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Y cmammi Hasedeni pesynbmamu docnioxeHHs (2018—2020 pp.) wodo peakuii Oyxe paHHIX ma paHHbOCMU2IUX KoMepyid-
HUX copmig Kapmoniii  ymogax nigHidHo-cxi0Ho2o Jlicocmeny YkpaiHu 3a npodykmueHicmio. EkcnepumeHmu 8ukoHaHi 32i0Ho npud-
Hamux ma anpobosaHux memoduk. [JosedeHa Had38uyaliHO 8UCOKA UiHHICMb copmig Kapmonni 83a2ani ma paHHbOCMU2/UX, 30-
kpema, Ons 3adosoneHHs nompeb model y 6azamomy KpoxmarneM, He3aMiHHUMU aMiHoKuciomamu, simamiHamu, Makpo- i Mikpoere-
MeHmamu npodykmi xap4yeaHHs, SKuli Moxe 6ymu docmynHum ynpodosx mpusasnozo yacy.

BuseneHul 3HayHull 8nnug Ha peanizauio npodykmugHocmi ceped Oyxxe paHHiX copmig 308HIWHIX YUHHUKIG. 3a BUHTMKOM:
[Mpada y 2019 i 2020 pokax ma Pig’epa y 2019 i 2020 pokax paHe po3nodiny copmie He cnignadas.

3a cepedHimu mpupiyHUMU daHUMU MakcuManbHOI NPoOyKmMUBHICMIO Xapakmepusysascs dyxe paHHili copm Pig’epa, npome
¥ Hb020 MaKox eusiefieHe Hallgule 3HadeHHs KoegpiuieHma eapiayjii o3Haku. Xova copm Hyma i nocmynascs 3zadaHomy copmy 3a
CcepedHiM supaxeHHaM npodykmusHOCMI, npome genuyuHa KoegiuieHma eapiauii y Hb020 byna malixe y 08a pasu MeHwa.

Hatizipwumu 308HiwHimu ymogamu 0ns peanidauii npodykmusHocmi y dyxe parHix copmie bynu y 2020 poyj, wjo 3a abco-
JIIOMHUM 3HaYeHHaM noka3Huka 6 1,6 pa3 MeHwe, nopigHsiHO 3 2018 pokom i 8 1,2 pasu, Hix y 2019 poui. MakcumanbHo cnpusimiu-
8uMU Ons nposigy npodykmugHoOCmi NoMix paHHbocmuenux copmie MedicoH i Taypac 6ynu e 2018 pouj, LLledpuk i [Manay — y Hacmyn-
Homy, a beo i Taypac - y 2020 pouj, xo4a abconomHe 3HayeHHs1 nokasHuka byno pisHum, gidnosioHo, 620 i 630 a/zHizdo, 800 i
780 2/2Hi300 ma 518 i 522 2/eHis00.

3a cepedHbo3gaxeHUMU OaHUMU Halkpawumu ymogamu On1s peanisauii npodyKmugHOCMI NOMiX paHHbOCMURIUX Copmig
gudineri e 2019 pouji (428 2/eHi3do), a Halzipwi — y 2020 poui (221 2/eHi3do). Halibinbwe 3HayeHHs KoewilyjeHma eapiauii npodyk-
musHocmi 3a pokamu Maro Micue 8 paHHbocmuaiux copmie JlamoHa i AnbsiHc, 8idnogioHo, 94,9 i 93,4 %. MpomunexHe cmocysanock
copmy Ped Ckapnem — 7,8 % ma Oesikux iHWUX.

Knroyoei cniosa: kapmonnis, copmu, paHHbocmuaiicms, NpoOyKmUBHICMb, MemeoponoaiuHi ymosu, KoeiuieHm sapiauii.

DOI: https://doi.org/10.32782/agrobio.2020.3.1

Betyn. 3aBasku HasiBHOCTI COPTIB KapTONMi Pi3HOi CTUr-
NoCTi cnoXueadi MaKTb MOXNWBICTb AOCUTL TPUBANWUA Yac: 3
KiHUS TpaBHS i [0 NOYATKY KOBTHS BXMBATW CBIXY MPOAYKLitO.
Ocb Yomy y BinbLIOCTI CENeKLiHMX YCTaHOB 3HaYHa yBara npu-
[iNSETLCA CTBOPEHHIO came paHHix copTis. Hanpuknag, y bino-
pycii 3 4eCATU HOBWX COPTIB MOMOBMHA PaHHi Ta CepeaHbOPaHHi
(Mahan'ko et al., 2020). BogHouac, sk CTBEPIXYIOTb OKpeMi
BYeHi (Andrianov, 2016; Andrianov & Andrianov, 2018) He y kox-
HOMY perioHi peaniayeTbCsl COpTaMu 03HaKa «PaHHLOCTUIAICTbY.
BuknageHe oBymoBneHe 3HayHUM BNAMBOM Ha MPOSIB O3HAKM
30BHiLLHiIX yMoB (Novikova et al., 2017; Portoyev et al., 2018) Ta

BicHuk CyMmcbKoro HaulioHanbHOro arpapHoro yHiBepcurteTty

HW3bKOIO afanTUBHICTIO copTiB kapTonni (Anisimov et al., 2013;
Maruchlenko et al., 2018).

MoXnuBiCTb BUPOLLYBaHHS JOCTATHBOI KiNbKOCTi paHHbOI
kapTonni J03Bonsie 3a0e3neymTii CNOXMBaYiB KpOXManem, skui
LIBMAKO 3aCBOKETLCA B JIIOACHKOMY OpraHiami (3a 4aHumu nikaps
lp3oHa (Hohulian, 2002), wo6 nepeTtpaBuTh NKOAUHI KpOXMasb
nLIeHnLi, KyKypyasu, pucy HeobxigHo 2 roguhu, Bisca — 1,5, a
kapTonnsHui — 10 xBunuH). Y 6ynbbax 3HaxoauTLCS MOPIBHSHO
BenuKa KinbKicTb KNiTkoBUHW — 0 3,5 % cupoi macu (Viasenko,
2002), wo nosuTMBHO BnMMBae Ha TpaBneHHs. Ocobnuea
UiHHICTb KapTOMMi nomnsrae Yy HasBHOCTI YCix 6ionoriyHo
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He3aMiHHUX aMiHOKMCNOT. Y cepedHbOMY TPETS YacTUHa amiHo-
kucnot 6inka Gyneb cknapawoTcs 3 HesamiHHMX (Kuchko &
Mytsko, 1997).

OcobnuBo BUAINAKTLCS 3a 3HAYHUM YMICTOM BafliH, ap-
FiHiH, Ni3nH, heHinanaHid, a cepes 3amiHHUX HaNBINbLLY YacTky
CKrnafatTb acnapariHoBa Ta rmioTamMiHoBa KNCIOTU. AKLO B3ATH
3a eTanoH BionoriyHy LiHHiCTb Binka kypsyoro sius (100 %), To
y 6ynbbax kapTonni uem iHaeKC 3HaxoauTMMETbCS B Mexax 60—
92 % (Kuchko et al., 1998). 3okpema, 3a LiHHICTIO BULINSETHCS
6inok paHHix copTiB. HesBaxaroun Ha HeBenmkuin ymicT Ginka y
Oynbbax, TpeTHa LOAEHHOT HeODXIAHOT 03N ANS NIOANHKM Y
CLUA Ta €Bponi 3abe3neyyeTbecsa 3a paxyHok kaptonni (Burton,
1974). Y nNpoTUNEXHICTb BUKNAAEHOMY, Y 3epPHOBUX BUAiNEHa
LyXe HeBenuKa KinbKicTb NuLLe ABOX HE3aMiHHUX aMiHOKMCIOT:
ni3uHy | TPUNTOhaHy, a BCI iHLWI — 3aMiHHi | 3HAXOAATLCA Y Had-
NNLLIKY, LLO CBIAYNTb NPO HU3bKY LiHHICTb NPOAYKTIB i3 3epHa.

Y 6ynbbax kapTonni 3HaxoasTbCA TakoX BiTaMiHu B1, Bz,
Bs, Bs, PP, H, P, a itamiy C go 50 r Ha 100 r macu 6yns6
(Kozhushko & Honcharov, 2002). [lo cknagy 6yneb Takox Bxo-
OATb YMCTIEHHI Makpo- Ta MiIKpOenemeHTu: kanii, docdop,
HaTpiN, Kanblyii, MarHii, cipka, xnop, 6pom, 3aniso, Migs, 6op
(Vlasenko, 2002), wo Takox pobuTb ix 0COBNMBO LiHHUMMK A11S
XapyyBaHHs nogen.

OcobnusicTb paHHiX COpTiB nonsrae y cneuudivyHoMy
KOHTPORi rocnogapebko LiHHMX o3Hak (Kiper, 1972; Kabunin &
Dogurevich, 2009). fnwe 3a nepiogoM CafaiHHA-CXOAW BOHM
Maike He Biapi3HAKTLCA Bif iHLWMX rpyn CTUIMOCTI. B ycboMmy iH-
LUIOMY BOHU XapakTepu3ytoTbCs CMEeLMMIYHICTIO, O € OCHOBOIO
ANs BIGMIHHOCTEN Y NPOSIBi rOCMNOAAPCHKO L{iHHMX O3HaK.

Ha mopdobionoriyni TMnn pocnuH KkapTonni Bkasysas
M. 1. Anbemuk (Al'smik, 1979), Bigmivaoum, WO KOHCTUTYLAH
3MiHM POCTMH BKMKOYatoTL y cebe Bionoriyi Ta disionorivHi ocob-
NMBOCTI, Lo 00YMOBIOE BigMIHHOCTi COPTIB Y NPOAYKTUBHOCTI, i

36epexeHHi y NOKOMiHHSX, BUPOMKEHHI. BiH CTBepaXyBas, L0
TUNOBI riNASCTi POPMU, XapaKTEPHI ANS Ni3HIX | MEHLLOK MipOt
CepeaHbONi3HiX COpTiB i ribpuis, BIACYTHI Y paHHiX (opM.

BaxnuBoto 0CoBGNMBICTIO paHHbOI KapToMni € paHHe
OynbboyTBOpPEHHst Ta wBMAKe ix (bopmyBaHHS. BopgHouac,
BigPI3HAOTb (Di3ioNOoriYHy PaHHLOCTUIMICT Ta rOCNOAAPCHKY.
Mepwa xapakTepusyeTbCa TpUBAniCTO nepiogy Beretauii, a
OCTaHHS — 3AATHICTIO LUBWAKO (hOPMYBaTW TOBAPHWA ypoOXaM.
He3aBaxatouu Ha Te, L0 PaHHi COPTM MatoTb BiNnbLu KOPOTKUIA KOH-
TaKT 3 HABKOMWLLHIM CepPeaoBULLEM, HiX Mi3Hi, BCE-TaKW 30BHILLHI
YMHHUKK, 30KpEeMa METEOPONOriyHi, 3HAYHO MIPOK BNAMBAKOTL
Ha peanisavjto reHeTUYHOTO KOHTPOSK YMCMEHHUX O3HAK, Y TOMY
4ncni NPOZYKTUBHOCTI.

Buxogsun 3 BuLE BUKNAAEHOrO, METO AOCIIIKEHHS
Oyno BU3HAYMTV HOPMY peakLii reHOTVMIB Ay)Xe paHHIX Ta paHHixX
COpPTIB KapTONAi Ha YMOBW BMPOLLYBaHHS Yy MiBHIYHO-CXiZHOMY
Nicocteny Ykpainu.

Matepianu i meTogm gocnigkeHb. Y foCnigpxeHHs 3a-
nyYeHi M'ATb AyXe paHHiX Ta 29 paHHBOCTUIMMX COPTIB KapTonni.
MeTogawka BUKOHaHHS eKCePUMEHTY 3aranbHONpUitHATa Ans ce-
nekujinHo-reHeTnyHmx  gocnigkeHs (Kutsenko et al., 2002).
JinsaHkn ogHOpsiAKoBI Mo 11 pocnuH y psaky. Mnowa XuenexHs
— 70x35cm. [Ina pOTpUMaHHS HanexHoro ditocaHiTapHOro
CTaHy NpOBOAUNN ABi NPOYNCTKM BiA POCMWH i3 3HAYHUMM CUMN-
TomMamu xBopob: 3a Bucotn 15—20 cm i nig vac keiTyBaHHs. Mig
Yac OCHOBHOTO 3BMpaHHsl BUKOMYBanM POCHMHU 3 psifka, nigpa-
XOBYBaIM iX KiNbKICTb, a TaKOX YMCNO TOBApHUX Oynbb i ApiOHMX,
SKi 3BaXyBarnm okpemo.

Pesynbtat. [aHi tabnuui 1 ceigyatb npo 3HaYHWN
BMMMB 30BHILLHIX, FONOBHUM YMHOM METEOPOIONiYHMX, YMOB Ha
NposiB NMPOAYKTUBHOCTI Y AyXe PaHHiX COpTiB.

Tabnuusa 1
[MpOJyYKTUBHICTb AYXe paHHiX COPTIB kKapTonui B yMOBaX MiBHIYHO-cxigHoro Jlicocteny YkpaiHu
[MpoAyKTUBHICTB, I/rHI3n0 .
Ne copry Copr 2018 p. 2019p. 2020 p. CepemHe V%
1 Jyma 510 490 290 440 27,6
2 KipaHga 529 200 400 405 40,9
3 Mpapa 350 309 258 315 14,7
4 Pagomucnb 414 356 185 360 33,1
5 Pis'epa 857 468 310 517 54,5
CepepHe 3a pik, r/rHi3go 517 382 314

3a Tpu pokM ekcrnepuMeHTy HalkpallMMu yMOBaMU 4N
peanisaLlii reHETUYHOrO KOHTPOIMIO NPOSIBY O3HAKW BUSBUIUCH Y
2018 poui ans copTy Pig'epa. Moro npogykTUBHiCTL BUSBUNACH
BinbLuoto B 1,6 pasiB, HiX y HACTYMHOTO 3a PaHrOM BUPaXEHHS
nokasHuka copty KipaHga. brusbke 3HayeHHs MoKkasHWKa CTo-
COBHO OCTaHHbOro copty 6yno B copty dyma — 510 r/rHi3go.
He3Baxatouu Ha Te, L0 B iHWMX ABOX copTiB: Mpaga i Pagomu-
CMb NPOAYKTUBHICTb BUSIBUNACH HUKYOLO, HiX Y 3rajaHux, Bce-
TaKu CepefHe 3BaxeHe NokasHuKa y LboMy poLii BUSBUIMOCH Hail-
BULLUM.

Mo-pisHOMy pearyBanu Ayxe paHHi COPTU Ha YMOBM
nepiogy Beretauii 2019 poky. HalBWLLOK NPOOYKTUBHICTIO Xa-
pakTepusyBascs copT [yma. BoHa nepeBuwiuna BENUYMHY MO-
kasHuka B copTy Pis’epa Ha 22 r/rHi3go. MpoTunexHe ctocysa-
nock copty KipaHga, y IKoro npogyKTUBHICTb Byna HalHUKY0I0 y
ysomy poui — 200 r/rHisgo. Lie 06yMOoBKIIO 3MEHLLEHHS CePeaHbO

3BaXXeHOI BENMYMHM nokasHuka y 2019 polli, nopisHaHO 3 none-
peaHim Ha 135 r/rHi3go, a6o 35 % Big MEHLLOI BENUYMHM.

BusBneHa cneuudivHa peakLis Lyxe paHHix copTiB 3a
MPOAYKTUBHICTIO Ha yMOBY BupoLLyBaHHs y 2020 poui. Ocobnueo
HECNpUATAMBUMU BOHM BWSBMAMCb 4ns copTy Pagomucrnb —
185 r/rHizgo. MpoTunexHe ctocyeanock copty Kipanaa, y sikoro
BEMNMYMHA NOKa3HWKa Oyna HalBumLLOH i BInbLIOI, HiX Y COpPTY
Pis'epa Ha 90 r/rHisgo. BogHouac, Le He HaiBulla npogyk-
TUBHiCTb y copTy KipaHaa 3a poku gocnimkeHHs. Buknagere oby-
MOBWIIO HaWHWKYE CEPERHE 3BaXEHE 3HAYEHHS MOKasHuka Y
usomy poui — 314 r/rHiago, wo B 1,6 pasie inbLue, NOPIBHSHO 3
2018 pokom Ta 1,2 pasm, Hix y 2019 poi.

3a cepefHiM 3BaXXEHUM HaMBMLLOK MPOLYKTUBHICTIO 3a
TPW POKM XapakTepuayBascs copT Pis’epa — 517 r/rHisgo. 3aB-
OSKA BiJHOCHIN CTabiNbHOCTI BMPaXeHHsI MoKasHuka B COpTY
Hyma B 2018 i 2019 pokax BiH 3ailHSIB ApYrviA paHr po3noginy 3a
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03HaKoH0. [lyxe HU3bKOK NPOAYKTUBHICTIO 3@ TPU POKM XapaKkTe-
puayBaBcs copT lNpaga — 315 r/rHi3go.

BnnuB 30BHILLHIX YMOB Ha BUPaXXEHHs NMOKa3HUKa BU3Ha-
Yanu, BuUpaxoByoun koedilieHT Bapialii. Yepes 3HauHi BigMiH-
HOCTi NposiBY NPOAYKTUBHOCTI 3a pokamu B copTy PiB’epa, a came
oMy BrnacTVBe HaMBuLle 3HaYeHHs KoediljeHTa Bapiayii —
54,5 %. MMpotunexHe ctocyBanocs copty [paga — 14,7 %,
NpoTe B KOXXHOMY 3 POKIB Y HbOrO BWSIBMIEHA HW3bKa MPOAYK-
TUBHICTb. [MEBHOI0 LHHICTIO 38 060Ma NoKasHUKaM XapaKTepu-
3yBaBcs copT [lyma. Y Hboro, nopsig 3 BiHOCHO BKCOKOIO Mpo-
DYKTUBHICTIO, Maro MicLue HEBMUCOKE 3HauYeHHs koedilieHTa

BapiaLlii.

Jewo iHwWa cuTyauisa cTocyBanocb Nposisy NpOAYKTYB-
HOCTI B paHHbOCTUIIMX CopTiB (Tabn. 2). B ymoBax nepiogy Bere-
Tauii 2018 poky 3a NposiBOM O3HaKW BUAiNEHI COpTU AnbsHC,
MegicoH i Taypac, y skux cdopmyBanoch y cepegHbOMy Ha
rHi3go Ginbuwe 600 r 6ynb6. Le y BOCbMM COPTIB BUPaXeHHs No-
kasHuka craHoBuno 500 r/rHisgo i Ginblwe, 10610 AnNa 38 %
copTiB yMOBW nepioay BereTalii 3ragaHoro poky 6ynu cnpustiu-
BUMW AN peanidaLlil KOHTPOSO O3HAKK.

Tabnuuga 2
[MpOJyYKTUBHICTb PAHHBOCTUITIMX COPTIB KAPTONAi B YMOBaX NiBHIYHO-CXigHOrO JlicocTeny YkpaiHu
[MpoayKTUBHICTB, I/rHI3n0
Ne 3/n Copt V., %
2018 p. 2019 p. 2020 p. cepeaHe
1 AnbsiHC 667 495 98 333 93,4
2 BaxaHa 280 249 225 254 10,9
3 Basanis 225 572 102 316 77,2
4 Beo 580 687 154 518 54,4
5 Baipeup 244 386 114 242 56,2
6 [masypHa 300 233 280 271 12,8
7 [bxokoHaa 167 224 116 177 30,5
8 3naroga 550 140 153 281 83,0
9 3opavka 500 474 300 440 247
10 IMnana 290 297 208 273 18,3
11 Kimmepis 511 440 356 439 17,7
12 Kopcika 520 415 228 392 37,8
13 NatoHa 580 213 99 265 94,9
14 Naynx 511 529 306 461 26,8
15 MegicoH 620 311 178 393 57,8
16 Mia 520 558 164,3 427 50,9
17 Haropoga 367 535 369 417 23,2
18 HbtoToH 460 424 178 413 373
19 Manay 296 780 240 447 66,4
20 PaguHa 380 395 197 344 32,0
21 Pen Ckapnet 309 355 314 320 78
22 CepnaHok 367 556 243 397 39,6
23 CkapBHuus 400 245 107 257 57,0
24 CnayTa 475 530 320 441 247
25 Taypac 630 554 369 522 25,8
26 Tupac 320 275 250 275 12,9
27 Ynagap 375 443 11 295 59,5
28 YepHiriBcbka paHHst 410 375 138 352 41,9
29 Lenpuk 309 800 450 425 65,5
CepepHe 3a pik, r/rHi3go 387 428 221
BogHouac, y OKkpemux COpTIB MPOAYKTMBHICTb Yy | HecnpusTnveum Ans dhopmyBaHHs 6ynbb BUSBMBCS Nepiog Bere-

2018 pouji BusiBMNACck Ayxe HU3BLKOK. Y nepLuy yepry, Le cTocy-
Banock copty [hxokoHaa — 167 r/ rHi3no, a Takox coptia basanis
(225 r/rrispo) Ta Bsipeupb (244 r/rHis3go). 3HauyHa pisHULA Y pe-
anisayii noTeHLiany copTiB 3a BUPAXEHHsSM NoKa3HWKa BigMiveHa
y nepiog Beretauii 2019 poky. [yxe CnpusTnMBuMu BUSBUIUCH
30BHiLWHi ymMoBM Anst dopmyBanHs 6ynbb y copty Weapuk. Bix
MaB HalBWLLYy NPOAYKTUBHICTb 3a BECb NEPIO] BUKOHAHHS eKcre-
pumeHTy — 800 r/rHi3go. bnmsbki aaHi (780 r/rHi3no) oTpumani Lwe
B ofHoro copty — Manau. Tinbku B ofgHoro copTy Beo nposis
o3Haku nepesuwims 600 r/rHi3go, xoya KinbkiCTb COpPTIB 3 BUpa-
XEHHAM nokasHuka 6nmabko 500 r/rHisgo i binbwe Gyna ogHako-
BOIO, SIK i y nonepeaHLOMY poLi — BiciM LWTYK. [lyxe HecnpuaTnu-
BUMM BUSBUNUCL MeTeopororiyHi ymou 2019 poky ans pe-
anisauii npogyKTMBHOCTI B COPTY 3narofa 3 BENUYMHOK MOKa3-
Huka Tinbkn 140 r/rHis3go. [ns GinbLIOCTi paHHBOCTUIMIMX COPTIB

BicHuk CyMmcbKoro HaulioHanbHOro arpapHoOro yHiBepcurteTy

Tauii 2020 poky. Tinbku B ogHoro copTy Leapuk nposis 03Haku
craHoBuB 450 r/rHi3no, wo 6yno MakcuManbHUM BUPaXKEHHSM
nokasHuka. Y copTis AnbsiHC i [TaToHa NpOAYKTUBHICTb BUSIBK-
nacb MeHwoto 3a 100 r/rHi3go. brinabkuM 3HaueHHsM ii xapakTe-
pusyBanucb copt basanis, Baipeup, [xokoHaa, CkapbHuug i
Ynagap. Y pesynbTaTi BUKNageHoro cepeaHbo 3BaXEHUI NposiB
o3Hakn y 2020 poui 6yB HaWmeHWwum — 221 r/rHisgo, Wwo B
1,9 pasiB MeHLUe, NopiBHAHO 3 nonepeaHiM pokom i B 1,8 pasis,
Hix y 2018 poui.

[yxe HecnpusTINBI 30BHILLHI yMOBM Nepiogy BereTalii
paHHbocTUrIMX copTiB y 2020 poui HeraTWBHO Bigbunuck Ha ce-
peaHbOMY 3BaXEHOMY TPUPIYHOMY NPOSIBi O3HaKM. TinbkW B 4BOX
coptie: Taypac i beo BenuuMHa nokasHuka nepeBuULLMNa
500 r/rHisgo. BogHoyac, B 11 copTie BoHa 6yna ayxe 6nu3bkoio
Ta BUWOH, HiX 400 r/rHisgo. MiHiManbHOK NPOAYKTUBHICTIO 3a
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TP POKW XapaKTepusyBaBCA ronnaHAcbkuii copT [hxokoHaa —
177 rlrHisgo. NpuunHa BUKNaAEHOTO — HWU3bKWA PiBEHb NPOSIBY
MoKa3HWKa B YCi POKW BUKOHAHHSI KCMIEPUMEHTY.

PaHHbOCTMIAI COPTK, SKi B OKPEMi POKU YCMiLLHO peaniao-
BYBanu CBiil NOTEHLian 3a NPOAYKTUBHICTIO, B iHLUI Manu 3HaYHO
HWXYMI piBeHb MOKA3HMKa, Lo 0OYMOBWMNO BMCOKE 3HAYEHHS Y
HWX KoediLlieHTa Bapiauii. Y coptie AnbsiHc, JlaToHa Moro 3Ha-
yeHHs nepesuwymno 90 %. Henabarato noctynaecs iM y LibOMy
BigHoOLWeHHs copT 3naroga — 83 %.

MpoTUnexHe BUWLLE BWKNALEHOMY CTOCYBanocb COPTY
Pen Ckaprer, y fKOro BenuuMHa MokasHuka CTaHoBuma TiNnbKu
7,8 % 3a cepegHboi npoaykTmeHOCTI 321 r/rHi3go. MopiBHSHO
cTabinbHMM NpOSIBOM 03HaKW 3a poKamu XapakTepusyBanucb
coptn BaxaHa, nasypHa, Tupac, npoTe cepegHs Mpoayk-
TUBHICTb Y HUX Byna HeBMCOKa.

Y copris Taypac i beo BigMiueHMin MakcumarbHWiA NPosB
nokasHuka, BignosigHo 522 i 518 r/ruisgo. BogHouac, y nepLioro
3 HUX BermMuMHa koedpilieHTa Bapiauii mpogykTuBHOCTI byna
25,8 %, a B oCcTaHHBOTO — 54,4 %, T06TO Maixe y ABa pasu binb-
LUOK), LLO CBIfYMTb MPO HeCTabiNbHICTb BUPaKEHHS NOKa3HWKa B
OCTaHHBOrO COpTY.

06roBopeHHsA. PaHHLOCTWMMI  COPTH, MOPIBHIOKYM 3
ni3HiMK, MaloTb GinbLui 0TBOPW NPOAMXIB, YM 0BYMOBMIOETLCS
3MEHLLEHHS IHTEHCMBHOCTI TpaHcnipaLji Ta acuminaLji 3anexHo
Bif 3MiH 30BHILHIX ymOB. BOHM TaKoX XapaKTepuaylTbCs
LUBMALLMM POCTOM | PO3BUTKOM, afxe iM HEOBXIAHO HAaKoMMYNTK
[OCTaTHIN BpOXaii 3a kopoTwwuid nepiog yacy (lashyna et al.,
1973).

3 reHeTNYHOT TOUKM 30pY CKOPOCTUMMICTb € PELIECUBHOID
osHakoto (Salaman, 1926; Muller, 1927), wo, BBaxaemo, ycknag-
Htoe Bigbip paHHix dhopm. OcobnmBO Lie CTOCYETLCA AYKE PaHHiX
coprtie. MoxnuBo 3 Ljiei npUimMHKM KinbKicTb ix B3arani Ta B [ep-
XaBHOMY PEECTpi COPTIB POCMMH, NPUAATHUX ANS MOLUMPEHHS B
Ykpaitn B 2020 p.(Derzhavnyi reiestr sortiv roslyn, prydatnykh
dlia poshyrennia v Ukraini v 2020 rotsi..., 2020) HeBenuka —

nuwe M'sTb COPTIB.

[ns paHHbOCTUINMX COPTIB BNacTBE LUBWAKE NPOXOA-
XeHHs dpiionoriyHmx Ta GioxiMiyHNx npouecis, npoTe Le Bigdy-
BaETLCA NMLLE 32 CNPUATAINBUX 30BHILLHIX YMOB. FAKLLO 30BHILLHi
KOMMNEKC He BiAMOBigae BMMOraM PaHHBOCTWMINX COpTiB, TO
BOHW 3HAYHO 3HWKYIOTb MPOAYKTUBHICTb, NMPO LU0 CBigYaTh HaLi
BMacHi AaHi Ta gaHi, oTpumani iHwmmmn gocnigHukamu (Schick &
Hopfe, 1962).

BucHoOBKHM. 3Baxat0um Ha PELLECMBHMIA KOHTPOIb PaHHb-
OCTWINOCTI, CTBOPEHHS AYKE PaHHiX COpTIB kapTonni ycknap-
HIOETLCS. BUSIBNEHMI 3HAYHMIA BNAMB Ha peaniaalito npogyKT1B-
HOCTi Cepeq OyXe paHHiIX COpPTiB 30BHILLHIX YAHHUKIB. 3a Oyxe
piakum BuHsaTkoM: Mpaga y 2019 i 2020 pokax Ta Pis’epa y 2019
i 2020 pokax paHr po3noginy copTiB He cniBnagas. Makcumarns-
HOIO MPOAYKTUBHICTIO 3@ TPUPIYHUMM JaHUMU XapakTepu3yBaBcs
copT PiB’epa, NpoTe y HbOro TaKoX BUSIBMEHE HaBULLE 3HAYEHHS
koeiLieHTa Bapiauji o3Haku. Xo4a copT [yma i noctynascs 3ra-
AaHOMy COPTY 3@ CEPeaHIM BUPKEHHAM NPOAYKTUBHOCTI, MpoTe
BenuuMHa KoediljeHTa Bapialii y HbOro Maike y ABa pasu
MeHWa. 3a CepedHbO3BaXEHUMM [JaHUMM HAWMripLli 30BHILLH
YMOBM 4151 peanisaLlil NpoaYyKTUBHOCTI Y Ay)Xe paHHixX copTis crno-
crepiranuck y 2020 poyi, wo B 1,6 pasiB MeHLe, NOPIBHSHO 3
2018 pokom i B 1,2 pasu, Hix y 2019 poui.

MakcumansHO CnpusTiMBAMK AN NPOsiBY NPOAYKTWB-
HOCTi MOMiX paHHbOCTUMMMX copTiB MegaicoH i Taypac 6ynu B
2018 pouj, Weapwuk i Manauy — y HacTynHomy, a beo i Taypac -y
2020 pouj, xo4a abCconMoTHe 3HAYEHHs MOKa3HMKa Oyno pisHUM,
BignosigHo, 620 i 630 r/rHisgo, 800 i 780 r/rHisgo Ta 518 |
522 r/rHi3ago. 3a cepegHbO3BaXEHUMW AaHUMW  HaMKpaLLMMi
yMOBaMu 1151 peanisaLlii NpOAYKTUBHOCTi MOMiX PaHHBOCTUIMNX
coptis BuseneHi B 2019 poui (428 r/rwisgo), a Hawripwi — y
2020 poui (221 r/rHi3go). MakcumarbHe 3HaueHHs koedillieHTa
BapiaLjii NpogyKTMBHOCTI 3@ pokamu Maro micLie B copTi JlaToHa
i AnbsiHe, BignosigHo 94,9 i 93,4 %. MpoTunexHe CTocyBanoch
copty Peg Ckapnet — 7,8 % Ta gesikux iHLKnX.
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REACTION OF VERY EARLY AND EARLY MATURE VARIETIES OF POTATOES TO THE EXTERNAL CONDITIONS OF
THE NORTH-EASTERN FOREST STEPPE OF UKRAINE BY PRODUCTIVITY

The article presents the results of a study on the reaction of very early and early ripening commercial varieties of potatoes in
the north-eastern forest-steppe of Ukraine in terms of productivity. The experiments were performed according to accepted and tested
methods. Extremely high value of potato varieties in general and early ripening in particular to meet the needs of people rich in starch,
essential amino acids, vitamins and macro-and micronutrients, which can be available to people for a long time.

There is a significant impact on the implementation of productivity among the very early varieties of external factors. With very
few exceptions: Prada in 2019 and 2020 and Riviera in 2019 and 2020 did not match the rank of varieties.

According to the average three-year data, the very early variety Riviera was characterized by maximum productivity, but it also
had the highest value of the coefficient of variation of the trait. Although the Duma variety was inferior to the mentioned variety in terms
of average productivity, the value of the coefficient of variation is almost twice less.

The worst external conditions for the implementation of productivity in very early varieties were in 2020, which in absolute
terms is 1.6 times less than in 2018 and 1.2 times than in 2019. The most favorable for the manifestation of productivity between the
early varieties Madison and Tauras were in 2018, Shchedryk and Palace — in the next, and Beo and Tauras — in 2020, although the
absolute value was different, respectively, 620 and 630 g/hest, 800 and 780 g/nest and 518 and 522 g/nest.

According to weighted average data, the best conditions for the realization of productivity among early-maturing varieties were
found in 2019 (428 g/nest), and the worst — in 2020 (221 g/nest). The maximum value of the coefficient of variation of productivity over
the years took place in the early varieties of Latona and Alliance, respectively, 94.9 and 93.4 %. The opposite was true for the Red
Scarlet variety — 7.8 % and some others.

Key words: potatoes, varieties, early ripening, productivity, meteorological conditions, coefficient of variation.
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8H020 cudepamy pedbKu OniliHOT 3a pi3HUX 06pobimkig rpyHmy. LJocnioxeHHs nposedeHo 8 yMosax YOPHO3EMY MUN08020 2nubokozo
Masio2yMycHO20 cepedHbOCY2TUHKO8020 Ha 1econo0ibHOMY CyanuHKy Ha docniOHux nonsx CyMCbKO20 HauyioHanbHO20 agpapHo20
yHisepcumemy. PalioH docnidxeHb sidHocumbcs Ao JlisobepexHoeo Jlicocmeny. Cxema docnidy ekmoyana 4omupu gapiaHmu OCHO-
8HO20 06pOBIMKY rpyHmMy: opaHka Ha enubuHy 28—30 cm, niockopi3Hult 06pobimok Ha enubuHy 28—30 cm, ducKysaHHs Ha enubuHy
14—16 cm i 4—6 cm.

Cudepam sucisanu nicris 36upaHHs nonepedHUKa SYMEHI0 AP020 Ma 3a20pmarnu HanpukiHyi xoemHsi. [JogedeHo, wjo 3acmo-
Cy8aHHA NicsHKHUBHO20 cudepamy pedbKu OMiliHOI MaKCUMasbHO NOKPaLWye NOXUBHUU PEXUM YOPHO3EMY MUN0B020 NPU 8UPOUY-
8aHHi bypsikie uykposux ma kapmonni: y wapi 0—30 cm Halbinbwe 3pocmas emicm nez2koeidponizogaHo2o asomy — Ha 9,8—
13,8 me/ke, pyxomoeo gpocgpopy — Ha 8,0—13,8 me/ke (i 06MiHHO20 Kanito — Ha 7,8—13,0 Ma/ke, nopigHAHO 3 iHWUMU GhoHamu y00b-
perHs. [posedeHHs Ons 3aeopmanHsi 3eneHo2o dobpusa pedsku onitiHoi besnonuyegoeo 06pobimky Ha enubuHy 28—30 cm 3abes-
neyyearno Halguwut emicm neakoeidponizogaHozo azomy — 106,7 i 113,8 me/ke, pyxomoeao gpocgpopy — 124,6 i 129,6 me/ke ma 0b-
MiHHO20 Kanito —121,7 i 123,6 me/ke.

®imomaca cudepamig Halibinbwe gnnusasna Ha 3pocmaHHs emicmy asomy — 49-52 %, a HalimeHwe — hocghopy — 24—25 %;
nicnspkHusHUl cudepam pedbku OMitHOI BinbUWO MIPOK 8nIUgas Ha NidBULEHHS BMICMY NOXUBHUX eleMeHmig 3a OpaHKU — 33—
66 % ma 6e3nonuyeso2o 06pobimky anubuHor 28—30 cm — 19—61 %. Kpawuli 8apiaHm xugneHHs 3a 3a2opmanHs cudepamy pe-
ObKU OfTiIHOT WIsiXoM nposedeHHs 2/1uboKo20 be3nonuyegozo 0b6pobimky 0bymosus ompumaHHsa HalisuL020 8poXato bypsiKie Uyk-
posux — 35,4 m/ea ma kapmonni — 30,3 m/2a, wo cymmeeo pisHunocs 00 opaHku — Ha 1,4 i 1,8 m/ea 8idnoeiOHo, 5K i 00 MinKo2o
6e3nonuyesoeo puxneHHs rpyHmy — Ha 4,7 i 3,7 m/za ma nogepxHegozo — Ha 5,9 i 5,1 m/za.

Hatisuuwy iHmeHcusHicmb 6anaHcy asomy i Kanito npu eupouiysaHHi 6ypsikie Uykposux i kapmonni 3abe3nedysasno 3eneHe
0obpugo pedbku oniliHoi — 114,9 i 136,0 % ma 135,7 i 101,7 % eidnosidHo. 3amiHa opaHku anubokum 6e3nonuyesum 06pobimkom
Ha 28—30 cm Habnuxana no3umusHull banaHc eneMeHmie XUeeHHs npu 3azopmanHi cudepamy pedbku oniliHoi Ao epigHOBaxe-
HOZO0.

Knroyoei cnoea: nicnsokHugHUl cudepam, 06pobimok epyHmy, eneMermu XueneHHs, ypoxalHicms, 6ypsk uykpogud, kap-
monns, pedbka oniliHa.

DOI: https://doi.org/10.32782/agrobio.2020.3.2

Betyn. NokpalueHHs BpoXaiHOCTI CinbCbkorocnogapchb-
KnX KynbTyp Ta epeKTUBHOCTI BUKOPUCTAHHS MOXWBHUX PEYOBMH
OfHOYACHO € NpobnieMoto yepes 30INbLUEHHS 3anuTy Ha iXy Ta
3arocTpeHHs ekonoriyHnx npobnem (Chen et al., 2014; Yu et al.,
2015). [na oTpumaHHS BWLLOI BPOXaMHOCT CinbCbKOrOCNo-
[apCbKUX KynbTyp 3a IHTEHCUBHOTO CiNbCbKOro rocnofapcTsa 3a-
CTOCOBYIOTb BWCOKI HOpPMW MiHepanbHux aobpue. OpHak AaHi
BMTPaTM He 3abe3neuyioTb B YMOBax HECTIMKOTO 3BOMOXEHHS
HapiHOro OTpUMaHHs odikyBaHoro Bpoxaio (Vitousek et al.,
2009; Chen et al., 2011). 3HayHa YacTMHa 3aCTOCOBYBaHWUX A0-

BpvB BTpa4a€ThbCs i HALXOANTb Y HABKOMNULLHE CEpeoBULLE Ye-
pes BMMWBaHHS Y nig3emHi Bogu (Zhou et al., 2016) Ta Bukuan
napHukoBux rasie (Zheng et al., 2004). Takum YMHOM, LOBOTI
BaX/MBO OTPUMYBaTH DiNblue BPOXa0 BUPOLLYBaHMX KynbTyp 3
MEHLUWM BMNMBOM Ha HaBKOMWLLHE CepeaoBuLLE, 30KpeMa, 3aB-
ASIKM 3MEHLLEHHIO BTPAT MOXUBHUX PEYOBMH.

3amiHa MiHepanbHWX 4OBPWB NPOMIXHUMM NOCIBaMM CU-
[epaTiB 3aCTOCOBYETLCS NS 3MEHLLEHHS BHECEHHS XIMIYHUX pe-
YOBMH 3a BMPOLLLYBaHHS CiNbCbKOroCnoapchkux pocrnuH (Xie et
al., 2016; Thorup-Kristensen et al., 2003). MicnsxxHuBHi cugepatu
3abe3neyyloTb 3MEHLLEHHS! BTPAT HasBHUX Y TPYHTI PYXOMMX
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€NEMEHTIB XWBNEHHS 3aBAsKN iX (iKCyBaHHIO Y CBOIN (hiToMaci,
€KOHOMIl0 (hiHaHCIB Ha yA0OPEHHS POCIMH Ta NOKPaLLEHHs BPO-
*ato BupoLLyBaHux kynbTyp (Yang et al., 2015; Bai et al., 2015).
Pegbka oninHa HanexuTb 40 poanHu Brassicaceae, BOHa He 3ga-
THa ikcyBatn aTMocepHuin N2, ane BoHa MOXe nepexonnio-
BaTW 3aMMULLKOBMIA HITPaT i 3MEHLLYBaTW BTpaTh a3oTy B pasi Bu-
MUBAHHS, 3aBASKN BENUKIN IMUOWHI BKOPIHEHHS, LLO KOPENKOE i3
BTpaTaMu pyxomux enemeHTiB xusnenHs rpyHty N (Thorup-
Kristensen, 2001). OTxe, 3a BUKOpPUCTaHHSI NPOMiXHMX NOCIBIB
cupaepariB 3MeHLyeTbes notpeba y MiHepanbHUX fobpuBax Ta
BTPATU PYXOMWX ENEMEHTIB xmBneHHs (Zhang et al., 2016; Yu et
al., 2014; Hooker et al., 2008).

MigBuLLEeHHS eeKTMBHOCTI BUKOPUCTaHHS 10BpMB y poc-
NWUHHULTBI CYTTEBO 3aNeXuUTb Bif CUHXPOHI3MY Mix MoTpebor
POCIH B €NeMEHTAX XKMBNEHHS | iX HAAXOMKEHHS 3 PisHUX [xe-
pen npoTarom BeretauinHoro nepiogy (Zhang et al., 2018). do-
CMiKEeHHs1 3 BUKOPUCTaHHAM MeToamku isoTomy SN nokasano,
IO 32 BMKOPUCTAHHS CuUAepaTiB, HaOXOMKEHHS a3oTy Kpalye
Bignosigae notpebam kynbTyp Yy N Ha pisHUX CTagisx po3BuTKY
(Yang et al., 2015). JecTpykuis cugepatis cnpusie TpuBanilomy
BTPMMaHHIO Y IpyHTi enemeHTiB xmBneHHs (Glasener et al., 2002)
Ta CKOPOYEHHIO BUKWUIB NapHUKOBKX rasiB i 3abpyaHIoBaviB no-
BITPS1, 30€pEXEHHI0 BOAM Ta IPYHTY, 3aBASKA BTPUMAHHIO PYXO-
MWX MOXMBHUX PEYOBUH Y rpyHTi (Zhou et al., 2016).

MO3UTMBHWIA BNAMB CMAEPATiB Ha PICT CiNbCbKOrocno-
[apCbKuX KynbTyp OOyMOBMEHWA He nuwwe ynobproBanbHUM
eekToM, a 1 MOMINWEHHAM arpodisnyHMX BRACTUBOCTEM
PYHTY, TakWX §K LWiNbHICTb, MOPUCTICTb, BOAOMPOHWKHICTb
(Mandal et al., 2003; Mishchenko, 2013, 2015, 2017,
Hospodarenko & Lysjanskyi, 2015; Ustroev & Murzaev, 2020),
CTPYKTYpHO-arperatHuii cknap rpyHTy (Linkov et al., 2015;
Shalagina, 2019, 2020), cTiiKiCTb rpyHTY [0 BITPOBOI Ta BOAHOI
eposin (Tzandur et al., 2011). CugepaTit NpUrHiYyIOTb PICT Ta po-
3BUTOK OYp'AHIB, SIKi € NOTEHLIMHUMM KOHKYPEHTaMI KyMNbTYPHUX
POCIMH 32 MNOWY D KMBMEHHS Ta MOXWBHI  €NeMEHTM
(Zakharchenko & Mishchenko, 2017; Karpenko et al., 2019;
Mishchenko et al., 2019; Mishchenko & Zakharchenko, 2019).
Ane BnnmMB cuaepartiB Ha arpodianyHi BAaCTMBOCTI, PO3BUTOK OC-

HOBHOI KyNbTypyu 3anexuTb Bif MOTOAHUX YMOB Y POKM AOCHi-
pxeHb (Postnikov, 2014; Kolodyazhny & Karabaev, 2020). 3aro-
pTaHHs cuzepanbHOi Macu CTPUMYE HAKOMWUYEHHS rPUBKOBHX,
BakTepianbHMX Ta BipyCHUX 3aXBOPIOBAHb CiflbCbKOTOCNOAaPCh-
Kux KynbTyp, 30kpema, kaptonni (Alekseev & Kasatkin, 2020).

KomnnekcHi gocnimkeHHs eBponeiicbkoro 3emmnepode-
TBa NOKa3anw, Lo TpaguLiiHuiA 0BpOBITOK rPYHTY YMHUTL He-
CMPUATIINBY Ait0 HA M'ATb (OYHKLiA IPYHTY: NEPBUHHY NPOAYKTUB-
HICTb, 3B'3yBaHHS BYIMeL0, KOoo6ir NOXMBHUX PEYOBIH Ta 3a-
Be3neyeHHst HUIMW POCTIMHU, PETYMIOBAHHSA BOGHOTO PEXMMY Ta
OYMLLEHHS BOAM, CepedoBuLie OIS iCHYBaHHS OpraHi3mis
(Ghaley et al., 2018). 'mobankHe NOTENMIHHS 3MIHIOE BOAHUI pe-
XUM, BNAMBatoYi Ha PEpPMEHTATUBHY akTUBHICTb IPYHTY, sKa, Y
CBOI Yepry, BNIMBae Ha konoobir noxueHUX pevoBuH (Kovacs et
al., 2017).

BpaxoBytoun Baromuit ¢haktop yaobpeHHst 3a BMpOLLY-
BaHHS KapTonsi, METOI LbOro JOocnimxeHHs Byno gocnignTu ya-
COBi 3MiHV BMICTY JOCTYMHUX ANS AAHOI KyNbTYpU ENEMEHTIB X1-
BMEHHS IPYHTY 32 BMKOPUCTAHHSA MICMSHKHUBHOI cupepauii Ha
(boHi pisHMx cnocobis 06pOBITKY rPyHTY.

Matepianun i metogu pocnigkeHb. [lonbosi go-
cnigpxeHHst npoeoaunuck 3 2005 no 2010 pp. Ha 6asi gocnigHoro
Mons HaB4anbHO-HaykoBOro BUPOOHMYOro LieHTpy CyMCbKOro Ha-
LioHanbHoro  arpapHoro  yHiBepcutety  (HHBK  CHAY)
(34431 cx. 0. i 50054" nH. w. 3a ['puHBiyem). BnactusocTi Yop-
HO3eMy TUMOBOrO AOCRiAHOro nonst Ha rmubuxi 0—30 cm cTaHo-
Bunu: BmicT rymycy — 3,9 £ 0,3 %, rpyHT XxapakTepu3yBaBCcAcs
HW3bKUM CTyneHeM 3abe3neyeHHsl Tippomni3oBaHMM a3oToM —
101 mr/kr (3a KopHchinbaom), MigBULLEHMM BMICTOM pYXOMMUX
cnonyk P20s i K20 — signosigHo 135 i 117 mr/kr rpyHTy (3@ Ynpu-
KOBUM).

lMorogHi YyMOBM Y POKM NPOBELEHHS LOCHIMKEHb Pi3HM-
NUCS SIK 32 3BOMOXEHHSM, TaK i 32 TEMNEpaTypHUM pexxuMom. 3a
[aHuih nepiog, croctepirany NOMiTHe NOTENAiHHS KnimaTy — BC
POKY 32 CepefHLOPIYHOK TEMNEPATYPOLO NOBITPS iICTOTHO nepe-
BULLYBanM 6GaraTopiyHMIA NOKA3HMK, EKCTPEMATbHAMM Y LIbOMY
nnaxi 6ynu nepiogun — 2005, 2007—2010 pp. (Tabn. 1).

Tabnuua 1
[MoroaHi ymoBK nepiogy AOCTifXeHb
3a AaHumu meteoctaHuii M. Cymu, 2005—-2010 pp.
Micsiup Temnepatypa nositps, °C | KinbkicTb onagis, Mm

cepenHs Baratop. | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | cepepHs baratop. | 2005 | 2006 | 2007 | 2008 | 2009 | 2010

CiveHb 6,8 -13190] 04 | 46 | -50 | -10,9 38,0 55,5 | 16,3 | 639 | 345 | 47,7 | 38,2
JlioTuit 6,3 63190 -56 | 11| -25] 40 30,0 425 | 484 | 52 | 149 | 47,7 |77.2

bepeseHb -1,2 37 (1-12] 54 | 48 | 14 | 06 33,0 229 | 656 | 274 | 413 [ 626 | 7,7
KBiTeHb 77 105189 ( 81 | 11,7101 | 10,5 35,0 216 | 251 [ 196 | 53,3 | 50 |17,0
TpaseHb 15,1 19,0 (152 184 | 146 | 156 | 18,9 51,0 18,2 | 127 | 416 | 60,6 | 71,7 [ 34,5
YepseHb 18,8 175120,6 20,7 | 19,3 | 221 | 23;3 68,0 72,2 | 498 | 904 | 23,1 | 44,9 [ 157
Jlunexb 19,5 212120,7 | 21,7 | 216 | 21,9 | 26,2 73,0 69,0 | 58,0 | 374 | 134 | 164 | 114

CepneHb 19,2 2141209 | 234 | 22,0 | 184 | 257 64,0 188 | 105 | 9,7 | 785|330 |78
BepeceHb 13,3 16,2 14,8 14,7 | 139 | 16,7 | 152 44,0 53 [ 800|790 | 240 | 94 [717
YKoBTeHb 6,4 82 90| 95 | 104 | 86 | 55 45,0 58,7 | 33,0 | 385 | 170 | 77,3 | 445
Jluctonag 0,1 23 [19]-01 ] 29 | 41 72 45,0 89,9 | 155 [ 429 | 39 | 503 |614
pyneHb 4,2 (301114 | -24 | 46| -35 44,0 654 | 10 | 20,7 | 32 | 752 |854

3a nepiog 15,6 17,6 (169 | 17,8 | 17,2 | 17,5 | 20,0 335 205 | 445 | 278 | 373 | 328 | 261

BereTauji +pobaratop. | 20 {13 ] 22 | 16 | 19 | 44 -130 | 110 | -57 | 38 -1 | -4
3a pik 6,81 851781960 | 942 | 8,88 | 9,47 570,0 540 | 634 | 523 | 552 89 | 576

+ o bararop. [1,701,01] 2,79 | 2,61 | 2,08 | 2,66 30 | 64 | 47 [ 18 | 119 | 6

3a BereTaLiiHWi Nepioa Sk CyTTEBO Xapki 40 HOPMW NO-

BicHuk CyMmcbKoro HaulioHanbHOro arpapHoro yHiBepcurteTty
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HOPMM 32 TEMMEPaTYpHUM PEXMMOM Bynu TakoxX NICNSHKHUBHI
nepioay pPoKiB AOCMIDKEHD.

[MOBHOLiHHE BMKOPUCTaHHS TEMMOBUX PECYPCIB PErioHy
BOChimKeHb POCAMHaMu NIMITYETLCA KiNbKICTIO Ta PiBHOMIPHICTIO
BWNaaaHHsa gowliB. AHani3 KinbKoCTi onajis nokasye, LWo y cepe-
AHLOMY 3a piK iX BUMano y Tpu 3 6 pokiB MeHLLe BaraTopiyHoi Ki-
nbkocTi. Mpy LbOMy, BUNaaaHHs onagis He 6yno piBHOMIPHUM K
3a pokamu, TaK i 3a micauamu. 3okpema, 2009 p. ByB HanbinbL
Bonorum, a 2007 p. — iCTOTHO NocyLUNMBKM. 3a BereTawinHuii ne-
piog 3 poKiB AOCMimpKeHb NOMITHO nocywnueumu 6ynm — 2005,
2007 Ta 2010 pp., HanoMiTHiLKMIA HepoBip onagie cnocTepirany
y 2005 p. — 110 mm. 3a nicnspkHUBHWI NEPIO, Y POKW SOCTIiMKEHb
KinbkicTb onagis 6yna TMNOBOO A0 6araTopivHOI 3 HE3HAYHWUM He-

no6opom. [locuTb CIpUATANBMMU 32 3BONOXKEHHAM Y NICASHKHUB-
HWA nepiog 6y 2006 pik, a icToTHO nocywnueum — 2005 p., 3
Hepobopom 70,2 MM BOOTW.

MonboBi i NabopaTopHi AOCMIMKEHHS BUKOHYBanuCs 3a
3aranbHoNpUAHATAMM MeTogukamu. OBMikn i CnOCTEPEXEHHS
NPOBOAMIACS Y TPMPA30BOMY MOBTOPEHHI neped 3aropTaHHAM
cugeparty (3 4. X), 3a BMPOLLYBaHHS BypsKiB LyKPOBWX Ha vac
ciBbu (2 g. V), amukanHs mixpagb (1 4. VII) Ta 36upanns (1 4. X),
a 3a BMpOLLYBaAHHS KapTonmi Ha Yac cagiHg (1 4. V), UBITiHHS
(3 A. VI) Ta nepen 36upanHsm (3 a. VIII).

Cxema gocnigy 3 BU3HaYeHHs1 eDeKTUBHOCTI crnocobis
06pobiTKy FPYHTY 3a 3aropTaHHs NICMSXKHUBHOMO cuaepaTty pe-
Obku oniiiHoi npu kapTonni, 2005—2010 pp. HacTynHa:

. OcHoBHe ya00peHHs OcHoBHWI 06pO6ITOK IPYHT
Ne BapiaHTa ( ¢ak¥§p Ap) ( ¢aK$op E) PYHTY

1 . . , . nonuueBa opaHka Ha rmnbuHy 28—30 cm (KOHTPOIb)
2 mcnﬂ)KHMBHé pze”/JTKM MLIEHALY 031MO! Hesnonuuesmin 06pobiTok Ha rmmbuHy 28—30 cm

3 Y(K;Hrfp;nﬁm 6eanonuLesmi 06poBiTok Ha rmbuHy 13—15 om

4 Gesnonuuesuit 06pobitok Ha rnbuHy 6—8 cm

5 nonuuesa opaHka Ha rmmbuHy 28—30 cm (KOHTpOIb)
6 (hoH + NiCNsHKHUBHUIA cuaepaT peabky oniiHoi | 6eanonuuesuin 06pobiTok Ha rmubuHy 28—30 cm

7 29,7 1lra Hesnonuuesmin 06pobiTok Ha rmubKHy 13—15 cm

8 Gesnonuuesuit 06pobitok Ha rnbuHy 6—8 cm

Mnowa nocisHoi AinsHKA 96 M2 (WrpuHa 8 M, JOBXMHA
12 m), 0bnikoBoi aingHkv — 60 M2. [locnig 3aknageHo 3a MeToaoM
PO3LLENIIEHMX HiNsHOK.

BwmicT a3oty, chocchopy, Kanito 1 kanbLjilo y pocinHax cu-
AepariB Bu3Havanu 3a MH3byprom WIsixom 030M€eHHs 3 nogans-
LUMM BU3HAYEHHAM: @30Ty — KONIOPUMETPUYHIM METOAOM Ha ¢ho-
TOENEKTPOKONOPUMETPI, KOPUCTYIOUUCL MPU LibOMY CUHBO-DIO-
NeTOBWUM CBITNOINLTPOM, Pocdopy — Ha HOTOENEKTPOKONOPU-
MeTpi Y YepBOHiit abo iH(hpadepBOHil AiNSHLi cnekTpa, Kanito i
KanbLiito — Ha NoNyMeHeBOMY (POTOMETPI. BMICT Y rpyHTi nyHO-
rigponi3oBaHoro asoTy Bu3Havanu 3a KopHdingom, pyxomux
topm dpoccropy 1 kanito — 3a Hnpikosum.

[MicnsKHUBHWIA CuaepaT peabku OniiHOI BMCiBaNM Ha no-
YaTKy CEprHs i 3aropTanu y fPyHT HanpWKiHLi XXOBTHS 3 Noaarb-
LUMM BUPOLLYYBAHHSAM Yy HacTynHoMy poli kapTtonni (copt Cnoes-

10

Hka) Ta bypskis Lykposux ribpua Ymarcekuin YC-97 3a 3aranbHo-
NPUIRHATO arpoTeXxHikoto Ans ymos JlisobepexHoro Jlicocteny 3
BKIIOYEHHSIM Y TEXHOMONiK0 eNEMEHTIB OpraHiyHoro 3emnepobc-
TBa.

Pe3ynbTat. OnTMansHe XMBNEHHS POCIMH 3aneXnTb
He nuwe Big Buay fobpuaa, a 1 Big cnocoby Ta rnmbuHm 06pobi-
TKIB IPYHTY, NPOBEAEHNX ANs MOro 3aropTaHHs. Pedbka oniHa
33 vac nicnskHUBHOro nepiogy BupoLlyBaHHs 2005—2009 pp.
cnpusna Mobinisaji BULLOTO BMICTY riAponisoBaHOro a3oTy y Lwa-
pax rpyHTy 0—10 cM — 118 mr/kr i 10—20 cm — 109 mr/kr. Mopie-
HSIHO 3 KOHTPONeM Be3 MociBy cuaepary, pisHuus ctaHoBuna 13
i 11 % BignoBigHo. HalnoMITHiLE NigBMLLEHHS [0 KOHTPOSO BMi-
CTy a30Ty Ha 14 Mr/kr fpyHTY BCTaHOBMEHO B wapi rpyHTy 0—
10cM 3a BMPOLLYBAHHS MICNSHXKHMBHOTO MOCIBY Cuaepaty

(puc. 1).

BicHuk CymcbKOro HauioHanbLHOro arpapHoro yHiBepcutety

Cepist «ArpoHomis i Gionorisiy, Bunyck 3 (41), 2020



wap rpyHmy, cm

| 0-10 [ 10-20 | 20-30 |
- 01 B be3 nocisy cugepaty (KOHTponb) dﬂiCﬂH)KHVIBHVIVI nocie cuaepaty peabki or|i17|Ho'|'
o 118
c 0 )
S _ 109
TE 0 - 104 .
gs
2 9,0
5 0]
g
2 ] p= 87,0 86,2
80 -
HIPgs | 35 | 39 06
£ 127 129
5130
o 122
€120 1 117
=3 110
110
2 103
2
100 -
HIPos | 07 1,5 33
140 ~
g 130 - ==
S 121 120
s < 120
S s 111
S
X 110 A 104
Qo
100 - =
HIPos | 06 | 07 39

Puc. 1. BMiCT enemeHTiB 1BMEHHS 3a Wapamu IPYHTY nepes 3aropTaHHAM MiCRsKHUBHOTO CUAEPaTy peabkv OniiHOI,
cepeaHe 3a 2005—2009 pp., mr/kr.

3HaYHO BMLLMIA BMICT AOCTYMHUX ANS poOCrvH popm
as3oTy A0 rnbuHn 20 cm 06yMOBNEHMIA NOKPaLLAHHAM Mikpobio-
NOTiYHMX NpoLeCiB, BHACTIZOK AKX MOBiNi3aLlis NOXUBHUX peyo-
BWH NepeBaxana Hag BMHOCOM. B HuxHbomy wwapi 20—30 cm
BMICT rigporni3oBaHoro asoTy nid NociBoM peabku OMifHOI BU3Ha-
YEHO HKYMM [0 KOHTPOIIO, OCKIMbKM AisiNbHICTb IPYHTOBOI 6i-
0TW, 3afiSHOT y NpoLiecax NepeBeseHHs LbOro enemMeHTy y Aoc-
TynHi opMu, Ha rMBKHI CMOBINbHIOBaNack i He KOMMeHcyBana
110ro CMOXWBAHHS POCIMHAMK Cuaeparty.

Y BepxHbomy 0—10 cm wapi rpyHTy Ha 1,6 mMr/kr 36inbLuy-
BaBCS BMICT pyxoMoro ¢hoccopy, NOPIBHSHO [0 KOHTPOM 6e3
nocisy cuaepary, e nepeq 3aropTaHHaM cuaeparty piBeHb Aoc-
TYNHWX chocaTiB BUSHAYEHO Ha PiBHI 127 mr/kr. Y rambwmx wa-

BicHuk CyMmcbKoro HaulioHanbHOro arpapHoOro yHiBepcurteTy

pax rpyHty 10—20 Ta 20—30 cm BMicT pyxomoro docdopy, BHa-
CifoK BUHOCY MOTO pOCNMHAMM Pefibku ONIAHOI, ICTOTHO 3HUXY-
BaBCA 0 KOHTponto i ctaHosmB 117 1a 103 mr/kr. 3a nepiog Bu-
POLLYBaHHS NICASHXKHUBHOI Peabky ONiMHOI Ha cuaepat BMICT 06-
MIHHOrO Kanito MOMITHO NOCTYNaBCcs KOHTPOnto Ge3 nocisy cuae-
paTy; HaMeHLLY Pi3HULIK MK HUMK — 1,0 Mr/Kr BU3HAYeHO y Bep-
xHboMy Lwapi 0—10 cm, a y wapi 20—30 cM — HanbinbLy — 7 mr/kr.

TaKkuM YMHOM, Nepes NPOBEAEHHSM OCHOBHOMO 06pobi-
TKY, MICSPKHUBHIA NOCIB PebKM ONINHOI Ha 3eneHe fobpuBo 3a-
OeaneuyyBaB Ha 8 % BULLMIA BMICT rigponi3oBaHOro asoTy A0 pi-
BHs 104 mr/kr, nopiBHAHO 3 6e3cuaepancHum POHOM, Ta, CNOXN-
BaloYM 3a Nepiog CBOrO BUPOLLYBaHHS MakpOENeMeHTU 3 IPyHTY,
3HWKyBaB Ha 2—3 % 3anacu JocTynHux opm cocdopy o
116 mr/kr i kanito — fo 118 mr/kr y wapi rpyHTy 0—-30 cm (puc. 2).

Cepisa «ArpoHomis i Gionorisi», Bunyck 3 (41), 2020
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ocdopy — 100—163 i kanito — 107—157 mr/kr. HainHwkui 3anacu
BOCTYMHWUX €NEMEHTIB KUBMEHHS y IPYHTOBMX Lwapax Bynm y



2006 p.: asoty — 70,3—129 wmr/kr, hoccpopy — 79,3—141 wmr/kri ka-
nito — 77,3—126 mr/kr.

Y cepeaHbomy 3a 2006—2010 pp. npu BupoLLyBaHHi 6y-
PAKIB LIyKPOBUX cuaepaTt peabKu OniliHOi, NOPIBHSHO 3 KOHTPO-
newm 6es cupeparis, 3abesneums 3a BCix 06pobiTKiB FPYHTY Nigsm-
weHHs y wapi 0—30 cm BMicTy rigponisoBaHoro a3oty Ha 8—12 %
po 105107 mr/kr, pyxomoro ¢ocgopy — Ha 7—11 % po 123—
125 wmr/kr Ta kanito — Ha 9—12 % no 120—122 mr/kr. Iip nocisamu
kapTonni nepesara cuaepaTy 4o KOHTPOIHo BiMbLL BUpakeHa, Lo
00ymMOBWNO Ha hOHI 3eneHoro fobpuBa BULLMIA BMICT @30Ty —
111—114 wr/kr, doccopy — 127—130 mr/kr, Ta kanito — 121—
124 wr/kr.

3aropTaHHsa cuaepaTy pedbku ORMHOT LWASXOM rmn6o-
koro 6e3nonuuesoro 06pobitky Ha 28—30 cm 3abesneunno B
wapi rpyHTy 0—30 CM HaMBULMA BMICT MOXMBHUX ENEMEHTIB.
Llei cnoci6 3aropTaHHs 3eneHoro obpuea peabki ONiMHOI Ha-
[AaB CYTTEBO BULLY 3a06€3MeYeHiCTb NOKUBHUMM eNeMeHTamMu no-
CiBM TECTOBMX KyNbTyp Ta Pi3HMBCS Y MeXax noxubku go Geano-
NIMLEBOrO PUXNEHHS Ha rMunbuHy 13—15 cM nig kapTonnto 3a BMi-
CTOM a30Ty (ae 1oro Bu3HayeHo 113 mr/kr) Ta 4o opaHku Ha 28—
30 cm — 3a BmicTom chocdpopy (129 mr/kr). HaituiLy nokanisatio
€IEMEHTIB XUBMNEHHS O MOBEPXHi IPYHTY BM3HAYeHO 3a 6e3no-
NULLEBOTO 3aropTaHHa cugeparty Ha rnubuHy 6—8 cm y wapi rpy-
HTy 0—10 cm (Tabn. 2).
Tabnuus 2

BMicT enemeHTIB XMBNEHHS B LWapax IPyHTY Nig TECTOBUMM KyNbTypamu 3a piaHiX (OHIB yaobpeHHs Ta 06pobiTky,
cepepHe 3a 2006—2010 pp., Mr/kr

BapiaHT rinponisosannii asor | pyxomuii bochop | pyxommii Kaniit
) LIap IPYHTY, CM
(boH yaoBpen 0BpoBiTOK fpyKTy 0—10 [ 1020 [ 2030 [ 010 |p1 gX20y| 20-30] 0-10 | 10-20 | 20-30
6ypsiku uykposi
opatka 28—30 105 | 98,3 | 884 | 125 | 117 | 103 | 117 | 110 | 101
Bea cuepaTy (KOHTPOMS) Besnonuuesui 28-30 cm 110 | 97,3 | 837 | 131 | 115 | 976 | 122 | 108 | 97,7
Besnonuuesnit13—15 cm 113 | 94,1 | 805 | 135 | 111 | 941 | 125 | 105 | 945
Besnonuuesuii 6—8 cm 117 | 86,0 | 785 | 139 | 106 | 89,5 | 127 | 103 | 90,9
opaHka 28—30 117 | 105 | 92,3 | 135 | 126 | 109 | 131 | 121 109
MICRSPKHUB HUI cugepaTt Gesnonuuesuin 28—30cm 126 | 105 | 89,7 | 143 | 124 | 107 | 139 | 120 107
peabku oninHoT Gesnonnuesnin13—15 cm 131 100 | 855 | 149 | 121 101 | 141 118 103
Besnonuueuit 6—8 cm 136 | 96,5 | 822 | 154 | 116 | 981 | 143 | 116 | 100

HIPos cugepary

09| 10 10 08/ 07 10| 09| 08 08

HIPos 06pobiTky

13] 14 141 11] 10] 14 12| 11 11

Kapmonns

opaHka 28—30

109 | 102 | 93,7 | 125 ] 120 | 109 | 119 | 112 | 103

6ea cuepaTy (OHTpONs) Besnonuuesui 28—30cm 113 | 100 | 884 | 129 | 118 | 105 | 121 | 109 | 101
Gesnonuuesnin13—15 cm 116 | 97,5 | 843 | 133 | 114 | 102 | 123 | 107 | 96,9

Oesnonuuesuit 6—8 cm 119 | 933 | 815 | 136 | 110 | 99,0 | 124 | 104 | 92,7

opaHka 28—30 122 | 111 | 988 | 139 | 131 | 115 | 131 | 124 | 1M1

FCISDKHIB Hui CHISAT PETERH OTiHOT Besnonuuesui 28—30cm 137 | 110 | 94,7 | 146 | 130 | 113 | 139 | 123 | 109
Besnonuuesnin13—15 cm 142 | 108 | 88,6 | 150 | 127 | 107 | 140 | 120 | 105

Besnonuuesuii 6—8 cm 146 | 104 | 862 | 154 | 123 | 105 | 142 | 118 | 102

HIPos cugepary

14 1 13 12 |12 09 | 07 | 10| 07 1,2

HIPos 06pobiTky

20 | 18 17 [ 1,7 13 11 1151 10 1,7

36inbLieHHs rubuHu 6e3nonuuesux 06pobiTkiB 3MeH-
LyBano AndepeHLjiaLiio po3noAiny 4o6puB i pOCIIMHHMX PELUTOK
nig nocisamm, WO CYTTEBO 3HM3WIO, NOPIBHAHO 3 06pOBITKOM Ha
6—8 cm, 3abeaneyeHicTb POCMMH MOXMBHUMK enemeHTamu 0—
10 cm wapy rpyHTy 3a 6e3nonuuesmnx 0bpobiTkie Ha rMubuHy 13—
15 Ta 28-30 cm: no asoTy - BignosigHo Ha 3—4 Ta 6—7 %, ¢oc-
topy — 3 1a 57 % i kanito -1 Ta 2—4 %.

Micns nonuuesoro 06pobiTky 4obpuBa N POCIMHHI peLu-
TKU 3aropTanucs HanpiBHoMIpHiLe y wapi rpyHTy 0—-30 cMm, Wwo 1
00yMOBWIIO 33 OpaHKK cuaepaTy peabks ONiMHOI Mig nociBamu
BypsiKiB LKPOBMX | KAPTONII HAMHWKYMIA BMICT Y BEPXHBOMY LLAPI
0—10 cm rigponisoBaHoro a3oty — 117 i 122 mr/kr fpyHTY, pyxo-
moro docropy — 135 i 139 mr/kr Ta kanito — 131 Mr/kr. Y HIDKHIX
Lwapax Lieit 06pobiTok, NopiBHAHO 3 6€3NoNMULEBUMU, NOMITHO ni-
ABYLLYBaB 3anacu JOCTYMHUX eNEMEHTIB KUBMEHHS, 3abe3neyy-
t04n Ha poHi 3eneHoro AoBpMBa peabkm OMilHOI B Lapax rPyHTY
10 20 cm i 20—30 cM HamBULLMA BMICT rigpori3oBaHOro a3oTy B
noni 3 LykposummM Bypsikamn — 105 i 92,3 mr/kr, pyxomoro ¢oc-
copy — 126 i 109 mr/kr kanito 121 i 109 Mr/kr 3a BUPOLLYBaHHS!
OypsikiB LykpoBux Ta kaptonni — signosigHo 111 i 98,8 mr/kr

BicHuk CyMmcbKoro HaulioHanbHOro arpapHoOro yHiBepcurteTy

(asoty), 1311 115 mr/kr (dbocdopy) Ta 124 i 111 mr/kr (kanito).

3a BMICTOM eMeMEHTIB JKVBINEHHS Y HKHIX LUapax rpyHTy
B0 nonuuesoro 0bpobiTky Hanbinbw Habnwkascs besnonuue-
BUIA Ha rnbuHy 28—30 cM, pisHnuUs Mix Lumi obpobiTkamn nig
nociBamu TeCTOBUX KynbTyp Ha (hoHi cuaepaTty pedbku OniiHOT
BM3HaueHa y Mexax 1—4 % i byna He cyTTeBa y wapi rpyHty 10—
20 ¢cM 3a BMICTOM riiposi30BaHoOro a3oTy i pyXxoMoro Kanit. 3me-
HWeHHs rubuHm Besnonuuesnx 06pobitkie 3 28—30 go 13—15
6—8 cM nNpM3BOAMNO O MOMITHOTO 3HWKEHHS BMICTY Y Luapax
rpyHTy 10—20 Ta 20-30 cm rigponisoBaHoro asoty — Ha 16—
41 %, pyxomoro cocdopy — Ha 14—36 %, i kanito — Ha 13—30 %,
nopiBHAHO 3 ix 3anacamu y wapi 0-10 cm.

Y AvHamiLi BUpoLLyBaHHS GypsiKiB LyKpOBKX i kapTonni 3a
Besnonuueoro 06pobitky Ha rmmbuHy 28—30 cM cuaepanbHoro
thoHy B wapi rpyHTy 0—30 CM BU3HAYEHO HaMBULLMIA BMICT riapo-
ni3oBaHoro asoty — B Mexax 94—117 i 109—120 mr/kr, pyxomux
thopm docgropy — 110—134 i 120—137 mr/kr Ta 0BMIHHOTO Kanito
—101-133 i 108—134 wmr/kr (puc. 3, 4).
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cepeaHe 3a 2006—2010 pp., mr/kr.
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Puc. 4. [lunamika enemeHTiB xmBneHHs B wapi rpyHTy 0—30 cM nig kapTonneto 3a pisHnx oHis yaobpeHHs Ta 06pobiTky,
cepegHe 3a 2006—2010 pp., Mr/kr.

CyTTeBa nepeBara Ljboro cnocoby 3aropTaHHs 3eNieHoro | a3oTy, a Ha Yac 30MpaHHs DypsKiB LiyKpOBUX — 32 BMICTOM
po0OprBa 10 iHWMX BU3HAYeHa Ha Yac ciBOu OypsikiB LykpoBYMX 3a
BMICTOM riipOri30BaHOro a30Ty Ta Ha Yac CafiHHs kapTonni — 3a

Kaniem, B cepeduHi BereTaLii TECTOBMX KynbTyp 3a BMICTOM

BicHuk CyMmcbKoro HaulioHanbHOro arpapHoOro yHiBepcurteTy

Cepisa «ArpoHomis i Gionorisi», Bunyck 3 (41), 2020

coc-

chopy. MpuumnHoro Lsoro Gynu CNpUSTRMBI YMOBU ANs MiHepari-
3alii cuaepaty pefbku ONINHOI, OCKINbKK 3a BesnonuLesoro 06-
pobiTky Ha rnmbuHy 28—30 cm 3eneHe [oBpnBO He Tak rMMboko
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3aropTanocs, sk 3a OpaHKi, @ KOPEHEBMICHWIA Wwap rpyHTy 6yB
HaNpO3NyLUEHILLNM, NOPIBHAHO A0 peLuTyh Besnonumuesux 06pobi-
TKiB.

3a edekTuBHiCTIO MOGinisalii B KOpeHEBMiCHOMY Luapi
IPYHTY 3amacis NOXMBHUX PEYOBWH 3 piTOMack cuaepaty peabku
oniiHoi o rmubokoro Geanonuuesoro 06pobitky Ha 28—30 cm
HanbinbLL NOCTYNaBCA NOBEPXHEBUNA — Ha 6—8 CM; pi3HULA MiX
HUMU 33 KINbKICTIO JOCTYMHUX ENEMEHTIB XUBMNEHHS BU3HAYEHa Y
mexax 1-3 % Ta cyTTeBO pisHMIacs Manxe B yci CTPOKM 0bniky
(OKpiM BMICTY @30Ty Ha Yac cafiHHA kapTonni Ta 3bupaHHs Tec-
TOBWX KYNbTYP).

3aropTaHHsa cuaepaTty pefbku OMiAHOI LWIAXOM MpoBe-
AeHHs1 Besnonuuesoro 06pobiTky Ha rnmbuHy 13—15 cm, nopie-
HSIHO 10 NOBEPXHEBOrO Ha 6—8 CM, NepeBaxHO He CyTTEBO Mid-
BMLLYBAsO BMICT NOXMBHUX eneMeHTiB y wapi rpyHTy 0—30 cm,
Ta Habrnukano 1oro 40 OpaHKy, Ae 3a BUPOLLYBaHHS BypsiKiB Liy-
KPOBWX i KapTOMMi BU3HAYEHO rigponi3oBaHoOro asoTy B Mexax
93,1—114 1 106—116 mr/kr, pyxomux dopm choccopy — 108—133
i 120—135 mr/kr Ta o6miHHoro Kanito — 101—130 i 107131 mr/kr.

Mpw BUpOLLYyBaHHI TECTOBMX KyMnbTyp 3a (hOHY cuaepary
HaMBULLWIA BMICT rigponisoBaHoro a3oty — 113—120 mr/kr Ta py-
xomoro ¢pocpopy — 132—137 mr/kr y wapi rpyHty 0-30 cm Bu-
3HaYeHO B CepenuHi BereTauinHoro nepiogy. Makcumanbhi 3a-
nacv pyxoMoro Kanito Manu Ha yac 3MUKaHHs Mixpsob bypskis
uykpoBux — 130—133 mr/kr, a npy BUPOLLYBaHHI kapTonni — Ha
yac ii capiHHa — 131—134 mr/kr. HaiMeHLUy KinbKiCTb AOCTYMHNX
ans pocnvH  cpopm  asoty (83—96 mr/kr), docdopy (96—
109 wr/kr) Ta kanito (90—96 mr/ra) BU3Ha4eHo Ha GoHi 6e3 cuae-
paty nepeq 3bupaHHaM Bpoxato. Taka auHamika posnoginy ene-
MEHTIB XMBIIEHHS MOSICHIOETLCS MaKCUManbHO ix Mobinizavjeto
BHACMifOK aKTMBHOI AiANbHOCTI  MIKpOBIONOriYHMX NpOLECiB,
MOB'A3aHNX 3 MiHepanisaLielo OpraHiYHOi PEYOBUMHM IPYHTY Y
nepLLii NONOBMHI BereTauinHoro nepiofly Ta CNOXMBaHHAM 3a
nepiog BUPOLLBaHHS BYpsKiB LyKPOBWX i kKapToni.

3acTocyBaHHs 3eneHoro fobpuBa pesbku OniiHoi 3abe3-
neyyBaro 3HauyHe 36iMblIEHHS Y KOPEHEBMICHOMY Luapi FPyHTY
0—30 cm BmicTy rigponisoaHoro a3oty (Ha 7,5—14,6 mr/kr), py-
xomoro cocopy (Ha 6,8—14,3 mr/kr) i kanito (Ha 8,6—15,5 mr/kr),
nopiBHsHO 3 dooHOM 6e3 cuaeparty 3a BCix 00pobiTKiB rpyHTY.

Mix cpiTomacoto cuaepaty i 3anacamu NOXMBHUX peYo-
BUH B Wwapi rpyHTy 0—30 CM BCTAHOBIEHO NPSIMUIA, CEpeaHbOI 3a

LWirNbHICTIO KOpensLinHuiA 3B8'A30K — 3a a3oToMm r= 0,656—0,32 i
occhopom r = 0,57-0,30, Ta TicHoi 3a kaniem r = 0,81—-0,71. 3a
opaHku Byna Hanbinblua YacTka BNiMBY iTomacu cuaepaTty Ha
BMICT rigponizoBaHoro asoty — 42 %, pyxomux opm cocopy
- 33 % Ta obmiHHoro kanito — 66 %. Cepen besnonuuesux 06-
pobiTKiB HaMbINbLLy YacTKy BNAMBY 3eNeHoro Aobpuea Ha BMICT
asoty 1 docgopy — 19 %, Ta kanito — 61 %, Manu 3a pUxNeHHs
Ha rnmbuHy 28—30 cm, a HalimeHLy — 3a 6e3nonuLEeBoro pux-
neHHs Ha rmubuHy 6—-8 cm — 10 % 3a a3oTom i ocdopom Ta
51 % - 3a kaniem.

Y 0—10 cM noBepxHEBOMY LUapi 3HUKEHHS BMICTY PyXo-
MuX OOPM €NEMEHTIB XWBNEHHS 3a 36inbLieHHs rnbuHn 6e3no-
nmueBoro 06pobiTky 6yno NOMITHILLIKMM nicns 3eneHoro fobpuea,
A€ vacTka BnnmBy rmubuHu 0bpobiTky Oyna BULLOK 32 BMICTOM
tocdpopy kanito Ha 8 i 15 % BignoBigHO, NOPiBHSAHO 3 poHOM Ge3
cuaepaty. Lle nos'szaHo 3 kpalow mobinisauieio JOCTYMHWX
thopm chocchopy Ta kanito B wapi rpyHTy 0—10 cM 3a noBepxHe-
BOrO 3aropTaHHs B IPYHT 3eN1eHOT Macu peabku OniiHoI.

Y wapax rpyHTy 10—20 i 20—30 cm Mix rnmbuHoto 6e3no-
nmueBoro o6pobiTky i BMICTOM MOXMBHWX €NTEMEHTIB BCTAHOB-
NEHO NPSMUIA KOPENSALNHMIA 3B'A30K. 3@ 3aCTOCYBaHHS 3eNEHNX
pobpwB, nopisHAHO 3 hoHoM Bes cuaeparis, y wapi rpyHTy 10—
20 ¢M BM3HAYEHO MEHLLMI BNNWB rMbuHu Gesnonuuesoro 0bpo-
BiTky Ha BMiCT focTynHuX chopm a3oTy i cocpopy (r = 0,65) Ta
kanito (r=0,79), Wwo noB’'s3aHo 3 ya00ptoBaNbHOK, PO3NyLLYHo-
YOI Ta aepyloyolo A€t OpraHiyHOi PeYOBMHU POCHNH peabKu
OniliHoI.

Y wapi rpyHTy 20—30 cm 3a nornubnexHs 0bpobitky npu
Besnonuuesomy 3aropTaHHi 3eneHoro obpuwea nigsuLLyBanacs
yacTka BNAWBY rMUbMHKM Ha BMICT rigponisoBaHoro asoty (72 %),
pyxomoro cocebopy (53 %) i kanito (85 %); pisHNLS, NOPIBHSAHO 3
thoHom 6e3 cugepaty, cTaHosumna BignosigHo 10, 23 a4 %. Lleit
wap rpyHTy 6yB HanbinbLL ywinbHeHUM i noTpebysas rnmbokoro
MEXaHIYHOrO PO3nyLLEeHHs Ans NOKpaLlaHHs aepaLii Ta MiHepa-
nisauii opraHiyHoi pevoBuHN cugeparty. FAkiwo y wapi rpyHTy 0—
30 cm ocHoBHMIA 06POBITOK Mg TECTOBI KyNbTYpK MaB BMNWB Ha
BMICT eNnemeHTiB XuBneHHs y mexax 0,3—1,3 %, To 3eneHe 1ob-
pVBO peabKW ONIMHOT CYTTEBILLE BNNMBANO Ha AOCTYMHI 3anacy
MOXMBHUX peyoBuH — y mexax 21,9—31,9 % (puc. 5).

BicHuk CymcbKOro HauioHanbLHOro arpapHoro yHiBepcutety
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Puc. 5. Yactka BnnuBy nicnspkHUBHOIO cuaeparty Ta 06pobiTky Ha BMICT AOCTYMHUX (DOPM €NEMEHTIB XUBMNEHHS,
cepenHe 3a 2006—2010 pp., %.

YacTka BnnvBy cuaepaty Ha BMICT Mif TECTOBUMM Kyrb-
Typamu rigponizosaHoro asoty (24,5 %), pyxomoro ocdopy
(29,2 %) Ta kanito (35,5 %) byna HaiBuwO B LWapi rpyHTY 0—
10 cm, a B rnbLumMX Wapax 3HKyBanack B Mexax 6,4—15,2 %.
HainbinbLumi BNnB ocHOBHOro 06pobiTky Ha BMICT rigponisosa-
Horo asoty (22,1 %), pyxomoro cocdopy (15,9 %) Ta Kanio
(9,1 %) Bu3HayeHo nig nocisamu KapTonni y wwapi rpyHty 20—

BicHuk CyMmcbKoro HaulioHanbHOro arpapHoOro yHiBepcurteTy

30 cwm, a 3a BupoLLyBaHHS BypsKiB LKPOBUX Y LWapi rpyHTy 20—
30 cm — Ha BMmicT a30Ty (23,5 %), Ta y wapi 0—10 cm — Ha BMmiCT
tocdopy (26,7 %) i kanito (9,8 %). Kpalia 3abe3neveHicTb ene-
MEHTaMW XMBMeHHs 0ByMoBMNa OTPUMaHHS Binblunx BPOXaiB
OypsKiB LKPOBMX Ta KapTonsli Ha (hoHi CuaepaTy peabku OnifHOT
(puc. 6).
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Puc. 6. Bnnue cugepaty i cnocoby ocHOBHOTO 06poBiTKy IPYHTY Ha YPOXaiHIiCTb TECTOBUX KYNbTYp,
cepenHe 3a 2006—2010 pp., T/ra.

Y cepegHbomy 3a 2006—2010 pp. y rpyHT Ha ¢oHi 6e3
cuaepartis 3 NoBiYHOK NpoayKLUiek Hagxoguno asoty 75,4 krira,
tocdopy 55,4 kr/ra i kanito 97 kr/ra; Ha hOHI 3aCTOCYBaHHS 3e-
NeHoi Macu pedbku ONiNHOI Hagxoamno BignosigHo 211, 111 i
238 Kr/ra UuX xe MaKpOEeNeMEHTIB.

3a BanaHcoM eneMEHTIB KUBMEHHS OLIHIOETLCS arpoxi-
MiYHa eqheKTUBHICTb CMOCcoBiB 3aropTaHHs NICASKHUBHUX peLL-
TOK i cupepaty (tabn. 3). BUHOC eneMeHTiB XMBNEHHS KymnbTy-

pamu, ik | Benu4mMHa ix ypoxainHocTi, 6ynu Haneuwumm 3a opa-
HkM Ta Besnonuuesoro 06pobiTky rpyHTy Ha rmubuHy 28—30 cm
33 3aCTOCYBaHHS 3eneHoro A0BpuMBa; HaHWKYI NMOKA3HUKKA BU-
HOCY BCTAHOBMEHO 3a NPOBEeEHHS Be3N0NNLEBOro PUXIEHHS Ha
rnmbuHy 6—8 cM Ha Ge3cuaepanbHoMy GooHI. 3a BUPOLLYBaHHS
OypsiKiB LyKpOBMX OTPUMAHO Oinblunid BUHOC @30Ty — Ha 23,9—
31,8 kr/ra, kapTonni — cocchopy 1 Kanio — Ha 4,4—11,51 17,1—
59,6 kr/ra.

Tabnuus 3
banaHc enemeHTiB XMBMEeHHs nig nociBaMy NpocanHux KynbTyp 3a pisHoro oHy yaobpeHHs Ta 0BpobiTkiB rpyHTY,
cepepHe 3a 2006—2010 pp.

Bapi HapxomxkeHHs, BuHoc ypoxaem, banaHc, IHTEHCUBHICTb BanaHcy, %)
plarT kr/ra kr/ra kr/ra
OH y0BpeHHs | 06po6iToK FpyHTY N [POs [KO | N [P:0Os [ KO N [POs [ KO | N [P0Os [ KO
6ypsku yykposi
opaHka 28—30 cm 754 | 554 | 97 | 150 | 495| 175 | -743| 59 | -775| 504 112 | 556
Bea cuepary Gesnonuuesmnin 28—-30cm | 754 | 554 | 97 | 150 | 497 | 175 | -7148 | 57 | -777] 502 112 | 555
Gesnonumuesmit 13—15¢cm | 754 | 554 | 97 | 140 | 465 | 163 -65 89 | 655|537 119 | 597
6e3nonuuesuit 6—8 cm 754 | 554 | 97 | 132 | 437 | 156 | -56,9 | 11,7 | -586 | 57,0] 127 | 623
opatka 28—30 cm 212 112 | 238 | 175 | 544 | 175| 364 | 571 | 628 | 121] 205 136
cupepat 6e3nonuuesuin 28—30 cm 212 112 | 238 | 177 | 549 | 177 | 344 | 566 | 60,8 | 119| 203 134
peabku oninHoi | Gesnonvuesuin 13—15¢cm | 212 112 | 238 | 161 | 513 172 50,3 | 602 | 659 | 131] 217 138
6esnonuuesuit 6—8 cm 212 112 | 238 | 155 | 498 | 164 | 562 | 61,7 | 743 | 136| 224 145
kapmonnsi
opatka 28—30 cm 754 | 554 | 97 | 122 | 529 | 195 | -468 | 25 98 | 61,7 101 49,8
6es cugepaty Gesnonuuesnin 28—30cm| 754 | 554 | 97 | 122 | 530 | 195| -469 | 24 | 981 61,7] 101 49,7
Gesnonvuesmit 13-15¢m| 754 | 554 | 97 | 113 | 510 180 | -37,7 | 44 | -833| 66,7 109 | 538
Gesnonuuesuit 6—8 cm 75,4 554 | 97 | 108 | 490 | 173 | -33,0 6,4 | -757 | 69,5| 113 56,2
opatka 28—30 cm 212 112 | 238 | 143 | 631 | 229 | 683 | 485| 91 | 148| 177 104
cupoepart Gesnonuuesnin 28—30cm| 212 112 | 238 | 152 | 66,4 | 237 | 59,8 | 45,1 1,3 | 139] 168 101
pedbky oninHoi | Gesnonuuesuit 13—15¢cm| 212 112 | 238 | 134 | 594 | 214 | 774 | 522 | 23,7 | 158 | 188 111
Gesnonuuesmit 6—8 cm 212 112 | 238 | 127 | 56,7 | 203 | 843 | 548 | 346 | 166| 197 117

Mig 6ypsikamm LLykpoBMMM Ha koHTponi Be3 cuaeparis ba-
naHc asoty byB Big'eMHuM i 3a 6e3nonuuesoro 0bpobiTky Ha rnu-
BuHy 6—8 cM BiH 6yB MiHiManbHuUM - 56,9 kr/ra. 3a rnubokoro
HeanonuueBoro 06pobiTky Ha 28—30 cm gediuuT a3oTy 3BinbLK-
BCA [10 - 74,8 kr/ra. Ha choHi cugepaty BCTaHOBMNEHO NO3UTUBHUN
HanaHc a30Ty BigMNOBIAHO 3a 3a3HaveHMK 06pobiTkamm — 56,2 i
34,4 kr/ra. MopibHi 3akOHOMIPHOCTI 6anaHcy asoTy BU3HAYEHO i
nig KapTonseto.

Banatc docchopy Ha koHTponi 6e3 cugeparty nig Gyps-
kamu LlyKpoBMMW KonvBaBcs B Mexax 8 kr/ra. 3a cupepaty pe-
ObKu ONIMHOT BiH NigBuMLLYBaBCS B 7 pasi, a nig kapTonneto Big-
MoBIgHO Y 12 pasiB, Lo NOB’A3aHO 3 BinbLUMM BUHOCOM (hocdopy
BpOXaem Oynbb kapTonni.

BanaHc kanito Ha koHTponi 6e3 cugeparty nig Bypsikamu
LykpoBumM OyB Bi'€MHUM i CTAHOBMB 3a 6e3nonuueBoro obpo-
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BiTky Ha 28—30 cM Ta OpaHKot Ha Ty X rmubuHy - 78 krira, 3a Mi-
nkoro 0bpobiTky Ha 6-8 cM gediunT Kanit 3HWXyBaBCH [0
- 59 kr/ra. 3a BHeCeHHs cuaeparty peabku oniinHoT BanaHc kanito
OyB NO3MTUBHMIA i 3a pi3HMX 0BPOBITKIB IPYHTY NigBULLYBaBCS 4O
61—74 kr/ra. Y 3B'3Ky 3 iHTEHCMBHUM BMHOCOM Karlito BPOXaeM
kapTonni Ha KOHTponi 6e3 cuaepaTy AediLKT LIbOro eNeMeHTy 3a
rnnboknx 0bpobiTkie cTaHOBMB -98 Kr/ra, a 3a BHECEHHs cuae-
paTy BiH NiaBULLYBaBCS Ta He nepesuLLyBas 34 kr/ra 3a 6e3no-
nuuesoro 06pobiTky Ha rnubuny 6—8 cm.

O6roBopeHHs. 3a OCTaHHi poKM y pasn 3pocTae BHe-
CEHHSl HEeOpraHiyHOro asoTy B IHTEHCMBHWUX TEXHOMOMSX Ha
nociax cinbcbkorocnogapcbkux kynbtyp (Gu et al., 2015), Togi
K MOKA3HWKYM YPOXAMHOCTI BUPOLLYBaHUX KYNbTyp 3pOCTalTh
noBinbHO. YacTo Cinbcbkorocnofapchki BUPOOHMKM BHOCATL A0-
BpuB Npo 3anac y BinbLUMX KINbKOCTAX, HiX NOTPEBYIoTb CinbChb-
Korocnogapchki KynbTypw, i Lien auchanaHc NOXMBHNX PEYOBUH,
Y CBOI0 Yepry, nocunioe ekonorivHi npobnemu (Chen et al., 2011;
Zhang et al., 2012). Takum YMHOM, BYXEe BaXIMBO 3MEHLUMTY
BHECEHHs! XiMiYHWUX 0oOpuB, opHoYacHo 36epiratoun abo niaBu-
LLyI0YM BpOXKanHicTb. OgHWM i3 peanicTuiHux cnocobis € 3amiHa
XiMiuHux go6pue N abo P opraHiyHum 3eneHum fobpueom.

BoboBi cupepatu 3patHi chikcyBaTW, HakonmudyBaTW Ta
BUBINbHSTY BENUKY KiNbKICTb @30Ty, Togi ik He6000BI KyNnbTypy B
OCHOBHOMY BMKOPUCTOBYKTHCA NSt 3anobiraHHst epoaii rpyHTy,
iKCyBaHHS PyXOMUX (DOPM EMEMEHTIB XMBIIEHHS Ta 3MEHLLEHHS!
iX BUMMBAHHS Yy HWKHI ropusoHTu (Tosti et al., 2012). B Hawwmx
JOCHiMKEHHsX peabka oniiHa 3a Yac NiICASHKHWBHOTO Nepioay Bu-
pouyBaHHst 2005—2009 pp. cnpusina mobinisalii y rpyHTOBOMY
ropu3oHTi 0—30 CM BMLIOrO BMICTY rigponi3oBaHOro asoty —
104 mr/kr, NopiBHAHO 3 kKOHTponeM 6e3 nocisy cuaepary pisHULS
craHosuna 7,9 %.

3acTocyBaHHs 3eneHoro fobpuBa peabku OMiAHOI CyT-
T€BO 36iMbLUMIO BpOXait kapTonni Ta Bypskis LykpoBux (puc. 6)
Ta Kpalle 3abe3nevyBano ix MakpoeneMeHTamu NpoOTArOM BCb-
Oro Nnepiogy BUPOLLYBaHHS, LEMOHCTPYIOUMN CTUMYNbOBaHE 3pOC-
TaHHS BPOXalo Ta MOIMWUHAHHS €NEMEHTIB XWUBMEHHS, WO Y3rog-
XyBarnocs 3 iHWKUMK SOCRIZKEHHAMMN 3 BUKOPUCTaHHAM 6060B1X
abo Hebobosux cupepatis (Yang et al., 201; Bai, et al., 2015;
Zhang, et al., 2016; Liang et al., 2011). Ane B psgi Bunaakis,
03UMi cuaepaTut (B TOMY YMCAi pinak O3UMUIA) NPU BiJHOBMEHHI
POCTY MOXYTb NpOsBNATH cebe AK KOHKYPEHTU OCHOBHUM KyIlb-
Typam, Hanpuknag, npu BupoLyyBaHHi kaptonni (Carrera et al.,
2005).

[aHi pucyHKy 3 AEMOHCTPYIOTb NO3UTUBHUI BNIUB CUae-
paTy Ha BMICT MaKkpOeneMeHTIB B OPHOMY LLApi i HAaronoLyTh
Ha [ieBOCTi 3aMiHu HeopraHiuHux 40OpWB 3aCTOCYBaHHSAM Micns-
XHWBHOTO CMAEepaTy pedbKy OMiNHOI, WO 3abe3neyye cyTTeBe No-
KpaLLEHHsI MOXMBHOTO PEXUMY KapTonfi 11 BypsikiB LyKpoBuMX Ta
NiABULLEHHS iX BPOXaMHOCTI, NOPIBHAHO 3 KOHTpOneM be3 BHe-
CeHHs1 4o0puB.

CupepanbHi KynbTypu MakTb pisHi koedilieHTn rymidi-
kauji, CniBBIOHOLUEHHSI MOXMBHUX €NTEMEHTIB Yy HaA3eMHii Ta
NiA3eMHiN YacTuHax. BHeCeHHs MiHepanbHWUX JoBpWB Y PisHMX
cniegigHoweHHsx NPK Ta fo3ax 3MeHLYTb Li KoedilieHTun cu-
pepatiB (Hospodarenko & Lysianskyi, 2016). Tak, K. Hab-
tegebrial pasom i3 cnisasTopamu (Habtegebrial et al., 2007) nosi-
BOMUIN, Lo cnocobu 06pobiTKy FPYHTY BNMBAOTL Ha iHTEHCUB-
HICTb BUBIMIbHEHHS €MEMEHTIB XWBMEHHA Ta MaloTb 3HAYHWUK
BMAMB Ha GionoriyHnin ypoxai KynbTyp. BueHi BkasyoTb, LWO 3a
rnubokoro 06pobiTKy FPYHTY NOKpPALLYETLCS LOCTYMHICTL NOXUB-
HWX PEYOBWH Ta BOAW ANs €DEKTUBHOTO 3aCBOEHHS EMEMEHTIB
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KMBMNEHHS, L0 3YMOBIIOE OTPUMAHHS BULLMX Bpoxais (Gomma
et al, 2002; Gulet al., 2009; Habtegebrial et al., 2007).
J. D. Jabro Ta in. (Jabro et al., 2010) BusiBunK, Wo rnnbokuit 06-
POBITOK IPYHTY MPU3BOAUTL A0 3HWKEHHS OMOPY MPOHWUKHEHHS
TPYHTY LLASIXOM PO3MyLUYBaHHS FWMOLIOTO Wwapy pyHTY i, 3peLw-
TOH, NPWU3BOANTB 4O KPALLOro MOMMMHAHHS PYXIIMBMX NOXMBHUX
PEYOBWH i3 rMMBLIOT rMMBUHK FPYHTY, LUO i NIATBEPIXYETLCS pe-
3ynbTatamu Halmx JocnigpxeHs (puc. 3, 4).

3a BigMoBY Big NonMLEeBOro 06pobITKy rPyHTY BiaMIYEHO
3HIKEHHs1 BTpaT @30Ty, OpraHiyHoi pevoBuHu (Bahadar et al.,
2007; Agostini et al., 2012; Basamba et al., 2006). Hamu BcTaHo-
BMEHO BULLY KOHLEHTpALilo JOCTYNHUX (DOPM ENEMEHTIB KUB-
neHHs 3a 6e3nonuuesoro 06pobiTKy Ta Npy 3MEHLLEHHI MO0 rnu-
BuHu. Tak, y wapi rpyHTy 0—10 CM BCTAHOBNEHO HANBULLWIA BMICT
riponi3oBaHoro asoTy 3a BUPOLLYBaHHS OypsKiB LyKpOBWX —
136 mr/kr i kapTonni — 146 mr/kr, pyxomoro occopy — 153 mr/kr
i kanito — 143 i 142 wmr/kr BignoBigHo (Tabn. 2). Bmict enemenTis
XVBMEHHS TICHO KOPENKOBaB 3 MBMHOL0 6e3MoNNLIEBOTO 3aropTaHHs
ciaepaTy penbku OMifHOI: TICHUIA 3BOPOTHIl 3B'330K 33 BMICTOM rigpo-
nisoBaHoro asoty (r = -0,59), pyxomux copm occopy (r = -0,96)
Ta Kanito (r = -0,94) BusiBneHo B wapi rpyHTy 0—10 cm.

3rigHO NpUIAHATMX NapameTpiB iHTEHCUBHICTL DanaHcy
BBAXAETbCS AOCTAaTHBOI 3a BMiCTY a30Ty 80 %, hocopy 110 %
Ta kanito 80 %. 3a opaHkm i Besnonnuesnx 06pobiTkis, Ha OHi
Bes cupepaty nig Bypskamu LyKpoBUMK i kapTonneto banaHc
as3oTy i Kanito OyB HAaNOMOBMHY MEHLLWM 3TiAHO NPUAHATOTO HOp-
maTuBy. banaHc chocopy BU3HAUEHO Ha piBHI onTuMymy nig 6y-
PAKaMW LiyKPOBUMM | BiesKUM 3HWKEHHSAM Mg kKapTonmeto.

3a BHeCeHHs1 cugepaty iHTEHCUBHICTb GanaHCy OCHOB-
HWX EneMEeHTIB XWBMneHHs byna JOCTaTHLOK i kKonueanach nig
Oypsikamu LykpoBuMM 3a a3oTom Big 119 go 136 %, a kaniem
134-145 %. BignosigHo nig kaptonnet 139-166 % — asoty i
101-117 % - xanito. banaHc coccopy npn ysomy 6yB y 1,7—
2,2 pasv BULWMM Bif NpuitHsTOoro HopMatuey. OTxe, IHTEHCUB-
HICTb HanaHcy 3a 3acTOCYBaHHs CuAepaTy pedbkv OnilHOI Npu
pisHUX 0BpobiTkax rpyHTy HabrmxaeTbes 4O ONTUMYMY MiHEpa-
NBbHOTO KWBMEHHS, LU0 He MOCTYnaeTbes TpaguuinHum gobpu-
BaM.

BucHoBku. B ymoBax JlisobepexHoro Jlicocteny Ykpa-
HW NICNSYKHUBHUIA CuaepaT peabku OniitHoT (hopMyBaB chiTomacu
- 29,1-29,7 T/ra, Ta Hakonu4yBaB y Hil asoty —136,1-144,4,1
kr/ra, docropy — 51,7-56,1 kr/ra, kanito — 140,9—157,1 kr/ra i
kanbujto — 174,6-178,3 krira.

3acTocyBaHHs cupepaTy pefbku oninHoi nig Oypsiku Ly-
KpOBI | KapTONIO CAPUANO 3POCTAHHIO BMICTY B KOPEHEBMICHOMY
wapi rpyHty 0—-30 cm nerkorigponisoBaHoro asoty — Ha 9,8—
13,8 mr/kr, pyxomoro goccopy — Ha 8,0—13,8 mr/kr 1 06MiHHOrO
kanito — Ha 7,8—13,0 mr/kr, nopiBHSAHO 3 HeyA0OpEeHNM POHOM.

3aropTaHHs cuaepaTy peabku OniiHoi LWnsxom 6eanonu-
Lesoro 06pobitky rnmbuHolo 28—30 cm 3abesneuysarno 3a ne-
piOA BMPOLLYBaHHS BypsKiB LyKpOBWX i kapTonni Hanbinbwmi
BMICT nerkorigponisosaHoro asoty — 106,7 i 113,8 mr/kr, pyxo-
moro docdopy — 124,6 i 129,6 mr/kr Ta 0OMiHHOro Kanito —=121,7
i 123,6 mr/kr.

ditomaca cugepary HanbinbLue BinvBana Ha BMICT Y Ko-
peHeBMicHoMYy Lwapi IpyHTy 0—30 cm asoty — 49—-52 %, a Halime-
HLwe — docdopy — 24—25 %. BMicT enemeHTiB XnBneHHs binbLue
3anexas Bif MICNSHXKHUBHOTO cuaepaTy pedbku ORiMHOI — Ha
21,9-31,9 %, Hix ocHoBHoro 06pobitky — 0,3—1,3 %. 3eneHe go-
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6puBO peabku ONiNHOT Mano BMLLY YacTKy BNIMBY Ha BMICT ene-
MEHTIB XWUBNEHHS 3a opaHku — 33—66 % Ta 6e3nonuuesoro 06-
pobiTtky rnmbuHoto 28—30 cm — 19—61 %.

MicnsbkHUBHUI cupepaT pedbku OniitHOI 3abesnevysas
MO3WTUBHUI GanaHc eNeMeHTIB XUBMEHHS BYPSKIB LKPOBUX i ka-
pTonni. HaibinbL NO3MTUBHUIA HanaHC eneMEeHTIB XWUBNEHHS —
34,6—84,3 krra Mmanu Ha choHi cugeparty 3a 6e3nonuLeBoro ob-

pobiTky Ha 6—8 cM; 3pocTaHHs rmubuHKM 6e3nonnLeBoro pux-
neHHs go 28—30 cm Habnmkano 6anaHc 4o BPIBHOBAXEHOTO.
3a 6e3nonuueBoro 3aropTaHHs cuaepaty peabku onin-
HOi Ha rnnBuHy 28—30 CM OTPUMAHO HaMBMLLY YPOXaMHICTb By-
psikiB Lykposux — 35,4 1/ra i kaptonni — 30,3 T/ra; pisHuLs Lo opa-
Hkw Byna cyTTeBot — Ha 1,4 i 1,8 T/ra BignoBigHo, Sk i O MiNkoro
0e3nonuUEeBoro puxieHHs rpyHTy — Ha 4,7 i 3,7 T/ra Ta noBepx-

HeBoro —Ha 5,91 5,1 1/ra.
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INFLUENCE OF GREEN MANURE (OILSEED RADISH) AND TILLAGE PRACTICES ON NUTRIENTS DYNAMICS OF
CHERNOZEM CALCIC DURING ARABLE CROPS GROWTH

The article presents and briefly discusses the results of an investigation of the effectiveness of green manure made
from oilseed radish (Raphanus sativus L.) following sugar beet and potatoes. In a field experiment, conducted in 2005—2010 years in
Sumy National Agrarian University, we examined four mechanical methods: ploughing to a depth of 28—30 cm (conventional tillage),
sweep ploughing to a depth of 28—30 cm, disking to a depth of 14—16 cm and 4—6 cm. The soil is determined as chernozem calcic
(typical) medium loam (low humic, slight acid). The research area belongs to the Left Bank Forest-Steppe of Ukraine. Green manure
was sown after harvesting spring barley and incorporated in late October.

The use of green manure signifacantly improves the nutrients regimes of calcic chernozem during sugar beets and potatoes
cultivation: the content of hydrolyzed nitrogen in the soil layer of 0—30 cm increased by 9.8—13.8 mg/kg, mobile phosphorus — by 8,0—
13,8 mg/kg and exchangeable potassium by 7,6—13,0 mg/kg related to other fertilized variants. Sweep ploughing to a depth of 28—
30 cm resulted in increasing of hydrolyzed nitrogen content by 106.7 and 113.8 mg/kg, mobile phosphorus — 124.6 and 129.6 mg/kg
and exchangeable potassium — 121,7 and 123.6 mg/kg.

The phytomass of green manure had the highest effect on the rising of nitrogen content — 49-52 %, and the least effect was
recieved for phosphorus — 24—25 %. Incorporation of green manure by classic tillage and sweep ploughing had a greater effect on N
and P content — by 33-66 % and 19—61 % respectively. The best yields of of sugar beets — 35.4 t/ha and potatoes — 30.3 t/ha have
been provided by using of green manure and sweep ploughing that is respectively plus 1.4 and 1.8 t/ha related to variants with con-
ventional ploughing. It means also plus 4,7 i 3,7 t/ha related to variants with disking to a depth of 14—16 cm; 5,9i 5,1 t/ha in comparison
with disking to a depth of 4—6 cm.

The highest intensity of nitrogen and potassium balance growing sugar beets and potatoes was provided by green manure -
114.9 and 136.0 % and 135.7 and 101.7 %, respectively. Use of oilseed radish and sweep ploughing to a depth of 28—30 cm result in
the positive nutrients balance that is closer to the equilibrium balance.

Key words: green manure, tillage, nutrients, yield, sugar beet, potatoes, oilseed radish.
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YK 631.432.4
BOAHWIA PEXXUM I'PYHTIB MIJ NOCIBAMM KYKYPYA3U 3ANEXHO BIf} OCHOBHOIO OBPOBITKY I'PYHTY

MetpeHko Ceprin Bonogumuposuy

acnipaHTt

CyMcbkuii HaLlioHanbHWit arpapHui yHiBepeuTeT, M. Cymu, YkpaiHa
ORCID: 0000-0002-9145-1418

s27910@ukr.net

MpedcmasneHo pe3ynbmamu ekonoeiyHux sunpobysaHs 2ibpudie KyKypyd3u ykpaiHCbKOI cenekuii 3a pisHux Memodig 0CHO8-
HO20 06pobimKy rpyHmy (nonuyesudli 06pobimok Ha enubuHy 25—27 cm, besnonuyesuli 0bpobimok Ha enubuHy 14—16 cm, bes
06pobimky). [ocnidxeHHs nposodunuck Ha docridHomy noni iddiny 3emnepobemea IHemumymy cinbcbko2o 2ocnodapcmea lligHid-
Ho20 Cx00y YkpaiHu Ha YopHO3eMi munosoMy cepeOHbOCy2iTUHKOBOMY Ha neci (emicm 2ymycy 3a TopiHum 4,1—4,7 %, pHkei 6,0,
pHe0d. 7,9). 2018—2020 poku docnidxeHs bynu 3Ha4yHO menniwumu 3a cepedHboba2amopiyHi NOKa3HUKU NPOMA20M mpaeHsi—ee-
pecHsi. byno ecmaHosneHo, Wo no2o0Hi ymogu sezemauitiHo2o nepiody Kykypydau y cepedHbomy Onst 2018—2019 pokie xapakmepu-
3ysanuck Ak 0yxe nocywinusi (2idpomepmiyHuli koeghiyieHm CensiHuHoga 'TK cmarosug 0,57) 3 KonusaHHsIM 8i0 Oye nocywnugux
y 2018 ma 2019 (I'TK = 0,45—0,46) do nocywnugux y 2020 (I'TK = 0,80). BusisrieHo, wio eenuquHa 3a2aibH020 CNOXUSaHHs 800U He
3anexana ei0 cnocobig 06pobimky rpyHmy i, 3a iHWUX pigHUX (hakmopig, 8U3HaYaacs 3a2asbHol0 Kinbkicmio onadie i cmaHosuna
8i0 245,4-252,2 mm 3 onadamu 110,4 mm do 319,1-321, 4 mm npu 230 mm. BcmaHossieHo, w0 Yyacmka ensiugy ammocgepHux onadie
y cmpykmypi cymapH020 8000CNOXUBaHHS 3anexums 6id ix senuyuHu i skwo npu onadax 110,4 mm eoHa cknadana 44,2—45,0 %,
mo npu 230,0 mm — 71,6-73,1 %. Mpu ybomy, 4acmka cymapHo20 8000cnoxugaHrHs 3 0—50 cm wapy rpyHmy He 3anexana eid onadie
iy cepedHbomy cmarosuna 0,77-0,79.

Y 2018-2020 pp. 2ibpudu Kykypyd3u ykpaiHcbKoi cenekyii Ha ¢hoHi eHecerHs: 0obpus y Hopmi N1ooP4sKss chopmysanu do-
cumb gucoki epoxai (9,40-7,78 m/ea) 3 docmosipHoto 3anexHicmio 8id ®AO. Ypoxalinicms 2ibpudy JoHop (FAO 310) He 3anexana
8i0 0bpobimky rpyHmy, modi sk 2ibpudu 3opsHuli (FAO 190) ma flenexa (FAO 260) danu Halguwii 8poxai Ha opaHuyj, Cymmego He
peazytouu Ha iHwi cnocobu ocHo8HO20 06pobimky rpyHmy. [i6pud [JoHop chopmysas cmamucmuyHo 0dHakosul ypoxal 3a ecima

gapiaHmamu y 8Ci poKU O0CTIOKEHb.

Knroyoei cnoea: 2ibpudu kykypyd3u, ammocehepHi onadu, npodykmueHa 805102a 8 rpyHmi, cnocobu 0CHO8HO20 06P06IMKY

IpyHmy, cymapHe 8000CNOXUBaHHS, ypoxaliHicme.
DOI: https://doi.org/10.32782/agrobio.2020.3.3

Bctyn. B ocTaHHi gecatupivyst npobnema Bonorosabes-
NeYeHOCTi NOCIBIB KYKypyA3u B yMOBAX NPUPOAHOTO 3BOSTOXEHHS
Ta WOr0 BB Ha YPOXKaNHICTb, 3aneXHO Big cnocobis OCHOBHOTO
00pobiTKy IpyHTY, CTOITb LJOBOMi FOCTPO K B YKpaiHi, Tak i y CBITi
B Linomy (Malyarchuk et al., 2015). Mpu LbOMY OLHIOETLCS POnb,
MicLie Ta KinbKicHa 3anexHiCTb YMOB NPUPOAHOr0 3BOOXKEHHS Ha
BENUYMHY CYMapHOTO BOLOCMOXMBAHHS, Or0 CTPYKTYPY 3 Pi3HUX
LapiB rpyHTY, Ta YacTka B ii CTPYKTYpi aTMOCEPHMX onagiB.

OcHOBHMIT 0BPOBITOK FPYHTY € OOHWM i3 ENEMEHTIB Tex-
HonMorii BUPOLLYBaHHS CiNbCbKOroCMOAapChKOi KymnbTypu, SKWN
MOXHa XapakTepuayeaTu fBoma ocobnueocTsimu. [o-neplue,
Liel enemMeHT, 3amnexHo Big NPUIHATOrO cnocoby, MoxXe BUSIBY-
TUCS OAHUM i3 HaBINbLL BApTICHUX Y TEXHONONiT BUPOLLYBaHHS
(Masyk & Zakharchenko, 2017), wWwo npu €KOHOMIYHOMY
OUjiHIOBaHHI Byae iCTOTHO BRMMBaTW Ha BUBIP ONTUMAnbHOTO
BapiaHTy. 3 iHwWoro Boky, 3a yMOBM 3acTocyBaHHs repbiumais
(Tkalich, 2017), pisHi cnocobu ocHoBHOrO 0BPOBITKY IPYHTY Tak
4y iHaKLLE BNMBatoTb Ha (POPMYBaHHS BOAHOTO PEXUMY IPYHTIB,
3abe3neyytoum Npu LbOMY eGIeKT Bif BUKOPUCTaHHS pecypcy BO-
norn  Yepes MOXIMBMA  NPUPICT  YPOXAMHOCTI  KyNbTypw
(Karbivska et al., 2020; Karpenko et al., 2020; Sobko, et al.,
2020). OpHUM i3 rONOBHKX MUTaHb € NpaBUIbHUIA NiRGip ribpuais
KyKYpYA3u 4NS OTPUMaHHS MakCUManbHOrO BpoXaro Ans AaHol
30HM BUPOLLYBaHHSI, A€ MOXHA BUKOPWUCTOBYBATK ribpuan 3 Bu-
wum PAO, Wwo moxe Binbll pauioHanbHO BUKOPUCTOBYBATUCS
nig pisHi CTPOKM BMpoLLyBaHHS ribpugis kykypyaau (Rykhlivskyy
etal., 2017; Shtukin & Onychko, 2015; Mokriyenko et al., 2017).

He BuKnnKkae CymHiIBY, LU0 ehekT Big onTuMisaLii BOgHOro

BicHuk CyMmcbKoro HaulioHanbHOro arpapHoro yHiBepcurteTty

PEeXUMY TPYHTIB BU3HAYAETLCS, NEPLL 3a BCE, MOrOAHUMMU YMO-
Bamu BereTawjiiiHoro nepiogy KyrnbTypw i, BignosigHo, 3abe3ne-
yeHicTio Bonoroto (Byelov, 2018; Kharchenko et al., 2017). Otxe,
iCHylo4a TeHZeHUis [0 apuam3alii kniMaTuiHUX YMOB BUMarae
MOCTIHOMO YTOYHEHHS! BKa3aHOro edekTy Bifg cnocobiB OCHOB-
Horo obpobiTKy FPYHTY 3aneXHO Bif rAPOTEPMIYHUX YMOB KOX-
Horo poky (Masyk et al., 2020; Vozhehova et al., 2015).

Y 3B'A3KY 3 HECTINKUMU ONMTUMaNbLHUMK 3anacamu rpyH-
TOBOI BOMOrM, HEPIBHOMIPHUM BUNaZaHHAM OnagiB y nepiog se-
reTauii KyKypy4su BaXnuBO BCTAHOBUTU 3aKOHOMIPHOCTi CTPYK-
TYpU BOLOCMOXMBAHHS KyKypyLau 3anexHo Big Bonorosabesne-
YeHHs BereTaujnHoro nepiogy (Kyrylyuk, 2019; Pysarenko et al.,
2017). 3aranbHo BiGOMO, WO CyMapHe BOLOCMOXWBAHHS 3are-
KUTb Bifl YPOXAMHOCTi KynbTypu, TPUBANoCTi BereTaLiiHOro
nepiogy Ta rigpotepmiuHux ymos (Nosov, 2014; Kharchenko et
al., 2020). Ak 3a3HavaeTbesa y MoHorpadii B. M. Mucapexka pa-
30M i3 cmiBaBTopamm (Pysarenko et al., 2020), HaranbHUM € CTBO-
PEHHS1 NOCYXOCTINKWX ribpuaiB, NOWYK ONTUMANbHOI TEXHOMOTT
BUPOLLYBaHHA KynbTyp. CKOPOCTUIAICTb ribpuaie 3HaYHO BMM-
Bac Ha MOPONOriYHi NOKa3HUKU Ta BPOXAWHICTb 3epHa KyKy-
pyasu (Rykhlivskyy et al, 2017). Hanpuknag, B ymoBax
Kam’'aHeLb-Moainbebkoro, ypoxanHicTb 3epHa Kykypyasu oTpu-
myBas BinbLue 1 T/ra Ha YOpPHO3eMi TUNOBOMY CEPeAHbOCYTIINH-
KOBOMY, ane Hambinblly YpOXamlHiCTb OfepXanu mpu BUpo-
LyBaHHi pymyHcbkoro ribpuay 3 ®AO 200, a kpaLwi nociBHi AKOCTI
MaB ykpaiHcbkui ridpug 3 PAO 315. H. A. WtykiH Ta B. 1. OHnuko
(Shtukin & Onychko, 2015) nigkpecriolTb HEAOLIMBHICTL BUKO-
pucTanHa ribpugie 3 ®AO 100-149 Ta 400-599 B ymoBax
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niBHi4HO-cxigHoro Jlicocteny YkpaiHu. 3i 3aMiHOK knimMaTy npo fo-
LinbHicTb BUBOPY ribpuais 3 cepeaHim ®AO roopaTh i Ha 3akap-
nartTi, ske Mae poctatHe 3BonoxeHHs (Mokriyenko et al., 2017).
liopuay 3 pisHum ®AO MarTb pisHi Ldpy Y BOAOCNOXMBAHHI,
TAKOX Ha LEi NOKasHWK BMAMBAE i rycToTa CTOSIHHS POCIMH
(Monneveux et al, 2006; Holod et al., 2019; Kramarov et al., 2006;
Palamarchuk, 2018).

Jediynt BONOrM Ha NoYaTKy POCTY Mi3HIX KyrnbTyp Aae
nepesary H6araTopiuHm Oyp’stHam y NociBax, siki € KOHKYpEHTaMu
CiNbCbKOrocnogapcCbKii KynbTypi y CMOXMBaHHI MOXMBHUX €ne-
meHTiB Ta Bogi (Mischenko, Y. G., Masik I. M., 2017; Mishchenko
et al., 2019; Mishchenko & Zakharchenko, 2019).

B. M. MNucapeHka pasom i3 cnisasTopamm (Pysarenko et
al., 2020) 3asHayatoTb, Wo Y JlicocTeny TpannaTbCs nocyxu 1—
2 pasn Ha gecsTupivys i npobnem i3 BonoroszabeaneyeHHsIM
CiNbCbKOrocnoaapChkUX KynbTyp paHille He 6yno. B npuHUmni i
3apa3 KinbKiCTb OnafiB 3HA4YHOK MIpOK HE BiApPI3HAETHCS Bif
PaHiLLHiX nepioaiB, ane 3MiHWUBCS XxapakTep BUNaAiHHSA OnagB i
TEMNEPaTypHUIA PEXUM.

Bonoro3abeaneyeHHst poOCMMHU TaKOX 3anexuTb i Bif
CTPYKTYPHO-arperaTHoro, rpaHynoMETPUYHOTO CKMagy TPyHTY,
LWiNbHOCTI TPYHTY, SIKi CTBOPIOIOTLCA NpW 0BPOBITKY rpyHTY, BiA
penbedy MiCLEBOCTI, Big BMICTY OpraHiYHOi peyoBMHW i T.A.
(Medvedev, 2011; Zakharchenko et al., 2016; Melnik et al., 2015,
Zakharchenko & Mischenko, 2017; Zakharchenko & Datsko,
2018; Zymaroieva & Pysarenko, 2019). B uinomy mu 6a4nmo, wwo
nitepatypa 3a 00paHuM HanpsIMKOM [JOCTIMKEHHS €, ane no-
Tpeba y noganbLIoMy yOOCKOHANEHHI MUTaHHS Bonorodabesne-
YEHOCTi KyKypyA3u JOCTaTHBO BUCOKA. TOMY METOK Halnx Ao-
CnifKeHb € BU3HAYEHHs BNAMBY CMocobiB 0CHOBHOrO 0BpobiTky
FPYHTY Ha BOAOCMOXMBAHHS MOCIBIB Cy4acHUX ribpuaiB Kykypyasu
B YMOBaXx NiBHIYHO-cxigHOrO JlicocTeny.

Marepianu i meToau gocnimkeHsb. i Yac gocnigxeHb
BUKOPUCTaHI Taki METOAM AOCNIAXKeHb K NONbOBI, NabopaTopHi
Ta KOMBIHOBaHi Ha OCHOBI METOAMK, PO3POBNEHNX NPOBIAHUMN
HaykoBumu ycTaHoBamu HAAH Ykpaiku. [locnigeHHs nposogu-
nuco 3 2018 no 2020 pokw B CTavioHapHOMY NOMbOBOMY AOCTid
BinAiny 3emnepobcTBa IHCTUTYTY CinbCbKOMO rocmogapcTBa
MiBHiyHoro Cxopny Ha YOpPHO3eMi TUMOBOMY KpynHOMMMyBaTo-Ce-
PeHbOCYIMMHKOBOMY Ha necoBux nopogax. OpHuit wap rpyHTy
(0-20 cm) mae Taki arpoxiMiuHi MoKasHuKW: rymycy 3a TiopiHAM
4,147 %, pH conbose 6,0, pH BogHe 7,9, BMIiCT nerkorigponiso-
BaHOro asoty 3a KopHdingom — 11,2, pyxomux cnonyk P20s Ta
0bminHoro kanito K20 3a Ynpukosum BignosigHo 11,81 10,0 Mr Ha
100 r rpyHTY. 'paHynoOMETPUYHUA CKNnag rpyHTY 3a KaumHebKuM:
y wapi 0-20 cm chisnyHoi rmmum (yactok 0,05-0,01) 49,1-52,1 %,
myny (4actok meHwwe 0,001 mm) 23,4-25,5 %.

IMoBTOPEHHS JOCNigY TPUKpaTHe, NnoLa AiNsHKA y Ao-
cnigi 25 m2. OCHOBHI eNneMeHTH TEXHONOTiT BUPOLLLYBaHHS 3aranb-
HOMPUIAHSTI ANst 30HK NiBHIYHO-CxXigHOro JlicocTeny YkpaiHu.

[Jocnig cynpoBoXyBaBCcs KOMMMIEKCOM CymyTHiX crnocTe-
PexeHb i aHaniTuyHux gocnimkeHs (Maliyenko et al., 2017), B
[aHin cTaTTi npuBeAeHi OaHi WoOo BonorosabesneyeHocTi
rpyHTY. Binbip 3paskiB rpyHTY Ha BUBHAYEHHS NOSILOBOT BOMOTOCTi
3AiCHIOBaBCS IPyHTOBUM OypoM KaumHCbKoro 4o rmubuHu 1 m

koxHi 10 cm. MonboBa BONOriCTb PYHTY BU3HAYanacs B nabopa-
TOpIi rpaBiMETPUYHUM METOAOM, 3anacu MPOAYKTUBHOI BOMOMH
PO3paxoByBaNMCS 3 ypaxyBaHHSAM LiNbHOCTI IPYHTY Ta BONOrOCTi
B'iHeHHs1. OTpumaHi aaHi 06pobneHi ctatuctuHo (Ushkarenko,
2008).

Y pocnigi daktop A — pisHOTMMOUHHIIA 0BPOOBITOK IPYHTY
i3 3acTOCyBaHHAM nnyra, a Takox Gesnonuuesoro kombiHOBa-
Horo 06pobiTtky KII-2,0, Al'-2,4-20.

1.06pobitok nonuuesuii MH 3-35 Ha rnnbuny 20—22 cwm.

2.06pobitok Gesnonuuesuit KNG 2,0 Ha runbuHy 14—
16 cm.

3.06po0itok Besnonmuesnn Al 2,4 Ha rnubuHy 14—
16 cm.

4 No-till (6e3 06pobiTky rpyHTY).

®daktop b — ribpuan kykypyasm (3 ribpuan): 3opsHui
(PAO 190), Ileneka (PAO 260), foHop (PAO 310). Cisba
3pincHioBanacs cisankoto [koH [lip, nonepeaHnk — o3uma nie-
HULS.

OpuriHaTopoM BCix ribpnais € IHCTUTYT POCIIMHHNLTBA iM.
B.A. IOp’eBa HAAH Ykpainu. Hopma BUCIBY HaCiHHS KyKypyA3u
70 Tuc. wr./ra, BHeceHHst aoBpus 190 kr g.p.fra (N1ooPasKas)
34iNCHI0Banocs Ha BCix BapiaHTax. pm ciBbi BHOocMnacs HiTpo-
amodpocka 200 kr, npoTsrom Beretauii y dasax 3-5 Ta 7—
8 nuCTKiB No3aKkopeHeBe NiMKMBNEHHSA M0 9 Kr.

Pe3synbTatu. 3aranbHa rigpotepmMiyHa xapakrepucTuka
BEreTawiHoro nepiogy 3a poku LOCTiZXeHb, MOPIBHAHO 3 Ce-
peaHbo-6araTopiyHMMKN  JaHumMKM  (HOpMma), dka HaeedeHa Y
Tabn. 1, nokasye, Lo 32 OCHOBHUMM NOKA3HUKaMW MOTOAHI YMOBH
CYTTEBO Pi3HUNNCA SIK N0 pOKaXx.

MepLw 3a BCe, Cif 3a3HA4NTK, L0 POKM NPOBELEHHS A0~
cnipxeHb (2018—2020 pp.) bynu iCTOTHO TenmiwmmK, a pPisHULS
B CymMax Temnepartyp Mix akTiHUMK i cepeHimMu konmsanacs
Big 475 °C (2018 p.) mo 257 °C (2020 p.). Mpw ubomy, y cepeaHb-
OMy 3a TPK POKM, PaKTUYHE NEPEBULLEHHS TEMMEPATYPH NOBITPS
Hag Hopmu cknagano 368 °C i 3acpikcoBaHo B yci poku fdo-
cnigkeHb B yci Micaui, 3a BuknioveHHaM TpasHa 2020 p.
(tabn. 1). OTxe, HaBedeHi AaHi JO3BONAITb CTBEPLXKYBATH, LLO,
3 TOYKM 30pY TEMMEPATYPHOro PexnMy, BereTaLlinni nepioau 3a
poku pocnimkeHb 6ynn Habarato Tenniwumn 3a Hopmy. [lpu
LboMy HanbinbLu Tennum Bys 2018 p., a HanbiNbLL NPOXONOAHUM
-2020 p.

AHania 3abe3neyeHoCTi pecypcamn Bororu, Wo, y Aa-
HOMY BMNaaKy, NPeacTaBneHo aTMoCcepHUMU onagamu, OLHO-
3HaYHO BKas3ye Ha Te, LU0 Y POKM JOCTifXeHb B yCi MicaLi cyma
aTMoccepHx onagis 6yna MEHLLOK 32 HOPMY, 33 BUKITIOYEHHSIM
TpasHs 2020 p. Cnig 3asHauuTy, wo 3a 2018 i 2019 pp. cyma
onagie cknana BignosigHo 142,9 Mm 1a 141,9 MM, Wwo 6GinbLu Hix
y iBa pasu MeHLe Hopmu (304,0 mm). B 2020 p. 3a TpaBeHb—Be-
peceHb onagis Bunano 236,9 M, Lo Ha 67,1 MM MeHLLE HOPMMU.
B cepeHbOMY 3a Tpu pokM 3a nepiof BereTallii (TpaBeHb—Bepe-
CeHb) cyma aTtmoctepHux onagis cknana 173,9 Mm, Lo
Bignosigae 57,2 % Big Hopmu. Taku1M YMHOM, 3 TOUKM 30py 3abes-
MeYyeHHs BOMOrol Hanbinbll Cyxumu yMOBaMW XapakTepu-
3yeTbes BereTauinHuin nepiog 2018 p., a HanbinbL Bonorummn —
2020 p.

BicHuk CymcbKOro HauioHanbLHOro arpapHoro yHiBepcutety
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Tabnuusa 1

XapakTepucTuka rigpoTepmiyHux ymoB BeretadiiHoro nepiogy 2018—2020 pp.

[TokasHukn v [ Vi [ M'f;“‘" [ Vi [ X 3a nepiog
CepepHi 6araTopiyHi aHi

Temnepartypa nositps, °C (1) 15,6 18,8 20,2 19,3 13,4 2705
AtmocdepHi onagu, mm (A) 54,0 67,0 76,0 57,0 50,0 304,0
[TK 1,12 1,19 1,21 0,95 1,24 1,12

dakTuyHi aani 2018 p.
Temnepartypa nositps, °C (1) 19,9 215 22,6 23,0 16,8 3180
ATmocdepHi onagun, mm (A) 18,5 375 59,0 3,6 243 1429
[TK 0,30 0,58 0,84 0,05 0,48 0,45

®akTnyHi gani 2019 p.
Temnepatypa nositps, °C (t) 18,0 245 21,1 21,5 15,5 3078
AtmocdepHi onagu, mm (A) 41,0 16,8 57,4 45 22,2 141,9
ITK 0,74 0,23 0,88 0,07 0,48 0,46

dakTuyHi aani 2020 p.
Temnepartypa nositps, °C (1) 13,5 23,3 22,0 20,5 17,6 2962
AtmocdepHi onagu, mm (A) 93,2 50,9 73,7 0,9 18,2 236,9
[TK 2,22 0,73 1,08 0,01 0,34 0,80

®aktnyHi gani 2018-2020 pp.
Temnepartypa nositps, °C (1) 171 23,1 21,9 21,7 16,6 3073
ATmocdepHi onagu, mm (A) 50,9 35,1 63,4 3,0 21,6 1739
['TK 1,09 0,51 0,93 0,04 0,43 0,57
3aranbHOBIZOMO, WO OfHWM Y3aramnbHIOYMM Ta iHTe- 3a knacudpikavieto C. A. CanoxHikoBoi

rparnbHUM NOKA3HWKOM OLiHKM TigpOTepMiYHUX YMOB € Tigpo-
TepMmivynmin  koedivieHT (I'TK) T. T. CensHiHoBa (Selyaninov,
1958). Ak Binomo, BiH fBNsE COOO BiHOLIEHHS HAOXOMKEHHS
pecypcy Bororu Ta ix BuTpar. [pu LbOMy HAAXOMKEHHS BU3HA-
YaeTbCs Ak cyma aTmocdepHux onagis (A, Mm), Butpaty (E, Mm)
yepes cymy Temnepartyp, ae K - koedilieHT nponopuiinHocTi, wo
3a CengHinosum gopisHioe 0,1 (E = KX T°C = 0,13 T°C, mm),
T06TO:

(Sapozhnikova, 1958), cepegHbobaraTopiyHi yMOBM 32 AaHUM
KoediLliEHTOM XapaKTepu3ylTbCs K HE AYXKe NOCYLIMMBI
(T'TK=1,0-1,3), ymosn 2018 i 2019 pokiB — gyxe NOCYLLMBI
(TTK<0,7), a ymosu 2020 p. — nocywnmsi (I'TK = 0,7—1,0). Ko-
NBaHHA rigpOTEPMIYHMX YMOB MO MICALSAX B YCi POKK YacTille 3a
BCE 3HAXOAWMUCA Y MEXax MOCYLINMBKX i Jyxe nocylunmsmx. B
CepefHbOMY 3a TPU POKW BereTauiiHWA nepiof Xapakrepu-

3YETLCA K JyKe NocyLnuBuiA (Tabn. 2).

A
I['TK = o1xToC (1
Tabnuus 2
BonorosabeaneyeHicTb MOCiBiB KyKypyA3u 3a pi3HUX crnocobiB OCHOBHOMO 06POBITKY FPYHTY, MM
Criocobu ocHoBHOro 0BpObITKY FPYHTY
MoKasHuKM MH-3-35 KNO-2,0 Ar-2,4-20 e 0BpoBiTey
(20-22 cm) (14-16 cm) (14-16 cm)
2018 p
3anacu NpofiyKTMBHOI Bonoru rpyHTy B 0—100/0—50 cm 158,4 157,0 152,4 150,3
Ha nepiog ciBbu, Mm (Bl'n) 80,2 781 723 70,8
3anacu NpoAyKTMBHOI BONOTY TPYHTY Ha Nepiof BU3PIBaHHS 16,6 15,5 14,7 153
3epHa, MM (BIk) 9,8 8,3 8,3 7,2
ATmocdepHi onaau 3a BereTaLliitHuin nepiog, MM (3 A) 110,4
c E 252,2 2519 % 245,4
yMapHe BOAOCNOXMBaHHS, MM (E) 180.8 1802 1744 174.0
2019 p.
3anacu NpofiyKTMBHOI Bonoru rpyHTy B 0—100/0—50 cm 150,2 154,5 163,9 164,9
Ha nepiop cisbu, MM (BI'n) 79.1 84,1 87,0 87.6
3anacu NpofiyKTMBHOI Bonoru rpyHTy B 0—100/0—50 cm 321 38,2 36,8 40,6
Ha nepiof BU3piBaHHs 3epHa, MM (BIk) 15,6 19,2 19,3 23,6
ATmocdpepHi onaau 3a BereTauiitHuin nepiog, MM (3 A) 119,4 119,4 119,4 1194
c £ 237,2 235,7 246,5 243,7
yMapHe BOAOCMOXWBaHHS, MM (E) 1829 1843 1871 183.0
2020 p.
3anacu NpofiyKTMBHOI Bonoru rpyHTy B 0—100/0—50 cm 144,6 142,6 140,7 140,6
Ha nepiog ciBbu, Mm (Bl'n) 70,7 70,1 68,7 70,7
3anacu NpofyKTMBHOI Bonoru rpyHTy B 0—100/0—50 cm 53,2 58,1 52,1 51,5
Ha nepiof Bu3piBaHHs 3epHa, MM (BIk) 52,5 51,5 51,1 51,0
ATmocdepHi onaau 3a BereTaLliitHuit nepiod, MM (3 A) 230,0 230,0 230,0 230,0
BicHuk CyMmcbKoro HaulioHanbHOro arpapHoOro yHiBepcurteTy o5
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Crniocobu 0cHOBHOrO 06pOBITKY FPYHTY

[Noka3Hukn MH-3-35 Kng-2,0 Ar-2,4-20 Bea 06po6iTky
(20-22 cm) (14-16 cm) (14-16 cm)
3214 314,5 318,6 319,1
CymapHe BogocroxusaHHs, M (E) 2482 2486 T465 2487
B cepegHbomy 3a 2018—2020 pp.

3anacu npoayKTMBHOi Bonoru rpyHTy B 0—100/0-50 cm 151,1 151,4 152,3 151,9
Ha nepiog cisbu, mm (BI'n) 76,7 77,4 76,0 76,4

3anaci NpofyKTMBHOI Bonoru rpyHTy B 0—100/0-50 cm 34,0 37,3 34,5 35,8
Ha riepiog BU3piBaHHs 3epHa, MM (BIk) 26,0 26,3 26,2 27,3
ATmocdhepHi onaaw 3a BereTauinHuii nepiog, MM (> A) 153,3 153,3 153,3 153,3
c ) 270,4 267,4 271,1 269,4
yMapHe BOAOCNOXVBaHHS, MM ( 2040 2044 2031 2024

Ananis Bornorosabe3neyeHoCTi NOCIBIB kykypyasn B yMo- E = BI'y—Blk+ YA MM (2)

Bax MOCYLUMMBYX i Jye MOCYLUNMBMX POKIB MOKa3aB., Lo 3anacu
MPOAYKTUBHOI BONOMM Y METPOBOMY LLIApi IPYHTY Ha nepiog CiBbu
(B'm) konmuBanucs y mexax Big 164,9-150,2 mm y 2019 p. go
144,6-1406 mm y 2020 p. [lMpu UbOMY WiTKOI Pi3HMLi NO
BapiaHTax 06pobiTky IPyHTY He BUSIBNEHO. 3anacy NPOAYKTUBHOI
BOJIOM Yy NIBMETPOBOMY Luapi Konueanucs y mexax Big 87,6—
79,1 mm y 2019 p. po 70,7-68,7 mm y 2020 p. Crnig 3ayBaxuth,
LLIO PO3MOAiN BOMOTK y Lien nepiof no rambuHi 6yB npakTUYHO pie-
HOMIPHWM, OCKIflbKW Yy BEPXHbOMY MIBMETPOBOMY Liapi FPYHTY
MicTUnocs 6nm3bKo NOMOBKMHM BCiX 3anacis BOMOTU.

Ha nepiog Bu3piBaHHs 3epHa (Blk) 3anacv npogyKTuBHOI
BOMOMY CYTTEBO 3anexanu Big CyMin aTMOC(EPHNX OMagis, Lo
BMMaganv 3a nepiog cisba—nosHa cturiictb (3 A, MM) i y MeTpo-
BOMY LLapi konmBanacs Big 16,6—14,7 mm npu onagax 110,4 Mm
(2018 p.) mo 58,1-51,5 mm npm onagax 230,0 mm (2020 p.). Y
niBMETPOBOMY LUapi KOMMBaHHS cKnaganu BignosigHo 9,8—
7,2 mm Ta 52,5-51,0 mm (Tabn. 2).

CymapHe BogocnoxuaHHs (E, MM) Bu3Havanocs i3
YMOBM!:

lpoBeneHi po3paxyHku Nokasanu, Lo BUTPaTH BOAM Ha
CymMapHe BOLOCTMOXMBAHHSA 3 METPOBOIO LUAPY IPYHTY MO poKax
BOCNIMKEHb 3anexHo Big cnocobis 0BpobiTky rpyHTy Kkonmea-
nucs B mexax 252,2-2454 mm (2018 p.), (246,5-235,7 mm
(2019 p.) Ta 321,4-314,5 mm (2020 p.). Butpati BOAM 3 BEPXHb-
0ro niBMETpoBOro Lwapy BsignosigHo cknanu: 180,2-174,0 mm
(2018 p.), 187,1-1829mm (2019p.) Ta 248,6-246,6 MM
(2020 p.). B cepenHbOMy 3a Tpu poKu L BATpaTK 3 METPOBOIO
wapy cknanu 271,1-267,4 MM, a 3 BEPXHbOrO MIBMETPOBOrO
204,4-202,4 mm (Tabn. 2). Mpu yboMy SK 32 pokamu, Tak i y ce-
peaHbOMY 33 TPU POKM LOCTIZKEHb SBHO BUPAXEHOrO 3B'AI3KY
BKa3aHMX BENWYMH 3i cnocobamm OCHOBHOO 06pobiTky IpyHTY He

BUABNEHO.

HasegeHi aaHi [03BONAOTL MPOBECTM  CTPYKTYPHWN
aHania cyMmapHoro BOAOCMOXMBAHHS i, NEPLL 3a BCe, 3aMeXHO Bif
BEMUYMHN aTMOC(PEPHUX OnagiB 3a BereTayinHuii nepiog

(Tabn. 3).

Tabnuus 3
CTpyKTypa CyMapHOro BOAOCMOXMBAHHS POCTIMHAMM KYKYpYya3u
Cnocobu ocHoBHOro 06pobiTKY FpyHTY
lMokasHuku MH-3-35 Kng-2,0 Ar-2,4-20 Be3 0BpobiTky
(20-22 cm) (1416 cm) (1416 cm)

2018 p.
CymapHe BOIOCTOXMBAHHS 3 METPOBOTO LWapy rpyHTy, %:
— 32 paxyHOK aTMOC(EpPHMX onaaiB 43,7 438 44,2 45,0
— 32 paxyHOK 3amacis BONOM B FPYHTI 56,3 56,2 55,8 55,0
YacTka cymMapHOro BOLOCMOXMBAHHS
-3 wapy 0-50 cm 0,72 0,72 0,70 0,71
— 3 wapy 50-100 cm 0,28 0,28 0,30 0,29

2019 p.
CymapHe BOOOCMOXMBaHHS 3 METPOBOTO LWapy rpyHTy, %:
— 3a paxyHoK aTMOC(epHUX onaais 50,3 50,6 48,4 49,0
— 32 paxyHOK 3anacis BOMOM B FPYHTI 49,7 494 51,6 51,0
YacTka cyMapHOro BOLOCMOXWBAHHS
-3 wapy 0-50 cm 0,77 0,72 0,76 0,75
— 3 wapy 50-100 cm 0,23 0,28 0,24 0,25

2020 p.
CymapHe BOIOCTOXMBAHHS 3 METPOBOTO Wapy rpyHTy, %:
— 3@ paxyHOK aTMOC(hepHMX onagis 71,6 73,1 72,2 72,1
— 33 paxyHOK 3anacis BONOrM B IPYHTI 28,4 26,9 27,8 279
YacTka CyMapHOro BOLOCMOXWBAHHS
-3 wapy 0-50 cm 0,77 0,79 0,77 0,78
— 3 wapy 50—100 cm 0,23 0,21 0,23 0,22

B cepeaHbomy 3a 2018—2020 pp.

CymapHe BO[IOCTOXMBaHHS 3 METPOBOTO Wapy rpyHTy, %:
— 3a paxyHOK aTMOChepHMX onagis 56,7 57,3 56,5 56,9
— 33 paxyHOK 3anacis BONOrM B IPYHTI 43,3 42,7 435 431
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Criocobu 0cHOBHOrO 06pOBITKY fpyHTY
MokaaHuku MH-3-35 Kng-2,0 Al-2,4-20 Bea 06poiriy
(2022 cm) (14-16 cm) (14-16 cm)
YacTka cymapHOro BoLOCMNOXMBaHHS
-3 wapy 0-50 cm 0,75 0,76 0,75 0,75
— 3 wapy 50-100 cm 0,25 0,24 0,25 0,25

MepL 3a BCe, MOXHA CTBEPIKYBATH, LUO, 3i 30iNnbLUeH-
HSIM KiNbKOCTi aTMOCEepHMX onagiB YacTka ix y CyMapHOMY BO-
LOCNOXMBAHHI, @, OTXeE, i y (hOpMyBaHHi BpoXxalto, 3pocTae. Tak,
akwo y 2018 p. npu atmocdepHux onagax 110,4 Mm BigcoTOK
BNMMBY iX Ha pi3HMX BapiaHTax 0bpobiTky rpyHTy cknagas 45,0—
43,7 %, 10y 2020 p. 3a cymu onagis 230,0 Mm L BermumHa Gyna
y mexax 73,1-71,6 %, 1o y cepeaHbOMy 3a TpW POKW CKNapae
57,3-56,5 % (Tabn. 3).

Cnig Big3HaumMTK, WO B YCi POKM AOCTIAXEHb, HE3aNEXHO
Big Cymu aTMOCChEpHMX onagiB Ta y CepedHbOMy 3a poku Jo-
CimKeHb, YacTka BUTPaT BOAW Ha CyMapHe BOOCMOXMBAHHS 3
BEPXHBOTO niBMeTpoBoro wapy cknagae 70,0-77,0 % (tabn. 3).

AHania ypoxanHux JaHux Ta pesynbTaTy iX CTaTUCTUYHOI 06po-
Okv nokasanu, Lo y ayxe nocywnmeux ymosax 2018—2020 pp.
ribpuan KyKypyasw BiTYn3HSHOT cenexuii Ha doHi N1ooP4sKas 3aa-
THi cchopmyBaTW JOCTATHLO BUCOKI BPOXai 3 JOCTOBIPHOIO 3ane-
xHicTio Big ®AO (Tabn. 4). BctaHoBNEHO, LLO Y Ayxe NOCyLnm-
Bux ymosax 2018 i 2019 p., gK i y cepegHbOMy 3a TpWU POKM,
YMOBW SIKUX BUSIBUNICS TaKOX Ay)e Nocywunmsumu, ridpuam 3o-
psHuiA i [leneka HanbinbLKiA ypoxxai chopMyBanu Ha opaHuj. B
ymoBax 2020 p., ski 3a MK xapakTepusytoTbCs SK NOCYLUMBI,
[OCTOBIPHOTO BNNMBY €Noco6iB OCHOBHOrO 06pPOBITKY FPYHTY Ha
YPOXaMHICTb Lux ribpuais He BigmideHa.

Tabnuus 4

YpoxaitHicTb ribpuzis KyKypyasm 3anexHo Big cnocobis 0CHOBHOMO 06poBiTKy FpyHTY
(Ha ynoBperHi 3 Hopmoto N1goPasKas 2018—2020 pp.), T/ra

daktop A
Pik CDgKTop B Cnocobu ocHoBHOro 0BpobiTky fpyHTY
Fi6puan MH-3-35 KNp-2,0 Ar-2,4-20 Bes
(2022 cm) (14—16 cm) (14—16 cm) 0bpobiTky
3opsiHuit 190 8,61 8,32 8,27 7,86
2018 p. Neneka 260 9,01 8,73 8,72 8,79
HoHop 310 9,72 9,65 9,60 9,66
HaliMeHLua icToTHa pisHMLSA HIPo,05 A = 0,16; HIPo0sB = 0,12
EdbektuBHiCTb Aii hakTopiB A-91,1%; B-4,5 %;
3opsHuin 190 7,32 7,22 7,20 742
2019 p. TNeneka 260 8,40 7,93 8,26 7,75
Hoxop 310 8,67 8,55 8,58 8,57
HaimeHLua icToTHa pisHuLS HIPo,0s5 A = 0,12; HIPo,05 B = 0,06
EdekTusHicTb fii dakTopis A-914%; B-2,7 %;
3opsHuin 190 8,15 8,10 8,11 8,08
2020 p. Neneka 260 8,86 8,80 8,78 8,75
HoHop 310 9,81 9,83 9,85 9,85
HaiiMeHLua icToTHa pisHULSA HIPo,05 A = 0,14; HIPo05B = 0,12
EdekTusHicTb fii dakTopis A-99,3 %; B-0,1%;
B cepeaHoMy 22 3opsHuit 190 8,03 7,88 7,86 7,78
2018-2020 pp. TNeneka 260 8,76 8,48 8,58 8,43
Hoxop 310 9,40 9,34 9,34 9,33
HalimeHLua icToTHa pisHuLS HIPo,0s A = 0,14; HIPopsB = 0,10
EdbekTuBHiCTb Aii hakTopis A-93,9 %; B-24 %;

Mpw Lbomy ribpug [JoHop He pearyBaB ypoXanHicTO Ha
cnocobun 0cHOBHOrO 06POBITKY IPYHTY B YCi pOKM, TOBTO PisHMLSA
B YPOXanHOCTi 3a LMK BapiaHTamu byna He 4oCTOBipHOH. B pe-
3ynbTaTi CTAaTUCTUYHOI 0BPOBKM BCTAHOBMEHO, L0 BMIMB 0COD-
NMBOCTEN riOpMAIB Ha ypoXxaitHiCTb € HabaraTo iCTOTHIWKM 3a
BNiMB cnocobiB 06pobiTky rpyHTY i konmBaecs B Mexax 91,1-
99,35 npotu 0,10-4,5 %.

O6roBopeHHs. BaromMum YHHIKOM Y POPMyBaHHI BUCO-
KONpOAYKTMBHMX NOCiBIiB € Migbip ribpuais Kykypyasu, ski € nna-
CTUYHUMMW [0 TUX YW iHLLIWX FiBPOTEPMIYHMX Ta FPYHTOBUX YMOB.
Mpm L5OMY HE BUKNWUKAE CYMHIBY, L0 HaBITb Y 30HaX, e MOXHa
BMKOpUCTOBYBaTK ribpuan 3 Binbumm nokasHukom ®AO, peko-
MeHAYETLCA iX MigbipaTh i3 pisHUMM CTPOKaMm A03PiBaHHS, WO
3HU3NTL PU3NKU 3HKEHHS BPOXaMHOCTI Bif NPUPOLHWX KaTa-
kniamiB. Mpu 0OpaHHi TOrO 4M iHWOro cnocoby OCHOBHOIO
00pobiTKy IPYHTY BiAbYBAIOTLCSH 3MIHW Y NOXMBHOMY, BOLHOMY,
TENNOBOMY PEXWUMAX IPYHTY, (i3UYHMX NOKasHUKax Ta (isnko-
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MeXaHiYHWX BNacTuUBOCTSX, WO 0COONMBOrO 3HayeHHs HabyBae
3a nocyLunuBmMx ymMoB BupoLlyBaHHs (Bokach, 2016).

Hapasi mogentoBaHHAM 4OBEAEHO, Lo Hanbvkyi n'sTb
pokiB TemnepaTtypa Lue Oyae niginmatncs i moxe carHytm 4o 2 °C
(Pysarenko et al., 2019). B 3poLLyBaHMx yMOBax XepCOHCHKOi 06-
nacTi HayKOBLAIMM BUSIBMIEHO BMAMB FMNOMHM 33 BUKOPUCTAHHS
3Hapsab nonvuesoro, 6e3nonuLEeBoro Ta AMCKOBOMO TUMIB Ha
LWiNbHICTb 110ro GyA0BM, NOPUCTICTb | (POPMyBaHHS 3anacis Npo-
BYKTMBHOI BONOMM 3a hasamu pPO3BUTKY POCHMH. BCTaHoBMnEHO,
o obpobiTok, NpoBeaeHNn BOCEHM, 3a0e3neunB MeHLLY LWinb-
HICTb FPYHTY, @ OpaHKa po3nyLuyBana rpyHT Kpalle, aHix 3a Min-
koro auckosoro 06pobiTky (Muzyka et al., 2013). Ha yac cisbu Ha
OpaHLi 3anacv NpoLyKTUBHOI Boforv Bynu (3a TpupivyHUMK Aa-
HUMK, cepepHe) 139,5 MM, Ha Minkomy auckoBoMy 06pobiTky Ha
12—-14 cm 3 winoBaHHaM Ha 41 cm — 132,3, auckoBomy
06pobitky Ha 12—14 cm — 120,3. [lo 3bupaHHs BpOXKako KyKy-
py43u TeHAEHLis 3anuilanacs Ha ToMmy X piBHi. B Toit xe vac
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P. A. Boxexosa i3 cnisasTopamu (Vozhegova et al., 2019), npu
NPOBELEHHI AOCMigKeHb TeX Ha XepPCOHLLMHI npuW Nonusi, roBo-
pWTb NPO KpaLLui BapiaHT 06poBiTKy FPYHTY — Lie AUCKYBaHHS Ha
rmubuHy 8—10cm (B cepeaHbomy 3a 2017-2020 pp.), ypo-
XalHicTb Npu UboMy oTpumana y 14,59 t/ra. HeobxigHo nigkpe-
CINTY Pi3Hi POKM Y AOCTTIIKEHHSX XEPCOHCLKIX BYEHMX, B OCTaHHI
yacu niMiT onagiB 3HauHo Bupic y Cyxomy Cteny. 3poaymino,
Hawi gocnimkeHHs nposogunucs 6e3 nonuey i oTpumaHa ypo-
XalHICTb Ha gocnigHomy noni cTaHoBuTb 7,86—9,34 T/ra Ha
BapiaHTi i3 6e3nonuuesum 06po6ITKOM IPYHTY, MPUYOMY HE BaX-
NMBO SiKMM arperaTom Lieit 06pobiTok ByB npoBegeHuin. BinsHa-
YeHa BiACyTHICTb peakuii ribpuay LoHop 310 Ha cnocobu ocHOB-
Horo 06pobiTky rpyHTY. Takox e ribpug y cyxui 2018 pik naBaB
9,72 1/ra, y 2019 pik — 8,67, a y 6inbl 38onoxeHuin 2020 pik —
9,81 1/ra, WO BKasye Ha MOr0 MAACTUYHICTb Ta CTIMKICTb LIOAO
3MiHW NOTOZHNX YMOB.

B nocywunueux ymoBax IpaHy BYEHi TakOX HaromnoLyoTh
Ha BaXMMBICTb 30EPEXEHHS BOMOTY Ta y CBOIX AOCHIMKEHHSX OT-
pumany Binblui 3amacu BOMOTM Ta MPUrHiYeHHs Oyp’'sHiB Ha
BapiaHTi 3 OPaHKOI0 3 NOABINHUM AMCKYBAHHSM, @ HANripLUMiA pe-
3ynbTar otpumaHo npu 3actocyBanHi no-till (Rashidi & Seyfi,
2007). B ol xe yac gocnigHuki 3 IpaHy Tex oTpumani GinbLuy
BPOXAWHICTb  3epHa  KYKypyAsW 3a BuKkopucTaHHa  no-till
(Khorramiani & Ashrafeizade, 2020). MMogi6Hi pesynstatv oTpu-
Manu i kutamcbki BYeHi (Li et al, 2020), ski nigkpecnunu ycknag-
HEHHSI MOMMWNHAHHS BOLAW KopeHsmu 3a no-till, BigmiveHo 3men-
LEHHS HaBWLLOT NONbOBOI BOIOrOEMHOCTI. TakoX rOBOPUTHLCA,
LLIO CTPYKTYPHO-arperaTHUi CTaH, LLinbHICTb FPYHTY He BRnuBanm
Ha BpOXaMHicTb 3epHa 3a no-till, miHiManbHoro o6pobiTky Ta
opaHku. Tum He mMeHw, T. Chen i cnisasTopu (Chen et al., 2020)
3BiTYHOTh, LU0 Y nocywwnuei ymosu y 250—400 vm Ta cepeaHb00-
araTopiuHoi TemnepaTypu y 2—5,6 °C Ha Ny4YHUX NYyXXHNX IPyHTaxX
no-till Bys HalkpalLmm BapiaHToM, 36epiras BOnory, niaBuLLYyBaB
BMICT BYrneLo Ta a3oTy Y rpyHTi.

J. Li pasom i3 cnisatopamu (Li et al., 2020) Takox Bkasye
Ha BnMB 0BpOBITKIB IPYHTY Ha YPOXAWNHICTb KyKYpYA3W, pisHULS
no rnmbuHax y isnyHNX NOKasHWKax Ta 3anacax BOMOMM Hise-
NKETLCS NPOTAroM BereTauiHoro nepiogy. No-till Ta rnuboke pu-
XNEeHHS HaibinbLue 36epiranu Bonorv Ha necoBomy nnato (Shao
etal., 2016). Y. Liu Ta W. Song BigmiTunu nigeuLLeHHS BoJOCNO-
XUBaHHS Kykypyasu (Ha 11,24 %) npu 3MeHLUEeHHi BPOXanHOCTi
3epHa Ha 0,63 % (Liu & Song, 2020).

P. Bonini pa3om i3 korneramu, npoBoAsYM AOCTIIXEHHS 3
00pobiTkoM IpyHTY Ha cTauioHapi 60 pokiB B AMepuLi, BCTaHO-
BMB, LLO YPOXaNHICTb KyKypyasn € GinbLUoio 3 AUCKYBaHHAM Ta
yBOOPEHHAM OpraHivHMK Yn MiHepanbHuMKM aobpreamu abo
6e3 Hux., aHiX Ha nrowax 3 ynsenbHuM obpobitkom (Bonini et
al., 2020). BueHi Henany Takox nigTBEPMKYHTb MO3UTUBHUIA
edheKT BUPOLLYBaHHS KyKypymoau Ha cxunoBux 3emnsx 6e3 npo-
BEEHHs OCHOBHOTO 0OPOBITKY FPYHTY Ta MymnbYyBaHHS, LO
BNIMBANO Ha OTPUMaHHs NpubaBkM BpoXato, 36inblieHHs 3a-
ranbHOro asoTy B IPYHTi, @ Ha BMICT ¢hocopy He BnaMBano
(Chalise et al., 2020).

MMorofHi yMOBK € CYTTEBUM (DaKTOPOM BMPOLLYBAHHS
pocrivd (Maltais-Landry & Lobell, 2012; lizumi et al., 2017).
O. I. JleH Ta B. €. 3agisioH (Len & Zavizion, 2018) Big3HauaioTb,
WO BMAMB YMOB POKY Ha (HOPMYBaHHS BpOXal CTaHOBMUTb
Brmabko 84 %, a yacTka BnnmBy cnocobiB OCHOBHOTO 06pOBITKY
TpYHTY B cepeaHboMy 12 %. BonorosabeaneyeHicTb Ha Yac cisbu
3a no-till Buwe Ha 2,3 %. CepeaHi 3HaueHHs 3a 2018—2020 pp. B
HaLLWX JOCTIIKEHHSX He MOKa3yloTb TaKoi Pi3HWLL, OKpiM yMOB
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2019 poky.

Ob6paHHs MiHiManbHoro 0BpobiTky FPYHTY, 3a LyMKOKO
A. Fathi pasom i3 cniBaBTOpamu, 3MEHLUMTb BUKUAW NAPHUKOBIX
rasis B aTmocdepy, nigBuWmuTb (DOTOCUHTETUYHY aAKTUBHICTb,
TpaHcnipauito, AUXaHHA pocrivH, 0cobnmBo 3a ymobpeHHs op-
raHikoto (Fathi et al., 2020).

[ns ueHTpansHoi IcnaHii kpawmm BapiaHTom 06pobiTky
BMSIBMBCS NNOCKOPIi3HUI 06poBiTOK rpyHTY, @ 3a no-till ameHLy-
Barnacs Temnepatypa, YLiNbHIOBABCS PYHT i 3MeHLlyBanacs
BPOXalHICTb KynbTypy (Salem et al., 2015). B. M. lMucapeHko Ta
110ro CniBaBTOPM MiAKPECIIIONTh, WO FMBOKOPUXIEHHS Ta MINKWiA
06pobiTok 6e3 obepTaHHa nnacta Moxe AOMOMOITH B Hakonu-
YeHHi Bonoru Ha 40—50 MM npopykTuBHOI Bonoru (Pysarenko et
al., 2020). MpoTu opaHKu roBopsATh AaHi WoA0 3BiNbLUEHHS IHTEH-
CMBHOCTI epoaii. B ymosax lNpaBobepexHoro Jlicocteny npw npo-
BeZieHHi NogibHMX JocnimkeHb BCTAHOBIEHO, LLO Ha BapiaHTi 6e3
00pobiTKy FpyHTY Ha yYac 3BMpaHHs KyKypyasw 3anacyu npogyk-
TMBHOI BONOrM y MeTpoBomy wapi cknaganu 109 mm (Tomashuk,
2019). HaykoBusimu 3a3HaueHo, wwo Big AO ribpuais 3anexanu
TaKi NOKA3HMKN K (DOTOCMHTETUYHMIA MOTEHLian, NPUPOCTM Kope-
HEeBOI cuCTeMM Ta HapgaeMHoi macu pocnmH. O. B. Tomallyk y
CBOii1 poboTi roBopuTh NPo BinbLue Ha 25 % HaKoMMYEHHS BONOTY
3a no-till Ha nepiog 36upaHHs 3epHa kykypyasw B ymoBax [paso-
BepexHoro Jlicocteny (Tomashuk, 2019). Hawi x pesynbtaty,
L0 OTPUMaHi B ymMOBaXx niBHIYHO-CXigHoro JlisobepexHoro Jlico-
CTeny He MokasytoTb Takoi TeHAeHLii. Tpeba BigMITUTM nocyL-
NMBICTb YMOB MICLii NPOBEAEHHSA HALUMX AOCTIMKEHb, B Liel Yac
y wapi 0—100 cm maemo 34,0—37,3 MM 3 MaKCUManbHUM NOKa3-
Hukom 3a 06pobitky KI[-2,0, xoua y 2019 poui 3a no-till 3anacw
Bonorn 6ynu GinblumMK 3a NokasHWkM Ha opaHui (32,1 mMm) Ta
Besnonnuesux 0bpobitkis (36,8—38,2 Mm).

O. AkyHiH y CTenoBil 30Hi Ha YOPHO3eMi 3BUYANHOMY Ma-
norymycHomy otpumas 3a no-till 3HWxXeHHS BpoXanHoCTi,
nopiBHAHO 3 opaHkot Ha 0,66—0,89 t/ra (Yakunin et al., 2015).
3amiHa opaHKu Ha cnywyBaHHs 6e3 obepTaHHs nnacta 3bepirae
Binblwe Bornoru Ha 16 Mm, 3a AuckyBaHHa Ha 14—16 cM MeHLwe
Ha 4 Mm.

£k BUOHO 3 MOPIBHANBLHOTO aHanidy, EAUHOI JyMKW BYe-
HWX HEeMae LLoA0 0BpaHHS KOHKPETHOrO Cnocoby OCHOBHOMO
0Bp0biTKY rpyHTY, OCKINbKW BYEHI OTPUMYIOTb Pi3Hi PiBHI BpOXaii-
HOCTi Ta YacTKy BMIMBY HA MOKA3HMKW POLIOHOCTI IPYHTY 3aneXHO
Bif rifpOTEPMIYHNX YMOB POKY, IpaHynoMeTPUYHOTO Ta XiMiYHOro
cknagy fpyHTy, 3abyp’sHeHoCTi nociBiB, 3abe3neyeHHs pocnuH
MaKpo- Ta MiKpoenemeHTamu Ta iH.

BucHoBku. BcTaHOBNEHO, LU0 NOrOAHI yMOBM BereTain-
HWX nepiodiB Kykypyasn y cepepHbomy 3a 2018—2019 pp. cyt-
TEBO BIiApI3HANNCA Big cepeaHbo-b6aratopiuHux: Bynu gyxe no-
cywnmsi ('K =0,57) 3 KonvBaHHAM Big AyXe MOCYLIIMBUX Y
2018 i 2019 p. (I'TK=0,45-0,46) Ta nocywnmeux y 2020 p.
(F'TK'=10,80). Le, B cBot yepry, niMiTyBano pocimHu y Bupa-
KEHHI X reHEeTUYHOro MoTeHLiany, ane, TUM He MeHLL, Y Takux
yMOBax ribpuam Kykypyasu BiTYM3HSHOI Cenekuii 3naTHi fasatu
Ha hoHi N10oP4sKas 9,4—7,78 T/ra 3 BOCTOBIPHOK 3aNEXHICTIO Bif
3HaveHb ix OAQ.

BusHayeHo, L0 BeNMYMHA CyMapHOrO BOJOCMOXMBAHHS
He 3anexana Big cnocobiB OCHOBHOrO 0BPOGITKY IPyHTY Ta
BM3Havanacs cymoto atmoctepHux onagis. ibpuan 3opsHui i
Neneka Manu HalBuLLY YpOXaWHICTb Ha OpaHLli, a ypoxariHicTb
3epHa ribpuay [loHop He 3anexana Big cnocobiB OCHOBHOMO
00pOoBiTKy IPYHTY Y BCi POKW LOCHimKEHD.
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BpaxoBytoun HecTabinbHiCTb BUNAAiHHA onadiB Ta no- | [PYHTY Ta BONorosabesneyeHocTi kykypyasn BITYM3HAHOI cenek-
CyLUMBI YMOBU NPOTArOM BETETALiHOMO Nepiogy B OCTaHHI poku, | Ui
LOCnifxeHHs ByayTb NPOLOBXEHi NS BCTAHOBMNEHHS 06rpyHTO-
BaHOr0 BVCHOBKY YaCTKu BNAMBY Cnocobis OCHOBHOTO 0BPOBiTKy
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Petrenko S. V., PhD student, Sumy National Agrarian University, Sumy, Ukraine

SOIL WATER REGIME IN THE FIELDS OF CORN FIELDS UNDER DIFFERENT TILLAGE PRACTICES

The results of ecological tests of corn hybrids of Ukrainian selection under different methods of main tillage (moldboard plough-
ing to a depth of 25—27 cm, minimal tillage (disc and sweep), to a depth of 14—16 cm, no-till) are presented. The research was con-
ducted in the experimental field of the Department of Arable farming of the Institute of Agriculture of the North-East of Ukraine on
chernozem typical silt loam on loess (content of humus by Tyurin 4,1—4,7 % pHkci 6,0, pHrzo 7,9). 2018—2020 years of research were
significantly warmer than the average long-term indexes during May-September. It was found that the weather conditions of the growing
season of corn on average for 2018—-2019 were characterized as very arid (hydrothermal coefficient HTC = 0.57) with ranging from
very arid in 2018 and 2019 (HTC = 0.45—0.46) to arid in 2020 (HTC = 0.80). It was determined that the value of total water consumption
did not depend on the methods of tillage and, under other equal factors, determined by the total precipitation and ranged from 245.4—
252.2 mm with precipitation of 110.4 mm to 319.1-321, 4 mm at 230 mm.

It is established that the influence of precipitation in the structure of total water consumption depends on their amounts and if
it were about 44.2—45.0 % at precipitation of 110.4 mm, with 230.0 mm would be 71.6-73.1 %. On that account, a portion of the total
water consumption from 0—50 c¢m soil layer did not depend on precipitation and in the average was 0.77-0.79.

In 2018—2020, corn hybrids of Ukrainian selection with N1ooPasKas-ferilizers formed quite high yields (9.40-7.78 t/ha) with a
significant dependence on FAO. The yield of hybrid Donor (FAQO 310) did not depend on tillage, while hybrids Zoryany (FAO 190) and
Leleka (FAQO 260) gave the highest yields on ploughing plots without significant responce to other methods of basic tillage. The Donor
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hybrid formed a statistically equal yield on all variants in all years of research.
Key words: corn hybrids, Zea maize L., precipitation, soil moisture, soil tillage, total water consumption, yield.
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Tpumukare sipe 8 3epHO8OMY KOMNIeKci gidizpae 3Ha4yHy cmabinizyroyy ponb y 8upobHUYMEi npodosonb4020 3epHa. Hegu-
coka gubaznugicmb mpumukasne spo2o 00 nonepedHuKie, rpyHMOBUX yMO8, MEXHiYHa ma Kopmoea UiHHICMb 3epHa, nideuujeHa
cmitikicmb 0o xeopob datome MoXUgiCMb nideuLUMU 8UPOBHULMEBO 3ePHa.

LocnioxeHHsamu nepedbadanock 8UKOPUCMAaHHS 2eHEMUYHO20 NOMEHUiasy 8LCOKOI 8pOXaliHOCMI NOPIBHSIHO HO8OI 36PHOBOI
Kynbmypu — mpumukarne sipoeo, Wo po3WUPIOE MOXIUgocmi eupobHuUymea Yucmoi npodykuii i cmabinizye puHok ekonoeiyHo beane-
YHO20 NP000BOIILYO20 3ePHa.

Copmu mpumukarne apo20 Masnu y cepedHboMY 8azy POCIUHU y Mexax 2,4—3,0 2. Halibinbwa 8aza pociuHU cnocmepieanacs
y copmy [ycap xapkiecekuli — 3,0 2. B cepedHbomy 3a poku A0CriOxKeHb MaKCUMabHOK 832010 KOIOCY MpUmuKasne po2o 8UpI3Hs-
nucs pociuHu copmy 'ycap xapkiscokull — 2,0 2. MeHuwi 3Ha4eHHs 8a2u KOIOCY POC/IUH 8U3HaYeHi y copmig 3nim xapkiscbkull ma
bopugimep xapkiscbkutl — 1,9, 1,8 2 8idnosioHo. EkcnepumenmarnbHi OaHi ceiddams, wo Halidoswuli konoc (y cepedHbomy 9,5 cm)
Manu pocnuHu y apiaHmi 3 copmom [ycap xapkigcbkull. HalimeHwly macy 3epHa 3 Koiocy ¢hopMysanu pocIuHU mpumukasne spo2o
y copmy bopusimep xapkiscbkuli (1,2 2), Halbinbwy y copmy l'ycap xapkiecbkul (1,4 ). Kinbkicmb 3epeH y konoci konusanacs 8
mexax 32,8—35,0 wm. Halibinbuwy Kinbkicmb 3epeH y konoci hopmysasnu pocruHu copmy 'ycap xapkiecekuli — 35 wm. Pasom 3 mum,
8cmaHoeeHo, wo Halbinbwor macow 1000 3epeH 8iOpi3HANUCA pociuHU y nocieax copmy [ycap xapkigcskull — 40,0 2. Makcu-
ManbHy ypoxalHicmb y cepedHbomy 3a nepiod docnidxeHb hopmysas copm [ycap xapkiecekuli 4,76 m/ea. Copmu bopusimep xap-
KiecbKuli ma 3n1im xapkiecekull 3abesnequnu ypoxalHicms Ha pigHi 4,08, 4,49 m/za, 8idnogidHo.

Bmicm cupoi knelikoguHu y 3epHi mpumukare spo2o y poku npogedeHHs docnioxeHb bynu Ha pieHi 24,92-26,21 %. Copmosi
ocobnugocmi nnuganu Ha emicm KnelikoguHU y 3epHi mpumukasne. 3epHo 3 HallguWUM 8MICMOM KTelKOBUHU OMPUMaHO y copmy
[ycap Xapkigebkuti — 26,21 %, wo binbwe Ha 1,25 %, Hix y copmy 3nim xapkiecekuli ma Ha 1,29 % y copmy bopusimep xapkigcbkud.
Bwmicm 6inka y 3epHi mpumukane spoeo Konueascs y Mexax 12,67—13,63 %. Halibinbwa kinbkicms 6inka y 3epHi mpumukane spo2o
ompumana y copmy I'ycap xapkigcbkull — 13,53 %. dewo Huxyul emicm binka ompumaHo y copmie 3nim xapkiecbkuti — 12,75 % ma
Bopusimep xapkigcokuti — 12,57 %.

Kpawi ymosu Onsi pocmy, po3gumky i (hopMmysaHHs 8pOXalo mpumukane spoe0 CKnanucs Ha eapiaHmi 3 copmom [ycap
xapkiecokull. JaHuti copm 3abe3neyus MakcumarnbHy ypoxaliHicms y cepedHboMy 3a nepiod docnidxeHs 4,76 m/ea 3 Kifbkicmio 3e-
peH 6 konoci 35 wm. ma macoto 1000 HaciHuH 40,0 2. Y 3epHi copmy ['ycap xapkieCbKuli 8idMiYeHO MakcuMasbHy Kifbkicmb KielKo-
8UHU 26,21 % i3 emicmom binka 13,53 %.

Knroyoei cnoea: 8aza 3epHa y konoci, Yucrno 3epeH y konoci, maca 1000 HaciHuH, ypoxalHicmb, emicm bifika ma Kneliko-
8UHLU.

DOI: https://doi.org/10.32782/agrobio.2020.3.4

Beryn. Monoga B eBOMOLIMHOMY BiJHOLLEHHI KynbTypa
TpUTWKane sipe NOCTYNoBO 3ailMae NEeBHi No3uLii y CinbCbkoroc-
NoAapCLKOMY BUPOBHULTBI 3aBASKM BUCOKOMY TEHETUMHOMY MO-
TeHLiany ypoxaiHoCTi i SKOCTi 3epHa. BHacnifok HasiBHOCTI re-
HETWYHOrO MaTepiarny XuTa i NeHuLi B ApOMYy TpUTUKane Baano
MOEOHYIOTHCA O3HAKW BUCOKOI AKOCTI 3epHa Ta aaanTUBHOCTI A0
HECNPUSATIIMBUX YMOB BMPOLLYYBAHHS, @ TaKOX CTIMKOCTi O OCHO-
BHUX XBOpOD i BMTPWMBANOCTI [0 MOLIKOMKEHHS LUKIOHAKAMM
(Kapustina et al., 2008).

BupoLwytoTb Tputukane B YkpaiHi nepesaxHo B [lonicci i
TNicocteny (Olijnyk, 2018). TpuTukane BUPI3HAETHCS LUMPOKUM
AianasoHoM BUKOPUCTaHHSA Yy HAPOAHOMY rocnofapcTsi fK 3ep-
HodbypaxHa, npofoBonbYa i kopMosa KynbTypa (Barnett et al.,
2006; Radchenko et al., 2018).

TpuTukane sipe y 3epHOBOMY KOMMNEKCI Bidirpae 3HauHy

BicHuk CyMmcbKoro HaulioHanbHOro arpapHoro yHiBepcurteTty

cTabinisytouy ponb y BUpOOGHULTBI MPOAOBONLYONO 3epHa. Hesu-
coka BMOarnmBicTb TpUTMKane Sporo O NONepeaHuKIB, IpyHTO-
BWUX YMOB, TEXHiYHA Ta KOPMOBAa LiHHICTb 3epHa, NiABULLEHA
CTiKICTb [0 XBOpPOO AalTb MOXMMBICTL NiABUWMTKA BMPOD-
HWLTBO 3epHa 3@ paxyHOK BUKOPUCTaHHS MOCIBHWX MMOLL, SKi He
nigxoasTb 4n15 BUpoOLLyBaHHS nwerudi (Rjabchun et al., 2015).
[na spux KynbTyp OCHOBHUM NiMITYIOMMM (DaKTOPOM €
4acTo MOBTOPIOBaHI BECHSHI Ta NiTHI nocyxu. 3 iHworo Boky, y
psgi perionie (Moniccs, 3axigHui Jlicocten) nepiognyHo Binody-
BAETbCA HaAMipHE Nepe3BONOXEHHs nif Yac BereTauiiHoOro
nepiogy, ske CrpUYMHSIE BUNSraHHS POCIMH Ta PO3BUTOK 30yA-
HWKiB xBOpob. Tomy 0cobrmBoi akTyanmbHOCTi HabyBae CTBO-
PEHHsl COpTiB, afanToBaHWUX 40 abioTMYHMX (PaKTOpIB HaBKO-
MMLLHBOTO CEepefoBuLLa 3 BUCOKAM TFEHETUYHUM MOTEHLianom
YPOXAMHOCTI, 30aTHUX NPOSIBATH MOrO 3a Pi3HUX NOTOAHUX YMOB
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(Tams et al., 2006; Butenko et al., 2019).

OcTaHHiM YacoMm, BUPOBHMKM POCAMHHULEKOT NPOAYKLi
BCe Oinblle CTUKAKTLCS 3 HEraTMBHUM BMAWBOM KMiMaTUYHUX
3MiH, 0cOBNMBO TakMx Sk YacTi mocyxu abo HagMipHe 3BOno-
XEHHS, JOBrOTpPMBari cneku, aHomarnbHo Tenni aumu (Macholdt &
Honermeier, 2016). [1o HaibinbLu puankoBaHNx abioTUYHUX hak-
TOPIB HanexaTb NOCyxa, XOnof, KUCMOTHICTb, 3aCONMeHICTb Ta
TOKCUYHICTb IPYHTIB. [1pK LibOMY, Cy4acHi COPTU TPUTHKaNe Sporo
€ AOCTaTHBO XONOZOCTINKUMM Ta TONEPaHTHUMM 10 HECMIPUATIIN-
BUX IpyHTOBMX yMOB (Blum, 2014). OgHieto 3 OCHOBHMX MPUYMH
3HAYHMX KONMBAHb YPOXANHOCTI € HeCTabinbHi yMOBM BONOro3a-
6esneyenHs (Munjonji et al., 2015; Djekic et al., 2011).

CopTy TpuTHKane Aporo XxapakTepu3yeTbCs BUCOKUM BMi-
ctom Ginka (13,0-13,1 %), Ta BpoxamHicTio noHag 5,0 T/ra
(Diordijeva et al., 2019). CyuacHi copTut TpuTUKane, 30Kpema yk-
paiHCbKOi Cenekuji, Big3Ha4atoTbCs 3banaHCoBaHICTIO He3aMiH-
HWX aMiHOKMCIIOT, NiABMLLEHUM BMIiCTOM bBinka, KapoTuHOiAiB, 3a-
BASKW YOMY 3€PHO i 3eneHy Macy LbOro 3Maky BUKOPUCTOBYHOTb
K KOMMOHEHT KOMBIKOPMIB, SKMiA 36iMbLUYE IXHIO MOXMBHY LiiH-
HicTb (Vasyljev, 2016; Ayalew et al., 2018).

[na makcumanbHOI peanisalii reHeTUYHOrO NoTeHLiany
COpTiB, SKUA cnipusTUMe (OPMYBaHHIO CTabiNbHO BUCOKMX Ypo-
*aiB 3epHa, HeobxigHo 3BinbLuyBaTH NOLLi NOCIBIB BUCOKOMPO-
LYKTUBHUX SIPWUX KOMOCOBMX KyNbTyp, MPUCKOPHOBaTW BMpOBa-
[PKEHHS Y BUPOOHMLITBO COPTIB HOBOMO NOKOMIHHS, afanToBaHWX
[0 arpoeKororiyH1X YMOB BUPOLLYBaHHS 3 LiHHAMM rocnogapchb-
KAMU BnacTMBOCTAMM i 03Hakamu (Jonnala et al., 2010; Gyrka et
al., 2016).

BukopucTaHHs copTiB Ta niHin TpUTMKane 3 NigBuLLEHOI0
YPOXaMHICTIO, CTIMKWX NMPOTU BUNSAraHHS, € BaXMMBUAM 3a YMOB
NiABWLLEHHS apUAHOCTI KNiMaTy Ta 3Ha4YHOro 30iNbLUEHHS NoLL
nociBy NpocanHuX KynbTyp (KyKypyasu, COi, COHSLLUHWKY Ta iH.)
(Estrada-Campuzano et al., 2012; Chernobaj et al., 2019).

Cenekuis TpuTukane poro Tpueae Y CBiTi 6nu3bko
50 pokie. Lle 3Ha4yHO KOPOTLIMIA Mepioa, MOPIBHAHO 3 iHLUMMK
KynbTypamn. BueHi 6araTbox kpaiH CBiTy 3aiiMalThbCA [o-
CRimKEHHAMN reHeTukw, disionorii i Gioximii, NpoBoAATL NOLWYK
MOXIWUBOCTEN MOKPALUEHHS L€l KyNbTypu, CTBOPEHHSI HOBOTO
BMXIBHOrO Ta CeneKLinHOro matepiany, po3pobki TEXHONOiN Bi-
poLLyBaHHs Ta BukopucTaHHs (Rjabchun et al., 2010).

Tputukane npusepTae go cebe ocobnuy yeary 3natHi-
CTIO NepeBepLLyBaTH CBOI GaTbKIBCHKI (hOPMUM 3a BPOXKANHICTIO
3epHa i 3eneHoi Macy Ta SKICTI0 NPoayKLi, a 3a CTIAKICTIO 40 He-
CMPUATINBUX PYHTOBO-KNIMATUYHUX YMOB, XONOZOCTINKICTIO,
KOMMIIEKCHUM iMyHITETOM [0 rpBKOBIX 3aXBOPIOBaHbL Mae nepe-
Baru Hag HumuK (Kononenko, 2016; Rybalka et al., 2015; Bilitjuk
et al., 2004; Stankov et al., 2015).

TpuTukane — neplua LWTY4HO CTBOPEHA JIIOAMHOK 3ep-
HOBa KyNbTypa, sika Mae NpUAATHICTb 4O BMPOLLYBaHHS Ha bia-
HAX WOOo 3abe3neyeHHs enemeHTami XMBIEHHS [pyHTax
(Bilitjuk, 2006; Kalens'ka et al., 2018). Lito kynbTypy BigpisHsie

30aTHICTb e(PeKTUBHO BUKOPUCTOBYBATU E€NEMEHTU KUBMEHHS
[06puB Ta iHWI hakTopu iHTeHCUdikaLii TeXHONOri BUPOLLY-
BaHHA, 3abesneyyloun BUCOKY YPOXKaWHICTb Ta SKICTb 3epHa
(Kalens'ka & Kononjuk, 1996; Kalens'ka et al., 2010).

MeTa gocnimKeHHs — MakcumarbHe BUKOPUCTaHHS reHe-
TUYHOTO NOTEHLiany BUCOKOI BPOKAMHOCTI MOPIBHAHO HOBOI 3ep-
HOBOI KyNbTYpy — TPUTWKANE SpOro, L0 PO3LLMPIOE MOXITUBOCTI
BUPOOHULTBA YMCTOI NpOAyKLii i cTabiniaye pUHOK eKomoriYHo
BesneyHoro NpoAoBONbLYOro 3epHa.

Matepianu i meToau pocnimkeHb. [JocnimKkeHHs npo-
BOAMIMCS Ha basi HaB4arbHO-HAyKOBOrO BUPOBHMYOrO LEHTPY
CyMCbKOrO0 HaLjioHaNbHOo arpapHOro YHIBEpPCUTETY 3a 3aranbHo
npuiHaTuMm metogukamu (Dospehov, 1985) npotarom 2019—
2020 pp. I'pyHTM [OCTIAHOTO NONS — YOPHO3EM TUMOBMI MOTYX-
HW BAXXKOCYTTIMHKOBWIA CEPEaHbOrYMYCHUI, SKUI XapaKTepuay-
€TbCS TaKMMW NOKa3HWKamu: BMICT rymMycy B OpHOMY Liapi (3a
. B.Tiopunum) — 4,0 %, peakujist FpyHTOBOTO po34nHy Bnin3bka 4o
HemnTpanbHoi (pH 6,5), BMICT nerkorigponiaosaHoro asoty (3a
. B. TiopuHum) 9,0 mr, pyxomoro choccpopy i 06MiHHOrO Kanito (3a
®. Ynpikosum) BignosigHo14 mri 6,7 mr Ha 100 rpyHTy.

O6'ekToM JOCTiZXKEHHS BUCTYNanW HacTynHi coptu: bo-
PUBITEP XapKIBCbKWIA, 3MIT XapKiBCbKMiA, [ycap xapkiBCcbkuit. Io-
nepeaHuk — cos. CisBy TpuTikane sporo NpoBOAUIM B ONTMMa-
NbHi Ans 30HK cTpoky ciBankoto KneH — 1,5 Ha rnbuHy 3-4 cwm, 3
HOPMOLO BUCIBY 5,0 MITH. CXOXWX HaCiHWH Ha 1 ra. MiHepanbHi go-
BpvBa BHOCWUNW Y NEPEANOCIBHY KynbTWBALil0 y BUrAsALi HITpOa-
modocku Na2P32Kso.

3aranbHa nnowa AinsHku ctaHouna 50 M2, obnikosa
30 M2, NOBTOPHICTb AoCniay Tpypasosa. Po3MilLeHHs 4iNsHOK cu-
CTeMaTuuHe.

Mg yac peHONOrYHMX CnoCTEPEeXeHb 3a NoYaToK dhasu
POCTY i PO3BUTKY POCAMH TPUTUKANE SpOro NpUiManit HasBHICTb
il He meHwe HixX y 10 % pocnuH, 3a noBHy — 75 %. [uHamiky
HapOCTaHHS HaJi3eMHOI Macu BWU3Ha4anu B OCHOBHI ¢hasn pocTy
i po3suTKy Lnsxom Bigbopy 10 pocnnH y TMNOBKX MiCLAX Ha
[iNsiHKaX y [BOX HECYMICHUX NOBTOPEHHSX. YPOXaMHICTb TPUTK-
kane siporo 06nikoByBanM MeTOLOM CyLiNbHOrO 30MpaHHs i 38a-
XKYBaHHS 3 KOXKHOT JinsHKY.

PesynbTat. Y 36inblueHi ypoxaiHOCTi BENMWKE 3Ha-
YEHHS Mae CXOXICTb HACIHHS, OCKISlbKW BOHA € BUXiQHUM NOKas-
HWKOM Y (hOpMYBaHHi ONMTUManbHOI rycToTu pocnuH. Monbosa
CXOXICTb TPUTUKANe APOro 3aNexHO Bif COPTOBMX 0COONMBOCTEN
craHoBuna B Mexax 82,0-92,0 %. HaibinbLua nonboBa CXoxicTb
craHosuna y copty 3niT xapkiscbkuii — 92,0 %, a HaimeHwa y
copty bopuiTep xapkiscbkuit — 82,0 %.

l'ycToTa CTOSIHHA POCMWH KonuBanacb y Mexax 410—
460 wwr./m2. Hanbinblua ryctota CTaHOBWMA Y COPTY 3iT XapkiB-
Cbkui — 460 WwT./m2, Wwo GinbLue, nopiBHSHO 3 copTom 'ycap xap-
KiBCbkuid Ha 8,7 % (420 wwT./M2), 3 copToM BopuBiTEP XapKIBCHKNN
Ha 10,8 % (410 wt/m2) (Tabn. 1).

Tabnuua 1

['ycTOTa CTOSIHHSA POCIMH TPUTUKAIe APOTo 3aNexHO Bif COPTOBKX ocobnmeocTei (cepepHe 3a 2019—2020 pp.)

Copt lMonboBa CXoxXicTb, % ['ycTOTa CTOSIHHS POCTNH, LUT/M? 36;5;);(%&% pocwH 3a nepion Ber?/:au,i'l'
BopuBiTep xapkiBCbKui 820+21 4100+6,5 340,0+4,2 829+22
3niT XapKiBCbKWI 92,0+3,2 460,0+7,8 3450+ 4,0 75,0+ 31
l'ycap XapkiBCbkuit 840+1,8 420,0+7,0 340,0+ 3,8 809+20

®opMyBaHHS KiHLIEBOI T'YCTOTU CTOSIHHS, ike 0ByMOBIoe
NPOAYKTUBHICTb NOCIBY, € PYHKLIE Ail HA POCAMHK, MiCAS NOSBY
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fiB. 36epexeHiCTb pocnuH 3a nepiof BereTalii no coprax komnu-
Banacb y mexax 75,0-82,9 %. Tak, Hanbinblia 3bepexeHicTb
POCNUH OTpUMaHa Ha BapiaHTi 3 copToM BopuBiTep xapKiBCbKuiA
— 82,9 %. Y copty 3niT xapkiBCbkuid 36epexeHiCTb POCAMH CTa-
HoBuna 75,0 %, y copty I'ycap xapkiecekuii 80,9 % (tabn 1).

HapaseMHa mMaca y XUTTi pOCIUH Bifirpae BUKIIOYHO BaX-
NWBY POnb, afKe 3 Hel 4Nns YTBOPEHHS NPOAYKTUBHOI YaCTUHM
BPOXato BOHU MOBINi3y0Tb BYrneBoam i a30TOBMICHI peYOBUHM.
®opMyBaHHs 3HAYHOT BEreTaTUBHOI Macy BXXe 3 NepLunx a3 po-
CTY 1 PO3BUTKY POCMUH € NEPEYMOBOI OAEPKaHHS! BUCOKMX |
CTanux piBHIB ypoxalo. |3 NOCTIMHWUM OHOBINEHHSAM | BNPOBaMKEH-
HAIM Y BUPOBHULITBO HOBMX BMCOKOMPOLYKTUBHWX COPTIB TPUTH-
kane sporo BUHMKae noTpeba BCTAHOBUTH, SIK 3MiHIOKOTLCS NOKa3-
HWKM (DOTOCUHTETUYHOI AiSNbHOCTI.

lrowa nMCTKOBOI NOBEPXHi TpUTUKAme sporo MOMITHO

3pocTana [0 ¢asn KOroCiHHS, NPUYOMY 3 HAUMEHLLOH iIHTEHCK-
BHICTIO NPUPOCTY NIOLL BiA BUXOAY B TPYBKY [0 KONOCIHHS. BeTa-
HOBMEHO, LU0 HabinbLL aKTUBHO (hPOPMYETLCS MMOLLA IUCTS Ha
BapiaHTax i3 copTom lN'ycap xapkicbkuit. Tak, y asy KyLUiHHS
MoLLa SIMCTKOBOT NOBEPXHI POCNHM Y copTy 'ycap XapKiBCbKuiA
craHoBuna 20,2 cm2, copTie bopuBiTep xapkiecbkuid Ta 3niT Xap-
kiBcbkuit — 15,7, 17,9 cm?, BignosigHo. Y a3y Buxig B TpybKy
HanbinbLL akTWBHO (hopMyBanach NroLla NMCTKOBOI NMOBEPXHI Y
copty lycap xapkiecbkuit — 85,6 cm2, wo Oinblwe Ha 1,2 Ta
5,4 cM2, Hix y copTiB 3niT xapKiBCbkWin Ta BOpMBITEP XapKiBCLKMNA,
BigMnoBiaHO. Y a3y KOMOCIHHSA Mrowa AMCTKOBOI MOBEPXHi Y
copty 'ycap xapkiBcbkuii cknana — 97,3 cm2, copTy 3niT xapkis-
cokuit — 95,8 cm2, copty Bopusitep xapkiBcbkuin — 94,2 cm?
(puc. 1).
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Puc. 1. uHamika hopmyBaHHS (POTOCMHTETUYHOI NOBEPXHi POCNIMHAMM TPUTUKANe Sporo
3anexHo Big copToBux ocobnneocTeit, cm? (cepeaHe 3a 2019—-2020 pp.).

3a poku NpoBeeHHs JOCMiMKEHb Ha NociBax TpUTHUKane
SPOro BU3HaYeHO napameTpy OPMyBaHHS eneMeHTIB Npoayk-
TUBHOCTI POCTIMH, 3aMEXHO Bif COPTOBKX 0COBNMBOCTEN. |3 TPbOX
LOCTIKyBaHUX COPTIB Y CEPESHbOMY 3a POKM BMPOLLYBAHHS Y
a3y KyLLieHHs BinbLLOi BUCOTU SOCATIN POCIIMHM COPTY 3NiT Xa-
PKIiBCbKMI —25,4 CM, AELLO MEHLLOIO BUCOTOK BMPI3HANMCA poc-
nuHK copty Nycap xapkicbkuil — 24,2 cm Ta copTy BopusiTep xa-
PKIiBCbKUI — 23,6 CM.

Y a3y Buxig B TpyOKy y CepedHbOMy 3a pokuM [0-
CRimKeHb MaKCUManbHOK BUCOTO0 BUPI3HANUCS POCIMHN COPTY

BicHuk CyMmcbKoro HaulioHanbHOro arpapHoOro yHiBepcurteTy

l'ycap xapkiBcbkuil — 52,4 cM. MeHLUi 3Ha4eHHs BUCOTW POCTWH
BigMiyeHi y copTiB 3niT xapkiBcbkuil Ta BopuBiTEP XapKiBCbKUIA —
48,2, 47,6 cm, BiAnoBiAHo.

Y ha3y KONOCIHHS i3 JOCMiAKYBaHUX HAMU COPTIB TPUTU-
kane siporo y cepeHbOMY 3a POKM AOCHIMKEHb HaMBHLLA BUCOTA
pocrnuH cnocTepiranacs y copty l'ycap xapkicbkuii — 96,2 cm,
Lo BinbLue Ha 3,2 cM, Hix y copTy 3niT XapkiBCbkWi Ta Ha 4,4 ¢M
y copTy bopuBiTep xapkiecbkuii (puc. 2).
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Puc. 2. BucoTa pocnvH TpuTuKane siporo 3anexHo Bif copToBux ocobnneocTen, cm (cepenHe 3a 2019—-2020 pp.).

CopTu TpuUTWKane iporo Manu y cepepHbOMy Bary poc-
nuHKn y mexax 2,4—3,0 r. Haibinblua Bara pocnvHmM croctepira-
nacs 'y copty l'ycap xapkiecbkuin — 3,0 1. B cepeaHboMy 3a poku
BOCMKEHb MAKCUMATbHOI0 Baroio KOMOCY TPUTUKane Sporo Bu-
pisHANNCA pocnuHm copTy 'ycap xapkiBcokii — 2,0 1. MeHLwi 3Ha-
YeHHs! Baru KONloCy POCIH BU3HAYEHI Y COPTiB 3NiT XapKiBChKiA

Ta bopusitep xapkiscbkuit — 1,9, 1,8 r BignosigHo. Ekcnepume-
TanbHi AaHi ceigyaTb, WO HaWgoBWKA Konmoc (y cepesHboMy
9,5 cm) maru y BapiaHTi 3 copTom lNycap xapkiBcbkuia. Y copTis
3niT xapkiBCbkuii Ta BOpUMBITEP XapKiBCHKWA LOBXWHA KOMOCY
3veHLwwyBanacs Ha 1,3 Ta 2,1 cm, BignosigHo (Tabn. 2).

Tabnuus 2

Bara pocnuHu Ta konocy, AOBXWHA KOMOCY POCHWH TPUTUKANE SPOro 3anexHo Big COPTOBUX 0COBNMBOCTEN

(cepeaHe 3a 2019-2020 pp.)

COpT Bara POCNNHK, T Bara Konocy, r ,D,OB)KVIHa Konocy, cMm
bopuBsiTep XapKiBCbKMI 24 1,8 7.4
3niT XapKiBCbKMiA 29 1.9 8,2
'ycap XapkiBcbkuit 3,0 2,0 9,5
HIPos 0,31 0,28 0,54

HainbinbLu B3HavanbHUMY 415 OpMyBaHHS YpoxanHo-
CTi TpUTUKane Sporo BBaXaloTbCA Taki ENEMEHTH CTPYKTYpU BpO-
Xalo, fK KinbKiCTb i Maca 3epeH 3 OAHOro konoca Ta Maca
1000 3epeH.

HaiimeHLy macy 3epHa 3 kornocy (popmyBanu poCivHM
TpUTMKane sporo y copty bopusitep xapkiscbkui (1,2 1), Hanbi-
nbly y copty lN'ycap xapkiscbkui (1,4 r). KinbkicTb 3epeH y konoci
konmBanach y Mexax 32,8—35,0 wT. HanbinbLuy KinbkicTb 3epeH

B KOMoCi hopMyBanu pocnuHu copTy ycap xapkiBcbkui — 35 LT.
[eLLo HuxYy KiNbKiCTb 3epeH B KOMOCi 0TpUMaHo B copTia bopu-
BiTEp XapKiBCbku — 32,8 WT Ta 3niT xapkiBcbkui 34,5 LWT. Pasom
3 TUM, BCTAHOBMEHO, WO HanbinbLwoto macot 1000 3epeH Bigpi-
3HAMMUCS pocnuHK y nocisax copty Mycap xapkiscbkuit — 40,0 T.
Hanmenwy macy 1000 3epeH manu pocninHu copTy Bopusitep
XapKiBcbkuii — 36,6 r (Tabn. 3).

Tabnuusa 3

CTPYKTYpHi NOKa3HWKM POCMIMH TPUTUKANE SPOro 3amnexHo Bif COpTOBKX ocobnmeocTel (cepeaHe 3a 2019—2020 pp.)

Copt Bara 3epHa y konoci, r Yucno 3epeH y Konoci, Wr. Maca 1000 wr., r
bopwBiTep xapkiBcbkui 1,2 32,8 36,6
3niT xapKiBCbKuit 1,3 34,5 37,7
'ycap XapkiBcbkuit 14 35,0 40,0
HIPos 0,3 1,29 1,38

OCHOBHMMM MOKa3HWUKaMI NPOLYKTUBHOCTI CiNlbCbKOroC-
NOAAPCLKIX KYNbTYP € iX YpOXalHICTb, sika 3 TOUKM 30py BUPOG-
HWLTBA XapakTepusye BEnuuuHy npogykuii. AHanis oTpuMaHux
BPOXaWHUX JaHWUX CBiAYMTL NPO 3HAYHUI BNAUB COPTY Ha dop-
MyBaHHS Bpoxalo 3epHa. [laHi rpadika csiguaTthb, WO ypoxan-
HICTb COPTIB TPUTUKaNe Aporo y cepeaHbOMY cTaHoBuNa Big 4,08
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po 4,76 1/ra (HIPos = 0,32). MakcumarnbHy ypoXamHicTb y ce-
peaHbLOMY 3a nepiog AochimkeHb hopmyBas copT 'ycap xapkis-
cbkuii 4,76 T/ra. CopTtn BopusiTep xapkiBCbkWi Ta 3niT XapKiBChb-
ki 3abeaneunnu ypoxanHictb Ha pisHi 4,08, 4,49 T/ra, Bigno-
BigHO (puc. 3).

BicHuk CymcbKOro HauioHanbLHOro arpapHoro yHiBepcutety

Cepist «ArpoHomis i Gionorisiy, Bunyck 3 (41), 2020



Tira

47
4.4
4,1

38 —

1

3.5

476
4,49 |
4.08 o
. b B
Bopuemep  GNIT XapKIBCBKMA l'ycap

XaAPKIBCHKMHA

Copr

XAPKIBCEKWIA

Puc. 3. YpoxaitHiCTb 3epHa TpuTUKane Sporo 3anexHo Big copToBux ocobnusocTten, T/ra (cepeaHe 3a 2019—-2020 pp.).

FAkicTb 3epHa € iHTErpoBaHWUM MOKA3HWKOM B3aEMOfi
COPTY, NPUPOAHO-KMIMaTU4HNX 0COBNMBOCTEN, arpoOTEXHIYHNX Ta
OpraHi3ayinHo-eKOHOMIYHUX YMOB  BWPOLLYBaHHS TPUTUKane.
BMiCT cipoi KNenKkoBIHM B 3ePHI TpUTHKaNe SPOro B POKM NPOBe-
AEHHs focrimpxeHs Oynu Ha piBHi 24,92-26,21 % (HIPos = 0,34).

CopToBi 0COGNMBOCTI BNAMBANM Ha BMICT KNEAKOBUHW B 3€pHi
TpUTMKane. 3epHO 3 HaNBHLLWM BMICTOM KIEMKOBMHW OTPUMAHO
y copTy 'ycap XapkiBcbkuii — 26,21 %, wwo binbLue Ha 1,25 %, Hix
y copTy 3niT xapkiBcbkuin Ta Ha 1,29 % y copTy bopueitep xap-
KIBCbKUA.

Tabnuus 4
[oKa3HWKM SKOCTi 3epHa TPUTMKaIe POTro 3aNexHO Bif cOPTOBKX ocobnmeocTei (cepepHe 3a 2019-2020 pp.)
Copt BwmicT kneitkoBuHM, % BwmicT 6inka, %
BopuBiTep xapkiBCbKuit 24,92 12,57
3niT xapKiBCbKMi 24,96 12,75
l'ycap XapkiBCbkuii 26,21 13,53
HIPos 0,34 0,66

BwmicT Ginka y 3epHi TpUTMKane sporo KONMBaBCh B MEXax
12,57—13,53 % (HIPos = 0,66). Haibinblwa kinekicTs Ginka 8 3e-
PHi TpUTUKane Sporo oTpuMaHa y copTy lycap XapkiBCbkuid —
13,53 %. [eLlo Hwkumit BMICT Ginka OTpUMaHo y copTiB 3niT Xa-
pkiBcbkuid — 12,75 % Ta bopusiTep xapkiBcbkuid — 12,57 %.

O6roBopeHHs. BaxnuBok yMOBOIO CTBOPEHHS BUCOKMX
BPOXaiB € NiABULLEHHS NPOAYKTUBHOCTI (DOTOCUHTESY CiNbChKO-
rocnogapcbkux KynbTyp. Bigomo, wwo gobpe po3suHeHni oTto-
CMHTETUYHMIA anapaT, ONTUManbHWiA 3a 06’eMOM i AMHaMIKOI0 ¢y-
HKLOHYBaHHS, € BaXNWUBUM KPUTEPIEM BUCOKOI NPOLYKTUBHOCTI
Cy4acHWX COpTIiB Ha piBHi arpodiToLieHo3y. BiH noBuHeH 3abes-
neyyBaTV Halikpally poboTy 3a iHTEHCWBHICTIO Ta SKICTHO y BCi
baawn pocty i possuTky pocnmH (Nichiporovich, 1956). Mnowwa nn-
CTKIB TpuTMKane 3poctae Oo ¢asn KonociHHs (Blazhevych &
Kravchenko, 2010). IcHytOTb pi3Hi AYMKM LOAO NOPIBHAHHS NOKa-
3HUKIB aCUMINSALINHOT NNOLLi NIMCTKIB POCAIUH TPUTUKANe Sporo i
iHLLMX IPUX KONOCOBMX. 3@ PO3Mipamu1 NMCTKOBOTO anapary Tpu-
TKane iCTOTHO He BiBpi3HSETbCA Bid poauHHUX opm (Golub,
2007). Pasom i3 TuM, iCHye AymKka, LLO POCMINHM TPUTUKAIE SPOro
(POPMYIOTb MEHLLY MNOLLY NUCTKIB, NOPIBHAHO 3 HLLIMMU SpUMU
konocosumu (Len', 2009).

3a gaHumu M. B. MasypeHka npogyKTWBHICTb NOCIBIB Ta
nokasHuk abcomniTHO cyxoi Biomacy TpuTukane 3anexas binb-
LUIOK MIpOI0 Bif COPTY, HiX Big cuctemu yaobpeHHs abo CTpoky
ciBbu (Mazurenko & Novyc'ka, 2020). Ha BucoTy pocnmH Tputy-
kane siporo Be3nocepeaHLO BNNMBAKOTL COPTOBI 0c0bNMBOCTi. 3a
pesynbtatamu gocnigis PabuyH B. K. (Rjabchun, 2016) BucoTa
POCIWH COPTIB TPUTUKANE APOTO 3aneXuTb Big reHOTUMOBNX 0CO-
BrmBocTeit i konneaeTbes B Mexax 108—127 cwm.

lMepeBaxHa BiNbLLICTb 3pa3kiB XapakTepu3yeTbCs KOmo-

BicHuk CyMmcbKoro HaulioHanbHOro arpapHoOro yHiBepcurteTy

com 3aBgoBxku 10—12 cm. Takox 6ynu BuaineHi hopmu 3 KopoT-
KM KOMOCOM, JJOBXMHA KOO CTaHOBUTL 7 ¢M. Bigomo, o niwe-
HWUS cnenbTa, Mae Aosrun (18—20 cm) puxnuit konoc. B pesyrnb-
TaTi cXpeLLyBaHb TPUBWUAOBUX TPUTUKANE Ta CNENbTMU AesiKi i3 OT-
pUMaHuX opM Yycnaakyamu [OBroKONocCiCTb CnenbTu. Taki
thopmu Manu konoc gosxuHoto 16—17 cm. Ha gymky B. B. Mop-
ryHa, )opmu 3 JOBIMM PUXIIMM KOTIOCOM MatoTb HU3KY NepeBar.
Y HUX WBKMALLE BUCUXAE KOMOC nicns AOLLY, BHACAIAOK YOro 3HU-
KYETBCS CNPUMHATAMBICTb A0 XBOPOD. BoHu 3abesnevytoTb dop-
MYBaHHS KPYMHOrO 3epHa 3 NoKpaLLeHUMu TEXHOMOrYHUMM BNa-
CTUBOCTAMM. Y TakuX popM MiBMLLYETLCA (DEPTUNBHICTL Ta BPO-
xamHicTb (Morgun & Logvinenko, 1995).

CTBOpEHHS hopm TpuTMKane i3 4obpe 03epHEHUM KOmo-
COM € BaXINMBUM 3aBAAHHSM CENeKLii KynbTypy, OCKINbKK 3ep-
HOBa NPOAYKTUBHICTb TPUTUKANE TiCHO MOB'A3aHa 3 03EPHEHICTIO
konoca. binblwicTb KONEKUinHMX 3paskiB YOTUPUBMOOBUX TPUTH-
kane manu KinbkicTb 3epeH B konoci Big 42 no 54 wr. bynu
BigMiYeHi (hopMu, B SKUX KirnbKiCTb 3epeH B konoci carana 70 L.
CnocTepiranucst opmu, siKi XapakTepuayBanuch Yepe33epHu-
Liel Ta KiNbKicTio 3epeH B koroci meHwe 25 wr. (Korljuk et al.,
2002; Krajnov, 2003).

3a pesynbratamm pocnigie B. K. Ps6uyH (Rjabchun,
2016) maca 1000 3epeH copTiB bopuBiTep xapkiBcbkui, Bons xa-
pkiscbka cTaHoBuna 36,7 r. B pocmigax C. M. KaneHcbkoi
(Kalens'ka et al., 2010) maca 1000 3epeH TpuTLKane Sporo Konu-
Banacb B Mexax 36,6—40,1r.

3a pesynbratamu gocnigkeHb B. K. PabuyH (Rjabchun
et al., 2017) cepeaHs ypoxanHicTb COPTIB TpUTUKane Sporo 3a
pokM pocnigpkeHb ctaHoBuna 4,07 T/ra. Haibinbl cnpustiu-
BUMM A1 hOpMyBaHHsI ypoxaiHocTi Bynm ymosu 2014 p., npo
LLIO CBiAYMTL MOKa3HWUK CepeaHbOi YpoxkaiHocTi copris (5,82 T/ra
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3 KONMBaHHsAM 3a reHoTunamm i 5,13 go 6,36 1/ra). HaimeHwwy
YPOXaMHiCTb COpTH dhopmyBany y nocywnumsnx ymosax 2013 p.
-1,94 7/ra (8ig 1,35 go 2,45 1/ra). lMpu UbOMY, reHoTUNM No
pi3HOMY pearyBanu Ha 3MiHy yMOB CepefoBuLLa 3a pokamm Y ce-
PEeAHEOMY 3@ pOKaMu AOCTIZKEHb BULLY YPOXaWHICTb Manm
coptv 3niT  xapkiBcbkun (4,48 T/ra), Tycap XapKiBCbKMiA
(4,48 1/ra), bBopueitep xapkiscbkuin (4,46 T/ra), [apxniba
xapkiBcokuii (4,31 1/ra). Cepen HUX HalMeHLUe pearyBaB Ha
3MiHy YMOB CepepoBMLia COpT 3MiT XapKiBCbkui, a copT bo-
PVBITEP XapKiBCbKMIA BYB BinbLL NIacTUYHUM.

FAKICTb 3epHa XapaKTepu3yeTbCs CKNagHUM KOMMIEKCOM
hi3nk0-6ioNoriYHNX i XiMiKO-TEXHOMOMYHOTO BNACTUBOCTEN, 3BE-
BEHNX Yy CUCTEMY NEBHUX NOKa3HWKIB. FKICTb 3epHa, y nepLuy
yepry, 3anexuTb Bif rPyHTOBO-KNIMATUYHWUX YMOB i BionoriYHMX
ocobnueocTeit copty (Kalens'ka, 2001; Krjuchkova, 2012).

Mpw CTBOPEHHI HOBMX COPTIB TPUTMKane CTaBMIOCH Ha
BMPILLEHHS BaXnvBe 3aBAaHHs — MigBULLEHHS BMICTy Binka Ta
KNEMKOBIHM Y 3epHi 3@ PaxyHOK iHTPOrpecii y reHoTun rekcanso-
iOHWX TpUTWKane reHeTWYHOro Martepiany MWeHMUi cnenbTa
(Diordijeva et al., 2019).

Micns BMBEAEHHS COPTIB TpUTUKaNe Apoi cuTyaLlis kap-
OWHanbHO 3MiHUnacs: Bynu oTpumai dopmu, ki 3a isnyHUMK
noKasHUKaMK i SKICHUMM XapakTepucTikamu 3epHa Habnuxa-
NUCS 0 CUIBHUX MLUEHNLb, WO A€ MOXIUBICTb €GDEKTUBHO BU-
KOPUCTOBYBATH ii Ik OCHOBHY 3e€pHOBY KynbTypy (Lisnychyj, 2001;
Lisnychyj et al., 2002).

BucHoBku. 3a pesynbTatamu gocnimkeHb 6yno BCTaHo-
BIEHO, LU0 KpaLLli yMOBW A4S pOCTY, PO3BUTKY | POPMYBaHHS BPO-
al TpUTUKane SIporo CKnmanucs Ha BapiaHTi 3 copToM [ycap
XapKiBCbKMIA. [laHuii copT TpuUTUKane siporo 3abeaneums OTpu-
MaHHs MakcumanbHoi Barm pocnuuu 3,0 r, Bary konocy 2,0T,
Bary 3epHa y kornoci 1,4 r Ta goBxmHy konocy 9,5 cm. KinbkicTb
3epeH y konoci ctaHoBuna 35 wr. 3 macot 1000 HacikmH 40,0 T.
MakcumanbHy ypoXanHiCTb Yy CepegHbOMy 3a nepiog  4o-
cnigpxeHb opmyBaB copT 'ycap xapkiscbkui (4,76 1/ra). CopTu
BopuBiTep xapkiBcbkuin Ta 3niT XapkiBCbkuiA 3abe3neunnn ypo-
XalHicTb Ha pisHi 4,08, 4,49 T/ra BignosigHo. Y 3epHi copty ly-
Cap XapKiBCbKMIA BigMIYEHO MaKCUManbHY KinbKiCTb KNEMKOBUHM
26,21 % 3 BmicTom Ginka 13,53 %.
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REALIZATION OF POTENTIAL OF SPRING TRITICALE VARIETIES IN THE CONDITIONS OF THE NORTHEASTERN
PART OF THE FOREST STEPPE OF UKRAINE

Spring triticale in the grain complex plays a significant stabilizing role in food grain production. The fact that spring triticale is
low demanding to predecessors, soil conditions, technical and fodder value of grain, increased resistance to diseases makes it possible
to increase grain production.

The research envisaged the use of the genetic potential of high yields of a relatively new grain crop — spring triticale, which
expands the possibilities of producing pure products and stabilizes the market of ecologically safe food grain.

Varieties of spring triticale had an average plant weight in the range of 2.4-3.0 g. The greatest weight of the plant was observed
in the variety Husar Kharkivskyi — 3.0 g. On average, over the years of research, the maximum weight of the spring triticale ear was
distinguished by plants of the Husar Kharkivskyi variety — 2.0 g. Smaller values of plant ear weight were determined in the varieties
Zlit Kharkivskyi and Boryviter Kharkivskyi — 1.9, 1.8 g respectively. Experimental data show that the longest ear (on average 9.5 cm)
had plants in the variant with the variety Husar Kharkivskyi. The smallest mass of grain from the ear was formed by spring triticale
plants in the variety Boryviter Kharkivskyi (1.2 g), the largest one was in the variety Husar Kharkivskyi (1.4 g). The number of grains in
the ear ranged from 32.8 to 35,0 pieces. The largest number of grains in the ear was formed by plants of the Husar Kharkivskyi variety
— 35 pes. However, it was found that the largest mass of 1000 grains differed plants in crops of the variety Husar Kharkivskyi — 40.0 g.
On average the maximum yield during the research period was formed by the variety Husar Kharkivskyi — 4.76 t/ha. Varieties Boryviter
Kharkivskyi and Zlit Kharkivskyi provided yields of 4.08, 4.49 t/ha respectively.

The content of crude gluten in the grain of spring triticale in the years of research was at the level of 24.92—26.21 %. Varietal
characteristics affected the gluten content in triticale grain. Grain with the highest gluten content was obtained in the variety Husar
Kharkivskyi — 26.21 %, which is 1.25 % more than in the variety ZIit Kharkivskyi and 1.29 % in the variety Boryviter Kharkivskyi. The
protein content in the grain of spring triticale ranged from 12.57 to 13.53 %. The largest amount of protein in the spring triticale grain
was obtained in the variety Husar Kharkivskyi — 13.53%. Slightly lower protein content was obtained in the varieties Zlit Kharkivskyi —
12.75 % and Boryviter Kharkivskyi — 12.57 %.

The best conditions for growth, development and crop formation of spring triticale have developed on the variant with the Husar
Kharkivskyi variety. This variety provided the maximum yield on average for the research period of 4.76 t/ha with the number of grains
in the ear of 35 pcs and weight of 40.0 g for 1000 seeds. The maximum amount of gluten 26.21 % with a protein content of 13.53 %
was noted in the grain of the Husar Kharkivskyi variety.

Key words: grain weight in the ear, number of grains in the ear, weight of 1000 seeds, yield, protein and gluten content.

Llama Hadxo0xeHHs1 do pedakuii: 01.11.2020 p.
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3a pe3ynbmamamu nonbogux docnioxeHs 3annasu p. Xmenieka 6ins cin bacieka ma [MwiHduHe Pomercbk020 patioHy CymebKoi
obnacmi eneplue oxapakmepu3osaHo ii biopi3HoMaHImms ma 3anpoONOHO8aHO CMEOPEHHS 3aKa3HUKa MICUe8020 3HaueHHS «[TWiHYUHe.
®riopa, pocnuHHicmb ma hayHa Micyesocmi 8USYaNUCH i3 3aCMOCY8aHHAM 3a2aTbHONPUUHAMUX hrIOPUCMUYHUX, 26060MaHIYHUX,
300102iyHUX Memodie, 30KpeMa PeKo2HOCUUpPYysabHo20 ma demarbHO-MapuwpymHo20. BemarnosneHo, wo 6Ginbwy yacmury uiei
OinsHKU  3anfiagu  OXONJIOE  NOBIMPSAHO-800HA  POCIUHHICMb,  npedcmasnieHa MOHOBUOOBUMU  yepynogaHHaMU  Phragmites
australis (Cav.) Trin. ex Steud. Nowuperi mopeh’'aHucmi nyku i3 domiHyeaHHsiv Deshampsia caespitosa (L.) P. Beauv. Ha 080x kypaa-
Hax doMiHytomb 11y4HO-cmenosi yepynysaHHs 3 Halbinsworo pscHicmio Elytrigia repens (L.) Nevski, Festuca valesiaca Gaudin, Festuca
pratensis Huds., Poa pratensis L., Carex hirta L. BiomiyeHo, wjo y Mexax 3annasu akmugHo nowuproombcs depesa Alnus glutinosa L.
(Gaerth.), Salix fragilis L., Populus tremula L., Salix triandra L., Salix pentandra L.

AHani3 ghayHicmuyHoe0o ckrady mepumopii 3aceidyug wo Ha npupycrnosux dinsHkax nowupeHi Rana ridibunda Pallas, 1771
ma Rana tarrestris Nilsson, 1842. Y npubepexHili 30Hi mpannsembcsi Natrix natrix Linnaeus, 1758. Ha cyxodinbHux OinsiHkax
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gidmiveHo npedcmagHukie eudie Capreolus capreolus Linnaeus, 1758, Lepus europaeus Pallas, 1778, Vulpes vulpes Linnaeus, 1758.

Co30r02iyHa UiHHICMb NPONOHOBaH020 3akasHuka «[wiHduHe» nongeae y npucymHocmi y cknadi ghropu 2 8udie POCUH, 3aHe-
ceHux 0o «YepsoHoi kHueu YkpaiHu» — Dactylorhiza incarnata (L.) So6. i Dactylorhyza fuchsii (Druce) Soo. ma 23 eudig pocnuH, wjo
npedcmagneri y «YepsoHomy cnucky MCOI» i3 paHeom oxopoHu pigHs LC. [o cknady payHu exodums 27 gudis, Wo Matoms 0X0-
porHuti cmamyc MCOIT pietsi LC, 3 Hux 19 Hanexamb 00 cnuckig dodamky Il ma Ill bepHcbkoi kKoHeeHuii. Pesynbmamu nposedeHoi
2e0epaho-ecmemu4HOi ma Ncuxon0e0-eCMemu4HOi OUiHOK €8id4amb NPO 3Ha4YHy ecmemuyHy UiHHicmb naHOwagbmy 3annasu
p. Xmenieka 6insi ¢. bacieka ma c. lNwinyure 0 nidmeepdxyroms douinbHicmb 8KKYEHHS yiei mepumopii o cknady npupodHo-3a-

nogidHoz20 ¢hoHdy CymcbKoi obriacmi.

Knroyoei cnoea: npupodHO-3anosioHul hoHO, ekomnoziyHa Mepexa, NpupoOHi KOMNIEKCU, CO30/102i4Ha UiHHICMb.

DOI: https://doi.org/10.32782/agrobio.2020.3.5

Bcetyn. OpHieto 3 knto4oBux rnobansHux npobrem cboro-
LeHHst € 30epexeHHs 6iopi3HOMaHITTS ekocucTeM. Y 3B8'a3ky 3 ae-
rpagauielo CepefoBMLL, iCHYBAHHS. CMOCTEPIracTbCs 3HUKEHHS
YMCEmNbHOCTI OKPeMUX NonynaLin Ta BUMUpaHHs Buaie. (Hellweg
et. al., 2014; Dupuy & Vifiuales, 2018; Rabosky, 2009). Hacnig-
KOM 3HWKHEHHS BUAIB € pyNHAL|Sl HAsiBHUX EKOMOriYHMUX 3B A3KIB
Ta ferpagayjis NpUpoSHMX YrpynoBaHb A0 PiBHS, O YHEMOXMUB-
ntoe ixHe camosigHoenerHst (Dornelas, 2010; Brink, 2007; Salk et.
al., 2020; Magda et al., 2015; Sizykh, 2016). MoTpeba y 36epe-
XEHHi 6iOpi3HOMaHITTS € CkNaaoBo ofHiel 3 FnobanbHMX Linei
CcTanoro po3suTky, 3okpema uini-13 — «bopoTbba 3i 3miHOW
knimaTy», TOMy CBiTOBa CMiNbHOTA aKTUBHO AOMNY4aETHCA 0 pe-
anisaujii KoHuenuii npo GionoriyHe pisHOMaHITTS y KOHTEKCTi o-
kanbHux 3miH (Danielsen et. al., 2009; James, 2007; Alons, 2017;
Naeem et. al., 2016; Cardinale, 2012; Diaz et.al., 2006; James,
2007; Mace, 2012). 3rigHo po 3aranbHogepxaBHOi nporpamu
3bepexeHHst BiopisHomaHiTT Ha 2005—2025 pp. ogHWUM i3 oc-
HOBHMX HanpsAMKIB eKONOriYHOT NONITUKK B YKpaiHi € KOHTPOSb 3a
BUKOPUCTAHHSAM MPUPOLHUX PECYPCIB Ta 3HUKEHHS aHTPONOreH-
Horo Tucky Ha ekocuctemu. (Movchan, 2000). Ha nokansHomy
piBHi HanbINblW [JieBUM MexaHi3MoM 30epexeHHs GiopiaHo-
MaHITTa € 3anoBigaHHs npupogHux Teputopii (Marselle et. al.,
2020; Justus et. al., 2009; Sheljag-Sosonko & Dubyna, 2003;
Grodzyns'kyj, 2007).

[epxaBHOlO CTpaTerietd perioHanbHOr0 PO3BUTKY Ha
nepiog fo 2020 poky, 3aTBepmKEHO MocTaHoBOKW KabiHety
MinicTpiB Ykpaihu Big 6 cepnHs 2014 poky Ne 385, nepenbayeHo
30iNbLUEHHS YaCTKM 3anoBigHMX TepuTopii B Ykpaihi go 10,8 %y
2018 ta go 15 % y 2020 poui. Ha Teputopii Cymcbkoi obnacTi —
BigcoTok 3ano.igHocTi o 2020 poky — 18 %. Ha TenepiwHii yac
BiH CTaHOBWTb Onm3eko 7,5 % (Derzhavna stratehiya re-
hional'noho rozvytku..., 2014; Pryrodno-zapovidnyy fond
Sums’koyi oblasti, 2016).

Y 3B'A3Ky i3 BMLLE3a3HAYEHUM, aKTyarlbHUM € npoBe-
[eHHs 3ax0fiB, CPSMOBaHUX Ha CTBOPEHHS HOBWX TEPUTOPIN
npupoaHo-3anoBigHoro doxay (Sklyar & Sklyar, 2014; Sklyar &
Sklyar, 2016), a Takox ONTUMI3aLis BXe ICHYKUOi Mepexi
00’€exTiB 3 NpUpoaooxopoHHNM cTaTycoM (Sklyar & Sklyar, 2003).

Y Cymcbkin obnacti faHOMy NUTaHHIO MPUAINSETbCS 3HAYHa
yBara.

3 wjel TOYkM 30py LOCUTbL NEPCMEKTUBHOIO € TEPUTOPIS,
posTalloBaHa y PomeHcbkomy paitoni Cymcekoi obnacti 6ins
c. baciska Ta c. MwiHunHe, e npeacTaBneHi TMNOBI NPUPOAHI
KOMMIeKCH 3annaB Manux piyok Jlicocteny Ta penpeseHToBaHe
CBOEPIAHE, CO30MOMYHO LjHHE BiopisHOMaHITTSA. 3a nonepepHin
nepiog Yacy, 40 novaTKy AOCHigXeHb, MOB'A3aHMX i3 BUBYEHHSAM
BiopisHoMaHITTS 3annasw p. Xmeniska Ha nisaeHb Big ¢. baciska,
HayKOBi 4OCMIMKEHHS MPUPOLHMYOTO Ta CO30MI0NYHOr0 HaNnpsamy
Liei TepuTopii He nposogunuck (Grodzyns'kyj, 2007). Jlitepatypa,
B fKiil 61 xapaKkTepusyBanacs AaHa MICLEBICTb, BiACYTHS. Bu-
KIIOYEHHSM € LI BUAAHHS EHLMKIONEeANYHOrO Xxapaktepy abo
AaHi Npo panoHyBaHHS YKpaiHW, B AKWX HaaeTbCs iHopmaLlis
npo NpuUpoaHi ymoBm YkpaiHu, ii okpemnx perionis (Akimov et al.,
2003) abo x besnocepenHb0 POMEHCHKOMO afMiHICTPaTUBHOIO
paioHy (Geografichna encyklopedija Ukrainy, 1998).

MeToto gaHoi nybnikaLii € HagaHHs iHdhopmaLlii npo cTaH
MPUPOLHMX KOMMIEKCIB TepuTOpii y 3annasi Manoi pivki Xveni-
BKa, L0 posTalloByeTbes 6ins c. baciBka Ta c. MMwiHynHe 3a pe-
3ynbTaTamMy aHanisy HasBHUX NiTepaTypHWUX AaHUX Ta, Hacamne-
pef, BMacHuX MorbOBMX CMNOCTEPEXEHD.

Marepianu i MeToamn gocnimkeHb. B ocHoBy nybnikauji
MOKMNaAeHo MaTepiany NonbOBKUX AOCTILKEHb, MPOBELEHNX aB-
Topamu npotsrom 2019-2020 pp. BueueHHs GiopisHomaHiTTs 6a-
3yBanocs Ha BUKOPVCTaHHi KOMMIEKCY 3aranbHONPUIHATIX ¢rio-
PUCTUYHMX, Te0BOTaHIYHMX, 300M10MYHUX METOZIB, Y TOMY YUCTIi
PeKOrHoCLMpyBarbHOro Ta JetanbHo-MapLupyTHoro (Sheyko &
Kushnarenko, 2003; Polevaya geobotanika, 1959; Polevaya geo-
botanika, 1964; Grishhenko, 1997; Zagorodnjuk 2002). Pocnus-
HICTb BWBYamNM 3 BUKOPWUCTAHHSIM €KOMOr0-LIEHOTMYHUX MiLXOLiB
(Heobotanika, 2018, Jakubenko at al, 2019).

lponoHoBaHa MpMPOSOOXOPOHHA TEPUTOPIA PO3Tallo-
BYETbCA Ha NiBAeHb Big C. baciska Ta Ha cxig Big C. MNwiHunHe
PomeHcbkoro paiioHy (puc. 1). BoHa oxonnwe gonuHy manoi
pidku XmeniBka, sika € nputokor p. Cynu. Mnowa obcTexeHoi
JinsHKk1 cknagae 6nuabko 40 ra.
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BBepiTb KaflacTpOBUI HOMEp YK Hacenet

Puc. 1. KapTo-cxema ginsHkum 3annaeu pidki Xmenieka 6insi ¢. bacieka Ta c. MwiH4umHe,
MpOMOHOBaHa A4Sl HaAaHHs MPUPOAOOXOPOHHOIO CTaTyCy.

3a ¢hisnko-reorpadiiyHnM panoHyBaHHAM YKpaiHu Ls Mi-
CLEBICTb BigHOCUTLCS B0 PomeHcbko-TagsLbkoro paroHy MMisHi-
yHo-lNonTaBcbKoi BUCOUMHHOT obnacTi JlisobepexHo-[Hinposchb-
koro kpato JlicoctenoBoi 30HM CXxigHO-EBPONENCHKOI PIBHUHN
(Marynych, 2003). 3a reofoTaHiyHUM paitoHyBaHHAM LOCHi-
[KEHa TEepUTOPIA HanexuTb A0 MpunyLsKo-JI0XBULIBKOro panoHy
PomeHcbko-MonTtascbkoro okpyry NiBobepexHoNpUaHINPOBCHKOI
nignpoiHuji CxigHoeBponencokoi nposiHLji €Bponencoko-Cu-
Bipcbkoi nicocTenosoi obnacti (Heobotanichne rayonuvannya
Ukrayins’koyi RSR, 1977).

MMorogHo-KNiMaTUYHI  YMOBKM  TepuTOpii  XapakTepusy-
I0TbCS HACTYMHUMU MOKa3HMKaMK: CepesHs TemnepaTtypa CiuHs:
minyc 7,3 ° C, nunus — nntoc 19,3 °C; nepiog 3 TemMnepaTypoto
noHag nntoc 10 °C ctaHoBuTb 159 OHiB; onaais 6nmabko 510 Mm
Ha piK; OCHOBHA YacTWHa onagis BUNaJae y Tennuii nepiog poky;
cepedHs BucoTa CHiroBoro nokpuey 23 cm  (Geografichna
encyklopedija Ukrai'ny, 1998). 3asHaueHi ocobnusocti naHg-
wadhTiB Ta KniMaTy nposiBNstoTb cebe i y Mexax TepuTopii npo-
MOHOBAHOIO 3aKkasHuka «[TWiHYMHEY.

Pesynbtatu. 3annaea piuku XMeniska 3aranom mae pi-
BHUHHWIA XapaKTep, OfHaK Ha ii TepuTopii € ABa 4OCUTb BUCOKUX
KypraHu. Y Mexax TepuTopii akTUBHO MOLIMPIOKTHECA Aepesa
BiNbxu Kneiikoi* (Alnus glutinosa (L.) Gaerth., Bepbu namkoi
(Salix fragilis L.), ocuku* (Populus tremula L.), Ta kywi Bepbw
TpUTMUMHKOBOT®  (Salix  friandraL.), Bepbu M'ATUTUYMHKO-
Boi* (Salix pentandra L.), i 3HauHO pidlle — KanuHU 3BUYANHOI
(Viburnum opulus L.) (* nosHayeHo BWaW, SKi NpeacTaBneHi y
«YepsoHomy cncky MCOIM» i3 paHrom oxopoHu pieHs LC.)

Y cknagi poCnMHHOrO MOKpuMBY Ha GinbLu BONOTUX AiNsH-
kax 3annaBu NaHye NOBITPSIHO-BOAHA POCHWHHICTb, NpeacTas-
neHa MOHOBMOOBMMW YrpynoBaHHAMW O4YepeTy niBaeHHoro*
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(Phragmites australis (Cav.) Trin. ex Steud.), a Takox ¢itoLeHo-
3aMu i3 [OMiHyBaHHAM porody Lumpokonuctoro® (Typha
latifolia L.), komuwy nicosoro* (Scirpus Sylvaticus L.), ocokn no-
BepexHoi* (Carex riparia Curtis.), miTnuyi noe3y4oi* (Agrostis
stolonifera L.), ocokn roctpougHoi* (Carex acutiformis Ehrh.).
MowwpeHi OinsHKM Ha skux gomiHye Bogak GonotHui (Cirsium
palustre (L.) Scop., Carduus palustris L.). Mopyy i3 HUM 3pocTae
X0BTHiIA ocoT BonotHuir (Sonchus palustris L.). Y cdopmyBaHHi
YrpynoBaHb MOBITPSHO-BOZHOI POCIMHHOCTI TakoX 6epyTb yd-
acTb Taki BUAW K BOBKOHIr eBponeiicbkuit™ (Lycopus europaeus
L.), 3HiT wopctkuii* (Epilobium hirsutum L.), BepGosinns 3su-
vanHe* (Lysimachia vulgaris L.), ragtoyHuK B'A30MMCTUR®
(Filipendula ~ ulmaria (L) Maxim.), xBow,  pi4koBuI*
(Equisetum fluviatile), yepena TpupoaginbHa* (Bidens tripartita
L.), 3HiT 6onoTHuit* (Epilobium palustre L.), cigay KoHOMNsHWA
(Eupatorium cannabinum L.), nnakyH BepGonuctuin* (Lythrum
salicaria L.).

Y 3annai 3arasnioM Ta y NigHMOKS KypraHis po3TaLLoBYHOTHCS
TOPQ'SHACTI  NyKW i3 JOMIHYBaHHAM  LUYYHWKA  OEPHUCTOMO
(Deshampsia caespitosa (L.) P. Beauv.). Ha Takux ginsHkax Takox
3pocTatoTb nepcray rycaumit® (Potentilla anserina L.), oBTeLb Ak
(Ranunculus acris L.), ocoka wepLuasa (Carex hirta L.), omaH Bepbo-
nmctn (Inula salicina L.), Filipendula ulmaria, XvBOKICT RnikapCbKi
(Symphytum officinale L.), pepesiin maike 3BudanHuin (Achillea
submillefolium ~ Klokov &  Krytzka), BanepiaHa nikapcbka
(Valeriana officinalis L.), nonyx cnpaexHin (Arctium lappa L.), Bep-
Bo3inns nyuHe* (Lysimachia nummularia L.).

Y MigHiXKs KypraHy BUSIBNEHO NonynsiLii nanb4YaToKopiH-
HWKa M sico-yepBoHoro (Dactylorhiza incarnata (L.) S0d.) Ta na-
nbyatokopiHHuka ®ykca (Dactylorhyza fuchsii (Druce) So6) — Bu-
AiB, 3aHeceHuX o «YepBoHoi kHurn Ykpainuy» (2009) (puc.2).
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Puc. 2. Pocnunu Dactylorhiza incarnata y Mexax JoCnigKyBaHoi TepuTopii y 3annasi piuku Xmeniska (coto B. B. [TuTosky).

Ha kypraHax naHytoTb Nly4HO-CTENOBI yrpynoBaHHs. Y ix-
HbOMY CKMafli HanbiNbLIOK PACHICTIO BUPISHAKTLCA Taki BUAM SIK
nupinn noe3yuuin (Elytrigia repens (L.) Nevski, kocTpuus Banicbka
(Festuca valesiaca Gaudin), koctpuus nyyHa (Festuca
pratensis Huds.), TOHKoHIr nyuHuit* (Poa pratensis L.), ocoka Le-
pwwasa (Carex hirtaL.). Y chopmyBaHHi TpaBOCTOK Takox GepyTb
y4acTb napuno 3suyaiHe (Agrimonia eupatoria L.), MuKonan4nki
nnocki  (Eryngium planum L.), xBow, nonbosun* (Equisetum
arvense L.), rpsctuugs 36ipHa (Dactylis glomerata L.), uukopin au-
kwn  (Cichorium intybus L.), koHtowwHa ripceka (Trifolium
montanum L.), koHwowmHa nyyHa (Trifolium prantense L.), nonux
ripkui (Artemisia absinthium L.), Bonowka ny4Ha (Centaurea ja-
cea L.), nboHOK 3BuyanHui (Linaria vulgaris Mill.), umuH nickosui
(Helichrysum arenarium (L.) Moench), XWBOKICT nikapCbkuit
(Symphytum officinale L., nepctay HenomiveHuin (Potentilla ne-
glecta Baumg.), cuHsik 3BuyaitHuin (Echium vulgare L.), Achillea
submillefolium, cynuui nicosi (Fragaria vesca L.), NOfOpOXHWK Nna-
HueTonmcTui (Plantago lanceolata L.), oman BepbonucTtuii (Inula
salicina L.), nigMapeHHuK cnipaBxHii (Galium verum L.), xonopgok
nikapcekuit*  (Asparagus officinalis L.), nonuH aBCTPIfCHKMI
(Artemisia austriaca Jacq.), 3Bipobili 3BuuaitHmin (Hypericum
perforatum L.), oveuHa 6opowwnucta (Verbascum lychnitis L.),
niouepHa cepnosuaHa (Medicago falcata L. aggr.), wasnis nyyHa
(Salvia pratensis L.), bykeuus nikapceka (Betonica officinalis L.),
rafilouHuK 3BuyanHuii (Filipendula vulgaris Moench), apik pap6y-
BanbHuit (Genista tinctoria L.), yebpeyb noBayumii (Thymus ser-
pyllum L.), cokmpku nonbosi (Consolida regalis S.F. Gray (C. ar-
vensis Opiz)).

OTxe, y MeXax oxapaKTepu3oBaHoi TEPUTOPIi BUSIBIIEHO
[Ba BMAM, BKItoveHi 1o «YepBoHOI kHuri Ykpaitu» (Chervona
knyga Ukrainy, 2009) Ta 23 Buau pocnuH (ix 3a TEKCTOM NO3Ha-
4eHo ), ki npeacTaBneHi y «YepBoHomy cncky MCOIMy i3 paH-
rom OXOpoHy pisHst LC.

44

diToKOMNIEKC AepeBHOI POCMMHHOCTI, YarapHWKIB Ta no-
BITPSHO-BOAHOI POCAIMHHOCTI € OCEPEKOM iCHYBAHHS YACTIEHHUX
ntaxis. 3okpema, OEHAPOMINbHAX Ta YarapHUKOBMX NepHaTUX
TYT NpeacTaBnsioTb YnkoTeHb (Turdus pilaris Linnaeus, 1758),
396nuk (Fringilla coelebs Linnaeus, 1758), cONOBEIKO CXigHWIA
(Luscinia luscinia Linnaeus,1758), cuHuus Benuka (Parus major
Linnaeus, 1758), copoka 3BuyaitHa (Pica pica Linnaeus,1758),
covka (Garrulus glandarius Linnaeus,1758), 303yns 3BuyaiHa
(Cuculus ~ canorus  Linnaeus,1758), pdten  3BUYanHWiA
(Dendrocopos  major  Linnaeus,1758),  BiB4apuk-koBanuk
(Phylloscopus  collybita Vieillot, 1817), kpornus'sHka cagosa
(Sylvia borin Boddaert, 1783) Ta gesiki iHwi. Y BUCOKOTpaBHil no-
BITPSIHO-BOAHI POCAMHHOCTI MOLUMPEHI OYEpEeTSHKA YarapHu-
koBa (Acrocephalus palustris Linnaeus, 1758), ouyepeTsiHka Be-
nuka (Acrocephalus arundinaceus Linnaeus, 1758), sanitatots y
noLuykax ki KaHtok 3BuyanHuin (Buteo buteo Linnaeus,1758),
kpyk (Corvus corax Linnaeus, 1758).

Pi3HOTpaBHO-311aKOBi YrpynoBaHHs 3 NOOAMHOKUMI Kyp-
TYHaMU YarapHuKiB Ta OKPEMO CTOSIMMX MOMOAMX AepeB npneab-
NIOKTb NTaxiB — MELLKaHLiB BigKpUTUx nangwadtis. TyT Tpanns-
I0TbCS XalBOPOHOK NonboBuil (Alauda arvensis Linnaeus,1758),
copokonyg TepHoBuii (Lanius collurio Linnaeus,1758), kypinka
cipa (Perdix perdix Linnaeus,1758), BiBcsiHka cagoBa (Emberiza
hortulana Linnaeus,1758), kamsiHka 3BuvanHa (Oenanthe
oenanthe Linnaeus,1758), yekaH 4opHoronosuin abo Tpas'sHka
YopHoronoBa (Saxicola torquata Linnaeus,1758). Yci sragaHi ne-
pHaTi MatoTb oxopoHHUIA ctatyc MCOI pisHa LC Ta BogHouac
(kpim KpyKa i copoku) € y cnuckax foaatky || bepHebkoi KOHBEH-
Lji. BiBcsiHKa cafjoBa € perioHanbHO pigkicHM ntaxom CyMCbKoi
obnacri.

Ha npupycnoBux pinsHkax mnowmpeHi xaba o03epHa
(Rana ridibunda Pallas, 1771), xaba roctpomopga (Rana
tarrestris Nilsson, 1842). 3emHoBoaHi 3a ovjiHkamu MCOIN matoTb
0XOpOHHMIA cTaTyc piBHs LC. Kaba o3epHa 3aHeceHa [0 fofaTtky
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I, a xaba roctpomopaa o fogatky Il bepHcbkoi koHBeHLii. B
npubepexHin 30Hi TpannseToea BYX 3BuUYaHun (Natrix natrix
Linnaeus, 1758) (oxopoHHuit ctatyc MCOIM pisHs LC).

3 uncna ccaBuiB 3BNYAMHUMM HA CyXOMINbHUX [iNsHKAX
€ ko3yns esponeinceka (Capreolus capreolus Linnaeus, 1758),
3aeub-pycak (Lepus europaeus Pallas, 1778), nucuus 3BuyainHa
(Vulpes vulpes Linnaeus, 1758). 3ragani 3Bipi 3a oOLiHkamu
MCOIT matoTb 0xopoHHMIA cTaTyc piBHs LC. Ha cxunax 6anku B
hiTokOMNNeKcax Iy4YHOi POCIIMHHOCTI NOLIMPEHI YKMCrEHHI 6e3x-
pebeTHi. B OMiHaHTI Lie KoMaxn OCHOBHUX PSAIB LIbOro Knacy Ta
MaByKOMOZi6Hi.

O6rosopeHHs. OTxe, TepuTopis 3annasu piyku Xmeni-
BKa 6ins c. baciska Ta ¢. MwiH4nHe PomeHcbkoro panoHy penpe-
3EHTYE NPUPOHI KOMMNEKCH, TUMOBI AN Manux pidok CymcbKoi
obnacri. Pa3om 3 TM BOHa € 0CEpeaKOM MOLIMPEHHS HU3KK pa-
PUTETHUX BMAIB Pi3HNX PaHTiB OXOPOHW. 3a KiNbKICTHO SIK TUMOBKX,
TaK i pigKiCHNX BUAIB, 30CEpeKEHNX Y Ui MiCLEBOCTI, BOHA He
noctynaetbCs 0araTbOM 3aKkas3HWKaM MICLEBOMO  3HAYEHHS,
posTalloBaHWUM Ha TepeHax Cymcbkoi obnacTi (Zapovidni skarby,
2001). 3 MeTOl KOMMMEKCHOI OLiHKM CTaHy MPUPOAHMX KOM-
nnekcie Ljei TepuTopii Takox Oyna 3piiicHeHa reorpado-ecTe-
TMYHa Ta NCUXONIOro-eCTETUYHA OLjHKa NanAawadTis (tabn.1, 2).

Tabnuusa 1
l'eorpacho-ecTeTYHa OLliHKa naHfwadTy y 3annasi p. Xmeniska Ha nieaeHb Big c. baciska
ban
Ne Kputepin 1 TOYKa - Cepepii
1. ["apMOHist MPUPOLHNX Ta aHTPONOreHHUX 06’ekTiB 2 2
2 HasBHiCTb Ha AiNSHLi ManbOBHUYMX YPOUWLL, 3aTULLIHMX KYTOYKIB, [ie MPUEMHO BignoumeaTy, 2 ? ?
' HaCONOMKYBATMChb KPacow Npupoan
3 HasBHICTb Ha AiNsHLi BU3HAYHMX NaM'ATOK, TaKVUX SIK XUMEPHI CKeni, BOAOCMaaK, BikOBi AepeBa, 2 ? ?
' CKyN4YeHHs YapiBHUX POCIWH, KBITIB, NaM'ATKV iCTOpIT Ta KynbTypy
4, HasiBHICTb Ha 4insHLi OrNsgoBMUX ManaaHuvKiB, 3 SKUX BiOKPUBAKOTLCS rapHi Kpaesuam 0 2 1
5. BupasHictb hopM penbedy 1 2 1,5
6. BupasHicTb BogHux 06’ekTiB 1 1 1
7. Pi3HOMaHITHICTb | YepryBaHHs POCAMHHUX YrpynoBaHb 1 2 1,5
8. Pi3HOMaHITHICTb TBAPUHHOTO CBITY AiNsHKN 1 2 1,5
CymapHuin 6an 3a kpuTepismu 12,5
Tabnuusa 2
lNcyxonoro-ecTeTYHa OLiHKa naHawadTy y 3annasi p. XMeniBka Ha niBAeHb Big ¢. baciska
Ne onopHoi TouKK | xapakTep nensaxy, Lo BiAKPUBAETLCS: Ouiria 3a kpurepiwi Baris
' 1.(C) 2.(3) 3.(H) 4.(0)
1. [linsHKa y PiBHUHHII YaCTWHI 3annasu 2 2 2 2
2. Ha kyprani 4 4 2 4
CepepHiit 6an no KoXHOMY 3 KpuTepiis 3 3 2 3
Cyma cepepiHix 6anis 3a BciMa kpuTepismm 11,0
Cyma 3a faHumm Tabnumup 1 1a 2 235
BucHoBok 3aranbHuit Gan  Bignosinae gianasoHy 16,1-24,0: dinsHka moxe 6ymu
pexomeHdosaHa A1 cmeopeHHs Ha Hili 06'ckmy 13® micyes020 3HaYEHHSI.

PesynbTaTi npoBefeHoro aHanisy ceigyath i npo 4ocuUTb
3HAYHy eCTETUYHY LiHHICTb Liei TepuTopii Ta SOLINbHICTb i 3any-
YeHHs 40 cknagy NpUpoaHO-3anoBigHOro ioHAy.

BucHoBku. 3rigHo o [epxaBHoi cTparterii perioHanb-
Horo po3euTKy y Cymcbkin obnacri icHye notpeba onTumisalii
€KonoriyHoi Mepexi perioHy. BHacnigok BnepLuie nposegeHoro
aHanisy nopucTuyHoi Ta ayHicTuyHoi cknagosoi BGiopisHo-
MaHITTS y Mexax 3annaBu p. XMeniBka, po3TalloBaHoi 6ins
c. baciBka Ta c. MuwiHuMHe PomeHcbkoro paioHy Cymcbkoi 06-
NacTi BCTAHOBNEHO, L0 3a 03Hakamm BGiopisHOMaHITTA Ta 3a CTa-
HOM MPUPOJHWX KOMMIEKCIB LA TEpUTOPIS Mae CO30MOriyHy

LiHHICTb. 3BaXatoun Ha HasBHICTb NPUPOAHNX YrPynoBaHb, TMMO-
BUX [N 3annaB piyoK, NpeacTaBMeHiCTO NOMynsAuil HU3KM
NiKapCbKMX POCIUH, MOLUMPEHHSM BULIB, LLO PENPE3eHTY0Th pa-
PUTETHY CKNagoBy GiOPI3HOMAHITTA (TWX, LLO OXOPOHSITLCS Ha
AEepXaBHOMY, perioHanbHOMY Ta MiXkHapOAHOMY PIBHSX), @ TaKOX
3HaYyLLOCTI Liei TepuUTOpIi B acnekTi (hopMyBaHHS eKOKOpULOpY
y cknagi micueBoi ekomepexi Ta CmaparfoBoi Mepexi, BBa-
XaeMO 3a AoLinbHe pekomeHayBaTH ii 4O YMcna NepenekTUBHUX
NPUPOLOOXOPOHHUX TEPUTOPIN Y paH3i 3aka3Huka MiCLLeBOro 3Ha-
YeHHs.
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BIODIVERSITY OF THE PROPOSED RESERVE «PSHINCHYNE»

According to the results of a study of the valley of the river Khmelivka near the Basivka and Pshinchyne villages, Romny district,
Sumy region the biodiversity was firstly characterized and the creation of the reserve with the local value named «Pshinchyney» was
offered.

Flora, vegetation and fauna of the territory were studied with the usage of recognized floristical, geobotanical, zoological meth-
ods, reconnaissance and route-detailed in particular. We investigated that the dominating part of this valley territory is covered by the

BicHuk CyMcbKoro HauioHanbLHOro arpapHoro yHisepcutety

a7

Cepisa «ArpoHomis i Gionorisi», Bunyck 3 (41), 2020



air-watered vegetation represented by the mono-groups of Phragmites australis (Cav.) Trin. ex Steud.). Peat meadows are spread with
the domination of Deshampsia caespitosa (L.) P. Beauv.). Meadow-steppe groups dominate on the two barrows with the major abun-
dance of Elytrigia repens (L.) Nevski, Festuca valesiaca Gaudin, Festuca pratensis Huds., Poa pratensis L., Carex hirta L. We marked
that within the river valley the trees Alnus glutinosa L. (Gaerth.), Salix fragilis L., Populus tremula L., Salix triandra L., Salix pentandra L.
are actively spread.

The analisys of the fauna of the territory showed that at the riverbed part Rana ridibund and Rana arvalis are spread. Natrix
natrix occurred at the coastal part. At the land part it was pointed the representatives of Capreolus capreolus, Lepus europaeus, Vulpes
vulpes.

The sozological value of the proposed reserve «Pshinchyne» consists of the 2 flora species declared in the Red book of
Ukraine — Dactylorhiza incarnata (L.) Sod. i Dactylorhyza fuchsii (Druce) Soo. and 23 plant species represented in the Red list of IUCN
with the LC range of protection. Among the fauna there are 27 species with the IUCN protection status with the LC range, among them
— 19 belong to the lists of annexes Il and Ill of Bern convention. The results of conducted geographic-aesthetical and psycho-aesthetical
rating bear evidence to high aesthetical value of the landscape of the river valley Khmelivka near Basivka and Pshinchyne villages and
confirmed the expediency of this territory to be included to the nature reserve fund of Sumy region.

Key words: nature reservoir fund, ecological net, nature complexes, sozological value.
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Bemisia tabaci (Gennadius) is one of the most important pests in tropical, subtropical and adjacent temperate regions. B. tabaci
is a major agricultural pest that is closely watched worldwide. With the widespread application of vegetable greenhouse planting pat-
terns and frequent vegetable and flower transfers, more favorable conditions were created for the occurrence and spread of B. tabaci,
making it the major pest in China's agricultural production.

The ability of B-biotype to adapt for new environments is closely related to its tolerance to temperature. Heat shock proteins
(HSP s) are the group of proteins produced by cells under the induction of stressors, especially environmental high temperature. Heat
shock proteins play an important role in the adaptability of organisms to the environment. This experiment mainly was studied from the
heat shock protein of B. tabaci and its regulatory factors (Heat shock factor 1, hsf1). Meanwhile, fluorescence quantitative technology
was used to observe the expression of this regulatory factor under different temperature conditions. It is speculated that the HSPs

regulatory factor hsf1 is B-biotype B. tabaci and it can induce protection against high temperature stress.
Key words: Plant pest and quarantine objects in agricultural production, pest invasion, B-biotype of Bemisia tabaci; biological
method of plants protection from pests, regulatory factors, hsf1- heat shock factor.

DOI: https://doi.org/10.32782/agrobio.2020.3.6

Introduction. B-biotype Bemisia tabaci (Gennadius) be-
longs to the Homoptera family. It is a tiny piercing-sucking pest,
mainly concentrated in tropical and subtropical regions (Wei et
al., 2014; Chen et al., 2014; Coppola et al., 2013; Dogan et al.,
2017; Dorta et al., 2012). Since the successful invasion of
B. tabaci in the mid-to-late 1990s, B-biotype B. tabaci has been
outbreaks in Chinese vegetable areas, not only in the green-
house, but also in large numbers in the field (Luo & Zhang, 2000).
In recent years, B. tabaci has become one of the typical alien in-
vasive species for its great harm to agricultural production to do-
mestic and foreign researchers (Chu Dong et al., 2008; Farooq &
Freed, 2018; Feng et al., 2010; Ferron et al., 2015; Fontes et al.,
2012; Freed et al., 2011; Gillespie & Crawford, 2015; Glare & In-
wood, 2014).

Temperature is an important environmental factor that af-
fects the growth and development of insects. The change of ex-
ternal environment temperature can directly affect the physiolog-
ical metabolism of the individual, the activity of various enzymes
in the individual and the synthesis and release of hormones (Ab-
del-Raheem et al., 2016; Alavo et al., 2015; Benz, 2015; Foolad
& Panthee, 2012). Under the instantaneous heat shock, it is con-
ducive to the occurrence of B-biotype B. tabaci population in the
summer high temperature season (Cui, 2007a, 2007b). Studies
have shown that the molecular chaperone function of heat shock
proteins (HSPs) is an important source of heat resistance (Zhang
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et al., 2014; Huang et al., 2009; Yang et al., 2016). Heat shock
proteins were initially considered to be highly conservative stress
proteins produced by organisms under the influence of adverse
environmental factors (Javed & Qiu, 2020; Kirkland et al., 2014;
Koppert, 2015; Latch & Fallon, 2013). But studies have found that
the class of heat shock genes are activated and expressed in
non-stimulated cells or expressed at certain stages of biological
development (Zhao & Jones, 2012; Binder, 2014; Chandrasekhar
et al., 2014; Lovera et al., 2020; Macleod, 2014). Studies have
pointed out that organisms may induce the synthesis of such
stress proteins under stress environmental conditions such as
high temperature, salinity, drought, and osmosis, and function as
molecular chaperones in cells (Majeed et al., 2017; Mora et al.,
2017; Mustu et al., 2015). The synthesis of more heat shock pro-
teins allows the physiological processes in cells to run smoothly
(Mogk et al., 2003; Sangster & Queitsch, 2005).

Heat shock proteins can be divided into HSP90, HSP70,
HSP60 and small molecule heat shock proteins according to their
relative molecular mass (Bob & Buchannan, 2000; Srensen et al.,
2003; Liu et al., 2013; Liu et al., 2014; Nazir et al., 2020). Each
family of heat shock proteins has many different forms or differ-
ently modified protein molecules (Lu et al., 2014; Jacques, 2003;
Christine et al., 2002; Evgen 'ev et al., 2004; Nazir et al., 2019).

Studies have shown that heat shock proteins do not di-
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rectly participate in the protection of their intracellular environ-
ment in these organisms. (Rehner & Buckley, 2015; Ruiu, 2018;
Sanchez-rodriguez et al., 2018; Sanchez-rodriguez et al., 2016;
Saranraj & Jayaprakash, 2017), but through heat shock transcrip-
tion factors (Heat shock factors, HSFs) bound to the heat shock
element (HSE) of the promoter of the heat shock protein gene.To
recruit other transcription factors to form a transcription complex
to promote the expression of heat shock protein genes (Zhang &
Zhang, 2019; King & MacRae, 2015; Wettstein et al., 2012;
Verma & Deepthi, 2016; Xu et al., 2019). HSF is a trans-acting
factor about 20 nucleotides upstream of the TATA box of the HSP
gene that can bind to the heat shock element HSE and activate
the transcription of the heat shock protein gene (Zhang et al.,
2012; Chen & Zhang, 2015; Yun et al., 2017). According to its
function, it is divided into 4 types, including hsf1, hsf2, hsf3 and
hsf4 (Snoeckx et al., 2001; Maaroufi & Tanguay, 2013; Maaroufi
& Tanguay, 2015), hsf1 is considered to be the main regulatory
factor of cell heat shock protein expression(Moutaoufik et al.,
2017a; Moutaoufik et al., 2017b).

Heat shock proteins can improve the body’s tolerance to
adverse environments and enhance the body’s or cell's re-
sistance to subsequent lethal stress. At the same time, it also has
the characteristics of protecting and repairing proteins, participat-
ing in the body’s immunity and cross-protection (Auluck et al.,
2002; Nakano & lwama, 2002). When subjected to heat stress or
other environmental stresses, a large number of HSPs bind to
denatured proteins, thereby releasing HSF from the HSPs-HSF
complex. Free HSF is phosphorylated under the action of protein
kinases or other amino acid kinases, and becomes active. The
trimer is transferred to the nucleus, binds to the HSE sequence
in the upstream promoter region of the heat shock gene in the
nucleus, then it is phosphorylated by kinases, and starts the ex-
pression of heat shock genes (including hsp70) (Kroeger et al.,
1993). When the heat shock protein HSPs accumulate to a cer-
tain extent, they bind to HSF, HSF and HSE are separated, and
transcription stops, thereby realizing feedback inhibition of heat
shock response. After obtaining DNA binding activity, oligomeri-
zation, and nuclear localization activities, hsf1 regulates the ex-
pression of stress-induced heat shock genes, so that organisms
can respond to environmental stresses, such as high tempera-
ture, protease inhibitors and other stress environments (Wu,
1995; Pirkkala, 2001).

Materials and methods. 1. Tested materials (B. tabaci).
The adults of B-biotype B. tabaci used in the experiment are long-
term breeding populations of the Entomological Laboratory of He-
nan Institute of Science and Technology. The temperature in the
greenhouse is 25—28 °C, the relative humidity is 60—70 %, the
light comes from sodium lamp irradiation, and the alternating day
and night sunshine is 12h:12h. At the same time, attention should
be paid to regular species detection with primers such as H16 to
ensure the unity of insect species. The host plants for feeding
B. tabaci are cotton, tomato and bean.

2. Main materials. TAE buffer: Purchased from Shanghai
Double Helix Biotechnology Co., Ltd., the specification is 400 ml,
and stored at room temperature.

Tryptone: Purchased from Beijing Shuangxuan Microbial
Culture Medium Product Factory, with a specification of 250 g,
and stored in a cool and dry place.

Yeast Dip Powder: Purchased from Beijing Obosing Bio-
technology Co., Ltd., the specification is 205 g.
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cDNA Synthesis Kit: Primer Script 1st Strand cDNA Syn-
thesis Kit, the item number is D6210A, the specification is
50 times, stored at -20 °C.

RNA extraction kit: purchased from QIAGEN, REeasy
Mini Kit, item number 74104, specification for 50 times, stored at
20 °C at room temperature.

Gel Extraction Kit: purchased from QIAGEN, item number
D2500-01, specification for 50 times, stored at room temperature.

DEPC: purchased from Shanghai Solebold Technology
Co., Ltd., the specification is 100 ml, stored at 5 °C and protected
from light.

3. Preserving B. tabaci. In the laboratory, | cut off the blue
gun head with scissors and put the big mouth on one end of the
rubber tube, then | wrap the other end with gauze, and put the
small mouth on, put the small mouth in the cage. | hold the sucker
with my mouth, and then the worms are blown into the prepared
polypropylene centrifuge tubes (1.5 ml) for later use. Each tube
should have more than 200 heads. | take them to the laboratory
and put them in a cryogenic processor for 1 hour at low tempera-
ture, then freeze them in liquid nitrogen and store -80 °C. Store in
an ultra-low temperature refrigerator for later RNA extraction. Set
3 replicates for each treatment.

4. Instrument sterilization. We prepared the reagents and
utensils used in the experiment. Because RNAse is everywhere
in the air, it is very easy to degrade in the extraction process. All
utensils used in the experiment should be strictly sterilized. The
pipette gun head and centrifuge tube should be imported for ster-
ilization. The glass and metal utensils used in the experiment
should be dried at 180 °C for 8 hours or baked at 250 °C for more
than 3 hours In the process of RNA extraction, gloves should be
changed frequently. The sterilization steps are as follows:

Preparation of DEPC water: Add 600ul DEPC per 600 ml
of water to make DEPC water, shake it overnight and the next
day, autoclave for 30 minutes to obtain Treated Water.

Treat with 1 ml tip, 1.5 ml tube and grinding rod, use
1/1000 of water (made by mixing DEPC and distilled water in a
ratio of 1/1000), soak 1ml tip, 1.5 ml tube and grinding rod over-
night. Make sure that the DEPC water fills the entire cavity. The
next day, | dry the tip and tube and sterilize them with high tem-
perature and high pressure for 30 minutes. | take it out and place
it on the clean bench for later use.

5. Extraction method of total RNA. A) Treat the sample at
7 °C. | Take the leaves with eggs, place them in the ultra-low tem-
perature processor, set the temperature to 7 °C, treat them for
one hour, | take the eggs under the microscope, repeat three
times, each centrifuge tube 150 eggs, and then put it in liquid ni-
trogen for a few seconds, place it on a clean bench, add 1000 ul
Trizol, and let it stand at room temperature for 5 minutes.

B) Add 200 ul of chloroform, shake for 15 s, and let stand
for 2 minutes.

C) Centrifuge at 4 °C, rotate at 12000 for 15 minutes, and
take the middle layer.

D) Add 500ul is opropanol, gently mix the liquid in the
tube, and let it stand at room temperature for 10 minutes.

E) Centrifuge at 4 °C, rotate at 12000 for 10 minutes, and
discard the supernatant.

F) Add 1000 ul of 75 % ethanol, gently wash the precipi-
tate, centrifuge at 4 °C, and rotate at 7,500 for 5 minutes. Discard
the supernatant.

G) Let it dry, add an appropriate amount of DEPC water
to dissolve it (65 °C for 10—15 minutes).
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6. Steps to synthesize cDNA. We use RACE technology
to obtain full-length cDNA, | prepare the following mixture in a
sterilized centrifuge tube, and perform it on an ultra-clean work-
bench. The amount of reagent Oligo DT primer is 1 ul, the amount
of dNTP mixture is 1 ul, the amount of template RNA is 6 ul,
Rnase Free water consumption Up to 10 ul. After preparation, af-
ter incubating at 65 °C for 5 minutes, | quickly take it to the ultra-
clean workbench, put it on ice in advance, and then add the fol-
lowing reverse transcription reaction solution to the centrifuge
tube. The amount of reagent 10*RT buffer is 2 ul, Mgcl2 the dos-
age is 4 ul, the dosage of DTT is 2 ul, the dosage of Rnase OUT
is 0.5 ul, the dosage of sterile water is 1 ul and the dosage of
Sssllis 0.5 ul.

The total volume is 20 ul. After preparation, the reverse
transcription reaction is carried out on a PCR instrument. The set-
ting program is 50 minutes at 50 °C, 5 minutes at 85 °C, reverse
transcription into cDNA, and then run PCR. The amount of rea-
gent mix is 12.5 ul, the amount of primer 1 is 1 ul, the amount of
primer 2 is 1 ul, the amount of cDNA is 1ul, and the amount of
sterilized water is 9.5 ul. There are two pairs of primers, one is -
tub-F\R, and the other is P98685-wactR\ P98684-wactF. The

©

gene of interest
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7°C 9°C

PCR program is 5minutes at 95 °C, 20 second at 55 °C, 20 sec-
ond at 72 °C, 35 cycles, when the time is up, run the electropho-
resis and see the electrophoresis diagram.

7. Real-time fluorescence quantitative PCR technology.
Through RACE technology, a part of the hsf1 gene sequence
(about 900 bp) of B. tabaci was amplified. The DNAMAN software
analysis verified that the amplified gene sequence accorded with
the relevant characteristics of hsf1, and the similarity with the con-
servative gene sequence of hsf1 reached 66.55 %, can be used
for fluorescence quantitative verification. Real-time fluorescent
quantitative PCR technology is a method to measure the total
amount of products after each polymerase chain reaction (PCR)
cycle with fluorescent chemicals in the DNA amplification reac-
tion.In the process of PCR amplification, the PCR process is de-
tected in real time by fluorescent signals.

Results. Through different temperature gradient induc-
tion treatments, using spss (13.0) software to analyze statistics,
and the significance determination using the new multiple range
test (Duncan method), it can be concluded that the highest ex-
pression temperature of hsf1 regulatory factors of Bemisia tabaci
at 9 °C, followed by 39 °C the expression differences at other dif-
ferent temperatures were not significant (Fig. 1).

37°C 39°C

temperature

Fig. 1. Hsf1 expression of B-biotype B. tabaci at different temperatures.

Fluorescence quantitative PCR technology (RT-PCR)
was used to quantitatively detect the expression levels of heat
shock protein genes and hsf1 regulatory factors of B. tabaci at
different temperatures. The results showed that the hsf1 of
B. tabaci at different growth stages was uniform at low tempera-
ture (Fig. 2). There is a significant amount of expression, but

BicHuk CyMmcbKoro HaulioHanbHOro arpapHoOro yHiBepcurteTy

there is no significant amount of expression at high temperature.
At the same time, it can be seen that hsf1 expression is induced
at low temperature. This can clearly indicate that heat shock pro-
teins are induced and protected by hsf1 regulatory factors.
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Fig. 2. Differences in expression of hsf1 in different growth stages of B. tabaci under various temperatures.

Discussion. In nature, insects are very sensitive to tem-
perature changes and it is difficult to avoid the stress of tempera-
ture changes. The adaptive process mechanism of insect toler-
ance to temperature stress can predict the origin, distribution and
dynamics of populations (Holder & Keyhani, 2015; Hoog & Rao,
2015; Jaber & Ownley, 2018). Summer high temperature and dry-
ness are favorable conditions for the exponential growth of the
B. tabaci population and rampant damage (Shen & Ren, 2007).

The results of this study suggest that hsf1 in B. tabaci
may be positively correlated with its heat resistance (Geng et al.,
2018; Ghanim, 2014; Gianesello et al., 2017; Gilbertson et al.,
2015; Guo et al., 2018). The invading B. tabaci with stronger heat
resistance is subject to environmental pressure in the process of
adapting to the new environment, so that it can be selected in the
harsh environment. Under environmental stress, it can induce
more heat shock protein gene expression, thereby gaining
stronger stress resistance.

In the process of long-term adaptation and evolution of
insects, the long-term selection of extreme temperatures will af-
fect the temperature adaptability of species. It is difficult for in-
sects to avoid the stress of temperature changes (Kaksonen &
Roux, 2018; Kanakala & Ghanim, 2016; Kanakala & Ghanim,
2019; Lei et al., 2020), so that their populations can obtain envi-
ronmental stress that can be maintained and inherited (Hesketh
et al., 2018; Hipp et al., 2017; Hu et al., 2019). When B-biotype
B. tabaci is subjected to temperature stress, especially extreme
temperature stress, heat shock protein factors are rapidly ex-
pressed, which can improve the heat tolerance of B-type B. tabaci
under high temperature, and finally survive the competition (L0 &
Wan, 2011).

RT-PCR technology can not only effectively detect gene
mutations (Hanan et al., 2020; Hayet et al., 2018), but also accu-
rately detect the expression of oncogenes, which can be used for
early diagnosis, classification, staging and prognosis of tumors,
and use RT-PCR to detect the expression of various globin genes
difference is an effective method for the diagnosis of thalassemia

(Yu, 2003; Glare & Inwood, 2014; Goettel, 2015; Hanan et al.,
2020). The expression level of specific genes can reflect the
growth and survival status of cells. Quantitative analysis of spe-
cific gene transcription levels has become a core part of gene
function research (Chen, 2003; Wang, 2007; Boulan et al., 2015;
Brodsky, 2012; Brown et al., 2015; Chi et al., 2019; Czosnek et
al., 2017; Fiallo-Olivé et al., 2020). Finally, China has established
a fluorescent quantitative PCR method, and quantitative detec-
tion of genetically modified products has been carried out at some
ports (Li et al., 2009).

Conclusion. The strong adaptability to temperature
stress of B. fabaci is an important reason for its successful inva-
sion and colonization. To study the regulation and function of in-
vasive B. tabaci hsf1, reveal the mechanism of B. tabaciinvasion,
verify and improve the theoretical hypothesis of B. tabaciinvasion
mechanism. Further reveal the internal mechanism of B. tabaci
invasion and its adaptability to temperature stress, enrich and
perfect the previous researchers’ proposals. The hypothesis of
B. tabaci invasion and adaptive mechanism provides atheoretical
basis for biological invasion control research.

The results of this study provide a basis for the research
on the resistance and adaptability of B. tabaci, and further verify
that the conserved functional gene heat shock protein can be
used as one of the methods to study the development of biologi-
cal systems. To study the production of whitefly heat shock pro-
tein, and the law of change can be understand the relationship
between its growth and development and various influencing fac-
tors, and comprehensive provide new ideas for prevention and
treatment. In this study, it was found that different temperatures
and humidity had different responses to the heat shock of
B. tabaci.

In practical production, chemical pesticides with strong
endoinhalation were usually used to effectively control B. tabaci
when the heat shock reaction was strong. Based on the change
law of greenhouse temperature and humidity, the research is car-
ried out to prevent and control.
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JTro LyHesio, acnipanm, CymcbKull HauioHansHul azpapHull yHisepcumem, M. Cymu, Ykpaina, XeHaHCbKUL iHCmumym Hayku
ma mexHoroeii, M XeHaHb, KHP

0 Xao, dokmop cinbcbkozocnodapeekux Hayk, doueHm, XeHaHehKUl iHemumym Hayku ma mexHonoelii, M XeHaHb, KHP

Bnacexko Bonodumup AHamonitioguy, dokmop CinbCbko2ocnodapcekux Hayk, npoghecop, CymcbKuli HauioHanbHuUl agpa-
pHul yHisepcumem, M. Cymu, YkpaiHa

KINbKICHUA AHATI3 PEFYNIITOPHOIO FEHA hsf1 BEMISIA TABACI 1PV PI3HUX TEMIEPATYPAX

Bemisia tabaci (Gennadius) — 00uH 3 Halisaxnusilux WKIOHUKIE poCHUH y MponiyHUX, CybmponiyHUX ma npuneanux nomip-
HUX pezioHax. B. tabaci — e0no8HuUl WKIOHUK CibCbK020 e0cnodapcmea, 3a SKUM NUMbHO cmexXamb Y 8CbOMY cgimi. 3ag0sKu wupo-
KOMY 3acCmocy8aHHI0 nocadku 0804ig y mennuuysx ma yacmum CyMilieHHsIM 080uig | kgimig 6y1u cmeopeHi binbw cnpusmiuei yMmosu
0ns nosisu ma nowuperHs B. tabaci, wo pobums 1020 20/108HUM WKIOHUKOM  CinbCbKoeocnodapchkomy supobHuumei Kumato.

30amHicmb B-6iomuny adanmysamucsi do Hosux cepedosuly MiCHO nog'asaHa 3 ioeo monepaHmHicmio do memnepamypu.
binku mennosoeo woky (HSP) — ue epyna binkis, wo 8upobnsomscs KnimuHamu nid iHOYKUier cmpecosux YuHHUKIE, 0c0b1ugo
8UCOKOI memnepamypu HagKoUWHB020 cepedosuya. bifku menmnogozo wWoky gidieparoms eaxsusy ponb 8 adanmauii opeaHiamig
0o HaskonuwHb020 cepedosuuya. Llel ekcnepumeHm nposoduscs 8 0OCHOBHOMY U000 8usyeHHs bika mennogoeo Woky B. tabaci
ma 020 pe2ynsamopHUX YUHHUKI8 (hakmop mensnogozo woky 1, hsf1). BoOHoyac, byna sukopucmana KinbKicHa mexHonoeis ¢yo-
pecueHuii s cnocmepexeHHs 3a BUPaXEHHAM Ub020 peaynisimopHO20 YUHHUKA 3a PI3HUX meMnepamypHux ymos. IcHye npuny-
WEHHS, W0 peaynamopHum YurHUkom HSPs hsf1 e B-biomun B. tabaci, i 8iH Moxe cmumymtosamu 3axucm gi0 cmpecy 8UCoKoi mem-
nepamypu.

Knroyoei crioea: WKiOHUKU POCUH Y CibCbKko20ch0dapChkoMy 8UPOBHUUMSI, iH8asist WKiOHUKa, bionoaiyHul 3axucm pociuH
8i0 WkiOHUKig, B-biomun BifoKpunKu MoMIOHOB0I, pe2ynsimopHi YuHHUKU, hsf1 — gpakmop mennogoeo Woky.

Llama Hadxo0xeHHs1 do pedakuii: 03.11.2020 p.
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Biocontrol microorganism have a diverse range of activities and they have been focused on potential biocontrol agents in

agriculture. They can induce plant defensed response and enhance plant disease resistance. Streptomyces sp. produce active me-
tabolites that can inhibit the growth of phytopathogens. Induced resistance is usually indicated by the activity of Peroxidase (POD),
Polyphenoloxidase (PPO), and Phenylalanine ammonia-lyase (PAL) or other defense enzymes. The related reports mainly focused on
disease control or promoting growth of cash crops or vegetables, but less on wheat presently. Moreover, the information about the
concentration of fermentation broth and mycelia of Streptomyces affected the quantitative changes of defensed enzyme activities is
limited. In this study, we started from isolating a Streptomyces strain, named S. sp. strain HU2014, and demonstrated (POD), (PPO),
(PAL) enzymes in different concentration of the mycelia (M) and extracellular filtrate (EF) of the strain with the application of soil drench
treatment. The enzyme activities were determined by visible spectrophotometry. The results showed that the activities of POD and PAL
at the concentration of 10%-fold dilution of the EF increased significantly to some extent in comparison with untreated control, by
173.86 % (P <0.05) and 71.92 % (P < 0.05), respectively. In the range of different concentration of the M, POD and PPO activities
were enhanced with the increasing of dilution ratio, but the difference was not significant. It is expected to be an excellent resource for

the development of new biological preparations.

Key words: Biocontrol microorganism, induced activity, defense enzymes, crops
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Introduction. Many microorganisms as biocontrol agents
and their abundant sources of natural substances which have
been studied and developed as commercial products for crop pro-
tection (Katz et al., 2016), such as Bacillus thuringiensis (Bt) from
bacterium (Burgerjon et al., 1977; Cannon, 1993), Topshield
(Trichoderma harzianum T-22) (Lisa, 2001) from fungus, Jing-
gangmysin (in China) and streptomycin sulfate from Streptomy-
Ces.

Microorganisms become an environmentally and eco-
nomically viable alternatives to the use of synthetic chemicals in
plant growing (Rey et al., 2017). Especially, Streptomyces spp.
constitute a major clade of the phylum Actinomycetes. These
Gram-positive, filamentous prokaryotes are abundant in soils,
commonly colonize the rhizosphere and marine sediments or can
be caused infections in plants (Bignell et al., 2010; Bulgarelli et
al., 2013). Over 50 % of them have been known for their role as
producers of useful antibiotics (Chater, 2006; Cheng et al., 2014;
Law et al., 2017) and the capacity to produce of secondary me-
tabolism (van der Meij et al., 2017). Since Streptomyces were
found that they have a diverse range of activities these microor-
ganisms were used for a wide range of applications in different
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filed. Researchers focus on potential biocontrol agents in agricul-
ture (Schrey et al., 2008; Viaene et al., 2016).

Plant rhizosphere growth promoting bacteria (PGPR) can
induce plant systemic disease resistance (ISR) (Abbasi et al.,
2019; Farag et al., 2013; Sadeghi et al., 2017). Another pathway
is systemic acquired resistance (SAR) which need pathogen or
chemical trigger mediated (Kloeppe et al., 1999; Milikisiyants et
al., 2017; Pieterse et al., 2002). Most biocontrol microorganisms
have shown that they can induce plants to produce SAR or ISR
which strengthen the resistance of plants to pathogens.

The enzymatic activities of PPO, PAL, B-1,3-glucanase
and chitinase were significantly enhanced in the rice treated with
antifungalmycin N2 plus Rhizoctonia solani Kihn (Zhang et al.,
2020). Streptomyces rochei A-1 treatment significantly increased
the activities of POD, superoxide dismutase (SOD), catalase
(CAT) and PAL, effectively induced the resistance of apple fruit to
ring rot (Zhang et al., 2016).

The V76-12 isolate was the most effective treatment
tested in reducing leaf spot disease of oil palm seedlings, due to
its ability to enhance PAL, POD and PPO activities in the oil palm
leaves (Sunpapao et al., 2018). SA from the strain of Streptomy-
ces diastatochromogenes KX852460 induced the high activity of
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glutathione reductase (GST), catalase (CAD), PAL and PPO in
tobacco against R. solani AG-3 (Ahsan et al., 2019).

Six endophytes stimulated systemic resistance which
was evaluated by seed treatments in pathogen inoculated chick-
pea (Singh et al., 2017). Streptomyces rubrogriseus HDZ-9-47
enhanced the activity of PPO, POD, PAL and SOD in tomato roots
(Jin et al., 2016). S. rochei D74 and S. partum Act12 (Liu et al.,
2018) and S. rochei strain ZZ-9 (Xie et al., 2019) strongly en-
hanced the defense activity in wheat leaves. Otherwise, there are
few studies investigated that antimicrobials at very low concen-
trations have high inhibiting effect or eliciting activities (Boukaew
et al., 2017; Hennessy et al., 2017; Winding et al., 2004). Bala-
raju, Kim et al. (2016) studied that paromomycin at lower concen-
tration (1.0ug/ml) induced the suppression of Phytophthora cap-
sici in chili pepper, higher than 100 pg/ ml and 1000 pg/ml.

The aim of this study was to reveal the dynamic changes
of different enzyme activities in wheat treated with S. sp. strain
HU2014, and provide the scientific basis for its application in the
field.

Materials and methods. 2.1. Materials. Soil samples
were collected in May 2020 from the field where commonly wheat
is grown, in Xinxiang, China (Benton Harbor: N 113.9351°,
E 35.3829°), air dried at 25 °C, thoroughly sieved to remove roots
and plant residues, and stored until use.

Streptomyces HU2014, kindly provided by Dr. Hu Linfeng
of Henan Institute of Science and Technology (HIST), was pre-
cultured on potato dextrose agar (PDA) medium at 4 °C before
experiment. The mycelia discs were transferred to sterile GPY
broth in 250 ml flasks, incubated at 30 °C with shaking at
150 r. min-! for 28 days. The fermentation broth was centrifuged
(8000 r min-*, 4 °C) for 15 minutes to separate the supernatants.
The supernatants were filtrated through 0.45 um candle filters,
and then the extracellular filtrate (EF) was stored at 4 °C. The
mycelia were incubated for 7 days, filtrated through nylon filter,
washed with sterile water, dried with filter paper and stored at
4°C,

Wheat cultivar of “BN4199” afforded by Breeding Center
of HIST was used in this study. The seeds were disinfected with
H202(30 %) for 2 min and washed thoroughly with sterile distilled
water. The seeds were germinated for 12 hours in plastic tray

(30 cm x 20 cm x 3 cm) covered with wet gauze. Subsequently,
the germinated seeds were transferred in the pot (12 cm x 12 cm
x 9 cm), 15 seeds per pot, placed into growth chamber with the
conditions of light (12 h/day) and temperature (27 °C = 2 °C).

2.2. Assay of defense enzymes. The EF was considered
as original broth concentration, and five concentrations were set
up by adding sterile water to the EF: 10-fold dilution, 102-fold di-
lution, 103-fold dilution, 104-fold dilution and 105-fold dilution. An
aliquot was applied by soil drench of 50 ml with 3 replications.
The gradient concentration of the M was 0.1 mg/ ml, 0.01 mg/ml,
0.001 mg/ml, 0.0001 mg/ ml and 0.00001 mg/ml. Sterile water
was untreated control. Each experiment had randomized design.
Sterile water was untreated control. In ten days after soil drench
treatment, leave tissues were collected and weighted,
0.1 g per aliquot for one enzyme activity assay. Then tissues
were immediately submerged in liquid nitrogen. Material was
ground in mortar with a pestle under liquid nitrogen, transferred
into centrifugal tube. The enzyme activity was determined by
POD colorimetry (Doerge et al., 1997), PPO colorimetry (Tang et
al., 2004) and PAL colorimetry (Aydas et al., 2013). All detailed
steps referred to the instruction of Kit Box (Beijing Solarbio Sci-
ence & Technology Co., Ltd, in China).

2.3. Statistical methods. Statistically significant differ-
ences (p < 0.05) in enzyme activity assay were evaluated by an
analysis of variance (ANOVA) using SPSS version 16.0 (SPSS
Inc. Chicago, IL, United States). All data shown are average value
of three (in vitro experiments) biological replicates + SD.

Results. Induced resistance is usually indicated by the
activity of POD, PPO and PAL or other defense enzymes. To es-
timate the quantitative changes in the plant defense-related en-
zyme activities of POD, PPO, and PAL in wheat leaves, our pot
experiment was conducted under different concentrations of the
M and EF with soil drench treatment. With the treatment of the
EF (Table 1, Fig. 1), the POD and PAL activities at the concentra-
tion of 103-fold dilution of the EF increased significantly to some
extent compared to control, by 173.86 % (P < 0.05) and 71.92 %
(P < 0.05), respectively. It was shown that EF of S. sp. strain
HU2014 can significantly induced the activity of these enzymes
in wheat at low concentrations.

Table 1

Effect of the EF of S. sp. strain HU2014 on the activity of disease defense enzymes in wheat seedlings

Concentration POD activity (U/g)

PPO activity (U/g) PAL activity (U/g)

3476.61 £ 273.37d
6870.61 £ 219.65b

untreated control
Original broth

10-fold dilution 6567.13 + 135.63b
10%fold dilution 5619.70 + 145.51c
10%-fold dilution 9522.38 + 106.33a
104-fold dilution 3340.89 + 216.28d
10°-fold dilution 2768.14 + 152.48¢

74.51 + 3.08abc 73+0.72c
83.43 £ 1.40ab 8.38 + 0.66bc
64.58 + 6.60c 8.91+£1.15
87.17 £ 7.55a 9.33£0.62b
69.3 * 3.85bc 12.55 + 1.30a
86.79 £ 4.15a 5.78 £0.37d
67.23 + 5.30c 7.99 + 0.39bc”

*Data in the table are means + SD. Different lowercase letters in the same column show values that are significantly different at the P < 0.05 level by least

significant difference (LSD) test.
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Fig. 1. Quantitative changes in wheat defens

Although the activity of PPO at the concentrations of 102-
fold dilution and 104 -fold dilution increased compared to un-
treated control, by 16.99 % (P < 0.05) and 16.48 % (P < 0.05) re-

e enzymes by the EF and M of S. sp. strain HU2014.

of the M (Table 2, Fig. 1), the activities of POD and PPO en-
hanced with the increasing of dilution ratio in the range of different
concentration, but the difference was not significant.

spectively, the difference was non-significant. With the treatment
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Table 2

Effect of the M of S. sp. strain HU2014 on the activity of disease defense enzymes in wheat seedlings

Concentration (mg/ml) POD activity (U/g) PPO activity (U/g) PAL activity (U/g)
untreated control 3940.10 + 125.56a 69.19 £ 0.50ab 12.20 £ 1.72a
01 4903.48 + 360.60a 72.32 £ 2.75ab 14.45 + 2.16a

0.01 4759.23 £ 472.73a 71.50 £ 4.63ab 11.35 £ 2.86a

0.001 5635.42 + 526.09a 73.91 £ 2.79ab 14.08 + 2.07a
0.0001 5630.14 + 625.98a 74.69 £ 1.18ab 14.79 £ 1.94a
0.00001 5978.90 + 704.20a 77.78 £4.28a 13.44 + 1.04a"

*Data in the table are means + SD, Different lowercase letters in the same column show values that are significantly different at the P < 0.05 level by least

significant difference (LSD) test.

The activity of PAL (with the exception of 0.01 mg/ml) in-
creased compared to untreated control by 10.16 % ~ 21.23 %
(P < 0.05), but the difference was non-significant as well.

Discussion. In plant defense system, POD, PPO and
PAL are the major defense enzymes, they are used as physio-
logical indexes to identify plant disease resistance (Jinal et al.,
2020; Peng et al., 2019). It has been shown in many studies that
activities of defense-related enzymes could be altered by micro-
organisms and their metabolites (Sakineh Abbasi et al., 2019;
Van Loon, 1997; Zhao et al., 2012). In our study, the activities of
POD and PAL at the concentration of 103-fold dilution of EF in-
creased significantly to some extent compared to control. In other
words, the EF of S. sp. strain HU2014 can significantly induce the
activity of defense enzymes in wheat at low concentration. From
this point of view, the performance of POD and PAL activity coin-
cides with the results of Xie et al. (2019) and Liu et al. (2018).
Moreover, in this experiment the increase of induced enzyme
activity was higher. Therefore, it was determined that the
S. sp. strain HU2014 could significantly improve the resistance of

wheat seedlings. The level of enzyme activity with the M was
lower than that of the EF. The main reason would be that the my-
celia need a certain time to colonize in the rhizosphere and grad-
ually metabolize the active components.

Conclusion. It was found that POD and PAL enzymes
had high level of activity at a low dilution of the EF of S. sp. strain
HU2014 within certain concentration range. Activities of POD and
PPO were enhanced with the increasing of dilution ratio in the
range of different concentration of M, but the difference was not
significant. Characteristics of S. sp. strain HU2014 growth in soil
need further research. The changes of defense enzymes are re-
lated to the induction of plant disease resistance.

In our experiment, S. sp. strain HU2014 could induce the
enzyme activity without plant pathogenic fungi, so the induction
of the strain would follow Jasmonate signaling pathway. Other-
wise, the enzyme activities measured at the physiological level of
plants were easily affected by some factors, which need to be
further verified at the molecular level. Further studies should be
focused on wheat disease resistance with RT-PCR assay, meta-
bolic pathways and transcriptomics research.
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Yy Xonakcro, acnipaHm, Cymebkull HayioHanbHUl agpapHull yHisepcumem, M. Cymu, YkpaiHa; XeHaHbCbKull Haykog8o-me-
XHigHUt iHemumym, M. CitbcsH, KHP

Yoy dene, kaHdudam cinbcoko20cnodapchbKux Hayk, doueHm, XeHaHbCbKUl HayKo8o-mexHiyHul iHemumym, m. CiHbCsH,
KHP

Poxkoea TemsiHa OnekcaHOpieHa, kaHOudam 6ionoaidHux Hayk, doueHm, CyMcbKull HaujoHanbHUl agpapHuli yHieepcu-
mem, m. Cymu, YkpaiHa

KINbKICHI 3MIHW EH3UMHOI AKTUBHOCTI MIUEHNLI, IHGYKOBAHI STREPTOMYCES SP, LUTAM HU2014

bakmepii 0nsi 6iokoHMPOO Maomb pisHOMaHImHUL cnekmp Oii (i akmugHO 3aCmMoCco8YOMbCA K NOMEHYIUHI ageHmu biorno-
2i4H020 KOHMPOITHO WKIONUBUX Op2aHiaMie Y CirlbCbkoMy 20cnodapemei. BoHu MOXymb 8UKnUKamu 3axucHy peakyiro pociiuH i nidgu-
wysamu cmitikicmb pocruH 0o xeopob. Streptomyces sp. npodyKylomb akmugHi Memabostimu, siKi MOXymb npueHidygamu picm ¢i-
monamogeHig. IHOykosaHa pe3ucmeHmHicmb, 3a3gudall, 6asyembcss Ha akmusHocmi nepokcudasu (POD), nonigheHonokcudasu
(PPO) ma amiakniazu cerinananiHy (PAL) abo iHwux 3axucHux ghepmermie. BidnoeioHi docnidxeHHs 30ebinbuio2o bynu 3ocepe-
OXeHi Ha KOHMPOTTi X80pP0b KoMepuitiHUX Kyibmyp abo 080Yi8, WO CNPUSIIO 3pOCMAHHIO iX 8p0OXais, MEHLWOK Mipok nweHuy. binbwe
mogo, iHghopmauisi npo KOHUEeHMpaujiio hepmeHmamugHo20 pidkoeo cepedosua ma miyenito Streptomyces, wjo 8nnusanu Ha Kirb-
KICHI 3MiHU aKmueHOCMI 3axXUCHUX (hepmeHmig, obmexeHa. Y ybomy docridxeHHi cnodamky 6yno eudineHo wmam Streptomyces,
sikomy Oanu Hasgy HU2014. 320dom 6yno npodemoHcmposaHo akmusHicme ghepmenmie POD, PPO, PAL 3 pi3HOK KOHUeRmpauiero
M i EF 3a 06pobku wmamom rpyHmosoi cuposuHu. AkmusHicme chepmeHmig 8u3HayusIu 3a donomMo2oko sudumoi cnekmpoghomome-
mpii. Pe3ynbmamu noka3anu, wjo akmugHicms POD ma PAL 3a koHyeHmpauii 10-3 possedenHs EF & desikili Mipi 3Ha4yHO 3pocna,
nopieHsHO 3 HeobpobrieHuM KoHmporeM, 8idnosioHo Ha 173,86 % (P < 0,05) ma 71,92 % (P < 0,05). Y diana3oHi pi3Hux KoHueHmpa-
yitt M, akmusnicms POD ma PPO nocurntosanach 3i 36inbweHHAM KoegbiyieHma po3eedeHHs, ane pisHuus He byna 3HayHow. 3 pe-
3ynbmamie eudHo, wjo HU2014 & ymosax HU3bKOI KOHUEeHmpauii Mae 04e8uOHUL 8NIUE Ha 3axUCHI (hepmMeHmU NWeHUYj, i, K OYiKy-
€mbCs, 8iH MOXe bymu akmusHUM pecypcom 0515 po3pobKu Hosux bionozidHUX npenapamig.

Knroyoei cnoea: 6akmepii dnist 6iokoHmporto, iHOyKko8aHa akmugHiCMb, 3aXUCHI (hepMEeHMU, 3ePHO8I Kynbmypu.

Llama Hadxo0xeHHs o pedakuii: 02.11.2020 p.
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Cadmium is a non-essential trace element which is highly toxic to plants. Because of its high mobility and toxicity, it has become
a hot topic to study the molecular mechanism of cadmium uptake and transport by plants and to cultivate new crop varieties resistant
to cadmium and low cadmium accumulation. Cd enters into the plant body, it will be absorbed by the root system and gradually
transported to the above-ground part. Plants reduce toxic effects by absorbing and transporting heavy metals in different chemical
forms and storing them in different organs and tissues. Under cadmium stress, plants produce a variety of physiological and biochem-
ical mechanisms that limit cadmium absorption and transfer to reduce cadmium damage. Cadmium stress induces the expression
level of metallothionine gene in gramineous crops (wheat and rice), which has a positive effect on improving plant resistance to cad-
mium and alleviating cadmium toxicity. It is not clear how the gene causes tolerance to heavy metals. Therefore, this experiment cloned
the gene and analyzed the biological information to find the mechanism of cadmium resistance.

The full length of TaSFT2 gene was cloned by RT-PCR. The sequence analysis showed that the ORF gene was 684bp,
encoding 228 amino acids, with a molecular weight of 58.542kD and an isoelectric point of 9.16. The results of evolutionary tree
analysis showed that wheat TaSFT2 was closely related to maize ZmGot1/Sft2 gene and rice OsGot1/Sft2 protein.

The basic information of TaSFT2 gene can be obtained by chromosome location analysis, intron/exon analysis, ORF analysis
and expression profile analysis, efc. By analyzing the basic properties of TaSFT2 protein, hydrophobicity analysis, transmembrane
region prediction, signal peptide prediction and similarity prediction, the properties of gene-encoded protein can be preliminarily deter-
mined and predicted. In particular, hydrophobicity analysis and transmembrane region prediction can be used to predict whether the

gene is membrane protein, which has important reference significance for determining the direction of experimental research.
Key word: cadmium, wheat, tolerance, Cd-resistance, gene sequence analysis.
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Introduction. Cadmium is a non-essential trace element
which is highly toxic to plants. Growing in cadmium polluted areas
will lead to excessive cadmium levels in agricultural products and
threaten the health of animals and humans. Therefore, it has be-
come a hot topic to study the molecular mechanism of cadmium
uptake and transport by plants and to cultivate new crop varieties
resistant to cadmium and low cadmium accumulation.

It was found that the toxic effect of heavy metal cadmium
is related to its transport from soil to the aboveground part of
plants. During the process of cadmium entering the xylem
through the root cortex, through the symplast and extracellular
pathways, most of it is deposited in the intercortical cells, and a
few of it is transferred to the above-ground parts after arriving at
the midcolumn. Studies have shown that when Cd enters into the
plant body, it will be absorbed by the root system and gradually
transported to the above-ground part. In paddy rice, the running
rule is the highest in the root, followed by the stem, leaf sheath
and leaves. In rice plant, the accumulation amount is the lowest,
while most of the cadmium accumulates in the root (Li et al.,
2017; Meixiu et al., 2006; Tanaka et al., 2003; 2003; Wojas et al.,
2008). Other authors analyzed that only 2 % of the cadmium in
soybeans moved to the stem, with the rest remaining in the roots
and only a small portion of the Cd transported to the seeds. In
heavy metal enriched plants, the content of Cd in stems and
leaves is much higher than that in roots (Zhang et al., 2008). This
indicates that cadmium accumulation is different in various crops.

BicHuk CyMmcbKoro HaulioHanbHOro arpapHoro yHiBepcurteTty

Therefore, the ability of cadmium transport from root to over
ground is one of the important mechanisms that determine the
tolerance of plants to cadmium. It was showed that in wheat cad-
mium was first transferred to phloem in ear and then transferred
to grain, indicating that phloem transport was the main transport
mode for cadmium to enter grain (Herren & Feller, 1997). At the
same time, K. Tanaka with colleagues also confirmed that 90 %
of cadmium in some grains was transported through phloem
(Tanaka et al., 2003). Therefore, the ability of cadmium transport
from xylem to phloem in spike is the main determinant of cad-
mium content in wheat grain, rather than cadmium content in xy-
lem.

In wheat, cadmium in the soil is absorbed and transported
to the xylem through the root system of plant, transported upward
through the xylem, transferred and accumulated to the above-
ground phloem, and finally enriched in wheat grains; it has under-
gone a series of physiological and biochemical changes (Jian et
al., 2020; Song et al., 2017). The process goes through three
steps: the first step is the absorption and activation of the root
system, the transport of xylem, and the transfer of phloem to
grains (Ma Huiet al., 2020; Ghori et al., 2019). Cadmium enters
the root vascular column mainly through extracellular and sym-
plast pathways, and metal ions from the soil migrate through ex-
tracellular spaces such as cell walls or intercellular spaces and
accumulate through the cortical and endocortical tissues. The
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symplast pathway is a transport type through which cadmium car-
rier proteins use the metabolic energy of plants to enter root cells,
transfer through the symplast (intercellular ligamentum), and ac-
cumulate in the vascular column, including the transport of Ca ion
channels, endocytosis, calmodulin, and cationic transporters with
low affinity (Choppala et al., 2014). Secondly, cadmium in the xy-
lem enters the duct through transporters, and in the root cyto-
plasm it can be transported to vacuole, mitochondria and other
regional chambers, or loaded from the parenchyma cells of the
root tissue into the xylem duct for transport. Then it is transported
to the above-ground by transpiration and root pressure over a
long distance. The third step is the transport from xylem to
phloem. Crops such as wheat is transported from xylem to
phloem through the stem node, and then cadmium will be trans-
ferred into grains through the phloem of cob (Abedi & Mojiri;
2020).

Plants reduce their toxic effects on plants by absorbing
and transporting heavy metals in different chemical forms and
storing them in different organs and tissues (Ghori et al., 2019).
Under cadmium stress, plants produce a variety of physiological
and biochemical mechanisms that limit cadmium absorption and
transfer to reduce cadmium damage, among which cadmium
transporters and their chelate related transporters play an im-
portant role in plant resistance to cadmium toxicity, and cell wall
fixation and plasma membrane selective permeability also play a
key role. Studies have shown that cadmium stress induces the
expression level of metallothionin gene in gramineous crops
(wheat and rice), which has a positive effect on improving plant
resistance to cadmium and alleviating cadmium toxicity (Chen et
al., 2019; Yali et al., 2017).

Various protein families involved in heavy metal transport
in plants have been isolated and identified, including the P-type
ATPase gene family, the ATP-binding Cassette transporter
(ABC) gene family, and the Natural Resistance-Associated mac-
rophage Protein family (NRAMP), Cation Diffusion Facilitator
(CDF), H+/Cation Exchanger (CAX) family, Zrt/ irt-like Protein
(ZIP) family, Oligopeptide Transporter (OPT) family for transport
of tetrapeptide and pentapeptide, etc. (Ali & Nas., 2018; Huang
etal., 2020).

In rice, overexpression of OSHMA3 and interference with
the silencing of OSNRAMP5 and OsNRAMP1 reduced the cad-
mium concentration in stalks and grains, and greatly reduced the
absorption and accumulation capacity of Cd?* in plant, indicating
its involvement in the absorption and transport of Cd?* (Liu et al.,
2019; Russell & Soulimane, 2012; Sasaki, et al., 2014).
Got1/SFT2-like protein, vesicle transport protein, the gene were
involved in metal exclusion and storage, to actively pump metal
ions across membranes located either in the plasma membrane
(contributing to extruding metals to the cell exterior) or vesicle and
vacuole membranes (creating metal storage that can be either
kept in the cell or displaced). Examples of these genes include
the cation diffusion facilitator transport proteins that are predicted
to aid in zinc ion homeostasis and an iron permease gene pre-
dicted to transport iron ions across membranes (Takahashi et al.,
2014). It was identified the gene scattered across the genome
putatively involved in heavy metal tolerance. (Chiang et al.,
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2006). The gene encode for transmembrane transporters in-
volved in metal exclusion and storage, immobilization, and ROS
detoxification. It is not clear how the gene causes tolerance to
heavy metals. Therefore, this experiment cloned the gene and
analyzed the biological information to find the mechanism of cad-
mium resistance.

Materials and methods. Material was wheat variety
Bainong 207, supplied by Henan Institute of Science and Tech-
nology. PMD-19T vector, Escherichia coli (E. coli.) and Agrobac-
terium GV3101 strains were purchased from TaKaRa biological
company.

Seeds of Bainong 207 (Triticum aestivum L.) were disin-
fected with 75 % (v/v) ethanol for 1 min and 2.5 % sodium hypo-
chlorite for 6 min, then germinated on moist filter papers. All
seeds were provided by Center for Genetic Improvement of
Wheat, College of Life Science and Technology, Henan Institute
of Science and Technology. On the 10-th day, uniform and
healthy seedlings were transplanted to 4 x 12-hole hydroponics
basin under natural light and temperature at 22+2°C
(day/night). The water was continuously aerated and renewed
every 3 days.

Wheat genomic DNA samples were prepared using
etiolated seedlings as described previously. To prepare total RNA
samples from wheat of Bainonng 207 organs or seedlings, Trizon
reagent (tiangen, Cat. No. 419) was used. To avoid genomic DNA
contamination, total RNA samples were treated with an RNase-
free DNase kit according to the manufacturer’s instructions
(Qiagen, http://www.giagen.com/).

Total RNA was extracted from Bainonng 207, and the full
length CDS of the homologous Got1/Sft2 (GenBank:
LOC109784566) were cloned using the primers of Got1/Sft2-F
and Got1/Sft2-R. cDNA was used to design specific primers
based on the conserved sequence of Got1/Sft2 gene of wheat in
GenBank. The amplification product was detected by 2.0 %
agarose gel electrophoresis.

Using the SingalP4.1 and TMHMM Server v.2.0 analysis
the transmembrane region. NCBI is used to sequence Got1/Sft2
gene and cloned from wheat Bainong 207
(https://blast.ncbi.nim.nih.gov/Blast.blastn&PAGE_PE=BlastSea
rch&LINK_LOC=blasthome). Using Expasy online website to
analyze the hydrophilic/hydrophobic amino acid sequence of the
gene  (http://web.expasy.org/cgi-bin/protscale/protscale.pl?1).
Using Mega 5.0 to construct the evolutionary tree.

Results. 3.1. Extraction of total RNA from wheat. The ex-
traction quality of total RNA is the premise that determines the
results of this experiment. The extraction of total RNA with high
purity and integrity is an important guarantee for RT-PCR. After
the extraction of RNA from wheat leaves, the total RNA quality
was detected by 0.8 % agar gel electrophoresis, as shown
(Fig 1.). The results showed that the extraction effect was satis-
fied and the integrity was good as well. The value of 0D260/280
was detected between 1.7 and 2.0 by ultraviolet spectrophotom-
eter, indicating that the RNA samples obtained in this experiment
had high purity, which was used for subsequent reverse transcrip-
tion experiments and amplified fragments to construct the vector.
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Cepist «ArpoHomis i Gionorisiy, Bunyck 3 (41), 2020



Fig 1 RNA detection by electrophoresis

M: Standard 2000+Marker; 1-5:

3.2. FullHlength cloning of wheat TaSFT2 gene. The
results showed that the band with the same size as the target
fragment (about 750 bp) was amplified (Fig. 2). After the strip was
recovered, the plasmid was connected with pMD-19T and

RNA samples

transformed into the competent cells of E. coli. After the
successful verification by monocloning, the plasmid was
extracted and named as pMD-19T-TaSFT2 plasmid and then it
was sequenced.

M: Standard 2000+Marker; 1-4: Amplified band
Fig2. TaGotl/Sfi2 gene PCR amplification

The results showed that the sequence had a complete
open reading frame (ORF), with a length of 684bp and encoding
228 amino acids (Fig. 2). The sequence was named TaSFT2.

3.3 The sequence analysis and bioinformatics analysis of
wheat TaSFT2 gene. The physical and chemical properties of
TaSFT2 protein were analyzed by Protaparam, and the molecular
formula was Caoss Hase NesaOssoSte1, the relative molecular
weight was 58.542kD, and the theoretical isoelectric point pl was
9.169 (Fig. 3). Singal P 4.1 analysis showed that the sequence

FrotScale cutplr far user_segquence

Hphak. [ Kyte & Doolittla

Position

Fig3. Analysis of hvdrophilicity and hvdrophobicity of TaGotl/Sf2
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was a signal peptide that distinguished the transmembrane re-
gion. According to TMHMM Server v.2.0 online analysis, the
TaSFT2 protein has four distinct transmembrane regions (Fig. 4).
Using Expasy online website (http://web.expasy.org/cgi-
bin/protscale/protscale.pl?1), the hydrophilic/hydrophobic prop-
erty of the amino acid sequence of this gene was analyzed
(Fig. 5). The hydrophobic region encoded byTaSFT2 alternated
with the hydrophilic region. Therefore, the TaSFT2 protein was
predicted to be hydrophilic.

SignalP-4.1 prediction (euk netwarks): 1

C-score
1.0 S-score
Y-scone
0e
0.6
o
8
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02
oo NIRRT
AT G AGEC AT GET TCTCOGACT CT GAACCET CRCCCTCET CAT CAACARCAT CT TCAC ABCCATCAsCal
0 10 20 a0 40 50 B0 70
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Fig4. The transmembrane region of TaGotl/Sft2
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In order to further study the evolutionary relationship of
TaSFT2 gene in different species, the evolutionary tree of
Got1/Sft2 gene in different organismswas constructed through
Clustal W comparison in MEGA5.0 and the Neighbor-joining

method. The evolutionary tree was used to analyze the evolution-
ary relationship between Got1/Sft2 gene in different species. As
shown in Fig. 6., wheat TaSFT2 has the closest relationship with
maize ZmGot1/Sft2 and rice OsGot1/Sft2 proteins.

XP 0024372641 Sorghum bicolor
47{

100 |- NP 001150517 2 Zea mays

L XP 004965916.1 Setana italica

—— VAI78066.1 Triticum turgidum subsp. durum

100

XP 006656231.1 Oryza brachyantha

100

XP 014752367.1 Brachypodium distachyon

I)(P 0201987551 Aegilops tauschii subsp. tauschii

0.20

100
l KAES8811045.1 SFT2-like Hordeum vulgare

Fig6. Phylogenetic tree analysis of TaGot1/Sft2 and Gotl/Sft2 protein of other species

Discussion. In this experiment, the sequence of wheat
TaSFT2 gene was successfully cloned by RT-PCR (Feeney, et
al., Huai et al., 2008) . The sequence analysis showed that the
OREF of the gene was 684bp in length, encoding 228 amino acids
in total, with the predicted molecular weight of 58.542kD and the
isoelectric point of 9.169. As Y. X. Zhu, & Y. Li (Zhu & Li, 2007)
predicted the isoelectric points can be used in the separation of
amino acids. In fact, in practical applications, compared with the
pKa value of amino acid residues at isoelectric points of amino
acids, the effect of pH on the dissociation of amino acid residues
can be directly reflected in the protein properties (Bartels &
Sunkar, 2005). When the pH is near the isoelectric point (pl) of
the protein, the surface charge intensity and hydration ability of
the protein are the lowest, and it is easier to precipitate. When pH
deviates from pl value appropriately, protein solubility is better.
SingalP4.1 analysis showed that the sequence was a non-secre-
tory protein with no signal peptide sites. According to the online
analysis of TMHMM Server V. 2.0, TaSFT2 protein has four dis-
tinct trans membrane regions (Figure 3, indicating that this gene
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is a membrane protein. Using Expasy online website
http://web.expasy.org/cgi-bin/protscale/protscale.pl?1)  Hydro-
philic / hydrophobic analysis of the amino acid sequence of the
gene (Fig. 3—4). Hydrophobic and hydrophilic water appear alter-
nately in TaSFT2 encoding. In the whole peptide chain, hydro-
philic amino acids are evenly distributed, with excess hydropho-
bic amino acids. Therefore, it is predicted that TaSFT2 protein is
hydrophilic, and the dissolution of protein in aqueous solution is
the result of the interaction between protein surface charge and
ions in aqueous solution, and water molecules. Too high or too
low ionic strength in solution will destroy the hydration layer on
the protein surface and promote protein polymerization and pre-
cipitation. Few proteins dissolve well in pure water. The dissolu-
tion of some proteins in solution requires specific helper mole-
cules (glycerol, urea, arginine, detergent, etc.) (Liu et al., 2014;
Patel et al., 2014). In order to further study the evolutionary rela-
tionship of SFT2 in different species, DNA sequences were used
for developmental analysis to infer and evaluate the evolutionary
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relationship of species at the molecular level, which was ex-
pressed in the form of a branching graph, namely the evolutionary
tree. The evolutionary tree has multiple branches, but it is usually
abinary tree. It's either a rooted or an unrooted tree. Rooted trees
reflect the chronological order of tree species, while rootless trees
only reflect the distance between taxa without reference to who
is the ancestor. In other words, the root nodes of root trees are
the nearest common ancestor of all taxa, which reflects the evo-
lutionary relationship between taxa, while the rootless trees only
reflect the taxa relationship (Whelan & Morrison, 2017). Through
comparison of Clustal W in MEGA5.0 and the neighbor-joining
method, SFT2 gene evolutionary trees of different organisms
were constructed to analyze the evolutionary relationship be-
tween SFT2 genes in different species. It was found that TaSFT2
of wheat was closely related to ZmSFT2 of maize and OsSFT2 of
rice.

Conclusion. The double helix structure of DNA contains
the code of life, and the arrangement and change of four nucleo-
tides contain a lot of genetic and evolutionary information. Since

the Human Genome Project, data on the sequence and structure
of nucleic acids (or proteins) has grown exponentially, and com-
puters are essential to the application of such complex data.
Therefore, the purpose of bioinformatics research is that people
can clarify and understand the biological significance of large
amounts of data through various tools such as mathematics and
computer science. The basic information of TaSFT2 gene can be
obtained by chromosome location analysis, intron/exon analysis,
ORF analysis and expression profile analysis, etc. By analyzing
the basic properties of TaSFT2 protein, hydrophobicity analysis,
transmembrane region prediction, signal peptide prediction and
similarity prediction, the properties of gene-encoded protein can
be preliminarily determined and predicted. In particular, hydro-
phobicity analysis and transmembrane region prediction can be
used to predict whether the gene is membrane protein, which has
important reference significance for determining the direction of
experimental research.
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By Jltonto, acnipanm, CymcbKull HauioHanbHUl agpapHull yHisepcumem, M. Cymu, YkpaiHa

Xamoea ManuHa OnekciigHa, kaHOuOam CinbCbk020cN0AapchbKux HayK, npoghecop, CymcbKuUl HauioHanbHUl aepapHull
yHigepcumem, M. Cymu, Ykpaina

KITOHYBAHHS1 TA BIOIHOOPMATUYHUIA AHATI3 KALIMIA-CTIAKOIO FEHY TASFT2 MWEHULI

Kadmiti He Hanexumb 00 OCHOBHUX €IeMEHMIg XUBMEHHS | € MOKCUYHUM Ons POCuH. Yepes (i020 8UCOKy MOBinbHICMb |
MOKCUYHICMb akmyasbHUM NUMaKHSIM CMaro 8UBYEHHST MOMIEKYIPHO20 MeXaHi3My NoeuHaHHs ma mpaHcnopmy Kadmii pocnu-
HaMu, @ MaKoX CMBOPEHHS HOBUX COPMIB CiflbCbk020CN00apchKux Kynbmyp, cmilikux Ao kadmito ma 30amHicmio 3o (1020 HU3bK020
HakonuyveHHs. Cd nompansisie 8 opaaHi3M POCUHU, NO21UHAEMbCS KOPEHEBOK CLUCMEMOK | NOCMYN080 NEPEHOCUMBLCS 8 Ha03eMHy
yacmuHy. PocnuHu 3ameHwytomb mokcuqHy diko kaOMito Ha eniacHul 02aHi3M, NO2IUHAKYU | MPaHCNOPMYI0YU 8aXKi MEMasuU 8 Pi3HUX
XiMiqHUX chopmax i 3bepiearoyu ix 8 pi3HUX opaaHax i mkaHuHax. [1id enusom kadmieso20 cmpecy POCIUHU 8UPOBNSOMb Pi3Hi
isionoeiyHi ma bioXiMiyHi MexaHi3mu, sKi obMexyoms abcopbuito | nepeHeceHHs kaoMito, Ansi 3HUXeHHs (loeo mokcuyHo 0ii. Kad-
Miggull cmpec BUKIUKAE pigeHb eKCNPECii 2eHa MemaniomioHiHa @ 31akosux Kynbmyp (NWeHUUs i puc), wo no3umugHo 8nueac Ha
nideuwerHs cmitikocmi pocuH 4o KadMmito | 3HUXEHHs MOKCUYHocmi Memany. HesicHo, sik caMe 2eH 0bymoerioe monepaHmHicms 4o
8axXKux memarnig. B ypomy ekcnepumeHmi 6yro KIIOH08aHO 2eH i npoaHanizogaHo bionoziyHy iHgbopmayis, Wodo Nowykie MexaHiamy
cmitikocmi pocriud 8o kadmitk. [TogHy doexuHy eeHa TaSFT2 krnoHysanu 3a donomoeoto OT-MIP. AHanis nocridogHocmi nokasas,
wo posmip eeHa ORF cmaHosumb 684 nap ocHos, 8iH k0dye 228 amiHokuciom, 3 MOneKynsipHoto Macoio 58,542 k[la i i3oenekmpuy-
Hoi moykor 9,16. Pe3ynbmamu aHanisy egomoyitiHoeo Oepesa nokasanu, wo TaSFT2 nweHuui 6ys micHo nog'a3aHull 3 eeHoM
ZmGot1/ Sft2 kykypydsu i 6inkom OsGot1/ Sft2 pucy.

OcHosHy iHhopmauito npo 2eH TaSFT2 moxHa ompumamu 3a oNOMO20K0 aHasi3y Micys po3mallly8aHHs XpOMOCOM, aHari3y
UHMPOHO8 / ek30Hig, aHanisy ORF ma aHanisy npogbinio ekcnpecii mowjo. LLinsxom aHanizy 0cHogHuUx eacmugocmeli binka TaSFT2,
aHarnisy 2idpoghobHOCMI, NPO2HO3y8aHHA mpaHcMeMbpaHHOI 0bracmi, cugHambHo020 nenmudy i npo2HO3y8aHHs NOGIGHOCMI. MOXHa
nonepedHbo gusHayumuti 0 nepedbayumu enacmugocmi kodosaHo20 2eHoM binky. 3okpema, aHani3 eidpogobHocmi U npoeHo3
mpaHcMembparHoi 0biacmi MoXHa 8uKopucmosysamu 0715 NPO2HO3Y8aHHS, WO Mae 8aX/IUBe 3HaYEHHS OIS 8U3HAYEHHS HanPSMKy
excnepuMermanbHUX 00CTIOKEHb.

Knroyoei cnoea: kadmill, nweHuus, monepaHmuicms, cmilikicme 00 kaOMiko, 2eH, CEKBEHYBaHHSI.

[lama HaOxo0xeHHs 0o pedakuii: 30.10.2020 p.
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