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The purpose. To determine mainstreams of optimization of plant nutrition, their interrelation with problems of 

soils’ fertility. Methods. System analysis of printed materials and generalization of results of researches. 

Results. Primary factors of maintenance of optimization of nutrition of agricultural crops are resulted. Data 

concerning stocks of nutrition elements in arable layer of soils which characterize potential opportunities of 

these soils in maintenance of plants with nutrients are analyzed. The major factors which influence efficiency of 

fertilizers are determined. Results of X round of selective agro-chemical certification are presented on security 

of soils of Ukraine with the main elements of nutrition. Dynamics of balance of nutrients in agriculture of Ukraine 

is shown. Role and value of optimization of application of mineral fertilizers increases in conditions of scarce 

balance of elements of nutrition (doze, ratio, ways of entering etc.). Main reasons of infringement of mineral 

nutrition of plants are systematized. It is noted that today special value gets efficiency of use of mineral 

fertilizers at simultaneous inclusion in system of fertilizer of local source of raw materials – organic fertilizers 

(vegetative rests, sapropels, peat, green manure crop etc.). It is noted that modern concept of rational 

application of fertilizers in a context of steady development of agricultural production should consider economic, 

social and ecological components. Basic organizational and agrotechnical factors influencing efficiency of use 

of fertilizers are determined, and system of actions aimed to prevention and termination of degradation 

processes in soils is offered. Conclusions. At regular scarce balance of nutrition elements in agriculture of 

Ukraine infringement of ratio of use of elements of nutrition from soil and fertilizers is observed. Increase of 

crops due to highly effective varieties and introduction of modern intensive technologies threatens preservation 

of effective soils’ fertility, decreases content of mobile nitrogen and phosphorus because of accelerated 

mineralization of humus. The mainstream of increase of soils’ fertility is optimization of elements of nutrition by 

implementation of organizational and agrotechnical measures, including alignment of balance of nutrients in 

agriculture, more efficient use of local sources of raw materials, adjustment of dozes and ways of application of 

fertilizers. 
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Agricultural crops, especially modern intensive varieties, reveal their potential under the favorable 

conditions of the environment, first of all under optimal modes of nutrition and maintenance of moisture. The 

main source of nutrients for plants is the soils, primarily the nutrient content and their physical and physical 

and chemical properties, which provide the necessary for absorbing mobility of nutrition elements in main 

phases of development. 

The task of agrochemistry (by D.M. Pryanyshnykov) is the study of the circulation of substances in 

agriculture and the identification of such factors of influence on chemical and biological processes in soils 

and plants that provide high productivity and product quality [1]. The main way to increase the intensity of 

this cycle is the use of fertilizers, taking into account the interaction in the system of fertilizer-soil-plant. 

Aim of research — to determine the regularities of the influence of organizational and agronomic 

measures on optimization of plant nutrition. 

Methods of research. The generalization of numerous publications, in particular leading authors, 

describing the most important methodological approaches to the optimization of plant nutrition, including the 

needs of plants in nutrient elements on soils with different their contents, the influence of physico-chemical 

and agrochemical indices of soil on the absorption of nutrients, the role of the ratio of available macro - and 
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trace elements for their use, physiological features of different crops in the absorption of nitrogen, 

phosphorus and potassium from soil solution, fertilizer aftereffect and others. 

Research results. Optimization of plant nutrition involves a set of interrelated organizational and 

technological measures aimed at providing agricultural plants with nutrition elements in quantity and ratio, 

which are necessary for obtaining the planned level of yield for minimizing ecological and economic risks, as 

well as the obligatory condition for preservation of soil fertility and obtaining proper sanitary-hygienic quality 

of products. 

One of the main factors (requirements) for providing optimization of nutrition is the physiological 

need of separate crops in the elements of nutrition (macro-, meso- and microelements, their optimal ratio), 

which is determined by their biological characteristics (development of the root system and its interaction 

with soil solution, intensity growth, etc.). 

Taking into account the law of minimum, optimum and maximum, the value of the crop depends on 

the growth factor of the plants that it restricts. It can be one of the elements of nutrition, and because of their 

sufficient amount of crop is limited by the lack of moisture and other factors that affect the crop, in particular, 

the physical and chemical characteristics of the soil - acidity, alkalinity, lack or insufficient amount of heat. 

K.A. Timiryazev considered the law of the maximum and the interaction of factors of growth and 

development of plants one of the main laws of nature, and all the tasks of agriculture are in determining and 

obligatory maintenance of nutrition conditions of plants [2].  The stocks of nutrients in the arable layer of 

soils of Ukraine are: on nitrogen 8,7 - 2,4 t/hа, phosphorus (Р2О5) — 5,4 - 1,3 and potassium (К2О) — 57 - 

24 t/hа (Table 1). 

1. Stocks of nutrients in arable layer of soils, t/hа [3]. 

 

Soils N Р2О5 К2О

Chernozem ordinary medium-humus 8.7 5.4 57

Chernozem ordinary low-humus 7.2 5.7 39

Dark chestnut solonetz 4.5 4.5 46

Chernozem typical low-humus 5.4 6.9 50

Chernozem typical medium-humus 10.8 5.1 52

Chernozem podzolized 4.8 4.2 50

Dark gray podzolized 4.5 3.9 50

Gray forest 3.0 2.7 40

Light-gray forest 3.0 2.7 40

Sod-podzolic sandy 2.4 1.3 24

 

Gross stocks of nutrients characterize the potential of soil in providing plants with nutrients. A close 

correlation between the gross volume and the amount of moving nutrients and the efficiency of mineral 

fertilizers is established. Their payback with the increment in yield increases on less fertile soils (sod-

podzolic sandy compared with loamy chernozem). In most soils, total nitrogen stocks significantly exceed 

relevant indicators of phosphorus, especially in different subtypes of chernozem, which results in a rather 

high efficiency of phosphate fertilizer application. 

The share of fertilizer use in the yield (on the example of winter wheat) ranges from 36% on soddy 

podzolic soils to 18% on chernozems. However, according to long-term studies, available nutrients in the soil 

(for each type of fertilizer) represent a small fraction of gross reserves (the content of mobile phosphorus 

does not exceed 3-5%, and the content of mineral nitrogen, even in rich chernozem, depends on weather 

conditions). 

The most important factors influencing fertilizer efficiency include: agrochemical properties of soils 

(mainly, the stocks of nutrients available to plants); climatic conditions (the growth of a crop from fertilizers 

on one type of soil may depend on humidity and continental climate); the level of previous fertilization (the 

effect of fertilizers increases in areas of prolonged use of soils without fertilizers and, conversely, weakens 

on the background of their systematic application); agrotechnical measures that promote the mobilization of 
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natural reserves of nutrients or cause changes in the needs of plants (irrigation, drainage, cultivation, weed 

control, crop rotation, accumulation of residual phosphates, etc.). [4]. 

The modern concept of rational use of fertilizers in the context of sustainable development of 

agricultural production should take into account economic, social and environmental components. In the 

rational system of application of fertilizers, we take into account 4 main rules: the form of fertilizer, the dose, 

the timing and methods of application. Efficiency of fertilizers is influenced by many other factors: genetic 

features of soils, in particular granulometric composition, zonation of soil-climatic conditions, including 

fluctuations of humidity and temperature, genetic indices of modern varieties, weeds control, methods of 

cultivation of soil, etc. 

According to the summarized data, mineral fertilizers provide incremental yields in the Polissya area 

at the level of 40-60%, Forest Steppe - 30-50 and Steppe - 10-30% without irrigation and up to 60-80% for 

irrigation. In addition, mineral fertilizers affect the mobilization of nutrients in soils, the quality of products, soil 

properties, and reduce the cost of moisture on the formation of products. 

The results of the X round of selective agrochemical certification regarding the provision of soils in 

Ukraine by the main elements of the nutrition are given in Table. 2. According to the content of easily 

hydrolyzed nitrogen, available forms of phosphorus and potassium, soils with low and average parameters 

predominate. At the same time, the zonal features are clearly identified: from all the nutritional elements 

Polissya soils are distinguished, in which the least distribution of areas with a high content of mainly nitrogen 

and potassium is observed. Soils with medium and high levels of phosphorus and potassium predominate in 

Ukraine. The growth of the content of mobile phosphorus in soils is due to its positive balance in 1970-1990, 

which contributed to the accumulation of residual phosphates. 

 

2. Provision of soil with the main elements of nutrition 

(According to the Х round agrochemical certification) 

 

Level of 

provision 

Area of soils, thousand hectares 

 

N

easily 

hydrolysed 

Р2О5 

mobile 

К2О 

mobile 

S

mobile 

Very low 7486.8 445.2 335.6 1314.5

Low 7627.5 1534.9 1251.0 3155.2

Medium 885.6 7125.2 3334.4 3663.4

Increased 231.5 5934.7 5724.1 1673.0

High - 2798.0 5189.7 965.0

Very high - 1212.6 3215.7 858.4

 

The use of modern high-intensity varieties in agricultural production and the implementation of 

means for controlling weeds, pests and plant diseases contributed to the growth of yield (mainly export-

oriented) crops, which is not accompanied by the sufficient removal of mineral and organic fertilizers. Against 

this backdrop, for the period 1996-2015, there was a negative balance of nutrient elements (Table 3), which 

leads to the spread of degradation processes, primarily to active dehumidification of soils. 
 

3. Dynamics of balance of nutrients in agriculture of Ukraine 

Item of balance Balance of nutrients, kg active substance /ha 

nitrogen phosphorus potassium NPK

1986-1990

Supply 89.5 56.1 102.7 248.3

Removal 92.6 31.2 103.2 227.0

Balance -3.1 24.9 -0.5 21.3
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1996-2000 

Supply 26.0 10.4 15.3 51.7

Removal 56.5 18.2 53.7 128.4

Balance -30.5 -7.8 -38.4 -76.7

2001-2005 

Supply 21.8 5.9 8.7 36.4

Removal 70.1 24.7 76.7 171.5

Balance -48.3 -18.8 -68.0 -135.1

2006-2010 

Supply 38.7 10.2 14.7 63.6

Removal 77.4 23.9 60.3 161.6

Balance -38.7 -13.7 -45.6 -98.0

2011-2015 

Supply 65.0 13.1 18.1 96.2

Removal 85.0 25.5 33.2 143.7

Balance -20.0 -12.4 -15.1 -47.5

 

It was exported with exported grain in the 2016-2017 marketing year: nitrogen-811 thousand tons, 

phosphorus -302, and potassium -211 thousand tons. To compensate for these losses, it is necessary to 

applicate: ammonium nitrate - 2.4 million tons, ammophos - 0, 58 million tons and potassium salts - 0,53 

million tons. 

Thus, large agroholdings receive a significant portion of profits through the use of soil resources and 

violate natural laws, in particular the law of compulsory compensation (fully) for extracted nutrients from the 

soil. This leads to intensive dehumidification of soils, since 95-97% of nitrogen and about 50% of phosphorus 

are in the organic part of the soil, and their absorption by plants requires enhanced mineralization of humus. 

And if we always neglect of the law of obligatory return of nutrients, that were removed with yield, the soils 

will completely disappear in the near future, and even the most fertile chernozem will stop providing any 

yield, especially against the background of deteriorating climatic conditions. 

The level of application of mineral fertilizers in different countries varies from 10-12 to 400-600 kg/ha 

of active substances (an average of more than 100 kg/ha). Ukraine is ranked 102th place among the 

average annual fertilizer rates. In 1986-1990, the use of mineral fertilizers averaged almost 150 kg/ha of 

active substances on an area of about 90% of arable land. In addition, during these years, one put 8.8 t/ha of 

organic fertilizers. Mineral fertilizers were applicated in the ratio N:P:K = 1:0.7:0.7, which was approximated 

to a scientifically grounded level. 

In 1996-1998, the amount of removed mineral fertilizers decreased to 20-30 kg/ha, and by 2015-

2017 it increased to 80-110 kg/ha of the active substance in the area of 80% of arable land at a ratio of 

N:P:K = 1: 0.2: 0.2. 

It should be noted that during these years, the predominance of nitrogen fertilizers in the ratio 

1:0.2:0.2 ensured their high payback due to accumulated in soil a significant amount of residual phosphates, 

since on the poor on the content of soluble phosphorus soils the effectiveness of nitrogen fertilizers is 

reduced. However, this resource (the content of residual phosphates in soils) is now decreasing due to the 

shortage of phosphorus in agriculture in Ukraine. 

According to the calculations of the NSC "Institute for Soil Science and Agrochemistry Research 

named after O.N. Sokolovsky", a deficit-free nutrient balance requires a consistent increase in fertilizer 

application to 130-150 kg/ha of  active substance NPK. To do this, it is necessary to applicate 3,500 

thousand tons of mineral fertilizers for the ratio N:P:K = 2,2: (1,0-1,2):( 0,7-0,8). Obviously, in the coming 

years, the level of application of mineral fertilizers at the same time increase their value neither agroholdings 

nor farms will not be able to achieve. In this context, the effectiveness of using mineral fertilizers becomes 

very important while simultaneously application into the fertilizer system local raw materials - organic 

fertilizers, plant residues, sapropels, peat, siderates and others. One of the areas of use of local raw material 

resources in agriculture is the production of organo-mineral fertilizers. The scientific institutions of the NAAS 
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have developed technologies for the production of organo-mineral fertilizers based on local raw materials 

with the addition of NPK and trace elements. To improve the nitrogen and phosphate nutrition of plants 

should be widely used bacterial agents. The average amount of biological nitrogen intake from the 

application of biological agents is about 20 g kg/ha [5]. 

Under conditions of the deficit of nutritional elements in agriculture in Ukraine, the role and 

importance of optimizing the use of mineral fertilizers (dose, ratio, methods of application, etc.) is increasing. 

According to generalized data, this can provide up to 30% savings for fertilizer without reducing the yield 

increment. 

We systematized the main causes of the violation of mineral nutrition of plants, namely: imbalance of 

nutrients, non-maintenance of crop rotation, adverse weather conditions (temperature, drought), leaching of 

easily soluble forms of nutrients, antagonism of elements in the soil, physiological inaccessibility due to high 

osmotic pressure, adverse changes in properties of soils - pH, alkalinity, as well as the aftereffect of residues 

of herbicides and other xenobiotics. 

Scientific institutions developed and applied various methods for diagnosing the content of nutrients 

in soils and plants, and the zones of application of these methods were determined. The levels of nutrient 

elements N, P and K were established. Soil technologies were developed taking into account the content of 

nutrients in the soil, crop rotation, methods of cultivation, adaptation to climate change, etc. [6-15]. 

The generalized results of field experiments show a special influence of optimization of plant 

phosphate nutrition on the efficiency of fertilizers. With the use of a single (P60) and a double dose of 

phosphorus fertilizers on the background of NK, the maximum increase in the winter wheat yield is provided 

(from 3.5-5.4 to 5.7-12.5 centners per hectare on chernozems with a natural phosphorus content of 4.5 -5.5 

mg of P2O5 per 100 g of soil. 

High fertility phosphorus payback by increment in yield on the natural phosphate background (6-9 kg 

of grain per 1 kg of P2O5) is reduced at high phosphate levels from 2.7 to 0.3 kg of grain (Table 4). 

4. Payback of phosphate fertilizers by the increment of winter wheat grain on chernozems with different 

phosphate level 

 

Variant 

Increment of grain on kg Р2О5 to background NK, kg 

podzolized typical ordinary

Р2О5, mg/100 g Р2О5, mg/100 g Р2О5, mg/100 g

4.4-5.5 13.0-14.0 4.7-5.2 12.5-13.5 4.2-4.7 13.0-14.0

Р60 5.7 0.3 9.0 1.5 5.8 2.7

Р120 2.5 0.0 5.4 3.0 3.9 2.0

 

Phosphorus plays an extremely important role in all metabolic processes in plant cells, in particular in 

the accumulation of bound water, which contributes to increasing the resistance of crops to stressful 

conditions associated with climatic changes [16]. 

Increasing the agrochemical background of soils contributes not only to increasing the yield stability 

to unfavorable moisture conditions, but also to more economical water consumption by 1 centner of 

manufactured products. According to the research results, evapotranspiration (total evaporation of water by 

soil and plants) on a high agrochemical background grows significantly less than crop yields, while water 

consumption per 1 centner of the crop of basic products on these backgrounds is decreasing. In extreme 

climatic conditions, with a decrease in the amount of precipitation during the vegetation period of 120 mm 

from average long-term data, water consumption per 1 centner of dry matter of maize is 5.5 m3, and sugar 

beets 9.7 m3 smaller on the increased phosphate background (8-8,5 mg P2O5 per 100 g soil) compared to 

the natural background (control variant with content of 4.0-4.5 mg P2O5 per 100 g soil). 

One of the important directions for the effective use of fertilizers (especially phosphorus) is the local 

method of their application. NSC ISSAR established that the use of mineral fertilizers was locally compared 

with the spreading method, the yield of winter wheat increased by 3 centners per hectare, and maize for 

grain - by almost 10 centners/ha for the same doses of fertilizers [17]. 
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Conclusions. 

In the agriculture of Ukraine during the last 27 years, the soils are under the influence of a negative 

balance of nutrients, which violates the main law of agriculture, which requires the full return of the removed 

nutritions with yield. Increasing yields at the expense of highly efficient varieties and the implementation of 

modern plant protection technologies from weeds, diseases and pests threatens the effective fertility of soils, 

as it leads to a decrease in the content of mobile nitrogen and phosphorus due to accelerated humus 

mineralization. 

Soil organic matter  contains 95-97% of nitrogen and about 50% of phosphorus, which can be used 

by plants only after mineralization of humus. Agrophysical, physico-chemical properties of the soil, its 

structure, etc. are related to humus. 

Under conditions of insufficient quantity of mineral fertilizers to increase their efficiency, to calculate 

their doses it is necessary taking into account agrochemical characteristics of the soils of each field, and also 

to apply more rational ways of application. An important role in increasing the effective fertility is the 

application of organo-mineral fertilizers and bacterial preparations. 
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