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Представлено аналітичний огляд вітчизняних і закордонних досліджень, 

щодо зміни поживного режиму ґрунту в насадженнях яблуні і груші за 

ґрунтового удобрення. Мінеральне живлення дерев є важливою складовою 

частиною обміну речовин у рослинному організмі, оскільки воно визначає ріст, 

розвиток рослинного організму, продуктивність насаджень і якість врожаю. 

Зміни забезпеченості насадження яблуні і груші головними макроелементами 

ґрунтового мінерального живлення сприє підвищенню врожайності насаджень. 

Тому, питання підтримання на оптимальному рівні поживного режиму ґрунту 

під плодовими насадженнями є актуальним і потребує подальшого вивчення та 

наукового пояснення, розробки та застосування оптимізованої систему 

ґрунтового удобрення.  

Ключові слова: поживний режим ґрунту, елементи живлення, 

продуктивність насаджень, яблуня, груша, удобрення.  

Problem statement. Establishment and use of highly productive fruit 

plantations is only possible if optimal soil fertility parameters are created under them 

[1–3]. Along with the content of organic matter, the level of soil fertility is 

characterised by the presence of mineral nutrients [4]. Mineral nutrition of plants is an 

extremely important component of metabolism in the plant organism, as it determines 

the direction of biochemical transformations of various compounds, growth, 

development of the plant organism, plant productivity and crop quality [4–6].  Among 

the elements that the plant consumes in large quantities and with which soil reserves 

need to be replenished are macronutrients: nitrogen, phosphorus and potassium. 

Research results. Nitrogen is the most quantitatively important element for fruit 

trees and is required in much greater quantities than other elements. Plants absorb 

nitrogen from the soil mainly in the form of mineral compounds with NH+4 і NO-3 

ions, which are formed during the mineralisation of organic matters or introduced with 

fertilisers. Normal nutrition with the ammonium form of nitrogen occurs when plants 
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have a sufficient carbohydrate content, a neutral or alkaline soil reaction, and a high 

content of calcium and magnesium. The nitrate form of nitrogen is better absorbed in 

acidic soil conditions, i.e. in soil conditions in which woody vegetation, such as apple 

and pear trees, is more commonly grown. Plants can also partially absorb the amide 

form of this element from organic substances: amino acids, urea, asparagine. When 

fruit crops lack nitrogen for nutrition, their growth is weakened, and the total biomass 

accumulation and the ratio between the aerial part and the root system are reduced. 

This is a consequence of a decrease in photosynthesis productivity caused by a decrease 

in the assimilation surface area of leaves and the chlorophyll content in them [7, 8]. 

In fruiting apple and pear plantations, the optimal supply of nitrogen to plants is 

of great importance for maintaining high productivity of old fruit wood and the growth 

of new wood, for fruit setting and reducing fruit shedding during the harvest period, 

and for the differentiation of fruit formations. A particularly close correlation is 

observed between the level of nitrogen supply and the next year's harvest [9–11]. 

P. H. Kopytko [1] found that in traditional apple plantations, the best nutritional 

conditions, and, accordingly, the growth and fruiting of trees, are provided by optimal 

soil fertility parameters. Based on the results of long-term studies for the Forest-Steppe 

and Steppe zones, the optimal level of nitrate nitrogen after 14 days of composting in 

the 0–40 cm layer, mg/kg of soil, was established for: grey soils 15–20, dark grey 

podzolic soils 22–25, podzolic chernozems 25–31 and ordinary chernozem 34–35. 

Nitrogen differs from other soil nutrients in its behaviour in the soil, high 

mobility, a large number of different forms, and the ability to undergo relatively rapid 

transformation, which is determined by a complex of edaphic, climatic, and agronomic 

factors [7]. D. Wrona and A. Sadowski [12] state that the annual nitrogen removal in 

an intensive orchard yielding 40 t/ha is 0.05 %, or only 20 kg. The same amount of 

nitrogen accumulates in the trees during the growing season of apple trees. Therefore, 

especially on fertile soils, fertiliser application should be moderate, as needed, with a 

dose of 50–60 kg/ha. This is confirmed by studies conducted in different soil and 

climatic zones [1, 13–15]. Excessive nitrogen nutrition of fruit crops prolongs the 

growing season, which leads to unripe tissue and, consequently, damage to tissues by 

low temperatures in winter and flowers by spring frosts in spring. Excessively high 

levels of nitrate nitrogen in the soil under fruit trees can block their nutrition with 

phosphorus, iron and other elements, causing physiological diseases and reduced 

productivity, and most importantly, harming the environment by leaching the nitrate 

form of nitrogen into deeper soil layers [1, 16–19]. 

In studies [12, 15, 20] conducted in intensive apple and pear plantations, the 

dynamics of available nitrogen in the soil indicates that nitrogen fertilisation should be 

carried out only in early spring, when nitrate nitrogen reserves are at a minimum. Later, 

as a result of the mineralisation of organic matter in the soil, sufficient nitrogen is 

released, which is intensively absorbed by the trees from May to July. Phosphorus is 

one of the main elements of plant nutrition. Phosphorus supply to plants is especially 

important for the normal course of reproductive processes, such as flowering and 

fruiting, but a lack of phosphorus can also affect the growth processes of the apple tree, 

even with a normal supply of other elements. The role of phosphorus in such vital 
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processes as photosynthesis and respiration, as well as in other functions of bioenergy 

and biosynthesis, is quite important [21, 22]. 

The availability of soil phosphorus to plants varies greatly and depends on a 

number of factors: particle size distribution, soil acidity, humus content, saturation with 

absorbent bases, moisture, soil temperature, plant phosphorus requirements, type and 

dose of fertiliser, and the duration of application. On soils with an optimal content of 

mobile phosphorus, it is recommended to apply phosphorus fertilisers in quantities 

equivalent to the removal rate to obtain high and economically profitable yields of fruit 

crops [23, 24]. 

Potassium, like nitrogen, is one of the most important nutrients for the 

development of fruit crops, although it is not chemically bonded in organic compounds. 

It plays an important role in carbohydrate and protein metabolism, activates enzymes 

and enzyme systems, promotes the use of nitrogen in ammonium form, maintains cell 

colloids in optimal physical condition, increases the water-holding capacity of the 

cytoplasm, and plant resistance to tissue dehydration under adverse environmental 

factors: drought, low temperatures, fungal diseases, etc. [1, 3, 24]. 

In China [25], a field experiment was conducted to determine the effect of 

periods and rates of potash fertiliser application in apple plantation and the results of 

the research were analysed in terms of yield, fruit quality, potash fertiliser use 

efficiency and nutrient content in leaves and fruits. The results showed that, compared 

to the no-potassium variant, all potassium fertiliser treatments contributed to a 

significant increase in yield by an average of 4.3–33.2 % and improved fruit quality.  

In studies conducted at Uman National University of Horticulture [26–28], it 

was found that in apple and pear plantations, changes in the level of potassium in the 

soil depended on fertiliser rates and the intensity of nutrition of fruit trees with this 

element, with less than optimal supply of the root layer of the soil. Therefore, the use 

of potassium fertilisers in fruit crops, especially pears, requires further comprehensive 

study. Intensive fruit growing practices involve extensive use of pesticides to protect 

against pests, diseases and weeds. Under these conditions, a large amount of biotoxic 

chemicals and heavy metals enter the topsoil. Undergoing a series of transformations 

in the soil, they form substances that are more toxic to trees than the chemicals 

themselves. In case of significant accumulation, they can cause stressful situations that 

adversely affect microbiological processes in the soil, which leads to a decrease in soil 

biological activity [29, 30]. 

Thus, in the studies of H. M. Terenko it was found that long-term cultivation (45 

years) of the orchard contributed to the accumulation of copper content in the leached 

black soil in the soil layer of 0–30 cm under the crowns of trees in the amount of 111, 

130 mg/kg of soil, which is 22 times higher than in the field crop rotation, which is 

toxic for the cultivation of future trees. A similar situation with the accumulation of 

copper in dark grey podzolic soil was also established at Uman National University of 

Horticulture by P. H. Kopytko [17] in a 50-year-old apple tree plantation due to the 

systematic long-term use of copper-containing preparations. 

Conclusions. Thus, soil fertility indicators determine the effectiveness of 

fertilisation systems in fruit crop plantations and need to be studied and substantiated 
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in specific soil and climatic conditions. In general, the analysis of information from the 

literature does not allow us to assert that the issue of the impact of complex fertilisation 

on the productivity of fruit crop plantations with changes in agrochemical properties 

that characterise soil fertility has been studied in full. Therefore, it is necessary to 

further study this issue in experiments with optimised fertilisation in intensive apple 

and pear plantations. 
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Annotation 

Yakovenko R. V., Kopytko P. H., Yakovenko O. V., Chepurnyi P. H., Nevlad V. I. 
Soil nutritional regime in apple and pear plantations with soil fertilisation 

The article presents an analytical review of domestic and foreign researches 
on changes in the soil nutrient regime in apple and pear plantations under soil 
fertilisation. The analysis has shown that the establishment and use of highly 
productive fruit plantations is possible only if the optimal soil fertility parameters are 
created under them. Mineral nutrition of trees is an extremely important part of plant 
metabolism, as it determines the growth, development of the plant organism, 
productivity of plantations and quality of the crop. Changes in the supply of apple 
and pear plantations with the main macronutrients of soil mineral nutrition 
contributed to an increase in plantation yields. In fruiting apple and pear plantations, 
the optimal supply of nitrogen to plants is of great importance for maintaining high 
productivity of old fruit wood and the growth of new wood, for fruit setting and 
reducing fruit shedding during the harvest period, and for differentiation of fruit 
formations.
     Phosphorus supply to plants is especially important for the normal course of 
reproductive processes, such as flowering and fruiting, but a lack of phosphorus can 
also affect the growth processes of the apple tree, even with a normal supply of other 
elements. Potassium, like nitrogen, is one of the most important nutrients for the 
development of fruit crops, although it is not chemically bound in organic 
compounds. It plays an important role in carbohydrate and protein metabolism, 
activates enzymes and enzyme systems, promotes the use of nitrogen in ammonium 
form, maintains cell colloids in optimal physical condition, and increases plant 
resistance to tissue dehydration under adverse environmental factors (drought, low 
temperatures). Therefore, the issue of maintaining the optimal level of soil nutrition 
under fruit plantations is relevant and requires further study and scientific 
explanation of the development and application of an optimised soil fertilisation 
system.

Key words: soil nutrient regime, nutrients, plant productivity, apple, pear, 
fertiliser.




