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INFLUENCE OF NITROGEN FERTILIZERS AND PREDECESSORS
ON THE PRODUCTIVITY OF WINTER WHEAT

V. V. lvanina, I. M. Korotenko
Institute of Bioenergy Crops and Sugar Beet NAAS, 25 Klinichna St., Kyev, 03141, Ukraine

Topicality. Global warming requires the search for effective predecessors and doses of nitrogen ferti-
lizers to obtain stable yields of high quality winter wheat grain. Purpose. To study the influence of the grain
legume predecessor (peas) on the yield of winter wheat (Triticum aestivum L.), and establish the optimal
dose of nitrogen fertilizers for the biologization of its cultivation. Methods. Long-term field and analytical.
Results. The data of researches on the influence of legume predecessor (peas) and doses of nitrogen fertiliz-
ers on the productivity of winter wheat are given. It was found that the legume predecessor (peas) and nitro-
gen fertilizers significantly increased the yield and quality of winter wheat grain. It was defined that increas-
ing the dose of nitrogen fertilizers for winter wheat from 40 to 80 kg/ha on both predecessors was effective.
Conclusions. The application of NgoPgoKgo for winter wheat in the crop rotation link with peas provided the
highest grain yield — 5.42 t/ha with an excess to the control without fertilizers by 1.02 t/ha. Under the prede-
cessor (meadow fescue), the application of NgyPsoKso decreased grain yield by 1.03 t/ha. It was found that an
increase in the nitrogen fertilizer dose from 40 to 80 kg/ha for winter wheat was more effective in the peas
link — grain yield increased by 0.56 t/ha, while in the meadow fescue link — by 0.38 t/ha. A clear correlation
between dose of nitrogen fertilizers and winter wheat grain yield was established: with the coefficient of de-
termination in the meadow fescue link — 0.9999, the peas link — 0.9966. The plowing of pea straw under win-
ter wheat against the background of mineral fertilizers NgoPsoKeo Was determined to be effective; the grain
yield increased by 0.23 t/ha compared to the application of mineral fertilizers alone, with an absolute indica-
tor of 5.36 t/ha. The application of mineral fertilizers in both links increased the growth of stem mass, ensur-
ing the straw yield in the peas link by 0.4-0.7 t/ha higher than in the meadow fescue link. Under peas as a
predecessor, the quality of winter wheat grain has significantly improved. In the control without fertilizers,
the protein content in wheat grain after peas was 11.4 %, after meadow fescue — 11.0 %; for the application
of a dose of NgPgKgo fertilizers — 11.8 % and 11.4 %, respectively; NgoPeoKeo — 12.0 % and 11.5 %,
NooPsoKeo — 12.1 % and 11.7 %. Due to the legume predecessor (peas), the protein content in the grain in-
creased by 0.4-0.5 % compared to the meadow fescue as a predecessor.

Key words: nitrogen, predecessor, peas, productivity, winter wheat

Introduction. Optimization of nitrogen
nutrition and selection of effective predecessors
are the basis for high and sustainable yields of
winter wheat [1, 2]. In the context of global
warming, the introduction of legume predeces-
sors into crop rotations plays a significant envi-
ronmental role, reduces the nitrogen load on the
agroecosystem and saves money resources on
fertilizer purchases [3, 4].

Due to the acute shortage of manure and
the high cost of mineral fertilizers, plant produc-
tion is being reoriented to maximize the use of
internal crop rotation reserves in the crop nutri-
tion system [5, 6]. Soybeans and peas are the
most suitable legume crops for modern economic
needs and are being widely introduced in
Ukraine as the main legume predecessor for win-
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ter wheat cultivation. Legumes form a favourable
trophic environment in the soil, fill the soil with
nitrogen, and promote humification processes,
which together ensure the sustainability of winter
wheat cultivation and increase its productivity
[7, 8]. In the structure of US agricultural produc-
tion, the share of legumes in crop rotations is
30 %, which reduces the application of nitrogen
fertilizers by a third, reduces production costs
and contributes to environmentally friendly
products [9].

In recent years, organic farming has be-
come increasingly popular in European countries
such as Germany, France and the UK. With the
increasing aridity of the climate, biologically ori-
ented farming systems serve as an element of
sustainability in crop production [10, 11].
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The purpose of the research was to study
the effect of a grain legume predecessor of peas
on the yield of winter wheat (Triticum aestivum
L.) and to establish the optimal rate of nitrogen
fertilizer for biologization of its cultivation.

Materials and Methods. The research
was conducted in the stationary field trial at the
Uladovo-Liulynetska Experimental Breeding
Station during 2018-2020. The area of the sow-
ing plot is 100 m?, the accounting plot is 50 m?,
The variants in the experiments have a system-
atic sequential arrangement and were repeated
four times.

The soil of the experimental field is
leached light loamy chernozem, with the follow-
ing agrochemical and physicochemical charac-
teristics in the 0-30 cm layer: pH of salt — 5.9—
6.4; Kappen's Ng — 1.09-1.26 mg-eq. /100 g of
soil; the sum of absorbed bases by Kappen—
Hilkovits — 23.8-27.2 mg-eq./100 g of soil; hu-
mus content by Tiurin — 4.0-4.2 %; alkaline-
hydrolyzable nitrogen — 120-127 mg/kg of soil;
mobile phosphorus and potassium compounds
by Chyrikov — 136-157 and 78-84 mg/kg of
soil, respectively.

The research was conducted in two links
of crop rotation: 1) maize for grain (Zea mays) —
meadow fescue (Lolium pratense) — winter wheat;
2) maize for grain — peas (Pisum sativum L.) —
winter wheat. Meadow fescue and peas were
grown under fertilizer aftereffect; winter wheat
— under direct action of fertilizers. In autumn,

nitrogen was applied to winter wheat crops for
deep ploughing at a rate of 40, 60 and 80 kg/ha
against the background of phosphorus and po-
tassium at a rate of 60 kg/ha. Ammonium ni-
trate, granular superphosphate and potassium
chloride were used for winter wheat, with in-
corporation of fertilizers to a depth of 0-30 cm.
The winter wheat variety is Bohdana. Agricul-
tural practices common to this region.

Winter wheat was harvested in trial
sheaves with subsequent weighing and recalcu-
lation per 1 ha. The protein content of winter
wheat grain was determined by Barnstein; total
nitrogen was converted to protein by the coeffi-
cient according to DSTU 3768-2004. The re-
search results were analysed using the following
methods of analysis of variance and correlation.

Results. According to the results of the
research, nitrogen fertilizers and legume prede-
cessors had a significant impact on the winter
wheat productivity. The grain yield of winter
wheat was significantly higher under the pea as
a predecessor than under the meadow fescue. In
the control without fertilizers, the grain yield in
the pea link was 4.40 t/ha, and in the meadow
fescue link — 3.62 t/ha. Biological nitrogen ac-
cumulated by peas in the soil created better
conditions for nitrogen nutrition of winter
wheat, which increased the growth and devel-
opment rates and grain yield due to the legume
component by 0.78 t/ha (Table 1).

The application of nitrogen fertilizers in

Table 1. Yield of winter wheat depending on crop rotation link and fertilizer system,
data of Uladovo-Liulynetska Experimental Breeding Station

No. Link of crop | Fertilizer rates for winter Grain yield, Average for | Straw yield
rotation wheat (factor B) t/ha 2018-2020, | 2018-2020,
(factor A) 2018 | 2019 | 2020 t/ha t/ha
la |maize for grain —| Without fertilizers 3.02 | 430 | 354 3.62 2.9
meadow fescue |(control)
2a |—winter wheat |NyPeKso 3.32 4,95 3.76 4,01 3.3
3a N60P60K50 3.50 5.20 3.89 4.20 3.4
4a N80P60K50 3.60 5.50 4.08 4.39 3.5
1 |maize for grain —|Without fertilizers 456 | 4.60 | 4.04 4.40 3.4
peas — winter (control)
2 |wheat N.oPeoKeo 4.98 5.15 4.46 4.86 3.7
3 NeoPsoKso 532 | 536 | 4.72 5.13 4.0
4 NgoPsoKso 564 | 562 | 5.01 5.42 4.2
12 NeoPsoKeo + pea straw 570 | 555 | 4.83 5.36 4.1
LSDys (factor A) 019 | 014 | 0.14 0.15 0.11
LSDys (factor B) 013 | 0.17 | 012 0.17 0.13
LSDys (factor A+B) 034 | 031 | 0.28 0.31 0.23
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rates of 40, 60 and 80 kg/ha against the phos-
phorus and potassium background in 60 kg/ha in
the link with meadow fescue provided grain
yield of 4.01, 4.20 and 4.39 t/ha, respectively,
with an increase to the control without fertilizers
by 0.39, 0.58 and 0.77 t/ha. In the link with
peas, the application of mineral fertilizers at
N4oPsoKeo provided a winter wheat grain yield
of 4.86 t/ha, NeoPgoKeo — 5.13 t/ha, NgoPeoKeo —
5.42 t/ha. An increase in the rate of nitrogen fer-
tilizers from 40 to 80 kg/ha in the link with peas
increased grain yield by 0.46-1.02 compared to
the control without fertilizers. Nitrogen fertiliz-
ers for winter wheat cultivation after legume
predecessor increased grain yield more signifi-
cantly than for its cultivation after the grain pre-
decessor of meadow fescue.

It was found that the introduction of pea
straw under winter wheat on the background of
mineral fertilizers was effective. When NgoPeoKso

and pea straw were applied under winter wheat,
the grain yield was 5.36 t/ha, which is 0.23 t/ha
higher than in the variants with the application
of mineral fertilizers alone.

It was found that the incorporation of
N4oPsoKso in the link with peas increased the
yield of winter wheat grain compared to the link
with meadow fescue — by 0.85 t/ha, NgoPsoKeo —
by 0.93 t/ha, NgoPgsoKeo — by 1.03 t/ha. The ef-
fect of legume predecessor and mineral fertiliz-
ers on the yield of winter wheat in the experi-
ment was comparable: due to the pea predeces-
sor, the yield increased by 0.85-1.03 t/ha, due to
fertilizers — by 0.46-1.02 t/ha.

A clear correlation between the nitrogen
fertilizer rate and the grain yield of winter wheat
was established: with a determination coeffi-
cient in the meadow fescue link of 0.9999, and
in the pea link of 0.9966 (Fig.1).

The application of mineral fertilizers in
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Fig. 1. Correlation between nitrogen fertilizer rate and winter wheat yield, Uladovo-Liulynetska
Experimental Breeding Station, average 2018-2020; single rate of nitrogen fertilizer — 40 kg/ha.

both links of the crop rotation contributed to a
more intensive growth of stem mass. Thus, in
the link with meadow fescue, the straw yield of
winter wheat increased by 0.4 t/ha, NoPsoKgo —
by 0.5 t/ha, NgoPsoKeo — by 0.6 t/ha, compared to
the control without fertilizers; in the link with
peas — by 0.3, 0.6 and 0.8 t/ha, respectively. At
the same time, the straw yield in the pea link
was higher than in the meadow fescue link by
0.4-0.7 t/ha.

The enhanced nitrogen nutrition of winter
wheat plants produced by the application of ni-
trogen fertilizers and the legume predecessor
had a positive effect on grain quality. The grain
protein content was significantly higher under
the pea as a predecessor than under the meadow
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fescue. Thus, in the control without fertilizers,
the protein content in wheat grain after peas was
11.4 %, meadow fescue — 11.0 %; with the ap-
plication of NgoPgsoKgo — 11.8% and 11.4 %, re-
SpECtiVE"y; NeoPeoKeo — 12.0 % and 11.5%,
NgoPeoKeo — 12.1 % and 11.7 %. The cultivation
of winter wheat after peas was characterized by
an increase in the protein content in the grain
compared to the meadow fescue as a predeces-
sor — by 0.4-0.5 % (Fig. 2).

The increased rates of nitrogen fertilizer
applied under both predecessors had a positive
effect on winter wheat.

The grain protein content in winter wheat in-
creased by 0.4-0.7 % in both links due to mineral
nitrogen fertilizer applied at a rate of 40-80 kg/ha
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Fig. 2. Protein content in winter wheat grain depending on the crop rotation link and fertilizer system,
Uladovo-Liulynetska Experimental Breeding Station, average 2018-2020, %.

compared to the control without fertilizers.

The best grain quality indicators were ob-
tained when winter wheat was grown after peas
with application of NgoPeoKso: the protein con-
tent in the grain was 12.1 %, exceeding the con-
trol without fertilizers by 0.7 %.

Conclusions:

1. The application of NgoPsKso under
winter wheat in the link with peas provided the
highest grain yield — 5.42 t/ha exceeding the
control without fertilizers by 1.02 t/ha. The ap-
plication of NgoPsoKgo under winter wheat with
meadow fescue as a predecessor was resulted in
a decrease in grain yield by 1.03 t/ha. Increasing
the nitrogen fertilizer rate for winter wheat from
40 to 80 kg/ha in the link with peas was deter-
mined to be more effective — grain yield in-
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AKTyaJIbHICTh JOCTI/DKEHb TOJIATaE y BCTAHOBIEHHI €(DEKTHBHUX IOTEPEIHHKIB Ta J03 BHECEHHS
A30THHUX NOOpHUB ISl OTPHMaHHS CTaOIIBHHUX BPOXKaiB BHCOKOI SIKOCTI 3€pHA IMIINEHHII 03UMOi B YMOBax
3pOCTAOuOro MOTEIUTiHHS KiiMary. Mera. BuBumth BIUIMB 3epHOO0O0OBOrO MOMEpENHHKA TOPOXY Ha
BpOKaiHicTh mieHuir o3umoi (Triticum aestivum L.) Ta BCTAaHOBHTH ONTHMAIbHY 103y a30THUX J00OpHB 3a
Giomorizarii i Buporrysands. Meroau. JloBroTpuBanuii moinpoBuil Ta aHaimiTHaHUi. Pe3yabTaTn. HaBegeno
JaHl JOCTiKEeHb MO0 BIUIMBY O0OOBOrO IONEPEJIHUKA TOPOXY Ta JI03 BHECCHHS a30THHX IOOpPHB Ha
MPOJYKTUBHICTh MIICHUIII O3UMOi. YCTaHOBJICHO, 10 O0OOBUI MONEPETHUK TOPOX Ta a30THI J00puBa
ICTOTHO MIABUIIMIN BPOXKAHHICTh Ta SIKICTh 3€pHA MIIEHWI O3UMOi. 3’sSCOBaHO, IO 30iJBIIEHHS 03U
BHECEHHS a30THUX JOOPUB mija mieHuIo o3umMy 3 40 10 80 kr/ra 3a 000X MONEPETHUKIB 0YI0 e(hEKTUBHUM.
BucHoBkH. 3acTocyBaHHS IiJ MIICHUIIO 03uUMYy y JaHii 3 ropoxoMm NgoPsoKgy 3a0e3neunno HaiiBuiry
BpPOXKaHHICTh 3epHa — 5,42 T/ra 3 MepeBUIICHASIM 10 KOHTpoIto 0e3 nodpus Ha 1,02 T/ra. 3a momepenHuKa
BiBcsiHMII BHeceHHS NgoPeoKsy cympoBomkyBagock 3MeHIIEHHsSM ypoxkaiHocTi 3epHa Ha 1,03 T/ra.
30UIBIICHHS 03U a30THUX JOOPHB i miieHUI0 o3umy 3 40 g0 80 kr/ra epeKTHBHIIIUM BHU3HAYCHO Yy
JIaHIII 3 TOPOXOM — BPOXKAHHICTh 3epHa 3pocia Ha 0,56 T/ra, ToAl K y NaHi 3 BiBcsHuLeo — Ha 0,38 T/ra.
BceranoBiieHO 9iTKY KOpeNSIiiHY 3aJIe)KHICTh MiXK 03010 BHECEHHS a30THUX JOOPUB i BPOXKAWHICTIO 3epHA
MIICHMII 03UMOI: 3 Koe(illieHTOM JeTepMiHariii y jaHii 3 BiBcsHuieo — 0,9999, nani 3 ropoxom — 0,9966.
EdexTrBHUM BH3HAYCHO 3a0pIOBaHHS COJIOMH TOPOXY IIiJ| MIICHUII0 03UMY Ha (OHI 103U MiHEpabHHX
no6puB NegoPeoKso — BpokaitHiCTh 3epHa MOPIBHSHO 3 BHECEHHSIM JIHMIIE MiHEPAIFHUX JOOPUB TiIBHIIIACH
Ha 0,23 T/ra 3a abcomoTHOro TOKa3zHWKa 5,36 T/ra. BHeceHHs MiHepalbHUX IOOpPHB B 000X JaHKaX
MOCHJIMJIO HAPOCTAHHSI CTE0JI0BOT MacH, 3a0e3MeUMBIIH BPOXKaHICTh COJIOMH Y JaHIli 3 TopoxoM Ha 0,4-0,7 1/ra
BHUIIO0, HIK Y JIAHI[ 3 BiBCSHUIIEIO. 3a MOTIEPEIHUKA TOPOXY iICTOTHO MOKPANTUIIACH SIKICTh 3€pHA TIIICHHUIT
o3umoi. Ha xonTpouti 6e3 1o0puB BMicT Oijlka B 3epHi MieHuwi micisi ropoxy craHoBus 11,4 %, BiBcsHMLI —
11,0 %; 3a BHeceHHs 1031 A00puB NyoPgsoKgo — Bimmorigao 11,8 % ta 11,4 %; NgoPeoKeo — 12,0 % Ta 11,5 %,
NooPsoKeo — 12,1 % Ta 11,7 %. 3a paxyHOoK 6000BOI0 Monepe HuKa rOpoXy BMICT OijiKa B 3¢pHI MOPIBHSIHO 3
MOTIepETHUKOM BiBcsiHUTIETO TmiaBumuBcs Ha 0,4-0,5 %.

Knwowuogi cnosa: azom, nonepeonuxu, 20pox, npo0yKmugHiCmy, NULeHUYs, 03UMa
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