia-
€TbCSA CTBOPEHHS PI3HOMAHITHOTO BUXiBHOTO MaTepiarny 3 nokpa-
LEHNMN TOCMOAAPCbKO LHHAMM O3HAKaMu i BIACTMBOCTSIMM
(Farooq, 1994; Viasenko & Kolomiiets, 2008; Artemchuk, 2013;
Morhun et al., 2015; Bakumenko, 2015; Pokhylko et al., 2016).
'ONOBHO NaHKOK Y LbOMY NpoLeci € Aobip BaTbKiBCbKMX hopM
ans cxpellyBanHs (Akimenko et al., 2016).

[MeHnLSs XapaKkTepuayeTbCs 3Ha4HUM NONiMOPEI3MOM |
Pi3HOMAHITTIM €KOTMMIB, TOMY Hapasi Hanbinbl pe3ynbTaTus-
HUM METOLOM CerneKLii 3anmILaeTbCa BHYTPILLHLOBULOBA MiXCO-
pToBa ribpuamusadis 3 HacTynHumu Binbopamu (Burdeniuk-
Tarasevych & Lozinskyi, 2015; Zaika, 2015). ¥ pe3ynbTaTi cxpe-
LLlyBaHHS COPTIB, Pi3HWX 3@ MOPONOriYHUMM, BionorivuHuMK i di-
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3i0N0MYHUMU 03HAKaMK, 3 Pi3HUM PIBHEM FEHETUYHOO MOTEHLY-
arny NpoayKTUBHOCTI Ta CTIMKOCTi 0 BIOTMYHMX | aBiOTUYHUX He-
CpUATNNBUX (haKTOPIB CEpeaoBuLLa, YTBOPKETLCS BENUKE Pi3-
HOMAHITTS HOBMX FEHOTUMIB Y TICHOMY 3B’13KY 3 YMOBaMM cepe-
posuwia (Burdeniuk-Tarasevych & Lozinskyi, 2015). ®opmoTBo-
PeHHs! npy ribpuamsallii IpyHTYeTbCs Ha nepekoMbiHyBaHHi reHiB,
OCKiNbKM BaTbKIBCbKi  OpraHiaMu nepefawTb Hallagkam He
03HaKM 1 BNacTUBOCTI, a FeHu, sIKi KOHTPOMIOKTb PO3BUTOK rOCNO-
BAapPCbKO LiHHWX 03HaK.

MMigBULLEHHS NPOAYKTUBHOTO MOTEHLiany i OTPUMaHHS
CTabiNbHO BUCOKMX YPOXaiB NWEHNLi M'SIKOT 03UMOT € HaMBaXIN-
BiLLIMM 3aBAaHHAM, L0 CTABUTLCS Nepes CenekuinHuMm yeTaHo-
Bamu (Yarosh et al., 2019). YpoxaitHuin noTEHLian copTy 3aBxau
BUKOPUCTOBYETLCA SIK HAWBAXIMBILLA WOr0 XapaKTepucTuka,
TOMY [OCTIIKEHHS €NIEMEHTIB NPOAYKTUBHOCTI 3a iX BMIMBOM Ha
MPOAYKTMBHICTb MPOBOAMTLCA TpuBamuii yac (Bakumenko,
2015). CTBOpEHHS COpPTIB MLEHWLi 3 MAKCUMaNbHO MOXIUBUM
piBHEM NPOAYKTUBHOCTI € KiHLIEBOID METOK KOXHOMO CenekLiio-
Hepa, npoTe, Lie 3aBaHHS MOB'A3aHe 3i 3HAYHOK CKMAZHICTIO |
komnnekcHicTio (Bahan et al., 2012).

CeneKLiiHO-TeHETUYHI JOCNiMKEHHS CBigYaTh NPo noni-
FEHHWIA KOHTPOIb CKMaZ0BWX YPOXaANHOCTI Ta YHiKanbHY B3aEMO-
Lil0 TEHOTUMY 3 YMOBAaMM HABKOMMLUHBOrO CEpeaoBuLLa, Lo €
MPUYMHOK PO3BIKHOCTEN Y BUCHOBKAX LLOAO BKNady €neMeHTiB
NPOAYKTMBHOCTI Ta MOXIMBOCTI iX BUKOPUCTAHHS Y CENEKLINHMX
nporpamax (Kinder & Gooding, 2005; Nikolova-Andrieieva, 2011;
Perisic et.al., 2011). 3aranbHoBIgoOMO, L0 CNAZAKOBUA NOTEHLian
rocnofapchbKo LiHHWMX 03HAK Mae NeBHI 0OMEXeEHHS, i Ans oTpu-
MaHHS peanbHUX pesynbTaTiB Cenekuis BuMarae 1oro poswm-
peHHs (Akimenko et al., 2016).

BaxnuBot 03HaKOH MLWEHUYHOT POCIINHM € KiNbKICTb KO-
NOCKIB y KONOCi, PopMyBaHHs KT BiAOyBa€ETHCA BNPOAOBX Tpe-
TbOro-4eTBEPTOro eTanis opraHoreHesy. Big uucna cgopmosa-
HIX KOIOCKIB Y KONOCi 3aMneXuTb KinbKiCTb PO3BUHYTHX KBITOK, 3€-
PeH, NPOAYKTMBHICTL KOMOCY i BPOXaMHICTb 3epHa MLEeHML
m'sikoi o3umoi (Konovalov et al., 1987; Lozinskyi, 2018).

MeToto gocnimkeHHs 6yno BU3HAYEHHS reTepo3ncy i cTy-
neHto heHOTUNOBOrO AOMiHYBaHHSA Y F1 Ta TpaHCrpecuBHOI MiH-
nuBocTi B F23a KirbKiCTIO KONOCKIB Y rofIoBHOMY KOIOCi, Npu BU-
KOpUCTaHHI y ribpuansaLii pisHnx 3a CKOPOCTUIAICTIO COPTIB MLue-
HULLi M’SIKOT O3MMOI.

Marepianu i meToau gocnigxeHb. EkcnepumeHTansHa
yacTuHa pocnigxeHb BukoHysanach y 2017—-2019 pp. Ha gocni-
[HOMY MOMi HayKoBO BMPOBHMYOrO LiEHTPY binoLepkiBcbkoro
HAY. Matepianom gocnimkeHb 6ynn 42 kombiHauii F1 i ix nony-
nauii F2. [lo ribpuaunsauii 3anyyan copTv NweHuLi M’SKoi 031~
MOi, SIKi Pi3HWNNCS 3a TpUBAnICTIO BEreTawiHoro nepiogy, a
came: paHHbocTUrMi — MupoHiscbka paHHs, Konbuyra, binouep-
kiBcbka Haniskapnukosa (b.L. H/k.); cepeiHbOpaHHi — 30M0TOKO-
noca, YopHsea, LLenpa Huea; cepegHbocTurni — CtonuyHa, Big-
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paga, MupoHiscbka 61, AHTOHIBKa, EAHICTL; cepeaHboniaHi — [o-
GipHa, MNueHa i Boana.

HaciHHs F1-2 BUCIBaNu BpyYHY 3a CXEMOIO: MaTepuHCbKa
topma, ribpua (nonynsuis), Yonosiva dopma. 3 ribpuaHum no-
KOMiHHSAM NpautoBamy 3a MeTogoM negirpi. Y nepiog sereTauii
MWeHNLi NpoBOAMMM (PEHOMOMYHI CNOCTEPEXKEHHS, NiCnsa Ha-
CTaHHs MOBHOI CTUrNOCTI — GiOMETPUYHWMIA aHani3 Jocnimkysa-
HOro matepiany 3a cepefiHiM 3paskomM 25 pocnuH y TpUpasoBii
noeTopHocTi (Dospekhov, 1985; Volkodav, 2003). ArpoTexHika —
3aranbHONPUIHATA AN BUPOLLYBAHHS MLUEHULi M’'SKOI 031MMOI B
TNicocteny YkpaiHu. MonepeaHuk — ripunus.

FinoteTnyHui (Ht) Ta icTuhHMiA (Htb) reteposuc 3a Kinbki-
cTio konockis y F1BusHayanw 3a D. F Matzinger (Matzinger et al.,
1962) i S. Fonseca Ta F. L. Patterson (Fonseca & Patterson,
1968). CtyniHb dheHoTMNOBOrO AOMiHYBaHHS (hp) po3paxoByBanm
3a metoaukoto B. Griffing (Griffing, 1950). Otpumani aaHi rpyny-
Banu 3a knacudikayieo G. Beil Ta R. E. Atkins (Beil & Atkins,
1965): noauTMBHE HapAOMiHyBaHHs (reTeposuc) hp > +1; vacT-
KOBE NO3WUTMBHE LOMiHYBaHHS + 0,5 < hp < + 1; npomixHe ycna-
AkyBaHHa 0,5 < hp < +0,5; yacTkoBe Big'eMHe ycnagKyBaHHs —
1< hp <-0,5; HeraTWBHe HapgoOMiHyBaHHS (genpecis) hp < -1.
CTyniHb Ta YacTOTy NO3WUTUBHMX TPAHCIPECil B F2 BM3Ha4anm 3a
metoaukoto (Voskresenska & Shpota, 1967).

PesynbTatu oTpuMaHux B ekcnepumMeHTi aaHnx o6pob-
NANN CTaTUCTUYHAM MeTOLOM 3a mporpamotro Statistica, Bepcis
6.0.

Pesynbtatn. Otpumani 3a 2018-2019 pp. aaHi cBip-
yatb, LLO KiNbKICTb KOMOCKIB Y rONIOBHOMY KONOCi Y 6aTbKIBCbKMX
KOMMOHEHTIB ribpuamnaayii 3HaxoaaTbes B Mexax 15,7—18,0 wr.
HanbinbLui nokasHuku BigmiveHi B copty YopHsBa (17,7 wr. y
2018 p; 18,0 wt. — 2019 p.), a HameHLi 15,7 wT. — Konbuyra,
[obipHa (2018 p.) i B.LL. n/k. y 2019 p. BctaHoneHo, wo ¢op-
MYBaHHS KiNbKOCTi KOMOCKIB Y FONOBHOMY KOMOCH MLIEHMLi M'KOT
3anexuTb Bif reHOTUNYy COPTY, YMOB POKY i B3aEMOLIi reHoTuUn-
cepegosue. MiHiManbHUM  CEPeaHBOrPYNOBUM  3HAYEHHSM
(16,1 WT.) KiNbKOCTI KONOCKIB Y FONOBHOMY KONOCi, B CEPEAHLOMY
3a /iBa POKM, XapaKTepu3yBanucb paHHLOCTUINI i CepefHLOCTU-
rni copTh. CepeaHii nokasHuK cepeaHbOpaHHiX i cepeaHbonisHix
reHoTuniB craHoemB 17,0 i 16,4 wr. BignosigHo (Tabn. 1, 2, 3, 4).

KinbkicTb konockiB y ronosHomy konoci 6GinbwocTi Fi
(16,4-21,0 wt.) nepesuLLyBana BUXigHi (OPMM, Npu LLOMY BY-
COKi 3HaueHHst (21,0-19,2 wt.) BigmiveHi B YopHsBsa/CtonuuHa,
B.L. H/k.MopHsiBa, YopHaea/Bigpaga i Konbyyra/CtonuyHa. do-
PMyBaHHA B riOpULB BULMX MOKA3HWKIB, HiX y 6aTbKiBCbKMX
¢hopM, CBiAUNTL NPO reTepo3ncHMiA epekT. 3a rinoTeTUYHUM re-
TEPO3NUCOM (MepeBULLEeHHs noka3Huka F1, 3a KiNbKiCTIO KOMOCKIB
Y KONOCi, Hag, cepenHiM 3Ha4eHHsM BaTbkiBCbkux dopm, %), Ta
iCTUHHUM reTepo3nCOM (BiBHOLLEHHS 03HaKM F1 g0 BaTbKiBCbKOT
thopmm 3 Binblumm nposiBoM, %) OTPUMaHi Hamw ribpuan mamm
3HayHy audepeHujadito (Tabn. 1, 2).
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'eTepoaunc i cTyniHb (heHOTUNOBOO AOMIHYBaHHS 3a KIMbKICTIO KOMOCKIB 3 FONIOBHOTO konocy B Fi,
CTBOPEHMX 3a ribpuamnaaLlii paHHbOCTUIMIMX COPTIB MAaTEPUHCBLKOH d

bopmoto (2018 p.)

Tabnuusa 1

KinbKicTb KOnockis, LUT.

eTeposuc, %

KombiHauii cxpeLuyBaHHs S g 3 it Hot Crynitb hp
Q paHHbocTMri/d paHHbOCTMIA
MwupoHiBcbka paHHs/b.Ll. H/K. 16,6 15,8 16,9 43 18 1,8
MwupoHiBcbka paHHs/Konbyyra 16,6 15,7 171 5,6 3,0 2,1
b.L. v/k./Konbyyra 15,8 15,7 16,6 5,1 51 17,0
Q paHHbocTurni/3' cepefHbOPaHHI
MwpoHiBcbka paHHs/3onoTokonoca 16,6 16,3 18,1 9,7 9,0 11,0
MwupoHiBcbka paHHs/MopHsiBa 16,6 17,7 17,0 -1,2 -4,0 -0,3
B.Ll. H/k./3onoTokonoca 15,8 16,3 17,0 3,6 43 3,8
B.L.. H/k./MopHsiBa 15,8 17,7 19,5 16,1 10,2 2,9
Konbuyra/MopHsiBa 15,7 17,7 15,5 7,2 -12,4 1,2
Q panHbocTurni/d cepegHboCTUINI
MupoHiBCbKa paHHs/AHTOHIBKa 16,6 16,1 17,0 3,7 2,4 2,6
MwpoHiBcbka paHHS/€aHICTb 16,6 16,3 18,0 91 84 10,3
B.Ll. H/k./AHTOHIBKA 15,8 16,1 17,6 10,0 9,3 11,0
b.L. H/k./€gHicTb 15,8 16,3 17,3 75 6,1 5,0
b.L. H/k./Bigpana 15,8 16,0 16,6 44 38 7,0
Konbyyra/AHToHiBKa 15,7 16,1 16,9 6,3 5,0 5,0
Konbuyra/€aHictb 15,7 16,3 16,4 2,5 0,6 1,3
Konbuyra/Bigpaaa 15,7 16,0 15,2 -4.4 -5,0 4,3
Konbuyra/CtonunyHa 15,7 16,3 19,2 20,0 17,8 10,7
Q paHHbocTUrni/ cepeaHbONI3HI
MwponiBcbka paHHs/Baana 16,6 17,2 18,1 7,1 5,2 4,0
MwupoHiscbka parHs/[obipHa 16,6 15,7 16,9 43 18 1,7
B.L. H/k. / [obipHa 15,8 15,7 16,6 5,1 5,1 17,0
Tabnuusa 2

['eTepo3nc i CTyniHb (PEHOTMNOBOTO AOMIHYBaHHS B F1 3a KibKiCTHO KONOCKiB 3 ronosHoro konocy(2018 p.)

KoMGikaLji cXpelLyBaHHS KinbKicTb KONOCKIB, LUT. l'eteposnc, % Crynis h

Q | 3 [ Fi Ht Hbt b
Q cepegHbopaHHi/Z cepeaHbOpaHHI

3onoTokonoca/MopHsiea 16,3 17,7 17,8 4.1 0,6 1.1

3onotokonoca/llleapa HuBa 16,3 17,0 17,2 3,0 1,2 1,6

YopHsiea/llleapa HuBa 17,7 17,0 18,6 6,9 5,1 3,6
Q cepeAHbOpaHHi/d cepeaHbOCTUNI

3onoTokonoca/AHTOHIBKa 16,3 16,1 16,4 1,2 0,6 2,0

3onoTokonoca/€aHicTb 16,3 16,3 17,5 74 74 123,0

3onotokonoca/Bigpaga 16,3 16,0 18,6 14,8 14,1 16,3

3onotokonoca/CtonuyHa 16,3 16,3 17,2 55 55 93,0

YopHsiBa/AHTOHIBKa 17,7 16,1 18,7 10,7 5,6 2,3

YopHsiBa/€gHiCTb 17,7 16,3 17,9 53 1,1 1,3

YopHsiBa/Bigpaaa 17,7 16,0 19,5 15,4 10,2 3,1

YopHsia/CTonmyHa 17,7 16,3 21,0 23,5 18,6 51

LLleapa HuBa/AHTOHIBKA 17,0 16,1 18,4 11,5 8,2 14

LLleapa HuBa/Bigpaga 17,0 16,0 18,5 12,1 8,8 4,0
Q cepefHbOpaHHi/J cepefHbLOMI3Hi

llenpa Huea/dobipHa 17,0 | 15,7 | 18,4 | 122 8.2 3.2
Q cepegHbopaHHi/d cepefHbONI3Hi

AHTOHIBKa/€HICTb 16,1 16,3 17,2 6,2 55 10,0

AxToHiBKa/Bigpaga 16,1 16,0 18,1 12,4 12,4 41,0

AHTOHiBKa/CTONMYHA 16,1 16,3 18,1 11,7 11,0 19,0

MwupoHiscbka 61/€aHicTb 16,2 16,3 18,3 13,0 12,3 41,0

€nHicTb/Bigpaga 16,3 16,0 18,2 12,3 11,7 13,7
Q cepefHbOCTUMNI/S cepeAHbLONI3HI

€nnictb/JobipHa 16,3 15,7 18,0 | 12,5 10,4 6,7
Q cepeAHbLONI3HI/S cepeAHLOCTUI

Bpana/Cronudxa 17,2 16,3 | 17,6 | 48 23 2,0
Q cepeaHbONIi3Hi | & cepeaHbONI3HI

[OobipHa / MueHa 15,7 16,6 | 18,5 | 142 11,4 52
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3a 3HauHOT reHeTUYHOI AnBepreHLi 6aTbKiBCHKUX KOMMO-
HEHTIB ribpuan3auii, Moxnuee BUHWKHEHHS B F1 edoekTy retepo-
31CY 3a NPOAYKTUBHICTIO, XKMTTE3AATHICTIO, NPUCTOCOBAHICTIO [0
BioTUYHMX | aBiOTUYHMX (haKTOPIB HABKOMMLLUHBLOTO CEpeaoBMLLaA.
JocnigpxeHHsIMW BCTaHOBNEHO, L0 Y GinbliocTi F1, 3anexHo Big
KOMMOHEHTIB ribpuamnaaLii, rinoTeTMYHWUA reTepo3nc CTaHOBUB
1,2-23,5 %, a icTuHHWIA — 0,6-18,6 %.

Haibinbll nowwupeHum TunoMm ycnagkyauHs (y 39 3
42 ribpmais), KiNbKOCTi KOMOCKIB 3 rONOBHOrO KOnocy, byno nosu-
TUBHE HagnomiHyBaHHs (hp=1,1-123,0). BctaHoBneHo, Wwo Ha

MOKa3HUK CTYNeHio (heHOTMNOBOrO AOMiHYBaHHS B F1 3HAuYHO
BNAMBany nigibpani 4o cxpeLlysaHHs 6aTbKiBCbki hopMu.

3a cepenHbOl0 KinbkocTi KkorockiB y konoci (17,4—
21,5 wr.) 6inbLicTb nonynsuii F2 nepesuLLyBany BUXigHi komno-
HeHTM ribpuansadii. Mpw LboMy, GiNbLUICTb 3 HAX 32 MaKCUMarb-
HIM NPOSIBOM pekoMbiHaHTiB (20—24 LT, KONOCKiB) 3HA4HO Nepe-
BULLYBanM 6aTbKiBCbKi (OpMMU, LLLO CBIAYMTBL NP0 3HaUYHe HOPMO-
TBOPEHHS! i MOXMNMBICTb NMPOBEEHHS A0O0PIB 3a AOCTILKYBAHOK
o3Hakoto (tabn. 3, 4).

Tabnuusa 3
CTyniHb i YacTOTa NO3UTUBHUX TPAHCTPECIi 3a KiNbKICTHO KOMOCKIB 3 rONIOBHOTO Koroca B Fa,
3a BMKOPUCTaHHsI MaTEPUHCHKOI0 (DOPMOI0 paHHbOCTUMMX copTiB (2019 p.)
KinbkicTb konockis, LUT. TpaHcrpecis
Monynswii MaKCcManbHWUiA NposiB
il ? F2 6aTbKiBCbKMX (hopM pl Fa To % T
Q paHHbocTurni/d paHHbOCTMIA
MwupoHiBcbka paHHs/b.Ll. H/k. 16,6 15,7 19,5 19 22 15,8 63,3
MwupoHiBcbka paHHs/Konbyyra 16,6 16,0 19,7 19 22 15,8 66,7
B.L.. v/k./Konbyyra 15,7 16,0 18,0 18 21 16,7 33,3
Q paHHbocTurni/3' cepefHbOPaHHI
MwponiBcbka paHHs/3onoTokonoca 16,6 16,4 19,0 19 21 10,5 33,3
MwupoHiBcbka paHHs/MopHsiBa 16,6 18,0 19,2 22 22 - -
b.L. H/k./3onoTokonoca 15,7 16,4 18,6 19 21 10,5 16,7
B.L.. H/k./MopHsiBa 15,7 18,0 18,8 22 22 - -
Konbuyra/MopHsiBa 16,0 18,0 17,9 22 20 -
Q panHbocTurni/d cepegHbocTUrNI
MupoHiBcbKa paHHs/AHTOHIBKa 16,6 16,0 19,2 19 22 15,8 46,7
MupoHiBcbKka paHHs/€aHiCTb 16,6 16,0 18,3 19 22 15,8 26,7
B.Ll. H/k./AHTOHIBKA 15,7 15,9 18,9 18 21 16,7 63,3
B.L|. H/k./€gHicTb 15,7 16,0 18,8 18 21 16,7 48,3
b.L. H/k./Bigpapa 15,7 16,1 18,9 18 21 16,7 60,0
Konbyyra/AHToHiBKa 16,0 15,9 18,8 18 21 16,7 43,3
Konbyyra/€paHicTb 16,0 16,0 20,1 18 22 22,2 93,3
Konbyyra/Bigpaga 16,0 16,1 18,6 18 22 22,2 33,3
Konbyyra/CtonuyHa 16,0 15,9 20,4 21 24 14,3 16,7
Q paHHbocTUrNI/ S cepeaHbONI3HI
MwupoHiBcbka paHHs/Boana 16,6 17,9 18,7 21 21 - -
MwponiBcbka paHHs/[JobipHa 16,6 15,8 19,4 19 22 15,8 64,3
B.L. H/k./[oGipHa 15,7 15,8 18,4 18 20 111 40,0
Bucoki nokasHmMKK KinbKOCTi KOMOCKIB Y rofIoBHOMY kornoci | Huea i [JobipHa.
(21,5-20,1 wr.) chopmysanu GinbLLiCTb NONYNALIRA, B AKNX MaTe-
puHCbkMMK popmamm Bynn copti Konbuyra, YopHsiea, LLeapa
Tabnuus 4

CryniHb i YacToTa NO3UTUBHWX TPAHCTPECIN F2, 3a KiNbKICTIO KONOCKIB 3 ronosHoro konocy (2019 p.)

KinbkicTb konockis, LUT. TpaHcrpecis
Monynswi MaKCUManbHWUiA NposiB
o ? d Fo BaTbkis p[ Fa Ta % T %
Q cepegHbopaHHi/Z cepeaHbOpaHHI
3onotokonoca/MopHsiBa 16,4 18,0 19,0 22 22 - -
3onotokonoca/llleapa HuBa 16,4 16,7 19,3 19 22 15,8 56,7
YopHsiBa/llleapa HuBa 18,0 16,7 20,7 22 24 9,1 6,7
Q cepeAHbOpaHHi/d cepeaHbOCTUA
3onoTokonoca/AHTOHIBKa 16,4 15,9 17,4 19 20 52 3,3
3onoTtokonoca/€aHicTb 16,4 16,0 18,3 19 21 10,5 13,3
3onoTtokonoca/Bigpaaa 16,4 16,1 19,9 19 22 15,8 76,7
3onotokonoca/CtonuyHa 16,4 15,9 19,9 21 22 4.8 26,7
YopHsiBa/AHTOHIBKa 18,0 15,9 211 22 24 9,1 3,3
YopHsiBa/€gHiCTb 18,0 16,0 19,4 22 24 9,1 34
YopHsiBa/Bigpaga 18,0 16,1 20,9 22 24 9,1 3,3
YopHsiBa/CTonmyHa 18,0 15,9 20,9 22 24 9,1 6,7
LLleapa HuBa/AHTOHIBKA 16,7 15,9 18,6 18 20 11,1 33,3
LLleapa HuBa/Bigpaga 16,7 16,1 215 18 24 33,3 96,7
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KinbKicTb KOMOCKiB, LUT. TpaHcrpecis
Monynswuii MaKCUManbHuiA NposiB
il ? d F2 BaTbkis i Fa To % Tu%
Q cepefHbOpaHHi/J cepeAHbLOMNI3Hi
lWleapa Huea/o6ipHa | 167 | 158 | 181 | 18 [ 20 [ 111 [ 100
Q cepefHbOpaHHi/J cepeAHbLONi3Hi
AHTOHIBKa/€HICTb 15,9 16,0 18,2 18 20 11,1 10,0
AxToHiBKa/Bigpaga 15,9 16,1 18,6 18 22 22,2 30,0
AnToHiBKa/CTONMYHA 15,9 15,9 19,7 21 24 14,3 13,3
MwpoHiscbka 61/€aHicTb 15,8 16,0 18,1 19 20 52 33
€aHicTb/Bigpana 16,0 16,1 19,7 18 22 22,2 76,7
Q cepegHbocTurni/d cepegHbONisHi
€anicts/JobipHa | 160 | 158 | 183 | 18 [ 20 [ 11 | 167
Q cepeAHbLONI3HI/S cepeAHLOCTUIA
Bnana/CronuyHa | 179 | 159 | 187 | 21 [ 20 | - | -
Q cepefHbONI3HI/J cepeAHbLONI3Hi
NoGipHa/Muexa | 158 | 162 | 201 | 18,0 | 20 | 222 | 800

JocnimkeHHsMn BCTaHOBNEHO, LWo Y 36 3 42 nonynsuii
F2, 3@ KINbKICTIO KOMOCKIB Yy FONOBHOMY KONOCI, BUSHAYEHUA NO3K-
TUBHWA CTyniHb TpaHcrpecii (4,8—33,3 %), Ha MoKa3HWKKM AKOro
3HaYHO BNAMBany nigibpaxi napu ribpuaunsadii. Yactota pekom-
GiHaHTiB, 3anexHo Bif koMOiHaLil cxpellyBaHHs, carana 3,3—
96,7 %. 3a BIUCOKOTO NPOSIBY KiMbKOCTi KOMOCKIB Y KOMOCi HanBy-
LA CTYMIHb | YaCTOTY TPAHCTPECi BCTAHOBNEHO B NONYNALil:
Wenpa Huea/Bigpaga (Tc= 33,3 %; Tu= 96,7 %); Konbuyra/€a-
HicTb (Te=22,2 %; Tu=93,3 %); OobipHa/lueHa (Tc=22,2 %;
Tu=80,0 %) i €gnicte/Bigpaga (Te= 22,2 %; Tu= 76,7 %).

O6roBopeHHs. POpMyBaHHS ETEMEHTIB CTPYKTYpW BpO-
aWHOCTI | xapaKTep iX ycnagkyBaHHS y paHHiX NOKOMIHHSX € Ba-
XMMBUM HaNpsiMOM JOCRIMKEHb, OCKIMbKM MOM0 BUPILIEHHS Jae
MOXMUBICTb NPOrHO3yBaTW CENeKLilHy LiHHICTb gobopis. Hamu
BCTAHOBIIEHO, LLO KiNbKICTb KOMOCKIB Y FONIOBHOMY KOMOCI MLue-
HWLi M'SIKOT 031MOT BaTbKIBCHKIX (hOpM € reHeTYHO 06yMOBIe-
HOH 03HAKOH | POPMYETLCS Mif BMIIMBOM FEHOTUMY, YMOB POKY i
B3aEMOZji «rEHOTMM-YMOBW POKY». AHAnOriuHi AaHi OTPUMAHO
(Shelepov et al., 2007; Khodanitskyi & Khodanitska, 2017). Bcra-
HoBneHo (Lozinskyi, 2018), wo Haibinbwmit Binme (55,05 %) Ha
(hOpMyBaHHS KifbKOCTi KOMOCKIB Y rONIOBHOMY KOMOCi MaB reHo-
TN, NPU LIbOMY YMOBM POKY BNnuBanu Ha pisHi 33,81 %, a B3ae-
MOZist «FeHOTUM-yMOBM POKy» nnwe Ha 10,47 %.

HocnipxeHHs (Lytus & Starychenko, 2018) csiguatb npo
3HauHy BapiabenbHICTb KiNbKOCTi KOMOCKIB y KOMNOCI MLIEHWL;
M'SIKOT 031MMOI, @ OTpUMaHi Hamu nonepedHi AaHi (Lozinskyi &
Varnava, 2010) Bka3ytoTb Ha He3Ha4YHy MIHIMBICTb O3HAKK 3 Koe-
iuieHTom Bapiauii Ha pisHi 4,1-9,7 %.

MpoBeaeHi JOCTIMKEHHS 3 MWEHULED M'SKOK MigTBEp-
[KYIOTb BUHWKHEHHS reTepoancy 3a baratbma o3Hakamm (Singh
et al., 2004). BaHayeHi Hamm NOKa3HUKK iCTUHHOTO i TiNOTETNY-
HOrO reTeposncy, 3a KinNbKIiCTIO KOMOCKIB Y rONIOBHOMY KOMOCi,
cnisnagaoThb 3 gocnimkeHHsamMu (Bakumenko, 2015).

BMBYEHHS CTYNEH0 (heHOTUMOBOTO [OMiHyBaHHA NS
OUiHKA F1 BMKOPUCTOBYETLCS HAyKOBLAMMW y BaraTboX KynbTyp
(Lozinskyi & Varnava, 2010; Lozinska, 2010; Vasylkivskyi & Ivko,
2013; Sylenko & Sylenko, 2013; Lamary & Fait, 2014; Ryperberh,
2014; Kosev, 2014; Bakumenko, 2015; Zaika, 2015; Akimenko et
al., 2016; Yakymchuk, 2018; Hudzenko, 2018; Dubovyk et al.,
2019; Lozinskyi & Ustynova, 2020).

HainoLumpeHiLmMm TUNoMm ycnagkyBaHHs KinbKocTi Komno-
CKiB 3 FONYIOBHOTO KOMOCY B F1 HaMu BUSIBNIEHO NO3WNTUBHE Haado-
MiHyBaHHsl. Lli pesynbtat € aHamnoriyHuMn 3 nonepeaHiMm Ha-
wumn gocnimkyeanHamu M. B. JlosuHebkoro Ta H. C. BapHaga

BicHuk CyMmcbKoro HaulioHanbHOro arpapHoOro yHiBepcurteTy

(Lozinskyi & Varnava, 2010) i faHumu, OTpUMaHUMK B yMOBaX
pocnigHoro nonst CyMCbKOro HawjioHanbHOro arpapHoro yHisep-
cutety O. M. BakymeHko (Bakumenko, 2015).

Hocnipxenns A. K. Hiniesoi (Niniieva, 2012) csigyats,
L0 YCraaKyBaHHS KilbKOCTi KOMOCKIB rofoBHOro komocy Fi, wo
OTPUMaHI Bif CXPELLYBaHHS MLEHWULi CNenbTh Apoi i NWeHWL
M'sIKOi ipoi, BinbyBanoch 3a Big' €MHUM HaAOOMIHYBaHHSM i pi-
AlLe 32 HEMOBHWUM OMIHYBaHHSIM OfHIET 3 6aTbKIBCbKIX ChOpM.

B pesynbTarti aHanisy nonynswii nweHLi M'saKoi 03uMoi
F2 Hamu BMZineHO POCNWHK, SIKi 3a KiNbKICTIO KOMOCKIB Y rofoB-
HOMY KOMOCi NepeBuLLyBanu BuXigHi dopmu. AHanoriyni gocni-
pxeHHs oTpumani AK. Hivieoto (Niniieva, 2012). Y nonepegHix
pocnimkeHHsx M. B. Jlosuncbkoro Ta H. C. BapHaBa nokasaHo
3HAYHWIA BNMWUB MATEPUHCLKOT LMUTONIa3MuU Ha hOpMyBaHHS Ki-
MNbKOCTi KONMOCKIB 3 FONOBHOTO konocy B nonynsuisx F2 (Lozinskyi
& Varnava, 2010).

BucHoBku. 3a pesynbTatami JOCTIGKEHHS BCTAHOBEHO,
LIO KinbKICTb KOMOCKIB Y FONOBHOMY KOMOCI, Y Pi3HWX 3a TpuBani-
CTH0 BETeTaTUBHOTO Nepiogy COPTIB MIUEHUL M’'SKOi 03UMOI, € re-
HOTWMOBO 0BYMOBMEHUM MOKA3HMKOM, HA SKWA 3HAYHO BMNMBa-
t0Tb FEHOTUM, YMOBM POKY | B3AEMOAIS «T€HOTUN-CEPESOBULLEY.

3a ribpuan3adji pisHUX 3a CKOPOCTUIMICTIO HATLKIBCHKMX
(hopM MLUEHNL M’SKOT 03UMOT yenazKyBaHHS KiflbKOCTi KOMOCKIB 3
ronoBHoro komnocy y binblocTi F1 BiaByBanoch 3a NO3UTUBHUM
HapaoMiHyBaHHAM. [Mpu LiboMy 6aTbKIBCbKi KOMMOHEHTM CXPELLY-
BaHHS 3HAYHO BMMMBanM Ha NOKa3HWK CTYNeHo HEHOTUMOBOMO
[OMiHYBaHHS.

3a KiNbKiCTI0 KOMOCKiB Y FONOBHOMY Kofoci Y 6inbLuocti F
BU3HAYEHWIA NO3UTVBHMIA TIMOTETUYHWIA Ta ICTUHHWI reTepo3uC, a iX
MOKa3HMKM 3HAYHOH MIpOH0 3anexanu Bif KOMMOHEHTIB ribpuavaaLii.
Bucokui rinoTeTUYHWIA Ta ICTUHHWIA reTEpPO3NC BUSBNEHO Y ribpu-
gie: YopHsiea/CronnuHa (Ht=23,5 %, Hbt=18,6 %); Konb-
uyra/Cronnuna (Ht = 20,0 %, Hbt= 17,8 %); B.Ll. H/k./MopHsBa
(Ht=16,1 %, Hbt = 10,2 %); 3onotokonoca/Bigpaaa
(Ht=14,8 %, Hbt=14,1%); YopHnsasa/Bigpaga (Ht=154 %,
Hbt = 10,2 %) i JobipHa/lueHa (Ht = 14,2 %, Hbt = 11,4 %).

Mo3auTBHWUI CTYNiHb TpaHcrpecii (4,8-33,3 %), 3a Kinbki-
CTHO KONTOCKIB Y rONIOBHOMY KOIOCi, BU3HaveHuin y 36 3 42 nony-
nAauin F2, 3 yactotolo pekombiHaHTiB, 3anexHo Big nigbopy batb-
kiBcbkux nap, Big 3,3 % (MupoHiscbka 61/€aHicTb) go 96,7 %
(Wepnpa HuBa/Bigpapa). 3anyyeHHs go ribpuansalii 6aTbkisch-
KX (hOpM MLUEHUL M'SKOT 03UMOI Pi3HUX rpyn CTUFNOCTI po3LLK-
ptoe (hOPMOTBOPEHHS B NONyNALisX F2 i cnpusie npoBeseHHIo A0-
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6opis, L0 NOEAHYKOTb BUCOKI MOKA3HWKM KiNbKOCTI KOMOCKIB Y ro- | METOK CTBOPEHHS! HOBOTO BUXIZHOMO MaTtepiany 3 BUCOKUM piB-
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HOCTi. Nicocteny Ykpainu.
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WHEAT VARIETIES FROM HYBRIDIZATION OF DIFFERENT VEGETETION DURATION: INHERITANCE AND
FORMATION BY THE NUMBER OF EARS

In 2017-2019, 42 F1 and F2 populations of bread winter wheat obtained from hybridization of varieties that differ in vegetation
period were studied in the experimental field of the research and production center of Bila Tserkva National Agrarian University. The
aim of the study was to determine the heterosis and the degree of phenotypic dominance in F1 and transgressive variability in F2 by
the number of spikelets in the main ear, when using in hybridization of different bread winter wheat varieties.

It was found that during the years of research, in the parental forms the number of spikelets in the main ear was 15.7—18.0,
and their formation was significantly influenced by genotype, year conditions and their interaction. The majority of F1 by the number of
spikelets in the ear exceeded the original forms, with high rates (21.0—19.2) in Chorniava / Stolychna, Bilotserkivska napivkarlykova /
Chorniava, Chorniava / Vidrada, Kolchuga / Stolychna. In 39 from the 42 hybrids, the inheritance of the spikelets number from the
main ear occurred by positive dominance. High hypothetical (Ht = 23.5—15.4 %) and true (Hbt = 18.6—10.2 %) heterosis was found in
F1 Chorniava / Stolychna, Kolchuga / Stolychna, Bilotserkivska napivkarlykova / Chorniava, Chorniava / Vidrada, Zolotokolosa / Vid-
rada.

In 85.7 % of F2 populations, a positive degree of transgressions with the maximum manifestation of the spikelets number in
the main ear (20—24) was determined in recombinants, which indicates a significant shaping process and the possibility of selection
on the basis of the studied trait. The maximum number of spikelets in the main ear (22—24) was formed by the majority of populations
in which the varieties Myronivska Rannia, Kolchuga, Zolotokolosa, Chorniava and Antonivka were used as maternal forms. The fre-
quency of transgressive recombinants in these populations was 3.3—96.7 %.

Key words: bread winter wheat, early maturity of varieties, combinations of crossing, inheritance, hybrids, true and hypothet-
ical heterosis, degree of phenotypic dominance, population F, degree and frequency of positive transgressions.
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YK 581.524.1

CTAH POCNWH TA NONYNALIA TRIENTALIS EUROPAEALL.
Y NICOBUX ®ITOLEHO3AX NIBOBEPEXHOI YKPAIHU

LepcTiok MapuHa HOpiiBHa

KaHauaart BionoriyHmnx Hayk, CTapLUmMii BUKnagay

CyMcbkuii HaLlioHanbHWit arpapHui yHiBepeuTeT, M. Cymu, YkpaiHa
ORCID: 0000-0002-4983-6453

maryna_skliar@ukr.net

Ha ocHosi sukopucmaHHs MOpghoMempuUYHO20 Ma 8imasimemHo20 aHanizig 30iliCHEHO OUIHKY cmaHy pocauH ma nonynayd
Trientalis europaea L. y 10 ¢himoyeHo3ax wnunbkosux, MiaHux, OpibHOIUCMSAHUX ma WUPOKOAUCMAHUX flicie, munogux 0151 f1igo-
bepexHoi yacmuHu Ykpainu. [Mpu MopghomempuyHOMY aHaniai paxosyearnocs civ cmamuyHux ma 0ea anomMempu4yHUX NOKasHUKa.
BimanimemHuli aHaniz nposedeHo 3a Memodukoto FO.A. 3nobiHa 3 0NOPOK Ha 8enUYUHU 8LUCOMU POCIUH, 3a2anbHoi himomacu ma
nnowi nucmkosoi nogepxHi. [okasaHo, Wo POCHUHU i3 Pi3HUX NICOPOCAUHHUX yMO8 cmamucmu4HO A0CMOBIPHO 8IOPI3HSIOMBCS MiX
c006010 3a 3Ha4YeHHSIMU yCix 00CidKysaHUX Mopghonapamempig i y KOXHOMY GhimoueHo3i 8idbysaembcsi hopMysaHHs pamemig T. eu-
ropaea xapakmepHo20 po3mipy ma Mopghocmpykmypu, Wo Hao4Ho dosedeHo Ha 0cHosi hobydosu mopghoepam. Tobmo npucmocy-
8aHHS1 POCIUH Ub020 8udy 00 yMO8 Micye3pocmaHb 8idbysacmbCsa npu WuUpoKili peaniauii mopghoadanmauidl, sKi cynpo8odXyrmbCs
nposiBOM SIK MOPEHOI02I4HOI MiHIUBOCMI, maK | MOpPEhOI02iYHOI nmacmu4HoCMi.

Hacnidkom ma nposisom adanmauii pamemig T. europea 0o yMos Micle3pocmans € i dughepeHuiauis POCIIUH 3a pisBHeM Xum-
megocmi (8imanimemy), ma, y nidcymky, chopMy8aHHs nonynsauiti pisHUX sKicHUX munig. Y nicosux gimoueHo3ax Jlisobepexxs Yk-
paiHu penpe3eHmosaHo nonynsuii ycix mpbox gimanimemHux kame2opiti: 0enpecusHUX, 8PIBHOBAXEHUX Ma NPOUGIMarOYUX.

Ceped docnidxysaHux yepynogaHb Yacmka denpecusHux nonynsayit cmaHosums nuwe 10 %. Tobmo pe3ynbmamu gimari-
memHo20 aHani3y 3aceidyyoms WUPOKy npedcmasneHicms y nicogux ghimouyeHosax figobepexHoi yacmuHu YkpaiHu nonynsayid
T. europea i3 8UCOKUM pigHeM xummegocmi. [pougimartodi nonynsiuii gpopMyromecs nid HaMemom Wnubkosux, ApibHONUCMSHUX
ma WUPOKOMUCMSHUX J1icie. SHUXEHHS XUmmesocmi ma po3mipy pocruH 30ebinbuioeo 8idbysacmbCst Ha mili 3p0CMaHHsI 3a2arbHoil
3iMKHYmMOCMi 8EPXHIX SpYcig flicy, 36inbWEeHHs WilbHOCMi ma NPOeKMUBHO20 NoKpumms gudig, Wo (hopMyroms mpas 'aHO-4yazapHu-

4KOBUL SPYC, @ MAKOX Ha NEePE3BOSIOKEHUX PYHMaX.

Knroyoei cnosa: mopchomempuyHull aHani3, eimanimemHul aHasis, MOphosioaiyHa MiHIUGICMb ma niacmu4Hicmes, MOPEO-

2pamu, simasnimemsa cmpykmypa.

DOI: https://doi.org/10.32782/agrobio.2020.4.3

BceTyn. JlicoBi ekocucTeMm nocigarTs NPOBiAHE Micue sk
3a 3aMHATOI0 NIOLLEHD, TaK i 3@ PONNI0 Ta 3HaYyLWicTHo y biocdepi
(Da Ponte et al., 2017; Hegetschweiler et al., 2020; Karsenty,
2017; Skliar, 2014; Purwestri et al., 2020; Skliar et al., 2020). Big-
MOBIAHO, BUBYEHHS O3HaK | BNAacTUBOCTEN NiciB 3aranom, Ta Bu-
AiB, ski 6epyTb yyacTb y HOPMyBaHHI LbOro TUMY eKOCUCTEM, €
Ba)XIMBO CKIA0BOI0 CYYaCHMX HayKOBMX LOCHIMKEHb.

[lo uucna nicoBux BUAIB Hanexutb i Trientalis euro-
paea L. — KNoHOBa pocnuHa, nowupeHa y GopeansHux gitoLe-
HO3ax MiBHIYHOI niBKynMi. Lle AaBHi (DonbogoBukoBuin) BUL i3
He3'COBaHWUM LIEHTPOM MOXOMKeHHs. T. europaea Mae 3HauHe
MOLUMPEHHS Y WINMABKOBUX Ta Milannx nicax. Moro nonynauji
BXOAATb [0 CKNafly €KOTOHHMX YrpyrnoBaHb ransiBUH Ta Y3micb
(Hryzlova & Vakhrameeva, 1990; Piqueras, 1999; Piqueras et al.,
1999; Taylor et al., 2002). Pog Trientalis Tpuanuit Yac BXoauB
[0 popuHu Primulaceae, ane y 2000 poui 6otaHiku M. Kanepcbe,
I". BeprksicT Ta A. A. AHzepbepr Ha ocHosi aHanisy [JHK neper-
NAHYIN 0T0 TAaKCOHOMIYHY HANEXHICTb Ta BKITKOYMMN MOrO 40 po-
ankn Myrsinaceae (Kallersjo et al., 2000).

T. europaea — Me30rirpoddiT, SKUA YHUKAE SK [yXe CUpUX,
TaK i cyxux rpyHTi. Ocobnneo YyTnMBI 40 PiBHS BOMOTOCTI CXOAM,
SKi LIBMAKO MMHYTb NpK NigcuxaHHi nigctunku. Lia pocnuHa 3poc-
Tae Ha nig3onucTux (Big CunbHO Ao crmabonig3onucTux), aep-
HOBO-MIA30NUCTUX Ta TOpg'siHO-rNeeBux fpyHTax 3 pH 4,9-5.6,
Pi3HOTO MexaHiYHoro cknagy. Mpu Lbomy y puxnomy cybetpari
piCT CTONOHIB € LWBMALIUM, HIX Y WinbHoMY (Hryzlova & Vakhram-
eeva, 1990; Polianskaia, 2010).

BicHuk CyMmcbKoro HaulioHanbHOro arpapHoro yHiBepcurteTty

T. europaea € BUOOM, OXOMNEHUM pi3HOMMaHoBUMU Bio-
NOMYHUMK JocnigxeHHamMU. 3okpema, 3HauyHa yeara npugins-
€TbCS BUBYEHHIO PO3MHOXeHHS (Tvorogova et al., 2017) Ta cTpy-
KTyp, siki noro 3abesnedvytotb (Hiirsalmi, 1969; Tikhodeyev &
Tikhodeyeva, 2002; Tikhodeyev et al., 2003; Kirchner et al.,
2009). leTanbHo aHani3yeTbCa ponb Ta Micue T. europaeay Tpo-
iunnx naHuorax (Ericson & Wennstrdm, 1997) ta y pisHoMaHiT-
Hux BioTnuHmux B3aemogiax (Wennstrdm & Ericson, 1990; Carlsson
et al., 1990; Ruotsalainen et al., 2004). BuB4a€eTbcs pearyBaHHs
Liboro Buay Ha 3minu knimaty (Patsias & Bruelheide, 2013). Mpu-
JinseTbcs yBara BMBYEHHHIO BiOXIMIYHMX BnAcTMBOCTEN LibOrO
Buay (Parry et al., 2000). T. europea oxonneHuit i nonynsuii-
HUMK gocnigkeHHamm (Polianskaia, 2010). OgHak, B ymoBax ni-
coBux ghiToLeHosiB Ykpaiu nonynsuii T. europea mMaixe He 4o-
CNiKYBanMCs i TOMy BUBYEHHS IXHBOMO CTaHy Ta 03HaK Y LbOMY
PErioHi HaNEeXWTb 0 YMCNA aKTyamnbHWUX HayKoBUX Npobriem, 3Ha-
YyLLiCTb SKMX NIACUNIOETLCS | AEKOPATUBHUMU BACTUBOCTAMM
[aHoro Buay Ta MOXIUBICTIO MO0 WIMPOKOMO 3aCTOCYBaHHSA Ans
CTBOPEHHS! (DiTOLLEHOKOMMO3WLii i3 BUAIB NPUPOAHOI dhnopu.

MeToto poboTy € BU3HAYEHHS MPOBIAHUX PO3MIPHO-BITa-
NITETHUX XapakTepUCTUK POCIMH Ta nonynauin T. europea y pis-
HWUX NicoBMX (DITOLLEHO3IB, TUMOBKX ANs NiBOGEPEXHOI YaCTUHM
Ykpainu.

Matepianu i meToan pocnigxeHb. BuByeHHsm byno
oxonrnero 10 ueHononynauin T. europea i3 pisHUX MiCOBUX yrpy-
noeaHb (Tabn. 1), xapakTepHWUx Ans AOCMiZKYBaHOTO PETIOHY.
3anns BUSIBNEHHS cKnagdy Ta CTPYKTYPU Y KOXHOMY i3 (piTOLEHO-
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3iB 3MiNCHIOBANMCA AeTarnbHi reoboTaHiyHi onucKn 3a 3aranbHo-
npuitHaTMK MeToamkamu (Heobotanika, 2018). Y koxHomy i3 ci-
TOLIEHO3iB 3@ BMNAAKOBO cUCTEMOO Bubupanock 35-50 pame-
TiB TEHEPATUBHOTO OHTOTEHETUYHOTO CTaHY, B SIKUX OLiHIOBANK

HW3KYy CTaTWYHMX METPUYHMX Ta anoOMETPUYHMX MOKA3HWKIB
(Tabn. 2, 3).

Tabnuua 1

[Mepenik nonynsLii Ta yrpynoBaHb, Y sKUX NPOBOAWIMCH JOCTIMKEHHS Ha TepeHax JliBobepexHoi Ykpainu

Ne YMOBHe No3Ha4eHHst LieHononynswji YrpynoBaHHs

1 m Betuletum (pendulae) stellariosum (holosteag)

2 n2 Betuletum (pendulae) caricosum (pilosae)

3 n3 Betuleto (pendulae)—Pinetum (sylvestris) vacciniosum (myrtilli)
4 M4 Populetum (tremulae) stellariosum (holosteae)

5 5 Acereto (platanoiditis)-Quercetum (roboris) coryloso (avellanae)-aegopodiosum (podagrariae)
6 Mne Pinetum (sylvestris) franguloso (alni)-vacciniosum (myrtilli)

7 n7 Pinetum (sylvestris) sphagnosum

8 ns Pinetum (sylvestris) coryloso (avellanae)—vacciniosum (myrtilli)
9 no Pinetum (sylvestris) moliniosum (caeruleae)

10 10 Pinetum (sylvestris) hylocomiosum

Tabnuus 2

lNepenik cTaTU4HNX METPUYHMX MopdonapameTpis,
siKi Bynu BUKOpPUCTaHI ANs nonynsuinHoro BUBYEHHS T. europea

Hassa mopdonapameTpa YMOBHI NO3HA4YEHHS OpuHuus BUMipy

diTomMaca Hafg3eMHOI YaCTUHU POCINH W r
BucoTa pocauH h cM

3aranbHa Maca nucTkiB WL r

Maca ogHoro nucTka wl r
3aranbHa nnolua NMCTKOBOI NOBEPXHi cm2
Mnowa ogHoro NnUcTKa a cMm2
KinbKicTb NMCTKIB NL LT.

Tabnuusa 3

MNepenik cTaTU4HNX anoMeTpUYHMX MopdonapameTpis,
sAKi Oynu BUKOPUCTaHi Ans NonynsuiiHoro BUBYeHHs T. europea

Hassa mopdonapameTpa

YMOBHi NO3HAYEHHS Ta PO3PaXyHKOBI

chopmynv MopcponapameTpis Opuruus BuMipy

DOTOCUHTETUYHE 3ycunna

LWR rir

CniBBIgHOLLEHHS MiX NNOLLEH0 IMCTKOBOI MOBEPXHi Ta MacoK pocivH

LAR cm2/r

OujiHKy XMTTEBOCTI (BiTaniTeTy) pocnuH Ta BiTANiTETHOI
CTPYKTYpW LieHononynsyin 3gicHeHo 3a metogukoto HO.A. 3no-
6iHa (Zlobyn et al., 2013) 3 onopoto Ha Tpu KNto4oBi Mopchonapa-
METPU: BUCOTa POCINH, IXHS 3aranbHa ditomaca Ta nnowa nuc-
TKOBOT NOBepXHi. Mpu LbOMy ByNo BCTaHOBINEHO HANEXHICTb 0CO-
BUH pPOCNWH [0 PisHUX KNaciB BiTaniTeTy (HalBuMLOro (a), npoMi-
XHoro (b), HU3BKOrO (C)), @ NONYNALN — [0 TPLOX SKICHAX TUNIB
(NpoLBiTaKounX, BPIBHOBAXEHMUX Ta AENPECUBHUX).

Pesynbtat. Pesynbtatv OLiHKM BENWYMH MPOBIAHUX
MopconapameTpiB Y POCnMH T. europea NPeACTaBMEHO Y
Tabn. 4. BcTaHOBNEHO, WO HaibinbwMMM CEepeaHiMI 3HaYeH-
HAIMU HW3K MOpdonapameTpiB (3aranbHoi iTomacu, Macv nuc-
TiB, MAOLLi NIMCTKOBOI MOBEPXHi, Mack Ta MO OAHOMO NNCTKA,
(DOTOCUHTETUYHOIO 3YCUNNS) BUPISHAKTLCA POCTWHY, LLO 3pOC-
TaloTb B yMOBaXx yrpynosaHHs Acereto (platanoiditis)-Quercetum
(roboris) coryloso (avellanag)-aegopodiosum (podagrariae).
HainbinbLui 3Ha4eHHs LWe ABOX MopdonapameTpis (BUCOTH, CriB-
BiAHOLLIEHHS MiXX NIOLLEH TMCTKOBOI MOBEPXHi Ta Macoko POCIMH)
BignoBigalTb pocnuHam 3 yrpynoBaHHs Betuleto (pendulae)-
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Pinetum (sylvestris) vacciniosum (myrtilli).

B posnogini 3a yrpynoBaHHAMWU HalMEHLUMX 3HAYeHb
MopconapameTpiB NPosiBUBCS BinbLUWIA CTYNiHb iHAMBIAYaNbHO-
cti. PameTn i3 yrpynosaHHs Pinetum (sylvestris) sphagnosum su-
SBUNUCA HAMEHLUMMU 3a 3aranbHo MIOLLEt NIMCTKOBOI NoBe-
PXHi, NIIOLLE OJHOMO NUCTKA, CMiBBIAHOLLEHHS MK NAOLLet -
CTKOBOI MOBEPXHi Ta Macol POCHWH, i3 yrpynosaHHs Betuleto
(pendulae) — Pinetum (sylvestris) vacciniosum (myrtilli) — 3a 3a-
rarnbHOK (hiTOMaco, Macok NIUCTKIB Ta MacoK OJHOr0 NUCTKa,
i3 yrpynosaHHs Betuletum (pendulae) stellariosum (holosteae) —
3a BUCOTOM, i3 yrpynoBaHHs Pinetum (sylvestris) franguloso
(alni)-vacciniosum (myrtilli) — 3a (OTOCUHTETUYHAM 3yCUANAM.
Yci 3apeecTpoBaHi BiGMIHHOCTI Y BenNWYMHax mopdonapameTpis
pameTiB T. europea i3 pisHUX MiCLLE3pOCTaHb € CTaTUCTUYHO OO-
CTOBIPHMMM, NPO O CBigYaTb 3HAYEHHS AOBIPYOro piBHS (p), AKi
He nepesuLyoTh 0,05. Y nigcymKy y KOXHOMY i3 yrpynoBaHb ¢o-
PMYIOTLCA POCAINHK T. europea i3 NeBHUMMW PO3MIPHAMMW BENWYK-
Hamm Ta 0cobnmMBOCTAMIU MOPOCTPYKTYPHU (puc. 1).

BicHuk CymcbKoOro HauioHanbHOro arpapHoro yHisepcutety
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BenuunHm nposigHux mopdonapameTpis pameTiB Trientalis europea y pisHUX LeHONONynALisX,
L0 3pOCTaloThb Y NicoBux diToLeHo3ax JliBobepexHoi YacTuHM YkpaiHu

Tabnuus 4

Llenononynsuji MopdonapameTpu Ta ix oarHULi BUMipy'
H, cm WL, r W, r A, cm? LAR, cm?/r LWR, rlr a, cm? wir

XJ_rS; XiS; XiS; XiS; XiS; XJ_rS; XiS; XJ_rS;
m 7,9+0,36 0,2+0,04 | 0,30+0,051 17,7+3,67 | 57,8+2,31 0,70+0,030 | 2,9+0,45 | 0,03+0,005
M2 12,0+0,43 0,3+0,04 | 0,32+0,045 | 34,0+4,80 | 739+1,98 | 0,68+0,018 | 45+0,47 | 0,04+0,004
n3 15,0+40,55 0,1+0,01 0,13+0,019 11,441,65 | 94,649,50 | 0,70+0,071 2,0+0,25 | 0,01+0,001
4 10,3+0,65 0,2+0,04 | 0,32+0,076 22,6+4,20 | 73,6+2,78 | 0,68+0,026 | 3,4+0,38 | 0,03+0,003
s 9,3+1,03 0,5+0,05 | 0,58+0,071 38,1+4,50 | 65,8+1,47 | 0,80+0,018 | 5,3+0,43 | 0,06+0,005
M6 14,440,711 0,2+0,02 | 0,29+0,032 23,1+2,86 | 79,8+1,67 | 0,59+0,012 | 3,240,37 | 0,02+0,002
n7 13,2+0,60 0,2+0,02 | 0,24+0,025 6,9+0,76 28,1+0,62 | 0,68+0,015 1,0+0,01 0,02+0,002
ns 12,5+0,86 0,1+0,02 | 0,21+0,032 11,0+1,72 | 53,2+2,06 | 0,61+0,023 1,6+0,19 | 0,02+0,023
n9 13,3+2,20 0,1+0,01 0,20+0,033 154+1,78 | 81,5+6,62 | 0,61+0,049 | 2,3+0,16 | 0,02+0,001
10 13,140,67 0,2+0,28 | 0,28+0,040 21143,04 | 74,7+1,81 0,70+0,017 | 2,8+0,29 | 0,03+0,002

[osipuuit piBeHb (p) 0,00000 0,00000 0,00000 0,00000 0,00000 0,03125 0,00000 0,00000

Mpumimka: ymogHi no3HayeHHs Mopghonapamempig 8idnosidarome mabnuysm 1 ma 2.
A ow’ W
_____________ 0,6
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Puc.1 . Mopdorpamm pameTis T. europea i3 YOTMPbOX yrpynoBaHb NiCOBOI POCIIMHHOCTI NIBOBEPEXHOT YaCTUHW YKpaiHM.

Pinetum (sylvestris) sphagnosum

3a 03Hakamu BiTaniTETHOI CTPYKTYPU OAHA LieHoMonyns-
uis (i3 yrpynoBanHsi Betuleto (pendulae)-Pinetum (sylvestris)
vacciniosum (myrtilli)) € nenpecusHolo, YoTUpK (i3 yrpynoBaHb
Populetum  (tremulae)  stellariosum  (holosteae), Pinetum
(sylvestris) sphagnosum, Pinetum (sylvestris) moliniosum
(caeruleae), Pinetum  (sylvestris) coryloso (avellanae)-
vacciniosum (myrtilli)) — BpiBHOBaXeHUMH, Ta M'aTb (i3 yrpyno-
BaHb Betuletum (pendulae) caricosum (pilosae), Betuletum

Betuleto (pendulae)-Pinetum (sylvestris) vacciniosum (myrtilli)
Betuletum (pendulae) stellariosum (holosteae)

Acereto (platanoiditis)-Quercetum (roboris) coryloso (avellanae)-aegopodiosum (podagrariae

(podagrariae), Pinetum (sylvestris) franguloso (alni)-vacciniosum
(myrtilli), Pinetum (sylvestris) hylocomiosum) — npouiTal4nmm
(Tabn. 5). lenpecuBHii LeHononynsLji BigNoBiatoTb 3HAYEHHS
iHoekcy skocTi Q Ha piBHi 0,15, BpiBHOBaxeHUM — y Mexax 0,20—
0,29, a npougitatounm 0,3824-0,5000 (puc. 2). Hamuwi 3Ha-
yeHHs Q NpuTamaHHi LeHononynsAuism i3 yrpynosaHb Betuletum
(pendulag)  caricosum  (pilosae) (Q=0,4091), Pinetum
(sylvestris) franguloso (alni)-vacciniosum (myrtilli (0,4500) Ta

(pendulae) stellariosum (holosteae), Acereto (platanoiditis)- | Acereto  (platanoiditis)-Quercetum  (roboris)  coryloso
Quercetum  (roboris) coryloso (avellanae)-aegopodiosum | (avellanae)-aegopodiosum (podagrariae) (Q = 0,5000).
BicHuk CyMmcbKoro HaulioHanbHOro arpapHoOro yHiBepcurteTy 19

Cepisa «ArpoHomis i Gionorisi», Bunyck 4 (42), 2020



Tabnuua 5

BitaniteTHa cTpykTypa LeHononynauin T. europea,
LLIO 3pOCTaloTh Y Pi3HUX NICOBMX (iTOLIEHO3aX NIBOBEPEXHOI YaCTMHM YKpaiHu

YacTka pocnvH pisHUX Knacis BiTaniTeTy —
U,GHOI'IOI'IyJ'IFILI,II a b c AxicHwi Tvn ueHononynawi
M 0,1333 0,7333 0,1334 npougiTaoya
M2 0,5455 0,2727 0,1818 npouBiTatoya
N3 0 0,3000 0,7000 JenpecusHa
M4 0,2000 0,2000 0,6000 BPIBHOBaX€eHa
N5 0,2222 0,7778 0 npougitatoya
116 0,5000 0,4000 0,1000 npougitatoya
n7 0,0833 0,5000 0,4167 BPIBHOBaX€eHa
8 0,1538 0,3077 0,5385 BpiBHOBaXeHa
M9 0,2500 0,2500 0,5000 BPIBHOBaX€eHa
10 0,3529 0,4118 0,2353 npouBiTaoya
0,6
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5 04t
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T
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™
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Puc. 2. 3HaueHHs iHaekcy sikocTi Q LeHononynauin T. europea y AOCRIGKYBaHUX (hiTOLEHO3axX
(Hymepauis nonynsuin Bignosigae Tabn. 1).

06roBopeHHs. Pe3ynbTaTi BUBYEHHS PO3MIPHUX BES-
unH pameTiB T. europea CBifYaTh, LU0 BAXMMBOK CKNALOBOI0
NPUCTOCYBaHHSI POCIMH LbOr0 BMAY [0 YMOB MiCLIE3POCTaHb €
peanisais MopdonoriyHux agantauii, ki CynpoBOLXYHOTHCA
NPOSIBOM K MOPEPONOriYHOT MIHMMBOCTI (3MiHW Y Mexax nomyns-
Ui abCOMOTHUX 3HAYEHb BENMYMH, LLO 3aCBiAYYHOTb MOKA3HWKM
noxubkn cepeaHix apuPMETMYHKX), a TakoX MOPCGONOriYHOT
MNACTUYHOCTI (3MiHM 3a NONyNALISMA CepeaHix 3Ha4eHb Mop-
tonapameTpis) (Tabn. 4). PesynbTatom Ta NposisoM Mopdoaaa-
nTauin € opMyBaHHs Y KOXHOMY (piToLeHosi pameTis T. eu-
ropea i3 NneBHUMN 0COBNMBOCTAMM po3mipy Ta (abo) mopchocTpy-
kTypu. Hanpuknag, pocnuHu i3 yrpynoBaHHs  Acereto
(platanoiditis)-Quercetum  (roboris)  coryloso  (avellanae)-

aegopodiosum (podagrariae) € 0gHUMM i3 HaNBINbLUKMX 32 PO3MI-
powm, a i3 Betuleto (pendulae)-Pinetum (sylvestris) vacciniosum
(myrtilli) — ofHAMK i3 HaiMeHLKX. MMpK LbOMY pameTy i3 ocTaH-
HbOTO  YIPYNOBAHHS  BUPI3HAIOTECA  3HAYHOK  BUCOTOIO
(15,0 £ 0,55 cm) Ta ogHUMK i3 HANGINbLUMX MOKA3HWKIB CMiBBIA-
HOLLEHHS! MiX MOLLE JINCTKOBOI NMOBEPXHI Ta MAcol POCHMWH
(94,6 + 9,50 cm2/r): Taki 03HaKK 3a3BUYal NPOSIBNSKOTLCS Y POC-
NIMH, WO 3pOCTaloThb Y (hiTOLEHO3aX i3 HWU3LKOK OCBITNEHICTIO.
3paTtHicTb T. europea [0 hopMyBaHHsS MopdoaganTalli Sk ye-
pe3 3MiHy pO3MipHUX MOKA3HMKIB POCIWH, TaK i 0cobmmMBOCTEN
KITOHOYTBOPEHHS, Bii3HauaeTbes Yy HU3Li pobiT (Piqueras, 1999;
Piqueras et al., 1999; Taylor et al., 2002). Mpyn LbOMy nposiBNS-
I0TbCS 3MIHW | Yy PO3MIPHUX O3HaKax reHepaTUBHUX OpraHis

BicHuk CymcbKoOro HauioHanbHOro arpapHoro yHisepcutety
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(Hiirsalmi, 1969; Tikhodeyev & Tikhodeyeva, 2002, Tikhodeyev et
al, 2003).

Hacnigkom Ta nposiBom aganTauii pameris T. europea 8o
YMOB MiCLie3poCTaHb TakoxX € AudepeHLiallis pocrnuH 3a piBHEM
XMTTEBOCTI (BiTaniTeTy), Ta, y MigCcyMKy, hopMyBaHHS nonynsin
Pi3HMX AKICHWMX TuniB. Y AocnimxyBaHUX iToueHosax JliBobe-
pexoks YkpaiHu penpe3eHToBaHO nonynsii ycix Tpbox BiTanite-
THUX KaTeropii: Big AeNPECMBHUX 40 npouiTatounx. TobTo nony-
naujiam T, europea, SK i NonynALisM iHWWMX BUAIB, ¥ TOMY YMcni i
PiaKiCHWX, SIKi 3pOCTatoTb y Cknapi nicoux gitoueHosis (Zlobyn
etal., 2013), npuTamaHHe YiTKO BUpaxeHe BapitoBaHHsI 3a MicLie-
3pOCTaHHSAMM BITaNITETHUX XapaKTEPUCTUK.

Cepep oocnimxyBaHux yrpynoBaHb YacTka JenpecuBHIUX
nonynsuin craHosuTb nuwe 10 %. TobTo pesynbTaty BiTaniTeT-
HOrO aHani3y 3acBiguyloTb AOCUTb BUCOKUI PIBEHb XUTTEBOCTI
nonynsauiin T. europea y nicoBux ditoueHo3ax Ykpainu. Monyns-
Liii i3 BUCOKMMM 3HAYEHHAMW iHOEKCY SIKOCTi, Ta, BiNOBIAHO, 34a-
THICTIO JO CTanoro yHKLiOHyBaHHs (OPMYHOTBCA Mif HAMETOM
LUNWUIbKOBUX, MilLlaHNX, APIOHOMNMUCTAHMX Ta LIMPOKOMMUCTSHUX M-
CiB. HIKEHHS XWUTTEBOCTI Ta PO3MIPY POCIMH 3Ae6inbLIOro Bif-
OyBaETLCA Ha TNi 3pOCTAHHSA 3aranbHoi 3iIMKHYTOCTI BEPXHIX sSpy-
ciB nicy (Hanpuknag, B yrpynoBaHHsx Pinetum (sylvestris) cory-
loso (avellanae)-vacciniosum (myrtilli), Betuleto (pendulae)-
Pinetum (sylvestris) vacciniosum (myrtilli)), 36inbLeHHs WinbHO-
CTi Ta NPOEKTUBHOIO NOKPUTTS BUAIB, L0 (POPMYIOTHCS TPaB'sHO-
yarapHW4KkoBuMA sipyc (B yrpynosaHHi Populefum (tremulae)
stellariosum (holosteae)), a TakoX Ha Nepe3BONOXEHUX IPyHTaX
(B yrpynoBanHsix Pinefum (Sylvestris) sphagnosum, Pinetum

(sylvestris) moliniosum (caeruleae)). OTpumaHi faHi npo BnnvB
€KOUYMHHWKIB Ha CTaH NOnynsLii 3aranom y3romxylTbCes i3 nite-
patypHumu paHummn (Hryzlova & Vakhrameeva, 1990; Poli-
anskaia, 2010, Patsias & Bruelheide, 2013) Ta BigoGpaxytoTb
110r0 BacTMBOCTI SIK BUAY-Me30rirpodiTy JOCKTb CTIilKOro 4o Al
CTPECOBMX YMHHMKIB.

BucHoBku. [NpuctocysaHHs nonynsuin T. europea o pi-
3HUX NMICOPOCIIMHHNX YMOB NiBOBEPEXHOT YacTuHK YkpaiHu 3ailt-
CHIOETBCS NPY aKTUBHIN peanisaLii MopdonoriyHux aganTtauii i
CyNPOBOIXYETHCA AMChEPEHLiiaLlierd POCIIMH Ta NonynsALii 3a pi-
BHEM JXUTTEBOCTI (BiTaniteTy). KomnnekcHe BUBYEHHS PO3MipHO-
BITANITETHUX O3HAK JO3BONSE NOAINUTYA MICLIE3POCTaHHSA 3a CTy-
NeHeM CNpUSTIMBOCTI LWOA0 (DOPMYBAHHS Ta iCHYBaHHS NONyns-
Uil UbOro BUAY, @ TAKOX BUBUTU EKOUMHHUKW, SKi MPOSIBNAKTL
HaWCYTTEBILUMI BNAWB Ha CTaH MOro nonynsuin. MpakTniHa 3Ha-
YyLWiCTb Takux AOCMiMKeHb, 30KpEMa, NOMSrae y BUKOPUCTaHHI
iXHIX peaynbTaTiB Npu NPOEKTYBaHHi (DITOLIEHOKOMNO3NLN i3 Bu-
4B NPUPOAHOI hriopy Ha OCHOBI EKOMOMYHOMO Ta LieHononyns-
LinHoro npuHuwmnie. Tak, Npu peanisadii ocTaHHLOro nigxogy, Npu
3anyyeHHi go citokomnoauuin T. europea SiK MOAENbHI MOXYTb
Oyt  BuKopucTaHi  yrpynoBaHHs OepesoBux  (Betuletum
(pendulae) stellariosum (holosteae), Betuletum (pendulae)
caricosum (pilosae)), cocHoBwx (Pinetum (sylvestris) franguloso
(alni)-vacciniosum (myrtilli), Pinetum (sylvestris) hylocomiosum)
Ta  WwwpokonucTaHux  (Acerefo  (platanoiditis)-Quercetum
(roboris) coryloso (avellanae)-aegopodiosum (podagrariae)), y
SKUX 3apeecTpoBaHi NpoLBiTatoYi LieHononynsLjii Lboro Buay.
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CONDITION OF PLANTS AND POPULATIONS OF TRIENTALIS EUROPAEA L.WITHIN FOREST PHYTOCENOSES OF
UKRAINIAN LEFT BANK

Based on the use of morphometric and vitality analysis, the condition of plants and populations of Trientalis europaea L. in
10 phytocenoses of coniferous, mixed, small-leaved and deciduous forests, typical for the Left Bank of Ukraine, was assessed. The
morphometric analysis took into account seven static and two allometric indicators. Vitality analysis was conducted according to the
method of Yu.A. Zlobin, based on the height of plants, total phytomass and leaf surface area. It is shown that plants from different
forest vegetation conditions are statistically significantly different in the values of all studied morphoparameters and in each phytoce-
nosis the formation of Trientalis europaea ramets of characteristic size and morphostructure takes place, which is clearly proved on
the basis of morphograms. That is, the adaptation of plants of this species to habitat conditions occurs with the widespread
implementation of morphoadaptations, which are accompanied by the manifestation of both morphological variability and
morphological plasticity.

The consequence and manifestation of the adaptation of Trientalis europea ramets to habitat conditions is the differentiation
of plants according to the level of vitality, and, as a result, the formation of populations of different qualitative types. In the forest
phytocenoses of the Left Bank of Ukraine, populations of all three vitality categories are represented: depressed, balanced and
prosperous.

Among the studied groups, the share of depressed populations is only 10 %. So, the results of vitality analysis indicate a fairly
high level of viability of populations of Trientalis europea in forest phytocenoses of Ukraine. Prosperous populations with a high capacity
for sustainable functioning are formed under the tent of coniferous, small-leaved and deciduous forests. The decline in plant viability
and size is mainly due to an increase in the general closure of the upper tiers of the forest, an increase in the density and projective
cover of species forming grass-shrub tiers, as well as on wet soils.

Key words: morphometric analysis, vitality analysis, morphological variability and plasticity, morphograms, vitality structure.
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liHkro 6inoba (Ginkgo biloba L.) ans YkpaiHn € ek30TUYHOK POCIIMHOI, fika Ha [AaHuI Yac CTae NonymnspHOI0 4N1S 03€NEHEHHS
napkis. PocnnHHa cupoBuHa (MMCTKM) BUKOPUCTOBYIOTLCS 5K NiKapChka i y KOHTEKCTI OpraHivyHoro BUpoOHWLTBA Mae hapMaLeBTUYHY
3HayyLwicTb. B CymcbkoMy HaLioHansHOMY arpapHOMY YHIBEpCHUTETI FiHKro Binoba BUPOLLYETLCS 3 METOK OTPUMAaHHS OpraHivHoi cu-
POBWHM PO3CafHUM CrOCODOM; MOMOAI CafpkaHLi NepecaKyloThCs Y BIOKPUTUIA IPYHT, Ha AiNsHKY, e JOrNsL 3a pocnuHamu Bigby-
BaeTbCs Be3 3aCTOCyBaHHAM NECTULMAIB Ta CUHTETUYHUX MiHepanbHUX o6pue. Mikpsaas Mk pOCIMHaMM riHKTo 2,5 M iy pasi Buco-
koi TemnepaTypy Ta NOCYLLNINBOTO BEreTaLiiHOro nepiogy BifCOTOK BUKMBAHHS OCOBUH 3HIMKYETLCS. TOMY 3aCTOCYBaHHS Cuaeparb-
HWX POCIIMH Y MIXPARASX riHKro Binoba Moxe JOMOMOITY POCIMHI MOZONATH TEMNEPATYPHUIA CTPEC, 3PErymoBaTV CTPYKTYPHUIA Ta
MOXMBHWIA CTaH IPYHTY. Y JOCIZKEHHSX BUKOPUCTAHO OCTaTHLO PO3noBcromkeHi y Jlicocteny Ykpainn cugepatu: davenis, KoHo-
LnHa Bina, KOHIOLLMHA YepBOHa, panrpac O4HOPIYHWIA, eciapLeT nilanui, ripunus 6ina. Cuaepaty BUCiBanncs y TPETHO ekaay KBiTHS
y MiXpSAAs AoChimKyBaHoro Buay. HanpukiHui cepnHs BigibpaHo rpyHTOBI 3paskv Ha BU3HAYEHHS CTPYKTYPHO-arperaTHoro cknagy
rpyHTy nowaposo 0—10, 10—20 i 20—30 cm, ki nicns 4OCTUraHHs NOBITPSIHO-CYXOro CTaHy Bynu NpocisHi (Cyxuin MeTog) | BUSHAYEHO
BiACOTKM YaCTOK IPYHTY 3 pisHMMMW AiamMeTpamn Ta KoediLlieHT CTPYKTYPHOCTI PyHTY. BigcoTku arpoHOMIYHO LiHHOI CTPYKTYpH 3ane-
Xanw Big MexaHiyHoro 0BpobiTKy FpyHTY, L0 3AINCHIOBABCS Ha BapiaHTi be3 cuageparTis Ta Bif BUAIB cugepaTis, rApoTEPMiYHUX YMOB
POKiB JocnimKeHHs. Ha BapiaHTi 6e3 cupepariB 3a MexaHiyHOro puxneHHs Ans 6opoTsou 3 Byp’sHamMu OTPUMAHO HaBMLLMIA BIACOTOK
arperaris giameTpom 10-0,25 mm y wapax 0—10 i 20—30 cm, BigNOBIgHO N0 LMX rMNBMHAX | HAMBULLMIA KOEMILIEHT CTPYKTYPHOCTI.
YTprMaHHs MiXpsigb Mig TakuMn cugepaTamm sk ripunus 6ina, koHowmrHa bina cnpusno gopmysanHio y wapi 0—10 cm gobporo cTpy-
kTypHoro ctaHy. B wapi 10—20 cm koediuieHT CTpyKTypHOCTi OYB HAaMBULLMA Ha BapiaHTi i3 KOHIOLKMHOIO Birnoto, BigMOBIGHO arpoOHOMI-
YHO LliHHa CTpyKTypa cTaHoBuUna 69,6 %, 4ewo MeHLwe Ha ripunli 68,3 % Ta ecnapueTi 68,8 %. B wapi 20—30 cm ecnapueT i KoHo-
WwwHa 6ina ceped cuaeparis nokasanu HakpaLLuin pesynbTat, KoediLieHT CTPYKTYPHOCTI CTaHOBWB 2,7.

B noganbLuomy gocnimkeHHs eeKTUBHOCTI MOKPUBHUX KyMbTYp Ha FPYHTOBI PEXWUMM, CTaH Ta PO3BUTOK riHKro binoba ByayTb
NPOLOBXKeEHi i NinbupaTMMyTLCS KpalLi cuaepaTit 3 ONTUMANbHUMKU HOPMaMK Ta CTPOKAMW BUCIBY Ta [OMNSAY 3@ POCMMHAMM.

Knroyoei cnosa: Ginkgo biloba, cugepaty, NOKPUBHI KyNbTYpK, CTPYKTYpa FPYHTY, MXPALAS, KOeiLieHT CTPYKTYpHOCTI, 0A-
HopiyHi TpaBu, baraTopiyHi Tpaswm.

DOI: https://doi.org/10.32782/agrobio.2020.4.4

Bertyn. JocnigxeHHs 3 BNMBY cugepartis Ha arpodisn- | i HAKOMMYEHO AOCTATHBLO iHChOpMALii LWoAo JOLiMbHOCTI iX BUPO-

YHi BNACTUBOCTI IPYHTIB, BOAHMIA PEXUM BEAYTHCA JOCUTb JABHO | LLYBAHHS Y Pi3HUX FPYHTOBO-KNIMATUYHUX 30HaX YkpaiHu Ta iH-
Lwux kpaiH (Shuvar et al., 2015; Karpenko, 2019). LLle Ha nouaTky
BicHuk CyMmcbKoro HaulioHanbHOro arpapHoro yHiBepcurteTty
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MWHYIIOro CTONITTA Ha CyMLLMHI arpoHOMM 3BiTYBanu npo npuba-
BKM BpOXato 3epHOBMX | npocanHux KynbTyp (Bondarenko, 2004;
Prokopenko, 2020), Ta # B0 CbOrofeHHs JOCNiau NPOLOBXY-
totbest (Zakharchenko & Mischenko, 2017). B Mixpsioasx nnogo-
BMX Ta JeKOpaTUBHUX HacakeHb cuaepatu y KpaiHi noyanu Bu-
KOpUCTOBYBATW OCTaHHi AecaTupivys. 3 rnobanbHUM NoTenmiH-
HAIM CMOCTepIracTbCsa 3MiHa TEMNepaTypHOro pexumy, B TOM xe
yac BUMafiHHS OnagiB Mae HENPOrHO30BAHWI XapaKkTep, nepioa
3i CTPECOBUMM ANS POCIMH ymMoBaMu cTae binbL Tpusanum. Cu-
[epaTi SK NICAHXKHUBHA KynbTypa YW KynbTypa Mixpsagb cagis,
MnaHTaLin AeKopaTUBHIX AEPEB, 30KpeMa, riHkro Oinoba, y no-
CyLUMMBMX YMOBaX MOXYTb 3abe3neunTit BKPUTTS BEPXHLOMO
Lapy rpyHTy, Lo Byae cnpusTi 36epexeHH0 BONOrv BNPOAOBX
BereTaLiiHoro nepiogy, CTBOPEHHI [0Bpe OCTPYKTYpEHOro
TPYHTY 3 4OCTATHLOM aepalieto. I1inbip cupepaTie 3giACHIOETHCS
Ha OCHOBI iX BMOArnMBOCTI 40 TakuX (PaKTOPIB SIK rpaHynomeT-
PWUYHMI Ta MIHEPANOriYHWI CKNag rpyHTIB, BMICT NOXMBHUX ene-
MEHTIB, COMeMn, i, y TOMy YuCri, BPaxoByeTbCH NOCYXOCTIMKICTb
KynbTypw, L0 Hapasi € BEMNbMI aKTyanbHUM.

B YkpaiHi acopTUMeHT cuaepanbHuX KynbTyp NOCTYNOBO
30iNbLIYETLCS, WO BUKMUKAHO BUBYEHHSIM X BMAMBY Ha picT Ta
PO3BMTOK OCHOBHMX KynbTyp. B ymoBax Cymcbkoi ob6nacTi rapHi
pe3ynbTaTv NoKasylTb Taki cuaepaTh sK MonuHK, BypkyH binuii,
ecrnapueT, pedbka OfilHa, pinak spwi, ripuuus, paurpac og-
HOpi4HWIA, OBeC, Bika, 3milaHi nocisn (Prokopenko et al., 2020;
Mischenko, 2017). Takox y MiXpsagasax cagy rapHuin eekT fo-
CAraeTbCs 3 BUCIBOM TPaBM 3 HEMMMOOKOK MMUKYBATOK CUCTe-
MOI0, LLO 34aTHa [aBaTi Aekinbka ykociB 3a ce3oH. CkolleHa
Tpaea, Myfbya 3 COMOMM CMPUSIOTb BONOro30epexeHHto Ta Ten-
noperynsii, HiBEMNIoe Ailo piskux nepenagis Temneparyp, CTumy-
Ntoe MikpoBioNorivHy LiANbHICTb Ta NOKPALLYE NOXUBHUN PEXAM
rpyHTy (Tomchuk, 2020; Khamurzaev et al., 2020). Ane
BiAMIYaeTLCH | MiHYC, Y 3anMLLEHNX OpraHiYHUX peLuTKax MoXyTb
3aBOAMTMCS TPU3YHW, LLIO MOXE HEraTWBHO BiOMBATMCA Ha MO-
NOAMNX HACAMKEHHSIX Ta NOPYY PO3TALLOBAHMX AiMSHKaX 3 iHLLIMMM
KyrnbTypamu Yepes iX NowKomkeHHs. Miani Ta cyniwlaHi rpyHTm
NepLIoYEproBo NOTPEBYIOTL MYyNbYYBaHHS OpraHiYHAMKM peLuT-
KaMu 4 TpaBoIo.

B pisHux knimaTuyHMX 30Hax nigbip cuaepatis, BUBYEHHS!
iX eqeKTUBHOCTI 3MIACHIOETHCS 3 METOK BCTAHOBMEHHS X
BMMMBY Ha CTPYKTYPHUI CTaH rPYHTY (LiamMeTp CTPYKTYPHWX arpe-
raTis Ta iX CniBBiOHOLLEHHS), BOOHWUNA PEXUM, HAKOMUYEHHS Op-
raHiYHOI PEYOBUHY, MOXWUBHUX PEYOBWH, LibHICTb, NOPUCTICTb
TPYHTIB, @ TAKOX Ha YPOXaMHICTb Ta AKICTb CilbCbKOroCnofapch-
KOi MPOAYKLi, CTaH Ta PO3BUTOK POCTWH y MIOZOBKX Cajax Ta
LekopaTueHux po3cagHukax (Liu et al., 2005).

Cupgepati MOXYTb BUKOPUCTOBYBATU i Y CyMmillax, Ans
Usoro noTpibHo nmigbupat pocnnHM  6e3  anenonaTUyHoro
BMMMBY OfHA Ha OfHY Ta 3a4/i JONOBHEHHS Y BioLeHo3i Ans
(hopMyBaHHi PoAKYOCTi TPYHTIB. TaK, BUBYAKOUM LUiMbHICTL AOB-
XMHW KOPEHS Ta YaCTWHY JOBXKMHM KOPEHIB Y BeNMkux bionopax
[0 3UMK Ta Micns 3MMM METOAOM NPOINbHOI CTiHKMW, HiMeLbKi
BYEHI 3a3HaYMIN BUCOKI MOKA3HWKM LLINbHOCTI ANs KOPEHIB XuTa
031MOr0 Ta KOHHOWWHK barpsHoi, ane Binblua ix Bara Oyna y
BepxHix wapax rpyHTy (Kemper et al., 2020). Pegbka oniitHa,
pinak 03MWA Ta (pauenis xapakTepuayBanucs rmnbokuM npo-
HWKHEHHSIM KOPEHIB Y FPYHTi Ta MaTePUHChKIN NOpogj, BIBCHOT LLje-
TUHUCTUIA MaB MPOMiXHI 3HAYeHHs cepen cuaepartis, MONUH —
HaMHWXKYi MOKa3HUKM SK y BEPXHiX Lwapax, Tak i y rubwux. da-
Lenis, oniiHa pedbka, pinak O3WMWA Ta BIBCIOr MoKasamu
HanbINbLUy YacTKy JOBXKWHW KOpeHiB y Bionopax. Lli popaTkosi
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XapaKTepUCTVKM AO3BONSKOTb NPUMYCTUTK, LLLO KOMBIHYBaHHS Mo-
KPUBHUX KyMbTyp Pi3HUX TUMIB KOPEHIB MOXeE ByTI BUKOPUCTAHO
A0S NnaHyBaHHS NOCIBIB HA rPYHTaX Pi3HOro cknagy Ta KnimaTuy-
HWX ocobnneocTei.

3acTocyBaHHS MOXHUBHUX CuAepaTiB (pefbka OnilHa,
rpeyka MociBHa, (hauenis MKMONMCTHA) 3MEHLUYE KinbKiCTb
Byp’siHiB Ta 3aCMiYeHICTb IPYHTY HACiHHAM Byp’sHIB B yMOBaX 4o-
PHO3EMY TUMOBOrO CEPEAHBOCYTIMHKOBOTO ManoryMycHoro Ha
neci B ymoBax focnigHux nonis CyMCbKOro HauioHanbHoro arpa-
pHoro yHiBepcutety (ganmi CHAY), m. Cymmu (Mishchenko &
Zakharchenko, 2019). BukopucTaHHs ropoxy Ta ecrapuety Y
niBHiYHIM Bonrapii B AKOCTi cuaepaTty nokasanu Hankpally npu-
BaBKy B ypOXanHOCTI KynbTyp Ta MOKpaLUEHHi (i3nKo-XiMiYHMX
BnacTusocten rpyHTiB (Pachev, 2014). B TponiyHux ymoBax cu-
Jepatamu MOXYTb BUCTYNaTu iHWI KynbTypwu, Taki sk npoco,
COpro 3epHoBe, NPOCO apuKaHCbKE Ta iHLLI, AKi € BaXIUBOK
CKIafoBO Y TEXHOMONISX BUPOLLYBaHHS KyrbTyp, B TOW Xe yac
BOHW MOKPALLYIOTb POAIOYICTL FPYHTY, @ Came arperaTHui cknag,
(bpakuii ByrneLo Ta a3oTy, perynioTb PeakLitdo rpyHTOBOrO ce-
pegosuwa (Rigon, 2020).

B Cnonyyenux Ltatax Amepuku 3aranbHa nnowa no-
KPUBHUX KyrnbTyp CTaHoBUTb 3,2 % 3ibpaHnx ypoxais y Haujo-
HanbHomy macwrabi (Basche & Roesch-McNally, 2017). Buko-
puUCTaHHs cuaepatis Moxe 6yTn npobnemaTnyHum, 0cobnmeo y
NOCYLNMBI BereTawiiHi nepioay. IHOAI NposIBNSETLCS anenona-
TUYHWIA eOeKT cuaepaty Ha OCHOBHY KyNbTypY, Y MXPSAAAX SKOT
abo nicnsi XXHKWB BiH OYB BUKOPUCTaHMIA. € TaKoX BiJOMOCTI i3 3HU-
XEHHSM MO3WUTUBHOTO edheKTy CuaepaTiB sK KOHKYpeHTa oc-
HOBHIN KynbTypW, KU CMIOXKWBAE BOAY, LLO CMOCTEpiraeTbes
BYXe NOCYLUNNBI POKK. HacTynHin KynbTypi MOXe He BucTavaTy
3anacis NpoayKTUBHOI BONOrM, TOMY BaXIMBO BUBYATY Pi3Hi cu-
JeparnbHi  KynbTypu Y pPIi3HUX TPYHTOBO-KNIMAaTUYHUX 30HaX
(Delgado & Gantzer, 2015).

Mpy BupoLLyBaHHI  ArOHUX | (DPYKTOBUX POCINH,
MDKPSAAS MYIbYyIOTb CONOMOK Ta BUKOPWUCTOBYIOTL PIi3Hi Mo-
KPWBHI LTYYHI mMaTepianu-nnisku. [lig Yac BUBYEHHS CONOMMU Y
SKOCTi MyNbYYKHYOro MaTepiany, BkasaHO Ha 30iMblUeHHS! Kinb-
KocTi YacTok giameTtpom 1-20 MM Yy CYFAMHUCTKX Mickax, ane
HISIKOTO edhekTy y CyniLLaHUX rIUHUCTUX CYrIIMHKaX NOMiYeHo He
Byno (Christensen, 1986). Conoma He Bnn“Bana Ha po3mip ya-
CTMHOK Pi3HMX arperaTHUX cpakuiii. B 0box rpyHTax BMICT co-
nomu 36inblUyBaB BMICT OpraHiuHOi pe4OBMHIN Maiixe Y BCX K-
HWUCTWX Ta MyNOBWX dpakLisix; Ans Myny Le, K npasuno, 6yno
BABIYi OinbLLe, HiX AN FHN.

Mig yac posknagaHHs POCIMHHIMX 3anuLukiB y rpyHTi C Ta
N LBKaKO 3B's13yt0ThCA 3i cTabinbHUMKM arperatamu (Angers et
al., 2005). BmicT kapboHy 36inbLUyeTbCS i3 pO3MipoM arperary
TPYHTY, LLIO 3yMOBNEHO MOMOAMM OpraHiuHum ByrneLem (Puget &
Chenu, 1995). [ins mikpoarperaTiB KOHLEHTpaLjii HaTUBHOTO BY-
rMeLto Ta MiYeHoi OpraHiyHOi PeYOBMHY NiABHLLYBaNNCS i3 3MeH-
LEeHHsM ix po3mipy. “C B OpraHivHii peyoBuMHi y PO3MIPHOMY
knaci 0,125—0,25 mm 6yB Binblu nabinbHUM, HiX y Makpoarpe-
ratiB (Kristiansen, 2006). PociiCbki BYeHi BigMi4atoTb, LU0 Y Mix-
pAAAAX BULLHEBOrO cafy Mif YOpPHUM napom 3a 4—5 pokiB rpyHT
BYXe YLLINbHIETBCA, a Mig cuaepatamu Ta 6aratopiyHumK Tpa-
BaMu Takoro edpexty He cnocTepiraetses (Aliev, 2019).

£AK BUAOHO, AOCNIOKEHHS B YCbOMY CBITi MPOBOASATLCS 3
BUBYEHHS €DEKTUBHOCTI TUX UM IHLIMX MOKPUBHUX, CUAEParbHUX
KyrnbTyp, 3 METOK NOKPALLEHHS POCTY Ta PO3BUTKY POCMMH, 3a-
nobiraHHs cTpecam pOCnuH y pesynbTati BUCOKOT TemnepaTypu

BicHuk CymcbKoOro HauioHanbHOro arpapHoro yHisepcutety

Cepist «ArpoHomis i Gionorisiy, Bunyck 4 (42), 2020


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=CHRISTENSEN%2C+BENT+T
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=ANGERS%2C+DA
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=PUGET%2C+P
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=CHENU%2C+C
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=CHENU%2C+C

abo TpuBanoro nocywnmeoro nepiogy. MNapanensHo 3 LuM, Bpa-
XOBYETHCA BMAWB MOKPUBHMX KYNbTYP HA POAHMICTb TPYHTY i
(hOpMyBaHHi OpraHiyHOi PEYOBMHM, BUAIMEHHS BYrNEKUCIONO
rasy.

LliHHicTb  mocnimkeHb Woao  3abesneveHHs  yMOB
sSIKICHOro BupoLLyBaHHst Ginkgo biloba L. nonsrae y HacTynHomy:

1) ekoHOMiYHUIA edhekT. OcKinbkv NUCTS AOCNIAKYBAHOTO
BWAY 3aroTOBNATUMYTb Ta NepepobnsaTumyTb B YKpaiHi, TO LiHa
Ha HbOTO Y BUCYLLEHOMY CTaHi 47151 BArOTOBMEHHS (hapmaLeBTy-
YHUX NpenapartiB 3Ha4HO MOAELUEBLLAE, L0 MaTUME NO3UTUBHUIA
eeKT Ans Cnoxueavis;

2) exonoriyHuit edoekt. HoBocTBOpEHa nnaHTauis, y ne-
LUy Yepry, CIpUATUME MOKPALLEHHIO KWCHEBOro BanaHcy Ha-
BKOMO NPUNErnux TepUTOpiit;

3) ecTeTnyHuin echekT. JIUCTS IHTPOAYLEHTa Mae Aekopa-
TUBHY (DOPMY 3a paxyHOK YOro POCIMHY MOXHa BMKOPUCTOBY-
BaTV Npu 03eneHeHHi Teputopin (Yaroshchuk, 2016).

MeTolo gocnimkeHb € BupoLlyBaHHs Ginkgo biloba, sk
OpraHivHOT CHPOBWHI 3 BUKOPUCTAHHAM POCAIMH Ha Cuaepar i Bu-
BYEHHS! BNMMBY CUAEpanbHUX KyNbTyp Ha CTPYKTypHO-arperat-
HWi1 CTaH rPyHTY B YMOBaX MiBHIYHO-CXigHOro Jlicocteny YkpaiHu.

3 Ujeto MeTow NpoBOAMTLCS PS4 AOCTIMKEHb i3 BU-
BYEHHS PI3HNX ENEeMEHTIB TEXHOMOrii PO3MHOXEHHS POCIWH
(Kovalenko et al., 2020). BpaxoBylouu NO3WTUBHI nepcnekTuBm
CTBOPEHHSI NPOMWCIIOBOI CUPOBUHHOI 6231 ANS 3aroTiBni opraHi-
YHOT CUpOBMHM (IUCTS Y hapmaveBTUYHNX Linsx) (Yaroshchuk,
2016), ogHieto i3 CkNafoBMX SKOI € MEHLUi BUTPaTK Ha BUPOBHU-
LiTBO BITYM3HSIHMX NpenapaTiB 3a y4acTo LiHHOTO iHTPOayLEeHTa,
LOLINMbHAM € NPOBEAEHHS LOCMIMKEHb LOA0 ePEKTUBHOCTI BU-
poluysaHHst Ginkgo biloba y Buwe 3a3Ha4eHOMY perioHi focni-
DKEHHS],

Marepianu i MmeTogu pocnigxeHb. [locnigxeHHs npo-
BEZEHi Ha NOnsX HaBYarbHO-HAYKOBOro BUPOBHWUYOrO KOMAMEKCY
CHAY, m. Cymn. [linsuka, Ha skin BupowyeTbes G. biloba 3
2018 poky, 3HaxoauTbCa y NepexigHin cTagii sk «opraHiyHa» B
ouikyBaHHi cepTudikaty Big Opranik CtanpapT. OpraHiuHi Ta
MiHepanbHi obpuBa abo NecTUUMamn He BHOCUIUCS Nig Yac npo-
BEAEHHS JOCTIMKEHD.

[BOpiYHi pOCMMHK FiHKTO BYNO BUCAMKEHO Y BigKPUTUR
rpyHT y 2017 Ta y 2018 pokax. Mixpsagas Mix gaHumn pocnn-
Hamu ctaHoBunu 250 cM X 75 cM.

Hopma ciBbu pocnuH Ha cugepar: paiirpacy OgHOPIYHOMO
18 kr/ra, dhauenii 12 kr/ra, koHtoWMHK Binoi 10 kr/ra, KOHIOWWHKM
yepsoHoi 18 kr/ra, ripumui 6inoi 12 kr/ra, ecnapuety 80 kr/ra.
Mnowa koxHoro BapiaHTy cTaHoBuna 0,025 ra. Kontponem 6yB
HeynobpeHui choH, Tob6To Be3 cupepartie. Cisba pocnuH Ha cu-
[epart 3gicHioBanacsa y KiHui ksiTHa. Y 2019 poui cugepatu
NoApIOHIOBaNM ANCKOBUMM BOPOHAMM | NULANK Y MiXPSAAsX, Y
2020 6yno gBa NOKOCK: MOYATOK NUMHS Ta KiHELb CEPMHS.

[ns BU3HAYEHHS CTPYKTYPHO-arperaTHOro CTaHy rpyHTy
3pasku Bynu BigibpaHi y KiHLi cepnHs nowaposo 4o 30 cM 3 Kpo-
kom y 10 cM. 3pasku Oynu [oBefeHi JO NOBITPSHO-CYXOr0 CTaHy
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i MeTogoM cyxoro npocitoBanHs 3a |. CaBBiHoBMM Byno Bu3Ha-
4eHo fiameTpm arperartiB Ha cutax 10-0,25 mm (+ niggoH, arpe-
ratu meHLe 0,25 mMm). [Ins KOXHOI 4insiHKK Ta rMubuHU po3paxo-
BaHa YacTka arperaTis Bif 3aranbHoi Baru 3paska rpyHTy. Arpe-
ratn 10-0,25 MM cknaganu i oTpumyBanu 4acTky arpoOHOMIYHO
LiHHOT CTPYKTYpK (MakpoCTpYKTYpHi arperaty). [ns obpaxyHky
koedhiLlieHTy CTPYKTYPHOCTI, Macy arpOHOMIYHO LliHHOT CTPYKTYpU
JiNMnM Ha cymy 4acTok poamipom Ginbwe 10 MM i MeHwwe
0,25 mm. 3a3Buyai, Cyxe NpOCiloBaHHS CYNpOBOAKYETLCS BU3HA-
YEHHSIM CTPYKTYPM FPYHTY METOAOM MOKPOTO MPOCil0BaHHS, ane
11oro pesynbtaTi ByayTb METOKO HaLLOl HAacTynHOI nybnikadii. 3a
BYMKOIO BYEHWX, BUKOPUCTAHHS MOKPOrO MpOCilOBaHHA [ae
OinbLL SIKICHILY Ta KiNbKiCHiLY iHTEepnpeTaLito MikpobHoro yrpy-
noBaHHs rpyHTY (Robertson et al.; Blaud et al., 2017).

B 2019 poui cepeaHbogoboBa TemnepaTypa nNoBITPs
craroeuna 10,2 °C, wo Ha 2,8 °C Buwe BaratopiyHOro nokas-
Huka. AGCONKOTHUA Makcumym i 35 0C BigMiyeHuid y nunHi y
TpeTiit aekani. Cyma onagie 3a pik cTaHoBWNa 466 MM, WO Ha
127 Mm MeHLUe 3a BaraTopiuHy HopMy. AGCOMIOTHUI MaKCUMyM
TeMnepaTtypu nosiTps chikcyBaBcs Ha piBHi 35 0C, MiHiMym —
14 0C, kinbKicTb AHiB 3 onagamu — 70.

MeTeoponoriyHi  CNOCTEPEXEHHs MpOTAroM  BereTa-
LinHoro nepiogy 2020 poky nokasanu, Lo Y KBiTHI CepeaHs Tem-
nepartypa craHosuna 7,8 °C, wo Ha 0,9 °C meHLue GaraTopiuHoro
nokasHuka. Kinbkictb onagis 6yna Ha 30 % MmeHLa 3a 6araTopiy-
HOrO MOKa3HKKa i CTAHOBMUIIO BCbOrO nuile 12 MM. Ha noBepxHi
TPyHTY BigmMiyanucs npumoposku go -10 0C. Y TpaBHi cepeaHb-
opobosa Temnepartypa byna Hixye baratopiyHoi Ha 2,1 9C i cTa-
Hoeuna 13,5 °C, y Toit ke yac kinbkicTb onagis (93 mm) 6yna Ha
172 % Oinble 3a GaraTtopiuHy. TakoX y LbOMy Micsui crno-
cTepiranucs Tpu NPUMOPO3KM Ha MOBEPXHi rpyHTYy Ao -2 0C,
OCTaHHil 3acikcoBaHo 22 TpaBHs. YepseHb micsLpb bys gocTat-
HbO Tennum i cepegHbogoboBa Temnepatypa (23,3 °C) Gyna
BuLLe HaraTopiyHoro nokasHuka Ha 4,5 °C. Onagis Oyno Hefo-
cTaTHbo (51 Mm), Wwo cTaHoBUNo 76 % Big GaraTopiuHnx Lndp.
Nnexb Takox 6yB Tennum, ocobnneo nepLia Ta TPeTS Aekaau.
CepenHbopobosa Temnepatypa byna 6:13bkoi 40 cepeaHbo0-
aratopiuHoi (22,0 9C, +2°C go cepegHboi). Kinbkictb onagis
(97 % — 74 mm) maixe popisHioBana baratopiuHin Hopmi. Ce-
pegHbopgoboBa TemnepaTypa MOBITPS 3a CepneHb ckrana
20,9 °C npw 6aratopiuHin 19,2 °C. Micsub OyB gyxe nocywnu-
BuM i BUnano nuwe 0,9 mm onagis, wo € 1,7 % Big 6aratopivHoi
Hopmu (57 Mm). Beboro 3a nito Byno 13 aHie 3 onagamu. Makcu-
MalbHa TemnepaTypa Ha NoBepXHi rPYHTY y YepBHi cnocTepira-
nacs y TpeTin gekapi + 65 0C, y nuni uen nokasHuk Oys BuLLe 3a
cepeaHbobaraTopiyHi nokasHukW, Temnepatypa Oyna 62-58—
510C y I-lI-lll gekapax ymnHs. CepneHb Takox BigpPI3HSBCA Big
BaraTopiuHMx NokasHUKiB, 0COBNMBO Y ApYrii—TPETiit MOMNOBUH
micsiust, Ha rpyHTi 6yno 53 °C y Il pekagi i y Il pexagi go 52 °C.

Pe3ynbTatu gocnimxeHb. B Tabn. 1 npeacraeneHo pe-
3ynbTath 06paxyHKy BifCOTKY CTPYKTYpHWX arperartis 3a giameT-
pOM Y 3paskax rpyHTy, BigibpaHux y 2019 poui HanpukiHui cep-
MHs.
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Tabnuusa 1

CTpyKTypHO-arperaTHWi cknag, rpyHTy 3a pisHux cugeparis (2019 p.)

) . 'nnbuHa Bigbo BigcoTok CTpYKTYPHMX arperaTis 3a po3MipoM giameTpy, %/Mm

Ne Bapiau focniny 3pa3.<ia,ﬂcm S 2 S = R e e 15),5 . 05025 <025
0-10 8,8 5,6 16,4 20,8 14,4 9,9 12,1 12,0

1 bes cupepaty 10-20 7,6 5,6 6,5 18,4 18,4 8,4 12,0 23,1
20-30 2,0 50 55 22,0 214 7,7 12,6 23,8

0-10 12,9 45 55 16,3 174 11,0 13,9 18,5

2 dauenis 10-20 19,6 72 7.7 20,2 14,6 7,3 9,5 13,9
20-30 17,7 58 50 18,0 17,2 7,7 10,5 18,1

0-10 10,6 45 6,0 16,9 19,8 7,6 12,2 22,4

3 KoHtowmHa YyepBoHa 10-20 3,2 19 49 16,4 20,1 9,9 14,3 29,3
20-30 11,7 58 52 19,4 19,1 71 10,9 20,8

0-10 472 2.4 2,8 15,7 222 10,1 15,1 27,5

4 KoHtolumHa 6ina 10-20 6,5 55 44 19,4 20,5 7,6 11,7 244
20-30 4.4 2,9 56 25,6 21,6 84 11,2 20,3

0-10 26,5 29 39 11,3 174 8,6 11,8 17,6

5 Paitrpac ogHopiuHui 10-20 4,6 5,6 46 16,4 18,8 94 13,6 27,0
20-30 8,9 9,2 6,1 17,7 16,9 8,9 11,1 21,2

0-10 9,8 4.1 7,6 19,6 17,7 9,3 14,0 18,2

6 lipunys Gina 10-20 21,2 8,4 6,2 18,5 14,6 6,9 9,6 14,6
20-30 16,4 57 7,0 22,9 17,9 6,5 8,7 14,9

0-10 34 34 2,8 13,7 19,9 11,6 16,2 29,0

7 Ecnapuet 10-20 73 34 4,6 15,2 19,6 8,9 13,4 27,6
20-30 49 38 4.8 18,5 21,3 8,8 12,5 254

0-10 1,1 0,6 14 1,9 1,2 0,8 1,6 0,7

HIPos 10-20 1.8 1,7 04 2,0 11 04 1,3 1,1

20-30 2,0 0,9 1,3 1,0 1,0 0,8 0,5 1,3

Ak BuAHO 3 Tabn. 1, CTPYKTYpa rpyHTY nig, pisHUMKM no-
KPUBHUMM KyNbTypami i Ha Pi3Hii rnbuHi BigpisHSETLCS 3a 3Ha-
yeHHamu. Y 2019 poui nig davenieto KinbkKiCTb arperatis MeHLUe
0,25 MM 3HaxoanTbCA Maike Ha OLHOMY PiBHI Ha rMMbuHax 0—
10 i 20-30 cm (18,5-18,1 %). B wapi 0—10 cm 3BinbLyeThCS
yacTka rnmbucTux arperatie Ta arperatis po3mipom 10-2 mm.

Mig KOHIOWMHOK YepBOHOI CrocTepiranacs 3BOPOTHA
TeHaeHuis. Ha rnmbuni 10-20 cm 3HauHo 36inblumnacs yacTka
arperartis MeHLUe 2 MM, 0COBNINBO ABOX HaNAPIOHILLMX (paKLii.

Mg, KoHIOWKMHOW BiNo0 He BUSBNEHO TaKWX 3MiH, SIK i
KOHIOLLIMHOK YEepBOHOK, ane, [k i y dauenii, yacTka rnbuctux
arperartis 6yna 6Ginbwe y wapi 10-20 cm. B gaHomy Bunagky
nigBULLMBCS | BIACOTOK arperatiB giameTpoM 7—2 MM. TUM He
MEHLL, YacTka HanapiOHiLLMX arperaTi 3MeHLMNacs 3 rMuoMHO
327,5 % 0o 30 %.

Mig pairpacom ogHOpIYHMM crocTepiranacs HainbinbLua
KINbKICTb  MakpOCTPYKTYpHUX arperatiB binbwe 3a 10 MM y
JiameTpi cepeq Bcix cupepartis — 26,5 %. Ha rnmbuni 10-20 cm,
K | y BUNaAKy 3 KOHIOLIMHOK YEPBOHOM BigMiYeHuin cnag ixHbol
KiNbKOCTi Ta 0COBIMBO BENMKA Pi3HULIA MK 3HAYEHHAMM MO BCiX

Luapax rpyHTy Yy BiACoTKax arperartis giameTpoM meHuwe 0,25 Mm.
Mig ripunueto Ginoto y 2019 pouji Takox BigMivaeTbCa ne-
penap y 3Ha4eHHsX 3 rmubuHamu. Ha rmubuni 10—20 cm Hainbinb-
KX 3a JiaMeTpom arperatis Haneuwuit Bigcotok 21,2 %, BCTa-
HOBIEHO i 36iNbLUEHHS YaCcTOK AiaMeTPOM 5 | MEHLLE MM.

Mg ecnapueToM, K i nig KOHKOLUMHOK YePBOHO, OTPU-
MaHO 30iMbLUeHHs dpaKkLii giameTpom MeHwe 1 Mm B wapi 0—
10 cm. Y HacTynHOMYy Luapi AeLLo 36inbLIyETHCS BIRCOTOK YacTOK
piametpom Ginblie 1 mm, 5-2 mm. Ha rmubuti 20-30 cm Bigby-
Banocs nigBuLLEHHS YaCTKW arperaTi MeHLIe 5 MM.

BigmiuaeTbcst cTabinbHicTb arperatie AiaMeTpom 7—5 Mm
no BapiaHTax gocnigy y wapi 10—20 cm, ayxe 6rm3abki BENUUMHN
y cuaeparis, okpiM paLlenii Ta ripuuui.

Ha pinsHui ©e3 cupepaty GinbLumii BiGCOTOK Manu arpe-
raTu giametpom 5—2 Mm — 20,8 %, a HailMeHLwmii — 10,7 % B Lwapi
0—10 cm, a y wapi 10—20 cm Manu HaBMLLMIA BILCOTOK arperaty
meHwe 0,25 mm Ta 5-1 mm.

B Tabn. 2 npefcTaBneHi peaynbTaTit BU3HAYEHHS CTPYK-
TYPHOTO CTaHy Yy 3paskax rpyHTy 2020 poky.

Tabnuus 2
CTpyKTypHO-arperaTHui cknap rpyHTy 3a pisHux cugeparis (2020 p.)
. . [mubuHa Bin6o BincoTok CTpYKTYpHMX arperaTis 3a po3mipom fiameTpy, %/Mm

No BapianT pocniny 3paaKiB,iM S S T T = e A 05 | 0505 <025
0-10 3,2 47 4,6 19,3 22,5 8,5 14,0 23,2

1 be3 cupgepaty 10-20 37 4,0 42 18,4 20,0 9,2 13,9 26,6
20-30 0,6 46 85 28,3 20,6 7.9 11,0 18,5

0-10 438 45 55 15,6 19,2 8,5 15,1 26,8

2 Oauenis 10-20 34 4,2 58 17,7 19,1 74 13,2 29,2
20-30 6,6 6,1 6,7 21,8 20,0 8,2 8,2 224

0-10 6,7 3,6 41 16,2 17,6 8,0 14,1 29,7

3 KoHtoLWwmHa YyepBoHa 10-20 2,3 1,9 4.4 17,5 17,5 8,7 13,5 34,2
20-30 57 54 64 215 19,7 6,9 11,0 234

4 KoHtowwmHa 6ina 0-10 6,8 2,7 54 19,7 21,6 76 12,6 23,6
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) . 'nmbuHa Bigbo BifcoToK CTPYKTYpHWX arperatiB 3a po3mipom giameTpy, %/Mm
Ne BapiauT pocniny sasia, o S T = = 105 1 0505 <025
10-20 5,6 3,7 6,4 20,9 19,4 8,0 11,7 24,3
20-30 8,2 8,4 6,9 21,2 17,4 7,0 9,9 21,0
0-10 9,2 438 5,6 6,8 16,6 19,4 13,1 245
5 Paitrpac ogHopiyHui 10-20 58 35 42 16,1 18,3 7,3 12,8 32,0
20-30 5,1 43 50 21,1 19,0 75 11,1 26,9
0-10 3,7 2,3 5,0 19,4 18,3 11,5 10,5 22,4
6 Tipunug Gina 10-20 39 4,7 5,8 22,1 19,5 8,2 11,8 24,0
20-30 44 39 55 20,1 214 79 12,6 24,2
0-10 3,2 24 5,2 18,6 217 8,4 13,4 271
7 Ecnapuet 10-20 3,3 4.1 5,2 21,4 20,9 8,1 12,8 24,2
20-30 5,1 7,0 8,5 241 19,5 6,9 10,0 18,9
0-10 1,1 0,8 04 0,7 0,7 05 0,6 0,8
HIPos 10-20 0,6 0,6 0,5 0,7 0,6 0,4 0,9 0,5
20-30 0,7 0,5 0,5 0,3 0,5 0,4 0,8 05

Y 2020 poui Ha AinsHLi 3 cugepaTamm CnocTepiraeTbes Binblue HAKOMMYEHHS 3 rMWBMHOID HaMapIGHIWOi dpakyii y wapi 10—
20 cm. Y wapi 010 cm yactkn meHwe 0,25 mm Ta 2—1 MM, 5-2 MM y AiameTpi BigpisHanucs binbwmmu Bigcotkamu — 23,2 %, 22,5 %,
19,3 % BiAnoBigHo.

Mig dauenieto chopmysascs ropuaoHT 0—30 cM 3 BinbLU BULLMM BiACOTKOM dhpakLji MeHwwe 0,25 MM, 3HaYEHHS 3HAX0AATLCS
y Mexax 22,4-29,7 %.

Mig KOHIOLLMHOK YepPBOHO TakoX BiMiyeHa nofibHa TeHaeHLis, sk i y dauenii, B wapi 10—20 cM MaeMo BULL Ludpy 4acTok
piaveTpom meHwe 0,25 MM 3a NMokasHWKW Ha iHWWX rmubuHax. Mpudomy came nig auenieo TyT HaMBULLMIA NOKa3HWUK Cepen YCix
BapiaHTiB — 34,2 %.

Ha ainsHui 3 KOHOLMHO GiNnoto 3 rMOKHOK TakoX BiaOYBaETLCS NEpPepO3noAin YacToK 3 PisHUMM AiameTpamun. Busisnerui
BinbLunin BigcoTok dpakuii MeHwwe 0,25 MM no Beix rMubuHax, aani yactkin 5—1 mm y giametpi. OuiHioouM po3nogin dpakuin Tpeba
BiMITMTK, WO Yy GinbLIOCTi BapiaHTIB BiaOYBaETLCS CYTTEBE 3HWMKEHHS BIACOTKY YacTok 1-0,5 MM, NpuyoMy pisHMLS SIK 3a FMOKUHOL,
TaK i MiX cuaepaTamu He Taka piska, ik N0 iHLIKX 32 pO3MiPOM YacTOK, 3a BUHSTKOM paiirpacy. i HuM GinbLumii BiaCOTOK Manu sk
pa3 yacTku MeHwwe 0,25 mm — 24,5-32,0 %, 2-1 mm — 16,6-19,0, 1-0,5 mm — 19,4 %—7,3 %.

Ha pinaHui 3 ripumueto Mix rmubuHamm BiaCyTHI piski nepenaam y nokasHukax, sk y nonepeaHix BapiaHTax. Takox BULLWIA
BigcoTok pakyji meHwe 0,25 MM Ta 5—1 MM. CxoXy KapTUHY Maemo i nig ecnapueToM, ane TyT NPOCTEXYETLCS ICTOTHE 3HIKEHHS
tpakyii meHwe 0,25 MM 3 rMBKMHO 3a paxyHOK 36iMbLUEHHS YACcTOK 3 AiaMeTpoM GinbLue 2 MM.

B tabn. 3 npeacraBneHo AaHi po3paxyHky koediLlieHTy CTPYKTYPHOCTI FPyHTY 3a 4Ba POKM AOCMiMKeHb i y CepeaHsomy, Ta
4acTKy arpoHOMIYHO LiHHOT cTpyKTYpU 3 diameTpom 100,25 mwm.

Tabnuus 3
ArpoHOMIYHO LiiHHa CTPYKTypa Ta KoedilieHT CTPYKTYPHOCTI FPYHTY Y POKW AOCTIMKEHD
" Bapiar rJ'IM6MHa. BinBopy KoediuieHt CprKTypHocgepenHe — YacTku poamipom 1070,25Cw(|er:|),e°'q/oHe —
3paskis, CM 2019 2020 2019-2020 pp. 2019 2020 20192020 pp.
1 2 3 4 5 6 7 8 9
0-10 38 2,8 33 79,2 73,6 76,4
1 Bes cugepaty 10-20 2,3 2,3 2,3 69,3 69,7 69,5
20-30 27 42 34 80,9 80,9 80,9
0-10 22 22 22 68,6 68,4 68,5
2 dauenis 10-20 19 2,0 19 66,5 67,4 67,0
20-30 18 24 21 64,2 71,0 67,6
0-10 2,0 1,7 1,8 67,0 63,6 65,3
3 KoHtoWwMHa YepBoHa 10-20 2,1 1,7 19 67,5 63,5 65,5
20-30 21 24 22 67,5 70,9 69,2
0-10 21 23 2,2 68,3 69,6 69,0
4 KoHtowmHa 6ina 10-20 6,3 2,3 43 69,1 70,1 69,6
20-30 3,0 24 27 75,3 70,8 73,1
Paiirpac o 0-10 1,3 19 1,6 55,9 66,3 61,1
5 HOpIdHI 10-20 2,2 1,6 19 68,4 62,2 65,3
20-30 2,3 21 2,2 69,9 68,0 69,0
0-10 2,6 2,6 2,6 72,0 67,0 69,5
5 lpunys 6ina 10-20 1,8 2,6 22 64,2 724 68,3
20-30 22 25 2,3 68,7 714 70,1
0-10 21 2,3 2,2 67,6 69,7 68,7
7 Ecnapuet 10-20 19 2,6 2,3 65,1 72,5 68,8
20-30 2,3 31 2,7 69,7 76,0 72,9
H|P05Llﬂﬂ wapy 0-30 cm 0,3 0,2 0,6 0,4
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Ak BuaHO 3 Tabn. 3, YacTka arpOHOMIYHO LiHHMX arpe-
raTiB y 2019-2020 pp. Ha BCix BapiaHTax 3Haxo4mnacs y Mexax:
y wapi 0-10 cm - 55,9-79,2 %, 10-20 cm — 62,2-72,5 %, 20—
30 cm — 64,2-80,9 %. Bes cupepary yactkn 10-0,25 mm bynu y
mexax 69,3-80,9 % 3 HalMeHWMMKU 3HaYeHHsMK Y wapi 10—
20 cm. Tpeba BigMITUTV OHAKOBI 3HAYEHHS Lndp ans wapy 20—
30 cm - 80,9 % B 000X pokax gocnimKeHb. TakoX HEICTOTHa pis-
HWLSa 3HaveHb ansa wapy 10-20 cm. Ane y 2020 p. y wapi 0—
10 cm 6yno AeLo MeHLUe arpoHOMIYHO LiHHUX arperartis, aHix y
2020, MOXNMBO, Yepes3 ekCTpeMarbHi NOCYLLMMBI YMOBM Y NiTHIi
nepiog. KoedilieHT CTpyKTypHOCTi ByB HamBULWMM Ha LbOMY
BapiaHTi y wapi 010 cm ta'y 2020 p. y wapi 20-30 cm.

Ha ginsaHui 3 dauenieto y 2019 p. nposisunacs TeHaeHUis
[0 HE3HAYHOTO 3HIKEHHS YaCTKM LiHHMX arperartiB 3 rmmbuHow,
aney 2020 p. y rubwomy wapi uidpy Oynum BULLMMM 3a BCi, LLIO
OTPUMaHI Ha LibOMY BapiaHTi.

KoHiowmHa yepsoHa cteopuna y wapi 0-30 cm cTpyk-
Typy 3 giameTpom 10-0,25 mm Ha pieHi 67,0-67,5 % y 2019 p., y
2020 p. oTpumaHo 36inblueHHs ix Ha rimbuHi 20—30 cm. KoHio-
WwiHa 6ina mana TeHAEeHL;l0 A0 30iNbLUEHHS YacToK 3 FUBMHOLO,
ocobnneo 3HayHa pisHuua byna y 2019 poui.

Y BapiaHTi 3 panrpacom OTpuMaHa HauMeHLLa KinbKiCTb
CTPYKTYpHMX arperaTiB po3mipom 10-0,25 MM, y BEPXHBOMY Luapi
y 2019 p. - 55,9 %, koediLieHT cTpykTypHOCTI cknas 1,3. Are 3
rMOMHOK NOKa3HMKK cTabinisyBanucs i € Ha piBHi iHLWKX cuae-
panbHUX LINSHOK, AELO 3 BULMM Ludpamm.

Wogo ripumui 6inoi, TO He AMBASYUCH Ha PISHWLIO Y MO-
kasHukax 2019-2020 pp. y wapi 0—10 cm (72167 %), koediLjieHT
CTPYKTYpHOCTi ByB ogHakoum — 2,6. B wapi 10—20 cm no pokax
cnocTepiraeTbCs 380poTHa TeHaeHUis. B yinomy y 2019 p. y wapi
0-30 cm KoediLieHT cTpykTypHOCTI cTaHoBuB 1,8-2,6, y 2020 p.
-2,5-26.

Mig ecnapueTtom 3 rnnbuHoto y 2020 p. koediLlieHT CTpyK-
TYPHOCTI MaB TEHAEHLLiO 10 MiABULLEHHS.

O6roBopeHHs. Ak BXe 3a3Ha4anocs, Npy NepecamkeHHi
cigHuiB G. biloba y BiokpuTWiA rpyHT Ta y nogarnbLUoMy gornsgi 3a
pocnnHamu, He Bynu 3acTOCOBaHi MiHeparbHi Ta OpraHidHi go-
BpuBa i nectuunam, HaBecHi Mixpsaaas Bynu 3acisHi cugepans-
HUMW KynbTypamu, ski ans flicocteny YkpaiHu nokasyoTb rapHui
pesynbTar.

[pynoto BYEHMX BCTAHOBMIEHO MO pe3ynbTatax 21-piy-
HOro gocnigy Ha aHTpoconsx (Kutan), Wwo Tpusarne BHECEHHS [o-
GpuB cnpusie yTBOPeHHHO arperartiB 0,5—2 MM i 3MEHLLYE KinbKiCTb
arperaTiB MeHLe 2 MM, 0COBNMBO Npu BHECEHHI THO Ta NPK
(Zhang et al., 2016). B noni 3 YOpHUM MapOM 3MEHLLYETLCS KiMb-
KicTb arperaTiB po3mipom Oirnblue 2 MM Ha BCiX rnubuHax Ta
3HAYHO MIOBMLLYETLCS KiNbKIiCTb arperatis po3MipoM MeHLUE
0,5 MM Ha rnnbuHi 10-30 cm, NopiBHSHO 3 KOHTPOMNEM (Heyno0-
peHuin BapiaHT). Mpu 3acTocyBaHHi opraHiuHmnx gobpus Ta NPK
36inblwyBanucs arperatv Ginblue 2 MM 3a [iaMeTpoOM Ha BCiX
rnubuHax rpyHTy Ta 30inbLuyBanacs YacTka Makpoarperartis pos-
MipoM 1—2 MM LWOA0 KOHTPONto. BctaHoBneHa nosuTuBHa Kope-
nauis posMipy Ta BiACOTKY arperaTiB 3 JOBXKUHOI ricpy, rymiHo-
BOIO KWCNOTOI0, (PYNbBOKMCIIOTOH), BiflbHAMM OKCUZAMM 3anisa,
BMICTY OpraHi4yHOi pe4oBWHM, BMICTY Kanito, enekTponpoBigHOCTi.
YacTku makpoarperaTiB po3Mipom BifbLue 2 MM CyTTEBO KOpento-
Banv i3 3a3HayeHuMN napameTpamu, 3a BMHSTKOM enekTpo-
npoB.igHocTi. YacTka 1-2 MM He KopentoBana i3 BKasaHUMU Nna-
pameTtpamu. YacTka arperatiB 0,25-0,053 mm Gyna noautmeHo

nos’a3aHa 3 pH rpyHTY Ta HeraTMBHO MOB'A3aHa 3 HAasiBHUMM 3Ha-
yeHHsamm K ta enektponposigHocTi (Zhang et al., 2016).

CTpyKTypa rpyHTY 3anexuTb BiA rigpoTEPMiYHIX YMOB,
POCIMHHOCTI, penbedyy (excnosunuii, opmu, NPOTSHKHOCTI CXuNiB,
BWCOTW Hap piBHEM Mops) i Bi yacy Binbopy 3paskis (Medvedev,
2008; Zakharchenko et al., 2016). Hanpuknag, y CTenosii 30Hi
[HinponeTpoBcbKkoi 0bnacTi y 4epHO3emi nicCoBOMY (MiBHIYHA
ekcnoanuis Banpaky) YMIiCT arpOHOMIYHO LiHHWX arperatis y
BEPXHbOMY TyMyCOBO-EIOBianbHOMY Lapi cTaHoBuTb 98,2 %
(npupopHa cBixka HakneHoea AibpoBa 3 Ay6OBWM LIMPOKO-
TpaB'am); y Ny4HO-NicoBoro (Tanbeer Oanpaky — NPUPOAHUIA
OCMYHSIK) — 73,6 | YopHO3eMy niCOBOrO (MiBOEHHA EKCro3uLis
Gailpaky — npupogHa CyxyBaTa YOpHOKNeHoBa [Aibposa 3
tiankoto wepasow) — 82,6 % (Gorban, 2020). KoedivieHt
CTPYKTYPHOCTI Ans rpyHTiB Ganpaynux y wapi 0—34 cm konu-
BaBcsa y Mexax 1,9-3,1. [opiBHSHO i3 HALWUMKU 3HAYEHHAMMU, pe-
3ynbTaTyt UyX AOCMIAIB rOBOPSATL NPO 3HAYHUI BNuB penbedyy,
a came MicLeBoi Tonorpadii Ha hopMyBaHHS CTPYKTYPYU TPYHTIB,
i, BiNOBiAHO, HA PO3BUTOK POCMMHHOIO NOKpKBY. BigcoTtok arpo-
HOMiYHUX arperaris GinbLue y BEpXHix wapax y niCoBuUX rpyHTax
niBgHa YkpaiHu, BiH BinbLUuid 3@ Taknit y NiBHIYHO-CXigHOMY Jlico-
CTENy, LU0 NOSICHIETLCS BIACYTHICTIO @HTPOMOTEHHOTO HaBaHTa-
KEHHS Ha TPYHT.

£k cBig4aTb BYEHI Pi3HWX KpaiH, HACUYEHHS CiBO3MIH, 3a-
NY)XEHHS MXPSAb Y Cafax Npu BUPOLLYBaHHI AEKOPATUBHWX Po-
CMUWH, BUKOPUCTaHHS cuaepariB — NOKPUBHUX KynbTyp, 3abesne-
uye cTabinisaLlito Ta BiGTBOPEHHS NyMYCy B rPyHTaX, BMIMBaOYMN
Ha NOXWMBHWUA pexum Ta MikpoBioTy rpyHTy (Kravchenko, 2020;
Yang, 2020; Novytskyy, 2015). MocTiltHe BUKOpUCTaHHS cuaepa-
NbHUX POCAIMH NiABMLLYE BMICT OpraHiyHOi pe4oBMHM, NOKpaLLye
hianyHi, ximiyHi Ta Bionoriyni BNaCTMBOCTI FPYHTY, @ TakoX Npur-
Hiyye po3suTok byp’sHiB (Das et al., 2020; Kovalenko, 2018).

CTpykTypa rpyHTy Bapiloe 3anexHo Bif CE30HY POKY,
T06TO Big Yacy Bigbopy 3paskis, BonorocTi rpyHTy (Zhou M. et al.,
2020, Tsyuk, 2018). BukopucTaHHs y HacaZXXeHHsX MUraanto su-
MEHIO0, MIUEHUL|i Ta KOHIOLLMHW, SIKi LLOPIYHO 3aropTanucs, Bnnu-
Barlo Ha BMIiCT OpraHiyHoi pe4oBuHY, ane Ui 3MiHu BigbysaloTbCs
NpOTArOM JOCUTL TPUBANOro nepiogy, 6nmabko 8 pokis (Surki A.,
2020).

Arperalist TpyHTY 3pocTae nif NOCTIMHUM 3amyXeHHAM
abo cupepauieto. 3acTOCOBaHi POCMMHMA 36IMbLIYIOTL MPOHNK-
HEHHS BOAW Y TPYHT, 30iMbLUyOuN KiMbKICTb KOPEHIB Y rPYHTI Ta
3abe3neyyloun nepexonneHHs onagis; PerymnioTb NOBEPXHEBY
eposito, Mirpajto 3abpyaHtoBadia rpyHTy (Obrycki, 2020).

Llikai BUCHOBKM OTPUMAanu BYeHi Ha ierpafoBaHuX rpyH-
Tax y bantiicbkomy neLokniMaTUYHOMY PErioHi y TpUBarnomy no-
nboBOMYy Aocnigi 3 1964 p., aki BCTaHOBMNM, WO GaraTopiuHi
TpaBu (KOCTPULIA JTy4Ha) 3MEHLLYBanM BiACOTOK BOAOTPUBKMX ar-
peratiB, OpraHiyHoi peyoBWHM, 3ararbHOr0 asoTy Ha Makcu-
ManbHO ynobpeHnx AinsHkax. BukopuctaHHs nrouepHn nigsu-
LLlyBaro BMICT OpraHiYHOi pe4yoBMHU Ta a3oTy, ane He BNI1Bano
Ha BogoTpmBki arperaty (Are et al., 2020).

MMOKpVBHI KyMbTYpU Yy MiXPAAAAX MOKasylTb Oinbluy
e(heKTMBHICTb 3@ MynbyyBaHHs. Hanpuknag, 60608Bi NOKpPMBHI 3
ykocamu 6ynu MeHL edeKTUBHUMY, aHik HeBo6OBI, Wo nosic-
HIOETLCS BiNbLUMM NPOEKTUBHUM MOKPUTTAM TPyHTY (Liu, 2021).
B mixpsoasx abnyHi BUKOPUCTaHHS KOCTPWLi OBEYOI SIK XWBOI
Mynbdi Ha 4-5 pik micns nocagku fepes Ha NigKapnvKosi nig-
Lenu 3HM3MIo BpoxaitHicTb nnogis Ha 30 %. B uutpycosux ca-
[iax 3aCTOCYBaHHS KOHIOLIMHW Y MDXPSLOAX 3MEHLLYBANO BTpaTy
a3oty Ha 35,5 %, doccopy Ha 40 % (Li, 2020).

BicHuk CymcbKoOro HauioHanbHOro arpapHoro yHisepcutety
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B Kutai Ha necoBomy nnato JOCMIMKEHO PIHULLO YTpu-
MaHHS MiXpaaasa abnyHi Sk 3Bu4anHuin 06pobiToK, BUKOPUCTAHO
painrpac sk NOKpUBHa KynbTypa, Mynb4a KyKypyasu Ta arpoBo-
NOKHO TEMHOTO KOMbopy. BukopucTaHHs paiirpacy 36inbLuysarno
BOIIOrY, MOKPALLyBarno BMICT OpraHiyHoi peyoBuHW Ha 11,8 %,
nigeuLLyBano MikpobionoriyHy akTWBHICTb, 30inbluyBano B3ae-
MOZt0 MiX pisHMM BakTepisMu Ha KOpUCTb AKoCTi rpyHTY (Wang
et al., 2020). JouinbHicTb BUCIBY paiirpacy Ha cxunax nigTeep-
[PKEHO i iHLMMM BYeHMMm KuTato (Liu et al., 2020; He et al., 2020).

B KaHagi Ha BaXKOCYIMUHKOBMX FpyHTax Tpuearne Bupo-
LLlyBaHHsI OBOYEBMX KyNbTYp NPU3BESO 40 Aerpagalii pinni, Tomy
yBara B4eHux byna npukyTa [0 BUKOPUCTaHHS cupepaTis Ta ix
ecekTuBHOCTI. byna BuBYEHA ePEKTUBHICTL Takux cuaeparis sk
panrpac OfHOPIYHWA, SUMiHb SPURA, XNTO NOCIBHE. MMOPIBHSHO 3
pinsHkoto Be3 cugeparis, BOCNIBHWKAMU BCTAHOBMEHO, WO 0A-
HOPIYHWI paiirpac Ta XMTO NOCiBHe 30inbLuyBani PO3MIp CTPYK-
TYPHWX arperartiB i NPaKTUYHO BCi TPW BKa3aHUX BUAM cupepaTis
NiABMLLYBanu BMICT eKCTParoBaHuX KUCMOTO0 nonicaxapuais. Y
BereTauinHoMy Aocrifi NpoBeaeHo iHkybyBaHHS rpyHTY Ha 2,4,
Ta 8 TWXHIB i3 cuaepaTamu 3 4OCIIAHOMO Nons, y pasi voro Byno
BCTaHOBMEHO, LU0 BCi PELUTKM cuaepaTiB Cnpusinn 3BinbLeHH:0
AiameTpy arperaTis Ta BiCOTOK BOLOCTINKMX arperatis 2—6 MM y
piameTpi B yci nepioau iHKyOaLlii. Takox BYEHNMW BCTAHOBNEHA
3anexHiCTb Mix 3aCTOCYBaHHAM Cuaeparis, iX BuaaMu Ta BMICTy
ekcTparoBaHux nonicaxapuais (Liu et al., 2005).

BusHaueHHs CTPyKTypHO-arperaTHoro cknagy MetoaoMm
MOKPOTO NPOCi0BaHHA FPYHTY Mif, CMAEPATOM XWUTO 03UME CBIf-
YWTb NPO NiABULLEHHS CEePEeaHbOro 3HaYEHHS Baru rpyHTOBMX ar-
perartiB Ha 55 %, NopiBHSHO 3 insiHKamu 6e3 cuaepatis Ha ru-
6uHi 010 cm i Ha 29 % Ha rnmbuni 10-20 cm (Rorick & Kladivko,
2017). Cnpepat CTBOPOE BOLOCTINKY arperoBaHicTb 3a AocTaT-
HbO KOPOTKWI Yac, ane 3MiHW Yy LWinbHOCTI FPYHTY, BMICT OpraHiy-
HOI PEYOBMHY Ta 3aranbHOMY rPYHTOBOMY a@30Ti He iCTOTHI.

3a pawvmm T.TocnogapeHko Ta  O. JlucsHcbKOro
(Hospodarenko & Lysianskyi, 2016) BMiCT okcuay Kanblio Yy
HaA3eMHin maci ripunyi 6inoi ctaHosuB 95-129, rpeukn 99—
133 kr/ra, a 3a MmiHepanbHoro ygobpeHHs smict CaO nigsu-
wyetbcst Ha 3—40 % NOpiBHAHO 3 HEyAOBPEHUM BapiaHTOM; OK-
cug poccpopy B biomaci ripumwi nigsuwlyeTses 4o 43—66, rpeykn
76—114 %. Takum YMHOM, Nig ripumnLieo HakonM4yeTbCa Ha 5—35
Binblie asoty, nig rpeykoio 7—44 %, MOPIBHAHO 3 KOHTPOMEM.
TobT0, BUKOPWUCTOBYIOYM Ha3BaHi cupepaTi, NOKPaLLyeTbes no-
KMBHUA PEXWUM TPYHTY, BMICT Karbljto, KU MOXe NO3UTUBHO
BNNMBaTW Ha (DOPMYBAHHS CTPYKTYPU TPYHTY. TaKoX yMaHChKi
BYEHI HAroNOLLYITb Ha CTUMYMIOKOYY o HA MPOPOCTaHHS Ta po-
3BUTOK POCTMH TaKWX CUAEPATIB SIK ripumust 6ina, peabka oniiHa,
BMKa spa Ta rpevka, ane npu LboMy BigbyBaeTbCs 3HaYHE 3HM-
XEHHS eHeprii NPOPOCTaHHS HAaCIHHS OCHOBHOI KyNbTypu — riue-
HWLi 03umoi. 3a BuKopucTaHHs BypkyHy 6inoro, cnocTepiraBcs
arnenonaTMyHUA edekT — NPUrHiYeHHs 3a BCiMa NOKa3HUKaMu
(Hospodarenko & Lysianskyi, 2015). BueHi roBopsiTb Npo ripuuLio
Ik NPo pocnuHy-rep6iumna. Takox BKkasylTb Ha Te, L0 BOHA 0340~
POBMIOE TPYHT Bif NATOreHiB Ta AESKWX LUKIAHWKIB, MOKpaLlye
hi3nyHi NOKa3HWKM Ta NOXMBHUMIA pexum rpyHTiB (Novokhatskyy,
2015).

3rigHo wkanu C. I. Jonrosa Ta 1. Y. baxtiHa, cTpykTypa
rpyHTy, B sikomy 4060 % arpOHOMIYHO LiHHWUX arperaTiB BBa-
XaeTbCs 3a10BiNbHO0, 60—80 — nobpoto i GinbLue 80 % — BiaMiH-
Holo, TOBTO rPYHT € BiMIHHO OcTpykTypeHum (Tykhonenko,

BicHuk CyMmcbKoro HaulioHanbHOro arpapHoOro yHiBepcurteTy

2005). 3a M. . CaBiHoBMM, LiHHAMM arperatamm € YacTku po3-
mipom 0,25-10 mm. YacTku 100,25 MM Ha3nBatoTb rpyaoyKyBa-
TumK, noHag 10 Mm — Bpununcti, meHwe 0,25 MM — MiKpOCTPYK-
TYpHi. TPYHTW 3a KoeqiLieHTOM CTPYKTYPHOCTI, Y CBOK Yepry,
KnacudikyrTb HAaCTyMHAM YMHOM: Ginblue 1,5 — BiAMiHHWIA arpe-
raTHW ctaH; 1,5—-0,67 — pobpuii arperaTHui ctaH; meHwe 0,67
— HEe3afoBINbHWN arperaTHWi cTaH. B Hawomy gocnigi no BCix
BapiaHTax Ta rnbuHax koeqilieHT CTPYKTYPHOCTI BiJHOCUBCS A0
BiOMIHHOTO arperaTHOro cknapy, OKpiM pairpacy npwu Bigbopi
3paskis Ha rubuHi 10—20 cm y 2019 poui — 1,3.

B poborti 0. T. MiweHka, L0 npoBedeHa B yMOBax
Cymcbkoro HAY 'y 3epHo-npocanHiii nonboBii CiBo3MmiHi, 6yno
BCTAHOBIEHO, L0 MICISXKHUBHWA cuaepaT 3 dhauenii, skui 6yB
3apobneHuni y KiHLi XOBTHS Noka3aB nepesary 6punucToi pak-
uii y wapi 010 cm i craHosus 18,2 % (Mischenko, 2013). B Ha-
LIOMY JOCTifi CnocTepiraeTbCs 3BOPOTHA TEHAEHLiS, MOXINBO
TYT (haKTOpamu BUSBMEHOI Pi3HUL € Te, WO Y 3eMnepobCTai cu-
Aepat 3apobneHuin BoceHu, a y HawwomMy aochiai dauenis dyna
nocisiHa HaBeCHi | 3anuwanacs Ha Micli 4o oceHi. BMicT LiHHOI
CTpyKkTYpY nicnst pauenii otpumano y 0. I'. MiweHka — 74,8 MM,
yactok Binblue 1 mm — 85,9 %; koedilieHT cTpykTypHOCTI — 2,98.
TakoX MigKPecntoeTbes, WO 3a Pi3HUX CnocobiB OCHOBHOMO
00pOBITKY rPYHTY BMICT arpOHOMIYHO LiHHMX arperaTiB y Lapi
10-20 cm 3MeHLyeTbCS, ane BigMIYaeTbCa 3pPOCTaHHS 4acToK
piavetpom Ginbwe 10 mm, nopisHaHO i3 wapom 0-—10 cwm.
MogibHy TeHaeHuilo mu cnoctepiraemo y 2019 poui nig da-
Lienieto, KOHOLMHO Ginoto, ripumueto, ecnapuetom. O6pobitok
rpyHTy 3 obeptaHHam nnacta y gocnigi t0. . MiweHka cnpuss
koediLjieHTy cTpykTypHOCTi 2,0, noBepxHeBoro 0b6pobitky — 1,77
(Mischenko, 2013).

[ns cepeaHbOCYIMUHKOBOTO MPYHTY, SKWA BMKOPWUCTO-
BYBaBCA i y HaWOMy AOCMiAi, XapakTepHuit Binbluni BigCOTOK
MakpoarperaTis 3 giameTpom 6inbiwe 10 M. Tak, BCTaHOBNEHO,
L0 YMM Binblu iHTEHCKBHILIE 0OpOBNAETLCS rPYHT, TUM Binblue
ApibHo3emHoi dpakuii (Zakharchenko et al., 2013). KoediuieHT
CTPYKTYPHOCTi 3aNnexuTb Bif rigpOTEPMIYHNX YMOB, CTPOKY
Binbopy 3paskiB, cnocobis, TepMmiHiB Ta rnubuHn 06pobiTky
TPYHTY, @ TaKkoX, y Linomy, Bif BCX arpodidnyHuX NokasHWKIB.
Lleit nokasHuK Ha YOPHO3eMi TUMOBOMY MPW BUPOLLYBAHHI MLle-
HWLi O3MMOI 3MEHLLYBaBCS NPOTArOM BereTallii, HAaBeCHi MaB
uudopu B mexax 1,8-9,0, y cepeauHi nunHs Bxe 2,4-3,0.

TakuM YMHOM, pesynbTaTW HawWWX AOCMiMXKeHb OeLo
BiPI3HAKTLCA Bif paHille NPOBEAEHMX K CXEMOK NPOBEAEHHS
BOCTIKEHHS!, TaK i Ayxe NOCyLINMBUMU YMOBaMM Y POKU NPOBE-
JeHHs focnimKeHb. Bupoluytoyun CapuBHWA MaTepian riHKro
Binoba B ymoBax JlisobepexHoro flicocTeny, ocobnusy yeary no-
TPIGHO 3BEPHYTM HA MYMNbYYBaHHS IPYHTY SIK POCTIMHHAMM PELT-
KaMK iHLMX KYNbTyp, arpOBOSIOKHOM Y CULEPamnbHUMM KyNbTy-
pamu. EdbekTuBHICTb cugepatiB npu BupoLLyBaHHi G. biloba no-
Tpebye AeTanbHOro BUBYEHHS i GinblL TPMBANOro Yacy.

BucHoBku. [NepioanyHe puxneHHs rpyHTy Ha BapiaHTax
Ge3 cugepaty ans 60poTsbu i3 Byp’sHamu Npu3BoAMINO A0 CTBO-
PEHHS HAKPALLLOTO CTPYKTYPHO-arperaTHoro cknagy y wapax 0—
10 12 20-30 cMm, Lo CpUsANo OTPUMAHHIO HaMBMLLOTO NOKa3HKa
KoedqiLieHTy CTPYKTYpHOCTI.

3 cupepanbHuX KynbTyp, Y CepeaHboMy 3a ABa POKM A0-
CRimKEHb, HAMBMLLMIA BiGCOTOK arpOHOMIYHO LiHHOI CTPYKTYpH
oTpumMaHo y wapi 0—10 cm Ha ginsHkax 3 ripumueto 6inoto, KoHk-
wuHoto 6inoto; y wapi 10-20 cm — koHtowwmHo Binoto 69,6 %,
JELLO MeHLe Ha ripunui 68,3 %, ecnapueri 68,8 %. B wapi 20—
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30 cM — HaitBuLLMM BigcoTkoM arperaTis po3mipom 10-0,25 Mm MpoekT 3 iHTpoayKLii riHkro Binoba ans ymos flicocteny
BiAPI3HANNCS BapiaHTK i3 kKOHtOLWMHOW Binoto 73,1 % Ta ecnap- | YkpaiHu NpoLoBXYETHCA Ta JOCTIMKEHHS ePEKTUBHOCTI Ha3Ba-
uetom 72,9 %. EcnapueT nilaHui Ta KoHIOWKWHA bina cepea cu- | HWX cuaepaTiB Ta ix Cymiwi OyayTb NPOLOBXEHI, Ae BUBYATK-
AeparnbHUX KynbTyp Manu HanBULWMA KOEMILIEHT CTPYKTYPHOCTI | MYTbCA MOXUBHUI | BOAHUIA PEXUMM, @ TakoX BMICT OpraHiyHoi
B wapi 20-30 cm — 2,7. KoediuieHT cTpykTypHOCTI B Wapi 10— | peyouHM.

20 cM Ha cupgepanbHux ainsHkax 6ys B mexax 1,9-4,3 3 makcu-
MyM Ha BapiaHTi 3 KOHIOLLMHOO 6inoto.
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SOIL AGGREGATION WITH VARIOUS COVER CROPS IN GINKGO BILOBA L. PLANTATIONS

Ginkgo biloba is an exotic plant for Ukraine that is nowadays becoming popular for parks and landscape gardening. Raw
materials (leaves) of these plants are used as medicinal, and in the context of organic production has pharmaceutical significance. At
Sumy National Agrarian University fields Ginkgo biloba is grown by seedling method, young seedlings are transplanted into the open
ground, in an area where the plants are grown without chemical synthetic fertilizers and pesticides. Row spacing between Ginkgo
plants is 3 m and in case of high temperature and dry growing season the survival rate is reduced. The use of cover crops in the rows
of Ginkgo biloba can help the plant cope with temperature stress, regulate the structural and nutrient status of the soil. We conducted
one experiment with some common cover crops for Forest-steppe of Ukraine such as a phacelia, white clover, red clover, ryegrass,
sainfoin, white mustard during growing seasons 2019-2020. Sites planted in the spring between the rows of Ginkgo. At the end of
August, soil samples to a depth of 0—10, 10-20, 20-30 cm were collected to determine the structural and aggregate composition.
These samples after reaching the air-dry state were sieved (dry method) and determined the percentage of soil particles with different
diameters and structural coefficient soil. The percentage of agronomically valuable structure depended on the mechanical tillage on
the site without and with cover crops, weather conditions. In the site without cover crops with mechanical tillage for weed control, the
highest percentage of aggregates with a diameter of 10—0.25 mm and coefficient of structure in layers of 0—10 and 20-30 cm was
obtained. White mustard and white clover cover crops have shown the best result in good soil aggregation in the 0—10 cm layer. In the
layer of 1020 cm, the coefficient of structure was the highest in sites with white clover, respectively agronomically valuable structure
was 69.6 %, slightly less with mustard 68.3 % and sainfoin 68.8 %. In a layer of 20-30 cm sainfoin and clover among other cover
crops showed the best result, the coefficient of structure was 2.7. Lastly, further research is needed to choose the best cover crop for
Ginkgo biloba young plantations which help the plants to pass strongly through to environmental stressful condition. Additional re-
searches are needed for cover crops selection and their mixtures, terms of sowings, times of cutting should be studied.

Key words: Ginkgo biloba, green manures, cover crops, soil structure, row spacing, structure coefficient, annual grasses,
perennial grasses, red clover, white clover, ryegrass, white mustard, sand sainfoin.

Llama Hadxo0xeHHs1 do pedakuii: 22.12.2020 p.

BicHuk CymcbKoOro HauioHanbHOro arpapHoro yHisepcutety

32 Cepist «ArpoHomis i Gionorisiy, Bunyck 4 (42), 2020




UDC 631.5
RECOGNITION AND LOCATION OF CROP SEEDLINGS BASED ON IMAGE PROCESSING

Han Yafeng

PhD student

Sumy National Agrarian University, Sumy, Ukraine

Henan Institute of Science and Technology, Henan, China
ORCID: 0000-0002-3085-5910

375971920@qq.com

Wang Xinfa

PhD student

Sumy National Agrarian University, Sumy, Ukraine,
Henan Institute of Science and Technology, Henan, China
ORCID: 0000-0002-6293-5624

616858308@qq.com

Onychko Viktor

PhD (Agricultural Sciences), Associate Professor
Sumy National Agronomy University, Sumy, Ukraine
ORCID: 0000-0003-0584-319X

onichko@gmail.com

Zubko Viadislav

PhD (Technical Sciences), Associate Professor
Sumy National Agronomy University, Sumy, Ukraine
ORCID: 0000-0002-2426-2772
zubkovladislav@ukr.net

Li Guohou

PhD (Control Science & Engineering), Professor

Henan Institute of Science and Technology, Henan, China
ORCID: 0000-0003-1410-5076

527636704@qg.com

With the development of digital image technology, we can easily obtain a large number of crop growth images. Through effec-
tive analysis of the image, the growth information of crops can be obtained, which can better direct agricultural production. The effi-
ciency of traditional seedling growth monitoring is low, especially in large-scale farmland, which takes a lot of time. Artificial method
timely restricts scientific decision-making of cultivation crops. The progress of machine vision and image processing technology pro-
vides a new way for harmlessly monitoring of crop seedling growth . The results of image analysis can help agricultural producers to
understand the growth of crop seedlings quickly and accurately, so as to take effective management as soon as possible. In this paper,
the images of sunflower seedling collected in farmland environment are taken as the research object. The main research content is to
segment green crops from soil background. Segmentation method of sunflower seedling image based on color features and Ostu
threshold segmentation is proposed. The method is simple in calculation, and can adapt to the segmentation of farmland environment
images, which lays the foundation for crop recognition process. Based on the image recognition results, the algorithm locates the
seedlings. Through the rapid identification of sunflower seedlings, it is possible to fill the gaps with seedlings where the seedlings are
less distributed. On the contrary, if the seedlings are too dense, the number of seedlings needs to be reduced. The algorithm provides
a basis for precise management. The results show that the algorithm with extra green feature can quickly and effectively identify
sunflower seedlings from background, and locate the seedlings based on the image recognition results. This algorithm is not sensitive
to soil moisture and light conditions, and is less affected by crop residual coverage, so it can adapt to different soil environment which
realize the non-destructive monitoring of sunflower seedlings.

Key words: image segmentation; machine vision, color features; green identification; adaptive threshold method

DOI: https://doi.org/10.32782/agrobio.2020.4.5

Introduction. With the development of machine vision
and digital image processing technology, agricultural information
management has been realized, and the development of preci-
sion agriculture is a trend (Hamuda et al., 2016; Igbal et al. , 2018;
Nguyen et al. ,2019). Farmland managers can keep abreast of
the crop growth and be provided scientific guidance for the man-
agement of farmland. Various remote devices such as satellites,

BicHuk CyMmcbKoro HaulioHanbHOro arpapHoro yHiBepcurteTty

airplanes, or Unmanned Aerial Vehicles (UANs) are used to mon-
itor crops on the farmland through real-time analysis and pro-
cessing of aerial images (Lei et al., 2017; Zhang et al., 2019;
Pena et al. ,2015; Di Gennaro et al. ,2019). Many researchers
use digital image processing techniques to detect the symptoms
of diseases automatically as early as they appear on the growth
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stage of plants. They used different methodologies for the analy-
sis and detection of plant leaf diseases (Khirade et al., 2015;
Singh et al., 2015; Pujari et al. ,2015; Oo & Htun, 2018). With the
development of precision agriculture, it requires to predict the
crop yield with low cost. It can be solved by image processing
technology which makes a correct judgment on the plant annual
yield (Filippi et al., 2020; Tedesco et al., 2020). Recent advances
in technology provide new tools to solve challenging computer
vision tasks such as object detection, which can be used for de-
tecting and counting plant seedlings in the field (Samiei et al.,
2020; Jiang et al., 2019; Feduck et al., 2018; Quan et al.,2019).
Plant seedling detection combines the theory of graphics pro-
cessing and recognition in computer science with possibility of
field automatic work or reseeding and thinning of crop seedlings.

Sunflower is one of the four major oil crops in the world,
it is grown on 25.4 M « ha. The area under this crop in Ukraine is
5.1M « ha. The main sunflower producing areas of China are dis-
tributed in the Northeast, Northwest and North China regions,
with high production potential, and can be expanded to the South-
west, Central South and East China regions (Zhang & Gu, 2018).
With the development of science and technology, new technolo-
gies have played an important role in the production and growth
of sunflower. Some researchers use image processing technol-
ogy to recognize and locate sunflower seedlings, then provides
the theoretical basis for the robot to automatically implement sun-
flower seedling reseeding and thinning operations (Yin et al. ,
2010).

According to different application requirements, crop
recognition based on image processing is researched (Gong,
2014; Chen et al. 2019; Tian et al., 2015). Sun Ming et al. pro-
posed an automatic recognition technology by analyzing the color
images of seedlings, which can identify each radish seedling in
the image (Sun & Ling, 2002). Wang Sile et al. achieved the sep-
aration of green plants from complex background elements by
constructing the decision tree based on HSV and color disper-
sion, and better adapted to changes in the brightness of the field
image (Wang et al. 2015). Ke Qiuhong et al. proposed the method
for extracting green plant areas from digital images, to solve the
interference of soil background in the image and the influence of
different lighting conditions on it, and achieve non-destructive
measurement of plants (Ke et al. , 2013). Zhang Zhibin with col-
leagues adopted RGB color system and proposed the fast seg-
mentation algorithm of ridge and row structure based on color
features (Zhang et al., 2010). Wang Xue and Guo Xinxin pro-
posed the green crop image segmentation method combined with
Ostu method of the largest inter-class variance based on G-R
color features, it can separate green crops from complex soil
background not affected by uneven outdoor light (Wang & Guo,
2018). All these studies improved the recognition effect on crop
images from various aspects, but have not studied the precise
position of crops. The goal of our study is to quickly identify sun-
flower seedlings on digital images and provide position infor-
mation for precision management of farmland.

Materials and methods.

1.1. Sowing method

Sunflower varieties are mainly divided into two types: ed-
ible and oil. Sowing methods differ for them. Sunflower of the oil
type have 70 cm row space and 40 cm plant space. There are
30,000-37,500 seedlings per hectare for ordinary varieties. Dig-
ging holes are used for sowing, the depth of the holes is 3 cm—
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4 cm, and 1-2 seeds are placed on each acupuncture point. After
emergence of plants, seedlings should be checked and supple-
mented timely. When the seedling reaches 2—3 pairs of leaves, it
is necessary to carry out thinning in time.

1.2. Analysis of crop color characteristics

The object color is determined by the reflected light char-
acteristics, and the color of an opaque object depends on the light
color it reflects. The characteristic of the reflection spectrum of
green plants is different from the inanimate soil background, and
this characteristic can be used to distinguish them (Liu et al.
2013).

The current color models used for image processing are
RGB, HIS, YCbCr, etc (Liu et al., 2012). The RGB color space is
composed of three colors — red, green, blue as the primary ones
(Fig. 1). The other colors are formed by mixing of three primary
colors. The HIS color space is composed of hue, saturation, and
brightness, and it is beneficial for human perception. The YCbCr
color space is a relative value of a luminance signal Y and two-
color difference signals: blue relative luminance B-Y and red rel-
ative luminance R-Y.

White

Yellow

Fig. 1. Model of RGB color system.

1.3. Method of image segmentation

Segmenting the seedlings from the background is a key
step in image processing, and the segmentation effect will affect
the acquisition of location information by seedling recognition
system (Zhou et al., 2013). The background segmentation of
color image is generally achieved by grayscale and binarization.
The green plants and the background soil have different charac-
teristics in the three-color components of R, G, and B (Su et al.,
2018). By separating the original image into three independent
primary color dimensions, and then selecting different combina-
tions of color features, each pixel in the image is converted, that
can achieve the purpose of enhancing the contrast between the
target crop and the background soil in the image. Since the orig-
inal colored image is transformed into a grayscale image in this
process, the combination of color features applied in the conver-
sion is called the grayscale factor. According to the color charac-
teristics, the most commonly used method is the extra green one,
which makes use of characteristics that the twice of G value is
greater than the sum of R and B values. The exira green method
extracts the green plant image better. The shadow, withered
grass and soil in the images can be more obviously suppressed,
and the sunflower seedling is more visible in the images. In my
research, two images of sunflower seedlings were selected. First
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image was taken in the dark outside environment (Fig. 2, A), and
the second one was taken in the outside environment with strong

sunlight (Fig. 2, B), so there were some shadows in the images.
There were impurities in the soil background in the two images.

(A) Sunflower seedling 1

(B) Sunflower seedling 2

Fig. 2. Sunflower seedlings.

According to the characteristics of the Color eigenvalue
of green crops in farmland, method of weighting grayscale image
is adopted. The calculation formula is as follow (1) :

Gray(x, y) =WR(X, y) + W,G(x, y) + W B(X, y) 1)

Gray(x,y) represents the gray value of pixels of

x.y) . R(Y)  GOY) | B(XY) are the three color com-

ponents of the input RGB color images. W W,

W
+ denotes

the coefficients of each component, their values are "+ = _1.

W,=2 W, ==1" o5 the formula is showed as (2).

Gray(x,y) =2G(x,y)-R(x,y)=B(xy) ()

Using formula (2) to gray the image, the gray image is
shown on Fig. 3.

Fig. 3. Grayscale images.

The color image has been converted into a gray image
after being processed by the grayscale factor. In this image, the
difference between the gray value of the green plant and the gray
value of the background soil is obvious. Therefore, the image

x 10"

threshold segmentation method can be used to achieve the
recognition of green plants. Threshold segmentation methods in-
clude fixed threshold method and adaptive threshold method.
The gray histogram of the two images are showed on Fig. 4.

X 104

3 T T T T

25 ‘

|
N

0.5 Hm
0
0

0.2 0.4 0.6 0.8 1

Fig. 4. Gray histogram of image.
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The grayscale histogram has obvious bimodality and is
suitable for thresholding, as long as the threshold is taken at the
valley directly between the two peaks. Due to the influence of out-
door sunlight, the value at the trough is variable for each image,
and a fixed threshold cannot be determined to segment the im-
age. Therefore, in order to automatically identify sunflower seed-
lings, this study uses the maximum variance automatic threshold
method. This method is an adaptive threshold method. Its calcu-
lation is simple and stable. The basic idea is to divide all the pixels
in the image into two categories. The pixels less than the thresh-
old T are called background pixels, and the pixels larger than the

threshold T are called the target pixels. N, represents the num-
ber of background pixels, N, represents the number of target pix-

els, mxn represents the size of an image, 6’1 represents the

2 2
o = % (1 (1) - 21 (1)~ 0% (14
4 (1) represents the total average gray level of the
whole image, (1) represents the average gray level of back-

ground pixels, #a (t)represents the total average gray level of
target pixels.

1.4. Algorithm design

According to the above analysis, this paper proposes a
fast segmentation method based on farmland green crop image,
the steps are follows:

(@) The image is divided into small pieces of a region;
each sub region corresponds to a crop seedling.

(b) Pre-process each sub-piece, using the super green
method EXG to get gray scale image.

(c) In order to reduce the influence of noise points on im-
age segmentation accuracy, median filtering method is used to
decrease noise in gray image.

(d) Automatic calculation of optimal threshold T by Ostu
method. The gray value of each pixel is compared with the thresh-
old value, and the pixel is divided into plant or background ac-
cording to the comparison results.

proportion of the number of background pixels, 92 represents the

number of target pixels after segmentation by threshold T. T rep-
resents the optimal segmentation threshold. The calculation
formula is as follows:

n
6, =—
mxn
n
0, =—2
mxn
n +n,=mxn (3)

The gray value t is sequentially taken within the range of
the minimum gray value to the maximum gray value, and the var-

iance o is obtained, when the gray value t =T . The value of
t at this time is the optimal segmentation threshold T .The for-
mula for calculating the variance is as follows:

2 2
(t)_:uT (t)) =66, (:ul (t)_;uz (t)) )

(e) The white connected area of the identified plants is
analyzed and located, ignore the scattered white areas. Using the
method of regional feature extraction, calculate the centroid posi-
tion of the largest polygon composed of plant regions, and mark
the centroid position with small red circle in the image.

(f) If there are other sub-pictures untreated, skip to (b) to
continue.

Results. In this experiment, sunflower images collected
under different illumination conditions were used as materials (as
shown in Fig. 1). The algorithm proposed in this paper was tested
and verified. The identification and location of sunflower seedling
images in farmland was solved.

The algorithm was implemented by MATLAB, and its ver-
sion is r2014a. The operating system of the computer was Win-
dows 10, the computer processor was Intel Core i5, and the
memory capacity was 4G.

This method was used to recognize the sunflower seed-
ling image (Fig. 2). The binarization segmentation result is shown
on Fig. 5.

Fig. 5. Image segmentation results.

The results show that the sunflower seedlings in the im-
age can be identified correctly by using the method of this paper,
regardless of the illumination intensity and the interference of im-
purities in the soil background. After obtaining the integral binary
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image of sunflower seedling plant area, the centroid position of
the largest polygon composed of plant area was calculated by
region feature extraction method, and marked with small red cir-
cle. The marking result is shown on Fig. 6.
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Fig. 6. Centroid of the crop image.

Discussion. 100 sunflower seedling images were taken
for recognition, in order to verify the effectiveness of the algo-
rithm, and compared with Cr color difference method in YCbCr
color space. 10 representative images were extracted from

100 images for processing and analysis (Reference to table 1).
The relative error rate was calculated by comparing the seg-
mented seedling area with the actual area (Reference to table 2).

Tabel 1
Segmentation results of seedling area (Pixel)
Num Extra Green Cr Manual caculation
1 2862 2792 2812
2 2571 2490 2550
3 1753 1660 1745
4 2855 2693 2812
5 1832 1776 1816
6 2800 2605 2720
7 2495 2346 2486
8 2865 2690 2800
9 2280 2170 2273
10 2250 2170 2240
Tabel 2

Relative error of segmentation (%)

Num Extra Green Cr
1 1.78 0.71
2 0.82 2.35
3 0.46 4.87
4 1.53 4.23
5 0.88 2.20
6 2.94 4.23
7 0.36 5.63
8 2.32 3.93
9 0.31 453
10 0.45 3.13

It can be seen from the result of table 2 that the segmen-
tation effect of Extra Green with Ostu threshold segmentation
method is better than that of color difference Cr with Ostu thresh-
old one. It can eliminate the disturbance of soil background and
light change to some extent, and can adapt to the growth envi-
ronment of crop seedlings.

Conclusions. In our study, the identification and location
of sunflower seedlings in farmland were researched. A fast seg-
mentation method based on green crop image was proposed. It
used color characteristics of green crops and background soil,

and carried out gray scale and binarization of images. The seg-
mentation and location of green crops from farmland images were
realized, which provides scientific basis for the next step of seed-
ling management.

The rate of emergence of a certain area in the farmland
can be obtained and provide scientific guidance for supplement-
ing and thinning seedlings. The experimental results showed that
the algorithm can effectively extract and locate the green crop
seedlings from the image, and realized the non-destructive meas-
urement of crops.
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XaHb SdpeH, acnipaHm, Cymcbkull HauioHanbHUl agpapHull yHisepcumem, Cymu, YkpaiHa; XeHaHCbKUG iHCmumym Hayku i
mexHonoeit, M. XeHaHb, KHP

BaH Cinbgha, acnipaHm, Cymcbkull HauioHanbHUl azpapHull yHisepcumem, Cymu, YkpaiHa; XeHaHCbKul iHCmumym Hayku i
mexHonoeit, M. XeHaHb, KHP

OHuyko Bikmop leaHosuy, kaHOudam CinbCbko2ocnodapcbKux Hayk, 0oueHm, CyMcbKull HauioHanbHuUl agpapHuUll yHieep-
cumem, M. Cymu, YkpaiHa

3y6ko Bnaducnae Mukonatiosud, kaH0udam mexHiyHux Hayk, doueHm, CymebKul HaujoHanbHUl agpapHull yHisepcumem,
M. Cymu, YkpaiHa

Jli Fyoxoy, kaHAuOam Hayk (meopisi ynpasniHHa ma iHxeHepis), npogbecop, XeHaHCbKul iHCmumym Hayku i mexHonogit,
M. XeHaHb, KHP

PO3IMI3HABAHHA TA JIOKANI3ALIA CXO4IB ClilbCbKOIrOCINOQAPCbKUX KYJIIbTYP HA OCHOBI AHANI3Y LinN®-
POBUX 306PAXEHb

3 po3sumKom yughposUX MexXHOM0RIl MOXHA 3 Ie2KICMI0 OmpPUMamu 8eJTUKY KiflbKicmb 306paxeHb CiflbCbKo2ocno0apChbKux
yeidb. 3a80sKu echekmuBHOMY aHasisy makux Uugposux 306paxeHb, MU OMPUMyeEMO iHGhopMaUilo CmMoCcoBHO memnig pocmy Cifb-
CbK020CN00apChbKUX Kynbmyp, W0 MOXe NoKpawumu cinbCbkoeocnodapcske supobHUYmMeo. EdpekmusHicms mpaduyitiHo20 MOHi-
MOpUHay pocmy Ky/bmyp Hesucoka, 0cobnugo Ha 8eUKUX CiflbCbk020cn00apChKux yeiddsx, OCKinbKu makull MOHImopuHe 3alivae
6azamo yacy. Lmy4Huli Memod obMexye ceoeyacHicmb NPUUHAMMS HayKoBUX pilieHb wodo HeobxidHocmi 06POBKU CifbCbko20C-
nodapcbKux yeidb. lpoepecusHi yughposi mexHonoaii ma mexHonoaii 06pobku 306paxeHnb 8idKpUsaomMb HOBUL CNocib MOHIMOpPUHeYy,
AKul He 3aedae WKOOU CinbCbKo20cn0dapCuKuM Kynbmypam. Pe3ynbmamu aHanisy 306paxeHb MOXyms donomoamu agposupobHu-
Kam weudKo | MOYHO OUiH8amu memnu pocmy Kynbmyp, Wo Cnpusimume npuiHAMI0 weudKux ma eqhekmusHUX ynpagmiHCbKUX
piweHb. O6'ckmom QocnidxeHHs € ompumaHi 306paxeHHs cxodig COHAWHUKY Ha CiibCbko2ocnodapcbKux y2iddsx. OCHOBHUU 3micm
docnidxeHHs nonsizae y po3niaHagaHi 3es1eHUX ¢xodie Ha rpyHMogoMy hoHi. 3anponoHosaHo Memo0 po3ni3HagaHHs X00i8 COHSIU-
HUKY Ha ocHosi 30Haujii dinsiHok 3a konbopom | Memody Ouy Ansi 0byucieHHs Nopo208020 306paxeHHs. Lleti memod npocmuli y
3acmocysaHHi ma Moxe 6ymu npucmocosaHul 0515 ceameHmauii 306paxeHsb Cilbcbko20cnodapcekux yeidb, W0 3aknadae 0CHogY
n1st npouecy nokanizauii makux Kynbmyp. [pyHMy4UCh Ha pesynbmamax po3nizHaeaHHs 306paxeHb, 3a805KU an2opummy cxodu
Kynbmyp MOXymb 6ymu fiokanizosaHi. 3asdsku weudkil ideHmugpikauii cxodig COHAWHUKY, MOXHa 8U3Ha4yumu QinsHKU i3 npo2anu-
Hamu, e 3iliwnu He yci cadxanui. Abo Hasnaku, susHayumu QifsHKU i3 ywlinbHeHuUMu cxo0amu, de Kinbkicmb cxodie nompibHo 3me-
Hwumu. Aneopumm 3abesneyye ocHosy 015 Mo4YHO20 ynpasniHHs. OmpumaHi pe3ybmamu nokasyrmb, WO anzopumm i3 KOMNOHe-
HMOM BU3HaYEHHs 3€/1eH020 KObOPY MOXe WBUOKo ma eghekmusHo ideHmugbikygamu cxo0u COHAWHUKY Ha rpyHmMogomy hoHi ma
Ha OCHO8i po3ni3HagaHHs 30bpaxeHb nokanizysamu maki cxodu. Llel aneopumm He Yymiusuli 00 80/1020CMi IpyHMy ma ymog 0cei-
MIEHHS, @ MaKOX MeHWe CXunbHull 00 8nnugy 3anuwKogo20 nokpusy yeidb, Momy 8iH Moxe 3acmocogygamucsi 0 pi3HUX munig
rpyHmy. Okpim yb020, makuti MemoO € npuknadom HepyliHIBHO20 MOHIMOPUHaY ¢X00i8 COHAWHUKY.

Knroyoei cnoea: ceameHmauisi 306paXxeHHs; MaWUHHUL 3ip; KOMIPHI 03HaKU; 8USHAYEHHS 3e/1eH020 KOMbopy; adanmugHul
mMemod nopo2080i 06pobKU 306paxeHb.

Llama Hadxo0xeHHs1 o pedakuii: 01.12.2020 p.
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With the increasing demand of production, pesticides have been widely used in fruit and vegetable yield. Pesticides are used

to kill insects, fungi and other organisms that harm the growth of crops in order to ensure and promote the growth of crops. In particular,
pesticides are used to control diseases and insects and regulate plant growth and weeding. From the point at this stage, the use of
pesticides in agricultural production is inevitable, and the corresponding, also in rapid increase in the amount of pesticide, pesticide
residue problem is along with the production and extensive use of pesticides, pesticide, especially the organic pesticide used in great
quantities, cause serious problems of pesticide pollution, a serious threat to human health. That is the abuse of pesticides does harm
for environment and human health, particularly in the bioaccumulation effect of pesticide residues on human body, attracting more and
more attention from scientists. Therefore, it's imperative to develop high sensitivity, high selectivity, simple, rapid and low-cost methods
for pesticide residues detection and analysis. The traditional methods of pesticide residue analysis mainly include gas chromatography
high performance liquid chromatography, chromatography-mass spectrometry, etc. These methods have been widely used in pesticide
residue detection, and a series of important achievements have been made. Although with high detection sensitivity, these methods
have some problems such as complicated sample pretreatment, expensive equipment, time-consuming analysis, and the need for
specialized instrument operators and so on, which cannot meet the requirements of rapid and real-time field detection of pesticide
residues. Therefore, researchers in various fields have carried out and strengthened the research on rapid detection technology of
pesticide residues, seeking to develop convenient, sensitive, accurate and stable new pesticide residue detection technology. In this
paper, we mainly reviewed the rapid detection technologies of pesticide in fresh fruits and vegetables in recent years, including new
chromatographic analysis, enzyme inhibition, fluorescence sensor, spectrophotometric and biosensor detection technology, and ana-
lyzed the development status, advantages, and disadvantages of each method, as well as the development prospect of rapid detection

technology in the future.

Key words: pesticide residues, rapid detection techniques, cross-fusion technology, fruits and vegetables.
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Introduction. Modern agricultural production is insepara-
ble from the usage of pesticides to prevent and control all kinds
of crop diseases, insect pests and weeds, following by severe
food safety problems due to pesticide residues (Caria et al., 2021;
Loganathan & Murugan, 2017). There are many kinds of pesti-
cide, including organophosphorus pesticides, organic nitrogen
pesticides (carbamate, triazine and its derivatives). Among them,
organophosphorus and organic nitrogen pesticides have occu-
pied the vast majority of the market because of their short half-
life in the environment, relatively low toxicity to mammals, wide
range of application and low price. As is known to all, residual
pesticides are toxic, which can cause various chronic or acute
poisoning, leading to physiological diseases such as rashes,
asthma, chronic diseases, and neurological diseases (Calaf et
al., 2021; Freire & Koifman, 2012; Li et al., 2021; Steenland et al.,
1994; Upadhayay et al., 2020; Yu et al., 2021). Therefore, to en-
sure the quality and safety of agricultural products, efficient and
rapid pesticide residue detection methods are researched (Wu et
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al., 2021). Traditional detection methods include chromatog-
raphy, chromatography-tandem mass spectrometry and high-
performance liquid chromatography and so on (Golge, 2021).
They can be the preferred detection methods in the formulation
of national standards for pesticide detection in many countries
because of the high repeatability and stable test results. How-
ever, these methods need large detection equipment and specific
operating environment, which are not suitable for the practical
production requirements for the rapid field test.

In recent decades, a variety of low time-consuming, con-
venient and rapid detection methods developed, including but not
limited to new chromatographic analysis, enzyme inhibition, fluo-
rescence sensor, spectrophotometric and biosensor detection
technology (Ninga et al., 2021; Rojas et al., 2021; Saegusa et al.,
2021). What's more, these technologies have made great break-
throughs on the basis of each one, and various rapid detection
technologies tend to be more and more cross-fusion, mutual pen-
etration and advantages superposition (Hao & Wang, 2016). With
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the rapid development of nanomaterials, multi-cross rapid detec-
tion technologies based on nanomaterials have a great break-
through in sensor technology improvement, and biosensor tech-
nology has a huge development advantage in rapid detection
technology (He et al., 2019; Lei et al., 2018; Lu et al., 2018; Wu
etal. 2017).

Current rapid detection technology of pesticides

1. Chromatographic detection techniques

Chromatography, which is highly sensitive and mature,
mainly include gas chromatography, gas chromatography-mass
spectrometry, high performance liquid chromatography and other
technologies (Hao et al, 2010; Tong et al., 2014; Wu et al., 2009).
Although their disadvantage like expensive equipment require-
ment, high technical personnel, complex pretreatment and testing
time, cross-fusion of rapid detection technologies make these
methods showing great potential in the market for rapid detection
recently. Khan (Khan et al., 2018) proposed a pressurized liquid
extraction by ethyl acetate based method for simultaneous anal-
ysis of different pesticide residues in tuber crops, and then selec-
tively identified and quantified the residuals by GC-MS selected
reaction monitoring. They got the limits of quantification with 0.1-
10 ng/g, and recovery rate from 70 % to 120 %.

Chromatographic detection technique is mainly used in
laboratory precision detection. This technology shows high selec-
tivity for organophosphorus pesticides, but its scope of action is
relatively limited. The current research directions are mostly fo-
cused on improving pretreatment technology, enrichment meth-
ods and extraction methods. In other aspects, the method for
rapid detection in the market needs to be further improved.

2. Enzyme inhibition detection techniques

Enzyme inhibition rapid detection method is based on the
inhibitory effect of pesticide residues in food on enzyme. This
technology has the advantages of simple and quick operation and
simple pretreatment, and a variety of simple instruments have
been developed for rapid detection in the market currently. How-
ever, this method has great limitations, and with poor stability due
to many factors to be controlled (Gumpu et al., 2017; Li et al.,
2019). So, there are a large room for improvement in sensitivity
and accuracy. Through the effective combination with the biosen-
sor technology, the sensitivity and accuracy of the enzyme inhi-
bition technology have been greatly improved. After the fusion,
the enzyme inhibition method with the biosensor technology is
more suitable for rapid detection (Badawy, 2021; Singh et al.,
2020). The rapid detection principle of enzyme inhibition method
is relatively simple. By organophosphorus pesticides inhibiting
the activity of acetylcholinesterase, the catalytic process can pro-
duce less H20z, and the oxidation ability can be reduced, result-
ing in visible discoloration reaction of the substrate (Albendin et
al., 2021; Lin et al., 2021). The intensity of colorimetric signal is
an important factor in the research of enzyme inhibition method
to realize the real visual detection. Yang (Yang et al., 2019) pro-
posed an enzyme inhibition method to detect the pesticide resi-
dues of the milk. He established a system to study the inhibitory
reactions of organic phosphorus and aminoformate residues in
milk. The analysis of color reactions of milk showed a good cor-
relation between color intensity and content of tolclofos-methyl,
methamidophos and isoprocarb 1-naphthalenyl methyl carba-
mate, and the detection range of four kinds of pesticides is
0.5~ 1.0 mg/kg.

By combining with the biological sensing technology, the
application scope of the enzyme inhibition method is expanded,
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and the enzyme sensitivity is enhanced. Enzyme inhibition sen-
sor is one of the most widely used rapid detection technique in
the current rapid detection market, but there are still many prob-
lems with its own (Wu et al., 2019). Recently, many researchers
study the selective purification of enzyme, effective oxidation pre-
treatment, colorimetric signal enhancement and false positives
elimination. The sensitivity of enzyme inhibition method is influ-
enced by the purity of the enzyme, the concentration of substrate
and environmental factors, etc., and the stability and sensitivity of
the enzyme suppression method are need to be higher (Arduini
et al., 2019; Pundir et al., 2019; Sgobbi & Machado, 2018).

3. Fluorescence detection techniques

Fluorescence detection method is based on the different
material molecules, the different absorption and reaction of light
wavelength. This technology has high sensitivity, but it is limited
to the luminous pesticide, and the non-luminous pesticide still
needs to be added with fluorescent agent, and is susceptible to
the interference of external factors, with poor adaptability
(Ouyang et al., 2021; Wang et al., 2021). In recent years, through
the fusion of biosensors, this detection technology has also made
great progress (Chen et al, 2021; Han et al., 2021; Liang et al.,
2021; Lin et al., 2021). The fluorescence sensor has the ad-
vantages of simple operation, quick response, high sensitivity
and good reproducibility. The fluorescence sensor consists of two
parts: the fluorescence signal element and the recognition ele-
ment. Enzymes, antibodies, aptamers and molecularly imprinted
polymers (MIP) are combined with nanomaterials to further enrich
the types of fluorescence sensors (Zhou et al., 2018). Carbon
Quantum Dots (CQDs) have been proposed as the photo-sensi-
tizer for this purpose, however the optical properties of pure
CQDs restrict the detection limit of such an approach. Doping is
an effective strategy to introduce novel electronic structure into
the CQDs to solve this problem. using ionic liquids as a single
source, H. Li (Li et al., 2016) proposed a novel N and S co-doped
CQDs by a simple ultrasonic method. The doping in the structure
introduces localized states which can trap photo-excited elec-
trons and enhance their PL lifetime. These quantum dots are suc-
cessfully used as the basis of a simple, efficient sensor for ultra-
sensitive pesticide detection (Limit of Detection = 5 ppb). J. Hou
(Hou et al., 2015) used tyrosinase to catalyze the oxidation of ty-
rosine methyl ester on the surface of carbon dots to correspond-
ing quinone products, which can quench the fluorescence of car-
bon dots, and the enzyme inhibition rate is proportional to the log-
arithm of the methyl parathion concentration in the range
1.0x10-10-1.0x10-4 M with the detection limit (S/N =3) of
4.8x10-11 M.

The combination of fluorescence detection method and bi-
osensor method has greatly promoted the rapid detection of pes-
ticide residues (Hou et al., 2015; Long et al, 2015; Meng et al.,
2013; Upadhyayula, 2012). Q. Luo (Luo et al., 2018) proposed a
simple method for the preparation of highly selective and sensi-
tive fluorescent probes based on Rhodamine B (RB) modified sil-
ver/gold bimetal nanoparticles (RB-Ag/Au NPs). Because that the
coordination ability of Ag/Au NPs and organophosphorus pesti-
cides (Ops) is stronger than that of Ag/Au NPs and RB, RB will
be displaced from the Ag/Au NPs surface, accompanied by the
fluorescence recovery of RB. It can be applied to the determina-
tion of OPs in real fruit and water samples with the limit of detec-
tion (LOD) as low as 0.0018 ng/mL.

4. Spectrophotometric colorimetry techniques
Colorimetry determines the content of components to be
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measured by measuring the color depth of colored substance so-
lution (Kostelnik & Pohanka, 2018; Liu et al., 2012). This method
has high sensitivity and selectivity, and the reaction product is
stable. In recent years, more and more researchers have com-
bined spectrophotometric colorimetry with new sensors, and the
newly emerging sensing materials have greatly improved the de-
tection sensitivity of spectrophotometric technology. A. Kodir
(Kodir et al., 2016) developed a novel pesticide colorimetric sen-
sor based on L-cysteine-modified silver nanoparticles (L-cys-
AgNPs). By reducing the silver nitrate solution in the presence of
Diospyros blancoi leaf infusion, and then mixing with the I-cyste-
ine solution, the colorimetric sensor was prepared. In the pres-
ence of cypermethrin, the color of I-cys-agnps was obvious, and
the peak absorbance decreased from 1.15t0 0.17.

The optical colorimetric sensor synthesized from gold na-
noparticles has high sensitivity (Li, et al., 2018). Moreover, the
gold nanoparticles are stable, and the reaction with pesticides
can make the gold nanoparticles aggregate and produce visible
color changes (Bettazzi et al., 2021; Hua et al., 2021; Ma et al.,
2021; Vilian et al., 2021; Wang et al., 2021). Using this principle,
Bala (Bala et al., 2016) built a colorimetric apparatus based on
gold nanoparticles to measure the phosphorous in a mixture. The
results showed that the linear relationship was good within the
concentration range of the uv-vis wavelength from 0.01 nm to
1.3 mm, and the detection limit was 1.3 mm, indicating a high
sensitivity. Recently, biosensors based on nanomaterials have
developed rapidly in pesticide detection, and more and more new
nanomaterials have been used to prepare electrochemical bio-
sensors. By Introduction of nanomaterials It greatly promoted the
development of the biosensor technology, and with the progress
of material science, all kinds of polymer and nano materials com-
bine to form nanocomposites are also solved the traditional bio-
logical sensing technology stability and sensitivity is not high
question, nanometer materials to make biological sensing tech-
nology has entered a new period of development.

5. Biosensor techniques

Biosensor techniques generally use enzymes, antigens,
antibodies, cells and other active sensitive materials as recogni-
tion elements (Silva et al., 2020; Tang et al., 2020). The change
in concentration will be converted into electrical signals after
recognition and then displayed and recorded by amplification.
Recently, biosensors based on nanomaterials have developed
rapidly in pesticide detection, and more and more new nano-
materials have been used to prepare electrochemical biosensors,
which greatly promoted the development of the biosensor tech-
nology (Akdag et al., 2020; Ayat et al., 2021; Chouichit et al.,
2020; Jain et al., 2021; Lah et al., 2021). Although the stability
and sensitivity of traditional biosensors technology is not high, all
kinds of polymer and nanomaterials combine to form nanocom-
posites have solved these questions.

The electrochemical biosensor based on the inhibition of ac-
etylcholinesterase is a promising method for the detection of or-
ganophosphorus. The irreversible oxidation peak of the active
product thiocholine is an important marker for the detection of or-
ganophosphorus (Alex & Mukherjee, 2021; Cao et al., 2020;
Caratelli et al., 2020; Davletshina et al., 2020; Silva et al., 2020;
Singh et al., 2020). Different from traditional organophosphorus
detection methods, this method does not need expensive exper-
imental equipment and well-trained technicians, and the detec-
tion cost is low and efficient. To improve sensor sensitivity and
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reduce detection limits, the researchers used different nano-
materials in the sensor, such as Au nanoparticles (Li & He, 2021;
Lipinska et al., 2021; Rashed et al., 2021; Yang et al., 2021), car-
bon nanotubes (Kathiresan et al., 2021; Li et al., 2021; Qian et al.
2021; Rashid et al., 2021; Siew et al. 2021), graphene (Gan et
al., 2021; Rashid et al., 2021; Siew et al., 2021; Sun et al., 2021;
Zhou et al., 2021) and magnetic nanomaterials (Da Silva & Brett,
2020; Lu et al., 2020; Shen et al., 2021). The large specific sur-
face area and easy modification characteristics of nanomaterials
provide more active sites on the electrode surface, which is more
conducive to full contact with the reactants, thus providing detect-
able electrical signals. Zhao (Zhao et al., 2015) constructed an
ultra-sensitive current sensor by using Au nanoparticles (AuNPs)-
B-cyclodextrin (B-CD) and Prussian blue-chitosan (PB-CS) and
acetylcholinesterase(AChE), and realized the high sensitivity de-
tection of malathion and carbaryl through the synergic action of
multiple components, with detection limit as low as 4.14 pg/mL
and 1.15 pg/mL, respectively. By cross-linking acetylcholinester-
ase onto the IL-GR/C0304 / CHI electrode constructed from ionic
liquid modified graphene (IL-GR) and Co304 nanoparticles,
Y. Zheng (Zheng et al., 2016) was able to effectively reduce the
loss of enzyme activity and improve the detection sensitivity. A
linear relationship between the inhibition percentage (1%) and
logarithm of the concentration of dimethoate was found in the
range from 5.0 x 10-12 to 1.0 x 10-7 M, with a detection limit of
1.0 x 10-13 M (SIN = 3).

In order to further enhance the stability of the biosensors, a
nanocomposite material which can significantly enhance the me-
chanical strength of each component is formed by introducing a
polymer into the nanometer material (Bagheri et al., 2017; Cinti
et al., 2016; Guler et al., 2017; Huang et al., 2010; Huo et al.,
2014; Jeyapragasam & Saraswathi, 2014; Wei & Wang, 2015;
Zheng et al., 2015). New biosensors have developed rapidly, and
the stability and sensitivity of all kinds of biosensors have been
greatly improved, but they are only used for single pesticide and
the detection range still is very small. So, they can't be widely
used for the rapid detection of a variety of organophosphorus
pesticides on the market. The development of nanometer materi-
als made great progress for biological sensor technology in sen-
sitivity and stability, which has significantly outpaced the devel-
opment of other rapid detection technologies (Jiang et al., 2020;
Wang et al., 2016). Therefore, the cross-fusion detection meth-
ods combining with biosensor and other rapid detection technol-
ogies retain the development advantages, and overcome many
limiting factors in the rapid detection technology, making the rapid
detection technology develop rapidly and become perfect.

Conclusions. In recent years, with the improvement of
market requirements for the rapid detection technology of pesti-
cides, organophosphorus pesticides, as an important part of the
pesticide market, whose development speed of the rapid detec-
tion technology is very rapid. There are a wide variety of tradi-
tional detection technologies for pesticide, and each of them have
own pros and cons, with development difficulties (Chen et al.,
2021; C. J. Lietal., 2021; J. J. Li et al., 2021; Liang et al., 2021;
Lin et al., 2021; Teysseire et al., 2021). At present, the rapid de-
tection methods in the pesticide market tend to be more and more
cross-fusion with various detection technologies. With the pro-
gress of science and technology, the development of new nano-
materials also makes great contributions to the improvement of
rapid detection technology. Especially for the biosensor technol-
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ogy, who highly require for new material, the development of na- | difficulties in the development of rapid detection technology have
nomaterials directly promotes the progress of this technology | been overcome. The advantages of rapid detection technology,
(Burratti et al., 2021; Du et al., 2021; M. Liet al., 2021; Ren et al., | such as enzyme inhibition detection technology, fluorescence de-
2021; X. Y. Zhou et al., 2021). As the cross-fusion of a variety of | tection and spectrophotometric detection technology, have been
rapid detection technologies, biosensor technology shows strong | amplified, therefore the rapid detection techniques become more
combination, and is suitable for a variety of rapid detection | extensive and faster (Badawy, 2021; Cao et al., 2020; Singh et
method of combining. Through the combination of biosensor de- | al., 2020; Q. S. Wei et al., 2020; N. Yang et al., 2020).

tection technology and other rapid detection technologies, many
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[0BULLA, XEHAHBCBKIM IHCTUTYT Hayku | TexHonorii, M. XeHaHb, KHP

Ay6oeuk Bonodumup lgaHoeuy, kaHAUAAT CiNbCbKOrOCMOAAPCHKUX HayK, AOLEHT, CyMCbKMiA HaLioHanbHUA arpapHuii YHi-
BepcuteT, M. Cymu, YkpaiHa

Jliy PyHkiaH2, [OKTOp CinbCbKOrocnofapchbkux Hayk, AoueHT, LLkona pecypcis i 0TOUY0HOro cepefoBuLLa, XeHaHbCbKIi iH-
CTUTYT Hayku | TexHonorii, M. XeHaHb, KHP

JHOCHIQ)XEHHS MNPOLECY LBUAKOIO BU3HAYEHHA 3ANULLIKIB MECTULNAIB B OBOYAX TA ®PYKTAX

3i 36inbWeHHAM nonumy Ha 8UPOBHULMEO CirlbCbko20cnodapchbkoi npodykuyil, 36inbuwyembCs sukopucmanrHs necmuyudis,
AKi Ha cb0200HILLHIl OeHb 3abe3neyyomb 36epeXeHHs 8poxaro hpykmig ma 0godig. Mecmuyudu sukopucmosyrms 41151 KOHMPOITO
yucenbHOCMI WKIONUBUX OpeaHi3mie, 3abeanedyroyu mum camMum onmumasbHi ymogu Onisi pocmy ma po3gumKy CinbCbKo20cnooap-
cokux Kynemyp. CydacHe supobHUUMeO cinbcbkozocnodapcekoi npodykyii Hemoxnuee 6es 3acmocysaHHs necmuyudig. Ane 3m08-
XKUeaHHs nid Yac sukopucmarHs necmuyudie 3agdae wkodu HagkonuWHLOMY cepedosuuly ma 300pos to del, 0cobueo HaciOoK

BicHuk CyMmcbKoro HaulioHanbHOro arpapHoOro yHiBepcurteTy

a7

Cepisa «ArpoHomis i Gionorisi», Bunyck 4 (42), 2020



bioakymynayii necmuyudHUX pe4o8UH 8 opaaHi3Mi NAUHU. ToMy NUMAaHHS CMBOPEHHS 8UCOKOYYMIUBUX, CENEKMUBHUX, NpOCMUX,
weudkux ma Hedopoaux Memodis 8USBNEHHS ma aHani3y 3anuwikie necmuyudie € akmyanbHuM. TpaduyitiHi Memodu aHanisy 3anu-
wkie necmuyudig rpyHmMylomscsa Ha pisHux eudax xpomamozpadii (2azoea, piduHHa), mac-cnekmpomempii mowo. Lli memodu wu-
pOKO 3acmocosyiome 0715 8USIBNIEHHS 3anulwkie necmuyudig. | xo4a 80HU MaMb BUCOKY MOYHICMb, Nopsi0 3 yum € psd Hedorikie:
cknadHa nonepelHs nideomogka 3pa3ka Ao aHaisy, sucoka eapmicmb 0bnadHaHHs, mpydomicmkuli aHanis ma nompeba y cneuia-
JNli3osaHux onepamopax npunadie. Tomy Haykosui y pisHuUX obracmsx nposodsime O0CHIOKEHHS mexHonoail WeudKo2o 8USIBIEHHS
3anuwiie necmuyudig. Y yiti pobomi mu po3ansdaemo mexHonoeii susisieHHs necmuyudis y ceiXux ¢opykmax ma 08oyax 3a OCmaHHi
poku. Po3anadatombscs maki memodu, ik xpomamozpachiyHull aHani3, iHeibysaHHs hepmeHmig, oryopecyeHmHi damyuku, cnekm-
pogpomomempuyHuli ma bioceHcopHul Memodu. [TpoaHarniaogaHo cmaH ix po3guUMKY, nepegasu ma Hedomiku KoXHo20 Memody, a
MaKoxX nepcnekmusu po3gUMKY mexHomoeil WeudKo20 8USBNEHHS 3anuwkie necmuyudig y MalibymHbomy.
Knroyoei cnoea: sanuwku necmuyudie; memodu weudKo2o 8USISNIEHHS; MEXHOIO02iS NePEXPECHO20 CUHME3Y; opyKmu ma

080Yi.

[lama Ha0xo0xeHHs do pedakyii: 01.12.2020 p.
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Wheat (Triticum aestivum L.) is one of the major grain crops in the world. Wheat powdery mildew is a fungal disease caused
by the infection of Blumeria graminis F. sp. tritici. It is one of the most severe wheat diseases globally, seriously affecting the yield and
quality of wheat. At present, the main ways to control powdery mildew are the use of fungicides and the cultivation of disease-resistant
varieties. The extensive spraying of fungicides causes pesticide residues and environmental pollution. At present, no matter wild type
or artificially bred wheat powdery mildew resistant varieties are scarce, so it is urgent to cultivate resistant varieties quickly and effi-
ciently. Traditional cross breeding has a long time and low efficiency. Still, it is a fast and effective way to get disease-resistant sorts
by using modern molecular biological means to transfer disease-resistant genes into cultivated varieties. Although the cultivation of
resistant varieties is the most economical and effective way to control powdery mildew in wheat, there are some limitations in the
cultivation of resistant varieties by introducing resistance genes by conventional means in actual production. With the increase of
disease each year, this situation will be more and more unable to meet the needs of wheat genetic improvement. It is urgent to explore
a new way of breeding to improve the wheat to powdery mildew lasting broad-spectrum resistance. The disease-resistant breeding
needs from cloning in plant and pathogen affinity interactions play a vital role in the study of disease genes and their mechanism of
action. At present, in the wheat by manipulating disease genes make infected material gain lasting broad-spectrum resistance is less.
In the case of disease genes and mutations after its disease-resistant mechanism are still not clear. So the breeding of resistant
varieties need mining and utilization of resistance genes. The paper summarizes the harm and distribution of wheat powdery mildew,
the genes resistance mechanism of wheat powdery mildew, and functional analysis, wheat powdery mildew resistance genes in the
field of molecular biology research status, and VIGS, RNAI, such as for the prevention and control of wheat powdery mildew, explore
new powdery mildew resistance genes and resistance regulation, breeding disease-resistant varieties of wheat provide the feasible
scheme.

Key word: wheat, powdery mildew of wheat, resistance genes of wheat powdery mildew, VIGS, RNA.
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Introduction. Wheat  (Triticum aestivum L.), | 2018). As the world population continues to increase, wheat will

2n = 6x = 42, AABBDD is Gramineae, Triticeae, Triticum, and is
one of the earliest cultivated plants the world. It originated from
the Middle East near the Mediterranean Sea and was introduced
into China later. It is reported that wheat cultivation in China has
a history of at least four or five thousand years (Cao, 2008). At
present, wheat is also the second largest crop after rice, which is
cultivated all over the world. Wheat production and output rank
the first in the world, with 43 countries and more than one third of
the population taking it as the staple food (Huang & Roder, 2004).
Wheat has high nutritional value and can provide about one-fifth
of the calories and protein of human needs (He Zhonghu et al.,
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become more and more critical. In addition, wheat is the most
important food for trade and international aid. According to UN
COMTRADE, the world's wheat export in 2016 amounted to
148 million tons. China is the world's largest wheat production
and consumption of the country, annual production accounts for
about one-fifth of the global total, the world's largest output (Sun
Zhilu, 2019). China's agricultural production level is constantly im-
proving, but pests and diseases are still an essential factor to limit
agricultural production. Powdery mildew is one of the wheat dis-
eases with the most extensive range and a great influence on
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yield. Wheat powdery mildew is by living nutrition obligate para-
sitic fungi of wheat powdery mildew caused a worldwide disease,
can often result in 13 %34 % of yield loss, on the pathogenesis
of heading and filling stage, a severe loss will generate 50 % of
output, in extreme infected cases can lead to dry leaves, and
even plant death (Cao et al., 2011). In the past 40 years, wheat
powdery mildew has spread rapidly from local areas in the south-
west and southeast coastal regions to almost all wheat areas in
China due to the improvement of wheat production conditions and
the variation of pathogen virulence structure, causing considera-
ble losses to China's grain production (Liu Wancai et al., 2016).
The most economical and effective method to control wheat pow-
dery mildew is to cultivate resistant varieties. The discovery of
resistance genes and resistance control genes is significant for
the breeding of new wheat resistant varieties.

The aim of this article is to conduct an in-depth analysis
of scientific information to do about the resistance of bread wheat
to powdery mildew, taking into account the use in China Gene
PM46, and to determine the possibility of creating new genetic
resources in breeding for immunity.

1. Research progress of wheat powdery mildew

1.1. Harm and distribution of powdery mildew in wheat.
Wheat is susceptible to a variety of diseases throughout its life.
These diseases are widely distributed and highly adaptable,
which pose a significant threat to wheat yield (Zhao Mingyue et
al., 2016). llinesses caused by fungal pathogens alone reduce
wheat yield by 15 to 20 % per year (Figueroa et al., 2018). Gen-
erating billions of dollars in damage to the global economy (Dean
et al.,, 2012). After powdery mildew infection, wheat plants are
prone to lodging. Their leaves dry and die quickly, which seriously
affects the average growth and development of wheat (Dean et
al., 2012; Morgounov et al., 2012). Powdery Mildew caused by
Powdery wheat mildew can cause severe yield loss and grain

quality deterioration in a short time (Morgounov et al., 2012).
Wheat powdery mildew reduced winter wheat by 13 % and spring
wheat by 20 % (Griffey et al., 1993; Conner et al., 2003; Lacker-
mann et al., 2011).

According to statistics, wheat powdery mildew is distrib-
uted from 60 °N to 44 °N and can occur in many wheat-growing
areas all year round. The crop yield loss in Russia, Brazil, and
China is as high as 35 %, 62 % and 40 %, respectively. Since
2004, wheat powdery mildew has occurred over 6 million hec-
tares every year in China. Studies have shown that it is a crucial
disease mainly occurring on the leaves. In severe cases, the
stalk, leaf sheath, and ear of wheat will also be infected, and even
the leaves will dry up and the whole plant will die. The pathogen
of wheat powdery mildew is the obligate parasite of living nutri-
tion, causing only parasitism on living wheat (Singh et al., 2008).
Wheat powdery mildew can occur in all wheat growth stages and
continuously threaten wheat growth (Kang et al., 2019). When
humidity is above 70 %, air temperature is 15-20 °C, nitrogen
fertilizer is excessive, and the wheat planting density is high,
wheat plants are green and weak, and white powder disease is
likely to occur. In a dry land, with insufficient water, fertilizer, or
lodging in the wheat field, the disease resistance of wheat will be
weakened, powdery mildew often will be more serious (Panstruga
& Lefert, 2003).

But belongs to ascomycetes subphylum fungi, conidia are
elliptic, the obturator shell of pathogenic bacteria is black spheri-
cal, containing 9-30 ascus. Ascospore is round to elliptic. The
ascospore shell is usually formed in the late wheat growth stage
and can release ascospore after maturity (Fig. 1). Powdery mil-
dew is widely distributed, with rapid toxicity variation and complex
and changeable physiological species of pathogenic bacteria
(Luo et al., 2002; Cui, 2008).

100 pm

Fig. 1. The scanning electron micrograph of B. graminis (Luo et al., 2002).

1.2. Growth cycle of wheat Powdery mildew. Wheat pow-
dery mildew infected wheat in a suitable environment and began
to reproduce. The invasion process is as follows: first, A single
conidium is blown onto the leaf, and about 1 hour later, the pri-
mary bud tube appears at one end of the obsidian (Fig. 2). The
primary bud helps identify the host surface cells, attach them
tightly to the leaf surface, and extract water from the host surface.
Over the next few hours, a second bud tube grows from the other
end of the spore, elongates toward the leaf surface, and forms an
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enlarged structure at its back called an aptamina, which attaches
to the epidermis. After about 12 h, powdery mildew penetrates
the cell wall of the host cell by invading the nail. Through the in-
teraction between powdery mildew and host cells, about 50-70 %
of the spores can successfully penetrate the cell wall, depending
on the environmental conditions, the host cells, and the spores
themselves (with the most significant impact).
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Fig. 2. Schematic diagram of powdery mildew bacteria development and scheme of the asexual life cycle of the powdery
mildew fungus (Panstruga & Schulze, 2003).

The spores that successfully penetrate the cell wall, pow-
dery mildew bacteria will form haustorium after 24 hours, which
is a particular infection structure with finger-like protrusions. Hou-
ston can invade the plasma membrane of the host, also known
as the organ in which the pathogen takes nutrients. After the suc-
cessful establishment of the haustorium, airborne hyphae began
to grow in the epidermal cells of the leaves and gradually infected
other cells nearby, then formed more haustorium, and finally
formed the colony of white hyphae net. After about 4-5 days of
growth, hyphae will form short upright sporophytes with 5-10 co-
nidia chains, and yet, a large number of mature conidia will be
released to start the next infection cycle. This clonal propagation
is the primary propagation mode of powdery mildew when the
conditions are suitable (Cao et al., 2011). However, in winter,
powdery mildew had sexual reproduction and existed in the
closed capsule form on the leaves of the aged host (Yanrong &
Geng, 2020). When released from the ascus, the ascospore be-
haves like conidia and begins a new round of infection (Qu Yun-
feng, 2019).

2. Advances in plant disease resistance

2.1. Molecular mechanism of plant disease resistance.
Plants in the natural environment in the growth and development
of the whole process will be subject to various pathogenic micro-
organisms invasion, and pathogenic microorganisms mainly in-
clude pathogenic fungi, bacteria and viruses, etc. For a long time
in the co-evolution of plants and pathogens, various defense sys-
tems have gradually evolved to inhibit the destruction of patho-
gens. When pathogenic bacteria invade the plant, a series of sig-
nals can be generated immediately in the plant body and trans-
mitted to activate the plant's defense system to resist the invasion
of pathogenic bacteria. Plant defense system mainly includes two
immune defense line; the first line of defense is the body's im-
mune response (Pathogen—Associated Molecular Patterns,
PAMPs, PAMP—Triggered Immunity, PTl), the process is Trig-
gered by the Pathogen Associated Molecular Patterns, when
Pathogen invasion to the surface of a plant, grows on the plant
cell membrane on the surface of the pattern recognition receptors
can identify the Pathogen Associated Molecular Patterns PAMP,
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through the signal transduction, triggering an immune system re-
sponse. The second line of defense is effector-triggered (ETI).
Effect factors trigger this process. When pathogenic bacteria in-
vade the surface of plants, plant disease-resistant genes secrete
Effector factors that can recognize pathogenic bacteria and trig-
ger immune system response mediated by Effector factors (Li et
al., 2011).

The path of plant resistance to pathogen invasion is a
very complex network. Signaling molecules play an essential role
in this network. Still, the same signaling molecule can be pro-
duced in different response pathways, and the same pathogen
can also stimulate other signaling molecules (Zhang & Zeng,
2019; Yang & Gao, 2016). When a pathogen enters a plant, the
inside body of the plant can produce a series of signal molecules
immediately, carry on transmission, excite plant oneself defense
system then, make plant has the ability to resist pathogen
thereby. Many signaling molecules play a role in stimulating and
regulating plants' defense systems, including Ca%*, salicylic acid
(SA), jasmonic acid (JA), ethylene (ET), and reactive oxygen spe-
cies (ROS). Ca?* can not only maintain the osmotic pressure of
plants but also participate in regulating the signal transduction
pathway of pathogenic bacteria in plants. It is an essential second
messenger molecule of plant cells. Pathogenic bacteria induce
Ca?* crosses the cytoplasmic membrane, resulting in intracellular
Caz* As the concentration increases, the osmotic pressure in-
creases, and the corresponding protein kinases are activated
(Fan & Jiang, 2005). Salicylic acid can activate the production of
some related proteases, thus making plants resistant to disease.
Experiments have shown that salicylic acid content will accumu-
late in large quantities after plants are invaded by pathogenic bac-
teria (Ding Lina & Yang Guoxing, 2016). Also, salicylic acid in the
process of plant resistance to pathogen invasion and H20z2 is
closely related, and H202 can determine the host disease re-
sistance response in plants. Simultaneously, salicylic acid may
inhibit catalase activity (Grant & Lamb, 2006). Jasmonic acid and
ethylene are ubiquitous in plants. They are not only the growth
regulators in plants but also the signal molecules in plants in re-
sponse to the invasion of pathogens. Studies have shown that
salicylic acid, jasmonic acid, and ethylene have a close cross-
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connection in response to pathogenic bacteria's invasion (Dong,
1998).

2.2. Research progress of genes related to plant suscep-
tibility. Plants for pathogen resistance and disease, now most of
the scholars in the fields of disease research, few people en-
gaged in disease research, the study of disease genes is very
few, but the plant disease resistance and disease of plants and
pathogen interaction are equally important (Penninckx et al.,
1996; Zhang Jianxia et al., 2008).

The concept of susceptibility factors was first proposed
by British scholars Schulze and Vogel in 2000 (Luo Sulan &
Zheng Xuegin, 2000). Subsequently, in 2002, Eckardt made a
further discussion on the concept of susceptible genes, regarding
them as essential factors for the successful invasion, growth, de-
velopment, and reproduction of pathogenic bacteria (Schulze
Lefert, & Vogel, 2000). Hy trialability gene (S gene), which can
facilitate pathogen infection and facilitate affinity in plants, is cur-
rently defined as a susceptibility gene (Eckardt, 2002).

In the interaction between host and pathogen, infection
genes assist pathogen invasion through the following three as-
pects to increase the degree of plant infection. First: When path-
ogens invade the host, susceptibility genes can help the host
identify the pathogens and their affinity. For example, the host
specialization toxin (HST) is capable of producing specialization
in plants due to the interaction between the susceptibility gene
and the virulent gene product of the pathogen (Liu Chao et al.,
2018). Secondly, susceptibility genes can encode negative regu-
lators with immune signals. For example, the CPR1/CPR30 gene
in Arabidopsis can encode and translate F-box protein and has
the ability to regulate the accumulation of SNC1 protein nega-
tively. When the CPR1/CPR30 gene is mutated, the plant's dis-
ease resistance ability is significantly improved (Shang Ming Qing
& Liu Aixin, 1998). Third: in pathogen and host mutual affinity,
after invading the host, the disease gene can assist the growth
and reproduction of pathogenic bacteria, for the metabolism and
structure of pathogenic bacteria to provide the necessary nutri-
ents. For example, in arabidopsis thaliana, pepper, tomato, and
lettuce and other higher plants widely exist A kind of disease
genes, the host of the translation initiation elF4G and poly real
viruses effect VPg, polymerase NIb and PABP (poly real A bind-
ing protein) translation initiation complex formation, combining
the RNA virus m 5 'end cap structure, help complete the transla-
tion and viral RNA synthesis of viral proteins, when they had mu-
tations, can improve the host resistance to the virus (Guo et al.,
2012). Many experimental results showed that when the suscep-
tible genes were mutated or lost, the resistance of plants to path-
ogen invasion was greatly enhanced. Finally, the invasion ability
of pathogens was weakened.

The first gene was discovered by Vogel, an American re-
searcher, John, an essential gene in Arabidopsis thaliana infec-
tion. Vogel named the gene PMRG6. Deleting the PMR6 gene re-
sulted in a mutation that showed high resistance to powdery mil-
dew (Robaglia & Caranta, 2006). Subsequently, the disease sus-
ceptibility genes were cloned on many crops. After the OsSSl,
gene was silenced in rice, the plant resistance to blast and leaf
Bsr was significantly improved. After the mutation of the BSR-D1
gene, a large amount of hydrogen peroxide would accumulate in
the cells, thus improving the disease resistance of rice (Vogel et
al., 2002). After the interference of the GHWRKY106-1 gene with
RNA interference technology in cotton, the expression of PRs, a
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protein related to disease course, would be significantly en-
hanced in cotton, thus improving the disease resistance of cotton
(Jiang & Shimono, 2009). When the HVBI-1 gene was overex-
pressed in barley, the disease resistance of barley would be
weakened, while when the HVBI-1 gene was silenced, the dis-
ease resistance of barley would be enhanced (Li & Zhu, 2017).
When the TaS3 and Blufensin1 genes were silted, wheat re-
sistance to powdery mildew and stripe rust was significantly en-
hanced (Li & Zhao, 2015). At present, the cloned plant suscepti-
bility genes mainly include transcription factors, enzymes, trans-
membrane proteins, and other types (Eichmann & Bischof, 2010).

2.3. Research progress of powdery mildew resistance
genes in wheat. In 1930, an Australian scholar reported for the
first time that there was an anti-powdery mildew gene in wheat
Thew, and it was dominant, thus revealing a wave of genetic re-
search on wheat powdery mildew. The first powdery mildew gene
was named Pm1 in 1950 and was located on the 7AL chromo-
some of wheat. So far, more than 90 powdery mildew resistance
genes and their alleles, called PM1-65, have been identified (Lei
Xiuyu, 2013). About half of these powdery mildew resistance
genes are derived from normal wheat. Also, about one-third of
the related species derived from wheat include one-grain wheat,
emem-grain wheat, rough-goatgrass, and Timofeewili wheat. The
remainder is derived from haretodes and haretodes rye (Chantret
& Pavoine, 1999). Now, most of the resistance genes have lost
resistance to powdery mildew or are very weak (Song et al., 2014;
Zou et al., 2017). Only a small number of genes or alleles remain
resistant to powdery mildew (Liu, 2016). In the main wheat-grow-
ing areas, Pm8 resistance was lost (Wang, 2017; Sun, 2015). The
resistance of Pm2 and Pm4b was also gradually lost in the Yellow
and Huai wheat region (Chi Wenjuan et al., 2007). At present,
only Pm1ic, Pm12, Pm21, Pm24, and Pm35 genes still have a
strong resistance to powdery mildew, among which Pm21 is a
rare broad-spectrum resistance gene (Zhang et al., 2004). More-
over, some disease resistance genes have been applied in wheat
breeding, such as Nannong 9918 carrying powdery mildew re-
sistance gene Pm21, Liangxing99 carrying powdery mildew re-
sistance gene Pm52, Bannong AK58 moving powdery mildew re-
sistance gene Pm8, etc. (Jingwei Zou et al., 2016), and achieve
more significant economic benefits. Researchers study of wheat
powdery mildew in the past was mainly focused on positioning
and cloning of disease resistance gene mining. The current re-
search results show that the resistance genes and powdery mil-
dew in the evolution process, the resistance of the resistance
genes out quickly, as the disease has progressed, this situation
will be more and more can't meet the needs of wheat genetic im-
provement, is an urgent need to explore new ways of wheat pow-
dery mildew resistance breeding to improve wheat lasting broad-
spectrum resistance to powdery mildew.

3. Research progress of Pm46 gene

3.1. Gene discovery and research status. Wheat powdery
mildew resistance inheritance is diverse, which is controlled by
both main effect quality genes and quantitative traits of micro-ef-
fect polygenes. Since Waterhouse, an Australian scholar, first re-
ported in 1930 that the wheat variety Thew carried a dominant
powdery mildew resistance gene, scientists have identified sev-
eral genes in wheat and related genera resistant to powdery mil-
dew. These resistance genes are mainly dominant, and only a
few are recessive (Li Jiao, 2019). International designation for the
powdery mildew resistance gene in wheat is Pm. To solve the
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damage of wheat powdery mildew, breeders transferred the pow-
dery mildew resistance genes into wheat to cultivate the disease-
resistant varieties. For example, a new variety of wheat resistant
to powdery mildew (Jauhar & Chibbar, 1999) can be obtained by
transferring a rye chromosome with the Pm8 gene into normal
wheat (Huerta Espino & Chen, 2015; Jauhar & Chibbar, 1999).
Some anti-powdery mildew genes also have a polygenic effect.
For example, the resistance gene Lr34 was obtained using the
mapping cloning method, which encodes a transferase subfamily
protein at an ATP binding site and can also be used for rust and
powdery mildew (Lillemo et al., 2008). Adult resistant genes
Pm39 and Pm46 have also been proved to be "one-cause-mul-
tipotent" and resistant to wheat rust and powdery mildew (Lan et
al., 2014).

In 1979, Canadian scientists Dyck and Samborski found
a leaf rust resistance gene at the adult stage from Pakistani
wheat. Later, they introduced the resistance gene into wheat va-
riety Thatcher by successive backcross and obtained a resistant
strain RL6077 (Thatcher*6/Pl 250413) (Dyck & Samborski,
1979). Later, it was found that RL6077 was also resistant to stripe
rust and stem rust (Dyck et al., 1994; Singh, 1992). In 2009,
Lagudah confirmed that there was no Lr34 gene in RL6077 using
molecular markers and speculated that RL6077 contained a new
multi-disease resistance gene (Lagudah et al., 2009). Hiebert by
observing the chromosome pairing behavior, refuted the previous
views on the translocation of the Lr34 gene on 7DS to other stains
(Hiebert et al., 2010). Further, genome-wide SSR molecular
markers were used to analyze the osmotic chromosome frag-
ments from donor wheat Pl 250413 in RL6077, and it was found
that 5 polymorphic SSR molecular markers (Xcfd71, Xbarc98,
Xcfd23, Xwmc457, and Xwmc48) were associated with the leaf
rust resistance genes in Thatcher/RL6077 and RL6058/RL6077
populations. Then linkage analysis using a third isolated popula-
tion from RL6077 showed that the 4DL SSR marker Xcfd71 was
closely linked to the resistance gene. The new gene in RL6077
was officially named Lr67 because no rust-resistant genes have
been reported on the 4DL. Herera-Foessel located stripe rust re-
sistance genes Yrd6 and Lr67 in RL6077 to the same region of
the 4DL chromosome. Subsequently, Herera-Foessel also found
that the Lr67/Yr46 site could provide stem rust and powdery mil-
dew resistance and presented the symptoms of tip necrosis, so it
was named as the polypotent site: Lr67/Yr46/Sr55/Pm46/Ltn3.
(Herera-Foessel et al., 2011; Herera-Foessel et al., 2014) The full
length of the predicted Pm46 resistant protein gene consists of
1545 bases encoding 514 amino acids, contains 12 predicted
transmembrane helices and is most similar to the STP13 family
of H+/monosaccharide co-transporters, which promotes hexose
cross-membrane transport. Their corresponding pleiotropic or
tight chain gene, named Sr55, Pm46, and Ltn3, can be used to
provide a broad spectrum of durable wheat resistance (Zhang,
2017). In terms of geographical distribution, the PM46 gene was
found mainly in local varieties in the Punjab of India and was
rarely carried in other regions. There are few reports of the PM46
gene in Wheat varieties in China. Wang Zhiwei used molecular
marker CSTM4_67G to detect 42 wheat varieties and higher gen-
erations grown in Yunnan province and found that Yunmai 75,
Yun15D4-15, Yimai 1, Yimai 3, Fengmai 32, and Fengmai 35
contained  dual-resistant  adult  rust-resistant  gene
Lr67/Yrd6/Sr55, accounting for 14.29 % of the tested materials
(Wang Zhiwei et al., 2020). Both barley and wild barley them-
selves carry the Lr67 lineal homologous gene (HVSTP13), but
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neither has the G144R mutation-specific for the disease-resistant
allele. Milne introduced G144R variation into HYSTP13 and ob-
tained stable transgenic barley lines. Disease identification
showed that transgenic barley showed leaf rust resistance at the
seedling stage and plant stage, suggesting that the Lr67 gene
mediates conservative disease resistance in barley and wheat
(Milne et al. 2019).

3.2. Disease resistance mechanism of PM46 gene. The
research of John, Moore with Sybil, Herera-Foessel et ales
showed that Lr67res protein might reduce hexose transport by
forming an inactive heterodimer protein complex that produces a
dominant-negative interference mechanism. This is consistent
with dominant or semi-dominant resistance phenotypes given by
Pm46 genes and with phenotypic susceptibility due to deletion of
this locus. Dimer-mediated dominant negative interference with
transporter activity has been found in other plant sugar transport
families (Dyck & Samborski, 1979). The partial resistance of
Lr67res protein to different vivisection pathogens in wheat and
barley may be due to the host cells' resistance to extracellular
hexose detection, thus increasing the ratio of hexose/sucrose in
extracellular hexose. This, in turn, induces a sugar-mediated sig-
nal response, creating an environment that is more hostile to the
growth of the pathogen. The inhibition of hexose detection by
Lr67res is similar to the invertase activity response induced by
ubiquitous plant pathogens invading cell walls, which will change
the extracellular hexose/sucrose ratio and cause hexose-medi-
ated defense response (Jiang & Shimono, 2009).

Sugars contribute to various physiological processes and
act as substrates and signaling molecules in plant defense re-
sponses (Moore & Herrera-Foessel, 2015). Activation of sucrose
transport by some bacterial virulence protein-coding genes pro-
motes host susceptibility, whereas eliminating these genes in-
duces host resistance (Liesche et al., 2011). It remains deter-
mined whether the Pm46 gene is also detrimental to host re-
sistance to inanimate nutritive pathogens in field-grown crops.
Nevertheless, as a valuable tool for developing broad-spectrum
resistance in crops, the Pm46 gene provides a favorable breed-
ing strategy for combining different forms of broad-spectrum re-
sistance.

4. Advances in GDSL gene research

GDSL lipase (EC 3.1.1.3) is a hydrolyzer, which can hy-
drolysate a variety of substrates such as thiolates, aryl esters,
phospholipids, and amino acids. GDSL lipase has a unique struc-
tural characteristic with GDSL conserved amino acid sequence at
the N' end of the protein, different from other lipase types with
GxSxG conserved sequence. Upton and Buckley first identified
the conserved domain and named it (PFAM PF00657). Subse-
quent studies have found that this type of lipase is widely present
in prokaryotes and eukaryotes. With the development of more
plant genome sequencing and bioinformatics, GDSL lipase is
found to be a large gene family. At present, GDSL lipase is widely
known to be involved in the average growth and development of
plants, organ morphogenesis, secondary metabolism, stress, and
other physiological activities, and plays an important role in the
lipid metabolism of oil crop seeds (Proels & Huckelhoven, 2014).
However, systematic understanding of the structure, classifica-
tion, evolution, expression, and function of the family's genes is
lacking.

4.1. Gene structure and species of GDSL lipase family.
Plant GDSL lipase gene family is a large, Volokita for different
land plants such as amino acids coded 604 GDSL lipase gene
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sequence comparison and analysis, found that plant GDSL family
members in the phylogenetic tree form three big family (subfamily
A, B, and C), each branch contain A GDSL genes from different
plants (Chen et al., 2010). Most plants GDSL family genes by
four-five exons and introns (Akoh et al., 2004), Volokita for hun-
dreds of different plants, such as GDSL lipase gene of the struc-
ture are analyzed, the results found that there are conservative,
6 introns in the six introns in three distribution different: in the
family of introns 1 and 6 in the family of three are conservative,
did not change, exists in most several GDSL lipase genes; Introns
5 are conserved in subfamilies A and B, while introns 2, 3, and 4
are specific in subfamilies A, B, and C, respectively. Members of
the GDSL family are distributed across the chromosomes of
plants, but not evenly. Some GDSL lipase genes are distributed
in clusters on chromosomes. Take the arabidopsis genome as an
example. Two or more GDSL lipase genes are clustered or ar-
ranged in tandem on a total of 12 chromosomal loci. Some other
parts of the genes on the same chromosome, or on different chro-
mosomes duplicate, lead to more copy phenomenon (Chepyshko
et al., 2013). In addition, the gene degeneration mechanism will
be the main force to drive the evolution of the GDSL family.

4.2. GDSL is involved in growth development and stress
response. Pathogens can induce the expression of GDSL lipase
genes in some plants, hormones such as salicylic acid, ethylene,
jasmonic acid, and abiotic stress factors, indicating that they may
be involved in plant resistance and stress response (Ling et al.,
2006). It reported the news of salicylic acid inducing arabidopsis
GDSL lipases GLIP1 disease-resistant activity, GLIP1 mutant
plants of saprophytic fungi spore canola raw chain grid (Alternaria
brassicicola) is more sensitive than the wild type, the recombinant
expression GLIP1 protein with lipase activity, integrity. It can di-
rectly damage the fungal spores and inhibit its germination. Be-
sides, the lipase can also induce the plant to produce resistance
to the fungus system (Lee et al., 2009). Further studies found that
excessive expression of GLIP1 in plants can enhance resistance
to various pathogenic fungi and bacteria, and GLIP1 induces phy-
logenetic resistance of plants through ethene-mediated signaling
pathways (Oh et al., 2005). Similarly, the expression of GLIP2 in
Arabidopsis thaliana can be caused by salicylic acid, jasmonic
acid, and ethylene, and has an inhibitory effect on fungal spore
germination. However, GLIP2 may mediate plant disease re-
sistance by down-regulating auxin signaling pathways (Kwon et
al., 2009). It conducted a similar study on the CaGLIP1 homolog
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of pepper and found that its expression was induced by salicylic
acid, jasmonic acid, ethylene, bacterial infection, high salt,
drought, injury and other stress factors (Hong et al., 2008). Unex-
pectedly, capsicum plants with down-regulated CaGLIP1 expres-
sion have increased background resistance to Xanthomonas
campestris Pv. It can be seen that, as a large plant gene family,
lipases have diverse functions. Different lipases in the same spe-
cies can differentiate into different functions, and the functions of
homologous lipases in other species may also be different.
5. VIGS and RNAi technology

5.1. Technical principle of VIGS. VIGS is a technique that
USES recombinant virus specificity reduces endogenous gene
activity, based on post-transcriptional gene silencing (PTGS)
(Wang Ya-ru & Yao Yun-cong., 2015). Usually VIGS viral vector
can be combined with the host plants of the target gene, using
PTGS as a natural antiviral defense line to fight the virus prolifer-
ation, genetic transformation mediated by agrobacterium infect
plants, inserted into the part of the viral genome, its RNA degra-
dation mechanism and the way of RNA interference are very sim-
ilar, both in the virus genome to add multiple cloning sites, to their
target genes into the host plant. VIGS vector inoculation in plants
is usually achieved through agrobacterium tumefaciens infection
by integrating t-DNA containing the viral genome into the host ge-
nome of at least one cell for standard transcription translation.
This leads to the production of double-stranded RNA (dsRNA)
from the viral ssRNA template, and Dicer proteins cut this viral
dsRNA into short interfering RNA (siRNAs) duplicates, approxi-
mately 21-24 nucleotides in length. These siRNAs, in turn, are
incorporated as single-stranded RNA molecules into RISC (RNA-
induced silencing complex), which screens and destroys RNA
complementary to siRNA (Yao et al., 2009; Zhang et al.,2014;
Kumagai et al.,1995). In the particular case of VIGS, the viral
RNA and target gene mRNA were cleaved. The virus-derived si-
lencing signals are further amplified and spread systematically
throughout the plant (Fig.3). It is assumed that siRNAs of about
21nt length mediate short-range transport, while RNA-dependent
RNA polymerase 6 (RDR6) requires long-range transport, possi-
bly amplifying the silencing signal. The systematic propagation of
silencing signals occurs regardless of the successful movement
of virus particles in the plant. When VIGS was applied to suscep-
tible plants, the target gene mRNA of host plants was degraded
in most plants (Baulcombe, 1999).

= = Nudleus

Fig. 3 The Molecular Mechanism of VIGS Technology (Baulcombe, 1999).
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5.2. Application of VIGS technology. Large-scale se-
quencing of functional genomics in non-model plants provides
primary data for studying the structural evolution of genomes or
the history of repeated events in plant lineages. These new data
have also contributed significantly to gene discovery and pave
the way for further understanding of gene function evolution,
plant-pathogen interactions, biosynthetic and developmental
pathways. However, genetic tools are mainly limited to model
plants such as Arabidopsis thaliana, rice (Oryza sativum), or to-
bacco (Nicotiana tabacum), and therefore methods for analyzing
gene function in other non-model plants are minimal (Ratcliff et
al., 2001; Baumlein et al.,1991; Turnage et al., 2002). It is partic-
ularly challenging for most plants to establish a repeatable stable
genetic transformation program. As a result, VIGS, which can si-
lence specific genes, is a powerful technique that has been suc-
cessfully used in a variety of species. As the tools of functional
genomics are increasingly used in plant species such as Zea
mays, Hordeum vulgare, and wheat, it is tough to analyze gene
function by conventional methods. VIGS technology enables the
rapid study of gene function. Since almost all VIGS vectors origi-
nally used in dicotyledonous plants were derived from viruses that
originally host Solanaceae, some VIGS vectors were successfully
extended to other Solanaceae plants (especially tomatoes, bell
peppers, and petunias) (Holzberg et al., 2002). Tobacco Brittle
Virus (TRV) has a high susceptibility to a wide range of hosts and
mild post-infection symptoms and is preferred as a VIGS re-
source for dicotyledons. More recently, VIGS are effective

against rosaceae plants such as arabidopsis, peas, and cassava
(Lacomme et al., 2003). TRV's experimental host range has now
been extended to several species of buttercup. Recently, a new
VIGS vector system was developed from Apple Latent Spherical
Virus (ALSV), which can also be used in a variety of higher dicot-
yledonous plants, including night plants, arabidopsis, and leg-
umes. Monocotyledons such as barley, rice, wheat, and maize
are also susceptible to TRV (He Zhengbo et al., 2019). VIGS has
become an essential reverse genetic tool for revealing the gene
function of species that have difficulty achieving stable genetic
transformation or achieving transformation.

5.3. Principles of RNAi technology. As a gene knockout
technique, RNA interference (RNAI) has been widely used to an-
alyze the gene functions of various organisms. It is a post-tran-
scriptional gene silencing phenomenon induced by double-
stranded RNA (Fire et al., 1998; Sunkar et al., 2012). Because of
its high specificity and effectiveness, it has become a useful tool
for gene function analysis. Detailed molecular mechanism of
RNAi as shown: first of all, long dsRNA by RNase III Dicer iden-
tify family members, and was cut into 21 nucleotides in length.
When each siRNA is disbanded, one of the two strands is prefer-
entially incorporated into the RNA-induced silencing complex
(RISC). The antisense strand of siRNA was hybridized with the
mRNA as a guide, and RISC cleaved the mRNA near the center
(Fig. 4) (Mao et al., 2007).
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Fig. 4. The Mechanism of RNAi (Mao et al., 2007).

5.4. Application of RNAi technology. As a highly signifi-
cant gene suppression technology, RNAI technology has been
widely used in crop genetic improvements, such as disease re-
sistance, quality improvement, and abiotic stress tolerance. Fire
demonstrated for the first time that RNAi could be used for pest
control by injecting C. elegans with bacteria that express dsRNA
targeting (Wang Weiwei et al., 2017). Mao designed specific
dsRNA according to CYP6AE14, the cytopigment gene of cotton
bollworm, and introduced it into cotton, and obtained transgenic
plants with apparent insect resistance to cotton bollworm (Zhong
et al., 2016), which further confirmed the feasibility of using RNAI
technology to cultivate insect-resistant crops. At the same time,
Bt insecticidal protein Cry3Bb1 and DvSnf7 insecticidal resistant
corn have been commercially cultivated (Mao & Zeng, 2014).
Yang Xiangdong with colleagues constructed a P3 gene RNAI
vector of Soybean Mosaic Virus SC-3 strains and introduced it

BicHuk CyMmcbKoro HaulioHanbHOro arpapHoOro yHiBepcurteTy

into cultivated soybean varieties, and found that transgenic soy-
bean plants had good resistance to multiple Soybean Mosaic Vi-
rus (SMV) strains such as SC-3, SC7, SC15, SC18 and SMV-R
and Watermelon Mosaic virus under field conditions, and the re-
sistance traits could be stably inherited (Yang et al., 2018). Zhong
Xiaofang with colleagues introduced the RNA interference frag-
ment of HG-RPS-23 gene into soybeans and obtained a new
transgenic soybean material that could significantly improve the
resistance to the physiological subspecies of soybean cystodes
3 (Zhong, 2004). By blocking the expression of ACC oxidase, eth-
ylene formation in tomatoes could be significantly reduced and
shelf life could be extended, while synthesis of fruit softening sub-
stances such as -mannosidase and -acetylhexanase could be in-
hibited, which could increase the shelf life of tomatoes (Oropeza
et al.,, 2020). At present, RNAI transgenic crops are mainly com-
pleted by agrobacterium-mediated method, which has the ad-
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vantages of simple operation and low cost. Agrobacterium con-
tains Ti plasmids and Ri plasmids, and a section of t-DNA (trans-
ferring-DNA) is attached to the plasmids. After agrobacterium en-
ters the cells, it can integrate this section of t-DNA into the ge-
nome of the infected plant and inherit it stably (Li Junxiang & GU
Qisheng, 2020; Yang Jing, 2019). At present, RNAi technology in
plant research is widely used in many fields, such as disease re-
sistance, insect resistance, quality improvement and breeding,
abiotic stress such as drought, salinity, cold tolerance in the areas
of study were made certain progress, in the study of crops at var-
ious stages of crop growth and development, biological and abi-
ofic stress response has extensive application prospect.
Conclusion. Wheat is one of the grain crops with the
largest planting area, the largest yield, and the highest nutritional
value in the world. During the growth and development of wheat,
it is always in a struggle with the stress of adversity. Both biolog-
ical anxiety and abiotic stress have a significant influence on the
growth of wheat. The lesser degree of stress is manifested as
slow development and reduced disease resistance. The more se-
vere degree of stress can result in a significant reduction or even
no harvest of wheat. The cultivation of resistant varieties is the
most economical and effective way to control powdery mildew in
wheat. Still, there are some limitations in the cultivation of re-
sistant varieties by introducing resistance genes by conventional

means in actual production. With the increase of disease each
year, this situation will be more and more unable to meet the
needs of wheat genetic improvement, it is urgent to explore a new
way of wheat breeding resistance to powdery mildew to improve
the wheat to powdery mildew lasting broad-spectrum resistance.

Multiple benefits can be gained through future critical re-
search efforts, including the following:

1. The use of gene Pm46 in China is less, and its appli-
cation in breeding is worth expecting, so the use of this gene in
wheat breeding in China should be strengthened.

2. In-depth analysis of the mechanism of action of Pm46
can provide a theoretical basis for us to obtain broad-spectrum
resistance in wheat by manipulating susceptibility genes or harm-
ful resistance regulation genes.

3. Whether Pm46 is also detrimental to host resistance to
non-vivisection pathogens in field-grown crops remains to be de-
termined.

4. The effective utilization of the existing multi-effect re-
sistance genes, identification and cloning of new genes will lay a
solid foundation for the breeding of concurrent resistant and du-
rable resistant wheat varieties in China.

If these researches can achieve breakthrough results, it
will be another breakthrough direction for wheat disease re-
sistance breeding to obtain new genetic resources.
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Tao €, acnipaHmka, CymcbKull HauioHanbHUl agpapHull yHigepcumem, M. Cymu, Ykpaia

Bnacexko Bonodumup AHamonitiosuy, dokmop c.-e. Hayk, npoghecop, Cymcbkull HaujoHanbHUl agpapHull yHisepcumem,
M. Cymu, Ykpaina

Ocbmayko OneHa MukonaigHa, kaHOudam c.-2. HayK, 0oueHm, CymcbKull HauioHanbHUl azpapHull yHigepcumem, M. Cymu,
Ykpaita

bakymeHko Onbea MukonaigHa, kaHOudam c.-e. Hayk, doueHm, CymcbKull HauioHanbHul agpapHull yHisepcumem, M. Cymu,
Ykpaita

JOCIIOXEHHS TA NNEPCINEKTUBMU 'EHIB CTIMKOCTI JO EOPOLUHNCTOI POCH MILEHNLI

Mweruus (Triticum aestivum L.) 00Ha 3 OCHOBHUX 3€PHOBUX Kylbmyp y ceimi. bopowHucma poca nweHuyi — epubkose 3a-
X80pI08aHHS, CnpuYUHeHe iHgekyiero Blumeria graminis F.sp. tritici. Lle odHa 3 Hallgaxnugiwiux xeopob nweHuyi y ceimi, sika ceplio-
3HO 8nnusae Ha 8poxalHicmb ma sikicmb nweHuyi. Hapasi ocHogHUMU cnocobamu 60pomb6U 3 BOPOLHUCMO POCOK € BUKOPU-
cmanHs1 (yHeiyudie ma eupowyeaHHs cmitikux o xeopob copmig. ObpobreHHs yHaiyudamu CnpUYUHSIE HaKONUYEHHS 3anulKie
necmuyudige ma 3abpyOHeHHs HasKONMUWHB020 cepedosuuwa. Hapasi dxepen pesucmeHmHocmi 00 60poWHUCMOI pocu AUKOPOCTUX
gudie ma wmy4Ho 8usedeHUX copmig NWEHUYi He sucmavae, momy HeobXxiOHO mepMiHOBO Ma ehekmusHO cmeopogamu cmiliki
copmu. TpaduuiliHe cxpewysaHHs Mae mpugary i HU3bKy epekmusHicmb. Tum He MeHWwe, ue weudkull ma eghekmusHull cnocio
ompumaHHs cmitikux 00 Xeopob copmu, 8UKOPUCMOBYHOYU CyyacHi MorekynspHo-bionoaidri 3acobig 0 nepeHeceHHs cmilikux 0o
X80pob 2eHi8 y KynbmugosaHi copmu. Hesgaxatoyu Ha me, Wo 8UPOWy8aHHs cmilikux copmig € HalbifbW eKOHOMIYHUM ma eghex-
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MUBHUM €NOCO6OM KOHMPOIT0 BOPOWHUCMOI POCU y NWEHUL, iCHyromMb NegHi 0bMeXeHHs npu 88e0eHHs 2eHig cmilikocmi 3guyal-
HUMU cnocobamu 015 8UPOWy8aHHS CMILIKUX copmig y mogapHoMy 8upobHuumei. 3i 36ibWeHHIM 3aX80pH8aHOCTMI 3 KOXHUM POKOM
ys cumyauis 6yde Oedani binbwe HezdamHow 3adosonbHUMU nompebu 2eHemuyHo20 600CKOHaNeHHs nweHuyi. HeobxioHo
mepmiHogo docridumu Hogull cnocib cmeopeHHs cmilikux copmig nweHuyi do 6opowHUCMoi pocu, w0 3abe3neyysamume mpusanull
wiupokuli cnekmp di.

PesucmermHicmb 8o xeopobu Yepes cenekuiliHe KoHys8aHHs pocnuH ma 83aemodii cnopiOHeHocmi namozeHie eidizpatome
KIT0408Y pOrib Y 8UBHEHHI himonamoeerie ma ix MexaHismy dii. Hapasi y nweHuuyi wisxom MaHinynoeaHHs 2eHamu X80pobu iHgiko-
gaHull Mamepian ompumas mpusanuti wupokut cnekmp if MeHWoi peaucmeHmHocmi. Y 8unadky 3axeoprogaHHs 2eHie ma Mymauil
nicns makoi peaucmeHmocmi 00 xg8opobu MexaHiam 0oci He3po3yminutl. Omxe, 0ns cenekuii cmilikux copmig nompibHi 006y8aHHs
ma eUKOpUCMaHHs 2eHig cmilikocmi. Y cmammi nidcymMosyembCsl WKOAOYUHHICMb ma po3nogcodxeHHs 6OPOLIHUCMOI pocu nuie-
HUUI, MexaHi3M cmillkocmi 2eHig pe3ucmeHmHocmi 00 6OPOWHUCMOI POCU NWIEHUY, @ MaKOX (OyHKUIOHaIbHUL aHani3, 2eHU cmili-
kocmi 00 bopowHUcmoi pocu nweHuui y 2anysi ocnioxeHs monekynsipHoi bionoeii, a makox VIGS, RNAI, aezpobakmepianbHuli
NPUHYUN Ma 3acmocy8aHHsi MeXHIYHUX 3acobie, makux ik npopinakmuka ma 6opomsba 3 6OPOWHUCMOK POCO NWeHuUYi, do-
CrIOXEeHHs HOBUX 2€Hig pe3ucmeHmHocmi 00 6opowHUCMOT pocu ma peaymosaHHs cmilikocmi, cenekyis cmitikux 0o xeopob copmig
nweHuyj, wo 3abesnedyroms baxaHy cxemy.

Knroyoei cnoea: nweruys, 6opowHucma poca nuweHuyi, 2eHu cmitikocmi do 6opowHucmoi pocu nweHuui, VIGS, RNAI.

Llama Hadxo0xeHHs1 do pedakuii: 01.12.2020 p.
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The problem of phosphogypsum accumulation in dumps of chemical plants has been an urgent problem for several decades.
The ecological situation is aggravated by the fact that more and more areas are allocated for its conservation. A negative point in the
application of phosphogypsum is the intake of radionuclides and fluorine into the soil and plants, small particles could be dispersed to
the atmosphere by wind. But given the presence of macro-, mezo- and microelements in it and the high price of mineral fertilizers, it
is now considered as a good fertilizer and ameliorants, especially for alkaline soils. The goal of the research was to study the
effectiveness of phosphogypsum application (from Sumykhimprom) and ammonium sulfate in increasing doses of nitrogen 50—150 on
the dynamics of nitrogen, phosphorus, potassium, calcium and hydrolytic acidity of typical middle loam black soil. An increase in
nitrogen led to growing the content of hydrolyzed, nitrate and ammonium forms of nitrogen in the soil. The maximum availability of N-
NOs in the soil is characteristic for the first period of sampling, in the tillering stage. At this period, the maximum difference is observed
between the control and fertilized variants of the experiment. The application of phosphogypsum with N1so almost threefold increased
the content of nitrates in the soil. Variants with lower doses of nitrogen also affect the accumulation of nitrates in layers 0-20 and 20—
40 cm. After harvesting, an insignificant difference was found between the control and fertilized variants (except for N1so) with a general
decrease in the level of nitrate availability to 0.1-0.2 mg/100 gm of soil. The impact of fertilizers was less on the content of labile
phosphorus and exchangeable potassium. A year after fertilization, a significant increase in the value of hydrolytic acidity is observed
in the fertilized variants.

It is especially noticeable at a dosage with nitrogen of 120—125. In these variants, the hydrolytic acidity in both the arable and
subsoil layers exceeds 4 mmol*/100 gm of soil. Changes in the content of water-soluble calcium are insignificant which can be ex-
plained by the fact that the solubility of calcium sulfate is not high enough and it takes more time for calcium to appear in an ionic form.

Key words: ammonium nitrogen, nitrate nitrogen, hydrolyzed nitrogen, ammonium sulfate, phosphogypsum, mobile phospho-

rus, exchangeable potassium, hydrolytic acidity.
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Introduction. The production of phosphate fertilizers is a
complex technological process. The main raw materials in the
world for its are apatites and phosphorites. In apatites there are
some chemical components as fluorine and uranium which con-
strain the use of phosphogypsum as a fertilizer that is waste of
thecnological processes. Phosphogypsum accumulates in
chemical plants every year and this can affect the increase in
greenhouse gas emissions (Kumar et al., 2020; Yuan et al.,
2018). If it gets into lakes, rivers, bogs, seas and oceans, it
causes large-scale environmental disasters (Zrelli et al, 2018).

Phosphate raw materials from different countries may
differ in the content of chemical elements and radionuclides, its
long-term use should be controlled by measuring radionuclides,
phosphorus and sulfur in water basins and groundwater (Hilton,
2020; Tirado & Allsoop, 2012; Papastefanou et al., 2006; OI-
szewski et al., 2016; Tucher et al., 2018). Each country has its
own standards for the content of toxic substances in fertilizers
and there are also standards written for phosphogypsum.

The application of one ton of phosphogypsum as
fertilizer, 265kg of calcium, 215kg of total sulfur, 20 -
phosphorus oxide and 9.8 kg of silicon oxide are supplied to the
soil (Korobka, et al., 2016). That is, phosphogypsum can be
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evaluated both as a fertilizer and an ameliorant.

Since in the near future a shortage of phosphorus raw
materials is predicted, therefore, attention to phosphogypsum as
a source of phosphorus does not subside (Gazzar-El, 2006;
Mahmoud et al., 2020). The effectiveness of phosphogypsum of
more than fifty crops has already been studied since the 80s of
the last century and for the last three years it was enough to con-
duct research on the creation of sulfur-containing fertilizers on its
basis.

Phosphogypsum is most effective on sodium-enriched al-
kaline soils, and it has also been proven to be effective on irri-
gated land (Belal et al., 2019). On degraded lands, it appears as
a valuable source of phosphorus and sulfur, which is important
for cil and grain crops. On meadow black soil, its advantage in
autumn application compared to ammonium phosphate has been
proven and an aftereffect on subsequent crops of crop rotation is
also observed (an increase in alfalfa yield was 47 %) (Hilton,
2020). When phosphogypsum was used on ordinary carbonate
black soil of 4 t/ha, an increase in the phosphorus content by al-
most two times and sulfur of the sulfate form by ten times were
observed.

The effectiveness of phosphorus fertilizers, the behavior
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of phosphorus in the soil depends precisely on the
physicochemical characteristics, granulometric and mineralogical
structure of the soil (Mihlbachové et al., 2018). German scientists
have found that the regulation of pH by liming can reduce the
rates of phosphorus fertilizers than the recommended ones. In
soils where phosphorus has been reduced or not applied in
recent decades, the availability of phosphorus becomes too low
for optimal crop production (Tucher et al., 2018).

The patented methods of rolling phosphogypsum on urea
in the production of granular fertilizers also show its effectiveness
in preventing nitrogen loss from fertilizer and soil, reduces the
fertilizer caking ability, and fertilizer granules become more
durable (Deng et al., 2009; Mullahodzaev & Olifson, 2012).
Phosphogypsum has also been studied in combination with
ammonium nitrate and urea to create nitrogen-containing sulfur
fertilizers in various ratios (Vashishtha et al. 2010; Mamataliyev,
2017).

The use of phosphogypsum for composting pig manure
with corn stalk increases nitrous oxide (N20) emissions, but
significantly reduces ammonia emissions, thus increasing the
mineral content and total nitrogen in the compost (Li et al., 2018).
The effect of phosphogypsum in the composting of sewage
sludge was manifested in a decrease in ammonia and methane
emissions and an increase in nitrous oxide. The positive effect of
adding phosphogypsum on nitrogen retention in compost has
been proven (Li et al., 2018).

The application of phosphogypsum together with lime
gives a double effect, lime reduces the acidity of phosphogypsum
(Carvalho & Nancente, 2014). Phosphogypsum, in comparison
with the applied mineral fertilizer with phosphorus and sulfur con-
tent, is more effective in reducing the negative effect of exchange-
able aluminum in the soil, but the effect depends on the type of
research soil (Bouray et al., 2020). The effect of phosphogypsum
and similar concentrations in soluble fertilizers may depend on
the balance between calcium and sulfate ions. The high general
solubility of phosphogypsum has been established, and as an ad-
ditive to mineral fertilizers, it could increase microbiological activ-
ity in order to contribute to the rapid transformation of phosphorus
into more accessible forms (Nayak et al., 2011).

The co-application of limestone and phosphogypsum sig-
nificantly increases the calcium content throughout the soil pro-
file. Liming maintains high magnesium levels with and without
phosphogypsum, and the same trend has been observed for or-
ganic matter. In aftereffect, significant accumulation of sulfate is
observed for the application of phosphogypsum (Nayak et al.,
2011). The co-application of limestone and gypsum increased the
yield of soybeans and sorghum, their nutrition with calcium.

Phosphogypsum had no significant effect on increasing
the yield of soybeans in the case of no-till (Costa & Crusciol,
2016). The combined use of limestone and phosphogypsum im-
proved the physicochemical properties of the soil and increased
the yield of soybeans.

An important factor is taking into account the nutritional
requirements of plants, the ratio of nutrients in fertilizer. In
extreme weather conditions, rational fertilization increases the
stress resistance of plants. As a result of the introduction of
concentrated fertilizers in recent years and an increase in the
yield of high-tech crops, a decrease in the content of sulfur in the
soil has been established, and the content of this element in soil
affects the formation of protein and stress resistance of plants, it
is proved by the experimental data of scientists of the NSC
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“Institute of Soil Science and Agrochemistry Research named
after O. N. Sokolovsky”. Root application of ammonium sulfate
increases the corn yield and resistance to abiotic stress (Gladkih
etal., 2016).

Ammonium sulfate as a fertilizer also has disadvantages
because it belongs to the third hazard class for peroral and inha-
lation toxicity, it can also cause irritation to the eyes and skin
(Lepeshkin et al., 2010). It has been established that in the con-
ditions of humid Polissia and a high level of groundwater, it is not
recommended to apply ammonium sulfate of more than 90—
100 kg in nitrogen, therefore fertilizer causes the migration of zinc
and copper as a result of the reaction of the soil environment. The
introduction of ammonium sulfate leads to an increase in the con-
tent of nitrate nitrogen in the soil (Ferrari et al., 2015).

Using of ammonium sulfate, such essential elements for
plants, such as nitrogen, sulfur, cobalt, copper, zinc, iron,
manganese, lead, potassium, nickel, chromium are supplied
(Skwierawska et al., 2008). The application of ammonium sulfate
200 kg/ha nitrogen increased the content of copper and sulfur in
toxic doses, but enlarged the content of organic matter (Tkachuk,
2017). At the same time, the application of ammonium nitrate in-
creased the content of lead in the soil, ammonium chloride —con-
tent of chlorine.

The use of phosphogypsum as a suspension is effective
relative to powdery which improve winter wheat harvest (Tarhoniy
& Anyshynets, 1998). The use of phosphogypsum without
irrigation was more effective compared to the variants with
irrigation because of decreasing of exchangeable sodium in the
CEC, the effective dose of ameliorant in this regard was 6 t/ha.
The pH decreased with the application of the ameliorant by 0.11—
0.23, depending on the dose, 1.4—6 t/ha (Makarova, 2013).

Chemical amelioration with phosphogypsum leads to
changes in granulometric composition, increasing in the
percentage of physical sand and, accordingly, decreasing
physical clay, that is a positive effect for heavy soils structuring
(Makarova et al., 2020; Mykhaylyuk & Kozachenko, 2009).

Increasing the potential of grain yield can be regulated by
the application of fertilizers, ameliorants, growth regulators, and
pesticides (Shvartau & Mykhalska, 2016). Studying the behavior
of ions in soil under various conditions will provide information
and dosage recommendations and predict the next cycle.

Materials and research methods. The experiment has
been carried out in the field of the educational, scientific and
industrial complex of Sumy National Agrarian University in 2014—
2017. The soil is typical deep black soil, low-humus middle loam
on loess. Humus content is 4.1 % according to Tiuryn, pHkci —
6.7, hydrolytic acidity according to Kappen - 2.62 mg-equ., con-
tent of exchangeable ammonium with Nesler's reagent — 1.30,
content of labile phosphorus according to Chirikov — 10.59,
exchangeable potassium according to Chyrykov — 22.5, N-NOs
by colorimetric method — 1.4 mg/100 g of soil. Before the begin-
ning of the experiment, a compensatory sowing of buckwheat
was carried out. The repetition was 3, the square of each plot was
36 m2,

Sowing of spring barley was carried out on April 13—20.
Sampling was carried out with a Kachynskyi's drill to a depth of
0-20 and 2040 cm in the main stages of plant development: in
the germination stage, bloom stage and at the time of harvest.
The content of alkaline-hydrolyzed nitrogen was determined by
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Kornfield, the content of nitrate nitrogen was determined colori-
metrically with phenoldisulfonic acid, ammonium nitrogen — col-
orimetrically with Nesler's reagent, water-soluble calcium by a
flame photometer method, the content of labile phosphorus and
exchangeable potassium according to Chyrykov. All obtained ex-
perimental data were processed statistically by Dospiekhov.

Phosphogypsum from chemical plant “Sumykhimprom”
was taken near the village of Tokari, Sumy district, Sumy oblast,
Ukraine. Phosphogypsum was applied in autumn of 2014, 2015,
and 2016. Ammonium sulfate with phosphogypsum were mixed
in a ratio of 1: 2 and there was made a granulate that contains
total nitrogen 14.3 %, phosphorus oxide 1.0 %, calcium sulfate
24 %, which was used for the variant 2, for further variants, the
ammonium content was added more under the research
program.

The experiment scheme is as follows: 1. Control.
2. Phosphogypsum  (PG)+ Nso. 3.PG+Nzs. 4. PG+Nio.
4. PG+N125. 5. PG+N1s0. Method of spring barley cultivation is
generally accepted for the area.

Results. It is known that the content of mineral nitrogen
in the soil depends on many indicators, among which the main
role is played by microbiological activity in the soil, that ensures
the transformation of nitrogen-containing compounds into
available mineral forms of nitrogen. The content of nitrate
nitrogen is very dynamic, the content of alkaline-hydrolyzed and
ammonium nitrogen is more stable. The table 1 shows the results
of determining the content of hydrolyzed nitrogen in layers of 0—
20 and 2040 cm in all variants of the experiment.

Table 1

Content of hydrolized nitrogen in the soil (mg/100 g), in average 2015-2017

Variant Depth of soil sampling, sm — Hidrolized nitrogen during bar!ey plants development _
illering blooming harvesting
Control 0-20 15.46 14.03 8.46
20-40 14.96 14.00 8.00
PG + Nso 0-20 16.05 15.01 9.02
20-40 17.01 14.00 8.01
PG + Nrs 0-20 17.01 14.09 10.02
20-40 17.00 14.05 10.00
PG + N1oo 0-20 17.09 16.04 10.08
20-40 16.99 15.03 10.00
PG + Ni2s 0-20 18.02 15.05 10.09
20-40 19.00 14.06 10.01
PG + Niso 0-20 19.00 13.04 8.50
20-40 18.99 14.04 8.05
HIPos
0-20cm 0.5 0.5 0.6
2040 cm 0.3 0.35 0.4

The maximum content of hydrolyzed nitrogen in the soil
is observed in the tillering stage and was in the range of 14.96—
19.00 mg/100 g of soil. At this time, the difference between the
variants of the experience is clear and signifacant. Moreover, the
nitrogen content in the soil increases according to nitrogen dose.

During the vegetation of barley, the content of hydrolyzed
nitrogen decreases by 8-10 mg/100 g of soil. At the same time,
the difference between some variants is smoothed out, which is
due to both the microbiological activity of the soil and the activity

of the plants root system. Such tendency is typical for both arable
and subsoil soil layers.

The content of alkaline-hydrolyzed nitrogen is significantly
related to the amount of the ammonium form of this element. As
you know, the processes of transformation of this form of nitrogen
cause the accumulation of ammonium ion in the soil. The table 2
shows the results of determination of NH4*-N in the soil in average
for three years in layers of 0—20 and 2040 c¢m.

Table 2
Content of ammonium nitrate in the soil (mg/100 g), in average 2015-2017
Variant Depth of soil sampling, sm _ NH4-N during barley plqnts development .
tillering blooming harvesting

Control 0-20 4.33 2.36 1.26
20-40 4.36 243 1.33

PG + Nso 0-20 5.53 2.90 1.39
20-40 5.20 2.39 1.20

PG + N5 0-20 6.22 2.69 1.39
20-40 6.20 2.70 1.29

PG + Ni1oo 0-20 6.79 2.59 110
20-40 6.73 2.79 1.39

PG + Ni2s 0-20 7.28 3.19 1.89
20-40 7.20 3.00 1.80

PG + Nis0 0-20 7.55 3.09 1.49
20-40 7.50 3.00 1.70

HIPos
0-20 cm 0.9 0.10 0.11
20-40 cm 0.5 0.15 0.96
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https://www.reverso.net/translationresults.aspx?lang=RU&sourcetext=%D0%9A%D0%BE%D0%BD%D1%82%D1%80%D0%BE%D0%BB%D1%8C.%202.%20%D0%A4%D0%BE%D1%81%D1%84%D0%BE%D0%B3%D1%96%D0%BF%D1%81%20N50.%203.%20%D0%A4%D0%BE%D1%81%D1%84%D0%BE%D0%B3%D1%96%D0%BF%D1%81%20N75.%204.%20%D0%A4%D0%BE%D1%81%D1%84%D0%BE%D0%B3%D1%96%D0%BF%D1%81%20N100.%204.%20%D0%A4%D0%BE%D1%81%D1%84%D0%BE%D0%B3%D1%96%D0%BF%D1%81%20N100.%205.%20%D0%A4%D0%BE%D1%81%D1%84%D0%BE%D0%B3%D1%96%D0%BF%D1%81%20N125.%206.%20%D0%A4%D0%BE%D1%81%D1%84%D0%BE%D0%B3%D1%96%D0%BF%D1%81%20N150.&action_form=translate&direction_translation=rus-eng-5
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From the data in the table, it can be seen that the
dynamics of the content of ammonium nitrogen in the soil is
characterized by the same tendency that were observed for
hydrolyzed nitrogen.

It is revealed that the maximum content of NH4-N is typi-
cal for the first period of sampling in spring (tillering phase). At
this time, the amount of ammonium nitrogen in the soil in the
control variant was 4.33 mg/100 g of soil and in phosphogyp-
sum+N1s0 - 7.55 mg/100 g of soil. During the growing season, the
supply of plants with ammonium nitrogen significantly decreases,
and the difference between some variants also decreases.

The content of ammonium nitrogen after harvesting of
spring barley was only 1.10-1.89 mg/100 g of soil. However, the
differences between the variants are very insignificant. The
described patterns are typical for both the arable and subsoil
layers. This indicates that the influence of annual conventional
tillage to a depth of 25 c¢m led to the formation of the arable layer,
where the processes of transformation of nitrogen-containing
compounds occured with the same intensity. Data on the content
and dynamics of nitrate nitrogen in soil are shown in the table 3.

Table 3

Content of nitrogen nitrate in the soil (mg/100 g), in average 2015-2017

Variant Depth of soil sampling, sm — N-NOjs during barley plqnts development .
illering blooming harvesting

Control 0-20 0.49 0.20 0.10
2040 047 0.20 0.10
PG + Nso 0-20 0.63 0.23 0.12
20-40 0.63 0.21 0.12
PG + N5 0-20 0.87 0.28 0.12
20-40 0.87 0.27 0.12
PG + N1oo 0-20 0.98 0.27 0.15
2040 0.90 0.26 0.15
PG + N12s 0-20 119 0.30 0.17
20-40 1.10 0.30 0.17
PG + N1so 0-20 1.39 0.33 0.27
2040 1.30 0.35 0.28

HIPos
0-20cm 0.15 0.09 0.05
20-40 cm 0.1 0.05 0.05

For NOs-N, the same tendency as for hydrolyzed and
ammonium nitrogen was noted, but at a different quantitative
level. The maximum supply of nitrate nitrogen to the soil is typi-
cally for the first period of sampling, in the tillering stage. At this
time, the maximum difference is observed between the control
and fertilized variants of the experiment. Application of
phosphogypsum with N1so increased the content of nitrates in the
soil almost threefold. Variants with lower nitrogen doses also
affect the accumulation of nitrates in the soil for both soil layers,
but to a lesser extent.

A determination of nitrates in soil at the harvest time con-
cluded that there are insignificant differences between the control
and fertilized variants (except for with last variant +N1s0) with a

general decrease in the level of nitrate to 0.1-0.2 mg/100 g of
soil.

Result of analyzing the content of labile forms of phos-
phorus in the soil in the arable and subsoil layers are shown in
chart 4. As known, the influence of the root system of plants on
soil phosphates, which increases with sufficient nitrogen nutrition.
Maximum content of labile forms of phosphorus in the soil is
observed during the tillering stage. It was set insignificant
differences in the availability of phosphorus in the soil when
phosphogypsum is applied along with nitrogen fertilization. Some
noticeable differences are observed in the soil layer 2040 cm.

Table 4

Content of labile form of phosphorus in the soil (mg/100 g), in average 20152017

Variant Depth of soil sampling, sm — P-P20sduring barley plgnts development .
illering blooming harvesting
Control 0-20 10.3 75 53
2040 11.1 8.6 54
PG + Nso 0-20 10.3 8.2 49
2040 12.5 8.5 5.7
PG + N5 0-20 10.3 8.3 6.5
20-40 12.6 85 52
PG + N1oo 0-20 11.2 8.5 6.4
2040 13.6 8.8 5.7
PG + Ni2s 0-20 10.9 8.3 6.4
20-40 13.4 8.8 59
PG + Niso 0-20 11.0 85 6.5
2040 13.2 8.7 59
HIPos
0-20cm 0.62 0.59 0.50
20-40 cm 0.51 0.43 0.46
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Over time, the amount of labile phosphates in the soil
decreases. During the bloom stage, the phosphorus content in
the soil layers 0-20 and 20—40 cm ranges from 7.5 to
8.8 mg/100 g of soil, depending on the variants. No difference
was found between the variants according to the content of this
element.

It should be noted that during the growing season in 2015,
the arable and subsoil layers of the soil were fairly evenly

provided with labile forms of phosphorus. This is probably due to
regular tillage, which was carried out annually and ensured the
formation of a uniform layer with the same supply of available
phosphorus. By the harvesting, the phosphorus content is slightly
reduced, but no differences between the variants are observed.
The table 5 shows the results of determining exchangeable
potassium in the soil.

Table 5

Content of exchangeable potassium in the soil (mg/100 g), in average 2015-2017

Variant Depth of soil sampling, sm — K-K20 during barley plalnts development .
illering blooming harvesting

Control 0-20 15.6 8.1 11.8
20-40 13.4 6.7 11.8
PG + Nso 0-20 15.4 8.1 12.3
20-40 12.5 6.5 12.3
PG + N5 0-20 15.5 7.3 12.0
20-40 15.2 8.0 11.7
PG + N1oo 0-20 15.7 11.3 12.7
20-40 15.4 8.1 12.2
PG + N12s 0-20 15.7 10.0 13.0
20-40 15.8 8.0 12.7
PG + Niso 0-20 15.6 94 13.4
20-40 15.4 7.0 13.3

HIPos
0-20cm 0.21 0.62 0.38
2040 cm 0.15 0.41 0.29

Despite the fact that typical black soil is a soil well
supplied with labile forms of potassium, there is a very intensive
absorption of it by plants during the growing season. As can be
seen from the data in the table 5, the content of exchangeable
potassium in the soil in the first period of sampling, was
expressed in significant values — up to 16 mg/100 g of soil.
However, there are no differences between the variants.

Over time, the content of labile potassium in the soil
decreases severely and at the bloom stage in the 0-20 cm layer
is 8.1-11.3 mg/100 g of soil. In the soil layer of 2040 cm, the
content of labile forms of potassium is lower than in the layer of
0-20 cm, fluctuations in the content are almost absent.

After harvesting, the amount of labile potassium

increases. This can be explained by the intense absorption of this
element in the middle of the growing season of spring barley. It is
also interesting to note that there is a tendency to an increase in
the potassium content in both the arable and subsoil layers in the
variants using phosphogypsum with N1oo-150. In our opinion, the
insignificant stimulating effect of fertilizers in relation to potassium
is justified by the defixing effect of calcium on soil potassium,
which causes a slight increase in its content in the soil.

Table 6 shows the results of determining the hydrolytic
acidity and water-soluble calcium after harvesting spring barley
on average for three years of research.

Table 6

Hydrolytic acidity and content of water-soluble calcium at harvesting time of spring barley in the soil,
in average 2015-2017

Variant Depth of soil sampling, sm Hn, mg-equ/100 g Ca water-soluble, mg/100 g
Control 0-20 2.89 5.5
20-40 3.04 5.0
0-20 2.85 55
PG+ Neo 20-40 3.37 50
0-20 2.99 5.0
PG+ Nrs 20-40 337 45
0-20 2.98 45
PG + N1oo 2040 3.94 4.0
0-20 3.85 45
PG + N12s 20-40 4.20 4.0
0-20 3.94 4.0
PG + Nis0 20-40 411 4.0
HIPos
0 o
20-40 cm ) '

After fertilization, a significant increase in the value of
hydrolytic acidity is observed in the fertilized variants. It is
especially noticeable at a dosage with nitrogen of 120—150. In
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these variants, the hydrolytic acidity in both the arable and subsoil
layers slightly exceeds 4-4.5 mg-equ/100 g of soil.
Of undoubted interest are the results of the determination
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of water-soluble calcium in soil samples taken at the time of
harvest. It was found that significant changes did not occur in the
soil, but this can be explained by the fact that the solubility of
calcium sulfate is not high enough and it takes time for the
appearance of calcium in ionic form. Physicochemical absorption
takes place and calcium as a bivalent cation is absorbed by the
soil-absorbing complex of black soil. Over time, the calcium
cation will be available for the following exchange reactions in the
soil environment.

Discussion. According to the scheme of our experiment,
the same researches were not conducted. But for example, on
black soils with a pH of 8.3 in the Rostov region, during the ger-
mination of oil flax for an application of 5 t/ha of phosphogypsum
in autumn, an increase in the content of nitrate nitrogen in the soil
by 1.2mglkg, potassium 8.8 mg/kg of labile phosphorus,
18 mg/kg potassium, 5.9 S-SO4 (Akanova et al., 2019). But dur-
ing the harvest time, the situation changes, the difference in the
content of N-NOs decreases and in general the content of potas-
sium in the area fertilized with phosphogypsum decreases by
19 mg/kg (we got the same tendency). Using phosphogypsum,
an improvement in the physical properties of the soil is noted,
such as a decrease in soil density by 0.11-0.13 gm/cm3(Akanova
etal., 2019).

Fertilizer ammonium sulfate provides the plant with a
macroelement nitrogen and a mesoelement sulfur. Scientists
emphasize the advantages of this fertilizer over others like urea
and ammonium nitrate, saying that it is the best fertilizer for
saline, calcareous soils (Chien et al., 2011; Hafes & Kobata,
2012). Ammonium sulfate does not have potentially toxic
aqueous ammonia and nitrites for plants growing in alkaline soils,
there is no loss of ammonia due to evaporation when applied to
acidic and neutral soils, the availability of phosphorus and some
microelements increases as a result of acidification, does not
affect the emission of carbon dioxide, nitrate is less leached out
compared to other fertilizers. It is more effective in comparison
with the application of elemental sulfur, since it takes more time
for its conversion to sulfate for plants to be available. The
acidifying effect can have a negative effect on acidic soils, and
liming is recommended, which will be more financially profit. At
the same time, these costs are compensated by the price of sulfur
applied as a mesoelement (Khodanitska et al., 2018; Barczak et
al.,, 2019; Skwierawska et al., 2008).

The co-application of nitrogen and sulfur has a positive
effect on the yield and quality of grain crop as sulfur increases the
efficiency of nitrogen use. Deficiency of sulfur in the soil leads to
a decrease in the absorption of nitrates in comparison with the
ammonium form due to the fact that there is a decrease in the
activity of nitrate reductase (Bona, et al. 2011, Syrova 2020).

Our previous studies have shown that the content of
phosphogypsum with ammonium sulfate increased the content of
nitrogen, phosphorus and even potassium in spring barley plants
during the growing season (Zakharchenko, 2020). But the differ-
ence in the effect when Nso-100 was applied between the variants
has not been established during the tillering stage, during the
bloom stage the difference between all the experimental variants
is significant. The effectiveness of phosphorus from phosphogyp-
sum was insignificant on barley plants, the difference in fertilized

variants was greater during the bloom stage. The potassium con-
tent was not changed by applied fertilizer, although a slight in-
crease was also observed on fertilized variants with nitrogen
above 75.

Phosphogypsum, when applied with urea, reduced the
loss of ammonia. If you mix phosphogypsum and urea 2.3:1, then
the loss of ammonia from urea would be 85 % less than its sepa-
rately application (Baurakli, 1990; Rzeczycka et al., 2001). The
same conclusion was obtained by other scientists who compared
the composting losses of phosphogypsum, superphosphate with
chicken and cattle manure — phosphogypsum is better for reduc-
ing ammonia (Prochnov et al., 1995).

The activity of calcium increases from the application of
phosphogypsum and lime cake or their co-application (Skrylnyk,
2017). Anincrease in the content of labile forms of phosphorus is
noted only at high doses of phosphorus. So, for the application of
24 tha of phosphogypsum, compared with the control, an
increase in phosphorus of 3 mg /kg of soil was obtained, for the
application of 4.8 t/ha of the effect, a decrease in phosphorus in
the soil was noted. At the same time, the content of exchangeable
potassium increased significantly both with the application of lime
and with the application of potassium by 20—26 mg/kg of soil at
4.8 and 24 t/ha. Phosphogypsum increases the absorption
capacity and lowers the lime cake.

The application of phosphogypsum on dark chestnut
secondary-alkanized soil at a rate of 6 t/ha increased the calcium
content by 2.67times compared to the control without
ameliorants, the sodium content in the aqueous extract increased
almost by 1.3 times, the anion content doubled and the content
of bicarbonate ions did not change. The amount of exchangeable
cations during its application increased by 1.3 times (Davydchuk,
2013).

Increased doses of nitrogen application (more than
150 kg) in the form of ammonium sulfate reduced the reaction of
the soil environment, the concentration of calcium and
magnesium in the arable layer (Fageria et al., 2010 Chien et al,
2011). The results of our experiment also show the tendency to
decreasing of water-soluble calcium and increasing of acidity with
rising of nitrogen rate in sulfate ion.

Mixed phosphogypsum with nitrogen fertilizer result in an
increasing of yield of crop and improving of nutrients regimes in
soil. For example, the co-application of biochar and
phosphogypsum is more effective than their separate application
(Mahmoud et al., 2017). Their mixture increased the nitrogen
content of the soil, decreased soil density and increased corn
yields.

Conclusions. The use of phosphogypsum in combina-
tion with nitrogen fertilization fulfills an important task in maintain-
ing a high level of soil fertility while ensuring the required level of
nitrogen nutrition. Due to the effect of interaction and mutual com-
pensation, physicochemical and chemical absorption, phos-
phogypsum has a positive effect on the supply of calcium to the
soil. With an increase in the nitrogen dose, soil acidification oc-
curs in the arable soil layer. In prospect, the study will be contin-
ued for obtaining of data about aftereffect of phosphogypsum on
plants, taking into account the solubility of the components, accu-
mulation of fluorine and radionuclides.
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3axapyeHko Enina AHamoniigHa, kaHduOam cinbCbko2ocnodapchkux Hayk, doueHm,Cymebkull HayioHanbHUl agpapHuli
yHisepcumem, M. Cymu, YkpaiHa.

TyHay3 BecHa, kaHOuOam cinbCcbko20cnodapchbKux Hayk, doueHm, YHisepcumem CxidHoz2o Capaego, M. Capaego, bocHis i
lepuezosuHa.

BI/INB CYIIb®ATY AMOHIKO TA ®O0COOrINCy HA OUHAMIKY MNOXUBHUX ENTIEMEHTIB TA KAC/IOTHICTb YOP-
HO3EMY

[pobriema Hakonu4eHHs ghocghoaincy y sidsanax ximidHux 3agodig & cgimi i, 30kpema, 8 YkpaiHi, cmoimb 20cmpo exe dexi-
nbka decamunime. ExonoeiyHa cumyauyis kaHOudam cinbCbk020cn00apcbKux HayK, doueHm, nozipwyemscs mum, wo nid tio2o 36e-
pexeHHs 8idg00smbCsi ce HO8I | HOBI nowi. HeaamugHUM MOMEHMOM npu 8HECEHHI (hocghozincy € HadxodxeHHs padioHyknidie ma
¢hmopy y epyHm ma pocsuHu, OpibHi YacmoYKU po3eikoMbCs NPU 8UCOKIL weudkocmi 8impy. Ane, 8paxosyoyu Has8HICMb 8 HbOMY
Makpo-, Me30- ma MikpoeniemeHmig, 8LUCOKY UiHy Ha MiHepasibHi obpus, 3apa3 8iH 8saxaembCs 2apHuUM 0ob6pUBOM ma MefiopaHMom,
0cobnugo Ha comoHyesux rpyHmax. Memoro docnidxerHs byno docnidumu egoekmusHicmb CymicHO20 8HeceHHs ghocghoeincy (Cy-
muxivnpom) ma cynschamy amoHiro y 3pocmaroqux dosax azomy 50—150 Ha duHamiky asomy, chocghopy, Kanito, kanbyiro ma noKasHUK
2i0pOoniMmuUYHOI KUCIIOMHOCMI YOPHO3EMY MUN08020 CePEeOHbOCY2I1UHK08020. 3biNbueHHs azomy npugoduo 0o 36ibweHHs emicmy
2i0poni30eaHoi, HimpamHoi ma amoHiliHoi ¢hopm azomy & rpyHmi. MakcumarnbHa 3abe3neqeHicms rpyHmy HimpamHuM asomom Xa-
pakmepHa 051 nepuwio2o cmpoky eidbopy 3paskis, y a3y KyweHHs. B yeli yac cnocmepieaembcsi i MakcuMarbHa Pi3HUUS MK KOH-
mposnem ma ydobpeHumu sapiaHmamu 0ocnidy. BreceHHs gpoccboaincy 3 N1so Matbke y mpu pa3u 36ibwiug emicm Himpamig y rpyHmi.
BapiaHmu 3 meHwumu dosamu asomy makox 8nfugarmb Ha HakonudeHHs Himpamig y wapax 0—20 i 20—40 cm. lMicns 36upaHHs
8POXal0 8CMaHOBEHO HE3HaYHa Pi3HUUS MiX KOHmponem ma ydobpeHumu gapiaHmamu (kpim Niso) npu 3azanbHOMY 3HUXEHHI pigHs
3abe3neyeHocmi Himpamamu 0o 0,1—0,2 me/100 2 rpyHmy. Bnnug dobpug 6ye MeHwum Ha emicm pyxomoz20 ¢pocghopy ma 06MiHHO20
Kanito. Ha ydobpeHux gapiaHmax cnocmepieaemscs cymmese nid8uUWEeHHS 8eIUYUHU 2i0ponimuyHoi kuciomHocmi. Ocobnugo 80HO
nomimHo npu dosygarHi 3 asomom 120—125. Ha yux gapiaHmax eidponimuyHa KUCIIOmHicmb 5K 8 OPHOMY, mak i 8 nidopHOMY wapax
nepesuwyye 4 me-exs/100 2 rpyHmy. 3miHu y emicmi 6000PO3YUHHO20 KarbUito He3HaYHI, W0 MOXHa NOSICHUMU MUM, W0 PO3YUHHICMb
Cip4aHOKUC020 KarbUito HedocmamHb0 8Ucoka i nompibeH yac 0151 noseu Kasnb Uik 8 ioHHoMY 8u2nsdi.

Knroyoei cnoea: amoHitiHul azom, HimpamHuli asom, neako2idposizosaHuli azom, cynbgham amoHito, hocghoaine, pyxomul
¢hoccpop, 0b6miHHUL Kanill, 2i0ponimuyHa KUCIOMHICMb.
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