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Abstract: The influence of crop rotations, soil treatment 

methods and fertilizers on the content and balance of mobile 

phosphorus and exchange potassium in black soil was tested. 

Over the 25-year period of typical black soil use the content of 

mobile phosphorus increased not only under the influence of 

fertilizers, but also without them. The greatest impact was made 

by fertilizers, less significantly by crop rotations and methods of 

basic soil treatment. An increase in the content of mobile 

phosphates is observed among the tested crop rotations in grain 

fallow row, and from the methods of soil treatment – for 

small-scale processing. 

For five rotations of crop rotations without fertilizers, there 

were no significant changes in the content of exchange 

potassium; it remained at the level of increased security. Mineral 

fertilizers in double doses against the background of manure 

increased the content of exchangeable potassium to a high level 

of security. The saturation of crop rotations with row crops, as 

well as the use of plowing increases the content of exchangeable 

potassium, but to a lesser extent than fertilizers. 

The intensity balance of phosphorus is changed by the 

rotation of the crop rotation unevenly, which is associated with 

the magnitude of crop yield and, consequently, the removal of 

this element. At the same time, the general pattern of 

correspondence between the increase in the intensity of the 

balance with the increase in fertilizer application remains. 

Positive balance of potassium is provided only at double doses 

of mineral fertilizers. Manure creates a balance intensity of only 

39%, which is 2.6 times less than fertilizers. Application of 

N42-62P62K62 against the background of 16 t/ha of manure 

leads to an increase in the balance intensity of more than 80%. 

 

Keywords: long-term field experience, mobile phosphorus, 

exchange potassium, crop rotation, fertilizers, soil treatment 

techniques.  

I. INTRODUCTION 

One of the main biogenic elements in nature are 

phosphorus and potassium. Phosphorus in soils is in mineral 

and organic compounds. Its total content in the arable layer 

of black soils is 0.2-0.3% [6]. At the same time, only 10-20% 

of its amount is represented by relatively accessible 
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compounds to plants. It is known that the content of mobile 

phosphates, the degree of their mobility and availability for 

plants increases with the use of phosphorus fertilizers [4]. In 

some works [3, 7, 10, etc.] efficiency of phosphoric fertilizers 

on black soils is shown. Normal phosphorus nutrition 

accelerates the development of crops, increases their cold 

resistance and drought resistance, promotes stronger grain 

formation in cereals and improves the quality of the crop [8; 

28]. 

Studies in the forest-steppe of the Central black earth 

region found that, as a rule, the content of mobile forms of 

phosphorus in the soil increases with the introduction of 

phosphorus fertilizers. On typical black soil of Belgorod 

region the content of acid-soluble phosphorus and the degree 

of its mobility without fertilization for 2 rotations of 5-field 

crop rotation remained at the initial level. The use of full 

mineral fertilizer increased significantly these indicators, 

and, to a depth of 60 cm. At the same time, it was found that 

in the fractional composition of phosphates there was an 

increase in the fraction of phosphates associated with iron 

and a decrease in the amount of phosphates associated with 

calcium [1]. 

In leached black soil of Voronezh region under the 

influence of 70-year application of mineral fertilizers and 

manure there was an increase in the amount of gross 

phosphorus, as well as P2O5 extracted with 0.5 n. acid and 

3.0 n. alkali. At the same time, there was a decrease in the 

content of non-extracted phosphorus from the soil, and the 

absorption of phosphates by the soil itself [5]. 

Potassium is one of the main, along with phosphorus, 

essential elements of mineral nutrition of plants. The 

presence of potassium in the soil is associated with its 

granulometric composition – the heavier it is, the more it 

contains gross and mobile potassium. When potassium enters 

the soil with fertilizers, including black soil, there is its 

exchange and partially non-exchange absorption. The 

peculiarity of the potash regime of soils is the presence of a 

constant dynamic balance between different forms of 

potassium [11; 26; 27]. 

Arable black soils of the Central black soil region at the 

present stage of their use are relatively provided with mobile 

forms of potassium (on average about 110 mg/kg of soil). 

However, to stabilize the potash regime of black soils, the 

authors [12] believe that it is 

necessary to increase the supply 

of this element to agricultural 
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landscapes and increase the intensity of the balance to 80%. 

Potash fertilizers are the main factor in increasing the 

content of potassium available to plants. If this role is 

underestimated on black soils, its intensive mobilization 

from non-exchange forms occurs [13; 21-24],  

 

which subsequently leads to a negative balance of the 

element, and as a consequence to a decrease in crop yields. 

Potassium mobilization can occur not only from its 

non-exchange forms, but also aluminosilicates, which 

reduces the buffer capacity of the soil, destroys the soil 

absorbing complex. It should be borne in mind that when 

applying fertilizers on black soil, there is a transition of 

potassium introduced into a non-exchangeable form, and as a 

result, the content of its mobile forms in the soil increases 

slightly [14-20]. 

These circumstances necessitate the search for methods to 

optimize the phosphorus-potassium regime, to ensure the 

intensity of the balance of phosphorus and potassium and 

increase the productivity of cultivated crops. 

The purpose of this study is to establish the regime of 

mobile forms of phosphorus and exchange potassium in 

typical black soil for long-term testing of agricultural 

techniques. At the same time, the following tasks were 

solved: to determine the change in the content of mobile 

phosphorus and exchange potassium in the soil under the 

influence of fertilizers, crop rotations and soil treatments, to 

calculate the intensity of the balance of phosphorus and 

potassium compounds in the system: fertilizers – soil – plant 

and to determine the impact of agricultural techniques on the 

productivity of crop rotations. 

II.  RESEARCH METHODS 

The studies were conducted in the laboratory of soil 

fertility and monitoring of the Belgorod Research Institute of 

Agriculture in the field multifactorial stationary experience, 

founded in 1987. 

The soil of the experimental site is black soil typical 

medium powerful low humus heavy loam on loess-like loam. 

The humus content (according to Tyurin) at the time of the 

experiment was in the layer of 0-30 cm 5.27-5.36%, total 

nitrogen (according to Kjeldal) – 0.29-0.31%, alkaline 

hydrolyzed nitrogen (according to Cornfield) – 151-163 

mg/kg of soil, mobile phosphorus and potassium (according 

to Chirikov), respectively – 45-71 and 90-106 mg/kg of soil, 

рНКСl – 5.6-5.8, the degree of saturation of the bases about 

90%. 

The phosphorus-potassium regime of the soil was studied 

under the influence of factors: crop rotations (A), soil 

treatment techniques (B) and fertilizers (C). Crop rotations 

differ in the saturation of row crops (sugar beet and corn): 

20% of the area in grain grass row, 40% – in grain row and 

80% in grain fallow row. Methods of basic soil treatments: 

plowing to a depth of 22-27 cm, chisel loosening to the same 

depth and small soil treatment to a depth of 10-12 cm. The 

scheme with fertilizers represented: control (without 

fertilizers), application of fertilizer, manure, and their joint 

application. Doses of fertilizers are designed for simple and 

expanded reproduction of soil fertility. Litter manure of cattle 

was introduced once for rotation of crop rotations under 

sugar beet. 

Mobile phosphorus and exchange potassium were 

determined by Chirikov (GOST 26204-91), the intensity of 

the balance of elements by the calculation method, statistical 

processing of the results of studies by B.A. Dospekhov [2] 

III. RESULTS AND THEIR DISCUSSION 

According to the results, the content of mobile phosphorus 

in the soil increased significantly over the 25-year period. 

Among the tested agronomic techniques, fertilizers had the 

greatest impact, much less crop rotations and basic soil 

treatment techniques. The data show that in all variants of 

the experiment there is an increase in the content of mobile 

phosphorus from rotation to rotation (table 1). 

 

Table- I: Changes in the mobile phosphorus content (P2O5) in the soil layer of 0-30 cm depending on agricultural 

techniques, mg/kg 

 

Factors 

Changes in P2O5 content 

(+/-) from initial state (1987) on 

rotations of crop rotations  

Average 

content 

НСР

05 

1st  2nd  3rd  4th  5th  

Crop rotations 

grain grass row 37,7 42,9 48,5 67,5 75,9 101,7 

12,4 grain row 36,0 53,1 64,4 63,2 93,1 110,7 

grain fallow row 72,2 53,9 89,3 88,6 115,7 126,7 

Soil treatment methods 

plowing 49,8 43,6 59,4 71,7 83,2 108,7 

7,3 chisel soil treatment 49,6 49,8 72,5 75,6 91,1 113,7 

small soil treatment 46,9 56,9 70,8 72,4 110,8 116,7 

Fertilizers 
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Without fertilizers, 

control 
6,6 16,9 13,1 26,6 27,8 64,2 

9,1 

N42-62P62K62 45,5 39,5 55,4 58,7 71,2 104,1 

N84-124P124K124 70,1 66,5 94,1 112,2 132,6 139,6 

Field  1 - 8 t of manure 15,2 19,1 23,6 29,5 40,2 71,1 

Field 1 + 

N42-62P62K62 
45,3 44,4 66,3 56,9 96,7 111,0 

Field  1+ 

N84-124P124K124 
88,8 90,8 119,0 120,3 139,4 159,0 

Field 2 - 16 t of 

manure 
36,3 30,2 35,7 38,6 59,4 86,1 

Field 2 + N42-62 

P62K62 
49,5 61,7 73,6 86,8 125,8 122,5 

Field 2 + N84-124 

P124K124 
80,1 80,4 125,9 128,2 161,0 159,7 

 

According to the data, the increase in mobile phosphorus 

occurred in the control version of the experiment, where 

fertilizers were not introduced. A similar phenomenon is 

associated with the influence of acidic precipitation [9]. The 

content of mobile phosphorus increased significantly at the 

control after the 4th rotation of crop rotations. 

Let us consider the change in the content of mobile 

phosphorus by factors. During the studies among the types of 

crop rotations, the content of P2O5 increased most in the grain 

fallow row crop rotation, as evidenced by the results of 

statistical processing. Grain grass row and grain row crop 

rotations have almost the same phosphate content at the end 

of the 5th rotation. Their content also increased among 

methods of main treatment, but more influenced by small soil 

treatment, which was proved mathematically. Fertilizers 

contributed to the increase in the content of mobile 

phosphorus as the duration of their application. At the same 

time, the introduction of manure in a dose of 8 t/ha of crop 

rotation area practically does not provide an increase in the 

average content of mobile phosphates compared to the 

control. For other fertilized variants, it can be noted that the 

increase in the phosphorus content was directly dependent on 

the dose of the applied fertilizers. In general, it can be 

concluded that the content of mobile phosphates in the soil 

increased with the testing duration of agricultural practices 

and even without fertilizer. 

The content of exchange potassium in the soil layer of 0-30 

cm before laying the experiment was increased; it did not 

change after five rotations of crop rotations without 

fertilizers. Separate or combined application of mineral 

fertilizers and manure increased the content of available 

potassium, and double doses created a high degree of security 

(table 2). 

Crop rotations and soil treatment techniques contribute to an 

increase in the content of mobile potassium. Among the crop 

rotations grain row and grain fallow row stand out and soil 

treatment methods – plowing. Plowing obviously increases 

the content of exchange potassium, helping to mobilize it 

from non-exchange forms. 

 

Table- II: Change in the content of exchange potassium (K2O) in the soil layer of 0-30 cm depending on agricultural 

techniques, mg/kg 

Factors 

Changes in К2O content (+/-) from initial state 

(1987) on rotations of crop rotations 
Average 

content 
НСР05 

1st  2nd  3rd  4th  5th  

Crop rotations 

grain grass row 20,0 4.9 -17,0 17,0 -0,7 98,0 

11,5 grain row 21,2 10,7 9,1 17,3 22,7 111,6 

grain fallow row 6,9 -7,6 11,3 31,6 39,3 114,1 

Soil treatment methods 

plowing 21,5 4,3 2,5 27,4 28,2 112,5 

4,5 chisel soil treatment 19,1 4,6 1,4 20,1 17,5 106,5 

small soil treatment 6,9 -0,9 -0,6 18,4 15,5 104,7 

Fertilizers 

Without fertilizers, control -3,1 -7,3 -16,0 3,1 -4,6 88,9 

5,8 
N42-62P62K62 5,4 -5,1 -9,0 11,7 7,3 95,7 

N84-124P124K124 11,9 6,4 0,3 27,5 23,7 108,6 

Field 1 - 8 t of manure 5,4 -8,2 -4,0 13,5 12,4 98,2 
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Field 1 + N42-62P62K62 6,1 -2,1 1,8 16,3 11,7 105,9 

Field 1+ N84-124P124K124 28,7 16,1 20,5 33,2 35,0 126,6 

Field 2 - 16 t of manure 17,6 -3,0 -1,9 17,0 14,0 101,6 

Field 2 + N42-62 P62K62 30,0 6,2 0,6 31,1 33,3 114,8 

Field 2 + N84-124 

P124K124 

44,1 22,0 18,7 45,0 51,9 131,0 

 

 

 

 

 

 

 

Calculation of the intensity of the balance of phosphorus 

and potassium indicates the important role of fertilizers in 

the regulation of mobile forms of phosphorus and 

potassium in the system: fertilizer – soil – crop (table 3). 

 

Table- III: Intensity of phosphorus and potassium balance and crop rotation productivity depending on agricultural 

techniques 

 

 

Crop rotations among themselves did not differ in the 

balance of phosphorus, and among the methods of soil 

treatment, small soil treatmnet has the highest average value 

of the intensity of the balance. Cultivation of crops without 

fertilizers creates a sharp balance of mobile phosphorus 

compounds. Application of manure in a dose designed for 

simple reproduction of soil fertility (8 t/ha of crop rotation 

area) provides a low balance of phosphorus compounds. 

Mineral fertilizers, both by themselves and introduced 

together with manure, create a high intensity of phosphorus 

balance in the soil. 

Crop rotation, methods of soil treatment and fertilizer 

influence the intensity of potassium balance. The balance of 

potassium in a greater degree depends on applied fertilizer. 

Positive balance was provided only at double doses of 

mineral fertilizers. On average, the application of mineral 

fertilizers provides a balance intensity of about 101%, while 

the introduction of manure only 39%, i.e. by 2.6 times less 

than mineral fertilizers. The greatest positive balance of 

potassium was observed in the joint application of double 

doses of fertilizers and 

manure, where the intensity 

was equal to an average of 

142%. 

Factors 

Intensity of 

phosphorus balance 

,% 

Intensity of 

potassium balance , 

% 

Crop rotation productivity,  

t/ha 

grain units 
digestible 

protein 

Crop rotations   

grain grass row 242,8 80 22,2 2,59 

grain row 244,9 90 24,2 2,12 

grain fallow row 240,8 75 25,8 1,93 

Soil treatment methods 

plowing 241,4 80 24,3 2,22 

chisel soil treatment 242,3 81 24,2 2,22 

small soil treatment 244,8 83 23,7 2,20 

Fertilizers 

Without fertilizers 2,8 2 16,8 1,62 

N42-62P62K62 215,1 73 23,1 2,12 

N84-124P124K124 380,2 128 26,0 2,37 

Field 1 - 8 t/ha of manure 81,0 28 19,8 1,86 

Field  1 + N42-62P62K62 260,5 88 25,1 2,29 

Field 1 + N84-124P124K124 414,3 138 27,6 2,52 

Field  2 - 16  t/ha of manure 146,8 50 21,6 2,01 

Field  2 + N42-62P62K62 243,1 81 27,0 2,45 

Field  2 + N84-124P124K124 441,9 146 29,8 2,69 

 А 14,5 4,9 0,8 0,16 

НСР05 on factors: В 3,2 1,2 0,4 0,03 

 С 6,7 2,2 0,5 0,05 



International Journal of Engineering and Advanced Technology (IJEAT) 

ISSN: 2249 – 8958, Volume-8, Issue-6S August 2019 

816 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  
Retrieval Number: F11540886S19/19©BEIESP     

DOI:10.35940/ijeat.F1154.0886S19 

 

The intensity of the balance is reduced in the grain fallow 

row crop rotation relative to the grain row by1.2 times. It is 

noted that among the tested methods of soil treatment 

plowing helps to reduce the intensity of potassium balance. 

The balance of phosphorus and potassium associated with 

the productivity of cultures of crop rotation. The results of 

studies show that the largest collection of grain units 

provides grain fallow row crop rotation, despite the fact that 

one field of crop rotation annually does not produce 

anything. The collection of grain units here was 1.2 times 

higher than in the grain grass row crop rotation. At the same 

time, on the collection of digestible protein grain grass row 

crop rotation is more productive than grain fallow row by 1.3 

times due to sainfoin participation in the rotation. 

Mineral fertilizers increased the collection of grain units 

and digestible protein by an average of 1.5 times in relation to 

the control, and manure by 1.2 times.  

 

 

 

Application of double doses of fertilizers and manure leads 

to a maximum increase in crop productivity. So the collection 

of grain units and digestible protein increased by 1.7-1.8 

times in relation to control. 

IV. CONCLUSION 

The main factor in optimizing the phosphorus-potassium 

regime of black soils and obtaining the highest productivity 

of crops is the introduction of mineral fertilizers together 

with manure. Saturation of crop rotations with row crops 

increases the content of mobile phosphorus and exchange 

potassium and the collection of grain units, and saturation 

with perennial grasses – the intensity of the balance of 

phosphorus and potassium and the collection of digestible 

protein. Plowing increases the content of exchange 

potassium, and small soil treatment – mobile phosphorus.  
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