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YIELD AND NUTRIENT REMOVAL BY WINTER WHEAT DEPENDING
ON FERTILISATION AND CROP ROTATION STRUCTURE

V. V. lvanina, T. P. Prokopiuk
Institute of Bioenergy Crops and Sugar Beet NAAS, 25 Klinichna St., Kyiv, 03141, Ukraine

Topicality. With the warming of the climate, the issues of obtaining stable yields of agricultural crops
are gaining special importance. Optimizing the fertilization system and crop rotation structure are factors
that shape soil fertility, ensure the stability of the soil system, and shape the water regime and mineral nutri-
tion of plants. Winter wheat occupies a leading place in modern crop rotations, and therefore the study of
fertilization and optimization of the structure of crop rotations is important for obtaining high and stable
yields of this crop. Purpose. To investigate the impact of fertilisers and the crop rotation structure on the
yield and nutrient removal by winter wheat. Methods. Long-term field and analytical methods. Results. The
results of research on the influence of crop rotation structure and fertilisation systems on the yield of winter
wheat and removal of nutrients from the soil are presented. It was established that the highest yield of winter
wheat was achieved in the crop rotation under the predecessor of clover and the use of the conventional or-
ganic-mineral fertilization system. It was found that winter wheat is the most nitrogen-removing crop, which
requires increased attention to the application of nitrogen fertilisers. Conclusions. After vetch-oat mixture
as the predecessor, the yield of winter wheat in grain-grass-row crop rotation on the control without fertili-
sers was higher than in grain-row crop rotation — by 0.60 t/ha, and in row crop rotation — by 0.33 t/ha. The
grain yield increased by 1.17 t/ha after clover as a predecessor compared to the vetch-oat mixture in the in
the grain-grass-row crop rotation, and by 1.22 t/ha after spring vetch in the grain-row crop rotation while
the absolute yields were 5.18 and 4.63 t/ha. The introduction of Ns3P4,K4, + manure of 6.7 tonnes per 1 ha of
crop rotation provided the highest grain yield (7.67 t/ha) in the grain-grass-row crop rotation after prede-
cessor clover, which was 2.43 t/ha higher than in the control without fertilizers, and 1.93 t/ha higher than
after vetch-oat mixture. The winter wheat cultivation in the grain-grass-row crop rotation with alternative
organo-mineral fertiliser was considered effective. When Ns3P4,K,, + by-products were applied per 1 ha,
the grain yield was 7.17 t/ha for the predecessor clover, and 5.46 t/ha for vetch-oat mixture, which was 1.93
and 1.45 t/ha higher than in the control without fertilizers, respectively. When by-products were left on the
field, winter wheat with a marketable harvest in the control without fertilisers removed 66101 kg/ha of soil
nitrogen, 25-38 kg/ha of phosphorus, and 21-32 kg/ha of potassium from the soil of crop rotations. Fertilis-
er application increased the removal of nitrogen by 11-51 kg/ha, phosphorus by 8-19, and potassium by
4-17 kg/ha.
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Introduction. Achieving stable yields and
high productivity of winter wheat is a priority
area of state policy and the basis for solving the
problem of food security. This crop ranks
among the top three most widely grown crops in
Ukraine, with a cultivation area of about
7 million hectares and a yield of over 4 t/ha [1].

Fertilisation and predecessors are the most
effective factors influencing the yield and grain
quality of winter wheat [2-4]. Mineral fertilis-
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ers, rates, formulations and methods of applica-
tion are the fastest and most effective way to
achieve high biological productivity of winter
wheat [5, 6]. However, stable high yields of
winter wheat are achieved through its place in
the crop rotation structure and the application of
organic-mineral fertilisation systems.
Sustainable agriculture and crop cultivation
technologies are impossible without achieving
soil stability, preserving soil fertility, and im-
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proving its agrophysical and agrochemical cha-
racteristics [7, 8].

In the period of global warming, manure
deficit and transformation of agricultural pro-
duction due to its transition to short-term crop
rotations, the issues of fertilization and optimi-
zation of the crop rotation structure acquire par-
ticular importance. The issues regarding the ex-
tensive application of alternative sources of or-
ganic fertilisers, selection of optimal predeces-
sors and optimization of the fertiliser applica-
tion system are intensifying [9, 10].

The answers to the above questions can be
provided by long-term research in crop rotation
conditions, which include a zonal set of agricul-
tural crops, the application of conventional and
alternative fertilization systems [11].

The research was aimed at investigating
the effect of fertilizers and the structure of crop
rotation on the grain yield and nutrient removal
by winter wheat plants.

Materials and Methods. The research
was conducted in a stationary field experiment
of the Bila Tserkva Research and Breeding Sta-
tion. The soil was leached medium loamy cher-
nozem, which contained in the 0-30 cm soil
layer humus (according to Tyurin) — 3.1-3.3 %,
mobile phosphorus and potassium (according to
Chirikov) — 128-136 and 77-84 mg/kg of soil.
The total area of the plot was 228 m?, the regis-
tration plot was 100 m?, and the experiment was
repeated three times.

The study was conducted on winter wheat
crops in three types of crop rotations (factor A):
grain-grass-row crop rotation: vetch — oats —
winter wheat — sugar beet — barley + clover —
clover — winter wheat; grain-row crop rotation —
vetch — oats — winter wheat — sugar beet — bar-
ley — spring vetch — winter wheat; row crop ro-
tation — vetch — oats — winter wheat — sugar beet
— barley — soybean — sunflower. We used the
winter wheat variety Lirika, the sugar beet hybrid
Konstanta, the spring barley variety Odissei, the
sunflower variety Vyrii, the soybean variety Apol-
lo, the spring vetch variety Bilotserkivska 96, and
the clover variety Viliia. Crop cultivation technolo-
gies commonly used in the Right-Bank Forest-
Steppe zone of Ukraine were used.

The following fertilisation systems (factor
B) were used in the experiments: 1) no fertilisers
(control); 2) mineral fertilisation system —
Ns3P42Ksz; 3) organic-mineral fertilisation system
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Ns3P1oKay + 6.7 t/ha of manure and NssPoKa, +
by-products. Nitrogen fertilisers in the form of
urea, phosphorus fertilisers in the form of simple
superphosphate, and potassium fertilisers in the
form of potassium chloride were applied during
ploughing. Semi-decomposed cattle manure and
by-products of previous crops were used as or-
ganic fertilisers.

The nutrient removal was determined by a
calculation method using averaged data on their
content in crop components obtained experi-
mentally.

The yield of winter wheat was deter-
mined by the test sheaf method (Crop Cutting
Experiment) with conversion to 1 ha. The research
data were processed using analysis of variance.

Results and Discussion. Studies conduc-
ted in two links of grain-beet crop rotations
showed that winter wheat yield significantly de-
pended on the fertilisation system and crop rota-
tion structure. In the link (rye — oats — winter
wheat — sugar beet), the highest winter wheat
yield was observed in grain-grass-row crop rota-
tion. In the control variant without fertilisers,
grain yield in the grain-grass-row crop rotation
was higher by 0.60 t/ha than in the grain-row
crop rotation, and by 0.33 t/ha in row crop rota-
tion, with absolute values of 4.01, 3.41 and 3.68
t/ha, respectively. An increase in winter wheat
yield was observed in links with leguminous
grasses such as clover and spring vetch. In the
grain-grass-row crop rotation link (barley + clo-
ver — clover — winter wheat), grain yield was
5.18 t/ha, and in the grain-row crop (barley —
spring vetch — winter wheat) it was 4.63 t/ha,
which was 1.17 and 1.22 t/ha higher, respective-
ly, than in the link where wheat was grown after
vetch-oats mixture. The straw yield exceeded the
grain yield in crop rotations by 1.28-1.30 times
and varied between 4.39 and 6.68 t/ha (Table 1).

A significant increase in winter wheat
yield was observed after the application of mi--
neral fertilisers in the grain-grass-row and grain-
row crop rotation systems. When applying
Ns3P42Ky, fertilisers per 1 ha in the crop rotation
link (rye — oats — winter wheat — sugar beet), the
grain yield in the grain-grass-row crop rotation
was 5.09 t/ha, and 4.75 t/ha in the grain-row
crop rotation, which was higher than the control
by 1.08 and 1.34 t/ha, respectively. Wheat grain
yields were significantly higher in links with
leguminous grasses (clover and spring vetch), at
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Table 1. Winter wheat yields depending on crop rotation structure and fertilisation,
data of Bila Tserkva Research and Breeding Station, t/ha, 2019-2024

Fertilisation rate per Harvest Yie_ld, t/ha
1 ha of crop rotation, compo- Crop rotation (factor A)
kg/ha nents grain-grass-row grain-row row
(factor B) I 11 I *11 I
- grain 4.01 5.18 341 4.63 3.68
No fertilisers (control) - ™ grraw 5.14 6.68 452 5.30 4.39
NeParK grain 5.09 6.84 4.75 6.78 -
b3tz straw 8.21 9.30 7.39 8.87 -
Ns3P4Kg + 6.7 t/ha grain 5.74 7.67 5.26 7.28 5.51
of manure straw 9.22 11.30 8.27 10.36 8.79
grain 5.46 7.17 5.25 7.04 5.37
NssPaakez + by-products gy 8.54 10.46 851 10.22 8.50
LSDys for grain, t/ha A—-0.14,B-0.29, AB-0.43

Notes. 7 —yield in the link of crop rotation (vetch-oats-winter wheat-sugar beet) (2019-2021);
11 —yield in the link of crop rotation (spring barley-clover (*spring vetch)-winter wheat (2023-2024).

6.84 and 6.78 t/ha, respectively, which was 1.75
and 2.03 t/ha higher than in links where wheat
was grown after vetch-oat mixture. The straw
yield increased to 7.39-9.30 t/ha across crop
rotations due to the application of mineral ferti-
lisers.

The highest grain yield of winter wheat
was achieved under the organic-mineral fertili-
sation system. The application of Ns3PsKy, +
6.7 t/ha of manure resulted in grain yields of
5.74 t/ha in the link of the grain-grass-row crop
rotation (vetch-oats-winter wheat-sugar beet), in
the grain-row crop rotation — 5.26, and in the
row crop rotation — 5.51 t/ha, which was higher
than the control by 1.73, 1.85 and 1.83 t/ha, re-
spectively. In links with leguminous grasses
(clover and spring vetch), the grain yield of win-
ter wheat under the organic-mineral fertilisation
system reached maximum values — 7.67 and
7.28 t/ha, respectively, compared to the link
where wheat was grown after spring oats, it was
higher — by 1.93 and 2.02 t/ha. The straw yield
under the organic-mineral fertilisation system
across crop rotations was 8.27-11.30 t/ha.

The high yield of winter wheat was also
ensured by the application of an alternative or-
ganic-mineral fertilisation system in crop rota-
tions. In the variant (Ns3P42Ks2 + by-products),
the grain yield of winter wheat in the grain-
grass-row crop rotation link (rye — oats — winter
wheat — sugar beet) was 5.46 t/ha, 5.25 t/ha in
the grain-row crop rotation, and 5.37 t/ha in the
row crop rotation, which was higher compared
to the control without fertilisers by 1.45 t/ha,

Grain Crops. Vol. 8. No. 2. 2024. P. 305-309

1.84 t/ha, and 1.69 t/ha, respectively. In the
links with leguminous grasses (clover and
spring vetch), the grain yield of winter wheat
with alternative organic-mineral fertilisation
was significantly higher by 1.71 and 1.79 t/ha
(7.17 and 7.04 t/ha), than in the link where
wheat was grown after vetch-oat mixture. The
straw yield was 8.50-10.46 t/ha under alterna-
tive fertilisation across crop rotations.

In modern crop production, by-products of
agricultural crops are left in the field, and nutri-
ents are removed from the soil with the com-
mercial harvest. In the control variant without
fertilisers, the commercial harvest of winter
wheat removed 66-101 kg/ha of nitrogen, 25—
38 kg/ha of phosphorus and 21-32 kg/ha of po-
tassium. The removal of nitrogen by plants ex-
ceeded the removal of phosphorus by 2.64-2.66
times and potassium by 3.14-3.16 times. The
nitrogen removal was 23-24 kg/ha higher in the
links with leguminous grasses (clover and spring
vetch) than in the link with vetch-oat mixture,
which was explained by increased nitrogen con-
sumption due to significant accumulation of
biological nitrogen in the soil (Table 2).

With the application of Ns3P42K4, mineral
fertilisers, nutrient removal increased by 11-
42 kg/ha for nitrogen, 8-16 kg/ha for phospho-
rus, and 4-10 kg/ha for potassium, compared to
the control without fertilisers, which is a result
of increased winter wheat grain yield. Nitrogen
significantly prevailed in the nutrient removal,
the largest volumes of which were observed in
the links with leguminous grasses (clover and
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Table 2. Nutrient removal by commercial grain of winter wheat depending on crop rotation structure and

fertilisation, data of Bila Tserkva Research and Breeding Station, kg/ha, 2019-2024.

Fertilisation rate per Crop rotation (factor A)

1 ha of crop rotation, Nutrients grain-grass-row grain-row row

kg/ha (factor B) I I I *] I

N 78 101 66 90 71

No fertilisers (control) P 30 38 25 34 27
K 25 32 21 28 23

N 99 133 92 132 -

Ns3PoKy, P 38 51 35 50 -

K 31 42 29 42 -
N3P, K4 + 6.7 t/ha N 111 149 102 141 107
of manure P 42 57 40 54 41
K 35 47 32 45 34
N 106 139 102 137 104
Ns3P4,K4, + by-products P 40 53 39 52 40
K 33 44 32 43 33

Notes. Nutrient removal: I — in the link of crop rotation (vetch-oats-winter wheat-sugar beet) (2019-
2021); II — in the link of crop rotation (spring barley-clover (*spring vetch)-winter wheat (2023-2024).

spring vetch) — 133 and 132 kg/ha.

The maximum removal of nutrients from
the soil was observed after the application of
Ns3P42Kgz + 6.7 t/ha of manure: nitrogen remo-
val amounted to 102-149 kg/ha, phosphorus — 40—
57, potassium — 32—47 kg/ha. In crop rotation links
with leguminous grasses (clover and spring vetch),
nitrogen removal was higher by 38-39 kg/ha, phos-
phorus — by 13-14, potassium — by 12-13 kg/ha
compared to the link with vetch-oat mixture.

Significant amounts of nutrient removal,
especially nitrogen, were observed with alterna-
tive organic-mineral fertilisation. In the variant
(Ns3P42K42 + by-products), the removal of nitro-
gen was 102-139 kg/ha, phosphorus — 39-53,
potassium — 32—44 kg/ha. In links with legumi-
nous grasses (clover and spring vetch), the re-
moval of nitrogen was higher by 33-35 kg/ha,
phosphorus — by 13, potassium — by 11 kg/ha
compared to the link with vetch-oat mixture.

Consequently, the grain yields of winter
wheat in the grain-grass-row crop rotation were
significantly higher than in the grain-row crop
rotation and the row crop rotation. The maxi-
mum grain yields of winter wheat were obtained
in the crop rotation after clover as a predecessor
and the application of organic-mineral fertilisa-
tion systems.

Conclusions:

1. Growing winter wheat in the grain-
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grass-row crop rotation is considered to be sig-
nificantly more productive than in the grain-row
crop rotation and the row crop rotation. The
grain yield in the grain-grass-row crop rotation
in the control without fertilisers was higher by
0.60 t/ha compared to the grain-row crop rota-
tion and by 0.33 t/ha compared to the row crop
rotation. When clover was the predecessor,
grain yield increased by 1.17-1.22 t/ha across
crop rotations compared to when vetch-oat mix-
ture was the predecessor.

2. The highest grain yield (7.67 t/ha) of
winter wheat in the grain-grass-row crop rota-
tion was achieved by applying NssPsKg +
6.7 t/ha of manure, which is 2.43 t/ha higher
than in the control without fertilisers. An alter-
native fertilisation system (Ns3PsKs, + by-
products) was found to be effective: grain yield
was 7.17 t/ha, exceeding the control without
fetilisers by 1.93 t/ha.

3. In the variant with Ns3Ps,Ks, + by-
products, winter wheat with a commercial yield
in the control without fertilisers removed 66—
101 kg/ha of nitrogen, 25-38 kg/ha of phospho-
rus and 21-32 kg/ha of potassium from the soil
in the field across crop rotations. The applica-
tion of fertilisers increased the removal of nitro-
gen by 11-51 kg/ha, phosphorus by 8-19 kg/ha,
and potassium by 4-17 kg/ha.
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AKTyajbHicTh. 3 TOTEIUTIHHAM KJIiMaTty ocoOMMBOi Bard HaOyBarOTh NMHUTAaHHS OTPHUMAHHS CTAJIAX
BPOXaiB CUIBCBKOTOCHOAAPCHKUX KyNbTyp. OnTumizaiisi CUCTeMH yOOOpEHHs Ta CTPYKTYpH CIBO3MIH €
(akTopamu, o (HOPMYIOTh POIIOYICTH TPYHTY, 3a0€3MeUyloTh CTaJiCTh IPYHTOBOI cUCTeMHU, (POPMYIOThH
YMOBH BOJHOT'O PEXHMY Ta MIHEpPaJbHOTO >KMBJIECHHS pociuH. [lmennns o3uMa 3aiiMae mpoBigHe Micue y
Cy4YacHHX CiBO3MiHaX, a TOMY BHBUEHHS MUTAHb YIOOPEHHS Ta ONTHMi3allii CTPYKTYPH CIBO3MIH € BaXKIIUBU-
MU JJIsE OTPUMaHHS BUCOKHX 1 BOJIHOYAC CTAOLIBHUX YpPOXKaiB 11i€l KyibTypu. MeTa pociaigxkennb. JJocmiauru
BIUTHB JIOOpWB 1 CTPYKTYpH CIBO3MiH Ha BpPOKaHHICTh Ta BHHOC €JIEMEHTIB JKWUBIICHHS MIIEHHUIICIO O3HMOIO.
Marepiamn Ta Metoam. JloBroTpuBaiMii IMOJILOBUE Ta aHamiThyHuid. Pe3yabraTtn. IlpencraBieHo
pe3yJbTaTH JOCTIKEHb MO0 BIUIMBY CTPYKTYPH CIBO3MIH 1 CHCTEM YHOOpEHHS Ha BPOXKAHHICTH MIICHUIII
03UMOI Ta BHHOC €JIEMEHTIB >KHMBJICHHS 13 IPYHTY. YCTaHOBIIEHO, IO Y IUIOAO3MiHHIM CiBO3MiHI 3a
MOMEpeJTHUKAa KOHIOMIMHM 1 3aCTOCYBaHHS TPAJHIIAHOI OpraHo-MiHepallbHOI CHCTEMH YAOOpEHHS
Jocsiranack HalBUILA BPOKaWHICTh MIIEHULI 03UMOi. BusiBineHo, 1o mimeHuis o3uMa HaioOiIbIIe i3 IPyHTY
BUHOCUTH a30Ty, LIO MOTpeOye MiIBUINEHOI yBard 0 3aCTOCYBaHHS a30THUX A00puB. BucHoBkH. 3a
MOTIepETHUKA BUKO-OBEC BPOXKAHICTP MINEHUII O3MMO1 Y TUIOI03MiHHIN CiBO3MiHI Ha KOHTPOJi 0e3 100puB
OyJia BUILOIO MOPIBHSHO 13 3epHO-TIpocanHoro — Ha 0,60 T/ra, mpocanHoro — Ha 0,33 T/ra. 3a monepexHUKa
KOHIOIIMHKY Yy BPOKaHICTh 3€pHa Y IUIOAO3MIHHIA CiBO3MiHI MOPIBHAHO 3 IONEPEIHHUKOM BHKO-OBEC
nigsumiack Ha 1,17 T/ra, momepenHMKa BHKM sIpoi y 3€pHO-TIpocanHidl ciBo3MmiHi — Ha 1,22 T/ra 3a
abcomoTHOT BpokaiiHocTi 5,18 Ta 4,63 1/ra. Buecenus NgssPpKy, + 6,7 T rHOto Ha 1 ra ciBo3MiHH
3a0e3Meyrniio HalBHUIIY BPOXKAWHICTh 3€PHA y IIOJO3MIHHIM CIBO3MIHI IIC/IS TMOMEPEIHNKA KOHIOIIMHUA —
7,67 T/ra, mo OyJI0 BUIIUM MOPIBHSHO 3 KOHTpoJeM 0e3 100puB Ha 2,43 T/ra, MOPIBHSIHO 3 TONEPETHUKOM
BUKO-0Bec — Ha 1,93 1/ra. EQexTrBHUM OyII0 BUPOIIyBaHHS MIICHUII 03MMOI y TUIOJIO3MIHHIN CIBO3MiHI 32
aJIbTEPHATUBHOTO OPraHo-MiHepaabHOrO yao0peHHs. 3a BHeceHHS Ns3PsKy + mobiuna npoaykiiis Ha 1 ra
BPOXKalHICTh 3€pHA 3a MONEpPEAHMKA KOHIOIIMHU cTaHoBWjia 7,17 T/ra, BUKO-oBec — 5,46, 1110 BHIIE 3a
KOHTpOJb Oe3 noOpuB Ha 1,93 Ta 1,45 Ta 1/ra, BinnosigHo. Ilpu 3anumenHi no6iuHOi mpoayKuii Ha Mo
MIICHHI O03MMa 3 TOBAPHUM BPOXKAEM Ha KOHTPOJi Oe3 JAOOpWMB BHHOCWIA i3 TPYHTY a30Ty Yy po3pisi
ciBo3min 66—101 kr/ra, pocdopy — 25-38, kamito — 21-32 kr/ra. 3actocyBaHHs 10OpHUB 30UIBIINIO BUHOC
azoty —Ha 11-51 kr/ra, pocdopy — 8-19, kaniro — Ha 4-17 kr/ra.

Knwouogi cnosa: nuenuys o3uma, 8podiCatiHicmy, eneMenmu JCUGLEHHS, 6UHOC, 000puU6a, CiBO3MIHU

Grain Crops. Vol. 8. No. 2. 2024. P. 305-309 https://doi.org/10.31867/2523-4544/0346 309


https://doi.org/10.31867/2523-4544/0031
file:///F:/Downloads/Frontiers%20in%20Plant%20Science
https://www.researchgate.net/profile/Vesna_Krnjaja
https://www.researchgate.net/scientific-contributions/2012771477_Zorica_Tomic
https://www.researchgate.net/journal/0718-5820_Chilean_journal_of_agricultural_research
https://www.researchgate.net/journal/0718-5820_Chilean_journal_of_agricultural_research
https://doi.org/10.15159/AR.18.064
https://doi.org/10.15159/AR.18.064
https://www.ncbi.nlm.nih.gov/pubmed/?term=Martyniuk%20S%5BAuthor%5D&cauthor=true&cauthor_uid=30755625
https://www.ncbi.nlm.nih.gov/pubmed/?term=Piku%26%23x00142%3Ba%20D%5BAuthor%5D&cauthor=true&cauthor_uid=30755625
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kozie%26%23x00142%3B%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30755625
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6372592/
https://dx.doi.org/10.1038%2Fs41598-018-37087-4
https://doi.org/10.17221/3%2F2014-pse
https://doi.org/10.%0b1002/fes3.15
https://doi.org/10.%0b1002/fes3.15
https://doi.org/10.17221/3%2F2014-pse

