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Pedepar: [Tirenunns o3uma € onHI€I0 3 HAWOIBII ypOXKAaHHUX 1 MIHHUX MPOJOBOIIBYUX KYIBTYD, aje
MOKe JaBaTH BHUCOKI BpoKai 3epHa JOOpOi SKOCTI JIMILE HAa POJIOYMX IPYHTaX 1 38 BHECEHHS AOCTaTHBOI
KUTbKOCTI 0OpUB. OCOOIMBO BaXKJIMBUM € a30THE Ii/DKUBJICHHS MOCIBIB, SIKE MOBUHHO OyTH IIOMIPHHUM 3
OCEHI Ta TOCTATHIM y Iepiof KymliHHS i (OpMYBaHHS €JIEeMEHTIB CTPYKTYpH BpokaiiHOCTi. He3Baxkaroum Ha
BEJIMKY KUIBKICTh JIOCIIJKCHD 3 a30THUMHU TOOPUBAMHU, €JMHOI JYMKH CTOCOBHO €(h)EKTUBHOCTI OCIHHBOTO
MiJPKUBJICHHS JI0CI HeMae. MeTow JOCTIKeHb OyJI0 BU3HAYCHHS YPOXKAWHOCTI MIIEHUI M’SIKOT 03UMOL
TICIsI PI3HUX MOMEPENHUKIB — COHSIIHUKY, TOPOXY Ta YOPHOTO Mapy — 3aJIe)KHO BiJ Pi3HUX 03 aMiadHOi
CeNiTpu 3a OCIHHBOTO BHeceHHs. llompoBWii mocmin BkIouaB 15 BapiaHTiB 3 BUKOPUCTAHHSAM aMiadHOi
CeNITPH B MepepaxyHKy Ha Jiody peuoBuHy y g03ax N30, N60, N90, N120. OcinHe BHeceHHs JOOpHUB Ha
MOCiBaxX 03UMOI MIIEHHUIII 3a0e3MeuyBasio iCTOTHI IPUOABKH BPOXKAWHOCTi, OCOOIMBO IICTsS TOTIEPETHIKA
consHUK. [licns momepeaHUKiB TOPOX Ta YOPHUHN Map HaWOLIbIIa BpOXKaHHICT Oyia OTpuMaHa 3a J03H
N30, a micnst consimauKy — 3a N60. [Toganbine 30inbIIeHHS 103U 30Ty HE MaJIo TiepeBar MOPIBHSHO 3
MEHIIIMMH J03aMHU OCIHHBOTO ITiJKUBJICHHS aMiaqHOI0 CEJIITPOIO HE3aJIC)KHO BiJl TIOMEPEIHUKA.

KuarouoBi cioBa: o3uMa mmieHWIs, a30THI J00OpWBa, amiadHa CeIliTpa, OCIHHE ITiKUBICHHS,
YPOXKaiHICTh, IOTIEPETHUK COHSIITHHK, TIOTIEPEIHUK TOPOX, MOTEPETHHK YOPHUIT map.

Abstract: Winter wheat is one of the most productive and valuable food crops, but it can yield a lot
of good-quality grain on fertile soils only or provided application of sufficient amounts of fertilizers.
Nitrogen fertilization of crops is especially important; it should be moderate in autumn and sufficient during
the tillering phase and yield formation. Despite numerous studies with nitrogen fertilizers, there is still no
consensus on the effectiveness of autumn fertilization. The purpose of this study was to determine the yield
of winter bread wheat sown after different predecessors (sunflower, pea and black fallow) depending on
various doses of ammonium nitrate applied in autumn. The field experiment included 15 variants of
ammonium nitrate application at doses of the active substance calculated as N30, N60, N90, and N120.
Autumn fertilization of winter wheat significantly increased its yield, especially when wheat was sown after
sunflower. After pea and black fallow, the highest yield was harvested at N30 dose; while N60 was required
to achieve the highest yield from post-sunflower-sown wheat. A further increase in the nitrogen dose had no
advantage over lower doses of autumn fertilization with ammonium nitrate, regardless of the predecessor.

Key words: winter wheat, nitrogen fertilizer, ammonium nitrate, autumn fertilization, yield, sunflower
predecessor, pea predecessor, black steam.

[Muennns  3amkau  Oyna 1 3aIMINAETHCS Wheat has always been and remains the
OCHOBHUM TIPOIYKTOM XapuyBaHHs. 3OUIbIICHHS main food. Increasing the grain production in
BUPOOHUIITBA 3epHA B YKpaiHi TpaIuLiiiHO BBAKAJIOCS Ukraine has traditionally been considered a
KJIF0UOBOIO MpoOiemMoro. OnHAaK B OCTaHHI POKH, B key issue. However, recently, during the
nepioy] mepexofy KpaiHW JIO PHUHKOBHX CYCILILHHX transition of the country to market relations,
BiIHOCHH 32 JIepilluTy TEXHOTE€HHUX PECYPCIB 1 with a shortage of man-made resources and a
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HU3BKOTO piBHS TEXHOJIOTTIHOTO poriecy
BIZI3HAUAE€ThCA  CHaa  pIiBHI W  CTAOUIBHOCTI
BUPOOHMIITBA 3€pHA, MOTIPIIEHHS HOro SKOCTi 1
3HIDKCHHS ~ PEHTa0CIbHOCTI  BUpOOHWITBA. B
KOMIUTEKC1 TEXHOJIOTTIHIX TIPUIAOMIB pH
BUPOIIYBaHHI IIIICHUIII BaXIJIMBE MICIIC HAJICKHTh
BUOOPY MONIEPEAHNKA Ta IPABIWIFHOMY 3aCTOCYBAHHIO
noopuB [1]. 3okpema, aKTyalbHHM CTa€ 3MIMICHHS
TEpPMiHIB 10 OiTBII Mi3HBOTO MPOBEACHHS OCHOBHOTO
Ta TPUIOCIBHOTO BHECEHHS JOOpHB, a TaKOX
TIPUKOPEHEBOTO Ta TI03aKOPEHEBOTO ITiHKUBIICHD [2].
Pazom 3 M, 32 YMOB Ae(iuuTy BONIOTH 301TBIICHHS
00CSTiB 3aCTOCYBaHHsI a30THUX JOOPUB HE 3aBXKIU
rapaHTy€ TIO3UTHBHI  pe3ylsrard  HaBiTh 32
BUPOIIYBaHHS MIIEHUIN O3MMOi MICIsI YOPHOTO Tapy
Ta ropoxy [3, 4]. [loBimOMIISETCSI, IO Mdis a30THUX
JOOPHB 32 OTHOPA30BOTO Ta PO3APIOHOTO BHECCHHS,
SK TpaBWIO, OIHAKOBOIO MIpOI0 BIUIMBAE Ha
(dopMyBaHHS BpOXaHHOCTI, a JBO- Ta TpPUPa30BE
BHECEHHS a30Ty iHKONMM OyBae MeHII e(eKTHBHUM,
HI)K OTHOPa30Be 3aCTOCYBaHHS BCi€i 1031 3 oceHi [5].

3a  ocramHi JecaTupiyds B YKpaiHi
BIZI3HAYAIOTHCS 3MIiHM Yy KJIIMari B CTOPOHY OLIbIIT
KOHTUHEHTAJIBHOIO, dYepe3 M0 YacToTa MposiBy
HECTPUSTIMBUX SIBUILLL MOTrOx TSt
CUTBCBKOTOCIIONIAPCHKUX KYJBTYDP, 30KpeMa O3MMHUX,
3pocia, M0 TAKOXK ICTOTHO BIUTHHYJIO Ha BPOXKAHHICTD
Ta BajyoBi 300pu 3epHa [6]. BaxxmBum dakTopom
(opMyBaHHS BUCOKOI BpOXKalHOCTI €  mimodip
HIOTIEPEHHKA, SIKUI BIUIMBAE HA 3aI1aCH ITPOILYKTHUBHOL
BOJIOTH, BMICT TNOXMBHUX PEYOBMH Ta IOBITPS Yy
IPYHTI; CIIpHsiE CBOEYACHOMY OTPHMAHHIO CXOZiB Ta
3HAYHOKO MIpPOI0 BU3HAYAE MOAAJIBIIMN CTaH MOCIBIB
KynbrypH [2]. [TimeHuns o3uMa € HalOLTBIT 9y TIHBOIO
JI0 TIOTIepeTHUKIB [7].

JoBeaeHo, 10  HAyKOBO  OOIPYHTOBaHE
YepryBaHHsl KyJABTYp € OCHOBOIO 3eMIlepoOCTBa,
3aMopyKOI0 HOTO CTabLIFHOCTI, OCKUIBKH iCTOTHO
BILUIMBAE HA BOJHUH, TOYKUBHHIA, O10JIOTTUHHIA PEKUMHU
IpyHTy. [lisS yMOB HEIOCTATHBOTO 3BOJIOMKCHHSI
VYkpaiHH BiJ3HaUY€HO [TO3UTHBHY J1il0 YOPHOTO Mapy Ha
BOIHMI pexuM IpyHTy Yy ciBo3miHax. [lapm
BBAXKAIOTHCSH C(EKTUBHUMHU 3aC00aMH  IIiIBUIICHHS
POIFOYIOCTI TPYHTY, HAKOIIUYEHHS] Y HHOMY BOJIOTH Ta
HeoOximHMx moxuBHUX pedoBuH [8].  Cepen
HETIapOBHX IOTIEPEIHUKIB 03UMHX 36PHOBHUX KYJIETYP
OHMM 3 HalKpalyx MPUMHATO BBaXaTH TIOPOX,
OCKUIBKH LSl KyJIbTypa PaHO 3BUIBHSE TIOJIE Ta Mae
HE3HA4YHy BereTaTHBHY Macy. Takox, sk i yci 0000Bi
KYJIETYpH, TOpOX 3/aTHUH HAKONWYYyBaTH a30T Y
IPYHTI, KU 3aCBOIOETHCSI HACTYIIHUMH KYJIBTypaMH
[9].

HaromicTe 3a OocTaHHI POKH B POCIMHHUIITBI
BiZIOy/IMCSl 3HAYHI 3MiHM. 3aMiCTh TpaauiiiHux 10-
MUTBHUX CIBO3MIH 3’SBUJIMCSI KOPOTKOPOTALiiHI 4-5-

low level of technological processes, there has
been a decline in the level and stability of the
grain production, deterioration in grain quality
and decrease in the production profitability. In
the complex of technological methods for
wheat growing, the choice of predecessors and
adequate application of fertilizers are
important factors [1]. In particular, it is
becoming feasible to shift basic, post-sowing,
root, and leaf fertilizations to later timeframes
[2]. At the same time, under water deficit,
increased amounts of nitrogen fertilizers do not
always guarantee positive results, even when
winter wheat is grown after black fallow or pea
[3, 4]. It was reported that single and
fragmented fertilizations with nitrogen, in
most cases, had very similar effects on the
yield and double or triple application of
nitrogen was sometimes less effective than
single application of the entire dose of nitrogen
in autumn [5].

Over the last decades, the climate in
Ukraine has been turning more continental and
the weather has been becoming unfavorable for
agricultural crops, in particular winter crops,
more frequently; it also significantly affects
the grain yield and croppage [6]. The choice of
predecessors 1is an important factor in
achieving high yields, since predecessors
influence available water reserves, nutrient
contents and air volume in soil, contributing to
timely emergence and largely determining
further condition of crops [2]. Winter wheat is
the most predecessor-sensitive crop [7].

Scientifically justified crop rotations
were proven to be a basis of agriculture and a
guarantee of its stability, as they significantly
affect the water, nutrient, and biological
profiles of soils. Upon insufficient
precipitation in Ukraine, a positive effect of
black fallow on the water profile of soil during
crop rotations was noted. Fallows are
considered an effective approach to enhance
soil fertility as well as to accumulate water and
necessary nutrients in soil [8]. Among non-
fallow predecessors of winter cereals, pea is
considered to be one of the best, as this crop
vacates the field early and has a small
vegetative mass. In addition, like all legumes,
pea is able to accumulate nitrogen in soil and
the accumulated nitrogen assimilated by
subsequent crops [9].

However, significant changes have
occurred in crop production in recent years.
Instead of traditional, 10-field crop rotations,
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TTBHI, ¥ SIKHX TIePITOYePTOBUI TPIOPUTET HATAETHCS
KyJIbTypaM, sIKi LIOpOKY 3a0e3NedyloTh BHCOKHIA
npuOyTOoK.  BimbmicTe  CUTBCHKOTOCTIONAPCHKHX
MATNPUEMCTB  BIAMOBWJIMCSL  Bi ~ 3aCTOCYBaHHS
CHCTEMH T1apiB, HATOMICTh YaCTKY MOCIBIB COHSIITHUKY
3 pekoMenoBanux 10—12 % 306inbimmum xo 20-25 %,
a B OKpeMHX rocrofapctBax — 10 50 % Bij 3arabHOL
CTPYKTYpH TIOCIBHMX IUIOII. YTIM, Ha CHOTOIHIIIHII
JICHb ICHye He0Oararo BiIOMOCTEH WIONO MiAOOpy
TEXHOJIOTi] BHPOLIYBaHHS O3UMHX 3CPHOBHUX MIiCIS
He3aAoBUTbHUX monepemaukiB  [10]. Omxe, mis
MONANBIIOTO  TiJABUIIEHHS  €(EeKTUBHOCTI  Ta
cTalui3allil BUPOOHUIITBA 3¢pHA O3MMHUX KOJIIOCOBUX
KylbTyp HEOOXiTHE OHOBJIEHHS TEXHONOTil ix
BUPOIIYBaHHS SIK IICIS TPAgWIMHMX, TaK 1 ICIA
HOBUX TIOTIEPETHUKIB 3 YypaxyBaHHSIM COPTOBHX
ocoOmuBocTet [2].

YucenbHUMH  JIOCTI/DKEHHSIMH  BCTAaHOBJICHO,
0 OMM3BKO TIOJIOBHHHU MPHPOCTY BPOXKAIO 36PHOBHX
KYJIBTYp JOCSTAa€ThCsl 32 PaXyHOK 30aJIaHCOBAHOTO
MiHEpaJbHOTO KHUBJICHHS POCIHH HOBHX copTiB [11].
3MiHa KIiMaTy BHOCHUTh CBOi KOPEKTHBH B
TEXHOJIOTISIX BHUPOIIYBAaHHS CLILCHKOTOCIIONAPCHKUX
KyJETYp K y CBITi B IIJIOMY, TaK i B YKpaiHi 30Kpema.
Takum umHOM, y OararbOX TOCIIOZAPCTBAX O3UMI
3CPHOBI  KYJIBTypH TIOYaJd BHUCIBaTH  Mi3HIIE
PCKOMEH/IOBAHUX CTPOKIB: Yy JKOBTHi, a iHKOJH Yy
JucTonazi. 3a TakWX 3MiH y BHPOIILYBaHHI O3MMHUX
KyJIIbTYp HarajJbHUM II0CTa€ IHUTaHHS aJanTarii
CHCTEMHU yAOOpeHHs [0 Mi3HIX CTPOKIB CiBOM.
30KpeMa, aKTyaIbHUM CTa€ 3MIIEHHS TEpMiHIB
TIPOBE/ICHHS] OCHOBHOTO Ta IMPHIIOCIBHOIO BHECEHHS
JOOpHUB, a TAKOXK TPHKOPEHEBOTO Ta MO3aKOPEHEBOTO
MDKUBIICHb. Y JESKUX TOCIONApCTBax, JIe O3UMi
KyIIETypH BHPOIIYIOTh 3a TI3HIX CTPOKIB, 03U
OCHOBHOTO YIOOpPECHHsI CTaly 3MEHIIyBaTH YIBidi,
HATOMICTh 30UIBIIFIN JIO3W TPUIIOCIBHOTO BHECEHHS
JMOOpMB Ta HACTYNHHX TiJDKUBIEHb, SIKI HEpiIKo
MPOBOISATH B OCIHHIH niepion [2].

3 Merow [MiABUINEHHSA Ta  cradumizarii
BUPOOHMIITBA 3€pHA O3MMHUX KYJBTYp TICIS ITi3HIX
TOTIEPEHUKIB ~ PEKOMEH/IOBAHO  3aCTOCOBYBATH
BHECEHHS! MiHEpaJbHHUX JIOOpHB SIK TiJ OCHOBHHIA
00pOOITOK IPYHTY TaK 1 i Yac CIBOM y PSAAKH Ta y
mipkueieHHs [12]. Cepen BumiB m0o0puB, sKi
3aCTOCOBYIOTHCS Y BECHSIHE ITIIKMBIICHHS, OLIBIIICTh
arpapiiB nepeBary TPaauiiiHO BiIalOTh amMiadHii
CEJITPi, HATOMICTh 3aCTOCYBAHHSI LIOTO BHIY JI0OpPHB
B OCIHHE ITi/DKUBIICHHS I1Ie MaJIo BuBucHe [12].

BHeceHHssM JIOOpUB BOCEHH Y MiJIKHUBIICHHS
MOXKHAa T[I€BHOIO MipOI0 BIUIMBaTM Ha picT Ta
3arapTOBYBaHHS PpOCIMH, Bi HYOr0  3aJICXKWUThH
3uMocTilikicTh mmenuni [1]. Y mepury uwepry
HEOOXIIHO IIi/DKUBIIIOBATH IIOCIBM IIi3HIX CTPOKIB
ciBOM Ta Imcis TIPIMX TONEPEAHHUKIB, 30KpeMa
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short, 4-5-field crop rotations have been
evolved; in such crop rotations, top priority is
given to crops that provide high profits every
year. Most of agrarian enterprises do use
fallows any longer; instead, the share of
sunflower has been raised from the
recommended 10-12% to 20-25%, and in
some farms to 50% of the total acreage.
However, to date, there is little information on
the choice of technologies for growing winter
cereals after unsatisfactory predecessors [10].
Therefore, in order to further improve the
efficiency and stability of the winter spiked
cereal grain production, it is necessary to
update the technology of their cultivation after
both traditional and new predecessors, with
due account for varietal characteristics [2].

In numerous studies, it was demonstrated
that about half of the gain in the cereal yields
was attributed to balanced mineral nutrition of
new varieties [11]. Climatic changes make
agrarians modify crop cultivation technologies
both worldwide and in Ukraine. Thus, many
farms began to sow winter cereals later than the
recommended time: in October, and sometimes
in November. With such changes in the
cultivation of winter crops, the issue of
adapting fertilization regimens to late sowing
becomes urgent. In particular, it is becoming
feasible to shift basic, post-sowing, root, and
leaf fertilizations to later timeframes. Some
farms, where winter crops are sown late,
started to halve basic fertilizer doses and,
instead, to increase doses of post-sowing and
subsequent fertilizations, which are often
carried out in autumn [2].

To Dboost and stabilize the grain
production of winter crops sown after late
predecessors, it is recommended to apply
mineral fertilizers before basic tillage, in rows
during sowing and later, as additional
fertilizations [12]. Of fertilizers applied in
spring, most farmers traditionally prefer
ammonium nitrate; however, the use of this
fertilizer in autumn is still poorly studied [12].

Autumn additional fertilization can to
some extent influence the growth and
hardening of plants, affecting winter hardiness
of wheat [1]. First of all, it is necessary to
fertilize late-sown fields and crops sown after
worse predecessors, in particular cereals, when
their residues were left in the field. During the
mineralization of plant residues, bacteria use
soil nitrogen, which becomes unavailable to
plants. Intensive absorption of nutrients from
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3epPHOBHUX, 3aJIMINAIOYN cojioMy Ha momi. I[lim dac
MiHepanmi3alii ~ pOCIMHHUX  pemToK  Oaxrtepii
BUKOPHUCTOBYIOTh  a30T 13 IpYyHTYy, SKUH cCTae
HEJIOCTYITHUM TUISt pociuH. [HTeHCHBHE
BUKOPUCTAaHHA TIOKUBHUX PEUYOBUH 3 TIPYHTY
MPU3BOJNUTH IO MiHEPAJILHOTO TOJIOMYBAHHSL, ILI0 MOXKE
MIPU3BECTH 10 3HAYHOTO BHIAMIHHSI TOCiBIiB [1].
Bracninmok aii BHCOKHX OCIHHIX Temrieparyp (TIOHaz
10 °C) mpomoBxKyeTbesl Bererallis 03UMUX KYJBTYD,
IHTEHCHBHO HAapOCTa€ HA/J3eMHA Maca POCIIUH, y TOU
gyac K  KOpeHeBa  CHCTEMa  3aJIHIIA€ThCs
cnabopo3BUHEHOIO 1 He pocTe. Ock YoMy y 1€l epion
B)XJIMBUM € TIPOBEICHHS I [UKUBIICHHS pociivH [1]. 3a
OaratopiyHIMH  JTAHUMH, OCIHHE  ITiDKUBICHHS
MABUIIy€ BPOXKAWHICT  TIIEHWIT O3UMOI B
cepenapboMy Ha 0,3-0,5 t1/ra. Brim, HaWOLIBII
JIOIJTHHO MOTO MPOBOIUTH HA TIOCIBAX IMi3HIX CTPOKIB
ciBOn. HaiiBummii piBeHb TPHOABOK YPOXKAHHOCTI
TIIEHUII 03UMOi 3a0e3Ieuye OCIHHE ITiHKUBICHHS Y
¢da3i kymenns nozor0 N30 — 0,65-0,75 T/ra Ta
OMM3pKMT 332 3HAaYeHHSM — 32 TPUPA30BOTO
IMDKUBIIEHHS 3arajbHO0 HOpMoro N60 (N15 — mo
Tasnomep3nomy IpyHTy + N30 — tpyOKyBanus + N15 —
xosociaas) — 0,70-0,80 1/ra [13].

Orxe, B yMOBax 3MiH KJIIMary TIHTaHHS
OCIHHBOI'O a30THOIO IIDKUBIEHHS IMIEHUIN M’ SKOL
03UMOI, OCOONMBO TICNISl PI3HUX TOMEPETHHKIB,
BHBUEHE HEOCTATHRO.

Metoro  gocnmimpkeHHsT  Oylno  BU3HAYEHHS
YPOXKAWHOCTI IMIICHUII M’SIKOi O3MMOI MICTIsl Pi3HHUX
TIOTIEPETHHUKIB 3AJIEKHO BiJ 103 aMiaqHOi CEiTpH 3a
OCIHHBOTO ITDKUBICHHS.

MeTtoauka

JlocipkeHHsT TIPOBOAMIIN B TOJIbOBIH 3€pHO-
Mapo-IpocanHini CiBO3MiHI1 InctutyTy
pocnunanunTBa iM. B.S. KOp’eBa HAAH VYkpainu y
2020-2022 pp. ta y 2023/2024 pp. OO’ext
JOCII/DKEHHST — COPT IIIEHUIl 03UMOi 3100Ha.
Cisli MIICHUII0 ITICS IONEePEIHUKIB TOpPOX Ta
YOpHUU map y JApYriii—TpeTiii nekamax BepecHs,
MiCJs  COHANIHUKY — JPYTili—TpeTiit nexamax
oBTHS. Jlocmiaun mnependavand I'sITh BapiaHTIB
OCIHHBOTO IiDKHUBJICHHS aMiaqyHOIO CEJIITPOIO Miciis
MOTIEPEAHMKIB: COHSIIHUK, TOPOX Ta YOpHUH nap: 1
— KOHTpOJb (0e3 mobpus); 2 — N30; 3 — N60; 4 —
N90; 5 — N120. 3aranbHa KijbKicTb — 15 BapiaHTiB
MiCJIs TPHOX MOTIEPEAHHUKIB.

Bapiantu po3MinTyBain METOAOM
pO3LIEIICHUX  JUISHOK 3a  0araro)akTOpHOIO
cxemoro. Ilmoma o6nikoBoi mingHKH 25 M2,
HOBTOPHICTh 4-pa3oBa. [PyHT JOCITIAHOT JISHKH —

soil leads to mineral starvation, which can
result in significant crop failure [1]. Because of
elevated autumn temperatures (above 10 °C),
the vegetation of winter crops continues, the
above-ground mass of plants increases
intensively, while their roots remain poorly
developed and do not grow. Hence, it is vital to
fertilize plants during this period [1].
According to long-term data, autumn
fertilization increases the winter wheat yield
on average by 0.3—0.5 t/ha. However, it is most
expedient to carry it out on late-sown crops.
The greatest gain in the winter wheat yield
(0.65-0.75 t/ha) was achieved due to autumn
fertilization in the tillering phase at a dose of
N30 and a similar result (0.70—0.80 t/ha) was
obtained upon triple fertilization at the total
dose of N60 (N15 on shallowly thawed soil +
N30 during stem elongation + N15 in the
earing phase) [13].

Therefore, under climatic changes, the
issue of autumn nitrogen fertilization of winter
bread wheat, especially sown after different
predecessors, has not been studied enough.

The purpose of this study was to
determine the yield of winter bread wheat sown
after different predecessors depending on
various doses of ammonium nitrate applied in
autumn.

Methods

The study was carried out in the grain-
fallow-row crop rotation of the Yuriev Plant
Production Institute of NAAS of Ukraine in
2020-2022 and 2023-2024. Winter wheat variety
‘Zdobna’ was tested. Wheat was sown after pea
or black fallow within the second-third 10 days
of September, or after sunflower within the
second-third 10 days of October. The experiment
included five variants of autumn fertilization
with ammonium nitrate after such predecessors
as sunflower, pea and black fallow: 1 — control
(without fertilizers); 2 — N30; 3 — N60; 4 — N90;
5 - N120. The total number of variants is 15 after
three predecessors.

The variants were arranged in split plot
design according to a multivariate scheme in 4
replications. The record plot area was 25 m?. The
soil in the experimental site is a typical deep
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YOPHO3€EM THUITOBHUM MOTY)KHUH CEPETHBOIYMYCHHUH.
[licns  30upaHHA  MOMEPEAHUKIB  MPOBOAMIH
muckyBanHs arperatom BJIT-7 y nea cmigu. Iepen
ciBOOIO MPOBOAMIM KYJIBTUBAIIO 32 JIOTIOMOTOIO
KIIC-4 na mubuny 5—-6 cMm. Hacinus nporpyroBanu
npenaparom [lackanes (1 1/T), BUCiBaJdM CiBaJKOIO
CH-16M 3 HOpMOIO 4,5 MITH CXOXKUX HaciHHMH Ha |
rekrap. [licisg ciBOM mosie MpUKOvyBalu Kijdb4acTo-
LIMOPOBUMHU KOTKaMHU.

AzotHUMHE 100OpHBaMU CXOIH y (a3l 3 TUCTKIB
— IIOYaTKy KYLICHHS MNiPKUBIIOBAIM PO3KUAHUM
cnocobom 3a nomomorow ciBanku CH-16M 3i
3HATAMU commHuKamu. Cxema 3axucty y 2021 p. Ta
y 2024 p. mnepenbadana OOTPUCKYBaHHS
repOimumom Arenrt (2,4-/] 2-etunrexcunoBuii edip,
452 r/n+ dnopacynam, 6,25 r/a) — 0,5 n/ra + Macrak
(xmomipamia, 300 r/m) — 0,3 n/ra, y ¢asi xKymriaas.
Jia 3axucTy TOCiBIB BiJl XBOpPOO 3aCTOCOBYBalld
¢ynrimun Jlesapan Excrpa (kap6ernazum, 250 v/ +
¢dyTpuadomn, 125 i mIKiTHUKIB BiAMOBIIHO T/1T), Bifg
MIKITHUKIB — 1HCEKTHUIMI AHTUKOJOpanm Makc
(imimaxmonpua, 300 /1 + namOaa-uuranotpuH, 100
/7).

Uepes iHTeHCHBHI ©Oo#OBI [nii B 30HI
MPOBEJICHHA JOCIimkeHs HaBecHI 2022 p. 3acobu
3aXHMCTy POCIMH HE 3aCTOCOBYBAJHM, LIO MPH3BEIIO
70 CYTTEBOTO 3HIKEHHS BPOXAWHOCTI MIIEHHI
o3umoi  mopiBHsHO 3 2021 p. 3HMKeHHA
BpoxaitHocti y 2022 p.  3yMOBIIOBAJIOCSH
HacamIepes HasBHICTIO mipeHohopo3y y mi3Hi Ga3u
pocTy ¥ po3BUTKY pociuH [21].

Ypoxait  30upanu  mpsiMAM
komOaiiHOM «Cammo-130». Ilix 4dac mpoBeneHHS

CII0COO0M

JOCHIJIKEHb BHUKOPHCTOBYBAJIN 3araJibHOMPUHAHAITI
METOJIMKH 1 peKoMeHarii [16].

[ToromHi yMOBM 3a PpOKH MPOBEICHHS
nociimpkens pisauucs. Ociab 2020 p. Oyiia Teriomw
i mocyuuuBoto. Tak, y ceprHi onaaiB Bunano Ha 40
MM MEHIIIC BiJi HOPMH, a JIOIII MPOMIUIH JIMIIE Y
npyriit nekani sxxoBtHs (30,4 MMm). CepenHbonoboBa
TeMmIeparypa TOBITPS y BepecHi i >KOBTHI Oyna
BHIIOI0 33 0araTopiyHi MOKa3HUKU BIiJMOBIIHO Ha
43 °C T1a 5,2 °C. Ocigua BereTailis O3WMHX
MPUITUHAIIACS Y TIepIii jekani mucromana. Y 2021
p. 1i BiIHOBIECHHS BIAOyNOCA y mepuIii jaexanui
KBiTHs. BecHa 1 miTo Oynu MOMIpHO TEIUTUMH, Ha
piBHI OararopiyHMX TIOKa3HUKIB. TpaBeHb Ta
YepBeHb OyJIM BOJOTMMH, a JIUIICHb Ta CEPIICHb
aHoMmalbHO nocyuueuMu. OciHHil nepiox 2021 p.
OyB MEHII  3BOJIOKEHUM  IOPIBHSHO 3
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medium-humus chernozem. After harvesting the
forecrops, double disking was carried out with a
BDT-7 disc harrow. Before sowing, cultivation
was carried out using a KPS-4 cultivator to a
depth of 5-6 cm. The seeds were treated with
Pascal (1 L/t), sown with a SN-16M planter at a
rate of 4.5 million germinable seeds per hectare.
After sowing, the field was rolled with star-wheel
rakes.

Seedlings in the phase of 3 leaves, i.e.
tillering onset, were fertilized with nitrogen by
spreading with a SN-16M planter with the
coulters removed. The protection regimen in
2021 and in 2024 included spraying with the
herbicide Agent (2,4-D 2-ethylhexyl ether, 452
g/L + florasulam, 6.25 g/L) 0.5 L/ha + Mastak
(clopyralid, 300 g/L) 0.3 L/ha in the tillering
phase. To protect the fields against diseases and
pests, the fungicide Desaral Extra (carbendazim,
250 g/L + flutriafol, 125 g/L) and the insecticide
Antikolorad Max (imidacloprid, 300 g/L. +
lambda-cyhalothrin, 100 g/L) were used,
respectively.

Because of intense hostilities in the
research location in the 2022 spring, no plant
protectants were used, which led to a significant
decrease in the winter wheat yield compared to
2021. The yield reduction in 2022 was attributed
primarily to tan spot in the late phases of plant
growth and development [21].

The yield was harvested by direct
combining with a Sampo-130 harvester. The
study was conducted by traditional methods in
compliance with conventional recommendations
[16].

The weather in the study years varied. The
2020 autumn was warm and dry. In August, the
precipitation amount was 40 mm less than the
multi-year average and it only rained during the
second 10 days of October (30.4 mm). The mean
daily air temperature in September and October
was higher than the multi-year average by 4.3 °C
and 5.2 °C, respectively. The autumn vegetation
of winter crops stopped within the first 10 days
of November. In 2021, it resumed within the first
10 days of April. The spring and summer were
moderately warm, close to the multi-year
average values. May and June were wet, while
July and August were abnormally dry. The 2021
autumn was less humid compared to the multi-
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0araTopiuHUMH AaHUMH, TEMIEPaTypHUNA PEXUM —
Ha PiBHI OararopiyHuX MoKa3HHKiB. [IpunuHunacs
OCiHHSl BereTaliss pOCIMH Yy Teplid JaeKkani
muctonana. Ilepe3umiist mociBiB BijOyBanacs 3a
CIPUATIMBUX TiAPOTEPMIUYHUX YMOB. BimHoBneHHs
iXHBOI Bereramii po3movanoch y MeplIid Jexami
kBiTHA. Becna 1 mito Oymm Temni, Ha piBHI
OaraTopiuHMX MOKa3HUKIB Ta JyKe 3BOJIOXKeHi [ 14].
Ocinp 2023 p. zarajgom Oyna Temia Ta BOJOTra,
HEOCTaTHSA KiNbKICTh OmafiB y BepecHi (66% Bin
HOpPMH) KOMIIGHCYBajacsi BOJIOTUM JXKOBTHEM Ta
muctonagoM (289% ta 141% BiamosigHO). OciHHA
BereTamis TNpUOWHWIACS Yy  APYTrid  j;ekami
nmucTtonana. BinHoBneHHs BereTanii HaBecHi 2024 p.
OyJI0 aHOMAaIIbHO paHHIM, Y IpYTiid ekaai oepe3Hs.
Becnotro OepeseHp Ta KBiTe€Hb Oyl MOCYILTUBUMHI
Ta TETUIMMHU, & Y TPaBHi CTaBCs MPUMOPO30K 10 -5 °C
Ha piBHI TpyHTY, IO CHOPUYAHWIO 3HA4YHI
MIOIIKO/PKEHHST POCIIVH TIIEHUI y ¢a3i BUXOAy B
TpyOKy. JliTo Oyi0o CyXuM Ta CIEKOTHHM, IO TAKOXK
HETaTHBHO BIUIMHYJIO Ha ¢dhopmyBaHHS
BpoXaitHOCTI. Y cepemHrOMYy 32 3 POKH CXOIH
3’sBisuiica Ha 8-9-i1 meHb. OTxe yYMOBU IIpHU
BHPOIIYBaHHI MIIEHUINI O3MMOI 3a pOKaMu Oymu
OyXKe PpI3HUMH, INO Jalo 3MOIy OJep)KaTH
00’ €EKTHBHI Pe3ybTaTh Ta BCEOIYHO OIIHUTH iX.

Pe3yabTraTtu Ta 00roBOpeHHs

Jocainu nokaszanu, Mo, MIICHUIS 03MMa T10-
pi3HOMY pearyBajia Ha Mi/PKUBICHHS aMiaqHOIO
CEeNIITPOI0  MicHs  PI3HUX  MONEPEeJHMKIB. Y
cepenapomy 3a 2021, 2022 Tta 2024 pp. micas
MOTIEPEIHUKIB COHSIIHHUK, TOPOX 1 YOpHHH Map
MaKCUMaJbHUH  pIBEHb  YpOXKalHOCTI  3epHa
cranoBuB 4,57 1/ra (N60); 5,77 1/ra (N30) 1 5,45
1/ra (N30) BignosigHo (Tabdm. 1-3).

[Ticns monepeJHUKA COHSIITHUK B CEPEIHBOMY
32 POKH AOCTIDKEHb 32 OCIHHBOTO ITiJ[KUBICHHS
aMiayHOIO CENITPOI0 HAMOLIbIIA BPOXKAHHICTE Oysia
OTpHMaHa MpH 3acTocyBanHi jo3u N60 — 4,57 1/ra,
IpU LbOMY NpUOaBKa BPOXKAHHOCTI y TIOPIiBHSHHI 3
koHTponeMm (0e3 moOpuB) craHoBwia 1,48 T/ra
(48%). Takox edekTHBHMM OyJlI0 BHECCHHS
amiaqnoi cemitpu y no3i N30, xge cepeans
BpoxaitHicTh ctaHOBHIA 4,07 1/Ta, 3 MPUOABKOIO 10
koHTposto 0,98 T/ra (32%). [lomanbiie 30iIbIIEHHS
JI03M JTOOpHBA 3a OCIHHBOTO MMiKUBICHHS 10 N9O
ta 10 N120 Oyno He eheKkTUBHUM, TPUOABKH HA IIUX
BapianTax Oynu Ha 1-4% MEHIMMHU TIOPIBHSHO 3
03010 N60 (tabm. 1).

year average data and the temperature was close
to the multi-year average. The autumn vegetation
of plants stopped within the first 10 days of
November. Plants overwintered under favorable
hydrothermal  conditions. They resumed
vegetation within the first 10 days of April.
Spring and summer were warm, close to the
multi-year average, and very humid [14]. The
2023 autumn, in general, it was warm and humid;
insufficient precipitation in September (66% of
the multi-year average) was compensated by wet
October and November (289% and 141%,
respectively). The autumn vegetation stopped
within the second 1o days of November. In the
2024 spring, it resumed abnormally early, within
the second 10 days of March. March and April
were dry and warm, but there was a ground frost
down to -5°C in May, which inflicted a
significant damage to wheat plants during stem
elongation. The summer was dry and hot, which
also had a negative impact on yield formation.
On average across the 3 years, seedlings emerged
on day 8-9. Therefore, the conditions for winter
wheat growing differed greatly from year to year,
allowing us to obtain objective results and
evaluate them comprehensively.

Results and Discussion

The experiment showed that winter wheat
sown after different predecessors responded
differently to fertilization with ammonium
nitrate. On average for 2021, 2022 and 2024, the
maximum grain yield was 4.57 t/ha (N60), 5.77
t/ha (N30) and 5.45 t/ha (N30) after sunflower,
pea and black fallow, respectively (Tables 1-3).

After sunflower, the maximum mean yield
0f 4.57 t/ha across the study years was harvested
upon autumn fertilization with ammonium
nitrate at N60 and the gain in the yield compared
to the control (without fertilizers) was 1.48 t/ha
(48 %). The application of ammonium nitrate at
N30 was also effective: the mean yield was 4.07
t/ha and the gain related to the control amounted
to 0.98 t/ha (32%). A further increase in the
autumn fertilization dose to N90 and N120 was
ineffective: the gain in these variants was 1-4%
lower compared to the NO60 application
(Table 1).
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Tadanus 1. YpoxxalHICTh MIIEHHIII 03UMOT 3aJIEKHO BiJl I03M OCIHHBOT'O ITi/PKUBIICHHS Ta POKY BHPOILYBAaHHS ITiCIIs
COHSIIHKKA, T/Ta, 2021,2022, 2024 pp.
Table 1. Post-sunflower-sown winter wheat yield depending on autumn fertilization dose in 2021, 2022 and 2024,

t/ha
. Cepenns mpubaBka 10 KOHTPOITO /
Pix (B) / Year (B) Mean gain related to the control
Jo3a (A) / Dose (A) Copormn /
0

2021 2022 2024 Mean T/ra/t/ha %
koHTpois / Control 4.97 1.92 2.39 3.09 - -
N30 6.50 2.73 2.99 4.07 0.98 32
Neo 6.71 3.58 3.43 4.57 1.48 48
Ngo 6.56 3.23 3.53 4.44 1.35 44
N120 6.91 3.05 3.66 4.54 1.45 47
Cepennst / Mean 6.67 3.15 3.40 441 1.32 43

HIPys/LSDos: A —0.18; B —0.25; AB — 0.49

3a OCIHHBOTO IMIKUBIEHHS O3UMOI IIIEHUII

Mics TONEepeqHIKa TOpOX HaWOLIbIa CcepemHs
BpOXKaliHICTh Ta mpubaBka a0 KoHTpoiio (0e3
noOpuB) Oyau oTpuMani 3a g1o3u N30 — 5,77 1/ra Ta
0,47 t/ra (9%) BignmoBigHO. 3O0UTBIICHHS TO3H
amiagHOi CeNiTpy MpHU OCIHHBOMY ITiPKUBIICHHI IO
N60, N90 ta N120 icToTHOI IprbaBKU HE A0AAJIO, Y
nopiBHsHHI 13 103010 N30 npubaska Oyna Ha 3—6%

MeHIoro (Tabdm. 2).

Upon autumn fertilization of winter wheat
sown after pea, the highest mean yield and
greatest gain compared to the control (without
fertilizers) were achieved at N30: 5.77 t/ha and
0.47 t/ha (9%), respectively. Increasing the
ammonium nitrate dose for autumn fertilization to
N60, N90 and N120 did not add significantly to
the yield harvested at N30; in fact, the gain was 3—
6% lower (Table 2).

Tabanus 2. YpoxxaliHICTh MIIEHHIII 03UMOT 3aJIEKHO BiJl 103M OCIHHBOT'O ITi/PKUBIICHHS Ta POKY BHPOILYBaHHS ITiCIIS
ropoxy, t/ra, 2021, 2022, 2024 pp.
Table 2. Post-pea-sown winter wheat yield depending on autumn fertilization dose in 2021, 2022 and 2024, t/ha

R e | G e

2021 2022 2024 e / 1/ra / tha %
kouTpoJs / Control 7.34 5.04 3.52 5.30 - -
Nso 7.79 5.76 3.75 5.77 0.47 9
Neo 7.59 5.52 3.78 5.63 0.33 6
Neo 7.65 5.13 3.97 5.58 0.28 5
N12o 7.66 4.98 3.76 5.46 0.16 3
Cepenns / Mean 7.67 5.35 3.81 5.61 0.31 6

HIPgs / LSDgs: A — 0.23; B — 0.31; AB — 0.59

3a  OCIHHBOIO

I JOKUBICHHS

aMIavyHOIO

CeNITPOK0 TICHsA TMONEepeNHUKa YOpHHH Tmap,
HaHOlIbIIa BpOXKAHHICTh Oyjna OTpHMaHa 3a 103U
N30 (5,45 t1/ra), ne mpubaBka 10 KOHTpoJro (Oe3
no6pus) cranosmia 0,38 1/ra (7%). Maiixke Taky x
BpPOXKaiHICTh, 3 HEICTOTHOI pI3HHMICIO, OYII0
OJIep)KaHO MpH MiIKUBIEHHI 703010 N60, mpote
MiJBUIICHHS J03M a30Ty Oyll0 EeKOHOMIYHO
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Upon autumn fertilization of winter wheat
sown after black fallow, the maximum yield of
5.45 t/ha was harvested at N30 and the gain
compared to the control (without fertilizers)
amounted to 0.38 t/ha (7%). Almost the same
yield, with an insignificant difference, was
obtained upon fertilization at N60, but increasing
the nitrogen dose was not economically feasible.
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HemomimbHUM. [lpw 30UTbImIeHHI 1103  aMiadHOL
cemtpu 10 N90 ta N120 nmpubaBka 10 KOHTPOIIO
Oyna Ha 0—-5% menmioro (tadm. 3).

When the ammonium nitrate dose was increased
to N90 and N 120, the gain compared to the control
was 0-5% lower (Table 3).

Tadauus 3. YpoxkaiHICTh NIIEHUIII 03UMOT 3aJI€)KHO Bijl JO3U OCIHHBOTO MMi/PKUBIICHHS Ta POKY BUPOILYBAHHS MICIIs

4OpHOTO mapy, T/ra, 2021,2022, 2024 pp.

Table 3. Post-black fallow-sown winter wheat yield depending on autumn fertilization dose in 2021, 2022 and 2024,

t/ha
. Cepenns npudaBka 10 KOHTPOIIO /
Pikc (B) / Year (B) Mean gain related to the control
Jo3a (A) / Dose (A) Coponn /
0
2021 2022 2024 Mean T/ra/ t/ha %
koHTpoib / Control 7.69 4.22 3.31 5.07 - -
N30 8.13 4.89 3.32 5.45 0.38 7
Neo 796 4.80 3.52 5.43 0.36 7
Ngo 781 4.15 3.54 5.17 0.10 2
Ni120 7.90 4.03 3.35 5.09 0.02 0
Cepenns / Mean 7.95 4.47 3.43 5.28 0.21 4
HIPgs / LSDgs: A —0.20; B — 0.28; AB —0.51
TakuM 4MHOM, 32 POKH JOCHIIKEHb OCIHHE Thus, in the study years, autumn

IMi/HKUBIICHHS] aMiaqHOIO CEINliTPO0 3a0e3edyBaio
iCTOTHI TIpHOAaBKH BpPOXKAHHOCTI y TOPIBHAHHI IO
KOHTPOJTIO He3aJIe)KHO BiJl monepeanuka. Haromicts
cepen  ycix  AOCH/DKYBaHWX  IIOTIEPEIHUKIB
HaWOUIBITy cepenHio NpubaBKy Oyllo OfepKaHO
micyst coHsmHUKY — 1,32 1/ra (43%), HaliMeHIy —
micist wopHoro mapy — 0,21 1/ra (4%) (tadn. 1-3).

Orxe, Ha (OHI MIHIMATEHUX /03 OCHOBHOTO
no0pHUBa OCIHHE MIPKUBJICHHS CJIa00 PO3BHHEHUX
03MMHUX 3EPHOBUX KYJIBTYp 3a0e3redye 3HauHWH
pe3epB 30iIbIIEHHS BaJoOBOTO 300py 3€pHa Ta €
€KOHOMIYHO MouiibHUM. Llel mpuiioM BUKOHY€EThCS
B MEHIII HANPY>XCHUH TIepiojl pOKY, a €)EeKTUBHICTb
BHUIIA, HDK TIPU MPOBEACHHI Mi/PKUBICHHS B 1HIII
CTPOKH [2].

BucnoBknu

Bcranorneno, o y nepion gociimkers 2020
— 2022 pp. Ta 2023/2024 pp. NmieHANS 03UMa IO
pi3HOMY pearyBajla Ha MiPKUBICHHS aMiaqHOIO
CENIITPOI0 TMicng pi3HUX nonepeanukiB. [licus
MOTIEPEIHUKIB TOPOX Ta YOPHHU Tap HaHOibIIy
BPOXKalHICTh B cepefHbOMY Oyll0 OTPUMaHO IpH
mipkuBiIeHdi mo3or N30 — 5,77 ta 5,45 t1/ra
BIJIMOBIIHO, 3 TpuOaBKamMu 10 KOHTpoirto (0e3
nobpus) — Bignosigao 0,47 t/ra (9%) ta 0,38 T/ra
(7%). icnst nonepeHuKa COHAITHHUK MAKCUMAJIbHY
BpOXKalHICTh Ta MpHOaBKy OyJ0 OTPUMAHO 32 103U
BHeceHHss N60 — 4,57 1/ra ta 1,48 T/ra (48%)

fertilization with ammonium nitrate significantly
increased the yield compared to the control,
regardless of the predecessors. Of all tested
predecessors, the greatest mean gain of 1.32 t/ha
(43%) was achieved after sunflower; the smallest
gain of 0.21 t/ha (4%) - after black fallow (Tables
1-3).

Therefore, autumn fertilization of poorly
developed winter cereals at minimum doses of
basic fertilizer is economically expedient,
ensuring a considerable reserve for increasing the
croppage. This technique is performed in a less
stressful period of the year and its efficiency is
higher than that of fertilization in other
periods [2].

Conclusions

It was found that in the study period (2020-
2022 and 2023-2024) winter wheat sown after
different predecessors responded differently to
fertilization with ammonium nitrate. After pea and
black fallow, the maximum mean yield was
harvested upon fertilization at N30: 5.77 and 5.45
t/ha, respectively, where the gain ralated to the
control (without fertilizers) amounted to 0.47 t/ha
(9%) and 0.38 t/ha (7%), respectively. After
sunflower, the maximum yield and gain were
achieved at N60: 4.57 t/ha and 1.48 t/ha (48%),
respectively. The N30 application also gave a
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BimmoBiHO. TakoX ICTOTHOW TPHUOABKOKO IO
KOHTPOJIIO oxapakrtepu3yBajacs pgo3a N30, ne
BpoxaitHicTh cranowia 4,07 T/ra, a nmpubaBka —
0,98 1/ra (32%). [lonasnble 301MbIICHHS JO3H a30TYy
npu mimkuBieHHl 10 N60, N90 i NI120 micus
MOTIEPETHUKIB TOPOX 1 COHsIIHKUK Ta 10 N90 1 N120
TICIIS COHSIITHUKA Oy10 HeeeKTHBHHM.

TakuM 4YHHOM, 3aCTOCYBaHHS OCIHHBOTO
AQ30THOTO  MI/DKUBJICHHS  TICIsA  MONEPEIHHUKA
COHAMIHUK Oy70 OULTBII BUIPAaBOAHUM HIXK ITiCI
MOIIEPEIHUKIB YOPHHI MMap Ta rOpox.

significant gain related to the control: the yield
was 4.07 t/ha and the gain was 0.98 t/ha (32%). A
further increase in the nitrogen dose to N60, N90
and N120 on post-pea- and post-black fallow-
sown wheat and to N90 and N120 on post-
sunflower-sown wheat was ineffective.

Thus, autumn nitrogen fertilization of
winter wheat sown after sunflower was more
justified than that of post-pea- or post-black
fallow-sown wheat.
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