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Abstract. The paper presents the results of scientifi c research related to development the specifi cally express-method 
for determining total potassium in podzolic soils from Belarus and chernozems from Moldova, based on the use of 
gamma-spectrometry. Determining the precise of the total content of potassium in the soils can be made directly in the 
fi eld or laboratory by gamma-spectroscopy method using radiation detection of natural isotope 40K. The conversion 
coeffi cient for podzolic soils of Belarus is C=0,00395, for chernozems of Moldova - C=0,00337.
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Introduction
 Scientifi c hypothesis of the project was proposed by the Institute of Radiology of Belarus and is based on the 
following assumptions, resulting from circumstantial evidence or priory expectations and there fore requires experimental 
validation:

Determining the precise total content of potassium in the soils can be made directly in the fi eld or laboratory 1. 
gamma-spectroscopy method using radiation detection of natural isotope 40K.
The content of biologically available forms of potassium in soils is in quantitative relationship to the 2. 
amount of total potassium in the soil, and this dependence can be expressed by a specifi c mathematical 
function, suitable for solving the problem of determination of mobile potassium in the soil in function of 
total content value. 

Research potassium content in soils is an important task in agrochemistry nutrients and soil fertility [1-3]. 
Preliminary investigations carried out in Belarus and other research institutes have shown that there are all prerequisites 
for the elaboration and development of laboratory methods and method-express for determining global soil potassium 
content in the fi eld remote using spectroscopic measurement equipment [4-8].

Gamma-spectroscopic method for determining in the laboratory and fi eld the emission of radionuclide content 
of potassium-40 in soils was developed in the early of ’90 by Scientifi c Research Institute for Agricultural Radiology of 
Belarus, now Institute of Radiology [9]. This method was widely used in the practice of Scientifi c Research Institute to 
mapping contamination levels post radiate territories with radionuclide from Chernobyl Nuclear Station.

Determination of potassium total by classical analysis method is very expensive. To perform this analysis is 
necessary to have laboratory platinum dishes and hydrofl uoric acid, which is very toxic substance. The price of analysis, 
performed according to the method varies from $16,5 to $25,0. Using gamma-spectroscopic method  (which is cheap 
and easy) to determine the total potassium will develop the cartograms of potassium content in the soils and preventive 
measures to reduce reserves of this important element in the arable layer of soil.

Material and methods 
The possibility of determination total potassium in soils conforming radioactive isotope content by gamma-

spectroscopy method has been studied in soil samples collected from arable and under-arable layers of chernozems from 
North and Central part of Moldova. Dependence of mobile potassium content by total potassium content in chernozems 
of Moldova studied within the same samples by determining mobile forms of potassium after Macighin method [10]. 

The soil samples for develop a method of determining of total potassium in soil in dependence of content of 
40K was made with consideration of their genesis and origin of parental rocks. The experimental range included 17 soil 
samples.

Determination of potassium forms in the soils was carried out according to following methods:
Potassium total-  – classical method by Berzelius [11], the decompositions of soil with hydrofl uoric acid and 

subsequent determination of potassium by fl ame photometry method.
Potassium global-  – gamma-spectroscopic method with subsequent calculation of total potassium content in 

according to content of 40K isotope (expressed in Becquerel, Bq; 1 Bq = 1 s−1), using the formula:  К2О, % = С . А, 
where: C – conversion coeffi cient, A – activity of isotope 40K in soil, Bq/kg.
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Potassium mobile-  – Macighin method.
Value of conversion coeffi cient “C” in some specifi c cases, depending on sample size, precision analysis of 

gamma-spectrometry and classical methods, genesis characteristics of soils and parental rocks may be different. Accord-
ing to the calculations of researchers from Belarus the conversion coeffi cient C=0,00395.

On the base of the difference between the average values of potassium content determined by the classical and 
the gamma-spectrometry methods (С=0,00395), the value of coeffi cient was modifi ed using a conversion factor (0,853) 
for further use in the chernozems, so the used coeffi cient “C” is equal to 0,00337. 

Spectrometric determination was made with “SILENA SNIP 301N” - distant spectrometer. The spectrometer is 
an information processor for spectroscopy research in environmental radiation monitoring, with high requirements for 
performing calculation during particularly diffi cult research and isotopic analysis in the fi eld or laboratory. The spec-
trometer includes a detector (Nal-Tl) used in gamma-spectroscopy for qualitative and quantitative analysis with high 
precision and stability. The measures unit is impulse per second (imp/sec).

Data were statistically processed by dispersion and correlation method with software Excel 7.

Results and discussions
High costs and complexity of analytical determination of total potassium limited ability to monitor content of 

this element in soils and to develop appropriate cartograms. Research goal is to determine the possibility of assessing 
global potassium in soil in dependence of radioactive potassium-40 isotope content by gamma-spectrometry determina-
tion of its in arable and under arable layers samples of chernozems.  

To realization of this investigations were carried out in the fi eld and made appropriate statistical samples of 
homogeneous soil relatively with genesis and originality of parental rocks. Based on laboratory results to determine 
the total potassium content in arable and under arable layer of soils by classical method (Berzelius, [11]), and gamma-
spectroscopic method ranges of variation have been made with the values of these determinations. For each variation 
series are calculated the average values (X), standard deviation (σ), coeffi cient of variation (V,%), average error of the 
mean value (m), relative value of average error (Р,%). Correlation coeffi cients were calculated (r) in conformity by the 
values of global potassium content, obtained analytically and calculated in accordance of potassium-40 isotope content. 
Parameters of soil composition and properties of the samples are presented in table 1.

The presented results confi rm the proximity degree of investigated soils after composition size and parental 
rocks origin. The fallow chernozems have excellent physical properties, the arable – satisfactory. Arable soils, as results 
of agricultural use shall be subject to compaction.

According data presented in table 1, the fallow chernozems are characterized by very high content of humus 
and excellent chemical and physical properties. These soils are rich in total and mobile forms of potassium. Arable cher-
nozems are moderate humifi cate and have satisfactory chemical properties. The total potassium content in these soils is 
high and mobile potassium content is moderate and high.

Correlative dependence between the values of classical determination and calculated values of global potassium 
(according potassium-40 isotope) is presented in table 2.
 The value of the correlation coeffi cient equals +0,69, which confi rms the presence of a large links. Researches 
confi rm that sampling links of connection can be much higher. In this order, in processes of rating the gamma-spectroscopic 
method for determining radioactive potassium by detection of gamma rays from natural isotope of potassium K-40 and 
the parallel determination of potassium by classical method, it is necessary:

to reduce the error of value to determine the isotope K-40 two times, thus reducing the error of determining the • 
value of global potassium from 0,40 % К2О to 0,20 % К2О;
to eliminate of random error analysis of soil samples in 2 or 3 repetition in determining of global potassium;• 
a composition of homogeneous samples of soils for statistical processing of obtains results of total potassium • 
determination and corrects to calculate the numerical value of coeffi cient “C”.
Comparing the results of 17 parallel determinations of global potassium content (К2О, %) in one and the same 

soil samples with classical and calculated methods (in consideration with radioactive isotope K-40, applying conversion 
coeffi cient C=0,00337 for chernozems) has established the following differences: 

Less than 0,1%  К• 2О – in 9 cases or 53% of the samples;
From 0,1 to 0,2% К• 2О – in 5 cases or 30% of the samples;
From 0,2 to 0,3% К• 2О – in 3 cases or 17% of the samples;
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Table 2  
Correlation between values of total potassium content in chernozems, determining in parallel in the same 

samples by classical and gamma-spectroscopy methods  

Nr. of 
profi les 

 

Horizons and 
depth, cm  

К2О total Deviation from 
average value,  

Δx

Result of deviation 
from average 

comparative values
Gamma-

spectroscopy 
method,  

  С = 0,00337 (1)

Classical
 method

 (2) (1) (2) (1х2)

1В Ahp       0-25 2,54 2,44 +0,13 +0,05 +0,0065
Ah       25-50 2,38 2,20 -0,03 -0,17 + 0,0051

2В Ahp       0-30 2,58 2,44 +0,17 +0,05 +0,0085
Ah       30-50 2,56 2,54 +0,15 +0,15 +0,0225

3В Aht1      0-10 2,47 2,55 +0,06 +0,16 +0,0096
Ah       30-50 2,50 2,52 +0,09 +0,13 +0,0117

62i Ahp       0-35 2,45 2,40 +0,04 +0,01 +0,0004
Ah       35-50 2,52 2,46 +0,11 +0,07 +0,0077

14 Ahp       0-34 2,30 2,38 -0,11 -0,01 +0,0011
Ahk     30-56 2,44 2,43 +0,03 +0,04 +0,0012

3p Ahpk     0-30 2,29 2,21 -0,12 -0,18 +0,0216
Ahpk2 30-50 2,18 2,32 -0,23 -0,07 +0,0161

9p Ahpk1   0-33 2,00 2,18 -0,41 -0,21 +0,0861
Ahpk2 33-48 2,05 2,29 -0,36 -0,10 +0,0360

10.3T Aht1      0-10 2,39 2,42 -0,02 +0,03 -0,0006
Aht2    10-21 2,64 2,41 +0,23 +0,02 +0,0046
Ah       21-46 2,62 2,42 +0,21 +0,03 +0,0063

Average indexes X1=2.41 X2=2,39 σ=0,19 σ=0,11 0,2444
Note: С – the coeffi cient for recalculating the number of Becquerel in total potassium content (К2О); X – average value; σ – standard deviation 
squared;  r – correlation coeffi cient; r= + 0,69 (high correlation).
 

Very high and high coincidence of parallel determination results of global potassium by different methods is 
found in 83% cases, satisfactory – in 17% cases. Reducing the error in gamma-spectroscopic measurements, excluding 
the random errors in the determination of potassium in calibration process of new method, conducting research with 
gamma-spectroscopic method in homogeneous samples of soil, will offer the possibility and opportunity to signifi cantly 
improve the precision of determining global potassium in soils by the method of calculation as K-40 isotope content.

The results of determining the total potassium in researched soils show that in most cases, the content in the 
arable layers is lower than in sub-arable layers. This investigation confi rms that in case with non application potassium 
fertilizers, the total reserves of this element in the arable layer of soil will be reduced progressive. 

Correlative dependence analysis of results to determine the global and mobile potassium content in chernozems 
of Moldova have confi rmed the total lack of this dependence both in arable and sub-arable soil layers investigated 
separately. 

From scientifi cally, this phenomenon can be explained. The quantity of total potassium depends essentially 
only by the content in network of crystalline minerals. This form of potassium is closely linked by mineral network and 
exchange reactions involved in weak, the element is immobile and inaccessible to plants. 

The content of mobile potassium in soil is very small – 20-50 mg/100 g soil, which is equal to 0,02-0,05% of 
soil mass. These small amounts of mobile potassium in the soil almost no infl uence the total content of this element. 
On the other hand, the accumulation of mobile potassium forms in the soils is different. The main components, those 
participate in the accumulation of mobile potassium in soil are: 

capacity of substances biological circuit;• 
intensity of minerals alteration processes;  • 
the total content of potassium in the crystalline network of soil minerals and its part to involved in cation • 
potassium exchange process;  
anthropogenic factor – the quantity of fertilizes applied in soils. • 

 From the above, it appears that components of replenishment of soil potassium reserves are independent and 
not depend on each other, and the total content of potassium in the soil. 
 It must be recognized that the content of potassium mobile forms accessible to plants, is not directly depending 
on the quantity of total potassium in the soil. Assumed dependence is not statistically confi rmed and can not be expressed 
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by a mathematical function determinate adequate to solve the problem of determining the mobile potassium content in 
soils on the function of total potassium content value.

Conclusions
 Development of a simple and inexpensive gamma-spectroscopy method for determining global potassium in 
soil will provide an opportunity to draw cartograms of total potassium content and elaborate preventive measures to 
reduce the reserves of this important physiological element in soils.
 The content of biological accessible forms of potassium in the soils is not in direct quantitative dependence 
to total potassium content and can not be expressed by a specifi c mathematical function, able to solve the problem of 
determining the mobile potassium content in function by global value.
 Correlative dependence between the values of global potassium obtain by classical and calculated method  (in 
function of K-40 isotope content) estimated by the correlation coeffi cient, confi rms the presence of a large leak links 
between them.
 The link between the results of the determination of global potassium by mentioned method must be much 
higher. To this end, in the charging gamma-spectroscopy method for determining of potassium in accordance with 
determination results of potassium by classical method must:

to reduce the error value to determine the isotope K-40 two times, in this way decrease the value error in - 
determining the global potassium from ±0,40 %  К2О to ±0,20 % К2О.  
to exclude random errors by determining the 2 or 3 repetitions of total potassium in soil samples used to - 
construct the sample for accurate calculation of the numerical value of the conversion coeffi cient “C”.

 For potassium determinations statistical processing of results is necessary to investigate homogeneous soil 
samples, composed after this genesis and agricultural use; the origin of the appearance, mineralogical composition of 
parental rocks.
 The results of determining potassium in investigated soils shows that in most cases its content in the arable 
layers is less than in sub-arable. This confi rms that in condition whit non application of potassium fertilizers in soil, the 
total reserves of potassium in the arable layer of soil will be reduce gradually.
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