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3ae0siku cmakosuM, OiemuYHUM, 8imaMiHHUM i CIOXUBYUM SSKOCMSMU CMOPOOUHa YopHa € Aocumb rowupeHa y baza-
mbox eocrnodapcmeax ma Ha npucadubHux dinsiHkax. Ane Ha Xarb, K | 6azamo iHWUX Kynbmyp, cxusibHa 00 ypaxeHHs
X80pobamu i MOWKOOXKEHHST WKIOHUKaMU, 0COBIIUBO 3 KOMTKYO-CUCHUM pOmoguM arapamom. Tomy, mexHonoais 3axucmy
CMOPOOUHU YOPHOI Hapasi € akmyasnbHUM NUMaHHsIM.

Y cmammi 3anponoHogeaHo sukopucmaHHs MoOepHi3o8aHo20 obripuckysadya Of1-2000 3 oHoerneHUMU 0cobnugocmsmu
KOHCMPYKMUBHOR20 crieyianbHo20 pyxomMo20 cknady, Ons Kpaujoi eghekmueHoCmi 06rpuCcKysaHHs Kywie CMOPOOUHU YOPHOI.

Hawumu docnidxeHHsIMU 008e0EHO, WO WiNbHICMb CUCHUX ¢himogbazie 3mMeHwunacs npu obrnpuckKysaHHi MOOEPHI30-
eaHuM, oHosneHum OF1-2000. BidrnogidHo 3meHwWwuecs koegiuieHm 3aceneHocmi 8euKoi cMopoduHoeoi nonenuyi Ha 0,34,
4epP8oHOCMOPOOUHOBOI 2an08oi nonenuui Ha — 0,36, cMopoduHO8020 bpyHbK08020 Kriua Ha — 0,29 ma 3eu4aliHo20 rnasy-
MUHHO20 Kniwja Ha — 0,23 o0uHUUi, MOPIBHSIHO 3 BUKOPUCMAaHHAM WmaH208020 0brpuckysada Ol-2000.

BcmaHoeneHo, Wo 3MeHWeHHS YUCENIbHOCMI CUCHUX WKIOHUKI8 Ha poc/iuHax CMOPOOUHU YOPHOI Mo3UmueHo ernsiu-
Hyno Ha ghopmysaHrHs 512id, ma 36inbwerHHs macu 1000 52id, Macu 52i0 3 Kywia, Wo midsuwusno ypoxatHicms Ha 2,9 m/ea
MOPIBHSIHO 3 KOHMPOIbHUM 8apiaHmom | Ha 0,6 m/2a nopigHsIHO 3 8apiaHMoM, de 3acmocosyearnu WmaHa08ull 0brpPUCKy-
8ay. BukopucmarHs npucmporo crieyianbHo2o pyxomMoeo ckriady Orsi ModepHidauii obrpuckysaya OlN-2000 3abesneyurno
nidsULeHHsT €KOHOMIYHOI echekmugHocmi. Tak, yucmul npubymok npu 3acmocysarHi obripuckysadie ONM-2000 cmaHo-
8us 63459-69587 epH./2a, peHmabenbHicmb 350-362 %. lNpu sukopucmaHHi MoOepHi308aHO20 0bpUCKy8ada Yucmud
npubymox 36inbwuecs Ha 6128 epuseHb 3 cekmapa, peHmaberbHicmb 8poxaro — Ha 12 % MOpIBHSHO 3 BUKOPUCMAaHHAM
wmar208020 0brpucKysaya.

[aHi docnidxeHb, Wod0 cMBOpeHHs crieujianbHo20 pyxomozo cknady (CPC) npogodusnocs enepwe i MoXymb mamu
Mpo0oex)eHHs npu nodanbwomy 800CKOHaNEHI KOHCMPYKUIi Orisi cucmemu 3axucmy si2iOHUX Kyribmyp 6i0 WKIOHUKIE.

Knrovoei croga: cmMopoduHa 4YopHa, cucHi ¢himoghazu, edockoHaneHuli 0brnpuckysaY, noka3HUKU npodyKmugHOCMI,
creuianizogaHuli pyxomud ckiad.

DOI https://doi.org/10.32845/agrobio.2021.3.1

Bctyn. Y TexHonorisix 3axucty Bif LUKignuBoi 6iotw, Mpobnemoto y TEXHOMOTiAX BUPOLLYBaHHS! Sirig YOPHOI
MexaHisalif, Tak K i OyOb-sKWid iHLIWA TEXHOMOrYHUA | cMopoauHU € Hepobip Bpoxato (30-40 %) Big cucHuX chiTo-
npoLec, Bigirpae Baxnuey porb y NiABMLEHHI npoaykTue- | daris (Stepanova, 2018; Chrzanowski, et al., 2012). Tomy,
HOCTI npaLli Ta AKOCTi i KiNbKOCTI ArigHOT Npoaykuii y ToMy | edeKTUBHI METOAM 3aXMCTy POCIMH CMOPOLMHOBUX arpo-
yucni YopHoi cmopoauHu (Zaika, 2002; Voitiuk et al., 2005; | ueHo3IiB Bif LKIAHUKIB — akTyarnbHe 3aBAaHHSI CbOrOAEHHS.
Hoffmann et al., 2019). Hapasi B YkpaiHi cmopoguHa YopHa | [nsi 3abe3neqeHHs BUCOKOSIKICHOTO BpoXato, B YkpaiHi npu
€ OfHi€l0 3 MOLUMPEHUX MPOBIQHUX KYMbTYp HE TiMbKW Ha | BUPOLLYBaHHI CiflbCbKOrOCNOAAPCHKMX KyNbTYp, Y TOMY YKCH
npucagmnbHux AinsiHkax, a 1 y rocnogapcreax ycix opm | ArigHWX, NPIOPUTETHO NAHKOI0 iHTErPOBaHOT CUCTEMU 3aXK-
B/1ACHOCTI. Aroav CMOPOAUHM He TifbK CMayHi, a i KOPUCHI, | CTY POCIMH € 3acTocyBaHHsA nectuumais. (Makova et al.,
B iX CKknap BxogaThb BiTaminu A, E, B,, B,, B, B,, nektunu, [ 2020; El-Sayed et al., 2016). CyTTeBi HeratvBHi YnHHUKY,
ackopbiHoBa KMCrnoTa, fika He BTpavae CBOiX BnacTvBocTen | Lo Ge3nocepenHbO BNMMBaOTbL Ha YpoXal CirlbCbKorocmno-
HaBiTb Npu TepMiyHin 06pobui. (Morocko-Bicevska et al., | mapcbkux kynbtyp — Ue LwkiaHukm (Khomenko & Slon, 2014).
2021; Bakalova et al., 2019). MexaHizoBaHe 06NpUCKyBaHHS Y BUPOOHWYMX MPOMUCITOBUX
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HaCaKEHHSAX CMOPOAMHM YOPHOI € O4HUM 3 [EBILLMX 3aX0-
[iB 3axucTi Big Wwkignueux opraxiamie. (Bondarenko, 2017;
Li et al., 2019). OTpumaHHsa BUCOKMX CTabinbHUX BpoOXKaiB
HacaKeHb YOPHOI CMOPOAMHM NPOTM FPYNM CUCHKX DiTo-
darie, 3anexutb Hacamnepes, BiA BYACHOrO Ta SKICHOrO
3actocyBaHHs iHcekTuumais. (Berk et al., 2019; Pedersen,
1998). O6pobka XimMiyHMMK 3acobu 3axuUCTy NPOTK LUKIAMU-
BMX OpraHi3MiB BMMaraloTb HasIBHOCTi BUCOKOE(EKTUBHOI
TexHikv (Sanchez-Hermosilla et al., 2021; Bakalova, 2020).
Ha nouatkoBux ctagisx 6GionoriyHoro po3suTky ditodaris
NpoBeAeHHs NPOiNakTUYHMX 3axodiB 3axuCTy Aae MOX-
NUBICTb 3MEHLUWUTW X YUCEMNbHICTb 3 MEHLUMMU HOpMaMu
BuTpaTn npenapartis (Broring et al., 2019; Suchkova et al.,
2015). CucHi ciTodparn 3aBaatoTb 3HAYHOT LLKOAW BCIM Aria-
HUM KynbTypam, B TOMY YMCHi i HACAKEHHAM CMOPOAMHM
yopHoi (Berk et al., 2019; Vityaz et al., 2015).

[JocnigpxeHHs HayKOBLiB MOKasyloTb, LIO Yy rocnogap-
CTBaX Pi3HMX hOPM BIIACHOCTI B TEXHOIOrSIX 3aXMCTy poC-
NYH B BiNbLWOCTi BUKOPUCTOBYIOTLCH CTaHZAPTHI 06npu-
ckysadi tuny Or1-2000, OMMW-3,5-24 (YkpaiHa) Ta iH., Ui
0bnpuckyBaYi, NOPIBHSHO, € ManoegeKTUBHAMU Y CUCTEMAX
3aXMCTy CMOPOAMHM Bif CUCHUX LUKIOHWMKIB (Pysarenko et al.,
2017; Melnyk et al., 2013). Ha gymky 6aratbox BUEHUX, Ans
HEOOMNYLLEHHS MacOoBUX CranaxiB CUCHUX LUKIAHWKIB HEOb-
XiAHO NPOBOAMTW MOHITOPUHT (DiTOCAHITApHOrO CTaHy Haca-
KeHb cMopoauHu YopHoi (Duvnjak et al., 2004; Drozda &
Kocherha, 2012). 3a ctaTucTMyHnmu gaHnmm baratbox BYe-
HUX CUCHI KOMaxw nif Yac CBOrO XUBMNEHHS 3HAX0AATLCA Nig
nuctkamu (Pinchuk, & Kovalenko, 2021; Chebotok, 2019).
Mpu BUKOPUCTaHHI CTAHOAPTHWMX OBMPUCKYBAYiB  HUXKHI
i cepenHi Apycy rabiTycy Kyla 3anuLiarTbCst B 30Hi Hefo-
CSDKHOCTI XiMiYHMX peyoBuH. LLo6 BupiwmTty Lo npobnema-
TVKY 06npuckyBaHHs Byno yA0CKOHANEHO LITAHTOBUI ONpu-
ckysay Tuny OM-2000, 3 noganbLLow po3pobKot, Ha Moro
6asi, cneuianizoBaHoro pyxomoro cknagy. [ns usoro 6yna
3abe3neyeHa MOXNMBICTb BOKOBOrO po3nuntoBaHHSA poboYOi
PiAVHW 3 perynioBaHHsAM ii AMCNEepCHOCTI Ans 3abe3neyeHHs
ONTUManbHWX 30H 0BMNpuCKyBaHHS. BokoBe po3nuntoBaHHS
manozucnepcHux chpakLivi 3abesnevye yTBOPEHHS «J1erkoro
TYMaHy», L0 CTiNKO NOKPUBAE BEPXHI HUXHI Ta cepeaHi 30HK
KyLlla 3 06’eMHUM ehekToM enigepMicy KOXKHOro nmcTka.

MeToto poboTn € po3pobka Ta BU3HAYEHHS €dDEKTUB-
HOCTi 3aCTOCYBaHHS CreLianizoBaHOr0 PyxXoMOro cknagy
B CUCTEMi 3aXO0AiB 3aXMCTy CMOPOAMHM YOPHOI Bif CUCHWMX
LUKIOHWKIB B arpoekonoriyHmx ymoBax lNoniccs Ykpainu. [Ans
JOCSArHEHHs MOCTaBMeHOi MeTW BUPILLYBaNUCb HACTYMHI
3aBOaHHS: BM3HAYEHHS ONTUMAmnbHUX 30H PO3MUMIOBAHHS
IHCEKTULMAIB Ha KyLLaX CMOPOAMHM YOPHOI Ans nofanbLuol
mozepHisaLii onpuckysaya OlN-2000; pospobka cnewianiso-
BaHOro PyXOMOro CKnagy 3 MOAEPHI30BaHUM ONpUCKyBavem
Or-2000 ans 3abe3neyvyeHHs ePeKTUBHOMO 3axUCTy Haca-
[KEHb CMOPOAMHM Big CUCHMX biTodbariB; AOCnioKEHHS
€(heKTUBHOCTI  3aCTOCYBaHHS  PO3POBIEHOro  pyxoMoro
cknagy 3 MoAepHi30BaHNM ONPUCKYBaYEM.

Martepianu i metoan pocnigxeHb. [lonbosi gocni-
xeHHs nposoaunu B 2019-2021 pp. y COI" «Hagis» Yep-
HSIXIBCbKOrO panoHy XXutomupcbkoi obnacti Ta y nabopa-
Topii kKacpegpu 3axucTy pocnuH Monicbkoro HaLioHanbHOro
yHiBEpCUTETY.

EdbekTuBHICTb NnecTuuuais BuB4anm 3a crnocoby obnpu-
CKYBaHHS POCMUH CMOPOAMHM YOPHOI NPOTU CUCHUX QPiTO-
charis. JocnimkeHHs npoBogunu Ha copti BepHicax, poc-
NMUHK B-piuHOro BiKY, 3 HOpMa BUTpaTh Poboyoi pianHK
1000 n/ra. Pobounin po3ynH npu LbOMY roTyBanu nepes
3aCTOCYBaHHAM. MOHITOPUMHI HacamXeHb YOPHOI CMOpPO-
OWHW Ta 0bniK YMcenbHOCTi cUCHUMK dhiTocbaramu, NpoBo-
AWMU 3rigHO 3aranbHONPUNHATUAX Y E€HTOMOIOriT METOAMK.
[N BM3HAYEHHSI YNCENBHOCTI POCAMH CUCHUMMU LUKIOHW-
KaMu BUKOPWUCTOBYBaNM BUCIYKY (nnoweto 3,14 cm?) 3 0bni-
KOBWX NIUCTKIB. B Mexax Takoi BUCIUYKM 32 ONOMOro nynu
MigpaxoByBanu KinbKiCTb KOMax.

O6nikv NoYMHaOTL 3a NOSIBM MEPLUMX MUCTKIB | NpOLoB-
XYIOTb BNPOLOBX Beiei BereTaLii pocnunH. OKoMipHUM meTo-
oM obnikoByBanu BpyHbKOBOro CMOPOAMHOBOIO Krilla 3a
KiNbKICTIO NOLUKOAXKEHUX BPYHBOK Ha KyLl. [1ns BU3HAYEHHS
npoLeHTa 3aceneHnx OpyHbOK Ha M'ATW FinKax KOXHOro
KyLLa nigpaxoByBanu 3aranbHy KinbKiCTb [0 KinbKiCTb 3ace-
NEHWX KniieM BpyHbOK.

CepenHto WinbHicTb (iTodaris (ek3./cM?) BU3Ha4anu 3a
copmynoto 1:

x= 22X ()

[e: 2Xi — CymapHa YMCcenbHiCTb HapaxoBaHWUX 0COBUH iTo-
dharis 3 ycix 0bnikoBKX MUCTKIB, €K3;
S — nnowa o06nikoBOI BUCIYKK, CMZ;
N — KiNbKIiCTb 00MiKOBMX NCTKIB, LUT.

Mnowy Bucivku (S), 3pobrneHoi 3a Jonomorow TpyoKu,
po3paxoByBanu 3a hopMynoto 2:

nR?=3,14xR? (2)

de: R — BHYTpILLHIN pagiyc TpybKkn Ans BUCIKAHHS.
OBCTexeHHs 3aceneHoCTi POCIIMH HOPHOI CMOPOAMHM
3BMYAMHWUM NaByTUHHUM Kniwem nposogunu 3 IV etany
opraHoreHe3y (NOYaToK peakTuBaLii 3MMYKYMX CaMuLb)
Ta nepioanMyHO BNPOZOBX BEreTaLiiHOro CE30Hy.
3aceneHictb pocnuH wkigHukamn (%) BusHavanu 3a
copmynoto 3:
_100xn

P=—y" ()

[€ : N — KiNbKICTb 3aCENeHNX POCMUH, LUT.;
N — 3aranbHa KinbKiCTb POCIIUH B 001Ky, LUT.

EkoHOMiYHa eeKTUBHICTb 3anexuTb Big po3mipy npu-
POCTY BpOXato Ta BUTPAT Ha 0OPOOKY KynbTypy XiMiYHUMM
pevoBMHamMu. OCHOBHUMM MOKa3HMKaMK, L0 XapakTepuay-
t0Tb €KOHOMIYHY e(PeKTUBHICTb 3aCTOCYBaHHA NECTULMAIB,
€ cobiBapTiCTb 0AMHULI NPOAYKLT, YNCTUI NPUBYTOK i piBEHb
peHTabensHocTi. EKOHOMiYHY edheKTUBHICTb NigpaxoByBanm
METOAOM CriBBiAHOLLIEHHS BApTOCTi OTPUMAHOI 4OAATKOBOI
NpOAyKUiT 4O BCIX BUTPAT Ha NPOBEAEHHS 3aXOfiB 3aXUCTy
i 30MpaHHs aria.

Pesynbrati. CucteMHuUin nigxig 0 cinbcbkorocnoaap-
CbKOI TEXHIKM BMarae NocTiNHOrO BiAHOBMEHHS Ta YOOCKO-
HaneHHs Ans edeKTUBHOrO (PYHKLIOHYBAHHSI KOHCTPYKLIN
arperari. BigHoBneHHs1 3a6e3ne4yeTbcsi BUCOKMM PIiBHEM
MOKa3HWKIB pEMOHTONPWAATHOCTI KOHCTPYKLiA, @ YAOCKOHa-
NEHHSI MOXIIMBO 3a0e3MednTI LUNSXOM iX NepeocHaLLeHHSs!
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Ha OCHOBI BMKOPWCTaHHS MOAYNbHOrO MPUHLMMY 3aMiHu
arperaris.

B Hawwomy BMNagKy cuctema 3axucTy HacagXeHb CMO-
POAMHM YOpHOI Byna nokpalleHa 4epe3 YOOCKOHAaNeHHs
cepiiHoi mozeni onpuckyeada OlMN-2000 Ta cTBOpEHO cne-
uianisoaHun pyxomun cknag (CPC) 3 noro BukopuctaH-
HAM. Cneviani3oBaHuii pyxOMUIA CKMaf BKIKOYAE CUMOBY
TArOBY YCTAHOBKY TpakTop Mapku MT3-82 (Binopycs), 3'ea-
HyBasIbHUIA NPUCTPIN, Lo 3abe3nedye MaHEBPEHICTb i THYY-
KICTb cucTeMU, Ta MofepHi3oBaHuin onpuckysay OlM-2000.
3anponoHoBaHa MoepHisaLis 3abe3nevye B6inbluy NOBHOTY
00poBKM XiMIYHAM PO3YMHOM SAMIOHMX KYLLiB CMOPOAUHW
yopHoi. [lo nepesar, Lo 3abe3neyyoTbCs MOAEPHI30BAHO0
KOHCTPYKLi€t0, Cnif, BigHECTU PIBHOMIPHICTb HAHECEHHS PO3-
YMHY Npenaparty Ha BCO NOBEPXHIO MUCTS KyLlia CMOPOAUHN
3a paxyHOK MIiKpOAMCNEepCHOro po3numoBaHHS.

YOoCKOHaneHHst KOHCTPYKLiT onpuckyBava Mae HacTymnHi
0CO6nMBOCTI:

1. BcTaHoBneHi PopCyHKy HOBOI KOHCTPYKLT, Lo 3a6e3-
MevyTb TYMaHOMO4IOHU eeKT PO3NUITIOBAHHS PO34UHY
npenapaty. PopCyHKu 3akpinneHi Ha AyronodibHWX KpoH-
wrenHax. [yronogibHi KPOHLUTENHM BCTAHOBMEHI 3 [BOX
HokiB 0bnpumckyBaya, Lo 3abesnevye MOXIMBICTb OQHOYacC-
HOI OJHOCTOPOHHBLOI 0BPOBKM ABOX CYMiXHUX psdiB Haca-
[>KeHb abo, iHLWMMKM crnoBamMu, OAHOTO MKPAAAS.

2. MNpoBefeHHsA onTUMI3aLil 30H PO3MUMIOBAHHS PO3-
YMHY npenapary JOCArHYTO 3a paxyHOK MOLENOBAHHS reo-
MeTpii AyronofdibHMX KPOHLUTEWHIB Ta KyTa Haxuny ¢opcy-
HOK. BuxigHumu napametpamu Ans MOAENoBaHHS po3MipiB
KOHCTPYKTVBHMUX €NeMEHTIB MOLEPHI30BaHOi arperaTHol
YCTAHOBKM Oynn NpURHATI: BiACTaHb MK psgamu KyuliB —
3000 mMM; WnpuHa arperaTHOi YCTaHOBKM 3 MOAEPHI30BaHUM
onpuckysayem — 1500 MmM; napameTpu Kylla CMOPOAUHW
YyopHoi: BucoTa — 1200 mm, posnoricTb — 1200 MM.

3. MopgentoBaHHs KOHCTPYKUiA Ayr W KPOHLUTENHIB
(ooBxmHa 1250 MM BM3HaYeHa KOHCTPYKTMBHO, BUXOASYM
3 CepeaHixX PO3MipiB KyLlla CMOPOAUHN YOPHOI.)

lNpu pyci cnewianisoBaHoro arperaty B npoueci obnpu-
CKYBaHHS HacabKeHb CMOPOAMHM YOPHOI 3abe3nedyeTbes:

1. KoxHa dopcyHka Ha AyronofdibHUX KpOHLUTENHax
BUKOHYE oOnTUMarnbHy o6pobKy BiAMOBIAHOT 30HM Kylla
(BEPXHIO, CEpPEOHIO Ta HUXHIO 3 HaMBINbLLIOK 3aceneHicTHo
LUKIOHWKIB).

2. EdexT nepekputTs 30H 06NPUCKYBAHHS 3a paxyHOK
reoMeTPUYHUX 0COBNMBOCTEN YCTAHOBKM (DOPCYHOK, LUO
BM3HAYa€E TOUKY CXOMXEHHSI MOTOKIB 3 MEBHUM HaBMMXeEH-
HaM B iHTepBani 200250 MM 3a cepeauHy KyLua.

Buxogsum 3 Takux MipkyBaHb, 6ynu BU3HayeHi reome-
TPUYHI NapameTpu po3MiLLEeHHS (POPCYHOK 3a po3paxyH-
KOBOK CXeMmot0. BigctaHb Big KpalHix (hOpCYHOK A0 Kparo
KyLla (a) BU3Ha4aETbCS PiSHULEIO LWMPUHU MiXPSAAS NO OCi
KyLLiB Ta LWmpKHOLO arperaty. [laHa pisHuus Ainutbes Ha ABa
i Bif OTPUMAHOrO 3Ha4YeHHs BigHiMaeTbes Ymcno 600 mm
(nonoBWHa WmMpuHK Kywwa). B gaHomy Bunagky pospaxyH-
KoBe 3Ha4yeHHs a = 150 MM,

[ns Bu3HayeHHs Haxuny Kyta ¢opcyHku Bucoty AD
TpukyTHUKa ABC po3spaxoByemo [odaBaHHAM napameTpy
nepekpuTTS (NpUIUMaeMo HameHLLe 3HavyeHHs — 200 Mm)
[0 CYMW YMCEN: yucra LU0 BWU3HAYaE MOMOBMHY LUMPUHK

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

kywa (600 mm) Ta BigcTaHi «a» Big hOpPCYHKM [0 Kparo
kywa (150 mm). 3a pesynsratomM po3paxyHky 950 MM, BUKO-
pucToBytoun TPUKyTHUK ABC, BU3HA4YaEMO KyT O Haxumiy oci
hOpPCYHKM BiAHOCHO FOPU3OHTANBHOI NiHil, L0 NepneHamKy-
nsipHa [0 oci CUMETPIT CneLiani3oBaHoro arperary.

A=arctg BD/AD 4)

MNpuiHaBLWK NpunyLeHHs, wo BD HabnuxeHo fopiBHIOE
nonoswHi gyru L, otpumaemo kyT a = 33,3°.

Ons BusHaveHHs pagiyca gymn (R) KPOHLUTEMHIB BUMKO-
puctoByemo poamipu ctopiH AB i AC, ski piBHi Mix coboto,
[OpIBHIOOTb pagdiycy Ta cknagatotb 1137 mm (TpukyTHUK ABC).

3abesneveHHss 0OpPOBKM OOHOMO MiKPSAASA KyLLiB CMOPO-
AVHV 32 OOMH NpOXig arperaty BinbyBaeTbCS 3a paxyHOK 3MO-
[EeMbOBaHOr0 reOMETPUYHOIO PO3MILLEHHS (hOPCYHOK GOKOBMX
po3numioBaviB, O CTBOPHOE ApibHOAMCNEPCHE TymaHomno-
fibre cepeposuie (puc. 1). OBpobka neBHOI NnoLl Haca-
[PKEeHb 3MINCHIOETLCS 3@ CXEMOLO, MPUBELEHOI0 Ha pyC. 2.

OntumanbHiCTb  XiMiYHOT  06pobkn  3abe3nedyeTbes
HaCTYMHUMU NapamMeTpamm Ta pexvmamiu:

1. Wewuakictb pyxy (1,2-1,4 km/rog.) camoxigHoro arpe-
raTy po3paxoBaHa 3 yMoBW 3abe3neyeHHst HopMu 0bnpumcky-
BaHHs, ska gopisHioe 800 n/ra.

2. [liaveTp oTBOPY LWinbHOBOrO posnuntosaya (3,0 mm)
Ta TUCK B KOMYHikauinHin cuctemi (0,3-0,4 krc/cm?) pospa-
XOBaHi 3 yMOBY 3a0€3Me4eHHsI MiKpOAMCNEPCHOTO PO3MniNto-
BaHHSA PO34MHY npenapary.

iz

Puc. 1. Cxema po3milieHHA 60KOBUX po3nuiioBadiB
Ha obnpuckyBaui

o

.

Puc. 2. Cxema pyxy arperaty

Baxnueum momeHTOM 0BnpuckyBaHHS € 3abe3neyeHHs
Y3rofKEHOCTi HACTYMHUX MapaMeTpiB TEXHOMONYHOMO Npo-
Lecy ximiyHoi 06pobku:
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— IHTEHCUBHICTb PO3NUIIOBAHHS;

— LUBMAKICTb PyXy CamMOXigHOro arperary.

MpakTuka nigTBEpPAMNA, WO ONTUMASbBHICTL XiMiYHOT
06pobKM HacamxeHb CMOPOAMHW YOPHOI 3abe3nevyeTbest
LUBMAKICTIO PyXy CaMOXiQHOrO arperaty, sika 3HaXO4UTbCS
B iHTepBani 1,2-1,4 km/rog.(4—4,6 m/cek) Ta IHTEHCUBHICTIO
po3nuntoBaHHs npu Tucky 0,3-0,4 Krc./cM?, B y3romKeHHi
3 HOpMOI0 BMTpaTK poboyoi piauHu 800 n/ra.

MoHiTopWHr 3aceneHoCTi cMCHKX biTodaris NpoBoAMIM
Ha OCHOBHMX eTanax OpraHoreHe3y CMOPOAMHM YOPHOI
(VI, VIIl, X etanun) y BupobHuumx ymosax COI «Hagis»
Xutomupcbkoi obnacri. [MopiBHAHHS eekTUBHOCTI 06npu-
CKyBaHHS BWKOHYBanu [Ms LUTAHTOBOrO Ta MOAEPHI30Ba-
Horo obnpuckysaya (tabn. 1).

3HayeHHs1 cymapHoro koedilieHTa 3aceneHocTi ) K3 ami-
HioeTbea Big 0,56 0o 2,68 3anexHo Big BapiaHTiB gocnigy
3aXUCTY POCAMH CMOPOAMHN YOPHOI Bifl CUCHUX LUKIAHWKIB.
3MeHLUEHHS LWINbHOCTI LWKIOHUKIB 32 CyMapHUM Koedilli-
eHTOM 3aceneHocTi (Y K3) cknagae 2,2 pa3v npu BUKOpUC-
TaHHi WTaHroBoro obnpuckysada OMN-2000. 3acTocyBaHHs
moZepHi3oBaHoro obnpuckyBava Or1-2000 3meHLWwuno
YMCenbHICTb BENMKOI CMOPOAMHOBOI nonenui Ha 15,3 kono-

HiN 3 KyLL|a; YepBOHO CMOPOAMHOBOI ranoBoi nonenuui — Ha
15,8 KONOHIN 3 KyLLla; CMOPOAMHOBOrO BPYHBKOBOTO Killa —
Ha 22,6 BpYHbOK Ha KyLL; 3BMYaHOrO NaByTUHHOTO KiLla —
Ha 32,3 ek3eMnnspiB Ha KyLl, NOPIBHSHO 3 KOHTPONbHUM
BapiaHTOM.

[JocnimkeHHs BUPILLYOTb NEBHO MiPOK aKTyasibHy npo-
Grnemy 3MeHLUEHHS BTpaT YPOXaWHOCTI Bif, CUCHUX LUKIAHMW-
KiB Ta MOXYTb BYTU BUKOpUCTaHi B ymoBax loniccsa Ykpainu.
3MeHLLEHHS YMCENBHOCTI CUCHMX hiTodhariB Ta CTUMYnALis
pOCTY i pO3BUTKY POCMNH MO3UTUBHO BNSIMBAE HA NMOKA3HUKM
CTPYKTYpU BpPOXaI0 Arig CMOPOAUHM YOpHOI (puc. 3).

3a pesynbrataMu Halwux AOCRiAXeHb, NpW 3acTocy-
BaHHi pi3HnXx obnpuckyBadiB, Maca Srig 3 rpoHa CMOPOAVHM
YyopHoi BapitoBana Big 1,2 oo 2,8 r. MiHimanbHi BENUYMHK
macu srig 3miHioBanues B iHTepsani 1,2—1,8 r cnoctepiranu
y BapiaHTi 6e3 obnpuckyBaHHs. Arogu po3mipom 1,6-2,2 1
36upany npu BUKOPUCTaHHI LUTAHrOBOrO 0BnpuckyBaya.
Mpu  3acTocyBaHHi  MopepHi3oBaHOrO  obnpuckyeaya
O — 2000 36inblwmnaca maca rig 3 rpoHa no BCiX gpak-
Lisix, Takox 36inbmnacs maca 1000 arin — Ha 81 r Ta maca
arig 3 kywa Ha 0,652 kr, NOPIBHAHO 3 KOHTPOIbHUM BapiaH-
TOM (6€3 0bnpuckyBaHHs).

Tabnuus 1

3aceneHicTb cucHMMM hiTocharamm cMOpPOAMHM YOPHOI 3aNeXHO Bif 3acTocyBaHHA o6npuckyBayis OMN-2000
(2019-2021 pp.)

LWinbHicTb WKigHWKIB
BapiaHTu BCM* rn* BK* 3MK* ZK3
KOJOH./KyL K3 KOJOH./KyL, K3 6pyH./kyLy K3 ek3./ KyLy, K3
KoHTponb - 6e3
oGMpUCyBaHHS 18,2 0,66 19,7 0,68 28,3 0,65 38 0,69 2,68
0n-2000
(WTaHroBMiA) 12,1 0,44 14,5 0,49 18,7 0,42 24 0,43 1,78
(Monggﬁgggw) 29 0,10 39 0,13 57 0413 57 020 | 056

lpumimka*: BCIT - eenuka cmopoduHosa nonenuus, [T1— eanosa nonenuus, 6K — 6pyHbkosul kniw, 3I1K — 3guyaliHul nagymuHHul
Kniw; K3 — koegpiyieHm 3aceneHHs; Y K3 — cymapHull koegbiyieHm 3aceneHocmi.

# KoHTponb — 6e3 obnpuckyBaHHs v O — 2000 (wTtaHrosuir) 4 Ol — 2000 (MoaepHi3oBaHMIA)

mMaca gpibHnx
Arig 3 rpoHa, r

Maca cepegHix
arig 3 rpoHa, r

Maca Benukmnx
Arig 3 rpoHa, r

Maca arig 3
KyLua, Kr

Puc. 3. CTpykTypa ypoxato firig npy 3aCTOCyBaHHi Pi3HMX ONPUCKyBa4viB Ha CMOPOAVHI YOpPHii
(2019-2021 pp.).
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[NoKpaLLeHHs eNeMEHTIB CTPYKTYpY SArid CMOPOAMHM Yop-
Hoi 3abe3nevye 3Ha4He 36inbLUEeHHs ypoXanHoCTi (puc. 4).

YpoxanHiCTb Srifi CMOPOAMHU YOPHOI, NPy 3aCTOCYBaHHI
mozepHisoBaHoro obnpuckyeada OlM-2000, niasuwmnacs
Ha 0,6 T/ra, NOPIBHSIHO 3 BUKOPUCTAHHSAM 3BMYANHOIO LUTaH-
roBoro obnpuckysaya OlM-2000 Ta Ha 2,9 T/ra, NOPIBHAHO
3 KOHTPOSIbHIM BapiaHTOM, ie He BUKOPUCTOBYBanu obnpu-
CKyBaHHS. Po3paxyHku MNpOrHo3yBaHHS ypoxato nigTeep-
[DKYIOTb [OCTOBIPHICTb pe3ynbraTiB AOChiAXeHb, OCKiNbKu
HaimeHLwa ictotHa pisHuua (HIP ) 3HayHO MeHwa npu-
6aBku ypoxalo.

Po3paxyHkn eKOHOMIYHOI  edqEeKTUBHOCTI NpuBEaeHi
B Tabnuui 2.
BukopucTaHHs  cneuianbHOrO  pyxoOMOro  ckragy

y MogepHizoBaHomMy obnpuckysadi OlMN-2000 € ekoHOMIYHO
BUrQHUM NPUAOMOM 3aXUCTY HaCaKeHb CMOPOAMHU Yop-
Hoi. pu oBnpuckyBaHHI CMOPOAUHM YOPHOI MOLEPHI30-
BaHWM 0BnpuckyBayeM BapTiCTb Bpoxato 36inbLumnnacs Ha
34800 rpH./ra, ynctun npubyTok — Ha 29618 rpH./ra, peHTa-
6enbHicTb — 77 %.

Oo6roBopeHHsi. [ligbupatoum  TMn  obnpuckysauis,
noTpiGHO BpaxoByBaTW crneuudiky MOpOnoriYHnx O3HaK
ArigHUX  KyneTyp Ta  BionoriyHi  0cobnmBOCTi  LWKIAHWKIB
(Zhidehina et al., 2017; Osokina et al., 2021). CyuacHi Tex-
HomoriyHi cnocobu peanisavii 3axuUCTy CinbCbKOrocnoaap-
CbKUX KYNbTYpU XapakTepu3yTbCsl HU3bKOK eDEKTUBHICTD.
Y BaraTbox BMnNagKkax Le nos’s3aHo 3 HeJOCKOHANCTHO KOH-
CTPYKLUin Ans ix BHeceHHs (Munck et al., 2015). Byennmu
Byna BOOCKOHaneHa TeXHOMOris YNpaBniHHA NOYaTKOBUMMU
napameTpamu  LifIbOBOTO  MaKCUManbHOMO  HAHECEHHS
Kpanenb po3yuHiB nectuumaiB Ha o6’ektn obpobku. [Mpu

LIbOMY CKOHCTPYMOBaHi MPUCTPOi MOXYTb 3aCTOCOBYBATUCS
3 LUMPOKO BUKOPUCTOBYBAHUMMU Ha MPaKTULi LUTAHrOBUMY
obnpuckyBavamu i arperatamu ans obpobku GaratopiuHmux
HacagxeHb. CTBOpeHi MexaHisamu 3abesneuyoTb Makcu-
MarbHy iHXeKLito Kpanenb opCyHOK PO3MnuIly PO34KHIB, LLLO
3HWXYE 4O MiHIMYMY KOarynsiLito YaCTUHOK PiAWHY i B 3HAYHIl
Mipi 36epirae ix uucno, ytBopeHe posnunioBadem (Kireev
& Koval’, 2018; Mitchell et al., 2011; Postolenko, 2016). Ha
Xanb, NogibHMX HaykoBMX npaLli 3 0bnpuckyBadyamu Ha CMo-
POAVHI Mano, ane € po3pobkM 3 yAOCKOHANEHHs 0Bnpucky-
BaYiB ni Yyac 06PoOKM COHSALLHUKY. Y 3aCTOCOBYBaHUX TEX-
HOMOriYHMX NpoLiecax XiMiYHOI 0BPOBKM NOCIBIB COHSALLHUKY
He B MOBHIM Mipi BPaxoBYHOTbCA apXiTEKTYPHI 0COBNMBOCTI
POCMUHK, Yepe3 LU0 3HUXKYETbCH SKICTb 0BMPUCKYyBaHHS
y ¢hasi po3suTKy 2—-8 nap nucTkis. Hanbinbl eekTMBHUM
BBaXaAETbCS HOBWMM CMOCIO HAHECEHHS PO34MHY Ha poC-
NMUHK 3 ypaxyBaHHSAM Nepepo3noiny po3yuHy 3 Mixpsagas
Ha obpobntoBaHy noBepxH. [ns Lboro po3pobrneHo Tex-
HiYHe pilleHHS, sike [O3BOMSE 3MiLLyBaTh MOTOKM POBOUMX
PO34MHIB, CNPSIMOBaHi Ha3yCTpiy OAMH OO0 OQHOro, 3 YTBO-
PEHHSIM HOBOro. 3acToCcyBaHHS GOKOBOro cnocoby posnuny
[103BOSSE NpY 3NUTTI NEPETBOPIOBATM MOTOKWU PO3NUMY Big
KOXHOI (POPCYHKM B HOBWW, Binblu CcTabinbHWIA MNOTIK, WO
Mag MOCTIlHI reOMeTpUYHi NapameTpy 3 BinbLLOK NNOLLEH
MOKPUTTS Y BEPXIBKM POCAUH i HE3MIHHOT MPU KONMMUBAHHSAX
wtaHrm obnpuckysada ( Borisenko et al., 2020).
BucHoBku. Po3paxoBaHi  reoMeTpuuHi  napamertpu
cnevjianbHUX KPOHLUTENHIB AN MOAEpHi3aLil LUTaHroBOro
obnpuckysada OlM-2000 (onsa 3abe3neyeHHs oNTUManbHUX
30H po3nunoBaHHa poboyoi piguHn). Ha 6asi moaepHisosa-
Horo obnpuckyBada po3pobrneHo creLliani3oBaHnin pyxoMun

12
10
8
6 0
4
B[pupicT Bpoxato
2 -
BYpoxanHicTb, T/ra
0
KoHTponb (6e3 Ofr1-2000 Or1-2000
0o6npucKyBaHHS) (wTtaHroswuin) (mopepHizoBaHwit)

Puc. 4. Tocnopgapcbka e(peKTUBHICTb MPU 3aCTOCYBaHHi
pi3HMX ONpUCKyBa4iB Ha CMOPOAUHI YopHin (2019-2021 pp.)

Tabnuuga 2

EkoHomiuyHa eheKTUBHICTb 3aCTOCYBaHHA MOAEPHI30BAHOrO ONpPUCKyBaya Npu 3axMcTi CMOPOAUHMN YOPHOI
(2019-2021 pp.)

: Bcboro . .
. . o BaprticTb Yuctun PeHTabenbHicTb
Ne n/n BapiaHT pocniny YpoxanHicTb T/ra ypoxao, rpH.ra BVIT:I;:MFI;); ra npUBYTOK, rpH./ra BpoXalo, %
KoHTponb 6e3
1 o6npuckysava 4,5 54000 14031 39969 285
2 Ol —2000 (wTaHrosit) 6,8 81600 18141 63459 350
On-2000
3 (MonepHizoBaHuii) 7,4 88800 19213 69587 362
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cknag ans echekTMBHOrO 0b6NpUCKyBaHHS YOPHOT CMOPOAMHM | Cknady nokasanv HacTyMHI OCHOBHI pe3ynbTaTit: 3MEHLLEHHS
B CMCTEMi 3axuCTy Bi CUCHMX ¢hiTodhariB (Benuka CMOpo- | umcenbHOCTi ditodariB y 3,9 pasu nopiBHAHO 3 BapiaHTOM,
OVHOBa Monenuus, ranoea nonenuus, GpyHbKOBWIA Khil, | Ae 3acTOCOBYBamnu LUTAHrOBWA OONpucKyBay; 36inblUeHHS
3BUYaANHWA NaBYTUHHWIA Knil). JocnimpkeHHs epeKTUBHOCTI | NpUPOCTY YPOXaMHOCTI Arig CMOPOAUHM YOpHOI Ao 2,9 T/ra,
3acTocyBaHHS po3pobrneHoro cneuianizoBaHoro pyxomoro | 1o 36inbLwye yuctui npubyTok Big 43093 oo 67666 rpH./ra.
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Upgrading of OP-2000 sprayer for protection of black currants against sucking pests

Due to its taste, dietary, vitamin and consumer qualities, black currant is quite common crop for many farms and backyards.
But unfortunately, like many other crops, it is prone to disease and pest damage, especially by pests with a prickly-sucking
mouth apparatus. Therefore, the protection technology of black currants is currently a topical issue.

The authors of the research propose the use of an upgraded OP-2000 sprayer with the improved features of special
structural moving parts, for better efficiency of black currant bushes spraying. It was proved that the density of sucking
phytophages decreased when sprayed with modernized, updated OP-2000 sprayer. Accordingly, the population rate
of large currant aphid decreased by 0.34, redcurrant head aphid by 0.36, currant bud mite by 0.29 and common spider mite
by 0.23 units compared to the use of OP-2000 rod sprayer.

Researchers found out that the reduction in the number of sucking pests on blackcurrant plants had a positive effect on
the formation of berries, and on an increase in the weight of 1000 berries, as well as on the weight of berries from the bush, which
increased yields by 2.9 t/ha compared to the control version and 0.6 t/ha compared to the variant where a rod sprayer was used.
The use of the device with special structural moving parts for the modernization of the OP-2000 sprayer provided an increase
in economic efficiency. Thus, the net profit when using upgraded OP-2000 sprayer was UAH 63459-69587 /ha, profitability
350-362 %. When using the upgraded sprayer, the net profit increased by UAH 6128 per hectare, the profitability of the harvest—
by 12 % compared to the use of a rod sprayer. Research data on the creation of special moving parts (SMP) was conducted for
the first time and may be continued with further improved designs of the protection system of berry crops from pests.

Key words: black currant, sucking phytophages, upgraded sprayer, productivity indicators, special structural moving parts.
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Y 2018-2019 poui Ha docnidHomy noni CyMCbKO20 HauioHa/IbHO20 agpapHo20 yHisepcumemy rnposedeHo 00CHi-
0XeHHs1 Wodo ¢hopMysaHHsT efleMEHMI8 CmMpykmypu 8poxaro, cmitikocmi 00 ¢himonamoeerie ma iHwux adanmueHUX 03HaK
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Mixcopmosumu 2ibpudamu nweHuyi o3umoi. Mamepianom docnioxeHb criyaysanu nikii (momomeme F,ma F,), cmeopeHi
MIiXCOPMOBUM CXPeUW,y8aHHSIM COpMIg MieHUli 03UMOI Pi3HO20 eK0I02i4H020 ma 2eHEMUYHO20 NMOXOOXEHHS 3 Yucra, 3aHe-
CeHUX y pi3Hi poku 0o [epxagHoeo peecmpy copmig pociuH npudamHux Ons MOWUPEHHS 8 YkpaiHi, 3okpema 3 1AL/1RS
ma 1BL/1RS mpaHcnokauisamu i 6e3 iHmpozpecogaHUx KOMIOHEHMI8. 3a mpuegasnicmro se2emauiliHo2o nepiody 8id MO8HUX
cx00ig 00 M0BHO20 KOMOCIHHS AoCnidXysaHi 3pasku po3nodinunuce Ha 08i 2pynu — cepedHbopaHHi ma cepedHbocmuari.
BezemauitHuti nepiod y cepedHbomy cknadae 218 0i6 Onsi F, ma 216 — 0ns F,. HalHuxyul yed nokasHuk (214 0i6) eusi-
suecs y 2ibpudie m’amo20 MOKOMIHHS, CMBOPEHUX 3a ydacmi copmis, siki € Hociamu 1BL/1RS mpaHcnokauii. Hatidoswudi
nepiod eecemauii 3ahikcosaHull y yux xe KoMbiHayisx, npome — 4yemeepmozao MOKoMiHHS. 3a pigHeM 3umocmitikocmi yci
epynu 2ibpudHux kombiHauiti mocmynanucs copmy-cmaH0apmy [1o0ornsiHKa, xo4a i Manu HabnuxeHul 0o Hb020 pieeHb
rokasHuka (5,37-5,96 3a 9-6anbHor wkanoro). [bpudHi momomemea y Mosibo8UX yMo8ax xapakmepu3sysasnucs rnopieHsIHO
3adosinbHoro 3umocmitikicmio. [Nlepesumyeanu Ha pieHi cmaHdapmy 3 ouiHkoto 6 6anie i euwe 58,9 % (F,) ma 64,3 %
(F,) OdocnioxyeaHux 3paskie. CriocmepieaemsCs npsiMa 3anexHicmb MK: 2pyrnor cmuesocmi — 8UCOMOK POCIUH
(r = 0,95) — cmitikicmio 0o nepe3umieni (r = 0,87). Omxe, yum Kopomuwul nepiod eecemauii 2eHomuny, MuM Huxva
sucoma pocnuH ma b6an nepeaumierni pocnuH. Y Hawux docnidax koeghiuieHm Kopensuii 6nusbkuti 0o + 1, wo ceidyums npo
micHUU nMpsAMoniHItGHUU KopersauitHUl 38'a30K (Malixe hyHKUiOHambHUU), MiX 2pyror cmuainocmi — 8UCOMOK POCUH —
3umocmitikicmto. 3a cmitikicmto o fiucmkosux xeopob nepesuuysanu cmaHdapm: 0o 6ypoi ipxi — 96,75 % docnidxysaHux

nomomcms; 0o bopowHUCMOI pocu ma cenmopiody kpawumu 3a lNodonsHky susgunucs 77 %.
Y docnidxysaHux eeHomunie ypoxaliHicme eapitogana 8id 225 0o 891 a/m?. CepedHe nonynsyiliHe 3Ha4eHHsT 03HaKU
ons F, ma F, cknadarno 640 &/m’. Lleli nokasHuK ska3ye Ha adanmugHu onmumyM ypoxatHocmi Kynibmypu, siKy rnpedcmas-

nislomb HogoCcMeopeHi nomomcmea 6 F, ma F.

Knroyosi cnosa: nweHuus M’ssika o3uma, epoxaliHicmb, pe3ucmeHmHicmb, ghimonamoaeHu, MiHii, MWUeHUYHO-KUMHI

mpaHcroKauji.
DOI https://doi.org/10.32845/agrobio.2021.3.2

Betyn. Ycnix BMpOLLYBaHHA  CiMbCbKOroCnogapChKol
NPOOYKLUIT 3 NABULLEHOK BPOXAMHICTIO 3aneXuTb Bif COPTY.
Came BiH, Ha gymky A. A. Xyuenko (Zhuchenko, 2010),
BU3HAYae OCHOBHI BUMOTY 1O TEXHOSIONiN BUPOLLYBAHHS POC-
NWHY:  NPOAYKTUBHICTb, EHEProeKOHOMIYHICTb, €KOMOriYHY
6e3neyHicTb, AKICTb TOWO. [Ins CTBOPEHHS COPTIB MLIEHWL|
03MMOI HOBOTO MOKOMIHHS HeobXigHe nonepenHe BUBYEHHS
reHodpoHAY BMXiQHOrO matepiany Ans niadopy 6aTbKiBCbKMX
¢hopM 3a KOMNNEKCOM L{HHWX O3HaK, SKi BiANOBIAAKTb BUMO-
ram CbOroAeHHs. FK cBigyaTb pesynbratyt JOCHimKeHb psig
BYEHMX BKa3yl0Tb, L0 Taki JOCMMKEHHS Aal0Tb MOXMMBICTb
po3LLMpOBaTK eKkonoro-reorpatiyHy MiHAMBICTb NOMYyNsALIn
Ta BU3HAYUTM Xepena LiHHMX O3HaK Onsi KOHKPETHWUX YMOBY
(Zhu et al., 2019; Wulff & Jones, 2020; Xu et al., 2005; Wang
et al. 2020; Wagqar et al., 2018; Ward et al., 2008).

Yenix CTBOPEHHS BUXIOHOTO Matepiany nweHuLi 03UMoi
3 afjanTMBHWMMK BRacTMBOCTAMM, CTiiKUMKM OO diTonaro-
reHiB Ta NigBMLLEHOID BPOXAWHICTIO 3HAYHOK MIpoKo 3ane-
XWTb BIf LiNecnpsiMOBaHOrO MOLUYKY [Kepen LWX O3Hak.
BuseneHHs Ta Biagbip LiHHWX reHoTUNIB y CenekuinHin poborTi
Harato B YoMy 3anexuTb Bif Gionorii BIGTBOPEHHS POCANH,
XapakTepUCTUKN yCcnaaKyBaHHs 03HaK, ribpuaHoi reHepadii,
€KOMoriyHnx ymoB Ta iHwwmx aktopis (Osmachko et.al.,
2020). ns ehekTMBHOCTI NpoBedeHHs fobopy, HeobXiaHo
BUSIBUTW TEHOTUN 3@ (PEHOTUMOM, NpoTe Lie obMexyeTbes
TUM, LLO BiNbLLICTb EKOHOMIYHO LjiHHMX 03HaK € KiNbKiCHUMMN
i 3anexatb Bia DaKTOpIB HaBKOMWLLHLOMO CepenoBULLa
(Bakumenko & Vlasenko, 2018).

CenekuiiHa UiHHICTb ribpuaHnx KoMBiHaLLin nweHnLi o3u-
MOi BM3HAYaETbCS 3a pesynsratamu PaHHbOrO TECTYBaHHS
(noumnHaroum 3 F.) i NpOOOBXYETHCA B HACTYMHUX MOKOSIH-
HSX 3 noganbLunm JO6OPOM Ta BIGHOCHO BUCOKOK TOYHICTIO
BUSIBNEHHS KpaLLwmx pocnuH (Bakumenko et.al., 2019).

TaKkuM YMHOM, Hapasi BaXSIMBUM YAHHWUKOM 30iNbLUEHHS
BMPOBHULTBA 3epHa Ta NOMIMNLWEHHS NOro SKOCTI € NOCTIilHE
BOOCKOHAmNEHHs Ta CTBOPEHHS HOBWX COPTIB POCIMWH, SKi
30aTHi  MakcuManbHO BUKOPUCTOBYBaTU BioKNiMaTUYHMIA

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

noTeHUian noniB Ta MPOSIBASATU PE3WUCTEHTHI BNACTUBOCTI
[0 itonatoreHiB. OTxe, POPMyBaHHS €NeMEHTIB CTPyK-
TYypW BpOXato, CTIMKOCTi 40 (hiTONaToreHiB Ta aganTUBHUX
03HaK MixcopToBumU ribpuaamn (F, Ta F,) nweHuui osu-
MOi He BTpayae CBOEI aKkTyanbHOCTI Ta noTpebye nopanb-
wmx gocnipkeHb i gobopis, ski 6yayTb ynpoBamkeHi 80
CenekuinHMX yCTaHoB YKpaiHW Ta CNpUSTUMYTb CTBOPEHHIO
HOBWX — NEPCNEKTUBHUX COPTIB NLIEHULi 03UMOI.
Matepianu i metoam pocnimkeHb. [ocnimkeHHs
nposoaunu ynpogosx 2018-2019 BereTauiHOrO PoKy Ha
pocnigHomy noni CyMCbKOro  HawioHarnbHOro arpapHoro
yHiBepcutety (CymHAY), wWwo BXoauTb A0 MiBHIYHO-CXiOHOI
yacturm Jlicocteny Ykpainu. 'pyHTn npeacTaeneHi Ha 70 %
YOpHO3eMammn TUMOBUMU ManoryMyCHUMK, YOpPHO3EMamm
TUMOBUMU BUMYXEHUMU MAnoryMyCHUMW BaXKKOCYTTINHKO-
BYMMW | YOPHO3EMamM TUMOBUMM ManorymycHumMu crnabos-
MUTUMU CepPeaHbOCYTMMHKOBUMU. CepeaHiii yMicT rymycy
OpHYX 3emenb cknagae 4,1 %. OpHi 3emni MaloTb BUCOKMI
ymict choccpopy 15,1-15,4 mr Ha 100 r rpyHTY i cepeaHii
ymicT pyxomoro kanito 6,7-8,0 mr Ha 100 r rpyHTy. Kucnort-
HICTb 'PYHTOBOIO PO34MHyY Brinabka Ao HermTpansHoi — 5,9 pH
(Masalitin, 2004). Y wuinomy, MOXHa CTBepOXyBaT, LIO
rpyHTOBI yMoBM gocnigHoro nons CymHAY € Tunosumm
[Ns 30HM, LU0 JO3BONSE peanisoByBaTyt reHETUYHO 0BYMOB-
NEeHWN NoTeHuian NPOAYKTUBHOCTI COPTIB MLWEHMULi 03UMOI
Ta BM3HAUUTV X aJanTUBHWM noTeHuian. 3a nonepepHi
POKW NMpoBeAeHHs gocnigxeHb Ha Teputopii CymHAY Bia-
Mi4eHa HepiBHOMIPHICTb OMafiB Ta 3HAYHI KONMBaHHS TeM-
nepaTtypw, MOPIBHSHO 3 CepeaHiMM 6araTopiyHNMK NOKa3HU-
kamu. 3a nepiog pocTy i PO3BUTKY MLUEHUL M'SKOi 03UMOI
2018-2019 BereTauiHOrO POKY NMOrofAHi yMOBW MOXHa OXa-
pakTepusyBaTh SK MOMIPHO Tensi 3 HE3HaYHUMKU onajamu.
CepenHbonoboBa (CepeaHbopiyHa) TemnepaTtypa MoBiTps
cardyna 9,6 °C, wo Ha 2,2 °C Buwe 6aratopiyHOro nokas-
Huka (7,4 °C). AbcontoTHuii makcumym ii 35,5 °C Bigmi-
YEHW y CepnHi Micsui y nepLuii gekagi, MiHiMyM — MiHyC
20 °C y nepuin pekapi ciyHa. Cyma onagiB 3a 3BiTHWIA
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2018-2019 cinbcbkorocnogapcbkuii pik ctaHosuna 409 mw,
Lo Ha 184 MM MeHLe GaraTopidHoi Hopmm (593 Mm). OTxe,
MoroHi yMOBW 3a BereTauinHuin nepiogu nweHuli o3umor
BiOpI3HANMCS BiO cepeaHbobaraTopiyHMX MOKA3HUKIB SK 3a
TEMNEPATYPHUM PEXUMOM, TaK i KiNbKiCTHO aTMOCHepHUX
onagie Ta ix po3nogisiom 3a MicausmMu.

Matepianom pocnifxeHb crnyrysanu niHii (notomcTea
F,1a F,) nweHnui M'Akoi 03MMOI CTBOPEHI MiXCOPTOBUM
CXpeLLYBaHHAM COPTIB MLUEHUL O3UMOI Pi3HOr0 reHeTuy-
HOrO Ta eKOMNOTiYHOrO NOXOMKEHHS 3 YACNA rEHOTMNIB, 3aHe-
CEHWX Y pi3Hi poku 0 [lepaBHOro peecTpy CopTiB POCMVH,
npuaaTHUX Ans nowuvpeHHs B YkpaiHi: MupoHiBcbka paH-
HbocTurna, PemecniBHa, AcTet, Enoxa opecbka, Kysnb-
HWK, AHTOHIBKa, Po3kiluHa, Binbluaxa, Osigii, Monickka 90,
Kocou, BacwnuHa, [ockoHana, [logonsHka, LlapisHa
Ta coptu-Hocii KT — CwmyrnsHka, BecHsHka 3onotoko-
noca, (1AL/1RS) i Muponiscebka 65, Kpwkuhka, KannHosa
(1BL/MRS). 3a ix yyacTti 6ynu cTBOpEHi 28 peumnpokHUX
koMbiHaLii (Bcboro 56).

Monbo.i gocnign 3aknageHo 20 BepecHs, WO € onTu-
ManbHUMW CTpoKamu [Ans niBHIYHO-cXigHoro JlicocTeny
Ykpainu. lNpu gocnifkeHHi Ans MNOPIBHAHHS BUKOPUCTO-
ByBanu copt lNogonsHka (ctaHaapt). CiBby 3giicHioBanu
B ONTUMarnbHi CTPOKM pyyHoto ciBankow CP-1'y 3-kpaTHin
MOBTOPHOCTI. HopMa BXCiBy NOTOMCTBA CKNnana 5 MiH. WT./
ra. MNnowa ainsHkm 1 M?, nonepeaHuk — rpeyka. biometpuy-
HUI aHani3 NPOBOAMIM 3a 3aranbHONPUAHATUMU Y KiflbKiC-
Hil cenekuii metogamu 3a cepeaHiM 3paskom 25—-30 pocnuH
KOXXHOTO 3a TaKUMU O3HaKaMU: JOBXMHA KOXHOTO MiKBY3MS,
BMCOTA POCAWH, NPOAYKTMBHA  KYLUUCTICTb, KiMbKiCTb
KornockiB Ha Komnoci Ta goBxuHa konoca, maca 1000 Haci-
HWH, Maca 3epHa 3 rofIoBHOIO KOMoca Ta KiMbKiCTb 3epeH,
Maca 3epHa 3 pocnuHu. PocnvHu 36upanu BpyyHy B ¢hasy
MOBHOI CTUMMNOCTI 3epHa. 3aknafgaHHa gocnigis, ¢eHo-
norivHi crnocTepexxeHHs, 30upaHHs i 0bnik Bpoxaw npo-
BOOWIIM 3riQHO 3 METOAMKOK [epXXaBHOro BUMPOOYBaHHS
COpTIB POCAMH Ha MPUAATHICTb [0 MOLUMPEHHS B YKpaiHi
(Volkodav, 2003; Rudenko et al., 1977). MopdonoriuHy
Ta rocnofapcbKy XapaKTepucTUKy MOKOMiHb MPOBOAMIM 3a
Z0MOMOrOH LUMPOKOrO YHihikoBaHOrO knacudikatopa pogy
Triticum L. [Ins OUiHK1 pe3UCTEHTHOCTI 3paskiB 40 60poLLHY-
CTOI pOCU | CenTopiosy 3aCTOCOBAHO MOAMMIKOBaHY LLKany

a 220 220 220 220
2 220 -

2 219

_é" 218

E 217

E et A6
z 215

= 214 +

3 213

E 212

m 211 -

1 AL/RS, 1BL/1RS 1AL/MRS 1BL/1RS Bea Tpancnoxauin

Ipyna ribpuAie 3a NOXOMKEHHAM

==IF4 EZ3IFS —s—CepepnHe -5t |

Puc. 1. Posnogin notomcte F, Ta F, 3a Beretauinium
nepiogoM 3anexHo Bif NOXOMKEeHHSA

Caapi i lNpeckorta. MposB cTiikocTi 40 BypoI ipxi BU3HaYanm
3a 4eB’aTy 6anbHO IHTErPOBAHOM) LLIKANO OLHKM CTilKO-
CTi 3epHOBMX KOMOCOBWX KynbTyp. To6TO 6ynm 3acTOCOBaHI
3aranibHOMPUIAHATI METOAMKM, SKi LUMPOKO anpobosaHi npu
npoBedeHHi AOCNiMKeHb Ha reHoTMnax MeHULi O3MMOI.
[locnigXeHHs BUKOHYBanNUCS 3 BUKOPUCTAHHAM MOMbO-
BUX, NabOPaToOpHUX i MaTeEMaTUYHO-CTAaTUCTUYHUX METOLIB
(Dospehov, 1985; Vlasenko et al., 2020; Kovalenko et al.,
2020). Pesynbtat ekcnepyMeHTanbHuX aaHux obpobnsnm
CTaTUCTUYHUMK MeToZamMu 3a nporpamoto «Microsoft Excel-
2010» Windows XP Ha nepcoHanbHOMY KOMITHOTEpI.

Pesynbratu. [Ina BU3HaYeHHS [0 SKOT rpynu CTUMIOCTI
BiQHOCATLCA rigpuaHi kombiHaLii 6yno nposegeHo niapaxy-
HOK MPOLOBXEHHS BereTauiiHoro nepiogy Big ¢asu «nos-
HWX CXOfiB» A0 — «NOBHOMO KOMOCIHHAY. [1Ns NOPIBHSHHS, 3a
CTaH4apT, BUKOPUCTOBYBanu cepeaHboctTurnuii copt lNogo-
nsHka (St) 3 Beretauintum nepiogom 220 gHi. Mpu Lbomy
pisHULS BereTauiiHOro nepiogy Mix rpynamu OOCHigXyBa-
HUX 3pa3kiB, LLIO BUBYANMCS, 3a CTUIMICTIO cknagana 4 nobw.
BereTauinHni nepiog ynbTpapaHHixX 3paskiB BBaXanu npu
npofoBxeHHs 4o 208 ai6, paHHix — 209-212, cepeaHbopaH-
Hix — 213-216, cepefHbocTUrnux — 217-220, cepeaHboni3-
HiX — 221-224, ni3Hix — noHag 224. 3a TpuBanicTio BereTa-
LiHoro nepiogy Bif, NOBHWMX CXOAiB AO MOBHOIO KOMOCIHHS
J0ocCnigKyBaHi 3pasky po3noginuMnucb Ha ABi rpynu — cepes-
HbOPaHHI Ta cepeaHboCTUMI (puc. 1).

Y cepegHbOMy BereTauiiHui nepiog cknas 218 ai6 ans
F, Ta 216 — ana F, HaiiHwkunit uei nokasHuk (214 Aio)
BUSIBUBCS Y riOPUAIB M'ATOrO NOKOMIHHS, CTBOPEHMX 3@ yYaCTi
coptiB HociiB 1BL/1RS TpaHcnokadii. Hangoswuin nepiog
Beretauii 3adikcoBaHuin y UMX Xe KomBiHauisx, npote —
YETBEPTOro NOKOMiHHA. 3aranom, iCTOTHOI BiAMIHHOCTI MiX
[0CMigKyBaHAMM riBpUaHUMM rpynamm 3a JOBXUHOK Bere-
TauiiHoro nepiogy He BusiBNeHo. Maixe BCi JOChigxXy-
BaHi 3pa3ky 3HAXOAATbCA Ha MexXi MK cepefHbOpaHHIMK
Ta CepeaHbOCTUINIMMM, WO N MOSICHIOETLCS X Nepexoaom
Y Pi3HUX MOKOMIHHSAX Ha paHr BULLe abo paHr HUXYE.

3a piBHeMm 3umocTirKkocTi (Tabn. 1) yci rpynu ribpuaHux
NOTOMCTB noctynanuca copty [logonsHka, xoda i manu
HabnuxeHWn 00 CTaHOapTy piBeHb nokasHuka (5,37-5,96
3a 9-6anbHOI0 LKanow).

Mpn nopiBHSAHHI OKkpemux KombBiHaLin 3i cTaHOapToM
BUSIBUMUCb KpaLLMMK 3@ NOKA3HWUKOM nepesumieni (noHag
6 6anis) noTomcTBa: CTBOPEHi 3a yyacTi coptis 3 1AL/1RS
TpaHcnokauieto — Cmyrnanka / PemecnisHa (F,), Cmy-
rmsaHka / MwupoHiscbka paHHbocturna (F,), 3onotoko-
noca/ KysnbHuk (F,), 3onotokonoca / Binbwana (F,1a F,),
3orortokonoca / AHToHieka (F, Ta F,), AHToHiBKa / 30m0-
Tokonoca (F, Ta F,), 3onotokonoca / Kocou (F, ta F,),
Bacununa / BechsHka (F,). Monicbka 90 / BecHanka(F,),
Binbwana / 3onotokornoca (F,); 3 oboma MXKT (1BL/1RS
1a 1ALMRS) - CwmyrnsHka / Kpwkuuka (F,), 3onorto-
konoca / MupoHiscbka 65 (F, ), BecHaHka / KanuHosa
(F,); 6es yuyacTi TpaHcrokauin — PoskiwHa / PemecnisHa
(F,), PoskiwHa / Muponiscbka paHHbocturma (F, ), Pos-
KiuHa / Enoxa ogeceka (F, ). 3aranom, ribpuaHi komGiHauii
y nonboBux ymosax CHAY xapaktepusyBanucs nopisHsHO
3a/10BifIbHOKD  3UMOCTINKICTIO. [lepeaumyBann Ha piBHi
cTaHaapTy 3 ouiHkoto 6 Ganis i Buwe 58,9 % (F,) ta 64,3 %
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(F5) mocnigxysaHux 3paskis. [loCrigkeHHAMW BCTaHOB-
NEHO, WO CcnocTepiraeTbCs NpsiMa 3anexHicTb MiX: rpynoto
CTUrMOCTi — BUCOTOW pocnuH (r = 0,95) — crTinkicTio oo
nepesumisni (r = 0,87). To6To, UM KOpOTLLIMIA Nepiog Bere-
Tauii reHoTuny, TUM HUX4Ya BUCOTa POCnWH Ta Han nepe-
3UMIBNI POCNUH. Y Halmx gocnigax koedilieHT kopensauii
6nm3bkuii 4o + 1, WO CBIAYMTb NPO TiICHUIA NPSMONIHINHWIA
KOpensLuinH1IA 3B'A30K (Maibke (YHKLIOHaNbHUN), MiX rpy-
MO CTUMNOCTI — BUCOTOK POCAUH — 3UMOCTIVKICTIO.

3a JOonoMOrok OLHKK CTIKOCTI MpoTU XBOpob Ta ypo-
XanHOCTi Byno BU3HAYEHO YMHHUKK, LLIO BMNNMBAMW Ha NposiB
03HaK. BusiBneHo pisHy HoOpMy peakuii y reHoTUniB 3anexHo

Bif noxomxeHHs (Tabn. 2). NpoBeaeHnn Hamu aHania vyoTu-
pbOX rpyn ribpuaHUX KOMGIHaLi noka3ye, LU0 BCi BOHM
BUSIBUIUCS KpaLyMiy 3a cTaHaapT — Ha 1,33-1,75 6anu ans
F,1a1,22-2,01 Gann gna F..

Copt-cTaHzapt NogonsHka xapakTepusyBaBcsl BuLLe-
CepenHbOoto CTIMKICTIO [0 NMUMCTKOBUX XxBOpOoD. lepeBuLy-
Banu ctaHZapT 3a CTinkicTio go bypoi ipxi 96,75 % pocni-
[DKyBaHWX MOTOMCTB: CTBOPEHi 3a CXpeLLyBaHHS HOCIiB
1AL/1RS 1a 1BL/1RS TpaHcnokadin ogHovacHo — 100 %;
1AL/M1RS - 100 %; 1BL/1RS — 100 %; 6e3 iHTporpecoBa-
HUX komnoHeHTiB — 83 % (F,) Ta 91 % (F,). 3a criikicTio
[0 6opolwHucToi pocu nepeswullyBanu ctaHgapt 77 %

Tabnuuga 1
PiBeHb 3uMocTinkocTi Ta BUCOTM pocnuH F, Ta F, 3anexHo Bif X NoXomkeHHs
B yMOBax niBHiYHoO-cxiaHoro Jlicocteny Ykpainu (CymHAY)
KinbkicTb 3pa3kiB nweHuui
= M’SIKOi 03MMOI (LUT.) Bucora pocnuH, cm
£'5 | 3a piBHeM 3MMOCTIVKOCTI _
o® X
Mpyna 3a noxomeHHAM =z — i s R .
> 28| 3| 2| I | 52| ™eR™| g3 |dwwcrospauis| iy,
2| 5| 5| 5 | 8% < 5, yrami
O T o
i = HK | CP | min | max
4
MopgonsHka, St 6,0 83,33
1AL/1 RS, 1BL/ARS 6 - 3 3 5,8 83,16 3 3 75 90
1AL/RS 30 1 20 9 5,96 75,33 20 10 55 89
1BL/ARS 8 - 3 5 5,37 76,87 6 2 70 89
bes TpaHcnokaduin 12 - 6 5 5,41 74,91 9 3 58 95
5
1AL/M1RS, 1BL/1RS 6 - 5 1 5,83 77,5 5 1 71 90
1AL/RS 30 - 17 13 5,80 76,56 24 6 68 93
1BL/1RS 8 - 3 5 5,25 79,62 3 5 64 92
Be3 TpaHcnokauin 12 - 8 4 5,58 73,66 11 1 63 107
iTka: TVT i nani: X — CepenHe apuMeTUYHE; min — MiHiManbHe, max — MakcuMarnbHe 3Ha4YeHHsl 03HaK1 No AOCHiAy;
MpumiTka: Tyt i pani HK — Haniskapnvk 51-80 cm; CP — cepegHbopocnni (81-110 cm)

Tabnuuga 2

XapakTepuctuka pocnnH F, Ta F, nweHuui M'sikoi 03MMOi 3a CTIMKICTb A0 NIMCTKOBUX XBOPOG Ta ypoxaitHicTio B ymoax CymHAY

CrikicTb npotn xBopob6, 6an YpoxaliHicTb, rim?
KinbkicTs § 3 g L
lpyna 3a noxomxeHHAM copTiB o 2 E=J _ _
y rpyni, Wwr. 3 E g X X sarpynamm | . max R
s | 8| &
0
4
MoponsHka (St) - 5 55 55 533 611 -
1AL/1RS, 1BL/1RS 6 6,35 6,79 7,67 6,94 652 384 820 436
1AL/1RS 30 6,56 6,50 7,58 6,88 633 433 890 457
1BL/1RS 8 6,65 6,83 7,77 7,08 606 395 900 505
Be3 TpaHcnokauin 12 6,59 6,22 7,16 6,66 657 225 891 666
Xa 56 6,54 6,59 7,55 6,89 637 359 875 516
5

1AL/1RS, 1BL/1RS 6 6,41 7,34 7,63 7,13 661 459 848 389
1AL/1RS 30 6,78 7,30 7,25 7,1 633 432 813 381
1BL/1RS 8 6,81 7,74 7,46 7,34 615 448 834 386
Bes TpaHcnokauin 12 6,23 6,33 7,08 6,55 651 341 844 503
XA 56 6,56 7,18 7,36 7,03 640 420 835 415

lpumimka: X0 — cepedHe y docnidi; R — po3amax eapitogaHHs1 03HaKu
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JOCRifXyBaHUX reHOTUNIB, 3 HWX: CTBOPEHI 3a CXpeLly-
BaHHs HociiB 1 AL/1RS T1a 1BL/1RS TpaHcnokauin — 33 %
(F,) 1a 50 % (F,); 1AL/MRS - 73 % (F,) Ta 83 % (F,);
1BL/1RS — 100 %; 6e3 iHTporpecoBaHnx KOMMOHEHTIB —
83 % (F,) Ta 91 % (F,). 3a criikicTio NpoTn cenTopiody
kpawwmmu 3a MogonsaHky BusiBunucsa 77 % pocnigxysa-
HUX reHoTunis F, Ta F_. CTBOpeHi 3a CXpelyBaHHA HOCIIB
1 AL/1RS 1a 1BL/1RS tpaHcnokauin — 50 % (F,) Ta 83 %
(Fy); 1AL/1RS - 87 % (F,) Ta 97 % (F,), 1BL/1RS - 62 %
(F,) Ta 97 % (F,);, Ges iHTpOrpecoBaHNX KOMMOHEHTIB —
83 % (F,) 1a 58 % (F).

[Ons cyvacHoi cenekuii HanBinbLly 3HaYyLWiCTb MakTb
FEHOTUNW 3 BUCOKOK CTINKICTIO, abo iIMYHHI 4O KOMNeKkcy
xBOpob nucTa. 3asHadyaemo, Lo BinbLicTb HOBOCTBOpE-
HUX [060piB XapaKkTepudyBanucs KOMMIEKCHOK CTilnKi-
CTIO [0 XxBOpob nucTs Ta 3apekomeHayBanu cebe kpalle
3a crangapt — [llogonsHky. Takox BaxnuBuM (PakToM
€ Te, Wo KombiHaLii cTBopeHi 3a yyacTi copTiB Hocii KT
BUSIBUNICA KpaLLi He NuLle 3a CTaHadapT, a v 3a ribpuau, ski
CTBOpEHI 6e3 iHTporpecoBaHMx KOMMNOHEHTIB. BiporigHo, ue
3YMOBMEHO TWUM, LU0 HOCIT NWEHUYHO-KUTHIX TpaHCoKaLlii
BOMNOA0Tb MiABULLEHOK CTIMKICTIO [0 NaTOreHiB pOChuH
i WKIOHWKIB — NEPEHOCHWKIB psdy BipyCHUX XBOpP0O6. eHu
CTIVIKOCTI B ribpuaHMX NOTOMCTBAxX 3 IXHbOK y4acTio ycnag-
KOBYHOTbCS 3aBASKN HASBHOCTI XXUTHBOMO KOMMNOHEHTa Xpo-
mocomu 1RS.

Y mocnigyBaHWX reHOTUNIB YpoXXalHicTb BapitoBana Big
225 po 891 r/m2. CepenHe nonynsiuiiHe 3HAYEHHS1 O3HAKM
ana F, ta F, cknanano 637-640 r/m?. Lieit nokasHuk Bkasye
Ha aZanTUBHWIA ONTUMYM YPOXANHOCTI KynbTypu, SIKy npea-
CTaBNsloTb HOBOCTBOPEHI notomcTsa B F, Ta F, B ymoBax
niBHiYHO-CXigHoro Jlicocteny YkpaiHu. NepeBuLLeHHs 1horo
BKa3ye Ha Kpalliui piBeHb aJanTUBHOCTI reHOTUMNy B yMO-
Bax AOCNioKeHb, OCKiNbKK Ginblue HabnmxaeTbca A0 GinbLu
MOBHOI peani3aLlii piBHS rEHETUYHOrO NOTeHLiany.

HeobxigHO BigMITATU, IO 3@ YPOXAMHICTIO KpaLlMmu
3a craHgapt (611 r/m?) BusiBUNUCs notoMcTea Aobopis, L0
CTBOPEHI 5K 3a yyacTi copTiB HociiB 1AL/1RS TpaHcnokadii
(633 r/m?), Tak i 0box IMXKT (652-661 r/m?), a Takox 6e3 iHTpo-
rpecoBaHnX KOMMOHEHTIB (651-657 T/ra). JliHii, Wwo cTBOpEHI
3a yyacTi copTis HociiB 1BL/1RS TpaHcnokaLii Manv nokasHuk
ypOXanHOCTi Ha piBHi cTaHaapty — 601-615 r/m2. OTpuMaHi
pe3ynbraTi BPOXaMHOCTI BKa3yloTb Ha Te, L0 CenekuiiHuiI
marepian F, Ta F, xapaktepusyeTbes [OBOMi BUCOKUM PiBHEM
MOTEHLINHOT ypoxanHOCTi. Po3max BapitoBaHHS 3a ypoxaiiHi-
CTI0 Y cepeawHi rpyn ocnimkeHb cTaHoBMB 436—-666 T/ra Ans
F, Ta 381-505 r/m* ana F,. HaimeHLuni MOro nokasHuk crno-
cTepiraBcst y NOTOMCTB, CTBOPEHMX 3a y4acTi COPTiB-HOCIIB
1AL/M1RS TpaHcnokaduii. Hanbinblumii po3max BapitoBaHHs
JocnimKyBaHOl 03HaKM 3adhikCoBaHO B rpyni KombiHaLin,
CTBOPEHWX 6e3 iIHTPOrpecoBaHUX KOMMNOHEHTIB.

O6roBopeHHs. Baxnueum 3aBaaHHAM cenekuii 6yab-
SIKOi 3epPHOBOI KynbTYpu € CTBOPEHHS COPTIB, LU0 BONOAi-
0Tb €KOSOMYHOK MNNACTUYHICTIO, BUCOKOK MNPOAYKTUB-
HICTIO | IKICTIO 3epHa, CTIMKICTIO A0 abioTUYHMX i BIOTUYHIX
cTpeciB. Hapasi Yac cenekLuis 3epHOBUX KynbTyp gocsrna
3HAYHUX YCMiXiB MPW CTBOPEHHI BUCOKONPOAYKTUBHUX COp-
TiB. HOBi COpPTU YCMILHO KOHKYpYKOTb 3a BPOXaWHICTIO
3 TpPagULInHUMKN 3€PHOBUMU KyNbTYpamu, TakuMmn K niue-

HUUS, XM1TO | 9umiHb (Gordinskaya et al., 2020; Naymushina
& Yaichkin, 2018).

Mpote, 3a3Ha4aeTbCA, WO iICTOTHUM HedonikoM BUCO-
KOe(DEKTUBHMX IHTPOrPECUBHMX NiHIN € BIOCYTHICTb CTa-
BinbHOCTI BpoXalHOCTI B pisHuX ymosax (Motsnyi, 2014).
3a3HaveHe, K NpaBwuno, BnacTuBe MOXiAHUM EKOMOriYyHO
BigaaneHux ribpuais. O4yeBMaHO, WO US MoAenb MoLUW-
PIOETHCA Ha MIKBMAOBY ribpuam3aLiio, ska NeEBHOK MipoH
TakoX € eKornorivyHo BigaaneHoto (Motsniy et al., 2021).

Bapto 3ayBaxutu, LIO B HALIOMYy [OCHIMKEHHI OTpU-
MaHi pe3ynbTaTyi BKa3yloTb Ha Te, WO CenekUinHui matepian
F, Ta F, xapaktepusyeTbCcsi AOBOS BUCOKMM PIBHEM MOTEH-
LiNHOT YPOXaNHOCTI Ta NOPIBHSHO BMCOKOIO ii CTaBIMBHICTIO.
BogHouac, ypoxanHOCTI NWEHWL BxXe 3arpoxye rnobanbHa
3mMiHa knimaty (Porter et al. 2019), Tm camum 3HWKYHOHM
YaCTMHY MPUPOCTY BPOXKaK OTPUMaHy Bif aKTUBHOI poBoTy
CerneKLioHepiB (CTBOPEHHS iIHTEHCUBHUX COPTIB) Ta IHLLIUX TEX-
HornorivHux gocsrHeHb (Lobell et al., 2011). MNepenbayaeTbea
[0 CEepeayHN LbOro CTONITTS MiABULLEHHS TeMnepaTtypu 40
2,0 °C (Ceglar et al., 2019). Y 6inbLUOCTi NIBAEHHWX Ta LieH-
TpanbHKUX YacTUH €Bponu Nif Yac BereTawinHOroo nepiogy
BUPOLLYYBAHHS CiflbCbKOroCNoAapChKMX KynbTyp, BKMOYAOUM
BECHY Ta nito, Byae cyxiwe Ta Tenniwe. Lie 36inbwumTb pr3uk
eKCTpeMaribHUX NOroAHMX SBULL, TaKMX SIK Crieka Ta nocyxa.
Mopsg 3 UM NpoayKTUBHICTb CiNbCbKOrOCNOAaPChKMX Kyrb-
Typ MOTPIOHO MOCTIMHO MiABMLLYBATW, OCOBMMBO MiABMLLY-
04U 3HAYUMICTb CENEKLNHMX AOCATHEHb, L0 Mae CrpusiTh
cTabinbHin - ypoxanHocti  (Miedaner, 2018). CTtBOpeHHs
Ta PO3MHOXEHHSI CENeKLiMHOro marepiany pe3vCTEHTHOro
[0 KoMmmnekcy xBopob Ta afanTMBHUMU BRACTMBOCTSIMU
(Li et al., 2020) € Hag3BWMYaAMHO BaXNWMBUM Cepeq iHLUMX
BNACTMBOCTEW POCANH (Hanpuknag — eheKTUBHICTb BUKOPU-
CTaHH$ BOAW, €(heKTUBHICTb BUKOPUCTAHHS @30Ty TOLLO) Ans
focsrHeHHs cTabinbHoi BpoxaiHocTi (Chapman et al., 2012).
Tomy cenekuisi poCnMH MOBWHHA BPaxoByBaTh siK abioTUYHI
(Hanpuknag — cneka, nocyxa, NEepe3BONOXEHHS, KWUCMOT-
HiCTb), TaK i BioTnuHi cTpecm (Ceccarelli et al., 2010), Bkntoya-
04K, HaNpUKNad, KoOMax-LKigHWKIB Ta NaToreHHi Mikpoopra-
Hi3Mu, Taki sk 6akTepil, ditonnasmm, Bipycu, rpubu, oomiLety,
Ta Hematogu. BukopucTaHHs CTinkux abo TonepaHTHUX cop-
TiB € JELIEBUM, eKOMOriYHO YNCTUM Ta e(HEeKTUBHUM METO-
oM 3axucty pocnuH (Juroszek & Tiedemann, 2011). YmoBu
HaBKOMULLHBOIO CEPENOBHLLA MOXYTb BMIMBATY Ha CTINKICTb
1o xsopob (Duveiller et al., 2007), BHacnigok 4Yoro pocnu-
Ha-rocnogap Moxe 6yTn ocrnabneHa, a natoreH Moxe ByTu
3MILHEHWI Ta BNNMBAaTK Ha OYHKLit0 NEBHOIO reHa CTINKOCTI.
Hanpuknag, cTinkicTb O 3aXBOPIOBaHHS MOXe 3anexartu Big
TemnepaTypu Ta iHTeHcuBHOCTI cBitna (Chakraborty, 2013).
Kpim Toro, HegocTaTHs KinbKiCTb BOMOr, MOCyXa Takox Mae
BB Ha PesnCTeHTHICTb copTy (Bidzinski et al., 2016).

Llogo KinbKicHOI pe3nCTEHTHOCTI BUSIBNEHO, WO CTil-
KICTb FEHOTMMIB MOXe CWIIbHO BapiloBaT 4epe3 BNMB
cneundiyHMX yMOB CepefoBuLLa BUPOLLYBAHHS KynbTypu.
OTxe, ekornoriyHa cTabinbHICTb, aAanTUBHICTb | PE3UCTEHT-
HICTb MatoTb BUMpilLanbHE 3HAYEHHS MPWU CTBOPEHHI COPTY
Ta (popMyBaHHi HMM CTabiNbHUX | AOLATKOBO BKasye Ha
aKTyanbHICTb Ta HEOOXigHICTb MPOBEOEHHST CenekLinHUX
AocnimkeHb MikcopToBumu ribpuaamm (F, Ta F,) nweHui
03MOI Ta BIgGip Kpawmx 3paskiB 3 niaBuLLEeHOK ajan-
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TUBHICTIO, BPOXaWHICTIO Ta CTIAKOCTI 4O piTonaToreHis.
Y LbOMYy KOHTEKCTi BBa4aeEMO MPaKTUUHY LiHHICTb CTBOpE-
HUX HaMW MiHIN 3 PYNOBOIO CTIMKICTIO O XBOPOO, LLO TaKoX
Ma€ 3HayHe 3HaYeHHs Ons PO3BUTKY afanTUBHOI Cenekuii
Ta (hopMyBaHHS afanTUBHUX O3HaK, ki 3abeaneyatsb BinbLu
MOBHY peani3aLito reHETUYHOro NoTeHLiany.

BucHoBkW. 3a pesynbTatamu  OOCRIDKEHHS  BUSB-
neHo, Wo BeretauinHui nepiog cknas 218 pi6 ans
F,1a 216 — ana F_. HaitHwk4uii Len nokasHuk (214 aio) sus-
BUMBCS Yy NOTOMCTB M'ATOrO MOKOMiHHS, CTBOPEHUX 3a YYacCTi
coptiB HociiB 1BL/1RS TpaHcnokadii. Hangoswuin nepioz
Beretauii 3adyikcoBaHuin y UMX xe KoMmbGiHauisx, npote —
YETBEPTOro NOKOMIHHSI.

Kpawwmin nokasHukoM nepesumieni (noHag 6 6anis)
XapakTepuayBanucs noToMcTBa: CTBOPEHi 3a yyacTi copTiB
3 1AL/1RS TtpaHcrokauieto — CmyrnaHka / PemecnisHa (F,),
Cwmymganka / Muponiscbka paHHsocTuria (F,), 3omnotoko-
noca / KysneHuk (F,), 3onotokonoca / Binblwara (F, 1a F)),
3onotokoroca / AHToHiBka (F, Ta F,), AHToHiBKa / 30M0TOKO-
noca (F, Ta F,), 3onotokonoca / Kocou (F, Ta F,), Bacununa /
BecHsaHka (F,). Monicbka 90 / BecHsHka(F ), Binbiuaxa / 3ono-
Tokoroca (F,); 3 o6oma MXKT (1BL/1RS Ta 1AL/1RS) — Cmyr-
naxka / Kpwkunka (F,), 3onotokonoca / MupoHisckbka 65 (F ),
BecHsaHka / KannHosa (F); 6es yuacTi TpaHcrokauin — Pos-
kiwwHa / PemecnisHa (F,), PoskiwHa / MupoHiscbka paH-
HbocTuma (F,), PoskiwHa / Enoxa ogecoka (F,).

lNepeBuiyBanu cTaHdapT 3a CTIMKICTIO Ao Bypoi ipxi
96,75 % pocnigxysaHux kombiHaui F, Ta F, notomcrsa:
CTBOpEHi 3a cxpelyyBaHHs HociiB 1AL/MRS Tta 1BL/1RS

TpaHcnokauin — 100 %; 1AL/MRS - 100 %; 1BL/1RS —
100 %; 6e3 iHTporpecoBaHux komnoHeHTiB—83 % (F,) 1a 91 %
(F,). 3a crifkicTto 10 6OPOLLHUCTOT POCK NepeBHLLYBasN CTaH-
apT 77 % [ocnimKyBaHUX reHOTUNIB, 3 HUX: CTBOPEHi 3a
cxpeluyBaHHs HociiB 1 AL/1RS Ta 1BL/1RS tpaHcnokauin —
33 % (F,) 1a 30 % (F,); 1AL/ARS - 73 % (F,) 1a 83 % (F,);
1BL/1RS — 100 %; 6e3 iHTporpecoBaHux KOMMOHeHTIB — 83 %
(F,) Ta 91 % (F,). 3a cTikicTio NpoTV cenTopiody kpaLiumm
3a [ogonsHky BusiBUNKUCA 77 % [OCMIMKYBAHUX EHOTU-
nis F, Ta F_. cTBopeHi 3a cxpellyBaHHs HociiB 1 AL/1RS
Ta 1BL/1RS TtpaHcnokauin — 50 % (F,) Ta83 % (F,); 1AL/1RS -
87 % (F,) 1a 97 % (F,); 1BL/IRS - 62 % (F,) 1a 97 % (F,); 6e3
iHTPOrpecoBaHux komnoHeHTis — 83 % (F,) Ta 58 % (F,).

YpoxanHicTb y AOCRiAXYBaHUX FeHOTUMIB BapitoBana
Big 225 po 891 r/m2. CepefHe monynsuiiHe 3HaYeHHs
osHaku ana F, Ta F, cknagano 637-640 r/m®. 3a ypo-
XanHiCTIO kpawwmmu 3a cTaHgapT (611 T/ra) Bussunucs
notomcTBa [J060piB, L0 CTBOPEHI SK 3a yyacTi copTiB
HociiB 1AL/1RS TpaHcnokauii (633 r/m?), Tak i o6ox MKT
(652-661 r/m?), a Takox 6e3 iHTpPOrpecoBaHMX KOMMOHEH-
TiB (651-657 r/m?). CenekuinHui matepian F, 1a F, xapak-
TEpM3yeTbCS A0BONI BUCOKMM piBHEM peanisaLii noTeHuin-
HOT ypOXaWHOCTI, Lo nepeabavae NpakTUUYHy 3HAYUMICTb
Ans noganbwoi poboTtu.

[locnimxeHHs NnpoBoAsATLCS 3rigHO [lepxaBHOro 3amoB-
neHHs «Biabip nepcnekTMBHUX NiHIA MLWeHWLi M'akoi ans
CTBOPEHHS COPTIB 3 rPYNOBOIO CTIMKICTIO 4O XBOPOO» (HOMEp
fepxasHoi peecTpauii Temun: 0119U102849) 3a nigtpumku
MinicTepcTBa OCBITY | HAayKn YkpaiHu.
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Characteristic of adaptive traits in intervariety hybrids of bread winter wheat in conditions of north-eastern
forest steppe

In 2018-2019, the research field of Sumy National Agrarian University conducted a study on the formation of elements
of crop structure, resistance to phytopathogens and others adaptive traits of interspecific hybrids of winter wheat. The research
material was lines (offspring F,and F,), created by inter-varietal crossing of winter wheat varieties of different ecological
and genetic origin from the number entered in different years in the State Register of plant varieties suitable for distribution
in Ukraine, in particular with 1AL/1RS and 1BL/1RS translocations and without introgressed components. According to
the duration of the vegetation period from full germination to full earing, the studied samples were divided into two groups —
medium-early and medium-ripe. The growing season averaged 218 days for F and 216 for F. The lowest rate (214 days)
was found in fifth-generation hybrids created with varieties that are carriers of 1BL/1RS translocation. The longest growing
season is recorded in the same combinations, however - the fourth generation. In terms of winter hardiness, all groups
of hybrid combinations were inferior to the Podolyanka standard variety, although they had a level close to it (5.37-5.96 on
a 9-point scale). Hybrid offspring’s in the field were characterized by relatively satisfactory winter hardiness. Overwintered
at the standard level with a score of 6 points and above 58.9 % (F,) and 64.3 % (F,) of the tested samples. There is a direct
relationship between: maturity group — plant height (r = 0.95) — resistance to overwintering (r = 0.87). That is, the shorter
the growing season of the genotype, the lower the height of plants and the score of overwintering plants. In our experiments,
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the correlation coefficient is close to + 1, which indicates a close rectilinear correlation (almost functional) between the group
of maturity — plant height — winter hardiness. Resistance to leaf diseases exceeded the standard: to brown rust—96.75 %
of the studied offspring; before powdery mildew and septoria 77% were better than Podolyanka.

In the studied genotypes, the yield varied from 225 to 891 g/m? The average population value of the trait
for F, and F,was 640 g/m?. This indicator indicates the adaptive optimum of crop yield, which is represented by newly
created offspring in F, and F.

Key words: bread winter wheat, yield, resistance, phytopathogens, lines, wheat-rye translocations.

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

17
Cepis «ArpoHomist i Gionoris», Bunyck 3 (45), 2021




YK 633.522:631.52

HACIHHA NIbOHY (LINUM USITATISSIMUM L.) IK LIHHWA XAPYOBUWI PECYPC

BepewariH Irop Bonoaumuposuy

KaHAMAAT CiNbCbKOrOCMOAapChKMX HayK, AOLEHT

CyMCbKuiA HaLioHanbHKIA arpapHuin yHiBepcuTeT, M. Cymu, YkpaiHa
ORCID: 0000-0002-6589-5138

ihor_vereschahin1986@ukr.net

Kanamba Haranis MukonaisHa

KaHaMaaT cinbCbKOroCnoAapChkuX HayK, JOLEHT

CyMCbKuiA HaLioHanbHKIA arpapHuin yHiBepcuTeT, M. Cymu, YkpaiHa
ORCID: 0000-0001-6548-3670

natnik08@meta.ua

Crawko Makcum PycnaHoBuy

CTYAEHT

CyMCbKuiA HaLjioHanbHKI arpapHuin yHiBepcuTeT, M. Cymu, YkpaiHa
stashkomax@gmail.com

Heporn6uenko AHactacis CepriiBHa

CTYHEHTKa

CyMCbKuiA HaLjioHanbHWIA arpapHuin yHiBepcuTeT, M. Cymu, YkpaiHa
anastasia.peregudova@gmail.com

Y cmammi Hagodsimbcs pesynbmamu aHanisy nimepamypHux oxepen, wo cmocyromscsi ocnioxeHb Mopghoroeii, aHa-
mowmii, XimiyHo20 cknady HaciHHs boHy (Linum usitatissimum L.), a maKkox npomMuciogo2o ma MeduYHO20 8UKOPUCMAHHS
nnsHoi onil. s kyrnbmypa 3 dasHix Yacie sidoma modcmey siK npsidusHa, OCKIrbKU criyayearna sik OXepesio 80rokHa 0r1si Ueo-
moerieHHs1 005lay ma MEeXHIYHUX mKaHUH. lepenik mKaHUHHOI MPodyKuii Had3guyalHO pi3HOMaHimHul: epyba nakysasnbHa
MKaHUHa, MilUKoBUHa, bpe3eHm, wnazam, MOHKi MOCMINbHi MKaHUHU, MKaHUHU 07151 OEKOpY, PYWHUKI8 ma 00siey, @ maKox
MOHKuU 6amucm. HaciHHs1 8UKopuCcmogysaru siK OXusHUU KopM 071 meapuH ma nocieHuti Mamepiarn. Ane Ha Cb0200HIWHIl
OeHb 8ce binblue nidsuLyemsCs Nonum Ha HaciHHs iboHy Ons nepepobKu Uio2o Ha Xap4osi, JliKyearnbHi ma mexHiyHi yiri.

JlnsHa onis WupoKo 8UKOPUCMOBYEMbCS Y MpomMuciogocmi Onsi 8u2omosrieHHsi onighu, hapb, nakie, i30nsayitiHoI
CMpIYKU, NiHOMeyMy, ¥ KOHOUmMepchKili ma pubokoHcepsHil npomuciogocmi. Kpim moao, HaciHHs fIbOHy MOXe sucmynamu
8 IKoCMI liKapChKo20 fpenapamy O11s JiKy8aHHS 3aX680PH8aHb KULLKOBO-UITYHKOB020 MpPaKimy.

HaciHuHa nboHy mae psid Mopghorno20-aHamoMiyHUX ocobrugocmed, wjo 0bymossrome 6iooeiyHi eracmueocmi 8UKO-
pucmanHs1 0aHoi Kynbmypu. BenuyuHa HaciHuHu (maca 1000 wm.) KonugaembCsi, 3a51€XHO 8i0 copmy ma yMo8 8UpOULy-
eaHHs, 8id 2,1 do 13 2. EHAocrnepm nnsHOI HaCiHUHU Micmumb 8e1UKy Kiflbkicmb Xupie ma 6inky. AHamomiyHa 6ydosa
ma XiMiyHUU cKnad HaciHHs TbOHY 8U3Ha4YarMb (i020 NomeHUyian siK Xap4o8oi ma fikapCbKoi cupo8UHU. HaciHHs epy6020
OMOs1y 8UKOPUCMOBYEMbLCS Ol 8U20MOBMEHHS X/liba ma 8UMIYKU, WO 3acmocosyromscs y 0iemuyHOMy Xap4yeaHHi.
CyuacHi Haykosi 00CIOXeHHS rokasasnu, WO HaciHHs NIbOHy Had3gu4yaliHO bazame Ha MoMiHeHaCuYeHi XUpHi Kuciomu,
maki siK niHonesa (w-3), niHoneHosa (w-6) ma pad iHwux. Lli kucromu 3ycmpiyarombcs y 6a2ambOox UiHHUX O71isiX ma rpo-
dyKmax meapuHHO20 MoXOOXeHHsI; Onsi NIACLKO20 Op2aHiaMy 80HU € HE3aMIHHUMU, OCKIfTbKU HUM He CUHME3yombcs. Ix
@XUBaHHS MO3UMUBHO 8rueae Ha (hyHKUIOHy8aHHsI SIK OKpeMUX opaaHie, mak i mepanesmuyHul cmaH mto0CbKo20 opaa-
Hi3My 8 uirnomy. Tak, noniHeHacuyeHi XUpHi KUCIomu nokpawyroms efacmuyHicmb CMIHOK KPOBOHOCHUX CyOUH, 30Kpema
CImKieKU OKa | M’1308UX 80/T0KOH cepusi. Came momy ix exueaHHs baxaHe npu arnaykomi, Kamapakmi, iHgbapkmi miokapdy,
amepocknepoasi, uykposomy Oiabemi. BxugaHHA OaHUX KUCIIOM XiHKamu ni0 Yac eacimHocmi Mo3UmueHoO 8Mnueae Ha pos-
8UMOK 20/108H020 MO3KY y r10dy. Y ceimosill npakmuuj 8UKOpUCMaHHs MPodyKMie 3 HEHaCUYEHUMU XUPHUMU KUCriomamu
3acmocosytomb 0715 MOMPUMKU MayjeHmie 3 pakosuMU 3axeoprogaHHsMU ma degbiyumom imyHimemy. [JoOagaHHs nsiHOI
MaKyxu y pauioH CinbCbko2ocrnodapcbKux meapuH nidsuiyye ix iMyHimem ma noninwye cMakosi skocmi M'sica.
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Betyn. Cepen cyyacHux po3pobok y cdepi xapyy- | NbOH-OOBryHeub, WO WAE Ha BOMOKHO | JbOH-KY-

BaHHS Barome Micue 3anMmae CTBOPEHHS HOBUX MPOAYK-
TiB 3 NiABULLEHOK XapyoBO LiHHICTIO i hYHKLIOHAMNBHO
CNpsSIMOBAHICTO. Ha cborogHi Bce Binbll NepcnekTMBHUM
DKEPENOM TakUX MPOAyKTiB € nyo’sHi kynbtypu. OgHuM
3 TPaAULIiHAX BUAIB POCIMHHOT CUPOBUHU € NbOH (Linum
usitatissimumL.), K1 BUPOLLYIOTb y BUMNSAI ABOX KYNBTYP:

ApSLW — Ans BUpoOHMUTBA onii. Y Heganekomy MUHYIoMmy
B KOXXHOMY CENsSIHCbKOMY FOCMOAapCTBi, pO3TaLlOBaHOMY
Yy HEYOPHO3EMHIl 30HI YKpaiHW, i3 BUPOLLEHOrO NIbOHOBO-
NOKHa TKanu NonoTHO, MILLKOBWHY, BUPODBNANM ckaTepku,
PYLUHMKM, NixxHukK, koBapu (Didora et al., 2008; Chekhova
etal., 2017).
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OpepxaHe i3 ctebna NboHY BOMIOKHO BUKOPUCTOBYIOTh
FOMOBHVM YMHOM [MS BUTOTOBMIEHHS TKAHUH, aCOPTUMEHT
AKUX MOXe BYTW Ayxe PISHOMaHITHUM: Bif rpy6ux MiLLKOBMH
i Takux, WO BMKOPUCTOBYIOTLCS MM ynakoBUi (i3 HU3bKMX
COPTIB BOMOKHA), 40 TOHKMX 6aTUCTOBMX (i3 BUCOKWX COPTIB).

JInsiHe BOMOKHO — oAHe i3 HanbinbLL MiLHKUX. MilHicTb Ha
PO3pUB TiNaHOro MNSHOrO BOMOKHA CTAHOBUTb B PO3PaXyHKY
Ha nonepeyHnii po3pia 60—100 kr Ha 1 Mm2. 3a MiLHICTIO Ha
PO3pMB BOHO 3HAYHO MepesuLlye GaBOBHY, DXKYT i BOBHY.
[pn ogHaKOBIV TOBLUMHI HUTKM MiLHICTb NNSIHOI NPsiXi Npu
po3puBI Malxe y 2 pasu BULLA, HiK BaBOBHSAHOI i y 3 pasu
BULLA 3a BOBHY. 3 NiABWLLEHHAM BOMOrocTi (4O BigoOMOI
MeXi) MILHICTb NNSAHOT HUTKW 36iNbLUYETLCS, Y TOM Yac K
MILHICTb HATKV 3 BOBHW, HaTypasnbHOrO LUOBKY i CUHTETUY-
HOro BOMOKHA HaBnaku, 3HWxkyeTbes (Chekhova et al., 2017,
Ludvikova & Griga, 2015; Babita et al., 2016).

JINgHi TKaHWHU BIOPI3HATLCA [AOBrOTPMBANUM BUKO-
PUCTaHHAM, TaKOX BOHW J0Ope NPOTUCTOSATb FHUTTHO i 3HO-
LyBaHHI0. Mopsa 3 UMM, BOHW XapakTepuayrTbCs Marnoko
KINbKICTIO NOrMUHaHHS 3abpyaHeHuX pevyoBuH i Jobpe Big-
MWBAKOTLCA Nif Yac npaHHs. LIiHHOW0 SKICTIO NASIHUX TKaHWH
€ rigpoginbHiCTb, TOBTO BNACTUBICTL NOMMMHATK BOJOTY.
Micnsa 3BONOXEHHA NNSHI TKAHUHW OaloTb Ayxe many 30ik-
HicTb (Thompson, 2015).

HaciHHa NbOHY TakoX BigOMe K [HKEpPeno POCIMHHMX
xupiB. JlnsHa onia gobpe Bucuxae, yTBOPHOOYM Mpu nia-
cvxaHHi MiuHy nniky. 3 uiei npuyuHK onidpa (abo BapeHa
nnsHa onis) LUMPOKO 3aCTOCOBYETHCA AN BUIOTOBMEHHS
nakiB, MacnsHoi i Apykapcbkoi Tunorpadcbkoi dapbu
Ta 3ama3ku (Polyakova & Gudoshnik., 2015, Bajbekov et
al., 2019, Koval & Skrypka, 2017). B eneKkTpoTexHiuHin,
FYMOBIN, LUKIPSIHIA, MUMOBAPEHHI NPOMUCNOBOCTI Ta dap-
Makororii cupa nnsHa onis BUKOPUCTOBYETLCS ANS BUTO-
TOBIIEHHS TAKOT NPOAYKLT, IK MacnsHi i3onsTopu, niHoneym,
MIHKPYCT, KNenoHKa, HenpoMOoKarodi TKaHWHU, CUHTETUYHWIA
Kaydyk, nnacTmaca, 3efneHe mMuno, aeski niku towo. fingHa
Onist BXMBAETHCA NS NPUrOTYBaHHS AEAKUX CTPaB sK Npo-
LYKLi0 3 BUCOKO 3acBOtOBaHicTHO (94,5 %), a Takox y xap-
YOBIA NMPOMMCNOBOCTI (KOHCEPBHIN, MaprapuHOBIN i KOH-
autepcbkin) (Shevchenko et al., 2017; Dash et al., 2017;
Diederichsen & Fu, 2008; Rubilar et al., 2010).

Ons notpe6 HapogHOro rocrnogapcTBa BUKOPUCTOBY-
l0Tb MaliXe BCH POCIIMHY NMbOHY-AO0BryHUS. 3 HACIHHS, L0
MicTUTb 35-37 % XMpy, OAEPXKYIOTb Onito, 3 SKOI BUrOTOB-
NSA0Tb BUCOKOSKICHY oniddy, Naku Towo. Makyxa MicTUTb
6-12 % cuporo xupy, 34 % npoteiHy. BoHa € UiHHUM
KOPMOM [nsl CiflbCbKOrOCNOAAPCLKMX TBApUH: 3a MOXMUB-
HicTio 1 kr Makyxu Bignosigae 0o 1,15 KOPMOBKX OANHULL
i MicTUTb 260 r nepeTpaBHOro nNpoteiny. LliHHo ans rogieni
TBapWH € TaKOX i NONOBa, KOTpa YTBOPHETLCA Nicns obmo-
noTy KOpoBOYOK Ta OYMLLEHHSI HaciHHS. BoHa cTaHoBWTb
15 % 3aranbHoro Bpoxato, 1 kr ii gopisHioe 0,27 KOPMOBMX
oanHWUb i micTuTb 20 © nepetpasHoro npoteiHy (Didora &
Derebon, 2017, Shevchenko et al., 2017, Zhang et al., 2011,
Ceh et al., 2020, Bunga & Patlolla, 2020).

MNoctaHoBka npobnemu. LLnsxom aHanidy nitepaTypHux
[bKepen, WO CTOCYHTbCA npobrnemn BUPOLLYBaHHS, nepe-
pob6KY Ta BUKOPUCTAHHSA NbOHY 3MIMCHIOETLCS aKTyanisauis
XapyoBOro BXUBAHHS NMbOHY K [hKepena upis, 6inkis, Byr-

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

NeBOAiB, HE3aMIHHUX XMUPHUX KUCIOT, BiTaMiHiB i TOKodepo-
niB. Ornap BKMOYae Taki CKknaaoB.i:

— pO3KpUTTA ocobnmneocTerr MOPAONOriyHOi Ta aHaTo-
MiYHOi ByJ0BM HACIHHS MBOHY K Xap4YOBOi CUPOBUHY;

— (hi3nKo-XiMiYHi BNAacTMBOCTI NNSAHOI onii, ii XXMPHOKMC-
NOTHWUIA cKnag;

— BMNVB XMUPHUX KUCMOT HA OpraHiaM MNanHU, BUKOPH-
CTaHHS iX SK eNleMeHTa XMBIEHHS CBINCbKNX TBApWH;

— 0CcOoBnMBOCTI | MEPCNEKTUBM 3aCTOCYBaHHS NPOAYKTIB
nepepobKkn HacCiHHA MbOHY SK anbTepHATMBHOMO [Xepena
ninigis.

BukopuctaHHs  BITYM3HAHOI CUMPOBWMHWM  POCIMHHOIO
MOXOMKEHHS, sIka XapaKTepPU3YETbCS BUCOKUM NOTEHLianom
6ionoriYHO aKTMBHMX PEYOBUH, AO3BOMSE LiNEcnpsmMoBaHoO
CTBOPIOBATU MNPOAYKTU 3 (PYHKLIOHaNbHUMU BRAACTUBOC-
TAMU, @ TaKOX PO3LUMPUTH aCOPTUMEHT BUPOGIB, NiOBALLMTK
IXHI0 Xap4oBy Ta 6ionorivHy LiHHICTb. OAHWM i3 Takux BuAiB
CUPOBUHU € HACIHHS JbOHY, L0 € [XKeperom LiHHKX Giono-
riYHO aKTMBHUX peyoBuH (Subbotina, 2009; Polyakov et al.,
2011; Polyakova et al., 2011).

3a 6OTaHIYHOI0 XapaKTEePUCTUKOIO JIbOH KyNbTYPHUI
€ OQHOPIYHOI TPaB'AHUCTOK pocnMHO. [nig — n'aTurHisga
kopobouka, Wwo Mae opmy Kyni. Y CBOK 4epry, KOXHe
rHI3O0 po3Ainse HenoBHa nepetuHka. KoxHe Take Hanier-
Hi300 MICTUTb OOHY HaCiHWHY, a 3arafioMm y kopobouli 3Ha-
xopuTbes y cepedHboMy Ao 10 HaciHvH. Kopobodka mae
LOBXUHY 6nn3bko 6,1-11,0 MM, WwupuHy Big 5,7 £o 8,5 Mm.
HaciHuHa cnnocHyta 3 6okiB, siuenogibHol  dopmu,
3 TPOXY 3arHyTUM, JoBpe PO3BUHYTUM HOCVKOM, IMafeHbKa,
3i CKNSAHUM BrIMCKOM, cnm3bka. 3abapBneHHst HaCiHHS Oyxe
pi3HOMaHiTHe: 4opHyBaTto-O6ype, Bype, kopuyHese, OGypo-
XKOBTE, XOBTE, CKPaBO-KOBTE, OAHOPIAHOMO Yx CTPOKATOro
3abapeneHHs. NpaBunbHO PO3BUMHEHE HACIHHS Mae Taki
po3mipu: fOBXUHY — Big 3,2 Ao 4,8 MM; WwWnpuHy — Big 1,5 0o
2,8 mm; ToBWMHY — Big 0,5 #o 1,2 mm; maca 1000 HaCiHWH
cknagae 3,5-5,5 1, a y Aeskux ronnaHacbkux CopTiB Nbo-
HY-A0BryHUs — 10 6,5 . B nboHy oninHoro maca 1000 Haci-
HWHW MOXe cknagaTu 4o 13 T. | BenunymHa HaciHHs, | 3abaps-
NEHHS — CMaJKOBI 03HaKU, XapakTepHi AN NEeBHOro COpTy
(Didora et al., 2008; Heller et al., 2010; Heller et al., 2011;
Wielgusz & Heller, 2011).

YMOBM BUPOLLYBaHHS MbOHY BMUBalOTh Ha BESMUUHY
i Macy HaciHHs. JocnigHuku 3a3HayatoThb, WO Maca HaciHHS
BULLIA Y PO3PIMKEHUX LUIMPOKOPSAHUX NOCIBaX, HiX Y 3BU4an-
Hux 3aryenux (Basch et al., 2007; Kaur et al., 2018; Heller,
2007; Galushko & Ryan, 2010). 30BHi HaCiHHS! BKpUTE TOH-
KO 0BOMOHKOH, L0 BKMIOYAE WICTb LLAPIB: KyTUKYNy Ta eni-
Jepmic (BOHM cknagatoTb LLKIPOYKY, KNITUHU K0T HabyxakoTb
Ta BKPMBAOTHCS CM30M MPU HAMOYYBaHHI BOAOH); Lap Ki-
TWH NOBITPOHOCHOT NAPEHXiMK; LWap KaM’ SHUCTUX KIITUH, SIKi
HagaTb 060MNOHL MILHOCTI; APYrvi LWap KNITUH NapeHxiMu;
NirMEHTHWI Wap, KOTPUA Hagae HaciHHIO 3abapanexHs. [ig
HaCiHHEBOKD OOOMOHKOK PO3TALLIOBYETLCA €HAOCNnepM —
wap knitnH Garatux Ginkamu i xupom. 3anacHi peyoBuHM
eHOocnepMy BUKOPUCTOBYHOTLCS AN POCTY 3apoaKy. Y BHY-
TPILLHIA YaCTWHI HaCiHHS 3HaAX0OMTbCA 3apOdoK, KOTpWM
Ma€ y CBOEMY CKrafi KOPOTKUN MEPBUHHWIA KOpiHeLb, ABa
CiM’S40SbHI TMCTOYKM Ta PO3TALLOBaHY MK HAMW HEBENUKY
6pyHbKy (Dubey et al, 2020; Smolova et al, 2017). Y 3pinin
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HACIHWHI NbOHY eHAoCnepM Ta 3apOodoK PO3BWHYTI NOpiB-
HSIHO PIBHOMIPHO, NpW LbOMY BenuyMHa 3apofka i Moro
audepeHLiallis € 03HakaMu BUCOKOI OpraHi3aLlii Ta Bu3Ha-
YatoTb CTYNiHb JOCKOHAMNOCTi MMSIHOrO HaCiHHS. 3MOpLLKY-
BaTICTb, LLYNAMICTb i APiGHI pO3MipW HACIHHS NIbOHY € pe3yrib-
TaToM crnabkoro po3pocTaHHsa eHgocnepmMy Ta 3apogka abo
O[LHOTO 3 HUX.

BuByeHHs npouecy hopMyBaHHS HaCiHHS Pi3HWUX COPTIB
OMINHOrO NMbOHY, nNpoBefeHe A. |. InbiHow y BcecotosHomy
HayKOBO-AOCMIAHOMY IHCTUTYTI oninHkx kynestyp (BHAIOK),
nokasano, Lo Yepes Kiflbka AHIB Nicns 3anmnigHeHHs KBiTKu
3apOoLOK, L0 PO3BMBAETLCS Y OpyHbL, CKNagaeTbes 3 Aes-
KUX KMIiTWH, WO MICTATb XJloponnacTu, i Mae BuA 3eneHoi
kynbku. MpoTarom 10-12 gHiB nmicng 3annigHeHHs 3apo-
[OK LWe cnabko andepeHLinoBaHuiA, ane TKaHUHK 3aB’'a3i,
OpyHbKM | 1T NOKpPWB y Lie nepiog Oyxe CUmbHO po3pocTa-
toTbCsA. BpyHbKa 3a CBOIMM po3Mipamy HabnKaeTbcs A0
PO3MIpiB 3pinoro HaciHHs. HaciHHeBa LiKipka CTae 3Ha4HO
TOBCTILLOHO Bif LLKIPKM 3PIiNOro HaciHHs, Npu4oMy B Hii Bia-
ByBaeTbcs audbepeHuiauisa TkaHuH. OcobnuBo IHTEHCUBHO
PO3BMBAKOTLCS TKAHWHU E€HOOCMEPMY, L0 CKNafalTbCs
3 KNiTWH, 3anOBHEHNX APIOHUMU KPOXMANbHUMMK 3epHAMM.
Mi3Hiwe, O NoYaTKy 3eneHol CTUMMOCTI, y 3apoaky dhopmy-
€TbCS KOpPiHeLb, Napa CiM’a40NbHUX JIMCTOYKIB | KOHYC Hapo-
CTaHHS, ane y LUel nepiog 3apofok Mano 36inbluyeTbes
i BIH Lle He OTOueHWi TkaHuHamu eHpocnepmy (Didora et
al., 2008; Heller et al., 2010; Heller et al., 2011; Wielgusz &
Heller, 2011). HanpukiHUi 3eneHol i novaTky paHHbOI XOB-
TOI CcTUrnocTi, To6To Yepes 20-25 OHiB nicns 3annigHeHHs,
KNiTUHX enigepmicy LiNKoM 3BiNbHAOTLCS Bif, KpOXMario,
i y iXHiX 0BOMOHKaX 3'ABMSAIOTLCS MOTOBLUEHHS, WO Nerko
nigaanTbCs CNU3yBaTOMY NEPEPOKEHHI0. TKaHUHW HaCiH-
HEBOI LUKIpKW, LLO po3TalloBaHi nig enigepmicom, BTpada-
I0Tb KpoXmarnb, MEpTBIlOTb i CTaloTb 6e36apBHUMK. BuHK-
Kae NirMEHTHUIA Liap, WO BM3HaA4Yae TeMHe 3abapBneHHs
HACiHHS NbOHY. BiNOHACIHHI COPTY NbOHY HE MatoTb BiJOCO-
GrieHoro nirMeHTHoro Lwapy. 3apoaok 36inbLUyeTbes y pos-
Mipax, 3anoBHIOYM 3HAYHY YaCTWUHY MOPOXHWUHW HACIHHS,
i NPOTAroM 1-2 AHIB NOBHICTIO OTOYYETLCA €HOAOCMEPMOM,
L0y Lieii Yac 3aiMae MeHLLY YacTUHY NOPOXHUHU HACIHHS.
Mpu upomy cTpubBOK poOCTy 3apogdKka CynpOBOAXYETHCS
pyWHYyBaHHSM 1oro xnoponnactis. Ha 3MiHy Kpoxmarb-
HUX 3epeH TKaHWHW eHJocnepMy i 3apodKka 3anoBHIOKTHCS
anenpoHOBUMU 3epHaMU i XuUpoMm Y ¢hasi NOBHOI CTUrMO-
cTi, T0670 Yepes 25-30 AHiB nicns 3annigHEHHS, Y HaCiHHi
NbOHY Kpoxmarb BiacyTHin (Didora et al., 2008; Polyakova
& Gudoshnik., 2015). Y nnsHOMy HaciHHi y cepeaHbOMy
MicTuTbCS: Xupy 6ins 35-40 %, 6inka — 23 %, 6e3a30TUCTUX
EKCTPaKTHUX Pe4OBUH — 22 %, KNiTkoBUHW — 9 %, 30nn —3 %
Ta Boau — 8 % (Polyakov et al., 2011; Szalata et al., 2011).

NnsHa onis gBnse coboto piguHy xoeToro abo BypLuTH-
HOBOTO KOMbOpy, cnabkonpo3opa, fka TakoxX BiA3HaAYaeTbCs
cneundiyHMm 3anaxom. MNutoma Bara NNSHOI onii Npu Tem-
nepatypi 15 °C — 6,0-6,9 r/cm®, TemMmnepaTtypa 3amep3aHHs
cknagae 15-30 °C; koedpiuieHT omuneHHa — 188-192;
kucnotHe yncno — 1,5 mr KOH/r, hogHe yncno — 170-200.
OcTaHHE € MOKa3HMKOM LUBWAKOCTI BUCUMXaHHS Onil, L0
LyXe BaxXnueo npw i TeXHiYHOMY 3acTocyBaHHi. Onis
3 HaCiHHS NMbOHY-AO0BryHLS, BUPOLLEHOrO Y NiBHIYHWX pano-

HaX NMbOHAPCLKOI 30HM, BiA3HAYAETLCA HANBULLMM NOOHUM
uucnom (Ehrensing, 2008; Ganorkar & Jain, 2013; Shima
et al., 2014; Alison et al., 2019; Ren et al., 2015). OgHak
BpOXal i Bara HaCiHHS, a TaKkoX MOro ONiMHICTb Ta NoaHe
YMCMo 34aTHI 3HWKYBATWUCS N4 BMAWBOM [PYHTOBO-KMiMa-
TUYHMX YMOB Ta YMOB BMPOLLYBaHHS, 30KpeMa Npu NisHbOMY
nocisi Ta AediunTi BONOrM y nepiog Big UBITIHHA [0 XOBTOI
cTurnocTi. MoaHe uncno 3BinbluyeThest No Mipi 403piBaHHSA
HaciHHA. Onis 3 He3piNoro HaciHHS 3a3BMYaN Big3HaYaETbCS
BinbLLU HA3BKUM WOAHUM YNUCIIOM.

Y cknapi nnsHoi onii BUSIBNEHO HACTYMHI XVUPHI KUCTOTK:
niHonesy, NIHOMEHOBY, ONEiHOBY, CTEAPUHOBY, NaNbMITUHOBY
Ta MipUCTUHOBY. BUCOKi TEXHIYHI, Xap4oBi Ta iHLLI BNaCTUBOCTI
NNaHOI onii BU3HaYatoTbCs BKazaHUMM kucrnotamu. OniiHICTb
HACIHHA NbOHY € CNafKOBO 03HAKOIO, i, OTXKe, MOXe NiABM-
LyBaTucs cenekuinHum wnsxom (Harper et al., 2006; Berto
et al., 2020; Goyal et al., 2014; Kajla et al., 2015).

Mpouec YTBOPEHHS | HAKOMWUYEHHs ORIl MpOTiKae
Y TICHOMY 3B'SI3KY 3 XXUTTELIANBHICTIO POCMMHHOIO OpraHiamy
B LifIOMY i 3anexuThb Bif reHETUYHUX 0CoBnMBOCTEN, Bnac-
TUBMX f@HOMY BMY, OHTOreHe3y Ta METEOPONOoriYHNX YMOB
BUPOLLYYBaHHS i TPMBAE NPAKTUYHO NPOTArOM BCbOTO Nepioay
3MiHIOIOTbCS NPOTArOM BCbOrO Nepiogy A03piBaHHS HACIHHS
yn nnogis. KinbkicTb onii 36inbLyeTbCa NOCNISOBHO Bif
noyaTtky opMyBaHHS HaCiHHS 4O KiHUS MOro A03piBaHHS.
AKICHAM cKnag XUPHUX KUCNOT ANa AaHoro Buay (opmu,
COpPTY) POCIMH 3anuLLaeTbCs BinbLU-MeHLL NOCTINHAM NPo-
TATOM OHTOreHesy, 3MIHIOTLCS, SK MPaBUNO, KinbKicHe
CMiBBIOHOLWEHHA MK XupHumK kucnotamu (Popa et al.,
2012; Kaithwas & Majumdar, 2013; Sychov, 2015; Fazary
& Younis, 2015).

JInaHa onis € abConTHUM YeMNiOHOM 32 BMICTOM Moni-
HeHacuyeHnx xupHux kucnot (MHXKK), sokpema Owmera-3.
3a cBoeto BIONOriYHOI0 LIHHICTIO BOHA CTOITb Ha NepLloMy
MicLi cepeq BCIX POCIMHHMX OMil. HaciHHA NMbOHY Takox
Haf3BuMYanHo Garate Ha He3aMiHHi MONIHEHACUYEHI XUPHI
kucnotn Omera-6 Ta Omera-9. XKogeH nNpoadykT 3i 3BMyan-
HOrO paLjioHy He MICTUTb TaKOi KIMbKOCTi LUX HeoBXiaHWX
KUCNOT. Y cknafi HaciHHSA BUSIBNEHO 3HAYHY KinbkicTb Ginka
(6rnn3bko 25 %) BMcoKoT BIONOrYHOT aKTUBHOCTI, SKUN ige-
anbHO BrM3bKKUI ANs NOACLKOMO opraHiamy, i 30-48 % onii.
CymapHa KinbKiCTb BinkiB Ta Xupy y HaciHHi NbOHY cknagae
66—-68 % Big 3aransHoi macu (Popa et al., 2012; Ghosh et
al., 2019; Bayrak et al., 2010; Matthius & Ozcan, 2017).

MoniHeHacn4eHUX HEe3aMiHHUX JKUPHUX  KUCMOT —
65-90 %, 3 siknx 55-70 % npunagae Ha NiHONEHOBY KUCMOTY,
aka Hanexutb o MHXXK pognuu Omera-3, i 10-20 % — Ha
niHonesy k1cnoTy, sika Hanexuts Ao NMHXK poaunHu Omera-6.
[o cknagy nnsHOI onii TakoX BXOAATb TaKi XUPHI KCNOTK
AK: nansmituHosa (5-7 %), creapuHosa (3—-4 %), oneiHosa
(16-20 %) (Savoire et al., 2015; Guimardes et al., 2013;
Zhang & Cao, 2009).

HaciHHs nboHy oniiHoro (Linum humile L.) mictuTb go
49 % xupHOI onii, SKa 34aTHa WBKAKO Bucuxatu (ii nogHe
yucno cknagae 175-200 oanHWb) 3 YTBOPEHHSM TOHKOT
rnafeHbKoi Brmckyyoi nnisku. Bigcotok HacuveHux nanb-
MITUHOBOI Ta CTEAPUHOBOI XXUPHUX KUCMOT, Ha BiAMIHY
Bif OneiHoBOi, NiHOMEBOI Ta NiHOMEHOBOI (HeHacuYeHi),
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B OMINHOIO NbOHY 3MIHIOETBCA PIAKO i, 3@ AAHUMU Pi3HUX
[OCIIAHVKIB, KONMBaETbCA Y Mexax 5-6 % ana nanbmitu-
HOBOI | 4-5 % Ans cTeapuHOBOI KMCMOT. BMicT niHoneHoBoi
KUCMOTK, 3aNeXHO Bif BuAy, COPTY Ta reHOTUNY, 3MiHIETLCS
Big 3-9 % o 63-69 %. JInaHa onis 3 BUMCOKMM BMICTOM
NOMiHEHAaCUYEHUX KMPHUX KUCIOT, 0COBMMBO MiHOMEHOBOI,
BUKOPUCTOBYETLCSH, MEPEBAXHO, ANS TEXHIYHMX, @ 3 HU3b-
kUM — ans xapyosux Uinen (Herchi et al., 2012; Elimam &
Ramadan, 2018; Domian et al., 2017; Bernacchia et al.,
2014; Lobaeva, 2015).

HaciHHa nboHy MICTUTL BENUKY KinbKiCTb Ginka, xapyo-
BUX BOIOKOH, NirHiHY, 30Kpema AUrmKo3uay cekoisonsapuLi-
puHony (SDG). IcHye 6arato NpoayKTiB 3 HACIHHSA NbOHY, SKi
CMOXMBAKOTBLCS JIOAVMHOLD, Y TOMY YMCHI: Liine HACiHHA, NnsHa
onisi, YaCTKOBO 3HEXMPEHe NnsiHe 6OPOLLIHO (3a3BMYaii npe-
COBaHe), MOBHICTIO 3HEXMPEHE NNsiHe BOPOLLHO (B eKCTpaKLii
3 PO34YMHHVKOM), EKCTPAKTU 3 OCIIM3HEHUM HACIHHSIM JTbOHY,
000MOHKN NNSHOO HaCiHHS, HACiHHS NbOHY ONEOCOM i cnmp-
TOBWX €KCTpaKTiB HaciHHS nboHy (Cunnane et al., 1993; Prior
et al., 2015; Lisovaya, 2015; Stenberg, 2004).

3a gaHumu AQO stat, nnsHy onito 3a BMICTOM NiHONEHo-
BOI KVCINOTU MOXHA PO3AINnTK Ha 4 kaTeropil:

1. BmicT niHoneHoBoi kucnotu Binbwe 50 % — Buco-
KWW, onis npuaatHa, B OCHOBHOMY, [Onsl BUKOPUCTaHHS
Y TEXHIYHKX LinsX.

2. BmicTt niHoneHoBoi kucnotn 36—-49 % — cepeaHin, onis
npuaatHa y TeXHIYHMX Linax, MeauumHi, napdymepii.

3. BmicT niHoneHoBoi kucnotn 10-35 % — HM3bkuiA, onist
npuaaTtHa, B OCHOBHOMY, Ha Xap4oBi Lifi.

4. Bwmict niHoneHoBoi kucnotn MeHwe 10 % — gyxe
HW3bKWA, OMig npuaaTHa TiMbKA Ha  Xap4yoBi  Uimi
(Morris, 2007; Goyal et al., 2015; Shahid et al., 2020;
Troshchynska et al., 2019).

Cawme skicHMI cknag onii BU3Ha4Yae NOro BUKOPUCTAHHS
AN BUPOBHMLTBA NPOAYKTIB AIETUYHOrO NiKyBaHHS, BUPOO-
HULITBa KOCMETWYHUX Npenaparis, HOBKX NiKyBanbHUX 3aC0-
6iB. 3 HaCiHHA NbOHY OAepXyloTb Npenapat niHeTon, LWo
BUKOPUCTOBYETLCA NS NikyBaHHS onikis Lkipu (Pan et al.,
2009; Juita et al., 2012; Nykter et al., 2006).

HaciHHa nbOHY, Sk 3a3Ha4anocs BuLle, MICTUTb LiHHI
6inkn, SKi MOXHa BMKOPUCTOBYBATU y BUMALi 60pOLLHA,
BinkoBUX i30NATiB | KOHLEHTPATIB. HaciHHA NbOHY € AieTny-
HUM NPOAYKTOM MiABULLEHOT BIONOriYHOT LLIHHOCTI, L0 3aCcTo-
COBYETLCS Y NiKyBanbHUX LiNsX, i y KyniHapii. B 6aratbox
KpaiHax IbOH yxe [aBHO 3alHsAB CBOI NO3wWLii, Hanpuknag
y HiMe4uuHi BUKOPUCTOBYIOTL AECATKMA TUCSAY TOH HACIHHS
ANs NpuroTyBaHHA cTpas Ta Bunivki (Matthaus & Ozcan,
2017; Kumar et al., 2018; Tour’e & Xueming, 2010; Tarpila
et al., 2005; Ayelign & Alemu, 2016).

3aBAsKM YHIKaNbHUM MPUPOAHUM SIKOCTSIM NbOH PEeKo-
MEeHIYITb BXMBaTU Ans npodinakTuky i nikysaHHs bara-
TbOX 3aXBOPIOBaHb: ANs NIATPUMAHHS IMYHHOI cuCTEMMU
OpraHiamy, CepLeBO-CyANHHINX 3aXBOPIOBAHHSIX, MPUN LYKPO-
BOMY [iabeTi, Npu aTepockreposi, 3aXBOPIOBAHHAX NEYiHKY,
LUSTYHKOBO-KMLLKOBOMO TPAKTY i LUMTOBMAHOI 3amnosun, Ans
NOKpaLLEHHS CTaHy BONOCCS Ta LUKIpW, BUBEAEHHS! TOKCUHIB
3 OpraHi3mMy, sk 3arasfibHO3MILHIOIOUMIA Ta NPOTU3ananbHUi
3acib. BxuBaHHs onii NbOHY CNPUATIMBO BMNMBAE Ha Po3-
BWTOK MO3KY Yy HEMOBMST, 3HUXYKYM piBeHb NinidiB Kposi.

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

3rigHO BWUCHOBKIB BYEHMX BaraTbOX KpaiH, HACiHHSA IbOHY
NOTPIGHO BXMBATU B XY LIOAEHHO, Lle Mae CTaTh YacTu-
HOK KynmbTypy XapdyyBaHHs. [logaBaHHS HACIHHS JIbOHY
B paLioH 3abe3neyye NOBHOLIHHE i 300pOBE XapyyBaHHS,
O 3HWUXYE PU3UKA BUHUKHEHHS PI3HWX BUAIB XPOHIYHUX
3axBoptoBaHb. | B €Bponi, i y kpaiHax AMepuku NbOH BBa-
XaloTb OQHUM 3 HaWbINbLLl KOPUCHUX XapyoBUX MPOAYKTIB
(Gromova et al., 2011; Bhardwaj et al., 2015; Reethega et
al., 2018; Samojlova et al., 2019; Ahmed-Farid & Hassan,
2017; Tanbouly et al., 2017; Weill et al., 2002).

Y Binkax HaciHHs NbOHY BiAHOCHO 6araTo apriHiHy, acna-
pariHoBOI KUCMOTW Ta rMyTaMiHOBOI KUCMOTK, TOAI SK Mi3uH,
METIOHIH Ta LMCTUH MICTATbCS B OBMEXEHMX KiflbKOCTSX.
XapyoBi BOMOKHA 3 HACIHHSA NbOHY AEMOHCTPYIOTb NO3UTHB-
HUI epekT Ans 3MEHLUEHHS 3aKkpeniB, Ans KpaLloro BUMo-
POXHEHHS KULLEYHMKA Ta SIK FiNOXonecTepuHiuyHum 3acib.

HaciHHS NbOHY BUKOPUCTOBYIOTb SIK CMaYHy | KOPUCHY fie-
TWYHY fobaBky NpW NPUrOTYBaHHI PISHOMAHITHUX XOMOZHUX
cTpaB. BoHo foBro 36epiraeTbes i Moxe OyTu BUKOpUCTaHe
npuv OOfaBaHHi B Kalli, (OpyKTOBI i OBOYEBI canatu, Cynu, Kap-
TONMNsHE Nope, KBaLLEHyY kanycTy, BIHErPETW, B YCi rOTOBI NepLL
i apyri cTpaeu. KOpMUCHO 3MiLLlyBaTU HACIHHS 3 MOMTOKOM, NOTyp-
TOM, CUpoM, kedipom. MoxHa gofaBatit NbOH Y BOPOLLHSH
BUPOGY, Npy LibOMY TEXHOMONiS BUTOTOBIIEHHS HE 3MIHIOETBCS,
nULLIe NOKPALLYETLCS XapyoBa LiHHICTb CTpaB.

HaciHHA nbOHY BWMKOPUCTOBYKOTb [ANSl  CXYAHEHHS
Ta NPUPOLHOrO OUULLEHHS KMLeYHKKa. [Ins uporo Ha goby
noTpiGHO BXMBaTK 1 CTOMOBY NMOXKY NEPEMENEHOr0 HACIHHS
NMbOHY, 3anMBarK4n HEBEMUKOIO KIfbKICTIO Kedipy Yv BOAOLO
(Shunthwal & Sheoran, 2017; TrebuSak et al., 2011; Boudry
et al., 2009; Ebrahimi et al., 2013).

BuyeHi Garatbox kpaiH CBITY AOCHIIKYIOTb HACIHHS JbOHY
B nabopatopisx i AiAWwnM 3aransbHOro BUCHOBKY, LLO HaCiHHS
NbOHY MOXHA BBaXaTu MPOOYKTOM, LU0 O300POBMIOE Opra-
Hiam. JinsaHe HaciHHa MicTuTb BiTamini E, D, B,, B, B, B, B,
B,, Geta-kapoTuH, MiHepanbHi Pe4oBUHM, TOKOEPOnM, Taki
MIKpO- Ta MIKpOENEMEHTH, K KanbLii, kanin, 3aniso, mar-
Hi, LUMHK, CeneH, antoMiHiii, MapraHeLb, XpoM, Hikenb, Migb,
6op, vog Ta iH. B HaciHHi MicTaTbCs: ByrnesogiB — 1226 %,
edipHux onii 3545 %, cnn3osux pedoBuH — 12 %, Binkis —
20-33 %, a TakoX OpraHiyHi KUCMOTU, (DEPMEHTM | 3HAYHA Kiflb-
KICTb HEHACUYEHNX XMPHUX KUCIOT. MPOPOCTKM NbOHY MICTSATh
Ao 1,5 % rnikoaugy niHamapuHy (Suksombat et al., 2014; Tint
etal.,, 2011; Zhang et al., 2013; Rodriguez-Leyva et al., 2010).

JInAaHa onis HeobxigHa BCiM 340pOBMM NOASM NpU
BUCOKMX PO3YMOBUX i (Pi3NYHUX HaBaHTaXeHHsIX, poboTi Ha
LUKIAMBMX BUPOOHMLTBAX, He36anaHCOBaHOMY XapyyBaHHi,
CTyOeHTaM i LUKonsipam Ans nigBuLLEHHS YCMILLHOCTI | nepe-
HECEHHSl HaBYamnbHUX HaBaHTaXeHb, BCIM MNpaLtoynM
3 KOMM'OTEPOM, a TaKOX NOASAM, L0 NiAAAKTLCA Ail pisHUX
BunpoMiHioBaHb (Shallie et al., 2017; Wang et al., 2020;
Parikh et al., 2017; Tarpila et al., 2002; Krasnov et al., 2019).
Kpim TOro, ans toro, o6 ntofcbKui opraHism gyHKLiOHyBaB
HOpMasbHO, oMy HeoBXiaHi NirHaHO-(ITOXIMIYHI PEYOBUHM
(ogHa 3 rpyn nonicheHonis), WO nNpu3BogaTb 40 GanaHcy
npoLec metaboniamy. B pesynesrati TpuBanux LOCHigXeHb
BYEHI NPUALLIM JO BUCHOBKY, LLO Hanbinblw Haratum gxe-
PEenoM POCAUHHUX NirHaHIB € BOMOKHO MMISIHOrO HACIHHSI.
JInaHa onis MoXe NpPOSIBNATA CUMbHI aHTUKAHLEPOreHHi
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BnacTtueocTi (Pacheco et al., 2011; Avelino et al., 2015;
Chishty & Bissu, 2016; Rodriguez-Leyva et al., 2013).
Bigxoam oninHoro BUpobHULTBa (MaKyxu i LUPOTM) ABNSI-
t0Tb COBOI LIHHUI BUCOKOBINKOBUN KOHLIEHTPOBAHMWIA KOPM
NS TBApWH, WO Mae AieTUYHi BNacTUBOCTI, 3aBAsKW Benu-
Kin KinbkoCTi cnuay. Makyxa, Wo € NpogykToM nepepobku
HaCiHHSA, MICTUTb Big 6 0o 12 % xwupy, 33-38 % npoteiny,
7 % onii, 9 % kniTkoBMHW. OXMBHICTE 1 Kr CTAHOBUTL
1,15 KOpMOBUMX OAMHULL | MicTUTb 260 r nepeTpasntoBa-
Horo npoteiHy (Weill et al., 2002; Shunthwal & Sheoran,
2017; TrebuSak et al., 2011; Boudryet al., 2009; Ebrahimi
et al., 2013). LlinHoto ans rogieni TBapuH, 0cobnueo CBU-
HEW, € i MonoBa, L0 YTBOPKETLCSA MPU OOMONOTI NbOHY
M OYMLLIEHHI HACIHHA. 33 NOXMBHOK LiHHICTIO 1 Kr il cTaHO-
BUTb 0,27 KOPMOBUX OAUHUL i MicTUTb 20 r nepeTpasnto-
BaHoro npoteiHy (Nevrkla & Vaclavkova, 2019; Szymczyk &
Szczurek, 2016; Matthews et al., 2000; Lyons et al., 2017).

[JonaBaHHs NNSHOI MaKyxu A0 pauioHy CBIMCbKUX TBa-
PUH MO3UTWBHO BNSIMBAE Ha iX OpraHiaM i cTaH 340pOB'S.
Tak, HEHaCUYeHi XUPHi KUCMOTW, IO BXOAATb A0 cknagy
MaKyxXu Ta LUPOTY, NOKPaLLYKTb CTaH LWKipU Ta XyTpa, nig-
BULLLYIOTb IMYHITET | CNpMsitoTb Habopy Baru, TOMy PeKOMeH-
[0BaHi Npw Bigrogisni BENuKOi poratoi Xxyaobu Ta CBUHEN.
Takox foBefeHO, L0 BiArodiBns TakuM KOPMOM MOMOYHMX
KOpiB MOKpaLLYeE, y CBOK Yepry, Cknag MOMoka, a y CBUHEN
noninLye TEXHOMNOrYHI Ta CMakoBi skocTi M’sica (Peiretti et
al., 2015; Vaclavkova et al., 2016; Brodowska et al., 2018).

BucHoBKM. HaciHHs NbOHY, K NPSANBHOT (TEXHIYHOT) Kyrb-
TYpW, € HAA3BMYANHO LiHHUM [KEPENOM Pi3HOMAaHITHUX Mpo-
aykTie. Lle nosicHoeTbCs, Hacamnepes, MOro XiMiYHAM ckna-
oM. HaciHHs nboHy BaraTe Ha NoniHEHACUYEHI KMPHI KUCNOTH,
30Kpema NiHOMeBy Ta NiHOMEHOBY, a TakoX TOKO(EPOny, BiTa-
MiHu Ta 6inku. Lii ocobnmeocTi pobnste NNsHE HACIHHS LiHHUM
Xap4oBVM, KOPMOBUM Ta NiKyBasibHUM NPOOYKTOM.
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Flax seeds (Linum usitatissimum L.) as a valuable food resource

The article presents the results of the analysis of literature sources related to studies of morphology, anatomy, chemical
composition of flax seeds (Linum usitatissimum L.), as well as industrial and medical use of flaxseed oil. This culture has
long been known to mankind as a yarn, as it served as a source of fiber for the manufacture of clothing and technical fabrics.
The list of fabric products is extremely diverse: coarse packaging fabric, burlap, tarpaulin, twine, fine bedding, fabrics for
decoration, towels and clothing, as well as fine lawn. The seeds were used as animal feed and seed. But today there is
a growing demand for flax seeds for processing into food, medicinal and technical purposes.

Flaxseed oil is widely used in the industry for the manufacture of drying oils, paints, varnishes, insulating tape,
linoleum, confectionery and fish canning industry. In addition, flax seeds can act as a drug for the treatment of diseases
of the gastrointestinal tract. Flax seed has a number of morphological and anatomical features that determine the biological
properties of this culture. The size of the seed (weight of 1000 pcs.) Varies, depending on the variety and growing conditions,
from 2.1 to 13.0 g. Endosperm of flaxseed contains a large amount of fat and protein.

The anatomical structure and chemical composition of flax seeds determine its potential as a food and medicinal raw
material. Coarse seeds are used to make bread and pastries used in dietary nutrition. Recent scientific studies have shown
that flaxseed is extremely rich in polyunsaturated fatty acids such as linoleic (w-3), linolenic (w-6) and others. These
acids are found in many valuable oils and products of animal origin; for the human body they are indispensable because
they are not synthesized. Their use has a positive effect on the functioning of both individual organs and the therapeutic
state of the human body as a whole. Thus, polyunsaturated fatty acids improve the elasticity of blood vessel walls,
including the retina and muscle fibers of the heart, so their use is desirable in glaucoma, cataracts, myocardial infarction,
atherosclerosis, diabetes. The use of these acids by women during pregnancy has a positive effect on the development
of the brain in the fetus. In world practice, the use of products with unsaturated fatty acids is used to support patients with
cancer and immune deficiency. Adding flaxseed meal to the diet of farm animals increases their resistance to disease
and improves the taste of meat.

Key words: flax, seed, oil, fatty acids, iodine number, acid number.
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Skicmb HaciHHE8020 Mamepiarny 6ydb-SIKOi CirbCbK020CM00apChKOi Kyibmypu € OCHOB0K i 8poxaliHocmi. Bpaxoey-
Ho4U 3Ha4YHy sapmicmb nocadkogux bynbb kapmonsi, 36inbweHHsT KoegilyieHmy pO3MHOXEHHST HaciHHSI 8UCOKUX 2eHepa-
yiti € chakmopoM 3HUXeHHs1 cobieapmocmi nocadkogoao Mamepiany. BukopucmanHa cmumynsamopy pocmy A0380715iE He
minbKu 36inbwumu 8uxio HaciHHegux 6ynnb6 3 0QUHUYI NOW), a i supiluumu ye ekornoaiyHo besneyHum wrnsxom. Bpaxosy-
K04U 3HaYHy KiflbKicmb picmemumMymodux rnpenapamie ma ix dyymmugicms A0 rpyHmMogo-KiMamu4HUX yMoe y pasi 3acmo-
Cy8aHHS, akmyarnbHUM € MPOBEOEHHS WUPOKO20 Criekmpa 30HabHUX 00CioxeHb no niobopy binbw eheKmusHUX crmumy-
nismopie pocmy.

Y docnidxeHHsIX, Wo nposodusnuck 8 IHcmumymi cinbcbkoao 2ocrnodapcmea [ligHidHo20 Cxody HAAH YkpaiHu, sueya-
nacb bionoeiyHa peakuyis copmig kapmonni CkapbHuys, Ledpuk, Croe'aHka Ha rnos3akopeHeay 06pobKy nocieie peayris-
mopamu pocmy AepiHoc [, Bezcecmum, PK, Bumnen-K (Aeponaim-Y) i l'ymamu (I'ymigpind BP-18, ®ynweiman [lnkoc).
06 ekmom docridxeHb sucmynanu fpouecu opmyeaHHs1 HaCiHHESOI MpodykmusHocmi kapmonsi i@ dieto 3a3HaqyeHux
npenapamis.

BcmarosneHo, wo 8 ymosax rnigHiHHO-CxiOH020 Jlicocmeny € no3umueHUl ernnue ycix npenapamis, wo Aocidxysa-
JluCb, Ha ¢hopMyeaHHsI HaciHHESOI MpodykmueHocmi. BusenerHi ocobnusocmi peakuii copmie Ha chopmyeaHHs cknadosux
HaciHHegoi npodykmueHocmi. CepedHili y copmy euxid HaciHHegux byrnbb bye y mexax 6id 40,5 % y copmy Lledpuk i do
45,9 % y copmy CkapbHuusi. 3acmocysaHHs [ymamie y binbwocmi gunadkie cymmeego 306irbluysano HaciHHe8y MpooyK-
musHicmb, arne 8 CmpyKmypi epoxaliHocmi ix 8aza 3Ha4yHO rocmynanacsi KOHmMpPOJIH.

Cnid 3a3Ha4umu, wjo nocadkosul Mamepian kapmonsii 6ifbWor Mipor ouinbHO po3ansidamu He 3 MOYKU 30py 8a20-
8UX MOKa3HUKiG, a Kirlbkocmi 6ynbb npudamHux Or1s1 sucadku. Sk mokasanu 00CiOKeHHs, Mpu 3acmocysaHHi CmuMyisimo-
pie pocmy ¢hpakuitiHuti cknad nid diero npenapamig y cepedHbomy o docnidy 3binbwyesascs y ik HaciHHegUX byrbb 8i0
1,7 % (Bumnen—K) 8o 3,5 % (AepiHoc ) ma y kpynHoi ¢bpakuii — eid 1,5 % (AepiHoc [) 0o 5,3 % (ymamu).

Y pospisi copmie binbwy npubasky HaciHHesux Oynbb cchopmysanu nocieu, siki 6ynu obpobneHi [ymamamu. Copmom,
KUl N03UMUBHO He sidpeazysas Ha 3acmocysaHHs npenapamis, 6ye copm Cros’siHka. MakcumarnbHe 36inblweHHs Koegi-
UieHmy PO3MHOXEHHS y Hb020 8i03Ha4yasnock rnpu 06pobui [ymamamu (2,0), a npu 3acmyesanHi Bumnen—K (Aeponalm-Y )
POCITUHU 3MEHWUIU MOKa3HUK 8UX00y HaciHHe8UX Byribb 8iOHOCHO KOHMPOITHO.

Y pe3ynbmami npogedeHux A0cnioxeHb 3aKOHOMIPHO y3azarbHUMU, U0 3acmocy8aHHs peaynisimopie pocmy 8 foci-
8ax Kapmori 8 ymosax rnigHi4YHO-cxi0Ho20 Jlicocmeny no3umusHO enueae Ha 3binbWeHHST HaCiHHEBOI NPOAYKMUBHOCMI,
SIK y 8a208UX, MaK i y KifibKicHUX napamempax. [lpu 3acmocyeaHHi rpenapamie susierieHa pisHa peakuisd copmie Ha eud
npenapamy. binbw cymmeso Ha ¢hopmysaHHs nocadkogo20 Mamepiarny eusisunack cucmema 06pobku rocigie i3 3acmo-
cysaHHAM Komrnekcy ['ymamie. MeHworo mipoto Ha nosakopeHesy 06pobKy rnocieie peaynsimopamu pocmy peagygas copm
Criog’saHKa.

Knrovoei cnoea: kapmonsisi, 8poxaliHicmb, hpakyii HaciHH, Kinbkicmb 6ynbb, Maca Oyrbb.
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BeTyn. B octaHHi gecatupivus cnoctepiralotbCa piski
3MiHM METeoponoriYHMX OakTopiB, SKi HeraTMBHO BMNU-
BaKTb Ha PO3BUTOK POCIMH KapTonsi, 0cobnMBo B nepiog
6ynbboyTBOpPEHHS. Lle npn3BoauThL 40 NOCUNEHHS NpoLEecy
BUPOIXEHHS kapTonni. CuTyauis nornmubnioeTbCs CKOpOUeH-
HsIM 06CAriB BUPOBGHULTBA HACIHHEBOrO MaTepiany BUCOKMX
penpoaykuin. BaxXnuBnm 3axofoM OAepKaHHS BUCOKMX
BPOXaiB € BUKOPUCTAHHS SKICHOrO HACIHHEBOrO MaTepiany.

TeHaeHUis ekonorizauii BUpOOGHMLTBA CinbCbKOrocno-
JapCbKuX KyneTyp CMoHyKana [0 CTBOPEHHS Ta BrpoBa-
[KEHHSI HOBMX, CTillKMX OO0 XBOpoO copTiB i nigBuwimna
3alikaBneHiCTb 00 BUKOPUCTAHHS EKOHOMIYHO BUFigHUX
e(heKTUBHUX 3ax04iB NiABMULLEHHS BpOXawHOCTI - Biono-
rYHO-aKTUBHUX PEYOBUH — PETYNSATOPIB POCTY POCIMH, LUO
[Jae MOXIMBICTb CNpsIMOBaHOI perynsuii npouecis pocTy
Ta PO3BUTKY POCIMH KapTOMi 3aBASKM MOXMUBOCTI BUKO-
pUCTaHHs (Ha BiOMIHY Big TpaguuiiHUX o6puB, Ky nepiog
nepeanociBHOI NiAroTOBKM MOCIBHOTO Matepiany, Tak i Ans
no3akopeHeBoi 06pobKM POCAUH B ONTUMasbHi (HanbinbLL
BiZNOBIdanbHI) hasn iX poCTy N PO3BUTKY.

Y cy4yacHuUX yMoBax BaXIWBKMM YMHHWKOM cTabinisa-
uii ranysi kapTonnsApcTBa € HanaroMKeHHs HaCiHHULTBA
Ta edEeKTMBHE BUKOPUCTaHHS HaCiHHEBUX Oynbb, dop-
MYBaHHSI OpraHi3oBaHOr0 PUHKY $K MNPOZOBOMBLYOI, TaK
i HaCiHHEBOI kapTonmi. BUKOpUCTaHHS SKICHOTO COPTOBOTO
HACIHHS KapTONMi € OAHUM 3 OCHOBHMX 3aXOZiB NiABULLEHHS
e(heKTUBHOCTI KapTonnspcTBa. 3a [aHUMU  YUCHEHHUX
JOCnifKeHb YacTka CenekUiNnHO-HaCIHHWULBKUX LOCArHEHb
Yy NigBULLEHHI BPOXaMHOCTI Ta MONIMLIEHHi SKOCTi KapTonsi
craHoBuTb 20-50 % (Butenko, 2018).

[ins 3HWXEHHS HeraTuBHOI il BipyCHUX XBOPOG po3po-
GrieHa i 3acTOCOBYETbCSA cucTemMa Ge3BipyCHOrO HacCiHHUM-
LTBa, OOHUM 3 eneMmeHTiB sKkoi € biotexHonoria. OpgHak,
OTPMMaHUM BGiOTEXHOMOrYHUMU METOAAMM BUXIOHUA MaTe-
pian kapTonni [OCWUTb BWCOKOBAPTICHUW, TOMY po3pobka
3axofiB Mo sIKOMOra KpaLloMy BUKOPUCTAHHIO NOTO MPOAYK-
TUBHOTO NOTEHLiany € 4OCUTb aKTyarnbHOK ANS NiABULLEHHS
piBHS 3abe3neyeHHs CroXmBadiB SKICHUM MOCaAKOBUM
matepianom.

KapTonnspctso - UM He egvHa ranysb arponpoMuco-
BOrO KOMMIekcy YkpaiHu, obcsary BMpOOHMUTBA SIKOT CyT-
TEBO He 3MIHUNUCL NPOTAroM ocTaHHiX 70 pokiB. Y uei xe
yac 6ing 98 % 3aranbHOro BMPOGHMLTBA KapTonmi — Le
NPOAYKLIS BUPOLLEHA Ha HEBENMUKMX (DepMepCbKMX, npu-
cagnbHux Ta JayHMX LinsHKax, L0 BHOCUTb CBOI KOpPEK-
TUBM B TEXHOMNOTi0 BUpOLLYyBaHHs. LLlopiyHi nnowi kaptonni
B YkpaiHi ctaHoensATe 1,4—1,5 MnH.ra, a Banose BUMPOOHM-
uteo 18-20,5 mMnH. T — 6ing 6 % csiToBoro o6’emy (m'sAte
micue y cBiTi nicna Kutato, Pocii, IHaii Ta CLLA) npu Bpo-
xamnHocTi 12,0-13,9 T/ra, L0 3Ha4HO HMxkYe Bif BionoriyHmx
MOXIUBOCTEW KynbTypu.

OCHOBHI MPUYMHN HU3BbKOI BPOXAMHOCTI KapTonfi Le:
HesKICHMIA nocafkoBWii mMatepian (MOpYyLUEHHS NpuHLMNY
COPTOOHOBJIEHHS Ta CBOEYACHOI COPTO3aMiHW), HegoTpu-
MaHHS! CiBO3MiHM, HecTaya Ta HeeheKTUBHE BUKOPUCTaHHS
[106puB, 3ac0biB 3aXUCTY POCINWNH, HEAOTPUMAHHS OCHOBHUX
yMOB TexHonorii. basoBymn HanpsMkamy 36iMbLLEHHS BPO-
XaNHOCTI | BUPOBHULTBA KapToOMni €: MONIMLEeHHs TexHo-
norii BupoLyyBaHHs (Barabolja & Ljashenko, 2018), ocHos-

HOIO NMaHKOK SKOI € YiTka cucTema HaciHHuuTBa (Bilins'ka
et al., 2021), BnpoBaxeHHs y BUPOBHULITBO HOBUX COPTIB
(M’jalkovs'kij et al., 2021), copToBOI arpoTeXHikM Ta BUKO-
PUCTaHHS  BUCOKOMPOLYKTUBHOMO CagMBHOMO Matepiany
(Medvedeva & Kostjukevich. 2020; Korshunov et al., 2018).
Takum YMHOM BUPOBHMLITBO KApTONMi TPUMAETLCH HA K TPOX
Kutax»: BUOGIp COPTY, BUCOKWUN piBEHb HACIHHULTBA i Tex-
Hororis. BogHoYac BOHW HEPIBHOLHHI 3@ 3HAYeHHAM Ans
oTpuMaHHs npogykuii. Kniowosum € copt. [loBeaeHo, Lo 3a
OCTaHHiX 25 pokiB BHECOK HOBUX COPTIB Y MiABULLEHHI BPO-
XanHOCTi kKapTonni B €Bponencbkux kpaiHax carae 57 %.

CyyacHi eKkOHOMIYHI YMOBU B arpapHOMY CEKTOpPI CMOHY-
KatoTb [0 NOLWYKY TeXHonorin, nobynosaHmMx Ha Mobinizavii
JelleBux MiHepanbHUX Ta opraHiyHmx pecypcis (Baybulatov
et al., 2018; Atanaw, 2021). lpu BigHOCHO cnabkomy
PO3BUTKY KOPEHEBOI CWUCTEMW POCIMHWU KapTomni Harpo-
MaXyloTb BENuKy BeretatMsHy i OGynbboBy Mmacy, ToMy
Y MOPIBHSAHHI 3 [HWWUMW KynbTypamu BOHW Binbll BUMOr-
nuBi [0 3abe3neyeHHs] I'PYHTY MOXMBHUMMW pPEYOBUHAMMU
(Muleta & Aga, 2019). i kpaLLioto € Taka cuctema yaobpeHHs,
Aka 3abeaneyye poCiUHM KapTonsi HUMK PIBHOMIPHO BNpoO-
[IOBX BCi€i Beretallii.

OTpumatit BUCOKMI BpOXKai KapTonsi gonomarae nig-
roTOBKa NOCagkoBOro matepiany. PaHHii iHTEHCUBHUIA picT
KOpEHIB y NoYaTKOBUI Nepioa PO3BUTKY POCMUH [O3BONSE
Kpalle BMKOpUCTaTW BECHSHY Bonory i 3abesneunTu dop-
MyBaHHs Oynb0, KONM Temnepatypa IPyHTY HE HACTiMbKK
BUCOKa. Tomy nopsi 3 nepeanocagkoBumM oBirpiBoMm i npo-
poLlyBaHHAM 6ynbb 3HauHy yBary cnig npuainatu obpobu;
iX po34nMHamu MikpoenemeHTiB, JOOpuB i perynsaTopis pocTy
pocnuH (Smirnova et al., 2021). OcTaHHIMKU pokamm B Kap-
TONNSAPCTBI BCe Ginblua yBara NpuainseTscs BUKOPUCTAHHIO
perynsTopis pocTy 3 METOK MOCUMEHHS npoLecy Oyrb-
6oyTBOPEHHS, NiABULLEHHIO CTIMKOCTI POCMUH Y Nepiof Bere-
Tauii 4O ekCTpeMarnbHUX NOroAHUX YMOB - TaKWX, SIK BUCOKI
TemnepaTtypu Ta HecTada BOMOrK, a TAKOX YPaXKEeHHS! XBOPO-
6amu (Araujo et al., 2019).

MNepennocankosa obpobka Bynbb Ta obpobka pocnuH
y nepiog BereTauii po3ynMHamy perynsTopisa pocTy CTu-
MYMOE PICT | PO3BUTOK POCIMH KapTomnni, 36inbLuye BUCOTY
POCIWH, KinbkicTb CcTeben Ta acuMIinsAuinHy MOBEPXHIO
MNCTS, BMICT Yy HbOMY XI0pogoiny, MigBULLYE NPOAYKTUB-
HiCTb cpoTocuHTe3y. [ig BNMBOM npenapartiB 36inbLuyeTbes
Kinbkicte Bynbb, maca ogHiei Bynbbu, WO NpM3BoaUTL OO
36inbLUEeHHs paHHbOro Bpoxato Ha 16—-33 %, 3aranbHoro Ha
10-54 % B 3anexHOCTi Bif COPTY, reHepaLlii Ta LOTPUMaHHS
TexHonorii (Uromova et al., 2019).

JocnimxeHHsMKW, npoBedeHUMU B [HCTUTYTI KapTonnsp-
ctBa HAAH, BcTaHoBnEHO, WO nepeanocazkosa 06pobka
6ynbb kapTonni bionpenaparamn ditoumna i MnaHpus nosm-
TUBHO BMNMuBana Ha 36inblueHHs BpoxanHocTi. Tak, 3a
apyroro CTpoky cagiHHa (29-30 KBiTHS) npupicT BpoXaii-
HOCTi paHHboro copTy CkapOHuUS CTaHOBWB BIAMOBIAHO
4,7 i 7,1 1/ra, a cepegHbopaHHboro copty Obepir — Ha
0,9 Ta 5,9 1/ra. MNpu BUKopucTaHHi Nnpenapaty MNnaHpu3 npu-
picT macu ctaHaapTHux 6ynbb cknas 11,8 % y copty Ckapb-
Huus i 5,1 % y copTy OBepir. 3aranbHi BTpaTh BpoXato npu
36epiraHHi kaptonni ameHwwunucb Ha 7,5 Ta 8,8 % Bigno-
BigHo (Koltunov et al., 2012)
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Mpu BUpOLLYBaHHI KapToni B ymMOBax LEHTPanbHOro
Nicocteny YkpaiHn Ha OHI opraHiyHuX, MiHepanbHUX
Ao6puB i cuaeparis BigMiYeHO 3HaYHE MiaBULLIEHHS iX edhek-
TUBHOCTI Npy 06pobLi 6ynb6 nepea cagiHHAM Ta BEreTyumx
pocnuH y basi ByToHisauii pozunHamu bionaHy i Yapkopy,
LU0 BUSIBNSIETLCS Y MOCUMEHHI POCTOBMX Npouecis, 36inb-
LUEHHi cTebnocTol i MMCTOBOI MOBEPXHi B arpodiToLeHO3i
i, B KIHLLEBOMY pesynbTaTi, Y 3p0CTaHHi BPOXalHOCTi KapTo-
nni. Y coptie CepnaHok, 3a cepeHbOi BPOXaMHOCTI Yy Bapi-
aHTax 3 gobpusamu 153,6 u/ra i Cnos’aHka — 183,5 u/ra
npu 0bpobui 6ynsb Yapkopom nepea cafiHHSM Ta POCIMH
y basi ByToHisauii npupict ctaHosuB 23,9 i 27,6 w/ra, bio-
naHom — 21,3 i 24,1 u/ra BignosigHo (Moloc'kij et al., 2009).
JocnipxeHHsamu npoeeaeHnMu B ymosax Jlicocteny MNpaso-
BepexHOro HanepcnekTUBHILLOW BUsSBMIAch 06pobka poc-
nuH perynsatopamu pocty Emictum C y casi cxonis — coptut
[OrinpsiHka i MonsHa (Polishhuk, 2021).

JocnioxeHnsmn O. M. Bapkoscbkoro Ta B. C. KyueHko
(InctuTyT kapTonnsapcTea HAAH Ykpainu) BCTaHOBIEHO, LWO
COpPTW KapTONmi Mo pi3HOMY pearyloTb Ha 06pobky Gynb6
3aXVCHOCTUMYMIOIOYMMI  MpenapaTtaMu, OCOBMUBO  SIKLLO
BOHM pidHMX rpyn cturnocTi (Barkovs'kij & Kucenko, 1999).
Perynsatopu pocTy pocnuH JOCUTb LUMPOKO BUKOPUCTOBYHOTh
NpW PO3MHOXEHHI Ta 030POBMEHHI HACIHHEBOrO MaTepiany
kaptonni (Morozov et al., 2018; Milyokhin et al., 2020).

PerynsaTtopu pocTy pocnuH AOUifIbHO BUKOPUCTOBYBATU
ANS NPUCKOPEHOTO PO3MHOXEHHSI 030POBMEHMX in Vitro
POCMMH KapTonni, WO MigBuLLye X CTIMKICTb OO HeraTtue-
HUX (PaKTOPIB HABKOMULLHBOTO CepenoBULLA (3aMOpO3KH,
3acyxa, CTPeCOBWI CTaH nicns o6pobku necTuumaaMm Ta iH.
i LWKoZoYMHHMX opraHiamiB) (Trembic'ka et al., 2020). OnTu-
Mi3yBaTu mapameTpu Kylia i arpoditoLeHo3y Ta npouec
Bynb00yTBOPEHHS, @ TaKoX MiABULLMTU aganTauiiHi MOX-
NMUBOCTI POCAMH, WO B KiIHLEBOMY pesynbTaTi 3abe3neunTb
O[lepXaHHS BUCOKOTO BPOXalo KapTomni MOXHa 3aBAsKu
06pobLi 0300pOBNEHNX in Vitro pocnuH KapTonni perynsro-
poM pocTy Bumnen y noegHaHHi 3 iHWUMU eekTUBHUMN
arposaxogamm (Kovalenko & Olijnik 2016). Mpu Lbomy npu-
pIiCT ypOXanHOCTI BiAOyBaeTbCA Hacamnepes 3aBAsKM Kifb-
kocTi Ta Baru 6yne6 nig ogHuM kyliem (Grossi et al., 2020).

JocnigxeHHamMW psgy HayKOBUX YCTAHOB YCTAHOBMEHO,
L0 3aCTOCYBaHHS PErynatopiB pocTy pOCnuH Ha nociBax
KapTonni Cnpusie pocTy i PO3BUTKY POCIMH, NiABULLEHHIO
BPOXaNHOCTI Ta NONINLEHHIO CTINKOCTI POCIMH A0 Hecnpu-
ATNMBKUX (PAKTOPIB, HEraTMBHOrO BMMMBY repbiumais, nia-
BULLIEHHIO edhekTuBHOCTI fobpuB (Kovalenko et al., 2007).
Y pocnigax IHctutyTy kaptonnspctea HAAH Ykpainu Big-
MiYEHO MNO3WUTWBHUIA BNMB PErynatopis pPocTy POCIMH
3[aTHUX MOBHICTIO HeWTpanisyBaTh (HITOTOKCUYHY Aito rep-
Giumais. AHanorivyHi JOCNIMKEHHs, NPOBedEeHi HaykoBOMY
LeHTpi 3emnepoberea MCI™ Pecny6niku BipmeHis, nokasanu
BUCOKY e(heKTUBHICTb NOeAHaHHA repbiumais 3 gitoperyns-
TOPOM, SIKUIA CNpUSB 3HATTIO HITOTOKCMYHOI Aii repbiunais,
MOKPALLEHHIO POCTY | PO3BUTKY POCAWH, MiABULLEHHIO BPO-
xanHocri. (Agaronjan et al., 2020). 3a gaHuMK JocnioxeHb,
npoBedeHux B ymoBax lNepeakam'a Pecnybniku TatapcTaH,
[l0[j@aBaHHS [0 CYCMEH3Il | po34MHIB NPOTPYNHUKIB, peryns-
TOPIB POCTY POCMNWH, CTUMYIHOE MPUPOSHUI IMYHITET POCINH
[10 XBOpOO, BHACMiOK YOro HOPMU BATPAT NECTULMAIB MOX-
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NUBO 3MEHLIUTK Y ABa pasn 6e3 3HMXEHHS ePEeKTUBHOCTI
3axwucHoi aii (Prishhepenko, 2020).

3a JaHuMmu gocnigkeHb IHCTUTYTY CinbCbKOrO rocno-
fapctea llisHiyHoro Cxony HAAH YkpaiHu BUKOpUCTaHHS
Mikpo4oOpUB [03BONSE ICTOTHO NOMINWMTUA PICT Ta PO3BU-
TOK POCIMH, SIKICTb NPOAYKLIT Ta BPOXaNHICTb BUPOLLYBa-
Hux Kynetyp (Kabanec' et al., 2013). Y cy4acHux kpn3oBmx
ymoBax, konu GifnbLIiCTb BUPOBHMKIB HE MaloTb MOXIMBO-
CTi 3abe3neynT [OoCTaTHIN piBEHb BUKOPUCTaHHS 4OOPYKB,
0COBNMBO rOCTPO CTOITh NUTAHHS BNPOBAIXEHHS Y BUPOO-
HULTBO, B TOMYy uucni i B ApiBHOTOBapHUX (thepmepchbki,
npucagubHux i gadHux) rocnojapcteax, HOBUX PeCcypco-
OWafHMX enemeHTIB i 3axodiB BUPOLLYBaHHA KapToMi
3 METOI0 NiABULLEHHS BPOXAMHOCTI Ta MONIMLUEHHS SKOCTi
NpoayKuii nMpu MiHIManbHIN KiNbKOCTi pecypciB. Y LbOMy
BiJHOLLEHHI HaA3BMYANHO aKTyanbHUM AN1S BUPOOHMLTBA
€ 3aCTOCYBaHHS HOBMX, MOPIBHSHO Hegoporux (3 pospa-
XYHKY Ha OZMHWLIO MroLi), 3acobiB NiABULLEHHS BpOXaii-
HOCTi — perynsatopis pocTy i po3BUTKY pocnuH. (Semenchuk,
2018), Wwo gae MOXMIUBICTL CNPSIMOBAHOI perynsii npoue-
CiB pOCTY i pO3BUTKY POCMNH KapTOnni 3aBASKN MOXIUBOCTI
BMKOPUCTAHHS, K B Mepiog nepeanocagkoBoi MigroToBKu
NOCIBHOTO MaTepiany, Tak i no3akopeHeBoi 06pobku poCcuH
y onTumanbHi (HanbinbLL BignoBigansHi) asn iX po3BUTKY
(Wrébel et al., 2017). Takum YMHOM, BMifle BUKOPUCTAHHSI,
perynsaTopis pocTy pOCInvH JO3BOISE HE NULLIE MOMITHO nig-
BULLTY BPOXaWi, MOMINWMTM NOro SKICTb, a 1 iCTOTHO niaBw-
LUMTK CTINKICTb POCIMH OO XBOPOO i CTpecoBmx (hakTopis,
ki Bce Binblue NposBATLCA OCTaHHIM YacoM. 3a BUKO-
PUCTaHHS PICTCTUMYMIOKYUX PEYOBUH MPU BUPOLLYBAHHI
KapTonsi YUCNEHHUMMW OOCNIMKEHHAMU BigMiYeHO nocu-
NEHHS XUTTE3AATHOCTI POCNWH, NIABULLEHHS X CTIMKOCTI
[0 HecnpuATIMBKX KNiMaTUYHMX hakTopiB, CTPECIB, 3MeEH-
LUEHHS YpaXKeHHs! BipYCHUMW 3aXBOPHOBAHHSMU Ta MOLLKO-
[DKEHHS1 KONOPAACHKUM XKYKOM, APOTSHWKOM, NOMINLWEHHS
BioximiyHoro cknagy i ToBapHoi skocTi 6yne6 (Juzjuk, 2017).

Marepianu i meTogu pgocnigxeHb. [ocnimKkeHHs no
BMBYEHHIO COPTOBOI peakLii KapTonni Ha 3acTOCyBaHHS
perynaTopis pocTy MNpOBOAMIM 3riJHO NporpaMu Hayko-
Bux gocnigmkers (MHO) HAAH Ykpainn Ha 2016-2020 pp.
17 HaykoBo-meTogMuyHe Ta aHanitTMyHe 3abesneyeHHs
iHHOBAL|iHOT Mopeni po3BWTKY ranysi kapTonnspcrea 3a
3aBgaHHaAM 17.00.03.19 M «[igBULLEHHS NPOAYKTUBHOCTI
HaCiHHEBOrO Martepiany KapTonni, 0340poBreHoro Biotex-
HOMOriYHUM METOAOM B YMOBAX MiBHIYHO-CXIQHOMO PerioHy
Ykpaitu» ynpogosx 2019-2020 pokiB B ymoBax niBHiu-
Ho-cxigHoro Jlicocteny YkpaiHu B IHCTUTYTI CinbCbKOro
rocnogapctea [lisHiuHoro Cxogy HAAH Ykpainu.

lNpu npoBeaeHHi focnigxeHb Byno nepegbavyeHo BuKo-
pucTaT 0300pOBNeHU BioTEXHONOMNYHUM METOAOM HaCiH-
HEBUI MaTepian TpbOX COPTIB KapTonsi cenekuii IHCTUTyTe
kaptonnapctea HAAH : Leapuk, CkapbHuus i Cnos’sHka.
KinbkicTe 06MiKoBUX pocnuH koxHOro copty 50 LWT., cxema
cafiiHHg — 70 x 25 cm, NOBTOPHICTbL B AOCMi4i TpMpasosa.
lMnoLya obnikosoi AinsHkM — 8,75 M2,

Y pocnigxeHi 6ynm BUKOPUCTaHi Taki perynsatopu pocty
POCIUH:

1. ArpiHoc [ - BinbHi amiHokncnot — 10 % + XiTuH + xiTo-
3aH + rnoko3amii — 6 % (komnaHis «ArpiHoc», Hopgeris);
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2. Berectum, PK — Emictum C 78 r/n, IBiH — 2 r/n MEl —
200-60 r/n, MEF — 400-60 r/n, MEI — 600-60 r/n + mikpo-
enemeHTn y xenatHin ¢opmi: B — 0,3 r/n, Co — 0,024 %,
Cu-09 %, Zn - 09 %, Fe — 2,4 r/n, Mn — 24 r/n,
Mo — 0,06 %, Mg — 3,24 % (3AT «Bucokuin Bpoxaity, YkpaiHa);

3. Bumnen-K (Arponant-Y), B.p. — MEMN-400 — 230 r/n,
MEr-1500 — 540 r/n, rymat Hatpito — 30 r/n, GypTMHOBa
kucnota — 3 r/n (HAM «donuHay, YkpaiHa);

4. Tymicing BP-18 — kanieBa Cinb rymMmiHOBMX KWCROT
20-200 r/n (TOB «ArpoTexHoco3», YkpaiHa);

5. ®ynbsitan Mnoc — dynbsosi kuctotn — 20-85 %,
S -6 %, B-0-15 %, Co - 0-0,5 %, Cu-0-15 %, Fe -
0-4 %, Mn — 0-5 %, Mo - 0-1 %, Mg — 0,7 %, amiHOK1CIIOTK
0-100 r/kr, BypwutnHoBa kucnota — 0—100 r/kr, apaxiguHosa
kucnota — 0—100 r/kr (TOB «ArpoTexHocoto3», YkpaiHa);

OcranHi npenapatn (Mymicbing BP-18 Ta dynbsitan Mrtoc)
3aCTOCOBYBaNMCA B EAMHIN CXeMi Ta Mari 3ararnbHy Hassy [ymaru.

BHeceHHs1 perynaTopis pocTy nig, Yac Beretavii pocrvH kap-
TONMi NPOBOAMIL 3a JOMOMOIOK0 PaHLEBOro obrpuckyBava «Epa»
3 HOPMOIO BHECEHHS pOB04OI piguHK 3 pospaxyHky 300 f/ra.

Cxema 3acTocyBaHHS perynstopiB pocTy, iX HOpMM
Ta CTpOKu 06pobku HaBedeHi y Tabn. 1.

3aknagaHHs gocnidy, Noro po3MilLeHHs B HaTypi 6yno
npoBedeHo 3rigHo 3 «MeToauyHuMK  pekomeHaauismm
LLOAO NpoBefeHHs JocnimkeHb 3 kapTonneto» (Kucenko et
al., 2002) 3 ypaxyBaHHSIM YyCiX BUMOI METOAUKW AOCMIHOI
cnpasu 3a b. O. [locnexosum (Dospehov, 1985). NosTop-
HiCTb B gocnigax TpupasoBa, nnowia obmnikoBoi AinsHKM —
8,75 M23a cxemMami po3MiLLeHHst pociiH 70 x 25 cm. ['pyHT
[OCNIOHOI AINSHKM - YOPHO3EM TUMOBWIA MarnorymycHuWi
cepesHbO CYITMHKOBUMIA, OPHWIA Luap $KOro XxapakTepu-
3ye€TbCA  HACTYMHUMU OCHOBHUMW MOKa3HUKamu: BMICT
rymycy —4,1 %, pH conboBe — 6,3, cyma BBiGpaHWX OCHOB —
31 mr-eks., BMiCT pyxomux chopm cocgropy — 11,3 mr/100 r
'PyHTY, 06MiHHOrO kanito — 9,2 mMr/100 r rpyHTY, BMICT nerko-
rigponisoBaHoro a3oty 3a KopHaingom — 11,2 mr/100 r.

MeTeoponoriuHi yMOBU BigirpatoTb BaXUBY ponb y dop-
MyBaHHi Bpoxar kaptonni. 3asHayeHa KynbTypa Mae aBa
KPUTUYHUX Nepioau, ki 3anexHo Big nepebiry meTeopono-
riYHWX hakTopiB MOXYTb CTaTW BUpILLANbHUMK ANS i PiBHS
BPOXaWHOCTI Ta HACIHHEBOI MPOAYKTUBHOCTI. Takumu nepi-
ofamu € «ByToHi3auis» Ta «opMmyBaHHs Bynbb». OnTtu-
ManbHUMK Ans nepiogy cafiHHS-Cxoau €: cepefHboaoboBa

Temnepartypa nositps 18-22°C, a cyma edpekTuBHUX TEMMe-
paTyp B Liey nepiod He noBuHHa nepesuLLyBaty 565-593°C].
®opmyBaHHS BUCOKUX BPOXaiB KapTonmi BigbyBaeTbCs npu
cepeaHbonobosin Temnepatypi nositps 16-18°C, npw nig-
BuLLeHHi 1T o 20°C ynoBinbHoTECS npouec BynbboyTeo-
peHHs, a npu 29°C i BULLIE — NOBHICTIO NPUNMHSETHCA].

Cnig 3asHaunTy, WO B LiNIOMY MOrOAHI YMOBU nepiody
BereTauii kaptonni B 2019-2020 pp. 6ynu manocnpusTnmai
NS POCTY i PO3BUTKY POCAUH ii Ta OTPUMAHHS LOCTaTHLO
BMCOKOrO BpOXalo. 3a TemnepaTypHUM pexumMom B yCi nepi-
OV POCTY | PO3BUTKY POCIMH KapTonni (Kpim nepiogy cagiH-
Hs-cxogu) Oyno BiOMIYEHO NEPEBULLEHHS ONTUMAnbHOTO
piBHa (Tabn. 2). OcobnmBo HeCnpuSTAMBI YMOBM CKNanuchb
y nepiogy «cxoau-0yToHisauisy Ta «OyTOHI3aLis-LBITIHHSY -
Konu 3a onTumansHux y Ui nepiogn 79 mm ta 100 Mm ona-
ais 'y 2019 poui sunano nuwe 13,3 mm 1a 0 MM BIZNOBIZHO
(ans panHbocTUrnuX coptie) Ta 12,5 i 4,3 mm — (ans cepen-
HbOCTUMUX). [iApOTEPMIYHMIA KOediLiEeHT Yy Ui nepioan He
nepeswLysas 0,3, L0 XxapaKTepuaye iX SK BKpan NOCyLLMNBI.
Y 2020 poui B Len nepiog ymosu 6ynu felo kpatwi. CepeaHs
Temneparypa B nepiog «byToHiawis — UBiTiHHA» y 2019 poui
3Haxoamnack Ha pisHi 23,8-26,7°C i 2020 poui — 26,2—-24,0°C
(rippoTepmiyHmin koediuieHT BignosiaHo 0,1-0,3), Lo 3Ha4HO
YMOBIrbHIOBANO npouec bynb60yTBOPEHHS.

MonepeaHuk kapTonmi — o3uMa niieHnUs. ArpoTexHika
KynbTypu BKIKoYana nyLUeHHs CTepHi Ha rmbuHy 5-8 cM y Ba
crnign no fjaroHani AUCKOBUMM NyLMNbHUKaMK Micns 36u-
paHHs nonepeaHuka. OCIHHIO OpaHKy B ApYri AeKafi XOBTHS
npoBoaunu Ha rmubuHy 27-29 cm. BecHsHun 0B6pobiTok —
3akpuTTsa Bonoru 6opoHamu 36T-1,0 B ABa cniau Ta nepeano-
ciBHa KynbtvBauist Ha 14—16 cM. BHeceHHs fobpus no 4 w/ra
HiTpoamodpockm (N, P, K.) 3 nocrigyto4oto 3apobKoto iX Kyrib-
TBatopoMm. [1iaroToBKy HaciHHEBKX Bynbb OO BUCAMKYBAHHS
posnoymHany 3a 4-5 TkHiB. ycToTa BuUCamKyBaHHs Bynbb
57,1 TuC LWT. Ha rekTap 3a cxemoto 70 x 25 cm. [munbuHa 6-8 cm
BiZ BepxiBku Bynb6 40 BepXiBKM rpedeHs.

Mepwmin MixkpagHWin 06pobiTOK NPoBOAMNIN KyNbTUBA-
Topom KOH-2,8 Ha 7-1 AeHb nicns capiHHg. Bopyre nocisu
06pobnanu Yyepes 6-7 gHiB nicns nepluoro obpobiTky. Mpw
NosIBi CXOAiB KapTomnsi Ta JOCATHEHHS! HUMU BUCOTU 2-5 CM
NpOBOAMIMN X NpUcCUNaHHs. 3a BUCOTU pociMH 12—15 cm
nocis obpobnsanu posunHom repbiuuay TiBiTyc 25 B.L.
MNo3akopeHeBi NigXUBMNEHHS POCAMH KapToMfi po3vynHamm

Tabnuus 1

Cxema gocnigy no BUBYEHHIO COPTOBOI peakLii Ha (hopMyBaHHSA HaCiHHEBOI NPOAYKTUBHOCTI KapToni
npu o6po6ui nocisiB perynatopamm pocty, 2019-2020 pp.

HasBa . Ha3ea npenapary
BapiaHTiB gocnigy Ne BapianTy Ta HOPMU BUKOPUCTaHHSA Crpokn 06poGkm
Be3 npoBeaeHHs no3akopeHeBrx 06po6OK POCIMH y BiANOBIaHI hasm
KOHTpOmb 1 O6pobia pocnu BoaoIo 3aCTOCyBaHHs Npenaparis
Arpinoc [1 (2 n/ra) noyarok GyToHisavii
Berectum, PK, (0,3 n/ra) UBITIHHA
4 Bumnen-K (Arponaint-Y) noyarok ByToHizauii
3acTOCyBaHHS CTUMYISTOPIB POCTY POCIIMH (%3 nira) UBITIHHA
ymatu .
__ Tyvicping BP-18 (0.4 nira) _| 2 P00 POCTUH 510 oM
° __@ynedpitan Mioc (04 nfra) | 3MUKAHHA MIKPAAD
M'ymicping BP-18 (0,4 n/ra) B nepiog byToHizauii
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piCTperyniolunx pevyoBmMH NPOBOAUMN 3riQHO 3 NPOrpaMoro
[ocnifxeHb Y BiAMNOBIAHI Nepioan pocTy Ta PO3BUTKY poc-
nuH. BpaxoBytoun BUCOKI AiEHHI TemnepaTypu Ta NOCYLLNUBI
ymoBu, 06pobkn nocisy (NimKMBREHHS i GyHriLmMAaHI) npo-
Boaunu y BedipHi roguHn (nicns 20.00), konu i Temnepa-
Typa 3MeHLlyBanacb Ta BTUXaB BiTep, TOGTO ymoBW Ans
3aCBOEHHS PEYOBUH NpenapariB i iX epekTUBHICTb 3HAYHO
3poctana. Taka cuctema Aornsgy 3a pocnvHamy LO3BO-
nvna npy MiHimanbHOMY 3acTocyBaHHi repbiuunais (TiBiTyC
25 B.I. — 0,045 kr/ra) TpumaTn MociBy kapTonsi BiZHOCHO
yucTMK Big Byp’siHIB BNPOZOBX YCbOro nepiogy BereTallii.
Ons 6opoTbbu 3 KONOPaACHLKMM XYKOM 3acTOCOBYBan
iHcekTnuma AnTukonopaa Makc 3 Hopmoto BuTpatn 0,15 n/ra
(npoBeneHo 4 06pobkm — ABi 0OCTaHHI NoeaHyBanM 3 06pob-
Kot npoTu xBopob). BopoTteby 3 iTodhTOpOotd, Makpocno-
pio3oM po3nounHanu npu BucoTi pocnmd 15-20 cm, BUKO-
puctoBytoun npu Lueomy y 2019 poui cuctemHi pyHriumam,

a y 2020 poui KOHTakTHO cucTemHi yHriuuan Kocang
2000, BI' Ta 3axuct (aHanor Pugomin long ML, 68 3. n.)
3 HOpMOtO BUTpaTH BianosigHo 1,7 Ta 2,0 kr/ra. Mposogunm
nocnigoBHo 2 obpobkn 3 peKkoMeHOOoBaHWM iHTEPBAIOM.
Ha noyatky BigMMpPaHHS HWKHIX NIUCTKIB POCNWMH KapTomnni
6anunna ckowysanu KIP-1,5. 36upaHHs kapTonni — Bpy4yHy.

CratcTuyHy 06pobKy OTpUMaHMX eKCrepyMeHTasbHIUX
JaHVX BMKOHYBanu 3a 3arafibHOMPUAHATUMU METOAMKaMU
3 BUKOPUCTaHHSAM MeTOoZy AMCNEpCiHOro aHanisy 3rigHo
metogukn b. O. [locnexosa (Dospehov, 1985) 3 Bukopuc-
TaHHAM NPUKNagHUX Nporpam Ans CTaTUyHOro obpobiTky
Ta rpaciuHoro aHanisy.

Pesynsratn. ®opMyBaHHS HaCiHHEBOI NPOAYKTUBHOCTI
NOCIBIB kapToMni B MepLly 3anexuTb Bi peakuii copTy Ha
YMOBW BUPOLLYyBaHHS. EpeKTUBHICTb 3acTOCYBaHHS peryns-
TOPIB POCTY, 3 METOK NiABWLLEHHS 3aranbHOI Ta HaCIHHEBOI

NPOAYKTUBHOCTI, TaKOX 3HAYHOK MIpOK 3anexuTb Bif 6io-

Tabnuugs 2
ArpomMeTeopororiyHi yMoBU pocTy i pO3BUTKY pocinunH kapTtonni, 2019-2020 pp.
. ' . . CepegHs
da3un PO3BUTKY KinbkicTb pi6 '?eyh;nnae?)gv;/?:?é Olﬂ:EII:::LI:\II rIAKI:)oe-:*e)RITé:I":MM Tﬁ::gﬁg::!ga
2019 | 2020 | 2019 | 2020 | 2019 | 2020 | 2019 | 2020 | 2019 | 2020
PaHHbocTurni coptv (Ckap6Huus, Wenpwk)
CapjHHs - cxoan 35,7 46,0
Cxopw - GyToHizauis 24 25 4755 | 4425 13,3 85,1 0,3 1,9 23,8 17,7
ByToHisauis — UBITIHHA 10 1 321,0 276,4 - 1,0 - - 23,7 251
LIBiTiHHS — BigMmpaHHs 6agunns 37 43 851,5 9543 61,7 86,6 0,7 0,9 20,3 22,2
Bcboro 91 99 1971,4 | 1928,2 | 110,7 | 2187 0,5 1,1 22,2 19,5
CepepHbocTurni coptn (Cnoe’sHka
CapiHHs -cxoam 36,5 53,5
Cxoau - BGyToHisaLjs 26 28 5711 536,9 12,5 77,5 0,2 1,4 24,8 19,2
byToHI3auis — UBITIHHS 14 15 333,3 364,3 4,3 13,0 0,1 0,3 23,8 24,3
LIBiTiHHS1 — BigmMMpaHHs 6agunns 39 40 961,8 86,9 61,9 74,6 0,6 0,8 20,9 21,7
Bcboro 102 106 22247 | 2092,6 | 1152 | 218,6 0,4 1,0 21,9 19,8
Tabnuus 3

Bnnue cTUMynATOpiB pOCTy Npy No3akopeHeBOMYy BHECEHHi Ha 6ynbGOYTBOPEHHS POCIIMH KapToniii,

cepenHe 3a 2019-2020 pp.

KinbkicTb Oyns6
BapiaHTu gocnigxeHb WwT/Mm? /
>60mMm | 30-60mMm | >30mMm |  Bcworo Ty
CkapbHuusi
1. Be3 BHeCeHHs (KOHTponb) 3,2 12,6 16,1 31,9 5,58
2. Arpitoc [1 4,2 16,3 19,8 40,3 7,05
3. Berectum, PK 41 14,7 16,6 34,8 6,09
4. Bumnen—K ((Arponant=Y ) 3,8 15,8 17,0 36,6 6,40
5. M'ymatn 44 16,8 19,9 41,1 7,19
LlJedpuk
1. Be3 BHeceHHs (KOHTponb) 45 13,6 18,6 36,7 6,42
2. Arpitoc [1 5,1 16,6 16,9 38,6 6,76
3. Berectum, PK 6,5 16,6 17,3 40,4 7,07
4. Bumnen—K ( Arponant-y ) 6,6 17,0 17,9 41,5 7,26
5. l'ymatu 8,2 18,3 18,3 44,8 7,84
Crios’siHka
1. Be3 BHeceHHs (KOHTponb) 3,3 12,3 13,5 29,0 5,08
2. Arpitoc [1 42 13,8 11,9 29,9 5,24
3. Berectum, PK 43 13,8 12,1 30,3 5,30
4. Bumnen-K ( Arponait-Y ) 4.1 12,1 12,7 30,1 5,26
5. 'ymatn 6,5 14,3 11,4 32,2 5,63
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MoriYHMX 0COBNMBOCTEN COPTIB KApTONAi, NOCIBM SKUX Bynu
06pobneHHi Uieto rpynoto npenapartis (Levin et al., 2016).

Ha nigcrasi npoBefeHnx focnigkeHb BCTAHOBMEHO, LLO
3a no3akopeHeBoi 06pobkn pocnmH KapTonni y nepiog Bere-
Tauii perynsropamu pocTy BUSIBIIEHO 3POCTaHHS 3aranbHoi
KinbkocTi 6ynbb Yy KyLii BIGHOCHO KOHTPOSIbHOrO BapiaHTy
(tabn. 3)-8ig 0,16 go 1,61 Wt/kyLy i 3Ha4HO Mipoto 3arne-
Xarno Bif, COPTOBOI peakLii Ha Aito npenapaty. Tak, y paH-
HboCTUrMoro copty CkapbHMUS Lie 3pOoCTaHHA KONMBAnoch
[0 6,09-7,19 npm 5,58 LT./KyLL, Ha KOHTPOTI.

Peakuia copty LWenpuk Ha 3acTocyBaHHS perynsropis
pOCTy nonsirana y nigBULLEHHI BUXOQY 3aranbHOI KifbKOCTi
6ynb6 3 kywa Big 6,76 Ao 7,84 npu 3HaYEeHHI Ha KOHTpONi
y 6,42 wr./kyw. Y copty Cnos’sHka 6ynsbu dopmysanucs
Ha piBHi 5,24-5,30 Ta 5,06 wT./kyw BignosigHo. BignosigHo
GionoriyHa peakLis cOpTiB Ha 3aCTOCYBaHHS perynsatopis
pocty y lWenpvka ta CkapbHuui npu3sena JO 3HAYHOMO
3pOCTaHHA KinbkocTi Bynbd (oo 22,1 % Ta 28,1 % Bigno-
BiZHO), B TOM Yac y copTy Crnos’sHka 3pocTaHHs 6yno Bigmi-
YeHe nuwe Ha pisHi 3,1-4,3 %.

CTpyKTypHWi aHani3 6ynb60yTBOPEHHS BUSIBUB Mepe-
Bary ApibHoi pakuii kapTonni BCiX COPTIB 3a KiflbKiCHNM
3HaueHHsM. [pu nosakopeHeBux 06pobkax pPOCMUH, He
OVBMSYUCH HA 3POCTaHHS 3aranbHoi KinbkocTi 6ynb6 B KyLui,
BiJ3HAYEeHO 3MEHLUEHHS KinbkocTi Bynbb ApibHOT dpakuii,
3a BUKMIOYEHHSAM BapiaHTiB y copTy CkapbHuus, Oe Kinb-
KicTb ApibHMX B6ynbb 3pocna Ha 0,9-3,8 wT./M2. 3a BUXOAOM
HACIHHEBOI (ppaKLLii COPTM Ha KOHTPOMI Manu Maike oaHa-
KOBI NOKasHWkM Ha piBHi 12,0-13,5 wTt./M2. 3acTocyBaHHs
npenapartis B nocieax copty CkapOHULA NO3UTUBHO BAWM-
HYNO Ha KinbkicTb Gynbb 3 KBagpaTHOro MeTpa. Tak mpu
06pobui nocisis Bectumom, PK ta Bumnenom—K (Arponan-
TOM —Y) Byno oTpumaHo 14,7-15,8 wr./m?, a npu obpobu;
ArpiHocom [ Ta 'ymatamu 16,3-16,8 wwit./m?.

®paKkuiiHWii cknag, KW cknascs y AOCNIMKeHHI B cepen-
HbOMY 3a BapiaHTamu, HaBegeHo Ha puc. 1. [laHi BKasytoTb,
LU0 Ha Jonto ApibHoT dpakuii y BapiaHTax 6e3 3acTocyBaHHs

npenapartis npuxoguTbes B cepenHbomMy 49,2 %. Mosako-
peHeBe BHECEHHS PErynsaTopiB POCTY 3MEHLLYE YacTKy L€l
tpakuii Ha 5,0-7,6 %. MNpu LbOMY Bif3HAYEHO 36iNbLUEHHS
foni kpynHoi cpakuii Ha 1,5-5,3 % Ta HaciHHEBOI (hpaKuii
- Ha 1,5-3,5 %. binblunii BNNMB Ha BUXiA HaCiHHEBOI hpak-
uii manu npenapatu ArpiHoc [ Ta Berectum. HanbinbLa
KiNbKiCTb KpynHuX 6ynbb dopmyBanack npu KOMNIEKCHOMY
3actocyBaHHi [ymartis.

Y pospisi copTiB pakuifiHWiA cknag MaB HaCTyMHY
KOHdpirypauito (Tabn. 4). 3a npoBedeHHS NO3aKOpPEeHEBUX
006pobOK POCMUH KapTonfi Po3YMHaMmK perynatopis pocty
y copty Llenpuk makcumanbHwii Buxig HaciHHa (% Ao
3aranbHol KinbkocTi Bynbb B Kyl y BapiaHTi) BigMiYeHO npu
3acTocyBaHHi npenapaty ArpiHoc [ o 43,0 % (+ 5,9 % po
KOHTpOMt0), y copTy CkapbHULSA npu 3aCTOCYBaHHI npena-
paty Bumnen—K ( Arponant-Y) — 43,1 % (+3,5 %), y copty
Cnos’'sHka — npenapariB ArpiHoc [ — 46,0 % (3,7 %)
Ta Bectum, PK — 45,7 % (3,4 %). Y pasi HeobxigHoCTi ans
HaCIHHEBUX Ljinei MOXIMBO BUKOPUCTaHHS KPYMHOI opakLii.
3a cymapHOI0 YacTKO KpYMHOI Ta HaCiHHEBOT (hpakLin Han-
BinbLuy kinbkicTb Bynbb y copty LWenpuk dopmyoTs pocnu
BapiaHTy 3 No3akopeHeBo 06pOOKO MOCIBIB KOMMIIEKCOM
l'ymatis — 50,1 %, y copty CkapbHuusa npenapatom Bumne-
n-K (Arponant-Y ) — 53,6 % Ta y copty Crnos’sHka komn-
nekcom l'ymatie — 64,7%.

KinbKicHi mokasHWKM nNpUPOCTY HACIHHEBOI bpaKkLii
(puc. 2) BKasylTb Ha iX 3pOCTAHHS MPU MO3aKOPEHEBIN
06pobui nocisiB perynsatopamu pocTty. BuknoueHHsM € Bapi-
aHT i3 3acTocyBaHHsM npenapaty Bumnen—K (ArponanT-Y)
Ha kapTonni copty Cnos’sHka. bionoriuHi ocobnmeocTi cop-
TiB 3HAYHOK MIpOK BNIMBAOTb HA €PEKTUBHICTL 0OPOOKM
perynsaropamu pocTy 3 METO 30ifbLUEHHS BUXOAY HACIHHS
3 kywa. Kpim 3as3HayeHoro copTy Cnos’sHKa, peakLis SKoro
Ha BHECEHHS Npenapary npu3Bena 4o 3MEHLLUEHHS KifbKOCTi
6ynb6 BiZHOCHO KOHTPONMHO, COPTY 3HAYHO PI3HATLCA 3a NPU-
POCTOM KiflbKOCTi HaCiHHEBUX Bynbb Mo KOXHOMY BapiaHTy
3aCTOCYBaHHS perynsaTopis pocty. Hanbinblie BapitoBaHHS
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Puc. 1. ®opmyBaHHs (hpakuiiHoro cknagy 6yns6 B nociBax KapTonni 3anexHo Bif
no3akopeHeBOi 06POOKM NociBiB perynAaTopamu pocTy, cepeaHe 3a 2019-2020 pp.
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napametpa, Lo OOCnimpKyBaBcs, BiA3Ha4eHo npu 06pobu
nocisis npenapaty Bumnen-K (Arponant=Y) — 3,6 wr./kyLy.
HaibinbLue 3HauyeHHs1 3pOCTaHHs BUXOQY HACIHHS 3 Kylua
3a BMKOpUCTaHHsAM npenapaty ArpiHoc [ 6yno BiasHaveHo
y pocnuH copty CkapbHuus 3,7 wr/kyw, y pasi o6pobku
NOCIiBIB KapTonmi iHWUMKU perynatopaMu Binbll YyRHAMK
BusBUNUCS pocnuHu copty LWenpuk. 3 Toukn 3opy 36inb-
LUeHHs KinbkocTi Bynb6 HaciHHEBOI pakuii BusBMOCS
KOMMeKcHe 3actocyBaHHs [ymartiB. BigHOCHO KOHTpOIb-
HOro BapiaHTy npu 06pobui nocisis N'ymatamu BUXia HaCiHHS
3poctae y copty Leapuk Ha 12,8 %, copTy CkapbHuus —
13,1 % Ta copty Crnos’sHka — 6,9 %.

CTpYyKTYypHUIA aHani3 BpOXaWHOCTI 'y COpTiB, LWO
[OCNimKyBanucb, BKasye Ha Te, WO KOemilieHT po3MHO-
XeHHS (BMXi HACIHHS B Mexax HaciHHEBOI (hpaKLii) B KOH-
TPOrbHWX BapiaHTax konueasca Big 2,15 y copty Cnos’sHka
[0 2,38 y copty CkapbHuus (tabn. 5). 3actocyBaHHs pery-
nATopiB pocTy 36inbluyBano Kinbkicte Gynbb, ane nokas-
HUKW cepeaHboi Macu Bynbbu 3HayHOK MIpoo 3anexanu
Bif} 3aCTOCOBaHWX PErynsTopiB poCTY.

KonueaHHa Macy cepefHboi 6ynbbu y BapiaHTax copTy
CkapbHhuus 6yno Big -11,6 o 4,3 %. 36inblieHHs uboro
nokasHuka Big3Havanocb npu 06pobui npenapatamu
Berectum Ta ymatamu. Y copty LLleapuk maca HaciHHEBOI

Tabnuugs 4

Posnogin kinbkocTi 6ynb6 kapTonni 3a po3Mipamu npy No3akopeHeBOMY BHECEHHI PerynsaTopis pocTy,
cepenHe 3a 2019-2020 pp.

BapiaHTy gocnimxeHs DpakuiiHuin cknag 6yns0, % [o 3aranbHOI KinbKOCTi
KpynHa, > 60 mm | HaciHHeBa, 30-60 mm | ApidHa, > 30 MM
CkapbHuus
1. Be3 BHeCeHHS (KOHTpPOnb) 10,0 39,6 50,4
2. ArpiHoc [ 10,5 40,4 49,1
3. Berectum, PK 11,7 42,4 47,6
4. Bumnen-K ( Arponait-Y) 10,5 43,1 46,4
5. l'ymatu 10,7 40,9 48,4
Llledpuk
1. Be3 BHeCEHHS (KOHTPOrb) 12,1 371 50,8
2. ArpiHoc [ 13,3 43,0 43,6
3. Berectum, PK 16,0 41,2 42,9
4. Bumnen-K ( Arponant-Y ) 15,8 40,9 43,3
5. 'ymatn 18,2 40,8 40,9
Croe’sHka
1. Be3 BHeCeHHs (KOHTpOb) 11,2 42,3 46,5
2. ArpiHoc [ 14,1 46,0 39,9
3. Berectum, PK 14,3 457 40,0
4. Bumnen-K ( Arponant-Y ) 13,7 40,3 42,2
5. 'ymatn 20,2 44 4 35,3
5,0

s 4,0 4,2 —

e 2

B3 > 3,4

E E 0 3,0 3,0 31

% g 2,0

=

g 0,2

0,0 Bt

2. ArpiHoc [ 3. Berectim, PK 4. Bumnen—K 5. TymaTtun
(ArponaiT—Y)
-1,0
OCkapbHuua @Allleapvk  EACHoB AHKa

Puc. 2. MpwupicT KinbKocTi HacCiHHEBMX ByNb06 4O KOHTPOMIO MpU
3acToCcyBaHHi perynaTtopiB pocTy, cepeaHe 3a 2019-2020 pp.
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Oynbbn y BapiaHTax 3 npenapatamu Gyna Ha piBHi KOHTp-
onto, abo noctynanacsk nomy (-8,4-0,5 %). Copty Crnos'sHka
3HKYBAB Macy OHIEI cepefHboi HaCiHHEBOI Bynbbu npu
06pobLi perynaropamut pocTy BiAHOCHO KOHTPOMNbHOTO Bapi-
aHty. Tak npu 3actocyBaHHi ['ymartis Ta Berectvima 3HWXEHHS
cknano 10,1 Ta 9,3 BignoBigHo. TakMm YMHOM, NO3aKOPEHEBA
0bpobka nocisiB kapTonni B 6inbLIOCTI BUNaAKiB npussoauna
[0 3HWKEHHS MoKasHWka macu cepefHboi 6ynbbu, Wwo Ha
npsiMy BAMWHYNO Ha BUXi4 NOCAAKOBOrO Matepiany.
BpaxoBytoun pisHy peakLito COpTiB Ha MO3aKOPEHEBY
06pobKy nocisi kapTonsi opMyBaHHAM KinbKoCTi Gynbb
Ta iX cepegHboi Macy, Le Npu3Beno 40 3HA4YHOro Bapito-
BaHHS HACIHHEBOI BPOXaMHOCTI y BapiaHTax. Tak, y copTy
CkapbHuus obpobka Bumnenom-K npuasena 40 3pOCTaHHs
HaCiHHEBOI NPoAYKTMBHOCTI Ha 9,8 % BiAHOCHO KOHTPOMIO,
npu 3actocyBaHHi [ymaTiB 3pocTaHHs 36inbmnocs o
35,6 %. Y Bcix BapiaHTax i3 perynsatopamu pocTy B nociBax
copty Wenpuk npu 3poctaHHi HaCiHHEBOI BPOXANHOCTI Bapi-
t0BaHHS 3HA4YHO MocTynanock copTy CkapbHuus. Tak MiHi-
MaribHe 3pOCTaHHS BPOXANHOCTI y BapiaHTi i3 BeHecTMom
cknano 16,0 %, MakcumarbHe 3Ha4eHHs Bif3Ha4YeHo y Bapi-
anTi 3 lN'ymatamun — 29,0 %. Copt Cnos'aHKka Big3HauMBCS
MEHLLOK peakuieto Ha 06pobky mMociBiB perynstopamu
POCTY (3pOCTaHHs BPOXaMHOCTI HACIHHEBOI (hpaKkLii cknano
3,2-14,8 %). HaibinbLumin npupicT Big3HayeHo y BapiaHTax
3 Bumnen—K (12,0 %) ta ArpiHoc [1 (14,9 %). MakcumansHa
HaciHHEBA BpOXaWHiCTb B po3pisi copTiB Gyna B BapiaH-
Tax 3 HacTynHMM 3acTocyBaHHAM npenapartiB: Ckapb-
Huus — M'ymatu (8,31 1/ra); Wenpuk — Arpinoc [1 (8,78 T/ra)
Ta [ymatu (8,80 1/ra); Cnos’aHka - ArpiHoc [1 (6,89 T/ra).
Buxig HaciHHEBOI hpakLii 3Ha4HOK MipOl0 KOMMBaBCA
Big GionoriyHoi peakuii copTiB Ha 06pobKy nocisiB peryns-
Topamu pocTy. BigHocHo koHTponto, y copTy Ckap6Huus
HaciHHEBa (bpakuis B CTPYKTYpi BPOXaWHOCTI 3pocTana

Big 0,4 % (Arpitoc [) oo 4,5 % (Bectum, PK). B nociBax
copty LWenpwuk BapiaHT i3 3acTocyBaHHAM 'ymaTiB BiACOTOK
HaCiHHEBOI dhpakuil 3HWXyBaBcsa Ha 2,4 %, npu BecTumy,
PK cTpyKTypHi nokasHuku Gynu Ha piBHI KOHTPOMO NokKas-
Hukn. Obpobka Bumnenom—K (Arponant-Y ) naBana 3Ha-
YeHHs! 6nuabkumm fo kKoHTponto (+ 0,4 %). Nuwe 3a 06pob-
KO perynsatopom pocty ArpiHoc [ BiA3HA4Y€HO 3pOCTaHHs
Ha 5,8 %. Buxig HaciHHeBOI dbpakuii y kpynHobyns60B0ro
copTy CnoB’siHka Malixe y BCiX BapiaHTax 3HWXYBaBCS Bif
0,5 % (Bectum, PK) no 6,7 % (lymatu). 3pocTaHHs Big3Ha-
YeHo nuLle y BapiaHTi 3 06pobkoto nocisis ArpiHoc [.

OOGroBopeHHsA. [lpobnema noctavaHHs Ta 3abesne-
YEHHSI rocnoJapcTB BCiX POpM BACHOCTI BUCOKOSIKICHUM
HaCIHHEBUM MaTepianiom KapTonfi BUCOKUX reHepaLin
B YKpaiHi € gocuTb roctpoto. MiaBULLEHHS BUXOAY HACIHHS
3 OOMHULI NMoLLi BHACNiZOK 3aCTOCYBaHHA CTUMYMSTOPIB
POCTY € OHMM 3i LUNsAXiB BU3Ha4YeHoi npobnemu. Takin nig-
Xin € poctatHbo BuBYeHuid (Murashev et al., 2020; Ekin,
2019; Vladimirov et al., 2019), ane 3Ha4yHe pi3HOMaHITTS
npenaparis, YyTNMBICTb IX O YMOB BUPOLLYBaHHS KapTONnms,
a Takox bionoriyHi peakuii copty (Neverov et al., 2018;
Magomedov et al., 2021) copmytoTb LUMpPOKe norne Ans
[JOCMigKeHb BNAUBY PerynsatopiB pocTy Ha (hOpMyBaHHS
BPOXanHOCTi Bynbb Ta BUXiA, HACIHHS 3 OAMHWL NAOLL.

B pesynbrati JocnigpkeHb BCTAHOBIEHO, LLIO B YMOBax
niBHIYHO-CXigHOro Jlicocteny BCTAHOBMEHUA MNO3UTUBHUN
BMMMB BCIX Npenaparis, IO BHOCWUNUCH, Ha (HOPMYyBaHHS
HaCIHHEBOI NPOAYKTUBHOCTI. BpoXanHIiCTb 3HAYHOK MIpOHO
3anexana Big coptoBux ocobnusocten. CepeaHint y copTy
BaroBMM BMXi HaCiHHA B BpOXanWHOCTI Oynbb cknagas Bifg
40,5 % y copty Wenpuk go 45,9 % y copty CkapbHuus.
3acTocyBaHHs ['ymaTiB B GinbLLIOCTI BUNaaKiB 3Ha4HO 36inb-
LUyBanM HaCiHHEBY MPOLYKTUBHICTb, ane B CTPYKTYpi BPO-
XaMHOCTI 1X Bara 3Ha4HO MoCTynanacst KOHTPOnHo.

Tabnuus 5

CTPYKTYpHi NOKa3HMKMU HaciHHEBOI dhpakuii kapTonni pisHUX copTiB, chopMOBaHi B 3aN1eXKHOCTi
Bif 06po0KM NociBiB perynsatopammu pocty, cepeaHe 3a 2019-2020 pp.

inbKi Buxia HaciHHeBoOI dypakuii
BapiNaQHTiB BukopucTaHi npenapartu Hléltl:-:::g:;ubx :??r:ylﬁ.l.ly:bkﬁr 1 ceng:zzbo]‘ no maci 6ym:%p
6ynu6 ’ 6ynuo, r % | TIra
CkapbHuus
1 be3 BHeCEHHS (KOHTPOIb) 2,38 0,12 55,2 44 4 6,13
2 ArpiHoc [ 2,91 0,15 54,3 44.8 7,30
3 Berectum, PK 2,91 0,15 56,5 48,9 7,29
4 Bumnen-K (Arponait -Y) 2,97 0,13 48,8 44 6 6,73
5 Mymatu 3,20 0,17 57,6 46,9 8,31
Llledpuk
1 Be3 BHECEHHS (KOHTPOIb) 2,21 0,14 59,6 39,7 6,82
2 ArpiHoc [ 2,85 0,18 59,9 455 8,78
3 Berectum, PK 2,58 0,16 54,6 39,7 7,91
4 Bumnen-K (Arponawt -Y) 2,76 0,16 56,8 40,1 8,23
5 l'ymatu 2,94 0,18 56,7 37,3 8,80
Cnoe’sHka
1 be3 BHeCEHHS (KOHTPOIb) 2,15 0,11 49,8 42,4 5,30
2 ArpiHoc [ 2,41 0,14 57,2 43,6 6,89
3 Berectum, PK 2,42 0,12 51,4 411 6,16
4 Bumnen-K (Arponait -Y) 2,12 0,11 55,8 41,9 5,70
5 Mymatu 2,50 0,12 51,9 35,7 6,21
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Cnig 3asHauuTK, IO NOCAZKOBWMI MaTtepian KapTonni
BiNnbLLIOK MIPOKO AOLINBHO PO3IMsAAATH He 3 TOYKY 30pYy Baro-
BUX NOKa3HWKIB, a KinbKOCTi Oynbb npuaaTHUX Ans BUCAOKM.
Ak nokasanu [LOCRiOXEHHS, 3aCTOCYBaHHS CTUMYMSATOPIB
pocTy (hpakuiiHWi cknag nig Aieto npenapatiB y cepen-
HbOMY N0 Aocnigy 36inblyBaBCS B CTOPOHY HaCiHHEBUX
6yneb Big 1,7 % (Bumnen—K) no 3,5 % (ArpiHoc 1) Ta y kpyn-
Hoi cppakuii Big 1,5 % (ArpiHoc 1) oo 5,3 % (l'ymatu).

B pospisi coptiB Hanbinblwy npubaBky HaCiHHEBUX
6ynbb copmysanu nocisu, ki 6ynu 0bpobneHi N'ymatamu.
CopToM, KM BUSIBMB CTIMKICTb [0 3acTOCyBaHHS npena-
parig, 6byna Cnos’aHka. MakcumanbHe 36inblueHHs koedi-
LiEHTY PO3MHOXEHHS Yy HbOrO BiA3Ha4Yanocb npu 06pobu

l'ymatamu (2,0), a Ha 3actyBaHHs Bumnen-K (Arponant-Y)
POCAUHM 3MEHLLUMIN MOKa3HWK BUXOAY HaCiHHEBUX Bynb6
BiJHOCHO KOHTPOSO.

BucHoBKkuW. Y pesynbrati npoBegeHUX AOCHimpKeHb BCTa-
HOBMEHO, LU0 BUKOPUCTAHHS PErynsTopiB pocTy B MociBax
KapTonni B ymoBax MiBHIYHO-CxigHoro Jlicocteny YkpaiHu nosu-
TUBHO BrNMBaE Ha 36iMbLUEHHS HACIHHEBOI MPOOYKTUBHOCTI,
SIK Y BaroBUX, Tak i KinbkicHUX napameTpax. [pn 3acTocyBaHHi
npenaparis BUsIBNIeHa pi3Ha peakLyist CopTiB Ha BUA npenapary.
HainbinbLw BnnnBoBMM Ha (hOpMyBaHHS MOCaAKOBOrO Marepi-
any BusiBMNach cuctemMa 0b6pobky MOCIBIB i3 3aCTOCYBaHHAM
komnnekcy Nymartie. MeHLLO Mipoto Ha no3akopeHeBy 06pobky
NOCIBIB perynsropamm pocTy pearysas copT CroB’sHKa.
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Variety response to the formation of the yield of clubs when treating potato crops with growth regulators

Potato growing is almost the only branch of the agro-industrial complex of Ukraine, the production volumes of which have
not changed significantly during the last 70 years. At present, about 98 % of total potato production is grown on small farms,
homesteads and cottages, which makes its adjustments to the technology of cultivation.
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Annual potato areas in Ukraine are 1.4-1.5 million ha, and gross production of 18-20.5 million t — about 6 % of world
production (fifth in the world after China, Russia, India and the United States) at yield 12.0-13.9 t/ha, which is much lower
than the biological capacity of the crop. The main reasons for low potato yields are: poor quality of planting material (violation
of the principle of varietal renewal and timely varietal replacement), non-compliance with crop rotation, lack and inefficient
use of fertilizers, plant protection products, non-compliance with basic technology conditions. The main areas of increasing
yields and potato production are: improving cultivation technology, the main link of which is a clear system of seed production,
introduction into the production of new varieties, varietal farming techniques and the use of high-yielding planting tubers.

The quality of seed material of any crop is the basis of its yield. Given the high cost of planting potato tubers, increasing
the reproduction rate of high-generation seeds is a factor in reducing the cost of planting material. The use of growth
stimulants allows not only to increase the yield of seed tubers per hectare, but also to solve it in an environmentally friendly
way. Given the significant number of growth stimulating drugs and their sensitivity to soil and climatic conditions in the case
of application, it is important to conduct a wide range of zonal studies to select the most effective growth stimulants.

The biological reaction of Skarbnytsia, Shchedryk, Slovyanka varieties to foliar treatment of potato crops with growth
regulators Agrinos D, Vegestim, RK, Vimpel-K (Agrolight-U), humate (Gumifild BP-18, Fulvital Plus) was studied in
the researches carried out at the Institute of Agriculture of North-East of NAAS of Ukraine. The object of research were
the processes of formation of seed productivity of the culture under the action of these drugs. It is determined that in
the conditions of the north-eastern Forest-Steppe the positive influence of all investigated drugs on the formation of seed
productivity is established. Peculiarities of biological reactions of varieties to the formation of components of seed productivity
are revealed. The average weight yield of seed tubers was from 40.5 % in the variety Shchedryk to 45.9 % in the variety
Skarbnytsia. The use of humates in most cases significantly increased seed productivity, but in the structure of yield, their
weight was much lower than control.

It should be noted that the planting material of potatoes is more appropriate to consider not in terms of weight, but in
terms of the number of tubers suitable for planting. In structural terms, without crops treatment with growth-stimulating drugs,
the tubers of the small fraction average 49.2 % of the total. Foliar application of growth regulators reduces the share of this
fraction by 5.0-7.6 %, while the fraction of large tubers increases by 1.5-5.3 %, and seed tubers — by 1.5-3.5 %. Agrinos D
and Vegestim had the greatest effect on the yield of the seed fraction. In terms of varieties with the use of growth stimulants,
the fractional composition on average in the experiment increased in the direction of seed tubers from 1.7 % (Vimpel-K) to
3.5 % (Agrinos D). Despite the fact that the biological characteristics of varieties significantly affect the efficiency of treatment
with growth regulators to increase seed yield from the potato bush, it was found that in terms of varieties the largest increase
of seed tubers formed crops that were treated with humates. The increase of the reproduction coefficient of the varieties
Skarbnytsia and Shchedryk was determined by 4.2—-4.7 pieces/bush, respectively. The Slovyanka variety was the least
reactive to the use of drugs. The maximum increase in its reproduction rate was observed when treated with Humates (2.0),
and when using Vimpel — K (Agrolight-U) the plants reduced the yield of seed tubers relative to control.

As a result of the research it is natural to generalize that the use of growth regulators in potato crops in the conditions
of the north-eastern Forest-Steppe has a positive effect on the increase of seed productivity, both in weight and in
quantitative parameters. When using drugs revealed a different reaction of varieties to the type of drug. The most influential
on the formation of planting material was the system of crop treatment using the complex of Humates. The Slovyanka variety
reacted to a lesser extent to foliar treatment of crops with growth requlators.

Key words: potatoes, yield, seed fractions, number of tubers, mass of tubers.
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Y cmammi HageldeHi pesyribmamu Q0CTIOXXEHHST eHepaii MPopocmaHHs 2i6pudHO20 HaCIHHS 3@ y4acmio CKITaOHUX MiX-
sudosux eibpudie ma 8id ix camo3arnuneHHs1 i copmie, a makox 1abopamopHOI cxoxxocmi 8UKOHaHUX y CyMCbKOMY Haujo-
HarnbHOMy agpapHomy yHisepcumemi e 2018 pouj. B okpemux 6riokax kombiHayilt 3a y4acmi 00Hako8oi bambKieCbKoi (hopmu
0osedeHull 3Ha4YHUU 8MIUG Ha eHEePaito NPopocmaHHs 2i6pUdHO20 HaCIHHSI KOMIMTOHeHMIg cxpewyeaHHs. Hanpuknad, ceped
yomupbox KombiHauyit i3 3anuneadyem mixesudosum 2ibpudom binopycskoi cenekyii 212.110-12 pisHuys y nposiei nokas-
Huka cmarosurna 15,2 % 3 HallMEeHWUM 8UPaXeHHSM y KombiHauisx 3 MamepuHcbkumu chopmamu 83.58¢52 i 85.291¢12,
8i0roeidHO, camosanusneHHs1 yomupugudogoeo 2ibpuda ma 00HOpPa308020 beKKpoca wecmusudo8ozo 2ibpuda.

PisHuuys 3a eHepaieto npopocmanHs HaciHHs y m’sasmu kombiHauisx i3 3anumogaqyem sudom S. andigenum 6yna 16,1 %,
fipome y 4omupbOoX (3a BUHSIMKOM B8UKOPUCMaHHS MamepuHCLKO (hopMoto 00HOpa308020 bekkpoca wecmusudogo2o
2ibpuda 86.96¢32) eoHa susisunack 9,9 %. bnusbki 0aHi 00 ukmadeHux ompuMaHi y Homupbox KoMOIHauisax 3a yyacmi
3anunreadeM Mixeudogoeo 2ibpuda binopycekoi cenekyii 212.31-10.

BusieneHut crieyucbidHuUl 8M1u8 KOMIMOHEHMIG CXpeulysaHHs Ha MPOPOCMaHHS 2ibpudHo20 HaciHHS 8rpodoex 5-9 0i6.
Hatikpawi pe3ynsmamu ompumani ceped HaciHHs 3 moxodxeHHsam 86.96¢32 x S. andigenum — 28,3 %. ocumse gucokumu
80HU bynu we 8 mpboX NOMyrIAuisx 3a yyacmio 8udy. BuHAMoK cmaHo8uUIo 8UKOPUCMaHHS MamepuHCbKOK (hopMoro 080-
pa308020 bekkpoca wecmusudosoeo 2ibpuda 89.721¢81 - 9,2 %.

Y 54,1% kombiHauili nabopamopHa cxoxicmb HaciHHs: cmaHosura 90 % i binbuwie 3 MakcumarnbHUM MPOsIBOM MOKa3HUKa
8 2ibpudHoeo HaciHHs LLledpuk x lModonis — 96,8 %. B iHwoi nonynayii 3a yyacmi 32adaHoi MamepuHCLKOI (hopMU MaKox
ompumaHi 8ucoki pesynbmamu — 95,4 %.

Hatisuwa eHepeisi npopocmaHHsi HaciHHS 8i0 camMo3anureHHs susienieHa 8 copmy Ipbuubka (90,8 %) ma mixsudosux
2ibpudie 81.436¢4 i 81.1546¢103 — no 90,0 %. [MpomunexHe cmocysanocb copmy AHika (76,0 %) ma 00Hopa308020 bek-
Kpoca wecmugudogozo eibpuda 85.291¢c12 (77,2 %). MakcumanbHy nabopamopHy CXOXiCmb Maso HaciHHS 8id0 camo3anu-
neHHs: copmy Mexupiyka — 96,0 % ma yomupueudogozo 2ibpuda 81.1546¢103 — 97,5 %. BusisneHo, w0 3a eHepeaieto npo-
pocmaHHs1 2ibpudHe HaciHHs1 nocmynuock gudineHoMy 8i0 camo3anuneHHs copmig Ha 6,0 %, a mixeudosux 2ibpudie — Ha
5,2 %, a wodo nabopamopHoi cxoxocmi ue, 8idrnoesioHo, cmaHosuso 3,7 ma 3,1 %.

Jluwe & okpemux kombiHauisx: 90.691/21 x CeimaHok kuiscbkud, 81.397¢50 x 212.31¢10 i 891.1546¢103 eHepeis npo-
pOCMaHHs HaCiHHS Byria U0, HiX y HaCiHHI 8id0 camosanuneHHs. BodHovac, e monynsuii 83.58¢52 x 212.110-12 pisHuys
gusieneHa Halibinbwor ma eid’emHoo — 16,1 %. LJodo nabopamopHoi cxoxocmi HaciHHsS minbku 8 080X KoMOiHauisix:
90.691/21 x CeimaHok kuiecbkuti i 81.397¢50 x 212.31-10 pisHuuss 3 mamepianom 6i0 camo3arnuneHHs byna dodamHoro,
Xoya i 3 Hegenukoto pisHuyer — 0,2 %.

Knrovoei cnoea: kapmonns, cknadHi mixeudosi 2ibpudu, copmu, 2i6pudHe HaciHHS, HaciHHsI 8i0 camo3arusieHHs,
€Hepeisi NpopoCMaHHs HaciHHS, nabopamopHa CXOXiCmb.

DOI https://doi.org/10.32845/agrobio.2021.3.5

Beryn. Kaptonns — HamBaxnuBia y CBiTi Xap4yoBa | AOCArHEHHsIM cenekuii KynbTypu, OCHOBY $IKOi CTaHOBWTb
kynetypa (Meenakshi Kumari et al., 2018). Cepen CBIiTOBOrO | reHeTW4He Pi3HOMaHITTS BUXigHOrO Matepiany ans ribpugm-
BUPOOHMLTBa Oynbb Bnnsbko 66 % BukopucToByeTbea Ak | 3auii (Hayder et al., 2007; Yermishin et al., 2021), 3HauHy
xa, 12 % — sk kopm ansa 1BapuH i 10 % — gk HaciHHg (FAQ). | YacTuHy sikoro cknajatoTb OUKOPOCH Ta KynbTypHi BUAu
3HayHo Mipol BWKrNafeHe cTano peanbHicTio 3aeasku | (Kiru & Rogozina, 2017). Hessaxatouu Ha MiKBUAOBY
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HECYMICHICTb B MpoLeci MiXBWOoBOI ribpuausauii kaptonni
(Pershina & Trubacheeva, 2016; Gavrilenko & Yermishin,
2017; Anisimova, 2017; Polyucjvich, 2018), yce 6inblue
[MKOPOCIINX Ta KYNbTYPHUX BUZIB 3a5y4aroTbCs Y CEnekLUinHy
npakTuky. 3aBAsKK reTeposncy, OCHOBAHOMY Ha retepoare-
niami (Muthoni et al., 2012), 3Ha4yHa YacTUHa MDKBMOOBMX
ribpugis nepesulLlye COPTW-CTaHAAPTM 3a MPOSIBOM YUC-
NEHHMX rocnogapcbko-LiHHMX o3Hak (Podhaietskyi, 2012;
Podhaietskyi et. al., a, 2019; Podhaietskyi et. al., 2020). Kpim
LbOro, nuile 3aBasikW iHTPOrpecii €HEeKTUBHUX TEHIB KOHTP-
OMto CTIMKOCTI NPOTY YMCNEHHMX 30yaHUKIB XBOPOD, LUKIOHW-
KiB Bif cniBpOAMYIB KynbTYpHOI kapTonni y coptn (Rogozina
& Khavkin, 2017) Bganocs BUpiLLMTM Npobnemu, ski cTaBunm
MiZ, CYMHIB MOXNWBICTb BUPOLLYBAHHS KyTbTYPU.

3rigHO cxemu, CenekuinHui npouec kapTonni nouMHa-
€TbCA 3 ribpram3aLlii Ta BUPOLLYBaHHS CiSHLIB NEepLIOro poky
(Bondarchuk et al., 2019). Came Big uMx eTaniB 3anexurb
3aranbHun obcar ouiHBaHUX ribpuaiB i CisHUIB Big camosa-
nuneHHs. CKnagHoLL Y IX BUKOHaHHi CnocTepiralTbes AoChig-
HV1Kamm noBcsikyac. Pesynbrati ekcnepumenTis (Sobran et al.,
2021) cBigyatb, W0 Ans ribpuamsaLii, y ToMy Yucni 3a y4acTio
MDXBMOOBKX TiBpUAIB, CNPUATANBUM 30BHILLHIM KOMMNIEKCOM
€ ymoBM YkpaiHcbkux Kapnart. Jluwe B okpemi poku y Libomy
MicLi He BOA€ETLCA OTpUMATH ribpuaHi srogw.

He MeHLW BaxnuBuM Ans CENekUinHOro npoLecy € Cxo-
XicTb BOTaHIYHOrO HaciHHA kapTonni. 3rigHO pesynbraTis
pocnimxkerHs  (Hniteckyi, 2021) y okpemux KombBiHaLisix
yacTka npopocnoro HaciHHa 6yna meHwe 80 %, a 3 noxo-
xeHHsm Bepgai x CtpyMok ctaHoBuna Tinbkun 6,9 %. Metoro
eKkcnepymMeHTy Byno BUBYEHHS eHepril NpopocTaHHs Ta nabo-
paToOpHY CXOXICTb MOPUOHOrO HACiHHS, OTPMMAHOrO Bif, Gek-
KpOCyBaHHs MiXBUOOBYX ribpuaiB Ta Big camo3anuneHHs.

Marepianu i metogn pocnimkeHb. BuxigHum mate-
pianoM Ans CXpeLlyBaHHS BWKOPUCTaHI CKNagHi MiXBUM-
[oBi ribpuan 3a yyacti gukopocnux: S. bulbocastanum
Dun., S. demissum Lindl., S. acaule Bitt., Ta kynetyp-
Hux: S. phureja Juz. et Buk., S. andigenum Juz. et Buk.,
S. tuberosum L. BuaiB kapTonni. Y NOXOMXEHHI OKpemumx
kombiHaLin 3anunioBadeM GyB 3pa3ok Buay S. andigenum
(A). 3anunioBavi nonynauii 212 otTpumani 3 IHCTUTYTY Kap-
TonngapcTBa Ta oBodiBHMUTBA HAH pecny6bnikm binopychk.
Byksoto «[M» nosHavanuck ribpuan [Monicbkoro pocnia-
Horo BigainexHs IHctutyty kaptonnapctea HAAH YkpaiHu.
TakoX BMKOPWUCTOBYBANOCb HACiHHA BiA CaMO3anUNeHHs
COpTIB Ta MiXBMAOBMX ribpunais.

MeToan BUKOHaHHA €KCNepUMEHTY 3aranbHOMPUNHATI
NS NPOBEAEHHS  CENneKLiNHO-TeHETUYHUX  JOCHigKEHb.
MpopoluyBanu HaciHHA B Yalukax [1eTpi, NoTimM BUPOLLyBanu
y MOCIBHMX SILLMKaX, NMapHUKaxX 3 HACTYMHOW nepecagKkor
y none (Metodychni rekomendacii' shhodo provedennja
doslidzhen' z kartopleju, 2002). YacTuHy HaciHHS ogepxanu
3 Kapnatcbkoro onopHOro nyHKTY IHCTUTYTY KapTonnspcTaa
HAAH Ykpainn (6ykBa «3» nicna Homepa). EHepria npo-
POCTaHHS HaCiHHS BM3Ha4anacb 3a YacTKOK MPOPOCOro
HaciHHSA Ha yeTBepTy A06y nicna HamodvyBaHHS (Zhatova,
2010), a nabopaTtopHa CXOXiCTb Ha AEB’ATUIA AeHb.

Pesynbratu. Ak ceiguate oTpumani gaHi (tabn. 1), 3a
eHeprieto NpopocTaHHs koMBiHaLiT 3Ha4YHO pisHUUCh. MiHi-
MasibHOK BEMMYMHOLO NOKa3HWKa XxapakTepuayBanack nony-
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nauia 3 noxomkeHHam AHika x 96.976/20 — 60,0 %. MNpotu-
nexHe ctocyBanock kombiHauii 1.09-1 x 11.24/46 — 94,0 %,
10670 3 pisHuueto y 34,0 %. BogHouac, cnig Bigmituti, Wwo
y BinbLwocTi KoMGiHaLin eHepris NPOpPOCTaHHS BUSIBUMACh
[OCUTb BUCOKOK. Y 17-TW nonynsuisx vyacTka HaciHHs, sike
HaKMIOHYNoCh y nepui Yotupn fobu, 6yno meHwe 80 %
i TINbKX Y M’ATW BUPaXEHHS NokasHuka 6yno Hwkye 70 %.

BukopuctaHHsi ogHakoBux 3anuntoBaviB abo martepuH-
CbKUX )OpM [O3BONUIIO BUSIBUTK BNIUB KOMMOHEHTIB CXpe-
LLYBaHHS Ha EHEeprilo MPOPOCTaHHA HACIHHSA. Y 4OTMPbOX
nonynaLisx 3anuroBaYeM BUKOPUCTAHO YOTUPUPa3oBUM
6ekkpoc wecTnemaoBoro ribpnaga — 96.976/20. Ak ceigyaTb
OTPUMaHi [aHi, HaNKpaLLOo MaTEepPUHCHKOK (HOPMOKD Ans
3ragaHoro ribpuaa Woao eHeprii NPOPOCTaHHS HACIHHS BUSI-
BuBCS copt 3naroga (87,7 % npopocnoro HaciHHg). MpoTu-
nexHe cTocyBanoch copTy AHIKa 3 HaWMEHLUMM BUpaxeH-
HaM nokasHuka — 60,0 %. TobTo, pisHuLS cepea Lboro Brioky
nonyrnsLii 3a BUpPaxeHHsM nokasHuka ctaHosuna 27,7 %.

Y 4oTupbox kombGiHauisx 3anunioBadeMm OyB Buz
S. andigenum. Y ubOMy BMNagKy Takox Mana micue 3Ha-
YHa pi3HMLSA 3a eHeprield NPOPOCTaHHSA HaCiHHS, WO 3ane-
xano Big ocobnuneocTel GekKpPOCciB MiXBUAOBUX ribpuais.
Harikpalli pesynbtatu oTpvMaHi 3a BUKOPUCTaHHS mate-
PUHCHKOL (DOPMOLO ABOPa30BOro Hekkpoca LLEeCTMBUO0BOIO
ribpnaa 89.721¢c81 — 80,9 %, a HanripLui 3 4BOpa3oBMM Gek-
Kpocom LecTmBuaoBoro ribpuaa 86.96c32 — 64,8 %. Pis-
HULA M nonynsauismu ctaHosuna 16,1 %.

OcobnuBa peakLisi 3a NPOsSIBOM MOKa3HWKa Mana Micue
y 6noui kombiHauin i3 ribpuaom IHCTUTYTY KapTonnsp-
cTBa Ta nnogoosoviBHMUTBa HAH Pecnybnikn Binopycb
212-110-12. Bpanoto maTepuHcbko OpMOK BUSIBUBCS
ofHopa3oBun Bekkpoc n'ATuBMaoBoro ribpuga 81.436¢4
3 4aCTKOK NPOPOCIIOro HacCiHHA Ha yeTBepTy Aoby 83,3 %.
MNpoTunexHe cTocyBanocb MaTepuHCbKOi opmu, opep-
XaHOi Big ~ camo3anuiieHHs 4OoTMPMBMAOBOrO ribpuaa
83.58c52 Ta opHopasoBoro Gekkpoca LIECTUBMOOBOMO
ribpmaa 85.291¢12. Y Hux oTpumaHi gyxe bnuabke Ta HA3bKE
BUPaXeHHs NokasHuka, BianosigHo, 68,1 ta 69,8 %.

Boanvm noegHaHHSM Ons OTPUMAHHS BUCOKOI eHep-
ril NpopocTaHHs HaCiHHA Byno BUKOPUCTaHHS Ginopycbkoro
ribpuoa 212.31-10. B ycix Tpbox nonynsLisix 3a MOro yyacTio
HaNHWXXYWIA NPOSIB NMOKa3HUKa CTaHOBUB 79,5 %, a pisHMLSA Mix
koMBiHaLisiMy BusiBunach MiHiMansHoto y gocnigi — 8,3 %.

3HayHi BIAMIHHOCTI MiX nonynauisiMUA 3@ BUPaXEHHSM
O3HaKM Manu Miclie TakoX 3a Y4acT0 KOMMOHEHTIB CXpe-
LLIyBaHH$ COPTIB Ta MixcopToBux ribpuais. CTOCOBHO copTy
Wenpwuk (MaTepuHcbka popma), cepeq, YoTUpbOX KOMbiHa-
Lin kpawmm 3anuntoBadem ByB ribpua Monicbkoro gocniag-
Horo BigdinexHs M11.17-1 — 83,8 %. MNpotunexHe BigHOCK-
nocb go copty Ipburpka — 70,0 %, TOBTO pisHMLA MK HUMK
ctaHosuna 13,8 %.

Hanbinblwa 4acTka NpoOpOCNnoro HaciHHA BMPOAOBXK
5-9 pobu — 6nmsbko 30 % BUSABNEHA TiflbkW Y 4BOX Nony-
nauisx: 86.96¢32 x A ta Ixacia x 11.23/47. He npopocno
XOOHOI HacCiHWHW Yy Lel nepion y kombiHauii 1.09.62-1 x
11.24/46 | gyxe HU3bKe BUPAXKEHHS1 MOKa3HWKa BigMiYeHO
y nonynauii 81.1546¢103 x 212.31-10 — 4,2 %. Y 20-T1 kom-
GiHauisx 3 37-my yacTka npopocnoro HaciHHa 6yna 90 %
i BinbLwe. BogHovac, y TpboX BOHa He nepesuwmna 76,7 %,
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Tabnuus 1

EHeprist npopocTaHHsa Ta nabopaTtopHa CXoXicTb riopuaHoro HaciHHg (2018 p.)

KombGiHauis 3aknapeHo Ha Enepris ngl(;p:-%no Bcboro npopocro
Ne ’ MoxoaxkeHHA NpPOopPOLLYBaHHS, LUT. MPOPOCTaHHA A00y
WT. % WIT. % . %
1 2 3 4 5 6 7 8 9
1 3naroga x 96.976/20 267 225 | 84,3 23 | 8,6 248 92,9
2 MapTHep x 96.976/20 161 132 | 82,0 14 | 8,7 146 90,7
3 81.386¢65 x 212-110-12 160 125 | 781 23 (144 148 92,5
4 81.386¢65 x 212.47-1 250 215 | 86,0 20 | 8,0 235 94,0
5 81.397¢50 x 212. 31-10 188 165 | 87,8 9 4.8 174 92,6
6 81.436¢4 x 212-110-12 90 75 83,3 8 8,9 83 92,2
7 81.436¢4 x 212.31-10 83 66 79,5 5 6,0 71 85,5
8 81.1546¢103 x 212.31-10 72 61 84,7 3 4,2 64 88,9
9 81.1546¢103 x 212.47-1 65 49 75,4 4 6,2 53 81,5
10 81.397¢50 x 212.47-1 267 205 | 76,8 34 | 12,7 239 89,5
1 83.58¢52 x 212-110-12 72 49 68,1 13 | 181 62 86,1
12 85.291¢12 x 212-110-12 86 60 69,8 6 7,0 66 76,7
13 85.291¢12 x 212.47-1 84 61 72,6 13 | 15,5 74 88,1
14 Awnika x 96.976/20 15 9 60,0 2 133 11 73,3
15 3naroga x 96.976/20 155 136 | 87,7 9 5,8 145 93,5
16 3naroga x 90.676/210 70 53 75,7 10 | 14,3 63 90,0
17 IBaHkiBCbKa p. X 90.676/210 189 136 | 72,0 36 [ 19,0 172 91,0
18 86.96¢32 x A 446 289 | 64,8 | 126 | 28,3 415 93,0
19 89.721c81 x A 251 203 | 80,9 23 | 9,2 226 90,0
20 90.666/19 x A 162 15| 71,0 21 (13,0 136 84,0
21 90.679/8 x 212.31-10 150 14 | 76,0 24 16,0 138 92,0
22 90.679/8 x A 432 334 | 77,3 64 | 14,8 398 92,1
23 90.690/61 x A 167 125 | 749 20 | 12,0 145 86,8
24 90.691/21 x CB. KUiBCbKMIA 181 151 83,4 10 | 55 161 89,0
25 90.694/7 x CB. KuiBCbKWI 40 28 70,0 5 1125 33 82,5
13 I 09.62-1x Okonuus 250 198 | 79,2 34 [ 13,6 232 92,8
23 [Ixacia x 81.459¢18 250 202 | 80,8 28 | 11,2 230 92,0
33 1.09.62-1x .11.32/16 250 188 | 75,2 36 |144 224 89,6
43 [xacia x 1.11.23/47 250 157 | 62,8 84 | 33,6 241 96,4
53 11.09.62-1x M.11.24/46 250 235 | 94,0 0 0,0 235 94,0
63 Mexupivka x 1.11.23/47 234 186 | 79,5 12 | 5.1 198 84,6
73 LWeapwk x Ipbuubka 250 175 70,0 16 6,4 191 76,4
83 Wenpuk x M.11.17-1 99 83 83,8 6 6,1 89 89,9
93 M.09.62-1 x 81.197c14 250 216 | 86,4 20 | 8,0 236 94 .4
103 11.32/56 x AHka 250 189 | 75,6 32 1128 221 88,4
113 LLenpuk x bats 216 178 | 82,4 28 | 13,0 206 95,4
123 Lenpwuk x Mogonis 154 125 | 81,2 24 | 15,6 149 96,8

WO CBIigYATb MPO 3HAYHUMA BMMMB KOMMOHEHTIB CXpPeLLy-
BaHHS Ha BUPaXeHHs nokasHuka. [omixk HaciHHA Big camo-
3aMUNEHHs] HamMbInNbLy EHEprin NPOPOCTaHHA MaB COPT
Ipbuupka — 90,8 % (Tabn. 2). lNpoTunexHe cTocyBanoch
copTy AHika — 76,0 %, T06TO 3 pisHuLeto Mk HUMK 14,8 %,
LU0, BBAXAEMO 3HA4YHUMU BiMIHHOCTAMY Y XapaKTepucTuL
3a NPOSIBOM MOKa3HMKa.

Cepen MixBuaoBuUx ribpuaiB ABa Manu eHeprito npo-
poctaHHs 90,0 %: ogHopa3oBuii GekkpoC M'ATUBMAOBOTO
ribpuaga 81.436¢4 i votupmsugoswi ribpug 81.1546¢103.
HaBnaku, B opgHOpa30oBoro 6ekkpoca  LUEeCTUBMAOBOTO
ribpuaa 85.291¢12 BennunHa nokasHuka ctaHosuna 77,2 %

abo Ha 12,8 % MeHwwe, Hix y 3ragaHoro Buie. Y GinbLoCTi
nonynsuin Big camo3anuneHHs copTiB Ha 5-9 poby npo-
pocna 3HayHa KinbKiCTb HaciHHA. MakcumanbHO Le BusiB-
neHo B copTy AHika — 18,0 %, a HaiMEHLLOK BEMUYMHOK
MoKa3HVKa xapakTepu3ayBaBcs copT Ipbuubka — 4,8 %.

[HWe, NOpPIBHAHO 3 BUKMAAEHUM BULLE, CNOCTepiranoch
cepen MiXBMOOBMX ribpuzaie, ix GekkpociB. 3a BMHATKOM
Tpbox: 81.386¢65, 81.397¢50 i 85.291¢12, BenuymHa nokas-
Huka 6yna meHwe 10 %. MakcumanbHa KinbKicTb Npopoc-
NOro HaciHHA BigMIYEeHa MOMiDK CaMO3anuneHHs LeCcTUBK-
noBoro riopnaa 81.397¢50, a miHimanbHa — 81.436¢4, wo
TaKOX € LUECTUBUAO0BUM riGpuaom.
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Y uinomy, Tinbku cepen camosanuieHHs copty CBi-
TaHOK KUIBCbKMA nabopaTopHa CXOXICTb HACiHHA CTaHo-
Buna meHwe 90 %, a MakcMManbHOK BOHa Oyna B copTy
Mexupidka — 96,0 %. PisHuuUa MiX copTamu BusiBUNachb
HeBenukow — 7,2 %. IHLWe, NOPIBHSAHO 3 BUKIAAEeHUM BULLE,
CTOCYBanocb MiXBMAOBYWX ribpuais, ix 6ekkpocis. Jlabopa-
TOpHA CXOXICTb HACIHHSA Bi CamO3anuneHHs ABOPa30BOro
Hekkpoca 4dotupusuaoBoro ribpuga 90.694/7 craHoBuna
85,0 %, a yotupmemaosoro ribpuaa 81.1546¢103 97,5 %.
Tob6T1o, pisHMUa MK HUMM csarana 12,5 %, WO 3Ha4yHO
Binblue, HdX y copTiB.

Pesynbratv npoBefeHHs MOPIBHSIHHSA eHeprii npopo-
CTaHHs Ta nabopaToOpHOI CXOXOCTi HACiHHS, 3anexHO Bia
Oro NOXOMXeHHs, HaBedeHi y Tabn. 3. 3a nposiBom nep-
LIOr0 MOKa3HMKa 3HAYHO MOCTynanochb ribpuaHe HaciHHS,
MOPIBHSHO 3 OTPUMMaHMM Big camo3sanuneHHsl. PisHuus
MOMiX Camo3anuiieHHs CopTiB Ta ribpuaHUM HaciHHAM CcTa-
HoBuna 6,0 %, a ocTaHHIM Ta camo3anuneHHAM MiXKBUIO-
BUX ribpuais, ix Gekkpocis — 5,2 %. BogHouac, 3anexHo
BiJ BMXiQHOrO matepiany 3a nposiBOM MOKa3HWKa, Pi3HULS
CaMO3anuneHHs CopTiB Ta MXBMZOBUX ribpuzis, ix GeKKpo-
ciB 6yna Hesenukoto — 0,8 %.

[eluo iHwWe cnocTepiranock LWOAO YacTkX NPOPOCIoro
HaciHHa Ha 5-9 foby nicns HamouvyBaHHS. BigMiHHICTL MK
CaMO3anuneHHsM, 3anexHO Big BUXiZHOMO matepiany, cTa-
Hoswvna Tinbku 0,1 %, B ribpuaHOro HaciHHA Lie Bupaxanoch

12,4 %, T06T0 Ha 2,2 % BinbLue, NOPIBHAHO 3 cCaMo3anuneH-
HSIM COPTIB, LU0, BBXAEMO HEBENUKOK Pi3HULIEIO.

3a nposiBoM nabopaTopHOi  CXOXOCTi  BMAIMMNOCH
HaCiHHS Bif CaMO3anuiEHHs COPTIB 3 MPOSIBOM MOKas-
Huka 94,2 % (tabn. 3). Jluwe Ha 0,6 % nocTtynanock omy
CcaMo3anuneHHs MikBuOoBUX ribpuais, ix 6ekkpocis. Haw-
HMXYe BUPaXKEHHS MOKasHMKa BiaMiyeHe cepen ribpuaHoro
HaciHHsA — 90,5 %.

Oo6roBopeHHs. EHeprisi npopocTaHHs HaciHHA Ta nabo-
paTopHa CXOXICTb Mae BENWKE 3HAYEHHs He nuwe Ans
CenekuiHMX Uinen, ane 7 ANa BUPOLLYBaHHA KapTonmi
3 6otaHiyHoro HaciHHg (Kuchumov, 1990; Gordijenko
& Podgajec'kyj, 2000, Podgajec’kyj, 2002). lNMopiBHAHHS
BUKMAAEHNX OaHWX 3 OTPUMaHWMM paHille B AOCHILKEHHI
ribpMaHOr0 HACIHHS, OJepXaHoro 3a yyacTio MIKBMZO-
BUX ribpuai, iX BEKKKPOCIB Ta y pe3ynbraTi CXpeLlyBaHHs
COpTIB CBIiAYMTb, LIO 3@ BUHATKOM [OEKiNbKOX KoMOGiHaLin
manu micue 6nusbki pesynbraTu CTOCOBHO €Heprii npopo-
CTaHHS HaciHHS i, 0cobnmBo, NOro NabopaTopHOI CXOXKOCTI
(Podgajec'kyj et al., b, 2019). B iHwin poborTi (Sobran, 2019)
BCTAHOBIIEHUIN NO3UTUBHUIA BNSIUB HA EHEPTito NPOPOCTaHHS
HaCiHHS1, NabopaTopHy CXOXICTb riGPUAHOrO HACiHHS Okpe-
MUX MaTEepPUHCbKMX hOpM, Hanpuknag, 4BOpa3oBoro Gek-
Kpoca wecTtuBugosoro ribpuga 08.195/73, Ha opHomy
3 eTaniB CTBOPEHHS SIKOTO CXpellyBanu ABa MiKBUOOBI
ribpuan. BogHo4ac, 3a eHeprieto NPopoCTaHHs kKoMOiHaLii

Tabnuuga 2

EHepris npopocTaHHsA Ta nabopaTopHa CXOXICTb HACiHHSA
Bif camo3anuieHHs COpTiB Ta MixBuaoBux riopuais (2018 p.)

KMGIAWR, | Moomamin | npopoiyeann, | npopotramn | na5-dpody | BOorompopocno

B wrT. wWwT. % wT. % wWT. %

1 Aika 50 38 76,0 9 18,0 47 94,0

2 3naroga 250 202 80,8 30 12,0 232 92,8

3 CBiTaHOK KMIBCbKUI 80 61 76,3 10 12,5 71 88,8

4 Mexupiuka 250 212 84,8 28 11,2 240 96,0

5 Ip6uubka 250 227 90,8 12 4.8 239 95,6

6 81.386¢65 70 56 80,0 11 15,7 67 95,7

7 81.397¢50 200 157 78,5 34 17,0 191 95,5

8 81.436¢c4 70 63 90,0 3 43 66 94,3

9 81.459¢18 180 154 85,6 15 8,3 169 93,9

10 81.1546¢103 80 72 90,0 6 7,5 78 97,5

11 83.58c52 120 101 84,2 11 9,2 112 93,3

12 85.291¢12 250 193 77,2 31 12,4 224 89,6

13 90.694/7 20 16 80,0 1 5,0 17 85,0

14 96.976/20 250 221 88,4 18 7,2 239 95,6

15 212.31-10 250 208 83,2 23 9,2 231 92,4

Tabnumusa 3
EHepris npopocTaHHs Ta nabopaTopHa CXOXiCTb HaCiHHA 3anexHo Bif ocobnuBocTen BUxigHoro matepiany (2018 p.)

MoXomKeHHst 3aknapeHo Ha npfgggrrziainﬂ ng?—gogggy nsg;gg;o

A NpPOopPOLLYBaHHS, LT. = % - % T %

li6puaHe HaciHHS 6806 5313 78,1 845 12,4 6158 90,5

copriB 880 740 84,1 89 10,2 829 94,2

Camosananesiss. | Gexkpocis wixanzoBHx 1490 1241 | 833 | 153 | 103 | 1394 | 936

ribpuais
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3 MaTepMHCbLKOK hopMOoto copToM Bepai 3HauHO pi3HMNKCH.
B Halumx JoCnigKeHHSIX BUSIBUNACh MOXMMBICTb NOPIBHATM
32 XKUTTE3LATHICTIO HACIHHSA, OTPUMAHOTO Bif CXpELLYyBaHHS
Ta camosanuneHHs ofHiei 3 GaTbkiBCbkuMX opM. Y ABOX
nonynsuisx 3a yyacTi 3anuntoBadem copTy CBiTaHOK KuWiB-
CbKUN eHepris NMPOPOCTaHHA HACiHHA Mana sk JoaaTHe
(+7,1), Tak i Big'emHe (- 6,3) BiaxuneHHs Bi NposiBy 03HAKM
cepen camosanuneHHs copty (1abn. 4).

3HayHa Ta Bid'eMHa Pi3HULSA Yy NPOSIBI NOKa3HWKa mana
MicLe 3a MOpIBHSHHSA CaMO3anuneHHs LecTUBMA0BOMO
ribpmoa 81.436¢4 Ta AoBOX KOMGiHAUiM 3a WoOro yyacTio:
- 6,7 Ta- 10,5 %. AHanoriuyHe CTOCyBanock CaMo3anuneHHs
yotmpusuaosoro ribpuga 83.58¢52 i 4oTMpPUBMOOBOrO
ribpuga 81.1546¢103. BusBneHe HeBenuke BiOXWUNEHHS
BiJ NpOsIBY MOKa3HWKa ceped CaMO3anuneHHs MiKBULO-
Boro ribpuay 6inopycbkoi cenekuii 212.31-10 i Tpbox nony-
nsauii 3a rMoro yyactio. 3ycTpivyanack §K Bif'eMHa pisHULSA
81.436¢4 x 212.31-10 (- 3,7 %), TaK i foaatHa 3 koMmbiHa-
uismm 81.397¢50 x 212.31-10 i 81.1546¢103 x 212.31-10,
BignosigHo, + 4,6 i + 1,5 %. 3a piakicHUM BUHSATKOM, KOM-
GiHaLji 3a y4acTi MaTepUHCBKOK (DOPMOLD LLECTUBUOOBOIO
ribpmoa 81.436¢c4 Ta caMo3anUNEHHs YOTMPUBMOOBOMO
ribpug 83.58¢52 pisHMUA MiX camo3anuneHHsSM KoMMo-
HEHTIB CXpeLlyBaHHs Ta NOTOMCTBA Bifl CXpeLLyBaHHs, ke
npopocno Ha 5-9 noby, 6yna Big’eMHol0. BuknageHe Takox
CTOCYBanoCb BCbOTO MPOPOCAOr0 HacCiHHSA (nabopartopHa
CXOXiCTb), NpoTe 3 iHwuMu nonynsauiamu: 90.691/21 x Cai-
TaHOK KuiBcbkui i 81.397¢50 x 212.31-10.

3HayHa Ta Bif'eMHa pi3HMLA y NPosiBi NOKa3HMKa Mana
Micle 3a MOPIBHSHHA CamO3anuneHHs LIeCTUBWUAOBOMO
ribpuoa 81.436¢4 Ta gBOX KOMOiHAUM 3a MOro y4yacTio:
-6,71a-10,5 %. AHanoriyHe cTocyBasnocb CaMo3anuneHHs

Tabnuus 4
EHeprisi npopocTaHHA Ta nabopaTopHa CXOXiCTb
HaciHHA KOMMNOHEHTIB cXpeLlyBaHHS i riopuaHoro
(£ mo camo3anuneHHs)

E:_'I;%r_i" I'Iszpg_%no Bcboro
MoxomxeHHsA pOCTaHHs 06y npoeocno
% % 0
P st | 1| 70 | 402
90.694/7 x CB. KUIBCbKUIA -6,3 0,0 -6,3
CBiTaHOK KUiBCbKUI 76,3 12,5 88,8
81.436¢c4 x 212-110-12 -6,7 +4,6 -2,1
81.436¢c4 x 212.31-10 -10,5 +1,7 -8,8
81.436¢c4 90,0 4,3 94,3
81.1546¢103 x 212.31-10 -5,3 -2,1 -8,6
81.1546¢103 x 212.47-1 -14,6 -2,0 -16,0
81.1546¢103 90,0 75 97,5
83.58c52 x 212-110-12 -16,1 +8,9 -7,2
83.58c52 84,2 9,2 93,3
85.291¢12 x 212-110-12 -7,4 -6,3 -12,9
85.291¢c12 x 212.47-1 -4,6 -8,5 -1,5
85.291¢c12 77,2 12,4 89,6
81.397¢50 x 212. 31-10 +4,6 -4.4 +0,2
81.436¢c4 x 212.31-10 -3,7 -3,2 -6,9
81.1546¢103 x 212.31-10 +1,5 -5,0 -3,5
212.31-10 83,2 9,2 92,4

42

yoTtmpmemaoBoro riopmaa 83.58¢52 i 4oTMpPMBMAOBOrO
ribpmaga 81.1546¢103. BuaBneHe HeBenuke BigXUNEHHS
Bi, NPOsIBY MOKasHWKa cepes CamO3anuieHHs MiXBUAO-
Boro ribpuay 6inopycekoi cenekuii 212.31-10 i Tpbox nony-
nsLin 3a Moro ydyacTi. 3ycTpivyanach §K Big’€MHa pisHULS
81.436¢4 x 212.31-10 (- 3,7 %), Tak i pogatHa 3 KombiHa-
uismu 81.397¢50 x 212.31-10 i 81.1546¢103 x 212.31-10,
BignosigHo, + 4,6 i + 1,5 %. 3a pigkicHUM BUHSTKOM:
KOMGiHaLlii 3@ y4acTio MaTepUHCHKO (DOPMOID LLECTUBU-
noBoro ribpuaa 81.436¢4 Ta camo3anuieHHs YoTMpUBY-
posoro ribpua 83.58¢52 pisHULA MK caMo3anuiieHHsam
KOMMOHEHTIB CXpeLLyBaHHS Ta MOTOMCTBA 3a iX y4acTio 3a
4aCTKOK HaCiIHHS, sike npopocio Ha 5-9 foby byna Big'em-
HO. BuknageHe Takox CTOCYBanoCb BCbOro MpPOPOCOro
HaciHHS (nabopaTtopHa CXOXICTb), MPOTE 3 iHWWMMK nony-
nauigmu: 90.691/21 x CsitaHok kuiBcbkui i 81.397¢50 x
212.31-10.

BucHoBku. B okpemux 6rnokax kombiHauin 3a ydyacTi
O1HAKOBOI BATLKIBCHKOI (POPMU AOBEAEHMWIA 3HAYHUIA BMNWB
Ha eHeprito NPOPOCTaHHS ribPMOHOrO HaCiHHA KOMMOHEHTIB
cxpeLlyBaHHs. Hanpuknag, cepen cepes 4oTUPbOX KOMOGi-
HaLin i3 3anunoBaYemM MiKBMZOBUM ribpuaom Ginopycbkol
cenekuii 212.110-12 pisHuLs y NposiBi NOKa3HWKa CTaHo-
Buna 15,2 % 3 HaMEHLUM BUPAXEHHAM Yy KOMOGiHaLisx
3 MaTepuHcbkuMmn dpopmamm 83.58¢52 i 85.291¢12, signo-
BiJHO, Camo3anuneHHs YoTUpMBMAOBOrO ribpuaa Ta OfgHO-
pa3oBoro 6ekkpoca LLecT1BMO0BOrO ribpuaa.

PisHuLs 3a eHeprieto NPOPOCTaHHS HACIHHSA Y M'ATU KOM-
GiHauisx i3 3anunioBavem Buagom S. andigenum ctaHoBUNa
16,1 %, npoTe y 4OTUPLOX (3@ BUHATKOM BMKOPUCTAHHS
MaTepUHCHKOK (HOPMOK0 O4HOPAa30BOro Gekkpoca LIecTu-
BuaoBoro ribpuga 86.96¢32) BoHa Gyna 9,9 %. Bnusbki
[JaHi [0 BMKNageHUX OTpUMaHi y 4YoTuMpboX KomBiHaulisx
3a yyacTio 3anunioBadyeM MiKBMOOBOro ribpuaa Ginopych-
koi cenekuii 212.31-10. BusBnenuii cneuudivHuii BNnvB
KOMMOHEHTIB CXPELLYBaHHS Ha MNPOPOCTaHHs ribpuaHoro
HaciHHS BNpogoBxX 5-9 fib. HameuLi pesynstati OTPUMaHI
cepef HaciHHS 3 noxomkeHHsam 86.96¢32 x S. andigenum —
28,3 %. [Jocutb BUCOKMMU BOHM Bynu Lie B TPLOX Nonyns-
uisx 3a yvacti Bugy. BUHSATOK CTAHOBMNO BUKOPUCTaHHS
MaTepUHCHKOK (hOPMOI0 BOPA30BOro Gekkpoca LeCcTuBu-
poBoro ribpuga 89.721¢81 — 9,2 %. Y 54,1 % kombiHauin
nabopartopHa cxoxicTb HaciHHa ctaHoBuna 90 % i GinbLue
3 MakCUMMarnbHUM NPOSIBOM NOKa3HWKa B ribpuaHOro HaciHHS
LWenpwuk x Mogonis — 96,8 %. B iHWoi nonynsuii 3a yyacTio
3raflaHoi MaTepUHCbKOI (POpMU TakoX OTPUMaHi BUCOKi
pesynetatn — 95,4 %. HamBuwa eHepria nNpopocTaHHs
HaCiHHS Bif, camo3anuneHHs BCTaHOBMNEHa B copTy IpbuLibka
(90,8 %) Ta mixsuaoBux ribpuais 81.436¢4 i 81.1546¢103 —
no 90,0 %. MpoTunexHe crocysanock copTy AHika (76,0 %)
Ta ofHopas3oBoro Oekkpoca LIECTUBMAOBOMO ribpuaa
85.291¢12 (77,2 %). MakcumanbHy nabopaTopHy CXOXICTb
Mano HaciHHS Big camo3anuneHHs copTy Mexwupivka —
96,0 % Ta yotupmsmaosoro ribpuaa 81.1546¢103 — 97,5 %.
BusBneHo, Lo 3a eHeprieto NpopocTaHHs ribpuaHe HaciHHS
NoCTynanocb BUAINEHOMY Bif, caMO3anuneHHs CopTiB Ha
6,0 %, a mixBnaosux ribpuais — 5,2 %. LLogo nabopatopHoi
CXOXOCTi Ue, BignosigHo, ctaHosuno 3,7 1a 3,1 %. Jlnwe
B okpemux kombiHauisx: 90.691/21 x CsiTaHOK KUIBCbKWNA,
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81.397¢50 x 212.31c10 i 891.1546¢103 eHepria npopo- | Logo nabopaTopHOi CXOXKOCTi HACIHHA TiNbKW Y ABOX KOM-
CTaHHS HaciHHA Oyna BWLLOK, HX Y HacCiHHI Big camo3a- | GiHauiax: 90.691/21 x CsitaHok kuiBcbkun i 81.397¢50 x
nuneHHs. BogHouac, B nonynsuii 83.58¢52 x 212.110-12 | 212.31-10 pisHuus 3 matepianom Big camo3anuneHHs byna
pi3HMUS BMSIBUNAch Hanbinblio Ta Big'emHow — 16,1 %. | momaTtHo, xo4a i 3 HeBenukoto pisHuueto — 0,2 %.
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Germination energy and field similarity of potato seeds from crossing and self-pollination

the article presents the results of the study of germination energy of hybrid seeds with the participation of complex
interspecific hybrids and their self-pollination and varieties, as well as laboratory similarity performed at Sumy National
Agrarian University in 2018. In separate blocks of combinations with the participation of the same parental form, a significant
effect on the germination energy of hybrid seeds of crossbreeding components has been proved. For example, among
the four combinations with pollinator interspecific hybrid of Belarusian selection 212.110-12, the difference in the manifestation
of the indicator was 15.2 % with the least expression in combinations with maternal forms 83.58s52 and 85.291s12,
respectively, self-pollination of four-species hybrid and single backcross hybrid.

The difference in seed germination energy in five combinations with the pollinator of S. andigenum was 16.1 %, but in
four (except for the use of the mother form of a single backcross of the six-species hybrid 86.96s32) it was 9.9 %. Similar
data to the above were obtained in four combinations with the participation of the pollinator interspecific hybrid of Belarusian
selection 212.31-10. The specific influence of crossbreeding components on the germination of hybrid seeds within 5-9 days
was revealed. The best results were obtained among seeds with origin 86.96s32 x S. andigenum — 28.3 %. They were quite
high in three more populations involving the species. The exception was the use of the mother form of double backcross six-
species hybrid 89.721s81 - 9.2 %. In 54.1 % of combinations, the laboratory germination of seeds was 90 % or more with
the maximum manifestation of the hybrid seed Shchedryk x Podoliya — 96.8 %. In another population with the participation
of the mentioned maternal form also obtained high results — 95.4 %.

The highest energy of seed germination from self-pollination was found in the variety Irbytska (90.8 %) and interspecific
hybrids 81.436s4 and 81.1546s103 — 90.0 % each. The opposite was true for the Anika variety (76.0 %) and the one-
time backcross of the six-species hybrid 85.291s12 (77.2 %). The maximum laboratory germination had seeds from self-
pollination of Mezhyrichka variety — 96.0 % and four-species hybrid 81.1546¢103 — 97.5 %. It was found that in terms
of germination energy, hybrid seeds yielded to self-pollinated varieties by 6.0 %, and interspecific hybrids — by 5.2 %, and in
terms of laboratory germination, it was 3.7 and 3.1 %, respectively.

Only in some combinations: 90.691/ 21 x Svitanok kyivskiy, 81.397s50 x 212.31s10 and 891.1546s103 seed germination
energy was higher than in seeds from self-pollination. At the same time, in the population of 83.568s52 x 212.110-12,
the difference was the largest and negative — 16.1 %. Regarding the laboratory germination of seeds in only two combinations:
90.691/ 21 x Svitanok kyivskiy and 81.397s50 x 212.31-10 the difference with the material from self-pollination was positive,
although with a small difference — 0.2 %.

Key words: potatoes, complex interspecific hybrids, varieties, hybrid seeds, self-pollination seeds, seed germination
energy, laboratory germination.
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BUBYEHHSA ®ITOPI3HOMAHITTSA AONIMHWN PIYKU CUPOBATKA 3 MEPCMNEKTUBOO BUKOPUCTAHHA il

NMPUPOOHUX KOMMIEKCIB B EKOJIOMNYHOMY TYPU3MI
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BoHpapeBa Jliogmuna MukonaiBHa
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CyMcCbKuiA HauioHanbHWiA arpapHui yHiBepcuteT, M. Cymu, YkpaiHa
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KaHauaat 6ionorivyHmx Hayk, CT. BUKnagad

CyMCbKuiA HaUioHanbHWiA arpapHui yHiBepcuteT, M. Cymu, YkpaiHa
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CTYZEHTKa
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B pobomi npedcmaerneHi pe3ynbmamu sug4eHHsI ¢himopisHoMaHimms npupoOHUX Komrnekcie GifsIHKU OONIUHU pidKu
Cuposamku mix cenamu BepxHa Cuposamka ma Hoesocenuusi Cymcbk020 patioHy. [loka3aHo, wjo uiti mepumopii npuma-
MaHHe 3Ha4yHe 8udoee pisHoMaHimmsi, ke npedcmasieHe pociuHamu, Wo Marmp Pi3Hi paHaU OXOPOHU (pezioHarbHul,
OepxxkasHull i MixHapoOHul). Mpyna pociuH MiXHapOOHO20 paHay OXOPOHU € Haubinbwor i eknrodae brussko 50 eudis.
li popmyroms pocnuru, exmoderi 0o «HepsoHozo criucky MCOI». Malixe yci 60HU (OKpiM 00HO20) MarMb HEGUCOKUL
oxopoHHUl cmamyc (LC — 3Haxo0smbcsi ni0 HalMeHWOoto 3a2p03010). 13 yucrna eudis, 8Kmo4YeHuX 00 « Yep8oHOI KHUaU YKpa-
iHu», susieneHo HebazamoyucerbHy nonynsuito Iris pineticola Klokov, a i3 pocnuH, npedcmasnerux y «[lepeniky sudig, siki
nidnsizatomes 0cobnusiti 0xopoHi Ha mepumopii Cymcbkoi 0bnacmiy — Salix rosmarinifolia L. ma Crataegus ucrainica Pojark.
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3HauyHUM € i yUeHOMuUYHe pi3HOMaHIimms, penpeseHmosaHe y2pynosaHHSIMU 800HOI, MO8IMPSIHO-800HOI, SIy4HOI ma f1icogoi
pocruHHocmi. bazame ¢bimopizHoMaHimmsi y KOMIAIEKC i3 pieHUHHICMI0 mepumopii ma binuskicmto Ao HaceneHuX MyHKmie,
y momy qucni i 00 M. Cymu, hopmyroms 06’ekmugHe nidepyHmMs Wodo 3ayyeHHs yiei mepumopii do mypucmuyHoi, pexpe-
auitiHoi ma ekos020-rpoceimHuUUbKoi disiibHocmi. Halbinbw nepcrieKmusHUM € 8rpo8adXeHHsT eKOT02iYH020 mypu3smy,
SKUU noe’sizye y cobi mumaHHs1 EKOHOMIYHO20, CouiaribHO20 Ma eKOT02iYH020 Xapakmepie. 3 Memoro noenubneHHs 3HaHb
npo ghopmysaHHs, cydacHuli cmaH ma QUHaMIKy po38UMKY npupOOHUX Komrekcie 0onuHu piyku Cuposamku, HeObXiOHO
npodosxumu 2eobomaHidHi ma 3005102i4Hi docnioxeHHs 0aHoi mepumopii. OKpim moeo, AouinbHO npusecmu icosuli
Macue 8 ecmemuyHo-rpusabnueuli cmaH, 30kpema, sudanumu CMImMHUKU 3 nodarnblWum obrawmysaHHsIM pekpeayitiHux
30H. 3 epaxysaHHAM bazamozo biopisHoMaHimms mepumopii 00UiNbHO Po3ansHymu i numaHHs Wodo HadaHHs it mpupo-
00XOPOHHO20 cmamycy 3 0bpaHHSIM Kame20pii, sika 003MoIUMBb 5K NOINWUMU 0XOPOHY POCITUHHOZ0 | MeapuHHO20 ceimy,
mak i Hadacmb MOXIIUBICMb pearizosygamu pekpeauitiHy ma mypucmuyHy OisifibHICMb.

Knrovosi crioea: ghimopisHoMaHimmsi, HaBKOMUWHE NPUupodHe cepedosuule, EKOM02IYHUL Mypu3sM, eKonoais MoOUHU,

npupoOHi naHOWagpmu.
DOI https://doi.org/10.32845/agrobio.2021.3.6

Betyn. Ha cyvacHomy etani po3BWTKY TYpPUCTUYHOI
ranysi OgHWM i3 NPIOPUTETHUX HaNPSIMIB CTaNoro po3BUTKY
TEPUTOPI CTaB €KOMOriYHUIA Typu3M. TypUCTUYHUI Cek-
TOp € BWCOKOKOHKYPEHTHWM CEpPENOBHULLEM, SKe 3MYyLUyE
TyponepaTopiB HagasaTW Kpalli nocnyri Ans BigsigyBadis,
wob 3anuwatucs KoHkypeHTocnpomoxHumm (Barkin, 2002;
Bashtovyi et al., 2018). B ekonoriyHomy Typuami, Hiwa
AKOTO MOCTIHO PO3LMPHETLCA HA TYPUCTUYHOMY PUHKY,
GioTMYHI Ta abiOTMYHI KOMMOHEHTW HABKOMULLUHLOMO Cepe-
[0BWLLA BifirpatoTb BUpILLanbHy posib Y CNPUSIHHI CTIRKOCTI
Ta KOHKYPEHTOCMPOMOXHOCTI Lboro Hanpsimy. Cepeg npo-
BiQHUX MOTUBIB TYPUCTCbKUX MOAOPOXEN Ha NEPLUMIA NNaH
BUCTYMaE MParHEHHs NoAei [0 BiAMNOYMHKY B JOHI Mmpu-
poau. 3Bigcy noxoauTb BUCHIB «soft tourismy, WO 03Havae
«M'SIKWA TYPU3M» — TYpU3M 3 M'SKUM JOTVMKOM O NpUPOAMK.
EKOMOriYHWiA Ta CiNbCbKMA 3eneHWid Typu3M TiCHO MOB's-
3aHi 3 eKONOrier0 NANHK, afke NEBHOK MIPOK BUPILLYIOTb
npobnemy ii peabiniTauii Ta eMOLINHOMO 0310POBNEHHS.
JlocnimxeHHs HU3KN BYEHMX JOBOAATD, LLIO eCTeTuka naHa-
LWadTHOro iTOPI3HOMAHITTS YMHWUTL MO3UTUBHMWIA MCUXO-
NOTiYHWI BMAIMB HA €MOLINHWIA | COMATUYHWUIA CTaH NHOAMHN
(Skrebets, 2005; Copylets, 2009; L'ovochkina, 2003). Okpim
TOro, €KOMOriYHWA TYPU3M 3 MOro BENMKUMU pekpeaLlinHnMi
i Ni3HaBaNbHUMM MOXINUBOCTAMM NOKMUKaHWA cchopMyBaTy
CycniflbHy CBIAOMICTb OO0 OXOPOHW Ta paLioHanbHOro
BUKOPUCTaHHS NpUpOAHMX OGaraTcTB, OOHECTW OO0 Noden
aKTyanbHiCTb | BaXKMMBICTb MWUTAHHA 3aXMCTy HaBKOMMWLU-
HbOrO CepeaoBuLLA Bif aHTPOMNOreHHMX BNNMBIB. Y MpoBig-
HUX KpaiHax CBIiTY €KOMOr4YHWA Typu3M CTae CynyTHUKOM
i HeBIA'€EMHOIO YaCTUHOK BCIX BUAIB TYpuU3My, € perynstue-
HUM BaXKenem ynpasriHHS paLioHanbHUM NpYPOSOKOPUCTY-
BaHHSAM, 3aBAsKW MPOCBITHULLKOMY noTeHuiany (Dmytruk,
2002; Kozenja, 2005; Honey, 2008). Okpim Toro, EKOTYpr3m
MOXe ChpusTU PO3BUTKY E€KOHOMIYHOI CKNaJoBOI perioHy
(Hunt, 2015).

[eski aBTOpW BiHOCATL €KOMOriYHUI TypWU3M [0 Mi3Ha-
BaslbHOMO BIAMOYMHKY Ha MPUPOAOOXOPOHHUX TEPUTOPIsIX,
ane OiNbLWICTb AOCNIAHMKIB BBaXakTb, LU0 PO3BUTOK L€
ranysi NOKNUKaHUM BUPILLMTW eKOMOoriyHi npobrnemu npmpog-
HUX naHawadTiB, agxe O4HWM i3 KMHYOBUX acnekTiB rno-
OanbHUX 3MiH € 3HKEHHS X ekonoriyHoi LinicHocTi (Burger
& Joanna, 2000). KonuwwHi nicy i 3annaeHi Nyku sk ocepeku
OiOpiBHOMAHITTA Ta eKOCUCTEMM, SiKi Mirpytodi TBapuHM
BVKOPWCTOBYHOTb B SIKOCTi TUMYACOBMWX NPUTYSIKIB, NEPETBO-
PIOKOTHCA Ha MO3aiKy AerpagoBaHuX AinsHOK. PynHyBaHHS

MiCLlb iCHYBaHHSI BUZiB HEYXUIbHO BeAe A0 3HWXKeHHs Bio-
PI3HOMaHITTS OKpPeMUX ekocucTeMm i Gioccepu y Linomy,
Lo € OfHieto 3 rmobanbHUX Npobnem MoACTBA, BUPILLEHHHO
SIKOi NPUCBSIYEHa 3HaYHa KiMbKiCTb HaykoBMX npaub (Dupuy
& Vifuales, 2018; Wilsey, 2018; Salk et al., 2020; Kaur,
2018; Sui et al., 2018; Rahman, 2018; Segelbacher, 2018;
Cardinale et al., 2011; Mace et al., 2012). Axwo cuTyauis He
3MIHUTLCS, GIOPI3HOMAHITTS HeYXWUIbHO Oyae 3HWXKYBaTUCh
HaBiTb Ha MPUPOZOOXOPOHHUX TepuTopisx. Came opieH-
Tallielo Ha eKororiYHy CKrafoBy MOSICHIOETLCS MiABULLEHa
yBara B OCTaHHi pokv [0 BiABidyBaHHS 3anoBiaHUX OiNsHOK
npupoaun abo micub i3 ManoamiHeHUM NPUPOAHUM CEpeno-
BuLem (Skliar, 2014).

B cBiTi icHye ABi MoZeni ekonoriyHoro Typu3my — aBcTpa-
niriceka, Ae opraHisauis TypuaMmy BigOyBaeTbCcsl y Mexax
OWKOT NpUpOAM Ta 3axigHOEBPOMeWcbKka, KOMM MOAOPOXi
MPOBOAATLCS Y MeXax MPUPOLOOXOPOHHUX TEPUTOPIN.
B YkpaiHi npiopiTeTHO0 MOAEnmio po3BUTKY €KOTYpU3MYy
€ octaHHs (Posohov & Sagaidachna, 2019). OgHum i3 Han-
BaXXIMBILUMX €KONOrYHMX 3aBAaHb KpaiHW € 30epexeHHs
Giopi3BHOMAHITTA POCAMHHOIO Ta TBAPMHHOIO CBITY Ha 3ano-
BiOHWMX TepuUTOPISX Ta NPUPOAHWX NangwadTax 6e3 oxo-
POHHOTO CTaTycy, ki CyryloTb eKONoriYHMMU Kopruaopamm
ans mirpytouunx TBapuH (Skliar et al., 2012; Bondarieva et
al., 2019; Klymenko et al., 2011). 3a ymoB paLjioHansHOro
nigxody A0 OpraHisauiiHUX MUTaHb, €KOMOMYHUA TYpU3M
MOXXe MOKpaLLMTW CTaH NPUPOHUX NaHawadTiB Sk cepeno-
BULLIA iCHYBaHHS PiAKICHWX BUAIB TBApPWH Ta pocnuH. Bigno-
BiOHO, BUSIBNEHHS1 TEPUTOPIN i3 GaraTm BiopisHOMaHITTAM,
LU0 € NepCrneKTUBHUMM ANt BUKOPUCTaHHS y cdepi ekomno-
riYHOro TypuaMy, € aKTyanbHUM MUTAHHSAM, SIKE Mae Barome
coujianibHe 3a4eHHs.

Matepianu i metoan pocnigxeHb. [1o uucna tepu-
TOPi, NEepCrneKTUBHUX [ANS BUKOPUCTAHHS B  EKOJOriy-
HOMY TypuW3Mi, Hanexarb JONMWHU Manux pivoK i, 3okpema,
p. CupoBatka, sika npoTikae no Teputopii CymcbKoro panoHy
Cymcbkoi obnacTi i € niBoto nputokoto p. Mcen. MpoTtsrom
2019-2020 pokiB Oyno 3gilicCHEHEe BMBYEHHSI MPUPOQHUX
KOMMMEKCIB JONUHU LET PiYKkM Y MeXax AiNsHKW, sika OXO-
nntoe TepuTopito Mixx cenamu BepxHs Cuposatka Ta Hoso-
cenuus (puc. 1). TeopeTuyHi metoam H6asyBanucst Ha aHa-
ni3i HaykoBOi MiTepaTypy 3 npobnemaTtuky LOCMImKEHHS
i cynpoBO[XKYyBanucA cucTemarusadieto, knacudikadiero
Ta y3aranbHEHHsM niTepaTypHux aaHux (Sheljag-Sosonko,
1971; Skliar et al., 2020; Korovjakova et al., 2015). B xopi
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NOMbOBMX JOCHIMXEHb NPOBOANNOCH HAaTYpHE OBCTEXEHHS
TepUTOpii, BU3HaYanucs TMNoBi yrpynoBaHHS, siki penpeseH-
TYIOTb BUOOBE Pi3HOMaHITTA fonuHu p. Cruposatku. B npo-
Leci pobotu Bynu BUKOPUCTaHI CTaHAAPTHI rpyny METOLIB:
CNOCTEPEXEHHS, aHamniTUYHUN, KapTorpadiyHun, cTaTuc-
TUYHWIA. B kameparnbHux ymoBax Byno 3gincHeHo 06pobky
repbapHoro matepiany, a TakoX MPOBEAEHO BU3HAYEHHS
HaNEeXHOCTI ONUCaHKUX EKOTOMIB 10 TEPUTOPIN, NepCnekTUB-
HUX NS BUKOPUCTaHHS B €KOMNOTYHOMY TYypU3Mi.

Pesynbratu. 3a gisuko-reorpadiyHum panoHyBaHHSAM
YKpaiHu JoCnimKyBaHWA PerioH 3HaxoamTbes Y mexax Cxia-
HO-EBpONenchLKOl piBHUHK, B JliCOCTENOBIN NPUPOSHIA 30Hi,
CxiaHo-YkpaiHcbkoMy Kpato, B CyMCbKill CXMMNOBO-BUCOYMH-
Hin obnacTi. 3a reoboTaHiYHUM paNOHYBAHHSM TEPUTOPIs
LOCNIMKEHHS 3HaxoanTbest B CymMCbKOMY reoboTaHiyHOMY
OKpYy3i KNeHoBO-NunoBo-4yboBumx, nmMnoso-ay6oBux, ay6o-
BUX, AybOBO-COCHOBMX niciB i nmyyHux ctenis (Marynych,
2003). Moro reonoriuHi yMOBM BU3HAYAIOTLCS MONOXEHHAM
Ha niBHIYHOMY cxumni [HiNpoBCcbKo-LoHeLbKOT 3anaguHu, ae
[LOKEMOPINCBKUA  KpUCTaNiyHMn (DYHOAMEHT 3HAXOQWUTbCS
Ha rmubuHax Big 0,5 go 3,0 kM. Ha gokembpincbkomy dyH-
[AMEHTIi 3ansaratoTb TOBLLI 0Cag0BUX NOPIA Big AEBOHCHKMX
[0 YeTBEPTMHHMX. Hanbinbl AaBHIMK 3 HUX, SKi BUXOASTb
Ha NOBEPXHI0, € KPeNaoBi Mepreni Ta rMuHK, Nicku. AHTPO-
MOreHoBI BigKnaau npeacTaBneHi necamu i neconogioHumum
CYrnUHKamu, BOAHO-NbOAOBUKOBUMM CYTIMHKaMU i nickamu,
[laBHbO03EPHUMMN YTBOPEHHAMU, antoBianbHUMK 1 eono-
BUMMU MiLLlaH1Mu Bigknagamu (Sobolev, 1947).

HwHi, 9K i y reonoriyHoMy MUHYROMY, NOTYXHUM YNHHU-
KOM (DOPMYBaHHS NPUPOOHUX KOMMMEKCIB Ta X BaXIMBUM
KOMMOHEHTOM BUCTYMalOTb NOBEPXHEBI BOAU. Pesynsratom
iXHbOI [iSiNbHOCTI € (hOPMYBaHHA JOMUH PIYOK, @ TaKoxX
reonoriyHuX BiOKNagiB NEBHOro cknagy Ta noTyxHocTi. Ll
X [OBi XapaKTepucTuku, y CBOK 4epry, BiabmBaloTbcs Ha
cTaHi nangwadrTis. JonuHa p. CupoBaTku npeacraBneHa
NPUPOAHUMU KOMMMEKCAMU TepacoBMX ropbuctmx niwla-
HUX PIBHUH 3 AEPHOBO-MIA30NUCTUMU I'PyHTamu, 3 Gopamu

i cybopamu no KopiHHOMY Bepery Ta LUMPOKOO 3amnnasoto.
Ha ny4Ho-60MoTHMX 3annaBHWX PiBHUHUHAX, NEPEBAXHO
Ha NyYHUX i MyYHO-BOMOTHMX TFPyHTaX Ta OMiA30/eHNX
YOpHO3EMax Ha MEeCOBWX CYIMUHKAX, NOLIMPEHi CUIIbHO-
i cepedHbO3BOMOXEHI PI3HOTPaBHI Ta OCOKOBI Nyku, Bepb-
HSIKW, BISIbLLHSKM, OCUYHUKKL. Y CepeaHiii YacTuHi 3annasm
Nnykn — pi3HOTPaBHI Ta NoAeKyau OocokoBi. [puTtepacHa
3annaea 3aWHsTa OCOKOBWMM,  PI3HOTPaBHO-OCOKOBKMM
nykamu, BinbLlUHSAKaMK. Y 3annaBax HasiBHi cTapuyHi o3epa,
3abonoyeHi nesaau i3 BOOHO-60MOTHOK POCIIMHHICTIO.

OpHa 3 HaluiHHILLMX JinsHOK NykiB pasoMm i3 Gonotamu,
03epOoM i KOPIHHUM Beperom NpoCTAraeTbCs y Mexax Tepu-
Topii AocnimkeHHs. Lli HU3WHHI nykn Hikonu He obpobnsnucs
MI0OMHOM, Yepes Lo 3bepernocs ix yHikansHe BiopisHoMa-
HiTTS. Jlicw, Wo yBiAwnmn 0o cknagy obeTexyBaHoi TepuTo-
pii, € CKNagHUM NOEQHAHHAM LUTYYHUX NOCAZOK i 3MiHEHUX
NPUPOOHMX KOMMMEKCiB. BaxrmBow cknagoBoto Teputopii
€ piyka, sika nepeTuHae ii 3i cxopy Ha 3axig. LupuHa BogoToky
30ebinbLuoro cTaHoBUTL 56 M. Bogoiima € micuem chopmy-
BaHHS yrpynoBaHb i3 JOMiHyBaHHAM PoCnunH-MakpodiTie. Ha
NOBEPXHi BOAW Y HEBEMMKMX 3aBOAAX CHOPMYyBanmcs nonyns-
uii psacku manoi (Lemna minor L.)* cepen sKux TpannsoTbes
NOOAMHOKI pocnuHKM cnipogenu GaratokopeHeBoi (Spirodella
polyrrhiza (L.) Schleid.)*. ¥ Boai cnoctepiratotbcs 3apocTi
Kywupy saHypeHoro (Ceratophyllum demersum L.)* Ta Bogs-
HOro >koBTeus BogHoro (Batrachium aquatile (L.) Dumort.)*.
Y niBHIYHIN YacTWHI 03epa, ke chopmyBanocs y pesynerati
nornubneHHs crapuui 3aans BUAoGyTKY Micky, 3HAXOAWUTLCS
PSICHe yrpynoBaHHs rneynkis xoeTux (Nuphar lutea (L.) Sm.)*
i3 NPOeKTUBHUM NOKpUTTAM 25-30 %.

Y npubepexHin 30Hi BOZOWM OOMiHYOThL POri3 LWMPOKO-
nuctun (Typha latifolia L.)*, ouepet 3BuyanHuin (Phragmites
australis (Cav.) Trin. Ex Steud.)* Ta cycak 30HTUYHMI
(Butomus umbellatus L.)*, cnopagnyHO TpannseTbes vac-
Tyxa nogopoxHukosa (Alisma plantago-aquatica L.)*, kyra
o3epHa (Schoenoplectus lacustris (L.) Palla)*, xxabypHuk
3BuvanHun (Hydrocharis morsus-ranae L.)*. o 6eperax

Puc. 1. flonuHa p. CupoBatka Mix cenamu BepxHsa CupoBaTtka Ta HoBocenuus
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PiYKM PO3KMHYMUCS 3apOCTi ripyaka novevynHoro (Persicaria
maculosa Grey.)* 3 npoekTBHUM NOKpUTTAM 60 % Ta cigaya
koHonnesoro (Eupatorium cannabinum L.). TNpubepexHa
POCAVHHICTb NpeACTaBneHa pisHOMaHITTAM TakuX rigpodisib-
HUX BUAIB SK komuLL nicosun (Scirpus sylvaticus L.)* — 10 %,
ocoka nobepexHa (Carex riparia Curtis)*, ocoka rocTpo-
BugHa (Carex acutiformis Ehrh.)*, xeoL piukoBun (Equisetum
fluviatile L.)*, 3HiT GonotHun (Epilobium palustre L.)*,
yepena TpuposdinbHa (Bidens ftripartita L.)*, 3ipoyHuK
6onoTaHwi (Stellaria palustris Ehrh. Ex Hoffm.), BepoHika
cTpymkoBa (Veronica beccabunga L.)*, cnabHuk Bogs-
Hun (Myosoton aquaticum (L.) Moench.), cuTHuK xab’s-
yuin (Juncus bufonius L.)*. TyT TakoX 3poCTalTb TOHKOHIr
nyyHuin (Poa pratensis L.)*, nepctau rycaumin (Potentilla
anserina L.)*, koHowwnHa noe3ydya (Trifolium repens L.),
BOBKOHIr eBponencbkuin (Lycopus europaeus L.)*, nia-
6in 3uyanHun (Tussilago farfara L.), nnetyxa 3BuyaiiHa
(Calystegia sepium (L.) R. Br.)*, Bep6osinnsa 3suyaiiHe
(Lysimachia vulgaris L.)*, CkaxeHWiA OripoK 3BUYANHUN
(Ecballium elaterium (L.) A. Rich), wasenb npubepexHun
(Rumex hydrolapathum Huds.)*, wonomHuus cnuconu-
cta (Scutellaria hastifolia L.), nacniH 4opHun (Solanum
nigrum L.), nogopoxHuk Benukun (Plantago major L.)*,
repaHb nyyHa (Geranium pratense L.).

3 0box b6okiB BogoToky B cMy3i WwmpuHoto 10-20 m npea-
cTaBrneHa BonorontobHa fAepeBHa Ta yYarapHuKoBa poC-
NUHHICTb. [loMiHaHTaMu BUCTYnarTh Binbxa YopHa (Alnus
glutinosa (L.) Gaertn.)*, Bepba n’aTutnumHkoBa (Salix
pentandra L.)*, Bepba ko3saua (Salix caprea L.)*. Cnopa-
JOWYHO TpannsaTbes 0cuka 3BuYaiiHa (Populus tremula L.)*,
MacnuHka Bysbkonucta (Elaeagnus angustifolia L.), Bepba
namka (Salix fragilis L.), Tonons 6ina (Populus alba L.)*,
6epesa nosucna (Betula pendula Roth.)*, kneH amepukaH-
cokui (Acer negundo L.), 8’3 rnagkuin (Ulmus laevis L.)*.
Mogekyan pocTyTb MOOAWHOKI POCAMHW COCHU 3BU4Yal-
Hoi (Pinus sylvestris L.)*, ropobuHn 3BuyanHoi (Sorbus
aucuparia L.)*, rpywi 3BuyanHoi (Pyrus communis L.)*,
rnogy kontovoro (Crataegus oxyacantha L.), kneHy nonso-
Boro (Acer campestre L.), nyba 3BuyaiiHoro (Quercus
robur L.)*. TNosHoTa depesoctaHy cknagae 0,5. Y dpyci
YyarapHuKiB 3pocTatoTb By3uHa YopHa (Sambucus nigra L.),
Bepba TpuTuumHkoBa (Salix triandra L.)*, pigwe — Bepba
po3mapuHonucta (Salix rosmarinifolia L.) Ta rmig ykpain-
cokui (Crataegus ucrainica Pojark.). [1Ba ocTaHHiX BuAM
Hanexarb 40 TWX, WO NiAnaralTb O0COONMBIN OXOPOHI Ha
TepuTopil Cymcbkoi obnacri. Ilig HameTom fepesHo-varap-
HUKOBOI POCIIMHHOCTI JOMIHYE KocTpuusa nyyHa (Festuca
pratensis Huds.) 3 npoektuBHuM nokputtam 40 %. Cepen
TIHBOBUTPUBANUX TPaB NEPEBaXaloTb YrpynoBaHHS ArMuL
3BUYanHoi (Aegopodium podagraria L.), po3puB-Tpasu 3Bu-
YanHol (Impatiens noli-tangere L.)*, kponusu ABOOOMHOI
(Urtica dioica L.)*, uuctotiny 3suuyanHoro (Chelidonium
majus L.), kponuswu xankoi (Urtica urens L.), 6onuronosy
nnamucrtoro (Conium maculatum L.), nigMapeHHuka Yinkoro
(Galium aparine L.), NOOAMHOKO TpannseTbCs ManopoTb
yonosiva (Dryopteris filix-mass (L.) Schott). Ha ranssu-
Hax ccopmoBaHi yrpynoBaHHS Takux BWAIB SK raftodHUK
B’'asonuctun (Filipendula ulmaria (L.) Maxim.)*, KyHW4HUK
HasemHun (Calamagrostis epigeios L.). MNopekyau Tpa-

nnaetbcs 6yask nonuknun (Carduus nutans L.), nonyx
cnpaexHin (Arctium lappa L.), mopkBa puka (Daucus
carota L.), omBuHa vopHa (Verbascum nigrum L.), nuxmo
3BuyariHe (Tanacetum vulgare L.), 30N0TYLWHWK KaHaACbKUI
(Solidago canadensis L.), po3xigHuk 3BuyaiiHuin (Glechoma
hederacea L.). [o gepeBax nneTyTbcs 3apOCTi XMENt0 3BM-
yanHoro (Humulus lupulus L.) Ta AiBoYoro BuHorpagy n's-
TunucTodkoBoro (Parthenocissus quinquefolia (L.) Planch.).
3aranom, y mexax OoChifKyBaHOI TepuTopii y BOAONMI
Ta npubepxHin cmysi p. Cuposatku 3poctae 41 Bua, BKIo-
yeHun fo «YepsoHoro cnmcky MCOIM» (TyT i fani 3a TekCToM
iX Big3Ha4eHo no3Haykow «*»). Mpu ubomy 40 BMAIB MaOTb
kaTeropito paputeTHocTi piBHs LC (3HaxogaTbes nig HanMeH-
LUO 3arpo3oto) Ta oauH (Ulmus laevis Pall.) — we Hk4mi
OXOPOHHUI cTaTyc (piBHA DD: faHHUX HepocTaTHLO). Buse-
neHo i ABa Buaw, 3aHeceHi fo «[Mepeniky BugiB, ski nignsra-
toTb 0COBNMBIN OXOPOHI Ha TepuTopii Cymcbkol 06racTiy.

Ha Bucokux pginsiHkax KOpiHHOro mpaBoro Gepera pos-
TallOoBaHi Jy4Hi Ta MiCOBi YrpynoBaHHs. Y NiCOBOMY MacuBi
6ins o3epa y nepliomy spyci fominye P. sylvestris* Bikom
50-60 pokiB 3 npoekTuBHUM NokpUTTAM 90 %, dhopmytoun
cyxuii 6op. 3iMKHYTICTb MEepLIOro AepeBHOro spycy 3ae-
Ginbworo craHosuTtb 0,8-0,9. B apyromy spyci foMiHye
Robinia pseudoacacia L., nogekyaou Tpannsetbcs Corylus
avellane L., B. pendula®, U. laevis*, Q. robur *, P. tremula®.

Y TpaB'aHOMY SipyCi COCHOBOTO NiCy AOMIHYHOTb TOHKOHIr
nibpoBHUn (Poa nemoralis L.) 3 NPOEKTUBHUM MOKPUTTAM
30 % Ta ocoka wwopcTkoBonocucta (Carex hirta L.). MNpoek-
TUBHE NOKPUTTS iHLWMX BUAIB He nepesullye 3—6 % — Kyp-
TUHaMK PO3KMAaHi yrpynoBaHHs MiTnuui cobayoi (Agrostis
canina L.) Ta kocTpuui oBeyoi (Festuca ovina L.), nogexkyam
TpannseTbeca MiTnuMua nosayya (Agrostis stolonifera L.)*,
C. epigeios, nupin nosayuui (Elytrigia repens (L.) Gould.),
Lysimachia vulgaris*, monoyan nosnwin  (Euphorbia
virgata Waldst. & Kit.), Tanacetum vulgare, rpasinat micb-
kun (Geum urbanum L.), 3Bipo6in 3BuuanHuin (Hypericum
perforatum L.), nooguHoko — rpabenbku 3BuyaiiHi (Erodium
cicutarium (L.) L'Her.), HeuywiBiTep BonoxateHbkuii (Pilosella
officinarum F.W. Schultz & Sch. Bip.). B niBaeHHin ta cxig-
HiN YaCTWHaX COCHOBOrO MiCy 3HaWAEHO ABa MoKaniteTn
niBHWkiB BopoBux (Iris pineticola Klokov) 3aranbHow nno-
weto 13 M2, 3aHeceHnx 0o YepBOHOT KHUMM YkpaiHu. B nis-
[EHHO-3axigHIN YacTWHi NiICOBOTO MacvBy 3HauHy NOLLy
3alMae yrpynoBaHHs KynunHu GaratoksiTkoBoi (Polygonatum
multiflorum (L.) All.). B noHmWKeHHsX penbedy TpannsoTbes
XBOLL, NonboBui (Equisetum arvense L.)*, 6e3LWNTHUK XiHO-
uun (Athyrium filix-femina (L.) Roth ex Mert.) Ta Dryopteris
filix-mass (L.) Schott.

OTxe, y cknagi nicoBux (hiTOLEHO3IB, WO 3anMMatoTb
niaBuLLEHi ainsHkn gonuHun p. Cruposatku, Ta iTOLEHO3IB
CYXOAiNbHUX NYKIB 3 ACKPABO BUPAXKEHWUM NPOLECOM Camo-
3aniCHEHHS BUSIBNEHO CiM BWAIB POCMWH, SKi BKMIOYEHO [0
«YepsoHoro cnucky MCOIMy. wicTb i3 HUX (3@ BUHATKOM
Ulmus laevis) matoTb paHr oxopoHu piBHst LC. TyT 3pocTae
OAMH BUA, BKNIOYEHUI 0 «YepBOHOT KHUMM YKpaiHMy.

HanbinbLwy nnowy y mexax AOCigKyBaHOI TepuTopii
3aiiMatoTb 3annasHi nyku. [JOMiHaHTamu NyYHOI POCMWH-
HoCTi BUCTynatoTb Carex hirfa — MiCUSAMU i3 NPOEKTUBHUM
nokputTam 40 50 %, Epilobium palustre*— o 10 %. 3HauHoo
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Mipoto (Npv NPoeKkTUBHOMY NOKpUTTI 3-5 %) nNpeacTaBneHi
wyyka gepHucta (Deschampsia caespitosa (L.) P. Beauv.),
Calamagrostis  epigeios, Festuca pratensis, Dactylis
glomerata, Poa pratensis®, ctokonoc 6e3octuin (Bromopsis
inermis Leyss.), paiirpac nacosuwyHui (Lolium perenne L.),
TuModpiiBka nyyHa (Phleum pratense L.), nepctay noB3y-
uun  (Potentilla reptans L.), ocor nonvosun (Cirsium
vulgare (Savi) Ten.), ocot xoBTun (Sonchus arvensis L.),
natyk aukun (Lactuca serriola L.), ckepega nokpiBenbHa
(Crepis tectorum L.), repaHb nyyHa (Geranium pratense L.),
ocoka paHHs (Carex praecox Schreb.), Carex acutiformis®,
nactepHak Aaukun (Pastinaca sylvestris Mill.), mopksa
auka (Daucus carota L.), Solidago canadensis, Elytrigia
repens, Equisetum arvense*, napuno 3suyaiiHe (Agrimonia
eupatoria L.), Trifolium pratense®, Trifolium repens.

He Ginbwe 1-2 % nNpOEKTUMBHOTO MOKPUTTS NYy4HOrO
Pi3HOMAHITTS 3aiiMaloTb Taki TpaBW, SK LMKOPIA OWKWiA
(Cichorium intybus L.), koHwowwuHa cepenHs (Trifolium
medium L.), niouepHa xosTta (Medicago falcata L.), ropo-
wok muwayun (Vicia cracca L.), Plantago major *, nepesin
3uyaiiHun (Achillea millefolium L.)*, 3nuHka kaHagcbka
(Erigeron canadensis L.), xoBTeup igkun (Ranunculus
acris L.), nigmapeHHuk cnpasxHin (Galium verum L.), kynb-
6aba nikapcbka (Taraxacum officinale Webb. ex F.H.Wigg.),
nobopaa 6ina (Chenopodium album L.), am6po3is nonmHonu-
cTa (Ambrosia artemisifolia L.), yncteub 6onotHun (Stachys
palustris L.)*, kocTpuus oBeva (Festuca ovina L.), E. virgata,
Wwasenb kuenun (Rumex acetosa L.).

Okpemumu rpynamm 3pocTaTb Eupatorium
cannabinum, XMBOKICT ~ niKapCbKui (Symphytum
officinale L.), wasenb KiHcbkuii (Rumex confertus Willd.),
MonuH 3BMYanHun (Artemisia vulgaris L.), KOHIOWWHA CyHU-
uesugHa (Trifolium fragiferum L.), Tussilago farfara, 6ynsk
akaHToBuaHwiA (Carduus acanthoides L.), TaTapHuK 3Bu-
yanHun (Onopordum acanthium L.), Arctium lappa, omaH
6puTaHcekuin (Pentanema britannicum (L.) D. Gut. Larr.),
Potentilla anserina*, p3BiHeub Benukun  (Rhinanthus
angustifolius C.C.Gmel.), Plantago major*. Takum YMHHOM,
y (POpMyBaHHi TpaB'aHUCTUX (DITOLEHO3IB 3annaBHUX NyK
6epyTb y4acTb BiCiM BUAIB POCMMH, BKIOYEHNX A0 «YepBo-
Horo cnucky MCOI» i3 oxopoHHUM cTaTycoM piBHs LC.

O6roBopeHHs. Pe3ynkratn BUBYEHHSI (DITOPI3HOMAHITTS
OfHiel i3 ginsHok gonuHk p. Cyposatka ceigyaTth npo Te, LWo
Lin TepuTopii NpUTamMaHHe 3HavHe B1aoBe GaraTCTBO: TYT 3p0-
CTaloTb POCINHM, SKi MaOTb Pi3Hi paHrM OXOPOHW (perioHanb-

HUI, JepKaBHWA, MibkHapogHui). [pyna BUAIB MiXXHapoaHOro
paHry OXOpOHM € HanbBinbLLO, 1T POPMYHOTb POCIIMHK, BKMHO-
YeHi fo «YepsoHoro crimcky MCOI». Maibke yci BoHM (OKpim
O[HOr0) MatoTb HEBUCOKMI OXOPOHHWI cTaTyc (LC). 3HayHuMm
€ | LLeHOTUYHE PI3HOMAHITTS, penpe3eHToBaHe YrpynoBaHHIMM
BOZHOI, MOBITPSHO-BOAHOI, NIY4HOI Ta MiCOBOT POCANHHOCTI.

Barate (iTOpi3HOMaHITTA y KOMMNMEKCi i3 PIBHUHHICTIO
TepuTopii Ta BINU3KICTIO OO HaceneHux MyHKTiB, ¥ TOMY
yucni i go M. Cymu, copmyioTb OB’€KTUBHE MiArPYHTS
OO0 3anyyeHHs Liel Teputopii 40 TYPUCTUYHOI, pekpe-
aLUiMHOI Ta €KOMnoro-npOoCBITHULBKOT AisnbHOCTI. 3a Takux
YMOB aKTyanbHOCTi HabyBae NUTaHHS LWOA0 PO3pobKM Tak-
TWKW Ta cTparterii peanisauii 3a3HayeHUx 3axopgis, y TOMy
Yyucni po3pobky MapLUpyTiB, €KONOTO-TYPUCTUYHUX CTEXOK,
iXHBOrO MapKyBaHHS Ta 00naluTyBaHHS, BWUIOTOBMIEHHS
peknamHol NpoayKLii, JOTPUMAaHHS BUMOT TeXHiku 6e3neku
Ta NPUPOLOXOPOHHOIO 3aKOHOAABCTBA.

3 MeToK NornubneHHs 3HaHb NPO POPMYBAHHS, Cyyac-
HUA CTaH Ta AMHaMiKy PO3BMTKY NPUPOLHMX KOMMMEKCIB
aonuHu p. CuposaTku HeobXigHO NPOAOBXKUTM reoboTaHIYHi
Ta 300M10riYHi gocnigkeHHs TepuTopii. OkpiM TOro, AOUNBHO
NpPWBECTM NICOBUI MacuB B €CTETUYHO-NPUBABNNBWIA CTaH,
30Kpema, BMAanuT! CMITHWMKX 3 nogarnbliuM obnaluTyBaH-
HAM pekpeaLiiHux 30H. 3 BpaxyBaHHsAM GaraToro GiopizHo-
MaHITTS TepuTopii AOLINbHO PO3rMSHYTW | NUTaHHS LWOAO0
HaJaHHS Ll TepuTopii NprpoLOXOPOHHOrO cTaTycy 3 obpaH-
HSM KaTeropii, ika 403BONWUTb K NOMINWMTL OXOPOHY pPOC-
MMHHOTO | TBAPUHHOTO CBITY, TaK | HAAACTb MOXMUBICTL pea-
ni3oByBaTN pekpeaLinHy Ta TYPUCTUYHY AiSNbHICTb.

BucHoBku. [docnimpkeHHs iTOpi3HOMaHITTS 3annasu
p. CupoBaTtku BUSIBUNO NPUPOAHI KOMMNNEKcU, sk uin-
KOM MOXIIMBO BUKOPUCTOBYBATU B €KOMOFYHOMY TYpPU3Mi.
[locuTb BUCOKMIA piBEHb PIZHOMAHITTS i BiQHOCHO 3HAYHUN
CTYNiHb @HTPOMOreHHOI TPaHCHOPMOBAHOCTI — XapaKTepHi
03HaKV NpUpoaW JOCHigXKyBaHOT TepUTOPIi.

HesBaxaroum Ha BUSIBNEHHS OCHOBHUX MOKA3HWKIB OO
cKnagy i CTaHy NpUpOaHMX KOMMNMEKCIB TepUTOPIi, MMTaHHS
nofanbLlioro ii JOCRIAXKEHHS He BTpavae aKTyaslbHOCTI.
OcobnuBy yBary HeobXigHO MPUAINATW acnekTam aHTporno-
FEHHOrO BMIMBY HA CTaH, 3MiHW TUX UM iHLIMX KOMMOHEHTIB
NPUPOAHUX KOMMIIEKCIB. 32 YMOBM aKTUBHOMO 3aryyeHHs
Liei TepuTopii 4O TYPUCTUYHOI Ta peKpeaLinHol AisnbHOCTI
Oyne 3poctaTu i 3HauyLLiCTb BNPOBAMKEHHS MOHITOPUHIO-
BMX OOCNiQKEHb 3a CTaHOM (ITOPI3HOMAHITTS, MOro AUHaMI-
KO0 niJ BNAVBOM LIMX BMAiB @HTPOMOreHHOro BMNBY.
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Study of phytodiversity of the Syrovatka river valley with the perspective of using its natural complexes
in ecological tourism

The paper presents the results of studying the phytodiversity of natural complexes of the Syrovatka river valley between
the villages of Verkhnya Syrovatka and Novoselytsia of Sumy district. It is shown that this area is characterized by significant
species wealth: here grow plants that have different ranks of protection (regional, state, international). The group of species
of international protection is the largest and includes about 50 species. It is formed by plants included in the IUCN Red
List. Almost all of them (except one) have a low protection status (LC — are at the lowest risk). Among the species included
in the "Red Book of Ukraine", a small population of Iris pineticola Klokov was found, and among the plants presented in
the "List of species subject to special protection in the Sumy region" - Salix rosmarinifolia L. and Crataegus ucrainica Pojark.
The coenotic diversity represented by groups of aquatic, air-water, meadow and forest vegetation is also significant. Rich
phytodiversity in combination with the flatness of the territory and whiteness to the settlements, including the city of Sumy,
form an objective basis for the involvement of this area in tourism, recreation and environmental education. The most
promising is the introduction of eco-tourism, which combines economic, social and environmental issues. In order to deepen
knowledge about the formation, current state and dynamics of development of natural complexes of the Syrovatka river
valley, it is necessary to continue geobotanical and zoological research of the territory. In addition, it is advisable to bring
the forest into an aesthetically pleasing condition, in particular, to remove landfills. Taking into account the rich biodiversity
of the territory, it is expedient to consider the issue of granting this territory environmental status with the choice of a category
that will improve both the protection of flora and fauna and provide opportunities for recreational and tourist activities.

Key words: phytodiversity, environment, ecological tourism, human ecology, natural landscapes.
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Peptidoglycan recognition protein (PGRP) as an important pattern recognition receptor, which is found in both
invertebrates and vertebrates, play an important role in antibacterial immunity, due to its prominent ability in detecting
and eliminating the infection pathogen. However, PGRPs mainly have been identified from Drosophila melanogaster
and Bombyx mori, and there were few reports on other agricultural insects, epically about their functions and mechanism.
In this study, a short — types PGRP gene named as GmPGRP-SC has been identified in the Grapholitha molesta, oriental
fruit moth (OFM) based on analysis of the transcription group database of OFM from our laboratory and the National
Center for Biotechnology Information (https.//www.ncbi.nlm.nih.gov/). The GmPGRP-SC contains a highly conserved PGRP
domain and has the closest genetic relationship with the PGRP gene of Leguminivora glycinivorella according to sequence
and phylogenetic analyses. The real-time PCR method was used to analyze its expression pattern in the developmental
stage of OFM and in different tissues of the larva of OFM. Finally, the relative expression levels of GmPGRP-SC gene in
OFM were analyzed after infected by different treatment of Beauveria bassiana. The results showed that the total cDNA
of GmMPGRP-SC was 3 221 bp, and the coding regions was 2 268 bp, encoding 756 amino acid residues. The expression level
of GmPGRP-SC was the highest in pupal stage of OFM, meanwhile in different tissues of OFM, its relative expression was
higher in epithelium and hemocyte, while other stage and tissues were relatively low, and with little difference. The expression
level of GmMPGRP-SC was significance different when the spore suspension of B. bassiana was 10° conidia/uL infected after
48 h. And when the spore suspension of B. bassiana was 107 conidia/liL, the expression level of GmPGRP-SC was also
significance different. All these results lay a foundation for the study of the role and functions of GmPGRP-SC in the innate
immunity of OFM, and also do contribute to the further study of the molecular interaction between OFM and B. bassiana.
The research results can help to find potential target molecules, and provide scientific basis for the development of new
biogenic pesticides and the realization of Green Pest Management (GPM).

Key words: oriental fruit moth; innate immunity; Beauveria bassiana; Green Pest Management.

DOI https://doi.org/10.32845/agrobio.2021.3.7

Introduction. Insects lack the acquired immune system | molecular patterns (PAMPSs), by pattern recognition receptors
and mainly rely on their own effective innate immune system | (PRRs) (Kang et al., 1998; Ochiai & Ashida 1999; Werner et
for defense against the invasion of fungi, bacteria and other | al., 2000). Peptidoglycan recognition proteins (PGRPs) are
pathogens. Insect innate immune response is induced by | the most important PRRs in insects, which can recognize
the specific recognition of common components bearing | the Peptidoglycan (PGN) on the surface of pathogenic
on the microbial surfaces, known as pathogen associated | microorganisms and activated the Toll and IMD pathways.
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Then this can trigger the production of antimicrobial peptides
and play a crucial role in the innate immunity of insects
against microorganisms (Hultmark, 2003; Beutler, 2004;
Lu et al., 2020).

PGRPs as an important part of recognition receptor in
insects, play an important role in the immune defense signaling
pathway (Toll and IMD), which are natural immunity molecules
found in insects, mollusks, echinoderms, and vertebrates, but
not present in nematodes or plants (Kang et al., 1998; Dziarski
& Gupta, 2006; Gerardo et al., 2010). Nowadays more than
100 kinds of PGRPs in insects and mammals have been
identified, PGRPs can be categorized into two types: long (L)
types and short (S) types based on their length. At present,
there are nearly 100 members of PGRPs family have been
identified, 6 long and 6 short types have been found in Bombyx
mori, 6 long and 7 short types in Drosophila melanogaster,
and 4 long and 4 short types in Anopheles gambiae 4 PGRP
genes in humans and musmusculus (Kang et al., 1998; Tanaka
et al., 2008). At present, studies on PGRPs mainly focus on
Drosophila melanogaster and Bombyx mori, and fewer studies
have been reported in other Lepidoptera insects. In our
previous study that the transcription analysis of oriental fruit
moth (OFM) reduced by Beauveria bassiana, GmPGRP-SC
was up-regulated (the transcriptome data will be published
later). So, we hypothesize that GmPGRP-SC gene plays
an important role in the anti-fungal immunity of OFM.

The Grapholitha molesta, OFM is a fruit pest all around
the world except Antarctica (Natale et al., 2003; Kong et al.,
2020). At present, the main method for controling OFM in
orchards mainly relies on insecticide and mating disruption
(Kangaetal.,2003). Due to the damage of larvae is concealed
and resistance to chemical insecticides, it is difficult to control
it. Even mating interference has been gradually declined
(Benellietal.,2019). Meanwhile with the further enhancement
of people's awareness of environmental protection
and pollution-free, the development of effective biogenic
pesticides presents a broad application prospect. Due to
the extensive use of antibiotics, modern medicine is faced
with more and more crises of antibiotic-resistant bacteria.
The introduction of each new antibiotic is accompanied by
the emergence of antibiotic-resistant strains. In contrast,
innate immunity provides the host with immediate protection
from infection and has maintained its antimicrobial effect for
millions of years without the frequent emergence of drug-
resistant strains (Zhao et al., 2017; Zhang et al., 2019). Then
the concept of biological control based on immune system
has been put forward gradually, therefore, it has a great
significance to study the immune defense response of OFM
for biological control in the future. Then GmPGRP-SC
gene is a highly conserved pathogen recognition protein,
which plays an important role in the resistance of OFM to
pathogenic microorganisms, such as B. bassiana. The
B. bassiana is a widely used Entomopathogenic fungus
and biological control agent against many kinds of including
OFM (Saranraj & Jayaprakash, 2017; Sarker et al., 2020).
But there was no report on the interaction between B.
bassiana and OFM, especially on molecular aspects.
PGRPs as the recognition protein plays a key role in
pathogen recognition, activation of Toll and IMD pathway,

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

and regulation of immune response in insects, and study
of it is the basic for studying the molecular mechanism
of interaction between B. bassiana and OFM (Du et al.,
2011). The study of GmPGRP-SC gene is helpful to elucidate
the function of GmPGRP-SC protein in the immune system
of OFM and reveal the mechanism of the immune system
to recognize pathogenic microorganisms. The research
results can help to find potential target molecules, improving
the control effect of B. bassiana and provide scientific
basis for the development of new biogenic pesticides
and the realization of green pest control.

Materials and methods. Insect rearing and main
instrument

Insect rearing. The insects were kindly gifted by Dr. Zhang
Huaijiang from the Fruit Tree Institute, Chinese Academy
of Agricultural Sciences. Eggs were reared on Fuji fresh
apples until the fifth-instar larvae emerged from the apple.
The emerged larvae were reared by artificial diet, adults
were fed with 10 % honey solution. The whole developmental
period was in artificial climate chamber at 26.5 °C, 75 %-80 %
relative humidity, a photoperiod of 15 h light and 9 darkness
follow the methods of Du et al (2009).

The main reagent and instruments. Cham Q Universal
SYBR real-time PCR Master Mix, HiScript® Il Reverse
Transcriptase, RNAprep Pure Tissue Kit, Taq DNA
Polymerase (Vandesompele et al., 2002; Nolan et al., 2006)
and other domestic orimported analytical pure reagents were
used. The main software and instrument used in this study
were DNAMAN, MEGA 7.0, Bio-Rad PCR instrument (Lin &
Yao, 2012), Eppendorf 5425 R small high speed refrigerated
centrifuge was used (American), ABI QuantStudio5 Q5
(Bustin et al., 2009; Pavsic et al., 2016)

Primer design. The complete sequence of GmRP-SC1
gene and the conserved region were obtained from
the transcriptome analysis data of our laboratory, the primers
were designed by DNAMAN, and the synthesis of the primers
was completed by Sangon Biotechnology (Shanghai) Co.,
Ltd (Table 1).

Table 1
Lists of the primer sequences (Pantty et al., 2003)
Primer name Primer sequence 5 —3’
PGRPF TCAAGTGCGGAGTGACCAA
PGRPR ATGCCATCAAGATTGTCGG
EF-1aF CATCACAGTAAAGGACGGTAAG
EF-1aR AGAACAAGACCAGAGCATCC

Sequence analysis and evolutionary tree construction.
The complete spliced cDNA sequence of GmPGRP-SC
was analyzed. ORF prediction and protein translation were
performed by DNAMAN. Protein physical and chemical
properties, structural domain prediction using proteomics
ExPASy was done online (http://web.expasy.org/protparam/
(Artimo et al., 2012) with the help of SignalP-5.0 Server
(http://www. cbs.dtu.dk/servi- ces/SignalP/ (Armenteros
et al., 2019) and SMART (http://smart.emblheidelberg.de/
(lvica & Peer 2017) analysis. NCBI Blast Network Server
was used to search the homology of GmPGRP-SC gene
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amino acid sequence of 16 species of insects, including
Leguminivora glycinivorella and Bombyx mori (Geer et al.,
2010). The phylogenetic tree was constructed by Neighbor-
joining method (Telles et al., 2018), and the phylogenetic
relationship was analyzed by using the biological software
Mega 7.0. (Sudhir et al., 2016).

The spatio-temporal expression models of GmPGRP-SC
gene in OFM. The samples of RNAwere extracted at different
development stages (first instar larva , second instar larva,
third instar larva, fourth instar larva, fifth instar larva, pupa,
and adult) and sample of different tissue were extracted from
the larvae that second days after fifth-instar larva, including
hemocyte (70 to 80 samples were taken from each sample,
and the hemolymph was collected at 4000 g/min), fat bodies,
epidermis, malpighian tubules and midgut, according
to the method of RNAprep Pure Tissue Kit. RNA purity
and integrity were checked with Agilent 2100 bioanalyzer
(Fischer & Siedler, 2004; Rufer A., 2010).

Real-time  fluorescent quantitative PCR. Then
the samples were performed to reverse transcription by
the kit of HiScript® Il Q RT SuperMix for real-time PCR
(Soohyun et al., 2011). The first strand of sample cDNA
was used as a template, and each sample was repeated
for 3 times. PGRPF and PGRPR were used as primers
for fluorescence quantitative amplification, and Ef-1a
were used as a housekeeping gene from the reference
gene selection experiment (Cao, 2015). The real-time
PCR was calculated by relative quantitative method follow
the instructions of ChamQ Universal SYBR real-time PCR
kit. The instruments were ABI QuantStudio5 Q5 (American)
real-time PCR, the reaction conditions were as follows: pre-
denaturation at 95 °C for 30s, 95 °C for 10s, 60 °C for 30 s,
a total of 40 cycles, 95 °C for 15 s, 60 °C for 60 s, 95 °C for
15s for recording the dissolution curve (Nolan et al., 2006)

Effect of the expression of GmPGRP-SC in OFM after
infected by B. bassiana

B. bassiana culture and conidia suspension preparation.
B. bassianaBNCC 111705 was from BeNa Centure Collection,
and cultured on potato dextrose (PDA) plates at 28 °C, 95 %

humidity in complete darkness. Conidia were collected
form the plate incubated for 5-7 days. Then the surface
of the mycelium was scraped and filtered with sterile gauze,
washed with ddH,O for third times, counted and adjusted
to 1x10% conidia/pL, 1x10” conidia/uL, 1x10° conidia/uL
respectively with hemocytometer (Liu et al., 2014). Freshly
prepared conidia were used for all experiment.

Sample preparation and treatment by the infection
of B. bassiana. The fifth instar larvae with consistent
growth were selected and used for infection. The treatment
groups of insects were soaked in the spore suspensions
with different concentrations separately (1x10° conidia/pL,
1x107 conidia/pL, 1x10° conidia/uL) for 10s, and the control
groups were used as ddH,O for the same time. Then
the water on the surface of the insects was drained with
sterile filter paper, and the insects reared separately in each
dactyllethrae with artificial diet. Each assay was repeated
three times. After treatment of 24 h, 48 h, 72 h, the samples
of treatment groups and control groups were immediately
frozen in liquid nitrogen. Total RNA extracted and reverse
transcription by the method of 2.4. real-time PCR validation
and analysis were the same as 2.5.

Statistical analyses. The relative expression of the gene was
calculated by the method of 244 _AACt=—(ACt. g-ACt. ab),

— Ct represents the number of cycles the target
amplification product under went to reach the set thre shold,

— ACt means difference of Ct value between target gene
and housekeeping gene

— g means target gene (GmPGRP-SC is in this
experiment)

— ab means housekeeping gene (Ef-1a gene is in this
experiment) (Livak et al., 2001).

All the results were analyzed with Student’s t-testin SPSS
19.0 software (Wang & Wang, 2011). Significant difference
was indicated by *(P < 0.05), **(P < 0.01) respectively. The
data was presented as meant standard error (SE).

Results. 3.1. Sequence analysis and phylogenetic tree
of GmPGRP-SC. The complete sequence of GmPGRP-SC
gene was obtained by analyzing the data of the transcriptome

data in our laboratory, and it has been submitted
to NBCI GenBank. The GenBank accession

Fig 1. The cDNA and encoding amino acid sequence of the GmPGRP-SC.
(The underlined signal indicates the signal peptide sequence;
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the double underline indicates the PGRP domain,

and the start and stop codon are indicated in the boxes)

number is MW773839. The results shows
that the full length of the GmPGRP-SC cDNA
sequence is 707 bp, the length of the open
reading frame (ORF) is 621bp, and it encoded
206 amino acid residues. The predicted signal
peptide is located between 1~33 amino acids,
the transmembrane region is between 7~26
amino acids. The molecular weight is predicted
to 22.75 KD. Total number of negatively charged
residues (Asp + Glu) is 15 and total number
of positively charged residues (Arg + Lys) is 21.
The instability index (Il) is computed to be 26.60,
and this classifies the protein as stable. The
theoretical pl (isoelectric point) is 9.19. The Grand
average of hydropathicity (GRAVY) is -0.1.

The domain structure was analyzed by
SMART software online. The result shows
that the PGRP domain structure is located
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Fig 2. Multiple sequence alignment of GmPGRP-SC with the homologs of other insects based on amino acid
sequence (The PGRP and correspond GenBank accession numbers are as follows. Bombyx mandarina PGRP:
XP_028043866.1; Bombyx mori PGRP: NP_001036836.1; Drosophila melanogaster PGRP-SC1A: CAD89163.1;
Glleria mellonella PGRP-SC2: XP_026759339.1; Helicoverpa armigera PGRP-A: AHK59818.1; Leguminivora
glycinivorella PGRP-SC1 AXS59124.1; Manduca sexta PGRP-1A: AA021509.1; Operophtera brumata PGRP-SA:
KOB63145.1; Ostrinia furnacalis PGRP: ABZ81267.1; Papilio machaon PGRP: KPJ06010.1; Papilio xuthus PGRP:
XP_013170473.1; Papilio xuthus PGRP-SA: BAM19609.1; Plutella xylostella PGRP-1R: QCS60952.1; Plutella xylostella
PGRP-S2: AUI41055.1; Samia ricini PGRP-A: BAF03522.1; Trichoplusia ni PGRP: XP_026737257.1, amino acids with
100%, 75%, 50% identity are in black, gray, and white box, respectively.)

between 35~177 amino acids (Fig. 1). Blast search results | by BLASTX search. The results showed that the amino
showed that the amino acid sequence of GmPGRP-SC was | acid sequence of GmPGRP-SC and that of Leguminivora
highly consistent with that of other insects. These features | glycinivorella PGRP-SC had the highest consistency more
indicated GmPGRP-SC belong to the PGRP-S family. than 93 %, and with that of Papilio machaon PGRP, Papilio

The amino sequences of GmMPGRP-SC protein | xuthus PGRP, Papilio xuthus PGRP-SA were more than
and other 16 species PGRPs of insects, including Bombyx | 79 %. Furthermore the consistency with other 12 insects
mori PGRP-S and Plutella xylostella PGRP-SC2 multilinked | were more than 50 % (Fig. 2).
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An evolutionary phylogenetic tree was constructed with
the amino acid sequences of the remaining 16 insect species.
The results showed that when it had closer the genetic
relationship, the homology with the GmPGRP-SC amino
acid sequence was higher. For example, the Leguminivora
glycinivorella PGRP-SC forms a branch with highest
homology, and the confidence coefficient is 100. Meanwhile
the amino acid homology of GmPGRP-SC with insects
such as Glleria mellonella PGRP-SC2 and Drosophila
melanogaster PGRP-SC1A are very low, and the genetic

relationship is relatively distant, which forms to different
branches (Fig. 3).

3.2. The developmental expression pattern of GmPGRP-SC
gene in OFM. To characterize the function of GmPGRP-SC,
we first analyzed its expression pattern. Samples of OFM
at different developmental stages were taken, and Ef-1a was
used as the housekeeping gene. The relative expression
of GmMPGRP-SC gene in different developmental stages of OFM
was compared. The real-time PCR result showed that in different
developmental stages of OFM GmPGRP-SC gene was all
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Piuselir mioatelie PORF-32

100 — o husplfor avfosedie PORP-1R
- Bz mord PGRP
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m Heticoverpr aruigers POEP-A
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Medemtuey s PGRP-LA

Eletriwie fiernaom'is PORP

Gl e PORP-5

(]

Drozopime nelmrogosier PGRP-SC1A

Fig. 3. Phylogenic tree based on amino acid sequence of the PGRP from
Grapholitha molesta and other insects (Scale bar indicates the genetic distance,
the numbers on the branches means confidence coefficient)
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Fig. 4. The temporal expression level of GmPGRP-SC gene
(Data in the figure are mean * SD)
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Table 2

The temporal expression level of GmPGRP-SC gene

Samples GmPGRI::-tSC gene Ef-1((x:?ene Relative expression level Average Standard deviation
22.466 24.091 1.236111073 1.029029912 0.230511995
first instar larvae 22.578 24.129 1.143529957
23.271 24,118 0.707448706
] 21.192 22.732 0.77343976 0.525177734 0.218540028
Sec%”rf’,;’ftar 22.005 22.078 0.440215823
22.288 21.679 0.361877618
20.093 20.260 0.592918174 0.666356378 0.085862331
third instar larvae 19.971 20.856 0.645391319
19.734 20.926 0.760759642
21.364 22.583 0.94619112 1.028119914 0.135108167
fourth instar larvae 21.352 22.247 0.954106178
21.040 23.046 1.184062445
20.979 19.596 0.252950515 0.303104737 0.072546125
fifth instar larvae 20.884 20.150 0.27007543
20.368 21.266 0.386288266
18.924 23.311 4.402813784 4.27639272 0.54896635
pupal 18.976 21.806 4.246502504
19.158 22.093 3.742982119
18.787 20.788 4.839693538 0.203418039 0.053216785
adult 21.855 20.660 0.177533198 1.029029912 0.230511995
21.934 20.661 0.168095488
Table 3
The relative expression level of GmPGRP-SC gene in different tissues of Grapholitha molestae larva
Samples GmPGRP-SC gene Ct | Ef-1agene Ct | Relative expression level Average 3;3?;?;‘;
18.80292702 19.15328789 1.236111073 0.965881618 0.029836818
head 18.88503456 19.19662666 1.143529957
18.87242699 19.35869598 0.707448706
19.99529457 23.17064857 0.77343976 10.6278559 3.975745188
epidermis 18.85653114 23.14433479 0.440215823
19.30094528 23.14778519 0.361877618
29.18466949 21.02428055 0.592918174 0.003568288 0.000828351
fat body 28.85754013 20.95024109 0.645391319
28.51244545 21.41017342 0.760759642
18.54099274 18.56934738 0.94619112 0.711292984 0.062598954
midgut 18.76748085 18.47967911 0.954106178
18.54175377 18.61497879 1.184062445
25.99302483 22.90022278 0.252950515 0.090309401 0.004558024
malpighian tubule 26.04649162 23.05208969 0.27007543
26.13798714 23.11437225 0.386288266
18.08861351 21.76060867 4.402813784 9.340752789 0.326496862
hemocyte 18.18934059 21.8168602 4.246502504
18.14170456 21.81087494 3.742982119

expressed, but with different levels of expression. Its expression
level was higher at pupa stage of OFM about 8 times than fifth
instars larvae, then in the adult, the relative expression was low,
nearly the same as the fifth instars larvae (Tab. 2, Fig. 4).
Differenttissuesfromthelarvaeofthefifthinstaratthesecond
day were taken, and Ef-1a was used as the housekeeping
gene, the relative expression of GmPGRP-SC gene in
different tissues of OFM was compared. The result showed

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

that the relative expression of GmPGRP-SC gene was
significant difference between different tissues of larvae.
3.3. The relative expression level of GmPGRP-SC gene in dif-
ferent tissues of the larva of OFM. The highest expression level
was in epidermis and hemocyte, and the level was as high as about
10 times in comparison with other tissues. While, it was barely
expressed in fat body tissues, and the expression levels of GmP-
GRP-SC gene in other tissues were not the same. (Tab. 3, Fig. 5).
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Fig. 5. The relative expression level of GmPGRP-SC gene in different tissues of
Grapholitha molesta larva (Data in the figure are mean * SD)

3.4. The effect to the expression level of GmPGRP-SC
in OFM after infected by B. bassiana. In order to analyses
expression changes after immune stimulations, we
performed real-time PCR to analyses the transcript level
reduced by different treatment of B. bassiana. The result
showed that the infection of B. bassiana can induced
expression of the GmPGRP-SC gene, this was consistent
with the results that PGRPs involved in the immune
function. The effect on the expression of GmPGRP-SC
gene was different when the spore concentration
and infected times of B. bassiana were different. When
B. bassiana was 105 conidia/uL, after 48 h of infection,
the expression of GmPGRP-SC gene was significance
between the CK group and Treatment group. But there
was no significant difference of the GmPGRP-SC gene
between 24 h and 96 h after infected with B. bassiana
(shown in Tab. 4, Fig. 6).

Wik

B Treal

i

24h 48 h .
Treated times

Fig. 6. The temporal expression level of GmPGRP-SC
gene of different time treated with 10° conidia/pL spore
suspension of B. bassiana (Data in the figure are mean

+ SD. The asterisks above bars indicate significance

between treatment and the CK determined by the
student’s t-test, respectively.
The same for the following figures)

The B. bassiana was 107 conidia/uL, after 24 h and 48 h,
the expression of GmPGRP-SC gene was significance
between the CK group and treated group. While B. bassiana
was 10° conidia/uL, there was no significant difference
between treated and control group, and the expression
of GmPGRP-SC gene was slightly down-regulated (shown
in Tab. 5-6, Fig. 7-8).

I

Tireated tinies

Fig. 7. The temporal expression level of GmPGRP-SC gene
of different treated with 107 conidia/liL spore suspension of
B. bassiana (Data in the figure are mean * SD)

4 r WK
35 F ATreat

24 h 48h 72h

Fig. 8. The temporal expression level of GmPGRP-SC
gene of different time treated with 10° conidia/L spore
suspension of B. bassiana (Data in the figure are mean  SD)

Discussion. Members of the PGRPs family, including

insects and mammals, are highly conserved. There is a PGRP
domain composed of about 165 amino acids at the C-terminal,

BicHuk CymcbKkoro HauioHanbHOro arpapHoro yHiBepcureTy
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The temporal expression level of GmPGRP-SC gene of different time treated

with 105 conidia/uL spore suspension of B. bassiana

Table 4

. Student's t
sampies | TPORESC | Eriagmoct | RO | g | SIS ot PiCican
21.89202309 21.97925758 1 1 0.140738294
Ck-24h 21.53461075 22.09150314 1.281125969
21.71774483 21.95654106 1.128399756
23.12648392 22.68375015 0.693500568 0.680421291 0.026335 0.005268216
Treatment-24h 23.21970367 22.86681175 0.650107053
23.11786461 22.59602928 0.697656253
22.63484001 20.65943527 1.060431412 1.439278827 0.591494525
Ck-48h 21.63484001 21.57265854 2.120862824
22.53484001 22.10047913 1.136542246
19.61118698 22.82375336 8.340906511 8.155285513 0.194446749 4.83226E-05
Treatment-48h 19.64072418 23.00129509 8.171874155
19.67987823 22.54035759 7.953075873
23.95530319 24.68696785 1.799966838 2.693724964 2.693724964
Ck-72h 23.07602501 25.15373421 3.31095754
23.2326889 25.24067116 2.970250515
20.73429298 22.16456795 2.318965356 2.40994224 0.084880236 0.570824228
Treatment-72h 20.63336372 22.13929558 2.48700693
20.67047119 21.89069176 2423854435
Table 5
The temporal expression level of GmPGRP-SC gene of different time treated

with 107 conidia/pL spore suspension of B. bassiana

samples | CTEORESC | ErfageneCt | Co i Sever|  average deviation | OK and treatment
21.89202309 21.97925758 1 1 0.140738294
Ck-24h 21.53461075 22.09150314 1.281125969
21.71774483 21.95654106 1.128399756
22.28517914 22.68375015 6.762721597 6.012059955 1.168196308 0.001996064
Treatment-24h | 22.31871605 22.86681175 6.607328401
22.82055664 22.59602928 4.666129867
22.63484001 20.65943527 1.060431412 1.439278827 0.591494525
Ck-48h 21.63484001 21.57265854 2.120862824
22.53484001 22.10047913 1.136542246
20.07825851 22.82375336 6.762721597 4.580062879 0.300287135 0.001204667
Treatment-48h |  19.88920212 23.00129509 6.607328401
19.98667145 22.54035759 4.666129867
23.95530319 24.68696785 1.799966838 2.693724964 2.693724964
Ck-72h 23.07602501 25.15373421 3.31095754
23.2326889 25.24067116 2.970250515
21.23572922 22.16456795 2.27191037 2.315191159 0.300287135 0.529663554
Treatment-72h | 21.56582069 22.13929558 1.80727299
20.90040016 21.89069176 2.866390119

which plays a crucial role in the recognition of exogenous
substances. Different PGRP domains may be the mechanismfor
distinguishing and identifying different kinds of microorganisms
(Blanco et al., 2008). The results of GmPGRP-SC gene in
our study are consisting with this. The amino acid sequence
prediction results shows that GmPGRP-SC has a conserved
domain structure. This structure also finded in Helicoverpa
armigera, Manduca sexta and Tribolium castaneum etc. (Gottar
et al., 2002). We explored the evolution and conservation

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

of GmMPGRP-SC with other insects. The phylogenetic tree
shows that GmPGRP-SC has high homology and close
genetic relationship with Leguminivora glycinivorella. Except
when the data is missing, the PGRP sequences reasonably
generalize the tree of hypothetical species in each gene family
(Wiegmann et al., 2011).

The report about the Musca domestica and Drosophila
melanogasterhas the similar result with the gene MdPGRP-SC,
it is speculated that this gene may play an important role in
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Table 6

The temporal expression level of GmPGRP-SC gene of different time treated
with 10° conidia/pL spore suspension of B. bassiana

Samples | CTCICe | EFfageneCt | o ciiontevel|  Merage | eviaton | CKand treatment
21.89202309 21.97925758 1 1 0.140738294
Ck-24h 21.53461075 22.09150314 1.281125969
21.71774483 21.95654106 1.128399756
21.59008408 22.68375015 1.311036896 1.301804097 0.167356775 0.260578719
Treatment-24h | 21.43052864 22.86681175 1.464353353
21.80444145 22.59602928 1.13002204
22.63484001 20.65943527 1.060431412 1.439278827 0.591494525
Ck-48h 21.63484001 21.57265854 2.120862824
22.53484001 22.10047913 1.136542246
23.84972191 22.82375336 0.465275442 0.521271989 0.065653954 0.055704075
Treatment-48h | 23.49849129 23.00129509 0.593527824
23.73148727 22.54035759 0.505012702
23.95530319 24.68696785 1.799966838 2.693724964 2.693724964
Ck-72h 23.07602501 25.15373421 3.31095754
23.2326889 25.24067116 2.970250515
20.19152832 22.16456795 1.990094957 2.228339352 0.357441546 0.406331633
Treatment-72h | 19.78418732 22.13929558 2.639341944
20.14481926 21.89069176 2.055581155

the pupal stage (Werner, 2000; Gao, 2013). But Bd PGRP-SB1
is highly expressed in 3rd larvae and adults of Bactrocera
dorsalis (Zhang et al., 2020). All these three are belong to
Diptera, and the developmental expression pattern of PGRP
gene in Lepidoptera has been reported in Antherea pernyi,
but without significant change (Liu W., 2019). And in other
insects of Lepidoptera, there is no more report, whether it is
related to the developmental regulation and immunity, it needs
to be further studied. The expression level of GmPGRP-SC is
greatest in the pupal stage and in epidermis and hemocyte. But
in Antherea pernyi the ApPGRP-A, ApPGRP-B, ApPGRP-C
have no significant change. Epidermis and hemocyte is
related to its immune response, so in these tissues are highly
expressed. The result is consisting with that of Antheraea
pernyi, and the APPGRP-C gene is expressed in immune-
related groups, such as hemolymph and epidermal (Liu W.,
2019). In Bombyx mori, Bm PGRP-S4 is highly expressed
mainly in hemolymph, which may be involved in the systemic
immune response of Bombyx mori, depending on hemolymph
circulation (Yang et al., 2017).

The real time-PCR results showed that the expression
of GmPGRP-SC gene was up-regulated in different times
after infected with 1x10° conidia/uL and 1x107 conidia/pL
of B. bassiana. And 1x10° conidia/uL may inhibit the normal
development of OFM. In Ostrinia furnacalis, member of PGRP
genes was up-regulated when infected by B. bassiana
with 2x10° conidia/pL (Liu et al., 2014). The MxPGRP-1
in Manduca sexta was up-regulate after infected by
Escherichia coli (Sumathipala & Jiang, 2010). In Drosophila,
the expression of DmPGRP-LB, DmPGRP-SA, DmPGRP-SB1,
DmPGRP-SC2 and DmPGRP-SD were strongly up-regulated
by Bacillus subtilis and purified peptidoglycan (Werner et al.,
2000). The mortality became higher as concentration increase
when the OFM was infected with different concentration

of B. bassianaARP14 (Sarker etal., 2020). These are consistent
with the results of our study, but the function of GmPGRP-SC
gene in the immune signaling pathway needs to be further
studied. In this study, we also observed that when infected with
1x10° conidia/uL, the growth and development of OFM were
slow. But due to the small number of insects in our experiment,
it does not constitute ecological statistics. So, we supposed
that possible infection of B. bassiana with 1x10° conidia/JL,
affected the normal growth and development of the OFM, thus
leading to the immune function of PGRP be restrained. We will
further verify this in the following experiments.

Conclusions. As a major pattern recognition receptor,
PGRP plays an important role in the innate immune regulation
of OFM. In this study, for the first time we obtained and verified
the full sequence of the short types of PGRPs gene named it
GmPGRP-SC. Its GenBank accession number is MW773839.
The transcriptional expression of GmPGRP-SC gene was
analyzed in different developmental stages and different
tissues of OFM. Results showed some difference with other
reported PGRPs from other insects. Perhaps it relates with
immunity functions either at specific times or at specific
locations. It needs to be further studied, and we will use RNAI
method to verify this in the future. Meanwhile we have identified
the immune response reduced by B. bassiana, for the first time
it was studied the interaction between this fungus and OFM
on molecular aspect. All these results have provided a good
support for better understand the function of GmPGRP-SC
gene in OFM, and also made a foundation for finding target
genes and further prevention and control by molecular biology
method. This can be applied by interfering the expression
of GmPGRP-SC gene. The immune ability of the body to resist
fungus can be reduced, so to achieve an effective prevention
and control role. It is difficult to control the OFM, therefore, it
is one of the effective means to control the occurrence of it
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Hao XiwaH, acnipaHmka, CymcbKuli HauioHanbHUl agpapHuli yHisepcumem, M. Cymu, YkpaiHa, LlLikona pecypcig
i doskinns, XeHaHcbKul iHCmumym Hayku i mexHoroeit, M. KciHcsiHe, KHP

Lao Lj3uHby3roHb, dokmop cinbcbkoaocrnodapchbKux HayK, doueHm, LLikona pecypcie i 008kinns, XeHaHCbKul iHcmumym
Hayku i mexHonoeit, M. KciHcsHe, KHP

Uxy XoHecisi, acnipaHmka, CymcbKkul HauioHanbHUl agpapHul yHisepcumem, M. Cymu, YkpaiHa; Llikona pecypcie
i Qoekinns, XeHaHCbKul iHemumym Hayku i mexHonoait, M. KciHcsiHe, KHP

BnaceHko Bonodumup AHamonitiogu4, 00KmMop CinbCbKo2ocrnodapcbKux Hayk, npoghecop, CymcbKuli HauioHanbHUl
agpapHul yHisepcumem, M. Cymu, YkpaiHa

MonekynsipHa ideHmucbikayis 6inka nenmudoanikaHy kopomkoz2o muny, GmPGRP-SC eid Grapholitha molesta

binok posnisHasaHHs nenmudoanikaHie (PGRP) € saxiiugum peuenmopoM po3iizHagaHHs mammepHis, skuti Micmumbcsi
AK y beaxpebemHux, mak | y xpebemHux. BiH eiliepae eaxnugy porb 8 aHmubakmepiarbHOMy iMyHimemi, 3a80sKu
ceoili nomimHiti 30amHocmi eusienssmu ma ycyeamu 36y0Huka iHgpekuii. O0Hak PGRP, 8 ocHosHOMy ideHmuchikogaHo
3 Drosophila melanogaster ma Bombyx mori, a wodo iHWUX CiflbCbKo2ocrnodapCbKux KoMax nogioomrieHb Maso fpo iXHi
GbyHKUiT ma mexaHism. Y ybsomy docnioxeHHi kopomkomunosuti 2eH PGRP nid Haseoto GmPGRP-SC 6ye ideHmucgbikosaHuli
y Grapholitha molesta — cxidoHoi nnodoxepku (OFM) — Ha ocHoesi aHanisy 6a3u daHux epyn mpaHckpunyii OFM 3 Hawoi
nabopamopii ma HaujoHanbHo20 ueHmpy iHghopmauii 3 6iomexHonoeil (https://www.ncbi.nlm.nih.gov/). GmPGRP-SC
micmums domeH PGRP i Mae HatimicHiwut 2eHemuyHuUl 38'a30k 3 2eHom PGRP Leguminivora glycinivorella, 8idnogioHo do
rocnidogHocmi ma hinoeeHemuyHo20 aHanizy. Memod l1JIP y peanbHoMy yaci 6yno saukopucmaHo O71sl aHasidy KapmuHu
020 ekcrpecii Ha cmadisix po3sumky OFM ma & pisHux mkaHuHax nuyuHku OFM. Hapas3i, 8i0HOCHO pigHi ekcripecii 2eHa
GmPGRP-SC e OFM 6ynu npoaHanizosaHi ricns iHikysaHHs1 Beauveria bassiana. Pe3ynbmamu noka3anu, Wo 3azasbHa
k[HK 6id GmPGRP-SC cmaHosuna 3221 bp (6a3osux, ocHO8HUX nap), a kodytoyi obracmi — 2268 bp, wo kodyromb
756 amiHokucnomHux 3anuuwkis. PieeHb ekcripecii GmPGRP-SC 6ye Hatisuwjum y cmadii nanedku OFM. BooOHouac,
y pisHux mkaHuHax OFM Uoeo sidHocHa ekcnpecis byna euwjoro 8 enimenii ma 2emoyumi, modi K iHWuUM cmadism
ma mkaHuHaMm rpumamaHHa ropieHsIHO HUX4Ya ma 3 Hegenlukor pisHuuero. PiseHb ekcripecii GmMPGRP-SC 6ys icmomHo
PisHUM, KOnu cycneH3isi criop B. bassiana cmaHosume 105 koHIdit/MK, iHehikogaHUX yeped 48 200uH. Todi, Konu cycneH3is
criop B. bassiana cmaHogumb 107 koHidit/mkn, pieeHb excrnpecii GmPGRP-SC makox 6ye pisHuM. Yci ui pedynsmamu
3aknadyms ocHogy 01151 aug4eHHs pori ma yHKYit GmPGRP-SC y epodxeHomy imyHimemi OFM, a makox cripusmumyms
rodanswomy 8us4eHHKo MosekynspHoi 83aemodii mix OFM ma B. bassiana. Pesyrnbmamu docnidxeHb MOXyms oromMozmu
3Halmu nomeHruitiHi Monekynu-mileHi ma 3abeaneyumu Haykosy OoCcHO8y Ons po3pobKu Hosux bioeeHHUX necmuyudie
ma peanisauii 3eneHoi 6opombbu 3i wkidHukamu (GPM).

Knrovoei croea: cxiOHa nnodoxepka, 8podxeHull imyHimem, Beauveria bassiana, bionoziyHa 6opombba 3i WKiOHUKamU.
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Steady trend of recent decades is the rapid growth of soil pollution by heavy metals. Metals that do not play a significant
role in plant life are particularly dangerous, but they can accumulate in plants and migrate along the food chain. Cadmium
is one of such elements, its half-life from the human body is more than 50 years. For breeding programs aimed at creating
varieties with low levels of cadmium accumulation, it is important to understand the role of genotype in the processes
of metal intake to different parts of plants. An experiment was carried out to study the growth and absorption of trace metallic
elements (TMEs) in Sunflower (Helianthus annuus L.) seedlings under Cd stress. The research was done on selection
samples of sunflower selected by the method of vegetation evaluation in Sumy NAU in 2018. According to the evaluation
results, line 62\3 was characterized by low, and line JB231AC — high level of resistance to cadmium accumulation. In
2020, the seeds of the samples were reseeded at the Henan Institute of Science and Technology. Sunflower seedlings
(20-day-old) grown in plastic containers with Hogland’s solution were investigated. From uniformly and well-developed
plants were formed 4 samples which were for 7 days in a solution of CdCl, * 2.5 H,0 with a concentration of 0; 25, 50
and 100 uM. Ashing of the samples was performed in nitric acid. Determination of metal content was performed on an atomic
adsorption spectrophotometer. In all samples there was a steady trend to decrease plant height and total seedling weight
with increasing cadmium concentration. In the case of dried parts of plants, statistically significant, leveling the difference
between the samples, the effect of cadmium was detected at a concentration of 50 um or more for the dry matter of roots
and at a concentration of 100 um for the mass of the aboveground part. It was found that the threshold concentration that
provided a significant difference between the cadmium content in the roots and stems was 100 um. Compared to sample
JB231AC, sample 64\2 had a higher cadmium content in the roots by 23 % and 12 % in the aboveground part. With respect
to Li, Ni, and Sr, a significant difference between the samples was mostly observed at a concentration of 25 and 50 uM.
The accumulation concentration of lithium (Li) and nickel (Ni) in high Cd variety 62\3 was lower than that in low Cd variety
JB231AC. The Li and strontium (Sr) concentration in the root were similar to that in the aboveground part under Cd stress,
while Ni accumulated in root of JB231AC in slightly higher concentrations than that in aboveground part. The presence
of an inverse relationship between the concentration of cadmium and the concentrations of lithium and nickel may indicate
both the genotypic features of their transport and the presence of antagonism between the accumulation of these metals.
However, this statement requires further research.

Key words: sunflower, seedlings, Cd concentration, heavy metals, trace metallic elements, accumulation, growth.
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Introduction. In recent years, with the rapid development
of mining, industrial and agricultural production in the world,
heavy metal soil pollution has become increasingly serious
problem as a result of human activities, such as industrial
wastewater, waste gas discharge, sewage irrigation
and the abuse of chemical fertilizers and pesticides (Bashir
et al., 2021; Singh & Prasad, 2014; Yan et al., 2021). Heavy
metal cadmium (Cd) is a non-essential element for plants
and animals, which inhibits the growth and development
of plants (Li et al., 2019; Maria Celeste et al., 2013). Cd
in plants interferes with normal metabolism, affecting
photosynthesis and respiration, reducing root activity,

slowing seedling growth, making leaves small and yellow,
and eventually leading to plant death (Ahmad et al.,
2015; Fan et al., 2011; Khadija et al., 2018). Consumption
of Cd-contaminated plant material is one of the main
sources of Cd intake for people, posing a threat to human
health, even at low concentrations (Jaouani et al., 2018;
Reyes-Hinojosa et al., 2019; Templeton and Liu, 2010). Cd
repair and accumulation have been studied in many plant
species, such as soybean (Li et al., 2012), wheat (Chen
et al., 2017), barley (Chen et al., 2010), rice (Prerna et al.,
2020), maize (Dakak & Hassan, 2020), rapeseed (Wu et al.,
2015) and millet (Han et al., 2018), etc.
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Sunflower (Helianthus annuus L.) is among the world’s
most important oilseed crops. As sunflower oil is one
of the healthiest vegetable ones available for cooking, there
is increasing demand due to a health-conscious diet (Ban
et al., 2021). Studies have shown that sunflower has a high
enrichment capacity to accumulate for heavy metals (Cornu
et al., 2020; Zhou et al., 2020).

Trace metallic elements (TMEs) are indispensable
elements in nature, which are lost to land through mining
and production (Robert and Stengel, 1999). Compared to
other pollutants, TMEs are non-biodegradable. Certain heavy
metals are necessary or even essential for living beings,
and this at reasonable concentrations in certain environmental
matrices. On the other hand, at a high threshold, they (Cd,
Pd, Hg) exhibit more or less strong toxicity which harms most
living organisms (Aristide et al., 2021). At present, some
TMEs, such as Cd (Cornu et al., 2016; Silveira et al., 2021),
As (Wang et al., 2020), Hg, Cu (Mahardika et al., 2018)
and Pb (Alaboudi et al., 2018) have been studied in some
crops, however there are little researches about TMEs in
sunflower. Issam et al. (2015) studied the role of selenium
(Se) in regulating oxidative stress of sunflower seed roots
induced by Cd, and the results strongly suggested that
exogenous selenium may improve the tolerance of plants
to oxidative stress induced by Cd. Shoot nutrients uptake
of plants decreased as nickel (Ni) levels increased, and high
level of Ni decreased root colonization in sunflower (Jarrah et
al., 2019). Studies have shown that lithium (Li) and strontium
(Sr) can be absorbed by body and affect human health
(Zaichick&Zaichick,2014; Zaichick et al., 2009), but little
researches have been done about Li or Srin crops.

In this paper, the Cd gradient experiment was carried out
on high and low Cd accumulation sunflower sample varieties.
The growth characteristics of the two varieties under Cd
stress at seedling stage and the accumulation of TMEs Li, Ni
and Sr in the two sunflower samples under Cd stress were
studied. This paper provides a theoretical basis for the safe
production of sunflower on metal contaminated soil.

Materials and methods. Material treatment
and acquisition. Two genotypes accessions of sunflower
62\3 (high Cd accumulation) and JB231AC (low Cd
accumulation), which were identified with different Cd
accumulation capability in our previous study, were carried
out in this study. The two varieties were obtained from Sumy
National Agrarian University (Sumy, Ukraine) where they
were reproducted in October 2020.

The healthy seeds of each accession were sterilized by
15 % H,O, for half an hour, and rinsed by distilled water
for at least three times, and soaked in deionized water
at room temperature for four hours, then sown in germinated
box (32 cm x 25.5 cm x 11 cm) containing vermiculite
and moistened with deionized water. Seeds were incubated
in the culture room with 16 h light (28°C, 5000 Lux) and 8 h
dark (25°C) photoperiod for 6 days. Following germination,
seedlings were transferred to plastic pots filled with 10 L
of 1/4 strength modified Hoagland nutrient solutions for
7 days, then was increased to 1/2 strength for 7 days. After
20 days of Cd-free growth, seedlings with uniformed sizes
were randomly assigned to four different Cd treatments:

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

0, 25, 50 and 100 uM CdCl, + 2.5H,0 for 7 days. Finally,
the seedling were harvested, one part was used to measure
morphological indexes and Cd content, and the other part
was quickly isolated and frozen in liquid nitrogen and stored
at— 80 °C and was used to measure physiological indicators
and transcriptome analysis. The 1/2 strength nutrient
solution containing 2.5 mmol/L Ca(NQ,),, Tmmol/L MgSQO,,
0.5 mmol/L NH,H,PO,, 2.5 pmol/L KCL, 2mmol/L NaCl,
0.2umol/L CuSQ,, 1umol/L ZnSO,, 0.1mmol/L EDTA-FeNa,
0.02 mmol/LH,BO,, 5 nmol/L (NH,);M0.,0,, and 1 pmol/L
MnSQ,. All the treatments were replicated three times.

Identification of growth index and Cd content. For showing
and evaluating of Cd treatment results, the plants were
photographed by a digital camera, plant height and fresh
weight were measured. The root and aboveground parts
of seedlings were oven-dried at 80°C until constant weight
and then weighed for dry weight.

For measuring content of Cd and the TMEs,
the root of seedlings were rinsed with deionized water for
at least three times to remove surface ions, and then, root
and aboveground parts were harvested separately. The
samples were dried at 105°C for 30 min, and then at 80°C
in an oven until they were completely dried, then the dry
sample were ground to powders. Dry powder of each sample
was digested in 5 ml HNO, overnight (at least for three 3 h)
at room temperature, then adding 2 ml H,0, and continued
digesting for approximately 3 h at 180°C. (Margui et al.,
2009) The digested solution volumetized to 25 mL, and then
investigated by an atomic absorption spectrophotometer
(ICP-OES, Optima 2100DV, Perkin Elmer).

Statistical analysis. All data were statistically analyzed
using GraphPad Prism 8. Analysis of variance was performed
on data sets, with the mean and SD of each treatment
calculated. Multiple comparisons with Bonferroni t-test
were mainly used to compare the mean values between
treatments (p < 0.05).

Results. 1. Growth of two sunflower varieties under Cd
stress. In this experiment, the seedling height, fresh weight,
aboveground and root dry weight of the two sunflower
varieties decreased with the increase of Cd concentration,
and the high Cd variety 62\3 grew weaker than the low Cd
variety JB231AC under Cd stress (Fig. 1 A-B), and growth
indexes of variety 62\3 were lower than variety JB231AC
(Fig. 1 C-F).

Among them, the seedling height and fresh weight
decreased with the increase of Cd concentration, but
the change was not significant. The root dry weights
of variety 62\3 and JB231AC were significantly difference
when Cd concentration was 25uM, and the aboveground dry
weight was significantly difference when Cd concentration
was 25uM and 50uM.

3. Accumulation of trace metallic elements in two
sunflower varieties under Cd stress. Fig. 2 (A-B) verifies
that variety 62\3 is a high Cd variety and JB231AC is a low
Cd variety, and the Cd concentration in the root is higher
than that in the aboveground part. With the increase of Cd
concentration, the Cd accumulation in root and aboveground
part of the two cultivars increased, and higher Cd
concentrations were accumulated in variety 62\3 under
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Fig. 1. Growth performance of variety 62\3 and JB231AC seedling.
A-B, Growth status under Cd conditions for 7 days. C-F, growth indices of the seedling. For C-F
the statistical analyses were conducted using all the data of the two varieties under Cd conditions.
Data presented are the means (n = 3), and error bars denote the standard deviations. The asterisk
represents the significant difference between two varieties. *: P value < 0.05, **: P < 0.01

different Cd gradients. When the Cd concentration was
100 uM, the Cd accumulation in root and aboveground part
of variety 62\3 showed extremely significant differences.

The Li concentration in the root and aboveground part
of the two varieties was approximately the same under
Cd stress, and the high Cd variety 62\3 accumulated less
Li than the low Cd variety JB231AC (Fig. 2 C-D). In root,
Li accumulation was significantly differences when the Cd
concentration was 50 pM and 100 uM. With the increase
of Cd concentration, the Li concentration in root increased,
the change in the aboveground part was not regular,
and there might be experimental error.

The Ni accumulation in sunflower increased firstly
and then decreased with the increase of Cd concentration,
and the maximum value appeared at 50 puM in the root
and 25 uM in the aboveground part (Fig. 2, E-F). The Li
concentration in root was higher than that in aboveground
part. The Ni concentration in the high CD variety 62\3 was
lower than that in the low Cd variety JB231AC, and there was
a very significant difference in the Cd concentration at 25 uM
and 50 uM in the root and aboveground part, respectively.

With the increase of Cd concentration, the Sraccumulation
in root of the two sunflower varieties varied, but remained
basically flat, which may be caused by experimental error,
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Fig. 2. Accumulation of trace metallic elements
in the root and aboveground part of variety 62\3 and JB231AC seedling.

A-B, Cd accumulation. C-D, Li accumulation. E-F, Ni accumulation. G-H, Sr accumulation. For A-H the
statistical analyses were conducted using all the data of the two varieties under Cd conditions. Data presented
are the means (n = 3), and error bars denote the standard deviations. The asterisk represents the significant
difference between two varieties *: P value < 0.05, **: P < 0.01,***: P < 0.001,****: P < 0.0001
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and basically showed a downward trend in aboveground part
(Fig. 2G—H). Sr accumulates in roughly equal concentration in
root and aboveground part. In aboveground part, the high Cd
variety 62\3 accumulated relatively higher Sr concentration
than the low Cd variety JB231AC.

Discussion. In hydroponics under controlled conditions,
Cd stress (5 uM Cd for 14 days) induced strong phytotoxic
effects, as indicated by a decrease in all growth parameters
(Hawrylak-Nowak et al., 2015). At Cd concentration of 50 yM
the seedling growth of sunflowers was affected significantly
in a short period (< 7 days) in the experiment, and the growth
indexes such as plant height, dry and fresh weight decreased
obviously. Cd accumulation of both varieties was more
in roots than in aboveground parts. Cd accumulation in
sunflower was different in different genotypes. Varieties
62\3 with high Cd accumulation might accumulate more Cd,
causing greater toxicity to themselves, so their plant height,
dry and fresh weight were lower than varieties JB231AC
with low Cd accumulation under different Cd gradient.
The accumulation characteristics of different TMEs in
the two sunflower species under Cd stress were different,
and the accumulation of TMEs in the root and aboveground

part of the same variety might be different. The accumulation
concentration of Li and Ni in high Cd variety 62\3 was low,
so it is speculated whether they have antagonistic effect
with Cd absorption. Accumulation was more in roots than
shoots for most of the heavy metals (Belhaj et al., 2016).
In the paper, the Li and Sr concentration in the root were
similar to that in the aboveground part under Cd stress,
while Ni accumulated in root of JB231AC in slightly higher
concentrations than that in aboveground part.

Conclusions. The accumulation and distribution
of cadmium in plants have a great relationship with species,
varieties, parts and growing environment, and eventually
lead to different accumulation and distribution in different
parts of plants. An inverse relationship between cadmium
concentration and lithium and nickel concentrations has
been established, which may be due to genotypic features,
but the presence of antagonism between the accumulation
of these metals is not excluded. In general, studies have
confirmed the sufficient level of efficiency of vegetative
evaluation of sunflower initial material for resistance to
cadmium accumulation and stability of this traitin subsequent
generations.
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®y HaHbxi, acnipaHm, CymMcbkull HauioHanbHUl azpapHuli yHisepcumem, M. Cymu, YkpaiHa, Haykoeo-TexHomnoaiyHul
iHecmumym, m. XeHaHb, KHP

TpoueHko Bonodumup leaHoeuY, GOKMOP CinbCbKo20Cn00apChKkux Hayk, npogecop, CymcbKull HauioHanbHUl
agpapHul yHisepcumem, M. Cymu, YkpaiHa

Hakonu4eHHs1 eakkux Memariie y npopocmkax COHsIWHUKY nid ensiueoM kadmiego2o0 cmecy

Cmilikoro meHOeHUj€eto ocmaHHix 0ecamurnimb € CmpiMKe 3pocmaHHST 3abpyOHEHHST 2pyHMy 8axKuMu memanamu.
Ocobnugy Hebesneky cmaHoensimp Memarsnu, siki He eidigparomb Cymmeegoi posi y XUmmi POCIuH, ane MOXymb
Hakonu4ysamucs y poc/iuHax ma Miepyéamu xap4yosum naHuto2oM. OOHUM i3 makux enemeHmie € kadmil, nepiod
HaniesugedeHHs1 IK020 3 opaaHiamy r0uHU cknadae binbwe 50 pokis.

[ns cenekyitiHux npoepam, CripssMo8aHUX Ha CMBOPEHHS COPMI8 i3 HU3bKUM PIBHEM HaKOMUYEHHS KadMito, 8aX/usuUM
€ PO3YMIHHS1 POsIi 2eHOMUIy 8 npouecax HadXo0XeHHs1 Memary 00 Pi3HUX YacmuH pocruH. [ocnidxeHHs Mposodunuck Ha
cenekyiliHuX 3pa3kax COHSWHUKY, sudineHux 3a MemoOUKOK 8e2emauiliHogo ouyiHtogaHHs1 8 Cymcbkomy HAY e 2018 poui.
3a pesynbmamamu ouyjHto8aHHs iHis 62\3 xapakmepu3sysanacs Hu3bKuM, a fiHis JB231AC — aucokum pigHem cmitikocmi
00 Hakonu4eHHs kadmito. Y 2020 pouyi HaciHHs 3paskie b6yrio nepecisHo 8 ymosax Hayko80-mexHOM02i4Ho20 iHemumymy
M. XeHaHb. [ocnidxysanu 20-0eHHi NpopOCMKU COHSIWHUKY, W0 eezemysaru y N1acmukosux KOHmelHepax 3 pO34UHOM
XoenaHda. 13 pisHOMIPHO pO38UHEHUX pOCUH Byro cghopmosaHo 4 subipku, ski npomsi2om 7 OHie 3Haxo0unucCh y PO3YUHI
CdCl,« 2,5 H,0 3 koHueHmpauieto 0; 25, 50 ma 100 mkM. [nsi aHanisy 3pasku po34uHsiiu y HimpamHid kucriomi. BusHayexHs
emicmy memarnie nposodusnu Ha amomHo-adcopbuitiHomy criekmpogomomempi (ICP-OES, Optima 2100DV, Perkin Elmer).

B obox 3paskig byno giomiueHo cmilikuli mpeHd 00 3MEHWEHHST 8UCOMU POC/IUH ma 3a2asibHoi Macu MpopoCmKie i3
36inbWeHHSM KOHUeHmpauii kadmiro. PisHUUS MixX 3paskamu 3a 3ea0aHUMU MOKa3HUKaMU Hieerosanacs npu KoHyeHmpauii
50 i 6inbwe MKM. Y sunadky i3 ucyweHUMU YacmuHaMu POC/UH CMamucmuyHO Cymmesul 8rnue Kadmito eusisrieHo
npu KoHueHmpauii 50 i binbwe MkM Onsi mokasHUKa Macu Cyxoi pedos8uHU KopeHie ma npu KoHueHmpauii 100 mkM dns
MoKa3HuKa Macu Had3eMHOI YaCmuHU.

BcmaHosneHo, Wo nopo208o KOHUEHmpauieto, sika 3abesrnedygana Cymmesy Pi3HUUi MiX MOKa3HUKaMu emicmy
KaOMmito 8 KopeHsix ma cmebnax, 6yno 100 mkM. NopigHsHO i3 3paskom JB231AC, 3pasok 64\2 mae suwuli emicm Kadmito
y KopeHsix Ha 23 % ma Ha 12 % y Had3emHil yacmuHi. BidHocHo Li, Ni, ma Srcymmesa pisHuus mix 3paskamu 30e6inbLio2o
crocmepieanacs 3a KoHyeHmpauii 25 ma 50 MkM.

HakonuyeHHs1i po3rnodin kadmito 8 pocriuHax Maromb 3Ha4HUU 36’30K 3 sudaMu, copmamu, HacmuHamu ma cepedosuuiem
sUpOWy8aHHs i 8 KiHUesomMy nidcymKy npu3eodsimb 00 Pi3HO20 HaKonu4deHHs ma po3nolifly 8 Pi3HUX YacmuHax pOCIIUH.
BcmaHosneHo 380pOmHy 3anexHicmb MiXX KOHUeHmpaujeto kadMilo ma KOHUeHmpauiamMu fimito ma Hikemo, Wo Moxe
b6ymu 3ymo8nieHo 2eHOMunHUMU 0cobrIu8oCmsaMU, ane He BUKITIYaEMbCS Hass8HICMb aHMAa2oHI3My MiX HaKOMUYEHHSIM
yux memarig. OOHak make meepdxeHHs1 mompebye dodamkosux OOCiOXeHb.

3aeanom docnidxeHHs nidmeepdunu docmamuil pieeHb ehekmueHOCMI 8e2emamueHOi OUiHKU 8UXIOHO20 Mamepiarny
COHAWHUKY Ha cmilikicmb 00 HaKonuyeHHs kadmito ma cmabinbHicmb yjei 03HaKu 8 HacmynHUX MOKOMIHHSIX.

Knroyoei crioea: CoOHSIWHUK, npopocmku, KoHueHmpauis Cd, eaxki memarnu, MikpoenieMeHmu, HaKonuyeHHs, picm.
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Nowadays, the field is changed from «three parts planting, seven parts management» to «seven parts planting, three
parts managementy», which requires good varieties with high adaptability and simplified and practical farming techniques
to support modern agriculture.In our studies, we used the Bainong 207 winter wheat variety as the experimental material
and had four sowing dates and four sowing density options for each sowing date. The influence of sowing dates and sowing
density on yield, yield components and main agrotechnical features has been studied. According to the results of research,
it was found that the influence of sowing dates and density on yield and the main components of yield differed significantly,
with the influence of sowing time was greater than the influence of density. Yield, spike number and grain number per spike
were highest in A2, and weight of thousands of grains - in A3; B2 and B3 had the highest yields, spike number and the grain
number per spike increased and then decreased with increasing density, and the thousand grain weight gradually decreased.
The setting percentage was higher at a certain date and density; there is no clear tendency of bulk weight with sowing
date delay and increase density. The plant height gradually decreased with the sowing date delay , and increase with
density. Spike length was a relatively stable feature with no significant changes with sowing dates and density. According to
the results of research, the most appropriate terms of sowing of winter wheat of Bainong 207 variety have been established.
Correlation analysis showed that high yields can be achieved by combining three yield factors with corresponding sowing
dates and sowing densities.

Key words: correlation analysis, winter wheat; sowing date; planting density; yield, variety, yield components, main
agronomic traits, Bainong 207.
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Inroduction. Wheat is one of the most important food | are necessary for high and stable yields, among which,
crops in the world, and China is a populous country that | sowing date and density is one of the important cultivation
needs to increase its grain production to meet the demand | techniques for wheat, because different sowing dates
of its population. Good and efficient cultivation techniques | and planting densities determine different ecological
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conditions and make the whole growth process of wheat
show variability (Hai ,2002; Hao et al.,2011; Lin,1996;Wu et
al., 2004). A suitable sowing period can ensure maximum
use of pre-winter light, heat and other resources to cultivate
strong seedlings [5] (Hu , 1986); a reasonable population
density is the basis for high yield, and different sowing
densities cause corresponding changes in the synthesis
and operation and accumulation of photosynthetic products,
which in turn affect the yield and quality of wheat (Cao, 2011;
Yang et al.,2010; Li et al.,2016). A great deal of research has
been done on this subject, and the determination of sowing
and density varies according to variety and region(Kong
et al., 2004; Hu et al.,, 2008; Liu et al.,2017; Zhang et al.,
2014; Chen et al.; 2014;Jiang et al.,2014). It was shown that
the effects of different sowing dates and densities on grain
yield and its component factors reached the significant level,
and the effect of density on yield component factors was
greater than that of sowing date. Some researchers have
shown that the high yield potential of this variety can be fully
utilized with appropriate planting density, moderate sowing
and appropriate late sowing (Liu et al., 2009). Both sowing
date and density had significant effects on grain yield,
and the effect of sowing date was greater than that of density.
The grain number per spike and thousand grain weight
decreased and the spike number per unit area grew with
the increase of sowing density. This indicates that high yield
can be achieved by sowing the optimal date and density (Li et
al., 2010).The effect of sowing date on the grain number per
spike and thousand grain weight was small, and the effect on
the spike number per unit area and yield was large; density
had a great effect on both yield and its components; it had
a important effect on both yield and spike number per unit
area between sowing date and density interaction (Su et al.,
2015; Yang et al.,2015). Bainong 207 is an excellent variety
selected by Henan Institute of Science and Technology. It
needs corresponding high-yielding supporting cultivation
techniques to further exploit the yield potential of the variety
on the base of optimal sowing date and crop density to
achieve stable and high yield of winter wheat.

Materials and methods. The experimental material —
variety of Bainong 207 was provided by the Wheat Genetic
Improvement Research Center of Henan Institute of Science
and Technology.

Experiment design. The experiment was conducted
in 2019-2020 in the experimental field of Hui Xian. The
research field was flat, with good irrigation and drainage
conditions and uniform fertility. Four sowing dates were set
for this variety: October 1st(A1), October 8th (A2), October
15th (A3) and October 22d (A4), respectively; four densities
for basic seedlings were 300x10* plant-hm? (B1), 375x10*
plant-hm?B2), 450x10*plant-hm? (B3) and 525x10*
plant-hm?(B4). There were 3 repetitions for each variant
the row length of the plot was 4m, the width was 1.5 m,
and the field management was common.

Measurement items and methods. After the emergence,
select a representative 1-meter double-row sample for
each plot to investigate population tiller number before
winter and the highest population tiller number after winter;
counting the spike number, grain number per spike, plant

height and spike length at maturity phase. After winter
maturing it was harvested according to the plot, threshing,
drying, recording the yield separately, and measuring
the thousand-grain weight (g).

Using volumetric HGT1000 to determine the volumetric
weight (volume weight is the weight of the grain in the unit
volume, the unit is g/l).

Single spike summary real number
x100%

Seed .
Total flowering per spike

setting rate =

For data analysis were used such program as Microsoft
Excel and SPASS statistical software.

Results. Effect of sowing date and density on yield
and yield components of Bainong 207.The effects
of sowing date and density on yield and yield components
reached significant levels (Table 1). The results
of multiple comparisons showed that the average yield
was A2>A3>A4>A1, and it increased by 10.25%, 3.8%,
and 3.16%, respectively, compared with A1. The spike
number and grain number per spike was more in A2 and A3
than in A1 and A4, indicating that both early sowing (A1)
and late sowing (A4) were unfavorable for the growth
of spike number and grain number per spike. Thousand
grain weight decreased with delayed sowing, indicating that
late sowing delayed the growth and development process
and shortened the filling period, resulting in insufficient grain
filling. From the effect of planting density on yield and yield
components, the order of yield among different densities
was B2>B3>B1>B4, in which B2 increased yield by
2.48% and 4.47% compared with B1 and B4, respectively,
and the difference between B2 and B3 was not significant.
With increasing density, the spike number and grain number
per spike increased and then decreased, and the thousand
grain weight gradually decreased, indicating that planting
density was too high (B1) or too low (B4), which was not
conducive to high yield. Only under the proper sowing date
and planting density, high yield could be obtained.

Effect on the yield and yield components of Bainong
207 between sowing date and density interaction.
The significance of the difference between sowing date
and density interactions on yield and yield components is
shown in Table 2, indicating that there were large differences
between various densities at the same sowing date or
between different sowing dates at the same density. UnderA1
sowing date, the yield decreased with the increase of planting
density, with B1 yielding the highest (10281.52 Kg-hm).
The spike number of B2 was the highest, followed by B3;
the grain number per spike exhibited a trend of decreasing
and then increasing with the growth of density, with B4 spike
number, grain number per spike being the highest. The
thousand grain weight of B2 was the highest, and the above
results indicated that the coordination of yield components
was affected by either too high or too low density under
the same sowing date. Under A2 sowing, B3 had the highest
yield (11,891.74 Kg-hm?), which was 6.86%, 4.02%
and 9.02% higher than B1, B2 and B4, respectively. In A3
and A4 sowing, B2 had the highest yield and spike number.
The yields were 10743.84 Kg-hm? and 10895.5 Kg-hm?,
respectively. With increasing density, the grain number per
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spike gradually increased and the thousand grain weight
gradually decreased under A3 sowing, and both the grain
number per spike and thousand grain weight decreased
under A4 sowing. Data of Table 2 also shows that A2B2 yield
is the highest, A1B4 yield is the lowest, the spike number,
the grain number per spike, thousand grain weight are
the lowest in A4B4. The combined results show that the best
sowing date is A2, the suitable density range is B2~B3,
and the best planting density is B2.

Effect of sowing date and density on agronomic
traits of Bainong 207. The differences of agronomic
traits between different sowing periods and densities
of Bainong 207 were significant as shown in Table 3.
Setting percentage was highest in A3 at sowing date,
and reached significant differences with A1, A2 and A4,
but they were not large with A1, A2 and A4. Plant weight in
creased gradually with sowing date, and was highest in A4
(781.25g-L"), and reached significant differences with other
variants. Plant height decreased gradually with sowing date,
indicating that it could be adjusted by sowing date. Spike
length was the highest at A1, followed by A3, which did not
differ significantly from each other, but reached significant
differences with A2 and A4. With increasing density, seed-
setting rate gradually decreased: they were the highest with

B1 and B2, B3 but it was not significantly different for B4;
plant weight was the highest under A1, followed by A4. Plant
height and spike length did not differ significantly among
different densities: plant height gradually increasing with
density increasing, and spike length was the longest under
A2, followed by A3, indicating that density should not be too
large or too small.

Agronomic traits of Bainong 207 depend and in
of sowing date and planting density. Seed-setting rate,
plant weight, plant height and spike length were significantly
difference between sowing date and density interaction
(Fig. 1). Under A1, A3 and A4 sowing dates, the seed-setting
rate decreased gradually with increasing density; under A2
sowing date, the setting percentage increased and then
decreased. With the same density, the seed-setting rate was
higher in A2 and A3 with delayed sowing date, among which
A3B1 was the highest. The order of plant weight between
different sowing dates was A4>A2>A1>A3, and the plant
weight between different densities was B1>B4>B2>B3;
A4B3 had the highest volume weight (783.67 g-L-1),
followed by A4B1 and A4B4, indicating that late sowing
and high density had a greater effect on plant weight.
Under the same density, plant height gradually decreased
with delayed sowing and under the same sowing date,

Table 1

Result of grain yield and its components depending sowing dates and planting densities

Variant Grain yield Spikes Grain number Thousand-grain
(Kg-hm?) (10*hm?) per spike weight(g)

A1 10141.69c +144 567.21bc +27.04 43.48b £1.89 42.07b +0.59

Sowing date A2 11300.12a +426 580.38a +22.11 43.62b £2.68 43.99a +1.61
A3 10542.45b +174 576.55ab + 29.08 44.52a +1.31 41.83b +1.41

A4 10472.82b +299.8 556.78¢ +30.08 42.05¢c +1.62 39.53c +2.04

B1 10545.45b +333.6 560.16¢ +21.08 42.83c £1.59 43.13a +1.92

Density B2 10813.73a +463.1 587.09a +25.49 43.44b +2.58 42.42b +2.22
B3 10767.58a £709.8 572.43b +29.18 44 43a +1.63 41.56¢c +1.15

B4 10330.33¢ +338.9 561.25¢ +29.58 42.97bc +2.25 40.31d 2.2

Note: Values followed by different small and capital letters are significantly different at 0.05 levels. The same below.

Table 2

Grain yield and its components of Bainong 207 at different sowing dates and planting densities

Variant G(}r(a;rlh)::‘gzl;i (1%4'3_':1(?:‘_2) Gr?;:r ';‘,‘,?,’(Ze' Thousand-grain weight(g)
A1xB1 10281.52ghij £31.3 550.34def +3.03 43.87e +0.76 42.13cdef £0.25
A1xB2 10201.73hij £+146.7 606.67a12.32 40.73hi +0.81 42.87cde +0.42
A1xB3 10087.54ij +73.4 571.37cde +8.67 43.87e +0.83 41.7defg +0.26
A1xB4 9995.96j +123.3 540.46f £8.27 45.47bcd +0.31 41.57efg +0.31
A2xB1 11075.71bc+55.1 582.73abc +4.81 40.52hi +0.84 46.07a£0.57
A2xB2 11413.84b£107.9 548.94ef £2.24 45.57abc +0.35 44.63b+0.61
A2xB3 11891.74a190 597.12ab +6.62 46.6a10.2 43.07¢+0.35
A2xB4 10819.19cde £90.8 592.73abc 15.68 41.8fg 0.4 42.2cdef £0.44
A3xB1 10431.96fghi +152.6 535.3f £6.17 42.8f£0.4 42.93cd +0.76
A3xB2 10743.84cdef £+131.2 601.06ab +£9.43 46.13ab £0.5 42.93cd +0.65
A3xB3 10601.29defg +67.6 588.03abc +3.81 44.67cde +0.7 40.89 £0.85
A3xB4 10392.71fghi +59.6 581.82bc +4.17 44.47de £0.31 40.63g +0.51
A4xB1 10392.62fghi+65.1 572.28cd+10.41 44.13e +0.51 41.37fg £0.35
A4xB2 10895.5¢cd £99.8 591.67abc +4.82 41.33gh+0.41 39.27h £0.32
A4xB3 10489.72efgh+77.9 533.19f+9.46 42.6f £0.87 40.67g +0.93
A4xB4 10113.44hij +47.8 530f +6.36 40.13i+0.83 36.83i £0.40
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plant height decreased and then increased with increasing
density, but under A4 sowing date, plant height gradually
increased with increasing density. A1B4 plant height was
the highest (86.85 cm) and A1B1 plant height was the lowest
(76.67 cm), indicating that plant height could be improved
by adjusting sowing date and density. Spike length was
the highest in A1B4, followed by A1B2, they did not differ
significantly. With delayed sowing, spike length did not differ
considerably among densities, indicating that sowing date
had a little effect on spike length.

Correlation analysis of the yield and main agronomic
traits. The correlation coefficients of yield traits for each
variants were calculated as shown in Table 4. The index
traits were positively correlated with yield, seed-setting
rate were (r = 0.092), plant weight (r=0.079), spike number
(r=0.37), grain number per spike (r=0.292), and thousand
grain weight(r=0.464). The correlation coefficients of seed-
setting rate, plant weight and yield were not significantly
different, and the correlation coefficients of spike number
and thousand grain weight were highly large. The correlation
coefficients between plant height (r=0.18), spike length
(r=0.572) and yield were negatively correlated, with no
significant difference in plant height and a highly significant
difference in spike length.

The correlations among the other agronomic traits
were as follows: plant weight, spike number and thousand
grain weight were negatively correlated. Seed-setting
rate, plant height, spike number, grain number per spike
and thousand grain weight were positively correlated, but
not significantly for grain number per spike. The traits that
were positively correlated were seed-setting rate, plant
height, spike length, spike number, seed-setting rate,
spike length at a significant level, the other two were not
significantly different. But there was a highly significant
negative correlation between plant weight and the grain
number per spike. Seed-setting rate, plant height and spike
length were positively but not significantly correlated
with the spike number, while volume weight was highly
significantly and negatively correlated with the spike
number. Plant height, setting percentage and spike length
were positively correlated, plant height was significantly
and positively correlated with spike length, and volume
weight was highly significantly and negatively correlated
with spike length. Seed-setting rate, plant weight
and plant height were negatively correlated, and plant
weight was significantly different. The seed-setting rate
was significantly and negatively correlated with the plant
weight. The analyses showed that the plant weight was

Table 3
Agronomic traits of winter wheat depending on sowing dates and planting densities
Variant Seed-setting rate Plant weight Plant height Spike length
(%) (g'L") (cm) (cm)
A1 83.71b £0.011 772.83c £3.04 85.44a £1.42 10.16a +0.47
. A2 85.32b £0.03 776.08b 2.5 81.7b +4.61 9.21¢ £0.47
Sowing date
A3 88.70a £0.02 765.08d +2.84 81.64b +2.11 10.08a +0.41
A4 83.36b £0.02 781.25a +3.11 77.78c £2 9.5b +0.54
B1 85.81a +0.037 774.75a +6.59 80.88a +4.03 9.72a +0.28
Densit B2 84.99a +0.038 773.17ab +6.51 80.86a +3.78 9.77a £0.18
y B3 85.09a £0.025 772.67b +8.12 82.17a +3.48 9.79a +0.16
B4 85.19a +0.02 774.67a 5.3 82.64a +4.28 9.68a +0.28
Table 4
Correlation analysis of the yield and main agronomic traits
. Seed-setting  Plant . Spike . Grain Thousand- Grain yield
(éggf?il:ité?]rt‘ percentage  weight P|al1(:::18Ight length (104S|glrl$f1m'2) number  grain weight (Kg
(%) (9) (cm) P per spike (9) hm?)
Setting ?;Zr)ce”tage 1 04627 -0.014 0.271 0.06 0.302" 0.24 0.092
Plant
weight 1 -0.310* -0.547* -0.334* -0.373* -0.185 0.079
(@)
P'a’zmight 1 0.204* 0.071 0.146 0.238 0.18
Spike length * "k
(cm) 1 0.021 0.312 -0.05 -0.572
Spikes .
(10%plant-hm2) 1 0.064 0.259 0.370
Grain number *
oer spike 1 0.229 0.292
Thousand-
grain 1 0.464**
Weight (g)
ey *p<0.05 **p<0.01 1

Note: * and ** indicate correlations significant at the 0.05 and 0.01 levels, respectively.
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Fig. 1. Influence of sowing date and planting density on agronomic traits

negatively correlated with plant height, spike length,
spike number, grain number per spike and thousand grain
weight.

Discussion. Sowing date and density are two
important factors affecting yield, the results of which are
controlled by variety, cultivation techniques, environmental
and management conditions (Liu et al., 2014; Zhang et al.,
2009; Guoetal., 2004; Yang et al., 2007). The results of this
study showed that yield, spike number, and grain number
per spike were higher at sowing dates A2, A3, and densities
B2 and B3, and the thousand grain weight decreased
gradually with delayed sowing dates and increasing
densities. It can be seen that the appropriate sowing date
for Bainong 207 is October 8~15, and the appropriate
density is 375~450 x10* plant-hm. The interaction effect
of sowing date and density A2B3 has the highest yield
of 11,891.74 Kg-hm?2, followed by A2B2, indicating that
the best sowing date is October 8, and the best density is
450 x10* plant-hm. The spike number and grain number
per spike increased and then decreased with increasing
density at the same sowing date, and the thousand
grain weight gradually decreased. In conclusion, both
early and late sowing dates are not good for high yield,
which is consistent with the results of previous studies
(Xi et al.,2012;Han et al., 2011; Wang et al.,2009; Yan

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

et al., 2008;Guo et al., 2009; Qu et al., 2013).The effect
of sowing date and density on agronomic traits showed
that the effect of sowing date was greater than that
of density. The differences between sowing dates were
significant in seed-setting rate, plant weight, plant height
and spike length, but no significant differences were found
in density on setting percentage, plant height and spike
length. Setting percentage A3 was the highest, followed
by A2, which gradually decreased with increasing density;
the volume weight fluctuated more with delayed sowing,
and changed less with increasing density, which might be
related to the climatic conditions during the filling period.
Plant height gradually decreased with delayed sowing, so
plant height could be adjusted by changing sowing period,
This is consistent with the findings of other scholar (Wang
et al., 2007); and the trend of plant height changed less
with increasing density, which might be the result of growth
competition within the population. Spike length varied
with different sowing periods. The difference between
the maximum and minimum values is only 0.95 cm,
and the difference between the maximum and minimum
values is only 0.11 cm, which shows that the spike length
is relatively stable trait and does not change significantly
with sowing date and sowing density, which is consistent
with the result other scholar study (He et al., 2018).
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The results of correlation analysis showed that the spike
number, the grain number per spike and thousand grain
weight were positively correlated with yield, the plant height
and the spike length were negatively correlated with yield,
and the seed-setting rate and the plant weight were not
significantly correlated with yield. The results showed that
the three components of yield can be harmonized and high
yield can be achieved with proper sowing at the optimal date
and the proper density.

Conclusions. This experiment is only a preliminary
study to compare the sowing date and density of Bainong
207. There are many factors affecting yield: variety,
geographical environment, temperature, light and climatic
conditions, so further research of field management
measures, pest and weed control is needed to facilitate
the formation of good variety and method of cultivation
technology to provide guarantee for high quality and yield
of wheat.
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UsiosiHb YeHb, acnipaHmka, CymcbKul HauioHanbHUl aegpapHuli yHieepcumem, M. Cymu, YkpaiHa, XeHaHcbKul
iHcmumym Hayku i mexHomnoeil, M. AHbsiHb, XeHaHb, KHP

CiHnayi Oy, mazicmp, npogpecop, XeHaHCbKUU IHCMUMym Hayku i mexonoeaid, M. Yxoykoy, XeHaHb, KHP

CuHbxya Jlu, bakanaep, acpoHoM, XeHaHCbKUU iHCmumym Hayku i mexHonoeit, M. Xy4aH, XeHaHb, KHP

BeHbxyeli Beil, npogecop, XeHaHCbKUL IHCMUmMym Hayku i mexHonoait, M. YxaHb, XeHaHb, KHP

Kandub6a Hamaniss MukonaieHa, kaHOuOam CinbCbko20crno0apchbKux Hayk, 0oueHm, CymcbKul HauioHanbHUU
agpapHul yHisepcumem, M. Cymu, YkpaiHa

Bnnue pi3Hux cmpokie i 2ycmomu nocigy Ha ypoxalHicmb ma 0CHO8Hi a2POHOMIYHI 03HaKu 03UMOI nuweHuyi
copmy Bainong 207

Huni € akmyarnbHi aumoau w000 copmis i3 nidsuLeHo adanmosaHiCmo ma CrPOUEHO0 | MPaKMUYHOK a2pOMmeXHIKOK
0711 MiOMPUMKU Cy4acHO20 CifbCbKo2o 2ocrodapcmea. Y Hawux O0CHIOKEHHAX MU eukopucmosysanu copm 03UMoi
nweHuui Bainong 207 sk ekcriepuMeHmarbHUl Mamepiasn i Manu Yomupu cmpoKu rocigy ma Yomupu eapiaHmu 2ycmomu
rocigy 0nsi KOXHO20 mepMiHy. byno 0ocnidxXeHO ennue cmpokie ma 2ycmomu rocigy Ha epoxalHicmb, KOMIOHEHMU
8poxalHOCmi ma OCHOBHI a2pOHOMIYHI 03HaKu. 3a pe3dynbmamamu docnioxeHb 6yr0 8CMaHOBIEHO, WO 8M/IU8 CMPOKI8
i eycmomu nocigy Ha epoxaliHicmb ma OCHOBHI KOMIMOHEHMU 8POXalHOCMi CYmmeso GIiOPI3HANUCS, MPUYOMY 6r/iug
CMPOKY 110Ci8y 8USIBUBCS CUIMbHIWUM, HiX 8MIu8 aycmomu. YpoxalHicmb, KiflbKiCmb KOIOCKI8 ma KiflbKicmb 3epHa Ha
Konoci bynu Hatsuwumu y A2, a Maca mucsyi 3epeH — y A3; Halibinbwy epoxaliHicms manu B2 ma B3. Kinbkicms konockig
ma KinbKicmb 3epHa Ha KO/0Ci 3pocmarnu, a nomim 3MeHwyeanucs 3i 36inbWeHHsIM 2ycmomu, a Maca mucsidi 3epeH
rnocmynogo 3meHwysanacs. [lpu ysomy He crnocmepieanocsi meHOeHYi 00 36inbWeHHsT Macu POCIUH 3 ypaxy8aHHSM
CmpoKie ma 2ycmomu focigy. Bucoma pocnuH nweHui mocmyrnoeo 3MeHWwysanacs 3i CmpoKoM rocigy ma 36inbuysanacs
3 2ycmomoto rociey. [JoexuHa kosoca byra 8i0HOCHO cmabifbHOK 03HaKOK 63 icmomHUX 3MiH i3 MePMIHOM ma 2yCmomor
nocigy. 3a pesynbmamamu 00cniOKeHb 8CMaHOB8MEHO Halbinbw npudamHi CpoKu rocigy Onsi copmy O3UMOI MuweHUUi
Bainong 207. KopensyiliHuli aHani3 rokasas, W0 8UCOKUU ypoxal MOxueo A0Cs2Hymu WIISIXOM MOEOHaHHSI MPbOX
chakmopis spoxaliHocmi rpu 8i0MOGIOHUX CMpoKax ma 2ycmomi fociey.

Knrovoei crioea: kopensyitiHuli aHani3, o3umMa MWeHUUs, CMPOKU focigy, 2ycmoma rocigy, ypoxalHicms, copm,
KOMMOHeHmU 8poxaliHocmi, OCHOBHI agpOHOMIYHI 03HaKu, Bainong 207.

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty 77

Cepis «ArpoHomist i Gionoris», Bunyck 3 (45), 2021



UDC 581.524:630.18:556.155(510)

STUDY OF COMMUNITY STRUCTURE AND DISTRIBUTION OF MIXED FOREST NEAR NANWAN LAKE

Yan Tengfei

PhD Student

Sumy National Agrarian University, Sumy, Ukraine

Henan institute of Science and Technology, Xinxiang, Henan
Xinyang agriculture and forest university, Xinyang, Henan
ORCID: 0000-0002-8360-3776

yantengfei@xyafu.edu.cn

Kremenetska Yevheniia

PhD (Agricultural Sciences), Associate Professor
Sumy National Agrarian University, Sumy, Ukraine
ORCID:0000-0001-5581-7868
e.kremenetska@gmail.com

Wan Shibin

Bachelor, Deputy Senior Engineer

Nanwan national forest farm, Xinyang, Henan
ORCID: 0000-0003-1513-9876
wanshibin@163.com

Hu Qiang

Master degree, Teaching-Assistant

Xinyang agriculture and forest university, Xinyang, Henan
ORCID: 0000-0001-9842-866X

371164191@qg.com

He Songlin

Doctorial tutor, Professor

Henan institute of science and technology, Xinxiang, Henan
ORCID: 0000-0001-6196-3626

hsl213@yeah.net

The community structure distribution of a forest that grows in the coastal zone is an important index for the diversity
and sustainable development of riparian ecosystem and is also an important basis for the production of forest land
management. In order to understand the ecological function of the riparian zone of Nanwan Lake (Xinyang City, Henan
Province, China), the growth status of the forest in the downstream of the reservoir was investigated. The results of the study
indicate that Pinus massoniana Lamb and Pistacia chinensis Bunge are the predominant species in the coastal zone.
There is a gradual decrease in the representation of Pinus massoniana Lamb in this community. Lower story of Quercus
dentate Thunb. and Pistacia chinensis Bunge demonstrates significant potential to replace the upper story. The tree
structure characteristics (DBH - diameter of a tree trunk at breast high (1,3 m), tree height and crown width) were recorded
at each experimental plot. The tree structure characteristics conform the inverted "J" distribution and the linear relationship
between the DBH and tree height in the foreststand (can be well described by using Richard model equation), the model
equation is H=1.3+20.095 (1-e90)"7% In the absence of anthropogenic accidents or natural extremes, the forest lands
near Nanwan Lake could effectively use environmental benefits for a long time. In order to improve the level of forest
management in mixed forests in these areas, it is suggested to closely monitor the growth status of trees, cut dead or poor
growing Pinus massoniana Lamb, and prevent the occurrence of forest fires.

Key words: Nanwan Lake riparian zone; mixed forest; community structure characteristics.

DOI https://doi.org/10.32845/agrobio.2021.3.10

Introduction. Forestland growing in the riparian zone
has an important ecological value and functional benefits in
water conservation, non-point source pollution interception,
litter decomposition, carbon storage, nitrogen deposition
and other aspects. It is a momentous ecological buffer area
for water area and terrestrial ecosystems (Gonzalez et al.,
2016; Dybala et al., 2019; Ran et al., 2020). Riparian forest
land provides a substrate of litter and other organic matter
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for aquatic organisms, which control water temperature
and light through shade, maintain riparian vegetation stability,
and reduce soil erosion (Naiman & Decamps, 1997).

The main driving force of vegetation community structure
characteristics in riparian zone is the adjacent hydrologic
condition. The riparian forest adjacent to the water area is
disturbed by the unpredictable and rhythmless reservoir
stream which often leads to the decrease of soil dissolved
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oxygen, the decrease of hydraulic conductivity, the restricted
respiration of trees and other factors, which greatly affect
the community structure of riparian forest (Kuglerova et al.,
2014; Myster, 2018). Besides being directly affected by the flow
of the reservoir, riparian forests are also indirectly affected by
the microclimate brought by the river (Gonzélez et al., 2016).

In the riparian zone (typical small climate habitat)
the growth strategies of plants and animals, propagation
of propagules, migration of groundwater and flow of material
and energy have their own unique modes of operation
(Naiman & Decamps, 1997).

Compared with the riparian zones formed by large
river basins and alluvial plains, reservoir riparian zone
shows more obvious ecological vulnerability in spatial
heterogeneity, landscape pattern, plant community structure
and other aspects, and has more frequent groundwater
activities and stronger dependence on stable habitat.
However, in practice, the ecological importance of such
a small watershed is often ignored by experts and forestry
managers (Hagan et al., 2006).

It has been agreed that riparian forests play an important
role in buffer. In many European countries, buffer zones are
left to protect the ecological environment of rivers when
conducting forest management (Oldén et al., 2019). Many
researchers have discussed the relationship between
the width of buffer zone and the ecological benefit (Ali, 2019;
Kuglerova et al., 2014; Ring et al., 2017).

In the management activities of riparian forest, we
generally try not to disturb its ecological cycle as much as
possible, in order to obtain the maximum ecological benefits
(Tolkkinen et al., 2015). Such conservative management
measures often lead to problems such as overmaturing
of forest land, unreasonable structure of forest canopy
and gradually unbalance of tree species in the management
of riparian forestland.

Studies have shown that moderate disturbance can
improve the functional heterogeneity of forest communities,
promote the succession of ecological communities,
and improve biodiversity (Kreutzweiser et al., 2012;
Kuglerovd et al., 2014; Sibley et al., 2012). Proper
management measures can promote the ecological benefits
of riparian forestland.

Tree species diversity, diameter class diversity and height
of tree diversity all affect the attribute of forestland, and further
affect the ecological benefit. Thus, stand structural complexity
is defined as differences in the diameter and height
of individual trees, as well as the heterogeneity of tree size
(diameter and/or height) within the stand. In summary, stand
structural diversity, complexity, and other related variables
(such as average tree size, stand density, and stand basal
area) are characterized as stand structural attributes.

The DBH diversity describes the degree of difference
in tree size within the stand. The greater the difference,
the stronger the spatial heterogeneity of the stand is,
and the more species it can accommodate. Changes in
the size (diameter and/or height) of individual trees, for
example, between and within species, are critical to species
diversity and the maintenance of forest function (Clark,
2010; Yuan et al., 2018).

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

The greater capacity to provide ecological niches or food
diversity for a variety of animals, plants, and microorganisms
in the forest is improved if the variation of stand diameter
class and stand structure became more complex (Rolstad et
al., 2001). The relationship between tree species structure,
species diversity and aboveground productivity in 300,000
sample plots were studied and found that tree structure
characteristics were the main driving force of aboveground
productivity (Bohn & Huth, 2017). According to the research
in the African tropical rain forest region (Poulsen et al.,
2017), the availability of forest structure and the availability
of large trees, compared with environmental variables
and disturbances, are important predictors of abundance
and distribution of large liana plants.

Canopy structure is also an important structural
feature affecting forest land in riparian zone. Canopy
intercepts rainfall to change surface runoff, thus affecting
decomposition rate of litter and soil structure, and improving
water circulation characteristics of riparian zone (Livesley et
al., 2014; Sun et al., 2018).

It was found that the correlation between stand
structure and forest species diversity was positive, negative
and insignificant, and the determinants of these three
relationships mainly lie in the competitive relationship
between individual trees, light conditions and selection
effect, while the relationship between stand structure
characteristics and forest function is more directly
determined by the environmental effect in which the stand
is located (Ali, 2019).

In recent years, the implementation of China's
ecological civilization strategy has played a positive role
in the promotion of forestry development. In this context it
should be noted that China's forest coverage rate has been
continuously increased and the area of artificial forests has
been continuously expanded. Undesirable consequences for
maintaining the ecological benefits of forests in the coastal
zone are observed in the case of abandonment of felling
and no other measures for the well-being of all riparian
ecosystems.

Nanwan Lake Reservoir is a 4A tourist attraction in
Xinyang City, Henan Province, China. It has provided
important ecological benefits for the local community
in tourism, domestic water, irrigation, regional climate
characteristics and other aspects. With the adjustment
of forest management measures in recent years, the forest
land around the reservoir has obviously degraded in
landscape pattern and ecological benefit. In order to find
out the growth and development status of the forest land
near Nanwan Lake reservoir, the community distribution
structure of the forest land in Nanwan Lake reservoir was
investigated, so as to provide the production basis for
the rational management of the forestland.

Materials and Methods. Overview of test site. The test
site is located around Nanwan Lake Reservoir in Xinyang
City, Henan Province, China (E 114° 08, N 32° 13").
Xinyang city, situated in the south of Henan Province,
located at the Qinlingmountain and Huai River boundary,
is a transitional region from subtropical zone to warm
temperate zone. The terrain is high in the south and low
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in the north, with an altitude of 75-300 m. Xinyang has
plenty of solar radiation, the average annual sunshine hours
are 1900-2100 ones. The average annual temperature
is 15.3-15.8°C, and the average annual rainfall is
993-1294 mm. The relative humidity averages is 74-78 %.
The average annual rainfall is 177-255 mm. There are many
rivers in this region, which are part of Yangtze River and Huai
River basins. Huai River basin occupies 98.2 % of the city's
area and is located in the upper reaches of the Huai River,
which traverses the whole city from west to east. Under
the influence of special geographical location and climate,
the spatial and temporal distribution of rainfall is uneven,
and the annual and inter-annual precipitation greatly varies.
The precipitation is mainly concentrated in June to August in
the main flood season, and the annual difference between
high and low rainfall can be up to 2-3 times. The main forest
trees species in this area are Pinus massoniana Lamb,
Cunninghamia  lanceolata (Lamb.) Hook, Quercus
acutissima Carruth., Quercus dentate Thunb. and Pistacia
chinensis Bunge etc. These tree species are distributed in
pure forest or Mosaic and form the main forest community.

Experiment design. In the downstream of the reservoir,
9 forest land samples close to the water area were selected
(Fig. 1), with an area of 20 m x 15 m. We carried out each
wood gauging in the samples. The main records included
the tree species and growth status of each tree, DBH
(= 5cm), tree height (H), height under the branches of alive
trees, canopy width and other factors.

Fig. 1. Test site location

Data analysis. Tree species composition. The
composition coefficient of tree species was used to
represent the proportion of each tree species in mixed forest,

and the proportion of different tree species' basal area in
total basal area was used to calculate the composition
coefficient of tree species.

Importance value. Importance Value (1V) is an important
indicator in the calculation and evaluation of species
diversity, which represents the relative importance of plant
species in the community with comprehensive values. The
more the IV, the more important they are in the stand. The
calculation formula as follows (Curtis & Mclntosh, 1951):

IV (%) = (relative density + relative frequency + relative
significance) x 100/3, where:

— relative density = the number of individuals of a certain
species/the number of individuals of all species x 100 %;

— relative frequency = the frequency value of a certain
species/the frequency value of all species x100 %;

— relative significance = basal area of a certain species/
basal area of all species x 100 %.

Diameter distribution. The DBH of trees was taken
as the index to measure the size of trees, the trees were
graded according to the DBH, and the DBH of trees was
statistically analyzed with 2cm as the diameter step length,
and the starting DBH was 5 cm.

Forest story division. According to the International Union
of Forest Research Organization standard, the vertical
stratification of the stand is divided into three vertical
stratifications based on the average dominant tree height
of the stand. In the upper canopy, the height of the tree is more
than or equal to 2/3 of the average height of the dominant tree.
In the middle canopy, the height of the trees is more than 1/3
and less than 2/3 of the average height of the dominant tree.
Lower canopy, tree heightis less or equal to 1/3 of the average
height of the dominant trees.

Tree height distribution. The tree height structure was
analyzed with 1 m as the height step size.

Tree size diversity index. In order to quantify
the distribution characteristics of individual diameter
class of trees in a stand, the species diversity evaluation
index applied to the ecosystem has been widely used
for tree diameter class diversity evaluation, and thus
the distance-independentdiversityindexandthedistance-
related diversity index have been proposed. The diversity
index is independent of the distance, it can be applied
easily. DBH data are needed to effectively characterize
the diameter class distribution characteristics in
the stand (Peder & Ljusk, 2000; Pommerening, 2002;
Schulte & Buongiorno, 1998).

Four size diversity indexes independent of distance were
selected, Simpson size diversity index (D,) and Shannon
index (H,) were used to evaluate the diameter class
distribution richness of forest land along the riparian zone
of Nanwan Lake reservoir. Gini coefficient of basal area
(GC) and diameter variation coefficient (CV) were used to
evaluate the DBH size variation degree of forest land along
the riparian zone of Nanwan Lake reservoir, with the diameter
class of 2 cm.The specific expression is as follows:

Simpson size diversity index (Valbuena et al., 2012)

Dv=1-3 P/
j=1
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Shannon size diversity index [3] (Buongiorno, 2001)
Hy == PjIn(P;)
j=1

Gini coefficient index of basal area [6] (Duduman, 2011):

n

> (2i-n-1)BA
GC=2 —
ZBAi(n—l)

Diameter coefficient of variation index is:

/i(di_a)z

CVu= n-1

d

S represents number of diameter classes, P] proportion
of tree numbers in size class j, BA - basal area for tree with
rank i (m?), n - total number of trees, d - mean diameter (cm).

Relationship between tree height and DBH

Richard model, Weibull model, logistic model, Korf model
and compertz model were used to simulate the relationship
between tree height and diameter at breast height (DBH)
and calculate the parameter values of the equations.

To ensure a tree height of 1.3 m at DBH 0; constant 1.3
was added to all models (Tab. 1), where: a, b, ¢ - parameters,

a - total height limit (means upper bound of total height), b -
related to growing speed, ¢ - shape parameter.

SPSS19.0 software was used to simulate each
expression parameter.

Table 1
Commonly used tree height, DBH relation expression
No. model Expression
1 Richard H=1.3 + a(1- e™)°
2 Weibull H=1.3 + a(1- ™)
. a
3 Logistic H=1.3 + ———
1+ be™
b
4 Korf H=1.3 + a(e”)
5 Compertz H=1.3 + a( e"’ech)

Results. 1. Composition of tree species. By surveying
each samples, the stand density is 1220 plants / hm?,
and there are 12 arbor species (Tab. 2).

The top four species in terms of important value are
Q. dentata, P. massoniana, Q. acutissima, P. chinensis.
The coniferous forest species mainly is P. massoniana,

Table 2
General situation of tree species in the sample plots
Number Basal area/(m?) DBH/cm H/m
species v
No. % Sum Average % Max Min Average Max Min  Average
Quercus
156 310 46 21.6 2.1
de"g:t:rzzz"b' 546 1639 0008 255 9.10 733 33.66
dentata Thunb.(dead) 4 132 53 102 28
Pinus massoniana 31 370 131 24 108
Pinus massoniana 144 1.648 0.034 256 19.96 14.41 18.74
Lamb(dead) 11 210 1.7 15.4 6.5
Quer °g§;ﬁ;’,f"ss"’"a 32 109 2570 0.080 399 442 62  30.66 234 4.2 1828  22.37
P ’Stacéauﬁg"gens"s 31 106 0252 0008 39 202 54 932 178 36 864 1026
Platycarya strobilacea
Sieb. et Zucc. 11 3.8 0.095 0.009 1.5 230 5.9 9.45 178 59 8.37 4.84
Symplocos paniculata
(Thunb.) Mig. 5 1.7 0.034 0.007 0.5 131 5.4 8.86 147 3.2 9.34 2.30
Acer ginnala Maxim. 4 14 0.022 0.006 0.3 9 7.8 8.35 8.4 5.7 7.48 2.12
Broussonetia papyrifera 3 1.0 0.023 0.008 04 143 6.0 9.23 168 74 10.80 1.24
Ulmus parvifolia Jacq. 2 0.7 0.141 0.071 22 420 5.9 23.95 19.3 10.2 14.75 1.73
Cerasus dielsiana
(Schneid.) Yu et Li 1 0.3 0.007 0.007 0.1 9.3 9.3 9.30 8.3 8.3 8.3 0.92
Armeniaca vulgaris 4 03 0003 00038 005 64 64 640 38 38 38 091
C°"'”“§c°°°pggyg’ ia 4 03 0004 0004 005 70 70 700 46 46 46 091
Total 293 100 6.439 0.022 100
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the relative density of it is 14.4 %, the conifer-broad leaf
mixed ratio is 1:6, and the breast-height basal area ratio is
1:4. Q. dentata accounted for 54.6 % of the total number
of plants, followed by P. massoniana and Q. acutissima.

As for average DBH and tree height, the average DBH
of Q. acutissima is 30.66 cm, and the average tree height
is 18.28 m. Followed by Ulmus parvifolia Jacq., which
the average DBH was 23.95 cm, the average tree height
was 14.75 m, but the number of U. parvifolia. The average
DBH of P. massoniana is 19.96 cm and the average tree
height is 14.41 m. Although there were many Q. dentata,
the average DBH was 9.10 cm and the average tree height
was only 7.33 m. The number of P. chinensis was close to
Q. acutissima: with the average DBH of 9.32 cm and average
tree height of 8.64 m.

Based on comprehensive analysis, P. massoniana
and Q. acutissima had obvious advantages in the community,
which are the constructive species of the arbor community.
P. massoniana had partial death phenomenon and showed
the decline trend, while Q. dentata and P. chinensis have
great potential as regeneration species.

Diameter class distribution. The individual diameter class
distribution of all arbor trees in the riparian zone of Nanwan
Lake reservoir showed an inverse "J" distribution, among
which the number of trees 5 cm = DBH < 14cm accounted
for 68.6 % of the total, indicating that the diameter class

zWy/wWNN) AltsuaQ
w P w [=2)
o o o o

~
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structure of the forest stand is mainly medium-small
diameter class (Fig. 2).

The size of Q. dentate was mainly distributed between
5 cm to 29.9 cm. The smaller the size the number of plants
was more. The diameter class distribution of P massoniana
was mainly from 14 cm to 33.9 cm, and the number of plants
in each diameter class distribution was more uniform. The
diameter class distribution of Q. acutissima was commonly
from 18 cm to 45.9 cm, among which the number of plants
= 34 cm was more distributed, chiefly with large diameter
class. The diameter class distribution of P. chinensis mainly
ranged from 5 cmto 15.9 cm, and itis dominated by small size.
In general, the main tree species in the forest land of Nanwan
Lake reservoir are P. massoniana and Q. acutissima, which
are mainly distributed in the large-diameter class, while
Q. dentate and P. chinensis are mostly distributed in the small-
medium diameter class in large area. It can be predicted that
P. massoniana and Q. acutissima will be gradually replaced
with the growth of Q. dentata and P. chinensis.

Forest story division. According to the height of dominant
trees (Tab. 3), the forest story was divided into three vertical
structures: upper, middle and lower. The average height
of dominant trees in the forest story was 22.78 m, with
15.19 and 7.59 m as the boundaries of each forest story.
The number of trees in the middle canopy was the largest;
accounting for 42.4 %.The number of plants in the upper

W main speice

Motherspeice

30 32 34 3% 38 40 42 44

DBH class(cm)

o Ml BE

m Quercus dentata Thunb.
m Pinus massoniana Lamb
M Quercus acutissima Carruth.
m Pistacia chinensis Bunge

6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44
DBH class(cm)

Fig. 2. Size-class distribution of main tree species in the plot

Vertically distribution of the stand
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Table 3
Nanwan Lake reservoir forest story stratification

Dominant average

height Forest story Range Number
Lower canopy ~ H215.19 100
Middle 7.59
sarem canopy  <H<15.19 124
Upper canopy  H<7.59 68
Table 4

Vertical distribution table of Forestland
in Nanwan Lake reservoir

Species Canopy _canopy _ canopy
Q. dentata 68 78 10
Q. dentate (dead) 3 1

P. massoniana 0 6 25
P. massoniana (dead) 3 7 1
Q. acutissima 1 4 27
P. chinensis 15 14 2

P. strobilace 4 6 1

S. paniculata 2 3 -
A. ginnala 2 2 -

B. papyrifera 1 1 1

U. parvifolia - 1 1

C. coggygria 1 - -
C. dielsiana - 1 -

A. vulgaris 1 - -

30 4

(wnN)Ansuap

2 3 4 5 6 7 8 9

canopy was less, accounting for 23.2 %. This indicates that
in the whole forest story, the trees in the middle and lower
layers occupy the main distribution.

The main tree species in the upper story of forest
near Nanwan Lake are Pmassoniana and Q. acutissima,
among them a small amount of Q. dentata and P. chinensis
distributed (Tab. 3). The middle story is mainly dominated
by Q. dentata, and a small amount of P. massoniana
and P. chinensis distributed, about a half among them
(P. massoniana) are dead and their growth condition is
limited. The lower story is dominated by Q. dentate with
a small amount of P. chinensis and P. strobilacea.

Tree height distribution. The distribution curve of tree height
is asymmetrical shape of mountain and continuous (Fig. 3).

Tree heightranges from 6 mto 8 m has a large distribution.
Maximum tree height is 23 m. The height distribution
of Q. dentata is mainly concentrated in the range of 3 m to
14 m. The height of P. massoniana is mainly distributed in
the range of 12 m to 21 m, the height of Q. acutissima — in
the range of 16 m to 22 m, the height of P. chinensis — in
the range of 4 m to 8 m. From the perspective of tree height
distribution, the tree height distribution of differenttree species
is clearly stratified. Q. acutissima and P. massoniana are
growing in the middle and upper canopies, while Q. dentate
and P. chinensis are concentrated in the lower and middle
canopies. From the perspective of DBH distribution, the tree
height distribution and diameter class distribution of each
tree species have the same trend.

Emain species

M otherspecies

10 11 12 13 14 15 16 17 18 19 20 21 22 23

tree height class(m)

(wnN)Aususp
= = N N w
o w o (%] o

&

2 3 4 5 6 7 8 9

10,11
tree

B Quercus dentata Thunb.
M Pinus massoniana Lamb
B Quercus acutissima Carruth.
M Pistacia chinensis Bunge

12 13 14 15 16 17 18 19 20 21 22 23
height class(mj

Fig. 3. The height distribution of main tree species in the plot
Diversity index of tree diameter class distribution
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Table 5
Index table of diameter class distribution diversity of
arbor forest in Nanwan Lake reservoir riparian zone

Theoretical index

Index Value

value range
Simpson size diversity index  0.878 [0,1]
Shannon size diversity index 2.441 [0,In(S)]
Gini coefficient index of basal area 0.600 [0,1]
diameter coefficient of variation 0656 0.1]

index

The Simpson size diversity index of diameter class
distribution of arbor forest in Nanwan Lake reservoir riparian
zone is 0.878. Shannon size diversity index is 2.441.
Gini coefficient index of basal area is 0.600. Diameter
coefficient of variation index is 0.656 (Tab. 5).This indicates
that the distribution richness of diameter class structure
in Nanwan Lake reservoir riparian zone is more abundant,
the difference of tree diameter class is obvious, and the forest
stand diameter class structure is in a relatively good condition.

Tree height — DBH relationship

Table 6
The tree height — DBH curve was used
to fit the parameters
Fitting results
Model a b c R?
Richard 20.095| 0.090 1.765 | 0.818
Weibull 19.537| 0.020 1.406 | 0.817
Logistic 18.527 | 8.621 0.179 | 0.810
Korf 28.488| 9.195 | 0.867 | 0.818
Compertz 19.243| 3.058 | 0.122 | 0816

Using the main tree species as samples, the parameters
a, b and c of several commonly used tree height-DBH model
equations were fitted to obtain the parameters of each
model. Among them, Richard equation and Korf equation
have the best fitting effect, with the determination coefficient
(R?) both reaching 0.818.Comparing the residual results
obtained by the two methods, Richard's equation is better,
which is applicable to describe the relationship between
tree height and DBH in the forestland of the Nanwan
Lake reservoir riparian zone. The model equation is
H=1.3+20.095 (1-g009D)1765

Discussion. The forest land along
the riverbank of the reservoir plays an important role in
the change and formation of the reservoir microclimate,
and is also an important habitat for various vegetation, birds
and microorganisms. The health status and management
measures of riparian forest land play a positive role in
the maintenance of the whole reservoir environment as
well as the development of biodiversity and forest land
productivity (Naiman & Decamps, 1997; Zhang et al., 2012).

In this study, the growth status of forestland in
the downstream of the Nanwan Lake reservoir riparian zone
was investigated. We found that P. massoniana and Q.
acutissima are the constructive species of the riparian zone,
among which P. massoniana is gradually declining in
the whole community, and Q. dentata and P.chinensis

mainly distributed in the lower canopy showed strong
replacement potential, which is consistent with the planting
history of the riparian forest of the Nanwan Lake reservoir.

In the 1960s, after the reservoir was built, the local
management developed a large area of plantation using
P. massoniana and Q. acutissima. For a long time, this
kind of mixed model has achieved good results. With
the succession of forest community structure, local suitable
species Q. dentata and P chinensis showed strong
competitive advantage.

In the investigation process, we also found that
many large-diameter P.massoniana appeared dry death
phenomenon, which may be due to the rapid growth
of newer species in the lower canopy; P. massoniana
gradually weakened in the whole niche competition, the root
system could not get enough nutrients, and gradually died.

The condition of Q. acutissima. is better than
P. massoniana in the large size class. The main
competitive pressure on P. massoniana. is likely to come
from Q. acutissima. The update status of Q. acutissima in
small size class is not ideal, and the distribution range is
small. It can be predicted that with the growth of the lower
canopy species, P. massoniana and Q. acutissima will be
gradually replaced. In the future, the stand will be dominated
by the Q. dentata, among which the main accompanying
species is P. chinensis. This is also consistent with
the characteristics of the transition region from subtropical
zone to warm temperate zone in Xinyang region.

The hierarchical structure of different canopy story in
mixed forests affects the primary productivity of forestlands
through the distribution of light energy inner forest canopy
and the distribution of species communities under the canopy,
further affecting the structural characteristics of ecosystem
communities (Marks et al., 2020). The relationship between
ecosystem diversity and ecosystem function usually has
two mechanisms, niche complementary effect and selection
effect. The diversity of ecosystem also directly affects
the diversity of stand diameter class structure (Naeem, 2002;
Tinya et al., 2018). Therefore, the distribution characteristics
of individual diameter class structure in stand are also
important parameters to evaluate the stability and diversity
of the system. From the current status, the forest structure
characteristics in the riparian forest land of Nanwan Lake
reservoir accord with the inverted "J" pattern distribution,
Richard equation can well describe the linear relationship
between DBH and tree height in the stand. Indexes such
as the diameter class richness and tree size diversity
indicate that the DBH distribution of each diameter class is
appropriate and within a reasonable range.

In the absence of anthropogenic accidents or natural
extremes, the forest lands near Nanwan Lake could
effectively use environmental benefits for a long time.

Conclusions. Forestland is an important part of riparian
ecosystem and the stability of forest land structure is
also a prerequisite for the maintenance of biodiversity
(Gregory et al., 1991). It is almost impossible to restore
the ecological function of riparian zone communities once
they are destroyed. Riparian forests play a disproportionate
role in maintaining ecosystem diversity and climate stability
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considered its area (Gonzalez et al., 2016; Tolkkinen et al.,
2020). The restoration and reconstruction of riparian forest
can effectively improve the efficiency of carbon storage and is
animportant measure for ecological restoration (Dybalaetal.,
2019). By investigating the spatial structure characteristics
and species in the riparian zone of Nanwan Lake Reservoir
forest land, this study evaluated the functional structure
characteristics and ecosystem stability, and predicted
the management measures of the forest land in the future.
From a global perspective, conifer species are gradually
declining due to drought, fire, invasion of pests and diseases

caused by climate change, and the trend towards broadleaf
forest is similar to the results of this research (Kominoski et
al., 2013; Mantgem et al., 2009). In order to improve the level
of forest management in mixed forests near Nanwan Lake
reservoir, it is suggested to closely monitor the growth
status of trees, cut dead or poor growing P. massoniana,
and prevent the occurrence of forest fires.

Acknowledgments

Funding has been provided by Xinyang Agricultural
and Forestry University Science and Technology Innovation
Team project.

References:
1. Ali, A. (2019). Forest stand structure and functioning: Current knowledge and future challenges. Ecological Indicators,

98, 665—677. doi:10.1016/j.ecolind.2018.11.017

2. Bohn, F. J. & Huth, A. (2017). The importance of forest structure to biodiversity—productivity relationships. Royal

Society Open Science, 4(1), 160521. doi: 10.1098/rso0s.160521

3. Buongiorno, J. (2001). Quantifying the implications of transformation from even to uneven-aged forest stands. Forest
Ecology and Management, 151(1-3), 121-132. doi: 10.1016/S0378-1127(00)00702-7
4. Clark, J. S. (2010). Individuals and the Variation Needed for High Species Diversity in Forest Trees. Science, 327(29),

1129-1132. doi: 10.1126/science.1183506

5. Curtis, J. T. & MclIntosh, R. P. (1951). An Upland Forest Continuum in the Prairie-Forest Border Region of Wisconsin.

Ecology, 32(3), 476-496. doi: 10.2307/1931725

6. Duduman, G. (2011). A forest management planning tool to create highly diverse uneven-aged stands. Forestry, 84(3),

301-314. doi:10.1093/forestry/cpr014

7. Dybala, K. E., Matzek, V., Gardali T. & Seavy, N. E. (2019). Carbon sequestration in riparian forests: A global synthesis
and meta-analysis. Global Change Biology, 25, 57-67. doi:10.1111/gcb.14475

8. Gonzalez, E., Felipe-Lucia, M. R., Bourgeois, B., Boz, B., Nilsson, C., Palmer, G. & Sher, A. A. (2016). Integrative
conservation of riparian zones. Biological Conservation, S0006320716306887. doi: 10.1016/j.biocon.2016.10.035

9. Gregory, S. V., Swanson, F. J., Arthur, M. K. W. & Cummins, K. W. (1991). An ecosystem perspective of riparian zones.

Bioence, 41(8), 540-551.

10. Hagan, J. M, Pealer, S. & Whitman, A. A. (2006). Do small headwater streams have a riparian zone defined by plant
communities? Canadian Journal of Forest Research, 36(36), 2131-2140. doi: 10.1139/X06-114

11. Kominoski, J. S., Shah, J. J. F., Canhoto, C., Fischer, D. G., Giling, D. P, Gonzdlez, E., Griffiths N. A,
Larrafiaga A., LeRoy, C. J., Mineau, M. M., McElarney, Y. R., Shirley, S. M., Swan, C. M. & Tiegs, S. D. (2013). Forecasting
functional implications of global changes in riparian plant communities. Frontiers in Ecology & the Environment, 11(8),

423-432. doi: 10.1890/120056

12. Kreutzweiser, D. P., Sibley, P. K., Richardson, J. S. & Gordon, A. M. (2012). Introduction and a theoretical basis for
using disturbance by forest management activities to sustain aquatic ecosystems. Freshwater Science, 31(1), 224-231.

doi: 10.1899/11-114.1

13. Kuglerova, L., Jansson, R., Agren, A., Laudon, H. & Malm-Renéfalt, B. (2014a). Groundwater discharge creates
hotspots of riparian plant species richness in a boreal forest stream network. Ecology, 95(3), 715-725. doi: 10.1890/13-0363.1
14. Kuglerova, L., Agren, A., Jansson, R. & Laudon, H. (2014b). Towards optimizing riparian buffer zones: Ecological
and biogeochemical implications for forest management. Forest Ecology and Management, 334, 74-84. doi: 10.1016/j.

foreco.2014.08.033

15. Livesley, S. J., Baudinette, B. & Glover, D. (2014). Rainfall interception and stem flow by eucalypt street trees — the
impacts of canopy density and bark type. Urban Forestry & Urban Greening, 13(1), 192-197. doi: 10.1016/j.ufug.2013.09.001

16. Mantgem, P. J. V., Stephenson, N. L., Byrne, J. C. Daniels, L. D., Franklin, J. F., Fulé, P. Z., Harmon, M. E.,
Larson, A. J., Smith J. M., Taylor A. H. & Veblen, T. T. (2009). Widespread increase of tree mortality rates in the western
United States. Science (New York, N.Y.), 323, 521-524. doi: 10.1126/science.1165000

17. Marks, C. O., Yellen, B. C., Wood, S. A., Martin, E. H. & Nislow, K. H. (2020). Variation in tree growth along soil
formation and microtopographic gradients in riparian forests. Wetlands, 08, 1-14. doi: 10.1007/s13157-020-01363-9

18. Myster, R. W. (2018). What we know about the composition and structure of igapé forests in the Amazon basin.
Botanical Review, (84), 394-410. doi: 10.1007/s12229-018-9204-y

19. Naeem, S. (2002). Ecosystem consequences of biodiversity loss:the evolution of a paradigm. Ecology, 83(6),

1537-1552. doi: 10.2307/3071972

20. Naiman, R. J. & Decamps, H. (1997). The ecology of interfaces:Riparian zone. Annual Review of Ecology &
Systematics, 28, 621-658. doi: 10.1146/annurev.ecolsys.28.1.621

21. Oldén, A., Peura, M., Saine, S., Kotiaho, J. S. (2019). The effect of buffer strip width and selective logging on riparian
forest microclimate. Forest Ecology and Management, 453, 117623. doi: 10.1016/j.foreco.2019.117623

22. Peder, W., & Ljusk, O. E. (2000). Solving the stand management problem under biodiversity-related considerations.
Forest Ecology & Management, 126, 361-376. doi: 10.1016/S0378-1127(99)00107-3

23. Pommerening, A. (2002). Approaches to quantifying forest structures. Forestry, 75(3), 305-324. doi: 10.1093/

forestry/75.3.305

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

85

Cepis «ArpoHomist i Gionoris», Bunyck 3 (45), 2021



24. Poulsen, J. R, Koerner, S. E., Miao, Z., Medjibe, V. P., Banak, L. N. & White, L. J. T. (2017). Forest structure
determines the abundance and distribution of large lianas in Gabon. Global Ecology & Biogeography, 26(4), 472-485. doi:
10.1111/geb.12554

25.Ran, Y., Ma, M., Liu, Y., Zhou, Y., Sun X., Wu S. & Huang, P. (2020). Hydrological stress regimes regulate effects of
binding agents on soil aggregate stability in the riparian zones. Catena, 196, 104815. doi: 10.1016/j.catena.2020.104815

26. Ring, E., Widenfalk, O., Jansson, G. Holmstrom, H., Hogbom, L. & Sonesson, J. (2017). Riparian forests along
small streams on managed forest land in Sweden. Scandinavian Journal of Forest Research, 33(2), 133-146. doi:
10.1080/02827581.2017.1338750

27. Rolstad, J., Gjerde, I., Storaunet, K., O. & Rolstad, E. (2001). Epiphytic lichens in Norwegian coastal spruce forest:
Historic logging and present forest structure. Ecological Applications, 11(2), 421-436. doi: 10.2307/3060899

28. Schulte, B. J. & Buongiorno, J. (1998). Effects of uneven-aged silviculture on the stand structure, species
composition, and economic returns of loblolly pine stands. Forest Ecology & Management, 111(1), 83-101. doi: 10.1016/
S0378-1127(98)00312-0

29. Sibley, P. K., Kreutzweiser, D. P., Naylor, B. J., Richardson, J. S. & Gordon, A. M. (2012). Emulation of natural
disturbance (END) for riparian forest management: synthesis and recommendations. Freshwater Science, 31(1), 258-264.
doi: 10.1899/11-094.1

30. Sun, J., Yu, X., Wang, H., Jia, G., Zhao, Y. Tu, Z., Deng, W., Jia, J. & Chen, J. (2018). Effects of forest structure on
hydrological processes in China. Journal of Hydrology, 561, 187—-199. doi: 10.1016/j.jhydrol.2018.04.003

31. Tinya, F., Mérialigeti, S., Bidl6, A., & Odor, P. (2018). Environmental drivers of the forest regeneration in temperate
mixed forests. Forest Ecology and Management, 433, 720-728. doi: 10.1016/j.foreco.2018.11.051

32. Tolkkinen, M., Mykra, H., Annala, M., Markkola, A. M., Vuori, K. M. & Muotka, T. (2015). Multi-stressor impacts
on fungal diversity and ecosystem functions in streams: natural vs. anthropogenic stress. Ecology, 96(3), 672—-683.
doi: 10.1890/14-0743.1

33. Tolkkinen, M. J., Heino, J., Ahonen, S. H. K., Lehosmaa, K. & Mykra, H. (2020). Streams and riparian forests depend
on each other: A review with a special focus on microbes. Forest Ecology and Management, 462, 117962. doi: 10.1016/j.
foreco.2020.117962

34. Valbuena, R., Packalén, P., Martin-Fernandez, S. & Matti, M. (2012). Diversity and equitability ordering profiles
applied to study forest structure. Forest Ecology and Management, 276, 185-195. doi: 10.1016/j.foreco.2012.03.036

35.Yuan, Z., Wang, S., Ali,A., Gazol, A., Ruiz-Benito, P., Wang, X., Lin, F., Ye, J., Hao Z. & Loreau M. (2018). Aboveground
carbon storage is driven by functional trait composition and stand structural attributes rather than biodiversity in temperate
mixed forests recovering from disturbances. Annals of Forest Science, 75(3), 67. doi: 10.1007/s13595-018-0745-3

36. Zhang, Y., Chen, H. Y. H. & Reich, P. B. (2012). Forest productivity increases with evenness, species richness and
trait variation: a global meta-analysis. Journal of Ecology, 100(3), 742-749. doi: 10.1111/j.1365-2745.2011.01944.

SAHb TeHgbel, acripaHm, XeHaHCbKUU iHCmumym Hayku ma mexHiku, M. CitbCsiH, XeHaHb, KHP; CiHbsiHCbKUL yHigepcumem
CinbCcbko2o eocriodapcmea ma sicy, M. CitbsH, XeHaHb, KHP; CymcbKul HaujoHarmbHUU agpapHuli yHigepcumem, M. Cymu, YkpaiHa

KpemeHeubka €ezeHisi OnekciieHa, kaHOudam CirlbCbko2ocnodapchbKux Hayk, doueHm, CyMcbKul HauioHambHUU
aepapHul yHisepcumem, M. Cymu, YkpaiHa

Ban LWu6iH, 3acmynHUK cmapuwoeo iHxeHepa, HauioHanbHa nicosa pepma HaHbeaH, M. CiHbsiH, XeHaHb, KHP

Xy UsiH, acucmerm, CiHbsIHCbKUU yHigepcumem CiflbCbko20o 20crnodapcmea ma ficy, M. CiHbsiH, XeHaHb, KHP

Bin CoHeniH, suknada4 dokmopaHmypu, npoghecop, XeHaHCbKUU iHCmumym Hayku ma mexHiku, M. CiHbcsiH, XeHaHb, KHP

JocnidxeHHs cmpykmypu ye2pynoeaHb ma nowupeHHsl 3mMiluaHux nicie nopy iz ozepom HaHbeaH

Po3nodin cmpykmypu y2pyrnoeaHHs y Jlici, W0 3p0Cmae y 30Hi y36epexks, € 8aXITUBUM MOKa3HUKOM Pi3HOMaHimHoOCMi
ma cmasnozo pPo3sUMKy rnpubepexHoi eKocUCMeMU, a MaKoX BaXI/UBOH OCHOB0 O7isl YnpaeriHHs fico8UMU 3eMIsiMU.
Lna moeao, w06 3po3ymimu exomnoaidHy byHKUito npubepexHoi 30HuU o3epa HaHbeaH (Micmo CiHbsiH, nposiHuis XeHaHs,
Kumadi), docnidxeHo cmaH 3pocmaHHs Jlicy y HUXHIU medii eodolimu. Pesynbmamu AocniOxeHHs cgiddamb npo me, Wo
Pinus massoniana Lamb i Pistacia chinensis Bunge € nepesaxatodumu sudamu y cknadi HacadXeHb npubepexHoi 30HU.
Bidbysaembcsi mocmynose 3aMmeHweHHs npedcmasHuymea Pinus massoniana Lamb y 0aHoMmy yepynosaHHi. HuxHit sipyc
i3 Quercus dentate Thunb. i Pistacia chinensis Bunge 0emoHcmpye 3HauyHUl romeHuian Onisi 3aMiHU 8epXHbO20 SIPYCY.
Xapakmepucmuku cmpykmypu depes (diamemp cmosbypa depesa Ha sucomi epydel (1,3 M), sucoma depesa ma WuUpUHa
KPOHU) bynu ecmaHo6eHi Ha KOXHIU ekcriepuMeHmarnbHil OinsHyj. Xapakmepucmuku cmpykmypu 0epes nidmeepdxyromsb
repesepHymuti po3nodin «J» i niHiGHUL 368’30k Mix Oiamempom Ha sucomi epydel i aucomoto depees y HacaOXeHHI (MOxHa
0obpe onucamu 3a OOMNOMO20K0 pigHSIHHS Modeni Piyapda), pieHsiHHS Mmodeni H=1.3+20.095(1-e0%%)17%  3a ymosu
gidcymHocmi aHmpono2eHHUX agapiti abo MpupoOHUX ekcmpeMarbHUX S8ULY, 1iCOsi 3eMii Hagkomo o3epa HaHbeaH we 00820
moernu 6 egheKmuBHO BUKOPUCMOBY8amu K0JI02i4HI epesaaul. 3 MEMOK MOKPaUEHHS pieHs1 8eOEHHS 1ic08020 2ocrodapcmea
y MituaHux fiicax Ha daHUX mepumopisix, MPOMOHYEMbCS Y8aXHO CmMeXumu 3a cmaHom pocmy 0epes, sudansmu 3a2ubrii abo
roeaHo 3pocmatroyi depesa Pinus massoniana Lamb, a makox 3anobieamu 8UHUKHEHHIO JTICOBUX MOXEX.

Key words: npubepexHa 30Ha 03epa HaHbeaH,; MilaHul riic; Xxapakmepucmuku cmpykmypu depes.
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The application of chemical pesticides emerges many disadvantages, so new natural resources of suppressing plant
diseases are needed. Actinobacteria are gaining interest in agriculture as biological control agents (BCAs). Streptomyces
spp. are part of actinobacteria and are known for producing a large number of active metabolites. In this paper, the antifungal
effect of the hyphae methanol extract (HME) of a Streptomyces strain HU2014 on four phytopathogenic fungi was investigated
by the growth rate method. A pretest study on different concentrations of the HME was conducted to determine a suitable
range of antifungal activity. The result showed that the inhibited effect of the HME against Rhizoctonia solani was better than
the other three fungi, reached 100 % with the concentration of 0.5 mg/ml. Based on the above test, the Log concentration-
probit regression lines were obtained according to the inhibition rate with different concentrations. The EC, value of the HME
against R. solani at 48 h, 72 h, and 96 h were lowest in other fungi respectively. The toxicity regression equations of HME
on R. solani was y = 6.9826+1.4028x (Correlation Coefficient r = 0.9783), and the EC,, value was 0.0386 mg/ml at 72 h.
The toxicity regression equations of HME on Botrytis cinerea was y=5.6627+1.2386x (Correlation Coefficient r = 0.9614),
and the EC,, value was 0.2917 mg/ml at 72h. The toxicity regression equations of HME on Colletotrichum gloeosporioides
was y = 5.3143 + 1.0873x (Correlation Coefficient r=0.9996), and the EC,, value was 0.5140 mg/ml at 72 h. The toxicity
regression equations of HME on Fusarium graminearum was y = 5.7011 + 2.3280x (Correlation Coefficient r = 0.9869),
and the EC, value was 0.5024 mg/ml at 72 h. The Streptomyces HU2014 strain has a significant antifungal effect and may
become a new biocontrol agent in agricultural production.

Key words: Streptomyces, phytopathogenic fungi, antifungal effect, EC,,
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Introduction. Fungal disease is one of the main
causes of serious falling yields in modern agriculture
(Adesina et al., 2007; Cha et al., 2016; McCulloch et al.,
2020). Such as Rhizoctonia solani JG Kihn and Fusarium
graminearum Schwabe are perhaps best known for causing
diseases in Gramineae (Breunig et al., 2021; Cubeta et
al., 1997), Botrytis cinereal Persoon and Colletotrichum
gloeosporioides (Penz.) Saccardo are two of the most
important postharvest fungal pathogens causing significant
losses in fresh fruits, vegetables and ornamentals

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

(Chaouachi et al., 2021; Wang et al., 2021). Chemical
treatment is the usual method to control fungal disease
(Peng et al., 2014). But the long-term use of chemical
pesticides has also posed a serious threat to human safety
and natural environment protection (Macaulay et al., 2021;
Rani et al., 2021).

Biopesticides (in China) refer to the living organisms
with pesticide activity or the active substances produced by
them, which are used to control diseases, pests and weeds
(Deacon et al., 1993; Wei et al., 2008). Biopesticides
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have the following advantages (Tian et al., 2007): (1) low
toxicity and high efficiency; (2) strong selectivity (they only
have good control effect on target organisms and closely
related organisms, but are safe and harmless to non-target
organisms such as human and animals; (3) low residue;
(4) greatly reduce the use of traditional pesticides without
affecting modern agricultural production. Microbial pesticide
is a kind of substance with pesticide physiological activity,
which is made from microorganism and/or its metabolites.
Streptomyces can produce a variety of bioactive substances,
which play an important role in improving the plant
disease resistance (Katz et al., 2016; Tarkka et al., 2008).
Streptomyces are promising in agriculture as plant-growth-
promoting (PGP) bacteria and/or biological control agents
(BCAs) (Dias et al., 2017; Viaene et al., 2016). Several
Streptomyces species have been researched and/or used
to control plant diseases (Lu et al., 2016; Patel et al., 2018;
Wan et al., 2008; Wu et al., 2019).

In this study, we determined the antifungal activity
of the hyphae methanol extract (HME) of the strain HU2014
by growth rate method on R. solani, C. gloeosporioides,
B. cinerea and F. graminearum. In order to provide
scientific basis for finding the antifungal active components
and microbial fungicides suitable for crop disease control.

Materials and methods. Materials. The plant pathogenic
fungi including Rhizoctonia solani, Botrytis cinerea,
Colletotrichum gloeosporioides, Fusarium graminearum
and the strain HU2014 were afforded by Henan Institute
of Science and Technology (HIST).

Methods. Fungi culture and hyphae of the strain
HU2014 preparation. The fungi were pre-cultured on potato
dextrose agar (PDA) plate at 25°C for about 6 days. The
strain HU2014 was pre-cultured on PDA medium at 4°C
until required. The hyphae discs were transferred to PDA
plate at 25°C for about 8 days. The activated discs were put
into sterile GPY broth in 250 ml flasks, incubated at 28°C
with shaking at 150 r. min"* for 15 days. The fermentation
broth was centrifuged (8000 r-min"', 4°C) for 15 minutes
to separate the supernatants. The hyphae were filtrated
through nylon filter, washed with sterile water, and made
more drier with filter paper. The filtrated hyphae were
lyophilized (Christ ALPHA 1-4 LSC, Germany) to dry using
following settings: 72 h, =10°C, 0.5 mbar (primary drying);
24 h, 20°C, 0.01 mbar (final drying) (Grossmann et al.,
2018), and stored at 4 °C for experiment.

Extraction of the effective components. The methanol
dipping method was employed to extract effective
components (Jiao, R. H. et al., 2013; Thabard et al., 2011).
After weighting 73.8 g of dried hyphae accurately, it was
dissolved with proper methanol and crushed with ultrasonic
wave. Methanol was added to 600 ml and the hyphae were
soaked for 24h. The fractions of the hyphae were evaporated
and then lyophilized (Christ ALPHA 1-4 LSC, Germany) after
a Buchner funnel to remove the residue. Then the extract
was obtained and stored at 4 °C for experiment.

Determination of the antifungal activity. The antifungal
activities of the extracts were determined by growth rate
method (Hadacek et al., 2000; Xu, G.-F. et al., 2007). Firstly, we
conducted a pretest. The gradient concentration of the extract

was 20.0 mg mL", 10.0 mg mL"", 5.0 mg mL"" with sterile water.
The above reagents were mixed at ratios of 1:9 (viv) with
melted PDA medium, respectively. That is to say, the tested
concentration of the extract was diluted 10 times. Immediately,
10 ml mixed medium was aseptically poured into a sterile 9 cm
Petri dish and allowed to solidify. The plug (4 mm in diameter)
of each phytopathogenic fungi was separately placed on
the center of the plate. Fungal plug was inoculated on pure
PDA plate as control. The experiments were conducted three
times. And the plates were incubated at 25°C. The treated
colony diameter (TCD) and control colony diameter (CCD) was
measured at 48 h, 72 h and 96 h, respectively. The formula for
the calculation of inhibition rate (1) is as follow: | (%) = [(CCD-4) -
(TCD-4))/(CCD-4)x100%, Where 4: Diameter of the cut fungus
(measurement unit: mm).

According to the pretest, we set a series of concentrations
of the extracts: 30.0 mg mL", 20.0 mg mL", 15.0 mg mL",
10.0 mg mL", 5.0 mg mL", 2.5 mg mL" and 1.25 mg mL".
The above reagents were mixed at ratios of 1:9 (v/v) with
melted PDA medium, respectively. The next test was followed
the above. After measuring the inhibition rate, the toxicity
regression equations and the EC, value were calculated.

Statistical methods. Statistically significant differences
(p < 0.05) were evaluated by an analysis of variance
(ANOVA) using SPSS version 16.0 (SPSS Inc. Chicago,
IL, United States). All data shown are the average value
of three biological replicates + SD.

Results. The pre-screening of antifungal activities. It can
be drawn from Fig. 1 and Table 1 that different concentrations
of the HME had different antifungal effects on the four
pathogenic fungi. Three different concentrations of the HME
completely inhibited the growth of R. solani at 48 h, 72 h
and 96 h. the highest inhibition rate was 92.41 % against B.
cinerea with the concentration of 2 mg/mL at 96 h. Followed
by 75 % against C. gloeosporioide with the concentration
of 2 mg/mL at 72 h, and 88.70 % against F. graminearum
with the concentration of 2 mg/mL at 72 h. According to
the above result, the inhibition rate of the HME against
R. solani was the best in all that of fungi with the same
concentration, and the concentrations of the HME should
be decreased against R. solani for its completely inhibition
at three different concentrations. A series of concentrations
of the HME were reset to determine the toxicity curve
and the EC,, value of the strain HU2014.

3.2 The EC,, curve analysis. The 50 % effective
concentration (EC,;) values were deduced from log probit
analysis at48 h,72 h and 96 h (Jiang et al., 2004). From Table 2,
the results showed that there was a high correlation between
the concentration of the HME and the inhibition rate of fungal
growth. The EC,, value of the HME against R. solani always
was the lowest in all that of fungi at three sampling times, for
48 h, 72 h and 96 h showed 0.0284 mg/mL, 0.0386 mg/mL
and 0.1040 mg/mL respectively. and thatagainst B. cinereawere
0.3000 mg/mL, 0.2917 mg/mL and 0.3560 mg/mL respectively.
Interestingly, that of the HME against C. gloeosporioides
did not change significantly with concentration, varied from
0.5140 mg/ mL to 0.5520 mg/ mL. The EC, value of the HME
against F. graminearum were 0.3200 mg/mL, 0.5024 mg/mL
and 0.5311 mg/mL respectively.
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Fig. 1. The antifungal activities of the HME at three concentrations against four pathogenic
fungi. Where XC: F. graminearum; FH: B. cinerea; SW: R. solani; PT: C. gloeosporioide

Table 1
The antifungal activities of the HME against four pathogenic fungi
Inhibition rate (%)
Tested fungi 48 h 72h 96 h
2 mg/mL 1mg/mL | 0.5mg/mL | 2mg/mL 1mg/mL | 0.5mg/mL | 2mg/mL 1mg/mL | 0.5 mg/mL
R. solani 100+0% 100+0? 100+0? 1000? 10002 1000* 10002 100+0° 10002

B. cinerea 86.49+4.68" | 66.27+4.17° | 43.66+4.88° | 92.09+4.27° | 67.33+2.57° | 69.90+9.35° | 92.41+1.58" | 69.58+1.04° | 69.91+6.91°

C. gloeosporioide | 71.74+3.77¢ | 63.24+2.55" | 62.71+2.94° | 75.00+3.57¢ | 65.42+4.28° | 66.33+3.06° | 68.29+0° | 58.50+5.14° | 56.94+2.41°
F. graminearum | 71.43+£3.53¢ | 57.1448.57° | 42.11+4.56° | 88.70+1.51° | 59.57+3.69° | 53.00+3.46° | 86.49+1.87¢ | 68.39+3.59" | 60.45+5.18°

Where C: concentration; The experiment was in 3 replicates. * mean values followed by different letters in each column are significantly different
(P<0.05).
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Table 2
The toxicity regression line of the HME against four fungi
Time Fungi Equation EC.(mg/mL) SD F value R P value
R. solani y=6.9613+1.2686x 0.0284 0.1853 46.8677 0.9695 0.0039
48h B. cinerea y=5.7989+1.5281x 0.3000 0.1347 128.6081 0.9848 0.0003
C. gloeosporioideson y=5.327+1.2635x 0.5511 0.1185 113.7514 0.9871 0.0018
F. graminearum y=5.8095+1.6403x 0.3210 0.2749 35.5939 0.9603 0.0094
R. solani y=6.9826+1.4028x 0.0386 0.2235 39.3903 0.9783 0.0033
7%h B. cinerea y=5.6627+1.2386x 0.2917 0.1772 48.8687 0.9614 0.0022
C. gloeosporioideson y=5.3143+1.0873x 0.5140 0.0573 360.1898 0.9959 0.0003
F. graminearum y=5.7011+2.3280x 0.5024 0.1083 639.0019 0.9996 0.0096
R. solani y=6.8632+1.8956x 0.1040 0.1552 149.1955 0.9869 0.0003
96h B. cinerea y=5.3193+0.7135x 0.3560 0.0254 788.2814 0.9981 0.0001
C. gloeosporioideson y=5.2563+0.9941x 0.5520 0.1039 91.4727 0.9840 0.0024
F. graminearum y=5.6953+2.5297x 0.5311 0.0913 767.8400 0.9993 0.0230
Where SD: Standard deviation; R: r coefficient
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We can draw a conclusion that the HME had the highest
antifungal activity on R. solani and its EC_; value at 48 h
and 72 h just were closed to one percent of that against other
tested fungi. This was an exciting finding for further research.

Discussion. It is a well-known fact that Streptomyces
sp. produces active metabolites that can inhibit the growth
of phytopathogens (Adesina et al., 2007; Katz et al.,
2016; Patel et al., 2018; Wu et al., 2019). The EC,; value
is commonly used to evaluate drug potency and sensitivity
of plant pathogens(Li, J. L. et al., 2015; Li, M. et al., 2015;
Liang et al., 2015). Some reports about the compounds had
excellent inhibition activities through the comparison with
the EC,, value of commercialized fungicides (Hu, H. R. et al.,
2020; Hu, M. J. et al., 2013; Xu, S. Q. et al., 2019; Yang et
al., 2020). In this study, bioassay results in vitro indicated that
the HME exhibited strong activity against R. solani, B. cinerea
and F. graminearum. The anti- R. solani EC,; values were
0.0284 mg/ mL at 48 h, followed by the EC, values of anti- B.
cinerea indicating 0.3000 mg/ mL at 48 h and 0.2917 mg/mL
at 72 h respectively. The values had a certain gap between
the HME and the commonly used fungicides, such as
carbendazim (EC,=0.43 mu g/ mL) (Jiao, J. et al., 2021)
and fluopyram (EC,=0.244 mg/L) (Yan et al., 2020). We
know, the HME in this study was not the pure compound.
Although the antifungal activity of the HME of the strain
HU2014 was determined in this study, it is not sure which
substance had antifungal effect on the four tested fungi, and it

needs to further purify and verify the antifungal activity. This
study is only a preliminary exploration and the mechanism
of action needs further study.

Conclusions. We found a streptomyces strain HU2014
and study the antifungal activity of the HME of the strain
with different concentrations against R. solani, B. cinerea,
C. gloeosporioides and F. graminearum. The results showed
that in a certain concentration range, the antifungal effect
of the HME on the hyphae growth of four pathogenic fungi was
highly significant correlations with concentration. According
to the inhibition rate, EC, and related parameters, the order
of antifungal effect of the HME against four pathogenic fungi
was as follows: R. solani > B. cinerea > F. graminearum >
C. gloeosporioides. Especially, the EC, value of the HME
against R. solani was significantly lower than that of other
three fungi. The results showed that the HME of the strain
HU2014 had outstanding antifungal activity on R. solani,
and would be a choice for biocontrol agents.

With the improvement of people's quality of life
and the gradual strengthening of environmental awareness,
this kind of microbial pesticide would attract attention
of the researchers and planters. Therefore, it is necessary
to further purify the components and strengthen
the pharmacological research on the antifungal effect
of the HME of the strain HU2014, increase its value in
agricultural production, and create greater economic
benefits for human society.

References:

1. Adesina, M. F., Lembke, A., Costa, R., Speksnijder, A., & Smalla, K. (2007). Screening of bacterial isolates from
various European soils for in vitro antagonistic activity towards Rhizoctonia solani and Fusarium oxysporum: Site-dependent
composition and diversity revealed. Soil Biology and Biochemistry, 39(11), 2818-2828. doi: 10.1016/j.s0ilbio.2007.06.004

2. Breunig, M., & Chilvers, M. I. (2021). Baseline sensitivity of Fusarium graminearum from wheat, corn, dry bean and
soybean to pydiflumetofen in Michigan, USA. Crop Protection, 140, 6. doi: 10.1016/j.cropro.2020.105419

3. Cha, J. Y., Han, S., Hong, H. J., Cho, H., Kim, D., Kwon, Y., Kwon, S. K., Crusemann, M., Lee, Y. B., Kim, J. F,,
Giaever, G., Nislow, C., Moore, B. S., Thomashow, L. S., Weller, D. M., & Kwak, Y. S. (2016). Microbial and biochemical
basis of a Fusarium wilt-suppressive soil. Isme Journal, 10(1), 119-129. doi: 10.1038/isme}.2015.95

4.Chaouachi, M., Marzouk, T., Jallouli, S., Elkahoui, S., Gentzbittel, L., Ben, C., & Djebali, N. (2021). Activity assessment
of tomato endophytic bacteria bioactive compounds for the postharvest biocontrol of Botrytis cinerea. Postharvest Biology
and Technology, 172, 18. doi: 10.1016/j.postharvbio.2020.111389

5. Cubeta, M. A., & Vilgalys, R. (1997). Population Biology of the Rhizoctonia solani Complex. Phytopathology, 87(4),

480-484. doi:10.1094/PHYTO.1997.87.4.480

6. Deacon, J. W., & Berry, L. A. (1993). Biocontrol of soil borne plant pathogens: Concepts and their application. Pesticide

Science, 37(4), 417-426.

7. Dias, M. P, Bastos, M. S., Xavier, V. B., Cassel, E., Astarita, L. V., & Santarém, E. R. (2017). Plant growth and
resistance promoted by Streptomyces spp. in tomato. Plant Physiology and Biochemistry, 118, 479-493. doi: 10.1016/].

plaphy.2017.07.017

8. Grossmann, L., Ebert, S., Hinrichs, J., & Weiss, J. (2018). Effect of precipitation, lyophilization, and organic solvent
extraction on preparation of protein-rich powders from the microalgae Chlorella protothecoides. Algal research, 29, 266-276.

doi: 10.1016/j.algal.2017.11.019

9. Hadacek, F., & Greger, H. (2000). Testing of antifungal natural products: methodologies, comparability of results
and assay choice. Phytochemical Analysis, 11(3), 137-147. doi: 10.1002/(SICI)1099-1565(200005/06)11:3<137::AID-

PCA514>3.0.CO;2-I

10. Hu, H. R, Wang, A, Qiu, L. L., Wang, X. B., Chen, M., Lu, A. M., & Yang, C. L. (2020). Novel pyrrolidine-2,4-dione
derivatives containing pharmacophores of both hydrazine and diphenyl ether as potential antifungal agents: design, synthesis,
biological evaluation, and 3D-QSAR study. New Journal of Chemistry, 44(46), 20071-20082. doi: 10.1039/d0nj04551a

11. Hu, M. J,, Gao, Z. Y., Zhang, Z. K., Yang, F. Z., & Lia, M. (2013). Resistance of Botryodiplodia theobromae to
Carbendazim and the Fungicides Screening for Mango Stem End Rot Control. In P. Lu (Ed.), Ix International Mango
Symposium, 992, 407-414. Leuven 1: Int Soc Horticultural Science.

12. Jiao, J., Chen, M., Sun, S. X., Si, W. J., Wang, X. B., Ding, W. J., Fu, X. C., Wang, A., & Yang, C. L. (2021). Synthesis,
Bioactivity Evaluation, 3D-QSAR, and Molecular Docking of Novel Pyrazole-4-carbohydrazides as Potential Fungicides
Targeting Succinate Dehydrogenase. Chinese Journal of Chemistry, 39(2), 323-329. doi: 10.1002/cjoc.202000438

13. Jiao, R. H., Xu, H., Cui, J. T, Ge, H. M., & Tan, R. X. (2013). Neuraminidase Inhibitors from marine-derived
actinomycete Streptomyces seoulensis. Journal of Applied Microbiology, 114(4), 1046—-1053. doi: 10.1111/jam.12136

BicHuk CymcbKkoro HauioHanbHOro arpapHoro yHiBepcureTy

90

Cepisi «ArpoHowmist i Gionorig», Bunyck 3 (45), 2021



14. Katz, L., & Baltz, R. H. (2016). Natural product discovery: past, present, and future. J. Ind. Microbiol . Biotechnol.,
43(2-3), 155-176. doi: 10.1007/s10295-015-1723-5

15.Li, J. L., Liu, X. Y., Xie, J. T., Di, Y. L., & Zhu, F. X. (2015). A Comparison of Different Estimation Methods for Fungicide
EC50 and EC95 Values. Journal of Phytopathology, 163(4), 239-244. doi: 10.1111/jph.12312

16. Li, M., Chou, J., King, K. W,, Jing, J., Wei, D., & Yang, L. Y. (2015). ICECAP: An Integrated, General-Purpose,
Automation-Assisted IC50/EC50 Assay Platform. Jala, 20(1), 32—45. doi: 10.1177/2211068214562449

17. Liang, H. J., Li, J. L., Di, Y. L., Zhang, A. S., & Zhu, F. X. (2015). Logarithmic Transformation is Essential for Statistical
Analysis of Fungicide EC50 Values. Journal of Phytopathology, 163(6), 456-464. doi:10.1111/jph.12342

18. Lu, D., Ma, Z., Xu, X., & Yu, X. (2016). Isolation and identification of biocontrol agent Streptomyces rimosus M527
against Fusarium oxysporum f. sp. cucumerinum. J Basic Microbiol, 56(8), 929-933. doi: 10.1002/jobm.201500666

19. Macaulay, S. J., Hageman, K. J., Piggott, J. J., & Matthaei, C. D. (2021). Imidacloprid dominates the combined
toxicities of neonicotinoid mixtures to stream mayfly nymphs. Science of the Total Environment, 761, 8. doi:10.1016/j.
scitotenv.2020.143263

20. McCulloch, M. J., Gauthier, N. W., & Vaillancourt, L. J. (2020). First Report of Bitter Rot of Apple Caused by a
Colletotrichum sp. in the C. kahawae Clade in Kentucky. Plant Disease, 104(1), 289-290. doi: 10.1094/pdis-06-19-1247-pdn

21. Patel, J. K., Madaan, S., & Archana, G. (2018). Antibiotic producing endophytic Streptomyces spp. colonize above-
ground plant parts and promote shoot growth in multiple healthy and pathogen-challenged cereal crops. Microbiological
Research, 215, 36—45. doi: 10.1016/j.micres.2018.06.003

22.Peng, D., Li, S. D., Chen, C. J., & Zhou, M. G. (2014). Combined application of Bacillus subtilis NJ-18 with fungicides
for control of sharp eyespot of wheat. Biological Control, 70, 28-34. doi: 10.1016/j.biocontrol.2013.11.013

23. Rani, L., Thapa, K., Kanojia, N., Sharma, N., Singh, S., Grewal, A. S., Srivastay, A. L., & Kaushal, J. (2021). An
extensive review on the consequences of chemical pesticides on human health and environment. Journal of Cleaner
Production, 283, 33. doi: 10.1016/j.jclepro.2020.124657

24, Tarkka, M., & Hampp, R. (2008). Secondary Metabolites of Soil Streptomycetes in Biotic Interactions. In P. Karlovsky
(Ed.), Secondary Metabolites in Soil Ecology. Berlin, Heidelberg: Springer Berlin Heidelberg, 107-126.

25. Thabard, M., Gros, O., Hellio, C., & Maréchal, J.-P. (2011). Sargassum polyceratium (Phaeophyceae, Fucaceae)
surface molecule activity towards fouling organisms and embryonic development of benthic species. 54(2), 147-157.
doi: 10.1515/bot.2011.014

26. Tian, Z. K., & Kong, H. F. (2007). Current situation and development trend of biopesticides in China. Shanxi science
and technology(3), 6—7. doi: 10.3969/j.issn.1004-6429.2007.03.003

27. Viaene, T, Langendries, S., Beirinckx, S., Maes, M., & Goormachtig, S. (2016). Streptomyces as a plant's best
friend? FEMS microbiology ecology, 92(8). doi: 10.1093/femsec/fiw119

28. Wan, M., Li, G., Zhang, J., Jiang, D., & Huang, H.-C. (2008). Effect of volatile substances of Streptomyces platensis
F-1 on control of plant fungal diseases. Biological Control, 46(3), 552-559. doi: 10.1016/j.biocontrol.2008.05.015

29.Wang, F., Yang, S., Wang, Y. S., Zhang, B., Zhang, F., Xue, H., Jiang, Q., & Ma, Y. (2021). Overexpression of Chitinase
gene enhances resistance to Colletotrichum gloeosporioides and Alternaria alternata in apple (Malus x domestica). Scientia
Horticulturae, 277(3), 8. doi: 10.1016/j.scienta.2020.109779

30. Wei, H. Y., Cai, L. M., Zhao, Y. Y., Zhou, M. C., & Tan, T. Y. (2008). Current Situation of the Microbial Pesticide in
China. Arid Environmental Monitoring.

31.Wu, Z. M., Yang, Y., & Li, K. T. (2019). Antagonistic activity of a novel antifungalmycin N2 from Streptomyces sp. N2
and its biocontrol efficacy against Rhizoctonia solani. Fems Microbiology Letters, 366(3), 1-8. doi: 10.1093/femsle/fnz018

32. Xu, G.-F,, Song, B.-A., Bhadury, P. S., Yang, S., Zhang, P.-Q., Jin, L.-H., Xue, W., Hu, D.-Y., & Lu, P. (2007). Synthesis
and antifungal activity of novel s-substituted 6-fluoro-4-alkyl(aryl)thioquinazoline derivatives. Bioorganic & Medicinal
Chemistry, 15(11), 3768-3774. doi: 10.1016/j.bmc.2007.03.037

33. Xu, S. Q., Wang, J. H., Wang, H. X, Bao, Y. X,, Li, Y. S., Govindaraju, M., Yao, W., Chen, B. S., & Zhang, M. Q.
(2019). Molecular characterization of carbendazim resistance of Fusarium species complex that causes sugarcane pokkah
boeng disease. Bmc Genomics, 20, 14. doi: 10.1186/s12864-019-5479-6

34. Yan, Y. K,, Cheng, W., Xiao, T. T., Zhang, G. L., Zhang, T. T, Lu, T., & Tang, X. R. (2020). Discovery of Novel
2,4,6-Trisubstituted Pyrimidine Derivatives as Succinate Dehydrogenase Inhibitors. Chinese Journal of Organic Chemistry,
40(12), 4237-4248. doi: 10.6023/cjoc202005057

35.Yang, C. J., Gao, Y., Du, K. Y., & Luo, X. Y. (2020). Screening of 17 Chinese medicine plants against phytopathogenic
fungi and active component in Syzygium aromaticum. Journal of Plant Diseases and Protection, 127(2), 237-244.
doi: 10.1007/s41348-019-00285-x

Uxy XoHkcya, acriipaHm, CymcbKul HayjoHanbHUl agpapHull yHisepcumem, M. Cymu, YkpaiHa; XeHaHbCbKUl HayKogo-
mexHiyHul iHemumym, M. CiHbcsH, KHP

Lao Yxuwanb, acnipaHm, Cymcbkul HayjoHanbHUl aspapHul yHigepcumem, M. Cymu, YkpaiHa; XeHaHbCbKul
Haykog0-mexHi4dHuli iHcmumym, M. CiHbcsiH, KHP

Poxkoea TemsiHa OnekcaHOpieHa, kaHOuOam 6ionoeiyHux Hayk, O0oueHm, CymcbKull HauioHanbHUlU aspapHul
yHisepcumem, M. Cymu, YkpaiHa

Jlinghen Xy, dokmop ¢hinocodii, doueHm, XeHaHbCbKUU HayK080-mexHiyHul iHcmumym, M. CiHbcsH, KHP

HocnidxeHHsi npomuzpubHoi akmueHocmi ekcmpakmy 2igh wmamy Streptomyces HU2014 wodo yomupbox
¢gimonamozeHHux 2pubie

3acmocysaHHs XiMidHUX necmuuyudie mae 6acamo Hedorikie, momMy HeobXiOHi Hosi PUPOOHI pecypcu Oris peayneaHHs
po3sumky xeopob pocnuH. AkmuHobakmepii Habysaroms iHmepecy 0514 Cinbcbko20 2ocnodapcmea sk aceHmu 6ionoaiyHoi
6opombbu. Streptomyces spp. € yacmuHo akmuHobakmepil i eidoMi rMpodyKyeaHHSAM 8eMUKOI KiflbKOCMIi akmueHUX
memabonimie. Y yiti pobomi memodoM 8uMipro8aHHS weudkocmi pocmy O00CniOKeHO npomuzpubHy Oito MeEmMaHoI08020
ekcmpakmy ei¢h (MEI) wmamy Streptomyces HU2014 Ha yomupu ¢himonamozeHHi epubu. [Jns eusHayeHHs 8idnogidH020
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Oiana3oHy npomuepubHoi akmugHocmi 6yrno nposedeHo nonepedHe mecmyeaHHsI 3 PisHUMU KoHueHmpauismu MET.
Pesynbmamu nokasanu, wo egpekm iHeibysaHHs1 Rhizoctonia solani 6ye kpawjum, Hix mpbox iHwux apubis, i cknas 100 %
3 KoHyeHmpaujero 0,5 me/mn. Ha ocHosi suuje3asHadeHo20 mecmy Oynu ompumaHi niHii peepecii KoHueHmpauii Log-
npobimy 8idrnogidHo Ao weudkocmi iH2ibysaHHS 3 pisHUMU KOHUeHmpauismu. 3HadyeHHs (50 % -eidcomkogoi echekmugHoI
koHyeHmpauii) EC,, MET" do R. solani yepe3 48 200uH, 72 200uHu ma 96 200uH Y10 HaUHUXYUM MOPIBHSIHO 3 iHWUMU
epubamu. PieHsHHSI peepecii mokcuyHocmi MEI Ha R. solani cknano y = 6,9826 + 1,4028x (koegbiuieHm kopensyji
r=0,9783), a 3HayeHHs1 EC,, cmaHosusio 0,0386 me/mn 4epes 72 200uHu. PigHsiHHsI peepecii mokcuyHocmi MEI Ha Botrytis
cinerea cmarosurio y = 5,6627 + 1,2386x (koediyienm kopensuii r = 0,9614), a sHaveHHss EC,, cmarosusio 0,2917 me/mn
yepes 72 e00uHu. PisHsHHSI peepecii mokcudHocmi MET Ha Colletotrichum gloeosporioides cknano y = 5,3143+1,0873x
(koegpiuienm kopensuii r = 0,9996), a sHaverHsi EC,, cmarosuno 0,5140 me/mn yepes 72 200uHu. PigHsHHS peepecii
moxkcuyHocmi MEI™ Ha Fusarium graminearum cknasno y = 65,7011 + 2,3280x (koegpiyieHm kopensuii r = 0,9869), a 3HayeHHs
EC,, cmaHosumno 0,5024 me/mn yepe3 72 200uHu. Lmam Streptomyces HU2014 mae 3Ha4Hul npomuepubHuUl egekm
i MOXe cmamu Ho8UM a2eHmoM GIOKOHMPOK Y CibCbK020CM00apChKOMy 8UPOBHULMSI.

Knroyoei cnoea: cmpenmomiuemu, gpimonamoaeHHi epubu, npomuepubHa Oisi, EC,,.
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