MiHiCcTepCTBO OCBITH 1 HAyKu YKpaiHu
JIbBIBCHKMIA HAIlIOHATHLHUN YHIBEPCUTET BETCPUHAPHOT MEUIIMHY Ta 010TEXHOJIOT1H
imeni C. 3. [>kUIIbKOTO

KamidikariitHa HaykoBa
Iparls Ha TpaBax PyKOIHUCY

KOHIOBA Boraan IropoBuu

VK 633.34:632.983.3:631.55:52:631.53:84

JTMCEPTAIIIS

OINTUMI3ALISA CUCTEMHU A30THOI'O YIOBPEHHS CO1
3 BUKOPUCTAHHAM IHI'IBITOPA HITPU®IKAIIIL
TA IHOKYJIALII HACIHHSA B YMOBAX MAJIOT'O MOJICCS

201 — ArpoHomist
[TomaeTbest Ha 3700y TTSI HAYKOBOTO CTYIIEHS AOKTOpa (imocodii

Jlucepraliist MICTUTh pe3y/IbTaTH BIACHUX JIOCIIKeHb. Bukopucranus isei,
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AHOTALNIA

Koywba b. I Onrtumizamiss CHCTEMH a30THOIO yaoOpeHHs coi 3
BUKOPUCTAHHAM 1HTi0ITOpa HiTpU(IiKaIlii Ta 1HOKYIAIII HaciHHSA B ymMoBax Maioro

[Tomiccs. — KBamidikariiiina HaykoBa mpailsi Ha IpaBax pyKOIHUCY.

Juceprariisi Ha 3100yTTS HAYKOBOTO CTymeHs jJokTopa dinocodii B ramysi

3Hanb 20 — «ArpapHi HayKM Ta TPOJOBOJBCTBO» 3a cHemisuibHicTIO 201
«ArpoHoMisi». — JIbBIBCBKMH HAalllOHAJIbHUIM YHIBEPCUTET HPUPOJOKOPUCTYBAHHS,
JIbBIB, 2025.

Kynbrypa coi mpocyBaeTbcs Bce Oulbllie Y MIBHIYHI IIUPOTH 1 CTAa€E JyXKe
pEeHTA0CIBHOO JUIsl BUPOOHUIITBA Ha 3axoli YKpaiHdh. 3epHO COi MICTUTh BUCOKUN
BiJIcOTOK OUIKiB (Onu3bko 35-40%) 1 morpeOye 3HAYHOI KUIBKOCTI a30Ty MJis
KUBJICHHS TIOPIBHSHO 3 1HIIMMHU KylbTypamu. Aune, sik 6000Ba pocivHa, BOHA 37]aTHA
3100yTH OUIBIIICTh HEOOX1THOTO a30Ty MIJISXOM CHMOIOTHYHHMX B3a€EMOBITHOIICHD 3
oakrepismu pony Rhizobium. [lpubnuzno pemty 40-50% acuMiibOBaHOTO a30Ty COs
3aCBOIOE 3 rpyHTOBHX pecypciB. [Ipote, i ycHilmHO BHUPOUIYIOTH 1 0€3 BHECEHHS
a30THHUX JIOOPUB y IPYHT. IX iHKOJM 3aMiHIOIOTh iHOKYJISILIIEI0 PU300isIMI HACIHHS 1715
CiIBOM Ha MOJfAX, J€ paHilie cOol He BHpolryBaiu. OKpiM TOro, CHELIsIbHI
JMOCHIDKEHHST TIOKa3ajid, 110 MiABUIICHUN pIBEHh BHECEHOTO 3 JI00pUBaMHU
HITPATHOTO a30Ty B rPyHTI MOXe TaJlbMyBaTH Ipoiiec (ikcallii a30Ty CHMO10TUYHUMHU
OakTepisiMU cOi. 3 ONISIAy Ha 1€, 3aCTOCYBaHHS I1HTIOITOpIB HiTpUdikauii mnpu
BUPOIIYBaHHI COT MOXe OyTH MEPCIIEKTUBHUM.

[IpeameTom Ba)JIMBOTO 3alliKaBJICHHS MPAKTUKIB 1 HAYKOBI[IB € 3aKOHOMIPHOCTI
dbopMyBaHHS BpOXKAIO 3€pHA COI 3aJIEKHO BiJl CHCTEMH a30THOTO YIOOpEHHS,
noOy10BaHOI Ha pI3HUX (opMax 1 03aX a30THUX JOOPUB, BHECEHUX Tepe]1 CiBOOIO, Y
TOMY 4YHuCHl 3 1HriOiTOpamMu HITpu@IKalii, a TakoX Yy NI/DKUBICHHS y a3l
OyToHI3aIlll, y MOe€AHAHH] 3 BUKOPUCTAHHSIM MIKpOOIOJOTIYHUX 1HOKYJSHTIB Y HOBUX

ISl KynbTypu ymoBax Maroro Iomices.



Hamri mocnmimu mposeneni ympomorxk 2022-2024 pokiB y ¢imii kadempu
arpoximii Ta rpyHrto3naBctBa (JIHYII) ma momni depmepcrkoro rocrnogapctsa "BIK
AT'PO" (ceno Ilaitnorm). Merta DOCHIIKEHb — BU3HAUYUTHU ONTUMAJIbHY CHUCTEMY
a30THOTO YIOOpEHHS 13 BHKOPUCTaHHSM pi3HUX (opM a30THUX J0OpUB Ta
MIKpOOI1OJIOTIYHUX 1HOKYJSHTIB JUIsli MaKCHUMaJbHOi 3a0€3MEeUeHOCTI KYJAbTYpH Y
KPUTUYHUN TIEepioJy POCTy 1 PO3BUTKY Ta BHCOKOi MPOAYKTUBHOCTI COi 31
30epeKEeHHSIM TTOKa3HUKIB POIOYOCTI IPYHTY B ymMoBax Maioro Ilomiccs.

Ha JOCIIITHOMY oJIi JEPHOBUN IIMOOKUI [JICHOBHI
MIIAHUCTO-JIETKOCYTJIMHKOBUM TPYHT Ha BOIHO-JIOJOBUKOBUX Binkmanax. Jlo
3aKJIaJlaHHs JIOCHIIB BMICT JIETKOT1IPOJI3HOTO a30Ty 3a MeTojgoM KopHdinabaa
Bu3Hayaiu 3rigHo JCTY 7863:2015 y toBui 0-20 cm 1 2040 cm. BmicT HiTparHOrO
azoty (Nn) Bu3HAYalIM TOTEHLIOMETPUYHO 3a JOIMOMOTOK HOHCEIEKTUBHOTO
HITpaTHOTo eyiekTpona. Pyxomi cionyku gocdopy i 0OMIHHOTO Kajilo BU3HAYAIIN 32
JACTY 4115-2002.

TexHomoris BUPOIIYBaHHSA COI y HaIMX JAOCHiax TpaauiliiHa. [Hri6iTOp
HiTpudikamii N-Lock™ — HiTpanipus, BHOCUIM y HOpMi 1,7 5i/ra nepen ciBooro. Jlis
1HOKYJA11T HaciHHs Bukopuctanu npenaparu XainKor Cynep Cos (BupoOHuk BACO),
KU MICTUTh a30TMoOOUTI3aliiH1 Oaktepii B. japonicum Ta Paiic Ili (BupoOHMK
Arpitema), skuii MicTuTh hocdopmodinmizariiini 6akrepii Bacillus amyloliquefaciens.
CTaTUCTUYHHMI aHaNli3 JaHUX BHUKOHAJIM 3a JOMOMOTOI MPOTpaMHUX IIaKeTIiB
Statistica 12 Ta Microsoft Excel, nns ypoxaliHux qaHux 3acTOCyBald JUCHEPCITHUI
ananiz ANOVA y nporpami Dispersion.exe.

docdopHo-KaiifHe yIOOpeHHs CO1 TOKpallye poaruicTh IpyHTY. Hopma
noopuB Py Ky, nomae B opaomy mrapi y ¢asi cxomiB Biamosigao 11,0-15,0 mr/kr P,Os
ta 11,1-11,5 wmr/kr K,O no ix mnpupomgHoro piBHs BwmicTy. Ha mpomy ¢oHni
dbocharmobimizaniitHi O6akrepii (iHokynsHT Paiic Ili) crnpuuumHuUIM MakcuMmaibHE
HiABHUILEHHS 3aracy nocTynHux ¢ocdatiB y ¢asi cxonis — go 139,1 mr/kr. HaiiBumni
3anacu (ocdariB Ha oni P Ky, 30epiranucs 1 no 36upanns Bpoxaro (132,2 mr/kr),

NOPIBHSHO 3 BaplaHTaMu 0e3 1HOKyJsLUli pocharmoOLmizamiitHumu 6akTepisiMu. OTxe



iHoKynsHT Paiic Ili Ha ¢oni Py, cmpusB TpuBamimomMy MTiABUIICHHIO POIIOYOCTI
IPYHTY.

Cuctema ynobpeHHsi coi 3 MiHIManbHOK (N3)) Ta moaBiitHOI0 HOpMOIO (Ng)
a3oTy y Qopmi cynbdary amMOHII0 3 BUKOPUCTAHHIM HITparipuHy a00 1HOKYJISIHTIB
COpUsUIa 3HUKEHHIO YTBOPEHHSI HITpaTiB B OPHOMY Ta, OCOOJIMBO, y MIJOPHUX
ropu3oHTax IpyHTY y (a3i Oytonizarmii (Ha 21,1% mopiBHSHO 3 HOPMOIO N;3oPyKy
(cynbdar amoHit0). 3acTocyBaHHS Ha IbOMY (OHI a30T(IKCYBAIBHOTO 1HOKYJISTHTA
XaiiKor Cynep Cos ayis 00poOKM HAaCIHHS CIPUYMHUIO YTBOPEHHS HAaBITh MEHILOTO
pecypcy HITpariB B OpPHOMY Iapy IPyHTY, TOPIBHSHO 3 ymoOpeHHsM N; P K, 3
HITpamipuHOM + MiJKUBICHHS Nj, y OyToH13alito coi. [To1BO€HHS HOpMH a30THOTO
ynoOpeHHs Bifg N, 10 Ng, 301110 00cary eMicii 3akucy a3oTy B arMocdepy Ha
25%. Cuctema ymoOpenns N3Py Ky 3 Buxopucranusm cynsdary amonito +
N-moOutizaiiifHi GakTepii CTpUMyBajia BHUKWIW Ta30MOJIOHOTO a30Ty Ha piBHI
BapianTy N;3)Pg Ky 0e3 iHOkymsHTa. OTXKE, miaATBepKeHa €(EeKTUBHICTH
YIAOCKOHAJIEHOT CUCTEMH YIO0OpEHHS COi CTOCOBHO 30€pekeHHS SIKOCTI MPUPOIHOTO
JTOBKUJLJISI 32 BUKOPUCTAHHS a30THUX JOOPUB.

CepennbopiuHa Temrieparypa noiTps ynponosx 2010-2023 pokiB craHoBmIIa
9,0 mpotu 8,3°C y nepiox 2010-2015 pokiB, a cepeHs MaKCUMaJIbHA TEMIIepaTypa
carayna 22,4°C, mo BKa3dye Ha CTally TEHICHIIO 3pPOCTaHHSA TEIJIOBHX PECYPCIB
Jlicocteny 3axigHoro B paiioni Masnoro I[omicces. I3 TphoX pokiB JOCHIIKEHD APYTHIA
2023 pik OyB HaWCNIPUATIMBILIMM 32 TEIJIOBUM PECYPCOM Ta 3BOJIOKEHHSIM B MEPIOJ
BereTtarlii coi. Xoua tpaBeHb 2023 ta 2024 pokiB OyB MOCYIUIMBUM, MPOTE y YEPBHI
CIOCTEpIrajyd HAJUIMIIOK OMajiB B OOMJBAa POKH, IO MNOCHPULIO (HOPMYBAHHIO
Bpokaro coi. JlumeHs B yci poku AochipkeHb OyB Bosorum, mpote 2023 pik
BIJIDI3HSIBCS ICTOTHUM TEpPEBHINECHHSIM OaratopiuHoi Hopmu Ha 19 mm. 2022 pik
BereTailii OyB HallMEHIIE CHPUATIUBUM JUIsl MPOAYKTHUBHOCTI CO1 4Yepe3 BIIHOCHO
Cyx1 KBITEHb 1 TpaBE€Hb Ta HaIMIPHO BOJIOTUH BepeceHb. [3 moroguumu ymoBamu Oyina
MoB’si3aHa TPHUBAJICTh Bereraiii coi, e(peKTUBHICTb JOOPHWB, HITpPAIIPUHY Ta

1HOKysHTIB. [loABifiHA HOpMa a30Ty, @ TAKOXK OJUHAPHA 13 BUKOPUCTAHHSAM a30THHUX



Ta pochHOpHUX THOKYISHTIB MPOJOBKYBaIa Bererarlito coi y cnpustiusi 2023 12024
poku. [Hridirop HiTpu@ikamii y BCIX BUIAJKax 3aCTOCYBaHHS 13 CyJb(aToM aMOHiIO
CIPUYMHSB NPHUIIBHAIIEHHS 3aBEpIIECHHsA Bererauii coi Ha 6-7 A10, 3 aMOHIWHOIO
CEJITPOIO BiH MPOJOBKYBaB BereTallito Ha 4-5 fi0.

Konrtpons  1HriGiTopoM  KOHUEHTpalii  HITpaTiB, Kl  TaJIbMYIOTh
OyTb00YKOYTBOpPEHHS, 1 3aMiHAa AaMOHIMHOI CemiTpu Ha cyiabdar amoHil0 He
3a0e3mneuyBajl Takoro BaroMOro pe3ylbTaTy, SK MOeAHaHHS 1HOKYJISHTIB XaiKor
Cyniep Cos Ta Paiic I1i Ha doni N3 P K. 3a Takoro Bapianty maca Oyib0040K Ha
POCIIHMHI CTaHOBWJIA HAWOUIBIN BeNWYMHU — y OyToHizamio 0,49 1, 1 y KBITYyBaHHA
0,82 r. I3 BHeceHHsiM HiTpamipuny 1,7 i/ra nepex ciB6oro Ha oguHapHii (Nj,) 1 npu
noaBiiHiNA (N3)) 1031 azory y dopmi cynbdary amoniro y ¢asi KBiTyBaHHS maca
o11p00uoKk cranosmia 0,69 ta 0,72 1, Ha doHi amoHiitHOT cenmitpu (Nsy) 6e3 iHri6iTOpa
yTBOpEeHHs1 Oyianr00uok Oyno HaWOuIblIe NpurHidueHuM (maca Oyiap0ouok y dasi
KkBiTYBaHHs cTaHoBmiIa 0,39 T Ha OZTHY POCTUHY).

Ha winiMansHOMY @QoHi cynbdary amoHio N;+Ps Ky 3 BHKOpucTaHHSM
1HOKysHTIB XaiKor Cynep Cos ta Paiic 111 Bucora pocnus (84,1 cm) 1 3aKkpirieHHs
606a (14,5 cm) Oyau HaMBUIITUMHU, MMOPIBHSAHO 3 1HITUMHU BapiaHTaMH. Taka cucreMa
yI0OpEeHHS y TMO€JHAHHI 3 THOKYJALIEID HACIHHS CIpHsia YTBOPEHHIO HAWOLIBIIOT
KiTbkocTi 600iB (16,3 600a), 3eper Ha pocnuHi (34,4 3epHUHN), 3a0e3MeUMIIa Macy
1000 3epen B miamazoni 194,1-193,5-194,9 1, macu 3epeH 3 pociaunu 6,7-6,3-6,9 1.

ExcrnipecaiarHocTrika acCUMUIALIIITHOTO anapary noiboBuM npunagoM N-Tester™
JUISL OIIIHKKM CTaHy JKMBJICHHS COi IMOKa3ajia, I0 ONTHYHA aKTHBHICTH JIUCTKIB Oyia
MaKCUMaJIbHOIO 3a cucTemMu yaoOpenHs, ne ¢oH Py Ky, moennamu 3 Nj, (nmepen
ciB6010) 1 3 00poOkoro HaciHHs iHOKymsHTamu XailKor Cymep Cos Tta Paiic ITi.
Buecenns Hitpanipuny 3a mo4darkoBoi (Nj;) HOpMH a30Ty Ta 3 HACTYIHHUM
nipKUBIEHHSIM Yy (a3l OyTonizauii (N3)) y ¢opmi cynbdary amonito Ha GoHl Py K,
mi OpaHKy ICTOTHO 30UIbLIYBaJi0 ONTUYHY AaKTHBHICTb, IO CBIIYMIIO PO
MIOJIIMIIIEHHST a30THOTO KHWBJIEHHSI COi. 3a TPEThOro TECTyBaHHS y (pa3i MoOypiHHS

0001B ONTHYHA AaKTUBHICTh JHUCTKIB OyJla HaWBHILOK, MNOPIBHAHO 3 (a3amu



KBITYBaHHS Ta ¢opMyBaHHsA O000iB, 10 MIATBEPAWUIO JAWUHAMIYHE TOJIMIICHHS
A30THOTO JKMBIJIGHHS COi aX J0 (OopMyBaHHS 3€pHA Ta MIATBEPIKEHE HAUBUIIUMU
OajlaMH Bi3yaJbHOTO OLIIHIOBAaHHS CTaHy IOCIBIB y BapiaHTax CHCTEMH yI0OpEHHs
PoKeo + Nio (cynpdar amoniro Ta HITpamipuH Tmepea ciBOOKW), a TakokK 3
Ni/DKUBICHHSIM Y OyToHizauiio (N3)) a00 MmoeaHaHHSAM ABOX 1HOKYJSHTIB XaiKot
Cymnep Cos ta Paiic ITi Ha poni N; Py K.

3a BHeceHHs g opaHKy Py Ky, mepen ciB6oro Ns, (cymbdar amMoHIiO) 3
HITpamipyuHOM Ta NOUDKUBICHHSIM Nj, y ¢a3i OyToHi3alli ypoxail 3epHa coi B
cepennbomy 3a 2022-2024 poxu nocsrHyB piBHS 3,90 T/ra. Takwmii ke Bpoxkau
3abe3mneunia cucrema yaoopeHHs N; Py K, 3 Bukopuctanusm iHokynsHta XanKot
Cynep Cos 6e3 BHeCeHHsS HITpamipuHy Ta HipKuBieHHs. HaaBuimika 3a Tpu poku
cranoBmwia 0,35 T/ra MOPIBHAHO 3 TPaIUIIHHUMHU HOpMaMmHu yaoOpeHHS N P K.
Cymicue Bukopuctanisi XaKor Cynep Cos 1 Paiic I1i Ha doni N3 Py Ky, nogano mie
0,05 t1/ra HamBumiku, ane BoHa Oyma B Mexax craructudHoi moxuOku (HIPs
adcomotHa = 0,13-0,16 1/ra). 3a cnpusTauBoi 1js All 1Hr10iTOpa HITPATIB 3 BECHU
IpUpICT Bpoxkaro 3epHa ctaHOBUB 0,33 T/ra, MOPIBHSHO 3 TPaJAMILIIHOI CUCTEMOIO
ynoopenast N3 Py K. AMOHIIHaA cemiTpa sk 6e3 iHri6iTOpa, Tak 1 3 HITPAMIPHHOM
3yMOBIIIOBajla MEHIIWNA BpoOXKail Coi, MOPIBHSAHO 13 CyIb(paroM amoOHII0 Y BCIX
BapiaHTax 3aCTOCYBaHHS.

HaiiGinbiie npoteiny y 3epHi cOi yTBOPHIIOCS 3a JBOX CHCTEM YIOOPEHHS: 3a
BHECEHHS MIHIMaJIbHOI HOpMHU a30Ty N3,y dopmi cynbdaTty amoHito Ha ¢poHi PgKg,y
noenHaHHI 13 3actocyBaHHAM 1HOKyJsAHTIB XaiKor Cymep Cos ta Paiic Il —
37,9-38,6%. Ane MaKCHUMAaJIbHOTO IIOKa3HUKa OIIKOBOCTI 3€pHa JIOCATHYTO 3a
MOETHAHHSA a30TMOO1UTIBYI0unX Ta dochopmobimizyrounx Oakrepiit — 38,6%, mo Ha
2,8% Oinplle aHAJNOTIYHOT CHUCTEMH yI0OpeHHs, TUIbKK 0e3 1HOKYISHTIB. Bucokuii
BMICT JKHUpIB Yy 3€pHI C€OI CHPUYMHWIO 3aCTOCYBaHHS (QochopMoOLTi3aliifHOro
iHokynsiaTa Paiic ITi. OTxe, mokpameras pochopHOTo KUBIEHHS COT 3a JOTIOMOTOIO
MOoO1TI3aTOpiB (pocdaTiB Crpusic YTBOPEHHIO YXUPHUX CHOJYK Yy 3epHi. Onrtumizartis

a30THOTO yAOOpEHHS COi 3HM)KyBajla OJINMHICTh 3€pHA, a HITPANipHH, MOKPAILYIOYU



a30THE JKUBJICHHS COi, BHUPA3HO 3MCHINYBAaB HAarpOMaKCHHS CHUPOTO JKHDY.
Makcumanbauii 30ip cuporo mporeiny — 1,58 1/ra, 2023 HaHCHPUATIUBIIIONO POKY
3abe3neumna cuctema ynoopenHs ¢oH Py Ky, (mia opanky) + Nj, (cyasdar amoHito
nepen ciB6orw) + N-MoOimizyroul + P-MoO01m13yr0ui 1HOKYJISIHTH, a00 Takui CaMHid,
TIIbKH O€3 1HOKyJIsAHTa P-Mo6ini3aTopa.

Cucrema wMinepansHOoTO yaobpenus P K, (mm opasmky) + N;, (y ¢opmi
cyiab(dary aMoHiI0 Tepes ciBOOK0) 13 3aCTOCYBaHHAIM a30T(HIKCYBAIBHOTO 1HOKYIISTHTA
HaciHHs XaiKot Cynep Cost (BAC®D) 3abe3neunia MakCUMaIbHUN YUCTUM TPUOYTOK
BiJl peanizarlii 3epHa coi — 51754 rpu/ra, 3a He HaiiBuioro Bpoxato (3,90 1/ra) Ta 3a
MOMIPHHUX JIOJIAaTKOBUX BHUTpaT Ha JaoOpuBa. Taka k cucTema ynoOpeHHs, alie 3
JOAATKOBOIO 1HOKYIAL€l0 HaciHHS (ochopmodinizamiitnum npemaparom Paiic I1i
(Arpitema) 3abe3neunna aumie Ha 750 rpH/ra MEeHIIUN 1 Ipyruil 3a BEIHMYUHOIO Y
nociigax mpuOyToK. 3actocyBaHHS (ocdopmMoOLTI3aliiiHOTO Mpernapara Baromo
30UTBITYBAJIO JTOCTYHHICTh (PochaTHUX TPYHTOBHX PECYypCiB Ta IMIIBUIYBAIO IO
MakcuMymy (38,6%) OLTKOBICTH 3€pHa, alie Il epeBaru eKOHOMIYHO HE OIIOIOTHCS.
CTOCOBHO BUKOPUCTAHHS HITpamipuHy, SIK cTabui3aTopa a3oTy, CJIiji CKa3aTH, 110 BiH
MIJBUIIYBaB YHUCTHM NpUOYTOK y BCIX BapiaHTax MWOT0 3aCTOCYBAaHHS, SIKIIO
MOPIBHIOBATH 3 AHAJIOTTYHUMH BapiaHTaMU CUCTEM YIOOpPEHHs, aje Hl Ha MOMIPHHX,
HI Ha TOJBIMHUX BapiaHTaxX HOPM a30Ty He 3a0e3nedyBaB OLIBIIOTO MPUOYTKY, HIK
IHOKYJISIIIS. HACIHHSA Ha moMmipHOMY ¢oH1 ynoOpeHHs. PeHTabenbHICTh BUPOOHHUIITBA
coi Oysla BHCOKOIO 1 KoiMBajacsi B Jiama3oHi Bij 228% no 293%. 3acTtocyBaHHS
a30THUX A00puB y Qopmi cynbdaTy aMoHi0, 30UIBIICHHS HOPMH a30Ty BIBIUI 1
BHECEHHS HITpaIlipUHY 3MEHIIYBaJO MOKa3HUK peHTadeabHoCTI Ha 18-39% BinHOCHO
TpamuuiiHoi  cuctemMu  ynoOpeHHsT N3 Po Ky Bukopuctanns  iHOKyIsiHTa
XaiiKorCynep Cosi (BAC®) 3abe3neunsno 30uibleHHsT peHTabensHOCTI Ha 26% 10
MakCUMyMy 3-TIOMDXK ya0OpeHux BapiaHTiB — 293% Ha aHamoriuHoMmy (oHi
ynoopenHsi. Ha mpomy x QoHI ymoOpeHHS OKYIHICTh JOJATKOBUX 3arpar Oyna
Haiopmow — 8,00 rpH/TpH 1 MepeBUIyBaia TPAAUIIIHHUN BapiaHT yIOOpEHHS Ha

0,37 rpu/rpH. HaiiOunbll KOHKYPEHTHMM JO HAWKpalloro BapiaHTy 3a



PEHTAOCNBHICTIO Ta OKYNHICTIO OyB TpamuIliiHUNA BapiaHT CHUCTEMH YIOOpPCHHS
N;oPsoKeo (cynbdar amonito) 3 BUKopucTanasaM GhocGopMoOiTizaiifHoro iHOKy/IsSHTa
Paiic ITi (Arpitema).

3a po3paxyHKy eHeproe()eKTUBHOCTI arponpuiloMiB 301IbIICHHS BUPOOHMIITBA
3epHa COi HaWOLIBIIy KOMIICHCAIlI0 €Heprosarpar 3a0e3nmedryii HEBEIUKI HOPMHU
noopuB N3P Ky y TmoemnanHi 3 BUKOPHUCTAHHAM JBOX I1HOKYJISTHTIB:
azordikcyBaapHOoro Ta (ocdhopmobimizamiifHoro mpemnapariB. 3a MOE€IHAHHS
npenapariB XaiKor Cynep Cos Ta Paiic I1i xoediiieHT eHepreTudHO1 €(heKTUBHOCTI
CTaHOBHMB HaWBHUIUI piBeHb. Habmmkanucs 10 HbOTO BapiaHTH, J¢ Ha MiHIMaJIbHIM
cUCTeMI yI0OpEHHS BUKOPUCTAHO JIUIIIEC OJWH 13 IBOX 1HOKYJISIHTIB.

Po3posibneni npomno3uiiii BAPOOHHUIITBY, Y SIKUX PEKOMEHAOBAHO JUIsl M1ABUIICHHS
BiJl1a4l MiHEpaJbHUX JOOPHUB HA JEPHOBOMY IJICHOBOMY JIETKOCYIIIMHKOBOMY IPYHTI
y Manomy Ilomicei (Jlicocten 3aximuuii) BHOCUTH 1111 opaHKy Pe Ky, a mepen ciB6oro
cynbdar aMoHit0 B HOpMi Ns,Ta 3actocyBaru npemnaparu XatKor Cynep Cos Ta Paiic
ITi. Ha GigHimumx rpyHTax 3a MOTPEOU 3aCTOCYBATH CUCTEMY PO3ApiOHOTO BHECEHHS
azotHoro noo6puBa (N;, mepen ciBOow + Nj, y OiIPKUBICHHS) Ta BIIMOBH Bij
IHOKYJISTHTIB JIOLIJILHO BHECTH Tiepeln CciBOOI cTadumi3aTop a3oTy B IPyHTI —
N-Lock™ (1,7 n/ra). ¥ pa3i rocnomapcbkoi HEOOX1JHOCTI 3aCTOCYyBaTH aMOHINHY
CeNITpy 3aMICTh Cylb(}aTy aMOHIIO SIK 3a OMUHAPHOT HOPMHU BHECEHHS Iepen ciBOOIO
N;, Tak 13 NIKUBIEHHAM N, y (a3l OyToHI3alii HITpaT aMOHIIO CIIJl TIOEAHYBATH 3
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Soybean culture is advancing more and more into northern latitudes and is
becoming very profitable for production in Western Ukraine. Soybean grain contains
a high percentage of proteins (about 35-40%) and requires a significant amount of
nitrogen for nutrition compared to other crops. However, as a legume, it is able to
obtain most of the necessary nitrogen through symbiotic relationships with
Rhizobium bacteria. Approximately the remaining 40-50% of assimilated nitrogen is
absorbed by soybeans from soil resources. However, it is successfully grown without
the introduction of nitrogen fertilizers into the soil. They are sometimes replaced by
inoculation with rhizobia seeds for sowing in fields where soybeans have not been
grown before. Moreover, specialized studies have shown that an elevated level of
nitrate nitrogen introduced through fertilizers in the soil can inhibit the nitrogen
fixation process by soybean’s symbiotic bacteria. Therefore, the use of nitrification
inhibitors in soybean cultivation could be promising.

The subject of significant interest for practitioners and researchers is the
patterns of soybean grain yield formation depending on the nitrogen fertilization
system. This system is based on different forms and doses of nitrogen fertilizers
applied before sowing, including the use of nitrification inhibitors, as well as
top-dressing during the budding phase, combined with the use of microbiological

inoculants in the new cultivation conditions of Male Polissya.
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Our research was conducted during 2022-2024 at the branch of the Department
of Agrochemistry and Soil Science (LNEU) on the field of the "BIK AGRO" farming
enterprise (village of Shainohy). The objective of the study was to determine the
optimal nitrogen fertilization system using different nitrogen fertilizer forms and
microbiological inoculants to ensure maximum crop nutrition during critical growth
and development phases, achieve high soybean productivity, and maintain soil
fertility in the conditions of Male Polissya.

The experimental field's soil is a deep gleyic sod sandy-loamy soil on
water-glacial deposits. Before the experiments, the content of easily hydrolyzable
nitrogen was determined using the Cornfield method (DSTU 7863:2015) at depths of
0-20 cm and 2040 cm. The nitrate nitrogen (Nn) content was determined
potentiometrically using an ion-selective nitrate electrode. Mobile phosphorus
compounds and exchangeable potassium were analyzed according to DSTU
4115-2002.

Soybean cultivation technology in our experiments was traditional. The
nitrification inhibitor N-Lock™ (nitrapyrin) was applied at a rate of 1.7 1/ha before
sowing. For seed inoculation, we used: HiCoat® Super Soy (BASF), containing
nitrogen-mobilizing bacteria B. japonicum, Rise P (Agritema), containing
phosphorus-mobilizing bacteria B. amyloliquefaciens. Statistical analysis of data was
performed using Statistica 12 and Microsoft Excel. For yield data, ANOVA was
applied using the Dispersion.exe program.

Phosphorus-potassium fertilization improves soil fertility. The fertilizer rate
P4 Ky increased the arable layer content during the seedling phase by 11.0-15.0
mg/kg P,Os and 11.1-11.5 mg/kg K,O compared to the natural nutrient levels.
Against this background, phosphorus-mobilizing bacteria (Rise P inoculant) caused
the highest increase in available phosphorus reserves during the seedling phase,
reaching 139.1 mg/kg. The highest phosphorus reserves on the P4 K4, background

persisted until harvest (132.2 mg/kg), compared to variants without inoculation with
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phosphorus-mobilizing bacteria. Thus, the Rise P inoculant on the P, background
contributed to a longer-lasting increase in soil fertility.

The soybean fertilization system with a minimal (N;,) and double (Ng)
nitrogen rate in the form of ammonium sulfate, using nitrapyrin or inoculants,
contributed to a reduction in nitrate formation in the plow layer and especially in the
subsoil horizons during the emergence phase (by 21.1% compared to the N;,P¢ K,
(ammonium sulfate) standard). The use of the nitrogen-fixing inoculant Hi-Coat
Super Soy for seed treatment under these conditions resulted in even lower nitrate
resources in the plow layer compared to N, P K, fertilization with nitrapyrin + an
additional N3, application during soybean budding. Doubling the nitrogen fertilizer
rate from N, to N, increased nitrous oxide emissions into the atmosphere by 25%.
The NP Ky, fertilization system with ammonium sulfate + N-mobilizing bacteria
controlled gaseous nitrogen emissions at the same level as the N; Py Ky, variant
without inoculant. Thus, the efficiency of the improved soybean fertilization system
in maintaining environmental quality while using nitrogen fertilizers was confirmed.

The average annual air temperature from 2010 to 2023 was 9.0°C compared to
8.3°C during the 2010-2015 period, and the average maximum temperature reached
22.4°C, indicating a stable trend of increasing thermal resources in the Western
Forest-Steppe within the Small Polissia region. Of the three years of research, the
second year, 2023, was the most favorable in terms of thermal resources and moisture
during the soybean growing season. Although May of 2023 and 2024 was dry, June in
both years saw excessive precipitation, which supported soybean yield formation.
July was wet in all study years, with 2023 showing a significant excess of the
long-term norm by 19 mm. The 2022 growing season was the least favorable for
soybean productivity due to relatively dry conditions in April and May and
excessively wet conditions in September. Weather conditions influenced soybean
vegetation duration, fertilizer efficiency, nitrapyrin, and inoculants. The double
nitrogen rate, as well as the single rate with nitrogen and phosphorus inoculants,

prolonged soybean vegetation in the favorable years of 2023 and 2024. The
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nitrification inhibitor, in all cases of application with ammonium sulfate, accelerated
the end of soybean vegetation by 6—7 days, while with ammonium nitrate, it
prolonged vegetation by 4-5 days.

Nitrate concentration control using an inhibitor, which suppresses nodule
formation, and the substitution of ammonium nitrate with ammonium sulfate did not
achieve as significant results as the combination of HiCoat® Super Soy and
Rhizobium inoculants on the N;,P¢ Ky, background. Under this variant, the nodule
mass per plant reached its highest values—0.49 g during budding and 0.82 g during
flowering. With the application of nitrapyrin at 1.7 L/ha before sowing, under a single
(N30) and double (Ngy) nitrogen rate in the form of ammonium sulfate, the nodule
mass during the flowering phase was 0.69 and 0.72 g, respectively. In contrast, on the
ammonium nitrate (Ns,) background without the inhibitor, nodule formation was most
suppressed (nodule mass during flowering was 0.39 g per plant).

On the minimal ammonium sulfate background (N;y+P¢Kq,) with the use of
Hi-Coat Super Soy and Rhizobium inoculants, plant height (84.1 c¢cm) and pod
fixation height (14.5 cm) were the highest compared to other variants. This
fertilization system, combined with seed inoculation, contributed to the largest
number of pods (16.3 pods), seeds per plant (34.4 seeds), a 1000-seed mass ranging
from 193.5-194.9 g, and seed mass per plant of 6.3-6.9 g.

Field diagnostics of the assimilation apparatus using the N-Tester™ device for
assessing soybean nutrition showed that leaf optical activity was maximized under
the fertilization system combining a P, Ky, background with N;, (applied before
sowing) and seed treatment with Hi-Coat Super Soy and Rhizobium inoculants.
Applying nitrapyrin with an initial nitrogen rate (N;,) and subsequent top-dressing
during the budding phase (N;;) in the form of ammonium sulfate on a PyKj,
background significantly enhanced optical activity, indicating improved nitrogen
nutrition for soybeans. During the third test, at the pod browning phase, leaf optical
activity was the highest compared to the flowering and pod formation phases,

confirming dynamic improvement in nitrogen nutrition up to seed formation. This
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was corroborated by the highest visual assessment scores for the crop condition in the
fertilization system variants of P, Ky, + N3, (ammonium sulfate and nitrapyrin before
sowing), as well as additional top-dressing during budding (N;,) or the combination
of the two inoculants, HiCoat® Super Soy and Rhizobium, on the N; Py Kg,
background.

When P4 Ky was applied during plowing, N;, (ammonium sulfate) with
nitrapyrin was added before sowing, and N;, was top-dressed during the budding
phase, the average soybean grain yield for 2022-2024 reached 3.90 t/ha. A similar
yield was achieved with the N;,P¢ K, fertilization system using the HiCoat® Super
Soy inoculant without nitrapyrin or top-dressing. Over three years, this resulted in an
increase of 0.35 t/ha compared to traditional N;,P¢ Ky, fertilization rates. The
combined use of HiCoat® Super Soy and Rhizobium on the N;,P¢ Ky, background
added an additional 0.05 t/ha, although this increase was within the statistical error
margin (Level of Significant Difference (LSDys) = 0.13-0.16 t/ha). In springs
favorable for nitrapyrin's action, the grain yield increase reached 0.33 t/ha compared
to the traditional N;,P¢ Ky, fertilization system. Ammonium nitrate, both with and
without nitrapyrin, resulted in lower soybean yields compared to ammonium sulfate
across all application variants.

The highest protein content in soybean grain was recorded under two
fertilization systems: when the minimal nitrogen rate of N, in the form of ammonium
sulfate was applied on a P4 Ky, background in combination with HiCoat® Super Soy
and Rhizobium inoculants (37.9-38.6%). The maximum protein content (38.6%) was
achieved with the combined use of nitrogen- and phosphorus-mobilizing bacteria,
which was 2.8% higher than the same fertilization system without inoculants. A high
fat content in soybean grain was induced by the application of the
phosphorus-mobilizing inoculant Rhizobium. Thus, improved phosphorus nutrition
through phosphate mobilizers contributed to the formation of fatty compounds in the

grain. Optimization of soybean nitrogen fertilization reduced grain oil content, and
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nitrapyrin, while improving nitrogen nutrition, noticeably decreased crude fat
accumulation.

The maximum crude protein yield of 1.58 t/ha in the most favorable year, 2023,
was ensured by the fertilization system consisting of a Py Ky, background (during
plowing) + N3, (ammonium sulfate before sowing) + nitrogen- and
phosphorus-mobilizing inoculants, or the same system but without the
phosphorus-mobilizer inoculant.

The mineral fertilization system Py Ky, (applied before plowing) + N, (in the
form of ammonium sulfate before sowing) combined with the use of the
nitrogen-fixing seed inoculant HiCoat Super Soy (BASF) provided the maximum net
profit from soybean grain sales — 51,754 UAH/ha, despite not having the highest
yield (3.90 t/ha) and incurring moderate additional costs for fertilizers. A similar
fertilization system, supplemented with the phosphorus-mobilizing seed inoculant
RhizPi (Agritema), delivered a slightly lower profit, by only 750 UAH/ha, ranking
second among the tested options. The application of the phosphorus-mobilizing
inoculant significantly increased the availability of soil phosphate resources and
maximized grain protein content (38.6%), but these advantages are not economically
evaluated.

Regarding the use of nitrapyrin as a nitrogen stabilizer, it consistently increased
net profit in all scenarios compared to equivalent fertilization systems without
nitrapyrin. However, neither in moderate nor double nitrogen application rates did it
provide higher profits than seed inoculation under moderate fertilization. The
profitability of soybean production was high, ranging from 228% to 293%. The use
of nitrogen fertilizers in the form of ammonium sulfate, doubling the nitrogen
application rate, and applying nitrapyrin reduced profitability by 18-39% compared
to the traditional N;Ps Ky, system. The use of the HiCoat Super Soy inoculant
(BASF) increased profitability by 26%, achieving the highest profitability among
fertilized options — 293% under a similar fertilization scheme. This scheme also

provided the highest return on additional investment, at 8.00 UAH/UAH, exceeding
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the traditional fertilization system by 0.37 UAH/UAH. The traditional fertilization
system N3Py K¢ (ammonium sulfate) combined with the phosphorus-mobilizing
inoculant RhizPi (Agritema) proved to be the closest competitor in terms of
profitability and return on investment.

In energy efficiency calculations for agricultural practices aimed at increasing
soybean grain production, the highest energy input compensation was achieved with
low fertilizer rates of N;,P,,K¢, combined with the use of two inoculants:
nitrogen-fixing and phosphorus-mobilizing. The combination of HiCoat Super Soy
and RhizPi demonstrated the highest energy efficiency coefficient. Similar results
were achieved with systems using minimal fertilization and only one of the two
inoculants.

Developed recommendations for agricultural practices propose that to enhance
the return on mineral fertilizers in sod-podzolic loamy soils of the Small Polissya
region (Western Forest-Steppe), P Ky, should be applied before plowing, ammonium
sulfate at a rate of N;, should be used before sowing, and HiCoat Super Soy and
RhizP1 inoculants should be applied. On poorer soils, if necessary, a split nitrogen
application system (N;, before sowing + Nj, as top dressing) can be implemented,
and instead of inoculants, a nitrogen stabilizer in the soil, such as N-Lock™
(1.7 L/ha), should be applied before sowing. If ammonium nitrate is used instead of
ammonium sulfate, either with a single application rate of N, before sowing or with
top dressing N;, during the budding phase, it should be combined with a nitrification

inhibitor to prevent the suppression of nodule formation in soybeans.

Keywords: soybean, nitrogen fertilizer, soil, nitrapyrin, inoculant, nitrates,

nitrous oxide, nitrogen nutrition testing, protein, fat, yield.
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HEPEJIK YMOBHHUX ITIO3HAYEHb

J1. p. — airo4l pe4OBHHU

ICT" Kapnarcbkoro periony HAAH — [HCTUTYT ClIbCBKOTO rociogapcTBa
Kapnarcekoro periony HamioHanbHOT Akagemii arpapHUX HayK

K..— koedirieHT eHepreTHyHO1 €(DEKTUBHOCTI

JIHAY — JIbBiBChKHMIA HallIOHANLHUMN arpapHuil yHiBepcuTeT (10 2022 poKy)

JIHVYII — JIpBiBCHKHI HAITIOHAILHUN YHIBEPCUTET MPUPOTIOKOPUCTYBAHHS

JIHYBMB imeni C. 3. Ixuiipkoro — JIbBIBCbKHIA HAI[iOHAILHUN YHIBEPCHTET
BETEPUHAPHOI MeULUHK Ta OiorexHoorii imeni C. 3. I>KuIbKOro

1. C. — Iepes CiB0Ooo

¢. 6. — daza Gyronizarrii

FOHEII — mporpama OOH 3 noskuuis (FOHEIT) (arrn. UNEP, United Nations
Environment Programme)

EPA — United States Environmental Protection Agency — AT€HTCTBO 3 OXOPOHH
HABKOJIMIIHBOTO cepenoBuia Crnonyyenux Llraris

[PCC — Intergovernmental Panel on Climate Change (MixypsiioBa rpyna
eKCIEPTIB 31 3MIHH KJIIMary)

Naa — amoHiiiHa cemniTpa

Nsa — cynbdhaTr aMoHi0

N-Lock™ — nHiTpanipun

Yara N-Tester™ — nonboBHil TECTEP a30THOTO KUBJIEHHS JIUCTKIB
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BCTYII

AkTyagabHicth Temu. Cos, sk HOBa KyiabTypa mis Jlicocremy 3axiiHOrO,
IPOCYBA€ThCA BCE OUIbIIE HA MIBHIY 1 CTa€ qy>Ke peHTaOeIbHOIO AJsi BUPOOHHUIITBA B
puibHUITBI 3axony Ykpainu (baxmar 1 Yunuwmk, 2011; JluxouBop Tta iH., 2021;
[lerpuuenko Tta iH., 2008). Cost micTuTh npudau3Ho 40% OUIKIB y 3€pHI, KIFOUOBUM
CKJIQJIHUKOM SIKUX € a30T. ToMy moTtpeba B acCUMUIALIL IIbOTO €JIeMEHTa POCIUHAMH Y
BEJIMKIiN KUTbKOCTI AoBeaeHa (I'ocmogapenko, 2024a).

Ha BigmiHy Bif MIIeHHIN, KyKypya3u Ta IHIINX HEe 0000BUX KyJIBTYp, MOCIBU
coi 3marHi 3700yTH OUIBIIICTH HEOOXITHOTO a30Ty IIJISAXOM CHUMOIOTHYHUX
B3a€EMOBIJIHOIIIEHb 3 Oaktepisimu pony Rhizobium (T'ocnomapenko, 202406).
Azotdikcanis  BigOyBa€TbCcsd  3aBISKH  CKJIAJHOMY OIOTHYHOMY  MEXaHi3My
B3a€EMOOOMIHY MIXK CO€I0 Ta IPYHTOBUMH OakTepisiMu — B. japonicum. bakrtepii
OTPUMYIOTHh I[yKOp BiA COi JUIsi BHKOPHCTAaHHS B SIKOCTI JKepena eHeprii, a cos
OTPUMYE a30T Bij OakTepil, AKi yepHaroTh HOro 13 MoBITps. Taki B3a€MOBIAHOIIIEHHS
BUTIJIHI SIK JJi1 cOi, Tak 1 Jjs OynbOoukoBux Oaxtepiit. Ilpubnuzno 50-60%
aCUMUIbOBAHOTO POCIMHOI0 a30Ty HAAXOAWTh 10 Hei Bix (ikcamii ememeHTa 3
armocdepu (T'ocnomapenko, 2024a; Salvagiotti et al, 2008). Pemty 40-50%
aCUMUIbOBAHOTO a30Ty COsl 3acBOIOE 3 IpyHTY. lle o3Hauae meBHE BHUYEPITyBaHHS
IPYHTOBHX PECYpPCIiB a30Ty YHACIIIOK MiHepaii3ailii IpyHTOBOI OpraHIgYHOI pEYOBHHHU
a00 3 pO3KIaZaHHs POCIMHHUX PEIITOK KylbTyp-nonepenHukis. [Ipore, yacto coro
YCHIIIHO BUPOLIYIOTh 0€3 BHECEHHs a30THUX JOOPHUB Yy IPYHT. A30THE ya0OpeHHs
1HKOJIM 3aMIHIOIOTh 1HOKYJISIIIIEIO pU3001IMHU HACIHHSA JJI CIBOM Ha IMOJISX, € paHIIe
coi He BupouryBaiu (KoOununcekuii, 2024).

Cucremu ymoOpeHHsI coi, po3poOJIeHI Ha OCHOBI YHCICHHHUX JOCIIIKCHb,
MOKa3yloTh, 10 B IPYHTI, 3a3BHYaii, HEJOCTAaTHbO PECYPCIB MIHEPAIBLHOIO a30Ty
(JIuxouBop Ta iH., 2021; I'ocnonapenxo, 2024a). Tomy QikcoBaHui OyJI1bOOUKOBUMU
OaKkTepisiMU a30T JIMIIE YAaCTKOBO MOKPUBAE TOTPEOM COi B IIbOMY €JIEMEHTI. 3a
TUTaHYBaHHS BHCOKHMX BpPOXKaiB MOXKE BHHHMKATH ACPIUT a30Ty IS SKUBICHHS

pocnuH. BopHouac, cremissibHI JOCHIDKEHHS TMOKa3aid, M0 MiABUIICHUN DPIBEHb
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KOHIICHTpAIIii HITPATHOTO a30Ty B IPYHTI MOXKE TaJbMyBaTu mporiec (ikcarli a3oTy
CUMOIOTHYHUMH OakTepissMH coi, sika (i310JIOTIYHO MOTPeOy€e BEIUKOI KIJTBKOCTI
eneprii (Ohyama et al, 2011, 2012; Fujikake et al, 2003). 3 omsigy Ha 1e,
3aCTOCyBaHHsI 1HTIOITOPIB HITpUdIKalii Npu BUPOIIYBAaHHI COI MOXe OyTu
epexruBHuM (Hege & Offenberger, 2011).

s ontuManbHOTO (YHKIIIOHYBaHHS a30T(IKCyrounx OakTepiil Mae Beluke
3HAQUEHHS 1 KHUCJIOTHICTh IPYHTY, Ky NiABHINYIOTh Hitpatu (Yashima et al, 2005;
Della et al, 2020). BupoOHuku 3a1ikaBieH1, a HAyKOBIII MPALIOIOTh HaJ 301JIbILIEHHAM
3MaTHOCTI coi (iKCyBaTH aJeKBaTHY KIIbKICTh a30Ty JJIS BHUCOKOI BPOXKaWHOCTI
(babuu 1 babuu-Ilo6epexna, 2011a 1 20116; baxmar, 2009; Isantok, 2012a; Cosl...,
2016).

Tomy, mnpemMeTroM BaXJIMBOTO 3alliKaBJICEHHS NPAKTHUKIB 1 HAYKOBIIB €
3aKOHOMIPHOCTI (POpMYBaHHSI BPOXKAl0 3€pHA COi 3aJIEKHO BIJI CUCTEMH a30THOTO
yaoOpeHHs1, moOy1oBaHOT Ha pi3HUX (opMax 1 M03axX a30THUX JOOPHUB, BHECECHUX Y
nepion OyToHI3alii 1 UBITIHHS KYyJAbTYpH, Yy TO€JHAHHI 3 BUKOPHUCTAHHSAM
MIKpOO10JIOTTYHUX 1HOKYJISIHTIB B HOBUX JIJIsl KyJIbTYpH yMoBax Maitoro Ilomices.

3’830k po0OTM 3 HAYKOBMMH MpPOrpaMaMu, IUIAHAMH, TeMaMHU.
HuceprarniitHa po0OoTa BHKOHAaHa 3TiIHO 3 IUJIJaHAMH HAyKOBO-JOCIHIIHOI pOOOTH
(bakyIbTeTy arpoTeXHOJIOTiM Ta eKkoynorii JIbBIBCHKOTO HAIIOHALHOTO YHIBEPCUTETY
PUPOJOKOpUCTYBaHHS 3a TeMoro 2021-2025 pp.: «Po3pobutu ekobe3neuHi npuioMu
YAOCKOHAJIEHHSI TEXHOJIOT1i BUPOIIYBaHHS KYIBTYp, 110 3a0€3MeUyI0Th ONTUMAIbHUN
BpOXKail Ta BIITBOPEHHS POIOYOCTI IPYHTIB B yMOBAX 3MiHM ME30KJIIMaTy B 3aXiIHIN
VYkpaini» (nepxaBuuii peectpaiiitnuit Homep 0111U001253).

Meta Hamux J0CaiKeHb — OOTPYHTYBAaTH ONTHUMAIIbHY CUCTEMY YIOOpEHHS
13 BUKOPUCTAHHSIM PI3HUX HOPM 1 (hOpM a30THUX JOOPUB, 1HTi0ITOpa HITpU(IKAILi Ta
MIKpOOHMX 1HOKYJISIHTIB JJIi MaKCHUMAaJIbHOI MPOAYKTUBHOCTI C€Oi, 30epexKeHHs
poodOCTi IPpYHTY 1 6e3mneku noBkiuwis y Manomy [lomicci.

3a80aHHA OOCNIONCEHHS:
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— BUBUUTHU Cy4YacCHY HAyKOBY JIITEpaTypy 1 METOIUKHU sl O3B’ SI3aHHS MTPOOIEMHU
a30THOTO *XuBJIeHHs coi y 3axigHomy Jlicoctemy 1 Manomy Ilomicci;

— BIJCJIIIKYBAaTH BIUIMB MOTOJHUX YMOB POKIB JOCIIJKEHHS 1 MpOaHaIi3yBaTu
KJIIMAaTWYHI TEHICHIIIT B perioHi;

— IOCHIAUTH BIUIUB Pi3HUX (POPM a30THUX JOOPUB Ta 1HT1OyBaHHS HITpU]IKaIIi
Ha a30THE MiHepaJbHE KUBJICHHS CO1 1 Ha BMICT MOXUBHUX €JIEMEHTIB Y IPYyHTI,;

— JIOCIIIIUTH BIUIUB JI03 a30THOTO MIHEPaIbHOTO YIOOpEeHHs y pi3HI (a3u pocTy
KyJBTYpH Ha (pOpMyBaHHSI CUMOIOTHYHUX OyIH00YOK COf;

— BUBUMTH BIUIMB A30THOTO JKHMBIIEHHS C€OI Ha Tmpouecu (GopMyBaHHS
KOMIIOHEHTIB YPOXKalo;

— IOCIHIUTH BIUTUB PI3HUX 703 1 (OpM a30THOTO MIHEPAIBHOTO M00OpWBa Ta
THOKYJISIIIIT HACIHHSI MIKpOOHUMH TpernaparaMu Ha ypoxai 1 sSIKiCTb 3€pHa COi;

— BHU3HAYUTH EKOHOMIYHY Ta C€HEpreTU4Hy e(QEeKTHUBHICTh PO3POOICHHUX
€JIEMEHTIB TEXHOJIOT11 COi.

O0’exkT J0CHiTAKeHb: BpPOXKAWHICTH COI 3aJ€XKHO BIJ CHUCTEM a30THOTO
MIHEpaIbHOrO yIO0OpEeHHs C€Ol, BIUIMBY I1HTIOITOpa HITpUQIKALil Ta 1HOKYJISHTIB B
ymoBax Maroro [Tomiccs.

IIpeamer pocaigkeHb: a30THE YyAOOpEHHs C€Oi 3a PI3HUX JI03 1 CTPOKIB
BHECEHHA ¢opMm n00puB, iHriOyBaHHA HiTpu@ikamii Ta 0OpOONEHHS HACIHHS
IHOKYJISHTaMU, 3B’SI3KW O1OMETPUYHUX TIOKA3HUKIB POCTY W PO3BUTKY, SKICHHX
XapaKTepUCTUK  3€pHa, arpoxXiMIYHUX T[OKAa3HUKIB IPYHTY 13  3€pHOBOIO
IPOAYKTUBHICTIO KYJIBTYPH.

PoOoua rinmore3a. Temaruka AociiKeHb copMoOBaHa HA OCHOBI aKTyaJIbHOI
npobnemu 3’sicyBaHHS Hale()EeKTUBHIMINX (OPM, HOPM 1 CTPOKIB BHECEHHS a30THUX
TO0OpUB TiJ COI0, a TaKOX JOLLIBHOCTI 3aCTOCYBAaHHS HITpPAIIpUHY Ta 1HOKYJISHTIB.
[lepenbavanocsi, Mo A7 OTPUMaHHS HAWBHINOTO BPOXAK 3€pHA BHCOKOI SKOCTI
NMOTPiIOHO TOETHYBATH ONTHUMAJBHI JI03W BHECEHHS a30THUX JOOPHUB 3 ypaxyBaHHSIM
¢da3 KPUTUYHOTO KHUBJICHHS POCIHH, 3aCTOCYBaHHS HITpamipuHy i cTalimizarii

HITPaTOyTBOPEHHS, $IKE MOXE UIIKOAUTH PO3BUTKY CHUMOIOTHYHOIO amapary, Ta
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e(eKTUBHOCTI 1HOKYJISIHTIB coi. EpexTuBHICTh 3acTOCYBaHHS pi3HUX (OPM a30THUX
n00pHUB, X HOPM BHECEHHSI Ta 1HOKYJSHTIB coi B Manomy Ilomicci 3axony Ykpainu He
BHUBYECHA 1 TOMY 3aCTOCYBaHHSI X HE Majl0 HAyKOBOTO OOTPYyHTYBaHHSI.

HaykoBa HoOBH3Ha oOTpMMaHHX Ppe3yJbTariB. B ymoBax paiiony Maioro
[Tomiccs (JIicocTen 3axigHuit) ynepue:

- 00rpyHTOBaHO OaraToBapiaHTHY CHCTEMY Aa30THOTO YyIOOpEHHS COi, o
BKJIIOYA€ BHECEHHS B OJIMH-JBA NMPUMOMHU ONTUMAIBHUX HOPM 1 (hOpPM MIHEpAIbHHUX
no6pus, 1HridiTopa Hitpudikaiii N-Lock™, a3ordikcyBanbHoro iHokyinsiHTa XaitKor
Cynmep Cos Ta docdopmobimizamiinoro iHokymsHta Paiic Ili, saxi y pi3HEHX
KOMO1HAIISIX 3a0€3MeUnIn BPOXKaHICTh KyJIBTYpH B Aiana3oHi Big 3,55 1o 3,95 1/ra;

- JIOBEJIEHA TEXHOJIOrYHa IepeBara 3acTOCYyBaHHS Iepes CIBOOK COi HOpMHU
azoty Nj, y ¢dopmi cynbdary amoHito Ha (oHi ociHHBOTO BHeceHHs Py Ky, Ta
e(eKTUBHICTh BUKOPHUCTAHHS 1HriOiTOpa HIiTpudikamii (ocobmuBo y  pa3si
M/HKUBJICHHST KyAbTYpH y (ha3i OyToHi3aril), SKUi 3HIKYE KOHIIEHTPAIIIIO HITPATIB B
opHOMY ¥ migopHoMy 1actax Ha 21,1% (Big 7,1 mo 5,6 mr/kr), cpusie akTuBizalii
oynb0oukoyTBOopeHHs: Ha 40% (Bim 0,43 no 0,72 r y ¢a3i kBITyBaHHS), MOKpaIIye
ACUMUIISIIIIIO a30TY 3a MOKA3HUKOM (POTOONITUYHOTO TECTYBAaHHS JIUCTKIB, 1 B MACYMKY
3a0e3neuye Bpoxkail 3epHa 3,90 T/ra y cepeiHbOMY 3a TPHU POKU;

— 3’4COBaHO 3aKOHOMIPHOCTI (OpMyBaHHS SKOCTI 3€pHa IIiJl BIUIUBOM
TEXHOJIOT1TYHUX 3aXOJiB, sIKI 3a MO€THAHHS Cylnbdary aMoHII0 N;, Ha ¢oHi Py Ky, Ta
1HT101TOpa HITpaTiB COPUIIOTH BCTAHOBIEHHIO CHIBBIIHOIIEHHS MPOTEiHIB, KUPIB TA
kimitkoBuHU 37,2 — 20,1 — 4,6%. 3a moegnanus Ny, Ha doHi Py Ky, 3 MikpoOHIMU
iHokynsaHTamu XaitKor Cynep Cos (B. japonicum) 1 Paiic I1i (B. amyloliquefaciens)
1[¢ CIIBBIIHOIIICHHS MOJIMIIYBAJIOCS 32 PaXyHOK 3MEHIIEHHS YaCTOK KJIITKOBUHH Ta
BOJIOTH 1 cTaHoBmIIO 38,6 — 20,3 — 3,3%.

— YOOCKOHAIeHO METOJIMKY OLIHKUA PU3HUKIB JJIsl JOBKULIS BiJl BTpAT HITPATHOI
Ta 3aKMCHOI (hOPMH a30Ty 32 BHECEHHS a30THHX JOOpPUB Ta anpoOOBaHi CIOCOOM X

IMOIICPCIKCHH,
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— ompumana nooanbWUL pOo36UMOK TEXHOJOTISl €KOHOMIYHO €(EKTUBHOTO
BUPOIITYBaHHsA coi B yMoBax Maioro Ilomiccs 3axomy Ykpainu.

Metoau pocaigxenb. Y poOOTI BAKOPUCTAHO TAKl CyYaCHI METOIU:

[TonboBHit — mJIE CHOCTEPEKEHb 3a POCTOM 1 PO3BUTKOM COi, MOTOAHUMH
YMOBaMHU JIOCTIIKEHb, /ISl OLIIHKH €JIEMEHTIB TEXHOJIOT1i BUPOIYBaHHS KYJIbTYPH.

JlaGopaTopHHUil — ISl OLIHKHU 3MIH MOKA3HUKIB POJIOYOCTI IPYHTY Ta SIKOCTI
3epHa.

BumiproBaibHO-BaroBuii — sl JTOCHIJKEHHS JUHAMIKA POCTY POCIIHH,
dbopMyBaHHS €JIEMEHTIB MPOYKTUBHOCTI Ta OOJIKY YPOXKaWHOCTI.

MaremMaTHKO-CTaTUCTHYHUA — JUIS 3°sCyBaHHS JOCTOBIPHOCTI IH(pOBUX
PE3yaBTATIB NOCTIHKEHD 1 rpadhigHOTO MOIEITIOBAHHS 3aKOHOMIPHOCTEH.

Po3paxyHKOBO-TIOPIBHSUTBHUM — JUIsl OOUMCIICHHS! EKOHOMIYHOI Ta €eHEPTeTHYHOT
€()EKTUBHOCTI HOBUX €JIEMEHTIB TEXHOJIOT1.

IlpakTUyHe 3HAYEHHA oOjepPKAHMX pe3yabrariB. [IpakTuuHi pekomeHmaii
Ha OCHOB1 BHCHOBKIB JHMCEPTAIlliHOI poOOTH BIPOBAKEHI y BUPOOHUIITBO [TAD
iM. M. [llamkeBuua (c. BysznoBe), mo 3a0e3meymio HAABUIIKY BpPOXKaKW COi
0,31-0,37 1/ra, makcumaipbHy O1KOBICTH 3epHa 38,1%, YMOBHO YHCTHH NMpUOYTOK
2200-6100 rpu/ra Ta cykynHui npuOyTok Ha ruioniax 27 1 48 ra BianosigHo 59400 1
292800 rpH (aKT BIPOBAKEHHS).

Marepiaini HOBUX JUCEPTAIIMHUX pPE3y/IbTaTiB 3ajJyudyeHl Y MPOrpaMU TaKUX
muciuiuiin - «CucTeMH  yIOOpEHHS  TOJIbOBHX — KYJIBTYp», «POCIMHHHUIITBOY,
«AHaNMITHYHUANA arpoxXiMCEpBIC Ta YHpaBIIHHS SKICTIO TpyHTiB» Ta «Ekomoriuni
OCHOBHM 3aCTOCYBaHHSI JOOPUB 1 MOHITOPUHI POAIOUOCTI I'PYHTIB» Ha MPOQPUILHUX
kaenpax JIbBIBCHKOIO HAI[IOHAJIBHOIO YHIBEPCUTETY MPUPOAOKOPHCTYBAHHS
(ToBiJIKa PO BIPOBAKECHHS).

OcoOucTnii BHecok 3M00yBaua. [[ucepraimiiina poboTra € 0coOUCTUM
HAyKOBUM IPOEKTOM, BUKOHAHUM B paMKaxX IOCIITHUIIBKOI MPOrpaMH Ha 3M00yTTS
HAyKOBOTO CTymeHs AokTopa ¢urocodii Ha OCHOBI OCOOHMCTHX TEOPETHUYHHX

y3arajibHEHb, MPOBEACHUX IOJBOBUX 1 JIA0OPATOPHUX JOCHIIKEHb. 3100yBau
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3MIACHUB TIATEHTHUM TOIIYK, OTJISAJl HAYKOBUX JKEPEI, OMpaIlloBaB Cy4acHI METOH,
BUKOHAB TIOJIbOBI €KCIIEPUMEHTH 1 CyNyTHI aHAJIITH4YHI pOOOTH. ABTOpP BHUKOHAaB
CTaTUCTHUYHI PO3PAXYHKM TOYHOCTI JOCHIJIKEHb, Y3arajlbHUB pe3yJbTaTH Ta
OoOTpyHTYBaB BUCHOBKH 1 MPOMO3UINN AJisi BIPOBAIKEHHA. 3100yBau MiJIrOTyBaB Ta
ommy0J1iKyBaB HayKoBi npatii. OcoOUCTHII BHECOK y MyOJIKALisIX OOTPYHTOBAHMIA.

Anpobania pe3yabrariB auceprauii. OCHOBHI MOJOKEHHS Ta pPE3yJbTaTu
JTUCepTaliitHOT pobotu anpoOoBaHi: Ha XXV-my MixHapoaHOMY
HayKOBO-IIpakTUYHOro (Gopymi «Teopisd 1 mpakThKa PO3BUTKY arponpOMHUCIOBOTO
KOMIUIEKCY Ta CUIbChbKUX Teputopiity (02—-04 xosthHa 2024 p., JIsBiB-AyOnsHu) y
JIbBIBCHKOMY HAI[IOHAJTLHOMY YHIBEPCUTETI TPHUPOJOKOPUCTYBaHHSA, Ha IX-my
MixnapoaHomy 3’1311 ekosoriB. Cekiisi Arpoekosoris (26 BepecHi 2024 p.,
Binnung) y BinHunekoMy HalioHaJdbHOMY TEXHIYHOMY yHiBepcuteTi; Ha XVII-ii
BceykpaiHCbkili  HayKOBO-IIPAKTUYHINA  OHJIaH-KOH(EpeHLli MOJIOAUX BYEHHX
«Mikpo0ionoriss B Cy4aCHOMY CLIbCHKOTOCIIOAPCHKOMY BUPOOHUIITBIY (28 cepriHs
2024 p., Yepnirip); Ha XIII BceykpaiHCchKiii HayKOBO-IIpaKTU4YHIM KOH(epeHIii
MOJIOJIUX BUCHHUX «AKTyaJbHI MPOOJEMHU arponpoOMHUCIOBOIO BUPOOHUITBA YKpaiHu:
cTparerii CTIMKOCTI CUTbCHKOTOCIIONAPCHKOTO CEKTOpY TiJ dYac BIHHM Ta Yy
nicisBoeHHu# nepiony (19 nucromn. 2024 p., JIbBiB-O0Oporiune).

Iy6aikamii. 3a Temoro aucepraiiitHoi pobotu omyorikoBaHo 10 HaykoBUX
nyOmikamii, y TOMY YHCII: TPU OJHOOCIOHHMX Ta JIBI y CIIBaBTOPCTBI CTarTi y
(axoBUX HAyKOBMX BHJAHHSX YKpaiHW, OJJHA CTATTS y MIKHAPOAHOMY BHJAHHI, IO
BKJIFOUEHE /10 HaykoMeTpudHuX 0a3 Scopus i Web of Science, yotupu myOmikarii y
MaTepiajgax HayKOBUX MI>KHAPOJIHMX 1 BITYM3HSIHUX 3aXO/1B.

Crpykrypa i o0car aucepramii. Jlucepramiiina poOoTa Mae BCTyH, CIM
PO3/1IIB, BUCHOBKH, CIIMCOK BUKOPUCTAHOI JITEPATypH 1 JIOAATKH. 3arajibHUN 00CsT
nuceprariii 254 cTtopiHOK, ocHOBHOI yacTuHu 160 ctopiHok. BoHna imoctpoBana 49
pucynkamu, 15 TtabmursmMu Ta urictebMa jgogatkam Ha 40 cropinkax. Crucok

BUKOPHUCTAHUX JHKEpEJ CTAHOBUTH 275 Ha3B, y TOMY yucii 178 1HO3eMHUX.
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Po3aia 1

CIOCOBU ONITUMI3AIIIL YKUBJEHHSA COI Y HOBUX PETTIOHAX
Ii BAPOLIIYBAHHS TA Y 3AXIJHOMY JICOCTEIY

Cost € BaXIMBOIO KYJIBTYPOIO ISl XapuyBaHHS JIFOMUHU Ta KOPMY JJIS TBapUH
[79; 5; 8]. CBiToBe BUPOOHUITBO COi 3pocTae, ocoonuBo, B [liBHIuHIM 1 [liBgeHHIN
Awmepuili. 3epHO COI MICTUTh BHUCOKHUM BIJACOTOK OUIKiB (O0mu3bko 35-40%), 1
notpelye 3HaYHOI KUTBKOCTI a30Ty JIJISl )KUBJICHHS TIOPIBHSIHO 3 1HIIIUMHU KYJIBTyPaMHU.

Pocnunu coi yTBOpIOIOTH KOpeHeBl OyJIbOOUKH 3a 10MOMOro pu3obiit [12; 16;
20; 84], a pu3o6ii MoxyTh (hikcyBaru armochepHuii N, 1 BingaBatu (ikCOBaHUI a30T
pociuHi-rocniogapro. Kpim Toro, cosi Moxe MOITIMHATH a30T, SIK MPaBUIIO, HITPAT 13
IpyHTy a00 3 100puB [8; 91].

KinbKicTh 3arajJibHOTO 3aCBOIOBAHOTO a30Ty B IMAaroHax MPOMOPIiHHA BPOXKAIO
HAciHHS coi 4epe3 (ikcaiiro a3oTy abo MOMIMHAHHS a30Ty, a JOCTYHHICTh a30Ty €
Iy’K€ BaXKJIMBOIO JJI BUpoOILyBaHHs coi [53; 58; 193; 105]. IlinTpuMaHHs BUCOKOI Ta
TPUBAJIOi aKTUBHOCTI a30TdiKcallii € AyXe BaXJIUBUM JJII BUCOKOI MPOTYKTUBHOCTI
Col.

[Ipote, 3acTocyBaHHS XIMIYHHX a30THUX JOOpUB 3a3BUYA MPUTHIUYE
yTBOpEeHHs Oyab0040K 1 (pikcariro azoTy. HiTpar y npsiMoMy KOHTaKTi 3 BY3JIMKOBOIO
YaCTUHOIO KOPEHIB CHPUYUHSE CEPUO3HE MPUTHIYEHHS pOoCTy OylbO0ouOK Ta (pikcarii
azoTy. Binnanena wactuHa OynpOOYOK, IO HE KOHTAKTy€ 3 HITparamu, HE BiTUyBae
HEraTUBHOTO e(eKTy abo € BiH € He3HaYHUM. [ TMOOKe BHECEHHS a30THHUX JOOPUB 13
MOBIJTPHUM BHUBUTHPHEHHSIM CEYOBHHH 3 MOKPUTTSIM, a00 HITpATy KaJIBIIIO CIIPHUSE, 3a
nanumu [201], 3pocTaHHIO YpPOXKaWHOCTI 3€pHa Ta SKOCTI cOi 0e3 MPUTHIYCHHS
¢ikcarii a3ory.

VY mepumioMy po3Auli MPOaHaIi3yeMO HAyKOBI BIIOMOCTI MPO POJib a30Ty y
JKUBJICHHI 3€pHOBUX 0000BUX KyJIbTyp 1 (OpMyBaHHI iX NPOAYKTUBHOCTI.

BaxxnuBuMH € acreKkTH po3yMiHHS NEPETBOPEHHS a30THUX CHONYK Yy IPYHTax Ta
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JOCTYTIHI (JOPMHU a30Ty JIJIsi KOPEHEBOTO XKUBJICHHS. Baromuii BIUIMB Ha 11 MPOIECH
MalTh MPUPOAHO-KIIMATHUYHI, TIIPOTEPMIYHI yMOBH 1 (yHKIII TIPYHTOBOI
MIKp0OO10TH. 3aCTOCYBaHHS CHHTETHYHUX PEryJIsATOPIB MIKPOOHOI TpaHchopmarii
a30THHX cronyk aaBHo Bigomi y CLIA i €C. Ix BUKOPUCTOBYIOTB I 3amo0iraHHs
BUMMBAHHIO HITPATiB Ta emicii 3akucy a3oTy B armocdepy. Baromi npocnigHi
pe3yabTaTd yaoOpeHHsI 3epHOBUX 000OBUX KYNBTYp, Y TOMY YHCII COi y KpaiHax
€Bpocorody 1 y CBiri omyOJikoBaHI y 3apyODKHMX BHUAAHHSAX. AJie I Hac
HaWBaXKJIUBIIIUN JOCBIJl BUPOIIYBaHHA BUCOKHUX BpOXKaiB coi B YKpaiHi, 30KpeMa B

Manowmy Ilomicci Ta 3axinnomy Jlicocremy.

1.1. Pob a30Ty y KMBJIEHHI COI HA Pi3HMX IPYHTAaX Ta y Pi3HHX yMOBax

TiAPOTEPMIYHOIO pPeKUMY

Cos (coeBi 600u — Glycine max (L.) Merr.) moxoauts 31 CxigHoi A3ii [79], ane
3apa3 MIUPOKO KYJIBTHUBYETHCS B TPOMIYHUX, CYOTPOIIYHMUX 1 MOMIPHUX KJIIMAaTUYHUX
palioHax 3 ONTUMAaJIbHOIO cepeHboro Temmeparypoto 20-30°C. 3epHo coi € OgHUM 13
HaWBaKJIMBIIIUX JpKEpeNl Ollka JyIs Jirofei 1 cBiichKkuX TBapuH. KpiMm Toro, cos €
OCHOBHOIO OJIIHHOIO KYyJBTYpOlO Ha IUIaHeTi, 1o 3abe3neuye 58% CBITOBOTO
BUPOOHMIITBA 3epHA OMMHUX KynbTyp [141; 5; 8]. Coro BUPOUIYIOTh Y IIHPOKOMY
Jiana3zoHl IIMPOT, B €KBaTOpa JO BUCOKUX MIMPOT He MeHmie 50 rpan. mH.a. [79;
199; 201], xo4a KOKE€H COPT aJaNTYIOTh 0 BY3bKOTO Jlana3oHy IIUPOT.

Coto, sIK JKEpENo a30Ty, KyJbTUBYBAJIM B yChOMY CBITI 3 JaBHIX 4YaciB 4epe3
BHCOKMM BMICcT OinkiB Ta mimimiB [264]. Ile oxHa 13 HaWBaXIHUBIIIAX
CUIBCBKOTOCIIOJAPCHKUX KYIbTyp y CBITI. CBITOBE BUPOOHMUTBO 3€pHa y 9-TH
JIUPYIOUNX KpaiHaX, KyIu BXOAWTh YKpaiHa, CTAaHOBUJIO MOHAT 356 MITH TOHH Ha PiK
[243; 141]. Haii6ineine coi Bupoinytots (puc. 1.1) y bpazunii (124,0 mun. 1), CLIA
(96,8 mua. T) 1 Kanami (51,0 muta. T). Ykpaina BupoO:sie Bix 3,7 MITH. TOHH COEBOTO

3epHa ctanoMm Ha 2021 pik g0 4,8 mutH. T ctadoM Ha 2023 pik [170].
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BenpMu moTyXKHUM CTUMYJIOM 10 BUPOOHHUIITBA COI € €KOHOMIYHA MOTHBAILiS.
Ha mouarok 2024 poky 1iHa 3epHa coi koiauBaeTbcs B Mexkax 9000-10000 rpH /ToHHY
[77]. Ane Ha BUpoOHHUYY COOIBApPTICTh 3€pHA Oe3MOCEepEAHHO BIUIMBAIOTh 3aTpaTy Ha
3HApANAS 1 TEXHIKY, NaJIMBHO-MAaCTUJIBHI Marepiaiu, T[OCIBHUH Marepiad,
amopTtu3anito. i mapamerpu 000B’SI3KOBO BPaXOBYIOThH JIJIsl OTPUMAaHHS BUT1AHOI AJIs

HiANPUEMCTBA HOBOI 3aKyMiBeNIbHOI IiHK Ha coro [170; 253].

B bpazumis

= CIIA
ApreHTHHA
Kuraii

B [Tapargait
[Hais
Kanana

B Vkpaina

Bomipisg

Puc. 1.1. HaitGinp1i oOcsiru BUpOOHUIITBA 3€pHA CO1 Y ACSIKUX KpaiHax, MIIH. T

[243; 141]

BupoOHunTBo pociaumHHOI omii 13 coi csrae HaWOUTBIIUX OOCATIB cepen
pocaunHux o (30%) [79; 4; 5; 199]. Cost BUKOPUCTOBYETHCS 0€3MOCEPETHBO K
>ka B Anonii Ta geskux kpainax Asii. HemogaBHo coeBwii 6110k OyB BU3HAHHM SIK
3JI0pPOBUIA 1 CMaUHUN 1 BUKOPUCTOBYETHCS B TAKUX MPOAYKTAX, IK TOQY 1 COEBUI COYC.
CoeBuii WIPOT, KU 3aNMILIAETHCA MICIS €KCTParyBaHHsS POCIMHHOI OJIii, MICTUTh
omu3bko 50% Oinka 3 100pe 30amaHCOBAaHUMH aMiHOKHCIOTaMU. ToMy COEBUM MIPOT
9aCTO BUKOPHCTOBYIOTh, SIK KOPM JUIsI TBAPHH.

OcCkUTbKH CO€BI 000M € Ba)XJIMBUM JDKEpPEIOM OUIKIB IS JIFOIEH 1 XynoOw,
100aIbHUM TONUT Ha 0araty OiJIKOM COEBY MYKY HEYXWJIBHO 3pocTae [4; 243; 141].

[IpotaroMm JnecATWIITh CENEKI[li, OpPIEHTOBAHOI HAa BPOXKAWHICTb, CEpEIHs
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KOHIICHTpaIlisi OimkiB B 3epHi coi 3uHm3miacs [191; 221]. Illo6 wmakcumizyBatu
I[IHHICTh CO€BOIO IIPOTY JUIsI KIHIIEBUX CIIOKHBaYiB, HEOOXiJHA MaKCHUMajbHa
KOHILIEHTpauist OuikiB y 1wmpoti 47,5%, a HK4a SKICTb COEBOTO IIPOTY MOXKE
MIJIITOBXHYTH PUHOK KOPMIB JIO 3aMiHM COEBOTO WIPOTY aJlbTePHATUBHUMU
okepenamu  Oika. Takum 4yumHOM, BHUpPOOHMKAM c€Oi MOTPIOHI cCTparerii s
MiATPUMKHA 200 IMiIBUINCHHS KOHIIEHTpaIlii OUIKIB y 3epHi.

JloOpe BiIOMO, 110 BHPOIIYBaHHS COi MOKpally€ pPOIIOYICTh IpyHTY [9].
Bynb0oukn yTBOPIOIOTBCS POCIMHOK COi, a arMochepHuid a3oT (IKCyeThCs
a30TdIKCyIoUMMHU OaKTepisiMU B KOpeHsIX-OynbpOoukax [82; 258; 161; 108; 197; 223].
lazomoiOHuMii mepeTBOproeThesi Ha NH,  HiTporeHasor 3 Iux OakTepii, M0
¢ikcyroTh a30T, i et NH,™ HaxoauTh y IpyHTOBE CEPEIOBHIIIE.

Cost € pOCITMHOI KOPOTKOTO JHS, 1 IBITIHHS BUKJIUKAETHCS, KO JOBKUHA JTHS
KOpoOTIa 32 KpuTuuHy. L uyTinuBicTh 10 GoTonepiony cinabka abo BIACYTHS Y COPTIB
coi, aJanTOBaHMUX JO BUCOKUX INHUPOT, SIKI OBUHHI MOYMHATH IBITIHHSA HA MOYATKY
JiTa juis 1o3piBaHHA B Oe3moposHy mnopy [108; 9]. Coro, 3a3BUuaii BUPOIIYIOTh Ha
OKYJIBTYPEHHX 3€MIISIX, JI€ arpOTE€HH] IPYHTH — II€ TETEPOTeHHE CEPEIOBUIIIE, B IKOMY
YMOBH, III0 BITUBAIOTh HA PICT 1 PI3HOMAHITHICTh MIKPOO1B, CHJIbHO KOJHBAIOTHCS B
IPOCTOPI Ta yaci.

A3oTHI 100pHBa BiIIrPalOTh BAXKJIMBY POJIb Y MIATPUMAHHI MOTPEOU 36pHOBUX
0000BUX KYJBTYp Y MOKMBHHMX PEUOBHUHAX 1 € OCHOBHUM JIXKEPEJIOM >KUBJICHHS IS
YTBOPEHHs OUIKIB Ta meperBopeHHs eHeprii [2; 18; 250]. Cratuctuka nokasye, 1o
3pOCTaHHS BHECEHHS a30THUX JOOpPUB TPHU3BENO 10 30UIBIICHHS BPOXKAWHOCTI
arpoKyJabeTyp y cBiTi Ounblne, Hixk Ha 40% [18; 273; 186; 89].

A30T € OAHIEI0 3 OCHOBHUX MOXUBHHUX PEYOBUH, HEOOXIAHHMX IJIsi POCTY Ta
pO3BUTKY coi. PociuHm coi oTpuMyIOTh a30T 13 Tphox Jikepen [148; 198; 108; 220]:
1) a3or, orpuManuid Biag O10TMYHOI (ikcalii ra3omnoaidHOro azoTy KOpPEHEBUMU
Oynp0oukamu [223]; 2) moTpeba coi B a30Ti MOxe OyTH 3aJ0BOJICHA a30TOM TPYHTY,
a60 3) 3 MiHepaIbHUX YU opraHiyaux n106puB [200]. Bucokuii piBeHb a30Ty B IPYHTI

nepenikokae cuMOioTUUHIN ikcalii a3oTy, 1 3a IUX YMOB IPYHT 3a0e3mnedye
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OubIIicTh MOTPed pociuHu B a3oTi [258; 222]. | naBnaku, (ikcaris ra3omomaioHoro
a30Ty 3abe3reuye OUIbIIICTh TOTPEO POCIUH B a30Ti B YMOBaX HU3BKOTO BMICTY a30Ty
B I'pyHTI. Tpete mxepeino — a3or 13 3actocoBaHoro aoopusa [200; 248; 249; 205; 187].
st oTpUMaHHS ONTUMANIbHOI BPOXKAWHOCTI COi HEOOX1IHO BUKOPHUCTOBYBATH SIK
O1o070TiyHy (piKcalilo ra3ononiOHOro a3oTy, TaK 1 3aCBOEHHS a30Ty KOPIHHIM COl
[110]. A3otHi 10OpuBa, IO 3aCTOCOBYIOTHCS JI0 COi, 0a3yIOThCS Ha MOTPedaxX POCIUH
B a30Ti IiJ1 Yac pO3BUTKY OyTOHI3allii 0 YTBOPEHHS OyJIbOOYOK, IO € BUPIIIAILHUM
JUIsl pOCTY Ta po3BUTKY coi [82; 105]. dikcallisi ra30moaiOHOr0 a30Ty MOYMHAETHCS Y
coi uepe3 14 paHIB micas ciBOM JUINE TOMl, KOJMW ii KyJIhTHBYBaTH B yMOBax
ONTHMAJIBHOI TEMIIEpaTypyu Ta BOJOTH. TOMy HEBEJIMKa KiIbKiCTh a30THUX JT0OpHWB
1] 4yac ciBOM MOoxke OyTH KOPUCHOIO /I PAHHBOTO BEr€TaTUBHOTO pocTy [148].

[. M. Didur et al [131] mocmimkyBaiau B ymoBax mpaBobepexHoro Jlicoctemy
BIJIUB CUCTEMH YIOOpEHHS Ha MPOAYKTUBHICTH COi. ABTOPH BCTAHOBUJIU €(EKT BIJ
PI3HHX HOPM MIHEpaJbHUX JOOPUB 1 PI3HUX CHOCOOIB OOpPOOKH KOMILJIEKCOM
MikpoenemeHTiB Mikpodon Kom6i. ocaimkeHo (hopMyBaHHS BPOXKAMHOCTI 3epHa
COl COPTIB PI3HUX TPyH CTUINIOCTI. ABTOpPH MPOBEIM EHEPreTUYHUN aHami3 1
BU3HAYMIIH, 110 HAWOLIbI €(h)eKTUBHOIO € MOJIENIb TEXHOJIOT1i BUPOITyBaHHS cOi 000X
coptiB [opnuus Ta BiHHMuYaHKa, 110 niepeadadyae BHECEHHS MIHEpaJIbHUX J0OpUB 13
po3paxyHky N;oP¢ K, mepenmociBauii mepion. OOpoOka HACIHHS KOMIUIEKCOM
MmikpoenemeHTiB Mikpodon Kom6i (150 r/T), pazoM 3 NIIKUBICHHSIM THM K€
npenapar y HopMmi 0,5 kr/ra y a3t OyToHizamii, 1o 3a0e3nedyBana HaWBUILIUMA
noka3Huk eHeprii nociBiB. Koedimient cranoButs 2,53 mis copry lopmums Ta 2,75
st copty Binnnuanka, To6to BianosigHo 0,89 1 Ha 0,99 Oinbiiie KOHTPOIIIO. ABTOpH
MUITYTh, M0 TIOTOJHI yMOBH B POKH JOCHIDKEHb OynW KOHTPACTHUMH, 3
BIIXUJICHHSM CEPEIHBOJ000BUX TeMIIepaTypy W OIMaJiB BiJ CEpeNHIX OaraTopiuHUX
MOKa3HUKIB. AJie TI YMOBH OyJIM TOCUTh COPUSITIMBUMHU ISl TPOAYKTUBHOCTI COPTIB
coi. Ipynar y mocmimi I. M. Didur et al [131] OyB GimHimmii, 3a BHKIIOYEHHAM
pyxomoro docdopy, a pH,,, ctanoButs 5,0-6,0. BucnoBku Oysiu 3po0ieH1 HACTYTHI:

HalKpamny yMOBH JJisi 3a0€3M€UYEeHHs] BPOKANHOCTI 3epHa y KuibkocTi 3,01-3,22 1/ra
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chopMmyBanucs 3a YMOBU BHECEHHS MiHEpaTbHUX JOOpUB 3 po3paxyHKy Ns;oPgsKgo,
nepeArnociBHOi 00poOku HaciHHsA KomruiekcoM Mikpodon Kom61 mikpoeneMeHTH
(150 r/t), pazom 3 MIATOMIBICI0 TUM K€ mpemnapatom y Hopmi 0,5 kr/ra y ¢asi
OyToHI3aIlli, 1o 3a0e3neyye HAWBUIIUI TMOKa3HUK EHEPreTUYHOro KoedilieHTa
BHCIBY.

E. E. Kenedy et al [168] 3’sicyBanu BIuMB a30THHX JOOPHUB Ha (i310JI0TiIO COI,
KOMIIOHEHTH BpOKAWHOCTI, YPOXKaWHICTh 3€pHAa Ta BMICT OIIKIB B yMOBax
niBIeHHo-cxiqHo1 vactunu CIHIA. ABTOpW MiACYMOBYIOTh, 10 (h1310JI0TIsL COi,
YPOXKAMHICTB 1 AKICTh OTPUMAHOTO 3€PHA MOXKYTh CHJIBHO BIIPI3HATHUCS 1 3aJIeXkKaTh
BiJl TCHETUKH, YMOB Ta TEXHOJOTI] BHPOIIYBaHHsS KyJAbTypU. YIOOpPEHHS a30TOM
HEYacTO 3aCTOCOBYIOTh Ha COi. AJie BOHO MOXE BIUIMHYTH Ha BpPOXAWHICTB 1
CIOXKMBYY SKICTh 3€pHA.

Pe3ynbratn BHECEHHS a30THMX JOOPUB CUJIBHO BIAPIZHAIOTHCS B PI3HUX
nocmikeHHsax [232]. o6 mepeBipuTH, 4 neBHI (Pi310JIOTIUHI peakilii MOXYTh OyTH
MOB’s13aHl 3 TO3WTHBHOK AarpoOHOMIYHOIO pEakKIli€l0 Ha a30THI Jo0puBa, Oyau
IPOBEJICHI YUCJIEHH] MOJbOBI JTOCIIPKEHHS B PI3HOMaHITHUX yMoBax. OLiHOBaIu 5
redotuniB V-VII rpyn ctumocrti. He3Baxkaroun Ha Te, 1m0 TiIpOTEPMIYHI YMOBH Ta
TEHOTUIT Majd 3HAYHWKA BIUIMB HA OUIBIIICTH (Di310JIOTIUHHUX O3HAK Ta BUMIPSHUX
KOMITOHEHTIB BPOXXAHHOCTI, BHECEHHS a30Ty ICTOTHO B3a€EMOIISIIO 3 TOTOTHUMU
yMoBaMH. 30Kpema II€ [I03Ha4aJlocs Ha KOHIIEHTpalii MpoTeiHiB B 3€pHi,
KOHIIEHTpallii oiii, ypokailHocTi. BHeceHMil a30T BIUIMBaB Ha BIJCOTOK a30TYy,
OTpUMaHOTO 3 arMochepu B JHCTKaX NPOTATOM TMEpioy HANOBHEHHS 3€pHA.
Hamnpsmox BIinMBY a30Ty Ha KOHIIEHTpAIlil0 OUIKIB BIJIPI3HSABCS B PI3HUX MOTOIHHUX
YMOBaX, 301IbIIYIOYN KOHIIEHTpPAIlil0 OUIKIB 32 CIPUSTIMBOI MOTOMN Ta 3HUKYIOUU
KOHIICHTpAIIiI0 OLJIKIB y MPOXOJIOAHUX JAOHI0BUX yMoBax. E(dexT 3acTtocyBanHs a3oTy
HE BIAPI3ZHABCS JUISl pI3HUX COPTIB, BKJIIOUEHUX Yy AOCIKEeHHs. Peakiii porocuHTesy
Ta (ikcarii a30Ty Ha 3aCTOCYBaHHS a30Ty He OyJaW UITKO MOB’sI3aHI 3 PEAKIIEI0

KOHIIeHTpalii 611kiB B 3epHi [151]. CrenisuibHa peKOMEHAALIIS III0JI0 HOPM a30Ty JJIs
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MPOTHO30BAaHUX T1IPOTEPMIYHUX YMOB € HAMKpaIIMM BapiaHTOM JJisi MOKpAaIEHHS
O1IKOBOCTI 3epHa.

Suryantini & H. Kuntyastuti [214] BuBYMIM BIUIMB BHECEHHS a30THUX JOOpUB
Ha BHPOOHMIITBO COi 3a PI3HUX MoOlepeaHuKiB. Ha peaxiiito mociBiB coi Ha a30THI
noOpuBa Ha MOJSAX BIUIMBAE CTPYKTypa MOCIBIB. Pe3ynbraTtu JOCHIIKEHHS! BUSBUIIH,
10 BUPOIIYBAaHHS COi MICIs MOMEPEIHHKA, 1[0 BUCHAXYE IPYHT, MOTpedye OLIbIIOT
KUIBKOCT1 a30THUX m00puB. 30 kr/ra kapOamigy abo 90 kr/ra aMOHIMHOI ceniTpu
MIJBUINWIO Bpoxkail 3epHa Bia 0,5 T/ra (KoHTpoib 6e3 ynoopenus) no 3,4 t/ra. [lpu
IIbOMY, B pa3l ciBOM cOi micisl cOi BOHA HE MOTpeOyBaia JTOMATKOBOI J03M a30THHUX
JOOpUB JIJIS IMIABUIIIEHHS BPOXKAUHOCTI 3epHa 1 3a0e3reuyBaia 0 3 T/ra 3epHa.

Z. Gai, J. Zhang & C. Li [148] mocnigunmm BIUTMB HOPM OCHOBHOTO a30THOTO
noOpuBa Ha aKTUBHICTh KOPEHIB COi, ()OTOCHMHTE3 JIMCTKIB Ta BPOXKAMHICTH 3€pHA.
ABTOpPU HaBOJATh TMPUITYLIEHHS, IO a30T, SIKUM HAIXOAUTh 13 CUMOIOTHYHOL
N,-dikcarrii, He 3aBKIU € JOCTATHIM JIJIsi MakcuMi3allii BpokaitHoCTi 3epHa coi. Ha
niBHIYHOMY cxoii Kutaro mpoxosiogHa TemIiiepaTypa IPYHTY IMiJ 4ac CiBOM MOXe
OOMEKUTU AaKTUBHICTb IPYHTOBUX MIKpOOIB 1, OTXe€, MOTEHUIWHO 3aTpUMarTH
¢ikcarliro a30Ty Ta, MOKJIMBO, BETeTaTUBHUMN PICT Ha paHHIi cTaii [251].

Icaye Gararo (akrTopiB, 110 BIUIMBAIOTh Ha a30T¢IKCAIII0 COi Ta PEakiliio Ha
BHeceHe a30oTHe A00puBo. ABropu [147; 209; 109] nosimomunu, mo pH rpyHTY,
TeMIIepaTrypa Ta BOJOTICTh BIUTMBAIOTh HA PEAKIIII0 COT HA BHECEHE a30THE JOOPHUBO.

VY nocmimxenni R. L. Cooper [124; 197] Oyno 3a3HadeHo, 1110 a30T, BHECEHUN
nepen ciBOOI0, OyB KOPHUCHUM JUIsi POCTY COI, BPaxOBYIOUHW, IO OyIbOOYKH Ha
KOPEHSIX COi HE yTBOPIOBAJIUCS MpUHAKWMHI 4epe3 9 mHIB Micis mosBu cxoaiB. Kpim
TOTO, CTapTOBE a30THE IOOPMBO MOXKE MOCTauyaTH a30T A0 TUX Mip, TMOKH HE
MOYHEThCs OloI0T1uHa (hiKcallis ra30noiOHOTO a30Ty KOpeHeBoo Oyap00ukoro [161].

barato pocnigHuKIB peTenbHO BUBYAIM BIUIMB a30THUX JOOPUB HA BPOXKANWHICTh
3epHa coi. 3acTOCyBaHHsS CTapTOBOIO a30Ty CHpsIMOBaHE Ha 3abe3meyeHHs Coi
JIETKOIOCTYTHUM TPYHTOBUM a30TOM ITiJl YaC PO3BUTKY CXOMIB 1, sIK Oy/0 MOKa3aHo,

N1JBULLY€E BPOXKANUHICT 3epHa coi [248; 247; 134]. [Ipore BHECEHHS a30THUX J1OOpUB
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mij yac ciBOM Moke 3HU3UTH (DiKcallio ra3onomiOHOTO a30Ty coi Ta ii BpoKail.
Pesynpratn B miBaeHHINA AJtabami Mmokaszaiu, 110 BPOXKaWHICTh 3€pHa Ta PICT POCIHUH
OyJii BUIIMMHU, KOJIM B SIKOCTI CTApTOBOrO JOOPHBA 3aCTOCOBYBasid a30T. Ha momarok
JI0 BPO’KaHOCTI 3€pHA COi, CTApTOBE a30THE JOOPHUBO 30UIBIIUIO BUCOTY POCIHUH 1
oiomacy. D. R. Jeffery et al [165] 3a3nauniiu, 1m0 BeauKa KUIBKICTh a30THUX JOOpUB
3HAYHO MIJBUIILYE BPOXKANHICTh 3€pHA COi MPH 3pOIIEHHI 1 Ha Oorapi, a Qikcarris
ra3omnoAiOHOro a30Ty MoXe OOMEeXKyBaTH BPOXKaWHICTh 3€pHa COi, BUPOLLYBAHOI SIK B
3pOIIyBaHUX, Tak 1 B He3pomryBaHux cepenoBuinax Cepennboro IliBaas CIIA.
[TonboBi exkcriepumenTy, nposeaeHi P. Boroomandan et al [111] Bka3anu, mo rycrora
pocivH 45 ocoOMH Ha METp KBaJpaTHUH 1 HU3BKUU PIBEHb A30THUX CTAPTOBUX
no6puB (40 xr/ra) Oynu ONTHMAaTbHUMU 1 MiJBUILYBajJd BPOXKAWHICTH 3€pHA COi B
yMoBax ix mochimy. JlochmimkeHHs, TMPOBEACHI B MPOXOJOJHOMY CEpPEIOBHII Ha
niBHOYl Benukux piBHUH, MOKa3zajid, 10 HU3BKI HOpMHU (<15 kr/ra) cTapToBOro
a30THOTO JOOpWBA MMiJl Yac CiBOM MiJBUIIMIN BPOXKAWHICTH 3€pHA CO1 MOPIBHSHO 3
BIJICYTHICTIO 3aCTOCYBaHHS a30THUX J0OpUB mpoTsroM 9 3 11 pokis.

Hocmignuku N. K., Fageria V. C., Baligar & R. B. Clark [138] y3aransHioBanu
BIUTUB Aa30THUX JIOOpMB Ha BpPOXKAMHICTH 3€pHA COI, aje pe3yabTaTu Oynu
HETIEPCKOHJIUBUMH. Byny 4YHCIIEHHI MOBIOMJICHHS MPO BIUIMB a30THUX JTOOpWB Ha
Oynp004YKkr KopeHiB coi. OmHaK AOCTYmHO Mayio iH(opMarllii mpo BIUIMB CTAPTOBOTO
a30THOTO J00pHBa Ha (DOTOCHMHTE3 JIMCTS, aKTUBHICTh KOPEHIB 1 X B3a€EMO3B’S30K 3
ypoxaeM 3epHa. I[loTpiOHa KoHKpeTHa i1H(opMalis mpo Te, SK a30THI J0O0puUBa
BIUTMBAIOTh HAa BPOXKANHICTH 3epHa coi. POTOCHHTE3 € OCHOBHHMM IIUISIXOM JIJIS
BUPOOHHUIITBA POCIMHAMHU CYXOi pEYOBUHH, 1, 32 OLIHKaMH, Bia 75 10 95% cyxoi Baru
BPOYXKa0 BUXOAWTH 3a PaxyHOK (hotocuHTe3y [167; 151]. A30T, oTpriManwmii i3 70OpUB
y IIbOMY JOCIII>)KE€HHI, KIMOBIPHO, BIUTMBAE Ha aKTUBHICTh KOPEHIB COi, (HOTOCHHTE3
JIUCTS Ta, SIK HACIIJOK, Ha ii BpOXKaiHICTb. BUCHOBKM 3 JOCHiKeHb Oyiiu 3po0iieH1
Taki. ['i1poTepmMiuHi YMOBH MPOTATOM BETETALIHHOTO MEPIONy CYTTEBO BIUIMHYIIN HA
BpokaitHicTh 3epHa coi (P<0,05), npudyomy y 2013 porii BpoxkaiHiCTh 3epHa Oyna

Bulor0. CTapToBi a30THI AOOpHBA 3HAUYHO MIJABUIIMINA BpOXKalHICTh 3epHa B 2014
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pori. [{to 3HauHy peakIiito BpOKaHOCTI 3epHa Ha HAIXOMKEHHsS a3oTy B 2014 pori
aBTOPU TOSICHWJIM 3HAYHUM 30UIBIICHHSM AaKTUBHOCTI KOPEHIB, IIBUJIKOCTI
dboToCUHTE3Y, IHACKCY IJIOIII JUCTSA Ta MUTOMOI Baru JIUCTS HA CTA/IisIX PO3BUTKY Bij
KBITYBaHHs 10 MOOypiHHS 000iB y gociifal. 3aCTOCOBaHI a30THI JOOpWBa IMiJl 4ac
CIBOM CYTT€BO BIUIMHYJIM HAa aKTUBHICTh KOPEHIB, (POTOCMHTETUYHI MapaMeTpu Ha
paHHiil cTazaii OyToHi3amii 1 KBITyBaHHS, ajie 3HAYHOI BIMOBI/I1 HE CIIOCTEpIragocs Ha
crazii moOypinHs 60061B y 2013 porti. I{e Morio O6yTu moB’si3aHO 3 PiI3HUMH OIAIaAMH
Ha Mi3HIA cTajii Bererarlii Mixk J1BoMa pokamu. [Ipupict ypokaro 3epHa 3a paxyHOK
Nos, Ny, 1 N5 cranoBuB 40,39 kr/ra, 77,93 kr/ra 1 49,87 kr/ra BianoigHo B 2013 porri
ta 18,71 xr/ra, 83,27 xr/ra 1 61,96 xr/ra BiamoBigHO B 2014 poiii MOpiBHSIHO 3
KOHTpoJieM Oe3 a3oTy. Pi3HUIE B ypoXXaWHOCTI 3epHA, OTpUMaHa B JOCHIKEHHI,
MO)Ke OyTH aJCKBaTHOKO JIJII KOMIIEHCAIlll JOJATKOBUX BUTpaT Ha n00puBa. Takum
YUHOM, 3a3HAYa€ThCA, 1110 BHECEHHS CTapTOBOrO a30THOTO M00pHBa mij 4yac CiBOM
BXOJIUTH y JII0UY MPAKTUKy BUpoOHUITBA. Pe3ynpraru noka3anu, ujo B Kurai mig gyac
ciBOM HEOOX1THO BHECTHU MEBHY KUJIbKICTh CTAPTOBOTO a30THOTO J0OpHBa.

Benuky yBary QoCHiIKEHHSIM Ta OIIHIII aMOHIMHOIO 1 HITPATHOTO >KUBJICHHS
pOCIWH TNPpUIUIAINA YKpaiHcbki BueHi [70; 71; 52; 53; 54; 58; 27; 40].
JocaimkeHHssMu OyJi0 BCTAHOBJICHO, 110 3 ()OPM a30THUX CIIONYK JJISI POCIUHU
OJTHAKOBO BAXUIMB1 SIK amiak, Tak 1 HITpaTH. Y JOCTiAaX, MPOBENECHUX 3 METOIO
BUSBIICHHS TE€PEBarv, Y PIBHOZHAYHOCTI JJII POCIMHU OKHUCHEHOI UM BIJHOBJICHOI
(dbopMH a30Ty, aMOHIHHUH a30T SIK TPABUJIO 3aCTOCOBYETHCS YACTIIIE, HIXK HITPAaTHUH.

Ha pucynky 1.2 moka3zaHo 0CHOBHI (hi310JI0T14HI MTPOIIECH 3aCBOEHHS TTOKUBHHUX
PEUYOBHUH POCIMHAMH COi, MOB’A3aH1 3 pocToM 1 GOpMyBaHHAM Bpoxkaro 3epHa. 1106
peanizyBaT BHCOKHI MOTEHIIa]d BPOXAMHOCTI, COSl MOBUHHA MiATPUMYBAaTH BHUCOKI
TeMIi (OTOCUHTE3y Ta HAKOMMYYBaTH BEJIMKY KUIBKICTH a30Ty Yy pI3HHX (popmax —

OKHMCHCHHUX YU BiI[HOBJ'ICHI/IX.
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doTOCUHTE3

\\\ ,/// Ceitno

TpaHcnopT BOAM
| MOXMBHUX PEYOBMH ﬁ

CumbioTnuHa
dikcauia asoTy

MiHepanbHe XUBNEHHA
N, P, K, Ca, Mg, S, Cl, Fe,
Mn, Zn, Cu, B, Mo, Ni ./

MorAnHaHHA conen
Puc. 1.2. Cxema (i310JI0T1YHUX TIPOLIECIB ACUMIJIALIT MOKUBHUX PEUYOBUH COEIO

3 pi3HUX Jkepen [201] .

Hacinuna coi Benuka 1 30epirae MOXXHBHI PEUYOBMHU B CIM’SAOJSAX, II00
HOiATPUMYBATH MOYATKOBUHM picT mpubiau3Ho yepe3 7—10 aniB micis ciBOu. Po3BuTok
col MONUISAETbCS Ha MEpIOJl BETETAaTHBHOIO PO3BUTKY Ta IMEPIOJ PENpPOLYyKTHBHOIO
PO3BUTKY Ha TMO4YaTKoBiM cranii kBiTyBaHHs. Craaii pPO3BUTKY COI ONUCAIU
T. D. Setiyono et al [227] meromom P. D. Lancashire et al [177]. ¥ Bumanky coi
BETETaTUBHUM PICT JIUCTKIB, CTEOEI 1 BY3JIiB 30Ira€ThCsl 3 PEIPOAYKTUBHUM POCTOM
1o craxaii ¢popmyBaHHs 3epHa. [lepio BEreTaTMBHOTO POCTY Ta PEHPOIYKTUBHOTO
POCTY PIZHUTBCS 3aJIEKHO B COPTY Ta MICUS KYyJIbTUBYBaHHSA, ajie BEreTaTUBHUI
nepioj] pOCTy CTAaHOBUTH MPUOIM3HO ABa Micsli. [lepion penpoayKTUBHOTO PO3BUTKY

CTAHOBUTH OJM3BKO TPH MICSIIl y TUIIOBOMY KJIIMATI JIjIsl BUPOIyBaHH1 coi [41].
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Bucokuit ypoxkait coi BuMarae BEIMKOi KUJIBKOCTI a30Ty, 1 POCIHHH MMOBUHHI
IPOAOBXKYBATH 3aCBOIOBATH a30T SIK Ha BEreTaTUBHOMY, TaK 1 Ha PENpPOSYKTUBHOMY
eramax. 3arajbHa KUIBKICTh a30TY, aCHMUIbOBAHOTO MAaroHaMH POCIHH, CHUJIBHO
Kopetoe 3 ypoxkaeM 3epHa coi [201]. Pocnuuu coi 3acBororoTh Jniie mpubiau3no 20%
3arajJbHOTO TOMIMHEHOIO a30Ty BIJ MOYaTKy pocTy A0 ¢da3u KBITyBaHHS. Tomy
Oe3mepepBHE 3aCBOEHHS POCIMHAMH a30Ty MiCid MOYaTKy (a3u KBITyBaHHS €
HEoOX1/IHE JIJIs1 HOpMAJIBHOTO POCTY Ta BUCOKOI BPOXKAHOCTI 3€pHa COi.

Jlis oTpuMaHHS BHCOKOTO BpOXAar 3€pHA COI IyKe BaXKIWBa XOpOIla
Oy Ib00YKOYTBOPIOBAHICTh, BUCOKA 1 TpHBaja aKTUBHICTH (iKcallii a30Ty, OCKUIbKU
JOCTYIHICTh a30Ty B TPYHTI, SIK MPaBWJIO, HEAOCTATHS JJIs MiATPUMKH POCTY COi.
A30T 3 HaciHHs Ta XIMI4HI CTapTOBl JOOpPMBA BTPAYarOThCs 3a KUIbKA THXKHIB MICIS
ciBOu. Ha dopmyBanHs Oyiab0040K cOi Ta picT OyJbOOYOK BILIMBAIOTH Pi3HI YMOBHU
TPYHTY.

J1J1st BUCOKOTO BpOYKaro 3epHa COi HEOOX1THUM K ONTUMAJIbHUNM BETETaTUBHUH,
TaK 1 penpoAyKTUBHUHN picT. POTOCUHTE3 JUCTSAM 1 JIOCTATHE, aje HE HaJJIUIIKOBE
MOTJIMHAHHS BOIW Ta TIOKUBHUX PEYOBHH KOPIHHSAM € JyK€ BaXJIMBUMHU IS
NIATPUMKHA  €HEPriiHoro pocty pociaud. Kpim Toro, cos Moxke (QikcyBaru
armocdepnuit azor (N,) 3a JOMOMOTOI0 KOPEHEBUX OyIb00UOK, K1 € CHMOIOTUYHUMHU
OpraHaMi 3 IPYHTOBHUMH OaKTEpPisIMH, TaK 3BAaHUMH pu300isamu [78].

3a nmoBigomiienHsM T. Ohyama et al [201], A. J. Ohlrogge & E. J. Camprath
po3paxyBaid MOTpedy B MOXKMBHUX PEUYOBHHAX BHCOKOBPOXAWHOI COI, fIKa JaBaja
8,96 T/ra 3arampbHOi Cyxoi peuyoBHMHHM, BKIodaroun 3,4 T/ra 3epHa Ta 5,60 T/ra
mo01YHOT BereTaruBHO1 YacTUHU. J[JI1 BUPOOHHUIITBA OJHOTO KI' 3€pHA COi1 MOTPIOHO
npubnusao 1024 r kapbony, 963 r kucHio Ta 131 r Boanio yepe3 ¢porocuntes i3 CO,
y noBiTpi Ta H,O 3 rpyHTy. 3 MOXXUBHUX PEUYOBHH, OTpuMaHuX 13 IpyHTY, N, K, Ca,
Mg, P 1 S motpibni 6nmusbko 93, 32, 23, 10, 9 1 7 r BianoBigHO. Xo4ya KUIbKICTh
MikpoenemenTiB, Takux gk Cl, Fe, Mn, Zn, Cu, B 1 Mo, nyxe mana, aine BoHU BKpan

HEOOXI1THI JIJIs1 POCTY COi.
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E. E. Kenedy et al [168] BBaxatoTh, mo0 MOKPAIIUTH PiBEHb BPOKAIHOCTI Ta
BMICT KOPHUCHUX PEUYOBHH B 3€pHI, HEOOXITHO OUIbIIE 3pO3yMITH, K (Hi310JI0Tis
POCIIMH TIOB’SI3y€ BHECEHHSI a30THUX JOOPHUB 1 pe3ylbTaTd CKJIaAy 3€pHa B PI3HUX
perionax BupoOHunTBa coi. Y CIIIA Ourburicte AOCHITKEHb, SIKI 00’ €IHYIOTH
¢b1310JI0TI0 B JOCTIHKEHHSI a30THUX JOOPUB 1 CKJIaay 3€pHa , OyJd 30Cepe/KeHl Ha
BupoieHiii Ha CepeaapoMy 3axofi COeBi 000M paHHBOTO TEPMIHY J03piBaHHS [246;
125]. Kimimatuusi Ta eqadivyni ymoBu Ha miBaeHHOMY cxoji CILIIA Bipi3HSAIOTHCS Bij
cepenannoro 3axony CIIIA [100], a cos, BupomieHa Ha miBaHi CIIIA, sk npaBuio, Mae
BUIIy KOHIICHTPAIIIIO MPOTETHY B HACIHHI, HI)K COEB1 000U, BUpoIeHi Ha CepeTHpoMyY
3axoni [220]. O1xe, aBTOpU y IbOMY JOCIIJKEHHI 3’ scyBayi: 1) peakiiiro coi OuIbII
MI3HBO1 TPYNH 3pUIOCTI HA BHECEHHS a30THUX JOOPUB y PI3HUX CEpelOBUINAX Ha
niBreHHoMy cxojii CIIIA Ta 2) B3aeMO3B’ 130K MIXK aCUMUIAIIIEI0 BYTJICIO, (hIKCAIlIE0
a30Ty, BPOXKANHICTIO Ta BPOXKANHICTIO, KOMIIOHEHTIB 1 CKJIaJy 3€pHa B IIMX yMOBax
ciBOm.

VYkpaina BrnpoBamkye JupexktuBu Pamu €porm 91/676/€EC Bim 12 rpynHs
1991 p. mpo 3axuct BOA BiJ 3a0pyAHEHHS, CHIPUYMHEHOIO HITpAaTaMU 3 arpapHUX
mxepen (Hirpatna nupekrtusa..., 2020). HitpaTHO IUpeKTHBOIO TependadeHa
HU3Ka JJOKYMEHTIB, Kl € KEPIBHUMHU B CEKTOPaX €KOHOMIKH. 30Kpema, 1ie «MeTtoaunka
BU3HAUEHHS 30H, BPA3JIMBUX 10 3a0pyaHEHHS HITpaTHUMHU croidykamm» 1 «Komekc
KpalluxX arpapHux npaxktuk» [11].

3a yzaranpHeHHsmu B. IlaBnenka [69] 239 nocnigiB B 25-TM KpaiHax CBITY
MiATBEPKYIOTh TO3UTUBHUM BIUIMB 1HTIOITOpIB HITpU(IKAIi Ha MeTaboi3aIliio
a30Ty B TIPYyHTI, 3aCBOEHHS a30Ty 3 J0OpHB Ta €(PEKTHBHICTh a30THHX J00pUB,
3HIOKCHHSI BTpaT NUIAXOM JeHITpudikamii 1 BUMHBaHHS HITPaTiB, MOKpAIICHHS
A30THOTO >KMBJICHHSI KyJbTYp, MIJABUIIEHHS iX BpOXKaro 1 siKocTi 3epHa. B VYkpaini
onyOIiKOBaH1 MOOAWMHOKI JOCHIKEHHS J1i CTa0l1i3aTopiB a30Ty, HANPUKJIIAJ JIUIIE
pu y1oOpeHH1 KyKypya3u [55] Ta sumeHto o3umoro [93;228].

A. Glowacka et al [152] nocnianim BIUTUB BHECEHHS a30Ty Ta CIpKH Ha O3HAKH

NPOAYKTUBHOCTI COI B KIIMaTMYHUX yMoOBax miBAeHHO-cxigHOi [lombmin —
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Oesnocepenniii  Onuspkocti g0 Manoro Ilomices. Pesynsratu  mociimkeHb
M1ATBEP/UKYIOTh CIPUSTIMBUAN BIUIUB CIPKH Ha BPOXKaWHICTH O000BUX POCIIHH, TAKUX
SIK JIFOTIMH BY3bKOJIMCTHI, KBacojsd monboBa [206], KBacoss 3BHYAilHA Ta KBACOJIA.
[HI11 aBTOpPHW TaKOX MIATBEPAWIN MO3UTUBHUN BIUTHB yI0OpeHHS 0000BUX CIPKOIO Ha
BMICT 1 3aCBOEHHS a30TY.

BrnuB BHECeHHs a30Ty Ha BPOXKAMHICTH 1 SKICTh CIBOM COT TaKOXK € YaCTHM
npeaMeToM JociipkeHb [205]. BumbmicTs mOCHiKeHb peakilli coi Ha BHECEHHS
a30THHUX 1 ClpyaHUX JOOPUB MPOBOAMIIACA B KpaiHax 3 TeruM kiiMatoM [209; 176].
IcHye KinbKa MOCHIAKEHb, MPOBEACHUX B yMOBAaX MOMIPHOTO KiIiMary, 0COOIUBO 3
HOBUMH I€HETUYHO HE MOAM(IKOBAHUMHU COPTAMH, K BIUTMBAJIO 3aCTOCYBaHHS a30Ty
Ta CIPKU Ha BPOKalHICTh Ta XIMIYHUHM CKJaj 3epHa coi [ 188].

Hanpuknan, ocHoBHa meta mocuipkeHHs A. Glowacka et al [152] monsrana B
TOMY, 100 BU3HAYUTH, CKUIbKM (1 KOJM) a30THUX 1 CIpYaHUX JIOOpUB MOTPIOHO
BUKOPHCTOBYBATHU MJIi OTPUMAaHHS HaWKpPAIIUX MPOAYKTUBHUX XapaKTEPUCTUK TPHU
BUPOIIYBaHHI COi B KJIIMaTHUYHUX yMoOBaX mMiBAeHHO-cX1AHOI [lombmii. Pe3ynsraru
NOKa3aJiv, 10 HaWBUIIHUNA ypokail 3epHa OyB OTpuMaHHi y koMmOiHawii 3 60 Kr a3ory,
BHECEHOTO0 Y2 110 ciBOu + Y% micis nosisu cxoxiB (BBCH 73-75) 1 % nepen ciBboro +Y4
TICIIs TIOSIBA CXOJIIB. Y IIUX KOMOIHAIIISX ClIpKa CyTTEBO HE BILJIMBAJIa Ha BPOXKANWHICTh
3epHa. Y pemTi BHECEHHsI a30Ty BHECEHHS CIPKHA 3HAYHO 30UTBIITHIO BPOXKAWHICTH
3epHa. bepyum 10 yBaru BpOXKaWHICTh 1 XIMIYHMH CKJIaJ 3€pHa COi, aBTOPH
pexkomenayBanu [152] ynoOpenHs azotoM 60 Kr/ra 1BoMa MopuisiMu — 2 abo ¥4 nepen
CiB0OIO, a pemTy — MiJl 4ac PO3BUTKY 000IB 1 3epHA — Yy MO€IHAHHI 3 BHECEHHSIM
CIPKH.

B ymoBax Marnoro Ilomiccs Ha 3axoal YkpaiHu, BUKOPHCTAaHHS 1HTIOITOPIB HE
MPAKTUKYBAJIM paHillie, a IMIOPT MPOMHUCIOBUX TMPENapariB KOJIUBAETHCS 3 POKAMHU.
[Tpore, npo epeKTUBHICTh piI3HUX (HOPM, CTPOKIB 1 COCOOIB BHECEHHS 1HTI0ITOPIB
HiTpUIKaii pazoM 3 MiHEpaJbHUMH JOOpPUBAMHU MiJ IYKpOBI Oypsku € maHi B

neHTpainbHiii Ykpaini [21] ta y IlacmoBomy IloOyxxi [228]. Ane mnpobiema
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BUPOIIYBAaHHS BUCOKHX BPOXKaiB COi Ha ONTUMATBHUX (POHAX a30THOTO KUBJICHHS 0€3

BTpaT a30Ty B yMoBax Maioro [lomiccs He onpariboBana [46; 82; 171; 172; 228].

1.2. A30THI cmoIykM y IPyHTax Ta 3amacd AOCTYNHHX (opm a3ory IJid

rpyHTOBOFO KHBJICHHS POCJIHUH

IToTpeba coi B a30Ti /uIsl TPOAyKyBaHHs 3€pHA BEIMKa. TOMY BUCOKHMM ypoxain
CO1 BUMarae BEJIMKOiI KIJIBKOCTI a30Ty 3 Pi3HUX Jkepes. PocauHu 3aCBOIOIOTH a30T SIK
y panHix (azax Breraimii, Tak 1 B (ha3ax KBITyBaHHS U IUIOHOHOIIEHHA. bararto
MOJIbOBUX JaHuX mokazanu [201], mo 3arajibHa KUIBKICTH a30Ty, aCMMIJIbOBAHOTO
NaroHaMu POCJIMH, CUJIBHO KOpENoe 3 ypoxkaeMm 3epHa coi (puc. 1.3). Onna ToHHa
3epHa coi norpedye acumunii npudauzHo 70-90 kr azoTy, Mo TprOIN3HO B HOTUPH

pasu OuIbIle, HIXK Y 3epHOBUX [161].

g
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Puc. 1.3. Jlunamika HarpomMapKeHHS a30Ty Y HaJI3€MHIM Macl coi yIPOIOBXK

YyepBHs-BepecHs 3a qocuikeHHsaMu T. Ohyama [201].

Buennmu mokaszaHo CIIBBIHOIICHHS MIX 3arajbHOI0 KIJIBKICTIO a30Ty y (asi

CXOmiB coi 1 Ha cTajaii KBITyBaHHS Ta BpokadHicTiO 3epHa [201]. Bcranomnena
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niHiHA Kopensis (r = 0,86) Mk ypokaeMm 3epHa Ta KUTbKICTIO HAKOITUYEHOTO 30Ty
B maroHi. F. Salvagiotti et al [223] po3misHyIHM 3B’A3KH MK YPOXKaMHICTIO 3€pHa,
NOMIMHAHHAM a30Ty, (piKcallie€ro a30Ty Ta a30THUMH AOOpUBaMU Ha OCHOBI 637
OMyOJIIKOBAaHUX JAaHUX. 3a IUMU JaHUMHU OyJI0 OTPUMAaHO CepeaHE 30UTbIIEHHS
BPOXKaMHOCTI 3epHa coi Ha 13 Kr Ha Kr 30UIbIIEHHS a30Ty B HA/I3€MHIN YaCTHHI, 1110
eKBIBaJIGHTHO 77 KiTOrpaMaM a30Ty, HEOOXIJHOTO JJsi BUPOIIYBAaHHS O/HIE€I TOHHU
3epHa.

Y mpaktumi [119; 178; 204; 255] Bce wuyacrimie 3acTOCOBYIOTH METOIU
OIIHIOBaHHS  (OTOCHMHTETUYHOTO amapara pOCIMH 32 T[OKa3HUKaMU MOTO
(GhOTOONITUYHUX BIACTUBOCTEH JJIsI 11arHOCTYBAHHS aCUMUISIIT a30TYy.

Hu3ka pocmimHWKIB, 3acTOCyBaBIIM METON (OTOIHAYKOBAHOI (yopecrieHtrii
[167; 14; 274; 56; 66], BCTAHOBWIM 3HAYHY 3aJIGKHICTh aKTHBHOCTI XJIOPO(LTY Bif
3MIHM €KO(aKTOpIB: OCBITIEHOCTI, TEMIEpaTypH, BOJHOTO PEXHUMY, >KUBJICHHS,
COJILOBOTO CTpecy. BaxumBo, 1m0 i1HAyKOBaHa (QIIyOPECUCHINISI XUBUX JIUCTKIB
N03BOJIIE O3 TMOPYUIEHHS HATUBHOCTI 00’€KTa CIOCTEPEKEHHS JOCIIIKYBaTU
(GOTOONTHUYHI BIACTUBOCTI aCUMUISIIIHHOrO amapary pocaud [167; 160]. 3a
pe3yibTaTaMu JIOCIIDKEHb HU3KH aBTOPIB [66] BCTaHOBJICHO, IO B IMOCYXY 1 3a
A30THOTO TOJOAyBaHHS BIJIOYBA€ThCS 3HUKEHHS CTAIllOHAPHOI E€HEPri30BaHOCTI
doTocMHTETUYHNX MeMOpaH, L0 € MPUYHHOI0 3MIHM MapaMmeTpiB (ryopecueHIl
auctkiB pociaud [101]. VY ix mnoBimomsieHHI omnucaHuil dayopoMmeTp. AHamI3
ommyOJIIKOBaHUX POOIT [56] 3 1i€l TEMATUKU Ja€ MIACTaBY pO3MIAATH (PIyopecUeHTHI
napamMeTpu, AK (GI3UYHI TMOKAa3HUKH  (PI310JIOTIYHOTO CTaHy, KOTPHM MOXKe
BiIoOpakaTy  (PYHKIIOHAJIbHY aJanTaIilo acHMUISI[IHHOIO amapara J0 YMOB
30BHIIIHLOTO CEPEAOBUIIIA.

[Tonbosi mocmimxenns B mrari Aitosi (CILIA) Oynu mpoBeneHi B I’ SITH MICIISIX
yrpogoBx 1999-2000 poxkis [220]. ITpu ciB61 B psaaku BHOCKIU 45 1 90 KT A.p. a30Ty
Ha TeKTap 1 MOPIBHIOBAJIN 3 KOHTPoJIeM 0e3 a30Ty. JlochipKeHHs ToKa3aao He3HAYHUN
1 HeCTaOUIbHUHN BIUIMB HOPMHU BHECEHOTO a30THOTO JOOpHBAa Ha BPOXKAMHICTH 3epHa

Ta KOMIIOHEHTU SIKOCTI Ha OKpemMux jgociigax. He Oyno iCTOTHOrO BIUIMBY Ha



45

BpOXKalHICTh 3epHa — HanBuiika Bij] 3aCTOCYBaHHS a30Ty CTaHOBWIIA juiie Ha 39
kr/ra. KoHnenrpariiii npoTeiny, oiii Ta KJIITKOBUHHM B 3€pH1 OyJIM OJHAKOBUMH SIK 13
3aCTOCYBaHHSAM a30Ty, Tak 1 0e3 Hboro. [lutanHs MoTpedu y BHECEHHI J10AaTKOBOIO
a30Ty JJIs MIABUIICHHS BPOXKAMHOCTI cO1 OyJIO y IIEHTPi yBaru 6araThox JIOCHIIKEHb
IOPOTATOM OCTaHHIX YOTHPHOX JeCATHIITh. ONHAK OUIBIIICTh €KCIIEPUMEHTIB Oynu
By3bKOCTIEHM(DIYHUMH JJIsi KOHKPETHOTO PETiOHY Ta 30CEepeIKeH1 Ha BIUIMBI OJHOTO
dakTopa, MoB’S3aHOT0 3 a30TOM, IO MPHU3BENO A0 0OMEKEHHUX JIOKAIbHUX BUCHOBKIB.

S. Mourtzinis, G. Kaur, J. M. Orlowski et al [193] 3i0panu gaHi oxkpeMux
excriepuMeHTiB, mpoBeneHux y CIIIA, ski BuB4amM BIUIMB BHECEHHS a30Ty Ha
BpokaiiHicTh coi. CrtBopena 0aza iHdopmamii Bxmrodana 207 JTOpKaIITETIB
JTOCHIKEHBb (CXeMU EKCHEPUMEHTY 1 pOKH) AJist 3arajgoM 5991 moka3HUKIB ypoxkKaro
coi, ynoOpeHoi a30ToM. ABTOPH OIIIHWJIM OAHOpPa3oBe abo po3jailieHe yaoOpeHHs
a30TOM IPYHTY, MO3aKOPEHEBE BHECEHHS MIIKUBIICHHS, TEPMIHU BHECEHHs (Tepen
ciBOoro, mo BereTarli tomo). Hopma a3ory Oyma BuBuYeHa B aiama3oHax Bifg N, 10
Nisgo. I3 3arasibHOT MIHIMBOCTI BpoXkaitHOCT1 68% BIUTHMBY OyJi0 TIOB’SI3aHO 3 YMOBAMHU
30HHU, TIOTO/IOK0 1 TPYHTOM, TOJ1 SIK JIMIIIE HEBEJMKa YacTKa Ii€i MIHIUBOCTI (< 1%)
Oyna BigHeceHa JO KOXKHOI 3MIHHOI HOPMH a30Ty. YcepeaHeHe Juisi BCIX
EKCIIEpUMEHTIB OJTHOPa30BE€ BHECEHHsI a30Ty 1 PO3/iJieHE BHECEHHS a30Ty Jaiu Ha 60
1 110 xr/ra 6inb11y BpOXKaiHICTh, HI)K KOHTPOJIBHUM BapiaHT 0e3 a30Ty.

Pozninene BHecenHs azory [193] OinbIn, HK OJHUM METOAOM (HANpPUKIA,
BHECEHHSI Mepes CiBOOI0 B TIPYHT 1 I[I03aKOPEHEBE BHECEHHs) IPHU3BENO [0
30UThIIIEHHST BpoXkato Ha 120 Kr/ra, MOpIBHSHO 3 MIISHKAMH 3 BIJICYTHICTIO a30Ty.
3aranom, JeTaJbHUM aHaJ13 TOKa3aB, IO YIOOPEHHS a30TOM MaJld JOCTOBIPHHM, aje
HE3HAYHUN BIUIMB Ha BPOXAWHICTH coi. BpaxoByroum 3pocrarody moTpedy Imomo
30UTBIIIEHHSI BUPOOHUIITBA XapYOBHX MPOAYKTIB 1 O1JIKa, BKpail BaXKJIMBO MPOJOBKUTH
nepeBipKy e(peKTUBHOCTI NpUiiOMIB (CIOCIO BHECEHHS, Yac 1 HOpMa) BHECEHHS a30Ty
miJ coro y nmociimkeHHsx. Lle aBropu pekOMEHIyI0Th pOOUTH Yy PIZHUX TMPUPOTHHUX
yMOBaX Ta 3a PI3HUX CUCTEMHU BUPOIIYBaHHS Y BaXJIMBUX CUIbCHKOTOCIIOIAPCHKHUX

perionax [193].
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3B’SI30K MK 3arajlbHOI0 KUTBKICTIO aCHUMUIAIT a30Ty Ta BPOXAEM 3€pHA B
nociBax coi y ¢a3i go3piBanHs 000iB onucamu S. Tamagno et al [246; 109; 223].
Pocnunm coi 3acBor0I0TH juie 6au3bko 20% 3araibHOrO a30Ty 0 MOYATKOBOI cTaali
BiJl CXOMIB 10 KBiTyBaHHs. ToMy Oe3nepepBHE 3aCBOEHHS a30Ty IICIS MOYATKOBOI
(da3u KBITYBaHHS € HEOOXIJHUM JUIsl TAPHOTO POCTY Ta BUCOKOI BPOXKAMHOCTI 3epHa
COl.

JIJist HOpMaIBHOTO POCTY ¥ PO3BUTKY COi, OTPUMAHHS BHCOKOTO BPOXKaIO 3€pHA
y’)K€ BaXJIUBMHU € CHPUATIMBI YMOBH OylnbOOYTBODEHHS 1 TpUBaja AKTUBHICTH
dikcamii azory [246; 222; 197]. lle cipu4rMHEHO HETOCTATHIMHU PeCypcaMu a3oTy B
IPYHTI, @ @30T B HACIHHI Ta XIMI4HI CTapTOBI J00pHUBA BUKOPUCTOBYIOTHCS 32 KIJIbKa
THKHIB Ticns ciBOu. Ha dopmyBanns Oynb004ok coi Ta picT Oyiap0040K BIUIMBAIOTH
pecypcu Bonoru, pH, >KMBJIEHHsS, a TakoX KIIMAaTHYHI YMOBH, TaKi SK COHSYHA
pazdiamis, TeMieparypa, KUIbKicTh onajiB Tomo. Cos yTBOPIOE KOpEHEB1 OylIbOOUKH,
MOB’SI3aHI 3 TPYHTOBUMH OakrepisimMu, Opamipu3obismu, 1 Moxke (ikcyBaru
arMocdepHuil a3or. Cosd MOXe MOIIMHATH Ta BUKOPUCTOBYBATH HEOPTAaHIUHUN a30T,
TaKUil K HITPATU Ta aMiakK 13 IPYHTY 4u J10OpuUB. K MpaBUIlO, BUCOKUI ypoKail coi
OTPUMYIOTHh Ha TIOJIl 3 BHCOKOIO POJIOYICTIO IPYHTY a00 3 BHECEHHSIM OpTaHIdYHUX
00pUB.

[TocTauanHss HU3BKOI Ta TMOCTIMHOI KOHIIEHTpAIlii a30Ty 3 TIpyHTY abo
OPraHiYHOTO THOK MOXE IMMATPUMYBATH PICT COi 03 MPUTHIYCHHS YTBOPEHHS
Oyap004YOK Ta akTUBHOCTI (hikcallli a3ory. TWM He MEHI, BHCOKAa KOHIEHTpAaLis
MIHEpaJIbHOTO a30Ty MPUTHIYYE yTBOpPEHHs Oyah004OK 1 a3oT(ikcallito, 0coOIMBO
HiTpaTu. HaltGiabI nmomupeHnii Ha TipCbKUX IPyHTaxX, HEOPraHIYHUN a30T CEPHO3HO
NpUTHIYY€ YTBOPEHHs Oyap004O0K 1 a30Tdikcarito [259; 246; 222; 134].

Agrtopu [199] poBenu MOPIBHAHHSA MOACIECH acUMUIAIIT a30Ty, IO HAJAXOIUTh
BiJl HaciHHs + ctaproBuid N + rpyHToBuil N Ta Bia ¢ikcauii N, MK BaplaHTamH 3
HU3bKOIO Ta BUCOKOIO BpOXKalHICTIO. POCIIMHYU €01 3aCBOIOIOTH a30T 13 TPHOX JKEPEd:
a30T, OTPUMaHHMK 13 CUMOIOTHYHOI (ikcali ra3onoaiOHOro a3oTy KOPEHEBUMHU

OynpOoukamu [19; 20], a30T, M0 MOITIMHAETHCS 3 MIHEPAII30BAHOIO a30Ty I'PYHTY, 1
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a30T, OTpUMaHu# 13 M0OpuB mia vac BHeceHHs. OpHa TOHHA 3epHaA Coi MOTpelye
acuMuIsIii mpubauzHo 70—90 Kr azoTy, 10 TPUOIU3HO B YOTUPH pa3u OUIBIIE, HIXK Y
HEO0000BUX 3epHOBHX. JlJI1 MakCHMalbHOTO BpOXKAK 3€pHAa COI HEOOX1JTHO
BUKOPHUCTOBYBATH SIK (piKCaIlif0 Ta30Mo/II0HOTO a30Ty KOPEHEBUMH OylIbOOYKaMH, TaK
1 TOIMHAHHA a30Ty KOpeHs MU 3 IpyHTy [267;163]. Sk migocHoBa (hi310J0TTUHUX
nporieciB, ¢ikcamis N, dYacTo HEAOCTaTHS s MIATPUMKA IHTEHCUBHOTO
BEreTaTUBHOTO POCTY, 110 MPU3BOAUTH J0 3HIXKEHHSI BPOXKANHOCTI 3epHA. 3 1HIIOTO
OOKy, BEJIUKa KUIbKICTh a30Ty YacTO MPUTHIYY€E PO3BUTOK OyIbOOYOK 1 aKTHBHICTh
dikcarii a30Ty, a TAaKOXK MPUCKOPIOE CTAPiHHA OyIHO0YOK, [0 TAKOXK MPU3BOIUTH 10
3HIDKEHHS BpoXKaitHOCTI 3epHa. Kpim Toro, BenmMKe HaaXoHKeHHS a30Ty 3 J0OpUB abo
3 TPYHTY CIPHYMHSE HAJAMIPHO PACHUHN PICT MAroHiB, 0 TPU3BOAUTH A0 BHIIATAHHS
Ta MOraHoro (opMyBaHHS CTpPYyukiB. TakuM YMHOM, a30THI AOOpHBA IiJ COIO HE
BHOCSTHCA a00 BHOCHUTBHCS JIMIIIE HEBEJIMKA KUIBKICTh a30THUX JOOpPUB SK
«IIOYATKOBUU a30T».

[TouatkoBe yTBOpeHHs OyIbOOYOK TEpEeBaXXKHO BiOyBa€ThCa B 0a3ajbHIM
YaCTUHI TOJJOBHUX KOPEHIB, aje Il BY3JIMKH PyHHYIOThCS paHille, 1 6arato 0yi1b0040K
YTBOPIOETHCS HA OIYHUX KOPEHSX IT1J1 Yac pernpoayKTUBHOI cTafdii [239].

JloOpe BiioMO, 10 pO3BUTOK KOPEHEBUX OyIbOOYOK 1 AKTUBHICTD (piKcallli a30Ty
OPUTHIYYIOTBCS, KOJMM  OyIbOOYKOBI  KOPEHI MIJAAIOThCSl BIUIMBY  BHCOKHX
KOHIIEHTpalliii KOMOIHOBaHOI (OpMH a30Ty, OCOOJHMBO HITPaTy, OCHOBHOI XIMIYHOI
(dbopMu HeopraHi4HOro a30Ty B rpyHTax [198; 164; 223]. byna BucyHyTa rinoresa, 1o
BUHUKAIOTh YUCJICHHI €(QeKTH 1HTIOyBaHHS HITPATiB, TaKi SIK 3MEHIIEHHS KUIBKOCTI
Oynb0040OK, Macu Oyab0OUOK 1 aKTUBHICTH (hikcallii aTMOchEepHOTo a3oTy, a TaKOK
IPUCKOPEHHS CTapiHHS a00 po3naay By3JIHKIB, TOMY 1HT10yBaHHS HITpaTiB HE MOXKHA
MOSICHUTH TIpocTUM criocodom [164; 222]. KpiMm Toro, Ha BIUIMB HITpaTiB Ha pICT
Oyp004YOK BIUIMBAIOTh KOHUEHTpAL[ISl HITPATIB, PO3MILIEHHS B CEPEIOBHUILI Ta NEPI0]
00poOKkHm [261; 262], a TakokK BUIA 00OOBUX POCIIHH.

Byno 3ampomnoHoBaHo 0araTo TiNOTe3 IMIOAO NMPUYMH 1HTIOyBaHHS HIiTparamu

YTBOPEHHA Oyab00YOK 1 (hiKcallii a30Ty, TAKHX SIK A€PIIUT BYIJIEBOIIB y Oyap00UKax,
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1HT10yBaHHS 3a JOTIOMOTOI0 3BOPOTHOTO 3B 53Ky MPOIYKTOM METaboi3My HITparTiB,
TaKUM SK acraparid abo ypeinu (aJaHTOTHOBAa KHCIIOTa Ta ajaHToiH) [252], a Takox

3HWKEHHA Iu(y31i KUCHIO y BY3JIMKH, 10 O0OMEXY€e auxaHHs Oakrepoinis [153].

1.3. Cy4acHi cHHTeTHYHI IHTI0OITOPH MIKPOOHOI AKTUBHOCTI NEPEeTBOPEHHS

a30THCTHX CHOJYK Yy IPYHTI

G. W. Randall et al [212; 213] y cBOiX HOCHIKEHHSX 3’SICYBaB, IO OCKIIBKH
a30T Ma€ HAMOUIBITY 3/IaTHICTh 3 YCIX MOXKUBHUX PEUYOBUH OyTH BTPAYCHHUM 3 IPYHTY,
BUKOPHUCTAHHS 1HT10ITOPIB CTAJIO MOMYISPHUM Y arpoCeKTopl 1 MiATBEPAUB JaHi. Taki
pPO3pOOKH Al MiHIMI3aIlil BTpAaT a30Ty MPOAMKTOBAaHI TypOOTOIO MPO HABKOJIHIIHE
CepeIoBUIIE, Ta Yepe3 BUCOKI IIHK Ha T0OpHUBa.

binbmiicte  po3po0iaeHux 1HrIOITOPIB €(PEKTUBHO MPaLOIOTh, 3amo0iraloyu
BTparaMm HiTpaTiB Ta amoHio [143]. JleniTpudikaiiss Ta BHMHBaHHSI €
HAWUMOIIMUPEHIITUMHU TPOIIECAMHU, SIKI BUKJIUKAIOTh HAWOUIbIlIE 3aHEMOKOEHHS MO0
BTpar a3oTy rpyHToM. OOu/Ba 1i mpouecu BiaOyBarOThCA B YMOBAaX BOJIOTOTO IPYHTY.
Henitpudikaris [245] monsrae y BimHOBIEHHI HiTpariB no HitputiB (NO,) 10
ra3onoioHux (opm, Toal SK BUMHBAHHS — L€ MPOCTO NPO(]iIbHE MEepeMIlEHHS
a30Ty 13 IPYHTOBOIO BOZOI. BHMMBaHHA 4acTO BUKJIMKAaE OiIbIlE 3aHETIOKOEHHS,
OCKUIBKM HITPaT PO3YMHHHH y BOJI 1 MOXE JIETKO NPOHMKATH TIPYHTOBI BOIU 1
3pEUITOI0 MOTPAIUISE y IOBEPXHEBI Ta IPYHTOB1 BOJHI1 Jpkepena [143].

[aribitopu HiTpHUdiKaIii CHOBUIHHIOITh NEPETBOPEHHS aMOHII0 B HITpaT
NUISIXOM 1HT10yBaHHSI aKTUBHICTh Oaktepiit Nitrosomonas. 3arajibHi Ha3BU TaKUX
cnonyk Taki: nauuuanauamMun (DCD) 1 HiTpamipun [275]. IHribitopu BTpatu azoTy
JAI0Th BUPOOHUKAM MOKJIIUBICTh 3aCTOCOBYBATU a30T, KOJU 1€ HANOUIbII 3pyYHO /IS
iXx BHeceHHsA. TakumM 4YMHOM, €(EKTHUBHICTb OCIHHBOTO Ta PAHHBOBECHSHOIO
3aCTOCYBaHHSI a30Ty MOXe OyTH 301IbIIYBAaTHUCA TPH 3aCTOCYBaHHI 1HTIOITOPIB

3aBJSKW 3MEHIIICHHIO oro BTpar [190].
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Rory F. Degenhardt et al [126] ommcytoTh, 1m0 BTpaTa a3oTy 3 IPYHTY €
3HAQUHOK TEPEIIKOJO JIi MaKcuUMI3allli BpOXaWHOCTI Ta MPUOYTKOBOCTI
puibHuuTBa y Kanani. IliaTpumanHs a30Ty B CTaOUIbHIN 1 JOCTYIHIA JUIsl POCIIHH
dopmi NH," 3a momomororo iHribGiTOpiB HiTpHdikaiii 0OMexye MOTCHIIHHI BTpaTh
a30Ty IPYHTOM uepe3 AeHiTpudikaiio ado BuMuBaHHs. Y nepiof 3 2013 mo 2015 pik
Rory F. Degenhardt et al [126] Oymo mpoBeAeHO ABAALATH OJHE OCIHITHUIBKE
BUMPOOYBaHHS B OCHOBHUX DPEriOHaX BUPOIIYBAaHHS 3€PHOBHUX 1 OJIAHUX KYJIBTYP
Kananu st ouiHKM €EeKTUBHOCTI JBOX KOMEPUIMHO JOCTYIHHUX HITPanipuHOBHUX
npoaykriB, eNtrenchTM i N-Serve, m1st ctabimizariii rpyHTOBOrO a3oty y dopmi NH,"
1 yOe3neueHHs Bij BTpatu azotry. CeuoBuHa, cedoBuHa+amiayHa cemitpa (KAC) abo
amiauyHi J0oOpHBa BHOCHJIM BOCEHHM 1 HaBecHI B TIpyHT. OCIHHE 3aCTOCYBaHHS
HITpamipuHy Tpu3BeNo 10 30UTbineHHs a30Ty Ha 21-63% NH, 1 Ha 10-19% Oinbiie
3arajJbHOT0 MIHEpaJbHOTO a30TYy MiJl 4ac BECHSIHOTO BiOOpY MpoO Miciisd BiJITaBaAHHS
IPyHTY TIOpIBHSAHO 3 He cTaOuTi30BaHUM Jo00puBoM. BecHsHe 3acTocyBaHHS
HITpaIlipyHy TPU3BEJIO J0 OulbIoro HakonuueHHs NH, mpoTsarom mnpuHaiiMHI 8
THWXKHIB TIicasi 0OpOOKH, 1 BOHO MIABUIIMIIO 3arajibHUM MiHEepalbHUIl a30T 110 25%,
MOPIBHSHO 3 KOHTpoJsieM 0e3 iHri0iTopiB. Pe3ynbraTu cBiguats npo Te, mo eNtrench i
N-Serve € KOpUCHUMHU 1HCTPYMEHTaMU ISl BUPOOHUKIB, SIKI XOUYTh 3aXUCTUTU CBOI
1HBECTUIIli B a30T, ONTUMI3yBaTl MOTEHIIHY BPOXKAaWHICTh 1 MIABUIIUTH THYUKICTh
yacy BHECEHHS a30Ty.

Orxe HiTpanmipuH y KoMepuidHux mnpenaparax eNtrench 1 N-Serve Oy
YCHIIIHO MPOTECTOBAHHM TiJ] 4ac BUMPOOyBaHb Ha Moisx y perioHax Kanamu, me
BUPOILYIOTHCA 3€pHOBI Ta OJIIKHI KyAbTypu. OCIHHE Ta BECHSIHE BHECEHHSI CEUOBUHU,
KAC Ta amiaky miarpumyBaio a3oT y ¢opmi NH," mpoTarom KpUTHYHHUX TEpiojiB
BTpar 1, oTke, 30epirajgo OUIbIe MIHEPAIBHOTO a30TY, AOCTYIHOTO POCIWHAM, Y
I'PYHTI MOPIBHSHO 13 3aCTOCYBaHHSM He cTa011130BaHuX 100puB [212; 213].

3a JaHUMU MEpeXi YUCICHHHUX JO0CII/IIB Ha JIETKUX CYMIIIaHUX IPYHTaX 4acTKa
BUKOPHUCTAHOIO a30Ty JOOPUB CTaHOBUTH A0 54%, Ha cymimHKoBUX — 74% [185].

Po3paxyHkoBuil Kkoe(ILIEHT BUKOPUCTAHHSA a30THUX J00puB A0 Tenep OyB Ha
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HU3BKOMY pIBHI 1 KonmuBaBcs Bif 42 mo 47% [194; 273]. Lle 3acBiguye, mo OuIbIIe
MOJIOBUHU a30Ty 3 JTOOpPUB BTpAyaeThCsl KUIbKOMA HMOBIpHMMH nuisixamu. lle —
BuMmuBaHHs N-NO; [265], 3BiTproBaHHs B arMocdepy 3akucy azoty (N,O) ta amiaky
[210; 242; 256]. Manuii koeillieHT 3aCBOEHHSI POCIIMHAMH a30Ty 3 a30THHUX J100pUB
HE TUIbKM 3YMOBJIOE€ E€KOHOMIYHI BTpaTH, ajleé ¥ CTBOPIOE BaroMmi MNpoodIeMu y
noBKULT [25; 97; 136; 149; 275], ockinbku cTae (pi3MUHUM YHMHHUKOM HETATHBHHX
3MiH y KiiMari ianet [121; 122]. Le 1 3a0pyaHeHHS BOTHUX eKocHucTeM [265; 275],
eBTpodikamis BOJ, KIIMAaTU4YHI aHOMAaili, BTpara OIOTUYHOIO PIZHOMAHITT,
3a0pynHenHs armocdepu [120; 130] ta rpyHTIB [95; 96; 149; 242; 273].

3BiTproBaHHs 3akucy a3oTy N,O 3 IrpyHTIB 3ajieKaTh BiJl MIKPOOHOT €H3UMHOI
HiTpudikamii Ta mpoueciB  AeHiTpudikamii, a TakoK 13 HEOIOTHYHOIO
xemozeHiTpudikaiiero. MikpooHe npoaykyBaHHs N,O BHACHIIOK €H3UMHUX PEAKITIN
3aJIEKUTH B1J] HAIBHOCTI B I'PYHTI BEJMKOI KIJIBKOCTI a30Ty A00pHB Y (hopmMax aMOH1t0
1 "HiTpariB [117; 214; 269; 270; 260]. Po3paxyHOK pi4HMX TOTOKIB 3aKHUCY a30Ty B
uKI ekocucteM 3aiiicHuan P. M. Groffman et al [154], a 3 00po6itoBaHUX TPYHTIB Yy
nomipHomy kiimari — C. Roelandt, B. van Wesemael & M. Rousevell [217] Ta
K. Butterbach-Bahl et al [118]. ABropu noBenu, 10 BUKUAIM MApPHUKOBUX a30THHUX
rasziB 3ajJeXuTh BiJ poarodocti rpyHTiB [192; 135; 146; 216], rigpoTepMiyHOTO
pexumy Tta Gopm mobpuB [173; 174; 180], a Takox Bif XapakTepy pPOCIUHHOTO
MOKPUBY, 1110 aCUMUTIOE a30T [224; 245].

B nesxux arpapaux perionax cBity Bix 1980 mo 2010 poky o6csiru acuMuIsiii
a30Ty arpapHUMH KyJIbTypaMH B PUIBHHUIITBI 3pOCIH y JBa pas3u, ajie BHECCHHS
a30THUX J00puB Oyno 30unbIieHo y Tpu pasu [179; 186; 250]. Brparu azory 3
a30THUX JOOPHB, BHECEHUX ] KyAbTYpH, Ha TIEPUIOMY €Tari OliHIoITh y 35-40% y
Bunaal NH; Ha npyromy erami 10% Brpadaerscst Bin BumapoByBaHHS N,O 1
HacTynHuUW eran — BUMHUBAaHHA 15-25% NO; Ha nepe3BonokKeHUX IpyHTax. Tomy

AKTYAJIbHICTh MPABWJIBHOTO 1 CBOEYACHOTO 3aCTOCYBaHHS 1HTIOITOpIB HITpU(iIKaIlii

JUIsl 3amoOiraHHs BTpAT a30Ty BaXJIMBE YIPOAOBXK TPHUBAJIOrO TNEpIoAy dacy 1

TPAIUIIMHO BBAKAETHCI €KOHOMIYHO €(heKTUBHUM [93].
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Sx pgomomixkHI 3aco0m, CTab1II3aTOPH a30Ty MOXKYTh ICTOTHO YIOBUILHIOBATH
nporiec HiTpudikaiii aMOHIMHOTO a30Ty B IPYHTI 1 iX IIUPOKO BUKOPUCTOBYIOTh, SIK
3aMO0KHUK BTPAT a30Ty Ta MOKPALIEHHSA KOoe(Ill€HTa BHUKOPUCTaHHS a30Ty 3
n00pUB, a TaKOX IMiJIBUIICHHS BiJIadl CHHTETUYHUX TOOPUB BPOXKANHICTIO KYJIBTYP
[130; 146; 208; 229; 230; 321; 236]. Cralumizatopu €H3UMHOI aKTUBHOCTI
MIKpOOiB-HITpU(IKaTOPIiB e(PEeKTUBHI AN MOKpamleHHs Oe3MeKd JOBKULIA 1
HapOLIyBaHHS BUPOOHUIITBA 3€pHA O3UMOI MIIIEHUIII B IeHTpaibHii MonTtani (CIIA)
[67], MaHIMy 004K CIIOCOOaMH 1 TEpMiHAM BHECEHHS a30THUX A00pUB Ta y basapii
(Himeuuuna) [158].

AcopTuMeHT 1HTIOITOPIB HITpUdIKALI HA PUHKY CHOTOJHI PI3HOMaHITHUMN
[191]. HaiiO1apm1 BHKOPUCTOBYBAaHMMHU Ta JOCHIIKEHUMHU CTajld TPH KOMEPIIiTHI
iHrioitopn  HiTpudikamii [231]. TloBigomisroTs, 10 HITpamipuH OyB MepIIUM
KOMEpUIHHUM 1HT101TOpoM, sikuit 3’ aBuBcs 1974 poky sk N-Serve® (BupoOHuK Dow
Agrosciences LLC, Inmianamomnic, IN). Hitpamnipus € 1eTkum, MIBHIKO 3BITPIOETHCS, 1
TOMY B OCHOBHOMY BUKOPUCTOBYETHCS JJII BHECEHHS B IPYHT Yy BUIVISAI poOOYOro
PO3UUHY.

2-x710p-6-(TpUXJIOPMETHIT) TIPUAUH — HITPAMIpUH, € OaKTEePHUIMIHOIO
CyOCTaHLI€I0 ISl BHECEHHS B IPYHT, (PYHKIIIOHY€E, SIK 1HT10ITOp YTBOPEHHS €H3UMIB
aMIHOMOHOOKCHUTEHA3H 1 HITPUTOKCUAOPENYKTA3U. 3aBASKU MPUTHIYEHHIO YTBOPEHHS
€H3UMIB BIH 3amo0irae Tifpoiidy Ce4oBUH apxesiMu, Nitrosomonas, Nitrospira ta
MOXITHBO i iHmmMu. Moro fist Ha GakTepioleHo3 IPYHTY i PUTHIYeHHs HiTpudikartii
TpuBae 8—10 TwkHiB. HiTpamipuH po3KiIagaeThes K y IPYHTI, Tak 1 B pocinHax [44;
137]. TexHoaoru mMpomnoHyOTh 100pe BijgoMi Horo npenaparu N-Serve™, Instinct™,
N-Lock™, sxi BUKOPHUCTOBYIOTH Bizl 1974 poky.

Hitpanipun cHoBUIbHIOE Ta YaCTKOBO MPHU3YMHHSE Mpoliec HiTpudikaiii —
NEPETBOPEHHS aMOHII0 Ha HITPUT, YTPUMYIOUH OLIbIIE a30Ty Y JOCTYIHIN Gopmi, 1110
BHOCUTHCS 13 CHHTCTHYHHMH JOOpPHBAMH, Yy JIETKO3aCBOIOBAHIN ISl arpapHHUX
KynbTyp dopmi [236; 238; 266]. OxpiMm Toro, crabimizaris HiTpudikaili 3amodirae

BTpari IPYHTOBOrO a30Ty uyepe3 BuUMHBaHHS abo 3mMuB HiTpariB (N-NOs), abo
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razononioHux BUKUIIB a30Ty (N,) Ta 3akucy azory (N,O) [228; 183; 184; 189; 196;
236; 268; 271; 272].

VYxe 45 pokiB y CHIA HiTpanipuH BHUKOPHCTOBYIOTH (EPMEpPH, a TAKOXK
HAYKOBIIl JOCJIKYIOTh HOTO B PI3HMX KpaiHax, K 1HT10iTOp HiTpHUdiKallii 3 METOI0
NiJBULIEHHS BPOXKAWMHOCTI KYJIbTYp 1 3MEHILIEHHS BIUIMBY Ha JOBKULIS a30THHUX
n00puB, sIKI BHKOPHCTOBYIOTH B CUIBCBKOMY Tocmomapctsi [86; 196; 254]. VYV
TPUBAJIOMY IOJBOBOMY €KcIiepuMeHTI [145] 3a pi3HHX TEXHOJOTIH BUKOPHCTAaHHS
yT1/1b TOBEAEHUI KOPOTKOCTPOKOBHI BIUIMB 1HTIOITOPIB HITpUPIKALIi HA KIJIBKICTb 1
eKCIIPECit0 OKMCHIOBAYiB amiaky Ta HiTpuTiB [212; 213].

Herpananis HiTpanipuHy IIBHUJKA. BiH po3KiiafaeThcs SIK y IPYHTI, TaK 1 B
pocnuHax. Cama cmoiyka, SIK MpaBWIIO, He 30epiraeTbcsi B mpupoii. llepBuHHUM
PO3MAZIOM € T1APOII3 TPUXIOPMETUIIOBOT (PYHKITIOHAJIBHOI TPYIIH, B pE3YyJIbTaTl 4OTO B
MEpITy Yepry YTBOPIOETHCS O-XIJIOPIIKOIIHOBA KUCIIOTA, KA € €JUHUM BHUSIBICHUM

3QJIMIIIKOM B METa00J113M1 POCIIHH.

1.4. 3acrocyBaHHs a30THHX I (pOoCPOPHUX iHOKYJHAHTIB ISl MOKPALICHHA

MiHEpPaJIbHOI0 »KMBJIEHHA COI

3a 00poOieHHS IHOKYJISHTaMH HACiHHS BaXXKJIMBO, MI00 sIKOMOTa OuIbIe
OakTepii BIXKWIO TIICIA CIBOM JO TI0OY4aTKy TMPOPOCTaHHA COi, KIHOYOBOIO
XapaKTEPUCTUKOIO SIKOCTI MPOAYKTY € IIUIbHICTh pu3001id. BUKOpUCTaHHS BUILOI 3a
HOPMY, 103U THOKYJISIHTY [42] HE CTAaHOBUTH 3arpo3W HABKOJIUITHBOMY CEPEIOBUIILY
Ta 3a3BUYail MPU3BOJUTH J0 301IBIIICHHS YTBOPEHHS OyIL004O0K 1 BpOKAHHOCTI 3epHa
10 25%. Takox 1HOKYJSALIS MO3UTHBHO BIUIMBAE HA IMOJIbOBY CXOXKICTh 1 BUKMBAHHS
POCIHH, TX BUCOTY ¥ 1HAMBIAyalbHY TPOAYKTHBHICTh, 3MEHIIYE BUTPATH HA XIMIYHI
3ac00M 3aXUCTY Ta MIJBUILYE POJIOYICTD IPYHTY.

Yci coptm pmocnminiB  [84] MO3WTHBHO BifpearyBajdd Ha BHUKOPHCTaHHS

1HOKYJISIHTIB, OCOOJIMBO XOpOIIl TMOKa3HUKHU y coi Oynu 3 iHOKyiIsHToM Xaii Kot
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Cynep + Xait Kor Cynep Extender i cymimi Xait Kor Cymep + Xait Kot Cymnep
Extender.

Sk ysaransHioe M. @ypaura [88], mocmimkenns 3 mieBocti Paiic ITi® marors
MO3UTUBHI PE3yJIbTaTh Ha COHAIIHUKY, KyKypy/3i, MIIEHUII, COi Ta IHIIUX KYJIbTypaXx,
10 BKa3ye Ha ioro eextuBHicTh. Lleil mpemapar Bupimlye npoOiemMu AOCTYIMHOCTI
docdopy B rpynTi aus KyaeTyp. ExcriepuMenTtansHo o0rpyHToBano Biwius Paiic TTi®
Ha JIOCTYMHICTH JJIsl POCIMH BaXXKOJOCTYIMHUX GopM Gocdopy Ta 3aCBOIOBAHHS HOTO
3a  HM3bkux Temmeparyp. Ilpemapar 3a0e3neuye (QopMyBaHHS  BHCOKOIi
IPOAYKTHBHOCTI 32 PaxyHOK BJAJIOTO CTApTy Ha MOYATKOBUX (pazax Bererarii. Bin
3arajjoM MOKPAIy€ >KUBJICHHS Ta 3aXUCT KyJbTYp BiJ BIUIUBY a0l0TUYHUX (DAKTOpPIB
CepeloBHUIIA.

Jlis 1HOKynsSHTIB ckianHa 1 OararoctyneneBa [195]. 3okpema, GakrepianbHi
OpraHi3Mi, 110 (PIKCYIOTh ra30noi0HUN aTMOCEepHHil a30T, HOrO HE 3aCBOIOIOTH, a Y
dbopMi amiaky MOCTa4arOTh JO IMHMTOIUIA3MU KIITHHU-TOCTIONAPS, J€ BIH IIBHIKO
TpaHC(POPMYETHCS Y TIIOTAMIHOBY KUCIOTY 1 mmtotamiH [182]. lam y dpopmi amigHUX
yyu ypeinaux (y coi) CIONayK, TPAHCIIOPTY€ETHCS B Oprani3M pociuH [156].

@ikcamist a3oty abo OiojoriyHa (ikcaris a3oTy — Ie XIMIYHHI mporec, 3a
JIOTIOMOTOI0 SIKOTO MOJICKYJISIPHUM a30T, KM Ma€ MIIHUN NOTPIMHUI KOBaJIEHTHUN
3B’SI30K, TIepeTBOproeThes Ha amiak (NH;) abo cropiHeHHX a30THUCTHX CIONYK, SIK
MIPaBUJIO, Y TPYHTI UM BOJTHUX cHUcTeMax [22; 235], ajie TakoX y MPOMHUCIOBOCTI. A30T
y TOBITPI — L€ MOJIEKYJAPHUN a30T, BIIHOCHO HEAaKTMBHA MOJIEKYJa, METa0OIIYHO
MapHa JJIsi BCIX MIKpOOpraHi3MiB, KpiM KiTbKOX. biomoriuna ¢ikcaris azory ado
mia3oTpodiss € BaXJIMBUM  IIPOIIECOM, OMOCEPEAKOBAaHUM MIKpoOaMu, SIKUI
MEPETBOPIOE Ta30MOAIOHMN a30T Ha aMmiak 3a JOMOMOTOK OUIKOBOIO KOMIUIEKCY
HiTporeHasu. Y OynbOoukax KOpeHiB 0000BUX Tra3omofiOHUil a3oT 3 arMmocdepu
NEPETBOPIOETHCS HA aMiak, SIKMil MOTIM aCUMUIIOETHCS B aMIHOKUCIOTH (OyaiBeNbHI
onmoku OinkiB), Hykieoruau (OymiBenbni Omoku JIHK 1 PHK, a Takox BakimBa
eHepreTuyHa Mosiekyaa AT®) Ta iHIN KIITHHHI KOMIIOHEHTH, Takl SK BITaMiHU,

dbnaBoHu Ta ropmonu [240; 257].
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Yuki Ono et al [202] BumpoOyBamu 3acTOCYBaHHS aMOHIMHOI CENITPU Ta
CEYOBUHHU 1 BCTAaHOBWJIHM, 1[0 BOHMU IO PI3HOMY 3MIHIOIOTH KOHIICHTpAIlIIO YpEiliB,
CEYOBUHH, aMIHOKHCJIOT Ta IHIIUX META0OMITIB Y COKY KCUJIEMH Ta B OpraHax pOCJIUH
coi. PociiuHu coi yTBOPIOIOTH KOpPEHEBI OyIbOOYKHM 3 CUMOIOTHYHUMH TPYHTOBHUMU
OaKkTepisiMU, TaKUMH K Bradyrhizobium, 1 BOHU MOXYTb (pikcyBatu arMochepHUil
azoT.

Yuki Ono, Masashige Fukasawa & Kuni Sueyoshi [202] excnepumeHTanbHO
JOBEJIM, WIO0 POCIMHU COI YTBOPIOIOTH KOpeHEBl OynbOO4YKM Ta (DIKCYIOTh
arMocdepHUil a30T, OAHOYACHO BUKOPHCTOBYIOUM KOMOIHOBAaHWU a30T, MOTITMHEHUIN
KOpeHSMHU. ABTOpU y JOCHIDKCHHI TMOKa3ald, M0 POCIWHH coi 3 Oyrb0oukaMu
oTpuMyBaiu 5 MM a3oty, AK HITpary, aMOHII0 a00 CEYOBHHH MHPOTITOM TPbOX Ji0.
KonmenTparii mMetabomiTiB SIK Yy COKY KCWJIEMH, TaK 1 B KOXXKHOMY Oprasi Oyiu
noliOHUMU MK OOpOOKOI0 amoHiEM 1 ceuyoBUHOW. [lo3uUTUBHI KOpessIii
CIIOCTEpIrajii MK KOHIICHTPAI[ISIMU ypEiliB 1 CEYOBHHH B COKY KCHJIEMH, a TAKOX Y
KOPEHSX 1 JIUCTI, X04a KOAHUX KOPEJAIii He CIOCTepirajocs MiX KOHIEHTpaIisIMu
CEUYOBHMHHM Ta apTiHIHY.

[Totouna oriHka ™I00abHOI €(PEKTUBHOCTI BHKOpPUCTaHHS (ocdopy mis
BUPOOHUIITBA 3E€PHOBUX HE peanizoBaHa. EdexkTuBHICTH, BUKOpHUCTaHHS (ocdopy
aBTopu [129] BHM3Ha4YaiM 3a CBITOBHUMHM IUIOIIAMHU 310paHUX 3€PHOBHUX, 3arallbHUM
BUPOOHUIITBOM 3€pHa Ta crioKuBaHHAM (ochoprux n1o6puB Bia 1961 mo 2013 poxky.
EdektuBHicTs BukopuctaHHsa ¢Gocpopy y CBITI Ha 3€pHOBUX KYJIbTypax
po3paxoByBajiacsi sIK OajJaHCOBUM, TaK 1 PI3HUIEBUM METOJlaMU. BUKOPHCTOBYIOUU
0alaHCOBUN METO/, MOMMHAHHA (ochopy BpPOKAEM 3E€PHOBHUX KYJABTYp IUIWIM Ha
BHeceHe GochopHe T00pHBO.

3a indopmartiero F. Solangi et al [234], 3a gedinuty dpochopy 6000Bi 3HIKYIOTH
dikcariro a3ory 3 armocdepu B 0OMiH Ha OLIbIITYy MEpeBary MOrIMHAHHIO IPYHTOBOTO
a30Ty KOPEHSAMHU.

VY 1961 pori cBiToBe crioxkuBaHHs dhocopuux no0puB [129] cranosuio 4 770

TAC TOHH 1 3pocyio 10 16 662 tuc. TonH y 2013 poui. Ile o3nauae 3,5-xparHe
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30UThIIIEHHST BHECEHHS Qochopy mpoTsirom 53 pokiB. EdeKkTHBHICT, BUKOPUCTAHHS
docdhopy, oiiHeHAa OanmaHCOBHMM METOJOM, CTaHOBUTH 77%. 3a J0MOMOroro
PI3HHMIIEBOTO METOAY OLIHKA €(peKTUBHOCTI (ochopy sl BUpOOHULITBA 3EPHOBUX Y
cBiTi omiHuia 16%.

docdop € BKIMBUM MaKPOETEMEHTOM JJsi POCIHH, 1 TOMY € BaKIIMBUM
KOMITOHEHTOM J00puB, 0COONMBO Uil ITPYHTIB 3 Horo aedimurom. Pocdobdakrepii
PETYIISIPHO TMPOTOHYIOTHCS SIK O101HOKYJSHTH JJIE POCIHH, SKI BHUPOILYIOTHCS Ha
IpyHTax 3 gedinurom Qocdopy, SK OUIBII EKOJOTIYHA albTepHaTHBA BHECEHHIO
docdopy. Xoua BigoMo, mo iHOKYsMis dochodakTepiii MOKe BIUIMBATA HA PICT 1
XKUBJICHH (ocopoM pociauHH-rocmonapsi, OCHOBHI peakilii Ha MOJEKYISIPHOMY
P1BHI J0C1 HE OyJIM MOBHICTIO 3’ ICOBaHI.

P. J. Barra, S. Pontigo, M. Delgado, L. & Parra-Almuna et al [106] BupornryBanu
POCIHMHM MPOTIroM 45 1110 y MpUCYTHOCTI Ta 6e3 ynoOpeHHs: hocPopom Ta IHOKYIIALIT
docdobakTepisiMu B IBOX IpyHTaX 3 pi3HOIO OlomocTymHIcTIO dochopy. Pesynbsratu
MoKazajau, IO He3aJeXHO BiJl HasgBHOCTI ¢ocdopy B TIpyHTaX, IHOKYISIIS
dochobakrepiii 3abe3neuye «edekT mnocuieHHs» (GochopHOro yaoOpeHHS Ha
PO3BUTOK, >KMBIIEHHS Ta IOM SIKILIEHHS OKHMCHOTIO cTpecy B pociuH. lLle Oymno
HIATBEPIXKEHO BHILOK 010MACcO0, MiABUIIEHUM BMICTOM (ochopy Ta MEHIIUM
MIOTIIKO/DKEHHSM KIIITHH Y TKaHWHAX 1HOKYThOBAHUX POCITWH. TakKUM YMHOM, 3aMiCTh
TOrOo, MO0 OyTH aJdbTepHATHUBOK BHECEHHIO ¢ocdatiB n00puB, ¢ocdodakTepii
MOXYTb OyTHU MEPCIEKTUBHUM JOMOBHEHHSM /10 (pochopHOro ynoOpeHHs B IPyHTax 3
nedIMUTOM eJIeMEHTA 1 MOTEHIIIHHO 3MEHIITUTH HOPMHU BHECEHHSI (poc(aTiB.

Bicim mTamiB 0akTepiif, 10 JEMOHCTPYIOTh BHCOKI pIBHI MOOLTI3aIi
docdhoputis, Oynu BuaiieHi 3 TpyHTIB [107]. ITI'aTh mTaMiB BUALISIN HEOPTaHIYHUAN
dbochop 1o 600 Mrr/ma 3 dhocdopury sk exuHoro mxepena ¢ochopy. Tpu mramu
BUKJIMKAJIM 3HayHe 30UIbLIEHHS CyXOi Macu NaroHiB 1 KMBOi Baru OynbOOUYOK.
[Ipupict cyxoi macu Bpoxkato konmuBaBcs Bix 40 mo 134%. biominepamizairis

dbochopuTiB IHUMH ETITHUMH IITaMaMH MOXE CTaTH EKOJIOTIYHO YHCTOIO
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aJBTEPHATUBOIO XIMIYHUM J0OpWBaM, TOJIOBHUM YMHOM Ha HEUTPATBHUX 1 JIYKHHUX
rpyntax [107].

®dochop € BaXKIMBOIO MOKHUBHOK PEYOBHMHOIO 3 HU3BKOI O10JOCTYIHICTIO B
IpyHTI myig pociuH. Buxopucrtanus ¢dochopmMoOLTizylounx TpuOIiB BUHUKIO SK
€KOJIOT1YHA CTpaTeris MiJABUIIEHHS O10J0CTYMHOCTI ILBOTO IOXXHBHOTO €JIEMEHTa
[127]. Brnu iHOKymswii pocdop moOiLmizyrounmMu rpubamu Ta Horo KomOiHamii 3
opraHizMaMH, 110 TPaHCIOPTYIOTh Gocdop (apOycKymsapHI MikOpHu3HI TpuOH) HA PICT
pocnuH, Bigomuid. O1iHKa BIUIMBY (PochopMoOLITI3younx rpudiB HA CTBOPEHHS Ta
¢(hEeKTUBHICTb CHMO103y 3 pOCIMHAMHU Oyja Ay)Ke MO3UTHBHOIO. [TOKa3HUKH SKOCTI
IpyHTY OyJiM BHUIIMMHM TpPU MIKPOOHIH KOIHOKYISAILII, 30KpemMa BMICT JYy>KHOT
¢docdarasu 3pic, MO0 CBIAYNUTH MPO KOPUCHY poib rpubiB y rpyHTi. Ll pobota
MIKPECITIOE BXKIMBICTh B3aeMOIi MIKpoOiB y pu3ocdepl s CTIMKOCTI BpOXKaro Ta
NOKpalleHHs SKocTi rpyHty. I[lomi6Hi mani omyOmikoBani F. Ameen et al [99] nns
apUIHUX TPYHTIB, Yy SKUX JOCTYNHICTh (ocdariB oOMexeHa clabko iX
PO3YUHHICTIO.

Byno 3pob6neno BucHoBOkK [102], m0 ofHOYAacHA MPUCYTHICTh y OaKTepiid 1BOX
HaWKpaluxX BJIACTUBOCTEM, LIO CHPUSAIOTH POCTY POCIMH, MOXKE MaTH JOJAaTKOBHUI
e(eKT He JIMIIIE Ha PICT 1 BpOXKANHICTh MIIEHUII], ajie ¥ Ha NOoMIMHAHHA (pocdopy.

[ram Azotobacter (SR-4) Oy BusHanmii [132] HaliepexTUBHIIIUM
azoTdikcaTopoM, ocKiIbkU 35,08 Mr a30Ty Ha rpaM BYyIJIEI0 Oyj10 YTBOPEHO Ticis 72
TOIWH HOTO KHUTTEMISUIBHOCTI. Y TMOJBbOBUX BUIPOOYBaHHSIX Ha POCIMHAX INITaMU
IPOJACMOHCTPYBAIN 3HAYHE 30UTBIIICHHS] BUCOTH POCIHH, JOBXKUHU 1 ITUPUHM JTUCTS,
po3Mipy 1 KUIBKOCTI IUIOJIB HA POCIMHI TMOPIBHIHO 3 KOHTPOJIBHUMH
(HeoOpobmennmu) pocnuHamu. KpiM TOro, pPOCIWHU, CHUTBHO 1HOKYJIhOBaHI
ax30TdikcyrouuM Azotobacter 1 pochopoconobiuTizy0ouuM TamamMmu A. niger, MatOTh
BUILY NPOAYKTHBHICTh, HI)K POCIHHH, OOpPOOJIEHI KOXKHHUM 13 1HOKYJISIHTIB OKPEMO.
BucHOBOK aBTOpIB HACTYNMHMIA: IHOKYJSILIS HAaciHHA A. niger 1 Azotobacter moxe
3aMIHUTH JIOPOT1 Ta TOKCHYHI JJi1 HABKOJIMUIIHHOTO CEpPEIOBUINA XIMIYHI J100pHUBa

€KOOE3MEeHNMH Ta EKOHOMIYHO €(DEKTUBHUMHU 1HOKYJISIHTAMH.
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B ymoBax 3aximnoro Jlicocremy, ne 3a pik Bumamae 600-700 MM, a 3a Termui
nepion 350-500 MM nomiiB, mpoOIeMOr0 MOXKe OyTH BUMHUBAaHHS HITPATiB, 0COOIMBO
Ha BHUCOKMX (oHax ynoOpeHHs. HamnumkoBuil BMICT a30Ty B IPYHTI HEraTWBHO
BIUTUBA€ HAa CTIUKICTh POCIMH JI0 BWISTaHHS 1 YypaxeHHs xBopoOamu [50].
HenpoaykTuBH1 BTpatu a30Ty MOXYTb cTaHOBUTH 40-70%.

OTxe, BUBYCHHS BIUIMBY MIHEPAJIBLHOTO XUBJICHHS Ha MPOMYKTUBHICTH COI B
NPUPONHO-KIIMAaTUYHUX YMOBaxX JOCTAaTHbOTO 3BOJIOKEHHS € akTyallbHE Ha

Cy4aCHOMY €Talll JUHAMIYHUX 3MiH KJIIMaTy 1 pO3BUTKY arpOBUPOOHHUIITBA.

BucHoBku 10 po3uiny 1

1. [TutanHs a30THOTO YIOOpPEHHS COi Ta JHKEpEN aCUMUIALIL POCIMHOI0 PI3HUX
dopm enmeMeHTa, K€ Y CBITOBUX pPETiOHAX BUPOIILYBAHHSA KYJIBTYPH AOCIHIIKYIOTh
naBHO, Brepiie nocrae y Manomy I[lomicci Ha 3axomi Ykpainm. Ile 3ymoBieHO
BEJIMKUM 1HTEPECOM 3€pHOBUPOOHUKIB PETIOHY A0 COi, siIKa MOCTYIOBO IPOCYBAETHCS
Ha MIBHIY pa3oM 31 3MIIIECHHSIM IMIBHIYHOI MEXI TEIUIOi CIPUSTIMBOI JJIs KyJIbTypU
30HH.

2. JlepHOB1 Ty€iOBl TPyHTH TiBIEeHHOI 4actTuHU Mamoro Ilomiccs Oararti
ryMycoM, a30ToM 1 He kuchi. L{i BmacTuBOCTI IPyHTYy B yMOBaX JOCTaTKy BOJIOTH
CIIOHYKAIOTh 3’SICyBaTH, YU MOTpelye COsi CTapTOBOIO (MEPEANOCIBHOIO) BHECEHHS
A30THUX J0OPUB 1 B K1 HOpMI 1 (hOpMi, UM TOLLIbHE MiIXKUBJICHHS Yy BereTalito, abo
YH I0CTaTHhO OOPOOKH MOCIBHOTO 3€pHA IHOKYJISIHTAMH.

3. YucneHHl HAyKOB1 JpKepena MOBIIOMIIAIOTH MPO AKTUBHE MOMIMPEHHS 1
BUCOKY €(eKTUBHICTh CTa01113aTOPiB HITPHU(IKaIlli 32 BHECEHHS a30THUX TOOPUB AJIs
CTIOBUIbHEHHSI BUBUIBHEHHsI PI3HUX (PopM eneMeHTa 1 IPOJOBKEHHS TPHUBAJIIIOT
IPUCYTHOCTI MEHIIMX KOHLIEHTpALld HITPaTiB Ha MOYaTKOBUX (hazax pocrty coi. [is
miei  6000BOT  a30T(iIKCyBadbHOI KYJBTYpH MPAKTUYHO HEMAE pe3yJbTaTiB
TOCHIDKeHHS i1 1HT101TOpIB HA OylMhOOYKOYTBOPEHHS Ta BpoXKail 3epHa. Y Manomy
Ilomcci na 3axomi VYKpaiHM Takux JOCHIIIKEHb B3arajl HE MPOBOAWIH, alle

edeKTUBHICTh, HiTpamipuHy y 3aximHomy Jlicoctenmy pgoBeneHa Ha MNPUKIAIL
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MOKpAIIEHHS KUBJICHHS SYMEHIO O3UMOTO Ha BUCOKUX (POHAxX a3o0Ty 31 30epekKeHHs
CTIAKOCTI CTEOIOCTOIO Ta OTPUMaHHI HAMBUILIOTO BPOXKAKO 3€PHA.

4. Bunukia norpebda po3poOUTH mporpamy Ta 3A1MCHUTH JOCHIIKEHHS BIUIUBY
HOpM 1 ¢Gopm azorHmx JoOpuB, Aii HITpamipuHy Ta e(EeKTUBHOCTI
a30THO-(popcHOpHUX 1HOKYISHTIB Ha AMHAMIKY HPOAYKIIHHUX MPOLECIB, BpOXKaA

3epHa COi Ta MOro SKICTh 1 HaIaTH MPAKTUYHI MPOTO3HULi BUPOOHUIITBY.

PesynbraTu nocnimpkens 3a po3aiioM 1 BukianeHo y nyomikanisax [46; 171; 172]
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Po3ain 2

METOAIM NOJIBOBUX I IABOPATOPHUX JOCJIII>KEHHb
CUCTEM YJIOBPEHHSA COI

[Iporpama gociimkeHb CUCTEM yAO0OpEeHHs coi nmependaydaia BU3HAUYCHHS BIUIUBY
IPUPOIHO-KIIMATUYHUX 1 TIPOTEPMIYHUX YMOB BHUPOIILYBaHHS KyJIbTypu y Manomy
[Tomicei, mo MeXye 3 MBHIYHOIO YaCTUHON 3axigHoro Jlicocreny, BpaXxoBy€e OCHOBHI
MUTAaHHA aKTUBHOCTI a3oTdikcarii. [lepembadeHo crocTepekeHHs 3a pOCTOM Ta
PO3BUTKOM POCJHWH, OIOMETpiI0 HaA3eMHOi 1 Mia3eMHOi (piTOMacu, BCTAHOBJICHHS
AKOCTI 3epHa. Yci nudpoBi Marepiadd OTpPHUMaHI Yy TOBTOPIOBAaHUX MOJBOBHX
eKCIIepUMEHTaX 1 Ja0OpaTOpHUX aHaji3aXx Ta ONpalbOBaHI Cy4YaCHUMU

CTaTUCTUYHHUMHU MCTOAAMU.

2.1. IIporpama nmoJibOBUX €KCIIEPUMEHTIB 1 JIa00PATOPHUX T0CTiIKEHD

PobGoua rimore3a Hamoro HayKOBOTO TOIIYKY TIPYHTYEThCS Ha HEOOX1IHOCTI
BUPILIEHHS! aKTyalbHOI MpOOJeMU BUSIBICHHS HaledEeKTUBHIIIUX (OpM, HOPM 1
CTPOKIB BHECEHHS a30THUX JOOpWB IIiJl COI0, a TAKOXX HEBIIOMI AaCMeKTH i
HITpaIlipYHYy Ta I1HOKYJSHTIB y KOMOiHamisX 3 (GopMaMH a30Ty y MiHEpaJIbHUX
nobpusax. IlepenbadaeTncs, 0 A7 OTPUMaHHS HAWBHIIOTO BPOXKAIO 3€pHA BUCOKOI
SKOCTI TOTPIOHO 3’SCyBaTH ONTHUMAaJbHY HOPMY BHECEHHS Ta Hakpamry ¢opmy
a30THUX JOOPUB 3 ypaxyBaHHSAM (a3 pO3BUTKY POCIHH, 3aCTOCYBAHHS HITpamipuHy
Ta €()EeKTUBHOCTI 1HOKYJISIHTIB COi, BMICTY TOCTYITHOTO a30Ty yIPOIOBXK KPUTUYHOTO
nepiofly >KUBJICHHA KYJIbTypH Ta 30€peKeHHs pOI0YOoCTi IpyHTYy. EdekTuBHICTH
3aCTOCYBaHHs pi3HUX (OPM a30THUX AOOPHUB, iX HOPM BHECEHHS Ta IHOKYJSHTIB MpU
ciBO coi B YKpaiHi He BUBYEHA 1 3aCTOCYBAHHS iX YCKJIaJHEHE Y MPaKTHIII.

TexHouoris 3acTocyBaHHs 1HT101TOpIB HiTpUdIKaIlli HA MTOCIBaX coi B YKpaiHi He

BHUBUCHA 1 3aCTOCYBAHHS iX YCKIJIaJIHEHE y MpakTulil. [ TOCSITHEHHS 1€l METH MU
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3aIyiaHyBajll BUBUYUTU CTaH MpooOieMu y eBpomeiichkux kpainax, CIIA Tta Anosii,
JOCHIIUTA JTUHAMIKY a30Ty B JEPHOBOMY INIEMOBOMY I'PYHTI YIPOJOBX Bererarlii coi
1] BIUITMBOM PIBHSI 1 CTPOKIB a30THOTO yI0OpeHHs Ta HiTpamnipuny y ¢opmi N-Lok
Makc, OIIHWMTH BIUIMB PIBHIB Ta CTPOKIB BHECEHHS (OpM a30THHX JOOpHB Ha
KHUCIIOTHICTh IPYHTY, 3’5ICyBaTd BIUIMB (DOPM a30THUX JOOPHUB HA PICT 1 PO3BUTOK
pociuH, (GOpMYyBaHHS CTPYKTYpHU BpOXKAIO, BCTAHOBUTH pPIBEHb YPOXKAMHOCTI Ta
SAKICTb 3€pHAa 3aJIE)KHO BIJI CHUCTeMH YyIOOpEHHS 1 JaTh CEKOHOMIYHY Ta
O10€HEpreTUYHy OLIHKY €(EKTUBHOCTI BHPOIIYBAHHS KYyJIBTYpH 3aJE€XKHO BIJ
CUCTEMU yHOOpEHHS.

OcHOBHMM 00’€KTOM JIOCHTIJDKCHHSI € CHCTEMH a30THOTO MiHEPaJbHOTO
ynoOpeHHst coi B ymoBax Maioro Ilomiccs, siKi MIaHYyeTbCS BHUBUUTH, a TaKOXK
3’scyBatd €(QEeKTUBHICTh 1HTIOyBaHHS HITpHUdikamii Ta 0OpoOJEHHS HACIHHS
a3oTdikcyBaaTbHUMHU Ta (HocPopoMOOLTIZAMINHUMY 1THOKYJASSHTAMHU, TIOTOJIHI YMOBH
POKIB  JIOCHIJDKEHHSI, OIOMETPHYHI TOKAa3HWKH POCTY ¥ PO3BUTKY, SKICHI
XapaKTepUCTUKH 3€pHA, arpoXiMidH1 MOKa3HUKH IPYHTY.

Hocniau npoBeneHi npu Kadeapi arpoximii Ta rpyHTo3HaBcTBa B pamkax OHII
«ATPOHOMISH» TPETHOTO PIBHS BHINOI OCBITH (cmerisuibHICTE 201 — ArpoHomis) y
JIbBIBCHKOMY HAaIllOHAJIBHOMY YyHIBEepCUTETI mpuponokopuctyBanus (JIHVII —
Hy6nsuu) Brpogosx 2022-2024 poxy. Jocminne mone po3zramoBaHe y Manomy
[Tomicci, sike 3a arporpyHTOBUMM paiioHyBaHHSM € npoBiHilieto [lomicea 3axinHoro. 3a
¢13uKo-reorpadiuHUM paliOHyBaHHSIM 30HH LIUPOKOIUCTAHUAX JICIB,
3axigHOyKpaiHchKoro kparo, Mane Ilomccs € obmactro. [insHKa 3Haxomumacs Oiis
cena Illafinorm, Ha mom 3 koopauHaramu: 50°12'07.8" N Tta 24°32'52.9" E.
(Physical-geographical zoning..., Agro-soil zoning...;
https://www.google.com/maps/place/). [TonboBi JOCHIIA  3aKjiajaid  3a
3araJIbHOMPUMHSATOI0 METOAMKOIO B arpoHoMii [36; 28].

[ToninssHkOBE BHECEHHS MiHEpalbHUX (HOCHOPHO-KATINHUX JTOOPUB BOCEHU
3MIMCHIOBAIM 3a JOIMOMOIOK PYYHOTO MEXaHIYHOro poskujada ¢ipmu Solo 3a

cxemamu gociainy (tab6mn. 2.1) mepen opankoro (moa. A, puc. A.l), a a3oTH1 100puBa



61

BHECEHI HaBECHI TiJ] MEPEANOCIiBHY KyJIbTHBAIlIO, Yy CHCIISUIbHUX BapiaHTax — y

M1JOKUBIICHHS Y (pa3i OyToH13a1lii coi.

Tabnuys 2.1
Cxema MoJIbOBOT0 eKCIIEPUMEHTY

No BapianT gociiay N, kr/ra
1. |KonTposb — 6€3 ymoOopeHHs 0

2. |®DoH — P Ky (*m.op.) 0

3. |[®on + N;, — *Nsa (*m.c.) 30

4. |®oH + N, — NsatuiTpamipus (11.c.) 30

5. |®on + Nj,— Nsa (m.c.)+N3,— Nsa (¢.6.) 60

6. |®on + N;,— Nsatuirpanipus (1.c.)+Ns, — Nsa (¢.0.) 60

7. |®oH + N;, — *Naa (m.c.) 30

8. |®Don + N;, — NaatuiTpamipus (11.c.) 30

9. |®on + N;, — Naatuitpanipus (1.c.)+N;, — Naa (¢.0.) 60
10. |Don + N;, — Nsa (11.c.)+N-Mo01113yrouil 6akTepii 30
11. |®on + N;, — Nsa (m.c.)+P-M006imi3yroui 6akrepii 30
12. |®on + Nj, — Nsa (m.c.)+N-mo61113yrodi+P-mo01mi3ytodi 6akTepii 30

[Ipumitka *: m.op. — mig opaHky; Nsa — cyabdar amoHito; 1.c. — nepe ciBooro; §.0. — daza

OyTtoHizaii; Naa — aMoHiliHa cemiTpa.

Texnonoriss BupoiryBanHs copry EC MeHTOp — 30HanbHa, 3 OPAaHKOK Ha
20-22 cM. [HOKymsIIis HACIHHS BMKOHAHA 32 PEKOMEHOBAHOI BUPOOHUKOM HOPMOIO
3a KuibKa 110 A0 ciBOM. /{5 1HOKyIsIii HaciHHS BUKOpUCTanu npenapatu XainKor
Cynep Cos (BupooHUK BAC®D) (iHOKynsHT+ekcTeHmep 12,8 n/ra), sKuil MICTUTH
a30T™Mo01Ti3ytoul 6akrepii (Bradyrhizobium japonicum (Kirchner 1896) Jordan, 1982)
ta Paiic I1i (BupoOoHuk Arpitema) (Hopma Butpatu 0,2 Kr/T HeaciHHs), SIKUIl MICTUTD
dochopmobimizytoui 6axrepii (Bacillus amyloliquefaciens Priest et al., 1987). CiBOa
B ONTUMAaJbHI CTPOKM BHMKOHAaHa 3 PEKOMEHJOBAHOI HOPMOIO BHCIBY 550 TuC.

CXOXHMX HaciHMH Ha ra, abo 130 kr/ra ¢i3uunoi Baru. IHriGitop HiTpudikarii
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N-Lock™ — HiTpamipyuH, BHOCHJINA PAHIEBHM OMPUCKYBAYeM 3 BHTPATOIO BOIHOTO
poboyoro po3unHy 3 po3paxyHky 300 i/ra 3a cxemoro gociiay y Hopmi 1,7 n/ra mia
NEPENNOCIBHY KyJIbTUBALIIO.

Posmip mociBHO minsHku 36 M2, o0mikoBoi 25 M”. IloBTOpeHHs BapiaHTiB
TPUPA30BE, PO3MILIEHHS JUITHOK CUCTEMATHUHE 31 3MIIIeHHAM (104. A, puc. A.1).

biomeTpuyHi Ta (EHONOTIYHI CHOCTEPEKEHHS 3a XOIOM POCTY 1 PO3BUTKOM
pocauH 3AiicHIOBaIM 3riqHo pekoMennaiiii B. O. €menka [36]. 3a mouatok dazu
Opanu yac, Koiau y Hei BcTynuio He meHue 10% pocnuH, NoBHY a3y BU3HAYaIIH,
koi BoHa € y 75% pocmun [177; 29]. Cran mociBiB cOi yHpoAOBX Bererartii
2022-2024 pokiB Bi3yaJIbHO OLIHIOBAIM 32 5-0ajbHOIO IIKAJIO, 3alpPONOHOBAHOIO
B. O. €menkom [36] .

VY da3i noBHOTrO MOCTUTaHHA 0001B 3MIMCHWIN MOIIISHKOBUM CYIUTBHUN OOIK
ypoxaro Ta TpoayOiatoBaiiv OOJIK METOJOM NPOOHUX CHOIMIB. Y BiAiIOpaHuX
I’ ITUKpaATHO 3 twiomanok 0,5%0,5 M cHomax KaMmepalbHO MigpaxyBajH 1 BHMIpSUIA
KUIBKICTh POCJIMH, a y JOBUIRHO BiiOpaHux 25 pociuH 3 MpOOHOIT TUIOMIATKH
0OJIKOBYBaJIM: JOBXKHHY CTe€0Ja, BUCOTY HMPUKPIIJIEHHS HUKHBOIO 000a; KUIBKICTh
0001B Ha POCJIMHI, KUTBKICTh 3€PHUH HA POCIIHMHI; Macy 3€peH 3 OJIHI€T pOCIMHH, MaCy
1000 3epen (3a meronukorw JCTY [30]. bioxiMiuHI MOKa3HUKH 3€pHA BU3HAYAIH 3a

MeToauKkoro [29; 76].

2.2. ArpoxiMivyHi MeTOAH JOCTiAKEeHHSI

[Ticns BubGopy moyis meped BHECEHHSAM J00puB, y ¢aszi cxXoliB 1 mepen
30upaHHAM Oys0 B34TO arpoximivfi mpoou rpyHTy 3 mmbunu 0-20, 20-40, 40-60 cm.
AHani3u BUKOHQJIM B arpoxiMiuHiii nabopartopii ¢imany kadenpu arpoximii Ta
rpyntro3HaBcTBa JIHVYII B [HcTUTYTI ciibehbKOTO rocroaapcTBa KapnaTrchbkoro periony
HAAH.

3pa3ku IPyHTY BiIOMpasId 1 FOTYBaJIM 10 POOOTH 3a CTAHIAPTHOIO METOAMKOIO

JACTY [35]. Buznauenus pH,,, OTpoBOAWIM MOTEHIIOMETPUYHUM METOAOM 3TiTHO
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JNCTY [34] npu cmiBBIIHOIICHHI TPYHTY A0 po3uuHy 1:2,5 y comnsHid BUTSKIN 1
Moutb/1 po3unHy KCI. BmicT HiTparTiB BCTaHOBWIIM MOTEHIIIOMETPUYHO 32 JIOTIOMOTOI0
MOHCEJIEKTUBHOTO HITPATHOIO €JEeKTpojJa Yy CoJsAHIM BUTKII 1% po3uuHy
AITIOMOKAJIIEBOTO TaJyHy TMIPU CIIBBIIHONICHHI IPyHTY 10 po3umHy 1:2,5 3a
JNCTY [32]. 3anoka3HukamMu HoHOMIpa 1 KaniOpyBajdbHOTO Tpadika pooOuIn
BU3HAYEHHA BMICTy HiTpariB. CTaHOapTHI PO3YMHM ISl KaliOpyBaHHS mpuiany i
KamiopyBanpHuil rpadik mpurorysanu 3 BukopucTanasm 1-107 M KNO; 3a MmeTogom
noctynoBoro 10-pazoBoro po30aBiasiHHA HOro JUCTHJIBOBAHOK BOAOKD IO
koHUenTpanii 1-102M, 1:10°M, 1-10*M. Bwmict HiTpariB y IDyHTi, B MI/KT,
BCTaHOBIIOBaNM miactax 1pyHTy 0-20, 2040 1 40-60 cm 3a Bennuunoro pNO; abo 3a

dbopmymoro (2.1):
N-NO; = ant log (4,54 — pNOy). (2.1)

OOcsr piyHOTrO 3BITPIOBAHHS 3aKUCY a30Ty 3 IPYHTY B atmocdepy Ey,o (Kr/ra)
po3paxoByBanu 3a (opmynoro (2.2), 3anpornoHoBaHor A. F. Bouwman [112; 113;

114]:

Eynso=1+0,0125"N,,, (2.2)

ne: N, — HOpMa ynoOpeHHs y Jiio4iii pedoBHHI a30Ty abo 3amacu HITPaTiB y
OpHOMY IIapl IPYHTY.

3amacu HITpaTIiB 3yyno3 (KI/ra) BupaxoByBanu 3a ¢opmynoro (2.3) oGuucneHHs
3amaciB rymycy [31; 61] 3 BHUKOpPUCTAHHSIM IEpPEeBIAHUX KOEDIIIEHTIB MI/KT Y

BIJICOTKH 1 TOHHHU y KIJIOTpamu:
3x-n03 = Nynos(Mr/kr) - 0,0001(%) - 1000(kr) - 1,47(r/em?’) - 20(cm), (2.3)

ne: Nynos — BMICT N-NO; B opHomy (0-20 cm) mapi rpynty y mr/kr; 0,0001 —
koedimieHT mepeBoxy y%; 1000 — xoedimient mepeBony y kr; 1,47 — OIIBHICTH
OPHOrO  INApy MOAEIBLHOr0 IpPyHTYy y r/cm’; 20 — TOBIIMHA OpPHOIO

1iapy B CaHTUMETpPAX.
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Jlo BHECeHHs OOpUB 1 3aKJIaJaHHs JOCIIIB BMICT JIETKOT1POII3HOTO a30Ty 3a
meronoM Kopubinbna anamizyBanu 3rigao JCTY [33] y toBmii 0-20 cm 1 2040 cwm.
Pyxomi cmonyku ¢ocdopy ¥ OOMIHHOTO Kajil0 BH3HA4Yald 3a CTaHIAPTHUMU

metogamu JICTY [35].

2.3. Ilpo¢inb nepHOBOro IJIeOBOI0 JIETKOCYINIMHKOBOIO IPYHTY Ha

AUISTHIN 10CTIiay

JlepHOoBHil meloBUl TPYHT jociaigHoro mons (puc. 2.1) yTBOpeHu#d Ha
MOHMKEHOMY €JIEMEHT1 penbedy B HaJ3aruiaBHIM Tepaci piuku 3axigHuil byr,
chopMyBaBCcs Ha aNIOBISUIBHHX, (IIOBIOTIIAMISUIBHUX CYTIMHKOBUX BITKJIAMaX ITijT
JYYHOIO, JTY4YHO-OO0JIOTHOIO 1 JEPEB'STHUCTOI0 POCIMHHICTIO B YMOBaX HaJIUIIKOBOTO

MOCTIMHOTO MiATPYHTOBOTO 1 MEPIOUIHO MTOBEPXHEBOTO 3BOJIOKEHHS [3; 24].

Puc. 2.1. Jlokamizaiisi AOCTIAHOTO MO ISl TPUPIYHUX JTOCIHIKCHb

Ha BnactuBocrti 1 Oy0BY 1€pHOBOTO I'PYHTY, BIUIUBAB HAMYJIOK MaBOJKOBUX BOJ.
VY meiloBoMy IpyHTI OIJICEHHM € BeCh MPODLIb, il NEPEXITHUM FTOPU3OHTOM 3aJIArae

cu3uii 1 B'S3KUN MIel. 3a TpaHyJIOMETPUYHHM CKJIAJOM IPYHT HAJEXKHUTh 0



65

JIETKOCYTJIMHKOBUX, BMICT MyNy 1 (i3W9YHOi IJIMHU TIOCTYMIOBO 3MEHIIYETHCS 3
IJTMOMHOIO 1 3HOBY IMIJIBUIIYETHCS Y TPYHTOTBOPHIN MOPOIL.

3a KHUCIIOTHICTIO BiH HalIEXUTh 10 cinabokuciux (pH,, 5,6-5,8), rinpomitudna
KHUCIIOTHICTh — Jy>ke Hu3bKa (1,0-2,8 mr-exB Ha 100 T rpyHTY), BMICT rymycy [31] —
cepenHiii (3-4%). 3anacu JErKoriipoii3HUX CHOIYK MiHEpaibHOro azory — 121-131,
pyxomux cronyk ¢ochopy — 124-135 ta o6minHNX cionyk Kamito — 104—109 mr/kr

IpyHTY 3a MeTogoM Yipukona [35].

Tabnuys 2.2

IMoka3HukM 1epPHOBUX IJIEiHOBUX IPYHTIB HA BOAHO-J1bOJ0BHUKOBUX

BiIKJIaIeHHAX
T I'eneTnyHUN TOPU3OHT
Hgl HPgl | P(h)Gl| PGl
[ap rpyHTY, cCM 4-10 20-30 | 50-60 | 100-110
Bwmict gacTok,% <0,01 Mmm 25,0 24.0 17,3 29,3
<0,001 mm 17,3 16,3 13,4 19,7
pH conboBuit 5.8 5,7 5,9 5,8
Cyma yBiOpaHux KaTioHiB, Mr-ekB Ha 100 r 16,0 10,5 8,1 7,6
TPYHTY
I'aponiTiyHa KUCIOTHICTH, MT-€KB Ha 100 T 2,8 2,0 1,1 1,0
TPyHTY
I'ymyc (3a Tropinum),% 3,2 3,0 0,2 0,2

Y cnaOKOMOBEpXHEBO-OINICEHUX  PI3HOBHAAX OIVIEEHHS IOYMHAETHCA 3
MOBEPXHI. XapaKTePU3YEThCSI HASBHICTIO PIAKUX 1PKABO-BOXPUCTUX IUISAM 1 IpIOHUX
3JII3UCTO-MapraHleBUX KOHKpelid. B cepenHbOIoBEpXHEBO-OINIEEHUX IPYHTAX €
BEJIMKA KUIBKICTh TPyOUX 3alli3UCTO-MapraHiieBuX O00OOBHUH. 3a CTyIEHEM PO3BUTKY

npodiIr0 BUAUIAIOTE AepHOBI mieioBi rpyHTH (H+HP = 50 cm) 1 nepuoBi mieroBari (H
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+ HP > 50 cm). SIkicHa oOIliHKa IEPHOBUX IJIEMOBHX IPYHTIB CBITYHTH, MO IX
MOTEHITISUIbHA POAIOYICTh JOCUTh BHCOKA 1 3QJICKHUTh BiJ MOTYXXHOCTI TOPU3OHTIB
H+HP, rpanynomMeTpu4HOro ckiaay i MOpOAH, Ha K1 BOHU YTBOPHIIHCS.

Ha nocmipgHoMy mojii HaMH ONMCAaHWN JIEPHOBHM TIIHOOKHM TJIEHOBHI
MIIaHUCTO-JIETKOCYTJIMHKOBUM TPYHT Ha BOJHO-JIHOJOBHKOBHX BIiIKIagaX, a 3a

knacudikacro WRB (2022) — e Gleyic Phaeozems (Loamic, Aric) [3; 24; 59]:

Hgl [Opnuii mnacT 1o 25 cM OKylIbTypEeHUIA, TYMYCOBUHN OTJICEHUN
—0-40 |ropusont, TemMHO-cipwii 3 ipskaBUM BimTiHKOM,
3I3UCTO-MapraHIeBl KOHKPEIIii, BOJIOTHH,
MIIIAHUCTO-JIETKOCYNIMHKOBHM, YIIIUIBHEHHUM, TPOHU3aHUI
KOPIHIISIMU POCITIUH, YePBOTOUMHHM, KOIIPOIITH, EPEXi/ ACHUM
3a 3a0apBJICHHSM.

HPgl |TTepexinnuii ropu3oHT OPYAHO-CIPOTO 3 CH3YBaTUM BiITIHKOM
—41-53 3a0apBIICHHS, TIIAHUCTO-JIETKOCYTJIMHKOBUM, B’ SI3KUH,
IIUTHHUH, OTJICEHHS Y (DOPMI BOXPHUCTHX 1 CU3HX TUISIM, KOPIHIT
POCIJIHMH, YEPBOTOUMHH, KOIIPOJIITH, IEPEXI]T NOCTYIIOBUI 3a
3a0apBIICHHSM, 3aTIUHUM.

I P(h)Gl |CiaborymycoBaHa IpyHTOTBOpPHA I10POJIa, CHU3a 3 CIPUMU

W — 54-91 [miamamu, HeomHOpIHA, CHpa, CYTIiIaHa, 6e3CTPYKTYPHa,
IJIbHA, CUIILHOOTJICEHA, PACHI BOXPHUCTI MJISIMU, TIEPEX1]T

MOCTYTIOBH 32 3a0apBIICHHSM, 3aT1YHU.

| PGl [|CuibHOOINIEEHA IPYHTOTBOPHA IIOPOJA — BOJHO-IbOAOBHUKOBI
|— 92-123 [BiAKIaaM CHU3YBAaTOXKOBTOTO 3a0apBIICHHS, HEOITHOPIIHA,
MOKpa, Cymilana, 0e3cTpyKTypHa, IIiJIbHA,.

Mopdo- Ta di3uko-ximMiyHa AIarHOCTUKA JOCHITHOTO TIpyHTY (puc. 2.2)
J03BOJIJIa 3POOMTH BHUCHOBOK, IO OMHCAHUN TIPYyHT 3a CBOIMH OCHOBHUMU

ITOKa3HUKaMH HiJIKOM l'IpI/I,Z[aTHI/Iﬁ AJI1 BUPOITYBAHHA BUCOKOI'O BpOKaro col.
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Puc. 2.2. Burnsn npodutio 1 mypda 1epHOBOTO IIEHOBOTO JIETKOCYTIIMHKOBOTO

I'PYHTY Ha BOAHO-JIbOJIOBUKOBHUX BIJIKJIAAaX.

24. Meroau OLIHKU OioximMiuHOIO CKJIAAy 3epHa TA

€KOHOMIKO-eHepreTuH4Hoi eeKTUBHOCTI y100peHHs COL

bioximMigH1 TOKa3HUKHK CyXOi MacH 3epHa COi OTPUMAJIH IMiCIIs BUCYIIYBaHHS 32
temrieparypu  50—-60°C 10 TOBITPSHO-CYXOTO CTaHy, TOTOBY KUIBKICTh 3€pHa
pO3MeENIoBaIy M pO3AUISIIA Ha ABl PIBHI YACTUHU. 3 KOXKHOTO TapajesbHOTo 3pa3ka
BiIOMpanu noTpiOHMI 00’eM Marepialy AJs aHaji3y B JIBOX MOBTOPHOCTAX. XIMIYHI

aHaJI13u BUKOHYBAJIM 3a KJJACHYHUMH METOJIaMU Y HOBIIIUX Moaudikarisax [29; 76].



68

BwmicT cuporo mpoteiHy 1 BOJIOTH Yy 3€pHI BH3HAUCHHM Ha i1H(PpavyepBOHOMY
anamizaropi Crekrpan-119M, 1o mpairoe 3a TPUHIUIIOM aHamizy audy3HOro
BIIOUTTS y 3pa3kax y OmmwkHii [Y-auiaHui cnekrpa. Po3mentoBanu npobu 3epHa Ha
vinHl Y 1-EMJI (i3 curamu 0,8 mm) m1st orpumanis 20 T po3MeneHoro 00poniHa s
aHalizy.

VYMICT cupoi KIITKOBHHHM B 3€pHI BH3Hauaiaun MmetogoM [ anHeOepra-lllTomana,
CUPOrO JKHPY — MeToloM PymikoBchkoro. BwmicT 0€3a30THCTHX €KCTPaKTHBHHX
pedoBuH (BEP) BcTaHOBNIOBAIM, SIK PI3HULIO MIK CYMOIO BCiX BU3HAYEHUX PEUOBUH
Ta YaCTKHU BOJIOTH Yy CyXii Maci 3epHa.

OO6uncreHHsT €KOHOMIYHOI BUTOMIU 3MiMCHIOBAIM 3a peajJbHUMH BUTpaTaMH IO
TEXHOJIOT1i BHpOIYBaHHS cOi B ymoBax 3aximHoro Jlicocremy. BukopucroByBanu
JaH1 TI0 OCHOBHUX MMOKAa3HUKAX: BUPOOHUYI 3aTpaT, cOO1BapTICTh, YMOBHUM YHCTHMA
npuOyTOK, piBEeHb peHTa0eNbHOCTI [75; 5]. s po3paxyHkiB Opajayu pUHKOBI I[IHU Ha
nobpusa, npenapatr N-Lok Makc, 1HOKYISHTH Ta 3aKymiBeJIbHY LIHY Ha 3€pHO COi
2023/24 MapKeTHHTOBOIO POKY (Tabm. 2.3).

Tabnuys 2.3
PunkoBa BapricTh 100puB Ta mpoaykuii y 2022 MapKkeTHHIOBOMY Poli, sIKi

BHKOPHMCTAaHI y MeTOAMLI PO3PaXyHKY eKOHOMIYHOI e()eKTUBHOCTi BApPiaHTIB

Marepianu gociigy On. Bum. I'pn.
Awmomniiina cemitpa (34%) TOHH 17900
Cynbdar amonito (21%) TOHH 15600
Cynepdocdar norpiiinuii (46%) TOHH 38000
Kamiit xnmopuctuii (61%) TOHH 20800
Bapricts omHOpa3oBoro BHECEHHS JOOPUB — 230
N-Lok Makc JITP 760
Bapricte BHECEHHs — 180
XaiiKor Cynep Cos JITP 3690
Paiic ITi JITP 2000
Cos (3epHO) TOHH 18200
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BpaxoByBanu 10qaTkoBI MOTOYHI 3aTpaTH Ha TPAHCHOPTYBAaHHS Ta BHECEHHS
arpoximikaris.

EnepretnuHy OLIHKY cucTeM yIOOpeHHS Coi 3AIMCHWIM 3 YypaxyBaHHSIM
CHEPreTUYHNX €KBIBAJICHTIB IOOPUB, THIIMX BUTPATHUX MarepiajiB 3a METOJUIHUMU
peKoMeHaIlIsIMU O10€HEPTreTUYHO1 OIIHKK TEXHOJIOT1M BUpoIlyBaHHs coi [60; 81].
Jis  po3paxyHKIB ~ BHKOPUCTadM  PEKOMEHIOBaHI  TpaaWLidHI  MOKa3HUKH,

npejacTaBieH1 B Tabauii 2.4.

Tabnuys 2.4
3arajibHONPUMHATI HOPMATUBH VISl METOAUKH PO3PAXYHKY €HePreTHYHOL

e(eKTHBHOCTI BUPOLIYBAHHA COI

[Toka3zHuk On. Bum. 3HaueHHS
CepenHiii KoediliEHT BMICTY CYX0i peYOBHUHU — 0,88
BwmicT 3aranbHoi eHeprii B 3epHi coi MJIx/Kr cyx. ped. 20,6
Enepretnynuii ekBiBaJeHT a30THUX JOOPUB MJx/kr 4. p. 86,8
Enepretuunmuii exBiBasieHT pochopHUX 100pUB MJIx/kr 1. p. 12,6
Enepreruunuii expiBasieHT N-Lok Makc M /Ix/mitp 127

(Y cepenHboMy O MECTUIIMIAX)

Enepretuunuii ekBiBasieHT OakTepiit MJIx/xr 117
Buecenns no6pus MJIx Ha ra 193
Brecenns nectunuainb M/Ix Ha ra 223

Craructuunnii ananiz ANOVA, kopemnsito [lipcona (3 kputepisimu Uenmoka) i
MOJICJIFOBAHHSI IMHAMIKM KJIIMaTy BUKOHAJM 3a JI0NOMOroro naketiB Microsoft Excel,
Statistics-12 B onmaiiH-pexxumi, J[ns ypokallHMX TaHWX 3aCTOCYBaju MpOTrpamy
Dispersion.exe., po3poOieHor0 3a Hamow ydactio [16; 228], ampoOGoBaHOKO Yy
NOMepeHIX  NOJbOBUX  JOCHKEHHAX Ta  po3MmimieHy B [HTepHerti

(https://github.com/dimbaida/variance-anlysis).
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2.5. CeaekuiilHo-reHeTH4HI ¥ TexHoJOriYHi BJaactuBocti copry EC

MeHTOp, BUKOPUCTAHOIO B A0CJidi

Y nocnimi BukopucTaniu BUcOKoBpokaiiHuii copT coi EC Mentop. Copr
3apeectpoBanuii B Peectpi coptiB Ykpainu 2013 poky [37; 85; 90].

Copt Mae noteHmian BpoxkaitHOCT1 4,5 T/ra. CepeaHi TOKa3HUKU TOCIIOAAPCHKOT
BpoXKalHOCTI B YKpaiHi — 2,2-4,2 1/ra. 3epHO MicTuTh Olnka 42,8%, BMICT XKUpy
20,5%. llpu3HaueHuii Ha KOPMOBI Ta MPOAOBOIBYI1 IILITI.

Coprt 3 HamiBAETepMIHAHTHUM (HAMIIBOOMEXKEHUM ) TUTIOM pocTy. BrucoTa pocnun
69-77 cMm. Jlns pocnuH BiacTHBE IHTEHCHBHE TUIKyBaHHA. Bucora KpiruieHHs
nepmoro 606a — 12,2-16,5 cm. 3abapBieHHss HaCiHUHM 1 pyOunka »xoBre. Hacinus
nyxe Benuke, maca 1000 3epaun 161-200 r. Hopma ciBOu 3a mupunu MiKpsias 18 cm
— 550 THC. CXO)KMX HAaCIHMH Ha rekrap. TpuBamicth (a3u «cxoau UBITIHHD» — S50 110,
Beretariss — 105 ni6. OnrtumanbHa cyma akTuBHUX Temmeparyp 2600°C. Jlo
PEKOMEHI0BaHUX 30H BUPOLILYyBaHHS HanexxuTh 1 [lomices.

CopT MmOCYXOCTIHKHH, CTIMKUM 10 OCHUMaHHSA, JO0 BWIATAHHS POCIUH Ta JO
po3TpickyBaHHs 000iB. ['eHeTnuHOIO OCcOONMBICTIO copty € QopmyBaHHs 70-80%
0001B y cepeTHbOMY 1 BEpXHBOMY SIpyCax POCIJIHH.

Coprt coi EC MenTop HanexXuTh 0 CEPETHBOCTUIIIUX COPTIB 3 BEreTallliiHUM
nepiogoM 126-135 auiB. BiH minacTuuHuii Ta Mae iMyHITeT A0 XBOpoO. CTiIMKICTh
copry EC MenTtop 10 ypaxxeHHs XBopoOamu, cTpeciB (B Oanax, Makcumym — 9):
CKIIEpOTiHI03 — 8; 6aKTepio3 — 7; BIpPyCHI XBOPOOHU — 8; MEPOHOCTIOPO3 — 6; OCUIIAHHS
— 7; eHepris MoYaTKOBOTO POCTY — 8; BUJISITAaHHA — 9; po3TpicKyBaHHsS 0001B — 8.

Copt coi EC MeHTOp no€/iHy€e BUCOKUM CTaOUTbHUI BpOXKaid Ta BMICT OUIKIB.

BucHoBKkH 10 po3ainy 2

1. locnigna TTSTHKA 3 JEPHOBUM DINOOKUM JIEHOBUM

NII[aHUCTO-JIETKOCYTNIMHKOBUM TPYHTOM JIOKaJdi30BaHa Ha MIBAEHHIA Mexi Maioro
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[Tomiccst 1 MOBHICTIO PENIPE3CHTYE YMOBH IHOTO paiioHy. OmucaHa IpyHTOBA BiJIMiHA
Ma€ THUIIOB1 arpoxXiMiyHl BJIACTMBOCTI JJISi EKCTPAmoJiAllii BUCHOBKIB Ha IIUTY
PUPOIHY 30HY.

2. Bubpani cy4acHi Ta CTaHIapTU30BaHI METOJU JNOCTIIHKEHb 1 MOIMIUPEHUN Y
BUPOOHHUIITBI, cepeHbocTurmil copt coi EC Mentop.

3. 3acTocoBaHI Cy4acHI CTaTUCTHUYHI METOAM aHali3y JaHUX Ta TpadidyHOro
MOJICJTIOBAaHHSI ~ BHSBICHUX  3aKOHOMIpHOCTEH.  Bukopucranmii  aaroputm

JUCIEPCITHOrO aHami3y, KU HaMU YOCKOHAJIEHUH 1 onmyOuikoBaHui [16].

Pe3ynbratu mociiipkeHb 3a po3aiioM 2 BUKIIQAeHO y myomikarii [16; 228].
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Po3nin 3

BIIJIUB CUCTEMUM MIHEPAJIbHOI'O YIOBPEHHS COI
HA ITAPAMETPU AT'POXIMIYHHUX ITOKA3ZHUKIB
JJEPHOBOTI'O INIEMOBOI'O TPYHTY

OnTuManabHe KOpeHEeBE JKUBIIEHHS COT YIIPOJIOBXK aKTUBHOI BereTallii 3a0e3nevye
MOBHY peaizailito 6ionoteHIiany copty Mentop. OCHOBHUM JIKEPEIOM >KUBJICHHS
O0loibHUME elleMeHTaMHu € aTMOC(hEepHUN Ta TPYHTOBHM a30T, IPYHTOBI pecypcu
dbocdopy 1 ka0 Ta IHIIUX €JIeMEHTIB. BHOCSYM a30THI MiHepaiabHI J00pHBa, MU
BTpy4aeMOCsl y Tmporec a3oTdikcallii, OCKIIbKA HITPATH NPUTHIYYIOTH PO3BUTOK
a30(hiKCyBalIbHUX CHUMOIOHTIB Ha KOPEHSIX. 3aBIaHHS IbOTO PO3JAUTY — IMOSCHUTH
3aKOHOMIPHOCTI BIUIMBY a30THUX Ta (OCcPOpHO-KaNIMHUX MIHEpATIbHUX J100pUB,
¢dopm™m, 1103 1 CTPOKIB iX BHECEHHsS Ha arpoxiMiuHI BJIACTUBOCTI IPYHTY, 3 SICyBaTH
JTUHAMIKY TTOKa3HUKIB pi3HUX (OpM azoTy, pyxomoro ¢ocdopy i 0OMIHHOTO Kalifo.
BoaHowac ciii BCTAaHOBUTH BIUIMB a30THUX MiHEpaJbHUX NOOpPUB y B3aeMomii 31
crabumizatopoMm HiTpudikamii — HiTpanipuaoM y ¢opmi npenapary N-Lock™,
azoTdikcyBadbHUX Ta (ocPopMoOUTIZ3AIIHHUX 1HOKYJISAHTIB Ha BMICT OCHOBHHUX
€JIEMEHTIB UBJICHHA y IPYHTI, 30KkpeMa (opM a30Ty, YIPOAOBXK aKTUBHOI Bereraii
coi. 3’sCyeMO CTyMiHb BIUIUBY B3a€MOJii Cylb(aTHUX Ta HITPATHUX JOOpHUB 3
HITpAllipUHOM Ha EeMICII0 3aKHUCy a30Ty Ta pPeakiil0 IPYHTOBOIO PO3UMHY 32

MTOKa3HUKOM pHy.

3.1. BiiuB MiHepajbHOro ynoOpeHHsi coi Ha BMicT pyxomoro ¢ocdopy Ta

OOMIHHOI'0 KAJIiI0

3a perynsipHOrO BHECEHHsS BHCOKHX HOpPM a3ory, dochopy 1 Kamiro, OKpiM
BUHECEHOTO 3 BPOXAEM, y IPYHTaX HAKOMUYYIOTHCS 3amacy MOKMBHUX PEYOBUH Ta

rymycy [18; 94; 103; 62]
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3a HamMMH JOCIHIKEHHSIMU BHECEHHS (ochOopHO-KaMMHUX AOOpPHUB y HOpMI
P4 Ko Tiepen ciB6Or0 coi 3yMOBITIOBAJIO MiABUIIEHHS pecypciB pyxomoro docdopy Ha
noyarky Bererauii 2023 poky Ha 27% (Bim 124 Mr/Kr rpyHTY Ha HEyIOOpEHOMY
BapianTi 10 135,2 Ha yno6perHomy ¢oni — puc. 3.1). Piens Bmicty pocdopy — 134,9-

135,2 MI/Kr IrpyHTY HaBeCH1 BCTAaHOBUBCS Ha 1HIIUX YI0OpPEHUX BapiaHTaXx.

E=RP205 y dhasi cxogiB E=P205 npu 30upakHi EERK20 y casi cxoais

K20 npw 30oupanHi =C=Ypoxaid, T/ra

Mr/Kr 1391 5
135,2
, 134,9 322

130

120 1159 1151

110 -
100 -
90 - | 4
80 |
70 -
60 -

50 -

KoHTtponb — 6e3 yaobpeHHs ®oH + N30 - Nsa (n.c)) ®oH + N30 - Nsa (n.c.)+N- ®oH + N30 - Nsa (n.c.)+P-
mobiniaytodi bakTepil mobiniaytoui 6akTepii

Puc. 3.1. 3minu BmicTy pyxomux ¢ocdatiB Ta 00MiHHOTO Kalito y opHomy (0-20 cm)
mIapi IpyHTy YIPOJOBXK BereTallli 3aJIe3KHO B1Jl CUCTEM yn00peHHs coi y 2023 poii

(p < 0,05).

IIpote, 3acTocyBanHs iHOKyasHTa Paiic I1i (BupoOHUK ArpiTemMa), SIKHUil MICTUTh
dbocopmoOLTizaliiinl  Oaktepii B. amyloliquefaciens na ¢doHi Py, cnpusiio
MIJBUIIEHHIO BMICTy pyxomux ¢ocdariB 1me maoaarkoBo Ha 3,9 MI/KT TPYHTY.
[HOKYmsALIsT HAaciHHS coi 3a0e3medmsia BUIIMK BMICT pyxoMux ¢ocdariB B OpHOMY
mapi 0 caMoro 30WpaHHS BpOXKalo, IO MIATBEPIKYE TO3UTUBHY pOJIb

OakTepiaJbHUX IpernapariB y Mooimizaiii ochaTHUX pecypciB IPYHTY.
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BiacytHicts dochopHOoro gobpuBa y cucteMi yaoOpeHHS COI CHPHYMHIOE
HaWHIKYUN BMICT pyxoMux ¢docdariB B OpHOMY IIapi IPyHTY sK y (a3l CXOdiB, TakK i
py 30MpaHHI BPOXKAl0, 1110 CBITYUTH PO BUCHAKEHHS IPYHTY.

Pecypcu obGminnoro kamito (puc. 3.1) B opHOMY IIapi JAEpHOBOTO TJIEHOBOTO
IpyHTy 3pociu Biag BHeceHHs K, Ha 11,1-11,9 mr/kr. KonuBaHHS BMICTY IIOTO
eJIEMEHTa 3aJIeKHO BiJ 1HIIKUX (DAKTOpPIB 1 BIPOAOBXK BereTaiii Oylu HE 3HAUHUMHU.
[IpoTe HaBiTH 3a MIHIMAJIBHOTO BPOXKAK COi Ha KOHTPOJI 03 JOOpHUB 3MEHIIICHHS
pecypciB OOMIHHOTO KaJlil0 B OPHOMY 1 MiJIOPHOMY IIapax J0 30MpaHHs BpOXKaro OyJio
HaiBaromimum — 110 101,4 Mr/Kr rpyHTY.

@®opmyBaHHSI (piTOMAcH COi B XOJlI POCTY 1 PO3BUTKY POCIHH MOTPEOyBajo
BUKOPUCTaHHS TIpyHTOBOro Qocdopy Ta kamito, Tomy iXx pecypcu B OpHOMY 1
MiJJOPHOMY Iapax A0 30upaHHs Bpoxato 3meHmmwiucs (puc. 3.1). Omke, podbumo
BHUCHOBOK, LI0 PECYpPCH IPyHTOBOIrO (pocdopy Ta Kajito, sKi BaroMo 301IbITYBAINACS

pu BHECEHHI Py 11T OCIHHIO OpaHKy, BHCHAKHIIINCS 10 30MpPaHHS BPOXKALO.

3.2. BiuiuB /103 2a30THOI0 MiHEPaJIbHOI0 YI0OpPeHHs TA iHOKYJISAUIl HACIHHSA

Ha GopMyBaHHSA pecypcy A0CTyNnHHUX (GOopM a30Ty B IPYHTi

BupomntyBansst coi i 6€3 a30THOTO yI0OpEHHS TOKPAIY€E POIIOTICTh IPYHTY [82;
245]. Atmocdepuuii N, ¢ikcyeTbesi a30T¢hIKCYBAIBHUMU OaKTEPisIMU Ha KOPEHSX Y
Oynp6oukax [54; 51]. T'azomomiouuii a3ot N, meperBoproersest Ha NH, " HiTporeHazoro
3a yd4acTi OakTepii, siki MOro po3MIEIUIIOITh. BiH 3roloM HaaXOIWUTh Y TPYHTOBE
cepefoBUIIEe y AOCTYIHIN JUIs KUBJICHHS THIIUX KyJIbTyp ¢Gopwmi. biodikcarris azoty
abo miazorpodis — 1me OIOXIMIYHMI TIpoIlec 3a y4YacTi EH3UMHOTO OIJTKOBOTO
KOMILIEKCY HiTporeHasu [264; 203], 3a 1oMOMOToi0 SIKOro MosieKyisipauii a3oT (N,),
SKUI Ma€ MILHUMA MOTPIMHUI KOBaJIEHTHUH 3B’ SI30K, IEpeTBOProe€Thes Ha amiak (NH;)
a00 CHOp1AHEHI a30THUCTI CIIOYKH, SIK IPAaBUJIO, y TPYHTI UM BOJHUX cucTeMax [264].

[IpoTe MiHepanbHI a30THI 100pUBa 1 IPYHTOBI PECYPCH IOCTYITHOTO a30Ty BCE K

BIJIICPAIOTh BAKJIMBY POJb Y MIATPUMAHHI NOTPeOH 3epHOBUX 0000BHUX KYJAbTYp [2], ¥y
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TOMY YHCI COi, Y TMOXHBHUX PEYOBHHAX 1 € BAarOMUM JDKEPEIIOM >KUBJICHHS IS
yTBOpPEHHsI OUIKIB Ta mneperBopeHHs eHeprii [250]. Craructuka mokasye, 1o
3pOCTaHHS BHECEHHS Aa30THHX JOOpPUB MPU3BEIO 10 30UIBLIEHHS BPOXAWHOCTI
arpokynsTyp y Citi Ounbmie, HiK Ha 40% [144; 273]. EdextuBHicTh H00pUB,
BHECEHUX MiJ KYJIBTypH, KOJUBAETHCS 3aJI€KHO BiJ 3MIH KJIIMaTy 30H 1 MOTOJHHUX
yMOB Berertaitii [53].

Suryantini & H. Kuntyastuti [241] 3’sicyBayin 110 BIUIMB a30THHX JOOpHB Ha
BpOXKall COi TUM CHUJIBHIIIUHM, YUM OLIbIIE BUCHAXKEHUI TPYHT MiCJIA MONEpeIHuKa. Y
IILOMY BHUMAJKYy KylIbTypa MOTpeOye OuUThIoi HOpMU a30THUX n00puB. Baecenns 30
Kr/ra kapbaminy a6o 90 Kr/ra amMOHIMHOI CENITPU CHPHUSIIO MiJABUIICHHIO BPOXKAIO
3epHa Ha 0,5 T/ra BiTHOCHO KOHTPOIIO O6€3 ynoOpeHHs Ta 3abemneuyBaiio 30ip 3,4 1/ra.
VY pasi nmoBTOpHOi CiBOM COi MiC/Is COi BOHA HE BIATYKYyBayacs Ha JIOAATKOBOI JIO3H
A30THUX JOOPHUB JJIsl MiJBUILECHHS BPOXKAMHOCTI 3epHa 1 3abe3neuyBana 10 3,0 1/ra
3epHa.

[ToTpiOHO pO3pOOUTH HAayKOBE OOIPYHTYBaHHS BIUIMBY MIHIMAJIbHUX Ta
MIJBUIIIEHUX HOPM a30THOTO YAOOpEHHS Ha MPOAYKTUBHICTH COi y paiioHi Mamoro
[Tomices. Ha pecypcu erkoriipoiii3HOTO a30Ty — OCHOBHOTO €JIEMEHTA >KUBJICHHS B
aMOHIMHINA Ta HITpaTHIA ¢opMax, BIUIMBAIOTH K HOPMH MIHEPAJIBHOTO a30THOTO
yaoOpeHHs, TaKk 1 0OpoOJIeHHS HACIHHS a30THUMH 1HOKyJAsSHTaMu. ONTUMaTbHUAN
3amac JOCTYITHOTO a30Ty BU3HAYa€ BEIMYMHY MAaKCHUMAJIbHOTO BPOXKAK0 Y PaHHbO- YU
MI3HBOCTUIIIUX COPTIB, IK MEHTOD.

B opnomy miapi TrpyHTYy HAmIOro JIOCTiAy 3a BIACYTHOCTI YyHOOpEHHS
30epiraeTbcsi MPUPOTHUM CepeHINA BMICT JIETKOT1POJI3HOTO a30Ty — 121 Mr/Kkr cyxoi
Macu (puc. 3.2). Y HamoMmy eKCHepUMEHT1 0e3 BHECEHHS a30THOTO J0OpUBa B IPYHT
CIIOCTEPIraéMO HAWHIKYMI BMICT JIETKOTIPOII3HOTO a30Ty B OPHOMY IUIACTI JO

30MpaHHs ypoXKaro.



A, MI/KT

ITPaTHMI

N H

8 1332 132.8

Hitpati y BytoHisauito, mr/kr  EZZAHitpatit npu 3bupaHi, Mr/kr

Ypoxai, T/ra ==CO==Nrigp. y ByToHisaLito, Mr/kr

{ e
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=4 =Nrigp. npu 36upaHHs, Mr/kr

1319

NS

L F-eo

-
-
-
-
e

KoHTponb - be3 ®oH + N30 - Nsa (n.c. ®oH + N30 - Nsa ®oH + N30 -
yoobpeHHs n.c.)+N30 - Nsa (¢.6. Nsa+HiTpanipuH
n.c.)+N30 - Nsa (..

Puc. 3.2. 3MiHM BMICTY HITpaTIB Ta JIETKOT1IPOJII3HOTO a30Ty B opHOMY (0-20 cM) 1m1api IpyHTY MiJi BILIUBOM a30THOTO

®oH + N30 -
Naa+HiTpanipuH
n.c.)+N30 - Naa (¢.6.

®oH + N30 - Nsa
n.c.)+N-mobiniayroui

BakTepii

yIOOpEHHS, HITpaMipuHy Ta 1HOKYIALIL coi ympoaosxk Beretarii y 2023 pori (p < 0,05).
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Bin OyB MiHIManhbHO HHM3BKUH HaBITh 3a BHECEHHS aMOHIWHOI cemiTpu N
(ocHoBHE) Nj, (mipxkuBieHHs y (a3l OyToHizalli), ajge 3a 3aCTOCYBaHHS 1HTI0ITOpa
HiTpudikamii — 120,9 mr/kr rpynty). Hirpamipun Ha Qoni BHeceHHa Nj, nepen
ciBOOIO 3HAUHO BAaromiiie 3HWKYBaB YTBOPEHHS HITPATIB 32 BUKOPUCTAHHS CYIb(haTy
aMOHII0, HI’K 32 BUKOPUCTaHHS aMOHIMHOT CeiTpHu.

Brecenns aszory mepen ciBOO0 B HOpMi N, a TakoX MiIKUBICHHS Nj,
MIJBHIIYE 3arac JOCTYIMHOro a3oty Ha 7,1-12,1 Mr/kr rpyHTY y (a3l OyToHizarlii , 1o
€ XopowmuM (OHOM ISl CTapTy aKTUBHOI BereTalii coi. 3aCTOCyBaHHS HITpalipuHy
micJsl BHECEHHS Cyib(ary aMOHIIO ICTOTHO, a aMOHIMHOI CENITPH MEHII 1CTOTHO
3HM)KY€ YTBOPEHHS HITPAT-HOHIB B OpHOMY Iapi. PiBeHb iX BMICTY OMYCKAa€THCS 110
pIBHA 3a MIHIMAJbHOIO a30THOTrO ynoOpeHHs N, [lo 30MpaHHsS BMICT HITpaTy B
IPYHTI BaroMo 3MEHIIYEThCS 3a BHECEHHs HiTpamipuny. lle miarBepmxye BHCOKY
e(eKTUBHICTh 1HTI0ITOpa HITpU(IKALii M0A0 OOMEKEHHSI HAaKOMUYECHHS HeOaKaHUX
JUIA COT HITPATIB Y NMEPi0j aKTUBHOTO OylIb0O0UYKOYyTBOPEHHS.

[HOKYmIsALIIST HACIHHA a30TMOOUTI3AIIMHUMEU  OakTepissMu  B. japonicum 'y
npenaparti XaitKor Cynep Cost Ha doH1 N3Py K, (cynbdar amoHit0) He miaBUIIyBaIa
pecypcH JETKOT1IPOIII3HOTO a30Ty B OPHOMY IIapi MOPIBHSHO 3 HOpMOIO N3P Ky,

nepes ciB0oro Ta Ny B MDKUBJICHHS y (a3l OyToHI3allli.

3.3. 3minm BMicTy HiTpaTtiB y nmpodiai 0-60 cm 3ajexHo Big HOpM i popm

BHECCHHS A30THHMX 100pHB, BIUIUBY IHTi0iTOpPa TA iHOKYJIALIl HACIHHA

B ymoBax ¢izuxo-reorpadiunoi obmacti Mamoro Ilomices, ne cepenHbopiuHi
onmaau cra”HoBiATh 600-700 MM, a 3a mepion moxarHix temmeparyp — 350-500 mMm
JIOILIB, HEOE3IEYHUM € BHUMHBAHHS HITPaTiB, OCOOIMBO 32 BUCOKMX HOPM a30THOIO
ynoOpeHHs. HaamuikoBi pecypcu a30Ty B IpyHTI HETaTUBHO BIUIMBAIOTh HA CTIMKICTh
POCIMH 10 BWIATAHHS 1 ypaxkeHHs1 xBopobamu [53; 52]. Brpatu arpoekocucremamMu
a30Ty 3a MEXI Majoro 010reoxXiMiyHOro HUKIY MicusaMu csraioth 40-70%. Tomy

BUBYCHH: BILJIUBY MiHCpaHBHOFO KHNBJICHHA Ha HpOI[YKTI/IBHiCTB col B
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IPUPOTHO-KIIMATUYHUX yMOBaX JIOCTaTHBOTO ¥ HAJUIMIIIKOBOTO 3BOJIOXKEHHS €
aKTyaJbHUM B YMOBaX JTWHAMIYHUX 3MIH KJIIMaTy 1 pO3BUTKY arpOBUPOOHHUIITRA.

3BITPIOBaHHS Ta BUMUBAHHS € HAUMOIIMPEHIIIMMH TIO0ATbHUMU MPOLIECAMU,
K1 CIIPUYMHSIOTh HAMOUIbIIIE 3aHETIOKOEHHS ITOJI0 BTPAT a30Ty IpyHTOM. OOMIBa IIi
sBUIIA BiAOyBalOThCA B yMOBax Bosiororo IpyHTY. JleHiTpudikaiis mnonsrae y
BiTHOBJICHHI HiTpaTiB 10 HITpUTIB (NO,) [245], a 3romomM a0 razonomaioHuX ¢Gopm,
TOMI SK BUMHBAHHS — II€ NPOCTO MPOMUIbHE MEPEeMIIIeHHs a30Ty 13 IPYHTOBOIO
BO/IOI0. BUMUBaHHA YacToO CHPUYMHIOE OLIbIIE 3aHETOKOEHHS, OCKILIbKH HITpar
PO3YMHHHM y BOJI 1 MOXE JIETKO MPOHUKATH B IPYHTOBI BOJIU 1 3pEIITOIO MOTPAIUIATH
y TMIOBEPXHEBI CTOKH Ta IPYHTOBI BO/IHI JDKEpena.

Hitpar-ionm He aacopOyrOTbcsi TPYHTOBHUM BOMPHUM  KOMIUIEKCOM 1,
nepeOyBaroud y pO3YMHEHOMY CTaHi, JIETKO MEPEeMIIIYIOThCS M0 MpoQLI0 IPYHTY 3
KalJsipHOIO 1 FPaBITAlIHHOIO BOMOI0. PyXJIMBICTH HITPATIB 3aJEXKUTh Bl KUIBKOCTI
[72], wacy BHECEHHS a30THHMX JOOpHWB Ta BIACTHBOCTEH TIPyHTY. Y TIMHHUCTHUX 1
CYDIMHKOBUX TIPyHTaX 3 MEHIIOK BOJONPOHUKHICTIO MIrpallis HITpaTiB 11032
puzocdepy nenio cnoBiibHeHa. HalBuIIIE HITPATH 3MUBAIOTHCS BHU3 MO MPOQLIIO
HaBecHi. ToMy iX BelMKa KUTBKICTB Y ITI0 TIOpy He OakaHa, Xxo4a y Takiil popmi azor
HalJIer e 3aCBOIOETHCS POCITHHAMH.

JluHaMmika BMICTY HITpaTiB BIPOJOBXK poky 3rinHo 3 I Tocnogapenkom [21; 22]
Ma€e JBa TIIKM KOHIIGHTpaIlli — HaBeCHI Ta BOCEHH. BpaxoByrouu, 10 BMICT
AMOHIMHOTO a30Ty YMHPOJIOBXK POKY MPAKTUYHO 3MIHIOETHCA Majo, MapajielbHo i3
BMICTOM HITpaTiB BIPOJOBXK CE30HY 3MIHIOETHCS 1 BMICT YCHOTO JOCTYITHOTO
MIHEpaJIbHOTO a30TYy.

Hamri gocnigpkeHHST TMOLMIMPEHHS HITPaTiB y mpodiim IPYHTY MOKa3aiH, L0
BHECCHHS aMOHINHOI cemiTpu OiIbllle HACHYYBaJIO OPHHUM 1 MIJIOPHUM IHapu,
MOPIBHSHO 3 cyiab(darom amoHito (puc. 3.3). MiHiManbHa HOpMa a30THOTO YIOOpPEHHS
Nj;, Ta 1HOKYJIALISA HACIHHA CIPHUIM MIHIMI3allil YTBOPEHHS HITPATIB y IPYHTI, LIO €

CIIPUSATIMBUM 11 Oyab00UKOYTBpEHHS Ha KOpiHHI coi. HiTpamipuH npu3ynuHsB
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nomupeHHs HiTpaTiB Hux4e 40 cM K 3a BHECEHHS aMOHINHOI, Tak 1 HITpPaTHOI

dbopmu a3oTy, BiaAnoBigHO 10 3,0 MI/KT Ta 10 5,2 MI/KT.

®oH + N30 - Nsa (n.c.)+N-
mobinisyrodi bakTepii

®oH + N30 — Naa+HitpanipuH
(n.c.)+N30 - Naa (¢0.6.)

®oH + N30 — Nsa+HiTpaniput
(n.c.)+N30 - Nsa (¢.6.)

®oH + N30 - Nsa (n.c.)+N30 -
Nsa (¢.6.)

®oH + N30 - Nsa (n.c.)

KoHTponb — 6e3 ynobpeHHs

71
6,6
9,2
3,5
3,0
2,9
2,6
4.1
3,0
3,2
2,3
21
|67
9,1
48
43
3.1
2,8
9,2
4.5
3.1
33
2,8
2,9
3,2
30
2,9
2,8
2,9
0 4 6 wr/ra 8

O®a3sa
ByToHisawii 0-
20 cm

| dasa
ByToHisawi 20-
40 cm

O®asa
ByToHisawi 40-
60 cm

@ 36upaHHs, 0-
20 cm

B 36upanHs, 20-
40 cm

0O 36upaHHs, 40-
60 cm

Puc. 3.3. 3MiHM BMICTY HITpaTIB y IPYHTI i/l BILIMBOM a30THOTO yAOOPEHHS CO1,

HITpamipuHy Ta IHOKYJAIIT a30T(HIKCYBaTTbHUMH OAKTEPISIMH YITPOIOBK

BECHSHO-JTITHBOI BereTairii y 2023 portii (p < 0,05).
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HasBnicTe HiTpaTiB B opHOMy Imapi y (a3i OyToHizallii BH3Ha4ae HopMa
a3oTHOro ymnobOpenns, a dopmyna (2.1) (auB. po3a. 2.) I03BOJISE OOYUCIUTH iXHI
3amack B opHoMy (0-20 cM) mapi 3 ypaxyBaHHSAM (I3MYHHUX BJIACTUBOCTEU
JIEPHOBOTO TIIEHOBOro IpyHTY. Pe3ynprarn oOuMcieHHs Ha pUCYHKY 3.4 MOKa3yloTb,
0 CcymMapHa HOpMa a30Ty Nsp.3p HaBITh 3a 1HTIOYBaHHS HITPAaTOyTBOPEHHS
HITpalipuHOM CTBOpIOE 3amac HiTpariB 18,5 kr/ra, 1O CHOPUYMHIOE TIEBHE

NpUTrHIYeHHs Oyp00ukoyTBOpeHHS (puc. 3.4).

mm NHiTp. y OyTOHI3aLito, Mr/Kr C—13anacy Hitparis, kr/ra E==3 Ypoxali, T/ra =O--[osa N, kr/ra
20 kr/ra
18,5
18 174
; 60 60
60 OFf--------m- Vo S Q 60
16 + i
s 14.6 N
€14 135 s kN 13.8 - 50
=§ "’ \‘\
12 . S
& s 40
10 / A
83 i 2
- ) 30 30 - 30
£ 2 o
g
= 6 7

Koutponb —Bes  @oH + N30 —Nsa  ®oH + N30 - Nsa ®oH + N30 - ®oH + N30 - ®oH + N30 - Nsa

ynobpeHHs (n.c.) (n.c)+N30-Nsa  Nsa+HiTpanipuH Naa-+HiTpanipuH  (n.c.)+N-mobinisytou
(h.6) (n.c)+N30-Nsa  (n.c)+N30 - Naa bakTepii
(@6) (@6)

Puc. 3.4. 3minu 3anaciB HITPaATIB B OPHOMY LIAP1 IPYHTY 1]l BILTABOM a30THOTO
yAOOpPEHHS COi, HITpamipruHy Ta IHOKYJISIIT a30T(IKCyBaTbHUMU OaKTEPisIMU

YIPOJIOBXK BECHIHO-TITHROI Beretalli y 2023 porti (p < 0,05).

Hamn exkciepyuMeHTH [OBOAATH CTiMKE NPUTHIYEHHS MIKPOOPTraHi3MiB, SIKI
CUHTE3YIOTh €H3UMH HiTpu(ikaiii. Y IpyHTI CIOBUIBHIOETHCS TpoIiec HiTpudikarrii
3a HasBHOCTI MiJIBUIIEHUX PECYpPCIB a30THUX CHOJYK. BiaTrepMmiHyBaHHS Tepiony

BHCOKOTO BMICTY HITpariB MpH All 1HT10ITOpPIB HITpU(IKALii B IPYHTI € Ba)KIMBOIO
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YMOBOIO TOKpAIIIEHHS YMOB pOCTYy H PO3BUTKY OyiIbOOYKOBUX CHMOIOHTIB, a
BIIMOBIAHO 1 TMIJBUIICHHS BpoXarw 3epHa coi. CBoedyacHe BHECEHHs 1HTI0ITOpa
HITpU(QIKalll B I'PYHT 3MEHILIYE HMOBIPHICTh BUMHBAHHS HITPATIB 1HTEHCUBHUMU
omagamu. lle m03Boisie 3amoOIrTH BTpaTaM YacTUHU IIOXKHUBHOTO a30Ty 4epes
BUMMBAHHS 32 MEX1 KOPEHEBOi CUCTEMH 1 MIJBUIIUTH €(PEKTUBHICTh BUKOPUCTAHHS
a30Ty MiHEpaJbHUX I0OPUB.

OxpiM BUMUBaHHA HeOE3MEKy JJi TOBKULIS CTBOPIOIOTh BUKHUIIM 3aKUCY a30Ty
N,O 3 rpyHTIB y Hacaiok AeHiTpudikaiii. BoHu mpakTuuHoO 3ajiekarh BiJ MIKpOOHOT
HiTpudikamii Ta  mporeciB  aeHitpudikamii  pazom 3 HEOIOTHYHOIO
xemojieHiTpudikariero. MikpooHe BuauieHHS N,O 3aJI€KUTh Bl HASIBHOCTI B IPYHTI
BEJIMKOI KIUJIBKOCTI a30Ty J00puB y ¢opMax amoHito 1 HiTpariB [115; 114; 224].
CtpykTypa IpyHTY BIuMBae Ha mBUIKICTH BTpaT N,O [150]. I'pybo3epuuctuii rpyHT
cxuipHIMKA 10 BTpar N,O, ToAl SIK JIpIOHOCTPYKTYpHHMH IPYHT MAa€ 3/aTHICTb
yTPUMYBATH 3aKHC a30Ty Ta 3MEHIIIYBaTH HOTO EMICIIO.

OLiHKY pIYHUX OOCSTIB 3aKUCY a30Ty B MaciTadl €eKOCHUCTEM 13 arpOIPYyHTIB Y
nomipHomy kmmari 3aidcHuan C. Roelandt et al [217] ta K. Butterbach-Bahl et al
[118]. Bukuau a3oTHUX Ta3iB 3anexaTh Bia TpodHocTi rpyHTiB [133; 192; 135; 146],
Temrieparypu IpyHTy Ta (opm no0puB [180], a Takok BiA UIIIBHOCTI POCIMHHOTO
MIOKPUBY, 10 aCUMIITIOE a30T [224].

VY Hammx exkcrnepuMeHTaxX IMiJIBUILEHI 3alacu HITPaTiB Ta BUCOKI HOPMH
a30THUX JOOpUB CIPUUYMHIOIOTH 3HAYHY €MICII0 3aKucy a3oTy B armocdepy.
Pozpaxynok Bukumy N,O 3a dopmynoro (2.2) (auB. po3main 2) MoKa3aid, IO
BHeCeHHSI Ny, y J1Ba IpHUIlOMYy Ta BMICT HITPaTIB y I'PYHTI 3yMOBIIIOIOTh BUKHIU B

o0cs3i 1,8 kr/ra razomomiOHOTO 3aKuCy a30Ty B atmocdepy (puc. 3.5).
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== [1o3a N,kr/ra =O=Ewmicia N20, krira
‘krira krira
60
1,5
50
40 100/
1,0
30
20
0,5
10
0
0 | 0,0
Kontponb - 6e3  ®oH+N30-Nsa Pon+N30-Nsa  ®oH+N30- ®oH+N30-  ®oH+ N30 - Nsa
yaoGpeHHs (n.c.) (n.c.)+N30 —Nsa  Nsa+uirpanipun  Naa-+HiTpanipux (n.c.)+N-
(¢h.6.) (n.c.)+N30 - Nsa  (n.c.}+N30 - Naa MoBinisyroui
(¢.6.) (h.6.) Baxrepii

Puc. 3.5. 3miHu 00cCsTIB eMicii 3aKuCy a30Ty 3 IPYHTY MiJl BIUIMBOM a30THOTO yIOOpPEHHS CO1, HITPAMIpUHY Ta IHOKYJISIIT

a30T(]iKCyBaJIbHUMH OaKTEPisIMHU YIIPOAOBXK BECHSIHO-TITHBOI Bererauii y 2023 poui (p < 0,05).
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Ile#i ra3 HamexuTh N0 HEOE3MEYHWUX TMAPHUKOBUX Ta3iB, TOMY CBITOBa
EKOCIIJIBHOTA TY>Ke 3aHEMOKOEHA 301JIBIIIEHHSIM HOTO0 BUKHUIIB B arpOCEKTOPI.

besnocepenne 3BITproBaHHA MapHUKOBOro razy N,O — 3aKuCy a30Ty, 3 IPyHTIB
3aJIe’KaTh Bl aKTUBHOCTI MIKpOOHOI HiTpudikaiii Ta AeHiTpudikamii [245], B Tomy
YHUCIl pa3oM 3 HEOIOTHYHOI XeMojeHiTpudikamiero. MikpoOHe nmpoaykyBanas N,O
3aNIeKUTh BIJ CHPHUATAUBUX TiIPOTEPMIYHUX YMOB, HASBHOCTI B IPYHTI BEJIHKOI
KUIBKOCT1 a30Ty MIHEpAJIbHUX Ta OpPTaHIYHUX T00pHB y (opmMax aMOHIIO 1 HITpaTiB
[117; 214; 269; 270; 275].

3aBmaHHsS arpapHOro BUPOOHUIITBA HE JOMYCTUTH HEMPOIYKTUBHHUX BTpPAT
ra3ono/iOHOro a30Ty, OCKUIbKM II¢ He JIMIIe MiJBUINYE BiAgadyy JOPOTHX
MIHEpaJIbHUX JI00pUB, a W 3axuiiae arMocdepy BiI 3a0pyaHEHHS HeOAKaHUMH

ra3oBMMH KOMIIOHCHTaMH.

3.4. 3MiHa KHCJOTHOCTI I'PYHTY il BILIMBOM CHCTeM y100peHHs COi

JlepHOBI TIJIeHOB1 TIPYHTH 3a KHCJOTHICTIO HaJeXaTh J0 CIA0OKHCIHX
(pH,, 5,5-5,8), a 3a TIAPOTITUYHOIO KHUCJIOTHICTIO — OJU3bKI JI0 HEUTPaIbHUX
(1,0-2,8 mr-exB Ha 100 T rpyHTY) [48]. g onTumizaiii ymoOpeHHs CO1 BaKJIMBO
3’sICyBaTH BIUIMB a30THUX JOOPHUB, HITpAMIPUHY Ta MpenapariB 1HOKYJIALIT HACIHHS Ha
3MiHHM B KACJIOTHOCTI OPHOTO 1 TiJJOPHOTO TUIACTIB IEPHOBI TIIEHOBOTO TPYHTY.

3a HaMMMHU JOCIHIPKEHHSIMH 301IBIIECHHS KHCJIOTHOCTI OPHOTO 1 IMJIOPHOTO
IUIACTIB IPYHTY MOXJIMBE 1]l J1€l0 a30THUX A00puB. HaTtoMmicTe HiTpamipuH
HEUTpai3y€e MiJKUCIECHHS TPYHTOBOTO PO3UMHY HITpAaTaMH, OCKUTBKH MPUTHIYYE X
NpoAyKyBaHHs. bBylo BCTaHOBIIEHO, 10 HAa T YIOOpEHHS Cylb(paroM aMOHIIO
NIJKACIEHHS IPYHTY OyJI0 3HAUHO MEHIIHMM, HIXX MPU BHECEHHI aMOHIMHOI CENITpU
(puc. 3.8).

VY a3y Oyronizailii y1oOpeHHs aMOHIMHOIO CEJIITPOIO0 B OJIUH 1 B JIBa MPUHOMU
HaMCHIBHIIIE MIJKUCIHIO PEAKIiI0 OPHOTO Mapy IpyHTY — 10 pH,,, 5,62-5,63 mpotu
pH.,, 5,65 3a BHeceHHs cynbdary amoHito. HeWTpamiszyroda mis HITpamipuHy Ha

IPYHTOBUM pO3YMH YITKIIIE MPOSABIAJIACA 32 BHECEHHs cCylbdary amoHiio. 3a
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MIHIMAJILHOTO a30THOTO yAoOpeHHs cyiabhaTHUM A00puBOM pi3HUI y pH,

cranosuia 0,04 oguHULI].

®oH + N30 - Nsa (n.c.)+N- & Qasa
mobinisyroul bakTepii ByToHiI3auli,
pH - 0-20 cm
®oH + N30 — Naa+HiTpanipuH
(n.c.)+N30 - Naa (¢.6.) B asa
ByToHiI3auli,
pH - 20-40 cm
®oH + N30 — Naa+HiTpanipuH
(n.c.) @ ®a3a
ByToHiI3auli,
®oH + N30 — Nsa+Hitpaniput pH - 40-60 cm

(n.c.)+N30 - Nsa (¢.6.)

B 3bupanHs, pH

®oH + N30 — Nsa (n.c.)+N30 - -0-20 cm

Nsa (¢.6.)

3bupanHs, pH

®oH + N30 — Nsa+HiTpanipuH - 20-40 cm

(nc)

8 3bupanHs, pH

®oH + N30 - Nsa (n.c.) - 40-60 cm

KoHTponb — 6e3 yaobpeHHs

6,0  pHcon.

H

Puc. 3.8. 3MiHa KUCIAOTHOCTI I'PYHTY 3a BIUIMBY a30THOT'O YIOOPEHHS Ta HITpalipuHy

yrpoaoBx Beretaitii 2023 poky (p < 0,05).

AzormoOimizariini  O6aktepii Ha (oHi N;, (cymbdar amonito) Ta PgKy,
BUKOPHUCTAHI VISl 1THOKYJISALII HACIHHS CO1 HE CIIPUYMHUIIMN IIIKUCIICHHS OPHOTO MIapy

HaBITh 0€3 BHECEHHS HITpaNipUHY, IKUIl MPUTHIYY€ YTBOPEHHS KUCIHUX HITPATIB.
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3araJbHOI0 TEHACHIIIEIO € 3MEHIIICHHS KUCIIOTHOCTI TOPH30HTIB BiJl IOBEPXHI J0
60 cM. Cynpdar amMoHIIO y TOE€IHAHHI 3 HITPAMIPUHOM CIpPHS€ HEUTpaizarii
MIJJOPHUX TOPU3OHTIB, IO OMOCEPEAKOBAHO CBIIYUTH MPO OOMEKEHHS BUMHBAHHS
HITpAaTiB Y HUXKHI TOPU3OHTH.

Jlo 30upaHHs BpOXKaro KUCIOTHICTh IPYHTY cCliafalia 1 HalOIbIIe MiATy>KyBaHHS
BCTAHOBJICHO Ha KOHTPOJI 0e3 J00puB Ta 3a a30THOTO ymoOpeHHs (Ns)) cyiabharom
aMOHI10, 0COOJIMBO 3 BUKOPUCTAHHSM HITparipuHy.

Otxe, sIK MOXKHa 3pOOMTH TNONEpPEIHI BUCHOBKH, BHUBUEHHS (DI3HMKO-XIMIYHUX
3MIH i1 BIUTMBOM (OpM a30THHX, POCHOPHHUX Ta KaIIWHUX TOOpUB, HITpAMipUHY Ta
THOKYJISIIT Ha KUCJIOTHICTh OPHOTO 1 MiJJOPHOTO IJIACTY JAEPHOBOTO IJICEBOTO IPYHTY,
nokazano, mo ¢oHoBe yaoopeHHs coi Py Ky, momBoeni Hopmu azoty (Nsg.39) Ta
HITpaMipyH JIII0Th HA PEAKIIII0 IPYHTY, 3aJIEKHO BiJ] BUAY TOOPUB.

VY ny6mikamisx [209; 155] noBigoMisieThecs, MO KHUCII MIHEpajdbHI JOOpHBa
3MIHIOIOTH (DI3UKO-XIMIUHI TTapaMeTpH y TPYHTaX. 3a pe3yiabTaraMH €KCIEPUMEHTIB
[228; 135] iuribiTop HiTpudikallii, SKUA CIPUUYUHIOE 3MEHIIEHHS YTBOPEHHS

HITpariB, 3yMOBJIIOBAB CTIMKY HEUTpai3allit0 KUCIOTHOCTI 10 30MpaHHs BPOXKalo.

3.5. 3akoHoMipHOCTI KopeJifUiii MapaMeTpiB a30THOIO PEKUMY IPYHTY

3aJ1e5KHO Bil HOPM YI100peHHSI Ta 3aCTOCYBAHHS HITPANIPUHY

Po3paxyHku KopensmiiiHux KoedilieHTiB (7£), 1m0 MPeACTaBieHl B q0aaTKy b
(tabn. b.1), miaTBepawsid 3B'S30K HOPM BHECEHHS a30Ty 3 Oararbma 3MiHAMHU
arpoXiMiYHHUX BJIACTUBOCTEW TIPYHTY. Tak, BMICT JIETKOTiIPOJI3HOTO Ta HITPATHOTO
a30Ty B OPHOMY ILJIACTI IPYHTY MPAKTUYHO MPSMO IPOIMOPIIIHO 3aJI€KUTh Bi 00CsTY
BHeceHHs 100puB (r = 0,93-0,99), TicHul 3B'A30K BMICTY JIETKOTIAPOJII3HOTO a30Ty
30epiraeTbest 10 30upanHs Bpokaro (Tadun. 3.1). OpHuil 1 miAOpHUN MIIACTH TPYHTY
JOCTOBIPHO TICHO MIiJIKUCIIIOIOThCA K 1 (a3l OyToHizamii , Tak 1 A0 30upaHHs Mijg
BIUTMBOM 301IbIIIEHHSI HOPM BHECEHHS a30TYy.

ArpoxiMiuHi Ta (Hi3UKO-XIMIYHI TTOKa3HUKH KOPETIOBAIH Mik co6010 (Tabdm. 3.2).

30UTbLIEHHSI KOHIIEHTPALlll HITPAaT-HOHIB y OPHOMY Ta MHIAOPHUX IUIACTAaX IPYHTY
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30UTBITYBAIO KHUCJIOTHICTE Mpodiao mo pisHoMy. Y daszi OyTonizarii 6admmo
CepeHI0 HEeTaTUBHY KOpEJAIio MokazHuka pH,, Ta BMICTy HITpaTiB y MiAOpPHOMY
mapi rpyHty (» =—0,53). [Ipu 30upanHi Bpoxkaro o0epHEeHa Kopesiis Oyiaa y OpHOMY

ta rbokomy (40-60 cm) ropusontax (» =—0,58 - —0,60).

Tabnuys 3.1
IMoka3uuku kopeJsiuii (r = £) Bpo:Kalo col 3 HOPMaMM A30THOTO YI100peHHs,
3MiHamMu BMicTy ¢opMm a3ory Ta 3milieHusam pH,,, B opHomy Ta mizopHomy

apax rpyHTiB

ITokazHuk Jlo3a azoty Ypoxan 3epHa

VYpoxkaii, T/ra 0,74 X

Hitparu y ¢a3zi 6yronizarii (0-20 cm), mr/kr 0,93 0,76
Hitparu npu 30upanHi (0-20 cM), Mr/kr 0,66 0,27
Nrigp. y ¢asi Oyronizaiii (0-20 cm), Mr/kr 0,99 0,79
Nrigp. nipu 36upansi (0-20 cm), Mr/kr 0,91 0,83
daza Oyrtonizarii , pH - 0-20 cm 0,00 -0,16
®da3za Oytonizarii , pH - 20-40 cm -0,20 -0,16
®a3a OyTonizarii , pH - 40-60 cm -0,19 -0,07
36upanns, pH - 0-20 cm 0,17 -0,24
36upanns, pH - 20-40 cm -0,23 -0,72
36upanns, pH - 40-60 cm -0,60 -0,70

OTtxe, npu 30MpaHH] BpOXKAIO HACIIIKK YTBOPEHHS B IPYHTI HITPATIB BILIUBAIN
Ha IPYHT Yy O1K MiIKUCIICHHS.

KonrmenTparrisi J€TKOTiAPOTI3HOTO a30Ty MEHINIE ITiJBUIIyBajda KHUCJIOTHICTh
IPYHTY Ta HalicuipHIie B mubunHomy miacti 40-60 cm (r =-0,59 - —0,58).

OckUIbKM BHSIBJIEHI TICHI NEPEXPECHI 3B SI3KM 0ararb0X YMHHUKIB a30THOIO

KUBJICHHS Ta KHUCJIOTHOCTI y mpodumsix (moa. b; tabn. b.1), mu 3actocyBanu
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MOJICTTIOBAHHSI TTOJIBITHOTO BIUIUBY Pi3HUX (POPM TOCTYIMHOTO a30Ty, HOPM BHECEHHSI,

3MiH KMCJIOTHOCTI IPYHTY Ta BpPOXKar0 3€pHa.

Tabnuys 3.2

IHoxazHuku kopeuasuii ( = £) BpoKalo €0l 3 HOPMaMM a30THOIO Y100peHHSs,

3MiHamMu BMicTy popm a3ory Ta 3mimmennsim pH,,,, B OpHOMY Ta migopHOMY

apax rpyHTiB

Hirpatu B

OpHOMY LIapi

Nriap. B

OpHOMY IIapi

[Tokazuuk y da3i npu y ¢asi npu
OyToH13aIlli, | 30upanHi, | OyToHi3alii, | 30upaHHi,

MT/KT MT/KT MT/KT MT/KT
da3a Oyronizarii , pH - 0-20 cm -0,32 -0,58 -0,10 -0,30
daza Oyronizarii , pH - 20-40 cm -0,53 -0,72 -0,24 -0,35
®da3a OyrtoHizarii , pH - 40-60 cm -0,45 -0,60 -0,23 -0,39
30upanns, pH - 0-20 cm -0,17 -0,16 0,12 -0,05
36upanns, pH - 20-40 cm -0,42 -0,02 -0,27 -0,33
36upanns, pH - 40-60 cm -0,78 -0,48 -0,59 -0,58

Ha mizcraBl HAsBHOCTI TICHHX 3B S3KM YHWHHHUKIB a30THOIO JKHUBJIEHHS MU

3actocyBaiu 3/[-MoaentoBaHHA MOABIHOTO B3a€MOBIUIMBY PI3HUX (DaKTOPIB.

Sk moka3ano Ha pucyHky 3.9, 3]/[-Momens cuHeprii popM a30Ty CBIMUUTH, 110 32

MEHIIIOTO PIBHS BMICTY JICTKOT1APOI3HOTO a30Ty IMiABUIIIEHHS KOHIICHTpAIlli HITpaTiB

y IPYHTI1 HE 1CTOTHE.

3a BUIIOTO BMICTY JIETKOT1JPOTI3HOTO 30Ty, IKMM CIPUYUHEHUN TT1IBUIIICHHSIM

HOPM BHECEHHS a30THHUX JOOpHB CIOCTEPIraEMO CTPIMKE 3POCTaHHS KUIBKOCTI

HITpaTiB y IpyHTI. PerpeciiiHa 3anexHICTh A00pe ommcyeTbes (popmyinoro (3.1)

(puc. 3.9):
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Niirp, MI/KT = 23,8079 + 0,0065 < loza N(xr/ra)+ 0,2244 x N (mr/kr). (3.1)

SN e d i

Puc. 3.9. Tlpoctropona 3J[-Mozaenp perpecii moka3HUKa BMICTY HITPATIB Yy 3B’ s3KY 31
3MiHAMHU BMICTY JIETKOT1Ipoi3HuX (opm azoty y a3y Oytonizaiii B opuomy (0-20

CM) TJIACTi IEPHOBOTO TJIEHOBOTO IPYHTY Ta HOPMOIO a30THOTO YIOOPEHHS.

Sk mokazaHo Ha pucyHKy 3.10 TpyHT NIAKHCIIOBaBCS IyXKe Baromo 3a

MIOJIBOEHHST BMICTY HITpaTiB, ajie 3aCTOCOBAaHWH Jiana3oH /103 BHECCHHS a30Ty HE
CIJIBHO BIUIMBAB HA L0 TEHIECHIIO.

®opmyia (3.2) mIomuHHOI perpecii MATBEpIKYE 11e HEBEIUKUM KoepIIiEHTOM
perpecii 1031 a30Ty:
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pH,,, = 6,0451 +0,1249 x N,;_ +0,0013 x Jloza N(kr/ra) (3.2)

Ak nokazano Ha pucyHky 3.11, 3/I-monens cuneprii popm a30Ty CBIIUUTH, IO
3a MEHILIOTO PIBHS BMICTY JIETKOTIAPOII3HOTO a30Ty IMiJIBUIIECHHS KOHIIEHTpAIlii
HITpaTiB y IPYyHTI COPUYMHIOE CHIIbHIIIE MOTO MIJKUCICHHS. 3a BUIIOTO BMICTY €T

¢dopmu azoty pH,,, 3MIHIOETECS B OIK 10 HEUTPATIHHOTO.

W2 07-0 “LIOOHd

(=)=

O
S o2 ©
aAS T

AY
Q 5 J W W
. > reaT

Puc. 3.10. IIpocroposa 3 JI-monens perpecii mokasauka pH,,, y 3B’s3Ky 31 3MiHaMu
BMICTY HITPaTHOTO a30Ty y (a3i OytoHizaiii B opuomy (0-20 cm) miiacti 1€pHOBOTO

IJIEOBOTO I'PYHTY Ta HOPMOIO a30THOTO yAOOPEHHS.

®opmyna (3.3), mo omucye IUIOMIMHHY perpecito pH., Bia B3aeMoxii gopm

a30Ty y IPYHTI MATBEPUKYE 1€ 3 BAroMUMH KoedimieHTamMu perpecii hopm a3ory:
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pH,,, (6yToHi3. - 0-20 cm) = 4,063 +0,0147 x Nyj,o +0,0599 x Ny (3.3)

B HaykoBi# iTepaTypl HEMae JaHUX UI0J0 BIUIMBY MiABUIIEHUX 1 BACOKMX HOPM
a30THOTO yHOOpeHHS coi Ha JAEpHOBUX MieloBux IpyHTax Maioro Ilomices y

3axigHomy Jlicocremy Ha 3amacu (opM a30Ty — OCHOBHOTO €JIEMEHTa KWBJICHHS,

SIKAM HAaAXOAUTH 3 IBOX JIKCPEII AJId POCIINH.

wo 0z-0 ' ‘ooHd

i >
o =TS 7,0 .
L7 35 . 20
N M.rj/,r
r

Puc. 3.11. [Ipoctoposa 3 JI-mozensb perpecii nokazuuka pH,,, y 3B 43Ky 31 3MiHaMU
BMICTY JOCTynHUX (opM a30Ty y a3l OyToHizarlii B opaomy (0-20 cM) macti

JIEPHOBOTO TJIEHOBOIO IPYHTY.

JlocnikyBaHi HaMU CUCTEMHU YAOOPEHHS COi ICTOTHO 3MIHIOIOTH MOXUBHUN

pPEeXHUM TPYHTY BiJ] MMOYaTKy BereTarii. B iHIIMX yMoBax BHpOIyBaHHS COI1 JOBEIEHO

[6; 9], m0 mig BIUVIMBOM CHCTEMAaTUYHOTO BUKOPUCTAHHS JIOOPUB IIOMITHO

HOJIITITYBABCS MOKUBHUI PEKUM IPYHTIB.
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HieBicTh cTabimi3aTopiB a30Ty — 1HTIOITOpIB HITpU(iKalli, B peryiIroBaHHI
A30THOTO >KMBJICHHS KYJIBTYp JIOBeJeHa Oararbma JOCIIIPKEHHHSIMH 32 PYyOEKeM.
IxHiit mo3nTHBHMIT BIIMB Ha eeKTUBHICTH a30THHUX A00puB mocmimumu U. Hege &
K. Offenberger [158] na o3umiii mmenuri y bapapii (PenepatuBHa pecmyOmika
Himeuunna) Ta A. Roche et al [215] Ha stameni sspomy B Ipranii.

Otxe, mu mepekoHamucst [171], sk panime iHmi asropu [103; 18; 23], mo
XIMIYHI ~ BJIACTUBOCTI TIPYHTIB BH3HA4alOTb CTBOPEHHS YMOB IHTEHCHUBHOTO
MOTJIMHAHHSI POCIWHAMHU TIO)KMBHUX PEYOBHH, IO € HAA3BHYAWHO BAXKIUBUM Y
3a0€3MeUeHHI CIPUATINBUX YMOB IOYAaTKOBOTO PO3BHUTKY COi, Ika HETAaTUBHO pearye

HA CUHTETUYHI HITPATH B IPYHTI.

BucHoBku 10 po3aiay 3

1. ®ochopHo-KkaiitHe yroOpeHHS € 000B’I3KOBUM TSI OTPUMAaHHS HAWBUIIIOTO
BpOXkaro coi. [pyHT 0e3 BHeceHHs (ocHOpHUX i KamiiHuX 100puB y (asi Oyronizamii
MmictuB 124,2 B opromy Ta 120,1 mr/kr pyxomux ¢ocdaris ta 104,4 1 101,4 mr/kr
OoOMIHHOTO Kajdito B mijopHoMy mapi. Buecenns ¢ocdhopHo-KamiiHUX AOOPUB Y
HopMi Py Ky momae B opnomy mapi BignmosigHo 11,0-15,0 ta 11,1-11,5 mr/kr
MOKUBHHUX PEUOBUX.

2. ®ocdopmobimizaliiiai  0akTepii CHPUYMHUIM MaKCHUMaJbHE ITiIBUIIICHHS
3amacy pgoctynHux Qocdarie (139,1 wmr/kr), axTuBi3yBaBIIM MiKpOO10JIOT1UHI
nmpoliecu B OpHOMY Imapi IpyHTy. HaiiBummi 3amacu docdariB 30epiranucs i 10
30upanHs Bpoxkaro (132,2 wmr/kr), moOpiBHSHO 3 BapiaHTamMu 0e€3 1HOKYJAILIT
dbochopmobimizamitHIMu OakTepiiMu B. amyloliquefaciens. OTtxe
dbochopmolimizamiitHuil 1HOKYISHT Ha GoH1 Py, cipusiB kpaimomy 3a0e3neueHHIo coi
dbochopom.

3. Cucrema ymoOpeHHS cOi 3 MIHIMAJIBHOIO Ta TOABIHHOIO HOPMOIO a3o0Ty,
BHECEHOTo y (opMi cynbdaTy amMoHI0, 3 BUKOPUCTAHHSAM cTabiIi3aTopa HITpaTiB Ta

OaKTepisTIbHUX 1HOKYJISHTIB 3a0e3leunsia THUMYAacOBE OOMEXEHHS HaKOMUYEHHS
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HITpaTiB B OpPHOMY Ta MJIOPHUX Topu3oHTax rpyHTY (Ha 21,1% mopiBHSHO 3
koHTposieM N;Pg Ky, (cymbdar amonito). 3acrocyBaHHs Ha 1boMy (oHi
azordikcyBaipHoro iHokymsHTa XailKor Cymep Cosi He 3MIHIOE ICTOTHO 3aracu
HITpaTiB B OPHOMY IIAPy IPYHTY.

4. TlonBo€eHHSI HOPMH a30THOTO ymoOpeHHs Bil Nj, 10 Ny 30UIbIIMIO 00CSITH
emicii 3akucy aszotry B armochepy Ha 25%. Cucrema ymoOpenHs N; P K¢, 3
BUKOPUCTAaHHAM cyJbdary amoHito + N-moOuti3alliiHi 6akTepii cTpuMyBaia BUKUIN
ra3onoJiOHOro a30Ty Ha PiBHI KOHTPOJIBHOTO BapiaHTy 0e3 1HOKY/IsHTA. JlocaimKeHHs
MIATBEPKYIOTh €(EKTUBHICTh YIOCKOHAJIICHOI CHCTEMH YIOOPEHHSI COi CTOCOBHO

3a0e3neuenHs pociuH NPK Ta 30epexxeHHs SKOCTI IPUPOIHOTO JOBKILIA B arpapHii

chepi.

Pesynbrarn mociimpkeHs 3a po3auIoM 3 BHKJIAACHO Y mmyomikarisax [171; 172; 46;
48; 228].
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Po3nain 4

BIOMOP®OJIOT'ISI ®OPMYBAHHSA MPOJJYKTUBHOCTI POCJIMH COI
I BIVNIMBOM YAOBPEHHS, HITPAIIIPUHY
TA THOKYJIALIT HACIHHS

Iaporepmiuni  ymoBu 2022-2024 pokiB  (opMmyBanmucs IMijJg  BIUIMBOM
NECATUPIYHOI 1HEepUii JHWHAMIKM [IOOAJBHOIO KIIMAary, pEerioHaJIbHUX 3MIH
nanamadraoro me3okiimary Big 2020 poky [211; 1; 104; 122], tomy Oynu myxe
PI3HUMH JIJIs OTPUMAaHHS BUCOKHUX BpOXKaiB 3€pHA COi.

3MICTOM YETBEPTOrO PO3AUIY € OMUC OCOOIMBOCTEW TiAPOTEPMIYHOTO PEKUMY
2022-2024 pokiB MpOBEACHHS JOCIHIPKEHb Ta 1HTEHCHBHICTh BIUIMBY KOJMBaHb Ha
pPICT 1 PO3BUTOK COi, YTBOPEHHS Ta €(EKTUBHICTh a30T(IKCYBaJIbHOI POOOTH
Oynp00uKoBHX OakTepiil. Omisin mapaMeTpiB 1 TMHAMIKU MOTOAU YIIPOJOBXK IMEPIOLy
Bix 2010-2024 pokiB gae ysIBICHHs MPO TPUBAIy TECHACHIIIO, SKa MO3HAYMIACS Ha
noroai 2022-2024 pokiB. 3aJieKHO BiJl 3MIHU TIAPOTEPMIYHUX YMOB 3MIITyBaauCs

da3u po3BUTKY €01, GOpMyBaIHCS TAPAMETPU POCIIHH 1 CTPYKTypa BpPOXKaro.

4.1. Temneparypuuii i BosoricHuii pexum y 2022-2024 poxkm pocry i

PO3BHUTKY COI

Cepen YMHHUKIB, BIUTMBOBUX Ha arpoBUPOOHUIITBO, KJIIMarMdHI yYMOBH €
HaBOXKYMMH JIJI1 KOHTPOJIIO, 1 BOHM € OUIbIl OOMEXYBaIbHUMU (haKTOpaMHU
MaKCHUMaJIbHO1 BpoXkaitHOCTI [1]. AGioTHYHI CTpecH, Taki K MocyxXa, HaJMipHI JOTIIi,
eKCTpeMallbHI TeMIeparypu Ta cjabke OCBITIIEHHS, MOXYTbh 3HAYHO 3HHU3UTH
BPOXKaMHICTh arpOKYJIBTYP.

2023 pik cTaB MEPIIUM POKOM B i1CTOPIT CIOCTEPEIKEHD, KOJIU KOXKEH JIEHb OyB K
MiHIMyM Ha 1°C Termimuii, HiX y noiHayctpisiibHuid nepiog 1850-1900 pokis [237].
Kpim Toro, npubnu3Ho nojoBuHa MHIB Oynu Outkin, HiXK Ha 1,5°C Temimti 3a piBeHb

1850-1900 poxkis, a nBa aH1 B auctonadi — Ounbie, HiXK Ha 2°C Termimi. Y 2023 porri
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oyno Ha 0,60°C Ttemumime, HiX B cepenubomy 3a 1991-2020 poku, i Ha 1,48°C
TeruIie, HK y AoIHAyCcTpisuibHUM niepion 1850-1900 pokis.

CepennbopiuHa Temmeparypa NOBITps Oyja HaWBHUIIOK 3a BCIHO 1CTOPIIO
CIIOCTEepeXKeHb a00 OJM3bKa 10 HAWBUINOI HAa 3HAYHIM YacCTHHI BCiX OKEAHCHKHUX
OaceilHiB 1 BCIX KOHTHUHEHTIB, KpiM ABcTpaiii. KokeH Micsip 3 4epBHS MO IpyJeHb
OyB TEIIIIIMM, HDK BIAMOBITHUN MICAb y Oydb-IKOMY MONEPEIHHOMY POLIL.
[mobanbHa cepemHsi Temiieparypa TOBEpXHI MOpsS 3aiuiianacs CTIHKOIO Ta
HE3BUYAIHO BUCOKOIO, JOCSATHYBIIM PEKOPJHUX PIBHIB ISl LI€1 MOPU POKY 3 KBITHS
1o rpynns [237].

2023 pik cTaB JpyruM HaWTEILTIIIMM pokoM y €Bpori: Temneparypa Ha 1,02°C
BHUIIIA 32 cepenHiid mokazHuk 3a 1991-2020 poxku, Ha 0,17°C xonoguima, Hix y 2020
pOIli, HAWTEIJIIIIIOMY pOIll 3a BCIO ICTOPIIO CHOCTEPEKEHb. €BpoIelicbka 3UMa
(rpyznenb 2022 poky — motuii 2023 poky) Oynia Jpyror HaWTEIIinIoK 3MMOIO 3a BCIO
icTOpito criocTepekeHb. 3a BiciM MicsiB 2023 poky piBeHb JbOAY B AHTapKTHII OyB
PEKOPIHO HU3BKUM JJIsI BIJIMIOBIIHOI MOpH poky [123].

Kimimar o6nacti Manoro Ilomiccs mnomipHO KOHTHHEHTanbHU. CepenHs
temrneparypa B3uMKy —4°C, a B terum wmicsami 18-19°C. 3a xomomgHe miBpiuds
(Jluctomaa — KBITEHB) 3arajbHa KUJIBKICTh OMAJiB CTaHOBUTHL 220 MM, a 3a Teruie
miBpiu4sl (TpaBeHb — JKOBTCHB) Ha BUcounHM Bumajae Big 350 mo 400 mm. CHiroBui
MOKpPUB MOXe Tpumatucs a0 80 JHIB HA pIK, a BEreTalliiHuil nepioj Tenep TpuBae
nmoHaj 150-160 guiB [68].

3a manuMmu jaeprkaBHOi MeTeocTaHIlli “JIbBIB” TemoBi pecypcu JIbBIBITMHU 32
pik ctaHoBATh 2865°C mpu t > 5°C 1 2595°C mpu t > 10°C. 3a ictopuyHuii nepio
METEOCIOCTEPEKEHb OE3MOpPO3HMI Tiepion TpuBae 156 110, ocTaHHI 3aMOPO3KH
OyBatoTh opieHTOBHO 24.05, mepmn — 15.09. CepennbopiuHa Temrieparypa MmoBiTps
[59; 68] — 7,9°C, cepennboMicsiuHa 3a JjuneHb — 17,5°C, 3a ciuenp — —4,5°C.
AOcomoTHUN MakcuMyM Temneparypu ctaHoBuB 38°C, miHimym — —34°C. Cepenus
MOMHA TIPOMEp3aHHs IPYHTY CTaHOBWIJA 27 €M, MakcuMajibHa — 85 CM, TOBILIHMHA

CHITOBOT'O IOKPUBY BIIPOJIOBX 3UMU Oyna 4-9 cm [68].
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Piuna cyma cepemHpoOaratopiyHuX OMAaIB CTAHOBUTH 748 MM, Ha JIUICHb
npunagae 102 mm (moa. B, puc. B.1) [59; 68]. IIpote, ocTaHHIMH IECATUTITTIMHU
KJIIMaTU4Ha cuTyalis Ha JIbBIBIIMHI MOMITHO 3MIHIOETHCS. 3 MIBHOYI, MIBHIYHOTO
CXOMy Ta 31 CXOAy IIOBTOPIOBaHICTh BiTpiB y JIbBOBI HailMeHIa 1 CTAaHOBUTH
BiamoBigHO 6, 7 Ta 9%.

Sk moBimomiisar0Th aBTopH [15; 2117, 3miHu Me3o0kmiMary 3a 10 pokiB mocipusiiu
AKTUBHOMY TMPOCYBAaHHIO Ha MIBHIY TAKUX TEIUIONIOOHUX KYIBTYp, SIK COHSIIHUK,
KyKypya3a 1 cos, nepcuk Ttomo. 3a 14 pokiB (puc. 4.1) BigOyBajocsi BlAYyTHE
MIBUIIEHHS CEPEIHBOPIYHOI TEMIIepaTypH, aje BUSBWIACS TEHIACHINS 10
3MEHILIEHHS piyHO1 cyMu omnafiB (puc. 4.2). Tox Mexa KIIMaTUYHUX 30H, HMOBIPHO,
3mictunacs Maitke 200 kM.

3a HamuMu cniocTepekeHHsMu [159] cepeanbopiyHa Temmeparypa MOBITPS 3a
2010-2023 poxu cranoBusa 9,0 nporu 8,3°C y nepion 2010-2015 poxkiB (puc. 4.1).
CepenHsa makcuMalibHa Temmeparypa csrayna 22,4°C, MiHIMajgbHa OIyCTHJIACS 0
-4,2°C. CepenHsi MakcuMajibHa TeMIleparypa IOBITPS YIPOIOBXK YCIX POKIB Malia
TeHJIeHIIit0 10 3HmkeHHs [80; 65]. Ynponorxk octanHix 13-tu pokis [159] 2010 pik
OyB HaiiOLIbIe AomoBuM (puc. 4.2). BiciM pokiB Mald OmNagu BHINE CEPEIHBOTO
piBas. Ilpore, manoBosori 2011, 2015, 2019, a ocobauBo 2022 pik Oynu myxe
cyxumu. Knimarnuna nopma y Manomy Ilomicci cranoButs 748 mm. 3a 2010-2023
POKH BUMAJIO B cepeaHbOMY 751 MMm.

CepenHbOMICSYHI TeMIepaTypy YIPOJOBXK 3 KBITHS /10 BEPECHsI BKIIIOYHO 32
nepiog 2010-2024 pokiB Tex Baromo BiApi3HsUIHCS Mik coboro (moxa. B, puc. B.2, B.3
1 B.4). OcraHHIX 4YOTHpPH POKH OaYUMO CTpIMKE IIJIBUIICHHS TEMIIEpaTyp
BECHSIHO-JIITHBROI'O BereTaliiHoro nepiony. Onaau y BeCHSHO-IITHIN nepiog Big 2020
POKY cTaBaiu 1mopa3 MeHmuMu (noa. B, puc. B.5). AHoManbHO TEIUIMM y BereTallito
oyB 2018 pik Ta 2024 pik noiapoBUX Hociiakens (noa. B, puc. B.2).

B nepion nmpoBeaeHHs TpupiuHNX Aocaipkers (2022-2024 pp.) MeTeoposoriuHi
yMoBU Oynu pizHumu (noa. B., Tabn. B.1). 3aramom 2022 pik O0yB Haicyximmm 3a 14

pokis [80; 65].
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Puc. 4.1. JIlunamika cepeiHbpoi Temmeparypu poky yrpoaosxk 2010-2023 pp.

(meteomioct JIbBIB).
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Puc. 4.2. lunamika cymu onazaiB yrpoaosx 2010-2023 pp. (meteonocT JIbBIB).

[IpoTe y BeCHSAHO-JIITHIO BeTeTallito HaiiMeHme onaaiB Bumaigo 2024 ta 2015 ta
2016 poxky (mox. B, puc. B.5). loctarHpo TerinM 1 30aaHCOBAHO BOJIOTUM BUSBHBCS
2023 pik, 110 MO3UTUBHO MO3HAYUIIOCS HA MPOAYKTUBHOCTI coi (moa. B., Tabdmn. B.1).

[Ilomo cymu Ta po3moairy atMOC(epHUX OMaiiB JAyKe BOJOTHMH 3arajioM Oyiu
2013, 2018 1 2023 poxwu, nepe3onoxkeHumMu — 2010, 2016 poku, a HalicyXimuM Oyiu
2011, 2015 1 2022 pik. CepeaHbopiuHa KUIbKICTh ONAAIB yIpoAoBK 14 pokiB mana
TeHJICHITif0 10 3MeHieHHs (puc. 4.2). Cyma piuaux omnafiB Big 2010 qo 2023 poky
KoJiuBayiacs Bia MiHIManbHOI 2022 poky (553 mMm) g0 mMakcumanbHOi (878 MM) B
nepuuii pik crnoctepexenb. Cyxuit 2022 pik CHPUYMHUB 3HIKEHHS BPOXKAWHOCTI
coi, He 3Ba)Kalo4uM Ha JOCTAaTHIA TEIUIOBUN pecypc BEreTaliiHOro nepiogy. 3arajiom
PIBHSIHHS MOJIIHOMIAJIBHOT perpecii Temneparyp 1 onafais (puc. 4.1 1 puc. 4.2) nokazye
TEHJCHLIIO 10 apuau3alii TIAPOTEPMIYHOTO PEXUMY ME30KIIMaTy y 3axiHOMY
JlicocTemy.

Bererariitna quHamika Temmneparyp 2022 poky A0CIiKeHb Oyia TpaauIliiHOIO,
ajie caMe CeprieHb BIAPIZHABCA cepeaHbOMICSUHOI0 TeMiepaTyporo — 20°C (puc. 4.3).
Ile mo3uTuBHO BimoOpa3zwiocss Ha (GOpPMyBaHHI BPOXal COI, HE 3Ba)KalOUW Ha

TpaBHEBUH 1 uepBHeBUil nediuut onanis (puc. 4.4).
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2023 pixk OyB TEIIIIIMM Ta y CEPHHI CEpeIHHOMICSYHA TEMIIeparypa BXKe
caruyna 20,9°C, nmepeBUIMBIIM TornepAHid pik. Xou TpaBeHb 2023 ta 2024 poky
OyJii MOCYIUIMBUMHU, Y YEPBHI BUIAB HAJIMIIOK OMAJiB B OOMJBa POKH, IO AYXKE
oCIpusio GopMyBaHHS BpOXKaro coi. JIMMeHs B yci pOKH JOCHIHKEHb OYB BOJIOTHM,
npote auiie 2023 pik BiAPI3HABCA ICTOTHUM IMEPEBULIEHHSM CepeaHb0OaraTopiuHoOi
HOopMH Ha 19 MM (puc. 4.4). 3aramoMm TpaBeHb, 4epBeHb 1 JuneHb 2023 poky Oymnu
HAWBOJIOTIIIMMHM 32 BCl POKH, JOCTAaTHbO TEIUIMMH, TOMY 1€l pik 3a0e3rneyuuB
MaKCHUMaJIbHY B JA0CI11 TPOAYKTHUBHICTH COi.

[onoBHUM pe3ynbTaToM B3a€EMOJIl TIIPOTEPMIYHMX YUHHUKIB Ta BHECEHUX
noOpuB € Bpokail 3epHa coi [47; 48; 38; 159]. V nHammx ekcrnepumeHTax 0e3
MIHEpAJIbHUX n00puB Ha JT€PHOBOMY TTHOOKOMY JIEOBOMY
MIIaHUCTO-JIETKOCYTNIMHKOBOMY TPYHTI MU OTpUMaiu B cepennbomy 3a 2022-2024
poku 2,81 1/ra 3epHa.

Hatikpamoro 2023 poky B3aemMojisi MPUPOAHMX UYWHHHUKIB Ta TEXHOJIOTTYHHX

npuioMiB J103BoJMIIA 310paty 4,12 T/ra 3epHa Coi.

4.2. ®eHOJIOTIYHUI PO3BUTOK COI

HoBiTHi copTH coi MaiOTh BUCOKY IJIACTHYHICTh, ajieé Pi3HY BUTPHUBAIICTH B
YMOBaX HOBUX JUISl KyJAbTYp HMPUPOTHO-KIIMATHUHUX 30HAX BUPOIIYBaHHS, 30KpeMa
710 3BOJIOKEHHS 1 Temneparypu. IlorogHi yMOBU 1 TEXHOJIOTIYHI MPUHAOMH BHPA3HO
BIUTMBAIOTh HA SIK TPUBAJICTh BEreTallii, Tak 1 Ha TUIMH OKpeMux (a3 pocty i
po3BUTKY coi [39; 37; 13; 90; 89; 73; 74].

B ymoBax Manoro Ilomiccss Ha pAepHOBOMY [IHOOKOMY TIJICHOBOMY
MIIIAHUCTO-JIETKOCYTJIMHKOBOMY ~ TPYHTI ~ HOPMH  a30THOTO  yJHOOpeHHsS  Ta
dbocdopHo-kanmiitHui (HOH BIUIMBAB Ha JaTy HACTaHHS KOXHOI (pa3u 1 TPUBAIICTH
Mibk(da3zHuX mepioniB pocty. [lig BrummBOoM TigpoTepMidyHUX (HAKTOPIB, SIKI MIOT000BO

npejacTaBieHl B gomatkax (moxa. B., puc. B.6, 7 1 8) 3MIHIOETBCS TPHUBAJICTh
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BereTarliiHoro mepioxy pociuH coi. Iloromui ¢akropu BIIUBAIOTH HA JTOBKHHY
okpemux (a3 pocTy Ta pO3BUTKY COi.

JUist po3yMiHHS O10JIOTIYHOI IPUPOAU BPOXKAK0, KU (POpPMYeETbCS Ha PI3HUX
dboHax MiIHEPATLHOTO, 30KpeMa a30THOTO >KMBJICHHS Ta Mii 1HTi01TOpa HiTpUdikaIii B
I'PYHTI, BaXJIMBO BecTH ¢ikcarito da3 [177].

Sk 6aunmo B Tabn. 4.1 TpuBanIiCTh MEPIOIB «CiBOA - MOBHI CXOIU» Ta IOBHI
cxonu — OyTOHI3aIis» YIPOIOBXK TPHOX POKIB TOCTIHKEHb 3a BapiaHTaMU JOCIIAY
BiJIpi3HsiMca Majo. [Ipore, mpocTexxeHa BUpa3Ha TEHACHI[IS IPUCKOPEHHS MOYATKY
BereTallii 3a BHUKOPUCTaHHS 1HOKYJSHTIB HaciHHS Ha (oHi P K¢, + N3y (cymbdar
amoHiw) + XaiiKor Cyniep Cos, a6o/i Paiic I1i.

daza «OyToHI3amisi — KBITyBaHHs» Oylla HaWTPHUBANIIIOK 3a CYyMICHOTO
BUKOPUCTAHHSA JBOX 1HOKYNISHTIB Ha (¢oHi N3P Ke. TlomiOna TtenaeHIis
BcTaHoBieHa Ha (oni P Ky, 3 BHeceHHsM cynbdary amoHio Ns, nepes ciB6oro Ta 3
nipKUBIeHHSIM N3¢ y (a3l OyToHizarii. 3acToCOBaHM HITpaIipyH Ha OJHY-IBI 100U
CKOpOUYyBaB 1Iel Mepexi/l.

Ha ¢oHl BukOpuCTaHHS aMOHINHOI cemTpu B HOpPMI Nsip, a Takox 3
MHKUBICHHSIM N3, 1HTI01TOp HaBMAKU MPOJOBKYBaB TpUBATICTh (a3u. Lle cBimunTh
PO MEBHE YCYHEHHS aHTAroHi3My a30(piKCyBaJIbHOTO anapaTy coi Ta HITpaTiB y 30H1
KOPEHEBOI CUCTEMU.

[Tepion «KBiITYBaHHS — CTHUINICTh» OyB HAMOUIbIIE PO3TITHYTUH 3a CHCTEM
ynoOpeHHst N; P K¢, + mimxuBnenns Nj, y dopmi cynbdpary amoHio y dasi
OyToHizarii — 69-71 noba. [lis HiTpamipuHy CKopouyBaia 1ei nepioa Ha 2-3 mo0wu.
[TonomxkeHa TpuBaIicTh Mik(a3HOTO MEPIOAY «KBITYBAaHHSI - CTUIJIICTBY» OyJia TaKoXK
BUSIBJICHA 32 BUKOPUCTAHHS 1HOKYJISTHTIB Ha OJJUHAPHIA HOPMI1 a30TYy.

3aranpHa TPUBAIICTH BEreTallii KyJIbTypy CUILHO KOJMBAJIACS YIPOJOBK TPHOX
pokiB 1 Oyna mMoB’s3aHa 3 MOTOAHMMHM YMOBaMH, SIKi BIUIMBJIM Ha J110 JOOpUB,
HiTpamipuHy Ta 1HOKYISHTIB (moxm. B., puc. B.6, 7 i 8). [loxsiitHa HOpMa a3ory, a
TaKkoX OJWHApPHA 13 BUKOPHCTAaHHAM a30THUX Ta (GOCPOpHUX 1HOKYIISHTIB

pOJIOBXKYBaja BereTaiito coi ynpoaorxk 2023 12024 pokis.



Tabnuys 4.1. BiuinB cucTeM yI100peHHs coi, HITpamipuHy Ta iHOKY.JIsLii HA TPUBAJICTH BereTamiiHux nepioais.
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TpuBanicTs MiXk(pa3zHUX NepiofiB, 110 Tpusanictpb
CiBba Cxomun Byronizamist | KsiTyBanus Bererarii,
q — TOBHI CX0U |— OyTOHi3allisi | — KBITYBaHHS [ — CTHUIJIICTb his(o)
PME 0T 20 20 2] 2] 2| 22 2] 20] 20 20| 2] 27 2
. BHECEH
BapiauT cucremu yno6peHns HS 22231 241 0[ 0] O0OfO0O] O O 22| 23 24| 0] O] O
a3oTy,

e e el 22222 2| b ]| op]| 2] 2]2

Hara ciBOu 23] 4| 2| 3| 4| Harasoupauus | 2| 3| 4

29.04|124.04{25.04| p- | p- | P- | P- | P- | P- (10.10/05.10/01.10[ P- | P- | P-
KoHTposb — 6e3 ynoOpeHHs 0 10 [ IS5 | 12 |32 (30|35 ]10 |11 (10| 69 [ 67 | 64 | 111] 108 109
@Don — P60K60 (*n.op.) 0 10 | 13 ] 11 [30 |28 (331109 |9 | 67 | 64 | 63 | 107 101] 105
@on + N30 — *Nsa (*m.c.) 30 10 | 12 ] 11 |31 |33 (35|12 (10|11 |69 | 69 | 70 | 112 112 116
@Don + N30 — Nsa+witpamnipus (1.c.) 30 10 | 12 | 12 [30 |31 (34|13 (10|12 ]| 68 | 67 | 67 | 111] 108 113
@on + N30 — Nsa (m.c.)+N30 — Nsa (¢$.6.) 60 10 | 13| 14 |30 |32 (33 |15(16 |15 69 | 70 | 71 | 114 118 119
@on + N30 — Nsa+uirpamipus (m.c.)+N30 — Nsa (¢.6.) 60 10 | 12 | 13 [29 |30 (30|14 (15|14 | 67 | 69 | 68 | 110 114 112
@Don + N30 — *Naa 30 10 | 10 | 11 [30 |29 (30|13 (14|12 | 66 | 67 | 67 | 109 110 109
@®on + N30 — Naa+nitpanipus (1.c.) 30 10 | 11 | 10 |29 |31 (3015|1516 | 67 | 68 | 69 | 111 114 115
@®on + N30 — Naa+nitpanipus (1.c.)+*N30 — Naa (¢.6.) 60 10 | 1T | 10 [30 3231|1516 |15] 66 | 67 | 66 | 111] 115 112
Don + N30 — Nsa (m.c.) + XaiiKor Cynep Cost 30 9 9 9 12812929 (1315|1468 [ 70 [ 68 | 109 114 111
@on + N30 — Nsa (m.c.) + Paiic ITi 30 9 9 | 10 |28 |30(29 |14 (14|13 | 67 | 68 | 68 | 109 112] 110
Don + N30 — Nsa (1.c.) + XaitKor Cynep Cos + Paiic I1i 30 9 9 9 [29 (28|30 |15|16 (16| 69 [ 70 | 69 |113|114|115
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[ariditop HiTpudikarlii y BCiX BUMaJKaX 3aCTOCYBAaHHS 13 Cyab(aroM amMOHIIO

CIPUYMHSB TPUIIBUALIECHHS 3aBEpILEHHS Bererauii coi Ha 6-7 Ai0, 3 aMOHIWHOIO

CEeTITPOIO MPOJIOBKYBAB Bererailito Ha 4-5 116 (Tadn. 4.2).

Tabnuys 4.2

JlaTtu HacTaHHA (PeHOoJIOriYHUX (a3 PoCTy i PO3BUTKY €OI 32 BHECEHHSI A30THUX

noopuB y ¢opmi cyabpary amoHio N;, Ha pochopHo-kagiiiHomy poni Py K,

yupoaos:xk 2022-2024 pokis

da3za Bererarni

Jlatu HacTaHHs (a3 Bererarrii

(ciBOa — 30upaHHs) 2022 p. 2023 p. 2024 p.
CiBo0a 29.04 24.04 25.04
Cxomu BBCH 10-11 08.05 13.05 10.05
[Tepmmit Tpiituactuit muctouok BBCH 12 27.05 31.05 30.05
Tpu Tpiituactux nucrouku BBCH 14 08.06 17.06 10.06
[Touatok kBiTyBanHa BBCH 61 21.06 25.06 22.06
dopmyBanns 60618 BBCH 75-77 02.07 09.07 07.07
[To6ypinus 60618 BBCH 85 28.09 18.09 24.09
Hocturanus 60618 BBCH 87-92 05.10 29.09 15.09
30upanHHs 10.10 05.10 01.10

O. I'. Minenko [64] moBigomisie, mo Ha [TonTaBuirHiI HAOIBIE HA TPUBAIICTD

nepiofy Bereraiii Ta okpeMux ¢a3 pocTy 1 PO3BUTKY POCIHMH COI BIUIUBAJIA MOTOIHI

YMOBH POKY 1 CIIOCTEpIrajar 3Ha4He CKOPOYCHHSI BETETAIIIHOTO TIEPioy POCIHH COi B

MMOCYHIIMBUX YMOBAX.

OTxe y HamMX AO0CHiIaX MEPEKOHYEMOCS, 10 >KUBJICHHSM COi a30TOM J1aTh

HacTaHHA (a3 1 TpUBaANICTh 11 BereTalii MOXHA pETYIIOBAaTH 3aCTOCYBAHHSIM

HITpamipuHy B KOMOIHalli 3 aMOHIHHOIO Ta HITPaTHOKO (opMaMHu TOOPHUB, a TAKOXK

BUKOPUCTAHHSIM 1HOKYJISIHTIB a30T¢ikcaTopiB Ta pochopmobiti3zaTopis.
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4.3. PicT coi i BuCcOTa YTBOpPeHHsI HUKHIX 000iB 3aj1e’kHO Bix ynoOpeHHs,

cradiiizamii a30Ty Ta IHOKYJIALITI HACIHHA

Oco0anBOCTI poCTy ¥ pO3BUTKY 3€pHOO0O0BOI KYJABTYPH COI Mepeadayae neBHy
3QJICKHICTh BpOXKAIO BiJ KUIBKOCTI cTeOen. B Mi3HBOCTUIIIMX 1 CepeaHbOTHINIHMX
COpTiB, SIK MeHTOp, I BJIACTUBICTh CHJIBHIIIA, 110 TMOB’S3aHO 3 TOCHIJAOBHOIO Ta
TPUBAJIOK U(EPEHITIAIE€I0 TeHePaTUBHUX OPTaHiB 1, SIK HACTIAOK — 3aJIeKHICTh
JAaHUX TPOIIECiB BiJl YMOB BHUPOIIYBaHHS Ta BIUIUBY IMOTOJHUX YMHHMKIB (m0xd. B.,
puc. B.6, 71 8).

Mana Bucora pociuH coi (73 cM) BUSBICHa Ha HEYIOOPEHOMY KOHTPOJIi

(puc. 4.4; noxn. B, Ta6n. B.2).

==1BwucoTa pocnuH == BycoTa npuKpinneHHs HxHboro boba
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Puc. 4.4. 3anexHICTh BUCOTH POCIIMH COi Ta MPUKPIMJICHHS HIKHBOTO 000a Bif
CHUCTEMH YIOOPEHHS, 3aCTOCYBaHHS HITPAIIPUHY Ta IHOKYJISHTIB

(3a manumu cnoctepexkeHsb 2023 poky).

Ha ¢ocdopno-kanitinomy ¢GoHI, 1€ COSI KUBHJIACS BHUKIOYHO OYyJIHOOYKOBUM
(ikcoBaHMM 3 TOBITPSI A30TOM, BHCOTA POCIWH CTaHOBWIA 75 cM. MiHepanbHHIA a30T

y GopMi cynbdaTy aMmOoHir0 y HOpMi N, CIIpusiB 30UIBIICHHIO BUCOTH POCTH Ha 3-4 cM
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BIJTHOCHO HEyIOOPEHOTO KOHTPOIII0. AMOHIWHA ceniTpa 3a0e3nedyBayia Takuii caMuid
pICT cOi Yy BHCOTY, a BHECEHHUM B 000X BapiaHTaX HITpaIMipUH MOCUIIIOBAB e(PEKT, aie
HE HA 3HAYHY BEJIMYHUHY.

[TonBo€eHHsST HOPMHU a30Ty JOAATKOBUM IT/IKUBIEHHSM 3a 000X (opMm m00puB
nojasaB pociauHam 3-4 cM BucoTu. IIpore aMmoHiiiHa ceniTpa He cripusiia OUIbIIOMY
pOCTy cOi 3 BHUKOpUCTaHHSM HiTpamipuHy. Haromicte Ha ¢oHI cynbdary amoHii0
1HT101TOp MaB MMO3UTHUBHUM BILIHB.

Ha wminiManeHOMYy ¢oHI a3ory N, 1 cyabdary aMOHI0 BHUKOPUCTaHHS
1HOKYJISTHTA 3 a30TMOOUTI3YIOUYMMHU OaKTEepisIMU CIPHSIIO POCTY POCIUH 110 83 cM, a
MOEJHAHHS JBOX 1HOKYJSHTIB  a30T¢iKCyBaJbHOTO Ta ¢ochopMobinizyrodoro
30LIBIIMIIO BUCOTY POCIIMH J0 HaWBUILOTO B AOCII/II TOKa3HUKA 84 cM.

b. ®ykc 1 H. baymrapraep [87] moBi1oMIIAIOTh, 110 cTab11130BaH1 1HT101TOpaMu
HITpUdIKaIlii MpoecH JalTh 3MOTY BHOCUTH BHIII JJO3U a30Ty 0€3 PU3HUKY MEPEXOTY
HOTO0 HAUIUINKIB Yy HITpaTH. 3 ABISAE€THCS MOXJIMBICTH POCIMHAM OTPHUMYBATH
HeoOx1He 3a0e3IMeYeHHs a30TOM BIAMOBIIHO 70 MoTped TpuBamimui Ha 10-15 g16
nepiosl, OCKUIbKK i 1HT10ITOpa €H3UMIB 3alIeKUTh Bl TeMmieparypu. BomHoudac
POCJIMHH HAJIAIITOBYETHCS 1 HA AMOHIMHE >KUBJICHHS.

YnoGpenns cynbhaToM aMoOHIIO Yy Hamomy Jociig B 11031 Nj, Ta oOpoOka
nociBHOro marepiairy N-mMo0umizyrounMu Ta P-mMo0imi3ytounMu OakTepisiMu CIpUse
BHCOKOMY 3akpimieHH0 600a — 14,5 cM Big moBepxHi IpyHTY (puc. 4.4; noxa. B, Taou.
B.2). [Ipubnu3no noaiObHy, ajie MEHITY BUCOTY MPUKPIIUICHHS, MaJli 000U y POCIUH
Ha QoHi ynoOpeHHs cyabdarom aMOHiI0 B 1031 N3, 3 00pOOKOI0 TOCBIHOTO MaTepiaty
N-MOOUTI3YIOUUM 1HOKYJSIHTOM Ta 3 TMOABIMHUM YIOOpEHHS Cylb(daToM aMOHIIO —
14,2-14,3 cm. 3acTocyBaHHS HITpamipUHy JUIIE 32 TMOABIHHOTO YHOOpEHHS a30TOM
3MEHIIYBaJ0 BUCOTY MpUKpirieHHs 000a. Ha manux HopMax sik cynbdary aMoHito,
TaK 1 aMOHIMHOT CeNITpU 1HTIOITOP CHpHUsB 30UIBIIEHHIO BUCOTH PO3MIILIEHHS 000a
HaJ| TPYHTOM.

I. B. ®enopyk Ta iH. [85] MOBIIOMIISIIOTH, 110 HAWKpAIIUi PICT 1 PO3BUTOK COi

pI3HHX COpTIB OyB Ha BapiaHTax, J€ MPAKTHKYBAJIHU MO€IHAHHS BHUCOKOE()EKTHBHUX
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1HOKYNIAHTIB, Yy ToMmy uucii Xail Kor Cymep, mo crnpusuio 30UIbLICHHIO BHUCOTH

pociuH Ha 16,2 cM, TOPIBHSIHO 10 KOHTPOJIIO.

4.4. Bererauiiina auHaMika Macu OyJbOOYOK COI 3aJIe5KHO BiJ cHCTeM

YA100peHHS Ta iHOKYJIsIil

Yno6penns coi pochopom 1 kajieMm 6€3 a30THUX MiHEPATbLHUX JOOPUB CHPUSIO
dopMyBaHHIO OUTBIIOI MacH aKTUBHUX Oynp004ok Ha kopeHsax — Ha 0,08 Ty ¢dasi
oytonizamii Ta Ha 0,05 r mpu KBITyBaHHI pocivH. BHecenHs MiHiManbHOI (Ns))
HOPMHM  a30Ty Yy BUDISAI  cyiabdary aMoOHIl0 HE 3MIHWIO  JUHAMIKY
Oynbp00ouKoyTBOpeHHS y coi. Ilpore, moemHaHHs HWoro 3 HiTpamipuHoM 1,7 1/ra
AKTUBI3YBAJIO YTBOPEHHS a30T(IKCyBaJbHOIO arapary KOpPEHIB Bij OyToHI3aIlli 10
nocturanas 606iB. Y ¢a3i kBiTyBaHHS mpuUpicT Macu Oynb0o4yok gocsar 0,26 T (puc.
4.5; non. B, Ta6n. B.2).
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Puc. 4.5. 3anexHicTh Macu OyITb00YOK Ha KOPEHSX COI B/l CUCTEMHU yI0OpEHHS,

3aCTOCYBaHHS HITpaNipUHy Ta IHOKYJSHTIB (3a TaHUMHU criocTepexxenb 2023 poky).
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[ToniOHuMii pe3ynbTaT BCTAHOBICHUH 3a MIIKUBICHHS COi N3y — MPUPICT MacH
Oynp00uok y a3l kBiTyBaHHs gocsar 0,29 r. AMoHIMHA ceniTpa K 3 HITpamipuHOM,
TaK 1 3a TM[OABIMHOI HOPMH BHECEHHS a30Ty HE CHpusiia OUIbIIOMY
Oy IbO0YKOY TBOPEHHIO.

Halinunamiunime npounec Oyab00YKOyTBOPEHHS Bil0yBaBCcs 3a OOpOOJIEHHS
HaciHHS 1HOKynsiHTamMu. Tak, Bukopuctanuil npemnapar XaiKor Cymep Cos, sxuit
MICTHTh a30TMOOUTIZaIIiHI Oaktepii B. japonicum, 3a0e3NeUWB yTBOPEHHS
Oynp004oK y (a3l Oyronizauii macor 0,45 1, y dasi kBiTyBanHs — 0,78 ta no da3mu
cturocti 0,28 1. [Hokynsaut Paiic 11, skuit mictuth dhochopmoObinizamiitHi 0akrepii
B. amyloliquefaciens, He mnepeBullyBaB 3a €(PEKTUBHICTIO a30TOAKTEepiaIbHUMN
IHOKYJISIHT, aJieé MIATPUMYBAB HapOIIyBaHHA MacH OyJb00YOK Ha PiBHI HANMOUTBIIMX
HOPM JI0OOPUB Ta HITpaIipuHy.

[loennane 3acrocyBanHsi mnpenapariB XaiKor Cynep Cos, kUil MICTUTH
azorMoOum3amiiini  Oakrepii B. japonicum, Ta Paiic Ili, skuii MICTUTH
dbocdopmobimizariiini Oaktepii B. amyloliquefaciens, 3abe3neuniio HalBaroMimuni
NO3UTUBHHUM €(EeKT 100 YTBOPEHHSI CUMOIOTUYHOIO anapara a3oTdikcanii y coi Ha
doH1 HeBeMKUX HOpM 100pHB N3P K, 6€3 momarkoBoro 3actyBaHHs cTabdiimizaTopa
a30Ty, KU MPUTHIYY€E YTBOPEHHS HITPATIB.

OTXxe, KOHTPONIb KOHIEHTpalli HITpaTiB y IPyHTI, fAKI 3aTPUMYIOThH
OybOOUYKOYTBOPEHHSI CHMMOIOTHYHOIO amapary, 3a JOINOMOIOI0 3aMiHM aMOHINHO1
CeliTpu Ha cylb(ar aMoHIO, 3 BUKOPUCTAHHSM 1HTiOITOpa HiTpUdikamii Ta
OOMEKEHHS HOPM BHECEHHS a30Ty HE JO0Csrae TaKOro BaroMoro pesysbrary, sK
cymicHe 3actocyBaHHs 1HOKYJIAHTIB XaiKor Cymep Cos, sKuii MICTUTH
azoTmoOumi3armiitni  Oakrepii B. japonicum, Tta Paiic Ili, skwii MICTUTB
dochopmobimizamiitai 6akrepii Bacillus. Maca O6yap0040K Ha poCiIuH1 y OyTOHI3alli10
cTaHoBWIA HaOUIbIN BenuunHU — 0,49 1, 1 3a kBiTyBaHHs 0,82 1.

H. Fujikake et al [147] B KOHTpOJILOBaHUX yMOBaX JKUBHJIBHOTO CEPEIOBHUIIA
CIIOCTEpIrajy 3a BEPXHbOIO YACTUHOIO OYyJIbOOYKOBOTO KOPEHS COi, KyJIbTHUBOBAHOIO

Ha T1APONOHIL, 1 BUMIPIOBAIM JIIaMETP OKpeMux Oynp0ouyok yepe3 10-24 aui micis
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noyatky pocty. [liamerp KopeHeBoi OynbOOYKH, MPUKPIIUICHOT 10 TEPBUHHOTO
KOpEHs, 301IbIIMBCI 3 1 MM 70 6 MM YNpOAOBXK 2 TH)XHIB B yMOBax 0Oe3 a3ory.
30utbIIeHHsT AlameTpa Oynb0odoKk Oyno Maiiyke MOBHICTIO 3yMHHEHO MICIs MEepPIIOro
JTHSL TI0J1a4l eKCTIEPUMEHTANIBHOI 103U HITpaTy, 1 11e Oys10 OB’ s13aHO 3 MPUTTUHEHHAM
pPO3LIMPEHHS KIITUH OynbOouok. [Ipore picT OyiabOOYOK MIBHAKO TMOBEPHYBCA [0
HOPMAaJIbHOT HIBUAKOCTI MICJHS BUIAJEHHS HITpary 3 po3uuHy. IIpurHiueHHS pocTy
Oynb004OK HiTpaTroM Oyio mojiOHe 10 oOMeXeHHsS IMocTadaHHsS (OTOACHMIUIATY B
TEMpSBI MPOTATOM JABOX JIHIB 3 MOJAJIBLIIUM HOPMaJbHUM Y€pPryBaHHS OCBITJIEHHS 1
tempsiBu. Kpim TOro, iHriOyrody nir0 HITpary OyJ0 UYacTKOBO MOCIa0IeHO
nonaBaHHsIM 3% (Mac./00.) caxaposu Ao cepenoBuina. L{i pe3ynsraru BKa3yrTh Ha Te,
10 3HIKEHHS HAAXOMKEHHS (POTOACUMITIATY 10 OyIp0040K MOXe OyTH 3alydeHO J0
HIBUKOTO Ta 000POTHOTO 1HT10yBaHHS HITpaTaMu pocTy OyJIbO0UOK COi.

N. Yamashita et al [258] noBimomiisnu, M0 J0aBaHHS HITPATy B )KUBUJIbHUI
PO3UMH MIBUJAKO MPUTHIUYE pICT OyabOOUOK 1 aKTHUBHICTH a30Tdikcalii coi. Y npomy
JOCJIIJIPKEHH] aBTOPH BUSBWIM, 110 KOJW POCIHHHU COI KYJIBTHBYBAIHU 3 MOXUBHUM
po3urHOM O€3 a30Ty MpUTHIYyBaJbHUW edekT OyB BiACYTHIH. BunmaneHHs azoty 3
MOKMBHUX PO3YMHIB MICIA TIIKUBICHHS a30TOM IPHU3BEJIO J0 BITHOBJICHHS POCTY
Oynp0040oK. Byno BusiBiIEeHO, 1110 00poOKa MTyTaMIHOM 3 HACTYITHUM KYJIbTUBYBAHHSIM
0e3 a30Ty Jana HaBUINY aKTUBHICTH (ikcaiii a30Ty — MNpUOTU3HO B JBa pa3u
MOPIBHSHO 3 KOHTpoJieM. [HriOyBajibHUN e€QeKT CIOIyK a30Ty, SK BHUSBUIOCH,
NOB’SI3aHUM 13 3MEHIICHHSIM pO3MoAUly (oToacuMIIATYy B OyiapOoukax, a HE 3
HNOTPAIUIIHHSAM JIOJJaHOTO a30Ty y BY3JIuKU. KOHILEHTpaiis BUIBHUX aMiHOKHCIIOT
nicis oOpoOku a3zoToM Oyna 30UIblIeHa B OynbOOYKax 1 JUCTKaX HITpaTaMH, B
KOpPEHSIX aMOHI€M, B CTeOlax CEYOBHMHOIO, a B KOPEHsX, cTeOlax 1 JUCTKax — 3
00poOkoro myramiHoMm. KoHmenTparii acnapariny, acmapraTy Ta TIyTamiHy Oyiu
30UTbLIEH] MICs JoJaBaHHA a30Ty. [Ipu TpuBamomy 3abe3meueHH] a30TOM MPOTATOM
2-X TWKHIB CeJiTpa 3HAUYHO TOCIIIOBAja PICT OIYHMX KOPEHIB 1 JIUCTA. TpuBae
HAJIXO/DKCHHS CEUOBMHU Ta TIYTaMiHy TaKOX CIPHUSIO PO3BUTKY OIYHMX KOPEHIB 1

POCTY JIUCTSI, ajle aMOH1M NPUTHIYYBaB iX.
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4.5. @opmyBaHHs1 000iB Ta 03€PHEHICTH COI 32JI€KHO BiJl cMCTeM y100peHHs

dopMmyBaHHS BpOKaro coi MpsIMO TIOB’s13aHE 3 KUIBKICTIO 0O00IB Ha POCIHHI Ta
03€pHEHICTIO KOXKHO1 pociuHu. KiabkicTe 000IB Ha pOCIWHI 3aiexkana BiJ CUCTEM
ynoopenHsi coi. Ha weymoOpenomy ¢oni BusBiaeHo 13,2 600a Ha pocimHi, IO

CTAHOBWJIO HAWMEHIIIMHI TTOKa3HUK Yy nociifai (puc. 4.6; noa. B, Tadn. B.2).
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Puc. 4.6. Bimus cucreM ynoOpeHHs coi Ha KUIbKICTh 0001B Ta 3€peH Ha pOoCiuHI (3a

JaHUMU criocTepekeHb 2023 poky).

JIlnmre pocdopuo-kamiitauit hon (PyKe,) miaBumryBas kibkicts 600iB Ha 0,9
onuuuill. Buecenns Ha npomy ¢oH1 Nj, (K cynbdary, Tak 1 HITpaTy aMOHiI0) CIIPHUsIE
30UIBIIEHHIO KUIbKOCTI 0001B Ha 1,7-1,8 oaunumi. Ha mux BapianTax cucreMu
yAOOpEeHHS i HITpamipuHy Oysa TITbKH MO3UTUBHOKO 1 MIABUIIICHHS KUTHKOCTI 6001B
cranosmio 0,4-0,5 oguHUIII.

Haii6inpma kinbkicts 600iB (16,0-16,3 on1.) yTBOoproBaiacsi 3a BHECEHHS HOPMU
azoTy Ns,Ha (oni P Ky Ta npu Bukopuctanui inokynasinta XaiKor Cynep Cos, sikuii

MICTUTh a30TMOOLTI3aLiiHI Oaktepii B. japonicum, a TakoX TMO€AHAHHS HOro Ta
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iHokynsiuta Paitic  Ili, skwmit  wmictuth  (docdopmobimizamiiini  Oakrepii  B.
amyloliquefaciens.

3epHONPOAYKTUBHICTh OJHIET POCIMHU 3a BUKOPHUCTAHHS 1HOKYJIsiHTa XaiKot
Cynep Cos, sxkuii MICTUTHh a30TMOOUTI3aliiHI OakTepii B. japonicum, a TakoX
noelHaHHd Horo Ta 1HOKyasiHTa Paiic Ili, skuit mictuth dochopmodimizamiiiti
oaxtepii B. amyloliquefaciens, ipu BHeceHHI HOpMHU a30Ty N, Ha ¢ori Py Ky, Oyna
MaKCHUMaJIbHOIO B IOCIi 1 ctaHOBWA 33,9-34,4 3epHUHM HA POCIIHHY.

JloOpe BupaskeHa MO3UTHMBHA PEAKIis COi 3a MOKAa3HUKOM O3EPHEHOCTI SIK Ha
dbochopro-kamitHomy ¢ori 06e3 azory (PgKy), Tak 1 Ha doHi N;Pc Ky 13
3actocyBaHHsM 1HOKyasiHTa Paiic i, sikuii mictuth pocdopmodimizamiiini Oakrepii
B. amyloliquefaciens. ®ocdop s a30ThIKCYyBaIbHOT KYyJABTYpU COI1 BIIITPAE JTyXKE
BaXJIMBY POJIb MIOAO0 TeHEepaTUBHUX (DYHKIIIM, TOMY O3€pHEHICTh POCIHHH 3pOCiia BiJl
23,4 oauHUllb Ha KOHTpoii ©Oe3 noO6puB g0 28,1 omguHumi Ha  (oHi
dbochopHO-KaMIHHUX JOOPUB HABITH O€3 TOJATKOBOTO YIOOPEHHS a30TOM.

Cuctemu ynoOpeHHs, crabumi3aiis a30Ty B IPYyHTI Ta I1HOKYJALIS HACiHHS
BaroMoO BIUIMBAJIM Ha BaroBl mapameTpu 3epHa coi. MidimaneHy macy 1000 3epen
CIIPUYMHUJIO BHECEHHS aMoOHIMHOI cemtpu Ha QoHi P Ky, mo cigunts mpo
HEraTUBHUX BIUIMB HITPATIB Ha MPOAYKTUBHICTH coi (puc. 4.7; non. B, Tabn. B.2). ¥
IIbOMY 3B’S3Ky BHJIUIAEMO Jy’)K€ BUpa3Hy IMO3WTHBHY PEaKIil0 COi Ha BHECEHHS
HITpaIipUHY K 32 OJMHAPHOI HOPMHU Ns, Ta 1 3@ MOABIMHOT Ns(. ¢, K P BHECEHHI
cynb(aTy aMOHII0, TaK 1 HITpaTYy.

[Topote, Haiibinba maca 1000 3epeH oTpuMaHa Mpyu 3aCTOCYBaHHI 1HOKYJISIHTIB:
K a30TOaKkTepisibHOrO, Tak 1 ¢ocdopmoodimizamiiinoro. OkpeMe 3acTOCyBaHHS
npenapatiB — XaitKor Cymep Cos, sxuii MICTUTh a30TMOOiTI3amiiHl OakTepii
B. japonicum, a Takox moenHaHHS Woro Ta iHOKymsHTa Paiic Ili, sikuif MICTHTH
dbocopmobimizaliiini  Oaktepii B. amyloliquefaciens, a Takox iX TO€IHAHHS

3abe3neunsio macy 1000 3epen B mianazoni 194,1-193,5-1949 1.
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B Maca 1000 3epen, r B haca 3epeH 3 pociuHM, T

DoH + N30 - Nsa n.c J+h-
MoBinizyoui-+P-mobinizyoql BakTepii

QoH + N30 - MNsa (nc )+P-
MoBinisyodl bakTepii

ToH + N30 - Nsa [nc )+h-
MoBinisyodi bakTepii

QoH + N30 — Naa+HiTpanipuH
(nc)+N30-MNaa [P B

DoH + N30 — Naa+HiTpanipuH (e

PoH+ N30 — MNaa

M oH + N30 — Nsa+HiTpanipyH
(n.c)+N30—-Nsa (b &)

MoH + N30 — Nsa (n.c J+N30 —Nsa
b6)

DoH + N30 — Nsa+HiTpanipuH (n.c)

Don+ N30 - MNsa (nc)

Don-PB0 KBO (nop)

KoHTpans — Bes ynobpeHHa

25 35 45 b5 B5 75

Puc. 4.7. Brimus cuctem ynoOpeHHsI coi Ha Macy 3epeH 3 pociauHu 1 Ha macy 1000

3epeH (3a JaHUMU criocTepekenb 2023 poky).

Ha oaniili pocnuHi BusiBieHO BiA 5,2 10 6,9 r 3epHa, 3aJ€XHO BiJ BapiaHTy
nocniny. Buxopucranus iHokynasHTiB XaiilKor Cymep Cost ta Paiic Ili Ha QoHni
N;PsoKeo cippuunanno yrBopeHus 6,3-6,9 r 3epHa Ha pocnuni. Lle Ha 1,0 r Oinbiie,
HiX Ha ¢ori TpamumiitHoro ymoOpeHHs coi N; P Ky Cynapdar amoniro
JIEMOHCTPYBaB NIEpeBary HaJl aMOHIMHOIO CENIITPOIO, a TOJBOEHHS HOPMHU a30Ty 10 60
KI/Ta Majao TO3UTUBHUM BIUIMB JIMILIE 3a BHECEHHs HiTpamipuny. [Ipo BupazHuii

NO3UTHBHUI BIUIMB Ha MOP(OJIOTIUHI 03HAKH COI B 1HOKYIALIT MOBIIOMHIN TaKOX

A. Faligowska & J. Szukata [139].
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4.6. Ctan acuMiJISINiiHOTO anapary col Ta Bi3yaJibHA OLIHKA CTaHY MOCIiBIB

[MopraruBamii npunang SApa N-tecrep (Yara N-Tester™), po3pobneHuit
komnaHiero Yara International ASA (Ocno, Hopgeris), nae 3mory 3i0paru ani mpo
aKTUBHICTh ACHUMUIALIIMHOTO amapary 3aBIsSKd TECTyBaHHIO JUCTKIB Yy HaWOUIbII
BaroMi a3y po3BUTKY coi. N-TecTtep BiioOpaka€ aKTUBHICTh XJIOpPOdLTy, sKa
IpomopIiiiHa HOro KOHLEHTpalli B JIMCTKaxX, Ta BKa3y€ Ha akTyaJlbHUW pIBEHb
3a0€3MeueHOCTI acUMUIAIIIHOTO amapary azoroM. [Ipo 1ie moBigomisimum Oararto
JOCIHUKIB y CrienisuibHUX orsnax [169; 225; 151; 157].

Buxopucranus M. A. Ortuzar-Iragorri et al [204] N-tectepa anst TeCTyBaHHSA
xJI0po(isty 3 METOIO 3’sICYBaHHS MOTPEOU TPETHOTO BHECEHHS a30Ty Mij MIICHUIIO B
ymoBax Bonororo CepemseMHOMOpP’S IMOKasamo TicHy kopemsaniro (R*>0,72) mix
KOHIICHTpaIi€o a3oty (%) y JUCTKOBIW IJIACTHHIN 3 MOKa3HWMKaMu N-TecTepa Ha
paHHIM (a3l Bererailii — mosiBa MparopIeBoro JUCTKa, IBITIHHSA Ta HAJIUBY 3€pHA, a
TaKkoXK NpH Hajmei 3epHa. Kpim Toro, 6yB BcTaHoBIeHUH TicHui 3B'130k (R*=0,87)
MIXK YpO’KaeM 3epHa 1 oKa3HuKamMu N-TecTtepa.

Jlnst excripec-oIliHKY a30THOTO *uBJeHHs pociuH B. Kulig et al [175] onucanu
PI3HI IPUCTPOI Ta IPOrpamu, sIKl JAI0Th MPUOIUZHUIN MOKa3HUK HACHUYEHOCTI1 JIUCTKIB
XJOpodIIOM  TUIIXOM  JIGMOHCTpaIlli  BIAHOCHOTO BMICTy  Xyopodiny  abo
IHTEHCUBHICTh 3€JICHOCTI JIUCTS. Y CBOEMY JOCHIKEHHI aBTOPU MOPIBHIOBAIN BMICT
xjopoily Ta 3€IeHICTh JHUCTS, BU3Ha4eHI Tpboma mnpwiaagamu [255]: SPAD-502
(rexnonoris cnekrpy Minolta SPAD), Hydro N-Tester i cmaprdon Samsung
(mporpama RGB). JlomatkoBo maboparopHe BH3HAUCHHS BMICTY XJIOpOhuTy
MOPIBHIOBAJIM 31 3HAUYCHHSMHM aHalizy rpyHT-pociuHa (SPAD). JocnimxyBaHUMEU
KyJbTypamu OyJiv cOsl Ta 1HII KyJIbTypU. Pe3ynpraru moka3yroTh TICHHM 3B'I30K MIXK

nokazankamu npwianaie SPAD 1 RGB, mo niarBepmxyroTs 011 aBropu [178].
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BuwmiproBanus N-TecTepoM CHIIBHO 3ajieXaThb BiJl PI3HUX KyJAbTYp 1 cTamii
pocty. 3 1€l NMPUYMHM BHUMIPIOBaHHS NpWIaaAy NMOBHHHI OyTH BiAKadiOpoBaHi 3
ypaxyBaHHsIM 00’€kTa BUMiptoBaHsb [119].

N-Tectep MU BUKOPUCTAJIU JUIsi BUMIPIOBAaHHS BMICTY XJOpOQiTy B JUCTKaX,
AKUU TIOB'SI3aHMM 3 a30THUM CTaHOM pOCIUMHU. TOuKa BUMIPIOBaHHS 3aBX]U
3HAXOAWJIACs B CEPEAWHI TUTACTMHHM TIOBHICTIO PO3BHMHEHOTO JIMCTAa HA BEPXHIX
naronax. He menme 25 BUMIprOBaHb 13 3UT3aMOAIOHUM PyXOM MO OOJIKOBIM JIJISHII
JAI0Th CEpEeHE 3HAYEHHS MO MOBTOPHOCTI. Tpu MOBTOPHOCTI NOCHIAY Jald HaM
CepelHi 3HaYeHHs, SIK1 MU MPEJCTaBUIu B AoAarky B, puc. B.1.

BumiproBaHHS Ha TOYaTKy KBITYBaHHS COi MOKAa3alio, IO ONTHYHA aKTUBHICTH
JUCTKIB OyJla MaKCHUMaJIbHOIO 3a cucteMu ynoopeHHs, ne ¢oH P K, + Nj, (mepen
ciB00or0) 3 00poOKOoIO HAciHHS  I1HOKyJISHTaMH 3  N-(IKCyBaJlbHUMH  Ta
P-mo0Ginmizaniiinumu 6akrepismu (goa. B, puc. B.9). i nokasuuk xonusascs Big 517
no 546 omuuHunp (cepenHe 538 yMOBHUX ONWHHUIG). MiHIMAJIBHOI ONTHYHA
aKTUBHICTH Oysia Ha KOHTPOJi 0e3 100puB (B cepenrHboMy 449 ym. oj1.), 110 CBITYUTH
PO MIHIMAJIbHI PECYPCH a30Ty B JIMCTKaX COI.

Buecenns niTpamipuny Ha moudaTtkoBoMy (Nsg) Ta migBumieHoMmy (Ng) (oni
azoty y dopmi cynbdary amonito 3a Py Ky, mig opaHKy 1CTOTHO 301IbIIYBajio
MOKA3HUKW ONTHUYHOI AaKTHBHOCTI, IO CBIIYUTH TMPO TOJIMIIEHHS a30THOTO
KUBJIEHHS COi. 3a BHUKOPUCTaHHS aMOHIMHOI CeNITPU TAaKOro IMOJIMIIECHHS He
cnoctepiranu. Cucrema ynoOpennst Ha BapianTi 10 — ¢oH + Njy (cyabdar amoHi0
nepen CciBOOIO 3  BHKOPUCTaHHSM 1HOKYJIsSHTa N-MOOUTI3yroumx  OakTepii,
MOCTYIaJacs 3a pIBHEM a30THOTO >KMBIICHHS JIUCTKIB BapiaHTy 12 Ta BapiaHTy 6, ne
cuctema ymobpenns Oyna ¢or + Nj, (cynbdhar aMoHIIO 3 BHUKOPUCTAHHSIM
HITpamipuHy Tmiepen ciBOOK0) Ta TIHKUBICHHS Nj, (cyiabdar amonito y dasi
OyToHi3aIli1).

Ha Bumux piBHSIX (hOTOONTHYHOI aKTHBHOCTI JIMCTKIB y ¢a3i popmyBaHHS 6001B
MOBTOpUJIacS TOAIOHA 3aKOHOMIPHICTh il CHCTEM YAOOpEeHHsS Ha BMICT a30Ty B

aCUMUTLIAHOMY anapari, TIIbKH 3 BUPA3HILIOK PI3HULEI0 MK BapiaHtamu (1oa. B,
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puc. B.9). MinimanpHa 3a0e3Me4YeHICTh JUCTKIB a30ToM Yy (a3l ¢opmyBaHHS 06001B
BUSBIICHA y II'ATOMY Ta JI€B’ATOMY BaplaHTaxX, A€ 3acTocyBaiu Njg3, Cylbdary
amoHi0 Ha ¢oHi P Ky, abo N;, amoniitHoi cenitpu Ha (oni P Ky, 3a moegnanus
cynbdaTy amoOHII0 Ta HITpamipuHy 3a0e3MeUYeHICTh JIMUCTKIB a30TOM BHUPA3HO
noJinmuiacs. Y MO€JHAHHI HITPANIpUHY 3 aMOHIMHOIO CENITPOIO JKUBJICHHS a30TOM
HE MOKPAIIHIOCS.

3a cucremu ynobpenns ¢oH + N, (cynmbdar amMoHIO) 1 TO€IHAHHS
3aCTOCYBaHHs 1HOKYJIAHTIB N-moOuti3amiiinux ta P-moOutizamiiinux 0akTepii piBeHb
3a0€3MeUeHOCTI JINCTKIB a30TOM MPOJOBKYBAaB MIJABUIIYBATUCA 1 TOKA3HUKH
ONTUYHOI aKTUBHOCTI 3a N-TeCTepoM 30UIBIITMINCS B Jlana3oHi Bijg 565 1o 585 ym.
O/1.

VY ¢a3i nobypinas 006iB (puc. 4.8) onTUYHA aKTUBHICTh HAWHUKUYOIO Oyria Ha
BapiaHTi 0e3 ynoOpeHHs — 589 ym. o., ane Oyia BUIIOIO BijJ] HAWKpaIlUX BapiaHTIB y

da3zi popmyBanHs 600iB.

o 700
=
% 680
= 660 - ; ; i
g o ‘} I.: *f \.. f::;
> 640 - % S i A T i AN
- Ty 4 b ] LA _.'!F
. % Py S x5 v
620 N *
600
580 ||

s e |78 9101 /[
[l cepenn. | 589 | 600 | 619 | 643 | 626 | 665 | 613 | 638 | 626 | 668 | 626 | 689
—o=1 | 589 | 602 | 611 | 637 | 627 | 668 | 621 | 640 | 636 | 661 | 636 | 687
===l | 588 | 606 | 623 @ 642 | 631 | 657 | 612 | 640 K 617 | 674 | 618 | 681
[eetree | 589 | 593 | 624 | 651 | 621 | 671 | 607 | 635 | 625 | 669 | 624 | 699

1-12 — HOMepH BapiaHTIB cucTeM yAOOpeHHs AUBUTHUCA y Ta0n. 2.1 po3n 2.

Puc. 4.8. Pe3ynbraTu BUMiprOBaHHS aKTUBHOCTI Xj10podiry N-Tectepom

2023 poky Bererauii y ¢a3i no0ypiHHs 0001B, B YMOBHUX OAMHUIISX
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(HIP,s abcomn. = 11 ym. ox. — gox. B, Tabmn. B.3)

e cBimunth, mo a0 ¢asu nodypiHHS O0O0IB cOs BOJNOALIA HAaWBHUIUMHU
pecypcaMl acHMiIbOBAHOTO a30Ty 1 Ha JKOAHOMY BapiaHTi He OyJI0 O3HaK
rojoxyBaHHs. [Ipore, y (a3t moOypiHHs 000iB BUpPA3HO BUAUIMIIMCS BIAMIHHOCTI 1
nepeBarn HaWKpanux BapiaHTiB cucTeM ymnoOpenHs coi. lle mobpe imrOCTpyrOThH
CBITJIMHHU Y foaatky B, puc. B.10-15.

MoxkeMO0 BHEBHEHO CTBEPIKYBAaTH, IO NPH 3aCTOCYBAaHHI HITpAMipUHy Ha
noyatkoBoMy (Nso) Ta migBuienomy (Ngy) GoHi a3oty y dhopmi cyiabhaTy aMoHiIO 3a
P K4 T opaHKy ICTOTHO TOJIMIIYETHCS PiBEHb 3a0e3neueHHst coi a3zoToM. bes
HiTpamipuHy Ha modatkoBoMy (Ns,) GoHi a3oTy y dopmi cymbdary amoniro 3a Py Ky,
mij opaHKy 3actocyBaHHs 1HOKynsHTa Xait Kot Cymep, skuil MICTUTh
azoTdikcyBanbHI Oaktepii B. japonicum (Bapiant 10), a TakoX 3a Takoi XK CUCTEMHU
yIoOpeHHS TOo€aHaHHSA Horo 3  iHOKynsHToM Pabic Ili, sxuifi  MICTUTH
dbocdopmobLTizaliiini O6aktepii B. amyloliquefaciens (BapianT 12) 3abe3neueHHs
a30TOM JIMCTKIB CATHYJIO HaWBUIUX PIBHIB — BIAMOBIAHO 668 Ta 689 ymMoOBHHX
OJIMHUIIb. 3aCTOCYBaHHS CyMapHOi HOpMH a30Ty 60 kr/ra ma.p. y dopmi cynabdary
aAMOHII0 Y TIO€AHAHHI 3 HITPAMIpUHOM 3a 3a0€3MEUEeHHS COi a30TOM 3aiHSIO TPETIO
no3uIio — 665 yM. oa. AMOHINMHA celiTpa He Maja MOAIOHOT MO3UTUBHOI Jii HABIThH
3a BHECEHHS 1HT10iTOpa HiTpUdIiKaIIii.

VYcepenHeH! MOKa3HUKM (POTONTHUYHOI aKTHMBHOCTI XJOpoQily, BUMIpsHI Yara
N-Tester™ 2023 poky, nmokazaHi Ha pucyHKY 4.9. Yci BapiaHTU CUCTEMU ya0OpeHHs
COpPUSAIU CTPIMKOMY TIOKpAalleHHs 3a0e3MedeHHs] a30TOM Coi, 3a BHUKIIOYCHHS
HeynoOpeHuX AUIsSHOK. [lemo cTaliapHIMKUM 3aCBOEHHS a30Ty Oylio Ha BapiaHTax 3
HITpaIlipUHOM, KWW HaBITh 32 BHECEHHS HECHPHUSTIMBOI JJI1 COT aMOHINHOT CeTpH
MIJBUIIYBAB ACUMUIALIID a30Ty JUCTKaMu A0 ¢a3u noOypiHHs 000iB. VY 110
KpuTu4Hy a3y (hopMyBaHHS SKICHOTO, Oararoro O1JIKOM 3€pHa, 3aCTOCYBaHHS MpU
ciBO1 1HOKYIsHTIB — npenapariB Xait Kor Cynep (6akrepii B. japonicum) Paiic Il
(6akrepii B. amyloliquefaciens) na doni Py Ky, + N, (Cynmbdar amoHit0) TUCTKH COT

MICTHJIM HAMOUIBIIIE a30TY, CYAsIYH 3 (DOTOONITHYHOI aKTUBHOCTI XJI0podiy.
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B 11 nunHa
Puc. 4.9. Pesynbratu BumiptoBanHsi N-TectepoM (poTonTudHO1 akTUBHOCTI Xjiopodiry 2023 poky Bererailii Ha o4aTKy
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kBiTyBanHs (21.06), bopmyBanns 60618 (11.07) i moOypiaasa 60618 20.07), yMOBHHX OMHUII.
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JlocmipkeHi  HaMM  3aKOHOMIPHOCTI  3MIHM  ONTHYHUX  BJIACTUBOCTEU
ACUMUTSLIAHOIO amapary coi, II0 OTPUMY€E pi3HE a30THE KUBJIEHHS, TyK€ Majo 1
(parMeHTapHO BHCBITJIEHI B HaykoBiid Jiteparypu. Excnepumentn H. Bai &
L. C. Purcell [101] 3 TecTyBaHHSM JHCTKIB COi IOKa3ajH, II0 PAHHE CTapiHHS
aCUMUTSLIAHOIO amapary coi, fKa MiJJaBajacsi BIUIMBY IOCYXH, CIPUYMHEHE
BTpator0 xjopodity. Lle mocmimkeHHs KUIbKICHO OLIHIOBAJIO 3arajibHy 3€NIeHICTh
cTe0JIOCTO0 CO1 3a JI0MOMOTOI0 IT(poBOro aHamizy 300pakeHsb. Bctanosneno [169]
TaKOX, II0 KOHLEHTpalis a30Ty B JHUCTKaX CTaOUIbHO 3HMXKyBajlacsi YIPOAOBK
HAJIMBY 3€pHA JJI BCIX COPTIB. [HIEKC HIUIBHOCTI 3€JE€HOTO KOJIhOPY 3MEHIITYBaBCS
YIPOJOBXK Iepioay HanuBy 3epHa. ABTopu [101; 223] cTBEpIKYIOTH, 1110 HEPYHHIBHE
TECTYyBaHHS JIMCTKIB COi Ja€ TICHY KOPEJSALII0 XJI0pO(LIy Ta a30Ty B POCIIHHI.

Amnaniz V. Hoyos-Villegas et al [160] pe3ynbTaTiB TecTyBaHHS IOKa3aB, IO
MOKAa3HUK IIIJIBHOCTI 3€JI€HOr0 KOJIbOPY MOCIBIB, OTPUMAHMM 13 300pakeHb, 310paHuX
3a Tepiom BiA TMOYaTKy YTBOpPeHHs ©000a 10 HAMOBHEHHS 3€pHA, TMO3UTHBHO
KOpEJIOBaB 3 ypokaeMm 3epHa. Mogeni, po3poOieHi 3a JOMOMOTOK MHOKUHHOIO
perpeciiiHoro aHaiizy, MOKa3ajdd CHJIbHHMMA 3B’S30K MK JaHUMH, OTPUMAHHMH 32
JIOTIOMOTOI0 aHaJi3y 300pa)keHb 1 BpPOXKAWHICTIO 3epHa (1HIEKC arpokcumariii ado
kBagpar koedirienra kopemsuii R* = 0,74), Mk mBHAKicTIO pocTy Kynsryp (R* =
0,69) i porocunrezom (R* = 0,80).

Cran acUMUIAIIIAHOTO amapary, ONUCAaHUW 3a JOMOMOT0I (HOTOONTHYHOTO
TE€CTyBaHHS BIUIMHYB Ha 3arajibHy OI[IHKY MOCIBIB coi. CTaH KyJIbTypH Ha BapilaHTax
CHUCTEM YIOOpEHHS YHIPOJOBXK BECHSHO-TITHBOI Bereramii BH3Hadald 1o ¢aszax
Bererailii [177] 3a m’aTHOaIbHOI CUCTEMOIO OIiHIOBaHHSA [36; 54; 54].

VY cepennbomy 3a 2022-2024 poku €KCTIEPUMEHTIB BapiaHTH CHUCTEM YIOOPECHHS
3a yotupu ¢asu 13 MakcumanbHux 20 OamiB Habupanu Big 13 go 18,5 Gana (tabm.
4.3). HeynobOpeni nociBu orpumanu 11,5 Oana, npuyomy y ¢a3zi BBCH 13-15

pocnuaM ortiHeHi 2,0 6ana, ane 10 GopmyBanHs 6001B orpumanu 3,5 6aa.
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Tabnuys 4.3. llincyMKkH BizyajibHOI OI[iHKA 3arajibHOT0 CTaHY MOCIBIB ol y cepenHbomy 3a 2022-2024 poxu

®da3u po3BUTKY

Cyma | Cepenniit
il Il Il IR P B

BBCH 14 BBCH 61 BBCH 71-77 BBCH 85 0.) BapiaHTOM
KonTpoms — 6e3 ynoopenHs 2,0 3,0 3,5 3,0 11,5 2,9
Don — P60K60 (*m.op.) 2,5 3,5 3,5 3,5 13,0 3,3
Mon + N30 — *Nsa (*m.c.) 3,0 3,5 4,0 3,5 14,0 3,5
@Don + N30 — Nsa+uitpanipus (11.C.) 3.5 4,0 4,0 3,5 15,0 3,8
Don + N30 — Nsa (m.c.)+N30 — Nsa (¢.6.) 3,5 4,0 4,5 4,0 16,0 4,0
DoH + N30 — NsatuiTpamnipus (1.c.)+N30 — Nsa (¢.0.) 4,0 4,5 4,5 5,0 18,0 4,5
don + N30 — *Naa 3,0 4,0 4,0 3,5 14,5 3,6
DoH + N30 — Naa+uitpanipus (11.c.) 3,5 4,0 4.5 4,0 16,0 4,0
DoH + N30 — Naa+uirpanipus (1.c.)+N30 — Naa (¢.6.) 3,5 4,5 4,5 4,0 16,5 4,1
@on + N30 — Nsa (m.c.) + XaitKor Cynep Cost 4,0 4,5 5,0 4,5 18,0 4,5
Don + N30 — Nsa (1.c.) + Paiic ITi 3,5 4,0 4.5 4.5 16,5 4,1
Do + N30 — Nsa (m.c.) + XaiiKor Cynep Cost + Paiic ITi 4,5 4,5 5,0 4,5 18,5 4,6

Cepenniit 6an y ¢asi 3,4 4,0 4,3 4,0 - -
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HaiiBumia 6anpHa omiaka — Big 4,0 no 5,0 6aimiB, Oyna 3adikcoBaHa 3a CUCTEMH
ynoopenHst poH Py Ky + Njp (cynbdar amoniro) + HiTpanipus (nepen ciB6or0) + Ns
(mimxuBieHHs y (a3l OyToHi3auli cyabdaroMm amoHiro). CepenHiil 3a Bererauio 0an
4,5.

IIpore Ha ¢oH1 PsKe + Nj, (cynbdar aMoHII0) BUKOPUCTAHHS 1THOKYJISTHTIB
XaiKor Cymnep Cos + Paiic I1i, mo ¢ikcyroTs a3ot 1 MoO1mi3yoTh hocdop, mocisu
coi oriHeHl Ha piBHI 4,5-5.0 Gama. IIpudomy, Bix dasu 3-5 TpiHUaCTUX JTUCTOUYKH
(BBCH 13-15 — 4,5 6ana) no ¢a3u dpopmysanns 606i8 (BBCH 71-77 — 5,0 6ana)
pPOCIHMHM TOKpanryBaiu cBiii rabdiryc. Cepemniii 6anm mo miil cuctemi ymoOpeHHs
craHoBuB 4,6 Oaja.

3-MoMiK YOTHPHOX BUOpAHMX MJisi OIIHIOBaHHSA (pa3 Bererarlii HalMeEHITHI
cepenHiii 6an Bcra”oBieHo y ¢azi 3-5 tpiiuactux nucroukis (BBCH 13-15) — 3,4
Oana. HaitnpuaOnuBime pocivHu coi BUNIsLAanu y ¢asi popmysanns 60018 (BBCH
71-77) — 4,3 6ana.

OT1xe, HAUBUIITUN CEepEIHIN 3a BereTarlito 6aj Ta HAMOUIBIIY CYMapHY OLIIHKY
OTpUMaJIH MOCIBH, JI€ 3aCTocoBaHa cucteMa ynoopeHHs N; Py Ky, (a30THE 100pUBO Y
dbopMi cynbdary amoHir0) 3 BukopuctanHsaMm 1HOKyIsHTIB XaiKor Cymnep Cos + Paiic
ITli, mo ¢ikcyroTh a3zoT 1 MoOUTI3yIOTH (ocdop. Lle o3Hayae, MmO pocauHU COT

OTpUMYBaJH 100pe MiHEpalbHE KUBJICHHS 11 (POpMYBaHHS BPOXKAIO 3€pHA.

BucHoBku 10 po3ainy 4

1. Cepenupopiuna Temmeparypa moBiTps 3a 2010-2023 poku cranoswmia 9,0
npotu 8,3°C y mepiog 2010-2015 pokiB. CepeaHsi MakcMMallbHa TeMIIepaTypa
csarnyna 22,4°C, mo BKa3ye Ha TEHIECHIII0 3pOCTaHHs TEIIOBUX pecypciB JlicocTenmy
3aximHoro B paitoni Mamoro Ilomicesa. I3 Tprox pokiB mocmimkenp 2023 pik OyB
HANUCIPUATIMBIIINM 33 TEIUIOBUM PECYpPCOM Ta 3BOJIOKEHHSIM B IIEP10J] BEreTallii Coi.
Xoua TpaBeHb 2023 Ta 2024 poky Oyiau NOCYUUIMBUMH, HPOTE Yy YEPBHI BHUIIAB

HAJJIUIIOK OMaJiB B OOMBA POKH, IO MOCIPUsIO (GOopMyBaHHS Bpoxkato coi. JIumenp
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B yCi pOKM JOCHiKeHb OyB Bojorum, mpotre 2023 pik BiApi3HSABCS ICTOTHUM
NEPEBUIICHHSIM CEepeIHbOOAraropiuHoi HopMu Ha 19 Mm.

2. TpuBasicTh Bereraiii coi Oyjia pi3HOI KOXHOTO POKY 1 BOHA IOB’s3aHa 3
MOTOJJHUMHU yYMOBaMH, $IKi BIUIMBAJIM Ha IO JOOPHB, HITpAIIpUHY Ta 1HOKYJSHTIB.
[lonBiiiHa HOpMa a30Ty, a TaKOoX OJMHApHA 13 BUKOPUCTAHHSIM a30THUX Ta
dbochopHIX IHOKYISHTIB MPOMOBKYyBajla Bererarito coi y 2023 1 2024 poxax.
[aribiTop HIiTpUdIKaii y BCIX BHIMAJAKaX 3acTOCyBaHHS 13 CyiIb(}aroM aMoOHiI0
CHOPUYMHSB NPUILBHUALIECHHS 3aBEpIIECHHA Bererauii coi Ha 6-7 A10, 3 aMOHIWHOIO
CENITPOIO MPOJIOBKYBAB BereTailito Ha 4-5 mi0.

3. KoHTposb KOHIIEHTpAIIil HITPATIB, SIKI 3aTPUMYIOTh OylIbOOUYKOYTBOPEHHS, 32
JIOTIOMOTOI0 3aMiHU aMOHIMHOI cenmiTpu Ha cymbdar amoHito (N;)) 3 OJHOYACHUM
BUKOPHUCTAHHSAM HiTpamipuHy 1,7 7/ra He Jocsira€ TaKoro BaroMoro pe3yybTary, siK
cymicHe 3actocyBaHHs 1HOKYISHTIB XalKor Cymnep Cos Tta Paiic Ili. Maca
Oyp00490K Ha pociuHl y OyTOHI3aIlil0 cTaHOBWIA HaOLIbi Bennunan — 0,49 T, 1 3a
kBiTyBaHHs 0,82 1.

4. Ha minimansHOMY (PoHi cynb(ary amoHito (Ns)) 1 BAKOPUCTAHHS 1HOKYJISIHTA 3
a30TMOOUTI3YI0OUMMHU OaKTEepISIMU CIIPUSAIIO POCTY POCIUH a0 83,2 cM, a MO€THAHHS
JIBOX 1HOKYJISIHTIB a30T(ikcyBagbHOrO Ta GochopMoOiIizyrodoro 301IbIIHIO BUCOTY
POCIHMH 10 HAWBHIIOTO B MOCHTIAI MOKa3HUKa 84,1 cM, a Takox 3a0€3MeUmniio BUCOKE
3aKkpirieHHs: 6001B — B cepelHboMy 14,5 cM BiJI MOBEPXHI IPYHTY.

5. BcranoBnena no0Ope BHUpakeHa MO3UTHBHA peakilis coi 3a MOKa3HUKOM
o3epHeHocTi Ha (oHi N; Py K, 13 3acTocyBanusam iHokyissHTa Patic 11, sskuif MiCTUTB
dbocdopmoObiTizaliiiai 6akrepii B. amyloliquefaciens. ®ocdop nis azordikcyBaabHOI
KyJbTYpH COi BIJIrpae JyXe Ba)JIMBY pOJIb WIOAO TE€HEPAaTUBHUX (DYyHKIIIM.
3actocyBanHss Ha (oHi N; P Ky mpemapariB — XaiiKor Cymep Cos, a Takox
noeJIHaHHA Moro Ta iHoKyJsiHTa Paiic 111, 3a0e3neunno macy 1000 3epeH B aiana3oHi
194,1-193,5-194,9 1, KinbKicTh 3epeH Ha omHii pociuHi 33,9-33,7-34,4 on., Macu

3epeH 3 pociaunu 6,7-6,3-6,9 1.
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6. ExcrpecaiarHocTrika acHMUTALIMHOTO —amapaTry TMOJhOBUM  IPUIIAIOM
N-Tester™ nys OIIHKK CTaHY JKMBJICHHS COI TOKaszaja, 10 ONTHYHA aKTUBHICTh
JUCTKIB OyJla MakCUMAaJlbHOIO 3a cucTteMu ynoopenss, nae gon P K, + Nj, (nepen
ciB00or0) 3 00poOkol0 HAciHHS  1HOKyIsSHTaMH 3  N-(IKCyBaJlbHUMH  Ta
P-mo06inmizaniinumMu  O6aktepisimu. BHeceHHs HiTpamipuHy 3a modatkoBoi (Nj,) Ta
niaBuieHoHoi (Ng,) HOpMH a30Ty y opmi cynbdary amonito Ha (oHi Py K, mig
OpPaHKYy 1CTOTHO 30UIBIIYBaJI0 MOKA3HUKH ONTHYHOI aKTMBHOCTI, IO CBITYUTH IIPO
HOJIIIIEHHSI a30THOTO >KUBJIEHHS coi. Y (a3l moOypiHHs 000iB ONTUYHA AKTHUBHICTh
JUCTKIB OyJia HAMBHUIIOIO, IO CBITYUTH MPO CTa01I13al1lii0 a30THOTO KUBJICHHS COi Ha
KPUTUIHOMY €Tarli 0CTaTOYHOTO (hOpMYyBaHHS 3€pHA.

7. BizyanpHe OIliHIOBaHHS 3araJiIbHOTO CTaHy CiBOM COi ITOKa3asio, Mo HAWBHUIILY
CEpEelIHIO 3a BEereTallito OlIHKY Ha piBHI 4,5-5.0 Oana Ta HalOUIBIIY CyMapHYy OIIHKY
4,6 Gana oTpUMaJIM TMOCIBH, A€ 3acTOocoBaHa cuctema ynoopeHHs N; P Ky, (azoTHe
no0puBo y Gopmi cynbhaTy aMOHII0) 3 BUKOPUCTAHHSM 1HOKY/ISHTIB XaiKot Cynep
Cos + Paiic IT1, mo ¢ikcyroTs a30T 1 MOOUTIBYIOTE hocdop. Lle o3Hauae, 110 pocauHu

CO1 OTpUMYBaJIM 10OpEe MiHEpaIbHE KUBJICHHS 151 (POPMYBaHHS BPOXKAIO 3€pHAa.

Pe3ynbratu gocnipkeHb 3a po3auioMm 4 BUKIaNAeHO y nmyOmikamisax [49; 47; 45:

48; 171].
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Po3ain 5

®OPMYBAHHS BPOXKAIO 3EPHA COI HA JTEPHOBOMY INIMBOKOMY
INIEHOBOMY I'PYHTI MAJIOTO MOJIICCSI

Jiss morogHMX YMOB 1 TEXHOJIOTIYHMX TPUHOMIB € THUM TOJOBHUM
(GyHKIIOHATBPHUM YUHHHUKOM, IO JA€ OCHOBHHI pe3yasTaT poOOTH MPOAYKLIHHOT
MOJIbOBOT arpoOeKOCUCTEMH Yy BHIIAJI BHPOIIEHOTO BpOXKal 3epHa. Baximso
MOSICHUTH 3 YMM TIOB’Si3aHE MIABUIICHHS YW 3HIDKEHHS 300py 3€pHa Ta KOPHCHUX
PEYOBUH NIPH 3aCTOCYBaHHI THUX, YU 1HIIMX MPUHOMIB Y POCIMHHHUITBI. be3 BHECEHHS
T0OpUB COsl 3/1aTHA camo3abe3redyBaTucsi a30ToM, NoTpebye (ocdopy 1 kamiro,
CHOPHUSATINBOCTI peakiii TpyHTY. JIOCHIIKEHHS 3aKOHOMIPHOCTEH (opMyBaHHS
MPOIYKTUBHOCTI CO1 3aJie)KHO Bija i1 OIOTHYHUX OCOOIMBOCTEM Ta ONTHUMI3allii
€JIEMEHTIB TEXHOJOrli BUPOLIyBaHHS Bxe mnpoBenu y Jlicocreny 3axigHOMY
B. B. Jluxousop, B. M. Illepbauyk, P. M. Ilanaciok, O. B. Ilanaciok [54],
M. I. baxmar ta O. M. baxmar [7], O. M. baxmar, O. C. Uunuuk [9], B. I. Jlumutpos
[26], y IIpaBoGepexnomy II. C. BummniBcekmii, O. B. ®ypman [10], y
Jlio6epexnomy M. S. llleBnikos, 1. 1. Jlotum, O. I1. Tanuy [92] Ta iH.

VY m’stoMy po3aiii MU 3’ ACY€EMO, SIKI CaM€ YUHHUKH CUCTEMH YIOOpEHHS MaJId
ICTOTHHI BIWMB Ha OOCAT BpOXKaro Ta 30ip CHPOro MPOTEiHYy 1 CHpPOTO KHUPY.
KirouoBuM 3aBIaHHSIM HAIIOTO €KCIIEPUMEHTY € BCTAHOBJICHHS ONTUMAIBHUX (HOPM 1
HOPM 3aCTOCYBaHHSl a30THHUX JOOpHUB, JOLUIBHOCTI BHECEHHS HITpAIlipUHY Ta

BUKOPHUCTAHHS a30(¢ikcyBaIbHUX Ta PochopMoOLTi3aIIHHUX THOKYIISTHTIB.

5.1. BiiuB cucreM ynoOpeHHs, cTadijgizaropa a30Ty Ta iHOKY/JISIHTIB Ha

BpO:Kail 3epHa

Taki mocnimkeHl HAMH TEXHOJOTIYHI MPUHOMH, SIK HOPMH BHECEHHSI 100pPUB,
OCHOBHE YIOOpEHHS Ta IMPKUBJICHHS, a TaKOX CcTaOUII3allisl HITPATIB 1HT10ITOPOM Ta
0o0poOieHHs1 HAcCIHHA MIKpOOHMMM IpenaparaMd 3MIHIOBaJM  KOHLEHTpauii

MOKMBHUX PEUYOBUH Yy TPYHTI, BH3HAualldi yYMOBH POCTY W PO3BUTKY COi, IO 1
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BU3HAYMJIO BPOKaWHICTh 3epHA. be3 MmiHepanpbHuX ma06puB y Manomy Ilomicci Ha
JEPHOBOMY TJIMOOKOMY TJICHOBOMY IPYHTI MOXKHa 30uparu Bif 2,66 1/ra (Tadmn. 5.1)
1o 2,83 1/ra Tabn. 5.2). Ha neynoopenomy azotom (oHi BHeceHHs Py K¢, mig opanky
mu orpumyBaiu Bif 3,03 T/ra 2022 mo 3,05 1/ra 2023 poky Ta cepenHiii Bpoxkan
3,02 t/ra 2024 poky (tadmn. 5.3). Ilpupict Bpokairo OyB ICTOTHUM Yy BCl TPH POKH
nocaimkens (mox. I — Ttabm. I'1, I'2 1 I'.3). Ile CBiTUUTh, IO BAXKJIHMBICTH
dbocdopHO-KaMMHOTO YIOOpEHHS JIs TOKpaIIeHHs MPOAYKIIIHHOT PyHKITIT COi.

3acTocyBaHHSI TpPaAULINHOI cHUCTEeMH YHOOpeHHS KyabTypu — N3 PgKgy 13
BHECEHHSIM (hocopHO-KaNItHUX NOOpUB i OpaHKY Ta a30THHUX Yy (GopMi Cyibdary
aMOHIIO ITi/T KyJIBTHUBAIII0 3a0€3MeYniIo CepeaHIO 3a TPU POKH BpOXKaiHICTh 3,55 T/ra
(puc. 5.1). Ile 6yno Ha 0,74 1/ra Ginbine Bij KOHTpotO O6e3 noopuB Ta Ha 0,52 T/ra
ounbie BiJ ochopHo-KamiitHOTO (HOHY.

Buecenns HiTpanipuny nepes ciBooro y 2022 poui 29.04, y 2023 — 24.04 ta 'y
2024 pomi 25.04, sk iHriIOITOpa E€H3WMIB HITPATOYTBOPEHHS, MaJl0 pI3HY
€(EeKTUBHICTh, 10 pOKax JociipkeHHs. Ilepmmii pik AOCHIIKEHB BiAPI3HABCS
MIPOXOJIOMHOI0 TIOMIPHO BOJIOTOIO TIOTOMOI0, APYTHA — CHOPUSTIMBUMHU TEIUTUMHU
BECHSIHUMHU YMOBaMH, TPETi piK MaB CyXui TpaBeHb. Tomy, cTalimizaiis a3oTy He
Majia BUpaszHoro pesynaprary y 2022 ta 2024 poku, sSiKi BIAPI3HSUIMCS BIJICYTHICTIO
OPUPOCTY BPOXKAIO BiJ CTPUMYBaHHS HITPATOyTBOPEHHS, OCKUIBKH aKTHUBHICTh
MIKpOOIOTH B TaKUX YMOBaX 3HMIKEHA.

Haromicte HaiicnpustiuBimmii 2023 pik MOKa3aB BHCOKY €(EKTUBHICTb
OOMEXEHHSI HITPATOYTBOPEHHS HITPAINlIPUHOM 3a HEWTpamizaiii HeraTuBHOI il
HITPATHOTO a30Ty Ha iHimiamito OyIr00YKOyTBOPEHHS Ha KopeHsx coi. [Ipupict
BPOYKAIO 3€pHA 3a COPHUITIMBOIO BIUIMBY HITpanipuHy craHoBuB 0,33 T/ra, MOPIBHAHO
31 3BUYAHOI0 cUCTeMOO ynoOpeHHs N3 P K.

Buecennss mepen ciBoorwo N3P K¢ Ta mnimkuBieHHs coi Nj, y dda3si
dbopmyBaHHsa 000iB HE Aano O4iKyBaHOTO edekTy ympomorxk 2022 ta 2023 pokiB i
BpPOXKAMHICTB 11 pakTUUHO He 3pocina. [Ipore, 2024 poky MU OTpUMAIIH JOCTOBIPHY

HaJBUIIIKY Bpoxkaro 3epHa — 0,22 t/ra (HIP,s = 0,15 t1/ra). Ile mnosicHroemo
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MIPOXOJIOMHOIO 1 CYXOI0 JIO TIOYAaTKy YEPBHS TOTOJI0F0, 32 SIKO1 OyThbOOYKOYTBOPEHHS Ta
azoTdikcaris Jeno CroBUIbHEHI. ToMy MiKUBICHHS CyJIb(paToM aMOHII0 B TaKHX

YMOBaxX Majio MO3UTHUBHUM €(EKT.

Tabnuys 5.1
Ypouxkaii coi 3aj1exkH0 Bix cucteM ynoopenns y 2022 poui Ta BiiXujieHHs

BigHOCHO KOHTpOIIO (HIP (s = 0,13 1/ra — non. I, Tadu. I'.4).

Biax
Bpox
Ne . _ N, UJIEH
Bapiant nocmny amu,
Ne Kr/ra Hi, +
T/Ta

T/Ta
1. |Kontponb — 6€3 ynoOpeHHs 0 |2,66|-0,81
2. |®on - P60K60 (11.0p.) 0 |3,031-0,44
3. |®on + N30 — Nsa (m.c.) 30 (3,47 O
4. |®on + N30 — Nsa+Hitpanipus (I1.cC.) 30 | 3,41 |-0,06
5. |®on + N30 — Nsa (m.c.)+N30 — Nsa (¢.6.) 60 | 3,53 (0,06
6. |®on + N30 — Nsa+uitpamnipus (1.c.)+N30 — Nsa (¢.0.) 60 | 3,77 10,30
7. |®on + N30 — Naa 30 | 3,30 |-0,17
8. |®ou + N30 — Naa+writpamipus (11.c.) 30 {3,5110,04
9. |®on + N30 — Naat+nitpamipus (11.c.)+N30 — Naa (¢§.0.) 60 | 3,70 10,23
10.|Pon + N30 — Nsa (1r.c.)+N-M00imi3yroui 6akTepii 30 | 3,72 10,25
11.|[®on + N30 — Nsa (1m.c.)+P-mo061mi3ytoui 6akTepii 30 |3,62 0,15
12.|®on + N30 — Nsa (m.c.)+N-mo06imi3yrodi+P-mo0imizyrodi 30 |3,8110,34

Oakrepii
HIP,s abcomtoTHa - (0,13 ] -

[TimxuBnennss N;, y a3t OyToHizamii Ha TI1 TMONEPEAHHOTO BHECEHHS

HITpamipyHy MaJjo e OUIbLIY MO3UTUBHY 110 YIIPOJOBX YCIX TPhOX POKIB.
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Tabnuys 5.2

Ypoxaii coi 3aj1e:KHO0 Bix cucrem ynoopenHst y 2023 poui Ta BiaXuJeHHs

BigHOCHO KoHTpOJIKO (HIP)s = 0,16 T/ra — noa. I, Tadu. I.5).

No N, |Bpoxa B
No BapianT nocniny S — JICHHS,
+ 1/ra
1.|Kontpoinb — 6€3 ynoopeHHs 0 2,93 |-0,76
2.|®on — P60K60 (11.0p.) 0 3,05 | -0,64
3.|®on + N30 — Nsa (m.c.) 30 | 3,69 0
4.|®on + N30 — Nsat+uitparnipus (11.c.) 30 | 4,02 | 0,33
5./®on + N30 — Nsa (m.c.)+N30 — Nsa (¢.6.) 60 | 3,78 | 0,09
6.|@on + N30 — Nsa+uiTpamipus (m.c.)+N30 — Nsa (¢.6.) 60 | 4,01 | 0,32
7./®@on + N30 — Naa 30 | 3,51 |-0,18
8.|®on + N30 — Naa+uiTpanipus (11.c.) 30 3,71 | 0,02
9.|®on + N30 — Naa+ritpamipus (1.c.)+N30 — Naa (¢.6.) 60 3,90 | 0,21
10{®on + N30 — Nsa (11.c.)+N-mo0unizytodi 6akTepii 30 | 4,12 | 043
11{®on + N30 — Nsa (m.c.)+P-mo06imi3yroui 6akrepii 30 3,95 | 0,26
12|®on + N30 — Nsa (11.c.)+N-Mo061113yrodi+P-mo061113ytoui 30 | 4,05 | 0,36
.|0akTepii
HIP,s abcomroTHa - 0,16 -

Hansuinka y npoMy BapiaHTi CUCTEMHU YAOOPEHHS CTAaHOBHJIA B CEPEIHbOMY

0,35 1/ra, a 2024 poky Oyna HaiOGinsmow — 0,43 t/ra (HIP;s = 0,15 T/ra). Le

CBi,II‘II/ITI), o 3a CIPUATIIMBUX YMOB IIOTOJH IPU3YIIMHCHHA HiTp&TO}’TBOpCHHﬂ Ha
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KiJbKa TI/I)KHiB, a 3roaomM HiI[)KI/IBJ'IeHH}I COl HE YMHUTh HETraTMBHOTIO BIIZIMBY Ha

OyJbOOUYKOYTBOPEHHS Ta a30T(dIKCallio Ol A1 CBOIX (hi310JI0TTUHUX MOTPEO.

Tabnuys 5.3

Ypo:kaii coi 3aJ1eKHO Bix cucreM yno0penns y 2024 poui Ta BiiXujieHHs

BigHoCHO KoHTpOI (HIP)s = 0,15 1/ra — noa. I, Tada. I.6)

No N, |Bpoxa B
No BapianT nocniny «ra | i, vira JICHHS,
+ T/ra
1.|KonTpomas — 6e3 ynoOpeHHsI 0 2,83 | -0,65
2.|®on — P60K60 (11.0p.) 0 3,02 | -0,46
3.[®on + N30 — Nsa (m.c.) 30 3,48 0
4.|®on + N30 — Nsat+uitparnipuH (11.C.) 30 3,55 | 0,07
5.|®on + N30 — Nsa (m.c.)+N30 — Nsa (¢.6.) 60 3,70 | 0,22
6./@on + N30 — Nsat+uiTpaniput (m.c.)+N30 — Nsa (¢.6.) 60 391 | 0,43
7./®on + N30 — Naa 30 | 3,41 | -0,07
8.|®on + N30 — Naa+niTpanipus (11.c.) 30 3,55 | 0,07
9.|®on + N30 — Naa+uirpamipus (1.c.)+N30 — Naa (¢.0.) 60 3,77 | 0,29
10|®on + N30 — Nsa (m.c.)+N-Mo0061113yrodi 6akrepii 30 3,87 | 0,39
11|®on + N30 — Nsa (1m.c.)+P-mo0ini3yroui 6akrepii 30 3,67 | 0,19
12|®on + N30 — Nsa (11.c.)+N-mo0imizyroui+P-mMo061mi3yrodi 30 3,98 | 0,50
|6axTepii
HIP,s abcomroTHa - 0,15 -
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Maca OynpOouok 3a BHeceHHS N;P¢ Ky, mepen ciBOoro Ta HiTpamipuHy 1
niKuBIeHH Ny, y (a3i Oyronizamii cranoBuina 0,72 1, mpotu 0,49 r Ha BapiaHTi 6e3

HITpaIipuHy.

H BigxuneHHs, + = CepefHe

®oH + N30 — Nsa (n.c.)+N-
moOiniaytovi+P-mobiniaytodi bakTepii

®oH + N30 - Nsa (n.c.)+P-mobiniaytoui
BakTepii

®oH + N30 — Nsa (n.c.)+N-mobiniayroi

BakTepii
®oH + N30 — Naa+Hitpanipud (n.c.)+N30 = 0,24 )
—Naa (b.6.) f—f 379 fﬂ"} ==
®oH + N30 — Naa+HitpanipuH (n.c.) ’__?_—,04w: sl e
3,59 &=
Go+N30-Naa B L
=) - —-
®oH + N30 — Nsa+HitpanipuH (n.c.)+N30 1 0,35
- Nsa (.6.)
®oH + N30 — Nsa (n.c.)+N30 — Nsa 0,1 2__._”.- |
(®6) =——Klyg-————
®oH + N30 — Nsa+Hitpanipus (n.c.) 011
PanipAr 1.6 S 366
0,00

®oH + N30 — Nsa (n.c.)

-0.52 g
®oH - P60 K60 (n.op.) e7r

074 §
KoHTponb — be3 ynobpeHHs

-1 0 1 2 3 4
3epHo, T/ra
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Puc. 5.1. Cepenns BpoxkaitHICTh 3epHa COi Ta BIAXUIICHHS BiJl KOHTPOJIIO 3aJI€KHO BiJl
CUCTEMU yIOOPEHHS Ta 3aCTOCYBAHHSI HITpamipuHy ynpoaorx 2022-2024 pp.
(p <0,05).

Ha BinMiny Bix il cynbgaTy aMOHII0 aMOHIHHA CeIITpa B AHAJIIOTTYHUX HOpMax
JII0Y0i pPEYOBMHM a30Ty sK Oe3 HITpamipuHy, TaK 1 3a HOro 3acToCcyBaHHS, He
3a0e3neynsia MEepPEeBUIICHHA BpoXailHOCTI Ha ¢oHax cynbdary amoniro. Jlume 3a
BHeceHHsI N; P Ky, y moennanni 3 HITpamipuHOM Ta TIIKUBICHHSIM aMOHINHOIO
cenmitporo Nj, y dazi OyToHizalii ypoxaid 3epHa COi MIJBUIIUBCA 0 PIBHS CUCTEM
ynoOpeHHs 3 cynbdarom amoHito (Bap. 4, 516 ) 1 carnyB 3,79 1/ra B cepeHROMY 32
TpH poku (Tadn. 5.4). Lleii piBeHb OyB ICTOTHO BHILIUM, HI’)K HA YMOBHOMY KOHTPOJI 13
cynbdarom amoHito — N3P Ky, (0,24 1/Ta).

OOpoOnieHHs HaciHHSA  a30T(IKCyBaIbHUMH Ta  (QochopMoOiTi3aiitHUMH
1HOKYJISTHTAaMU CIIPHUSi€ OJJHOYACHO aKTUBIi3alli MiKpoOIOJOriYHUX mporeciB [63], sKi
MOKpAIIyIOTh JKUBIEHHS coi ¢ikcoBaHuM 3 armocdepu azorom [84; 16] Ta
3BIJILHEHOTO 3 HEJOCTYITHUX CIOIYK I'pyHTOBOTO (hocdopy [83; 98; 162; 263].

Buxopucrtanns y namomy gocuiai [49] npenapara XaitKor Cynep Cos, sikuid
MICTUTh a30TMOO1UTI3aliiHI OakTepii B. japonicum, 3a BHECEHHS Cyib(haTy aMOHIIO
Nso Ha doni P Ky 2023 poky (Tabn. 5.2) 3a6e3neunsio HalBUIUMA ypoxkaii 4,12 T/ra.
Ile na 0,43 t/ra 6inbme, Hix O0e3 iHOKymsHTa (HIPys = 0,15 1/ra). B opHomy miapi
I'PYHTY IILOTO BapiaHTy (AMB. po3ain 3 puc. 3.2) mictunocs 5,3 Mr/kr HiTparis, 127,8
MI/KT JIeTKOT1aponi3Horo aszory, 134,9 mr/kr ¢ocdaris ta 115,9 mr/kr kanito (aus.
po3nain 3 puc. 3.1).

VY cepennpomy 3a 2022-2024 poku HajBUIlIKa Bpokaro ctaHoBumia 0,35 T/ra 1
OyJa piBHOIO HaJBMIIILI BiJ 32CTOCYBAaHHSI HITPAIIIPUHY Ta J10IaTKOBOTO IIIKUBICHHS
y ¢a3zi oyToHizamii N3 Ha (o1 N3Py K.

Buxopuctanus B ekcriepuMeHTi npenapara Paiic  Il, sxuii  MicTUTH
dochopmobimizamiiiai Oakrepii B. amyloliquefaciens na doni N3 Py Ky Mano gemio
MeHIIMI BIUMB 1 faino Hajasumky 0,20 T/ra 3epHa coi B cepeHbOMY 3a TPU POKH,

NOPIBHAHO 3 YMOBHUM KOHTposieM N3P Ky, 0e3 iHokymsamii. [lokpaieHHs
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noctynHocTi Gocdopy ans xxusieHHs Ha 4,1 Mr/kr rpyHTY y ¢asi OyToHi3alii (1uB.

posain 3 puc. 3.2) marno icrorHuit nosutuBHui edpext (HIP,s = 0,13-0,15 1/ra).



Tabnuys 5.4. BpoxkaiiHicTh 3epHa COi 3aJ1€KHO Bijl cucTeMH yI100peHHS Ta HITPamipuHy

(cepenne 3a 2022-2024 pp. (p <0,05)

130

Poxu mocimimkeHas

Cepenne 3a

Bigxunenus

- Bapian xociy 2022 | 2023 | 2024 |2022-2024 pp. |Bin Bap. 3, +
1. |KonTpoas — 6e3 ynoopeHHs 2.66 2.93 2.83 2.81 0,74
2. | Por = Peo Koo (min opariy) 3,03 | 3,05 | 3,02 3,03 0,52
3. |DoH + N;,— cyasdar amoHit0 (mepes ciB0oo) 3,47 3,69 3.48 3,55 0,00
4. |®oH + N;,— cynbdart amonito + N-Lock™ (mepen ciBOor0) 3.41 4,02 3.55 3,66 0.11
5. |®oH + Nj,— cynbdar aMOHil0 (gepen C.1B60.If)) 3,53 3,78 3.7 3.67 0.12
+ N3, — cynbdar aMoHio (B ¢a3i OyToHi3alrii)
— 1 - ™ 1
6. |®on + N;,— cynbdar AMOHII0 +'N Lock Eyepen ciB0OI0) 3,77 4,01 3.91 3.90 0.35
+ N,,— cyiabdar aMoHiio (B a3i OyToHizalii)
7. |®on + N;,— aMOH1lHa celTpa 3,30 3,51 3,41 3,41 20,14
8. |®on + N;,— amoniiina cenitpa + N-Lock™ (mepen ciBOor0) 3,51 3,71 3.55 3,59 0,04
_ 114 1 _ ™ 1
9. |Don + Nj, amoHifina cenirpa +.N Lock (ﬂnepea ciB0OI0) 3,70 3.90 3,77 3,79 0,24
+ Ny,— amoHiitHa ceniTpa (B ¢da3i OyToHi3allii)
10.[®@on + N3, — cynmbary amonito nepen ciBooro + Xaii Kot Cymep Cost 372 | 412 | 3.87 3,90 0.35
11.|®on + N3, — cynbdary amoniro niepes ciBootro + Paiic ITi 3,62 3,95 3,67 3,75 0,20
12. CD'OH + N3, — cynbdary amoHnito nepex cisboro + Xait Kot Cymnep Cos + Paiic 3.81 4,05 3.98 3,95 0,40

I
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HIP,s abcomroTHa

0,13

0,16

0,15
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Kommniekcna iHokymsmii Haciaas mnpemnaparamu XaiiKor Cymep Cos, sikwmid
MICTHTh a30TMoOOUTI3amiiHl Oakrepli B. japonicum Ta Paiic Ili, skuili MICTUTH
dbocopmobLTizaiiiini Oaktepii B. amyloliquefaciens y cepenubomy 3a 2022-2024
POKHM MaJia MOTYXKHUN CHHEpPriYHUI BIUIMB 1 3a0e3neunsia HaABHUIIKY Bpoxkaro 0,40
T/ra. lle Oinpme, HOK Ha I1HMKMX e(eKTUBHUX BapiaHTax. CHPUSTIMBOIO AJis
IpyHTOBOT MikpoOioTu 2024 poKy HaJBHILIKAa BPOXKAIO 3€pHA CSATHYJAa MaKCUMyMY 1
cranosmia 0,50 1/ra.

Otxe, Ha docdopHo-KamiitHomy ¢doHi P Ky, cynbdar amonito y maniit 1031
Ny, HITpamipuH 1epen ciB6oro B Hopmi 1,7 /ra Ta 1HOKYJAILIS HACIHHS
azo(ikcyBanbHUMH Ta GHopdopMOOUTIZAIIMHUMU OaKTEPISIMU € JIIEBUMU BaXKEIISIMHU
MiIBUIIIEHHS BpOXkaro 3epHa coi y Manomy [lomicci. 36inbmena B cucteMi ynoOpeHHs
KyJIBTypH HOpMa a30Ty 10 Ny, (N5, B OCHOBHE BHEeCEHHS Ta N,y IIJKUBICHHS Y (a3i
OyToHi3allii) Ta BUKOPUCTAHHS aMOHIMHOI CeNITpU He 3a0e3MeUmiIn  Kpammx
MOKa3HUKIB BPOXKAWHOCTI yriposoBk 2022-2024 pokiB eKCIIEPUMEHTIB. 3aCTOCYBaHHS
HITpamipyHy TMO3UTUBHO BIUIMHYJIO Ha BPOXKAUHICT KYJABTYpH, OOMEXKHUIIO

HAKOMHWYEHHS HITPATIB [0 BCbOMY MPOQUIIO IPYHTY.

5.2. 3B’3kM 103U a30TY, BMICTY JOCTYNMHHUX (pOpM a30Ty Ta KHMCJIOTHOCTI

IPYHTY Yy BILUIUBi HA NPOAYKTHUBHICTD COY

VYpoxait coi popMmyBaBcs 3a pizHUX (HOpPM a30THHX JOOpPUB, Ha Pi3HHX (PoHAxX
BMICTy a30Ty, ¢ochopy 1 Kajito B IPYHTI, SIKI CTBOPIOBAJUCS 3a PI3HHX CUCTEM
MIHEpaJIbHOTO yIO0OpEHHsS, BUKOPUCTAHHS CTallai3aropa a30Ty Ta I1HOKYJSHTIB —
CTUMYJISITOPIB MIKpOO10JOriYyHOI aKTUBHOCTI IpyHTY. Ha pucyHky 5.3 Oaunmo, 110
piBeHb Bpoxaio 2023 poky TICHIIIIE KOPETIOBAaB 3 a30THUMH (DOHAMHU KUBJICHHS —
pecypcaMu HITpaTiB Ta JEKOTIIPOJI3HOIO a30Ty B OPHOMY IUIAacTl IPyHTY y ¢asi
oytonizarii — » = 0,76-0,79 (muB. nox. b, Tabn. b.1). o 30upanns OyB BTpaueHU
3B’S130K BMICTY HITPATIB 3 pIBHEM BPOXKaI0, MPOTE MOCHIMIIACS MO3UTHBHA KOPETISIIis

J0ro 3 pecypcamu JIETKOT1IpOJII3HOTO a30Ty.
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[o3a asoty B Ypoxai 3epHa

i

g il

)

Ypoxait, T/ra

Nrigp. y dasi cxoaig (0-20 cm), mr/kr
Nrigp. npu 36upanHi (0-20 cm), mr/kr
®asa cxopig, pH - 0-20 cm

®asza cxopjs, pH - 20-40 cm

®asa cxopjs, pH - 40-60 cm
36upanHs, pH - 0-20 cm

36upaHHs, pH - 20-40 cm
36upanHs, pH - 40-60 cm

Hitpatu y casi cxogje (0-20 cm), mr/kr
Hitpatu npu 36upanHi (0-20 cm), mr/kr

Puc. 5.3. KoedittienTr kopemsiii Mi>k arpoXiMIYHUMH MTOKa3HUKAMH IPYHTI 1111

BIUIMBOM HOPM a30Ty Ta BPOXKAEM COl, 7+

Bpoxaii 3epHa coi He OyB y TICHIM 3aJIe’KHOCTI B1JI PiBHS KMCJIOTHOCTI y (a3i
OyToHi3allii, aje TeHJAEHIIs NpocTexyBanacs. PiBenb ¢onoBoro pH.,, AepHOBOro
IJICHOBOTO TPYHTY TAaKWH, IO HE MEPEBUINYE JOMYCTUMUMA JJIT HOPMAJIBLHOTO POCTY 1

PO3BUTKY CO1, TOMY OCOOJMBOIO BIUIMBY Ha BpOKail 3epHa HE MaB.
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Jlo 30upanns Bpoxato jnumie y muouHi 20-60 cM mpodimto crocrepiranu
00E€pHEHY KOPEJISIIiI0 BPOKAWHOCTI 3 KUCJIOTHICTIO IPYHTY.

CuHepriss HOpM BHECEHHs a30Ty Ta KOHLEHTpaUli HITPATIB y OPHOMY ILIACTI
IPYHTY BUPA3HO MO3HAYMIACS Ha 3pPOCTaHHI Bpoxato coi (puc. 5.4).

3a HaAmMX CcHUCTEM YAOOpPEeHHS KyJIbTypH, JI€¢ HITparu Oyinu cTabuTi30BaH1
HITpaNipuHOM HaBiThb HAa BUCOKHX (pOHAX a30THOrO yJOOpEHHs, IUIOIIMHA perpecii
JTEMOHCTPY€E e(PEKTUBHICTh 3alPOIIOHOBAHUX IMPUHOMIB 1 HEUTpai3ailito HeraTHBHUX

BILJIMBIB HITPATIB HA a30THE KUBJIEHHS COI.

ey WeROAR

Puc. 5.4. TIpoctoponra 3JI-mMozens perpecii mokasHUKa BpOKalHOCTI 3€pHA CO1 Y
3B’SI3KY 31 3MiHaMU BMICTY HITpariB B opHoMy (0-20 cM) macTi 1epHOBOTO IEHOBOTO

I'PYHTY Ta HOPMOIO a30THOTO yIOOpEHHS.

PiBHsHHS perpecii (5.1):

VYpoxaii (1/ra) = 2,5836 + 0,004 X N, rray T 0,1833 X Ny ey (5.1)
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NEPEKOHJIMBO MIATBEP/KY€E HAIE MPUITYILICHHS.

3amporoHOBaHI HaMU HOPMHM a30Ty Ta cTra0um3allisi HITpaTOyTBOCHHS

1HT101TOPOM HITpAMipUHOM Maja MO3UTHUBHUX BIUIMB Ha BPOXKAWHICTH COi YIPOIOBXK
yciel ii Beretanli. ToMmy po3paxyHKOBa IUIOLIMHA perpecii (puc. 5.5), modynoBaHa Ha
HaIIUX JIOCHIIHUX JaHUX, ITOKa3ye, IO 30UIBIICHHS HOPMHU a30Ty BiJ HYyIS 10
60 kr/ra Niro40i pe4OBUHU 1 3MEHILICHHS BMICTY HITPATIB y 30HI KOPEHEBOI CUCTEMU

70 30UpaHHs 3yMOBIIOIOTh HAMBUIIMK piBEeHb Bpoxaro. Lle miaTBepIKeHO JTiHINHIM

perpeciiiHuM piBHSHHAM (5.2):

eAL VRNOA K

Puc. 5.5. IIpocroposa 3/[-Mozeinb perpecii mokasHuKa BpOKaro 3€pHa y 3B’ SI3Ky
31 3MiHaMu BMicTy HiTpariB B opHomy (0-20 cM) macTi J€pHOBOTO TIIEHOBOTO TPYHTY

npu 30MpaHH1 COi Ta HOPMOIO a30THOTO YIOOPEHHSI.

Vposxaii (1/ra) = 4,0648 + 0,0172 % Nyooa gy + 0,3043 X Nt s (5.2)
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ne koeilieHTH HaBiTh OUIBIN, HIXK y PIBHSHHI perpecii HITpaTiB 1 HOPMHU a30Ty Y
¢dazi OyToHizarlii .

[lle BaXIMBIMIOK € CHHEpris Ali AMHAMIKM HITpaTiB Ha Bpokail 3epHa. Tak
JOCJIIJIPKEHI HAMU HOPMH a30Ty, s 1HT101TOpa HITpamipuHy 1 KOHIIEHTpAIlil HITpaTiB
BiJ1 OyTOHI3aIll 70 30MpaHHS MaJIk MMO3UTUBHUX BIUIMB Ha BPOXKail cOi, MOIIOHUIM HA
nonepenHio Mojenb. [lnomuua perpecii mokasye (puc. 5.6), 1m0 BHUCOKHNA BMICT

HITPATHOTO a30Ty B OpHOMY Iapi y ¢a3i OyToHizallii Ta MiHIMAJIbHUH B Yyac 30UpaHHs

3a0e3neuye HaBUIIMI BpOXKail COi.

dopmymna perpecii (5.3):
S,}’)O)Kaf;I (T/Fa) = 373587 + 014642 X NHiTp.(Mr/Kr)(cxoz{H) + 016428 X NHiTp. (mr/kr)(30UpaHHs) (53)

13 TOBOJI1 BUCOKUMHU KOE(IIliEHTAMH MiATBEPIKYE ONMUCAHy 3aKOHOMIPHICTb.

2L WEROGR
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Puc. 5.6. IIpocroposa 3]I-Mozenb perpecii mokasHuka BpOXKaro 3€pHA Y 3B’ SI3KY
31 3MiHaMH BMICTY HiTpaTiB B opHoMy (0-20 cMm) miiacTi I€pHOBOTO IMIEHOBOTO IPYHTY

y ¢a3i OyToHi3allli Ta mpu 30UpaHHi Coi

Hitpanipys  He  nume  crabuni3dye — HITpaTH,  SKIi  [PUTHIYYIOTh
Oy1b00UKOyTBOPEHHSI COi, @ i1 4YaCTKOBO aJKali3ylOTh IPYHTOBE CEpPEAOBUIIE, SKE IIi
HITpaTH y MiJBUILIEHIA KIIBKOCTI MIAKUCITIOITh. 3alPOINIOHOBAaHI HAMU HOPMH a30Ty
COPUSIOTh  HAKONMYEHHIO  HITpaTiB 10  ¢a3u  OyToHI3amii 1  MOYaTKy
Oynp00YKOyTBOpeHHsT Ha KopeHsx. [Ipore, HiTpamipuH o0OMeXye aKTUBHICTh
MIKpOOpraHi3MiB, CTa0UTI3ye HITpaTd HAa ONTHUMAJIBHOMY pIBHI, YUM OOMEXYe
MiIKACIIEHHS TPyHTOBOTO cepenoBuia. OIIHIOIYN CHUHEPTII0 IUX aJIBTEPHATUBHUX
dakTopiB mpu 30MpaHHI COi 3a iX JII€l0 Ha BpOXkKail Ha IUIOUIMHI perpecii (puc. 5.7)
0a4nMo, 1110 Y MPEICTABICHOMY J1alla30H1 HEMA€E MPOTUPIYYSl Y TO3UTUBHOMY BIUIMBI

H1UTYKSHHS TPYHTY Ta MPUHHSATHOTO PIBHS KOHIIEHTpAIlli HITPATIB y HHOMY.

eyl WeNOO R
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Puc. 5.7. Ilpoctopora 3J[-Moaens perpecii moka3HUKa BpoKalo 3epHa y 3B 3Ky
31 3MIHaMH peakilii JePHOBOTO MIEHOBOr0 IPYHTY Ta BMICTY HITpPaTiB B OPHOMY

(0-20 cMm) mutacti npu 30uMpaHH1 coi

®dopmyina perpecii (5.4):
Slpo)Kaf;I (T/ra) = 099738 + 096285 . pHcon. (30upanHs) + 033707 X NHiTp. (Mr/kr)(30MpaHHs) (54)

3 BUCOKMMH Koe(illieHTaMHu MOKa3ye, M0 SK alKadi3aiis IPyHTY, Tak 1 30araueHHs
fioro HiTparamu, 3a(iKCOBaHMMU TpHU 30MpaHHI, MapajelbHO CIPHUSIOTH BHCOKIN
BPOXKAHHOCTI KyJIBTYPH.

Otxe, cratuctuyHe 1 rpadivyHe MOJETIOBAHHS B3a€MOIl pi3HHX (DAKTOPiB
BPOXKaWHOCTI COi MIATBEPAWIIO HAIy TINOTE3y MPO BAKIUBICTh ISl KYJIbTypU
a30THOTO yIOOPEHHS 3 OJHOYACHUM MPUTHIYEHHSM HITPATOyTBOPEHHS HITPAIIIPUHOM,
SIK€ MOTJIO TaJIbMYyBaTH YTBOPEHHS a30T(PIKCYBAIILHOTO OYILO0OYKOBOTO anapary y pasi
HAJMIpHOI KOHILIEHTpallii HITpaTiB y 30H1 pocTy KopeHiB. [Ipo 11e € qani gocaiKeHHs
STMOHCBKUX aBTOPIB [259]. IcTtoTHUM BUsIBUBCA MOOIYHWI edeKT 1HT10yBaHHS
MIKPOOPTaHi3MiB, SIKI YTBOPIOIOTh HITPATH, a caMe 3MEHIIEHHS KUCIOTHOCTI IPYHTY
[47; 48]. Sk BigOMO, HaIMIpHA KUCIOTHICTh TE€X raibMy€ OyJIbOOYKOYyTBOPEHHS Y CO1
[209; 218; 181].

[To3uTUBHUI BIUIMB ONTHUMAJbHUX CUCTEM YIOOpPEHHS COi CYMNpPOBOIKYBAIH
COpPUSATIMBI  3MIHM Yy  (OTOONTHUYHHMX  BIIACTUBOCTAX  XJOpodily, Temmax
OyIb00YKOYTBOPEHHS, IO TO3HAYMUIIOCS Ha CTPYKTypi 1 o0csry Bpoxaro. Tax
MO3UTUBHA KOPEJIALIS BpOXKAKO 3epHa 3 aKTUBHICTIO XJIOPO(Ty MIATBEPIKEHA TICHUM
nonatHiM KoedimierToMm » = 0,89 (tabm. 5.5).

IToka3zHuk akTUBHOCTI XJ0podiny y (a3l KBITyBaHHS TICHO TTO3UTUBHO KOPEIIOE
TaKoX 13 KUIBKICTIO 3€peH Ta ix OuikoBicTio (BiamoBigHo » = 0,90 ta 0,91). Maca
YTBOPEHUX Oyap004oK y (pa3i KBITyBaHHS TICHO TMO3UTHBHO BIUIMBA€ Ha BpOXKai
3epHa (r = 0,89), OCKITbKM TaKOX IMO3UTHBHO TOMEPEIHbO BIUTMHYJIA YTBOPEHHS

3epHa Ha onHiil pocnuHni (r = 0,78) 1 Ha Macy 1000 3epen (» = 0,89). Yci unHHUKH
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dbopMyBaHHSA Ta CTPYKTYpPH BPOXAlO YK€ MO3UTHUBHO BIUIMBAJIN HA BMICT CHPOTO
MPOTETHY B 3€PHI.

OTke, BCTAHOBJICHO IO MPAKTUYHO YC1 YMHHUKH (OPMYBaHHS BpOXKAIO COi
MaJd BaroMuil BIUIMB HA MPOAYKIIMHUI Tpolec y 3ampONOHOBAHMX BapiaHTax

CHUCTEM YIOOpEHHSI.

Tabnuys 5.5
Kopensinisa ypo:xkaro 3epHa coi 3 (pOTOONTHYHOI AKTUBHICTIO XJI0podiny Ta

NMOKa3HUKaMHM NPOAYKUiiHHOro mpouecy (3a nanumu 2023 poky), r+

Bpoxa Maca Xrtopodi K-ctp Maca
1 2023 | OynbOO4YOK IIpHU . : Y 3€pEH Ha 1000
. ) KBITYBaHHS ,
p. KBITYBaHHI pociuHi 3epeH
Maca
OynbO0YOK MpH 0,83 X
KBITYBaHHI
Xnopodin
. Y 0,89 0,83 X
KBITYBaHHS
K-cTb 3epeH Ha
. 0,94 0,78 0,90 X
pocCiuHi
Maca 1000
0,70 0,89 0,59 0,62 X

3epeH
BwmicT npoteinis 0,96 0,84 0,91 0,97 0,69

BucHoBku 10 po3aiiay 5

1. 3a BHeceHHs Nj, (cynbdar amoHio), Ps K, y moeqnanni 3 HiTpamipuHoMm Ta
nipKUBIEHHSIM Nso y ¢da3i OyToHi3alli ypoxkaid 3epHa coi 1ocarnyB piBHs 3,90 T/ra B
cepenHpboMy 3a Tpu poku. IIpore, 3a BHeceHHA cyabdary amoHil0 N;, Ha

dbocdopHo-kamitHomy ¢oni P Ky, 3acTtocyBanHs a3zoTHoro iHokyimsiHTa XaiKor
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Cynep Cos 3a0e3meunsio Takuil e cepeqHiid Bpoxail 0e3 3aCTOCyBaHHS 1HTi0ITOpa
HiTpUdiKaiii Ta J0JaTKOBOTO MiMHKUBICHHS N3, y (a3l OyToHi3aIli.

2. Bumwmii piBerb Bpoxkar 3,95 T/ra, X04 1 CTaTUCTUYHO HE BepHU(IKOBAHUH,
3a0e3neunsio  TMOoeAHaHHS — a3oTdikcyBasbHOro Ta  dochopmoOiTizaiitHOro
iHokynaHTIB XaiKor Cymnep Cos 1 Paiic 111 Ha doni N, Py K¢, 13 BUkopuctanasm
cynb(dary aMoHito niepe ciB0oro.

3. Cra0imizaiiist a30Ty HITpamipyuHOM HE Majia BUpa3Horo pesyisrary y 2022 ta
2024 pokax, OCKUJIbKH aKTUBHICTh MIKPOOIOTH B MPOXOJOJHUX 1 MOCYIUIMBUX YMOBAX
3HmkeHa. Haromicts HadicnipusmiuBimmii 2023 pik moka3aB BHCOKY €()EKTHBHICTH
npenapara y HeWTpaizalii HeraTMBHOI Aii HITparTiB Ha OyJbOOYKOYTBOPEHHS B
KopeHsix coi. [IpupicT Bpoxaro 3epHa 3a CIOPUSTIMBOTO BIUIMBY HITpamipuHy
cranoBuB (0,33 T/ra, HOPIBHSHO 31 3BUYANHOIO CUCTEMOIO yaoOpeHHs N3P K.

4. IlipxuBnenns coi N;, y a3t Oytonizamii Ha ¢oHl N3 Pe Ky, (cynbdar
aMOHII0) Ta BHECEHHS HITpamipuHy Tepen CiBOOI Majo OUIbIINY MO3UTHUBHY IO
YIOPOJIOBXK YCIX TphOX poKiB. HaaBuika y 1ipoMy BapiaHTI CUCTEMH YyIOOpEHHS
craHoBwia B cepeanbomy 0,35 1/ra, a 2024 poky Oyna Haitoinbmow — 0,43 T/ra
(HIPys = 0,15 1/ra).

5. Ha Biaminy Big nii cyabdarHoro qo0prBa aMOHIMHA CENIITpa B aHAJOTTUHHUX
HOpMax Jif040i peYOBHUHHU a30Ty SIK O€3 HiTpamipuHy, TaK 1 3a HOTO 3aCTOCYBAaHHS, HE
3abe3Ieunia IepeBUICHHs BPOYKaMHOCTI 3epHa Ha (PoHax cynbdary aMOHI0.

6. Ha npuxnani po3paxyskiB 2023 poky piBeHb BPOXKarO TICHIIIE KOPEIIOBAB 3
a30THUMHU (pOHAMU KMBIICHHS — pPECypCcaMH HITpaTiB Ta JIEKOT1IPOJI3HOTO a30Ty B
OpHOMY IUIacTi IpyHTY Yy (a3l OyTonizamii — r = 0,76-0,79. Bpoxaii 3epHa coi He OyB
y TICHIN 3aJI€KHOCTI BiJl TOKa3HUKA KUCJIOTHOCTI y (pa3i OyToHI3aIlli , aje TeHASHIIS
Oyna. PiBenb ¢onoBoro pH,,, 5,62-5,63 nepHOBOro 1ieioBoro rpyHTy Takui, 110 HE
NEPEBUIIYE JTOMYCTUMHUM JJIi HOPMAJIbHOTO POCTY 1 PO3BUTKY COi, OCOOJIMBOIO
BILUIMBY Ha BpOXKal 3€pHA HE MaB.

7. CTaTUCTUYHO JI0Be/ieHa 1 TpadiyHO Bi0Opa’keHa CHHEPTiss HOPM BHECEHHS

a30Ty Ta HArpoMa/KEHHsA pecypciB Horo JoCTynmHUX (OpM y BIUIMBI Ha BpOXKal
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3epHa coi. Hami gocmigHi faHi, MOKa3yoTh, 110 30UIBIICHHS HOPMHU a30Ty BiJ HYJIS
no 60 kr/ra n. p. 1 3MEHILICHHS BMICTY HITPaTiB Yy 30HI KOPEHEBOi CHCTEMH 0
30MpaHHs 3yMOBIIOIOTH HaBUIIMU pIBEHb BpoXkaro 3epHa. Hopmu asory, ais
1HT101TOpa HITPATOYTBOPEHHS 1 KOHIIEHTpAllli HITPaTIB y IPYHTI BiJ OyTOHI3AIll 10
30MpaHHsl MaJid MO3UTUBHUX BIUIMB Ha Bpoxai coi. [ligBuieHuii BMiCT HITpATHOTO
a30Ty B OpHOMYy Tmapi y a3i OyToHizarii Ta MIHIMI30BaHHMA B dYac 30upaHHS

3a0e3Ieuye HaBUILUM BpOXKai coi.

Pe3ynbratu gociikeHb 3a poO3ALIOM S5 BUKJIAAEHO y myOumikamisax [45; 46; 47,
48; 49].
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Po3aia 6

BIOXIMIYHI TOKA3HUKHU AKOCTI 3EPHA COI 3AJIEXKHO
BIJI MIHEPAJIBHOI'O YIOBPEHHS, BHECEHHS HITPAIIIPUHY
TA BUKOPUCTAHHSA IHOKYJISAHTIB

Cyxa Maca 3epHa coi BKJIIOYAE PI3HI PEUYOBHMHM: OILIKH, BYIJICBOAM, JIIITIIH,
BITaMIHM, €H3WMH, aMIHOKUCIIOTH 1 MiHEpalibHi (30JIbH1) PEYOBUHU Toul0. Bennka
yBara CbOTOIHI MPUIUIETHCS TEXHOJOTISAM, M0 3a0e3Me4YyloTh HAWMOBHIITY
peaiizaililo MOTEHIllaly IHTEHCUBHMX COPTIB COi MO0 SKICHUX ITOKa3HUKIB
BUPOLICHOTO 3€pHa — BMICTY OUIKOBUX PEUOBUHU Ta *KupiB. OCHOBHI TPYNH PEUOBHH,
3 SIKMX CKJIQJA€ThCs CyXa PEUOBMHA 3€pHA COi MpHU 30MpaHH]1 BPOXKak0, KOJIMBAIOTHCS B
PI3HUX NPUPOJHUX 30HAX YKpAiHM B TAKUX MEXKAX: «CUPU» HPOTEiH (CyKyIHa
YacTKa PI3HUX BHJIIB OLUIKIB, aMIHOKHCIIOT, KOMIIOHEHTIB OLIKIB 1 MiIHEpaIbHUX
cnonyk aszory) — 30-40%; «cupuit» okup (omist — CyKylHa 4YacTka
e(ipOCKCTPAKTUBHUX JKUPIB 1 JKUPOMOAIOHHX CITONyK) — 15-25%; «cupay» KITITKOBHHA
(uemono3a, remimentoiosa, 00oaoHka) — 3-9%; Bosora (dactka Boau) — 8-12%; Bci
1HIIl pe4oBHHM (LYKPH, MPOCTI M CKJIAaJHI BYIJIEBOAM, KpOXMallb, 0€3a30THCTI
MiHEpaIbHI coili — 0€3 a30TUCTI eKcTpakTuBHI pedoBuHU — BEP) — 10 35%.

Hame 3aBgaHHst y moctomMy po3iiii — 3°sICyBaTy BIUIUB CUCTEM MiHEPaJIbHOTO
yAOOpEHHS €Ol Ha SIKICTh 3€pHA, a TAKOX 3HAYEHHS HITpamipUHy Ta 1HOKYJSHTIB IS
e(eKTUBHOTO a30THOTO >KHMBJICHHsS coi. Hamu mpoBeneHi jnabopaTopHi aHaNITUYHI
JOCIHIJIKEHHSI HA BMICT Yy 3€pHI CUPHUX MPOTEiHY, >KUPIB, KIITKOBUHHM 1 BOJOTH Ta
pPO3paxyHOK YacCTKHA PEIITH KOMIIOHEHTIB y 3epHl. [ligkpecmioeMo, 10 MOKa3HUK
BMICTY CHPOTO TMPOTEiHy BKa3ye Ha BCH CYKYMHICTh PI3HUX BHUJIIB OLIKIB,
aAMIHOKHCIIOT, YCIX a30TyMICHUX CIOIYK 1 MIHEPAJIBHOTO 30Ty M aMiJIiB.

€ BIIOMOCTI, IO BIUIMB a30THHUX J0OpuUB Ha (i310JI0TII0 COI, KOMIIOHCHTU
BPOXKAMHOCTI, ypOXKaWHICTh 3€pHAa Ta BMICT OLIKIB B 3€pHI MOXYTh CHJIBHO
BIJIPI3HATHCS 1 3aJI€XaTh B1Jl TEHETUKH, YMOB BUPOIIYBaHHS Ta TEXHOJOTI KyJbTypH

[5; 9; 70].
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6.1. BmicT cuporo nporeiny y 3epHi coi

3epHO COi € BaXXJIMBUM JIKEPEJIOM OUIKIB JJIs JIIOAEH 1 TBApUH, TOMY MONUT Ha
Oarary OLIKOM COEBY MPOAYKIIIIO HEYXHIJIBHO 3pocTae, moBigomisie [IpomoBoiasua Ta
cineebkorocnofapcbka oprasizamiss OOH (FAOSTAT) [140; 142]. VYopomoxk
JECATUIIITh CeJNeKIlii, OPIEHTOBAHOI Ha BPOXKAMHICTh 3€pHA, CEPEeaHS KOHIECHTpAIlis
OUIKIB B 3€pHI JEMOHCTpPYE TEHJACHINIO 10 3HwkeHHs [221; 5; 8; 91]. Ilo6
MIJBUIIUTH IIHHICTh COEBOTO 3€pHA MJis KIHIEBUX CIOXUBadiB, HEOOX1HA BHUCOKA
KOHIIeHTpallist 011KiB 46-47%. AnprepHaTHBOIO OUTKaM y 3€pHI € KIITKOBHHA Ta 1HIII
KOMITOHEHTH.

Kupu 1 OIKM TepeBaXHO TO3UTUBHO B3a€EMOKOPENIOIOTh. BHPOOHUIITBO
POCIIMHHOI 0Jii 13 COi IOCATIIO HAMBUIIIOTO PiBHA cepel pocanHHux omiit (30%) [141].

B. B. JTrobuu Tta iH. [57] pe3toMytOoTh, 10 010XIMIYHI CKJIAJHUKHU 3€pHA (BMICT
NPOTEiHYy Ta BMICT XHPY) COi, YPOKaWHICTh Ta BHUXIJ XUPY W TPOTEiHY Baromo
3aJICKUTh B1I MOrogHUX yMoB 1 copty. A. I. Ko3rouko Tta B. M. I'agiii [43] noBenu,
nepennociBHa o0poOKa HACIHHA COi METa0OJIYHO aKTUBHUMHU PEYOBHHAMH CIPHSIE
AKTHUBHIIIOMY, TIOPIBHSHO 13 HEOOpOOJEHUM BapiaHTOM, HAKOMMYECHHIO OIIKIB Ta
«CUpOi» KIITKOBUHU Y 3€pHiI coi. TakuM YMHOM, BHUPOOHMKaM CO1 MOTPiOHI
TEXHOJIOT1YH1 CTpaTerii Ui MIATPUMKH a00 MiIBUILIIEHHS KOHIIEHTpallli O1JIKIB y 3epHi
coi [244].

Hamn gocnikeHHst cucteMu ynoOpeHHs coi 0e3 MiHepalbHuX J00puB abo 0e3
dochopHo-KaiiitHOrO (GOHY MOKA3aIM, IO Y IIUX BUMAJIKAX MU MOXKEMO OYiKyBaTH
MIHIMAJIbHUIM BMICT CHpPOTO NpOTEiHy y 3epHi Ha piBHI 33-34% (puc. 6.1; non. /,
tabn. JI.1). BHeceHHs MiHIManbHOI HOpMHU a30Ty y Qopmi cynb(paTy aMOHIO Ha
docdopHo-kaniiinomy (oni N;3,PeKe, crpuse 3pocTanHIO BMICTY CHUPOTO MPOTEiHY
no 35,8-36,5%. Crabumizanis HITpaTiB 'y IPYHTI HITpalipuHOM 3a0e3nedye
MOKPAIICHHS] a30THOTO YHUBJICHHS COi 1 CIPUYWHIOE TIJIBUIIEHHS BMICTY CHPOTO
nporeiny Ha 0,7%. lle miaBUIIEHHS MPUPIBHIOETHCA 0 JOJATKOBOIO BHECEHHS Y

nijkuBieHHs 30 kr/ra n.p. asory y ¢as3i OyToHizaiii. 3a YMOBHM 3aCTOCYBaHHS
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HITpamipuHy Ha i cuctemi ynobpenHs wmu orpumanu e 0,7% npupocty

KOHIIEHTpallii OIKOBUX PEUOBHH Y 3€pPHI.

®oH + N30 — Nsa (n.c.)+N-
mobiniaytoui+P-mobiniaytoui bakTepii

®oH + N30 - Nsa (n.c.)+P-
mobiniaytoul BakTepii

®oH + N30 - Nsa (n.c.)+N-
mobinisytoul bakTepii

®oH + N30 — Naa+HiTpanipuH
(n.c.)+N30 - Naa (¢.6.)

®oH + N30 — Naa+HiTpanipuH (n.c.)

®oH + N30 - Naa

®oH + N30 — Nsa+HiTpanipuH
(n.c.)+N30 - Nsa (¢.6.)

®oH + N30 — Nsa (n.c.)+N30 - Nsa |

(@56)

®oH + N30 — Nsa+Hitpaniput (n.c.)
®oH + N30 — Nsa (n.c.)
®oH - P60 K60 (n.op.)

KoHTponk — 6e3 yoobpeHHs

Puc. 6.1. BMicT cuporo npoTeiny y 3epHi coi 3aJIe’)KHO BiJI HOPM a30THOTO

yAOOpeHHs, Aii HITpamipuHy Ta iHOKYJISHTIB,% (cepenne 3a 2022-2024 pp.)
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(HIPys abc. = 0,87%; HIPs BigH. = 2,40%);

KopeJsiist Mk pokamu » = 0,95 — nox. JI, Tadmn. /[1.2).
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binbmii piBHI BMICTY CHPOTO MPOTETHY Y 3€pHI COi MU BCTAHOBWJIU JIMIIIE y JIBOX
CHUCTeMaX YIOOpEHHS: 3a BHECEHHs MIHIMAJIbHOI HOPMHU a30Ty y ¢opMi cyibdary
aMmoHil0 Ha (docdopHo-kamiitHomy ¢oHi N3 P Ky, y moeaHanHi 13 3acTocyBaHHSIM
THOKYJISTHTIB — a30TMO0LTI3ytounx O0akrepii B. japonicum (Gipmu XaitKot Cynep Cos)
Tta dochopmobinzyrounx Oaktepii B. amyloliquefaciens Paiic IIi — 37,9-38,6%.
HaiiBumoro  moka3Huka  OIKOBOCTI  3€pHa  JOCSATHYTO 3@  IO€JIHAHHSA
azoTMoOuUTI3yI0uNX Ta Gochopmobinizyrounx 6akrepiit — 38,6%. Lle na 2,8% Ounbiie
3a CUCTeMHM yAOOpeHHs a30ToM y (opmi cynabdary aMoHio Ha (pocPopHO-KaniitHOMY
donl N3P Ky Ta 3 i1 BHKOpHUCTaHHSAM pa3oM 3 a30TMOOLTI3YIOUMX OakTepii
B. japonicum (pipmu XaiiKor Cynep Cos) — Ha 0,7%.

3ayBa)KuMoO, 110 HITpamipuH MaB OUIBIIMIA MO3UTUBHUN €()EeKT Ha MOABINHOMY
doni cynbdary amonito (Njy39), HOK Ha Takomy X (OHI aMOHINWHOI cemiTpu. Sk
dopma a3zoTHOro AOOpHMBA, aMOHIHA ceiTpa MOTipuIyBajia HAKOIMUYEHHS CHUPOIo
NpOTEiHy B 3€pHI, MOPIBHSIHO 3 cyinbdarom amoniro. Jlomamo, mo A. Sharma &
S. Sharma [227], M. Burkitbayev, N. Bachilova & M. Kurmanbayeva [116] noBenu
NO3UTHBHUM TUTMB 30a7TaHCOBAHOTO JKMBIEHHS a30TOM Ta CIPKOIO Ha MapaMmeTpu
BpokaiHOCTI Ta O1mkoBicTh 3epHa coi, K. N. Devi & L. N. K Singh [128] — cipkoro Ta
o6opom.

[HTeHCUBHICTH BILTUBY YKUBJICHHS a30TOM Ha KOHIIEHTpAI[i0 OLJIKIB BiIPi3HABCSA
B PI3HUX IMOTOIHUX yMOBaX. 3OUIBIIYIOYM KOHIIEHTpallii OIIKIB CHOCTepiraiu 3a
CIPUATINBOI TOTOAW Ta 3HIKEHHS — 3a MPOXOJIOAHUX JOMOBUX YMOB. Lleit edekr
CIIOCTEpIrajy OTHAKOBUM Yy PI3HUX COPTIB. [HTEHCUBHICTH (POTOCUHTE3Y, AKTUBHICTh
dikcarii a30Ty Ta BHECEHHS MIHEPAJIBHOTO a30Ty YacTO MAJIONOB sA3aHI 3 PEaKIIIEI0
KOHLIeHTpauii OuwkiB B 3epHl. L1 3anexHocTi J00pe MPOUIIOCTPOBaHI B
y3arajibHEHHSIX aMEPUKAHCHKUX JOCIITHUKIB, 30KpeEMa, Y KIIIMaTUYHUX Ta eAapiaHuX
ymoBax Ha I[liBnenHomy Cxomi CIIA, siki BapiszHsitoTbes Bifg CepenHboro 3axomy
CIIA [100]. Cos, BupomieHa Ha miBani CILIA, sk mpaBuiao, Mae BUIYy KOHIICHTPAIIIIO

MPOTETHIB B 3€pHI1, HIXK cosl, BUpoiieHa Ha Cepennbomy 3axomi [219].



146

VY Jlicocteny 3axigHOMY 3acTOCYyBaHHs a30THHX JI0OpHWB y HOpMi N;,P; K ra
NgoPsoKeo (N — amoniiiHa ceniTpa) CIpusuio MiJBUIICHHIO BMICTYy Outka g0 34,6 1
36,5%. ABropu [54] MOSACHIOIOTH L€ THM, L0 a30T € CTPYKTYPHHM KOMIIOHEHTOM
aMIHOKHUCJIOT, OUIKIB, HYKJIETHOBHUX KHCJIOT Ta iX CKJIaJIoBUX. BHECEHHS a30THHX
n06puB y HOpMI N3oP3Kso Ta NgoPgoKgo (N — kapOamix) cripusiyio MiBUILIEHHIO BMICTY

6inka B 3epHi coi 10 35,7 1 36,8%.

6.2. BmicT cuporo kupy, KJIiTKOBUHM TAa IHIIUX PEYOBHH

[HIIMM BaXXTMBUM CKJIQJHUKOM CyXOl PEYOBHHHM 3€pHA COi € KUP 1 KUPOIOA10H1
cronyku. HaliMeHIie cuporo Kupy 3€pHO HAKONMUYHIIIO 32 BHECCHHS MiHIMAJIBHOI
HOPMH a30Ty Yy (hopMi aMOHIHOT cenmiTpu Ha dhocdopHo-KamiitHOMY GoHl N3 P Ky 13
BUKOPHCTAHHSM HITpamipvHy, KM CIPHUSAB 3MEHIIEHHIO BMICTY CHUPOIO KHUPY /0
20,0% (puc. 6.2; noxn. J, Ta6m. JI.1).

Buecennss MiHiMaabHOT HOpPMH a3oTy y ¢dopmi cyiabdaTy amoHi0 Ha
dochopro-kamiiHoMy (oH1 N3 Py Ky 3 BUKOprcTanHsIM a30TMO01TI3yI0UnX OakTepii
B. japonicum (dbipmu XaitKor Cynep Cos) 3a0e3neunsio Takuid e HU3bKUN PIBEHb
omiitHoCTI 3epHa — 20,0%.

Bucokuii piBeHb HAKOMMYEHHS BMICTY J>KHPIB 3a0€3MeUYMio 3aCTOCYBaHHS
dbocdopmobLTIzaIiiHOrO 1HOKYIsAHTa 3 OakTepiamu B. amyloliquefaciens. MoxHa
OPUITYCTUTH, [0 TOKpameHHsS (GocPopHOro JKUBICHHS COI CIpHUSiE YTBOPEHHS
BHUCOKOCHEPTETUYHHX KUPHHUX CIIOIYK Y 3€pHI.

3 pe3ynbrariB aHaiizy 0adyuMo, 110 ONTHMI3aIlisl a30THOTO YyAOOpeHHs coi
3MEHIIIy€ OJINHICTh 3epHa. HiTpamipwH, MOKpanlyroud a30THE >KHUBJICHHS COi,
BHUPA3HO 3MEHIIYE€ HArPOMAJ[KEHHS CUPOTO KUPY B 3€pHI.

3ayBakKMMO, IO SKIIO MK BaplaHTaMH CHUCTEMH YIOOPEHHS COi BMICT CHPOTO
npoteiny OyB ictroTHO BiaMmiHHUM (HIP(sa6¢c. = 0,87%), TO 32 BMICTOM CHPOTO KUPY

JOCTOBIPHOI Pi3HULI HE BUABIEHO (Fy,, 1,71 <Fy53,01).



®oH + N30 - Nsa (n.c.)+N-
mobiniayroui+P-mobinisytoui bakTepii

®oH + N30 - Nsa (n.c.)+P-mobiniaytoui
bakTepii

®oH + N30 - Nsa (n.c.)+N-mobiniaytoui
BakTepii

®oH + N30 — Naa+HITpanipuH
(n.c.)+N30 - Naa (¢.6.)

®oH + N30 — Naa+HiTpanipuH (n.c.)

®oH + N30 — Naa

®oH + N30 — Nsa+HiTpanipuH
(n.c.)+N30 - Nsa (0.6.)

®oH + N30 — Nsa (n.c.)+N30 — Nsa |

(6)

®oH + N30 — Nsa+HitpanipuH (n.c.)
®on + N30 - Nsa (n.c.)
®oH - P60 K60 (n.op.)

KoHTponb — 6e3 ynobpeHHs

VY
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\/\

20,3

'/

20,9

20,0
20,1

20,0

\21,5

\21,1

Puc. 6.2. BMicT cuporo )upy y 3epHi coi 3aJI€KHO BiJl HOPM a30THOTO YIOOpeHHSs, Iii

HITpamipyUHy Ta 1HOKYJIAHTIB,% (cepenne 3a 2022-2024 pp.) (Fyue 1,71 <Fys3,01;

Kopensiisa Mixk pokamu » = 0,95 — non. JI, Ta6m. 1.3).

Sx Gaummo Ha pUCYHKY 0.3, CIEKTpU CKIIaTy CyXOi PEYOBHHU 3€pHA JTyXKe

BIJIPI3HSIOTHCS 32 PI3HUX CUCTEM yIO0OpEHHs Ta MOKa3yITh, 110 Y 3¢pHI HEYI0OpEeHOT

COI MICTUTBCSI HAaOUIbIIIE PI3HOMAHITHUX PEYOBHX, SIKI HE IEPETBOPHIINCA HI B OLIIKH,

H1 B KUPH, ajie YTBOPUIIOCS OUTbIe CUPOi KIITKOBUHUA. OYEBUAHO 1€ TIOB’SI3aHO 3 HE

JOCTaTKOM MOKMBHUX €JIEMEHTIB 3a B1ICYTHOCT1 100pHUB.
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@ Cupun npotei, % & Cupuit xup, % B Cupa knitkosuHa, % O BEP, % B Bonora, %

®oH + N30 - Nsa (n.c.)+N-mobinisyroui+P-
Mobiniaytoui BakTepii 38|’6 203
®oH + N30 - Nsa (n.c.)+P-mobiniaytoui e 2
SaKTepil 37,|1 == 20,7 =
®oH + N30 — Nsa (n.c.)+N-mobinisytoui 379 o000
BakTepii | SElema
®oH + N30 — Naa+Hitpaniput (n.c.)+N30 B
—Naa (.6 36'|7 201§
®oH + N30 — Naa+Hitpanipux (n.c.) 36,8 H;i200
1 |
®oH + N30 - Naa 354 2050
1 |
®oH + N30 — Nsa+Hitpaniput (n.c.)+N30 R o 4 2
—Nsa (t0.6.) 37]2 22018
®on + N30 — Nsa (n.c.)+N30 — Nsa (.6 %5 00k
: | e
®oH + N30 — Nsa+Hitpanipux (n.c.) 36,5 220,25
1 |
®on + N30 - Nsa (n.c.) 358 .g 20,7
1 |
®oH — P60 K60 (n.op.) 340 196
1 | L
KoHTponb — 6e3 yaobpeHHs 33,0 e 19,6 :):
] | !
0 100%

Puc. 6.3. CniBBiJHOLIECHHS BOJIOTH 1 CyXHX CKJIaJHUKIB Y 3€pHI COT 3aJI€KHO BiJ HOPM
a30THOTO yA0OpEeHHsI, BUJIMBY HITpamipuHy Ta 1HOKYJSHTIB (cepeane 3a 2022-2024

pokun,% y Cyxiii pe4OBHHI.

Pesynwratu  gucnepciitHoro ananizy (ANOVA) [16] mocTOBIpHOCTI JaHUX
BMICTY CHpPOi KJIITKOBHHH B 3€pHI MOKa3ajH, 10 CUCTEMHU yAOOPEHHS MaJld BAarOMUN
BIUIMB HA KOJIMBAaHHS IOKa3HMKA HArpoOMaJDKEHHS KIITKOBUHH, SIK aJbTEPHATUBU
Oinkam 1 xupam y 3epHi (Fy,, 115,83 > Fys 3,01; HIPysadc. = 0,50%) (mom. ,
tabmn. J1.4)
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B. B. Jlsmenko [58] moBenu, 1m0 MakCMMalbHUW BMICT OUTKa B 3€pHI COi
(38,2%) moxnuBuii 3a BHeceHHs1 10 pony Py Ky, azotHux nobpus y no3i 90 kr/ra
1. p. ABTOpaMu BU3HAYEHO, 110 HAHOUIBIIMIA BMICT XUpPY B 3€pHI € y BapiaHTi 0e3
noopuB 1 cranoBuB 22,0%. B. B. JlroOuu Ta iH. [57] mpenctaBuiu pe3ysabTaTu
JOCIIIKEHb CB1YaTh, J€ BMICT MPOTEiHYy B 3€pHI COi Cy4aCHUX COPTIB MOXeE
3MmiHoBatucsa Big 36,1 nmo 44,4%. Y cepenHboMy 3a JABa POKH 3a IXHIMHU
TOCIDKEHHSIMH BMICT KUY 3MiHIOBaBCS Bij 18,9 mo 21,7% 3aiexxHo Bij COPTIB.

A. T’ Koztouko, B. M. I'agiii, O. b. Kyumenko [43] noBemnu, 1110 nepeanociBHa Ha
00poOka HaAcCiHHA COi KOMOIHAIIIMH METa0OJIYHO AaKTUBHHUX PEUYOBHUH BIUIMBAE HA
BMICT OUIKYy B 3€pHi. Tak, BMICT CHpPOTO MpPOTEIHY Yy 3€pHI COi Y KOHTPOJIHHOMY
BapianTi nocminy crtaHoBuB 18 wmr/r. IlepenmociBHa Ha 00poOka HaciHHS COi
METa0OJIYHO aKTUBHUMHU PEUOBHMHAMU CIIPHUsi€ 30UTBIICHHIO KOHIEHTpAIlll MPOTEiHY

Ha 23-35%, nopiBHSAHO 13 KOHTPOJIBHUM BapiaHTOM.

6.3. CrarucTnuyHuMi aHaJi3, rpadgiude MoxeTI0BAaHHS 3B’ SI3KIiB Mi’K BMICTOM

y 3epHi, 30ip KOPUCHUX PEYOBHH 3 YPOXKAEM

Sk cBiquarh po3paxyHku kopessuii [Tipcona mix cepennimu 3a 2022-2024 poku
MOKa3HUKAMU CKJIaJy MOBITPSHOCYXOrO 3€pHa COi Mmiciis 30MpaHHS BPOXKAaro, BMICT

CUPOrO MPOTEiHY KOHKYPYE 13 PELITOI0 CKIaJAHUKIB (Tabi. 6.1).

Tabnuus 6.1

Kopeasinis Ilipcona Mik MOKa3HUKAMM CKJIA1y 3€pPHA COI micJs 30MpaHHs

BPOKAI0
[Toka3Huk,% Kopensuis, r (%)
Cupuii mpoTeiH 1 KUp -0,59
Cupwuii IpoTeiH 1 KIIITKOBUHA -0,83
Cupuii potein 1 BEP -0,37
Cupuii mpoTeiH 1 Bosiora -0,02
Cupuii xup 1 BEP 0,28
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Uum Oinpine 30aradeHe 3epHO OUIKOBUMHU CIOJYKaMH, TUM MEHIIE Y HbOMY
XKUPIB Ta, 0COOJMBO, KIIITKOBUHU, 1 HaBMaku. BMICT CUpOro »*upy MO3UTHUBHO, ajie
c1abKo KOpEJIoe 13 3arajlbHUM BMICTOM PEIITH CKIIaTHUKIB 3epHa — BEP — 7 = (,28.
JocaimpkeHuit HaMy HaBITh HEIIUPOKUM J1ara30H BHECEHHS a30Ty (N.q)) BILUIUBAE HA
3QJIKHICTh MK CIIBBIIHOIICHHSIM CHPUX MPOTETHY Ta )KUPIB Yy 3epHi coi (puc. 6.4).
3alIe)KHICTh MDK BMICTOM CHPOTO MpOTEiHy Ta >Kupy onucana (6.1) miHIAHUM

piBHsIHHAM perpecii (r+ =—0,59):

22,0
21,8 ¢
216
214 ¢
212 ¢
21,0}
20,8t
20,6
204
20,2t
20,0 f
19,8 t
19,6 " " " " " " " "

31 32 33 34 35 36 37 38 39 40

Cupun npoTeiH, %

Cupui xup, %

Cupui npoTeid, %

2 3 4 5 6 7 8 9 10

Cwupa kniTkoBUHa, %
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Puc. 6.4. Kopemnsmis [lipcoHa Mixk MOKa3HUKaMH SKOCTI 3€pHA COT — BMICTOM CHPOIi
KJIITKOBUHHU, KMPIB Ta MPOTETHY MIC/Is 30UpaHHS BPOXKAIO

Cupuii xup (%) = 28,372 — 0,2143 x cupwnii npotein (%) (6.1)

3alIeKHICTh MIX BMICTOM CHpOI KJIITKOBHHM Ta CHpPOTO MPOTEIHY Ta KUPY

onucana (6.2) JiHIHHUM piBHAHHSIM perpecii (r+ = —0,83):
Cupuii ipotein (%) = 40,812 — 0,8184 x cupa xmitkoBuHa (%)  (6.2)

CratucTuyHe MojemoBaHHS 1 rpadiyHi MOAeNi BKa3ylOTh Ha albTepHATHBHI
3aJIKHOCTI MK BMICTOM TPOTEiHIB, XKHUPIB 1, 0COOIUBO KIITKOBUHH, 13 CEPEIHIM 1
TICHUM Koe(DillieHTaMU KOPEJISIi.

3aranomM, 4MM MEHINE y 3€pHI HEOUIKOBHX, HE >kupomnoaioHux croiyk (BEP) 1
CHUpOi1 KJIITKOBUHHM, THUM BOHO Ma€ Kpallll CHOXHWBYl skocTi. [padiuHa momaenb
(puc. 6.5) mnokasye, 10 IUIONIMHA pErpecii BMICTY CHPOrO MNPOTEiHY CTPIMKO
CXWJIIETBCA Y HAMPSMKY 3pPOCTaHHS BMICTY CHPOi KIITKOBHHHU. 3a OUIBIINX PIBHIB
BMicty BEP 1s TenaeHiiss cnoBuUlbHIOEThCS. HalBUIIMIT BMICT CHpOTo MNpOTEiHY

BCTAHOBJICHO 3a MiHIMaJbHUX KOHIIEHTpaIliii cupoi kimitkoBuaM Ta BEP y 3epHi.

% ‘Hig.LodL 1M and
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Puc. 6.5. 3/I-monens moTpiiHUX 3B’ A3KiB BMICTY CUPOi KIIITKOBHHH, 0€3a30TUCTUX
excTpakTuBHUX pedoBHH (BEP) p kiJIbKiCTIO cCHpOTo MpOTEiHy y 3€pHI COi.
OmniitHICTh €Oi TeX BaxkiauBa. ToMy, KOJM COH BUPOLIYIOThH JJIsi BUPOOHHULITBA
OJ11i BaYKJIMBO 3HATH, 110 KUPH B 3€pHI HATPOMAKYIOTHCA Y MAaKCUMAJIbHIN KUTBKOCTI
3a MiHiMasibHOTO piBHA BEP (puc. 6.6). Ilnommuua perpecii 1eMOHCTpye, 1O 3a
BEJIMKOT YaCTKM PI3HUX MPOCTHUX 0€3a30TUCTHUX 1 HE kuponoaionux peuoBuH (BEP) Ta

CUPOI KIIITKOBUHU, CUPOTO KUPY B 3€pHI HaMEHIIIE.

of ‘AVDK WAV

Puc. 6.6. 3/I-monens noTpiiHUX 3B’ A3KIB BMICTY CUPOi KIITKOBUHH, 0€3a30TUCTUX

excTpakTuBHEX peuoBuH (BEP) 3 KibKiCTIO CHPOTO XKUY Y 3€pHI COi.

Tak, 3JI-Monenb TEOPETUYHOTO PO3MOALTY Ha IUIONIMHI IIUX TMOKa3HUKIB
(puc. 6.7), mobynoBaHa Ha (AKTUYHMX pe3ylbTrarax aHajiidy, CBIAYHUTH, IO
30UTbLIEHHSI HOPMH BHECEHHsI a30Ty BiJ 0 10 60 Kr/ra 1.p. IpakTUYHO MPONOPLIHHO
NIJBUINY€E BMICT cuporo mporeiny m0 37-38% 3a cepeaHbOro BMICTY KHUPIB

20,5-20,6%. Ile 3yMOBJIEHO TOKpAIICHHSAM >KUBJICHHS COi a30TOM 3aBJASKH
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MO3UTUBHOMY BIUIMBY MIHEpAJIbHUX JIOOpWMB, a TakoX Jii 1HOKYJISHTa 3
a30T(}IKCyBaTbHUMH OaKTEpIIMH, SKI TOCIPUSIIA I[bOMY HaBiITh 3a MiHIMaJbHOI
HOpMU BHECEHHs a30Ty N3, y Bapiantax 10 ta 12.

Cucremy ynoOpeHHs cOi Ciifl po3IIsgaTH He JUIIe K MPUHOM MiABUIISHHS iX
ypoXXaro, a W SK BaroMuMid BaXXUlb MIJBUILIEHHS SKOCTI 3epHa. SIKICTh coi — 1IIe
IHTErpaNbHUN MOKA3HUK, KU BKJIIOYAa€ BMICT PI3HUX OPraHIYHHMX CIIONIYK, 30KpeMa
OUIKIB, BYIJICBOJIB, JKHMPIB 1 KIITKOBHUHHU, XapaKTEPHU3yKOUHM ii TOBapHY IIHHICTb.
T'onoBHa ponb y opMyBaHHI 3epHa 3 I0CTATHIM BMICTOM CUPOTO MPOTEIHY HAJICKUTD
azoty. Cosl, CIOXKMBAIOUM a30T 3 IPYHTY 1 MOBITPS, MOXKE 3MIHIOBATH BMICT OlIKa B

3epHi Ha 20-50%.

o

0 WRLOW WD

Puc. 6.7. 3/I-Moaenb CHHEPT1YHOT 3aJ1€KHOCTI BMICTY CUPOIO IIPOTEiHY Bl HOPMU

BHECEHOTO a30Ty Ta KUIBKOCTI CUPOTO JKUPY Y 3€pH1 COi

B. T Jlimopa ta iH. [27] BCTaHOBWIIHU, 10 HA SICHO-CIpUX CIIOOOKHCIUX IPYHTAX
HentpanpHoro (PKutomupcebkoro) Ilomicess Ha Tmi BHeceHHs Ny Py K, ciBOa

1HOKYJIbOBAaHUM  HACiHHSIM Ta [O3aKOPEHEBE  IMIJKUBIICHHS  KOMIUIEKCHUMHU
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noOpuBaMu 3abe3mnedyBajo OTpUMaHHS ypokaro 3epHa 3,14 T/ra y CKOPOCTHUIIIHX

copTiB coi, 30ip cuporo mporeiny 1,10 1/ra ta xxupy 6ins 0,60 1/ra. A. Kahraman

[166] HaBOAWTH BUCHOBKH, L0 JUCTKOBE MIHKUBICHHS (POCPOPOM 1 CIPKOIO, a TAKOXK

MIKpOEJIEeMEHTaMU YK€ TO3UTUBHO BIUTMHYIIO HA MIPOAYKTHUBHICTH cO1 y TypeuuuHi.

Pe3ynbrary Hammx JOCHIIKEHb BPOXKAIO Ta SIKOCTI 3€pHA COi CBIIYaTh, IO 3a

TPUPIYHOTO CEPEeIHBOTO0 Bpokaro B aiamazoHi 2,81-3,95 t/ra B ymoBax Mamoro

[Tomicess 3axomy VYkpaiHu Ha OUIbIIE POJIOYOMY 1 CIA0OKHUCIOMY JEPHOBOMY

[JIEHOBOMY IPYHTI MOXKHA JOCATTH 3HAYHO BUIIOIO 300pYy HAWILIHHIMIMX Xap4yOBHX 1

KOPMOBHMX KOMITOHEHTIB 3epHa — O1IKIB Ta oii (puc. 6.8).

VY cepennbomy 3a 2022-2024 poku 0e3 3aCTOCYBaHHS AOOPUB MU OTPUMYBAJIU

0,93 1/ra mpoTeiHy 3 ypOorKaeM.

®oH + N30 - Nsa (n.c.)+N-
mobinisytodi+P-mobiniaylodi bakTepii

®oH + N30 - Nsa (n.c.)+P-mobiniaytoui
BakTepii
®oH + N30 - Nsa (n.c.)+N-mobiniayroui
GakTepii
®aoH + N30 — Naa+HiTpanipuH
(n.c.)*N30 — Naa (¢b.6.)

®oH + N30 - Naa+HitpanipuH (n.c.)

®oH + N30 - Naa

®oH + N30 — Nsa+HitpanipuH
(n.c.)*N30 — Nsa (d.6.)

®oH + N30 - Nsa (n.c.)+N30 — Nsa
(0.6.)

®oH + N30 — Nsa+HiTpaniput (n.c.)
®oH + N30 - Nsa (n.c.)
®oH — P60 K60 (n.op.)

KoHTponb — He3 yoobpeHHs

2024p.

02023p.  E@2022p.

@2024p.

02023p.  @2022p.

Cupuit npoTeiH, T/ra

1,70 0,45 0,55

0,65 0,75 0,85

Cuipuit xmp, T/ra
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Puc. 6.8. 36ip cuporo npoTeiny Ta CHPOTO KUPY 3aJICKHO BiJ HOPM BHECEHOTO a30TYy,
Jii HITpampuHY Ta IHOKYJISHTIB yrpoaosxk 2022-2024 pokis

Jlumme docdopuo-kamitnuit pon Py Ky, pexomenmaoBanuit nus 30U Masoro
[Tomicest 1 iepHOBOTO IMIEHOBOTO IPYHTY CHPUSIB 301IbIIIEHHIO 300py npoTeiny Ha 0,10
TOHHU. Byke Ha 11boMy (QoH1 BHeceHHs N;, y GopMi cyiabdaTy aMOHII0, BHECEHOTO
nepen ciBboro, 30umbmmiI0 30ip mpoteiHy Ha 0,36 T1/ra. IlapanenpbHe BHECEHHS
HITpaIipuHy Ui cTalimizarii yTBOpeHHs HIiTpariB Baromo, a 2023 poky CTPIMKO
nigBuuryBano 30ip npoteiny (#Ha 0,17 T/ra mMOpIBHSHO MONEpEAHIM BapilaHTOM Oe3
iHribiTOpa). [IpoTe MakcMManbHOTO 300py CHUPOrO MPOTEiHYy BAAIOCA TOCSATTH 3a
BUKOPUCTAHHS 1HOKYJILOBAHOTO HACIHHS JUIsl CIBOM SIK 3 a30THUM, TakK 1 B IMO€HAHHI
fioro 3 ¢ochopuum iHOKynsHTOM — 1,58 T/ra (Bap. 10 i 12). AmoniiiHa ceniTpa y
MOPIBHSHHI 3 cyab(daroM amoHit0 Oyna MmeHIne e(eKTUBHUM T0OpWBOM, HaBITh 13
BUKOPHUCTAHHM 1HT101TOpa MiKpOOHOI aKTUBHOCTI HITPpU(PIKATOPIB.

[linBumenns 300py cuporo »xupy (puc. 6.8) 3abesmeymny pi3HI CHUCTEMU
yIoOpeHHs, aje IHOKYJISIA HaciHHS Oyna HaWBaroMillMM YWHHUKOM HaIBUIIKH
(2023 poky 0,83 1/ray Bap. 10, 11 1 12). Hitpamnipun He MaB TaKOrO BaroMOr0 BILUIMBY
Ha OJIIAHICTB 3€pHA, SIK Ha BMICT OLJIKIB.

Sk 3a 300poM cuporo mpoTeiny, Tak 1 cuporo xupy 2022 pik OyB HaWTripIIMM
i coi. HaroMicTe 1bOro poky B 3€pHi Oysi0 HalO1IbIIe CHPOT KITITKOBUHU (MIHIMYM
3,5 Ha kpamomy BapianTi 12 1 makcumyM 9,1% Ha xoHTpousi 0e3 M0OpUB), TOMI SIK
HalcnipusTiuBimoro 2023 poky Liei Jlana3oH KoJMBaHHA cTaHOBUB Bif 3,1 10 7,9%.

I'padiune monenroBaHHA JiHIMHOI perpecii cepemnboro 3a 2022-2024 pokwu
300py CHpOT0 MPOTEIHY 3 YPOKAEM 3€pHA HAOYHO MOKA3Yy€ MOBHY X 3aJIEKHICTD (pHC.
6.9).

PiBHsiHHS niHIHHOT perpecii (6.3) cuporo npoteiny (r+ = 0,99):
Cupuii portein (1/ra) = —0,4968 + 0,5028 x Ypoxaii (1/ra) (6.3).
PiBusiHHSA niHINHOT perpecii (6.4) cuporo xupy (1= = 0,99):

Cupuii xup (t/ra) =-0,0593 + 0,2184 x Ypoxaii (1/ra) (6.4).
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Cwpuia npoTeiH, T/ra
—
[N

24 26 28 30 32 34 36 38 40 42

YpoxaW, T/ra

24 26 28 30 32 34 36 38 40 42
Ypoxxan, T/ra

Puc. 6.9. Kopensuii 36opy cuporo npoteiny (r+ = 0,99) ta cuporo xkupy (£ = 0,99)

3aJIe’KHO BiJ] YporKaro 3epHa coi (3a cepennim 2022-2024 pokiB)



157

OOuaBa pIBHSHHA TIOKa3ylOTh, IO CUCTEMHU YyIOOpPEHHS, SKI 3a0e3medyroTh
HaWBUIIY BPOXKAMHICTh 3€pHA, TAKOXK TAPAHTYIOTh HAWMBUIIWN 301p HANKOPUCHIIIMX
Xap4OBHX KOMIIOHEHTIB COi.

Hocninaukamu J. Pannecoucque et al [207] Tex Oys10 BUBYEHO BIUTUB 1HOKYJISILIIL
Ta BHECEHHS a30THUX JAOOPHUB Ha BPOXKaWHICTb, BMICT IPOTEiHY Ta €KOHOMIKY COi B
benbrii. locmiau 3 ynoOpeHHSIM a30TOM Ta 1HOKYJISIIEIO COT MPOBOIWIH 3 HOPMaMU
(No,» Nss, Ny, Nyy), BHECEHUMH TIiJ 4yac ciBOM Ta/abo y da3u Bij OyToHi3amii 10
KBITYBaHHS.

HariiBumi Bpoxai Ta BMICT Oi1ka OyJu OTpUMaHI 3a 1HOKYJIAIIIT, 110 MATBEPIKYE
e(EeKTUBHICTh 1HOKYJALII, SK HAMOUIbII MPUUHATHOTO MPUHOMY VIS MiABUIICHHS
BpOKaHOCTI Ta piBHSA Ounka coi B benbrii. [Hokymsiis Takox 30impmmna Macy 1000
3epeH.

Ak 1 B Hammx ekcnepumeHtax y Manomy Ilomicci Ykpainu, mokpaiiusia
0l0o(i3nyHy peakiiro acCUMUIAIIIITHOTO amapary 3a [apamMeTpamMu BHUMIPIOBaHb
dbnyopecuieniii  xmopodiny. benpriiceki  gocmigauku  [207] BCTaHOBWIIH, IO
THOKYJISII[ISL TA BHECEHHS a30Ty MIJIBUINWIA BMICT XJIOpOdUTYy B JTUCTKAX COI, a TAKOXK
BMICT aCHUMIJBLOBAHOTO HAJ3eMHOI0 OioMacor a3ory. ABTopu 3adikcyBaiau, IO
3aCTOCYBaHHSI BHUCOKHMX JI03 a30Ty [PUTHIYYBaJO YTBOPEHHS Oyab004OK
1HOKynboBaHOi coi. [IpoTe, BOHM HE 3aCTOCOBYBAJIM HITpaIipUH ISl 1HT1OyBaHHS
HITPaTOyTBOPEHHS, SIKUI MOKa3aB ceOe e(HEeKTUBHUM Y 3aXUCTI MPOIECY HAPOCTAHHS

OyJbOOUYOK Yy COi B HAIIIUX JOCTIAaX.

BucHoBKkH 10 po3aiiay 6

1. Haii0Ginpiie cuporo mpoTeiHy Yy 3€pHI COi YTBOPHIJIOCS 3a JBOX CHCTEM
yAOOpEHHS: 32 BHECEHHS MIHIMAJIBHOI HOPMH a30Ty N3,y GopMi cynbhaTy aMOHi0 Ha
docdhopHo-kamiitnomy (oni Py Ky, y moemHanHi 13 3acTOCyBaHHSAM 1HOKYJISIHTIB
XaiiKor Cynep Cost Ta Paiic Ili — 37,9-38,6%. Aje mMakcuMajabHOTO IMOKAa3HUKA

OUIKOBOCTI ~ 3€pHa  JOCATHYTO 3@  NO€JHAaHHA  a30T(IKCYBAJIbHHUX  Ta
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dochopmobimizamiitaux Oaktepiit — 38,6%, mo Ha 2,8% Ounbine 3a cucTeMu
ynoopeHHs a3otoM N, (cynabdar amoHio) Ha pochopHo-kaniiiHomy doni Py Ky, 6e3
1HOKYJISIHTIB Ta 32 BUKOPHUCTAHHS TUIbKU a30T(IKCYBalbHUX OakTepii B. japonicum
(XaiiKor Cynep Cost — Ha 0,7%).

2. Bucokuii piBeHb HaKONHUYEHHS BMICTY JKHUPIB y 3€pHI coOi 3a0e3mneyuusio
3actocyBaHHs (ocdopmobimizariiinoro iHOKyasHTa Paiic Ili 3 Oakrepismu B.
amyloliquefaciens. Ot1xe, nokpaiieHHs: (ochOpHOTO KUBJICHHs COT 3a JOIMOMOTOIO
MOO1T13aTOpiB PocdaTiB CrpUsie YTBOPEHHIO BUCOKOEHEPTETUYHUX KUPHUX CIIONYK Y
3epHi. OmnrTuMmiszaiis a30THOTO yAOOpPEHHS COi 3MEHIIyE OJIWHICTh 3€pHa, a
HiTpamipuH, TOKPAIIYIOYH a30THE KUBJICHHS COi, BUPa3HO 3MCHIIIY€E HAarpOMaDKCHHS
B 3€pPHI CHPOTO XKUPY.

3. AHami3 po3paxoBaHUX KOPEJSIid MK OlOXIMIYHMMH TMOKa3HUKAMHU CKIIay
3epHa MOKa3aB YITKY aJbTEPHATUBHICTh YCIX 1HIIMX KOMIIOHEHTIB CTOCOBHO BMICTY
CHUpOTO IpoTeiHy. 3a pe3ylbpraraMu AUCIEPCIMHOIO aHaji3y BMICT CHPOI KIIITKOBUHU
B 3€pHI JOCTOBIPHO HAMOUIBIIMI Tam, J€ CUCTEMU YAOOpEHHS COi € HaWMEHIIe
COPUSTIMBAMH IS POCTY 1 PO3BUTKY KylIbTypH, (GOPMYBaHHS BpOXaKw Ta
HAKOITMYCHHS MMPOTETHIB.

4.3a TpuUpIYHOTO CEpPeIHbOTO BpOKar 3epHa B miama3zoHi 2,81-3,95 1/ra B
ymoBax Maroro [lomiccs moxxna 36uparu Big 0,87 mo 1,58 T/ra cuporo mporeiny Ta
Bix 0,52 1o 0,83 T/ra cuporo >kupy, 3aJIeKHO BIJ COPUSITIUBOCTI yMOB BereTaitiii. 30ip
1,58 1/ra cuporo npoteiny 3abe3neunia cucrema ynooperHs hon Py Ky, (g opanky)
+ N, (cynmbdar amoniro mepen ciB600) + a30TMo0OuIi3y0Ul + docharMobinizyrodi
1HOKYJISIHTH, abo Te came, TUIbku 0e3 P-moOumizaropa, y HacnpusmiuBiniomy 2023
porii.

5. HaiiGinbmioro 300py CUpUX XKUPIB BAAJIOCA JOCITTH 32 CUCTEM yIOOpEHHS,
Kl TepeAdavyaroTh SK MO€AHAHE, TaK 1 PO3AUIbHE 3aCTOCYBaHHS MIKPOOHUX
1HOKYJISHTIB HancnpusTusimoro 2023 poky — 0,83 1/ra. B cepenubomy 3a Tpu poku

HAWBUIOTO 300py CHpPUX >KUPIB JOCITHYTO 3a TO€JHAHHSA 1HOKYJISHTIB XaiKot
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Cynep Cost (B. japonicum) ta Paiic Ili (B. amyloliquefaciens), mo CcHpUstOTH

acuMuIsIi azoty Ta dpocdopy — 0,80 T/ra.

Pesynbrarn mociimpkeHs 3a po3aiioM 6 BUKIIQJICHO y myoOmikarisax: [45; 46; 47,

48; 49].
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Po3zain 7

EKOHOMIYHI PE3VJIBTATU TA EHEPTOE®EKTUBHICTbD
VIOCKOHAJIEHUX CUCTEM YJIOBPEHHS COI
3 BUKOPUCTAHHSM IHI'IBITOPA HITPU®IKAIIIL TA IHOKYJISIHTIB

3a ’KOpCTKOI MI>KHAPOAHOT KOHKYPEHIIii, KOJIM pUHOK BU3HAUYa€ MOTUBAIIIIO TUX,
YM IHIIUX 3aTpaT Ha BHUPOIINYBAaHHS COi, HAa MEPUIMH IJIaH BUXOAUTH OKYMHHICTH 1
NpuOYTKOBICTH ~ PI3HUX  HOBOBBEJAEHb 1  KamiTaJOBKJIaJAeHb.  A30THI
dbocdopHo-KaniitHi 00pUBa OPOTri, 1HTIOITOPYU ¥ THOKYJISIHTH IIIe HE MepeBipeHi B
KOHKPETHUX YyMOBax BHUPOIIYBaHHS, TOMY BHPOOHHMKaM COi BaXKO BHOpaTu
IPOTPECHBHI €JIEMEHTH TexHoJjorii. Hamumu 3aBgaHHSIMH B OCTAaHHBOMY PO3ALII
JOCIHIJKEHHSI € MoTpeda po3paxyBaTd BUTPATH 1 MPUOYTKU BijJ BUPOIILYBaHHS COI Y
2022-2024 poxax Ha ymoBax 2023/24 MapKeTHMHIOBOTO pOKY. 3a MPUHUIMIIAMU
CTaJoro pO3BUTKY, BUPOOHUKH 3000B’si3aHI OPIEHTYBATUCA Ha MIHIMAJIbHY
CHEPro3arpaTHiCTh 1 HaWBHINY €HEeproedeKTHUBHICTh 3€PHOBUPOOHMIITBA. TOMYy MH
O0OYMCIIUIIN €HEPrOEMHICTh Ta €HEProe()EKTUBHICTh CUCTEM YAOOPEHHS COi B yMOBax

Mautoro ITomices.

7.1. ExoHOMiYHI YMHHMKHM BUpomyBaHHs coi B Manomy IloJicci 3axomy

Ykpainu

Ony6iikoBaHO MPOTHO3 [253], 1m0 BUPOOHUIITBO COi — YETBEPTOi MPOBITHOT
KyJBTYpPH B CBITI, CSTHE PEKOpAHOTO MokazHuka B 2023/24 MapKeTHHTOBOMY pOIIi.
CoeBe 3epHO Ta MOro MOXIJHI — COEBHM IIPOT 1 OJiS pa3oM — € HaWOUIbIIe
MPOJABAaHUM arpapHUM TOBApOM, Ha AKAW mnOpunagae Maibke 9% 3aranbHOI
peaizoBaHOi BapTOCTI CBITOBOi arpomponykiiii. [Tomut Ha 3epHO cOi OCTaHHIMU
pOKaMH 3aJMIIAEThCA CTaOUIbHUM. Y cepelHboMmy 3 modarky 2024 poky IiHa coi
crana MmeHmmo Ha 4500-5300 rpu/T 1 KoimuBaeTbes B Mexax 9000—10000 rpu (i3

[TJIB uu 6e3 uporo) [77].
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Ha BupoOHM4YY miHY 3epHa Oe€3MOCepeqHBO BIUIMBAIOTH BAPTICTh 3HAPSAb 1
TEeXHIKH, aJUBHO-MAaCTHJIPHUX MaTepiaiiB aMopTH3allii, TOCIBHOTO MaTepially TOIIO
[5; 6; 22]. 1Ii mapameTpu OOOB’SI3KOBO Ciif OpaTH 110 yBaru Jyisi OOUMCIICHHS
MaKCHMMaJIbHO TOYHOI Ta BUTITHOI JIJIS arpapHOro MiAIPUEMCTBA 3aKyMiBEIbHOI I[IHHA
Ha COIO.

Coro MOXKHA BUPOILYBaTH 13 MiHIMaJIbHUMHU 3aTpaTaMu. Tak, IHKOJIM BUPOOHUKH
MOKJIa/IAI0ThCSl HA TE, 110 COS 3aB/ISKM 1HOKYJIbOBAHOMY IOCIBHOMY MaTepially 37aTHa
3a0e3neynTu cebe a30TOM CaMOCTIMHO, a PelITa MaKkpo- Ta MIKPOEJIEMEHTIB MOXKYTh
OyTH BUKOPUCTAaHI 3 TUX PECYPCIB, IO YaCTKOBO 3aJUIIMIACA Y TPYHTI MICISA
yaoOpeHHs1 nonepeaHuka. Takui MiaxXiJg HE TapaHTye HAWMBUIIOI BPOXKAMHOCTI Ta
MaKCUMAaJIbHOT e(DEeKTHUBHOCTI BUPOOHHIITBA. 30BCIM 0€3 OJAaTKOBOTO YIOOpEHHS
IILOTO JIOCSITTH HE BIA€THCA, TOMY 3a3BUuail mpu ciBOi 000B's13k0BO BHOCATH 40-60 Kr
cynbdary aMoHi0 abo aiamodocy, 3a0e3Mmeuyroun CX0Au CTApTOBUM PECYPCOM a30Ty
Ha TOM 4Yac, JMOKH cos TMo4He (iKcaIlito a30Ty 3 MOBITPS YU 3acBOEHHS (ocdartis,
MOO1T130BaHNX CUMOIOHTaMU 3 IPYHTY.

Huska aBtopis: I. M. T'ocnogapenxko 1 H. b. €menxo [22], I'. JI. 'ag3oBcbkuii, H.
B. HoBuipka, O. MaprtusoB [12], B. I'. Jlinopa ta in. [27], S. Mourtzinis, G. Kaur, J.
M. Orlowski et al [193], . M. Didur et al [131] oOrpyHTOBYIOTh €KOHOMIUHY W
CHEepreTUYHy e(EeKTUBHICT, X04a O OFHOTO JIMCTKOBOTO IJKUBJIECHHS, OCOOIMBO
MikpoesnemenTamu (6opoM [129], momibaenom [201] Toro).

BaxnuBo o0patu e(eKTUBHUN 1HOKYJISHT 1 HE NOPYIIyBaTH HPOLEAYPY
1HOKyJs1li HaciHHS coi [18; 20]. [HOKyISHT MOXe He CIpalfoBaTH 3a BIJCYTHOCTI
BOJIOTH Y IPYHTI, TOMY 3a CIBOM Y CyXHil IPYHT HOTO 3aCTOCOBYBAaTH HEIOLLIBHO.

Takox Tpeba BpaxyBaTW BIUIMB MPOTPYWHMKIB, SIKI MOXYTb NPUTHIYYBAaTH
azoTdikcyBaigbHl Oakrepii B 1HOKYNSHTI. ToMy Ba)JHMBE 3aCTOCYBaHHS SIKICHOTO
IHOKYJISIHTA Ta HETOKCUYHOTO MPOTPYWHHUKA IS TTOETHAHOTO 3aCTOCOBYBaHHSI.

s pentabensHoro BHporntyBanHs coi Mane Ilomices 3axomy VYkpainm mae
JOCTaTHIM, 1HKOJIM HAAJUIIKOBUM pECypc BOJIOTH, NPOTE€ MOXYTh CKJIaJaTuCA

CUTyaTHBHI TIOTOJHI YMOBU 3 OOMEXKEHUMHU TEIJIOBUMH PECypCaMH: IMPOXOJIO0HA
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BECHa a0o0 pijlie MPUIITBUIIIICHE HACTAHHS OCIHHIX X0yoaiB. OCOONIMBO CUTYaITis IS
cOl HeCHpUATINBA, KOJU Yy (pa3i mo3piBaHHA 0001B Opakye MiABUIEHUX TEMIIEPATyp
Ha (OHI HAJUIMILIKOBOI BOJOrocTi. BecHsH1 xoionu abo MOCHIlIHI CTPOKU CI1BOU
MOXYTh 3HIKYBaTH €QEKTUBHICTh MIKpPOOIOTUYHUX TMpenapariB-iHOKYJISHTIB, a
TaKOXX HIBEJIIOBATH JIi10 1HT101TOpa HiTpUDiKalii, ika cama 1Mo coOl1 CIIOBLIBLHIOETHCS Y
XOJIOTHOMY TI€PE3BOJIOKEHOMY IPYHTI.

VY HamoMy eKCIepMMEHTI HalOUIblly CyMmy 3aTpar y MOPSAJIKY 3MEHIICHHS
CTaHOBWIM J00puBa: cyiabdar amoHio, ¢ochopHo-KaiiHi m00puBa, aMOHIMHA
cemitpa (mox. E, tabn. E.1). IariGitop nitpanipun (N-Lock™) pa3oM 3 BHECEHHSIM
nonaBaB  3arpar 1470 rpu/ra. Halimenmi 3arpatu  Oyau  3[1HCHEHI Ha
npenaparu-iHokynsHTu XaitKor Cymep Cos 1 Paiic Ili: Bignmosimno 440 ta 170
rpH/Ta.

HaiiGinpmni 3arparu Ha 3aKyMiBIIIO 1 BHECEHHS JOOpHB 1 MpenapariB y CyMi B
EKOHOMIYHMX yMOBax 3axoay YKpaiHu Oynau Ha BaplaHTI CUCTEMHU ymoOpeHHs: (hoH
PsKgo + N;o (cynbdar amoniro) + HiTpamipu (mepex ciBbow) + Ni, (cymbdar

aMOHII0, JPKUBIEHHS Y (a3l OyToHi3alii) — 9956 rpu/ra.

7.2. ExoHOMiuHMi NOKa3HMKHN e(eKTHUBHOCTI A00pHWB, HITpamipuHy Ta

iIHOKYJISIHTIB

ExonoMiuHa oOIliHKa BUPOIIYBaHHS COi YIPOJOBXK TPhOX POKIB CBIAYUTH, IO
HalO1bIa BapTicTh 3epHa 3 rekrapa — 70310 rpH, Oyna 3a cucteMu ynoOpeHHs: GoH
P Kyo(mia opanky)+Nso(cyabdar amoHito niepes, ciBOOI0), JOMOBHEHO1 1HOKYIISIIIEO
HaciHHa N+P-Oakrepissmu (mox. E, tabn. E.2). Ilpore, cykymHi 3arparu Ha
BUPOILYBaHHS Bpoxkaro Oynu HaWBuimuMu — 19856 rpn/ra, 3a 1HIIOI CUCTEMU
ynoopenns: pon Py K¢, (g opanky) + Ns, (amoHiliHa ceniTpa + HITpamipuH Nepea
ciBOoro) + Nj, (amoniiiHa cemiTpa y mnipkuBiaeHHs y a3l Oytonizamii). [lo
MaKCUMaJbHO1 HaOmmxkanacss BapTicTh npoaykiii (69420 rpu/ra) 3a BHeceHHs Py Ky,
(mnx opanky) + Ns, (cympdar aMmoHI0 Tiepen ciBOOI0), TOETHAHOTO 3 1THOKYIISIIIEIO

HaciHHs npenapatoM XaiKor Cynep Cost (a30TMo01113yt0u1 O6akTepii B. japonicum).
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Taka >k BapTicTh mnponmykmii Oyma 3a cucremu ymobpenHs Py Ko (min
opaHKy)+N;y(cyapdar aMoHi0 miepea ciB0OI0), TIIBKU MOEAHAHOT 13 3aCTOCYBaHHIM
iHri0iTOpa HiTpudikauii (N-Lock™).

Yuctuii npuOyTOK € TOJIOBHOI MOTHBAIIEI0 3€pHOBUPOOHWKA. OTpUMaBIIH
OJTHAKOBY BapTICTh BaJOBOi MPOAYKIIii HA BapiaHTaX OJHAKOBOI CHUCTEMH YIOOpEHHS
Py Keo(mim opanky)+Nsy(cynpdhar aMmoHit0 miepen CiBOOI0), TUTBKH 3a BUKOPUCTAHHS
1Hr10iTOpa ab0 1HOKYJISHTAa, MH PO3paxyBajdu OUIBIIMN YHUCTUM TPUOYTOK 3a
0o0poOnenHst HaciHHs npenaparamu XaitKor Cynep Cost (Gakrepii B. japonicum) 1

Paiic ITi (Gakrepii B. amyloliquefaciens) (puc. 7.1) — 52474 rpn/ra npotu 48264

rpH/Ta.
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Puc. 7.1. BapTictb npoAyKIiii 1 YuCTHI PUOYTOK BiJl 3aCTOCYBaHHS 100pUB

N-Lock™ Ta iHokynsHTIB (cepenne 3a 2022-2024 pp.).
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[TepeBary 1HOKYIAIIT MOSCHIOEMO MEHIIIOK BapTicTio mpemnapara XaitKor Cynep
Cost — 460 rpu/ra, npotu Baprocti 1470 rpH/ra iuri6itopa N-Lock™ paszom 3
BHeceHHsIM (noa. E, tabn. E.1). JIume na 750 rpH/ra MEHIIUM YUCTHI TPUOYTOK OyB
3a MO€IHAHOTO 3acTtocyBaHHs nBOX 1HOKYNIAHTIB XaiKor Cymep Cos 1 Paiic I1i Ha
MIHIMaJIbHOMY (oHI MiHepaiabHOro yaoOpeHHsi PgKgo(mia opanky)+Ns;q(cyabdar
aMOHiI0 Tiepes ciBbo1o).

[Ipore, unHHA METOAMKA €KOHOMIYHOI OIIIHKK CUCTEMH yIOOPEHHSI HE BPaXOBY€
BaroMoi Mo3uTHBHOI [1i (hocopmoOUTIZaliiHUX NpenapaTiB Ha (pochaTHUil pexum
IPYHTIB. Y HaIIUX JOCIHIDKEHHSIX 3aCTOCYBaHHs iHOKY/siHTA Paiic I1i, sikuif MicTUTH
dbocopmobiTizaliiini  Oaktepii B. amyloliquefaciens nHa ¢doHi Py, cnpusiio
MiABUILEHHIO BMICTY pyXoMuX ¢ocdariB e J0AaTKoBO Ha 3,9 MI/KT IpyHTY. Y (dasi
cXofliB pecypc moctynHux ¢ocdaris cranoBuB 139,1 mr/kr, a 1o 30upanHs 30epircs
HaWBUILIUM Yy Cepell yCiX CUCTeM YyA0OpeHHs 1 ctaHOBUB 132.2 mr/kr (auB. po3n. 3,
puc 3.1). ToOro, iHOKyISIis HAaciHHA coi 3a0e3medruia BUIIAKA BMICT PYyXOMHX
dbocdariB B opHOMY IIap1 JO caMOTo 30UpaHHs BPOXKAK0, 10 MiATBEPIKY€E MO3UTHBHY
poiib OaKTepIIbHUX MpernapariB 'y MoOuI3amnii HelocTynHuX (ocparHuX pecypciB
JIEPHOBOTO TiieiioBoro rpyHTy Maoro [lomiccs.

3actocyBaHHsl aMOH1HHO1 cemiTpH (Ns3g) Ak 06e3 1Hri6iTopa yTBOPEHHS HITPATIB,
Tak 3 HITpamipuHOM 3a0e3MeuyBajo HaWMEHIIWNA YUCTUHA NPHOYTOK cepel ycixX
cucteM ynobpenHs — 44122 rpu/ra (puc. 7.1). 3ayBaxumo, 110 Ha KOHTposi 06e3
no6puB cost 3a0esneunna 38818, a Ha (ocdopHo-kaniiiHoMy (oHi (PgKy)) 39168
rpH/TA.

Baprictes nomatkoBoro Bpokaro (puc. 7.2) Oyna HalOUIBIIOW 3a BHECEHHS
Py Kgo(mia opanky)+Nso(cyabdar amoHito nepes ciBOOK0), MOETHAHOTO 1HOKYIISIIE0
HaciHHa nBoma mpenaparamu XaitKot Cynep Cos 1 Paiic i — 20 292 rpu/ra. Jlume
Ha 890 TpH MeHIIOW Oyfia BapTICTh HAJBUILIKHU 3a cucTeMu ynoOpeHHs: ¢hoH Py Ky,
(mmx opanky) + Nsy(cynsdar amoHi0 + HiTpamipuH nepen ciB0oio) + Nso(cymbdar

aMOHII0 Yy TJDKUBICHHS Y (a3i OyToHi3alli), a Takoxk 3a cucteMu: GhoH Py Ky, (mia
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opaky) + Nj, (cyabdar amoHito mepen ciBOOIO) 3 IHOKYJALIEI HACIHHS TUIBKU

azo(ikcyrouuMu GaKTepisIMHU.
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Puc. 7.2. BapTicTh nNpupOoCTy BpOXkKako Ta AOAATKOBI 3aTpaTH Ha 3aCTOCYBaHHS

n00puB, N-Lock™ Ta iHOKysHTIB (cepenne 3a 2022-2024 pp.).

[Ipore nBopa3oBe BHeceHHs cyabdary amoHito (Njg3) Ta 3aCTOCYBaHHS
HITpamipuHy 30UIbIIYBajO JOAATKOBI 3arpatu Bl 6436 rpH/ra Ha BapiaHTl 3
iHokymsuiero npenaparamu XatKor Cynep Cos ta Pac i 1o 9956 rpu/ra.

Ha wuuctuit mpuOyTok y HamMX JOCHIDKEHHSAX HAMCHUIIBHIIIE BIUIMBAE
YPOXKalHICTh 3€pHA COI — MO3UTHUBHA KOPEJISIisl OMUCY€EThCs KoeditienToM r = 0,90.
Uuctuil npuOyTOK TaKOXK TICHO HPSIMO 3B’SI3aHUN 3 JIONATKOBUMH 3aTpaTaMHu —
koedirienT kopensmii r = 0,75.

Yepes MeHIy BapTiCTh BHECEHHSI KOHIIEHTPOBAHIIIOI 32 JIFOUO0 PEUOBHHOIO

aMOHIMHO1 CeNITPU MU OTPUMANIM HAWBUIYy OKYIHICTH 3aTpaT B CHCTEMI YIOOpEHHS
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P4 Keo(im opanky)+N;i(amoniitHa cemiTpa nepen ciB6or) — 8,21 rpu (puc. 7.3). Lle
Ha 0,58 rpH BUTIAHIIIE, HIXK 32 aHAJIOTIYHUX HOPM BHECEHHS JOOPUB, TUTHKHA a30THUX
y (opMi AOpOKYOro B omeparlii BHECEHHSI 1 MEHIIE KOHIIEHTPOBAHOIO 3a JIF0YOI0
pedoBuHOO cynbdary amoniro. Ha 0,21 rpH menma Oylna OKYNHICTh Ha I[bOMY
BapiaHTi yAOOpeHHS, TUIbKU 3 BUKOpUCTAHHIM 1HOKYIsiHTa XailKot Cynep Cos 1 Ha

0,22 rpH — 3 monaBanusm ta Pac I1i.

C—OkynHicTb 1 rpH. 3aTpaT Ha arpoXimMiKaTh | IX BHECEHHS, TPH.
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Puc. 7.3. IlpupicT Bpoxkaro Ta OKyIHICTb 3acToCyBaHHs 100puB, N-Lock™ Tta

1HOKYJISIHTIB [IPU BUPOILLyBaHHI1 coi (cepenHe 3a 2022-2024 pp.).
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3 OKYIHICTIO 3aTpar TiCHO MO3UTHUBHO 3B’s3aHa PEHTAOENbHICTh TEXHONOTIH. Y
HaIKX JOCIKEHHIX KOPEAIlisi OKYITHOCTI 3 peHTa0eIbHOCTI € CHIIbHOI — 1 = 0,69.
3a KpuTepieM pEeHTA0EIbHOCTI BUPOOHUUTBA IMOKA3HUK y HAIIOMY JOCIIJl
KONMUBA€ThCA B giamazoHi Bim 228% npo 294% (puc. 7.4). 347% cTaHOBUTH
peHTa0eNbHICTh BapiaHTy 0e3 BHECEHHS MIHEpaJbHUX JOOPHUB Ta 0€3 BUKOPUCTAHHS

IHIIIMX JOJATKOBUX 3aCO0IB.
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Puc. 7.4. PentabenbHicTh 3acTocyBanHs 100puB, N-Lock™ Ta i1HOKYJSHTIB JIJIs

T1JIBUILICHHS] BPOXKAMHOCTI COi.
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Cucrema ynoopenns Py K (g opanky) + Ns (Cynbdar amoHiro niepes ciB0oro),
noejHaHa 3 1HOKYJsliero HaciHHA mpenaparamu XaiKor Cymep Cost ta Pac [T,
3a0e3neunia HalBUILY PEHTAOENBHICTh CEpel YCIX IHIIUX CHUCTEM YHAOOpEHHS —
294%. Bucokuii piBeHb peHTA0EIBLHOCTI OTPUMAHUN 3a MIHIMAJIBHUX HOPM
ynoOpeHHs coi N;oP¢ Ko, Tiibku 3 pizauIeto 1% 3a BUKOpUCTaHHS Cylb(paTy aMOHIIO
IPOTH aMOHIHHOI CeNITPH, sIKa XOY 1 JeHIeBIIa y BHECEHHI, Ta 3a0e3eunsia MeHIIy
HA/IBUIIIKY BPOXKAr0. 3arajioM, peHTa0eIbHICTh Ty’Ke TICHO HETaTUBHO KOPETIOBAIA 3
JIOJIATKOBUMH 3aTparamu y pociiaax (r =—0,89).

I'padiune BimoOpakeHHs TJIOMIMHU PErpecii 00CATY YUCTOTO MPUOYTKY 3aI€KHO
BiJT BpPOXKAHOCTI Ta CyMH JOAATKOBMX BHTpaT KOINTIB Ha 3aCTOCOBaHI 3aco0u
IiABUILEHHS BpOXKato (puc. 7.5) I€MOHCTpY€e BaroMy MO3UTHBHY POJIb PiBHS BPOXKAIO

CO1 HaBITh 3a MEBHOTO HETaTMBHOTO BIUIMBY ITiJIBUIIICHHS JOJIaTKOBUX 3aTpart.

e oL Aonds R

Puc. 7.5. IlnomuHa perpecii 00CcsATy 4UCTOrO MPUOYTKY 3aJI€KHO BiJl BPOXKAMHOCTI

Ta JOJATKOBHX BUTPAT KOLITIB HA arpOXIMIYHI 3aCO0M Ta THOKYJISTHTH
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[TmomuHM perpecii 00CcATy YUCTOTO MPUOYTKY 3aJI€KHO B1Jl BAPTOCTI MPOAYKITIT
Ta CyKyIHHMX JI0OIaTKOBUX BUTpPAT Ha JOOpHWBA, HITpANipUH Ta IHOKYJAHTH (puc. 7.6)

e OUTbINe MATBEPIKYE €(HEKTUBHICTD IIUX 3aC001B Y TEXHOJIOTI] BUPOIIYBAHHS COi,

CIIPUSIOTH HAJBUIIILI BPOXKALO.

eap HoLAgAds WA

Puc. 7.5. I'padiuna 3J[-mMomens perpecii 00csaTy YMCTOro mprulOyTKY 3aJI€KHO Bif
BapTOCTI MPOJYKIIIi Ta JOJATKOBUX BUTPAT KOIITIB HA MiHEpaJIbHI 100pUBa, 1HT101TOP

Ta 1HOKYJISIHTU

7.3. EHepreruuHi mnepeBaru BHKOPHCTAHHHA J100pHB,

inrioiTopa Ta
IHOKYJISHTIB Y TE€XHOJIOTII €Ol

EnepromicTkicTh 3€pHa BHU3HAUAETHCA OOCATOM BpOXKAIO, TOMY IparHeHHs

JIOCSITTA  MAacKCUMaJbHOI  MPOAYKTHBHOCTI  KYIbTYpH TapaHTye  MOKPHUTTA

CHEePrOBUTPAT Ha 3aCTOCOBaHI JIOJATKOBI Marepiaiv. B Hamiomy mociijii 101aTKOBI
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eHepro3arpary Oyiar HEPIBHOMIPHUMHU 1 JOCITAIN HAMBUIINX BEJIUYHUH 33 TIOJBIMHUX
HOPM BHECEHHS a30Ty Ha ochopHOo-Kamiii HopMy ¢oHI. 3a cHUCTEMU YyI0OpEeHHS
Nsp:30 (cynbdar amonio) 3 iHridiTopom HiTpudikamii Ha Goni P K, cnoctepiranu
MaKCHMaJIbHy KOMIIEHCAIII0 €Hepro3arpaTr BEJIMKOI0 €HEPrOEMHICTIO BPOXKAIO 3epHA

(puc. 7.6, non. E, Ta6in. E.2).

E=A EHepromicTKICTE 3epHa, MO#dra = —EHeproemHicTe gopatkosmx matepianie, MOxdra
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Puc. 7.7. EHEproMicTKICTh 3€pHa Ta J0JaTKOBUX MaTepiaiiB AJi1 BUPOIIYBAaHHS COi.

[Ipote, e OiybilIa KOMIEHCAIISl BCTAHOBJIEHA 32 MIHIMAJIbHOI HOPMU BHECEHHSI
azoty 30 kr/ra n. p. (cyabdar aMoHiI0) 3 BUKOPUCTaHHS 1HOKYJISIHTIB. Takuii Oaanc
HAONMMXKaBCs 70 BapiaHTy BHECEHHS Takoi K HOPMHU JOOpUB, aje 3a BUKOPUCTAHHS
cTabuni3aTopa HITpaTiB y IPYHTI.

Enepro3arparu Ha BUpOIIYBaHHS Ta €HEProe(eKTUBHICTH BUPOOHMIITBA 3EpHA
col — BaXJIWBUWA TIOKA3HUK JOIUIBHOCTI BIPOBA/KEHHS CYYacCHUX MPHIIMIB

arpoTEXHOJIOTI] y PUIBHULTBI. EHEpProeMHICTh MaTepiailbHUX BUTPAT BU3HAYAETHCS
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o0csTroM iX BUKOPUCTAHHS MpU BHUPOILyBaHHI. B Hamomy nocmijkeHHI BoHa Oyna
BUIIIOIO TaM, Je Oyno BHeceHo (ocdopHO-KamiitHl J00puBa Ta MOABIMHI HOPMH
a30THUX J00puB Ta HiTpamipuH (puc. 7.7; moa. E, tadn. E.2). Hirpamipun Ta
THOKYJISTHTH Jy’K€ Masio 30UTbIIyBaJIM €HEPTrOBUTPATH, MPU TOMY, BPOXKAWHICTH COl
3pocTana 10 MakcuMmaiabHOi. HaliOlibine 3pocTaHHsl €HEproBUTpAT CIOCTEpIraiu 3a
BHeCeHHS Ns,3, Ha Gori Py Ky, 13 3acTocyBanusam HiTpamipuny (24090 MJIx/ra sk 3a
BUKOPUCTAaHHS CyJb(]ary, Tak 1 HITpaTy aMOHIK0). 30aiaHCOBaHA CUCTEMa yI0OpEHHS
N;3oPsoKgo (cymbdar aMoHi0) Ta 3acCTOCYBaHHSI 1HOKYJSHTIB Majd BaroMO MEHIII

€HEProBUTPATH, AJIE BUCOKUI BPOKAM 3€pHA COI.
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Puc. 7.7. Enepro3arpatHicTh 3actocyBaHHs 100puB Ta N-Lock™

IUI BUPOLLYBaHHS COI.
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CriBBiTHOIICHHS] €HEPTOMICTKOCTI 310paHOTO 3€pHA COi 3 OJAHOrO reKTapa Ta
BUTPAYCHUX HA OJMH TEKTap CHEPrOEMHUX peCypciB BigoOpaxae KoedillieHT
eHepretuyHoi epexktuBHOCTI (K.) BUpoOHMUTBAa. BHEceHl noOpuBa y MEHIIMX, YU
OUTBIIMX HOpPMaX BaroMo MiABUIIYIOTH 301p CyXOi €HEproMiCTKOI peYOBUHH Yy 3€pHIi

coi (puc. 7.8; nox. E, tabxn. E.3).

T/ra

e O Bwuxig cyxoT peyoBUHU, T/ra ®Kee (koedilieHT eHepr.edekT.)
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Puc. 7.8. KoedimieHT eHepreTuuHOi ePEeKTUBHOCTI Ta BUX1/ CYyX0i pEYOBUHU TIPU
3aCTOCYBaHHI PI3HUX CUCTEM ynoOpeHHs y moenHanHi 3 N-Lock™ Tta iHOKy/IsTHTaMu

3a BUPOILyBaHHs COl.

Makcumanbauii Bpoxail y cepemapoMy 3a 2022-2024 poku, a 3HaYUTH 1 30ip
CYyXHX PEUOBHH, MU OTPUMAaITH 3a cucTeMu ynoopeHHs N P K¢, (cynbdar amonito) ta
3actocyBaHHsl 1BOX 1HOKYJAHTIB: XaiKor Cymep Cosa 1 Paiic Ili — 3,47 T1/ra.
bmu3pkuii mokaszumk 3,43 T/ra, Mamu AB1 cucteMu ynoOpeHHs: N; P K, (cymbbar
aMOHII0) 3 BHUKOPUCTAHHS TUIBKA a30T(HIKCYBaIbHOTO 1HOKYIAHTA; N3 P Ky +

1HT101TOp + N3 ¥ TiIKUBICHHS (CyTh(haT aMOHII0).
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[Ipore, na BapianTi cuctemu ymobpenHs N;Pq K¢ + iHTOITOp + N3 ¥
MIOKUBIICHHS  (CynbdaT aMoHII0) Koe(IIIEHT EHEepreTHYHol e(peKTHUBHOCTI OyB
1ICTOTHO MEHIIMM (puc. 7.8), HIXK 3a MEHIIOT HOPMU a30THOTO ynoOpeHHsT N3Py Ky,
(cynmbar amMOHIIO) 3 BHUKOPHUCTAHHS TUIBKH a30T¢IKCYBaJIbHOTO 1HOKYIISIHTA,
[TinBumenuss Kee no 3,38 cmoctepiranm 3a BHeceHHs N3 P Ky y moeananui 3
a30TOAKTEPISUIPHOIO 1HOKYIIAIIEI0 HACIHHS. AJle BiH HEe OyB MakCUMaJIbHUM 3a ITi€l
cucrtemu ynoopenss. Haitoinbimmit pisenb Kee 3,42 Oyo 10CSITHYTO 3a 3aCTOCYBaHHS
JIBOX 1HOKYJSHTIB: a30THOTO Ta (docdopHoro Ha Goni HOpM yaoOpeHHs N Py Ky,
(cymbar amoniro). Haiibinwine 3anmkytots Kee moasiitHi HopMu a3oty sk y (hopmi

cynbdary, Tak 1 HITpaTy aMOHIIO.

BucHoBkH 10 po3ainy 7

1. 3a He HaitBumoro Bpoxato (3,90 T/ra) Ta 3a HOMIPHUX J10IaTKOBUX BUTPAT Ha
noOpuBa cuctema MiHepanbHOro ymoopenns Pg K, (mig opanky) + Ny, (y dopmi
cyiab(dary aMoHiI0 Tepes ciBOOK0) 13 3aCTOCYBaHHAIM a30T(HIKCYBAIBHOTO 1HOKYIISHTA
HaciHHa XalKor Cynep Cos 3abe3neunsia MakCUMajJbHUW YUCTHI NpUOYTOK BiJ
peamizamii 3epHa coi — 51754 rpu/ra. Jlume wa 750 rpH/ra MeHImHNA 1 Apyruil y
nociiax npuOyTok 3abe3nednsia Taka K CUCTeMa yaoOpeHHs, ajie 3 JOJaTKOBOIO
IHOKYJIsILI€r0 HaciHHS (ocdop moOurizamiiinuM npenaparom Paiic I1i (Arpitema),
3aCTOCYBaHHSI SIKOTO BaromMo 30UIbIIYBajo JOCTYIMHICTh (PochaTHUX TIPYHTOBUX
pecypciB Ta MiABUIYBaio 10 Makcumymy (38,6%) OLTKOBICTH 3€pHa, aje 11l epeBaru
€KOHOMIYHO HE OLIIHIOIOTHCS.

2. CTOCOBHO BUKOPHCTAHHS HITpamipuHy, K cTabiyiizaTopa a3oTy, CJIiJ CKa3aTH,
IO BIH MIJBUINYBaB YMCTHA NpUOYTOK y BCIX BaplaHTax HOro 3aCTOCYBaHHS, SIKIIO
MOPIBHIOBATH 3 AHAJIOTTYHUMH BapiaHTaMU CHUCTEM YIOOpPEHHs, ajie Hl Ha MOMIPHHX,
HI Ha MOJABIMHUX BapiaHTaX HOPM a30Ty HE 3a0e3IledyBaB OUIBIIOTO MPHOYTKY, HIXK
1HOKYJIALIISI HACIHHSA HA TIOMipHOMY (DOH1 ynoOpeHHSI.

3. PeHrabenbHICT, BUPOOHUIITBA COi OyJia BHCOKOIO 1 KOJHMBAjacs B Jiana3oHi

Bin 228% no0 293%. 3acTtocyBaHHsA a30THUX A0OpUB y (dopmi cyinbdaTy amMoHio,
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301IbIIEHHS. HOPMHU a30Ty BIBIYl 1 BHECEHHs HITpamipvHy 3MEHIIYBaJO MOKAa3HHUK
pentabenbHOCTI Ha 18-39% BimHOCHO TpaauiiiHOI cucTeMu ynoOpeHHs N;oPg K.
[Ipore Ha TakoMy QoHi ynoOpeHHs1 BukopuctanHs 1HOKyJssHTa XailKor Cynep Cos
3a0e3neunsio 30UTbIIEHHST peHTabenbHOCTI Ha 26% 110 MaKCUMyMy 3-TIOMDXK
ynoOpeHux BapianTiB — 293%. Ha npomy x (oH1 y1oOpeHHS OKYMHICTh JOJATKOBHX
3arpar Oyna HaiOutbmo — 8,00 TpH/TPH 1 MepeBUIlyBaida TPagUIiiiHUI BapiaHT
ynoopennss Ha 0,37 rpH/TpH. HaitOGinbll KOHKYpPEHTHUM 3a PEHTAOCNBHICTIO Ta
OKYIHICTIO OyB TpaaulliiHUil BapiaHT cuctemMu ymoOpeHHs N; Py Ky, (cymbdar
amoHito) 3 BukopuctanusaMm XaKor Cymnep Cost.

4. 3 MipKyBaHb €HEProe(EKTUBHOCTI BUPOOHHIITBA 3€pHA COI HAWOUIBIILY
KOMITCHCAIIII0 eHepro3arpar 3a0e3meuminn HeBeluki HopMu 100puB N3 Py Ky v
MO€/IHAHHI 3 BUKOPHCTaHHSIM JIBOX 1HOKYJISIHTIB:  a30T(¢IKCyBaJbHOTO  Ta
dbocopmobLTIzamifHOro mpenapariB. Y TakoMy pas3i Koe(ilieHT eHEepPreTHYHOI
¢(hEeKTUBHOCTI CTAaHOBUTH HAWBHUIUH piBeHb. HabmmkaroThCs 10 HHOTO BapiaHTH, e

Ha MIHIMaJbHIA CUCTEM1 yIOOPEHHS BUKOPUCTAHO JIUIIIE OJUH 13 IBOX 1HOKYJISHTIB.

Pe3ynbratu gociikeHb 3a po3auioM 7 BUKIaAEeHO y myOmikamisx [45; 47; 49;
159].
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BUCHOBKH

VY nucepraiiitHiii poOOTI 3amporioHOBaHa anpoOOBaHa cUcTeMa YIO0OpEeHHS Coi
3 BUKOPHUCTAHHSIM cTalimizaropa HiTpudikaiii Ta IHOKYJSHTIB, SKa ONTHMI3Y€
MIHEpaJIbHE JKMBJICHHS CcOi a30ToM, (ochopoM 1 KamieM 3 pI3HUX JDKEpeNl Ta
3a0e3nevuye OTpMMaHHS BHCOKOTO BpOXKAIO0 3€pHA 3 €KOHOMIYHO OOTPYHTOBAaHUMHU
3aTpaTamMu B ymMoBax paiiony Mamoro [lomiccst Ha 1epHOBOMY MIIMOOKOMY TIIEHOBOMY
MIIIAaHUCTO-JIETKOCYTTINHKOBOMY TPYHTI.

1. [Iutanas azoTHOro 1 GocgaTrHOro XKUBJIEHHS COi, 3aCTOCYBaHHS 1HT101TOpPIB
HiTpudiKaiii Ta a30T- 1 hocharMoOLII3aIKHUX 1HOKYISHTIB B YMOBaX JOCTaTHHOTO
3BojioxkeHHs1 'y Mainomy Ilomicei Jlicocreny 3axinHoro, c()oKycoBaHOTO Yy €IWHIN
cucteMi ymoOpeHHs moTenep He Oylno BHUBYEHE 1 B HAyKOBIM JIiTEparypi Mpo
JOCJIIJIPKEHHS TAKOTO IUIaHy He MoBioMIsieThes. [lomupena y TpaauiiiiiHuX CBITOBUX
perioHax BUPOIIYBaHHS COsf, BIepie mpocyBaeThes y Mane [lomices, sik KyapTypa
BEJIMKOI EKOHOMIYHOT 3aI[iKaBJIEHOCT! Y 3¢pHOBUPOOHHKIB PETIOHY, MiJ SIKOIO 3 POKY B
PIK TyT, 1 B YKpaiHi 3arajoM, po3IIHPIOIOTHCS IO CIBOH.

2. ®ochopHo-KamiitHe yaoOpeHHS € O000B’SI3KOBUM IJisi TIOKPAICHHS
pomodocTi rpyHTy. IpyHT O€3 BHeceHHs (ochopHux i KamiiiHux n00puB y ¢asi
CXO[IIB MICTHB MIHIMaJIbHHUI pecypc pyxomux ¢ocdariB — 124,2 Mr/kr B opHOMY Ta
104,4 mr/kr mipopHOMY Imapax, oOMiHHOTO Kajito — Bigmosiguo 120,11 101,4 mr/kr.
Buecenns dochopHo-kamitHux 106puB y HopMmi P Ky, nomae B opHomy mapi y ¢asi
cxoniB BianmoBigHo 11,0-15,0 ta 11,1-11,5 mr/kr noxxuBHux pedoBux. Ha npomy ¢oHi
docharmobimizamiiini Oakrepii (iHokynsHT Paiic Ili) cnpuuMHUIM MakcUMalbHE
NiJBULIEHHS 3amacy JOoCTynHUX QocdartiB y ¢aszi cxoniB — g0 139,1 mr/kr. HaiiBumn
3amacu ¢ocdariB Ha Goni Py K, 30epiramucs i o 36upanns spoxaro (132,2 mr/kr),
MOPIBHSHO 3 BapiaHTamu 0e3 1HOKYIAIT Pocharmobinizamiitnumu 6akTepismu. OTxe
iHOKynsHT Paiic Ili Ha Qoni Py, cnpuss TpuBadimioMy MHiABUILIEHHIO POAKOYOCTI
TPYHTY.

3. CucremMa ynoOpeHHs coi 3 MiHiMainbHOIO (N3,) Ta monBiiiHOI0 HOPMOIO (Ny))

a3oTy y Qopmi cymbdary amMOHII0 3 BUKOPHUCTAHHIM HITpamipruHy a00 1HOKYJISIHTIB



176

CIpUYUHMIIIA OOMEKCHHS HAKONTMYCHHS HITPATiB B OPHOMY Ta, 0COOJIMBO, Y MiTOPHUX
ropu3oHTax IpyHTy y (aszi Oyronizamii (Ha 21,1% nopiBHsHO 3 HOpMOIO N3Py Ky
(cymbdar amoHI0). 3acToCyBaHHS Ha LOMY (DOHI a30T(PIKCYBaIBHOIO 1HOKYIISIHTA
XaiiKor Cynep Cosi CpUuYMHIOE YTBOPEHHS HABITH MEHIIIOTO PECypCy HITpariB B
OpPHOMY IIapy IPYHTY, MOpPIBHSAHO 3 ymnoOpeHHsM N;,Pq Ky, 3 HiTpamipunom +
i HKUBICHHS N y OyTOHI3aII0 COi.

4. TlonBoeHHsT HOpMH a30THOTO ynoOpeHHs Bia Ns, 10 Ny, 301IbITHIO 00CITH
emicii 3akucy azory B armocdepy Ha 25%. Cucrema ymoOpenHs N; P Kg, 3
BUKOPHUCTAHHAM Cyib(aTy amoHit0 + N-mo0ii3amiifai 6akrepii cTpuMyBaia BUKUAIU
razono/iOHoro a3oTy Ha piBHI BapiaHty N3P K¢ 0e3 iHokymsanta. OTxe,
HiATBepIKeHA €(PEKTUBHICTh YAOCKOHAJIEHOI CHCTEMH YHOOpEHHS COi CTOCOBHO
30epeKEeHHSI SIKOCT1 MPUPOTHOTO JTIOBKULIS 32 BAKOPUCTAHHS a30THUX JI0OPUB.

5. CepennbopiuHa Temmeparypa ToBiTps yrpomox 2010-2023 pokis
cranoBmia 9,0 mporu 8,3°C y mepiog 2010-2015 pokiB, a cepenHs MaKCMMajbHa
TeMrneparypa csarayna 22,4°C, mo Bka3zye Ha CTally TCHJICHIIIIO 3pOCTaHHS TEIUIOBUX
pecypciB Jlicocteny 3aximHoro B paiioni Mamnoro Ilomiccs. I3 Tphox pokiB
nociipkeHs apyruit 2023 pik OyB HaWCHPUSTIUBIINIMM 32 TEIJIOBUM PECYpPCOM Ta
3BOJIOKEHHSIM B Tiepiof Bereramii coi. Xoua TpaBeHb 2023 Ta 2024 poky OyB
NOCYIUIMBUAM, MPOTE y YEPBHI CIOCTEpIraid HAJIMIIOK OMajiB B 00MBa POKH, IO
nocnpusuio GopMyBaHHS Bpoxkato coi. JIumenb B yci poku A0CTIKEHb OyB BOJIOTUM,
npote 2023 pik BiIpI3HABCSA ICTOTHUM MEPEBUILEHHIM CepeAHbO0AraTopiuHOi HOPMHU
Ha 19 mMMm. 2022 pik Bereralii OyB HaliMEHIIIE CIPUATIUBUM JIsl MPOAYKTUBHOCTI COi
4yepe3 BIIHOCHO CyX1 KBIT€Hb 1 TpaBEHb Ta HAJMIPHO BOJIOT1i BEPECEHbD.

6. TpuBanictp Beretamii coi Oyjla TOB’s3aHa 3 TOTOJHUMH YMOBaMH, SKI
BIJIMBAJIM Ha Jit0 J0OpuB, HiTpamipuHy Ta 1HOKYIsHTIB. [loaBiiiHa HOopMma a3oTy, a
TaKO)X OJWHApHA 13 BUKOPUCTAHHSAM a30THUX Ta (QOCHOPHUX ITHOKYISHTIB
npoloBXKyBajda Bererauito coi y cnpusmimel 2023 1 2024 poku. Iuriditop

HITpUu(dikaiii y BCiX BHUIAIKaX 3aCTOCYBaHHS 13 Cylb(})aroM aMOHIIO CHPUYUHSB
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MPUINBUANICHHS 3aBEepIIECHHs Bereramii coi Ha 6-7 ni0, 3 aMOHIMHOIO CENTPOIO
MIPOJIOBKYBAB BereTailito Ha 4-5 1io.

7.  KoHTponb 1HTiOITOPOM  KOHILIEHTpALli  HITPATIB, fAKI TrajJbMYyIOTh
OyIb00YKOYTBOPEHHS, 1 3aMiHAa AaMOHIMHOI CcemiTpu Ha cyiabdar amoHIl0 He
3a0€3MeuyIoTh TaKoro BaroMoro pe3yibTary, SIK MO€IHaHHS 1HOKYJIAHTIB XaiKot
Cymnep Cos Ta Paiic ITi Ha doni N; P K¢, 3a Takoro Bapianty maca Oyap00490K Ha
pPOCIWHI CTaHOBWUJIA HAWOUIBIN BeIWYMHU — y OyToHizamito 0,49 1, 1 y KBITyBaHHS
0,82 1. I3 BHecenHsim HiTpamipuny 1,7 si/ra mepen ciBo6orwo Ha oauHapHid (Nsg) 1
nonBiiHIN (Ns3)) 1031 a3ory y ¢opmi cymbdary amoHito y ¢asi KBITyBaHHsS Mmaca
oynb0ouok cranoBuia 0,69 ta 0,72 1, Ha ¢oni amoHiiHOI cemiTpu (N;)) 0e3
iHTi0iTOpa yTBOpeHHs Oynb004uoK Oyno HalOUIbIe MpUTHIYeHUM (Maca OylIb00uoK y
¢asi kBityBanHs 0,39 T Ha OJIHY POCTUHY).

8. Ha wminimanbHOMY (oHI cyiabdary amoHi0 N;+Py K¢, 3 Bukopucranusm
iHoKysiHTIB XaiKor Cynep Cos ta Paiic I1i Bucora pociun (84,1 cm) i 3akpirieHHS
6006a (14,5 cm) Oyau HaMBUIITMMHU, TMOPIBHSHO 3 1HITUMU BapiaHTaMu. Taka cucreMma
yIOOpEHHS Yy MOEJHAHHI 3 THOKYJALIEID HACIHHS CHpHsiIa YTBOPEHHIO HAWOLIBIIOT
KuTbKoCTI 6001B (16,3 6006a), 3epen Ha pocnuHi (34,4 3epHa), 3a6e3neunsio macy 1000
3epeH B Aianaszoni 194,1-193,5-194,9 1, macu 3epeH 3 pociunau 6,7-6,3-6,9 1.

9. ExchnpecaiarHoCTMKa aCHMUISIIAHOTO amapary TIOJbOBUM IPHIIAJIOM
N-Tester™ nnst OIIHKA CTaHy >KMBJICHHS COi IMOKa3ayia, 10 ONTHYHA AKTHUBHICTH
JIUCTKIB OyJla MakCUMAaJIbHOIO 3a cucTteMu ynoopenHs, ae gon P K, + Nj, (mepen
ciB0010) 3 00poOkoro HaciHHsA iHOKymsHTamMu XaitKor Cymep Cos Tta Paiic ITi.
Buecennst nitpamipuny 3a mouyaTkoBoi (Nj,) Ta migBuiieHoi (Ng) HOpMH a30Ty y
dbopmi cynbdary amoHio Ha QoHi Py Ky, mia opanky icTOTHO 301UIbITYBaNIO ONTUYHY
AKTHBHICTh, IO CBITYUTH IMPO TOJIMIIECHHS a30THOTO JKUBIICHHS COi. 3a TPEThOTO
TecTyBaHHA y (a3l noOypiHHsS 0001B ONTUYHA aKTUBHICTH JUCTKIB OyJla HAMBUIIIOO,
NOPiBHSHO 3 (pazaMu KBiTyBaHHS Ta GopMyBaHHs 000iB, 110 CBIYUTH MPO TUHAMIYHE
MOJIIIIEHHSI a30THOTO JKUBJIEHHS COi aX 10 (pOpMyBaHHS 3€pHA Ta MiJTBEpPIKECHE

HaWBUIIMMU OanamMu Bi3yaJbHOTO OL[IHIOBAHHS CTaHy IMOCIBIB.
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10. 3a BHecenns min opanky P¢ K, mepen ciBboro Nj, (cynabdar amoHio0) 3
HITpallipyHOM Ta MDKUBICHHSAM N;, y a3l OyToHizamii ypokail 3epHa coi B
cepennboMy 3a 2022-2024 poku nocsarHyB piBHS 3,90 t1/ra. Takuii ke Bpoxkai
3abe3rneuye cucteMa ymoopeHHs N;,Pq Ky, 3 BuKOpucTaHHSIM iHOKyIsHTa XaKor
Cynep Cost 6e3 BHECEHHs HITpamipuHy Ta MHijkuBieHHA. HanBuiika 3a Tpu poku
cranoBwia 0,35 T/ra MOPIBHSHO 3 TPAIUIIMHUMH HOpMaMu ymoOpeHHS N;oP¢Kgo.
Cywmicue Bukopuctanas XaitKor Cymep Cos 1 Paiic I1i Ha doni N; Py K¢, monano mie
0,05 Tt/ra HaaBumikM, ane BoHa Oyna B Mexax craTUCTUyHOI moxuOku (HIP;s
abcomorHa = 0,13-0,16 T/ra). 3a cnpusATAMBOI BECHU s 1ii 1HT101TOpa HITpamipUuHy
npUpicT Bpoxkaro 3epHa ctaHoBUB 0,33 T/ra, MOPIBHSHO 3 TPaJAMIIIHOI CUCTEMOIO
ynooperHst N3 Py K4 AMOHIIHA cemiTpa sk 6e3 1HTi0iTOpa, Tak 1 3 HITpamipHHOM
3yMOBJIIOBajla MEHINUNA BpOXKald CoOi, MOPIBHSHO 13 CyIb(paroM amoOHII0 Yy BCIX
BaplaHTaxX 3aCTOCYBaHHS.

11. Haitbinpiie mpoTeiny y 3€pHi cOi yTBOPUIIOCS 33 TBOX CUCTEM yHOOPEHHS: 3a
BHECEHHsI MiHIMaJIbHOI HOpMH a30Ty Ns,y dopmi cynbdary amoniro Ha poni Pg Ky
NO€IHAaHHI 13 3acTocyBaHHAM 1HOKYJAHTIB XaiKor Cynep Cost ta Paiic Il —
37,9-38,6%. Ane MaKCHUMalIbHOTO TIIOKa3HUKa OITKOBOCTI 3€pHA JIOCATHYTO 3a
MOEHAHHS a30TMOO0LTI3yIounX Ta Gochopmobimizyrounx Oaktepiit — 38,6%, 1m0 Ha
2,8% Oinpllle aHAJOTIYHOI CHCTEMHU YIOOpEeHHS, TIIbKU 0e3 1HOKYISHTIB. Bucokuii
BMICT KHpPIB y 3€pHI COI CHOPUYMHIIO 3acToCyBaHHS (ochopmMoOiIi3aIiiifHOTO
iHokynsiHTa Patic I1i. OTxe, nokpaiieHdss GocdopHOro KUBJIEHHS CO1 3a I0MTOMOTOI0
MoO1mi3aropiB docdariB cupusic YTBOPEHHIO KUPHUX CHONYK y 3epHi. OnTumizaris
A30THOTO YAOOpEHHS COi 3HM)KYBaja OJIHHICTh 3€pHa, a HITpamipuH, MOKpaIlyrouu
a30THE OKUBJIEHHS COI, BUPA3HO 3MEHIITYBaB HArpOMa/DKEHHS JKUPY B 3€pHI.
Makcumanbuuii 36ip mporeiny — 1,58 T/ra, 2023 HAUCHPUSATIUBIIIOIO POKY
3abe3mneunna cucteMa ynoopenns ¢on Py Ky, (g opanky) + Nj, (cyabdar aMmoHi0
nepen ciB6or) + N-moOumizyroui + P-mo6ini3yroui 1HOKYISIHTH, ab0 Takuil caMui,

TUIbKHU 0€3 1HOKYIsiHTa P-Mo01mi3aropa.
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12. 3a Bpoxkatro (3,90 1/ra) cucrema miHepambHOTO yHnoOpeHHs Py K, (min
opaHky) + Nj, (y dopmi cynbdaTy amoHi0 mepea ciB0O) 13 3aCTOCYBaHHSM
azordikcyBanpHOro 1HoKymstHTa HaciHHs — XailKorCymep Cost  3a0e3neuniia
MaKCUMaJIbHUN YUCTUI TTPUOYTOK BiJl peanizarllii 3epHa coi — 51754 rpu/ra. Jlumie Ha
750 rpH/ra MEHIIUN 1 APYrud y nociigax npuOyTok 3a0e3nedniia Taka K CUCTeMa
yAOOpeHHs, ayie 3 JOAAaTKOBOIO 1HOKYJIAIIEI HAciHHA (ocopMoOiTi3aiitHumM
npenaparoM Paiic ITi.

13. PenTtabenbHiCTh BUPOOHMIITBA COi Oysa BUCOKOIO 1 KOJIMBAjacs B Jiama3oH1
Bim 228% no 293%. 3actocyBaHHs a30THHX TOOpUB y ¢opMi cyiabdary aMoHiIo,
30UTBLIEHHSI HOPMU a30Ty BJBIYUl 1 BHECEHHS HITpAmipyuHy 3MEHIIYBaJO MOKa3HUK
penTabenbHOCTI Ha 18-39% BimHOCHO TpaauiiitHOi cuctemu ynoOpeHHs N;P¢Kgo.
[Ipore Ha Takomy Qoni ynoOpenHs Bukopuctans iHokyinsHTa XaitKor Cynep Cos
3a0e3neunsio 30UIbIIEHHS peHTa0enbHOCTI Ha 26% 110 MaKCUMyMy 3-TIOMIXK
ynoOpenux BapianTiB — 293%. Ha mipomy x ¢GoH1 y1oOpeHHs OKYIHICTh JOJATKOBUX
3arpar Oyna Haitoutbimorw — 8,00 TpH/TpH 1 NepeBHINyBajia TPaAUIIAHUN BapiaHT
ynoopennss  Ha 0,37  rpH/TpH. [Toeqnanust  a3ordikcyBajJbHOTO  Ta
dochopmobinizamiiiHoro iHOKyIsSHTIB (XaitKor Cymep Cos + Paiic Ili) Ha ¢oni

N3oPsoKeo criprisiiio HaliBuIIoMy Koe(illieHTy eHepreTHYHOI epeKTuBHOCTI — 3,42.

MNPAKTUYHI PEKOMEHJIALIIl BUPOGHUIITBY

1.3 MeTor OTpUMaHHS BHCOKOTO Bpokaro coi 3,55-3,95 t1/ra Ta miaBUIICHHS
BiJIJ1a4yl MIHEpaJIbHUX JTOOPUB HA JIGPHOBOMY INIEMOBOMY JIETKOCYTIIMHKOBOMY IPYHTI
y Manomy Ilomicci (JIicocten 3axigHuil) peKOMEHIyEMO BHOCUTH Mia opaHky PgKg,
a nepez ciBOOIO cynbdar aMoHi0 B HOpMI Ns3)Ta 3aCTOCYBaTH NMpenaparu-iHOKYJISHTH
XaiiKor Cynep Cos Ta Paiic Ili. LI TexHonoriuHi mnpuioMu 3a0e3Meqmniv
MaKCHMaJIbHy BpOXKalHICTh €01 B cepemabomy 3a 2022-2024 poxm 3,95 T/ra,

MaKCHUMallbHY O1IKOBICTb 3epHa 38,6% Ta unctuil npudytok 51004 rpu/ra.
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2. 3a moTpedu 3aCTOCYBaTH CHUCTEMY PO3APIOHOTO BHECEHHS a30THOTO J100pHBa
(N3, mepen ciB6oro + Ns,y (a3i OyroHizaliii) Ha O1THIIIUX I'PYHTAX Ta 3a BiJIMOBH BiJl
1HOKYJISIHTIB AOLUJIBHO BHECTH Iepes ciBOOK cTaldutizarop a3otTy B rpyHT — N-Lock™
(1,7 n/ra), mo 3abe3neunTh HAOMMKEHUIN IO MaKCUMaIbHOTO Bpokaii — 3,90 T/ra, ane
3MEHIIUTh BHUMHBAHHS HITPATIB Ta €MICII0 Ta30moAiOHOro as3otry 3 JA00puB,
MaKCUMAaJIbHO MOCIa0UTh TUCK I'PYHTOBUX HITPaTIB Ha OyJIbOOYKOYTBOPEHHS.

3. Y pa3i rocrnomapchkoi HEOOXI1HOCTI 3aCTOCYBaTH aMOHINHY CENITPY 3aMiCTh
cylb(haTy aMOHIIO SK 3a OJMHApHOI HOPMH BHECEHHs Iepel ciBOoro Nj, Tak 13
nipKUBICHHSIM N3 y da3i OyToHI3aIlli HITpAT aMOHIIO CIIiJ] TOETHYBATH 3 BHECCHHSIM

1HT101TOpa HITpHUIKallii, 1100 3aM00IrTH NPUTHIYEHHIO OYyJIbOOUYKOYTBOPEHHS Y COi.
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Tabnuys b.1 — Kopeasiiisi Bpo:kaio 3epHa coi 2023 poky, i3 BMiCTOM J0CTYITHOT0 a30Ty B IPYHTI Ta HOro KMCJIOTHICTIO, I+

Ho3za N|Ypoxait Hirparu B opHomy miapi Nrizgp. B opHoMy miapi ‘pHc“(')n.
[Moka3Huk da3a OyroHizaiii, | 30upaHHs
y y y (¢azi OyTonizanuii ,|npu 30upanHi,|y ¢da3zi 6yronizauii , [nmpu 36upansi,|0-20{20-40 [ 40-60 | 0-20 [ 20-40
Krra | wra MI/KT MI/KT MI/KT MT/KT CM | cM CM | cM | cM
VYpoxaii, T/Ta 074 | X
Hitparu y ¢a3i OyTonizarii,
0,93 | 0,76 X
MT/KT
Hitpatu npu 30upanHi, MT/KT 0,66 | 027 0,78 X
Nriap. y ¢asi OyToHizaiii ,
0,99 | 0,79 0,94 0,68 X
MT/KT
Nrizp. npu 306upanHi, MI/KT | 0 91 | 0,83 0,93 0,69 0,96 X
®daza Oytonizamii , pH - 0-20 | 0,00 | -0,16 -0,32 -0,58 -0,10 -0,30
X
CM
®a3a Oytonizauii , pH - 20-40(-0,20 | -0,16 -0,53 -0,72 -0,24 -0,35 0,8
71 X
CM
®da3a Oytonizamii , pH - 40-60(-0,19 | -0,07 -0,45 -0,60 -0,23 -0,39 061081 X
9
CM
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36upanns, pH - 0-20 cm 0,171 -0,24 -0,17 -0,16 0,12 -0,05 10,7({0,76 | 0,49 | X
9

36upanns, pH - 20-40 cm -0,231 -0,72 -0,42 -0,02 -0,27 -0,33 10,3]10,390,05 (0,74 X
8

36upanns, pH - 40-60 cm -0,60 | -0,70 -0,78 -0,48 -0,59 -0,58 0,410,651 0,36 0,61 0,81
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Puc. B.1. CepeanboOararopiuti K1iMaTu4H1 HOPMH CEPEAHBOMICSIYHOI TeMmieparypu nositps (°C) Ta MICSYHOI CyMU OIa/liB

(MMm) 3a cioctepexeHHsIMU MeTeocTaHIlii JIbBiB [80]
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Puc. B.2. CepeanboMicsiuHi TeMIIEpaTypH YIPOJIOBXK 3 KBITHSI 10 BEPECHS BKIFOUYHO

3a nepioa 2010-2024 poxkiB 3a cnoctepexxeHHsMu MeTeoctaniii JIbBiB [80].
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meteocTaHIii JIeBiB [80].
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KBITHS 10 BepecHs BKJIOUHO 32 nepion 2010-2024 pokiB 3a CIOCTEPEKEHHAMHU

meteoctanilii JIeBiB [80].
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3a JaHuMH MeTeocTaHuii JILBIB [80]

Tab6n. B.1 — CTaTMCTUKA MOTOAU Y POKH A0CTiIKEeHb
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Temneparypa,°C
Cepenns Makcuma
' IIBUJIKIC Orta JbHA
Micue Maxkcu-M Mini-mMan o MM ’ FHH('SHHa
Cepenma aJbHA bHA Bl;}iy’ C}:;;y’
1 2 3 4 5 6 7
2022 pik
CiveHb -0,8 9,4° -17,2 4,1 66 14
JroTnii 2,1 9,8 -7,6 3,7 26 11
Bbepesenp 43 18,3 -7,9 2.4 16 -
KsiTenn 6,3 18,7 -3,7 2,7 69 -
TpaBeHb 14,1 27,3 0,8 2,3 21 -
YepseHb 19,4 33,0 6,8 2,1 44 -
JIluneHp 19,5 32,7 8,0 2,2 94 -
CeprieHb 20,0 30,0 10,2 1,3 68 -
Bepecenb 12,3 21,3 2.4 1,9 136 -
JKosTeHn 10,8 26,2 0,1 2,3 16 -
JIncroman 0,3 2,7 -1,4 1,8 0 -
I'pynens 0,3 10,9 -10,4 2,6 0 -
Cepenne/cyma 9,1 21,0 -1,7 - 553 -
2023 pix
Ciuenn 1,9 14,7 -3,6 2,6 49 5
Jrotuit 0,0 8,5 -13,8 3.3 64 14
Bepesenb 4,6 17,6 -6,6 3,1 68
KgiTenp 7,8 19,8 -2,0 2,3 49 9
TpaBeHb 14,0 24,2 3,2 2,3 24 -
YepseHb 17,0 29,2 5,6 1,9 108 -
Jlunenp 19,6 30,7 8,0 1,8 120 -
CeprneHb 20,9 32,9 9,1 1,8 65 -
Bepecenn 17,1 28,2 7,6 1,5 59 -
JKoprenn 11,1 22,5 -1,7 2,6 66 -
JIlucTonan 3,8 15,4 -9,4 3,0 70 11
I'pynenn 1,3 11,0 -10,6 3,3 71 25
Cepenne/cyma 9,9 21,2 -1,2 - 810 -
IIpooosocennss mabn. B. 1.
1 2 | 3 | 4 5 | 6 | 7
2024 pik
CiueHn -1,2 7,3 -20,3 3.4 75 11
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Jrotuit 5,6 16,9 -5,8 34 50
Bepesens 5,7 22,6 -5.4 2,7 79
Ksitenn 11,2 25,0 -0,9 2,6 53
TpaBeHb 15,7 27,6 0,5 2,2 8
YepBeHb 19,4 31,0 8,1 2,1 96
JIuneHp 21,4 33,8 9,5 1,9 76
CepreHb 20,8 31,2 10,0 1,5 74
Bepecenn 20,0 28,9 11,5 2,0 14
Cepenne/cyma 13,2 24,9 0,8 - 525
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Puc. B.6. Temnieparypa it onaau nono6oso Bocenu 2022 poky [80].

Temnepatypa, °C
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Puc. B.7. TeMnepaTypa i onaau HOI[06OB0 2023 poky [80]
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Tabnuys B.2 — BioMeTpu4Ha CTPYKTYpPa BpokKalo coi (3a TaHUMU criocTepeskeHb 2023 poky)

Maca Maca
Bucora | Bucora : Maca
: : bo0is, [ 3epeHn, | 3epeH 3 Oyb00YOK
Bapiant nocminy POCIIVH, |HUKHBOTO 1000 ..
o1l Ol |pOCIUHH, y (a3l KBIT.,
CM 000a, cM - 3epeH, T -
KonTpoinb — 6e3 ynoopeHHs 73,1 12,3 13,2 | 234 5,2 190,9 0,38
®on — P60K60 (1.0p.) 74,9 12,9 14,1 | 28,1 5,5 191,1 0,43
®on + N30 — Nsa (11.c.) 76,4 13,3 14,9 | 30,8 5,9 192,2 0,43
®on + N30 — Nsa+N-Lock™(11.c.) 76,7 13,6 15,3 | 32,2 6,1 193,1 0,69
®on + N30 — Nsa (11.c.)+N30 — Nsa (¢.6.) 79,7 14,2 15,2 | 32,3 6,1 190,9 0,48
®on + N30 — Nsa+N-Lock™(11.¢.)+N30 — Nsa (¢§.06.) 79,9 14,0 15,5 | 33,1 6.4 193,0 0,72
®on + N30 — Naa (1.c.) 76,1 13,8 15,0 | 30,5 5,8 188,9 0,39
®on + N30 — Naa+N-Lock™ (1.c.) 76,7 13,9 15,5 | 32,1 6,1 192,1 0,65
®on + N30 — Naa+N-Lock™ (11.c.)+N30 — Naa(¢.6.) 79,1 14,1 15,6 | 32,2 6,3 192,5 0,67
®on + N30 — Nsa (11.c.)+N-Mo061113yrouil 6akTepii 83,2 14,3 16,0 | 33,9 6,7 194,1 0,78
®on + N30 — Nsa (m.c.)+P-Mo061mi3yrodi 6akrepii 78,6 13,9 15,8 | 33,7 6,3 193,5 0,70
®on + N30 — Nsa (11.c.)+N-Mo01113yt04i+P-Mo01113yr0di 84,1 14,5 16,3 | 344 6.9 194,9 0,82
Oakrepii
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21 4yepBHH
o 580
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3
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) ) 4. 5. 6. 7. 8. 9. 10. 11. 12.
C™cep| 449 | 477 | 483 | 521 | 498 | 533 | 509 | 506 | 508 | 527 | 307 | 538
ceeen | 451 | 470 | 472 | 507 | 478 | 519 | 489 | 499 | 503 | 511 | 502 | 517
=k |l 445 | 477 | 489 | 523 | 496 | 536 | 513 | 501 | 508 | 532 | 501 | 546
=l | 451 | 483 | 487 | 533 | 519 | 543 | 525 | 518 | 514 | 538 | 519 | 552
11 annus
o 600
s o A
= 580
s /L\ /
< Q ’| Y.
£ 560 .
E 5 4 0 > -'. » 5 :_. ) - \ "‘} . = -
e, \'.. '_- % N "(
520 - x4 - —
480 - —
460
1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12.
Ccep 925 | 527 | 531 | 556 | 507 | 574 | 525 | 529 | 512 | 558 | 541 | 574
cesoee || 529 | 531 | 526 | 565 | 514 | 585 | 508 | 514 | 507 | 555 | 530 | 565
=+ Il | 530 | 526 | 540 | 558 | 509 | 572 | 538 | 546 | 518 | 544 | 541 | 572
—==IV | 517 | 523 | 527 | 546 | 498 | 565 | 528 | 528 | 511 | 575 | 552 | 585

Puc. B.9. Pesynpratu BuMiproBaHHs akTUBHOCTI XJ10podiny N-tectepom «Slpa

tectep» 2023 poky BereTarlii Ha mo4arky kBiTyBaHHS (21 yepBHs) 1 popmyBaHHS

60018 (11 numHs), B yMOBHUX OJUHHUIISIX.
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Tabnuys B.3 — Pe3ynbratu qucnepciiinoro anasaizy (ANOVA) [16]

JAOCTOBIPHOCTI JAHMX ONTHYHOI AKTUBHOCTI XJ10podiny y ¢a3i nodypinusa 600iB

(2023 p.)

Rocnepsis | aris | caobom | ssmpar | P | o
3arajgpbHa 29030 35 - - .
Bapiantis 27854,67 11 2532,24 51,71 | 3,01
?ESEESKKH) 1175,33 24 48,97 - -

Kputepiii iCTOTHOCTI F ;. - 51,71

Kpurepiit F Ha 5%-my piBHI 3HauymocTi — 3,01
[Tomunka mocmizy | ym.om. 4,04

[Tomumnka pi3HUIIL CEPEHIX | YM.O[I. 5,71

BigHocHa momusika pi3HHIN cepeaHix % 0,90
Koediuient Bapiarii % 1,10

HIP,s abcomtoTHa | yMm.of. 11,79

HIPs BimHOCHA % 1,86




235

Puc. B.10. PicT 1 po3BUTOK cOi 6€3 10OpPUB HA JEPHOBOMY INIEHOBOMY
JeTKoCyITHHKOBOMY TpyHTI Masoro [lomices y ¢dasi mobypinns 606i8 (BBCH 85 —

18.09.2023 p.).
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Puc. B.11. Pict 1 po3BuTok coi Ha oHi Py Ky, + N3, (cynbdar amoHiro)
3 BUKOPHUCTAHHSAM a30TMOOUTI3ytounx OakTepiit B. Japonicum
+ pochopmobimizyrounx 6akrepiit B. amyloliquefaciens

y ¢a3i nodypinus 60618 (BBCH 85 — 18.09.2023 p.).
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Puc. B.12. Pict i po3BuTtok coi Ha doHi P K4+ Nj, (cymbdar amonito) + HiTpanipuH
(mepen ciB6010) + N3, (cynbdar amoHiro B (a3l OyToHi3aIlii)

y ¢azi nodypinus 60618 (BBCH 85 — 18.09.2023 p.).
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Puc. B.13. 3araibpauii BUTIISIT KOPEHIB 1 pOCIUH coi 0e3 T00prB Ha IEPHOBOMY
rIeii0BOMY JIETKOCYTITMHKOBOMY TpyHTI Masoro [omices y ¢a3i moOypinas 6061B

(BBCH 85 — 18.09.2023 p.).
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Puc. B.14. 3aranpanii BUDIISIT KOpeHiB 1 pocauH coi Ha GoHi Py Ky, + Nso (cynbdar

aMOHII0) 3 BUKOPUCTaHHSIM a30TMOOUTI3yI0unX Oakrepiit B. Japonicum
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+ pocdhopmobinizyrounx Oakrepiii B. amyloliquefaciens

y ¢a3i nodypinus 60618 (BBCH 85 — 18.09.2023 p.).
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Puc. A. B.15. 3aranbHuii BUIII1 KOpeHiB 1 pociuH coi Ha (oH1 Pg Ky + Njj (cynbdar
aMoOHit0) + HiTpanipuH (repea ciBooro) + Ny, (cynbdar amoHio B ¢a3i OyToHi3a1li1)

y ¢a3i mooypinns 606iB (BBCH 85 — 18.09.2023 p.).



Homarok I'

Tabauui i pucynku posainy 5

Tabnuysa I’ 1 — Ypoukaii 3epHa coi 2022 poky, T/ra

242

Bapiant gocniny Hopropers
I 11 111
1. |KonTpomns — 6e3 ynoOpeHHs 2,5912,6212,76
2. |Don — P, Ky (111 oOpanHKy) 3,13 (2,92 (3,04
3. |®on + N;,— cynbdar amoHito (1mepes ciBOoro) 3,52(3,39(3,49
4. |®oH + N;,— cynasdar amonito + N-Lock™(miepes ciB0o10) 3,5013,39(3,35
5. |®oH + N;,— cynabdar amoHito (iepes ciB0oro) 3,56 (3,54 3,50
+ N3, — cynbdar amoHiro (B a3i OyToHizarrii)
6. |DoH + N;,— cynbdar amonito + N-Lock™(niepen ciB6010) 3,85(3,75(3,71
+ N3y — cyapdar amoHito (B dazi OyToHizarrii)
7. |®on + N;,— amoHiliHa cemiTpa 3,31 (3,213,38
8. |DoHn + N;,— amoniitHa cenitpa + N-Lock™(miepes ciB6010) 3,52 (3,48(3,52
9. |®on + N;,— amoniiina cenitpa + N-Lock™(niepen ciBOOI0) 3,7513,64 (3,70
+ N;,— amiagHa cemitpa (B $asi OyToHizaIrii)
10.|®on + N;, — cynbdary amoHito nepes ciBOoro 3,80 (3,62 (3,74
+ a30TMO01TI3yI041 OaKTepii
B. japonicum (XaitKot Cynep Cos)
11.|®on + N;, — cynbdary amoHito nepes ciBOoro 3,71 (3,54 (3,61
+ pochopmobimizytoui 6akTepii B.
amyloliquefaciens (Paiic ITi)
12.|®on + N;, — cynbdary amoHito nepes ciBOoro 3,85(3.,84 3,73
+ a30TMO001TI3YyI0U1 OakTepii B.
Japonicum + ®ochopmoOiizytoui Oakrepii B.
amyloliquefaciens




Tabnuysa. 1’2 — Ypoxkaii 3epHa coi 2023 poky, 1/ra
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Ne [ToBrOpeHHs
No BapianTt nocmniny " T
1. [KonTpomas — 6e3 ynoOpeHHs 2,99 (2,8112,99
2. |®oH — Py K (111 OpaHKy) 3,13 (2,98 3,03
3. |®oH + N;,— cynbsdar amoHito (iepea ciBOo0) 3,79 13,58 3,69
4. |®on + N;,— cynawsdar amonito + N-Lock™(miepen ciB6010) 4,1213,91|4,02
5. |®on + N;,— cynbdar amoHiro (Tiepea ciBOO0) 3,88 (3,68 (3,78
+ N3y — cyabdar amoHito (B (a3l OyToH13a1lli)
6. |®on + Ns,— cynasdar amonito + N-Lock™(miepes ciB6o10) 4,1113,91(4,00
+ N3y — cyabsdar amoHito (B dasi OyToHizaIlii)
7. |®on + N3,— aMoHIliHa cemTpa 3,563,411 3,55
8. |®oH + N;,— amoniiina cemitpa + N-Lock™(niepen ciB6010) 3,79 13,61(3,73
9. |®on + N;,— amomniiiHa cemiTpa + N-Lock™(miepen ¢ciBO00) 3,91 (3,84 3,95
+ N;,— amiagHa cemitpa (B da3i OyToHizarrii)
10.{®oH + N3, — cynbdary aMoHIt0 nepes ciBOOo 4,25 (4,00 4,12
+ a30TMO001TI3y041 OaKTepii
B. japonicum (XaiiKot Cymnep Cosi)
11.{®oH + N3, — cynbdary aMoHIt0 nepes ciBOOKO 3,9913,88(3,99
+ pochopmobimizyroui 6akTepii B.
amyloliquefaciens (Paiic I1i)
12.{®oH + N3, — cynbdary aMoHit0 nepes ciBOOKo 4,15(3,9514,05
+ a30T™MO001TI3yI0U1 OaKkTepii B.
Japonicum + ®ocpopmoOiTizyroul 6akTepii B.
amyloliquefaciens




Tabnuysa I3 — Ypoukaii 3epHa coi 2024 poky, T/ra
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Ne . _ [ToBTOpeHHs
Ne Bapiant nocminy " T
1. |{Kontposnb — 6e3 ynoOpeHHs 2,8912,91(2,70
2. |®oH — Py Ky, (111 opasKy) 3,12(3,16|2,77
3. |®oH + N;,— cynbdar amoHito (mepes ciBOoro) 3,55(3,58]3,31
4. |®on + N;— cynbdar amonito + N-Lock™(niepes ciB6o10) 3,66|3,68(3,32
5. [®on + N;,— cynansdar amoHito (Tiepes CiBOOT0) 3,7913,70]3,62
+ N;o— cynbdar amoHiro (B (a3l OyToHizarrii)
6. |@oH + N;,— cynbdar amoniro + N-Lock™(niepen ciBOor0) 3,99(3,91|3,84
+ N3, — cyabsdar amosito (B dasi OyToHizarlii)
7. |®oH + N;,— amoHiliHa cemniTpa 3,51(3,51(3,21
8. |[®on + N;,— amoHiitHa cemniTpa + N-Lock™(niepes ciB6010) 3,66(3,62|3,37
9. |®on + N;,— amoniiiHa cenitpa + N-Lock™(niepen ciBOo10) 3,8213,81(3,67
+ N3, — amiagHa cemnitpa (B a3l OyToHi3aIlii)
10 |®on + N;, — cynbdary amoHito repes ciBOoro 3,95(3,9913,68
+ a30TMO01TI3YI0U1 OaKTepii
B. japonicum (Xaii Kot Cynep Cos)
11.|®oH + N5, — cynbdary amoHito nepes ciBOoro 3,73(3,71|3,57
+ hocopmobimizyroui 6akTepii B.
amyloliquefaciens (Paiic I1i)
12 |®on + Nj, — cynbdary amoHito niepesi ciB0oro 4,07(4,01(3,85
+ a30TMO01I3yI0Ui OakTepii B.
Japonicum + ®ocopmoO1LTizyroul OakTepii B.
amyloliquefaciens




Tabnuys. I'4 — PesynbraTn Aucnepciinoro anasaizy (ANOVA) [16]

ypoxaiHux gaHux 2022 poky

245

Tucrnepcis Cyma . Cryneni Cepenniit F,._ Fs
KBapPaTiB CBOOOIN KBaJpar
3aranpHa 3,83 35 -- -- --
BapianTis 3,69 11 0,34 60,02 3,01
3aIHIIoK 0,13 24 0,01 -- --
(TOMUJIKH)
Kputepiii icToTHOCTI F ;. - 60,02
Kpurepiit F Ha 5%-my piBHI 3HauymocTi — 3,01
[Tomunka nocmigy | T/ra 0,04
[Tomuiika pi3HULI CEpenHIX | T/ra 0,06
BigHocHa momusika pi3HHIN cepeaHix % 1,77
KoedirmienT Bapiarii % 2,16
HIP,s abcomoTna | T/ra 0,13
HIP,s BimHOCHA % 3,64




Tabnuysa I'5 — Pe3yabTaTn gucnepciiinoro ananizy (ANOVA) [16]

ypoxaiiHux gaHux 2023 poky

246

Tucrnepcis Cyma . Cryneni Cepenniit F,._ Fs
KBapPaTiB CBOOOIN KBaJpar
3aranpHa 5,18 35 -- -- --
BapianTis 4,97 11 0,45 50,68 3,01
3aIHIIoK 0,21 24 0,01 -- --
(TOMUJIKH)
Kputepiii icToTHOCTI F ;. — 50,68
Kpurepiit F Ha 5%-my piBHI 3HauymocTi — 3,01
[Tomunka nocmigy | T/ra 0,05
[Tomuiika pi3HULI CEpenHIX | T/ra 0,08
BigHocHa momusika pi3HHIN cepeaHix % 2,07
KoedirmienT Bapiarii % 2,53
HIP,s abcomoTna | T/ra 0,16
HIP,s BimHOCHA % 4,27
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Tabnuys. 1’6 — Pe3yabTaTn Aucnepciinoro ananizy (ANOVA) [16]

ypoxaiiHux AaHux 2024 poky

Tucrnepcis Cyma . Cryneni Cepenniit F,._ Fs
KBapPaTiB CBOOOIN KBaJpar
3aranpHa 4,17 35 -- -- --
BapianTis 3,96 11 0,36 42,62 3,01
3aIHIIoK 0,2 24 0,01 -- --
(TOMUJIKH)
Kputepiii icToTHOCTI F ;. - 42,62
Kpurepiit F Ha 5%-my piBHI 3HauymocTi — 3,01
[Tomunka nocmigy | t1/ra | 0,05
[Tomuiika pi3aui cepennix | 1/ra | 0,08
BigHocHa momusika pi3HHIN cepeaHix % 2,04
KoedirmienT Bapiarii % 2,5
HIP,s abcomrotna | t1/ra | 0,15
HIPs BimHOCHA % 4,22

b




Tabnuys /[. 1 — BioXiMiuHi IOKA3HUKHU SIKOCTI 3epHa €Ol 3a Pi3HUX cucTeM YI100peHHs KyJbTYpH

Honarox /1

Tabauui i pucynku 10 posainy 6
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Cupuii iporein, % Cupwii xup,% Cupa K1iTKOBUHA, % Bonora,%

Bapiant t0ciny 20120 | 20 | Cep [ 20 [ 20 [ 20 | Cep | 20 | 20 | 20 | Cep | 20 | 20 | 20 | Cep

22 123 | 24 | emqu |22 (23 |24 | emqu [ 22 |23 (24 | emn | 22 | 23 | 24 | emn

p-| p | p € p- | p- | p € p- | p- | p € p- | p- | p €

KoHTposb — 6e3 ynoOpeHHs 32,8(33,2133,1( 33,0 {19,5]19,3(19.9] 19,6 | 9,1 [ 79|82 | 84 |76|7,1 (74| 7.4

®on — P60 K60 (m.op.) 33,3134,4134,2| 34,0 (18,9(20,5(19,5| 19,6 [ 7,1 | 6,6 [ 68| 6,8 193]19,0]9,1] 9,1

®oH + N30 — Nsa (1.c.) 35,4(36,135,8( 35,8 [19,8]21,7(20,5] 20,7 | 52 [ 5,1 |51 51 |9,1(87190] 8,9

®on + N30 — Nsa+N-Lock™(11.c.) 36,1137,3136,2| 36,5 (20,1(20,5(20,1| 20,2 | 5,0 |4,8|49| 49 |88 |84 85| 86

®oH + N30 — Nsa (1m.c.)*N30 — Nsa (¢§.6.) 35,8137,5136,2| 36,5 (20,1(20,5(20,0| 20,2 (49 |45[49| 48 |87]|84 85| 85

®on + N30 — Nsa+N-Lock™(m.c.)+N30 — Nsa (¢.6.) |36,8|37,7|37,1| 37,2 120,0(20,2|20,1| 20,1 | 4,7 | 4,4 (4,6 | 46 |88 82|86 85

®on + N30 — Naa (m.c.) 34,7135,9135,5] 35,4 (19,8120,9(20,8| 20,5 [85|7,5(82] &1 194190191 9,2

®oH + N30 — Naa+N-Lock™(m.c.) 36,5137,1136,8| 36,8 (19,9120,1(20,0| 20,0 (78 |7,1 75| 7,5 |88 (82|86 85

®on + N30 — Naa+N-Lock™(11.c.)+N30 — Naa (¢.6.) [36,3|37,3|36,5| 36,7 |19,8(20,4120,1( 20,1 |83 |78 81| 81 [8,7]80]85]| 84

®omn + N30 — Nsa (m.c.)+N-mo006ii3yroui 6akTepii 37,5(38,3137,8| 37,9 119,8120,2(20,1| 20,0 [ 4,0 |13,813,9] 3,9 |87 (8,284 | 8,4

®oH + N30 — Nsa (11.c.)+P-mo06imizytoui 6akrepil 36,7(37,5137,1( 37,1 (20,9]121,1(20,1| 20,7 | 4,2 (3,940 40 |86]8,0(82] 83

®oH + N30 — Nsa (11.c.)+N-Mo0061113ytodi+ 38,1138,9138,7| 38,6 (20,1(20,5(20,4( 20,3 |3,5]3,1 (3,2 33 |81 |7,7]|80]| 79
P-M006imizyroui 6akTepii




249

Tabnuysa /.2 — PesyabraTtu aucnepciiinoro anajizy (ANOVA) [16]

JAOCTOBIPHOCTI TaHUX BMiCTy CMPOro NPOTEiHy B 3epHi

Jlcnepcis KBEI}[];/?FiB S;g’g:;i (I:;I;;iliﬁ Fin- Fos
3aranbpHa 86,83 35 - - -
Bapiantis 80,44 11 7,31 27,48 | 3,01
?;‘gﬁﬁflfm 6,39 24 0,27 - -

Kpurepiii icToTHOCTI F ;. = 27,48
Kpurepiit F Ha 5%-My piBHI 3HauymIocCTi — 3,01
[Tomunka nocmiay % 0,30
[Tommika pi3HUII CEpemHIX % 0,42
BinHocHa momMuiika pi3HULI CEpeTHIX % 1,16
Koedimient Bapiarii % 1,42
HIP,s abcomroTHa % 0,87
HIP; BimHOCHA % 2,40
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Tabnuysa /[.3 — PesyabraTtu aucnepciiinoro anajizy (ANOVA) [16]

JAOCTOBIPHOCTI TaHUX BMICTy CMPOI0 KHUPY B 3epHi

Jlcnepcis KBEJ:}[];/?FiB (C::Bngoe;I; iii;ilff Fin- Fos
3arajibHa 9,41 35 - - -
Bapianris 4,13 11 0,38 L71 3,01
?;‘gﬁﬁflfm 5,28 24 0,22 - -

Kpurepiii icToTHOCTI F ;. - 1,71

Kpurepiit F Ha 5%-My piBHI 3HauymIocCTi — 3,01
[Tomunka nocmiay % 0,27

[Tommika pi3HUII CEpemHIX % 0,38

BigHocHa momusika pi3HUII cepeaHix % 1,9
Koedimient Bapiarii % 2,33

HIP,s abcomroTHa % 0,79

HIP; BimHOCHA % 3,92
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Tabnuysa /[.4 — PesyabraTtu aucnepciiinoro anajizy (ANOVA) [16]

JAOCTOBIPHOCTI IaHUX BMICTYy CHMPOI KJIITKOBUHH B 3epPHi

Jlcnepcis KBEI}[];/?FiB S;g’g:;i (I:;I;;iliﬁ Fin- Fos
3arajibHa 115,75 35 - - -
Bapianris 113,61 11 10,33 115,83 3,01
?;‘gﬁﬁflfm 2,14 24 0,09 - -

Kpurepiii icToTHOCTI F ;. — 115,83
Kpurepiit F Ha 5%-My piBHI 3HauymIocCTi — 3,01
[Tomunka mocniay % 0,17
[Tomumka pi3HUII CepeTHIX % 0,24
BigHocHa momusika pi3HUII cepeaHix % 422
Koedimient Bapiarii % 5,16
HIP,s abcomroTHa % 0,50
HIP; BimHOCHA % 8,70




Tabnuys /1.5 — Kopeasiiisi Bpo:xkaio 3epHa coi 2023 poky

3 OioMeTPUYHUMHM TA 0iOXIMIYHUMH MOKA3ZHMKAMM MPOXYKIIMHOI0 Mpouecy, r+

252

Ma
Maca
Oynb Maca | ca K-ct | Maca Bwmi
Y Ooyne | Oyn | Bu | Buco Bwmi . 3061
6040 K-c b 3epe | Maca Bmi | cr
Bpooica 6ouo | BOO | cor Ta CT . p
v K Tb 3epe H 1000 CT KJI1
12023 K YOK a HIKH npo po
y 000 | HHa Ha 3epe . | xm | TKO N
D 5 npu | mpu [ poc | boro . Tei ) Tei
YTO . iB | pocnm | pocn H ) piB | BuH )
: KBITY | ¢t | nuH | 600a . . HIiB HIB
HI3aI] . HHI1 HHI1 U
. BaHH1 10
ito :
CTi
Maca 6ynb004u0K y 0,86 X
OyTOHI3aIl110
Maca Oynb0040K npu 0,83 0,95 X
KBITYyBaHHI
Maca Oynp0040K 1pu 0,79 096 | 087 | X
CTHUIJIOCTI
Bucora pociux 0,80 091 | 0,79 1094 X
Bucora HmxubROTO 6002 0,87 082 1 0,72 10,741 087 | X
K-ctp 000iB 0,93 0,90 | 0,84 | 0,80 | 0,86 | 0,95 X
K-cTb 3epeH Ha pociuHi 0,94 0,80 | 0,78 10,75]10,82 093 1098 X
Maca 3epeH Ha POCIHHI 0,92 096 | 090 [093(095] 091 |0,96 | 0,92 X
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Maca 1000 3epen 0,70 0,87 0,89 (0,85 (0,71 | 0,49 | 0,66 | 0,62 0,78 X

Bwmict npoteiHiB 0,96 0,91 0,84 10,84 (0,891 095 |098 | 0,97 0,97 0,69 X

Bwmict xupiB 0,30 0,08 | -0,08 | 0,031 0,09 0,24 |0,34 | 0,42 0,18 0,02 [0,25] X

BwmicTt Ki1iTKOBUHA -0,69 -0,74 | -0,62 |-0,78|-0,74| -0,56 |-0,64| -0,69 | -0,72 | -0,72 |-0,71]-0,32| X

306ip npoTeiHIB 1,00 0,86 0,83 10,79 0,80 | 0,87 | 0,93 | 0,94 0,92 0,70 [ 0,96 1 0,30 [-0,69| X
36i1p KUpiB 1,00 0,86 0,83 10,79 0,80 | 0,87 | 0,93 | 0,94 0,92 0,70 [ 0,96 | 0,30 [ -0,69 | 1,00
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Tabnuysa /.6 — Kopeasiiist poToONTHYHOT AKTHBHOCTI XJ10podity 3 ypoxkaem

3epHa co0i, Macor c)opMOBaHHX Oy 1b00UYOK y (pa3i KBITYyBaHHS Ta MOKA3HUKAMH

NPoAYKUiiHOTo nmpouecy (3a 1anumu 2023 poky), r+

Bpoxa Maca Xnopodi K-cTp Maca
112023 | OynbOo4dOK Ipu . P Y 3€peH Ha 1000
. ) KBITYBaHHS .
p. KBITYBaHHI1 pocuHi 3epeH
Maca
OynbO0UOK MpH 0,83 X
KBITYBaHHI
Xnopodin y
. 0,89 0,83 X
KBITYBaHHS
K-cTb 3epen Ha
. 0,94 0,78 0,90 X
pocCuHI
Maca 1000
0,70 0,89 0,59 0,62 X

3epeH
Bwmict npoteini 0,96 0,84 0,91 0,97 0,69




Homaroxk E
Tabumui i pucyHku 10 posairy 7
Tabnuysa E.1 — BapTicTb CKJIAIHUKIB CHCTEMH y100peHHs €0l pa3oM 3 BUTPAaTaMH HA iXHE BHECEHHs1, TPH
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. dochopho- XaitKot . BapTlC.Tb
Ne . AwmoniitHa | Cynbdar e Buecenns Paiic Ili |Buecennsi| 3aco0iB
Bapiant . . KanmiHuii | N-Lock™ Cymnep Cos . N
No cemiTpa | aMOHIIO N-Lock™ (Arpitema) | noOpuB | Ta IXHBOTO
on (BAC®)
BHECCHHS
1 |KonTposus — 0€3 y1oOpeHHs — — — — — — — — —
2 |®on — P60K60 (11.0p.) — — 3336 — — — — 230 3566
3 |®on + N30 — Nsa (11.c.) — 2230 3336 — — — — 460 6026
4 |®ou + N30 — Nsa+N-Lock™(1.c.) — 2230 3336 1290 180 — — 460 7496
5 [®on + N30 — Nsa (11.c.)+N30 — Nsa (¢.6.) — 4460 3336 — — — 690 8486
6 [®on + N30 — Nsa+N-Lock™(11.c.)+N30 — — 4460 3336 1290 180 — - 690 9956
Nsa ($.0.)
7 |®on + N30 — Naa (1.c.) 1580 3336 — — 460 5376
8 [®on + N30 — Naa+N-Lock™(11.c.) 1580 3336 1290 180 — — 460 6846
9 [®on + N30 — Naa+N-Lock™(m.c.)+*N30 —| 3160 3336 1290 180 - — 690 8656
Naa (¢.6.)
10|®on + N30 — Nsa (m.c.)+ XaiiKor Cymep - 2230 3336 - - - 460 6466
Cost
11|®Don + N30 — Nsa (m.c.)+Paiic ITi - 2230 3336 — — 170 460 6196
12 [®on + N30 — Nsa (11.c.)+N-+P-6akrepii - 2230 3336 1290 180 440 170 460 8106

[TpumiTka *: m.op. — mig opanky; Nsa — cynb(ar aMoHit0; 11.c. — nepen ciBooro; ¢.0. — daza Oyronizallii; Naa — amoHiiiHa cemiTpa.




Tabnuus E.2 — EKoHOMiYHA e()eKTHBHICTH CHCTEM YI00peHHs coi, Y cepennnLomy 3a 2022-2024 poku
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Ne . OxkymHi
Bapri .
Ne Bapricr cTh |
.| cTb Honar | Bebo | YHuer
ITpup1 b . . I'PH.
BAJIOB KOB1 ro nii | Penra
Ypox CT . IIPUPOC 3arpar
: . oi 3arpar | 3atpa | npub | GenpH
Bapiaut auHICT | BpOXKa Ty . Ha
POy . u, T, yTOK, | 1CTh,
b, T/TA | 10, " | ypoxkaii o nobpurBa
T/ra Kwit, |7 TPH./T | TPH./T | TPH./T 0 ik
IpH./T ’ a a a
N I'pH./Ta BHECCHH
s, TPH.
1 | Kontposnb — 6e3 ynoOpeHHs 2,81 0,00 [ 50018 0 0 1120 | 3881 | 346,6 —
0 8
2 | ®on — P60K60 (m.0p.) 3,03 0,22 | 53934 | 3916 3566 | 1476 | 3916 | 265,3 11,0
6 8
3 | ®on + N30 — Nsa (1.c.) 3,55 0,74 |1 63190 | 13172 | 6026 | 1722 | 4596 | 266,8 7,63
6 4
4 | ®on + N30 — Nsa+N-Lock™(m.c.) 3,66 0,85 | 65148 | 15130 | 7496 | 1869 | 4645 | 248,5 6,20
6 2
5 | ®on + N30 — Nsa (m.c.)+N30 — Nsa (¢.6.) | 3,67 0,86 | 65326 | 15308 | 8486 | 1968 | 4564 | 231,8 5,38
6 0
6 | ®on + N30 — Nsa+N-Lock™(m.c.) 3,90 1,09 | 69420 | 19402 | 9956 | 2115 | 4826 | 228,1 4,85
+N30 — Nsa (¢.0.) 6 4
7 | ®on + N30 — Naa (11.c.) 3,41 0,60 | 60698 [ 10680 | 5376 | 1657 | 4412 | 266,2 8,21
6 2
8 | ®on + N30 — Naa+N-Lock™(1.c.) 3,59 0,78 | 63902 | 13884 | 6846 | 1804 | 4585 | 254,1 6,70
6 6
9 | ®on + N30 — Naa+N-Lock™(1.c.) 3,79 0,98 | 67462 | 17444 | 8656 | 1985 | 4760 | 239,8 5,50
+N30 — Naa (¢.0.) 6 6
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10 | ®on + N30 — Nsa (m.c.)+ 3,90 1,09 | 69420 | 19402 | 6466 | 1766 | 5175 | 293,0 8,00
XaiKor Cynep Cos 6 4

11 | ®on + N30 — Nsa (m.c.)+ 3,75 0,94 | 66750 | 16732 | 6196 | 1739 | 4935 | 283,7 7,97
Patic ITi 6 4

12 | ®on + N30 — Nsa (m.c.)+ 3,95 1,14 | 70310 | 20292 | 8106 | 1930 | 5100 | 264,2 6,29
N+P-6akrepii 6 4

[TpumiTtka *: m.op. — mig opanky; Nsa — cynbdar aMoHi10; 11.C. — mepes ciBooro; ¢.6. — dasza Oyronizaiii; Naa — aMoHiiiHa cemiTpa.




Tabnuys E.3 — EHepreTH4HAa e()eKTHUBHICTH YI0CKOHAJEHHS CHCTEMHU MiHEPaJIbHOI0 y100peHHs COi,

y cepeanbomy 3a 2022-2024 poxu
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Ypoxan BHXI%.I EHepro— Enepro- Enepro- Ke". :
. CyXol €MHICTb ; (xoedimie
BapianT nocniny HieTh pedoB JTOJTATKOBUX CMHICTD BUTpat, HT
3epHa, o 3epHa, M]Ix/ra
/ra WHH, Mmarepialis, MJT/ra cibu eHepr.ede

T/Tra MIx/ra KT.)
KonTpoinb — 6e3 ynoopeHHs 2,81 2,47 0,00 50879 16550 3,07
®on — P60K60 (1.0p.) 3,03 2,67 1477 54988 18027 3,05
®on + N30 — Nsa (m.c.) 3,55 3,12 4304 64294 20854 3,08
®on + N30 — Nsa+N-Lock™(11.c.) 3,66 3,22 4713 66348 21263 3,12
®on + N30 — Nsa (1.c.)+N30 — Nsa (¢§.6.) 3,67 3,23 7131 66530 23681 2,81
@®on + N30 — Nsa+N-Lock™(1.c.) 3,90 3,43 7540 70639 24090 2,93
+N30 — Nsa ($.6.)
®on + N30 — Naa (1.c.) 3,41 3,00 4304 61756 20854 2,96
®on + N30 — Naa+N-Lock™(1.c.) 3,59 3,16 4713 65080 21263 3,06
@®on + N30 — Naa+N-Lock™(1.c.) 3,79 3,34 7540 68705 24090 2,85
+N30 — Naa (¢.0.)
®on + N30 — Nsa (m.c.)+ 3,90 3,43 4359 70760 20909 3,38
XauKor Cynep Cost
®on + N30 — Nsa (m.c.)+ 3,75 3,30 4311 67920 20861 3,26
Paiic ITi
®on + N30 — Nsa (m.c.)+ 3,95 3,47 4359 71545 20909 3,42

N+P-6akrepii

[Tpumitka *: m.op. — mig opanky; Nsa — cynb@ar aMoHito; 11.c. — repex ciBooro ; §.0. — ¢a3a OyTonizauii; Naa — aMoHiiiHa cemniTpa.
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CIIUCOK OIYBJIKOBAHUX ITPALLb 3A TEMOIO TUCEPTALILI

CrarTi y HayKoBHX (pax0BUX BUAAHHAX YKPAiHU

1. Komto6a b. 1. BrimuB a30THUX 100pHB, HITpamipUHy Ta 1HOKYJSHTIB Ha
3epHOBY TPOAYKTHBHICTE coi y Manomy Ilomicci. 36iprux nayxosux npays
Ymancokoeco HYC. Bun. 105, UYact. 1, 2024. C. 324-337. DOI:
10.32782/2415-8240-2024-105-1-324-337.

2. Komto6a b. 1. YpoxkaitHICTh €01 3a piI3HHX CHCTEM a30THOTO yIOOpEHHS,
3aCTOCYBaHHSI HITparipuHy Ta I1HOKYISHTIB HaciHHs. Hayxoseuu eicnux JIHYBMB
imeni C. 3. Idcuyvrozo. Cepis: Cinvcvkozocnodapewki nayku, 2024, T 26, Ne 101.
C. 194-204. doi: 10.32718/nvlvet-al0131.

3. Komio6a b. 1. UuHHuMKM # 3aKkoHOMIpHOCTI (DOpMyBaHHS 3€pPHOBOI
IPOAYKTHUBHOCTI COi Ha JEpHOBOMY IyieiioBoMy rpyHTi Manoro [lomiccs. Aeponayka i
npakmuxa. Bun. 3, Y. 4, 2024. C. 17-31. DOI: 10.32636/agroscience.2024-(3)-4-3

4, I'narie I1. C., JIutun O. ®., Iantok B. f., Jlarym H. 1., lllectak B. I,
Komto6a b. 1. CtBopenHs i ampoOaiiis mporpaMHoOro 3a0e3neueHHs CTaTUCTUYHOTO
MOJIETIIOBAHHS BIPOTITHOCTI PE3yJbTaTiB arpOHOMIYHHMX EKCHEPUMEHTIB. BicHuk
JIHVII. Aeponomia, 2022, 26: 157-162. Doi.org/10.31734/agronomy2022.26.157
(30006y6auem yzacanvreno mamepiain, 30iUCHEHO CMAMUCMUYHY 0OPOOKY OaHUX ma
KONeKMUBHO CEHopMYIbOBAHT BUCHOBKU).

5. I'narie I1. C., Irantok B. f., ITomoxoeuy M. M., Illecrak B. I, Omidip
0. M., Kouw0a b. I., bapancekuii J[. B. Ontumizauiss a3oTHOro yaoOpeHHs
TEMHO-CIPOTO  Ommi/i30JIeHOT0 TpyHTY 3aximHoro JlicocTtemy 3a BHKOPUCTaHHS
inri6itopa mitpudikauii. Haykoeuti éicnux JIHYBME imeni C. 3. Icuyvkozo. Cepis:
Cinbcokoeocnooapcoki  umayku, 2023, 1. 25, Ne 98. C.132-141. doi:
10.32718/nvlvet-a9822. (3000ysauem 3ibpano U y3aeaibHeHO MeopemudHull

mamepiai, OnUCaHo Memoou 00CHIONCeHb Ma KOJeKMUBHO CHOPMYNbOBAHT BUCHOBK).
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CrarTi y Mi’>kHAPOIHMX BUIAHHAX, 110 BKJIKYEHi 10 HAYyKOMeTpUYHMUX 0a3

(Scopus, Web of Science)

0. Shestak V., Hnativ P., Ivaniuk V., Olifir Y., Szulc W., Rutkowska B.,
Spychaj-Fabisiak E., Vega N., Parkhuc B., Kachmar O., Kocyuba B., Bahaj T. 2023.
Dynamics of the forms of nutrient nitrogen in Greyic Luvic Phaeozem when
regulating their resources with fertilizers and nitrapyrin applied to winter barley.
Journal of Elementology, 28(1): 41-58. DOI: 10.5601/jelem.2023.28.1.2352. (Scopus,
Web of Science). (3006ysauem 30ilichHeno nowlyk ma V3a2albHeHHs HAYKOBUX
ooicepenl, ni02omoesieHo inocmpayii 00 cmammi ma KoAeKmMUHO CEHOpMYIbO8aHi

BUCHOBKU).

I myourikanii

7. Komto6a b. 1., CrankeBuu A. I1. Brums iHokymsiaTiB XaiiKot Cynep Cost
ta Paiic Ili Ha dopmyBaHHs mpoaykTuBHOCTI coi y Manomy Ilomicci Ha 3axomi
VYkpainu. «Mikpobionoeisi 6 cyuacHomy CilbCbKO2OCHOOAPCLKOMY BUPOOHUYMBIY.
Mamepianu XVII  Bceykpaincvkoi  Hayko8o-npakxmuuuoi  OHIAUH-KOHGDepeHyil
monooux BueHux, 28 ceprus 2024 poky, M. Uepniris. 2024. C. 62-64 (3006ysauem
ni020MOBNIEHO MeKCm cmammi ma cpopmyiboO8aHo KONEKMUBHI BUCHOBKU).

8. Kotsiuba B., Hnativ P., Ivaniuk V. Influence of nitrogen fertilizers,
nitrapyrin, and inoculants on soybean yield formation in the Male Polissia region on
gleyed soddy loam soil. Teopis i npaxmuxa po3eumky acponpomucio8o2o KOMNieKcy
ma cinbebkux mepumopii: mamepianu XXV Mixcnapoorno2o Hayko80-npakmuino2o
dopymy, 02—04 ocosmusi 2024 poxy. JIHYIL. [Enexrponnuii pecypc]. 2024. C.
212-216. (3006ysauem onpayvosano dani no npoghinio epyHmy, nio20moeieHo mexkcm
cmammi 8 YaCMuHi NPOOYKMUBHOCMI COI, CHOPMYIbOBAHO KONEKMUBHI UCHOBKU).

0. Kotsiuba B. 1., Hnativ P. S., Ivaniuk V. Ya. Ecologization of soybean
cultivation technology on derno-gleyozem soil of the Male Polissya. Mamepianu
IX-20 Misxcnapoonoeo 3’i30y  exonoeig. 26.09.2024. https://conferences.vntu.

edu.ua/index.php/ecology/ecology2024/schedConf/presentations. (Boobysauem
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ONpayb08aHO OAHi A2POXIMIYHUX NOKA3HUKIE 2pYHmMY, 3po0NeHO PO3PAXYHKU ma

ni020Mos81IeHo meKcm cmammi, ChopmybOBAHO KONEKMUBHI GUCHOBKUL).

10. Komto6a b. 1., I'naris I1. C., Isantok B. f. 3MiHa KMCIOTHOCTI IpyHTY M1J
BIJTUBOM CHCTEM YyHOOpEHHS COi, 3aCTOCYBaHHs cTablii3aTopa HITpariB Ta a30THOTO
iHokynsgHTa. Marepianu XIII BceykpaiHChkoi HayKOBO-TIPaKTUYHOI KOH(EpeHIii
MOJIOIUX BYCHHX «AKTyaslbHI MPOOIEMH arpolpOMHCIOBOTO BUPOOHHIITBA YKpaiHH:
cTparerii CTIMKOCTI CUTbCHKOTOCIIONAPCHKOTO CEKTOpY TijJ dYac BIHHU Ta Yy
niciasBoeHHui nepiogy (19 mucrom. 2024 p.). JIeBiB-OOpommuue, 2024. (161 c.)
C. 53-55 (3006ysauem euxonas excnepumenm, npoaHalizy8as a2poxXiMiyHi NOKA3HUKU
e2pynmy, 3pobué po3paxyHKu ma nioeomyeae meKcm cmammi, KOJAeKMUBHO

chopmyn08ae BUCHOBKL).
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2024 p.

AKT BITPOBAJUKE
Pesynwrarie uceprauiiinoi pobors Kowobu bornana Iroposuua
«ONMTHUMIBALISA CHCTEMH A30THOI'O ¥JIOBPEHHSA COI 3
BUKOPUCTAHHSIM IHITBITOPA HITPHPIKALLI TA IHOKYJIALIIT
HACIHHS B YMOBAX MAJIOTO NOJICCS»

18 worTha 2024 poky c. Byanose
LM akToM MIATBEPUKYEMO BINPOBADKCHHA PCKOMEHAANIN 13 aHcepTaiiiHol
poborn Kowobu Borapana Iroposusa «ONTHMIBALIA CUCTEMH A30THOIO
VJIOBPEHHS COI 3 BHKOPUCTAHHSM I[HIIBITOPA HITPH®IKALIT TA
IHOKYJISALUT HACIHHSA B YMOBAX MAJIOIO TIOJICCS» y Ilpusaruiii
arpodipmi im. M. lllamkernua 3a TakuMH HOZHILIAMMS

I. 3 ™erow 30UIbINEHHA BpOXAHHOCTI COI Ta MIJIBHILEHHA  BiU1a4i
MiHEPAILHHX JIOOPHB HA JICPHOBOMY TFNEHOBOMY JICIKOCYIIIHHKOBOMY TPYHTI
pHocHan nia opanky PuKe, mepen cigboro cymndar amonio B wopmi Ny Ta
obpobnsnu waciuns inokyaauramu XaitKor Cynep Cos (BAC®) ta Paiic [h
(Arpitema) y peKOMCHAOBaHMX BHPOOHMKamMu wHopmax suTpar. [loeamanus umx
TEXHOMOMHHX 3ax0/iB 3abesneunso npubasky spoxaio coi 0,37 1T/ra, MakCHMANBHY
Oinkoricts 3epua 38,1% Ta ymoBHo umernii npudytox 6100 rpr/ra nopisuaHO 3
TpAAHUIHHOI cueTemolo yiaoGpenns NyuPoKe. Le sabesneunno cykynumii npubyrok
Ha naout 48 ra 292800 rpn.

2. 3a ppobuoro Buecenus asornoro jaodpusa (N, nepea cisbow + Ny, y dasi
Oyronizawii) Ha mwiomi 27 ra Ta BHeceHHa nepea cisboio npenapata N-Lock™ (1,7
aAfra) Ans nposoHrauil nepioay YTrBOPEHHs HITPATIB HA NOMATKY Bererauii coi
orpumann npubaeky spoxkalo 031 t/ra. lle 3abesnewnno umetwii npudyrok
2200 rpu/ra, nopiBaaHo 3 donom yaoGpenns NyPuKe, 18 cykynuuit npubyrok 3
yeiei rumonu 59400 rpu.

Bin pospobunka

PEKOMEH 1AL

acmipanT kadeapy arpoxiMii Bij rocnonapersa Gyxrantep
Ta rpyutosnascTy JIHYI [MTAD im. M. Hllamkesnua

Koio6a B. I. ﬁ{ﬁ / ®peit 10, €
I
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JIOBIJIKA
Npo BIpOBaJAKeHHs Pe3y/bLTAaTIB JUCepTaLiAHOIo J0C/1KeHHA
acnipadta kadeapu arpoximii Ta IpyHTO3HABCTBA
JIbBIBCHKOIO HALIOHAIBHOMO YHIBEPCHTETY NPHPOAOKOPHCTYBaHHA
KOLIHOEHM BON TAHA ITMOPOBHUY A

AcnipanT JlbBIBCBKOrO HALUIOH&IBHOIO YHIBEPCHTETY [IPHPOLOKOPHCTYBAHHH
borgau Iroposud KOLIKOBA Ha ocnoBi pe3yisTaTiB HAYKOBHUX JOCHIAAEHE 33 TEMOIO
nucepranii  «OITTHUMIZALIIA CUCTEMM A30THOI'O VJIOBPEHHS COT 3
BUKOPUCTAHHAM IHITEITOPA HITPUOIKALIL TA IHOKVIIALUT HACIHHS
B YMOBAX MAJIOIO [MOJICCSHy na 3nobyrts crynens nokropa ginocodii 3a
creniansuictio 201 «Arponomisy pospobus Ta Hajas csoi nponosuuii 10 nporpam
HaB4albHUX AMCUMIUIIH, AKI BHKIAAaloThes B yHiBepcuteti: «Cucremu yaodpeHHs
NOALOBHX KyAbTYP», «PocnHHAMUTBOY, « AHANITHYHHEA arpoxiMcepBic Ta YIpPaB/iiHHA
AKICTIO  TpyHTiB», «EKONOTiYHI OCHOBM 38CTOCYBAHHA J0OpPHB 1 MOHITOPHHI

POAKOYOCTI IPYHTIB».

Jlosinka suaana ans npej’sBlIeHHs Yy Pa3oBY CHELiai30oBaHy BYeHY paiy, B HKii

NpPOBOAHTHMCTBCA 3aXHCT HA3BAHOI AHCepTallii.
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