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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 N53P42K42 + 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 N53P42K42 + 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 66–101 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.  

Key words: winter wheat, yield, nutrients, removal, fertilisers, crop rotation 

 

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-

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
2
, the regis-

tration plot was 100 m
2
, 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 – 

N53P42K42; 3) organic-mineral fertilisation system 

N53P42K42 + 6.7 t/ha of manure and N53P42K42 + 

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 

N53P42K42 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  

1 ha of crop rotation, 

kg/ha 

(factor B) 

Harvest 

compo-

nents 

Yield, t/ha 

Crop rotation (factor А) 

grain-grass-row grain-row row 

І ІІ І *ІІ І 

No fertilisers (control) 
grain 4.01 5.18 3.41 4.63 3.68 

straw 5.14 6.68 4.52 5.30 4.39 

N53Р42К42 
grain 5.09 6.84 4.75 6.78 - 

straw 8.21 9.30 7.39 8.87 - 

N53Р42К42 + 6.7 t/ha  

of manure 

grain 5.74 7.67 5.26 7.28 5.51 

straw 9.22 11.30 8.27 10.36 8.79 

N53Р42К42 + by-products 
grain 5.46 7.17 5.25 7.04 5.37 

straw 8.54 10.46 8.51 10.22 8.50 

LSD05 for grain, t/ha А – 0.14, В – 0.29, АВ – 0.43 

Notes. І – yield in the link of crop rotation (vetch-oats-winter wheat-sugar beet) (2019–2021); 

       ІІ – 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 N53P42K42 + 

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 (N53P42K42 + 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, 

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 N53P42K42 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  

1 ha of crop rotation, 

kg/ha (factor B) 
Nutrients 

Crop rotation (factor А) 

grain-grass-row grain-row row 

І ІІ І *ІІ І 

No fertilisers (control) 

N 78 101 66 90 71 

P 30 38 25 34 27 

K 25 32 21 28 23 

N53Р42К42 

N 99 133 92 132 - 

P 38 51 35 50 - 

K 31 42 29 42 - 

N53Р42К42 + 6.7 t/ha  

of manure 

 

N 111 149 102 141 107 

P 42 57 40 54 41 

K 35 47 32 45 34 

N53Р42К42 + by-products 

N 106 139 102 137 104 

P 40 53 39 52 40 

K 33 44 32 43 33 

Notes. Nutrient removal: І – in the link of crop rotation (vetch-oats-winter wheat-sugar beet) (2019–

2021); ІІ – 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 

N53P42K42 + 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 

(N53P42K42 + 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-

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 N53P42K42 + 

6.7 t/ha of manure, which is 2.43 t/ha higher 

than in the control without fertilisers. An alter-

native fertilisation system (N53P42K42 + 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 N53P42K42 + 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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Актуальність. З потеплінням клімату особливої ваги набувають питання отримання сталих 
врожаїв сільськогосподарських культур. Оптимізація системи удобрення та структури сівозмін є 
факторами, що формують родючість ґрунту, забезпечують сталість ґрунтової системи, формують 
умови водного режиму та мінерального живлення рослин. Пшениця озима займає провідне місце у 
сучасних сівозмінах, а тому вивчення питань удобрення та оптимізації структури сівозмін є важливи-

ми для отримання високих і водночас стабільних урожаїв цієї культури. Мета досліджень. Дослідити 

вплив добрив і структури сівозмін на врожайність та винос елементів живлення пшеницею озимою. 
Матеріали та методи. Довготривалий польовий та аналітичний. Результати. Представлено 
результати досліджень щодо впливу структури сівозмін і систем удобрення на врожайність пшениці 
озимої та винос елементів живлення із ґрунту. Установлено, що у плодозмінній сівозміні за 
попередника конюшини і застосування традиційної органо-мінеральної системи удобрення 

досягалась найвища врожайність пшениці озимої. Виявлено, що пшениця озима найбільше із ґрунту 
виносить азоту, що потребує підвищеної уваги до застосування азотних добрив. Висновки. За 
попередника вико-овес врожайність пшениці озимої у плодозмінній сівозміні на контролі без добрив 
була вищою порівняно із зерно-просапною – на 0,60 т/га, просапною – на 0,33 т/га. За попередника 
конюшини у врожайність зерна у плодозмінній сівозміні порівняно з попередником вико-овес 
підвищилась на 1,17 т/га, попередника вики ярої у зерно-просапній сівозміні – на 1,22 т/га за 

абсолютної врожайності 5,18 та 4,63 т/га. Внесення N53Р42К42 + 6,7 т гною на 1 га сівозміни 
забезпечило найвищу врожайність зерна у плодозмінній сівозміні після попередника конюшини – 
7,67 т/га, що було вищим порівняно з контролем без добрив на 2,43 т/га, порівняно з попередником 
вико-овес – на 1,93 т/га. Ефективним було вирощування пшениці озимої у плодозмінній сівозміні за 
альтернативного органо-мінерального удобрення. За внесення N53Р42К42 + побічна продукція на 1 га 
врожайність зерна за попередника конюшини становила 7,17 т/га, вико-овес – 5,46, що вище за 

контроль без добрив на 1,93 та 1,45 та т/га, відповідно. При залишенні побічної продукції на полі 
пшениця озима з товарним врожаєм на контролі без добрив виносила із ґрунту азоту у розрізі 
сівозмін 66–101 кг/га, фосфору – 25–38, калію – 21–32 кг/га. Застосування добрив збільшило винос 
азоту – на 11–51 кг/га, фосфору – 8–19, калію – на 4–17 кг/га.  

Ключові слова: пшениця озима, врожайність, елементи живлення, винос, добрива, сівозміни 
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