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Abstract— Modern agriculture strongly relies on mineral 
fertilizers that make it possible to increase the arable land 
productivity fast and cost-effective. The traditional use of fixed 
doses of mineral fertilizers under a free market economy is 
ineffective, as it does not reflect the character of soil fertility. The 
article explores the causes of hereditary links between nutrient 
removal and harvest elements. To plan the activities of 
agricultural enterprises it is required to use mathematical models 
for calculating the doses of mineral fertilizers. As initial data, the 
authors used the results of long-term experiments conducted at the 
Department of Soil Science and Agrochemistry of the Northern 
Trans-Ural State Agricultural University. The scheme of the 
experiment included the application of mineral fertilizers to the 
planned yield in spring wheat 3.0; 4.0; 5.0 and 6.0 t/ha. Mineral 
fertilizers were applied taking into account soil fertility that was 
estimated annually. In experiments, the content of nutrients in 
straw and grain was determined annually; removals were 
calculated. The data obtained shaped the basis for the 
development of a mathematical model for spring wheat feeding. 
There was revealed: a high correlation between nutrients and 
biogenic removal; the ratio of grain to straw; yield of the by-
products at harvest. Regression equations can be used to calculate 
the doses of mineral fertilizers for the planned yield in grain crops. 
A high approximation coefficient confirms the reliability of the 
derived equations. A regression mathematical model of correlated 
indicators is presented. The indicators can be used to optimize the 
fertilizer system, to plan agricultural enterprises and in studies as 
well. 

Keywords— mineral fertilizers, spring wheat, leached 
chernozem, mathematical model, approximation coefficient. 

I. INTRODUCTION  
Agriculture in West Siberia is one of the most complex 

economic systems in the Russian Federation. Expanded 
reproduction in the region is the relationship of biological, 
technological, organizational and economic processes. In West 
Siberia, this is achieved only through the development of 
science that provided agriculture with new varieties of crops, 
animal and bird species that can survive in extreme climatic 
conditions [1, 2, 3].  

Intensification of agriculture requires science to 
scientifically substantiate the use of mineral fertilizers for 
planned crop yields. In the past, this problem was solved by 
agrochemical research throughout the country and 
methodological recommendations for the cultivation of certain 
crops for a particular region. Such recommendations were used 
everywhere. They were enough for agronomists, as there were 
very few varieties, technologies were elaborated and unified for 
the country. At present, the situation is completely different – 
new varieties of intensive crops emerge every year. The system 
of crop rotation and tillage is individual for each farm. New 
forms of fertilizers are produced [4, 5]. In such conditions, the 
developed methodological recommendations for growing crops 
are becoming less relevant, and in some cases, even completely 
useless. 

Old fertilizer systems with fixed doses for a specific crop 
and soil have been replaced with new technologies for 
calculating fertilizer doses on the basis of feeding mathematical 
models. They are not bound to specific varieties, soils and 
climatic conditions, although they are rather difficult to 
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calculate. In this case, modern computer systems come to help 
due to their ability to store a relatively large database and 
calculate online the required doses of fertilizers that ensure the 
receipt of products with specified quality characteristics.  

With no evidence-based production strategy it is almost 
impossible to solve the problem of obtaining stable and 
economically viable harvest. The most important element in the 
strategy is the use of such modern plant nutrition technologies 
as differentiated fertilization taking into account biological 
characteristics of grain, soil and weather conditions [6]. 
According to leading researchers, the removal of nutrients by 
spring wheat largely differs and depends not only on the variety 
itself but also on weather conditions in a certain period of plant 
development. Scientists from the State Agrarian University 
having spent many years of research proved that the use of plant 
food compounds differs notably between varieties of crops. 
Modern varieties, due to their genetic properties, are 
characterized by a different ability to absorb nutrients from the 
soil and use them, thereby affecting yields. Therefore, the 
system of fertilizers should be developed taking into account 
the biological characteristics of not only the cultivar but the 
variety as such. This will guarantee the variety to disclose its 
full biopotential. 

Being rather complex and multifaceted these problems 
require a wide application of mathematical methods and 
modern computers. Modern economic and mathematical 
methods provide a quick search for optimal options in the 
planning and management of the national economy. Calculation 
of optimal arable productivity with regard to bioclimatic 
potential is one of the most justified and effective applications 
of economic and mathematical methods in agriculture. 
Currently, IT-technologies significantly reduce the time and 
costs for making calculations aimed at the planning of 
enterprises [7, 8]. These technologies make it possible to 
develop not only plant nutrition models but also enable to create 
artificial soils and improve technologically-disturbed lands [9, 
10]. The mineral nutrition models designed to take into account 
the soil-climatic features of the region and the properties of 
modern varieties are relevant in the transition to the system of 
precise farming and rational nature management. 

II. SUBJECTS AND METHODS 
To develop the mathematical model, the results of long-term 

studies of the Department of Soil Science and Agrochemistry 
of the Northern Trans-Ural State Agricultural University were 
used. The study area of the Chair of Soil Science and 
Agrochemistry is located on the Tobol-Pyshminsky interfluve 
between the eastern edge of the Trans-Ural Plateau and used to 
study the organomineral fertilizer system. The study area was 
established on the territory of the instructional farm of Tyumen 
State Agricultural Academy 1.5 km from the village of 
Uteshevo and 10 km from the study area No.1. The experiments 
started in 1995 and are still being conducted. During the years 
of research, the crop rotation and the tillage system have not 
changed. Experimental plots are fixed. The relief of the plot is 
a slightly wavy plain with bolsons. Soil-forming rocks are 
represented by carbonate cover loams. The experimental plot is 
a plain with a barely noticeable slope to the northeast. The soil 
in the experimental field is chernozem leached thin clayey 

loamy pulverescent on carbonate cover loam [11]. Regarding 
the content of fractions of the granulometric composition, the 
cover rocks of this region differ significantly from the loesslike 
rocks of the European part of Russia. They are characterized by 
a very low content of dust fraction – from 10 to 40%, 4-17% of 
which account for large dust (0.05-0.01 mm). In addition, these 
breeds, unlike European loesses, are about 1.5-2.0 times less 
carbonate and more sanded. Such soils are typical of the forest-
steppe zone of the Trans-Urals and are widely used in 
agriculture [12]. 

The studies were carried out during a cereal fallow rotation 
(annual grasses – wheat – oats). The organomineral system of 
fertilizers was studied to obtain the planned yield in spring 
wheat and oats 3.0; 4.0; 5.0 and 6.0 t/ha. Straw, crushed during 
grain harvesting, was used as organic fertilizers. Doses of 
mineral fertilizers were calculated annually by the method of 
elementary balance. The repetition in the experiment was 4-
fold. The plot arrangement was consistent. The record plot was 
100 m2 (254). The protective areas around the experiment 
were 8 m. The system of basic and preseeding treatment was 
traditional for the northern forest-steppe, i.e. moldboard and not 
of uniform depth. To cultivate grains (spring wheat and oats) 
plowing was carried out to a depth of 20-22 cm; to cultivate 
annual grasses (pea-oats mixture) – 28-30 cm. For the years of 
research, the crop rotation and treatment system did not change. 
Statistical processing was carried out using the odn1 software 
developed at the Department of Mathematics and Informatics 
of the Northern Trans-Ural State Agricultural University. 

III. RESULTS 
Long-term studies have shown that the biomass output of 

wheat agrophytocenosis in chernozem soils of the Trans-Ural 
region is 4.86 t/ha (Fig. 1), 2.82 tons of which are accounted for 
by by-products (58% of biomass). The ratio between grain and 
straw is 1.38 units. This is typical of the varieties of Russian 
origin. The application of mineral fertilizers to the planned 
yield of 3.0 t/ha increases both the grain yield and the straw 
output. The ratio between commodity and by-products goes up 
slightly and reaches 1.41 units. For an agricultural entrepreneur 
this is not critical and may not be accounted when developing a 
model of mineral nutrition. 

 

Fig. 1. Change in biomass of spring wheat when applying mineral fertilizers 
to the planned yield, t / he. 

With the increase in the level of mineral nutrition of arable 
land, due to the application of mineral fertilizers, biomass 
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increases substantially. For a planned yield of 5.0 and 6.0 t/ha 
of grain, it reaches 13.16 and 16.04 tons. It should be noted that 
in these cases the share of straw significantly increased with its 
mass accounting for more than 60% of the phytocenosis 
biomass. The ratio of grain weight to straw increased to 1.57 
units. This fact indicates that the role of straw in the calculation 
of biogenic removal becomes rather important, particularly 
considering that with high soil fertility the straw accumulates 
an additional amount of nutrients. This must also be taken into 
account when developing plant nutrition models and fertility 
reproduction of agrozems.  

The results of statistical analysis presented in Table 1 
showed that the yield in spring wheat, as well as by-products, 
correlate with nutrients applied with fertilizers. 

In the forest-steppe zone of the Trans-Ural region, the yield 
in spring wheat most strongly depends on the applied nitrogen 
and phosphorus with the correlation coefficient equal to 0.88 
and 0.77 units, respectively. This fact is justified by the high 
content of these elements in the soils of the Tyumen region. 
Chernozems of the Trans-Ural forest-steppe zone are 
characterized by an unstable nitrogen status caused by the low 
microbiological activity. The reason for this is a short 
vegetation period and a great depth of freezing in winter, which 
entails an unfavorable temperature regime [13]. Therefore, for 
the formation of high crop yields, even on high-humus soils of 
the Trans-Urals, additional application of nitrogen fertilizers is 
required. However, a close relationship was established 
between the removal and release of by-products – it amounted 
to 0.80 units. This is justified by the fact that straw at the time 
of harvesting accumulates large amount of nitrogen in the form 
of various compounds. The reason for this is the physiological 
greenness of cereals with a shortage of heat at the end of 
summer. Since harvesting in the Trans-Urals is conducted under 
unfavorable weather conditions, the crops must be harvested in 
early September during the phase of wax ripeness, when 
nitrogen-containing substances cannot be transported from the 
vegetative part to the grain. 

 In general, all chernozems are characterized by relatively 
high potential of total phosphorus that is however quite low to 
be available to plants (mono- and diphosphates). The 
chernozem soils in the south of the Tyumen region in terms of 
phosphate content are classified as high-end agricultural land. 
The reason for this is their total and repeated phosphorylation 
in the 70s of the last century. Therefore, crops grown in such 
fields do not lack phosphorus and can easily absorb it at 
different development stages. Climatic features of the region 
affect the phosphorous status of agricultural crops. The 
beginning of spring vegetation is marked by a very weak 
absorbing ability of soil phosphorus, since it depends on 
moisture and temperature conditions of the root zone. On 
average, over the years of research, the soil temperature in late 
May and early June at a depth of 15-30 cm did not exceed 10 
degrees Celsius. Therefore, phosphorus absorption was 
possible only from the upper, already heated layer. On the other 
hand, in spring there are unfavorable moisture conditions, i.e. 
the soil dries to the degree of permanent wilting. Maximum 
absorption of phosphorus from the soil is noted only in the 
second half of June. In late summer, the crops can again 
intensively absorb phosphorus which they no longer need. The 

reason for this is the appearance of new stems resulting from 
secondary tillering. This is caused by high soil moisture in the 
second half of the vegetation period. Cereals during this period 
start to freely absorb phosphorus, since moisture conditions and 
the temperature of the soil are favorable for this. In the end, a 
high correlation between the yield in spring wheat and the 
removal of phosphorus can be seen. 

The studies showed a weak correlation between 
productivity and potassium applied with fertilizers. The 
correlation coefficient did not exceed 0.43 units. Unlike 
nitrogen and phosphorus, potassium is easily absorbed by crops 
from the soil. The absorption process is not affected by the 
moisture conditions, temperature and acid-alkaline 
characteristics of soils. 

TABLE 1 STATISTICS OF THE INTERRELATION BETWEEN 
THE NPK REMOVAL AND THE STRUCTURAL ELEMENTS OF 

SPRING WHEAT PRODUCTIVITY  

Indicators Correlation 
coefficient 

significance 
point  

Nitrogen   
Removal-crop yield  0.88 0.001 
Removal-straw yield 0.72 0.010 

Removal-ratio of straw to crop 0.84 0.001 
Phosphorus  

Removal-crop yield 0.77 0.010 
Removal-straw yield 0.42 0.010 

Removal-ratio of straw to crop 0.75 0.010 
Potassium   

Removal-crop yield 0.43 0.010 
Removal-straw yield 0.80 0.010 

Removal-ratio of straw to crop 0.84 0.010 
 

The soils in the forest-steppe zone of the Trans-Urals are 
classified as highly potassium, so it is usually not necessary to 
apply potassium fertilizers to crops. Thanks to the very high 
reserves of gross potassium in the soil-forming rocks and the 
mineral part of soils, an agricultural entrepreneur working in the 
Trans-Urals for decades does not use potash fertilizers, and the 
arable land does not even show signs of a deficiency of this 
nutrition element.  

The correlation between biogenic nitrogen removal and the 
ratio of spring wheat grain to straw is also very close – 0.84 
units, which enables to use this indicator to create a regression 
equation. This is also acceptable with respect to potassium. The 
connection between phosphorus and the ratio of spring wheat 
grain to straw remains strong but the correlation coefficient is 
less, with respect to nitrogen and potassium – 0.75 units. 
However, it also shows that the resulting regression equation 
will be reliable. 

The high reliability of the connection of the studied features 
undoubtedly indicates the possibility to use it for the 
development of regression equations describing this 
relationship in algebraic form. In this case, according to the 
regression equations, it is possible to predict statistically 
reliably the biogenic nutrient removal separately for each spring 
wheat productivity index, or to use the ratio of grain to straw. 
Despite the fact that the correlation coefficient in this case is 
high, it will be more interesting for the agricultural entrepreneur 
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to set up a regression equation for biogenic nutrient removal, 
calculated by multiplying the planned yields by the removal. As 
shown by the research, this indicator for spring wheat varieties 
does not differ to a great extent. Since it is almost the same for 
all spring wheat varieties, by using the regression equations in 
simulation modeling one can estimate different needs for 
nutrients to form the planned yield. The removal corresponds to 
the amount of nutrients committed on the formation of a unit of 
basic production. On the basis of this information, the doses of 
mineral fertilizers can be determined by the formula (Dose = 
planned yield * removal-the content of the nutrient in the soil). 

Mathematical analysis enabled to derive regression 
equations for calculating the doses of mineral fertilizers (1, 2): 

Nitrogen - 16.27* 4.45* 80.29У Х Х= − −   (1) 
Phosphorus - 16.11* 12.75* 63.3У Х Х= − −   (2) 
where 

У – doses of mineral fertilizers, kg r.a./ha; 
Х – planned yield, dt/ha; 
Х1 – content of nitrate nitrogen (mg/kg); phosphorus 

(mg/100 g). 

Regression statistics showed that the correlation coefficient 
between the planned yield, nutrient content and the dose of 
mineral fertilizers is as follws: for nitrogen – 0.94; for 
phosphorus – 0.93. The approximation coefficient is 0.87 units, 
which indicates the reliability of the predicted results. The 
presented equations are valid only in the range of 1.5-6.0 t/ha. 
With an increase in the planned yield by more than 6.0 t/ha, it 
is necessary to revise the current indicators and add some new 
such as reserves of productive moisture in the soil, the sum of 
effective temperatures, etc. 

With this methodological approach, the biological 
characteristics of crops and varieties serve as arguments in 
mathematical models, which is regarded as a benefit for using 
the method. It is also important that the consumption of 
nutrients is considered as an effective feature. The 
correspondence between the argument and the function can be 
expressed by a table, a formula, a schedule, and this, in turn, 
allows for an extremely clear quantitative assessment of the 
consumption of elements of mineral nutrition by any 
agricultural crop. 

Another significant advantage of the proposed method is 
that the consumption characteristics of mineral nutrition 
provide the opportunity to calculate the standards for nitrogen, 
phosphorus and potassium consumption for the formation of a 
production unit of different grain crops when cultivating them 
through various technologies and, accordingly, calculate the 
payback on mineral fertilizers with varieties of grains. 
Furthermore, it is clearly seen that there is real possibility of 
avoiding the use of various coefficients in calculations of 
fertilizer doses whose consistency has not been statistically 
proven yet (for example, the coefficients of nutrient utilization 
from soil, fertilizers, etc.). 

IV. CONCLUSION 
The considered method of mathematical simulation to 

calculate doses of mineral fertilizers for the planned yield in 

spring wheat is an objective basis for the development of 
fertilization systems for new varieties cultivated under any 
system of agriculture with different intensification levels. The 
obtained data can become a basis for creating an optimization 
model for feeding crops. Developing appropriate models 
requires to provide for specific features of forming economic-
valuable properties when introducing mineral fertilizers taking 
into account regional soil-climatic traits. 
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