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Pedepar: Huni nonuT Ha 3epHOBY MPOAYKIIiO CTPiMKO 3pocrae. [Ipore uepes pi3Hi 0OCTaBUHU
3MEHIIYIOThCS IUION[ ONTHUMAIBHUX HONEPEIHUKIB O3MMHX 3EPHOBHX KYJBTYP, HATOMICTh 3pPOCTAIOTh
TUTOIINI IMiCIIsl TaKWX IOTICPETHUKIB SK COHSINHWK. Yepe3 1e He BIAETHCSA MIATPUMYBATH CTAOUIbHY
BpOKalHicTh 3epHa. OHUM 3 HAHOUIBII e(hEKTHBHUX MPUHOMIB YIIPABITiHHS POCTOM 1 PO3BUTKOM POCIHH
Ta MiJBUIICHHS BPOXKAIO IMIICHHII 03MMOi € BUKOPUCTAHHS a30THHX J00puB. Psin mociimkeHb cBigyath
PO PIBHOIHHICTE OCIHHBOTO 1 BECHSHOTO BHECEHHS a30THHX JOOpHB Ha mociBax miieHuni. [Ipote
MUTaHHSA BHECEHHS a30THUX JOOPUB B OCIHHINM IMepiof; BUBYEHE HE JOCTAaTHBO, OCOOJIMBO JUIS CXiTHOL
yactuau Jlicocteny VYkpainn. MeToro gociimxeHHs Oyllo BH3HAYEHHS YPOXKAMHOCTI MIIEHHIl M’ SKOI
03UMO{ TICIIST COHSIITHMKA 3aJIe)KHO BiJ PI3HUX 103 Ta BH/IIB a30THHUX JOOPHWB MPH X OCIHHHOMY BHECEHHI.
Juzaiin monsoBOro nocmiay nependadar 13 BapiaHTiB 3 BUKOPUCTaHHIM TPhOX BHIIB J0OpHUB (amiadyHa
celtiTpa, kapbaMiz, Cynb(dar aMoHII0) B NIEpepaxyHKy Ha Jit0dy pe4oBUHY Y 103aX N3o, Neo, Nog, Ni2o TicIs
nonepenHrka coHSHUK. OCiHHE BHECEHHs HOOpMB Ha TMOCiBax MIIEHUII 3a0e3neyyBajio 1CTOTHI
npuOaBKu BpoxaiHocTi. HalGinbn epeKTHBHUM OYyJI0 OCIHHE ITi/PKUBIICHHS IIIICHHIN 03MMOT aMiaqHOI0
CelliTporo Ta kapbamifgoM y 103i Neo, a cynbhaTtoM aMoHi0 — y 1031 Noo, Jie BpOXKaWHICTh MPUOABKU J0
KOHTpPOJIIO CTaHOBWJIM BignosigHo 49, 46 Ta 46 %. 3a manoi mo3u azory (N3g) HaiOumbIn HagOaBKU
BpoxaitHocTi (31-34 %) onmepskaHO Bif BHECEHHS aMiadqHOi CeNTpH Ta Cynb(aTy aMOHII0, TOMI SK
BHECEHHSI KapOaMiay 3a Ii€i 1031 Oyno MeHIl edekTHBHHM. 3acToCyBaHHS 103U N HE Majo mepesar
MOPIBHSHO 3 MCHIIMMH JI03aMU OCIHHBOTO a30THOTO Mi/KUBIICHHS HE3aJIS)KHO BiJI BULY JOOPUB.

Kuarouosi ciioBa: mieHuis o3umMa, a30THI JOOpHBa, amiauHa cefiTpa, kapbamil, cyiab(aT aMOoHilo,
OCIHHE BHECECHHS, YPOXKANHICTh, TONICPEIHUK COHSIITHUK.

Abstract: Currently, the demand for grain products is growing rapidly. However, due to different
circumstances, the areas of optimal predecessors of winter cereals are decreasing, instead, the areas after
such predecessors as sunflower grow. Because of this, farmers fail to harvest stable grain yields. Nitrogen
fertilization is one of the most effective methods of managing the growth and development of winter wheat
plants and increasing the crop yield. Several studies demonstrated the equivalence of autumn and spring
application of nitrogen fertilizers on wheat. However, the issue of autumn nitrogen fertilization has not
been sufficiently studied, especially for the eastern forest-steppe of Ukraine. Our purpose was to determine
the yield of post-sunflower-sown winter bread wheat depending on different doses and types of nitrogen
fertilizers applied in autumn. The design of the field experiments included 13 variants with three fertilizers
(ammonium nitrate, urea, ammonium sulfate) applied at N3o, Neo, Noo, and N2 on primary nutrient basis
after sunflower as a forecrop. Autumn fertilization of wheat crops significantly increased the yield. The
application of ammonium nitrate and urea at Ngo and ammonium sulfate at Noy was the most effective
variant of autumn fertilization of winter wheat, as it yielded 49, 46, and 46% more, respectively, compared
to the control. At a low dose of nitrogen (N3o), the largest gain in the yield (31-34%) was achieved with
ammonium nitrate and ammonium sulfate, while urea at this dose was less effective. The application of
Ni20 had no advantages compared to lower doses of autumn-applied nitrogen fertilizers, regardless of the
fertilizer type.
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Beryn

B ymoBax cyd4acHOI PHHKOBOi EKOHOMIKH
MOMUT Ha 3EPHOBY NPOAYKLIIO CTPIMKO 3pOCTaE.
Onmnak depe3 pi3HI 0OCTaBUHM (€KOHOMIUHI,
comiambHi  Ta  iH.)  3MCHIIYIOTBCA  ILUIOMII
ONTHMAJIBHUX TONEPEIHUKIB O3UMUX 3EPHOBUX
KyJbpTyp. BogHouac 3pocTaroTs miiomii micis Takux
MIOTIEPETHUKIB SIK COHSIITHKK, B PE3YNILTaTi YOTO HE
BIIAETBCS ONCP)KYBaTH CTaOLIbHY BPOXKAWHICTh
3epHa 3a POKAMHU BUPOIIyBaHHSI.

Bbe3 mobOpuB omepkaTH J0OCTaTHHO BEIUKHIA
BpOKall 3epHa BHCOKOI SIKOCTI HEMOXKIIMBO.
3acTocOBYBaHHS ~ CHCTeMH  YOOOpEHHs,  SIKY
PO3pOOWITH 1 peKOMEHyBal BUpOOHUIITBY 15 — 20
pokiB Tomy, HHMHI He edekTuBHe. Sk TIpaBwIIo,
ICHYIOUI PEKOMEHJIAIli1 i3 3aCTOCYBaHHS JOOPUB TTij
NIICHUII0 O3UMYy CIPSIMOBaHI Ha OTPUMAHHS
MaKCHMaJIbHO BHCOKOTO YpOXkao 0e3 10CTaTHhOTO
€KOHOMIYHOTO OOTpyHTYBaHHS. B ymMoBax puHKOBOT
E€KOHOMIKM TapaMeTpu 103U Ta BHIY JOOpUB
MOBHHHI BH3HAYaTUCS HEOOXiJHICTIO OTPUMAHHS
BiJl HUX HAMOLIBIIIOT0 eKOHOMIUHOTO eekty [1-5].

VYpokalHICTh TIIEHUIII O03UMOI 3HAYHOIO
MIpOI0 3alIeKUTh Bix 3a0e3ledeHHs POCIWH
€JIEMEHTAMU MIHEPAIBHOTO JKUBJICHHS BIIPOIOBXK
ychoro mnepiomy Bererarii [6-9]. Ha 1 T ypoxato
o3uMa MIIEHWN BUKOPUCTOBYe 24-35 Kr azory,
10-15 kr docdopy, 20—26 Kr Kaiiro, 5 KT KaJbIliio,
o 5 kr marHito, 4 kr cipkm, 250 T 3am3a, 80 T
Maprasu, 55 r LMHKY, 10 8 r Miai Ta 6opy [7].

HaiiromoBHIIIUM ~ €JIEMEHTOM, SIKMH 110
NMeBHOI MipH BH3Haya€ HaWOUIbII MPHOaBKU
ypoXXalHOCTI 1 MOKpamrye O10XiMiuHI MOKa3HUKH
AKOCTI 3€pHa, € a30T, SKUM B arpoHOMIYHIN
MPaKTUIi HA3uBAIOTh eleMeHTOM pocty [10].
3TiHO 3 JOCHiKEHHSIMH, CYYacHI COPTH MIICHUIT
MOXYTb JaBaTH BUCOKY BPOXalHICTh 3epHa 100poi
SKOCTI JIMIIIE HAa POJIOYMX IPYHTAX 1 32 BHECEHHS
JOCTaTHBOI ~ KinmbkocTi  m00puB.  OCHOBHOIO
MPUYMHOIO HU3BKOI SKOCTI 3epHA € ACIIMT a30Ty B
arporeHo3ax IIEHHIN, TOMy 0e3 JO0CTaTHHOTO
HOT0 BHECECHHS OJCpKATH YPOKali BUCOKOSKICHOTO
3epHa 371e01LTBIIIOT0 HEMOXKITUBO [ 8, 9].

OnHuM 3 HalOUIbII e()EeKTUBHUX MPUHOMIB
YVIPABIiHHA POCTOM 1 PO3BUTKOM POCIHH Ta
MIIBUILCHHS BPOXKAIO MINCHUIII 03UMOI € BECHSHE
MiKUBIEHHS 11 MOCIBIB A30THUMM JOOpHBaMHU.
[Ti/pKUBIIEHHS. CTBOPIOE CHPHSTIMBI  YMOBH ISt
pocTy pociuH, ¢GopMyBaHHS IOOpe PO3BUHEHOI
HaJ3eMHOI Macu Ta 3a0esnedye  HagOaBKy
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Introduction

In the current market economy, the demand
for grain products is growing rapidly. However,
due to different circumstances (economic, social,
etc.), the areas of optimal predecessors of winter
cereals are decreasing. At the same time, the
acreage after such predecessors as sunflower
grows, as a result of which farmers cannot
harvest stable yields of grain every year.

Without fertilizers, it is impossible to
achieve sufficiently large yield of top-quality
grain. Fertilization regimens, which were
developed and recommended 15-20 years ago,
are not effective today. Quite often, existing
recommendations for fertilization of winter
wheat are aimed at harvesting maximally
possible yields without sufficient economic
justification. In the market economy settings,
doses and types of fertilizers should be grounded
on the need to obtain the greatest economic effect
from them [1-5].

Winter wheat yield largely depends on
providing plants with mineral nutrients during
the entire growing period [6-9]. For 1 ton of
yield, winter wheat consumes 24-35 kg of
nitrogen, 10-15 kg of phosphorus, 20-26 kg of
potassium, 5 kg of calcium, up to 5 kg of
magnesium, 4 kg of sulfur, 250 g of iron, 80 g of
manganese, 55 g of zinc, and up to 8 g of copper
and boron [7].

Nitrogen, which is called the growth
element in agronomy, is the most important
macronutrient, as it (to a certain extent) ensured
the greatest gains in the yields and improves
biochemical indicators of grain quality [10].
Researches reported that modermn wheat cultivars
could produce great yields of good-quality grain
only on fertile soils, provided sufficient amounts
of fertilizers. Nitrogen deficit in wheat
agrocenoses is the main cause of low-quality of
grain; therefore, without application of nitrogen
at sufficient doses, it is hardly possible to harvest
top-quality grain [8, 9].

Spring nitrogen fertilization is one of the
most effective ways to manage the growth and
development of winter wheat plants and to boost
the crop yield. Fertilization creates favorable
conditions for plant growth, good development
of above-ground parts and ensures a gain in the
grain yield of 0.3-0.9 t/ha and even more [8, 9].
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BpoxaitHocTi 3epHa 0,3-0,9 T/ra i 6ikIme 8, 9].

30IbIIEHHS BMICTY a30Ty B POCIHMHAX
T JICUITIOE IHTCHCUBHICTh (oToCcHHTERY,
VIOBUIBHIOE ~ TIPUPOIHE  CTapiHHS  JIMCTKIB,
0COOJIMBO BEPXHIX, y TOMY YHCII 1 HParnopLeBOro
muctka. Ha mowarky Bereramii a3oTHi JoOpuBa
MiABUIIYIOTh  IHTEHCHUBHICTb  POCTYy  POCIHH,
CIPUSIOTh HAKOMMWYEHHIO a30THUX CIOJNYyK Yy
BETeTaTUBHUX OpraHax [8,9].

Paa nmocaimiB cBimyarh IpoO PIiBHOLIHHICTB
OCIHHBOTO 1 BECHSHOTO BHECEHHS a30THIX JOOpHUB
Ha TmociBax mmenumi [11].  3a  gaHmMm,
OTpUMaHUMH Ha I[3MainbChKifl MOCHImHIA CcTaHIT
[11], mimxuBIEeHHsS NIIEHMI Kpalle NPOBOTUTH
BOCEHH Ha MOYATKy KYIIiHHA, a HE BeCHOI0. [IpoTe
iHnn gani [12] cBimyarh, 10 BHECEHHS a30THHX
JOOpYB BECHOIO Jia€ OuIbII CyTTEBHM e(eKT, HiXK
BOCEHHM a00 TIpM BHECEHHI YacCTHHU JO0OpPHUB
BOCEHH, a permTu BecHoo. 3a manumu /|, Xapamsika
[11] y Bosorux paiioHaXx OCIHHE BHECEHHS a30Ty
3a0e3mneuye BpokalHICTh Ha 15% MeHmny, HiX
BECHSIHE, & B yMOBAaX CyXOl BECHH, HABIIaKH, OCIHHE
BHECEHHS a30Ty €()eKTHUBHIIIIE, HIXK BECHSHE.

EekTuBHICTh yIOOpeHHS 03MMHX 3aJICKUTh
TaKOK Bif THITy TIpyHTY. Ha uerkmx 1pyHTax
BHECCHMI III3HO BOCEHHM a30T BHMHBAETHCS B
3MMOBHUH TIEPioa, TOMY IMPOBOIWUTH IiKUBICHHS
03UMHUX KyJIBTYp OCIHHIO HE pekoMeHayeTbes [13].
Ha Baxkmx T1pyHTax B paiioHaX 3 OOMEXEHOIO
KUIBKICTIO OIaJiB B OCIHHBO-3UMOBHMH IEpPioj
aMOHIWHI TBepAi, piAki amiadni goOpuBa i
CEUYOBHHY MOYKHa BHOCHUTH BOCeHH [14].

OTxe, MUTaHHS BHECEHHS A30THUX J00pHB B
OCIHHI{ TIepiof BHUBYEHE HE JIOCTATHHO, OCOOIHMBO
st cximHoi  dactmHu  Jlicoctemy  YkpaiHu.
3okpema, BIICYTHI JiaHi Tpo  e(EKTHBHICTh
OCIHHBOTO BHECCHHSI a30THHX JIOOpHB Ha TMoOcCiBax
03UMO1  MUIGHWII  MiCasl  COHSIIHHKY  fIK
NONEePeHUKA.  3BAKAOYM HA 116, METOIO
JMOCIDKEHHs OyJI0 BU3HAYCHHS S(EKTUBHOCTI Jii
OCIHHBOTO BHECEHHS Pi3HHX JI03 Ta BUJIB a30THUX
J0OpUB Ha MOCiBaxX MIIEHHUI M SIKOT 03UMOI Hicist
COHSIIIHHKY.

Marepiaau i MmeToau

PoGoTy mpoBonuiIu B MOJIbOBIH 3epHO-TIAPO-
npocanHiid ciBO3MiHi [HCTUTYTy pOCIMHHHLITBA iM.
B.A. IOp’esa y 2020-2022 pp. OOG’ektom
JOCITI/PKEHHsT OyB COPT MINEHHIN 03UMOi 3700Ha.
CiBOy nposomunu y Il nmexani sxoBTHsA. Jlocmiau
nepenbagasin 13 BapiaHTIiB OCIHHBOTO
Mi/DKUBJICHHS TPbOMa BHJAMH JIOOpWUB  TIiCIs
MOTICPEIHUKA COHSIIHMK: | — KoHTponb (Oe3
no0puB); 2 — amiauHa cemitpa Nizo; 3 — amiauna

An increase in the nitrogen content in
plants intensifies photosynthesis and slows down
the natural aging of leaves, especially the upper
ones, including the flag leaf. At the beginning of
the growing period, nitrogen fertilizers intensify
plant growth, contributing to the accumulation of
nitrogenous compounds in vegetative organs
[8,9].

Several experiments demonstrated the
equivalence of autumn and spring applications of
nitrogen fertilizers on wheat [11]. According to
the data obtained at Izmail Experimental Station
[11], it is better to fertilize wheat in autumn at
the tillering onset, but not in spring. However,
other data [12] showed that spring application of
nitrogen fertilizers was more efficient than
autumn fertilization or when part of the fertilizers
was applied in autumn and the rest - in spring. D.
Kharapyak [11] reported that, in wet areas,
autumn application of nitrogen resulted in a 15%
reduction in the yield compared to spring
fertilization, while under dry spring conditions,
on the contrary, autumn application of nitrogen
was more effective than spring fertilization.

The effectiveness of fertilization of winter
crops also depends on the soil type. On light
soils, nitrogen applied in late autumn is washed
out during winter; therefore, it is not
recommended to fertilize winter crops in autumn
[13]. On heavy soils in areas with limited
amounts of precipitation in autumn-winter, solid
ammonium and liquid ammonia fertilizers as
well as urea can be applied in autumn [14].

Hence, the issue of autumn nitrogen
fertilization has not been sufficiently studied,
especially for the eastern forest-steppe of
Ukraine. In particular, there are no data on the
effectiveness of autumn application of nitrogen
fertilizers on winter wheat sown after sunflower
as a forecrop. Considering this, we have set the
purpose to determine the effectiveness of autumn
application of different doses and types of
nitrogen fertilizers on post-sunflower-sown
winter bread wheat.

Materials and Methods

The study was carried out in the field
cereal-fallow-intertilled  crop rotation at the
Yuriev Plant Production Institute in 2020-2022.
Winter wheat cultivar 'Zdobna' was investigated.
It was sown within the second 10 days of
October. The experiments included 13 variants of
autumn fertilization with three fertilizers after
sunflower as a forecrop: 1 — control (no
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cemitpa Ngo; 4 — amiadna cemitpa Noo; 5 — amiauHa
cemitpa Niz; 6 — kapOamin Nio; 7 — kapOamig Neo;
8 — kapbamiz Noo; 9 — kapbamin Niz; 10 — cynbdar
aMmoHit0o Njio; 11 — cynbdar amonito Neo; 12 —
cyabdar amoHiro Noo; 13 — cynbdar amoniro Nio.

Bapiantu PO3MIITYBaIN 3a
0aratoakTOpHOIO CXEMOIO METOJIOM PO3IICTICHUX
nursHok. Iioma 00J1iKoBOT AIISHKY CTaHOBHIA 25
M%, TOBTOpHICTL — 4-paszoBa. IpyHT mociigHOT
IUITHKA =~ — YOPHO3EM TUIOBUM IOTYKHUI
CepeHPOTYMYCHHH, B SKOMY BMICT T'ymycy (3a
Tropinum) craHoBUB Onm3bko 6%, TIPYHTOBUI
PO3UUH MaB Ca00TyKHY 200 HEUTpalbHY peakIlito
(pH — 5,8-7,0). IpyHT n0o6pe HacHYeHUI MarHiem,
KallbI[i€EM Ta IHIIAMHA HEOOXITHUMH IS POCIWH
€JIEMEHTAMHU JKUBIICHHS, BAaJIOBHI BMICT a30Ty B
mexax 0,2-0,5 %, dochopy — 0,15-0,30 % Ta
kamiro 2,0-2,5 %.

Ilicns 30uWpaHHS COHSAIIHWKY, 3TiTHO 31
CXEMOIO JOCIiJY, NMPOBOAMIM IUCKYBaHHA y JBa
cian BJT-7. [epennociBauit 00po0iTOK
nepenbayas kynpruanito KIIC-4 na mubuny 5-6
cM. OOpoOieHe KOMILJIGKCHUM TMPOTPYHHUKOM
[Tackans (TiameTokcam, 250 r/im + TeOykonaso, 30
r/n + azokcuctpobin, 20 r/n + dmynuoxconin, 50
r/n1) — 1 11/t, HaciHHg BuciBaau ciBaakoro CH-16M
32 HOpMH 4,5 MIJIH CXO)KHMX HaciHuH Ha 1 ra. [licis
CiBOM TMOJI€ MPUKOYYBAJM KiJIBYacTO-IIMOPOBUMHU
kotkamu. HaBecHi 2021 p. y ¢a3i KyIiHHA POTH
Oyp’sTHIB TIOCIBM OOMPUCKYBAIN TepOilluaoM ATEHT
(2,4-1 2-etwirexcunosuii  edip, 452 r/m +
¢mopacynam, 6,25 1/m) — 0,5 m/ra + Macrak
(xnomipamig, 300 r/m) — 0,3 m/ra. Jns 3axucty
MOCIBIB BiJl XBOpOO 1 IIKiJIHWKIB 3aCTOCOBYBaJU
BIAIOBIAHO (yHTIIa Hezapan Ekctpa
(xapOennazum, 250 r/a + dmyrpuadomn, 125 r/n) ta
iHCeKTULUT AHTUKoJopaax Makc (iMimakionpu,
300 r/n + mamOma-uwranorpus, 100 r/m). Yepes
iHTeHCUBH1 OOMOBI Iii HA TEepPUTOpIii NMPOBEACHHS
JoclipkeHb HaBecHi 2022 p. 3aco0M 3aXHCTY
POCIIMH HE 3aCTOCOBYBAJM, IO TIPU3BENO MO

CYTTEBOTO  3HMKECHHS BPOXAWHOCTI  MIIECHUL
o3umoi  mopiBHSHO 3 2021 p. 3HImKEHHS
BpokaiHocTi y 2022 p.  3yMOBIIOBANOCS

HacamIiepes HasBHICTIO mipeHodoposy y mi3Hi
(a3 pocty i pO3BUTKY POCIIVH.

Ypokaii  30upasi  OpAMHUM  CIIOCOOOM
kombOaitHoM «Camrio-130». Ilim wac mpoBeneHHS
JOCIIPKEHb OOJIK BPOXalo 3MIHCHIOBATIM LUISIXOM
00MOJIOTY pPOCIMH y TIOBHIH CTHIVIOCTI 3epHa.
VYpokaiiHicT 3 AUISHKM ~— OPUBOAMIM 10
cranzaptHoi Bosorocti, 100 % uymcToTH Ta
po3paxoByBaM y TOHaX Ha Tekrap [15, 16].
CratucTiuHy 00pOOKY €KCTIEpUMEHTAIBHUX JaHUX
JOCIIKEHb POBOIMIIN AUCTIEPCIHHUM METOZIOM 32
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fertilizers); 2 — ammonium nitrate Nszo; 3 —
ammonium nitrate Ngo; 4 — ammonium nitrate
Noo; 5 — ammonium nitrate Nizo; 6 —urea Nso; 7 —
urea Neo; 8 — urea Noo; 9 — urea Niz; 10 —
ammonium sulfate N3p; 11 — ammonium sulfate
Neo; 12 — ammonium sulfate Noo; and 13 —
ammonium sulfate N 2.

The variants were arranged by split-plot
method according to a multiple-factor scheme.
The record plot area was 25 m? in 4 replications.
The soil of the experimental site is a typical
heavy medium-humus chernozem, in which the
humus content (determined by Tyurin's method)
was about 6%. The soil solution had a slightly
alkaline or neutral reaction (pH - 5.8-7.0). The
soil is well saturated with magnesium, calcium
and other nutrients necessary for plants. The
gross content of nitrogen was 0.2-0.5%; the gross
content of phosphorus was 0.15-0.30%; and
gross content of potassium was 2.0-2.5%.

After harvesting the sunflower, according
to the experiment design, two-track disking was
carried out with a BDT-7 disk harrow. Pre-
sowing treatment involved tilling to a depth of 5—
6 cm with a KPS-4 cultivator .

The seeds treated with Pascal fungicide (1
L/t) were sown with a SN-16M planter at a
seeding rate of 4.5 million germinable seeds per
1 ha. After sowing, the field was rolled with
crosskill rollers. In the spring of 2021, the field
was sprayed with Agent herbicide 0.5 L/ha (2,4-
D 2-ethylhexyl ether, 452 g/L + florasulam, 6.25
g/L) + Mastak 0.3 L/ha (clopyralid, 300 g/L)
against weeds in the tillering phase. To protect
the field against diseases and pests, Desaral Extra
fungicide (carbendazim, 250 g/L + flutriafol, 125
g/L) and Anticolorad Max insecticide
(imidacloprid, 300 g/ + lambda-cyhalothrin,
100 g/L) were used, respectively. Due to intense
hostilities in the research location in the spring of
2022, plant protection was impossible, leading to
a significant decline in the winter wheat yield
compared to 2021. The decline in the 2022 yield
was caused primarily by tan spot in the late
phases of plant growth and development.

The grain was harvested by straight-cutting
with a Sampo-130 combine harvester. The yield
was measured by threshing plants when
caryopses were completely ripe. The yield per
plot was adjusted to standard moisture, 100%
purity and was calculated in tons per hectare [15,
16]. The experimental data were statistically
processed by ANOVA in Microsoft Office Excel
2007 and Statistica-6 [15, 17, 18].

The agrometeorological conditions varied
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JOTIOMOTOI0 ~ TIaKeTy KOMI'IOTEPHHX  Iporpam
Microsoft Office Excel 2007, «Statistica-6» [15,
17, 18].

ATpOMETEOpONyIOTiuHi ~ YMOBH B POKH
npoBeneHHs nociimkens pisauiucsa. Ocinb 2020 p.
BUJANacs TEIUIOK 1 MOCYNUIMBOO. Tak, y cepriHi
omaaiB Bumajo Ha 40 MM MEHIIIC BiJl HOPMH, a JIOIIli
npovinum ymme B Il gekani xoetHs (30,4 Mm).
Temnepatypa nositps y BepecHi (+4,3 °C) i )K0BTHI
(+5,2 °C) Oyna BuIIOIO 32 GaraTopivHi MOKA3HUKH.
OciHHA BereTallist POCIMH O3UMHX MPHUITUHIIACA Y
I nexani muctomama. Y 2021 p. ii BigHOBIEHHS
BinOynocst y 1 nexani xBiTHs. Becna i sito Oynmu
MOMIPHO TEIUIMMH, Ha piBHI Oaratopiyaux
MOKa3HUKIB. TpaBeHb Ta YepBeHb OyJIM BOJIOTUMH, &
JWIEHb Ta CEPICHb AHOMAJBHO IIOCYIUIMBHMH.
Ocinnili mepiog 2021 p. 3arajom OyB MEHII
BOJIOTUM TIOPIBHSHO 3 0araTopiuHUMH JaHUMH, a
TEMIIEPaTypHUM PEKUM — Ha PiBHI OarartopigHux

NMOKa3HWKiB. [IpumuHUIAcs OCIHHS  BereTalis
pociuH y | pekanmi ymctomanma. Ilepesumirins
MOCiBiB BinOyBasacs 3a CHPUATINBUX

TiIPOTEPMIYHUX YMOB.

in the study years. The autumn of 2020 turned
out to be warm and dry. In August, there was 40
mm less of precipitation than the long-term
average and it rained only during the second 10
days of October (30.4 mm). The air temperature
in September (+4.3°C) and October (+5.2°C) was
higher than the long-term average values. The
autumn vegetation of winter crops stopped
within the first 10 days of November. In 2021,
the plant vegetation restored within the first 10
days of April. The spring and summer were
moderately warm, at the level of the long-term
average values. May and June were wet; July and
August were abnormally dry. The autumn of
2021 was generally less wet compared to the
long-term average and the temperature profile
was similar to long-term average data. The
autumn vegetation of plants stopped witjin the

first 10 days of November. The plants
overwintered under favorable hydrothermal
conditions.

YporkaliHICTh MIISHUII 03UMOT MMiCIs COHAITHUKA 3aJIC)KHO BiI BUAY 1 JI03HW TOOPUB Ta pOKY BHUPOIIYBaHHS, T/Ta,

2021-2022 pp.

Post-sunflower sown winter wheat yield, depending on the type and dose of fertilizers and cultivation year, t/ha,

2021-2022
Ho6puso (A) Ypoxaitaicts (C) [Yield (O)]
[Fertﬁizer (A)] Jlosa (B) [Dose (B)] 2021 2022 Cepennst [Mean]
66?&?1?&22][1\10 Koutpons [Control] 4,97 1,92 3,45
N3o 6,50 2,73 4,62
AmiagHa Neo 6,71 3,58 5,14
cemitpa Ammonium Noo 6,56 3,23 4,89
nitrate] Ni20 6,91 3,05 4,98
Cepenns [Mean] 6,67 3,15 491
N3o 4,97 2,93 3,95
KapGaniz Neo 6,67 3,40 5,03
[Urea] Noo 6,60 3,12 4,86
Ni20 6,78 3,33 5,06
Cepennsi [Mean] 6,26 3,20 4,73
N3o 5,82 3,18 4,50
Cymbpar amorito Neo 6,70 2,72 4,71
[Ammonium sulfate] Nso 6,50 3,56 2,03
Ni20 6,48 3,44 4,96
Cepenns [Mean] 6,37 3,23 4,80
Nso 5,76 2,95 4,36
Neo 6,69 3,23 4,96
Cepennsi [Mean] Noo 6,55 3,30 4,93
Ni120 6,72 3,27 5,00
Cepenns [Mean] 6,43 3,19 4,81
A—0,11;B-0,11;C—0,13; AB - 0,23;
HIPo.05 [LSDo.05] AC-0,23; BC-026; ABC-048
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BinnoBnenHs Bereramii pocimH movanocs y |
nekasi kBiTHA. BecHa 1 jiito Oymu Terwii, Ha piBHI
OaraTopivHMX TIOKA3HUKIB Ta JyXe BOJOTi. Y
CEepeTHROMY 32 2 POKU CXOAM 3’ SIBSIUCA Ha 8—9-
i neHb. OCKUTBKY TIPOTEPMIUHI YMOBH TIPOTSATOM
BEreTallifHOr0 TMepiofy TIIeHUII O3uMOI 3a
pokamu OyJId pi3HUMH, 1€ JAJ0 3MOr'y BCEOIYHO
OI[IHUTH JIOCHIDKYBaHI BapiaHTH TEXHOJOTii
BUPOIIYBAHHS JIOCTI/PKYBaHOT KYJIBTYpH.

Pe3yabTaru Ta 00roBopeHHst

[IpukopeHeBe BHeceHHs azoty y ¢asi 3
JUCTKIB — IMOYaTKy KyLIiHHA 3a0€3MeYnio 1CTOTHE
MIJBUIICHHS YPOXKAMHOCTI (Ta0JIHUIs).

Sk cBiguaTh OTpuUMaHi MaHi, 30UTHIICHHS
JO3M  a30Ty HE 3aBKIH NPU3BOIWIO IO
MiABHINCHHS  BPOXXAWHOCTI  TMOPIBHAHO 13
MCHIIMMH J103aMH. Tak, B CEpeHbOMY 3a POKH
OCIHIIKEHb, 32 OCIHHLOI'O BHECEHHS aMiadyHol

CeNiTpY  HAWOUIBIIy  BpPOXKAWHICTH  TIICHHI
03UMOi OyJI0 OIlep)KaHO 32 BHUKOPUCTAHHS JO3H
Neo — 5,14 T/ra, mnpu 1poMy mnpubaBka

BPO)KaHHOCTI MOPIBHAHO 3 KOHTposieM (0e3
noopuB) craHoBuwina 49 %. EdexTtuBHUM Takox
OyJ0 BHECEHHsI amiadHoi cemiTpu B 7031 N3p, 3a
SAKOi BpPOXKAWHICTh TINCHWII CTAaHOBIIA B
cepenboMy 4,62 T1/ra, mo BiAmoBigHO Ha 34%
Oinpie TOpPiBHAHO 3 KoHTpojeMm. Haromicts
301IBIICHHS 103U yI0OpeHHs 10 Noo Ta N1z Oyino
Hee(EeKTHUBHUM, OCKIJIbKU MPUOABKU BPOXKAMHOCTI
3a mux BapiaHTiB Oynu Ha 4—7 % MeHIIMMHU
MOPIBHSHO 3 103010 Ngo (TaOMuUIIs).

3a  OCIHHBOIO  BHECCHHS  KapOaminy
HAWOUIBITY BPOXKANHICTH MIIEHUNI 03UMOi OyJo
ofiepxaHo 3a 103U Ngo — 5,03 T/ra, mpu 11bOMy
npubaBka BPOXAWHOCTI MOPIBHSAHO 3 KOHTPOJIEM
(6e3 moOpuB) craHoBwia 46 %. Maibke Taky K
BpOXKaWHICTh OyJI0 OflepXaHo i 32 MaKCUMAalbHOT
no3u Kapoamigy — Ni2o, ajle BHECEHHS TaKol 1031
OyJl0 ©KOHOMIYHO HEIOIILHUM. BHeCeHHs
kapbaminy y 1031 N3p Takox Oyno e(peKTHBHUM,
Xo4ya mpubaBKa BPOKAWHOCTI Y IIbOMY BapiaHTi
Oyla HaliMEHIIO Yy JIOCHidi: 3a CepemHbOol
BpoxaitHocTi 3,95 T/ra BoHa craHoBWia 15 % 1o
KOHTPOJTIO (Ta0muIs).

Ha BimMiny Big amiadHol cemiTpu Ta
KapOaminy, 3a OCIHHBROTO BHECHHS Ha TIOCIBU
MIICHUIl 03UMOI CylIb(aTy aMOHII0 HaiOLIBITY
BpOXKaWHICTh oOzmepXkaHo 3a 1031 No — Yy
cepenbomy 4,93 T/ra, npu 1poMy mnpuOaBKa
BPO)KaWHOCTI MOPIBHAHO 3 KOHTposeM (0e3
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The plant vegetation restored within the first 10
days of April. The spring and summer were
warm, with temperatures similar to the long-
term average values, and very humid. On
average in the 2 years, seedlings emerged on
day 8-9 after sowing. Since the hydrothermal
conditions during the of winter wheat growing
period differed from year to year, we were able
to comprehensively evaluate the tested variants
of the crop technology cultivation.

Results and Discussion

Root application of nitrogen during the
"phase of 3 leaves - tillering onset" period
significantly increased the yield (Table).

As evidenced by the obtained data, an
increase in the nitrogen dose was not always
associated with an increase in the yield
compared to lower doses. Thus, on average
across the study years in the ammonium nitrate
experiments, the highest yield of winter wheat
grain was harvested after the autumn
application of ammonium nitrate at Neo: 5.14
t/ha or 49% more compared to the control
(without fertilizers). The application of
ammonium nitrate at N3 was also effective:
the mean yield of wheat was 4.62 t/ha or 34%
more compared to the control. On the other
hand, increasing the fertilizer dose to Ngy and
Ni20 was ineffective, as the yield was increased,
but not so greatly (4-7% less) as with Ngo
(Table).

In the urea experiments, the highest yield
of winter wheat grain was harvested after the
autumn application of urea at Ngo: 5.03 t/ha or
46% more compared to the control (without
fertilizers). Almost the same yield was
harvested with the maximum dose of urea
(N120), but this dose was economically
impractical. The application of urea at N3 was
also effective, although the gain in the yield in
this variant was the smallest one: with the mean
yield of 3.95 t/ha, wheat yielded 15% more in
this experiment compared to the control
(Table).

In contrast to ammonium nitrate and
urea, the highest yield of winter wheat grain
was harvested after the autumn application of
ammonium sulfate at Noo: the mean yield was
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nobOpuB) craHoBmwia 46 %. 30UIbIMICHHS 103U
yaoopeHHst 70 N He MNPU3BOAMIO IO
MIO/IAJTBIIIOTO 3pOCTAaHHS YPOXKaiHOCTI.
EdexruBaum Oyiio BHECEHHs Cynb(]ary aMoOHi0 B
nozax Nso Ta Neo, e mpuOaBKH BpOKaWHOCTI
niIeHni craHoBuin BignosigHo 31 % Ta 37 %
MOPIBHSHO 3 KOHTPOJIEM (Ta0JIuIIs ).

Omxe, ociHHE yIOOpeHHS MIIEHHIN O3UMOi
miciisi  TONEepeTHHKA  COHSIIHHK B POKH
MPOBENICHHS JIOCHIPKEHb 3a0e3MeuyBalio iCTOTHI
npuOaBKU BPOXANHOCTI, BENMYMHH SIKUX CJ1a00
3ajiekaly Bia BUIY JOOpHB Ta JO3U iX BHECEHHS.
HaiiGinpmii  mpuOaBku ~ BpoXkKaiHOCTI  OyJo
OJICpKaHO BiJl 3aCTOCYBAHHS aMiadqHOi CeiTpu —y
cepennboMy 43 %, a HaliMEHIIl — 32 BHECCHHS
kapbaminy — BiamoBimHO 37 % TOpIBHSAHO 3
KOHTpOJIEM (TaOIuIIs).

BucHoBknu

Pesynpraramu mpoBegenunx y 2020-2022
pp. IOCHIKCHb BCTAHOBJIEHO, IO HAWOUIBII
eekTuBHUM OyJI0 OCIHHE YJOOpEHHS TMIICHHMIT
03UMO1 aMiaqHOIO CENITPOIO Ta KapbamigzoM y 103i
Neo, a cynbdarom amoHiro — y 1031 Noo. [lpu
IIbOMY BPOXXaWHICTh CTAHOBIWIA y CEPEIHBOMY
BignosinHO 5,14, 5,03 ta 5,03 T/ra, a npubaBku 110
KOHTpoOto — BiamosigHo 1,70, 1,59 ta 1,59 1/ra.
3a mamnoi go3u a3zory (N3g) HaWOimbII HaIOABKH
BpokaiiHocTi (1,06—1,17 T1/ra, abo 31-34 %)
OJICpKaHO BiJi BHECEHHS aMiadqHOi CeNliTpu Ta
cynb(dary aMOHiI0, TOII SK BHECEHHS KapOamimy
3a 1€l  go3u  Oydo MeEHII  eQEeKTUBHHUM.
3actocyBaHHsd 1031 N HE Majo Iepesar
NOPIBHSHO 3 MEHIIUMH JI03aMH  OCIHHBOTO
a30THOTO IMI/PKUBIICHHS HE3aJIeKHO BiJ BHIY
TIoOpUB.

4.93 t/ha or 46% more compared to the control
(without fertilizers). Increasing the dose of this
fertilizer to Nix did not lead to a significant
increase in the yield. The application of
ammonium sulfate at N3y and N60 was
effective, as wheat in these experiments yielded
31% and 37% more, respectively, compared to
the control (Table).

Therefore, autumn fertilization of
winter wheat sown after sunflower as a
forecrop in the study years significantly
increased the yield. The gain in the yield
slightly depended on the types and doses of
fertilizers. The greatest gain in the yield was
achieved with ammonium nitrate (on average
plus 43% to the control), while the smallest
gain was recorded for urea (plus 37%) (Table).

Conclusions

The results of the study conducted in
2020-2022 demonstrated that the autumn
fertilization of winter wheat with ammonium
nitrate and urea at N60 and ammonium sulfate
at Noo was the most effective application of
these fertilizers on winter wheat. The mean
yield was 5.14, 5.03, and 5.03 t/ha,
respectively, and the increase to the control
amounted to 1.70, 1.59, and 1.59 t/ha,
respectively. At the low dose of nitrogen (N3o),
the largest gain in the yield (1.06-1.17 t/ha, or
31-34%) was recorded in the ammonium
nitrate and ammonium sulfate experiments,
while the application of urea at this dose was
less effective. The application of Niz had no
advantages compared to lower doses of
autumn-applied nitrogen fertilizers, regardless
of the fertilizer types.
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