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SUMMARY 

Heterogeneity of soil need be studied when developing crop fertilization systems, especially in 
precision farming technologies. One of the main elements of plant nutrition is potassium, the 
content of which depends on the mineralogical, particle size distribution of soils and parent 
materials, features of geomorphological and hydrological conditions of the territory. The aim 
of the present study was to investigate the spatial heterogeneity of exchangeable potassium in 
chernozem depending on the granulometric content of the territory. The research was 
conducted on a stationary experiment in Kyiv region of Ukraine. In the soil samples were 
determined the texture and particle size distribution of the soil, the content of exchangeable 
potassium. The average dependence of the exchangeable potassium content on the particle size 
distribution of the soil was established. The content of exchangeable potassium ranged from 
58 to 175 ppm, the largest number of events was content of 175 ppm in samples. The content 
of particles less than 0.01 mm varied from 20 to 53%, i.e. according to the classification of 
N.A. Kaczynski texture varied from light loam to heavy loam, in 54.4% of the samples the 
medium loamy texture was determined.
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Introduction  
 
Potassium is one of the main elements of plant nutrition, the content of which in soils is 99.9% in the 
mineral part of the soil. Its content is determined by the characteristics of the mineralogical composition 
of soils and parent materials, as well as geomorphological conditions, hydrological factors, as well as 
the characteristics of soil use. Indicators of agrochemical properties are marked by considerable 
variability even within one soil, that is why studies on the heterogeneity of individual indicators in 
different geomorphological conditions are relevant. Precision soil studies require the information about 
deeper geological horizons (Ivanik et al., 2012, 2021). The rapid, effective and low costing method of 
the soil and near surface horizons assessment is the magnetic technique (Menshov, 2018; Menshov et 
al., 2018, 2020). The presence of different types of soils within one field leads to the formation of 
heterogeneous indicators of physicochemical and agrochemical properties within even one field (Tonkha 
et al., 2018, 2020, 2021). The total content of potassium in soils depends mainly on the content of the 
physical clay fraction in the particle size distribution of the soil (Medvedev and Laktionova, 2011). With 
sufficient potassium nutrition drought resistance and frost resistance of plants increase, the metabolism 
of nutrients and water improves (Yahodyn and Zhukov, 2002).  The dynamics of agrochemical 
parameters in space and time can be considered as one of the most important and objective procedures 
for determining the effectiveness of agricultural systems, especially in soil protection aspect and crop 
yield programming (Pichura and Beznitskaya, 2017). Similar conclusions were made in (Sidorova and 
Krasilnikov, 2007), where the variability of properties decreased from strong (up to 20%) to weak space-
dependent (60%).  
 
The aim of the study was to investigate the spatial heterogeneity of exchangeable potassium in 
chernozem depending on the textural characteristics of the territory. 
 
Methods   
 
The studying was conducted on a stationary experiment of the Department of Soil Science and Soil 
Conservation in Separated subdivision of NULeS of Ukraine, Kyiv region. The soils of the experimental 
fields are phaozems and chernozem typical. Soil samples were taken according to ISO 10381-2. 
Preparation for chemical analysis was carried out in accordance with DSTU ISO 11464-2001. In soil 
samples were determined: pH according to DSTU ISO 10390: 2001; humus content according to DSTU 
4289: 2004; exchangeable potassium by the method of Chirikov (DSTU 4115-2002), soil texture and 
soil particles distribution according to DSTU 4730:2007. 
 
For research, soil samples were taken from the arable layer, from a depth of 0-25 cm, in accordance with 
objects - the amount of samples: №2 – 23, object №3 – 26. Soil samples were taken from the whole 
array of studied field, randomized. 
 
Results 
 
An important criterion for the heterogeneity of soils and soil cover is the statistical probability 
distribution curve. The closer the values of specific individual indicators are to the arithmetic mean - the 
higher their frequency, the further away - the less common they are. If the frequency curve is smooth 
and symmetrical, then it is called normal. It is believed that variations in most biological parameters are 
subject to the normal distribution law. The reason, according to the theorem of A.M. Lyanunov, is that 
variation as a consequence of many divergent and independent factors is a set of random variables with 
sufficient accuracy described by a normal (symmetric) curve. The variability of some soil parameters is 
not subject to a normal curve. All cases of deviation from the normal distribution are automatically 
recognized as inhomogeneities. Factors of soil formation (climate, relief, vegetation, parent rocks) led 
to the formation from faozems to chernozems typical of different particle size distribution (Table 1).  
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Table 1 Soils and relief elements of NULeS of Ukraine “Oleksandr Muzychenko Velykosnytinske 
Educational and Research Farm” 

PC 
Hvardijske Snitynka 

PU MS NS PU MS NS 

< 25.0 
Watershed, 

flat area 

Phaozem (dark-
gray 

podzolized) 
7 

Watershed, flat 
area 

Chernozem 
typical 

4 

25.0-30.0 Gentle slope 
Phaozem (gray 

podzolized) 
13 

Gentle slope Chernozem 
typical 

8 

30.0-35.0 Gentle slope 
Chernozem 

typical 
3 

Gentle slope Phaozem 
(chernozem 
podzolized) 

14 

General amount  23   26 
 
Characterizing the spatial heterogeneity of the object's soils, it should be noted that within one field the 
pH of water extraction varied from acidic to alkaline rate, calcium content was high and ranged from 
231 to 306 mg /100 g of soil, nitrogen content of easily hydrolyzed compounds from very low to average 
rate. The content of mobile phosphorus compounds in most of the field was characterized as higher than 
average. Exchangeable potassium was average, and in others – higher than average. The dependence on 
the particle size distribution of the soil was average, less than 0.7. Movable sulfur content: the average 
standard deviation is 5.3, the coefficient of variation of the territory is high 51%. The minimum value is 
1.72 ± 0.55, the maximum is 14.7 ppm. Therefore, according to this indicator and for crops that depend 
on the content of mobile sulfur, such as rapeseed and some vegetables, this may be an indicator for the 
selection and application of elements of precision farming. 
 
As a result of our research, we found the number of events with the same content of exchangeable 
potassium (Fig. 1) and physical clay (particles less than 0.01 mm) (Fig. 2).  
 

 
Figure 1 Distribution of soil samples by potassium content. 
 
The content of exchangeable potassium varied from 58 to 175 ppm, the largest number of events was in 
samples with a content of 163 and 175 ppm. Three cases with a potassium content of 63, 66 and 167 
ppm, four cases with a content of 82, 130, 138 and 139 ppm. Such heterogeneity of the territory in terms 
of exchangeable potassium content must be taken into account when developing crop fertilization 
systems, especially for such potassium-demanding crops as potatoes, sunflowers, sugar beets.  
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Figure 2 Distribution of soil samples by physical clay (particles less than 0.01 mm) content. 
 
The content of physical clay varied from 20 to 53%, i.e. soil texture varied according to the classification 
of N.A. Kaczynski from light loam to heavy loam. The largest number of events (16) is attributed to the 
medium loamy texture with a physical clay content of 41%. It should be noted that according to N.A. 
Kaczynski's classification, the average particle size distribution with a physical clay content of 30-45% 
is typical for only 43 events out of 79, i.e. for 54.4% of all soil samples, so, it predominates in this 
research. 35.5% of all samples had a heavy loam texture, and 10.1% of the samples had a light loam 
texture. 
 
Statistical analysis of the content of exchangeable potassium in soils and yields of winter wheat are 
shown in Table 2. 

 
Table 2 Statistical analysis of mobile potassium in soils and winter wheat yield 
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Sample size (n) 16 16 16 16 16 16 16 

Average (Xav) 73.0 76.0 74.5 74.1 79.0 76.8 7.8 

Standard deviation (S) 15.7 16.6 17.7 15.7 21.1 20.0 0.6 

Mean error (SXav) 3.9 4.2 4.4 3.9 5.27 5.0 0.07 

Coefficient of variation,% (Cv) 28 28 31 28 34 34 7 

 
The highest indicators of exchangeable potassium in soil were obtained in the flowering phase (BBCH 
60). 
 
Conclusions 
 
The coefficient of variation of exchangeable potassium in phaozems and chernozem typical of all phases 
of growth and development of winter wheat before flowering was high, which indicates an important 
role of the element in the formation of crop productivity. Low availability of exchangeable potassium 
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from soil reduced yields by 30%, and higher than average potassium rate in soil – increased winter wheat 
yield by 34% compared to the average rate of potassium. 
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